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Ji ang BACKGROUND OF THE | NVENTI ON Fi el d of the

I nventi on [0001] The present invention relates to

R P YRR AR S PR

the Rel ated Art [ OUORYMEREEATRONFPRBOLISHs netal | ocene
catal ysts have been used in high-pressure
Inyengexso rAsspyrdd. Mlghtd,dvlapko Namnardiast ﬁyﬂmd@m Relwisbirant, Robert P.

ol rs | udin el ne c rs with nononers
Reglflo%ago%nrwrmﬁhg’ %?9%} I;‘)Ry She " ?lé%nﬁa%nd hexene, al ong
Wi th other specialty rmnomsrs such as
4- et hyl -1, 5- hexadi ene. For exanple US 5, 756, 608,
BAGKEROUNS OUHEINERTIAN reports a process f or
Fle‘i&o}’ﬁﬁrfn%ﬁ‘t%cz to GO 1-al kenes using bridged
CeRe ¢ht al ysts. Pol ypropyl ene production in

[Oﬂﬂlgh Pries piesent dovisitivh apkatel as , progplene homoganmsse prefi&ably produced
i mpractical and unwor kabl e at tenperatures nuch above
usmaéSw%ﬁymféhéolamew%ﬂnpﬁ%w A process to produce

De§ 6@hk§leﬁ’§t€ﬁ% ¢pol ypropylene in a high pressure
syst em woul rovi de advant ages, such as increased

[Oﬂﬂéhct i Mingey tho rrmldril@B@asrwaldwaaé yestalytsodierod ibeért yusedrin high-pressure

reaE ogga{ag@)b M@@P?Bgm hort e r es| 367‘1%%1‘2 itg{:lggmig %fl}glene copolymers

withOAShAMrs BESHL BPﬁnoIfJ‘@f ﬁbﬁﬁ@ﬁ@%‘uﬁéﬂe Oefndrl?eWel%‘ qldnwlquﬂher specialty
products. Thus there is a need in the art to dével op

moneeysy @u&%s%@qﬁbﬂfh&hﬁmﬂmt erFasf fexaml@lchSaM% 608, granted to

Lalgqﬁgge%g%ﬁgle (Ic)lg% Sy p oce&ﬁ% Vo olgr?leerl ng CFléqoﬁfgnes using bridged
meSdlpes ¢altal‘5i§é PoBRYY é@[&ie Hﬂd)d/d&ﬁbh Z@highnpt‘dm&f conditions has, however,
relatively mld conditions (90-100 OC and | ess than

beg gpgn Wammaég%qlna@ UH¥POHgD !setmrieamp@atumerg}l@? abyetthe pypgylene critical
pofiet & 1%%8&%3&{)&1%50%& Bl %@%fﬁf‘ olﬁig]@gyfé% il §1R5L plesure system
enpe es or

propytene co ynerlza I on
woptepisuide admitipdj ghkas iftacnselbsactiigd oabewesed tatéll s roductivity, or

f |1y discl bul k I
oTe @nﬁ&%ggtf grgépolﬁtg{a Wélydg%clf e %sg te. uleev&EJlgeo IrlJeyw gggpropylene polymers are

also in constant need for the preparation of new and improved products. Thus there is a need
in the art to develop new processes capable of greater efficiency and manufacture of new
polypropylene polymers.

[0003] US 6,084,041, granted to Andtsjo et al., discloses supercritical propylene
polymerization under relatively mild conditions (90-100 °C and less than 6.89 MPa pressure)
using supported Ziegler-Natta and metallocene catalysts. This patent does not relate to
propylene copolymerization at temperatures or pressures much higher than described above.
It also does not specifically disclose bulk propylene polymerization using soluble,
unsupported metallocene catalysts.

[0004] US 5,969,062 granted to Mole et al., describes a process for preparing ethylene

copolymers with a-olefins in which polymerization is carried out at a pressure between 100-



unsupported netal |l ocene catal ysts. [0004] US 5,969, 062
granted to Mole et al., describes a process for
w@e@paricny) et hyl ene copol ymers with a-ol ef ns i PCIHIE2008/080434
pol yneri zation is carried out at a pressure between
100-350 MPa and at a tenperature from 200 0C - 280 0C
The catal yst is based on a tetranethyl cycl opent adi enyl
titani um conplex. [0005] US 5,408, 017 describes an
350 MPr nando iy getempstatgn Eamalqk G or280seCat The catalyst is based on a
j i OR: - 140 0C - 160 OC, or
ta%@%%ﬁ@%kﬁ%%#%ﬁ§?$$g%%g&§%ﬁig%texceeding the nmelting
[0095] Nt Tenpeti&tlU7e deschiteppragaciitfitg pblempedkativar catalyst for use at
deconposition tenperature are said to yield high ,
polprrrﬁala%tmﬁeweram%@]r U35 (o0 G Pr eeedial aiglya ieTnperatures exceeding
thePRLKiRAkL SloMREAGUSGE O I PEPTBSShidd BHe & §&9 ition t t
contli %S{)usl y eedi ngnollg@ign rlmg]norreﬁrbq%@d a rrgltpgflllglcl:eennépera e Are
said & gieldshigls petdeotivint 0 a reactor. The nononer is

ti us ynerized to provi.de a 10mmer - pol yner :
oiRF: WS R PP GRS el BEns prd i opgbQY Rt comprises
coRSEHY FodIR OVt et Eice BhS a ThAMIRRY Bltalp§t&S SR into a reactor. The
These conditions create a polyner-rich and a

mompehet contiinoptinpelyamdizaditatradvide hempnomerrpolgmer mixture. Reaction
col TR LB 408 AL TR A A . hese
cofiliyl efeh® DHPpolyigeraidh smpal moBbaettiéd pWeediid maintain the mixture's
distribution. The process conprises producing a first
TepRSTfBICERORY S g POPERTS MAling PYRL | oop reactor. The
ce i r - -
O S G PR BLBacs.f Droce R Rr  fRALINe SPRIGRS Hiing o bimodal
mdl¢catdr ivaight Aistditeash. dihe podcecbhenhmtps proslesing agestgral¥dlefdl fraction in
fpo di tions. h,OOS] WD 92/ 14766 descri bes a process
a gét::)ﬁ?p gqaﬁ@rt C YRq5es %upéeé)thlécfﬁ‘?q 1901 G%C?f_ft% éCﬁe?‘led loop reactor that
prephk Mk Gonl FirPR4kBn C Al &l a¥Bdnc D bl stbercritical conditions.
tall ocene conponent and a cocatal yst conponent, to
[0608E r SWEX O2/14(76% deseriticn upysdsespaoypesingi thg stet of (a) continuously
noner. in_a polymerization zone reactor
focging, SlEBRIpPBRBRFLAd o) Saalet ATY P Pehourt
cot¥@1YTESOniFINBHTE to th trécorf (BMcbhtBub8a ¢t Iyméshing that monomer in a
conti nuously separating nononer from nolten polyner,; '
polyeerizettiicizane picegsurunden doatpda praspaer(cy icontiaypgsly removing the

I r-rich . : (f).se at.in noner. f.rom
poB st PRk TRUBSdjorfils sbuTHE ShAlRolRY FPlralhf Ponomer from
madieh yelymeralerdduoidy 9tdsQure tol foirs d MydthéraichSantdi asdlymer-rich phase; and
reactor stage is a_|loop reactor in which
() senayatingi merones fiosethedeadtoran i nert, | ow boiling

[0009] US 5,326,835 describes bimodal polyethylene production. This invention's first

naer
ﬁ@octeﬂeé component and a

reactor stage is a loop reactor in which polymerization occurs in an inert, low-boiling
hydrocarbon. After the loop reactor, the reaction medium transits into a gas-phase reactor
where gas-phase ethylene polymerization occurs. The polymer produced appears to have a
bimodal molecular weight distribution.

[0010] CA 2,118,711 (equivalent to DE 4,130,299) describes propylene polymerization at
149 °C and 1510 bar using (CH3)2C(fluorenyl)(cyclopentadienyl)zirconium dichloride
complex, methylalumoxane and trimethylaluminum. Catalyst activity is reported to be 8380
gPP/g Ic' h. The Mw is reported to be 2,000. CA 2,118,711 also describes propylene
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hydr ocarbon. After the | oop reactor, the reaction
mediumtransits into a gas-phase reactor where
w@a®opmmse et hyl ene pol yneri zati on occurs. TheP@DU§2008/080434
produced appears to have a bi nodal nol ecul ar wei ght
di stribution. [0010] CA 2,118,7 11 (equivalent to DE
4,130, 299) describes propyl ene polynerization at 149
OC and_ 1510 bar usin )
polyoyqpiy sty | udvidny| )‘:‘(hdfﬁ‘elpopeﬁtadul%%y|)£ rcéAfum 1508 bar  using

(PR OB S U TR0 Aol iy ons
trirfB380lapiRRhgm| Catdiyst hbvilisirsparedas bhe @4136 89 @oRind@g. IcTA. The Mw is

18, 7 é al so descri bes propyl enepol yneri zation
1%%%@%“%?%&? at 190 0C and 1508 bar using

[0(‘1@!‘8) 65T 1 0os, g@(y | difqyeh Oﬁﬁ%ﬁﬁmﬂé’ | p)o%brﬁ&@ YA at pressures around

| ori de” conpl ex, uhoxane and
206) ﬂO@rkPhyahdiltmman@tmes @Inallg)%FCetctlﬁﬁl"Cyusmg diapoint] edc-tiondleylsilyl-bis-

630080 B iyt reery g b e RS Freh i dimenyt o

dirR@hyI5BY1 Bi B4Rt IRH-4PPIRSS 1 Ry B a6t uR QR IS P rﬁé’cﬂylalurnoxane
tenperatures from 109 0C to 175 OC using dinmeth X
[0M2E - di Gibehyafeicngas-ipflyde "Olefin Polymerization Using Highly Congested ansa-

Me(télo%e%qs undglI hg%lg]{egslugem d)%’ngttu#] {)f §1%%Pé€ i ol@ul%“y‘f\/ g'flkc Polyolefins,"

Suhﬂﬁ(é’c aretNmydrofiolobig By, 1200038 |7)54215I9§3@PI urmilzczbl W(D de @3d2; WO 00
| al unbxane. [0012 er references inc

t
375k oFP 1 Pa3 s 2381 ST g api GHithy o gesedsnalis Zirconocencs...
sm%éﬁﬁser% gﬁ%‘?ﬁ | ﬁo%f‘lcﬁtf&%&@@ﬁ% @idsgglu gf),’ no, 16, August 2001,

pg BEB6-GrD2;ew %340@\(03)3/1 1998:-US $,0880334%; U3R,292650 MW OD3/ 05082;

P EBLsE WOLTT Ry 1§ o Edad b dBo e g fia s saosonn

UsCé 0881532 yUs @29?@@2%@ lob®903RLFP @019’57‘9 B, %@2/5\0%5 US 2002
no. 16, August 2001, pg 3436-3452; WD 96/ 340

0194FV01 USDR@N4/WIS259 D8 ; 518@; 200%/0268512 WMOI/W@BSTEPOBOQ&607 JP-1998-

110555 U5 0Dy b 74900 85 017 U8 5, 084, 534; U

[0003R25, A 3bstMA OR4iH8DEBR thEBoLcali HeBAlk thiQted, SRb#Iroddeed in bulk
2002 013440; US 2004/ 0122191 Al ; WD 2004/ 026921:

coghfiars2 A0 Eprapybamg).eeppecigly poghvatedoGoparatuyg and under supercritical

cm?db? o hsz‘gi) I‘%Q&i?%lcal %ﬁ§v1§' 41‘]1%91%5%\16 1{09 ?%g’l% afy {)gr?g ?? Lﬁ%ﬁ the polymer.

Ragie orealis we
Thipr R €achre nhdiudals 0 6llizcd o0 SprodR¥mPP opiyh eﬁ@nced melt strength under
especially at elevated tenperature and und

indysisely rneangful onditondns Ba%ﬁok@efg%éoﬁogp@aq lp il M Lahelin,
Peﬂrlnﬂélﬁﬁ‘ﬁi Y Riof @t%hlﬁ@l”i\/le@ﬂﬁ%ﬁe%l@&)r&ﬁ@ed ﬁn&é?%uﬁ&l:ﬁf{@aﬁ ‘conditions," 1st

Blue Sky Conference on Catalytic Olefin Polymerization, 17-20/6/2002, Sorrrento, Italy,
2002.
SUMMARY OF THE INVENTION

[0014] This invention relates to an isotactic propylene homopolymer (iPP) having:

a) more than 15 and less than 100 regio defects (sum of 2,1-erythro and 2,1-threo
insertions, and 3,1- isomerizations ) per 10,000 propylene units;

b) a weight average molecular weight (Mw) of 35,000 g/mol or more;

¢) a melting peak temperature (Tmp) of greater than 149 °C;
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This is a feature that can be utilized to produce nPP

W th enhanced nelt strength under industrially
wore@nitzsgbll conditions. "Barbo Loefgren, E. KORKDUS1008/080434

Huht anen, M Lahelin, Petri Lehnus, Udo Stehling.

"Met al | ocene- PP produced under supercritical

conditions," 1st Blue Sky Conference on Catalytic

A efin Polynmerization, 17-20/6/2002, Sorrrento, ltaly,

200d) nguMYRPSAtEgs fragEon REERTOONOF®014] This i nvention

rel y t e, honopol ynmer (i PP)

havi %gilegfoﬁgsrlgﬁ%gﬁ Ofgog{%od&lﬂé(gg’% an 100 regio

d eg é):c%zt ine(tg‘ngrpeak _té}nli’ie_ran;d inms amf(t:)ﬂl,ci)zhgbh ek Ter@erduhr_e {(Tmp-Tcp, also

an ,1- isonerization er : .ene_units;
refgyed;ioygsi syRere gxgarg%gﬁﬁ&?é%a gt [\l BResEmppinus 99.64 (or
exi Ry 19 thEUbANuIG) %pg-)%b'mopéﬁkrﬁé@”p%%w@s bRk P °C on the

greater than 149 0C mmmm pentads fraction of 0.85
howopeigmer h&)ng0 me &b nedledtngiagent( DHf ) of 80 J/ g or nore;

e m nus
B i m (Trp- Tcp, al so
0018f er rEgdule0l 2fapEl¢RBY GesikisnapéRott @hed RPN vOHsus peak meltin
[ eqLaI tg (0. 80173 tiﬁ%s np) 1rjn nusﬁ]gg. 6% ?gérﬁpexg?essedp &
tenigeratives (Tempmivranventiye Temoprolyprogpleadwiyjous odwr gropyleag polymers.
D ¥ glsi n 0C on the honopol yner having 0 wt %
agent. BRI EF DESCRI PTI ON OF THE DRAW NGS

[0018D 15] A Riagly® shs@raphidefdddy tal®pi the Scosibeitionodfi o baRGee catalyst

(Trp-Tcp) versus peak nelting tenperature (Tnp) for
compEnlsi vd hefeo P61 YI9F p3AtEAErsy ar iTHE s tih e Fatplysipyerpeund” is used

. I Q "G M S
Sy SO P A DR o PR Glro R B Syt procursor
compouiunds and one or nore activators. The term

"catal yst conpound" i s used interchangeably herein
0047 1 K etepss BB S Hyidrorsupgrerifie s@ulﬁﬁ%mgsaoﬁ?mﬂar&f at least 300
kg/"n{)ﬁ_t al yst precursor conpound.” [0017] A dense fluid is

a liquid or supercritical fluid having a density of at
[0018hst BOsdtig-8d phe@l@insitlve tswiperdtvre ud defptedses the temperature below

Wh%créllag\?éo i'dolg'obtzr%&p %Ee?ste usrele)arla cs df%rlnnt%g haosrnotgrégeotu% r%’o?{lr%tergcrto%taining fluid

medium at a given pressure. The solid-fluid phase transition temperature can be determined
by temperature reduction at constant pressure starting from temperatures at which the
polymer is fully dissolved in the fluid medium. The phase transition is observed as the
system becoming turbid, when measured using the method described below for determining
cloud point.

[0019] The solid-fluid phase transition pressure is defined as the pressure below which a
solid polymer phase separates from the polymer-containing fluid medium at a given
temperature. The solid-fluid phase transition pressure is determined by pressure reduction at
constant temperature starting from pressures at which the polymer is fully dissolved in the
fluid medium. The phase transition is observed as the system becoming turbid, when
measured using the method described below for determining cloud point.

[0020] The fluid-fluid phase transition pressure is defined as the pressure below which
two fluid phases - a polymer-rich phase and a monomer rich phase — form at a given

temperature. The fluid-fluid phase transition pressure can be determined by pressure
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whi ch a solid polynmer phase separates fromthe

honogeneous pol yner-containing fluid nediumat a given
WwWpe@ssedses The solid-fluid phase transition ter@EDS1008/¢80434

can be determ ned by tenperature reduction at constant

pressure starting fromtenperatures at which the

polymer is fully dissolved in the fluid nedium The

(ﬁgase transition is observed as the system becom ng
requgtion @t cOREMinEEPETAEEC ITHRE TR PERHBES dé St dbe @elymr is fully

disg(ﬂ(fecfj?ﬁ ﬁ{enhﬂl'd%ecﬁ{l&lr'dTR@ gse t%agggt i{RBsS9Ld 95 ftlllé"%}géern becoming

phase transition pr essur as the press
turbell W\hleﬂ\hiead'urai wsihg dhe mﬂtb!cnbdesclﬁtmlé)em forateesminignelbiepoint.

Ql ynmer.-c n fluid nmediumat a
[o(ﬁéhpergf%ﬁ af%*ﬂ% PEBTS FRSHpnFepREREE .lsa.ﬁ%tse neda the sgeppragure below
which Q&f ﬁﬁlﬂ‘ﬂl’lﬁ&sbya ﬁd’l%%ﬂ"flﬁl pRAEGhY %nrné‘ﬁorﬁéi‘r}%aﬂ}fase — form at a given

tenperature starting from pressures at which
prqssnry mefhd Suidefluig phiass a‘anmnon tﬁrmﬂaeatﬁlteuwm h\edﬁu@nmnw ey temperature

ase ra ition IS obser the S m _hecopmi n )
red Rt 4t O B ST FOTh AU dEOUP AR Bebetgr is fully
dlsgélﬁiedjﬂ{ eHeflRidNGe&LMUATRO pRise ﬂrQQRQ}l i{Rsdrved ds fhdubydtem becoming
qu ase transition pressure is defined as the pressure

sl vlemnicatureduesing thic dn%hmis@mbed bsésivy fasidetcriminghelged point.
[O@Qﬂ_perﬁ?n%%%d éd)l%{] llE h[ ressgloe EEI%%V Wh% Ve{ll a nglven ternperature the

ure ase transi pressu

po@mrlb@ncdﬁiyefem b&dnidy tlﬁbﬁlsé?sttte@cftﬁiéth IJOWadimE @lstcddf C. Dariva and J.
tenperature startlnggfron1pressures at whi ch the

C. Boitgutag. Eng, ﬁ@PmyRa-'i» 0P U9 463 - t s purrases efghisunyentipe and the claims
the?aésﬁldé 3 bbial ik SmORERAY 6 %zmhgf%g%ﬁg&“la*g&ﬁgﬁb{g% g}\}\? selected

en measur ed usi ng scrib
polfynmrlda!ic&r gysteimniy acéloudipgiod afEﬂL orft®8Dhdtotéibartd recakdfriguthd pressure at the

on eéﬂg ﬁ?%la%éggwmggrﬁ %a: ga‘fe%etfﬁqlqggrggges éro%d point pressure is the
poRP Y WRch &iGh g%@%&nﬁ&yﬁeﬁ%@?&?ﬁlehk&{bn%ﬁéﬁl bodoPfcd@lbid.  Cloud

a given pressure. | | i d phase transition
poiné tpepatiure ic dre pelnd@t evintined abgiveempessateuthe rpebmmﬂrlz@hrpn system

t f t
befipOiE BoMaREt B SoRtithy dlfhoust FolR Sl pidh fessure and cloud
pofie edrbfBrathiteard maesﬁdéﬂ@ﬂqahgzsl@ﬂ prop@hse iy ekt a%a lolf§osiedraiineering,

. becon1ng turbi d, when neasured using the netho
clgred peint dxpibeowlarnio Hetlondipainagressused poi nt. [ 0022]

[00-555 cl R 'ﬁg h%? & Iz)tlefins’ls tdtﬁ]@negirt? NS %{1% &?f 12 ﬁ’a\\é@y%ﬁ 'Er m% ® garbon atoms.

nte eratur nmeri za

[0(12!4] bi dTiasustesttihi belfﬂn I"PolgmeridtRal' Rheorfpdsvsi dnd, pcﬂ;yrnerlzatlon reaction
Dariva and J . C Pinto, Ind. Eng, Chem Res, 29,
suchipgioh Om@@#ym%%atlﬁa raaéscegoldfneflﬁ%tm ndefRPPbIMAiFatien gncompasses any

pO%He‘L?&JIﬂ%E&foﬁ’oftt\ngi:thﬁﬁmB% Lsi s measured by shining

I'um | aser throug e se ected
[0025] The new numbering scheme for the Periodic Table Groups is used as published in

Chemical and Engineering News, 63(5), 27 (1985).

[0026] When a polymer or oligomer is referred to as comprising an olefin, the olefin
present in the polymer or oligomer is the polymerized or oligomerized form of the olefin. An
oligomer is defined to be compositions having 2-120 monomer units. A polymer is defined
to be compositions having 121 or more monomer units.

[0027] A polymerization system is defined to be monomer(s) plus comonomer(s) plus

polymer(s) plus optional inert solvent(s)/diluent(s) plus optional scavenger(s). Note that for
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pol yneri zation systemin a cloud point cell onto a
phot ocel | and recording the pressure at the onset of
WO appbd23entr ease in |ight scattering for a gi vePCT/US2008/080434
tenperature. C oud point pressure is the point at
whi ch at a given tenperature, the polynerization
system becones turbid. Coud point tenperature is the
poi nt at which at a given pressure, the pol yneri zati on
thesspke @froBEBivace adr Giety. the calabist aystsan otways Hideessed separately in the
pre@éﬁth@&g&1ME9mtotﬂﬁer%F&gg?&% eﬁ g#;l?nﬁﬂgatfdnqggct&o RYhis regard,
tenperature are wel ef I ned physic properties,
thet l]ﬁl}a‘ﬂﬁ&&aﬂxﬁn pOisyeeris edl@'lmde hemg parrewveudhgoiquktomary in the art of

typically refers o the clqud paint pressure. [0
polyhisartion iebfxicd Yd‘é‘TI}SH’éBS 3}9 erealst %st%ﬁ%npﬂﬁﬁfé 4r1q%¥meﬂzaﬂon

sydiQh € If HeRQRe A @Fitidr) Bredhixhii€ prS8nah thdBollkAkation reactor and in its
pol yneri zati on” enconpasses any pol ymeri zati on

cifhugatcisicompssediof s mYmpmzasyme systerhipbrs thachtalyst system.

08P O YT bR AR MindRir AP I bR SOGOMRASR Eouriilure above it
cn{léméhp&aﬁr@ EV¢)runabe Ei‘e@ﬂu‘é Gbevee ith tht:aheprE’@meoaw Tahbemeasured,

G oups is used as published in Chem cal and
crlw@,tﬁ@gerlanesh@pg anég:(rgipal presquIgs@)c) afodmed fywnshingthe Handbook of
ChBﬁ%l s%fgleand hé/glc% q;?a}';rfﬁ({ Br Iéédéthltgr' ghéhleiaﬁh‘}’\é %HJ %Jrn? %ngérp@r CRC Press,

LLICs NheYp£N, Y0BT.i Begarticuled, itlgoTebhd el of pfd@synahe tahe3 @l 2Ki dhd 4.6 MPa.
An oligoner js defined to be conpositions havin

In %ﬁaﬁ@ra Thandéor Bg qsapgtrhermeasuigd ffonegiver Sw@%dh%bfglpﬁceﬁé/or Pc will
be h \éh{ég, gozjoeofhe”qrc aftPoo 'p%(r_j eifd .nthé ol[eog‘g(?tlorfa‘wel%h(t 5(3 avieraées of the

olyneri zation systemis i ne nonomnme
commmmm@ngﬂésﬁn@Pdsoﬁﬁkyyﬁm@&bm@bm&n@pt|onal i nert

/d . t
0@kt °Phi kbowuetytSbsvedrchen Suiananyh o it paens s eyl pr
is Bb@l, Yigtis SHPERM, iSPRlsWRYSaPsdhas 8ads %ﬁﬂ@rlﬁh% Ysobttyt, RBu is tertiary

present di scussion from ot her conponents present in a
butryblgf‘rﬁar ispatd-eriiargotybrTMBns trimethyleidydy d1BA hsetnsobutylalummum MAO
zatlon stemis d fisned here narrower
is gﬁbﬁ’gﬁm}x%ﬁ% PRE &r Pari’ﬁn%l&f y A P RS 1t Fa Pyﬁi}?%eéﬂta}d&enyl Ind is
uuﬁﬁﬂ,lders the catal yst systemas part of the
ynerlzatlon system In the current definition, the
[0030% t urthorte’me @ontmut)We ;soldyﬁeqdu Fathemm Bessten theidoperates without

1nterltn§)t olrl'é%&tatl SFQ 8 Z) e Q Brﬁ)tg‘g.\]oﬁg_g%g&rs th %%(#{Rl%e% Sotlﬁlqer would be

he cat a

on6 lxkﬂﬁfd:fhetﬂeﬁxahnt§ taad eontiausllb ftedaesdminsd oh@ve ndre reactors and polymer
nperature_above its critical tenperature (Tc) and a
P“§W€§§GW@“%%B¥§mﬁ?§W%%|t|cal pressure (Pc). If not

OES U 0oL PSR RN AL Sl i
solid polymer forms in a dense fluid or in a liquid/vapor polymerization medium. The dense
fluid polymerization medium can form a single or two fluid phases, such as liquid, or
supercritical fluid, or liquid/liquid, or supercritical fluid/supercritical fluid polymerization
medium. In the liquid/vapor polymerization medium the polymer resides in the liquid (dense
fluid) phase.

