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POLYMER PRODUCTI ON UNDER SUPERSOLUTI ON CONDI TI ONS

I nventors: Pat Brant, Gabor Kiss, Chris Friedersdorf,
wqgamsaoRatt ner, Gary Casty Priority C ai m[ 000B¢T/Uk2088/052749

appl i cation clalrrs riority to and the benefit of

60/ 933, BOTMH PRRPUFEHEY FNDH0 GPPERANETER FPRATTENT i s

| so a contl nuation-in-part of co fpendl ng application

M’«S%B.& ng PeJ Irang&abar Kigs, Chey lggerersdarf, fames d-agpersipiy
P“‘"fﬁﬂ%ﬁgs which clainms priority to USSN 60/ 412, 541,

' ept enber 20, 2002 and to USSN 60/ 431, 077, filed
[0001Pec enfie apiHica@OD2lainihpsordp b iana tthoberniesit af 6@933,007, ﬁled June 4, 2007.

t t t . of USSN 11/714, 546, f d
This %)%ﬂg%g)%aw'@ Aw%‘@%%{l@w%ﬁ@t mlqgombfétﬁ lgahv/?r{g U.S. Serial No.

s ERLLIRLL0 Syt ase0sb Uy BTG s con s, i
Septemibeio2(, 2902 endatodJ$30e 6bEG &7 7, filbd DecGnbesest R@d2. NLhibepplication is also a
20, 2002 and U. S. Seri al

Con“q?dg{%g%l%%gf/quéfiéﬁg“s ggﬁggo fﬁé‘éM%@r .500%2002. [0003] This

TA TPRELSA T ¢ A ted to U S. Serial Nunber
. ik er 23, 2003, which clains

[0002ﬂ)r [ OThlS ypplﬂ:aamd ¢ fedatb e iU, tS. deribl NSmb&ed §/ab7 Bkidrbfded September 22,

200, SO G G R B 20025 B oS hz s, e

04 4.5 d I
soneffxenl G159 S PRl et ity et soos

[0003¢ ont Thisiapplaetiomipass rafteltSU. B1/Std], Nombés 1667586 fBed September

23, 256 i ls it PeaoI yhoaihe R0a U S 1 BPTRABORSH SOR 2541, filed

n 7
ser GBI 981 33890k Rl PLOTT REmDRLHIRES. 200,

[000460/ 40iAs Bpdlicafion edalSe ptlender U26, S264Nurabat 1dV/SliogEsT 1t ided August 25,

2006 G 539 SPGBl & UoS-cl U TGA- i a0 offon abandoned

whlchUcﬁlmleﬁeﬁ@@néﬁ%f {isk®d 682Rb 2D EF1A27u1¢ A0 3 0uhi ¢hs. 11/177,004 is a
claims the benefit of USSN 60/412,541, filed Septenber

contir@@tior? 00Rart ahtl. €| V6, 3qe ﬁltf&inSaﬂfptdzmloﬁT 22S300 B v & cRikds the benefit of

UssN.f4§T7 oF il bttt 5029, sl (BEbassEEn ERsbEs0 431,077, o

Decer%@&ﬁs iﬂo@'—%@c 1IH57'dN¥ENT£1§$\|a[ &%ﬁﬂlat%la'-lﬁ ﬁaﬁV&ﬂU'somomm 586, filed

rel ateS to pO nErlzatlon of propy [ ene under
Septemibpe?3 G1008i which adinsitbnbenesit 0g U@Sﬁrbﬁ@féiféﬁﬁbd"dn@ September 20, 2002,

and C%M @E%‘-ﬁﬁ%eé ﬂ@ﬁ enc%rn er 9, 2\6"65 conpound.

[0005] This application is also related to USSN 60/876,193, filed December 20, 2006.
FIELD OF THE INVENTION

[0006] This invention relates to polymerization of propylene under supersolution conditions
using a nonmetallocene, metal-centered, heteroaryl ligand catalyst compound.

BACKGROUND OF THE INVENTION

[0007] Polymerization of propylene is commercially useful, therefore there is a need in the
art for more efficient propylene polymerization processes. State-of-the-art commercial processes
polymerize propylene in particle-forming processes, known in the art as gas phase and slurry
polymerization. These processes are very efficient for making polypropylenes, but they are
unable to produce blends of polypropylene and other polymers in-line, i.e., before the individual

polymer blend components are recovered in their essentially neat state. For that reason, state-of-
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[0007] Pol ynerization of propylene is commercially

useful, therefore there is a need in the art for nore
w@edosaidemnt propyl ene pol ynerization processes.PCT/US2008/052749

State-of-the-art commerci al processes polynerize

the-arp pegrgbsen ot prauacinigchadydlofimmibiandpy pzuﬁsﬂeﬂy Hmml\smf i polyprepylene with
art. as gas phase and slu o] yneri zat |on

ther a { y t% - r t ?n -hexene-1, et
othe pP‘blbf’é‘§”s§esS“é‘ e §/>erf9/r e e nt Y GRCREIRY or cthylenc-hexene-1,  ctc.,
I I h L.eqt o I S _
copolﬁﬁ%%glbg%%ﬂogglﬁéaeg%%d o 163[1 ogﬂ?}rglra%dl np?fyg%grfenp GiflSother fully
recoviyed dyplcalﬂbegnandllawdmo&ml@fﬁi Iylmact cdlhmﬁtntsozmqamemwmdmg However, melt-
recovered.in their seglﬁall neat state 0
prIe

blendngis oeﬁipelg'stl\éﬁ and, ook @e pGt gQusg gpe ﬁ? &H% éillf]%]g{ﬂh of blending the

hlghl}poleé’c%hyrﬁbl@éne %%mé??rt ISBHI!U%[I' }folghl%ﬂgastlo‘ﬁf wWoRld cOBYIE ERE make the
ot her pol'y such r exanpl e

POlypEHpr!ﬁIne wenmnmqﬂylle nedissofvedt ﬂhylti Eslme hraxariefdr, bleiml:lng with other polymers

I f - icall :
o150 pGRERE By LSRN ey o™ i the 6 RSt e fisgmal properties of
polprdb?le%@lﬁé’deglﬁae[‘ Wdiafi&d pRREKOAS fdﬁeﬁl {RRECHAPRORE YrSdieifl commercially
nmelt-bl endi ng. However, neltblending is expensive and

usefulnmtlympertlewts! yhbertbere m‘emu&d fduen troprbohed Si]ltﬁtfqnmlbd;e,ss &fr the production

prony g SRR BTt BUBEUAEY e OB PN e o T IRF off B operations
amen&@érﬁﬁriﬁmné Bly%lé#'b?&ﬁkﬁ%e\gltﬁéﬁ hfla&lplaBle RiroRRlA 1f1 @he performance of

bl ending with other polyners also produced in a
the paliypoliead btndt exmpdmerty el he tdiwlarod sopérasluiei @mcewﬁa ovhegome these

hrmtab?%scg@@e g}ée A tt[%tg Sqf ﬁg% glg F%la Eﬂgg 4)18 I’][0 Fnr%cg{egg :pﬁ&%rospoyleunes At combine
excel BRI Crh &k wia Rf il hmgﬁ ¥BRihg Rh&BLStalliAtSn te‘iﬁb%fa@uﬂe§ a

need for an inproved sol ution process for the
Therepargdqvjqralopropq:sg@ydlgdese@iomm‘appﬁrﬁg 1pd10}mfgmgeous state amenable for in-line

polynSE &1ttt SinRn BV B ST pive GT FResiedarip it avaity or are too

expendivt RAY thud RBMERPLIAR} FotGeiichior ation in the performance
of the pol ypropyl ene bl end conponent. The di scl osed

[000855 u p VS obBHOAL praveied ety odmedigidmet t hlasalidclases asuperesitiofl propylene
urre of ..t.he rt and.a duc
polynsg g e 3L U iRl oaS 20 TKntS TP B ] B4 B 080 Mipe

pressdr@f Siddppbedy ZRblet-Nattansd fedslbadrel cafalysan
enperatures. There are several processes disclosed
[0009I hatwéb%?r/él ¥ 1j disdhesen ge:wéscsﬂ@ﬁrsp@dectmamse tlfag compripgsrpentinuously
are ei

bl di t.h
foedinOoR R anon o Pt Qe Pl SR R ety HiftGnonomer is

contiduBUsly GRIYHRAcalth Yoréalie ﬁrﬁgﬁdrﬁ@rtpo&&&o&lxt&a!% ErROBAoRN 4dnditions keep
granted to AmdtsLlet al di scl oses supercritica
this npx@py Menerqseiry e vzéhen pivtenr eloud-gpit Ipv@lsgfrem These conditions create a
ond gnsr£90 Cto 0 C a d Ie
)

polyrnpe}r Lich JBo %Oénesrurlcrl)lop a4 afl em1a anNaF rmxtu es lypmperature above the

polyni®et ﬁieltﬁfrg%tc atiad fohstiord &QQ@}ASU@S%@I%&H&A haSElcAGESD rAake reactor
pol yol ef m producti on process that conprises
and dewAstraaooraArgtiqns adpblgmatice g tfrdiner uzpgnécdreylly phageessparation, and

poorhmf@m%§ systeminto a reactor. The nonomer is

[0010] WO 03/040201 discloses polymerization or propylene with nonmetallocene metal-
centered, heteroaryl ligand catalyst compounds under non-supersolution conditions.