[0032] A solution polymerization means a polymerization process in which the polymer
is dissolved in a liquid polymerization system, such as an inert solvent or monomer(s) or their

blends. A solution polymerization is typically a homogeneous liquid polymerization system.
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Chem stry and Physics, David R Lide, Editor-in-Chief,

82nd edition 2001- 2002, CRC Press, LLC. New York
WQQO®9%/123668 particul ar, the Tc and Pc of propyl ePeT/H8208/080434

364.9 K and 4.6 MPa. In the event a Tc and/or Pc

cannot be neasured for a given system then the Tc

and/or Pc will be deened to be the Tc and/or Pc of the

nol e fraction wei ghted averages of the correspondi ng
100881 s aiosupercsitios] polmsyzation BSAPoACIRIEMCTEYLD]| Propess n which the

Y r.e yl,
polérﬁrlelng%m&%ﬂ%%{ gst Ln;‘% ’dgtgt:e (ﬁ‘ S bt?glg 1ty'\4§ Fgr(ﬁ’) lgg?{ngo%rlggm?rb supercritical
state: Pr i s normal propyl, Bu is butyl iBu is |sobutyl
is tertla butyl, p-tBu is para-tertiar
10034 | A ol weéﬁzrﬁgfrn P@Aaip@?stmff%am yProge nnw Chm\éﬁnse fluid
polfy?neﬁ%tmﬂ &/sHIP Y& 8ins PAE thah ARGATRERYdre sdibdht! '0§ diluent. The product
[ uorenyl,” cp i s cyclopentadi enyl, Ind Is indenyl.

poly0@BGhayThe dtsemlmad @m)mllla dwusﬂuld pobjefidrization oystearoramay form a solid

t t t L
PhiRES I8 Mo iz ot S R BB sy heby g uisatates form

in @ RAkYMRId p@l%fér@@n&ln W cBnalingd RAS ttRdH 50 3¥t€% of inert solvent or
continually introduced into one or nore reactors and

dllmtymeenrefprr@@ uetas ¢ bkt slnursl polymetitdioawprocgssoa pulk heterogencous
pollsy'rr{l%\%\ifﬁ%(tgﬁwo Id 28 é IHEr"i‘z%? oft ol?r%é/s?e“ 6 choﬁlep{xglg&%ﬁc product is

|culat Y1801 o B

disboluedlinar ddnBe Auidi iy raériAnen sﬁ@ény o®ithiafilgl 1643 thRMQUW Yoldfnert solvent
dense flujid olynerlzatlon medi um can. form a single or
or dyfgert igy |r@feﬁﬁ6§@ @s bulle homegencqus golygierizetingy pracesscaft polymerization

crcleéjsl 317 wifich lﬂ{&u?@@Heﬁh 4 %&Qo?%ﬁl’oﬁ)’eht ﬁlcélll}%l dq gror%yn}eﬁlzatlon system

PrE supercri yneri zation
corithi@irgy tpus dianapd rwtp% piretidre amlnvem airedilmﬂmt tif eefpnrbd/m%ras bulk solution
gp3|des inthe lig q dense fl uid) 0032]

POYBICHER W BBy er |fi LAY H%%Pylﬁe B?Qt h’&np V@G@%spmdu“ is

dlsh(glvw'| el Lperchaty y1'n§r1£ja!t1%§ Ve Edht@ninbddidthan 40 wt % of inert
po yrrerl zation system such as$ an inert SOl vent or

solveortomdrlggit mlrefetrt@él te apbekdomogexolisisipsncrisiohprdymerzaaition process.
.S, typi.cally a ho eneous |iquid poI neri zation
10551, 2PliFoerheSu SAREREER T oF Y PYRErTSR o hiiaton system is a
po]@rﬁ{elﬁﬂ’ﬁ[dnz alykieh PrRGes ﬁlel holthé&h éﬁ&ﬁwmisy ARifoAAk Qfssolved in the
systemis in a dense (i.e. its density is 300 kg/n8 or

hrn@hl@at)on megeme ruch @mterg@ aeaot fuybid4ss dasasipegt in J. Vladimir Oliveira, C.
Dap Q éﬁ% g | (?laftl%l nlrﬂf bl ’r | Z :%%e g%,zﬁ)bpﬁo%%iﬁtr gfoﬁz)ﬁ oges\'%tﬁﬂ invention
andlﬂle\l‘élal%s(lheﬂefw I’alrbﬁﬁ)ﬂy\/i@ Micaduredlibl Waining dheliyh dghee through the selected
polymerization system in a cloud point cell onto a photocell and determining the point of the
onset of rapid increase in light scattering for a given polymerization system. Uniform
dissolution in the polymerization medium is indicated when there is little or no light
scattering ( i.e. less than 5% )

[0036] The term "high boiling point diluent" refers to a hydrocarbon having a boiling
point of 30 °C or more than the boiling point of propylene (-47.6 °C at 760 mmHg).
Preferred high boiling point diluents have a boiling point of 50 °C or more, or 70 °C or more,

or 100 °C or more, or 120 °C or more, or 150 °C or more than the boiling point of propylene

(-47.6 °C at 760 mmHg).



pol ynmer may be dissolved in the dense fluid
pol yneri zati on systemor may forma solid phase. In

W@ ki0g/1236311 nol ogy, a slurry pol ynerization, i nP@U81908/080434
solid polyner particulates formin a dense fluid
pol yneri zation systemcontaining | ess than 40 wt % of
inert solvent or diluent, is referred to as a bulk

slurry polymerization process or bhul k het erogeneous )
[00331 y neffqr Patnoses ¢frtbisdaecntion ged (heetaimg thessiopr pecdepsing ggent is defined

) ‘ i o . ! ‘ ‘
N
at &eafcentngion ia @l raegd ofdd.0@H foulndvt Sinciehes tiederystabization femperature by

hompgeneous, pol ynmeri zatjon process. A polymerization
at b%tcgs i dglsreies Hy Eﬁfeﬁ%ﬂgi SR EHOTBGY 28 Gy cealingrfate of 10
oCAniki qui d pol ymeri zati on system containing |ess than 40

wt % of inert solvent or diluent is referred to as
[0038] k SOnlass wherpadcynoted, 2B Mmadecutar ocegys ukitselg,Mdmi, Mat, M) arc g/mol

(grlicess in ich the polyneric product is dissolved in
MGASHPBSET V1 4P pol yreri zati on system contai ning | ess

[0039RN  4PheMerPOsOfvehiN@Fdrs §0k \i8Mde Mikid Gl i8Nt bdikng B6iAF 6€90 °C or more
to as bul k honbgeneous supercritical Eolgnerlzatlon
taf

thagteeeaibing poiossf prepytered 60 spdlamer-f Zatat 460 aym He).

Dﬁéﬁ%ﬂmg@yﬁl zation systemis a pol ymerization
| ymer product is uniformy

[004i0% S Ol Mepricferich @nibotiyiek thd atnvertiore@i atd® to QuEBp I yst Iiopolymer and
are not turbid as described in J . Vladimr Qdiveira,
pragesspd?t PAlAMIIZING PEDPYIRNSt §1 4 AQMOBRRpouEHRHYMERgatiopgsystem.  The

prof e 8fieboly R pRAERDG AR wbighBul BUERbRAIANICRE Mw) of 35000

g/thelldrumorkaseont br owghermbelimehte dtead wpoinytees 1,604 g/arol or more; 100,000
systemin ou oi nt ce to a. photocell

g/”_éfétoé_rrﬁ?rﬁi ﬁéﬂ,mg%&qrﬂr ey #@@@s%/fn%m PP 3#Baggmol or more

Thb Rrdpy®ht HRERHLEH|R gré_cf%blﬁ 1Ak Y MR L YIRS Froal 4Rt $Y.86@H 1,000,000,

ni form di ssolution in the polynerization nmediumis
alt¢maticlyafremt ¥h@4Y toh&080,080;| dltctragelpfromo 7P i0gAtto S6A1008yr albggnately from

10 gbo.go 4T R WRRChLern BT ol (Rl g oMb wsing G-

Pel@dakibA ChRh#th 1@131?3%‘.15% ¢ dd¥BriBed i aRbrt Aetal ®elowlg poi nt
of propyl ene %-4 .6 0C at 760 ). Preferred high

[004di | i nbhopwppylees heraepadymenrcterahdy hasmypepdi melting psmt.gdso referred as

r re, 0 r o
re o B d 08 R R g AR S B R0, oy
150PC pF eyt aiternatedl? 1 51 ACTominorks Qlteridgly. [5R087gr there, alternately 153 °C or
purposes of this invention and the clains thereto, a

moeAlterRfehy | g ehor morg e teatthasSar 6F G- cInoPng fgpgrasmbodiments,
thezlﬁeéggﬁlﬁégﬁe'% #}eﬁxﬁ;tglrart]l\ﬁ‘e ®4n ?ﬂ%@q}cﬁﬁ) abd\f 1B61-¥Rb ABYLED °C, alternately from
150 °C to about 165 °C, alternately from 152 °C to about 160 °C. Peak melting temperature
(Tmp) is determined using Differential Scanning Calorimetry (DSC), as described in more
detail below.

[0042] The propylene homopolymer described herein preferably has a crystallization half
time (Tc-half), as measured by differential scanning calorimetry (DSC), in the absence of any
nucleating agents (e.g. 0 wt%), at 126 °C of 12.0 minutes or less, preferably 12.0 to 3.9
minutes, preferably 11.5- to 3.4 minutes, preferably 11.0 to 2.9 minutes, more preferably 10.5

to 2.4 minutes.
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at a concentration in a range of 0.005 to 10 wt %

i ncreases the crystallization tenperature by at | east
W@20@12563let er m ned by differential scanning PCT/US2008/080434

calorinmetry at a cooling rate of 10 Cnmin. [0038]

Unl ess otherwi se noted, all nolecular weights units

(e.g., Mv, Mh, Mz) are g/nol and all ppnis are wt ppm

0039]. The term solvent refers to a dense fluid having
[0843hoi [ Inge sormprt dsclagreche diffgprcet bpaweembegaelfipg gnd crystalhzatlon

reBE Pl O 2160 AR 474 08 88 R oot

rat%ﬁfaﬁdh\mﬁfob ekﬂmeSed tiry &1t Imasnen&lrantre&ntboqumt@md lmmﬁbpolymer described
pol ymer an rocess f meri zi ng prapyl ene i
rgnﬂ%ﬁ% ABRRTE w@g? Ttk ﬂpei% &TRPCFHEr .HBE% SRtk crystallization
terhR m Eﬁ?ﬁfo?rlé‘:%' t)ﬁaﬂi‘%% eﬁuéﬁeﬂog(@t%@V%@éﬁ"nﬂS‘?'rﬁﬁHé 400.14 °C (or
wei ght 0

35,000 g/ nmol or nore. In one of nore
expriyodibyetht, fotthelaMf Eap-Tep Q090D Tghpot- 18¥. 1#pHE; as measured on the

100,.000 ¢/ nol ~or re; 150,000 g/ nol
nogpRang Hrde 0% TEbE seC Rt SR TRIED 57 Qe Bap) —99.64
ochonopol yner preferably has an Mwv rangi ng fron1about

35,000 to 1, 000,000; alternately from 50,000 to
(008400, lpome el mernembedjmerisniEsropYenohaeop@peer preferably has more

tha%I ng cu(? t1e“‘asl Xhe(n {5'6 %?%%%Pec{s Qeao 9& th V\fung ny 2?%?&?1%8 and 2,1-threo

ar wel are erm ne usi ng

insBelofs, aintd BNl G%Urﬁéfﬁzfaﬁ@ﬁsamby 10@9@)pro@$exﬁeﬁl@ts | ab@ﬁhatd‘hy Ai€than 17 and
detai | bel ow, [ 0041] The propyl ene haonopo
leSMWeerQHPg/lord&&cas I?f‘éallQ 008 1nEPRIECSoImAtS, al%ﬂr%%elv él‘FQif? theep Zsor 30 or 40,

but? %@é‘ %! 44 Q% BRES a&l’t@i‘ﬁatel P&E‘Jh%llh 39 1rggi%kcgf ﬁoﬁwb@o propylene

of 1 or nore, era
unid. t Hrenagrel defebBlar® @etorminmod esmgll ]G] NMResbglctﬂﬁéb}ﬁ’@s @lescribed below.

e, lternately 153 OC or alternat ly.15
[0@3 mor B¢ Biopgleng fiemgpalgeicy pr ?rahlasrf@sail%ﬁ%ﬁ 'hg‘}lg% of 80 J/g or

mo?@ba@t@ 1 of 98 *J% HedbreMeidrh gl tcﬁfﬁ%rﬁ% o %o?@%lt&ﬁﬁ&?y of 110 J/g or
from about 150 OC to about 17 ernatély from

mot§l@Gatady athddd JIHbr @@re.alHaat nﬁtﬁeshgn {HOor ABR) &Ciiettﬁmmed by using

D GRS s G DI PSRy 1 BERA HGta Gl hpwy
[0046FC) . T1as ddeRsdd {%%9 yiche TRH® 9@%&&4 hB&! AMte (LIOQJ&?elne )E@ow inorganic

propyl ene honopol yner descrlbed herein preferably
resadues yytiedllyi Qtaglnatmgh&blﬁn ﬁllerr@ta@l's@ shstehy (i.as fmowatgr@thlpy precursors,

actg@%o&%éagl?i %QH;IC%T)%BR% anadlt 10n3/1 sgsaven)gérs sucth as, for example, alkyl
aluminum compounds, or methyl alumoxane (MAQ), etc. In some embodiments, the
polymer product has less than 1 weight % silica, or less than 0.1 weight % silica, or less than
100 wt ppm silica, or less than 10 wt ppm silica. In other embodiments, the polymer product
contains less than 100 wt ppm Group-4 transition metal, or less than 10 wt ppm Group-4
metal. In a preferred embodiment, the disclosed homopolymers have a combined Group-4
transition metal (e.g., Ti, Zr, or Hf) and aluminum content of 100 wt ppm or less, or 50 wt
ppm or less, or 10 weight ppm or less. In a preferred embodiment, polymer has an inorganic
catalyst residue of 100 weight ppm or less, the inorganic catalyst residue comprising Group 4,
Group 6, and Group 8 transition metals, boron, aluminum, and silicon.

[0047] The disclosed propylene homopolymers preferably have narrow molecular weight

distribution (MWD) expressed as the ratio of the number and weight average molecular
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nucl eati ng agents (e.g. 0 wt%, at 126 0C of 12.0

m nutes or less, preferably 12.0 to 3.9 m nutes,
wee@barmhdy 11.5- to 3.4 minutes, preferably IRCDUS2908/080434

2.9 mnutes, nore preferably 10.5 to 2.4

m nutes.[0043] In the current disclosure, the

di fference between the nelting and crystallization

peak te ratures ngg iﬁﬁs nmeasured by DSC wi
WebgéltSa(M f @ﬁa@aed P@wbléh | doieptord o @r%aﬁ%r han |1 @eless than 5,
preﬁ%‘t&ﬁl fgd[o'fpd)qcl 5.t E Qﬁ 0F 50 £ £ RO @E%}Sl 8 1195 Ina preferred

ymer 'descri erein has a supéfcooling range
embpéiaientrle INTwMh eéngrestat thae 1 rhd Ukss gealor eqydta@bl | zaThon  disclosed

oD e rh%%gw%wn&pprf??ég'gm%e@ £ Bl te%rf'éagé é@%é?'f%%‘-?i\” B3 230 ¢/
1%‘1@’%%&& 1E'U®0 %z P ik gr RQY )%Ttgﬂl)ate'ly %IQQI é-‘ff 8%} 008Salternately from 1

measur ed onopol ymer’ havi ng % nucl eat i ng
to Hyeo, ,altgmetfeefr ﬁi@hyl t?ﬁrﬁ;QODc plterngtOly X T&p) 20009 16MmiaC.

44] d t | . ,

043 o poT S Bref PRBEYS RASORTy Bt et Ty Hie dogapshipe index (@)

me;&giged %@I GesEEBRC bslowdef iRRkAS 0 BBEtoS UMDOTaltdmdte) YA @.90 to 1.05,
and 2,1-threo insertions, and 3, 1- isonerizations )

altgraptelyOr@0@-YrtogydSene units, alternately nore than 17
n t 00 regio defects per 10, 000 propyl ene
PO?ngr %%% Iﬂ%ces ely nore than 20 or 30 or 40, but |ess
[00498N 9% 61Rgo0 nfded ealbsdintntsgthabelcysd @S proldben p8Ypfepgicac described

defects per 10, 000 propylene units. The regi g defects
hergieingludey pRTiacding SroRy las VRO YBSEE A BB |P IR SVite QR PiHare catalyst

sys?&ﬁ@ \gtt a %%9 46?1‘[11%()%%_?@ ybeeﬁllg ali] %;%&g{}r%%BV@ 153 F\ﬂfaa bi"ﬁ’e eélﬁ?merlzatlon

Fdsion ) of nor e r nat
adaint@0oully takes ptace, inad hﬁmn@neblys pblyi@tzatiog stempmaéthin a continuous

|ternately of 110 J/ nore, .alternately of 120 J/g
polymegigaizon fgagor. ofn fpg; rfn?rl@lf crghodippnts Oa&f‘érw. Yelr BYPre ? propylene

mddhied bRddf &Y Bl Walg h@ﬁﬁﬂ%bgl n@ﬁ‘lloﬁﬁﬁlgﬂaatﬂdyo_PG%Q)lne@%lvent and/or inert
described in nore detail below |[0046] The di scl osed

dilpensparidaetoteboop@) yirds glehfawevelnt thiabael @ togat twyaegtelof prapylene monomer

and SRRPR SafETeaety 5 Mk hated e o Belgiation reacor

Adaiith ¥udlk S aba @S opt ‘Voo&aﬂnofeul&fépfrkﬁé ndNImeh &agft bORAA weight of the
scavengers, such as, for exanple, alkyl al um num

polc'@mié@tmssys@m iepleydnt 1 theoramer f(fﬂM@t at gteedy stptc senpgitions. In one or
mo?gg%ﬁ{)mé% ab%hg op 81' %(v'&;'ﬁ re ?ﬁt%ﬂlu Sllle Hl%ﬁor!nglsfse%q Eolapll (]:’pgoceg% can include

I|ca €ss

on¢ Sﬁﬁlotehﬁlmdﬁo Smdve[i@fms ahd t&-aatalgstslcars Slsdj bamchiedin m&ﬂ‘bactor feed.
silica. In other enbodinents, the polyner product
[0059ht aj RN @8 nqre sRbedIMERES. Hisrmenasnssfacd sagrrontaink) wt % or more, 45

vvtr‘r/Eto"fllmolrg,rorJ PRt B/héf‘m]er,Vgts WP @&H&, %r 60 wt % or more, or 65 wt % or

more, or 70 wt % or more, or 75 wt % or more, or 80 wt % or more, or 85 wt % or more, or
90 wt % or more propylene, based on total weight of propylene and optional inert solvents
and/or inert diluents entering the reactor. In one or more embodiments, the monomer feed
can contain monomer ranging from about 40 wt % to about 85 wt %, based on total weight of
propylene and optional inert solvents and/or inert diluents entering the reactor. In one or
more embodiments, the monomer feed can contain monomer ranging from about 40 wt % to
about 75 wt %, based on total weight of monomer and optional inert solvents and/or inert

diluents entering the reactor. In one or more embodiments, the monomer feed can contain
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nmetal. In a preferred enbodi nent, the discl osed
honopol yners have a conbi ned G- oup-4 transition netal

W@ 2009123663 , Zr, or Hf) and al um num cont ent of PAD0S2008/080434
ppmor |ess, or 50 wt ppmor |ess, or 10 wei ght ppm or
less. In a preferred enbodi nent, polyner has an
i norgani c catal yst residue of 100 wei ght ppn1or Iess

t he inorganic catal resi due corrprl sing Go
prqaygrlgﬁ r@gl%goga@gﬂt W Anta thoyh Ot af),sbas%plbpptal welght of monomer

anﬁ%ﬁgﬂﬁlgrﬁhrﬁggeﬁﬂs Ph&/gﬂ nethQhAlgIlts yﬂt@ng\% ﬁl%lrgacc pr opyl ene

yners prefera y have narrow nol ecul ar wei ght
[00Fi1$t r i lnudnicar riddABmiedmeass ebe pslytdeazatani @smfn ¢dmuns up to 60 wt %
0 nun‘ier and wei ght aver age nol Ecul arwei ght s

ot R TSGR s Bl moT 2 Be S s areater than

35t@t logsgnd HAY Ban pg(efv@[r @{pllﬂerg- S%I\Ieﬁt 5, 10bnd -0t Erétenfodiments, the
.8 to 3.50r 1.8to 3, or 1. 2.5. In a preferre

pobnMdatlmnintehecmlm of rogr é@m r% ttdn an wit %ndeﬂt eslsenthdn one or more

ornBp R 5 et s Sk BESp s RO R RO AT RIS 4 from a [ow of

abAR Q006 %, 25 K@ %k Dr I whhPldta ﬂigh QPQb&lt 10 Wi Phe iR$Ssolvent typically

alternately from0.1 to 15,000, alternately from1 to
cornprigs By depcabens eanityiningdran 4tte 190 @ahon atares, radveen%gepu&iﬁfrom 4 to 8

car%gn 5{% OQng r%‘aQn %Bodlb}%gésg he-{rtl]e%t %olve%t o%qncﬁu(i) e[h%)lsorners

honopolymers ranc

[O(HSQPSUFNQ V&ﬁ;hﬁh@st@ l‘beflﬁiﬂmb QJyOt\hle@fy het \beﬁélfeﬁ thft th@ hilghl&)ncentratlon of
alternately fromO0,90 to 1.05, alternately fromO
prapylepe @QCTeﬂ%ﬂsyWﬁrm?li’Wléﬁ ighteat thopuaduct 91 oHlover hwb%temperature

op akfn?ﬁth@ 'S %9 ?813*‘&0 QRUGRs %ﬂhylﬂ{)ﬁofg% é)?gcfllﬁtlgn of polymer

cr| ere nc acflng prop
grq{ded; pﬁkrwmaunaomssﬂom; emreduicththervesioof monemerateaygls tind reactor cooling.

Inc'g%,/aég ggl’écegga%} % grtltlél,[rg%a oﬁlﬁg’q\ag& a ndes%gs ahe cloud point of the

poREhARLRgRQYRhYallAKES @?&ebﬁk RaNOMDLSNRBAY 8t lower pressures, which in
pol yneri zat i on syst W TR cont| nuous

turpotduves theatnivestimertaandogompressmmecosts. n"ﬂreeeferﬁb d@hrm@ snonomer/solvent
about,. 40 wt mor e ene . mnomer

cofgraidteris KR popg B o AT AR SO O Ra™ Papropyiene erade

at $IVER WcafW AR atiaBTdn k. U@ﬁis,opﬁﬁﬂmU@eﬁeﬁdﬁ&Dﬂlhnﬁ €acdrs, Yamong other
i nert solvent, based on total ?ht of propyl ene

thipgm @nrﬁre C@ﬁbpfdp@qt@rf@nstrmptl, tho et eeﬂﬁely fegaolig) afent |
[Od dIE e or 81%' e dlt%gﬁt Ot?e %igﬁlgn@%f the %r%é%%ﬁ&'& sys'tern is about

or nor e propy

0.3t gitnaj orwab@hbr ﬂfout 0e gellysrahorad: muSQStgenﬁL drsnqre.agenbut 0.6 g/mL
in the reactor effluent at steady state conditions. In
OrBRE-or nore enbodi ments above or el sewhere herein, the

[0053]1O e, Sieed hBrd Qﬁbﬁiﬁ@ﬁé,sth%as%aidy Glad Bolymer yield (i.e. conversion of

propylene monomer to polymer product in a single pass through the reactor) is at least 5 wt %
of the propylene monomer fed to the reactor. In one or more embodiments, the conversion of
propylene monomer to polymer product in a single pass through the reactor is at least 10%.
In one or more embodiments, the conversion of propylene monomer to polymer product in a
single pass through the reactor is at least 20%, or at least 30%, or at least 40% but less than
90%, or less than 80%, or less than 70% in a single pass through the reactor.