[0011] Other references of interest include: Olefin Polymerization Using Highly Congested

ansa-Metallocenes under High Pressure: Formation of Superhigh Molecular Weight Polyolefins,

Suzuki, et al., Macromolecules, 2000, 33, 754-759, EP 1 123 226, WO 00 12572, WO 00 37514,

.
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conti nuously polynerized to provide a nononer-pol ymer
m xture. Reaction conditions keep this mxture at a
wW@e@ssune2 bel ow t he system s cl oud- poi nt pr essSBCEUS2008/052749
These conditions create a polyner-rich and a
EP hTDTﬁSrTE?@-lri ahl pE'ﬁsEnanBisﬁh]idﬂmﬂi nZirbmnoneneks ur,e'Sshaverien, C.J. et al.,
atur ove .t he rsmeltl | e
Organog s oriv ot Eﬂlém%h%c% ;%Hepor .léhg\ﬁﬂ eﬂ%oénd?g $476-3452, WO
96/346%‘%7@6?‘73/5 Pios2nel 9QuASEs eﬁ@ﬁ* r 1, S %M*éb@i“ﬁ? ¢261488 B1, WO
foul i ng, uni nt ended bu ase Separation, ‘and poor
97/451413343tJPt P&a88ES, USD010h,86D MHD(%O]ZU;M,dUscdS @2@932 WO 02/090399, WO

onrsofs XL &E3H oo Soll GR7R"Ep JIoh8 O3] B BRSAnus 6.562.914.and

JP- 199'@@@[202@'2 $PEH 5Ok, e 5%@@'6’2 ies; 40&@@4%3%@741 WO 92/14766,

references of interést include: Oefin Polymérization
US 5,886,811, WQnI094-030¢Hsne € 2a2.41 &1 h(dqooelrestoudd drl3Bi2g9R).

[0012E0| 3@7 eg%gggg%cg Il(g}%@[&li%&&%n‘%%tléggﬂ%léggd Vz‘t\g%%oargé ligand catalyst
compc?éf&ﬂ%&d Fliohs 1 g2 4Rore O 0%@%@6@00%@%&?&%& Petyrherizations  in

391, and Ethyl ene Bis(lndenyl) Zi rconocenes . .
ﬂuoroS@ﬂbaner wah vadouset naimetallocgam o metal Hdentessd, A@Sem@qtludigagd catalyst

compésgi 55 3herydy Qs MM bl sl AT ER g ana Us

7, 087%3() &%Q&?e ndaheld eSS nidhal- MR, fiadrdryl HRafbeANFRTom ounds, their
, 096, 867, WO 96/ 12744, US 6, 225, 432, WO 02/ 09039

pOlymepﬂ)ZiMB@,lattﬂ vatjBuL@ee ﬂ&l@dﬂO WO 01/ 46273 EP 1 008

[0013] 5 1@&9@&@5@)@%@9@@#&2@ aggg%acﬁéﬁgl g?glg{noggy%%o«zoos), 1323-1337

i uti a 5, US 5, 326, 835,
discloge é%u%%IZ%g%Eg)r?géés ik ke%l;%%é%ﬁ%%gw val ent to DE

WOZ/ 38628 descri bes

aI I ocC ta -center ed @t er oar

igand .. :
10014 3t 5 B8 G aifd VB F o0 SOuBBETER G Biigins “Somprising. contacting
propyl@%ozgﬁ/tgﬁ)i &rifird b§§§°c@%‘§ 15! ¢ AR b REE@BD I bBtween 250 to 5,000 psi (1.72
fl uorocarbons with various nonnetall ocene,
to 34. ﬁéﬂlﬁ) weht ered, heteroaryl |igand catal yst corrpounds

3/ 040095, WO 03/040202;: WO 03/ 040233;
D 03 /C@%ﬁﬁys SR TIN50 MO ACHAILS 4B ﬁg?aﬂrlrg%rgr}g)nmetallocene

metal BARIIC BAERREA i ght &R AR EbmpbRRIwWASLahY Bt AEMBAHI®om the Group
their polymer products, and various uses therefor.

4, 5, , 0e113hthyd @ 4r@S5a0he WONRBOE e80Tk ParetlinAeblowbihe Kineants,
Phys. 20% 2Q03), 1323-1337 di sc] ose vari,ous s
5&8 &ds 8 H%I?E 58¢ yPTERYTER zL NRRRYIRC E*EO% al? monomers and
comoﬂl&&{éékd};ke@%ht[ 1QQﬁélfeea}'15&edtéﬁfﬁrBﬁ1| 188 gr®pdoRSistify af &591%@ 8nd C4 to C12
to polynerize olefins conprising contacting propyl ene,

olefingt a tenperature of 65 Cto 150 C and a pressure of
3) b%}ovn\llegﬁ %5(95 t“g% dlquent or so(ivenz, based upon the total weight of feeds to the

polymerization reactor, and
4) 0 to 5 wt% scavenger, based upon the total weight of feeds to the polymerization reactor,
wherein:

a) the olefin monomers and any comonomers are present in the polymerization system at
15 wt % or more,

b) the propylene is present at 80 wt% or more based upon the weight of all monomers

and comonomers present in the feed,
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to 34.5 MPa), with: 1) a catalyst system conprising

one or nore activators and one or nore nonnetall ocene
woreaoalioeent ered, heteroaryl |igand catal yst coPgDURISE/052749

where the netal is chosen fromthe Goup 4, 5 6, the

| antlcapolyencsieaticas pcars tthe woatperiatule #ewe ebe gblid-filmid phase transition