[0055] In one or more embodiments, the polymerization conditions are sufficient to

maintain the polymerization system in a single, homogencous fluid state. For example, the
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one or nore diluents. Scavengers and co-catal ysts can

al so be included in the reactor feed. [0050] In one or
woree/1z3shddi nent s, the nononer feed can cont ai PCHOS2008/080434

or nore, 45 w %or nore, or 50 wt % or nore, 55 wt %

or nore, or 60 Wt %or nore, or 65 Wt % or nore, or 70

w %or nore, or 75 w %or nore, or 80 wt % or nore,

or 85 w %or nore, or 90 wt % or_nore propyl ene,
MiBARER TRASHO {ARPSRRHISHINdITESHESOYE Salectsd g0 dhti tg% aplypee produced, and

e

thesé]l“h%rﬁge}tlzzcl}l@ﬂ (si#rs%rn It)lr}lg{r?ggt F&‘lﬁan? Qﬁlgfe e%,eg dz{b?gfrg]tﬂ?erpolymerlzatlon
syst@n's alond rpoina red abawgntmgalfdlcﬂmd pheqet traftﬁltwh t%lpﬁamb@attd @Essure with

Wt l%; based on total wei ght of rop | en nd opt|
tha Roi¥Mol Ve SONRH/IPPITAEFS &N vehtiheh gcfx%aé I and higher
mdl&A%k Oveight) RARhOLreNBfi&n m%%&t ﬁtrlﬁlﬁ& PRI F8RFermore, for

can contal N nmonomer rangi Ny om about 40 wt %to
hombg@teOVSpwwm@@ZdjmeniO@BSdsoﬁlallow lghits of raammniempamdlre can also be

optional Jner nd/or nert dilu enterin
de@Rained o b ol B FBb P S s, “RibsTorS mori<Pbelow the
solf REEidC BRase ORARITIN QRNDRRBro’ 3NCGhE GehdtRM ﬁﬁb&uie 46h Weado operation
to about 65 wt % based on total weight of nononmer and

praypemsofiad ﬁ?@l&mg sdioy élm progueticr off highly erystalbine pobipranylangs (melting
peakh %erﬁﬁe?&t%g sI Bnap 5%]() o rI%] gg L elgl:?gﬂgd g)% y%’m‘%gglw ayrgcr?(se%e the minimum

opérﬁilﬂg?t&npefaﬂim@ Aealfdut 98 °€ endpoti. MERE applidadion of certain inert solvents can
ynerization system contains great er than 35 wt %
furﬁwa reics R RGO OBETH e {eTSrEiR Of 1 B ETeRppngration regime,
%
alt?d-{%ﬂqhg‘g%s?%?tﬁh ﬁreg&{%r‘@zlhﬁgtrs?fefg%t? ch% ?Q&Lﬁ werﬂeg}zgflon rate, product
modetnbai weights ,antlheani dgnesssthb viealting graknempérature  The upper limit for

e B e o o A O o POU 0. by e

6 itdpdratiRl v SiHce LofRh CI) ther§ QNRA InfiRr MYCIEQEATDOBS hich
“cont aé'}ﬁl'g n%t from4 to 18@%a?1gon at ?rrlér acgécglnt a\gggug a)?d/or e

meﬂtn@ﬁempemn&es:alebi@mrat dngh, pqlmmcmatlanrteraptt:r@wm(hﬁ@() °€herc generally
rt. solvent is i ncl udes hexane isomers., [ 0052 .
oSl ERTy e Retia bRt BT RBars, Coer e Hnc e systems
préviding iagbthe® R&eot et hwyidiak d&béa@wleemﬁymm;raaaﬁ aémp#@tures. From this
nol ecul ar wei ght of the product or allo

PepRfitiEe - teBppaiEe P Bow p?éfr)aﬂ GRSl | Téserfnlkrewon ¢rardg v are influenced
by P c&l% gg{ d%%t: ?{Hecfflaﬁl&on%n aa*?lldI acltg'rg " nge?%}b%t ! 1{3.?1}_?81: al© l&ﬁﬂ%%d above.

sSe I naccessi b . uces &8st™o
Adﬁ@[ﬁ’t@g’ﬁﬂml@lﬁ&hﬁlﬁ)lﬁﬁﬁlmﬁaﬁt'anp@ﬂmirbﬁ(for lthe rlﬁadb&ﬁhon of the disclosed
concentration of solvents he ot her

pPolygprEsaes a&eﬁép@ﬁl&uaetw%t%oﬁ %%2%f9n@frbei%fﬁ¢rb%0 $§sgdnk80 °C, or
betdctRYhRe: ﬁgm@m@%g%?ﬁx%%ﬁt?ggg%? ﬁr(])ledalqﬁ)\l; %g‘%wneg}r’%\@@ °C dand 140 °C, or
betgx:mgxi;gggisand 1608€s. Therefore, there is a

[Odg%TonEIr / gr?el \6? Q’Itlore embodiments, the polymerization conditions are sufficient to
dissolve the polymer product essentially in the monomer, which is present in the liquid state.
These embodiments fall into the category of "bulk solution polymerization". In other
embodiments, the polymerization conditions are sufficient to dissolve the polymer product
essentially in the monomer, which is present in the supercritical state. These embodiments
fall into the category of "bulk supercritical polymerization”. The polymerization system can

form one single fluid phase or two fluid phases.
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concentration range for achieving the | owest

production cost of a given polypropyl ene grade at a
w@eaen2ieerati on and at a given time. This optiPCHUS2008/080434

depends on many factors, anong other things, on the

cost of reactor construction, the cost of energy and

cooling, etc. [0053] In one or nore enbodi nents, the

denS|t of the polynerlzatlon systemis about 0.3 g/nL

&7 m)r]é oRs OBHBRC EMBOGIMRNLS o thendrastion terapaiurg asd girpgsure can be

Sd%%t?%‘g’%ﬁa e A pir i fin dy Mo Yol st bl Phigmer's cloud
poﬁmhvmb$anmubipphﬂmmkﬁnmjwmmﬁnﬁﬁuhmgpmhyWBﬂmpﬁgﬁﬂphmkmﬁonsyﬁmn

a .si ngl ass_ through the reactor | east
forgiinig Ao sy I8 RbA oI AEPOLY B (660 PR, BRSGIqiGHe (i are below
them:ﬁo?yrﬁémo%'ld{ﬁn mtt henGRAVET JpefitOf atRkePW e %lﬂﬁa‘%”%'fystalhzatlon

to polymer pro in a single pass through
temagtier The tems| “éwetphm%ysﬂem”métw pm@ommmmwm refer to a

e _.conversio ro ene ONEr oI r.oduct
ol QRS R el e R e Ry b P elg RS bodiments,
theOkw@t pHab@s re3 @fereRbedlas | £a%ikst 4'@%5@ Utanf €$Ssbddmb PRER.”Or In certain

| ess than 80% or less than 70%in a single pass
emppdigegts, theelisephasots. o] i0dl8dss 4 rmeremerphgss, @ which includes monomer(s)

an(;a %r? ?dl(l:sfag ﬁi[cﬁ]tdetcnﬁle aXdT%{;#qé%t Iaﬁp Bl%ld !:togts g&é{%erlzatlon In certain

orranaln |on

cmbbdigicats, fenRegedt phise fid vt dlciiidaﬁ @.sofr@ ﬁ)h@@éamhhcﬂﬁ, can include products of
t hem ni mum reacti on tenperature and pressure are
POYBICHEMEN Se-t WMAFTOPIGE brg? pelemeh PErflice Put AgH mopamers, ¢.g., propylene.

ngﬁ:'aégg’?ét?@gfdv&g g@éé?%\ﬁ BS%% ypr?gg%&‘?%aﬁﬁn gsteﬁleﬁai}eysﬂ?]% ”gk? may cause

zati on stents
op¢gabihty amebsapotieulatls dswhsttbaﬁi of thephaser, ﬂman‘sadtmmperatlons above the

cloltug eI{tta télélr.;gt} gtnsg]?éé% %%2}?%&“1]11%3@%13%:@%%%@? advantageous over the two-

phgsl‘e)b%I érizgﬁ&yc?@%‘hl gher nol ecul ar wei ght, which are
often ct attributes to neet. Furthernore, for

[0056hogelmetbe|dlspkmlsgdrprdczms tr malooe bipbly, cwktellin@wetynrcbppilcu@s with the

of |on erature cgn al so he deter ned b
oo @5rde§E TR End 5ot PRBsHRa: s CCleBbegute! fhe reaction
pr3fge ateqphell P o deersBhi dref dott dlupd §§z%ettfaﬁ§1ﬁbﬁ pBAsure of the polymer-
tenperature of the reaction mxture can lead to

corﬁpl@rrm depepfloisl eplympigation spyifmngt tRorcacks gtadeicon In another
emt% dlﬂ{e%p e ]gtreys% al lnb%?w@r th%rp 1@ Ma%‘fdsw gﬂgleél6ud1§blgt oe}l%he fluid reaction

nper at ur onbgeneous po

meld’ﬁ@ﬁ: QS&QSeadtdﬂﬁteﬂipBﬂamﬂén hpemaherr@nﬁoa[martaﬂla rpeeslsﬁreabbbltiween 12 and
- 100 0C,_ The %agalcatlon of certain ine

15%%W@n?%bf‘é‘é(ﬁenf Ut #ret 07y B a c Behuessi i 4ndnh §d\é%tqr&ﬁtween 69 MPa, or
soh IR S5 ol e KAULLNSaL 68, SHEATEL 0 RBGLIE S w33
bet@&&nn rlédmdd 3gbMhwe r inzabthen embbéimept, ablelptessure is above 12, 20.7, or 34.5
MPa. In another embodiment, the pressure is below 1500, 500, 207, 138, 83, 69, 55, or 13.8
MPa. In another embodiment, the process to produce homopolypropylene described herein
includes contacting propylene, in a polymerization system, with a catalyst or catalyst system,
and optionally diluent or solvent, at a temperature above 80 °C (preferably above 92 °C,
preferably above 100 °C, preferably between 110 °C and 150 °C) and at a pressure above
13 MPa (preferably above 20 MPa, preferably above 35 Mpa, preferably between 40 MPa

and 340 MPa).
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nol ecul ar wei ght, and can depress the nelting peak
tenperature. The upper Iimt for tenperature can be
waletenmened by the product properties that arePGI/DSI0G8/§80434
i nfluenced by the reaction tenperature. Since often
pol ymers with higher nol ecul ar wei ghts and/ or higher
melting tenperatures are desired, high polynerization
tenperatures (>200 0C) are generally not advantageous.
tenperatures can al so degrade nmany known
al y y . Vi e 0 . .
O Y B R =R A, BRI LE Phol B producing highly
crystailinep polypepyicves it dropergahdauesddaet dui® Sidlterdration systems include
eactor conditians e influence

ef ul ef ul
meﬁi’@ci}}wﬁy% p'ef[f? Frtalysts $38 aﬁaﬂvaé%@ LQS A% a‘éﬁl%at?r&%forgmg the desired

h1ghsc%\%ﬂ)ystlc""'a%tlgi’grI ER&HpBROYE! n&pﬂﬁﬁ{@%ﬂyzﬁbﬂé ind1f}& aluminoxanes, such as
pol ymeri zation tenperatures for the production of the

medl}éa:mmgwam{MbOOmddenmglngraetwa}tpnsaath s Tnet-gueedin@ing@ions, such as

b and 200 0O or betwe 0C and 180 OC,[ or between 90 . lud
OBESand 158 0C, or bet 03 0BONREOHEGUBE or PReen Include
triflSth PlemmishidARtRIG p@ﬁtaﬂﬁ&ﬂbﬁl@éﬁ HBofdfe, and 140 0C. [0056] N,N-

In one or nore enbodi ments, the pol yneri zati on
direeshipnilighentetrakispertaflioserheny) biiratso| ve t he pol yner

trllﬁl g}qlggrtbFI%u&%] Eah(ﬁgé@fﬂﬁ({%ﬂé yggngrgge F men t gl : Si ﬁ,lg-s(ﬁ%tgthylanilinium

tetﬁﬁidﬁﬂ@rﬁpl&fnyl')b@ﬂa& @ Ut ORkp Ol ygBgiill ZlatmiyXaned BaIDtHée()btamed from
enbodi nment s, pol ymeri zati on conditions, ar
coRg{IFqi i Serices, éord@@gml% AlzpaNehsl Grenorgsiogand mé%lé@ methyylglyminoxane,

MM@;d-@g %@52 él}%l IEIQA(f wPr &ﬂf)lnla{]o Sh& ﬁﬁ&ﬁﬁ{oglﬁets' gd'ﬂlbmatlons of
st at e. s e enb

ment's faI Into the category
noti-bobrdinatipg mgion tactedtophydresmiziabticon' of aTllrtmnoxanes and non-coordinating

pol yneri zati on syste canfor one single S
amBP WG eI R %ﬁﬁlééi [N§0BFqUCE @ é]ilfé 1%‘?“??%’? Jéﬁﬁ!&)meﬁagﬁfgne and non-
meftahféc&?ea%thl%‘t E&Hp&‘fnﬁﬁ UiRIARE RIESS WeRal Ad. N8/ RS &R US 2006-
so that thé polynerization systemrenmains at a

0293464 swhish brast Meumenqmbcymed by oifgencepoFntthérnadvaetageous catalyst and
nerization.s resul ti

ool s BB BT CSUPL Rl ol b Bt sy o paee 83

of PWas @08M826970 laydrest- b@g@n29h®§ﬁgra§ﬁﬁﬁ)l©mpqgl t g6t gt 4 of WO
are bel ow the polyner's cl oud point nonet hel ess

20¢7pe2GP2e. abslyantagroup siciimeer sompoerds| nicret hespin include those listed at
pal}agﬁ{lgﬁ Fgﬁtﬁ 1%“5?8%$elge77t’f§ d %049{)?6“_?1 oﬁ{gtr g%up of catalyst compounds

ynmerization Sys

and adtivaeis tad.icanlsy sysmmmglﬁmeandnorp raefieit@blayid ofd byymore non-
two phases, In certaln enbodlnents the two phases are

mqtaébé?%@al eenteed thefesparphigaad cajlyshoonapavads Wiess thermgtal is chosen

froﬁﬁﬂ&% ?ﬁg?ﬁg%?e{ﬁ%%ﬁ rﬁ&kfsne%]'eg g)e é&tﬁ%ﬁgmng‘r%?@% s L PARRI@Table of the
Elements) useful herein are disclosed in 11/714, 546, filed March 6, 2007. Such catalyst
compounds are also described in more detail in WO03/040095, WO 03/040201; WO
03/040202; WO 03/040233; WO 03/040442; and US 7,087,690.

[0060] Further catalyst compounds and systems useful herein include those disclosed in:
US 6,897,276, US 7,091,292; WO 2006/066126, “Unconventional catalysts for isotactic
propene polymerization in solution developed by wusing high-throughput-screening
technologies”, Boussie, Thomas R.; et al. Angewandte Chemie, International Edition (2006),

45(20), 3278-3283.
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and can also include diluent and sone or all the

product of polynerization. In certain enbodi nents, the
waewoneBephase i s or includes a solid phase, WhPCTIUS208/080434

i ncl ude products of polynerization, e.g., nacroners

and pol ynmer product, but not nononers, e.g.,

propyl ene. While operations with such two-phase

ol ynerization systemis feasible, they may cause )
W‘%ﬂbr ab¥safily  ssues, p&relyeUul arly downd¥9@E9rof t he include:
. p i . cl . -
dn%%ﬁﬁ%1?3?1I(t_etié%}ﬂéty%l‘égéié&ﬁéﬁﬁge_%gﬂgdsog@%%{r@e\ﬁfmmﬁm (ﬁ{ﬁ@thlyé,m 1, I-bis(4

I zatl on SysS
triahdsisydptaont Boe thysenoy eyclépeatadiwnph @58 d pek tyargbugd - worenyl )hafnium
. Syst 0058] .In.t i sc| for . maki L
G oL OOEa i Rt e BT RRR Rl Sl ™ iciorie,
dirgénifazyl@iiﬁ@ﬁfztﬂn%%ﬁ%hkﬁﬁgldQM)ﬁﬂéeﬁhﬁpQﬂchlagid&r QRRYH 188 1bis(2-cthyl-5-

‘defec‘ spructgre,‘the‘reactyon‘pressure are” ' '
phenypindedyl zirpaniimwelichidrade; t digetplldilgitfis(@indethyladphenylindenyl)zirconium

iR s yHBERSE  °s gieheniety RaSEauRb B Aery T ForoenyDhafiium
dih@Rpe r@&éfﬁleeatdlg/sgadﬂ%t efude RO dianBMisuchhs (ﬁﬁl@?‘ﬁl}reﬁlai _ ddSIOany of the
a

_lower than 10 el ow t he cl oud point of e flui
dihabide eatelpstrpseniuiiorananiddeabosact or tenperature. | n anot her

oS (SIS, D S v
whefe R e medlRylG@oddP@uctoss ethywhePh ikbhanyl dvSubdtdutedphenyl, M is Hf, Zr or

_between 34.5 and 138 MPa, or between 34.5 and 83 MPa,
Ti, yadvs dh 2 Talogar o1 3lkyl growp (Suchagiother meiybld diragthylsiydis(2-methyl,4-

phEHESAEOLiROAREY ket EPorl dicforiddh. 2y BPLAGH L 4-3 i
buBBph&S))-BBenyd)zirt@iBmMRimethy! afoot Hizhlogidbpdidimeethylsitlebis(2-methyl,4-
a1 b Da R A PB LT BB Ao S ray RIGk g ethyL4-(3.5'-
di-BH & LR e A Ay link i A (o ictidifiegm and

optionally diluent or solvent, at a tenperature above
[083] 0C Ifpsowie cmbbginmbtyy ¢h at@igst sysefner ndpidyhaboveon@®e an activator

Ctzgreffrably bet ween 110 0C and éSO 0C) and at a h
<ad§ﬁ%§ W& Yabove 13 MPd'Ppr ef efg%ﬁraii‘a Beve 20%WRA, sue as
trildétey R NuRkavEs@entyideroph@lyebahtey between 40 MPa and  N,N-
340 MPa). Catal yst System [ 0059] Suitable
dimeshylaeitippateterkis perdd JuorephicayDedietedi scl osed processes
el BN i ghl r L ol ypropyl enes i n
Uﬂﬁgg g%ﬁggﬂgn%%%%%ﬁ?¥§#%mggP@ﬁ%?ization systéﬁs i ncl ude N.N-
dimahy@hhitarRnectedpaflysiopheniiiporad ainds tthe CHRe,bandchi vahgst precursor
by any activator affording the desired high catalytic
corgpeyngh represqnted Ry e OB non-1imiting activators
i ncl ude al um noxanes, such as
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met hyl al um noxane (MAO), and ionizing activators such
as non-coordi nati ng ani ons, such as borates, etc.
wQi@bar3endn- coor di nating ani ons incl ude PCT/US2008/080434
tri met hyl ammoni unt et r aki s( pent af | uor ophenyl ) bor at e,
N, Ndi et hyl ani |'i ni unt et r aki s(
pent af | uor ophenyl ) bor at e,
tri phenyl car beniunt et raki s(perfl uorophenyl)borate, and
N, N- di et hyl ani®'i ni um t et ra(perfl uor ophenyl ) borat e,
and the Ik®ke. Useful,,al um noxanes can be obtained from
commer ci al J ‘,Rfor exanpl e, RAkzo- Nobe
Cor por at i on, i ncl ude met hyl gl um noxane, MVAO- 3A,
MVAO- 12, ( MAQ | P. Conbi nayi ons of al um noxanes,
conbi nat igg¥s of| nongcpordi natjng arfon activators, and
conbi nat i ok noxanes ygnd non-coor di nating
ani on activa S gsed in the practice of this
i nventi on. &t al Focene \and ronmet al | ocene
' osed inh U S. Serial No.
' e herein
ant ageous
conbi nati ons

10/ 667, 5&5” and |lUS 2006-
i ncor porat ed b} reference._ ,Fur
catal yst and activator conpoun
t hereof useful herein are lis
85 of WD 2004/ 026921 and atgr4paBe paﬁggraph [0101]
to page 66, line 4 of WD 2004/ 026921 Advant ageous
acti vator conpounds useful herei ude those listed
at paragraph [00135] pages 77-78 Q 2004/ 026921.
Anot her group of catal yst conﬁuundj andracti vators
(e.g. catalyst systenms conprising dne or nore
activators and one or nore nonnetall ocene
met afherse M brie dseldséade fiwar \titanipga redreenivgl, yeafhnioonpomadism, niobium,
ere the.netal, s chosen fromth oup. 4, 5 t he

tanf I elP RTE Py tebengiE B Qe e TP By paor Hhabfum):
Per Rading R2kbteideihtidaher Effi@ntagd aks efledted bR Wyddd@n atoms, C1-C10
di sclosed in 11/714, 546, filed March 6, 2007. Such

alkyh gequpstC EEAB olivy SipwsalC6d- Hoaw} prawas.i (o-frdP ardexnproups, C2-C10

RO 060U, LBcsp ot o

C8H4G heralkatyhl grsipsc O @uogs @nbalsyst ewmsusefcuhjupeteeidienes that are
i.ncl ude t hose discl osed in:

U , 897, 276; U .
optonsdly, SRy 20/ V6 22 Gwormgwgm@%y_ﬁoﬁghyggfagpwlgﬂ groups  or
hyd@Earb POk k&ca%ﬂ}%ﬁﬂlﬁy%kmr b abdd @Pefbﬁbﬁ_qu%ﬁd)@ are an alkyl such

devel oped "by usi'ng hi gh-t hroughput -screenin
as trethtyhot @tyyles are Bbalskisech IhdrersddR. ; et al. Angewandte

32780 b ATOBB T ast (LN dng <F° Pt J6FE Hyegpgtoms. halogen

atoms, C1-C10 halogenated or unhalogenated alkyl groups, C6-C10 halogenated or

unhalogenated aryl groups, C2-C10 halogenated or unhalogenated alkenyl groups, C7-C40
halogenated or unhalogenated arylalkyl groups, C7-C40 halogenated or unhalogenated
alkylaryl groups, C8-C40 halogenated or unhalogenated arylalkenyl groups, -NR'2, -SR’', -
OR', -OSiR'3 or -PR'2 radicals in which R' is one of a halogen atom, a C1-C10 alkyl group,
or a C6-C10 aryl group; or two or more adjacent radicals R5 to R7 together with the atoms
connecting them can form one or more rings (preferably R3 is methyl, ethyl or butyl), and
adjacent radicals R11 and R12 can form one or more saturated or aromatic rings (preferably

R11 and R12 combine with the phenyl ring to form a substituted or unsubstituted naphthyl
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di met hyl si |l yl (tetranet hyl cycl opent adi enyl ) (dodecyl am d
o)titaniumdinethyl; 1, |I'-bis(4-

W@ eioet23sbsi | yl phenyl ) net hyl ene- (cycl opent adi engd)/{22088/a80434
i-tertiary-butyl-9-fluorenyl)hafnium di net hyl;
di met hyl silyl bi s(2-methyl -5 , 7-propyl i ndenyl)zirconi um
di chl oride; dinethylsilylbis(2-nethyl-5
- phenyl i ndenyl ) zi rconi um di chl ori de;

de;
grodippeR Y PAYANAZEP WY FokadimentR2 a%B@Er%@hyr 29 hrdarahyl group, or a
C3g?%2?%@?@%F§Pb?§?g@ﬁ%?ﬁlI%ﬁP%ﬁgﬁgvgﬁdenyl)zirconium

Rldiictdlatdddfeorar di met hyl ; and
di phenyl nmet hyl ene(cycl opent adi enyl ) (fI uor oenyl ) haf hi um
di met hyl . leke/ful cBii‘m g‘t al so i'%tl ude the dial kyl
(such as dﬂnethyl)|analog of an& of the dihalide
cat al yst pMécursor¥°ndked abo®@eM3{®062] Usefu
met al | ocen¢ conpouhds ll so incl ide
Me2Si - bi s(BIR, 4- PRPnd¥Ayl ) MX2, Rithere R i s an al kyl
group (such as nethyl), Ph is phenyl or substituted
phenyl, Mis H, Zr or Ti, and X is a hal ogen or al kyl

group (su a or hyl ),
dinethyls%??lﬁ%%L(Z-net1§I,4- pﬁgh 1-4ir'ﬁ:]‘ényl)zirconium
di met hyl f*v'gr di chl oridd), L

di met hyl sMy1 Cbi s( 2- v, 47 5CT CtBut yl -

phenyl ) -i hden %%zirconﬂun1dinethyl l(or Idi chl ori de),
di met hyl sRI'%/I s(2-meR¥yl, 4- R® RS R

nap [ -in [ ) zirconium di nget hyl ( di ar.i de

o IR TRl T4 M- ot S IR, e
P(@)(Rtlllp,UFHde@ﬂtS%yhﬂd | o iR RS RN kM, diptRt s (& R16 are ecach

dichloride). &OO 3] In sonme enbodi nents, the catal yst
indspetdenty seleded el hydroggn, ihglogem @20 atllod groups, C6-C30 aryl groups,

vani ageousl| coprdinatin i such
Cet Ak i e B Pk AU A Mo o RaRy FSBuRE, aroups. C8-Ca0
aryMIREHyMBEdupk and I070C407hieY laalig8dups, or R14 and R15, together with the atom(s)
pent af [ uor ophenyl ) bor at e,

connerireiye Srpeningt el M preveldctrdrfopn emppnaliconegergranium and tin, or

> INdi b etra( perfluorophenyl)borate and
RJ?ﬁgg?ﬂgé?&gﬁgh%fga al'yst precursor conpound
represented by thelfornmula:where M is selected from
titanium zirconiym hafnium vanadi um niobium
tantal um chkgm uly myp/Bdenum or tungsten
(preferably zi @ and or hafnium; R and R2 are
i dentical or di gnt and are sel ected from hydrogen
atoms, CO~O Q4 Ry graips, C -d O al koxy groups,
C6- C10 aryl]@%oup-, C6-G10 aryl oxy groups, C2-Cl10
al kenyl grGUpS™_22-C4@ Rl kenyl groups, C7-C40
aryl al kyl groups I- C40 al kyl aryl groups, C8-C40
aryl al kenyl gr ot Qd_gs oups or hal ogen atons; or
conj ugat ed ®iénes |t hat Rare
23

—

wherein R17 to R24 are as defined for R1 and R2, or two or more adjacent radicals
R17 to R24, including R20 and R21, together with the atoms connecting them form one or
more rings; M2 is carbon, silicon, germanium, or tin (preferably R13 is dimethyl silyl or

diphenylsilyl).
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optionally substituted with one or nore hydrocarbyl,
tri (hydrocarbyl)silyl groups or hydrocarbyl

wao etophgdsdcar byl ) si |l yl hydrocar byl groups (pref PCHOE20082080434
and R2 are an al kyl such as nmethyl or ethyl or are a
hal i de such as chloride); R3-Rl2 are the sanme or
different and are selected from hydrogen atons,
hal ogen atons, C -C O hal o/genat ed or unhal ogenat ed

[00Kky | Breomlar eioced swalpyaahraer smpigyRal shenagensh pinees from

r : . t Ik
R 106E: A 298081 Bt A AREARLA LR . or 10
1:1groaups, toCr-4 Cé0 lhhltoglehat Indsone gntbalmgeinattee aatikatbacyt be used in
cmgl;) g@lk@(%| té]l(@(pg %ﬁ%ﬁé&inﬁ%&n@g e%%%%?r@gogpou%avmg from
1 rgdiggl §arb6hsV"”1'nChea8hi Sy@fea® 1aohalafk9ﬁn gffuPM  avidtufeh Oof  these
al kyl group, or a Co- Ci, aryl group; “or tvvo or nore
tri(agigimc@hyl)alamjimm sr Relkyd aRnihogetohmounds may hiso dcemployed. In some

nnec em can form one re.rin referabl. .
d%nf%ft%?lagvaé}t?%ppu% %Plyy)tﬁesg%%w%ngé@g& foo{atgel}! beneficial
abllﬁty ko aBslcRde igparifiar fcANg @gg&ﬁr Svab! UIcBh&d, @d aldehydes from the
aromatic rings (preferably R 2 conbine with

pokymerighieany Imixiusgy t Euﬁb@rmaévmwsr @itémm@m gomnowidst ichygle trialkyl
RN NEAEHR By AP SR TRY' gl s s
whatdky lth@aikyp, gr@@sam%a@emyﬁl &thyl, tprd}iyll y{sogrropyﬂp n- Eﬂltyﬁ ikébutyl, pentyl,
selected from -M3- -M3- MB- -O-M3-Q - MB-
neqpentyl @rMsgpentle _The motar. ra]:Q0|oflgleRc4talygc anq:tah_golp;pl[exlyp scavenger
aluFinum compound is advantageously from 1:10,000 to 1:100, or from 1:1000 to 1:100, or
from 1:100 to 1:1, or from 1:10 to 1:1.
[0065] In a preferred embodiment, the homopolymer described herein is produced by
polymerization of propylene at 93 °C to 150 °C and 34 to 240 MPa (where the temperature is
above the cloud point temperature and the supercritical temperature of the polymerization
system,) in the presence of an activator and a metallocene represented by the formula:
[0066] R2Q bis(2-R1-4-R2-Indenyl)M X2 wherein each R is, independently, hydrogen, a
C1 to C20 hydrocarbyl group (preferably a C1 to C6 alkyl, phenyl, or substituted phenyl
group, preferably methyl, ethyl, propyl, butyl, phenyl); Q is Si, CH2, or CH2-CH2; R1 is a
CI to CI12 linear, branched, or cyclic alkyl group, R2 is phenyl or a substituted phenyl
group(preferably 3'5' dialkyl phenyl, where the alkyl is a C1 to C6 group, such as t-butyl), M
is Hf or Zr and X is a halide or a C1 to C20 hydrocarbyl group(preferably Cl, Br, methyl,
cthyl, propyl or butyl). Preferred metallocenese include dimethylsilyl-bis(2-methyl, 4-
phenyl-indenyl)zirconium dimethyl (or dichloride), dimethylsilyl-bis(2-methyl, 4-(3',5'-di-t-
butyl-phenyl)-indenyl)zirconium dimethyl (or dichloride), dimethylsilyl-bis(2-methyl, 4-
naphthyl-indenyl)zirconium dimethyl (or dichloride), dimethylsilyl-bis(2-methyl, 4-(3',5'-di-
t-butyl-naphthyl)-indenyl)zirconium dimethyl (or dichloride), dimethylsilyl-bis(2-iospropyl,
4-naphthyl-indenyl)zirconium dimethyl (or dichloride), and dimethylsilyl-bis(2-isopropyl, 4-
(3',5'-di-t-butyl-naphthyl)-indenyl)zirconium dimethyl (or dichloride).