g foR e SROTRRTEY 5r'€ Bt SOoRO A NP gREERCrabin 1 Pa below te
cloud %rﬁééu@qgf He izatiBh §5 &6 ?fbvtl&% ﬁﬁ?&)er ek ‘%ﬁ’é Eglyrnerlzatlon

group onS|st|ng of ethylene an
occur@l(ef atrstemBgrafurobel2® thocitcaltcybeid tuerndtf thor pdiythzwl,on systern or (2) at

based upon t.he t ot al ht of feeds to the
a presﬁ‘HF;?/’ﬁ]@PP 'glﬁtcrlﬂﬁa &’é%?é‘f%\fg?ﬂ%rl@ lyfyergzafign 8Y§(G%, scavenger,
[0015Pa3 efheU 61 rnteﬁgatfoﬁt %JsteY’r?'@ e Qlfeﬁflerﬁgl%ntlé?st comonomer present, any

ol ymer zatlon reactor, wherein: a) the ol éfin
dlluermon soheers passcntamyy sconongongiesenaraad piiesEnmer protine.

Eﬁ! i&ﬁgl zation systemat 15 w %or nore, b) the
DEF] e is present at 80 wt%or nore based upon the
[0016}’\5' fpo@éé of"(&@%ﬁ%ﬁﬁo@@&d&@%ﬂ%ﬁk%t&r esent in the

the pol ymeri zation occurs at a tenperature
1. ai&ovzﬂaltyktesyst@m g-deffined tphasle tominsatianosf ¢rengremateucatalpdt compounds

the rizati st,em nd above a.pressure gr
and opg G PRI BET ! BB GdD 55?%?130&1193%8@ SHteERghecably herein with

the temé %m%wsz- at d,@fly s padaor, pﬁﬁ’d’" d&@ﬂlys@ BMRYRLr Edidlouhile
pol ymeri Zation” occurs: (1) at & tenperature bel ow the

2. cn dinsafluidempdiuat hevingd dersisy pbhtylnasst BOGkg/on. syst em  or

( ressure bel ow t he sure of th
b e BTN Far i Cowestivt Sl rerre Grwgrre below which &

solid %M@hfémﬁhﬁset 09k &Sf FrBmMMB AT cEen WY foNRAUFRIiMhEIRIM medium at a

any dil'uent or solvent present, any scavenger present,
given apm@ssmhe ol sphdflupd pUmttranE)Eﬁn NETpEDh8rd GnlE] deemined by temperature

oses of this in i on _and the cl L thereto:. 1. .

roducfSh BESRSaft ey St B LS a e E TS SiHah G5 TR gris gily dissolved
in thcONGidOhedBME TRE %hé’s%ttraﬁ@ﬂ?éﬁui@ dhs@nél ag 08y st Becoming turbid, when

activators. The term "catal yst conpound” i s used

measured wviththegesthtd ddserieidbalew Fordseermening Clouépallnyst

LSS i S P LGS o i s
polynr%? PRAstYcpratdl fbRedE pg%elﬁ-géﬁ'ﬂamn% ﬂﬂiﬂ@n&ﬁ’tﬁﬂl dt & @Weﬁ' temperature. The

phase transition tenperature is defined as the
solid-fleiddhase amsithel pesswhd igldetermined 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.

5. 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 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.

6. The fluid-fluid phase transition temperature is defined as the temperature below which
two fluid phases - a polymer-rich phase and a monomer rich phase — form at a given pressure.

The fluid-fluid phase transition pressure can be determined by temperature reduction at constant

-4 -
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solid pol yner phase separates fromthe honbgeneous
pol ynmer-containing fluid nediumat a given pressure.
wab@sse2izd- f | ui d phase transition tenperature BERURM08/052749
determ ned by tenperature reduction at constant
pressyre e&sthrgefr&haempﬂgtufa’scamwﬂﬁm)tae pblymnes isafullwfdiﬁsbhtehe‘n the fluid medium.
oly i.S fulg di ssolved in the fluid The
The e Fapsiiois it PBYTS ebdd Vet deporaing, iy 5&% pggured using the

methotdLHeQér?oed‘M%ﬁﬂv fE‘?%éﬂéfrﬁHﬁu’;){gs 106 p&ige. met hod described bel ow
for determning cloud point.” 4. The solid-fluid phase
7. t Tapsidudgoimgrie geyressuse thddw rvddclgsit b lpgvoprtempenatirdgghopolymerization

systerté\'g:egﬂrl}xéqas tﬁ%)!ﬁ gsr %hége({ 161'th Qﬁ%ﬂdgﬁp s?etugs fbé][,}nvatl di J. C. Pinto, Ind. Eng,
Chemt %@Pef@t%(ﬁ 46-@’5’e Bt ﬁ%&kk"o@ tﬁ’i@%?@enhﬁﬁ‘%ﬁhtth@elaﬁﬁ§ﬁ1%%t§ the cloud

I's detérm ned pressure reduction at constant
point ienpesmatdi bg shtmmg ari@hﬁmoh*squthwlghehe atleuthd @blynimpeization system in a
ol ve the flui madlu

po{% i S l@)% ﬁl sa H o
cloud pRUL&C P]&tﬁsﬁ H and pecop gga é’r?q‘%@reﬁ CORSBLU SARL gnerease in light
scattehﬁﬁ t-Ibld a YRED (RASHURD WSHRY pblie ﬂf@s‘sﬂl%dlsdﬁ%% Cﬁdlﬂegt Ralddvat a given
for determning cloud point. 5. The fluid-fluid phase
tempetratares thei pohymereston eystan dedonmsdurdsd. t Kdoysk mestutempéretuoevis the point at
: I C wo fluid pha es 0 ric ase d
whictghio B prentsndEdon reiial ST veroTongaar Jf Stoukhge noted that
althnglhuédilh ftllléjbl@lu@ hoaR préRMS! dnldOfloR] BSRH i@ S @ktuRare well-defined physical
term ned by pressure reduction at constant

propettespirtht ure oftlymergeniiparing.esbudgintt typhéadly refees to the cloud point
olymer is fully dissolved in the fluid nmedium The
press‘gﬁase transition is observed as the system beconing
g. t Wllﬂgﬁier AMBIB NN IEAFHEES tb BSANG-oldTR mt@%ﬁﬁ%rdaﬂ%ﬁ aRFhOW
for determning cloud point. 6. The fluid-fluid phase
9. tThngist pﬁthettemép@wumezatwnd ehéamephsss anlyepol gnpertiow rection such as
h b(ﬁll ow.%i wo fl uid ﬁhases - a polyner-rich phase
OMORR Mg ’l’?&?@ficPP%lﬁmﬁﬂé €M format a given pressure.

10.  ThecdpoHinttrizbtibHleRBapassts anspdLl@Briitida $etclok 8NtvREor more monomers.
determ'ned by tenperature reduction at

1. cdhstremt predsine setteare fargther Raviodenleblat Grawps d¢ uakd @k published in

L R Ly

12.  Deeim A hlyieddrbli g@ﬁl@ﬂlsﬂ‘%ﬁ@ﬂ eflaskintitistipeanroré g (ﬂhe_l_oleﬁn present in

descri bed bel ow deternmi ning cloud point. 7.
the padyraercprpdigamer i tlnmolpmel@@dr@ obigpwerizsi form oithealefinven

t enper.at ure, e nerizatio becones turbid
13, SRR B RO oAb P T p A &SRR b

14, Acpol{]_’meﬂ i@ defifél toBRGonpBEMONNRSing2@1 2te nfthdiher fiiks.
purposes of this invention and the clains thereto, the

15. %omlmrmatlpls fystesu rléddﬁkﬁﬂeéhtmlh@g nwnﬁmer(g)npha% eomonomer(s) plus

el el ect i st em.in
polymelr(lr ﬁp Fo%aﬁ {1e aso er{%g Ritit (rz]gp o Co sc%vengerF Slgatre ethat for the

sake dﬂcoh{?@uéﬂas @hd olfarifyd Iﬂidjcaltdllyi‘d’[ SPi€m I1S’lalbvla9§'|&d(ﬁé‘s@&d %Ehﬂt&lfl @f the present

a given tenperature. C oud point pressure is t ol nt
dlscu%tonmﬁp@ho@pr &Ogporaits present in a polymerization reactor. In this regard, the
polymerization system is defined here narrower than customary in the art of polymerization that
typically considers the catalyst system as part of the polymerization system. In the current
definition, the mixture present in the polymerization reactor and in its effluent is composed of
the polymerization system plus the catalyst system.

16. To be in the supercritical state, a substance must have a temperature above its critical

temperature (Tc) and a pressure above its critical pressure (Pc). If not measured, critical
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tenperature, the polynerization system becones turbid.
Cloud point tenperature is the point at which at a
w@erasnogpirssure, the pol ynerization system becPeEES2008/052749
turbid. It should be noted that although both the
tempetdtored (Po) antl qoitiesispreausndPc) e thasoitint fdmdpe tiat Hasedteok of Chemistry
|.I - def i ned physi cal . pr r e a of
and PRytighvdtavith & hedsp ibgfor-ins ECBlsd %?cﬂdrﬁdlthry%&%la&f@ (ElePgespolLC, New
York, tj@@l chp BQmE af‘tth@ﬁ"g%ﬁél’ ﬁ’@ ‘of r léﬂ'e aRescoRl &fdm ¢ BSMPa In the event a
fined to be’an a-olefin i'ng 4 or nore carbon
Tc anéAoDHB carghot Tb'b] measme@fortaf@vdzmsymtehp ohoprbe Tz ahd/onPc will be deemed to be

the TERSOBASSER, Y. ol yrer 23] on. LeaChon SUER 88, ey and Pesof he

systerft @ Fyﬂg&;zatlon enconpasses any pol ynerization
reaction of two or nore nononers. 11. The new