- 18 -



| 15 RI 15 -B(R14)-, -A(RH)-, -Ge-, -Sn-, -0, -S,

-SO, -SX2-, -N(RH)-, -CO, -P(RH)- - P(O)(RH)
WO BONRI%EI5) - and - B[ N(Si RL4R15R16) 2] -, RH, R1BCBS20P@80434

are each independently selected from hydrogen,

hal ogen, C1-C20 al kyl groups, C6-C30 aryl groups,

Cl- C20 al koxy groups, C2-C20 al kenyl groups, C7-C40

aryl al kyl groups, C8-C40 aryl al kenyl groups and C7-C40
ScaNdpgersr y| groups, or RH and R15, together with the

c t r rin [

O e P, ol eI ZRE AT Bl Nin, &, any, compound or
combin3tivis afe pdirﬁﬁ@nidedthby d‘ehteoﬁ anmithpuritpheitout EPbstrZ)ytn(g the catalyst.

R24 are as deflredfor &%&?'Rz"or &vvo or. nore
Impfiticsecap hrupicalalystspty tpdpgngdieir otivygilheptieoee seayeesss include, but
ardl A8CURGRIdM, NalkPe aRIARBmMC BSHEGIHIRT stdie s f @B ealﬁfmnurn triethyl

nore ri ngs, M2 is carbon, sili con germant um or
alu@pnmﬁ,etratslobutﬁl alBinigum] ami trydctgi alymlmmm The scavenger can also be the

| si 0064] ,The Iar i.o of .
sarie B 'g%f?t o %fﬁ{vsv’fe%m% 4 DecHPa S Je 8ISy of aryeds pratid to fully
activalOtH30QitdI st 10Bicde s@vehg@§ncdn MOt Butldelnot MR to, aluminoxanes,
advant ageously from 1: 100 to 1:1, or 1:10 to 1:1, or
such: 8 megtiy] 1aluminoxare. ¢ g'he: scavanges eae benibbaduasatte, the Heactor with the
mo%%fn(eﬁ%t dor gv?t@ all??r ?%e?nq%élﬁi%tr%g&b rIH %%%{g%}r‘uc}ﬂtdp er%bodlrnent the scavenger is
intE&RINPaU RS fay nitGofepodntaihthgl Gedar U‘Pl@ssdaﬂer%aﬁ h:an be homogeneously
hydr ocar byl or alkyl group. M xtures of these
dissQlyechipgthe PalymarizatiQms»tem or cany foanasepanateniolidmhase. In one particular
erBQRRHDAS:VIRNC: 8L 801 RENETRY Grldhi 300 SRRl et s
It I's dadvantageous to e ese al um’num conpounds
Sofventsidimentdoenefl ci al abl [ ty to scavenge i npurl ties

such oxygen, water, .al coh n de des fro
[0G68E pca)‘f%}}‘@% 25 it Wﬂmhw@car%aptwﬁ%g% g@&%lonmy fed to the
o B BT (G QTR0 NELS tHe el sHR G oh bF Blekibly Iﬁér%rﬂ&‘tﬁ?‘[ CQHROMIASeful herein

having from1 to 6 carbons in each "al kyl" group,
typrecsable diazinizya bdmkm@pommﬁ(h"@ bematdk pr 76 ouwpsnar.el Metthet more, 120 °C

o R S8 RS s A o RSN PP b

766 ainR Y | Fneh®tiRlents Osﬁﬁl@h @S( l‘o?aﬁep ARG Dutadkd) Rt URACASPBs Mroduced as
i s advant ageously from1l:10,000 to 1:100, or from
impurit@e ressnt in g, mgpomer feed. In continuous reactor operations with monomer

recycle, these inert diluents can build up, thus need to be purged from the system. While both
the inert solvents and the inert diluents can aid the dissolution of the polymeric product, they
are introduced differently and their effectiveness in the dissolution process is different. The
presence of inert diluents typically is undesired since they dilute the system reducing reaction
rates, and their purging leads to monomer losses and thus increase the cost of production.
They are also typically less effective than solvents in aiding the dissolution of the product
polypropylene. Therefore, the concentration of inert diluents is advantageously minimized in
the feed and in the polymerization system. Inert solvents, on the other hand, are added to the
polymerization system to aid the dissolution of the polymeric product and to absorb reaction
heat. Advantageous inert solvents for the disclosed processes for making highly crystalline
polypropylenes in a homogeneous polymerization dense fluid polymerization system include

high-boiling hydrocarbons that include one or more of C4-C100 hydrocarbons. Particularly
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from1:100 to 1:1, or from1:10 to 1:1. [0065] In a
preferred enbodi nent, the honopol yner described herein

w0 go0pnzsdeed by pol yneri zation of propyl ene atPOBUSIB0$/aB0434
150 0C and 34 to 240 MPa (where the tenperature is
above the cloud point tenperature and the
supercritical tenperature of the polynerization
system).  in the presence of an i vator_ an

ad R P BriBR selapte dehtded-4 2018 %Q LAY CF %ésﬂirom@ns Ilustrative
ad\ping{g%%% . én;krthgol{fﬂqg ?%égl?elé‘g(zbﬁ@"gﬂt elﬁrﬂ%%ﬁ%ﬁ grbg%gsbl obuta%elj n-pentane,

iso()mterieenﬁbéx)ana ﬁixetiohe@ﬁna Rlyptan@hemahes cnycls)pbnstamd, utyekzbhexane, ete.,

singl%::r% ﬁr%{r%lfllg% s%heggq%wns ran%zqﬁ}/eepﬁ rﬁlolrﬁl%grrgg@/ L]iegtgud%)éliﬁert solvent
cothbA&R hex RN CABHin Eowlth@ dhdey lis Qerc%'lgble RZA&\%n%%@&Ysl solvents are
or a substituted phenyl” group(preferably 3'5" dialkyl
solphleny Ithe pipmerization ay Ky, asl meCito the r@Gnamauihe cetabst system, and any
othéﬁﬁoiﬁ]éa%%%sapwﬁmtglp ot[]% (rﬁqczqreqt%F >p0Eirnelrllé.lfltclio(:" eﬂ)l[glqragures and pressures
us&t hyl, propyl or butyl). Preferred netall ocenese
i nci ude di met hyl si |yl -bi s(2-methyl, Aphenyl -
_mw ) zi rconi um di net hyl (or di chl ori de),
[0(%'}2 P(?}les 511 I01r )egcr(t%rggﬁlg%?ﬁs %%ra lgl(cag by ulg%cf g’?ﬁe 4 a)talyst system can

be dbll’ilﬁfré‘tydtﬁ écﬂundhl & (sPurrg tehiér, seﬁﬁaﬂébft to)the reactor, activated in-line just prior
i ndenyl ) zi rconi.um di net hyl (or dichlorjde),
to g}enr@gcﬁgq, §r|pyqapgya§@c§a%pwpe as pmactiyarqd golution or slurry to the reactor.

Sl ch)é ﬁ&;d}y(galmg %WS ] s? AN g@ﬁ‘ (igrf“ﬂcglg g?%g}ycile {Plisclosed homogeneous

pol@rﬂmphﬁdwbmlcmd&nf{chéy |tem(d0110| cansal phgghl)gl ar{ddomcdhiasdill weargleddvantageous
and di et hyl si | yl - bi s(2-
catglst getegys e yElY inihg ﬁs’e srgﬁwﬁﬁmm i BRicIhedipRaLHyp solutions,

oné %mghﬁﬁé Qhd G5 orRRYERUEN S RAGd:r SHMORAGELR! &RRhQomprising the
optionalTy used. A scavenger can be any conpound or

actoafbi aet blondaok 1mb1nm©1nlrrmismt drapriatett faashn:gnt.hﬁmpw fheyreactor.  In other

hou estroyin cat al urities can._har
ermbiigls SRR e s peckEiar o pounds 8 oFapigE Wit the one or
morE AVGNHIGH Sini Joltiede ancb Ut sohit®nNOL thel aTrdaByl dcfvatéd kdthlyst is fed to the
alun1nun1conpounds such as trinmethyl alum num

reacioret hyl al umi num tri-isobutyl aluminum and trioctyl

[Oﬁﬂrg} ;%%%mg{ﬂfatl%ﬁggﬁpgg rcal%%? d)%it)%ﬁg%gllnltag gn? MRa@5: o? %% two or more

ivator and wo excess

reaotodd cosfiguead @dsdries foulayalREt ilv ahe @B@tl@ﬂ&ﬂd@éﬁthe dJhiglse system may
scavengers can_include, but are not limted t
CORIPI} Ptsx AEISTE 1Bk ANG S ARBIRFFOUAIO ANt OR% ﬁém%@twawr In both single-

and RANERQE Bgé]ratk?@ns ﬁ'z%r A YE Gl Qatélgﬁ gﬁl& ems I my\Metnlﬂtr(;cﬂl%ed at one point

nonomner any Ot one
or pamtiitiple @rinte mdothdiome ot mard polyorviestgarrcagors. Various feed configurations

can be used depending on such factors as the desired product properties, such as, for example,
molecular weight distribution, or catalyst stability. Such feed configurations are well known
in the art of chemical engineering and can be readily optimized for the desired production
scale and product properties using known engineering techniques.

[0071] In one or more embodiments, polymerization can occur in high-pressure reactors
where, preferably, the reactor is substantially unreactive with the polymerization reaction

components and is able to withstand the high pressures and temperatures that occur during
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i ntroduced with the nononer-containing feed. The

scavenger can be honpbgeneously di ssolved in the
w@lwness¥ at i on system or can form a separat e BOI/US2008/080434

phase. In one particul ar enbodi ment, scavengers are

di ssolved in the polynerization system

Sol vents/diluents [0068] Solvents are typically

hydrocarbon |iquids that are |ntent|onally fed to the
thepalymeiizasigh ireastipa Stgt ropeor HC kAeWH jas SihcrPwsHIcocagtps for purposes

I I
of ﬁggv 31%6%1&%2%%%5810 gqlé/s%?ﬁ%]o&g%fu%s a%grtgrhﬁ%r%%gégqg@ aglrow the reactor
to mieainlh@ pdyocrizmioa, syith aCiwe rhcm:in‘genecnrs ddditld@. oSuitable reaction
t he boili.n oi nt of. ene at 7 0 mn

Ves(ggltﬁsmttéﬂg% hgtse -kg@wprﬂdp arttg Jpgin }q Eéhﬂgessgrgcm) ggerlzatl n reactions.
SuRAIP 30K 1018 LRAREctPY LARE SutRlGe, pliRY- a?éu?ﬁ l%@{)' M APUCabbular, and

as Inpurities present In the nononer
combmeiionsdhercoeact or operations with nnnoner recycl e,

se jnert diluents can build . thus need.to be ..
[U%fgedA‘f‘tP%V? HEACQS ¢ Ay PrerfistDin BB, DaRfert §r doginuous mode,
altlsu@ht AR icH@iduodi |ﬂd&[bt Ss GRRathgbothie dubsial Ubd@dts o&lwtapﬁ operate in
pol'ymeric product, are introduced differently a

nd
contieiops wofecTypiens @uioﬁ?/a{\’h ecagioss by vigt lpegihte-daapteriratios of 1:1 to 20:1
an((i:l Luf ffﬁ{e%n Tﬂ%lp%)gg(? Pué)qpuz()gb ?h%ﬁ\yl) au{tll’d?alate %g}r&p Anc(\i%afﬂes a?‘ranged for

eS|re emre

opmalcmmﬂg I PoRsmerdfad atli@elawe PEsgirog afee@@&an@ gmm@maan 5 MPa with a
| osses and thus increase the cost of production. They
magjraurg|od &/ rigAbly dess|tyan Z0sMBr t dbe magieHR RIS eheammyreial autoclaves,

hox%h ol g&o eslﬁ@{éft\x}lﬁlnadqgnéeg 6 PLOfURE %fq %Q{eﬂglyécfeﬂge technologies.

oncentration O I nert uents 1Is
[00x8Y antwgem tel aptaviaviehiag e dow tenigthetof delet@nchtior(sudhens less than four), the

ol yneri zati on. system Inert sol vent he ot her
fe@ﬁ ams may DejoiFcted 4t 1pac perijine %ttF%ianﬁﬂs?iﬁhP figpcigry Reactors with
lark D Qiatl RSO iyl 12 c QhultipR RRINSEHbASs BY ﬁéjali‘l‘irt th@RGmE Qr qg’ﬁ%ﬁt positions
reacti on heat. Advantageous inert solvénts for th

alodig sd bweth ofrtbe esstos. Mohemthky e pnsgmnyd et yhetsatrei ln@th of the reactor,

ol.yprop nes in ene ri.zati on dense
tne? OB bR, st SRRRHRT o8 R TRiERb RGRIRE of the feed
coMpeHAeahdBNtet Radtod BEMEEE DNEhOad¥DHE s@ﬁreﬂa&lﬁk@ctors the separate
hydr ocar bons. Parti cul arl yadvant ageous i nert sol vent's

intfodeftiereoThecatnly rand:ém@mnerdna}dze @QVW@@%%DWWMH% the possible
for#gklgﬁ b %tolt gf%t??ﬁ/ 1%%?91%& ﬁ!:&ie S’b VEO! t?lelr{l& gdfdmtb Md the stirred

ane, Tsobutane, n-

zonsetho @y, Mjbekanet twa c)iﬁdorquaﬂmeﬁs albﬁ@tl&rie@gth of the reactor is also
oct anes, cycl opent ane, ﬁglohexane etc single-ring

possiierand ceay Bs)afvantaeedis e Heonsh 8 Suiayeembqdimgpipdn reactors where the

len Eﬁ;ﬁd&%@e? raltltorig ﬁt}o’ﬁ?gtt? 2@' e %ac@&rﬁﬁa} gﬁaelﬂ SPAD i different injection

ant ageous eht is recy
poAdvatl agpethe seastoalr Vangtiswath endtiple pbes atrsoteer cach of the lengths

[0@35 greyé{i(ﬁgtgﬁ]&m%}/ ik%g[yg\g?? na%tolc a%reg, otnoe érhr%opeo P?eq’glr rnixmg devices may
support the high-speed stirrer. These mixing devices can also divide the autoclave into two
or more zones. Mixing blades on the stirrer may differ from zone to zone to allow for a
different degree of plug flow and back mixing, largely independently, in the separate zones.
Two or more autoclaves with one or more zones may connect in a series reactor cascade to
increase residence time or to tailor polymer structure in a reactor train producing a polymer

blending component. As previously described, a series reactor cascade or configuration
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ot her conponents present in the reactor at the

pol yneri zati on tenperatures and pressures used.
wor@ON23663 [ 0069] One or nore reactors in seri eBRCDUS1008/080434

paral l el can be used. The catal yst system can be

delivered as a solution or slurry, either separately

to the reactor, activated in-line just prior to the

reactor, or preactlvated and punped as an activated
consgityPf GO OF MRATE AEdEtary comReciedaldt wFies. Sp iich dice pidlyepiedfual least one
up% Jn: fggtct(gjral% %&/ Rific ALE rQefcttcﬁrrhoans{réa(ffﬂ b thk Qa&%]éjl 8 §1£bs the effluent of

ose onpgeneous pol ymeri zation processes ? ey

thet gtedr rerts@),thel fgid g aan deacte e deedrivesndtor cascade of a reactor train
catbgvagé%gng%{f ngﬁ %ég lg%)/@fgﬁna 1$]1t1 gﬂgd(g%@i ?ql,?éa{n%r,ltc\gﬁ yhste or solvent fresh or
recy Ol feONSroMAE CORBLIRENG LEIOBE SHdcRRIA B hy Folymer blending

precursor conpounds and another conprising the
compononatearingarreadidremde of ihe-proess distloerd harciomayritssi tieg blend of the

f eed] t to th t,h b
sarg GO S e oDl e M NG RGOS B L Skegh or even @

blepl o hdhs- AEcapblyiie activators in solution, and a
sol ution of the already activated catalyst is fed to
59

[0078¢ r ehdwdar. repgorponayelsy nher isedt inohs neeassise disploseédicenin and more
par%cul?ﬁ& il r%éé?cgrjs Qa e]éa%"ilec &o d er?qfngl urf) tlovg%og{ 33PUPaS %% RF Feactors are

ured 1 n seri n any oper atl on

fitto®aeith thernahtadlipt arkly Sﬁ@m MRy c GRYIPINS PoiBRCaloy thBD(tbular) reaction
than gne catal yst precursor .and one or nore activator.
zoNGy Hdtih ag‘iOﬁlgV@%aﬁltPswm??mne%@té rsel”éfﬁé‘lsé’[ﬂ% eIty H mgpoTpgrs (such as

prdg)?[egltefﬁotﬁ £ plltnmsby %Iﬁgﬁbn@yt ﬁglyk 'irqg&ﬁﬁgs Qf tIRRE ﬁﬁ' tm)ular reactors,

points to’ e of
extpolay mamlnr@bftﬁn ah@\a&': tfar sicré¥sadi mosohere domv@rsﬁorg el @tvieotosan autoclave,
can b use I Nng Qn such factors as the desi

W S grtg ive rneSr@Eﬂ ggiersfaély S E ealtrﬁqnéq:vlﬁl:l afgbular reactors
haV¥e} %Elaﬁ bt VAN e ’caﬁ) §en‘aaat Edste &B@lgbi\}etﬁéckmmgr%qﬁe tube. The

configurations are well known in the art of chemc
sh(mkgAan@ érclps ghalndlgq: any Ipelyneadickiuo phdt nhaselgrhed onhesactor walls during

Op?{ﬁ ! efgﬁgﬁﬂ%ﬁg Y ﬁ@q@%ﬁ%ﬁ&%&%aﬁ{egggC%at%’%v%@ﬁéﬁ%&%ﬁ%o@@hed internal

sur€aeo e m&@,waﬂp&p@ms ZR§H R4t re@itor® Gehkrally nidl SpeREELsHERures of up
reactors where, referabla;mthe reactor is

to 36HYIBmt may | havarierates pfd 00i20A0 theteisodry HeQ-HOQ0 msters, and may have
1nt51%glccﬁ1a1% ef 0 F SPREEALS 1§%ur 1L TS?aFill% u%ltauh F‘etaé‘l.%% l% Ve lgﬂgg}b to-diameter

ssur es ‘and tenper at cur “duri
ratﬁ)@ IOY e ita@ 30J000: 1 rapddidlede. upSoclio &ﬁ%ﬁﬂh@cﬁdﬁrﬁpd@i\t@ﬂ@ alfg its length.
hi gh-pressure reactors for purposes of this
[0%63 cl JRGACOr AR el MaTT ey Qdese Wity ﬁibﬁ}aés@@ﬁt%@ Yplso contemplated

withfREE %Eb'lgee%f Wb ! cﬁillln%attllaﬁ ﬁl%@&%&r disclosed herein for making highly

crystalline polypropylenes. In this reactor system, the autoclave typically precedes the
tubular reactor or the two types of reactors form separate trains of a parallel reactor
configuration. Such reactor systems may have injection of additional catalyst and/or feed
components at several points in the autoclave, and more particularly along the tube length. In
both autoclaves and tubular reactors, at injection, feeds are typically cooled to near ambient
temperature or below to provide maximum cooling and thus maximum polymer production
within the limits of maximum operating temperature. In autoclave operation, a preheater may

operate at startup, but not after the reaction reaches steady state if the first mixing zone has
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to maintain the polynerization systemin its
honogeneous condition. Suitable reaction vessels
WO pwba2Be63 hose known in the art to maintain  PCT/US2008/080434
hi gh- pressure pol ynerization reactions. Suitable
reactors are selected from autocl ave, punp-around
| oop, autoclave, tubular, and conbinations thereof.

[0072] Autoclave reactors may be operated in either a

so1Rg thapK-BHXIBg ehrigististiGrod, tubiken 6eagiprs: HBC At seatijuef dpelc-jacketed
j: a . (g g t y p '

ity B CHCOUS Bl o SAE B5S, BUMRY BuPESALE il may operate

contanmghdiyt oA dvedindkisgmed aibubs bctdr &k dhara2@rikcdig Huge flow wherein plug

fitted with a high-speed (up to 2000 RPM._nulti bl ade .
flogt fefgra o aritp b aprtsrasy %ﬁ%@@ ryc! fg%w iR PR PR {3 %oth muttizone
aut hﬁV@sr Gh Pl OR B¥R, REBBRYICER R Sl mecﬁﬁécYedgﬁteﬁ{eegﬂet, but also

“han 5 MPa W th a maxi mum of typically |less than 26 '
opfidelly Bhenqendinonernoprte sloug ¢haxfcagonmBradagdly s fiteds irgeesd at the inlet and

however., may beco i gher with advances in chani cal .
ot dTieERy PRI B e <o SAMG I BTSN o7 BTy gt density, and
corieh Q&Y C HaAGstFeb P 288 Moo paiyalRHSigf BllbAng SkGM AFiven reactor
| ess than four), the feed streans my %e i njected at

or gaetop igintangder AlapHainingdhe desgfch pefductiaty prabiterlongRba eqastos length.
i-t h | ' ter Lple knj. ' rts

10370 oo} B8 o RAPTTNEEE TG FEVEATH bl T hBLE G S RZOh B potymer
and &nedabte@f mbiEndre 36 intinom&hig ol ey afdeinRes) §uchngdfoit extal@le ethane,

same length of the reactor, .the injection ports are
prapgag. diorgngiage rtplyghe d Meye artisnlarby af daq Egaciopostlal yalvgy the pressure
el 8 el SR PRI Beihihal dEph ARG, 86 ANERne fbFa polymer.rich
phasetand dugtlyraor-lehn phescdatiad getnsuesmmnopaneen nesgelbelypically, conditions
advant ageous .in preventing the possible fornption of
renpRgp a@ﬁm e poly e’ piskiets @y Fo kBt Een! ihaitoclave or tubular

readiof | ATy dd@ in‘iﬂy QJ‘QeﬂrQ%uﬁEéd b€ @nt_%ﬁﬁg tRd dB@ﬁstfe%ﬁPh%hapressure separator
Injections at two or nore positions along the ['ength

(HB$). t ke tespyranre v tht sepgpasmi vdsecl as ametyinbé above the solid-fluid phase

advantta]ﬂeouts. In one exenpl ary enbodi nent, in reactors
SCRAFEICE YHRSMURYt h-t o- di aneter ratio is from4 to 20,

[00788 I SACiRitidHRYo GORCRANE rdictd®, ibulslikeh@b8Nbr IaNE@Bbindion of these
positions along the reactor length with nultiple ports

reagiors deap-ype eepcivromay e utiinest lsthe polymeTizaendy proessads| disclosed herein.
.1 h rge cl av r . ral _ m.oeln .

i i 08t e BAOE g BB R BLFR BBLOR i ion

theiosp N@hidke un ¢esine pompl @atitiotistecitduatauthe coateatsi (Adaotibmbiquid). The
or npre zongs. M Xi n9 bl ades on the stirrer may differ

feedirppdues tré et rateneontig! thei ol pysiags rapiflgnse dite. e gPelnggipcket removes

rea?kb‘[g hédt WY B ls< T%f&hl@}g feehE}ﬁ@ﬂe}{nﬂepﬂ&Q§ BReNLE Yo of Below ambient

e separate zones.
temperatures to provide cooling to the exothermic reaction in the reactor operating above the

crystallization temperature of the polymer product. The loop reactor may have a diameter of
41 to 61 cm and a length of 100 to 200 meters and may operate at pressures of 25 to 30 MPa.
In addition, an in-line pump may continuously circulate the polymerization system through
the loop reactor.