17. nUbbdoilowgingctbbneyidtions tahe uiRelr | dH © Meathiye R&r supsnyk Hisedthyl, Pr is

s._puhlished i CHEM D E NE
propygﬂ’f BIEPyOPYL - Bwelwrgl Bﬁoyme Puygba?y% W%Etﬁ’éftél(-‘ ﬂ%@mary butyl,
p-tBut 8 B2 GORRE BUHY msﬂl@fﬁlﬁlethtymypl ﬁsm 1§rt?1§@&ftylhﬁn{1ﬁﬁn MAO is
pol ymer or "ol i goner is the pol ynerlzed or oligonerized

methyﬂ@lnmo&énet pleos pdrametiyd, ﬂu\rs fhlorgomep is sydeffanteelbntyh This indenyl.

[ ns havj n -1 n r . 14. A pol r
5§ P RaR e iegS CoBER fo Biras Ravig tpstonsiitigy Bfou Terruption or
cessaﬁ@f‘oﬁgﬂ' ckIMIS 2 é&ltlnﬁolﬁ%%g@sﬁ 1té Eﬂrb&if&e SY ﬁél?ﬂ?ef Svolef b&@He where the
be nononer(s) plus conmononer(s) plus polymer(s)
reactaptsuage opttingally intiedn¢cdgniovastof sardidagent {rel)pohymaer product is continually
thd2 tional scavenger(s). Note that for the sake of
wi eni ence and clarity, the catalyst systemis always

19. addsresefolsRRArAloRl ekl hhRIPHhESANbN Hro€dds Sh OMhikh Qikticulate, solid
ot her Conponents present in a polynerization reactor.

polymen fotmissinr @ demsd, fluif er p@laylmanqi/zalqr mﬁ)l}sy@tzetwm snedgfni.nddhe dense fluid
her e narrgmer ﬁp custo

th
poly BB B MEArLE AP § S BRRa 9 CONS HEre PI Buligyigpr supereritca

fluid, DY R/ BSui® a6 supbrdfialP@hit/¥Bpdrédtida® Musy pbEMeriktidnBedium. In the
current definition, the mxture present in the

hquldb@pymmlymama@nn mesdito theapadymher tesidesan fthaléquid (densofipids plekse.

rization s stem plus the catal yst
& SE5BR OBt T o BTt oG RsYBanBER G potymer is
dlssolb@d/ﬁl 8 [RIP PoBIbIiRatdiO YR tdnl, Ssueh i ds | dhdinett FRRHhAbE hﬁ)n()iﬁé}(s) or their
and a pressure above its critical pressure (Pc). If

blendmofs splation pelymesizatigncia nneenblyradiammagsngons Yiquidpady hetizetipn system.
21 ressures. Pc) re th se that founarln .t he andbook of

- nsiué)Frcrltl rlza Hom,, TiCAIy ) PQ gme%zqatlt Procee B which the

polyn&&ﬁﬁhcﬁﬁhyﬁﬂeﬁﬂs @Qle&@%ﬁeﬁﬁﬁcﬁrsﬁﬁ& LLC, NGW Yor k,
2001. In particular e Tc and Pc of propyl ene are

22, 364.bodk mm@tIWame@% ah@obenizatiprT dregedy op Pich a dense fluid
ot be. neasured for en, t he.Tc

polymaeﬁla%%)orn Cstevr\rﬁl lant[a)uns dlgses I,rte 940"e” RYH B J Ilr]vent or diluent. The product
polymer may be dissolved in the dense ﬂuld polymerlzatlon system or may form a solid phase.
In this terminology, a slurry polymerization, in which solid polymer particulates form in a dense
fluid polymerization system containing less than 40 wt % of inert solvent or diluent, is referred to
as a bulk slurry polymerization process or bulk heterogeneous polymerization process. A
polymerization process in which the polymeric product is dissolved in a dense fluid
polymerization system containing less than 40 wt% of inert solvent or diluent is referred to as
bulk homogeneous polymerization process. A polymerization process in which the polymeric

product is dissolved in a liquid polymerization system containing less than 40 wt % of inert
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the Tc and/or Pc of the nole fraction weighted
averages of the corresponding Tc's and Pc's of the
wasEsam2ennponents. 17. The fol |l ow ng abbrevi apCDNS2088/€52749

used: Me is nmethyl, Ph is phenyl, Et is ethyl, Pr is
solverpr(mpgﬁlluenit By réferred opraspyllk sokuBon ipelymosrivation lpocp:qelss Bu pbls'yrnerization

buty Bu is isobputyl, tBu |st rtiary butyl,
proce$ssmp‘g}u§i1 tgf, tgow%prﬂiuctpwshqsg Ve i IRk ﬁmegqqtvpl pqu@g\rlgaglon system
containfd %@éﬂtﬁ’a!nahé‘ HUBF ﬂé%psél%eﬂfe&h&ll@n'r’ @%‘@f@ﬁed AMas ib81k homogeneous

para- net hyl , uis tluorenyl , Cp IS cyc opentadlenyl,
superctrrtnbal p;olymdlem}ﬂon pi(&essThe term "conti nuous” is defined

nean a syst fm t hat oper at e%ﬂw t hout int errugtl on or

c ASCRIOUS FHPLYRICIHAIA a0k ohit MATEELCEID cBAl¥mey B1ogd uretem is a
polyr&rl@&’tll stePihErchge g@?ﬂ’é‘???&iutch% Jn%%@n&ﬁso‘?\;e% in the }d)olyrnerlzatlon
continudally introdu Into one or reactors an
medupm;)l )‘Emér spt@lmmm nios turbidtasrigadribedvin tTh¥taahmir Qdveird, €1 Dariya and J. C.

T N N T T e NECT:

thereth nt@blhitﬂ Y %éé@tﬁ@ﬁ b@oﬁlﬂﬁﬁg'azﬁélhﬂﬁ‘ 15RA kBl BR 9&&%&1 polymerlzatlon
f1uid polymerizati on nedium can forma single or

systerh liniadclpidpemt cslllontoas phpgaelt anddewupenng thei moamt ¢ nhemnset of rapid

inerept i U e SRR i Phe S s DB b &lion in e
polyn%&ytmméahmqe ifREH tmyvhBe (1RO Wmile Bﬁﬁb U ht watt&ﬂﬁ?g (ie. less than 5%

liquid (dense fluid) phase. 20. A solution
Changp)al ymeri zation nmeans a pol ynerization process in which

B S IR TN TR T AL -

hetemtagaufgapa@msmenfp@hﬁau on pol yreri zation is typu cally a
honogeneous™ | i qui d pollgrrerl zation system 21. A

[0017§ updiuledst otherwigsongindirdllz snolasnlaneenighta upitd (m@r Mrat Mon Mz) are g/mol
d 1(lpj)rocess in which the polynerization systemis in a
and a4 BRY & ar%ﬁﬂ%?%n tical state. 22. A bulk polymerization

DETARANS DESORWWEION UF PHIPINCESTTON Whi ch a dense fluid
polynmeri zat1 on sysiem contains Tess than 40 wt % of

[00181 nerkhis ohwestion orelaghs| went proTeve tor ptduwrlmloyafms eraypriséng contacting

lved in, the a tem.o o
propyfias. R FrnBaiT A Bhocee 110 ¢ MRS IRk RoF o8y SDaCs tgbly 75° C to
140° @OperREDIF etvitn 100° Whid M4e0Ch dndal preBhrePe Bdtwtdral 83 MPa and 34.5

formin a dense fluid pol ymerization system contai ni ng

MPa (pegferablyshetwigen argh Xk MPaarrefegablly befweern 5 @nd §&MPa), with:

referre as a bulk slurr i zat i on _process or
D DR o Sttt Sebt it plost abi Ba ¥ R Semetatiocene
metal REhIFRI h&ddobSi lipARE&SHydt %oﬂ@b@ﬁtist WacRahy iRtal & (MoSEHUGEm the Group
i s dissolvedin a dense fluid fynerlzatlon system

4, 5, borhailantimgidcesyioshan tmammﬂmﬁefnase@ﬁ theoPerénstic dable of the Elements
(plrefe(ljall‘blblfI glpotup 43 pre?era%ly%ﬂ” '1"10 of ir)
2) from 0 to 20 wt% (alternately from 0.5 to 15 wt%, alternately from 1 to 10 wt%,

alternately from 1 to 5 wt%) of one or more comonomers, based upon the weight of the
polymerization system, selected from the group consisting of ethylene and C4 to C12 olefins
(alternately comonomer may be present in the feed at 0.1 to 20 wt%),

3) from 20 to 65 wt% (alternately from 25 to 60 wt%, alternately from 30 to 55 wt%)
diluent or solvent (based upon the total weight of feeds to the polymerization reactor), and

4) from 0 to 5 wt% (alternately from 0 to 1 wt%, alternately from 0.001 to 0.01 wt%)

scavenger, preferably one or more alkyl aluminum compounds (based upon the weight of the
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bul k honbgeneous pol yneri zati on process. A
pol yneri zati on process in which the polyneric product
WO 20081620t ved in a liquid polynerization systePCT/US2008/052749
containing less than 40 wt % of inertsolvent or
polynttrizatént syistent) @héior &dmt ®toeS Wtth Kalsohaitly dronpO ity frevttz alteramely from 0
pyocess. ol rizati on process in i.ch the .
to 1w %f‘émlte@af%ﬂaﬁ@l 10 81 a0 et hacraPs SR E PIE prapre alkyl aluminum
¥ MBI BhdrPie IHSFELHUHRI R thel foFndiANofHaWor, Of
Comp@%{er{(‘ygso%%nt gr di Iﬂgnt isre erenpg)g%t]g asobulak f?
wherdmonogeneous supercritical polynerization process. 23.