[0079] The polymerization processes disclosed herein may have residence times in the
reactors as short as 0.5 seconds and as long as several hours, alternatively from 1 sec to 120

min, alternatively from 1 second to 60 minutes, alternatively from 5 seconds to 30 minutes,
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Two or nore autoclaves with one or nore zones may
connect in a series reactor cascade to increase

WO e®pbdzaeee tine or to tailor polymer structurePCTUS2008/080434
reactor train producing a polyner blending conmponent.
As previously described, a series reactor cascade or
configurationconsists of two or nore reactors

connected in series, in which the effluent of at |east
altgRaighs frrEaif pesaedsole I0minaiies; alterawivebk fromelptigHte to 60 minutes, and
g i a es g I .
o SOOI LR, 650 By LENAESLRBIEN, WOt D muy e
scls@ed &omr Haot 80, ot dScardd, sfcoady, @eadt@rs, or &b, rordanotd, or 25, or 30 or 60

mented with any conbination of additional nononer,
of 2%‘?311%?5; Mpxiggy EtdepgeiResmay EE 9@?@8‘5 fr@@d%’socrrse B'EE.’ or 15, or 30,
or 151€ &b o8 E120i hinSfaQul d be understood that the pol yner

bl'endi ng conponent |eaving a reactor train of the '
[0080b c e sEhadingdroeeld-fiodyrerronugrsion stk f(albe referinddetochsshe tdreversion rate)

is E3EuET oY Rkt Sperel SRRGHY BDaRbEinala: Spiedidipeghe reaction
tinOBP| h8BdrSount A7 Rlondibt ladled €8 GhONSadiRY. AlLdXcP&oHS@Fions may be
in the processes disclosed herein and nore

adysatagicewd tarinyit vigensits eltheuadt inersassdpaptse obmoppraeraicryrie. uphe optimum
toth° {1%?18 bor 30%8 M;l%h tLu u\!vﬁf d%g&ﬁit 8[1.Sre§£t81£ .fcfegitgg,d. W}cfu@t slate, process
externa COOYIng anH‘one or-nore 1 njection-pornts
cofi@ngidnhestd ! ubdl @n) bd eRekmRdZBNGtandsrd Bn@hddidlarebniques. Total
these injection points serve as entry points for ) )
MORARGHENS CSscHIrig anvirgle pas dyroughhanyoindivitus! regpishehide fluid phase in-

ling g'{o%le%zf)r bI2h iﬂ% )Sl{sghgéd Qgr?i%gﬁvéﬁ?eol}ﬂ]tlotw&lo? 'Bgfo@x/a@%) I'Stbelow 60% or

ernal cool | en a ncr éased nmononer
3-80hyer SBOY, ol GBO%eort 1H-8000 a0t 28 @ sor 28hE16, drf3e60%yor 5-60%, or 10-

ur f -1 0-V rat | i nder s an ignifica hea
0o S0 T a0 o Bt S a0 SR ot S L0, or 20-
4088t 36300, SE R RRESIHT & FBRGKNAY fpRackwar d al ong the
t ube. The Shockwave hel ps di sl odge any pol ymer residue

[0081ht hAdventngrewslo reatayst troedugtivitiss dendengompEitata 600,000 kg PP/ (kg

coghibeb SOl R S e R8RSR BgnBRhaE L il houpporced

catd§RRS tdrS reshMHI 8% FeSRAGAIOMSrAAaREFRIduYs IRYhOPSIREL pRfduct. In some
gressures of up to 360 MPa, may have Ienﬂ%@s of
cm

odinzo o thegobymsergroduyt hapigss thar & rvecighirld sy, ¢rdess than 0.1 weight %

Lint [, di . t 1 i cal l .
SRR L LS el 52 0B85 JURL SEfer ombocimens,

thelfblimEropro@udd 08utdina ieds thaallend ehdnpl G0ow thghndl Grd@r- mitansition metal, or less
injection positions along its length, [0076] Reactor
than, H} wé ppARbTMrd mektlocinad esiiredhenberdimant, tsadisplpgedahemopolymers

ha%éo? QofiOMEE @Bﬁ;—@ GaliditiBh Hle‘ééil ?%gggg,gﬁg br H@Fa doarlurninkum content of 100

ymeri zat1 on processes S erern maki ng

wt ippohdryiessy grsilait pyme opleksy pr dp yeaxhe ppmlon Idski s r eact or

[0058&?t er?n atnto]t e? gr% 0C il%\égt, %1&3 {n%grlltg n rgfatee%etg:es the

1. An isotactic propylene homopolymer having:

more than 15 and less than 100 regio defects (sum of 2,1-erythro and 2,1-threo
insertions and 3,1- isomerizations) per 10,000 propylene units;

an Mw (weight average molecular weight) of 35,000 g/mol or more;

a peak melting temperature of greater than 149 °C;

an mmmm pentad fraction of 0.85 or more;
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tubul ar reactor or the two types of reactors form
separate trains of a parallel reactor configuration.
wWEeok/12wext or systenms nmay have injection of adeiT/U82088/080434
catal yst and/or feed conponents at several points in
the autoclave, and nore particularly along the tube
l ength. In both autoclaves and tubul ar reactors, at
injection, feeds are typically cooled to near anbi ent
t enpdegtadfesion ob¥) Beot B1op: 0d de naxi num cool i ng and
thu . ) Do L
oo PO e i R R en S thblaloh Wi uderlp:Tep) of ess
thaa @r ehabter0.08y topsr ate) atingd 89 b4 TnipdTepet (0edd7eTniphe- 99.64), as
reac%i 0 reﬁ\qches st eadg state if th? first mxing zone
MOARLED He S RPPPRYYEYR PRSP MY RusIcaling agaRt ar
2. I eaqhPhSmopHNGmt 51515ar;§£§1|5}i PO hefei A BL T ATK €L LU/ Ao of greater
may be heated (especially at start ups) rather than
thapdatodebs dimoh ey oper ate continuously. A wel |l -desi gned

tubyl ar reactor i characteri.zed b lug, fl ow wherein .
3. 1o d e e lip e g of pEABERE s 2r v erihafe Rt Mg 1 i pic catalyst
restduRWfT18Y Svedlitt frBHERABSs; theNn@hiic Tt fysZRBIRuAWSAFHANE Group 4, Group
and tubul ar reactors, catalyst can not only be

6, angj Goue @ teansition matlatborgnyeluaisemogidiselieonl y at one or

nor Lpts @ tor. ,Th a t
410 JuRBaPLBoBEr b IReafR ot e My EH AR AL Ranprature (mp)
is feémtabeutsiaoeCab abbiftfigoeat in terns of content, density,

and concentration. Catalyst feed selection allows
5. pol yherhomepplymar 4f| @i plgPaeerphs 4 1§ bebeishc ther hegpopolymer has a

; (o=t [ hni ng the desired

br%?%ﬁ%ﬁqe%i(@%pf)rgggjie%ogﬁéﬁgﬁphe reactor length. [0077]
6. At fThe homapdlgmeoof et ofv@irageaphishetody, ederaie thdrepk niadting temperature

.begin the separation of p r and unreacted no .
mig- gk SReFLIZaggh megatawo(qjinﬁgﬁ@, is gﬁﬁ% agoregaldg Z‘ﬁg&ﬁm% Tmp)
miftRIEL, Gﬁi@e@ﬁﬁﬁ’in bexame hdsholRhdtaneing ok £/ tIllﬁ(éleating agent).

particularly, at the reactor cutlet valve, '
7. pr edbahemdpalymet of drgved mrighw 1t toat, whicrasih therpek eedlting temperature

.phase, separati.on_ occurs | ow or .a _pol r-ri .
miBRe R SRRTARPD (e lie Gt IR cfoRR R0 507 times Tmp)
miS@PRI04, Ofc68&d6h °C bi phCladrhdpo iRt dat/in@ Mswive Hﬁél@atﬁigch}?@nt).

t he polynmer product's crystallization tenperature. The
8. aut dar demopelymigs afamyrefaparegraphst | dert wheyeipdhe homopolymer has an

oL EBLgPO R FBLRg h Sovmet cam o prcosur

sep erature in the separation

9. vesg@t homopslymeaoNas dpavgrdphe 130 Bivthekdinltltt Huh@g@lymer has a heat of
separation tenperature. [0078] In addition to
fusin @/cl09Vée 9'eBeior s, tubul ar reactors, or a conbination

O e Bt R TG L oY UGl oIyFRA has an M
of 100,800gdact @rmdrgpe, nonomer enters and pol ymer exits

1 l.C ontI'ihg ﬂgrlillgi)glyr%ter gIL a{gyeorfepgl%a a%ihg t1 S:‘,o ail()%vql%rein the homopolymer has an Mw
0f 300,000 g/mol or more.

12. The homopolymer of any of paragraphs 1 to 11, where the peak melting temperature
(Tmp) is from about 155 °C to about 170 °C.

13. The homopolymer of any of paragraphs 1 to 12, wherein the homopolymer has more

than 17 and less than 95 defects per 10,000 propylene units.
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the loop, while an in-line punp continuously
circulates the contents (reaction liquid). The

w0 e@dnpoesiuct takeoff rates control the total BPUEDSZPE8/080434
residence tinme. A cooling jacket renpoves reaction heat
fromthe loop. Typically feed inlet tenperatures are
near to or bel ow anbi ent tenperatures to provide
cooling to the exgthermic reaction in the reactor

14 opeMae ihagoaplneT oh any rof SrEriiatl thli.ewbraeiatthe dopopekymer has an
: I t h di t
nng@h%&%ﬁ%ﬁéﬁg@ﬁgfoﬁggr§&g%rreac or may have a di aneter

cm an ength of 100 to 200 neters and
15may Tapeticmt@poditmdrr ef any axf pdra@apliso 136 MPawhkreimdhi thoapolymer is

e A R
MPH1E: BRILVATBAdAtah QB PR Ao REhORRLALE LD P riaye

reési dence ti nes in the reactors as short as
seconds &nQ bas{2{RorgRadndseydMA, hours, al ternatively

b G B SRyt SRS B0 590 P, ©
Si, ENUSrRSHACHS el ia\El % ¢ romcae veaeasdlsr ¢yRlid Qlkm PouBSR? is phenyl or

alternatlvely from1l mnute to 60 mnutes, and

nalggthy_lm atspssityted phgnyl oraplithy | geoupOMps ﬂi{ﬁ@ng angh péels a halide or a C1 to
C2§ ?fd%o?cggbgﬁ lg}{dupgL gz%e{e%? g 158 WW“%O %gutbﬁ) %gﬁr&%’qerge glghomer and

secon 1,

ab@lt 205wt%rto 200utcs5 2% Divedf) ‘tﬁﬁecﬁ@n QXftall‘i’I@lng 6lp@®Pylene monomer and
Maxi mum r esi dence tines may be selected from1, or 5,
solg@nt,llg feyinta the pefymggizagen vpgltop ang the polymertzagpp g@@gs at a temperature

abdRaf80korl, ﬁu@lﬁgﬁ{raﬁﬁl&oﬁem{auﬁg ¥ ﬁ{esgcﬁgm H:Fioh @gsct%n and above a

referre conversron rate) ate
predsure @lremgertthm il duBA bqlﬂ)anthet olowf pqiat yressure bﬁthei polyrnerlzatlon system,

collected d reaction tine t he anount o ..
q&%(#&n%qweé(&a tttge PRYMLZREI HCC“E%V\(éS) 9t GnigRPSTAHS '%‘EL%W the critical

ten%‘er@cgr‘éad'fttﬁ& B84 shetiQat dnnéfste‘{ﬂ oF ﬂ dtha }?%&SH%JSQOXI/VQPE EA38&l pressure of
t'he cost of nonomer recyC e. he opt 1 nmum t ot al nononer

theqmriyreersdation systenwi | | depend on reactor design, product

6 R SRR 5P 1B D0 sfpplg e, e

miRROPRItadC BEMRINSE MU drified tifd fkendlBES tdnhe@itGl @) is 150 °C to
i ndi vi dual reactor of the fIU|ggEhase In l'ine process

176 8¢, ticdwati plgfusionds 88 da regreptar ardywhercipthe engddgeeny is selected from

the gﬂogﬁl /c%gs/%tlﬁz% ge(iﬁ\gthsr?s%%i)%bsﬁ fﬁy’é éolgﬁg/gﬁ de?l%l?%gé)mum dihalide or

dirbetbd$ily1 dis(2 et d %-plisny libd 0@ Pzir@nid) dGiRgl, dimclBASVbis@-isopropyl-
5-40%. or 10-40% or 40-50% or 15-40% or 20- 40% _or
4-ngph %%@WY@FWt hadicBbgridsy gr8at edinetinIsos [@ﬁéffopropyl -4-

naﬁgl\fgg@’@%%gﬂ%&c &%%M %ﬁm@t‘f@gﬂﬁt Bly('ZIﬂl&ﬁylr-@-ﬂ%ﬂflﬁﬂﬂb&}%) zirconium
dichloride or dimethylsilyl bis(2-methyl-4-naphthylindenyl) zirconium dialkyl, dimethylsilyl
bis(2-methyl-4-(3'5'-di-t-butyl)phenylindenyl)zirconium dichloride or dimethylsilyl bis(2-
methyl-4-(3'5'-di-t-butyl)phenylindenyl)zirconium dialkyl, or mixtures thereof, and the
activator is selected from the group consisting of alumoxane,
trimethylammoniumtetrakis(pentafluorophenyl)borate, N,N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate,

triphenylcarbeniumtetrakis(perfluorophenyl)borate, N,N-
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catalyst hr). This high I evel of catalyst productivity
i n conmbi nati on of using unsupported catal ysts, can
w0 e®aliz3esh | ow resi dual inorganic residues in RPEEUS2008/080434
pol ymer product. In sone enbodi nents, the pol yner
product has less than 1 weight %silica, or |ess than
0.1 weight %silica, or less than 100 wt ppmsilica,
or less than 10 wt ppmsilica. In other enbodi nents,

dmtléﬁb)/lwﬂlpwmte%n@ﬂue@ﬁ@@%)hwg than | ess than 100 N,N-

e S e A U B Ly

17di sd@hedmehdpotymme| gfnparsgrhpty & 5aorc drbiwhedinGheugesidence time is about 3
.transkilon netal (e.g., Ti, Zr, or H) and al um num
MIRHET OALOBE SHBHIWES- ppm or 1 ess, or 50 wt ppm or | ess,

180" Ffc W@ﬂnGBGI%IHlEfTbPJnyI cﬁ%ﬁrag[req)@ls;lzﬁb 1|4nw"ﬁ@1‘2:§1{‘ﬂ?15 homopolymer is produced

enbodi nent his invention rel ates : An isotactic
by pr'pydremteoﬂ‘mﬁmppylymm arrawdtompt %ﬁﬂetotllﬁaﬁm@lda}#do 248 MPa, where the

100 d cts (sumo
teriptituti g gL B bl S Pty € s s e st gicat temperature of
thel&lﬁggrlﬁh@ﬂ)ﬂlﬁé}ﬁ AHdl thShe %ﬂ%sMUe oWeh gﬂiva@df%ﬁlégemetallocene represented
|'ecul ar m5|ght of 35,000 g/nol or nore; a peak

bYﬂ@¥®hﬁgbtenperature of greater than 149 0C, an nmmmrn
pent ad f t,i f,02 [ e;a heat of fusion of 80
RGP e LR B TRE |

J/ g or g tenperature m nus peak
crysihatdin zadhi Rfis tlﬁdapeﬁc&tnuy eh}(d"f@gbnT&Q) Cofto ICeg shyldforarbyt group, Q is

.equal to (0.907 tinmes m nus (Tnp-Tcp <
Sl,((%jggf)‘(}f ;—Iz,_Rglg aéf41) to Q;D §lhr’@g:hp¢] obqycgﬁ a{lqyé group, R? is phenyl or
I et T
na@%%%? a%%{m%@éf Bﬂ&ggr ap@?ﬂﬁm%%éf mlshe 5 O%r )?Y?Tl% rX | hahlglie oraCl to
czwm@wmcmaylgoop greater than 1 to less than 5. 3. The
ho par.agr aph 1 in | ymer
19has 184 Oﬁfwa&m o dtezggyarh .lgswé?fsmo 5&@9@@tgyraﬂn%greater the
mdlﬁﬁls&exﬁi‘@fraa%%@' %u&a%@it&?'tther k%&nﬁg RRRAEARE @nBHRs 150 °C to

transi on nmetal s, boron,
17@F0nﬂﬂuh¢h@mdfﬁmkm0695L%(Him@uﬂonnpolyner of paragraph

h iqg, & t
20 1 o 118 aiorEteS et pprBERf: o ! S i ETR S TSk i hspfected from
theOfroapyconbistad 88" @RReyksilyd st(2 MﬁJ%Hehﬁhﬂ&ﬁplpﬁ%MEﬁn dihalide or

dm?e%ﬁyl?ﬂﬁ rb?srzg-rr]rllerglgyll 4r]ghee)1(1yl(n?de)ny8£1r?0%tu\1/£ %Palkyl 8(?1rntethylsﬂyl bis(2-isopropyl-
4-naphthylindenyl)zirconium dichloride or dimethylsilyl bis(2-isopropyl-4-
naphthylindenyl)zirconium dialkyl, dimethylsilyl bis(2-methyl-4-naphthylindenyl) zirconium
dichloride or dimethylsilyl bis(2-methyl-4-naphthylindenyl) zirconium dialkyl, dimethylsilyl
bis(2-methyl-4-(3'5'-di-t-butyl)phenylindenyl)zirconium dichloride or dimethylsilyl bis(2-
methyl-4-(3'5'-di-t-butyl)phenylindenyl)zirconium dialkyl, or mixtures thereof.

21.  The homopolymer of paragraph 18, 19 or 20, wherein about 40 wt% to about 80 wt%
propylene monomer, and about 20 wt% to about 60 wt% solvent, based on total weight of
propylene monomer and solvent, is fed into the polymerization reactor.

22. The homopolymer of any of paragraphs 18 to 21, wherein the catalyst productivity is
about 100,000 g polymer per g of metallocene or more.

23. The homopolymer of any of paragraphs 18 to 22, wherein the residence time is about

3 minutes to about 30 minutes.
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6. The honopol yner of any of paragraphs 1 to 5,
wherein the peak nelting tenperature m nus peak
w@eopgtizdebd zat i on tenperature (Tnp-Tcp) i s | essSPCTIHR2008/080434
equal to (0.907 tinmes Tnp) mnus 100.14, (measured in
0C on the honopol yner having 0 w % nucl eati ng agent).
7. The honopol yner of any of paragraphs 1 to 6,
wherein the peak nelting tenperature m nus peak . )
24cr ydhaIhomerpiysier 1of e oA taFaer{Php-STiOp3 3. ivehareis dhe Retivagnr is selected

fro ual to &%.907 tiggéqﬂgs) ninaﬁm§99%64, neg§ured indwnmmnq

on the honopol y ing 0 wt% nucl eati ng agent).
trir@ethylamnionopeltrykis(pcohflanypldnybaoagr, aphs 1 to 7, N,N-
.wWherein t he honopol r has an nmmm pentad fraction of
dlrmtgﬁa@ﬂn@lﬁéﬁfﬁqS.(B@tgfﬁé?ﬂ@ Yfer of any of
triftRh AUA BBtk RisthoMasBitbal foldRIOPO! yer has a hea N.N-
of Tusion of 100 J/g or nofe. 10. The honopol yrmer of

diraethyylafilipandcfrapiiseriluoron@phthyigoeite, t he honopol yner has N,N-

.a af . 100, 0000/ nol o e. 11. ,The ho ol ynmer of

dinfly e R i ek B oo Do iess And RSB IRER oy has

25an My QtR00, O&D Gk NMBImOT moRIe8. pdrts, fib&s NP ERbYAEImEde from the
any of paragraphs 1 to 11, where the peak nelting

homepglzmat of any(ofpgiagraphs d déerPdbout 155 0C to about 170

E_ygéquﬁs The honopol yner of any of paragraphs 1 to 12,

t he honopol ynmer has nore than 17 and | ess than

Propyleind poly mepieitidiVa O eperdimodl eowditiond:s. 14. The
nDpolﬁner of , any of paragraphs 1 to 13, wherein the

h
W‘W%impofﬁ welynaiZatigns ermppdergd nbakk polmsrizaiogsygiems (i.c., without
usigges%h%ht eJx%e;%Jﬂ%? WPl HiBh, @ﬂg utgée dgﬁ%g)%g 8RS LwhRh did not

wherei n the honopolyner 1's pro
exqeol yite mit 2%4) iand withqut apyhene teayde.r ettt mrlymatrififiod @xiperiments were

pe gtgl}e\%gfl(aﬁ?g(gﬁlalaéu%rgqﬁl tgglé'vg%lcfolégpgg' gﬁ?g@qeﬁseke)tglc gcla%Q Engineers, Erie
PAL OT A eBeto AR Qéﬁ%t?e‘d'%ollbﬁ]e'r%gl AL %reﬁéézﬁgé ehtedBRiture of 207

R is, independently, hydrogen or a O t
MPray (hOomnanld 250D, rePecvedy., ToeihoonnalhiRacBioyolRbe iveasal 501 mL with a

ta d lin ranched or cyclic al kyl group, S
wopiafy PR AREHE R Cor e o et it & sl it HiarBiishy e reactor
wad regtﬁ@ped\/lwii& 4rlf cledtriétheatdfl and WwSthoa BiadrrdRiteR rﬂa@etﬂ: QArive0 A pressure

hydr ocar byl group, wherein about 35 wt % to about 80

trapidys g lopgtcéwa terpprameraigad line measured the pressure in the reactor. The

temperature was measured inside the reactor using a type-K thermocouple. The reactor was
protected against over-pressurization by automatically opening an air-actuated valve (High
Pressure Company, Erie, PA) in case the reactor pressure exceeded the preset limit. A flush-
mounted rupture disk located on the side of the reactor provided further protection against
catastrophic pressure failure. All product lines were heated to ~150 °C to prevent fouling.
The reactor body had two heating bands that were controlled by a programmable logic
control device (PLC). The reactor did not have cooling capability. Once the reactor lined out
during polymerization, its temperature was controlled manually by adjusting the flow rates of
the monomer and catalyst feeds. No external heating was necessary in most experiments, 1.¢.
the reactor temperature was maintained by controlling the heat released by the polymerization

Proccess.
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about 20 wt % to about 65 wt % sol vent, based on total
wei ght of propyl ene nononer and solvent, is fed into

W@ b@padeydrer i zati on reactor, and the pol yrmeri zZB€T/082008/080434
occurs at a tenperature above the solid-fluid phase
transition tenperature of the polynerization system
and above a pressure greater than 1 MPa beIOM/the
cl oud point pressure of the polynerization syste

[0084byi dbwio medpigdent losk-hoRperpsssppklics 2vre aﬁpdo@crm%age (thg effluent flow
froft tih@ RS AF %aptg lcgﬂ\éc'ilgﬁ (i%lh%%tﬁﬁ luB aﬁggﬁ{t% arﬁf th% %ﬁler one for

polyneril zat 1 on sys em or ressure be ow t
praziuct dotlattiqar dagfigrte dhlahdeepgpoldyambned atiti staadyyﬁﬁte m)ndllﬁons Each lock-
The honopol yner of paragraph, 15 wherein Mv is. 200, 0
hO@%Pn%%t&SPﬁmoew a@%@ﬁﬁ%ﬁ%éﬁf%ﬁm&% meqesofdn@lgpﬁﬁssure tubing.
Chtgggﬁ%% ghe ihfaehaPeRkmO®! Lh8r ttEém&{gﬂﬁ Lerthé:Tfa;EDc hbﬁpeif%b%uowed the

0C, the heat of fusion i1s 95 J/g or greater and
adjwbtercet of thheolmtcadfl tbe Brek-hogpael dditjeels of m redtorgrootent were taken out
consi t|n

CO%}@@ES ﬁwng %ﬁ”ﬁﬁ? %ﬂ%ﬁ%ﬂa o i 6YA Gim QR lackdgppgr cyele consisted

of dirgt%ﬁaﬁ hivd cRisffc2ommaichyalvd-teheru! the d@ﬂ&héﬁpef GO YA the reactor
dlnethyIS|IyI bi s(2-1 sopropyl -

folpwradghndnyhingderHlorsta oApu BT, dbdigptments in the frequency of the

sonr -4-
o BRP R Plsablom € ek RRE AR St ronglorprsppiegpy  prost od rate, The
vomnfe( Qnd’fﬁid‘lﬂeqden@ﬁrlm | twdd &3e%l Hoppérs Codte Larve € BEtothe d&ime to allow
or dinmethylsilyl bis(2-nethyl-4-naphthylindenyl)
swgphlgg,rhegﬁ@e@ gqekgy)p hgp]pﬁé@ H/Vl[[lgun };qffectlng the steady “state condition of the

rea@{o§( %% Or | Bert g)}l(tﬁ ﬁot't(ﬂ‘hylotsf’itlﬁ’é; eﬁ%tlbg ?g_ﬁ%kéoﬁ%e&%{ﬁtﬁhé RQBIoY after each

m di I met
expreinionkt.- 4- (3 5'-di -t-butyl)phenylindenyl)zirconi um

m xtures, thereof, and the activat i S
lﬂ@éfea ApRifeting 03 ]861;5%86?%% 4o Rep t ok a%%ﬁorded robust reactor
opérﬁﬁ(m%t hydpoamRAl Wit efd Eﬂfd)pceh?&mo@f 1h4OHORARPYIMAAOT &lfr the polymer

N, Ndi met hyl ani | i ni unt et raki s(
corp@ntra[dnu@m ot,bh eelylupitor a’flgs operatlon mode, however, introduced short-term

R AT O L T ——

tenhpeNeHiREeisth ATdb Icamgémt@t trh@ _Féfau@ﬁ‘ roff It IR ERPYED &tozoavt BtPa (30 kpsi)
and m xtures thereof. he honopol yner of para

reag®r gresyee wprerlessntham 80r7eMP@e(r$clé>St)| el 1.8 °§b®we<3we'qr aghe reported
reaml&ygfe%s&rg a%g qyrhp%rg‘%u% %{l{lg%egesobtgl{ﬂgd %ﬁrrcglpc% ﬁgethg ayerages of the

par agr a erern

prd@Mel uae derbyerp)mtey d®ts iaz@ditednd@fngpthe Ryitieneme rmfeprdscaac toliection, which
at 93 0OC to 150 OC and 34 to 240 MPa, where the
cary RedséstERd P @S PElangsdirEohe ¢l oud point tenperature and

[O(fﬂkﬁf’ve Iirjaﬁyléﬁ@%§ Fddt fr&ﬁllo&z%‘?&gﬁ@tc§flﬁd&§ equipped with a dip leg for liquid

delivery to the reactor. Heating blankets provided heat to increase the cylinder head pressure
to deliver the monomer to the feed pump at a pressure above the bubble point of the feed.
The low-pressure monomer feed was also stabilized against bubble formation by cooling the
pump head using chilled water running at 10 °C. The monomer feed was purified using two
separate beds in series: activated copper (reduced in flowing H2 at 225 °C and 1 bar) for
oxygen removal and molecular sieve (5A, activated in flowing N2 at 270 °C) for water
removal. The purified monomer feed was fed by a diaphragm pump (Model MhS 600/11,

ProMinent Orlita, Germany) through the stirrer head into the reactor. The monomer flow rate
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the pol ynerization system and in the presence of an

activator and a netall ocene represented by the
WO 20092363 R2Q bi s(2-R 1-4- R2-1 ndenyl ) MX2 wher ePCII/E82008/680434

i's, independently, hydrogen or a C to C20 hydrocar byl

group, Qis Si, CH2 or CH2-CH2, Rlis a d to d 2

i near, branched or cyclic al kyl group, R2 is phenyl

or naphthyl or a substituted phenyl or naphthyl gro
wapmesHRdghy ZrCogidioxmass Bowaneio (Wpdel CROfioe Exgmass 80, Endress and

Ha?%éiif %%fé‘?vgél noc%v&’ HBWB(J}EjaS]O%‘E%? goﬂf?ﬁgelrt%gﬁé ? élr:l Fﬂ?er]%w @%%T%re side of the

feeﬁth@d Thegmtdsare flictithtid8 i thegraadrarausddnenpaalaométtumipn in the feed

erat ur is 150 0Cto 70 0C,. and { he hea
rat@ u Sﬁegogteggfggfg W WﬁFeeg?t%tim@?fi yrﬁgerﬁ%lﬁ,gélgﬂ b rathJurlng the entire
balRREAGERRAN 18 or 19, wherein the netallocene is
sel ected fromthe group consisting of: dinethylsilyl
[0487% ( 2-Thet ¢a}¢lys¢ fpdrdemlumordwgf pye.paredonfsldmm |almnlnrfél®dodry box (Vacuum

Atlgllp %Wy SJ&% '[{IWP eiri: i t&lg%LO(Vﬁ b% o n?lgg Y E{nr[acn? r<“1 upg]m 02 and <1

ﬁh RaRrAt h)A'lll gﬁwdré Zvl/a[sC@%nUdIﬁéii %11 Qrﬂlﬂﬁmﬁﬁl of 4 hours at 120 °C and

di met hyl si bi s(2-iso yl - 4-
tran%ffzmdw tite &égﬂt?%ambgho bwyl Stogk weluHgnsef the catalyst precursors
an&J l[hse t1V hrrg?(xéel:rla yFe%E ug%l)éd }lolhl% p a?1h| ﬁlﬂdpﬁ%en%%’rlb%%les inside the

dr}Z rbbg:onAuqmcds aildfwtakeﬁil f&bf%}bh@l frydh activated catalyst solutions before each
bis(2-methyl-4-(3"5 -di-t-buty henyllnden yl)zirconiu
POl HTIEHIBY SHETIHICNH @élttaﬂyqt Sqopg,qntqg 1g1%520 the catalyst’ feed were adjusted to

maﬁﬁ&ﬁ%h? f’ar%e?? res«lcﬁgﬁ fetmsgép%ﬁeﬁlre)eag?@eﬂ ﬁfeg ?{ﬁd@ﬁ}lp&i‘u& tlﬁ%re fthan 3-8 wt %

m xture ono O
of paztalagrsabzlanﬂﬁoluél&) anto 210, rewdter. eDue wbthesmdld scmtl%tﬁcbdeab'cnwtrt -ups of our

e, N b AR IO bt T ARG Y oAt BHES varid from run to

rud© N fheRRY §a@allyt‘?@tact1\l’1§esf Qdrd %1%’7 El@ﬁ Pﬁ’tltﬂéﬁﬁfly Z\@fﬂﬁ Qan coordinating
reactor. 22. The honopolymer of par agr ap

anipp aptivaterhetypically tegumigaiatagst p(pt@dnmatl,ons oy thlesord@mfth to 100 mol ppb

. 100, 0 g of netallocene or nore. 23.

ln%ﬁ bﬂ%ﬁﬁgé&%ﬁé?he$g%ﬂ? of paragraphs 18 to 22, wherein

[00888 I exmidepies! dxipBmbst, ARGt WlsPéIRStel 3o alp@ut 3k °C below that of
m nut es. 24. The honopol yner of any of para%ﬁaphs 18 to

thez@eswméﬁ@tlﬁntth@p@r@tqr%t ringsthe elingecqud detipdnfhcheatgygufged and lock-
hol?poeli]%ét?%w?r% ﬁa@f{) %ﬁ] nd aintain lreutgllggt eactl n)tgmpatiature and pressure.

pent a
Onb Na¢ ﬂ‘estdtl)ﬂ ﬁﬁtﬁddn!;telmyetstra&kats (he desired condltlons product collection was

switched from the waste collection to the on-balance product collection vessel. The reactor
was typically run on-balance between 30 to 90 min, after which the effluent was redirected to
the waste collection vessel and the reactor was shut down. The products were collected from
the on-balance vessel. The products were vacuum-dried overnight at 70 °C before
characterization. The conversion and reaction rates were determined based on the total feed
used and the product yield during the balance period.

[0089] Catalyst productivity, expressed as g product per g catalyst, is the product of
catalyst activity and residence time. In order to generate a scaleable kinetic characterization
parameter for catalytic activity, we also determined the turnover frequency (TOF), expressed

as mol monomer converted per mol catalyst in one second. TOF was calculated by dividing
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pent af | uor ophenyl ) bor at e,

tri phenyl car beni unt et raki s(perfl uorophenyl)borate, N
woRhoaaeIeyd ani | i ni unt etraki s( perfl uoronapht hyl PGHD81088/080434

N Ndi et hyl ani |'i ni unt et raki s( perfl uorophenyl ) bor at e,

and m xtures thereof. 25. An article, such as fil ns,

nol ded parts, fibers and fabrics, nmade fromthe

honopol ymer of any of paragraphs 1 to 24. EXAMPLES
thepVEARE SMNOBIST GRRCT ol raé%wsrg thq pecrase efabwt IVSHETY IToils reactor. The

latt%p ?ﬁt%]m @ag d%ﬂﬁ@& 'bg ?fﬁsﬁlﬁﬁlsrlen\éétﬁg c&ﬁ%@fe% gaté Qv@]] hg remdence time of

ol ymeri zatron syst t using so
theerce@ o thediumh dfhewasidendertonktioas dedivdd ﬁrdma thataakys lfree volurne and the

sol uti di d not excee 0 and wi t hout
Vo mﬁow%tﬁe? © TRIGHOB GRSHHER fg r%%vr R8H APPr genggfed by summing
of@l?er fREBEh fBed MORRL | HUBHRT 36 Icbh&eh hABK AHGRACGHRY vEIERERI: flows, the

made by Autocl ave Engineers, Erie PA The reactor was
demsetslog rtbejrefaomompledlam wgs aalmaamd)usmgm popsetaryethamebdynamic software.

t 3
Thi SRR PPy et Eaerah SlopdBeaiae hlonds at reactor

coMitiéhsa wor ki ng vol une of 127 nL (working vol une | ower
due to reactor internals). The reactor was equi pped
(00901 h a/hnléldé‘l‘tsrtpbleh@ froey Steme-Adrish avastused & catpkydt preparation and for

red BRIy A RLEIRUL & [ERSAYFLT QBANIE 00 WRets, N2 head

noner ‘e nmeasure ssure

prersﬁﬁéﬁ 0. rea'cher hﬁs‘iﬁg raat Ughikgs DR@EWopPerd Mad eldchRr 51eve traps were
reactor using a Jge K t hernocoupl e. ' The reactor

insllsel de e loesaie rfse Q%rth% ﬁé%@ﬂ?&&f ivéchh i @M@Ibﬁ%ﬂl%&mpe gas feed
(Vl%? Iﬁgir 5 &)arg%)ﬁbﬁe ARk §t5e d@i Y8s b @84 Bl BRRMG d@g&ﬂﬁ@é&hndem The

case th eactor pressure excee
megryédetidoxand (MA)! aashamm(mﬂem Pupt ohend) sks bochssed fam Albermarle
the side of the reactor vidg%wf rt.her rote

Cogl%@tm anéia‘f’%t%‘tlsﬁgﬁﬁlr%ceb‘iﬁgs }180 nurg 1%}1%%@?0%) was used for
padsivaBig ﬂ%rf@ed1§@é & thOrealfdPifQfcy @er@%@?@%ﬁ té SkilA8e mhifenance.

reactor body had two heati ng "bands that were
[009dht r ol dbdes lkaylla apd dgﬂlamhabatel}dsmwrwrmmbmdem, eefivators, MFR and

NG e (e teol RS A5 FRGSPol T Zaehr? ipgthe thermal

prc%p@fﬂ%@r(@f}ﬂdfaﬂlz\éﬂﬁn @aathetihe dat®risdl hylcbylan ehck Idm Fdiethe disclosed
| ow rates of the nononer and cat a:%st f eeds

polayprapylears made inhghonepndiivne slgsariped in rhaBles éﬁpéb,u afménltOS, Note that each
dlSCIOg?d %\Jﬁﬁu&qﬁf ﬁ(ﬁ ﬁﬁeggpd %tééé gdggy\@fld l?;ﬁlé up%}lg ?raglrl}? i% rt]he first column
in Tables 1a, 1b, and 1c. These ID numbers are the same as those listed in Tables 2a and 2b.
Melting and crystallization data listed were obtained at a cooling rate of 10 °C/min using
differential scanning calorimetry (DSC). Details of the experimental conditions are described
later (vide infra). Heat of fusion of the melting endotherm listed in the column indicated by
AHf is converted to % crystallinity as described later (vide infra). The difference between
melting peak temperature (Tmp) and crystallization peak temperature (Tcp) is listed in the
column indicated as supercooling range (Tmp-Tcp). Supercooling limit (SCL) was
calculated using SCL = 0.907Tmp -99.64 where SCL is the limiting Tmp-Tcp separating
comparative and novel polypropylenes. Comparative polypropylenes have experimental

Tmp-Tcp values larger than the SCL values, while the Tmp-Tcp values for the the novel
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process. [ 0084] Two i ndependent | ock-hopper assenblies
were used to manage the effluent flow fromthe

WO gaetizass3 one for waste col |l ection during starPCUPS208080434
shut down, and the other one for product collection
during the bal ance period at lined out, steady state
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air-actuated val ves bracketin a short |ece
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e reactor | owned by opening and closing t
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the, et readiife S int G Qs RoGe FRE ol ofof Bl angh the same
metltnﬁg pdarasap&Ntued. THIS ih \Win laPokdsNPREES sWRTZ8tidH %\@mﬁ%@for the novel
he sane to all ow switching between the | ock- ers
dlswosmr@eréuqtre@@mpqed He conwaiyivs tpoypremmencsi with odenttlﬁ@l melting peak
tenEpe?a t{%r ”IAb% %I %KPQ rdtes %Be tﬁ PO%%.&SOJRI@I’[IO%Q Gnd %ﬁ%rta&ren%%n data for
[ éact or arter exper
the] ddaGh}atib %oﬁlﬁph ipefut®nwhile Talslks hopper B sﬁ(ﬁw thcQ)@Iﬂé@liondlng details of
renmoval  af forded robust reactor operatlons i ndependent
thepgorpprgatpicoyeiry ipsadusts. + Netepihpt, e ForRpAIBORNRYIEPropRigncs made with the
r hi perati
P R AR Bl Qe hfeclig YHer(; G ARET B B the sCL
Va]luns)ttlnzm qmmqmemve pastbhictsh eAttaegpear p&akrmel‘mﬂg tehperagac ttloase products show
P Sure and tenperE}ure uctuatlons caysed
@gﬁ PR a sHLzagAn dFmpsatFe KleNes pp8ies Rf spproppling dgnp — Tep) than
coﬂﬁﬁaﬁ‘aﬂvé eﬁ%ﬁﬁ’&s PrERS Uighepe rc:{%ls{a@l%tlbﬂa%ng&r&uw TCP) . implies faster
psi) and 5 0C, respectively. The reported reactlon
cryptaéwbﬂmy,awdhcm rﬁbe rrmeail rfer valcrad nnelcetimhugéntedvdngus the comparative

al cul ati n ave es of t res
pofiBirfulRb andiusiiet BHE PEa e 1 7y ReRrhF Bfhuge fogend-use artcles
sudW RAUEE, Gidrd 86t faBAcs, WMlddd faap. be referred to as
bal ance peri od. [0086] Propyl ene was fed from
| ow pressure cylinders equipped with a dip leg for
liquid delivery to the reactor. Heating bl ankets
provi ded heat to increase the cylinder head pressure
to deliver the nononmer to the feed punp at a pressure
above the bubble point of the feed. The | ow pressure
nononer feed was al so stabilized agai nst bubble
formati on by cooling the
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punp head using chilled water

running at 10 0C. The

mononer feed was purified using two separate beds in
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was typically run on-bal ance between 30 to 90 m n,

after which the effluent was redirected to the waste
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products were collected fromthe on-bal ance vessel.

The products were vacuumdried overnight at 70 0C

before characterizati on. The conversion and reaction

rates were determ ned based on the total feed used and
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bel ow t he SCL val ues) than conparative products. At a
gi ven peak nelting tenperature these products show
hi gher peak crystallization tenperature (lower val ues
of supercooling Tnp - Tcp) than conparative products.
The higher crystallization tenperature (Tcp) inplies
faster
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crystallizability, w thout the need for external
nucl eating agents, versus the conparative

w@iypeepy/| ene products from ot her processes. HEI/ES1088/680434

desirable attribute for end-use articles such as
films, fibers and fabrics, nolded parts. Table Ia.
Process Conditions, MR and NMR Results for Inventive

Polilpropyl enes Li gand 1
2 iTheima) Félmamerlﬁm%lzmééﬁl%@ resulds for dpnanfive|Bpkypjopykenes

Taplec
SaFnasiEch Etlab/(b§d) )Meltu@l(ﬁ& Heat) (bﬁp rTQD'M:b sSCL DRI (GPC)
NRPOLOY T TRAENVd e, | H= | Cryst. ] supercooling Mz Mw Mw/Mn| Mz/Mw

L ack draetlhvisi Lyic- hli s;q a2 |m=‘f0 hdl _°c4- hariht Hoindlsedeoh n’lol
1 13151 |- 1907, k M

1191 X 1180 1 71515 1486 71~ 355, L. a7.8 | 2355] 119.9]° 554 2.16] 1.96
%'d e T MELRY T PhL YT RS (|eHEt [TYiss 2615] 134.5] 655] 2.05] 1.94

& (B 1155 dﬂ1-?>15 ey tisob Ut yob 2 eny/1]) Isndepydrp. | Aeb)l wat|orsd] 234] 168

[ 'Na B 19{%(-& 103p1 | 50.1 35.8 36.7 321.7] 206.9] 1007] 1.89] 155
55 1, 11 i GO o8 | 476 | 357 36.5 320.5] 202.9] 848] 239 162
B N maat yh1qlBll g UMy I[dky B| 379 36.1 2705] 172.5] 883] 195 157
ent afidsudr anhe \749)1 bloreat 4and Geo 35.6 305.7] 185.5] 89.0] 2.08] 165
R8: 1154 ] ~ 1109 ; 481, |..80.4. ) 358 37.2 34.7 2659] 153.9] 503] 3.08] 173
okl BV Rad<h "1 92 S t88. 6 Y 235 | 358 35.7 4253] 267.4] 1221] 219 159
fnepf and72udr onapntayl|) Bos e@zd I|ganelS] 363 =] 395.2] 2476 119.1] 2.08] 1.60

—&ecp didEehyssidos

s1Z 7] s 1, 1147 | 4508 . |2 367, 454" 7717] ~2.03] 165
20 47| s20H! BRPY ! 37.0 287.9] 1686] 576] 293 171

1 1% /| 9.8 hii . _ 35.9 ni8 175, 3.3 2.89 1.65
¥ hck dil'fet h\/|3&| V4 ﬂ: <29 I 6§ vl z 4 I\,3_/'%n_¢|2!Oélzldﬂi)féﬂI ¥3.31 2

g4 napha2hy | 1madehydsy, 374: racz di et NyIT®ul ybaebll 64 s08] 246 163

S15k K213 1411585 aLl 1483 o305 4L 409 340.7] 207.5] 102.2] 2.03] 164

s16 T "Weo ,"11'3‘.3‘?"%23%' )"453, 401 [ 395 475.0] 2710] 1375] 197] 175

38.2 431.5] 258.7] 1188] 2.18] 1.67

VETELS | Sstz - TIEL 1yl
: )i

Ny39% | APl 2Adlolsr] 189 1.60
7388 | 176.9] 1100] 557] 1.97] 161
386 | 262.9] 1618 834] 1.94] 162

37.6 285.9] 179.0] 949] 1.89] 1.60

37.4 322.1) 1959] 922 212 164
39.0 240.0] 1458] 743 1.96] 165

SNl A yl amk b i I15¢@I efg!i:ﬁk]i a{ﬁg 38.0 37.1 307.5] 165.8] 694] 2.39] 1.85

$zepl affiq. ||(L¢ﬂgg_ph1m¥lm @94 j|gantls| 3ro=| 3527| 2203| 1183 1.04| 1.54

fﬂl% LA b 1497 919 | 444 17373 | a8 9. al, w20 5121 160
22%6' Ha e TTYi5, Yeos O~ [T EI 1Y Tar 3 P! 4] ! 0.2] <2.00] 167

QI
wacl dirreilhyksi | yi22Di S{.2-] issodr cpyl 38.3 207.0] 1812 914 1.98] 164
529 L 9901 118 6 AL 1338 A00.9 7 H%éz w1399 1,839k 2044 1002] 2.04] 166
&5 PP TY T 6 €Y a3) | 208 7 STIYTRLTY BT 8. 941 201 166

ssmef hydz, [44naphtfnygl] reenyldg |arsg1 4F 378 389.4] 2301| 1057] 2.18] 169

ggép A9l hiB-&5 | 1343 -&n@ _ A%t Hy 1376 40.3 378.9] 2309] 1158] 1.99] 1.64
33 1 M93” | 4162 [ A53 3] T 502 171371, 394 581.0]. 360.7] 1716] 2.10] 1.61

&4 (B 15 {dimEef tissh y;aas hany 1) TsesteTydor - | AGh| was|Ors7] 1.08] 168

WRCE et RviaB L a7 Bl =69 391 395 | 2308 1438] 735] 196] 167
$36 wly. 1184, [7 1as .| 1529 | Hoop | 483 | 381 390 | 2520] 1522| 775] 1.96] 1.66

Syy NUTHSUTRY haplT | dls UThdg B T|Ale P 376 379 | 2655| 1558] 76.8] 2.03] 1.70
pent afdaudr ophehyiz) bon@ak g, 4and G=1 383 | 277.3] 1676] 843] 1.99] 1.65

i o3 a7 i bhi153a1 la196-51di 496 37.6 385 | 265.5] 161.6] 826] 1.96] 164
SR TS A T A0 SO P AA2 39.9 400 | 301.4| 1802| 888] 2.03| 167

fepf arndugr onaphtsyi]) bor arSypescoplivong| kaznh 1532|S@7] 2.00] 168

e vkbn29y [stps - d53aoi75927 do 48U | viher b 3911 k 26pAl 15p. 2.01] 170
saﬁ 1760 |~ TiF1 1522 71" 7855, T 4] 38T [ 3847, 2357 14b. . 2.00] 168
XMk €S| 201)0 o6tq, 46 qITGHAY TTY JsBUE X430[J143.3] Ved] US| 170

$4angmao.0hetmﬁ.@n 0548714 %0 |1 2674, Tabl b ®b | Thel mal| 68| 206 167
1198 | 1izg | 1506 | oo I a7s | .72 [ 388 | as2.) 2ra5| 1307] 208] 150

SuPGPOAI Sy MESE LSRR OB LG L0 0 Y SEhoE ¥ TB) S

In theghoye Cgondes SliRey s '&ran@llqgmld@r 'y ﬁ@uﬁf‘o@(}%edebé‘é‘ﬁﬁff% 874 to 1.074.
SA47 to S87, branching index (g') val ues ranged between

0.874 to 1.074. Solution polynerization (conparative

exanpl es): [0093] Al the solution polynerizations

were perfornmed in a liquid filled, single-stage

continuous stirred tank reactor (CSTR). The reactor

was a 0.5-liter stainless steel autoclave and was

equi pped with a stirrer, a water cooling/steam heating

el emrent with a tenperature
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controller, and a pressure controller. Solvents and
propyl ene were first purified by passing through a

W@ boeg23563 urm purification system The purifi cBCT/O82008/080434
system consi sted of an Oxiclear colum (Mdel # RGP-H
-500 from Labclear) followed by a 5A and a 3A
nol ecul ar sievecolum. Purification colums were
regener ated periodically whenever there was evi dence
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residence time prior to sanple collection. The

Solugion| polymyerization (@omparativeraxamphesdt | y sol vent, pol yner
[0@%? All the solution polymerizations were performed in a liquid filled, single-stage

continuous stirred tank reactor (CSTR). The reactor was a 0.5-liter stainless steel autoclave
and was equipped with a stirrer, a water cooling/steam heating element with a temperature
controller, and a pressure controller. Solvents and propylene were first purified by passing
through a three-column purification system. The purification system consisted of an Oxiclear

column (Model # RGP-R1-500 from Labclear) followed by a SA and a 3A molecular sieve
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unreact ed nmononer, was collected in a collection box

after the systemreached a steady-state operation. The
wa@iazieexl sanpl es were first air-dried in a hpOHUS2908/080434

evaporate nost of the solvent, and then dried in a

vacuum oven at a tenperature of about 90 OC for about

12 hours. The vacuumdried sanples were weighed to

obtain yields. Al reactions were carried out at a )
colyps fyridicationedymnnoware vpepciderhrerpsifaly svhengyes thege was evidence of

; . er i . i .
PSR U R 4 SPRCEL N SERIRISBE 088 it
ab®@D6-1 5 A€ ebyCaisaingsthraugand ciidti beforr fdd. inEOhearedct&Ohreugh a manifold.

Catal yst 1 and Acti vator

B2. S S, .SA O S 1 and.
Solyefiiang rponegcss wyte Mixghdn e a .Ofgeéeﬁg ,reaé@f%rsﬁah a single tube.

Allsg‘éd alfv CRLALYRI m3aARd £GHd BARSASABH - maPlfow Ridds ofMicro-Motion
SO18 are Catlayst 3 and Activator C. SO19, SO20, SO21,

Coainbs-8@eloavr mcCat al yst 4 and Activator C. Notes:

al ysts: = . .

l“"??LC- éﬂ%m&l@mﬂ AL R R SHOPR Ry I adny FF ATPEstivated at a
prdcUfSo£thdiBRbRY ImoldTatio of about 1:1 in toluene. All catalyst solutions were kept in an
~ (rac-di et hyl silyl)bis(2-nethyl-4-naphthyl’i ndengl )zirc
me@mtm%menfemﬁl%nﬂmwai@( peneiitad Hyd gitp i) reactor by a metering pump
thrgl!l Snfjgmée%lg}rarlg%/ ]:1]1%/614603&%%(:?\?%%56% Sgtgygtga}rﬁlrg&eoﬂyelr Morl](dpqycyel ih B actor.
[o0dis[ret hyd amihpurityRtBchgak S persfatibiiosgpiiamydund oTRO08)) (25 wt % in

B2 = trityltertrakis(pentafl uorophenyl)borate, and C =
he@nﬁe&amaa%ﬂidrlpw vigi dfutechie 21 hbke a? heishendpat NP4 biruton was stored

in %gﬁ%zlltefr amngerdﬁlnﬁf%lr H}Q{roggﬁyainﬁgtc‘ f&ﬂesoﬁkfﬁ)mﬁsusfe&) for all polymerization

arati‘ve sol ution- meri zed propyl ene
rutsamp ebour®d 95 oé gensnsiptiod thén & lhew dashl vesgaeproed| Pumping rates of the

opyl ene ho ol ynmers were . conpared. Tabl e 4. .
T@M%ﬁl&mwpgﬁ@f) S FiT BIRAA Y G OB dlg Sfavenger) to 4 mL/min.
[0096PPer thERaFs AN frsReRed @by ot 88 nd R oht RRGh. dREEr cleaning,

np Tcp Tnp - Tcp SCL

(second heating) Tenp rate Mwv
the(1@@)to wo$ herterdy/ cqokeyl wothy deOCd EBEPrafl@CysihP Gat@Gicai Mixture flowing

ol oA8 s A 28 2,5 108 AR e
MoHtheBs, 39talys8 Lo tiSh¥ afkd séavidderS61hionOwdid6thdn F&P indo IRe Yeactor. An
autS;rZI{atgic temperature control system was used to control and maintain the reactor at a set
temperature. Onset of polymerization activity was determined by observations of a viscous
product and lower temperature of water-steam mixture. Once the activity was established
and system reached steady-state, the reactor was lined out by continuing operating the system
under the established condition for a time period of at least five times of mean residence time
prior to sample collection. The resulting mixture, containing mostly solvent, polymer and
unreacted monomer, was collected in a collection box after the system reached a steady-state
operation. The collected samples were first air-dried in a hood to evaporate most of the
solvent, and then dried in a vacuum oven at a temperature of about 90 °C for about 12 hours.
The vacuum-dried samples were weighed to obtain yields. All reactions were carried out at a

pressure of about 2.41 MPa gauge.
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SC6 90 2.13E-07 71.9 148.3 110.2 38.1 34.9 SO6 90
2.83E-07 59.6 144.8 108.0 36.8 31.6 SO7 80 2.83E-07
W®2009/123468 9 109. 7 40.2 36.3 SO8 120 2. 83E-07 3BCRUIBGS/@B0434
100.8 35.4 23.9 SO9 110 2.83E-07 60.0 141.5 108.1 33.4
28.7 SO O 100 2.83E-07 96.3 146.4 110.4 36.0 33.1 SQU
90 2.3E-07 158.0 151.0 112.0 39.0 37.3 SO12 80
2. 83E-07 -300 151.6 112.2 39.4 37.8 SO13 110 7.12E-07_
Table 3 Cptdyst syhgnsusd for gmeptispfamparrtive Egbpeopyipeg rom Solution
Polysierigationl. 1 40.5 37.9 SOL5 90 5. 98E-08 60.9 155.8

sogg‘s’gﬁ ﬁai%fniﬁgﬁzarfﬁateé%ﬁ écig@to&ﬁqqgég aH%S§7 are Catalyst 1
an@Achvans? 182 1908 28@4%@18) S@Ql%né@@l@ aﬂeléatglsﬁtgl dndBXetbvator C. SOI13,
SO19 120 1.29E-07 32.1 146.1 110.5 35.5 32.9 SC0 110

SOl4 206501 5300 Gatalyst %arldlé.cmvw.fll 330 0. ST . &r@bsql&gtE (grtlayst 3 and
AdHydpey 3G A0 0a 5l 5 llps A e cea

Nolé&sgcmigghsh @X:a(f@c-aﬁ’hét §1 fbli{i’—’ﬁﬁ@ﬂﬁ‘}@‘éﬁﬁﬁﬂnQﬁn(ﬁQ%@zﬁr&)mum dimethyl,
3 Hnd@@ﬁ%ﬁ@otﬁ&h‘dﬁﬁ@tb loand 4 (rac-

rnqéa M‘ v*m h@ &ﬂﬂzﬁgﬁn it
Actlv%%‘fksgyé }A@ ﬁly anll mu ‘ﬂgjz : ftel’lll'gl%lles 5,

it Eﬁ; Ppég‘fg@ @l’ %ga??ﬁ% Iurry pol yneri zed
dirpgt H’émﬁﬁlﬁr& s Risfluonongpt r Hfeparat i on
[00vaNdi tTHIS 4 DOIBwW! BERABLLOEHE ﬁEQé 51%@chﬁﬁ)laﬁﬁv@fs@ﬁﬁioﬁ%lymerlzed

honopol yners via bulk slurry nerlzatlon i1s wel
prapytongdemedolymerh aghinstey ek rtlee ﬂmlowdtuw@bweﬁlpn@ ham0polyrners were
CO%%%%ber-hbtta catal ysts as well as supported

1 ocene catal ysts. [0099] ACH EVE(tm 1605, 3854
and 602%aBleal SomaoBOLinddrizhddrDgalditivas Sncap@dhal;ir@eﬁﬁ@m

ExxonMobi | Chem cal Co., Houston, TX, nade

ExamplepReagiory o Sat foed g .G}P.Q,( DRI) DSC data (second heating)

Temp rate Mw Tmp Tcp Tmp-—Tcp SCL

() (mol/min) (kg/mol) °C) _(cO)  (°O) °C)
SO1 110 2.83E-07 294 139.5 1054 34.1 26.9
SO2 105 2.13E-07 36.6 141.0 1069 34.1 28.2
SO3 100 2.13E-07 47.5 144.1 1049 39.2 31.0
SO4 95 2.13E-07 57.0 146.1 109.2 36.9 329
SO5 90 2.13E-07 71.9 148.3 110.2 38.1 349
SO6 90 2.83E-07 59.6 1448 108.0 36.8 31.6
SO7 80 2.83E-07 91.7 149.9 109.7 40.2 36.3
SO 120 2.83E-07 352 136.2 100.8 354 239
SO9 110 2.83E-07 60.0 141.5 108.1 334 28.7
SO10 100 2.83E-07 96.3 146.4 1104 36.0 33.1
SO11 90 2.3E-07 158.0 151.0 112.0 39.0 37.3
SO12 80 2.83E-07 ~300 151.6 1122 394 378
SO13 110 7.12E-07 321 14277 108.5 342 29.8
SO14 100 1.68E-07 56.8 151.6 111.1 40.5 37.9
SO15 90 5.98E-08 60.9 155.8 109.6 46.2 41.7
SO16 120 2.67E-07 30.5 1442 1104 33.8 31.1
SO17 110 2.24E-08 113.6 1534 112.6 40.8 395
SO18 100 2.24E-08 156.9 151.3 112.0 393 37.6
SO19 120 1.29E-07 321 146.1 110.5 355 329
SO20 110 1.29E-07 504 149.5 1124 37.1 359
SO21 100 1.29E-07 81.1 1532 114.0 392 393
SO22 90 1.29E-07 ~108 1557 1138 419 41.6

Examples SO1 to SO12: C3 monomer feed 14g/min, hexane solvent 90 ml/min
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Exanples SLI to SL4 are simlar to these ACH EVE

products. They were manufactured in simlar conmmerci al
WO 2@otziese3 but the process conditions were adjRCI/ESRMD080434

reach different MFR and nol ecul ar wei ght (Mv by GPC)

val ues, as shown in Table 6. Table 5. Catal ysts used

for the production of Slurry-polynerized

prop Ienes Exarrpl e Li and Activator SLI 1 Bl SL2 1

EXBlnPéE§O]1 Q24 @3 prongmsr fpeg14 girginghgyangselyeytS0gnl/min=
Super. a@ﬂlmgﬁémy@g@ glV)eb by (Sﬁllweﬁlﬂﬁﬂ% PhehyhoneersyTmpi r con
¢ i -tert- but yl
[O(DBQEnyITahhfd;erﬁyl HZand oni dmcdbﬂeplhl(yd-art Ah:ltlkva]lumy poBimerized propylene

di rreth | ani I i niuntertraki s(pentafl uarophenyl ) bor
homm@@%rs’“ap cthey y&pgragaﬁpéf?@ga)nén SThqpé%p >1/10?0gy ?or manufacturing
pro%[yg%elfﬁg @%%EFIW)%I%OB? My ?glgrﬂﬁrfezgtﬁ’(#% irs vyuer%ﬁ% Ylﬁ{ég in the literature
forrtedtt@egiamul eglcENantp Icetargksm ay aﬂell@i@@n@p:dﬂe)i nmﬂlqztameacatalysts

B ong T PPl R BTGB OB TR S oA AR vt

froﬂfl%xﬁo&ﬁ%b& ARerdicA° (8. AGRLENE 38543 I\ éoﬂiﬁ%rﬁall%ct%rs Shurry
4°34.9 ACH EVE 3854 23 N A 148.0 106.1 41.9 34.

EX@I@HGE\%E 16028 @1ard @@nﬂle@?oo hesS ACHIEVE prodocts. Ihch Wﬁtd nlﬁﬁl&factured in
sm& Zgg’l@é?e%clégga téi‘rug -yﬁesgrégfﬁ?_ss ggridftig@l\gée gdjjélgt]ég %o reach alfferent MFR
and molecular weight (Mw by GPC) values, as shown in Table 6.

Table 5. Catalysts used for the production of Slurry-polymerized Polypropylenes

Example Ligand Activator
SL1 1 Bl
SL2 1 Bl
SL3 1 Bl
SL4 1 Bl
SL5 4 Bl
SL6 4 Bl

Catalysts: 1 = (rac-dimethylsilyl)bis(2-methyl-4-phenylindenyl)zirconium dimethyl, 4 =
(rac-dimethylsilyl)bis(2-methyl-4-(3,'5'-di-tert-butylphenyl)indenyl)zirconium dimethyl.
Activator: B1 = dimethylaniliniumtertrakis(pentafluorophenyl)borate.

[00100] All catalysts supported on silica; Triethylaluminum (TEAL) used as impurity
scavenger.

Table 6. Slurry product properties for unmodified reactor granules

Example Nominal GPC (DRI) DSC data (second heating)

MFR Mw Tmp Tcp Tmp-Tep SCL

¢/10 min (kg/mol) CO) (O (O (°C)
ACHIEVE 1605 30 162.1 148.4 108.1 40.3 35.0
ACHIEVE 3854 23 N/A 148.3 1049 434 349
ACHIEVE 3854 23 N/A 148.0 106.1 41.9 34.6
ACHIEVE 6025G1 400 105.2 151.2 111.7 39.5 37.5
SL1 150 117.3 151.4 110.6 40.8 37.7
SL2 40 162.6 151.8 110.5 41.3 38.0
SL3 214 107.5 151.6 1119 39.7 379
SL4 240 106.3 151.8 110.2 41.6 38.0
SL5 5 239.5 157.6 115.0 42.6 43.3
SL6 100 129.1 157.1 113.6 435 42.8

Supercooling Limit (SCL) derived by SCL = 0.907 x — 99.64, where x is Tmp.
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SL4 240 106.3 151.8 110.2 41.6 38.0 SL5 5 239.5 157.6

115.0 42.6 43.3 SL6 100 129.1 157.1 113.6 43.5 42.8
weapenzwed i ng Limt (SCL) derived by SCL = 0. 99FI/KS2008/080434

99.64, where x is Tnp.[00101] Exanples SL5 and SL6

were polynerized in a bulk Iiquid-phase pilot Iine,

i nvol ving two conti nuous, stirred-tank reactors,

operated in series. The reactors were equi pped wth ) )
[0014d k et Bxangies Shdvinsy SLAevREapolymerendy i bulki bnid-phese pilot line,

. . , i i b . o
1nvg)g|;1ﬁ% ¥ob colRREbLL Zﬁ%rt‘eﬂ-tgﬁp Ir@afcfbagh%?ated\Qﬁ eglg?.zzgfi‘e 20%ors were

ion In mner oIl and Into t
cquippet with jsikeg for opyibeng thdbyat pf pogsscrzativn. nJac eafalyey, aftscribed in
or_the poly i zat | of .Exanpl.es SL 5 SL6. are
Ta%‘@s% D0y vieh [t & 2970 Jallfign 71 MR Ebel Apd usRtCkingo fhsylead reactor
Pol | zat I mk:
umgg gynéﬁgé%LﬁKg?%{cgsg@gglgg%Flgtlog%tig‘/ﬁﬂ}h)%l-@lg%%%h@n SeExamples SL 5
an&Bhe ereglescr{bEEAL abledd rate (m/nmin) 4.6 4.5 (2 ww%in

hexa reagtor tenperature (0C) 74 74 Lead

renc a1 d8atsee P tets % bo st R ok 5 ead SLS

feed (kg/hr) 79.5 79.6 Lead react @kafigled8$ CONCNExample SL6

(mppm 1156 2986 Tail reactor tenperature (0C) 68 68
Catpdyst focd siete 68/hpr essure (psig) 421. #9421.2 Tail reddtor

3 lchry) 9.5 Tail re or H2 gas co
SC?V%%%%q§%?‘%f%éifgéﬁglg/g%g)eactor pro 86§:ti on rate (kgl%nhr)
(2 #8%9n Bexahe)Yai | reactor production rate (kg/hr) 10.7

11.8 Total production rate (kg/hr) 39.1 34.5 Lead
Lepdsaeter teppstafefée&Ct i ne (hr) 2.56 2485 Tail react df

LehPRbAGPERs Lk dBpsfhr) 1-87 1.86 4716 474.6
Lead reactor C3 feed (kg/hr) 79.5 79.6
Lead reactor H2 gas concn (mppm) 1156 2986
Tail reactor temperature (°C) 68 68
Tail reactor pressure (psig) 421.7 421.2
Tail reactor C3 feed (kg/hr) 295 295
Tail reactor H2 gas concn (mppm) 1314 3613
Lead reactor production rate (kg/hr) 28.5 22.7
Tail reactor production rate (kg/hr) 10.7 11.8
Total production rate (kg/hr) 39.1 34.5
Lead reactor residence time (hr) 2.56 2.85
Tail reactor residence time (hr) 1.87 1.86
Total residence time (hr) 4.4 4.7

[00102] Polymer was discharged from the reactors as granular product. Key
characterization data on the reactor granules of Examples SL5 and SL6 are shown in Table 6.

Regio defect concentrations by 1°C NMR

[00103] Carbon NMR spectroscopy was used to measure sterco and regio defect
concentrations in the polypropylene. Carbon NMR spectra were acquired with a 10-mm

broadband probe on a Varian UnityPlus 500 spectrometer. The samples were prepared in
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Total residence tinme (hr) 4.4 4.7 [00102] Pol yner was
di scharged fromthe reactors as granul ar product. Key
W@b@pazIces i zati on data on the reactor granul esPOF/US2008/080434
Exanpl es SL5 and SL6 are shown in Table 6. Regio
def ect concentrations by 13C NVR [ 00103] Carbon NWVR
spectroscopy was used to neasure stereo and regio
defect concentrations in the pol ypropyl ene. Carbon NVR

1 ls?p%é%traahmeéhaaéz% {AGENi t hSampls- mssnsrdwabdnelypebbaisgtution) was
oo ALY PR, SRAFRACTRR B IR SIDNG e vl wore

prapaedavidiouo nht(opﬁhtyumbtythcsmﬁhta trelax@tlo\n@eme r Slgna"fﬁd-natse ]véle@ enhanced
der to op |m é%n1cal S resal ution,

by to q%guliglgﬁﬁxtg SPeEFeW, rlyssr n&ﬁ’ﬁt for 6 seconds before the
ac8hid AASE ongt £2 rs@doﬁ& %Edh eﬁtl@igﬁéﬁod \%sgf%ﬁbwc@b? Oh 88diMBSal delay of 5

enhanced by acquiring t spectra w th nucl ear
scaondy, Hau se rageregata qenentepétgron6ddec ohd4d ssedmaise Krhe induction decays of

' iti n.pulse. The 3.2 se¢ ond uisiti [ 1 od
34 EINE Ep iR S B 1 H GRS E P Btk (O AEE P iaRer Fourier
trafdfoR@io89@56 RUbsIRLs ' #RED Bt HONexhdYiaPllind or6QRANMS, the spectrum is
Free induction decays of 3400-4400 coadded transients

refw@ﬁ@eddayoﬁ@ttmdhgdoramémm@n ermeéo ofethy gesomancaste @¢.83 ppm.

[OdzlﬂuLnenl%etn%?ﬁssfhﬁ{ 5% lgnn n{szf%%s he %t) e@éigfggtn ?%%etf gmereo pentads) can be

fournaflﬁ rieNGReh iy [E eRtsCagt Lh ea@mm PAFhit aHATe . IPE&AonTEdi Fhem. Rev. 2000,
resonance to ppm [00104] Cheni cal shift

10QeRefn haddt 133415]; r Tlreh@ersﬁ SPRBdYET g SHBMY YBKT.JBITEY gicdgan be summed

aplfrgﬂrégcglg)ti)%@% epgt ae?tfﬁgd Hﬁtr@ﬁ&r!l ﬁ&%{ﬁ?ﬁerg il %k anﬁ“%%&{\i/h%le percentage of

ste2@0dads1@D ang g €Bhre 2 ﬁa)ei 8 Bxdgio dbfectstveare Quqmirﬁeddg l(éytgro 2,1-threo,

. mmr, .nr etc can, be sunmmed appropri at el
W ISQMGrigptigy. ¢ ﬂ%atﬂeﬂ%rﬁr P PSSP IS S Hon fhese gy @ Sgn%rven in the
ret’éﬂ%ﬁcm R R €MhagenQhtratiGiseBr dil @gﬁecgsrﬁréggotreai in Té?ﬁﬁ ®f defects per

types of regio defects were quantified l-eryth
IOQOQnKmpHmrumnd 3,1- isonerization. The structures and

W‘ﬁ@? t r gﬁi | 1% Cé[% %%Cht grlllﬁfz ?lé% ﬁoegﬁlitfpi? 8% S q? iél?e éa{%ﬁon NMR spectrum,

andlefg6tase all Qnt%gﬁte@daﬂdna\te@égw @ teedasitsthiethedt QrdBQolved from other
nmononer units. [00105] The regi o defects each give

peakisge thapspepiremplte lrp@r@r(s thenmedraramzanb eer ukivR. sihscahemigal gltif offsets of
e t an ver h xt-gnt

thet Eegﬁﬁftaﬁleyregcrﬁeanc%sg dl gtr arqalf g ra?eg %%Qatgd 2 ﬁv@ AR precise peak

posifiet hasndhifttaga ifintion of NMR rg@lasmroﬁmelt accuracy. The

¢hem-cal—shif
s dRegioflefest 4na| ysis are t SHhamjeal shiffappge (Ppwd precise
eal.1-erythro 42.3,38.6, 36.0, 35.9, 31.5, 30.6, 17.6, 17.2
' 2,1-threo 43.4,38.9, 35.6,34.7,32.5,31.2,15.4,15.0
3,1 insertion 37.6,30.9,27.7

[00106] The average integral for each defect is divided by the integral for one of the main
propylene signals (CH3, CH, CH2), and multiplied by 10000 to determine the defect

concentration per 10000 monomers.

Differential Scanning Calorimetry for Measuring Crystallization and Melting

Temperatures (Tcp and Tmp) and Heat of Fusion (AHf):
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positions may shift as a function of NWR sol vent
choi ce. [00106] The average integral for each defect
w0 g00ditzdeded by the integral for one of the mai PCT/US2008/080434
propyl ene signals (CH3, CH CH2), and nultiplied by
10000 to determ ne the defect concentration per 10000
mononers. Differential Scanning Calorinetry for
Measur i ng Crystallization and Melting Tenperatures

(00192} drrak Frpyal ierdlordemparturcicph lie@lﬂfﬂ}elt[umtfmppraﬂﬂersﬂmp) and heat
T
of ?Lé%f%Ie ?ﬁ{ u?:&ﬂz@n %r% an%asﬁ eeg{l%(l) o ﬁéfererﬁ%? ﬁCgEIIﬂIlé E%Hrlrnetry (DSC) on

readdBASUNFIds USithgo Buéléeafngratgbﬂl ad BB N MhigarBsBrw a¥BJoh Y udt€dSEing either a
on reactor sa wi th no nucl eati ng agent added).

TATARSrugieatsy M13S %926)0%@0@3«9 @sﬁ?@o dP¥Ger The TASC was calibrated for
D .
oGRS AP 5405, BRI, 18, Do wsion o

Indidinn28 Ko dig)myascyset ab &):(Hlﬁmte tha dleamﬂwﬁlgnlabaﬂ"h@freﬁruducdﬁlity of peak
of Indium (28,46 J/g) was used to calibrate the he

mofngyieaIngFUIre frhaovefapsleae iibmithiny 166 &eak hﬁqtttqfn@swn is within 2%.
f

T RSIRPLA PO LAY RS, B £ tuminar

paoivithdlay gy arfdrloadddhstorteatisoumeasat s@ah ethpcmtarcs tSanqbber ‘das cooled to -

al um an with flat |lids and | oaded into th
70 G vaish 0 Gomin rpEd e écqlgr&rﬁgP Feliing dsof walt hegtl. This firs

heazglg%gofﬁ& He %eﬁ%g%eh&@opgr S%BIGE I;haaé-ﬂl tggréa‘atcﬁ'c OEI“Ihéeethermal history
th ting data(first heat). This first heating
infhreowdsdesting endreiysuahgathmhbchamorfthe ssrapiplves hehtifor |5rmtnlu®s at 210 °C

to GRS MPHPRONSBERadir 3t Heteiih P HEET e SpBRIeE8 70 °C at a
coé'ﬂﬂéulta?es ol 0 2&EGAG Qla‘fg%étlfsoéfybtﬁﬁlzﬁtﬁﬁf DBlayid 3k MY codiMSrate. The

| owed by cooling this sanmple to -70 0C at a
exmib@dmm @earlabécuyﬁtatlﬁaﬁdnwvas tuoalgzedl s thessoftware provided by the vendor

rystall]ization behavigr at this cooling ra
an gE ks &7 BRRIBRUGH y bl 15 ST e SIS st Bl gt this low
terhft@atBRf $1ap e P FRUbIRd PMiduie t¥QHRILrAOH dhhehdeRdkat@ back to 210 °C
crystallization (Tcp) is reported. The sanple was held

at 8 "Civiig to @lemﬁbe meglimgbdfavior (scgand beatlhbbus gave thierglarg behavior
to_eqgu te and ted ba 10

of PR <5V ST gt bbe RecSuloP i s SEURE s PRRCobOUndC Hify e meting

tendfUr@u@arpokbe 1§T6bﬁainfé6 Behrvilysef of AR i ye‘au@hﬂm el@b software
under controlled cooling conditions &10 0C / mn).

prayiedod; big theevgpdpraend eorrespordse@ ths nspk & rﬁléfunwntgh@ansmon (Tmp). All
| B
B0 1508e¢ls RS TR 0% RARHPLDRL U8 REREARE By app he st

of tnekingelid hoxgshbwaingistgnéficaql Gha)lge AridifSarem camlysep oxrce dndar the melting

hi Kk I I I
curtag Ia)%\/\%%@ tqs %@%&gé@qﬁﬁéay gf IlusIIoaIlr (IAOP\IAI') 11? IJ/I;ggus?ngn%e soIIware provided by

the vendor. This heat of fusion is used to calculate the degree of crystallinity. The percent
crystallinity is calculated using the formula: percent crystallinity = [area under the curve (J/g)
/207.14 (J/g)] x 100%. A value of 207.14 J/g or 8700 J/mol is the equilibrium heat of fusion
for 100% crystalline polypropylene and is obtained from Ref: B. Wunderlich in "Thermal
Analysis" Academic Press, page 418, 1990.

Melt-Flow Rate Measurements:

-43 -



of nmelting did not show any significant change for
different catalysts. Area under the nelting curve was
wa@eedi12wedlet ermi ne the heat of fusion (DH) i nPQY/GyS2008/080434
using the software provided by the vendor. This heat
of fusion is used to calculate the degree of
cryst al l'i ni ty The percent crystallinity is calcul ated
ng the formula: percent cryst allinity = [area under

IOQIH& cuThﬁeMejtr@l))W/ Rz@sr (MFR)I9hP9lymenopsse dctgemined dp using Dynisco
Ka%gzcsg‘ﬂo%% ?B%$ thmy F h(ﬁBt%?aﬁgﬂ'fJo Mﬁlﬁ%@ﬁl@{hogfdescrlbed in the

usion ocrystall'l ne ypropy ene~and
Scod Al00edclt fraiex RedperBioniimdet, |Methodl B. "Theend¢thdbd MaWsiSél‘M D-1238,

adeni Pr ess, 4 1990. Melt-Fl ow Rate
Copgidetle nefite- THFIDAT THE SBPES BreBio silied overge Tgganox 1010,
M(HQ%MEE%IF mﬁ_w%ﬁ\?ﬁ gha %z)@ @@l—ﬁ&n%oﬁ@lﬂﬁﬂifﬁg%ﬁ% (GPQ):

YNer fes STens Serle apparatus 1o
[00168] neVinsdulde swicighed distritubienSewices dROCtdzEd  usidgx érel-Permeation

eration I\/bth The thod follo ASTM
o3P R orl BT i oot g | B arhy (SEC)
Mdl@d&ars»a?a |('w%%1t bver IﬁGIebﬁlgﬂﬁf@ hi Q4R nivhb&GtARAGe molecular weight
wei ght s Gel - Perneat i on

MIGhY iseastts g asy n(lf@!@)lar \[f@e%@@qlv Miideg aveagquaiderular weight, Mz) were
det filreéi bllljstiﬂgdqi gWé@%ﬁ?ur Cbg“) %aﬁlczﬂ r@nr&%atog?apﬂe aédu%})ed with a

Fomat ogr SO re erre

dlfﬁré’rﬁraEXéﬂafiﬁtf@ deR rderstae gDRANYO {nSEﬁ)re pM?hl%@ @bﬂden%ﬂlcgﬁt (cither from
éht aver age nol ecul ar wei MN Jnunber avera
Wfﬁ%ﬂSe QIIPQFaU\%l yHE qhlingy; \éfwéul? > A SWatesy GP V' viscometer

detgﬁjo%ht or Qld |5 @ aﬁ& e(ﬁlufu?é' Y\\@Eehhm'\fﬁ)\\vﬁf @nd Viscotek

ef m ned Usi ng emperature Ge rneation
Co6urativat vigecapdigr m«:utqnpecExpletﬂmeatati déthey entthahmenefreraattiprecedure are

B N LN TN e ST
MASAMbICERE, VeNh 44 ST, o 12caB! 0o flet eot or 5, or

Pol yner Laboratori'es with on-line att” m ni - DAWN and '
[00i18F ot Biic @ozlpss awa&)mexfolsmdn”stsmg deWetror@PCV 2000 (Gel Permeation

Experi t al aijls on t nt r.ocedur e.
cnipBEPEBER Tih HELC HrBafl (6 BHEHIERR b eR BRENY i Wyau DAWN
”E@BanmLEBWdISWan%lé ﬁs&eﬂ%'hﬁys,caﬂb@ﬁf oa@ﬂee&wl @8s, Mbwee by the DRI
34, Nunber 19 812-682 (2001). [00110] The anal ysi s

(Difkeserpiat Refraeiiy culideny Télen'\ﬁléfﬁ@nmﬂ%sg@@@e( detectper rhdgtdegagtor Output
t d
SoE SRR Dt B B T HR L Bop g G s

provgaaran qhe détaﬁ@i GPC@bhdlslsﬁct drefisteg il €hide Bdeldw.r st
(Differential Refractive

he
lﬂqlﬂéh D$tﬁm@fr%wda$anm1§9c8ﬁ@t REPeTed é%ﬂravblteﬁhECHe@ e?dt mchlorobenzene)
solOtPUEour NBS polyethylene standards were used for calibrating the GPC. Standard

identifications are listed in the table below. The samples were accurately weighed and
diluted to a ~1.5 mg/mL concentration and recorded. The standards and samples were placed
on a PL Labs 260 Heater/Shaker at 160 °C for two hours. These were filtered through a 0.45
micron steel filter cup then analyzed.

[00112] The concentration, ¢, at each point in the chromatogram is calculated from the

baseline-subtracted DRI signal, IDRI, using the following equation:

¢ = KDRI IDRI/(dn/dc)
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signals are collected on Watt's ASTRA software and

anal yzed using a GPC anal ysis program The detail ed
wW@Rgazaeei ti ons are listed in Table 8 bel ow. [POWL$3008/080434

St andards and sanples were prepared in inhibited TCB

(1,2,4-trichl orobenzene) sol vent. Four NBS

pol yet hyl ene standards were used for calibrating the

GPC. Standard identifications are listed in the t

bel &hererIﬁERémp@sst% deterpingd by ephbrajngthe PRlnandy (Wﬁ% ds the same
c ti
as téigsacﬁig go%fl P"é:l}aengﬁ GHAVE § ace?a{gﬁtﬁ%@%ﬁtﬂfg%@&& égls description of
theI—SECeméﬁbdk&e sath 11660 oﬁﬁ:ceﬁmtatmmms kopressed Thegem8endlecular weight is
filtered through a Q.45 m.cr.on ste?A_nglter cup then
eX%fﬁ%%F%é%rm%@& PR VisemiEdt ParTSEe dl/gt  each poi nt
[0(11'13} hchﬁh:ﬁ@ Tf?ﬁ@&ﬁﬁ&lﬂ&édéf@ét&%s@& ef %%hqgﬂnb&%ture the polymer molecular

basel i ne- subtract ed si gnal usi n
wefghit, IMmtrﬁgcleanat inghe clromakipRim hmtﬁtr(rdnﬁdjm m@zmgktbézlsl a@itput using

a.const ant rm n cal i {i |
e ZieonY PR FEinaRl otule Gud ulfi Rart srafiine from Polymer
Soﬁlﬁéhyﬂcﬁdemlﬁréssomm raneters throughout this

descri ption of t he SEC met hod are such that

concentration is expressgd inlg/ cng nol ecul ar wei ght
IS expressed in g/ nol ey\g g)d*Mpt() |€Cviscosity IS
expressed in dL/g. [0011 For ‘t'he light-scattering
[00dadpctdereyd@do)als thi ghedsergdesatisr Rayltiah soattgringr 1nten51ty at scattering
nol ecul ar weight, M at each point in the chromato

anglg Og e tie e méﬂnﬁycoaﬁ%ntsﬂzlpﬁ gletermined fiam gt DB awéysﬂhé & the second

Vlrél gg%#g%%’ tfggjl’ ﬁgtil ?f%l?ﬁl k}ﬂ%l for %é%iglﬁc{dl grsg Mh@d éﬁ'lldgh (Hescrlbed in the

abdreasferent®)( nd Ko id the ogtlbalccoﬁh?ér@foﬂ\ﬂ?é @ste{rﬁ)Ol 14] Here,
DR(Q is the neasured excess Rayl ei gh scattering
intensity at scatteri ngdangh dnédo)% the pol yner
concentration determ ned Trom, t4k§e DRI analysis, A2 is
the second virial coefficient,” Pfq) is the form fact or
for a nonodi sperse random coi I (described in the above
r ef & wHE)NA andvregndre’ Stnﬁ@b@btaﬁé &dn/doris therrefrpgiveripdex increment for
M 4 c S
the&&?tegl Y egr%ﬁrﬁgt V(gﬁﬂéeq(@ K dn r4T¢l§] ﬁ'h ‘g; rl\%g%:%hl V6e90| nm, [ In addition,
A2i=n0)000@ fr pi@iylene polymers and 0. 0015 for butene polymers, and (dn/dc) = 0.104 for

propylene polymers and 0.098 for butene polymers.

[00115] A high temperature Viscotek Corporation viscometer was used, which has four
capillaries arranged in a Wheatstone bridge configuration with two pressure transducers. One
transducer measures the total pressure drop across the detector, and the other, positioned
between the two sides of the bridge, measures a differential pressure. The specific viscosity,
ns, for the solution flowing through the viscometer is calculated from their outputs. The
intrinsic viscosity, [n] 1, at each point in the chromatogram is calculated from the following

equation:

Mli=n«/C

where the concentration, Ci, was determined from the DRI output.

-45 -



the system The refractive index, n = 1.500 for TCB at
135 0C and | 690 nm In addition, A2 = 0.0006 for
WEe@pstsse pol ymers and 0. 0015 for butene pol yr&r/ES20881080434
(dn/dc) = 0.104 for propyl ene polyners and 0.098 for
but ene pol yners. [00115] A high tenperature Viscotek
Corporation visconeter was used, which has four
capillaries arranged in a \Wheat st one bri dg

[0HdfaF i glhcabranehing fridlexwe) py edeuilpted msing<he @éﬁpgt ot SEC-DRI-LS-VIS
t al:
me'g{ectﬁlga(?df‘gﬁg&zs té %éﬁ%hﬁgem&& 8 iﬁ%iﬁtgegiu%et vvegl% Iﬂ%{sﬁtse%lhpgcalculated
thedtatiesl [@f of HEndr ipdiyencreiRse trscakuthtdd c@bti¢ad [n Jwfadbies k Ma
The specific viscosit hs, for the solution flow ng
Wh@fﬂbv@kp()@?\%g&/@@dbné)t 5 fospioaylcns aelsthers: om t hei r
outputs. The intrinsic viscosity, [h] i, at each point
WMMFhé“@htSoﬁﬁt SHeantyi avaage male@dprt weiehi thastdbonomiofsgular weights

deteftHtd 891 m{a@ra@eﬁrrge(us BEENSE aThOViscdSity a8z dRbREMaPeFight, My, of

fromthe
the LR IS Pt Ayt
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TEMPERATURE Injector: | 135 °C

Detector: | 135 °C

Column: | 135°C
DISOLUTION Shaken for 2 h on a PL SP260 heater
CONDITIONS

Shaker @160 °C

SAMPLE FILTRATION Through a 0.45 u SS Filter @ 135 °C
INJECTION VOLUME 329.5 uLL
SAMPLE 0.15 w/v% (1.5 mg/ml) Target wt
CONCENTRATION
SOLVENT DILUENT TCB inhibited
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1. An isotactic propylene honopol ynmer having: nore

than 15 and | ess than 100 regi o defects (sum of
WQ@2m9a23sohr o and 2, 1-threo insertions and 3, 1-PCT/US2008/080434

i somerizations) per 10,000 propylene units; an Mw

(wei ght average nol ecul ar wei ght) of 35,000 g/ nol or

nore; a peak nelting tenperature of greater than 149
QC__an mmrn pen ad fraction of Q085 or mre: a heat

CAHIBRMIQN of 80 1/ g or mpPEST A8 NIedk4Gdel NSl 484a
5 peak crystallization tenperature
_§l@gﬂ2§=§¥9 of lesg than of equal to (0.907 tines Tnp)
BROADPH9. 64 (TnptTcp < (ONIOTXImpy - 99.64), as
STEAREGSAREd in OC oh the hopopolymer having U W %
nucreatj ng agent. 2. The honppol ymer of cfaim 1
[004H8} ei Al pAenisoteytirpcddases aprionty Macyaents aofl ogics dpeymertiapited in this

ap ctaﬁor!l etcf 'i‘lg n% n%’%raﬁ&b e[)£ %II%PG% g r%r thoef egileﬁi! rﬂu}h o({lggosure 1S not

erein I'norganic cata resi
incohsidtOfk Wﬁhghis émplﬁbﬁ[orﬂ &8 fort 41 Jlllrmd[(glaﬁs én @&tlai ylsd:h incorporation is

resi due con&@l si ng gﬁr 4, Group 6, and Goup
pernpifipdi White thI%OmBoHS ectgfl G?neﬁﬂi’ﬁfiméﬁ%ﬁ of Fhedﬂﬁsenﬁm"entlon other

T I
an(}re %@ggﬁﬁg%@gﬁ git tél% 1ﬂ{fépstlgm c%??% rﬁ?ég g@?&ll gpg éi%%ﬁ from the basic
scapoohred7 diGe s&ope Tharedfasdgotnyined by fheatuimsfthat ffaiove 1 to

4, wherein the honopol yner has a branching index (g')

of between 0.85 to 1.10. 6. The honopol ymer of any of

claims 1 to 5 wherein the peak nelting tenperature

m nus peak crystallization tenperature (Tnp-Tcp) is

| ess than or equal to (0.907 tines Tnp) m nus 100. 14,

(measured in OC on the honopol ymer having 0 wt %

nucl eating agent). 7. The honopol ynmer of any of clains

1 to 6, wherein the peak nelting tenperature m nus

peak crystallization tenperature (Tnp-Tcp) is |less

than or equal to (0.907 tines Tnp) m nus 100. 64,

(nmeasured in OC on the honopol ymer having 0 wt %

nucl eating agent). 8. The honopol yner of any of clains

1to 7, wherein the honopol ynmer has an nmmm pent ad

fraction of 0.98 or greater.
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9. The honopol ynmer of any of clains 1 to 8 wherein the
honmopol yner has a heat of fusion of 100 J/g or
wore0e/133863 The honopol yner of any of clains 1 tBCBUS2008/080434
wher ei n the honopol ynmer has an Mwv of 100, 000g/ nol or
nore. 11. The honopol ynmer of any of clains 1 to 10
wher ei n t he honopol yner has an Mwv of 300, 000 g/ nol or
nore. 12. The honopol yner of any of clains 1 to 11,
cievis the peak nelting tenperature (Tnp) is from about
I55 0C to about 170 OC. 13. The honopol yner of any of
Whet &i atgintedtis 12, wherein the honopol ymer has nore than

1 17 %rﬁq Itesﬂs thaﬂ 9 def(rge%ys er. 10, 000 propyl ene

~uni 8 YA HIRP RSO PSSP B 8 of clainms 1 to 13,
whehiré1tHah @ 5heaRe thaRei00 hego ABfebRTEINP 612 At rthACindd)] -BHreo

- 0.95 or greater.‘ 15. The honopol yner of any of clains

insgrtiogs amd 3.\hspaicrzatioas i BOPY REdYlege prdtiuced by

pol ' i r [: Cto
a0 Ban R AR RIRR FR R o SRRl PR

act hyailomching tanperhtald eiggeecrrtear e4€1d.ed by t he

fornmul a: R2Q bis(2-R 1-4-R2-1ndenyl ) MX 2 wherein each
R igr,lmfﬁragp@ﬁw@né%cy?nﬁm_ M a O to C20

hy dy GeardifhsiGl Q) 1/820k foRl; an@H2 or CH2-CH2, Rl is a C

to Cl12 linear, branched or cyclic alkyl group, R2 is
phenykalomehimghi¢thydratore mirsiglpsali ¢rysteldizathmrtgnporatura fhrnpyflcp) of less

ol Bt oo o, FanEens Siilrs s o Pl 700, o

metb PR PORYSEME hBRIBPOE mer ARAN@DHY, R 1aMikp hgenabout 65
wt % sol vent, based on total weight of propyl ene

2. mondie homapolsmicy ehelain & whein the potymecr hes y/Mht tagg of greater

r tor...and the polynerization occurs at a
thaflglant%elgsgit%arngsqabove the solid-fluid phase transition

3. t enTrae abmbpol9iet bclpidl ¥ BED whatditheposingdnhanan aloex@iccatalyst
pressure greater than 1 MPa bel ow the ¢l oud pojnt
resgiug 96 4PR wsiht Rem 9 Igpaethe Qrganic eadydagsiBreepppeging Group 4, Group

e t " ' [: o) .s: (1) at a
6 t enp%é)?lgtgl} r e%]kt)ltgpgﬂwd? %hé%‘géﬂl t%l ﬁ%ﬁ%’eﬁ%ﬁ%@& re of the
4. pol Yire homapolgmesytlam 1,0r on(R whate the prasmuitiag erh@natuieg Tmp) is

ST B RS e, 22 el et o system 18

5. 9/ My QOB SRS of dYOFAMIM 1 to 4, wherein the homopolymer has a branching
index (g”) of between 0.85 to 1.10.

6. The homopolymer of any of claims 1 to 5, wherein the peak melting temperature
minus peak crystallization temperature (Tmp-Tcp) is less than or equal to (0.907 times Tmp)
minus 100.14, (measured in °C on the homopolymer having 0 wt% nucleating agent).

7. The homopolymer of any of claims 1 to 6, wherein the peak melting temperature
minus peak crystallization temperature (Tmp-Tcp) is less than or equal to (0.907 times Tmp)
minus 100.64, (measured in °C on the homopolymer having 0 wt% nucleating agent).

8. The homopolymer of any of claims 1 to 7, wherein the homopolymer has an mmmm
pentad fraction of 0.98 or greater.

9. The homopolymer of any of claims 1 to 8 wherein the homopolymer has a heat of

fusion of 100 J/g or more.
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pentad fraction is 0.98 or greater, the peak nelting
tenperature (Tnp) is 150 OC to 170 OC, the heat of

wo e®pomess 95 J/ g or greater and wherein the PCT/US2008/080434
netal | ocene is selected fromthe group consisting of:
di met hyl silyl bi s(2-nethyl -4-phenylindenyl ) zirconi um
di hal i de or dinethylsilyl

bi s(2- et hyl - 4- phenyl i ndenyl ) zi rconi um di al kyl ,
104i ndtp ypglppcg,llyrner of any of claims 1to 9, wherein the homopolymer has an Mw of

10@b§%§m@§ gRy! - 4- napht hyl i ndenyl ) zi r coni um di chl ori de

S|[yl bi s(2-
11i sofihe byinoﬁelyﬁmﬁhbifmiyl af@&ipk )l 26 16 erhictoin thedloknolpplymer has an Mw of
t hyl si | bi s(2- et hyl - 4- napht hyl i ndenyl)
30§p&§8P‘HﬁY %hl oride or dinmethylsilyl

12bi s(@e %&BP&IPIﬂlePW AAAS DY X 1 ZVRGO H W bt temperature

di met hyl si
(Tm@bﬁzhmmamWﬁJZS(GT6ahdm4708©tyl)phenyl|ndenyl)2|rcon|u

m dich d dj et i |yl :
1351 (B hRtRFy ey & SIS Yeg 13 prisisithrarpaohpedi ore than
17 2hdlicb vh 95 Aefddispet €800 pRIp§Rhe uaitd the activator is

sel ected fromthe group conSisting of al unoxane,

141 1 i hbe homapotumicust euraliclaspp drie 431 wsroipenlyomerstames, has an mmmm

reR PR AR ot e o

15t ri phe nyincpdslpﬁlet ofdretafakiist pes fi4 Wﬁﬁﬂhehk}/hdrb@foﬁlj?rﬁer iB\lproduced by
hUlnethylanlllnluntetrakls gerfluoronaph

PORNMHZAERTRAPARRNISTS [B prreactaiat 89 “pée £ PUdy éﬁ%éﬂ?l@ %éé\(lga in the
pr§§ﬁf§fé£ u&%atarfaﬁﬁgqﬁetaﬂo? end RGr OB ;gggtu);nq@ aClaim15

wher ei n e reS| ence time 1s m nut es
to aboutR&anM@dtebR,Lﬁhn?thQonDpolyner of any of

| 4, h du b
b0l JiRer Sich dhisor gradg b Evazal sl i €20 Pugopebylartup, Q i
Si, J(':Ef@z SCRNEH3R 11Q a 2400\, linthe beanch& L& TRRE @l‘kgf %rohﬁ, R” is phenyl or

above the cloud point tenperature and above ' '
napghiind roe ristibstigited pinguet ait napbthyt gtoup, Mak )Hf@r Zz and &nis a halide or a Cl1 to
tor and a

oy R N gob Bt R BTG Sy b BeRE L edbo i Guggomer, and

abdut 2024 1ad@oy OIRE, WEIRERI Pase@6h tdtall VSGlgl'thﬁ@ Rtrhdhomer and
hydrogen or a d to C20 hydrocarbyl roup, is Si,

solget. isricdomp tepolyRicrizatien Gactpp atd tha Hofeaerizatipa Aedwesatar temperature

ab(g%(été g(%l?a][ ﬁé(dld ﬁﬁ&%?ansﬁ%n téc'rﬂp?%%x}/e ofthe E&%%H%’eho% yﬁﬁm and above a

gr oup

pre’SSlde érda&r ¢hahnal Mere b@lovxathacldud pﬁﬁﬁ pheselire oath)poly@nicization system,
The honppol yner of, claim 18, wherein Mvis 200, 000

prcﬁfﬁ(}ﬁy ho&ieverrtgétttgq; po]fyﬁ@rlﬁq,ﬁqqrﬁccurs (1) at a temperature below the critical

temperature of the polymerization system, or (2) at a pressure below the critical pressure of
the polymerization system.
16. The homopolymer of claim 15, wherein Mw is 200,000 g/mol or greater, the mmmm
pentad fraction is 0.98 or greater, the peak melting temperature (Tmp) is 150 °C to 170 °C,
the heat of fusion is 95 J/g or greater and wherein the metallocene is selected from the group
consisting of: dimethylsilyl bis(2-methyl-4-phenylindenyl)zirconium dihalide or
dimethylsilyl bis(2-methyl-4-phenylindenyl)zirconium dialkyl,
dimethylsilyl bis(2-isopropyl-4-naphthylindenyl)zirconium dichloride or dimethylsilyl bis(2-
isopropyl-4-naphthylindenyl)zirconium dialkyl, dimethylsilyl bis(2-methyl-4-
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pentad fraction is 0.98 or greater, the peak nelting

tenperature (Tnp) is 150 0OC to 170 OC, and the heat of
wWo ewoazsess 95 J/ g or greater 20. The honppol ynRET/U52008/080434

claim18 or 19, wherein the netallocene is sel ected

fromthe group consisting of: dinethylsilyl

bi s(2- net hyl - 4- phenyl i ndenyl ) zi rconi um di hal i de or

di met hyl si lyl bis(2-nethyl-4-phenylindenyl)zirconium
na@t@yl@pgylb;w g}qhigrlde or dimethylsilyl bis(2-methyl-4-naphthylindenyl)
. bi r ylivndenyls) zi r ' i i :
erg(#lﬁlgﬁa %@%@1 @??éb}yf%&??%{?%@fh@/ggqg 5 it tﬁﬂﬂbm%ﬁrﬁ{%hﬂsilp&muﬂl
dich&ojale op Yimethylgipi iy 2 -intetleyiyd-(324'dc-obutyhphiinglikgdnyl)zirconium dialkyl,
or %Ilgg{t?%%llﬁsﬁé({ﬁ%}ﬁiﬁbg ég}éige&trq ée]_lé:%qﬁi;l% h|tt hyérlogg gg s&s)ting of alumoxane,
tmgjé §@nﬁ%@%ﬁh@aﬁ@@'@ﬁt‘aﬁh&&ﬂwmoéief, §oni um di al kyl

y

I met hyl si
dirbdtkyl2nimeuimyttrakd((Bematiuprorthebylyydrytphenyl i ndenyl ) zi r coni u

i chl ori.de or . dinethyl si|

wiffeayise Rt Y SR logicoNeNy | | ndenyl ) 21 r coni v

dirfRtAy 1ahikMlumt&fak($ratu8onbp1RhEMorate IN. NLThe honopol yner of
claim 18, 19 or 20, wherein about 40 wt % to about 80

dirpgthy lanibpipdefeakaspeyfaeropheny Dhpesite, apd maktgges shaagdut 60

Wt % n i.gh f lL.ene .
7ot 8D BEESERA, L2l LB BRI, sgpe s minwes
ab&1@30tndhutc®2. The honopol ynmer of any of clains 18 to

21, wherein the catalyst productivity is about 100,000
18g pdihg hemoplymgr of anyedfglaige érie |hrhspia thohomapadymer is produced by
poSrﬁ{EPi A r%l@iﬂ)ﬁngfrefcltc%' 4183 1% {9 562¢ éﬁla%rétecgﬁ4b NP2, where the
esi dence ti IS about m nutes to about 30 m nut és.
tenzpkratiteas hioovepd yloed paht @mpeoiture laad asoviE8h¢ aup2Rritichlee@perature of

the activator is selected fromthe group consi sii ng of
the£qi¥m§gémgon system, and in the presence of an activator and a metallocene represented

by td fSEhi4! ammoni unt et r aki s(pent af | uor ophenyl ) bor at e,
N, N-di net hyl ani | ilni unt et r aki s( pent af | uor ophenyl ) bor at e
. tri pheRyQdus(B&ii4R{-dadeaki)¥0per f | uor ophenyl ) bor at e,

N, Ndi, met hyl anj | i ni,unt et r aki :
per ﬁhgge}%%aggﬁ{ H;F};(ig%eglg?lrétgl, h?(qrogen or a C1 to C20 hydrocarbyl group, Q is
Si, Nt retdw)-an,,| R nis Ut 1efor@ik 1seal) ®Fdnlc @t eHfyeny hlk?p%r@hﬁ,Rz is phenyl or

and m xtures thereof. 25. An article, such as filns

naphshyled apubstisuted phswbonraphthabefous, Miadl of Zopnd Kes a halide or a C1 to
C20ATBRRLNIBL Q). any of claims 1 to 24.

19. The homopolymer of claim 18, wherein Mw is 200,000 g/mol or greater, the mmmm
pentad fraction is 0.98 or greater, the peak melting temperature (Tmp) is 150 °C to 170 °C,
and the heat of fusion is 95 J/g or greater

20. The homopolymer of claim 18 or 19, wherein the metallocene is selected from the
group consisting of: dimethylsilyl bis(2-methyl-4-phenylindenyl)zirconium dihalide or
dimethylsilyl bis(2-methyl-4-phenylindenyl)zirconium dialkyl,

dimethylsilyl bis(2-isopropyl-4-naphthylindenyl)zirconium dichloride or dimethylsilyl bis(2-
isopropyl-4-naphthylindenyl)zirconium dialkyl, dimethylsilyl bis(2-methyl-4-
naphthylindenyl) zirconium dichloride or dimethylsilyl bis(2-methyl-4-naphthylindenyl)
zirconium dialkyl, dimethylsilyl bis(2-methyl-4-(3'5'-di-t-butyl)phenylindenyl)zirconium
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dichloride or dimethylsilyl bis(2-methyl-4-(3'5'-di-t-butyl)phenylindenyl)zirconium dialkyl,
or mixtures thereof.

21.  The homopolymer of claim 18, 19 or 20, wherein about 40 wt% to about 80 wt%
propylene monomer, and about 20 wt% to about 60 wt% solvent, based on total weight of
propylene monomer and solvent, is fed into the polymerization reactor.

22. The homopolymer of any of claims 18 to 21, wherein the catalyst productivity is
about 100,000 g polymer per g of metallocene or more.

23.  The homopolymer of any of claims 18 to 22, wherein the residence time is about 3
minutes to about 30 minutes.

24. The homopolymer of any of claims 18 to 23, wherein the activator is selected from
the group consisting of alumoxane, trimethylammoniumtetrakis(pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate,
triphenylcarbeniumtetrakis(perfluorophenyl)borate, N,N-
dimethylaniliniumtetrakis(perfluoronaphthyl)borate, N,N-
dimethylaniliniumtetrakis(perfluorophenyl)borate, and mixtures thereof.

25. An article, such as films, molded parts, fibers and fabrics, made from the

homopolymer of any of claims 1 to 24.
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