Honmgeneous pol yneri zati on or a honpbgeneous .
o6l JRePPRAERS AN FBY SAMPEOTR Giry PERPIt B RpERRiRHfip Fgstom at 15
wt% &oR0 Yéfﬁ%blg,r 001 4a e, bSmdhl (b dinsSeby 6 nio?e,wgi@fgraglsy 30 wt% or

pol yneri zati on nedi um Such systens are not tu
more,desterabhe d5i wt%d or vhrad preferaldlyi 40eivt’a, orCmoBarprefaradhd43 wt% or more,

Pi nt I nd. Eng, s. 29, 2Q00, 4627. Eor o
preferghy GGk 8 Moih BT URNCP OH SO RePieI e EREPRE] and 75 wito),
tus Hedirbpy 1é ig??eiblﬁted@ (Y weRioh infe Sr@ldbWad @581 or more, preferably
t hrough t'he sel ected pol ynmeri zation systemin a cloud
85 wipodmnorcepicfapaiily 98 vphotovetel prbatalde V6 wtlnomgoteh bagediupon the weight

of the onset of rapid increase jn,light scattering. for :
of all FegiafEis BB yREPPOPIGHESTLTbMC i MRS GBR B s fesent in the
polynichigatR ¥R 2800 QRVNBAMRR, iptcfb8lyC 2 edombemot k& eiably 30 wi% or
little or no light scattering ( i".e. less than 5%
more, pinefnigbly. 324t% Sheore preftiiMeH0 wib af yote, conpound” neans
no tal] ocene, netal -centered, heteroaryl |j.gand .
AL 3 B BG B o oD 2o GATELAU vy e SRUEIHY ghpse transiton
tempddRLRCH @B POBIEdHAtisIN s §sFerh @nd-a ?Mﬁur ealdf khaA € NIPABElow the cloud
and all ppm's are wt ppm DETAI LED DESCRI PTI ON CF THE

point pIVENT I(ORP] 00the]poTymeridative nydton (pefatdy grenter tha &8sk Pa below the
to l.ynmerize ol ef| conpri sing contacting propyl ene,

CPP, Bﬁef%gfléﬁf)eé‘?;eéﬁﬁpetﬁ%r@é a(%HPo 150 C (preferably 70 C to
139 tHe, pdyBESFABh Yocéirs G 1) At 248mperafi€bSOADIMY cHEENBSRperature of the
100 Cto 140 © and a pressure of between 1.72 MPa and

polynBaiz&iavPsys{qpn.edreZatit y pressweeheldwathd BoichParespreLé theh pglymerization
sy SRR PRl SO, p GRS Y bbb e e
point ¥R BblARERAINE kRlterh e Rt §lcfehBlye tIRAMYlyrhdrBansh occurs: (1) at a
catal yst conpounds, where the nmetal is chosen fromthe
tempegptoigpbdow Bhe gritiath dernpaiptiemeiddicetyregrizagen syscractid(2det a pressure
below(EE kfead bre 0 PERI Ol G JBBLE, Qe B enents
¥ &F'e ane)§ g?8up 3 yplr e er%lbf%? H, Ti, or Zr), 2)
[0019] I OrprEfetad ] Ahvbdty bbb &lonad @l dt ra0EimBeatdr® add p¥dsdfre above the solid-

~alternately from1 to 10 wt % o
fluid phase transition temperature and pressure of the polymerization system. Alternately, the

polymerization occurs at a temperature and pressure above the fluid-fluid phase transition
temperature and pressure of the polymerization system. Alternately, the polymerization occurs
at a temperature and pressure below the fluid-fluid phase transition temperature and pressure of
the polymerization system The polymerization system is preferably a homogeneous, single phase
polymerization system, preferably a homogeneous dense fluid polymerization system.

[0020] The polymerization reaction typically is carried out at conditions where the product
polymer is dissolved in the fluid reaction system comprising one or more monomers, the

polymeric products, and - optionally - one or more inert solvents, and - optionally - one or more
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alternately from1 to 5 % of one or nore
conononers, based upon the wei ght of the
weologenizat i on system selected fromthe gr oupCT/US2008/052749
consi sting of ethylene and C4 to Cl12 ol efins
scavef@drs. efThatfllig reastiom omeliumayn Hernpoas anigld fluidhghadseed tab fluid phases.
1.to 20 from?20 to 65 mt% (alternately from
Operaﬂegﬂ%aélegl&%)e/?i ah%serlmrer'ﬁarflr BRIABHEEYISE5 w99 di | uent
[0021?r sq! V&é%‘ful(éﬂ?rﬁ)%ﬂnéiﬂo lﬁ"ﬁ;rz)@atr @tarb%];l I)leﬁg&ohgdrocarbon inert
pol ymeri zation rea omQ' to
solver{tadbtt erix@atas| thefaobmad o uied/va?/qcomidnafami*tsebﬁ/ upronV0.v0O4 in the feeds

(prefeéa&)lyynuﬁ U A 603 g%(gg ?Igéf'g@% }5 fBg Hg b, Be/wo ?éﬁ trang]grrlglwciuay polymerization

reactol Iﬂ?@l@ﬁ‘&%ﬁé 518thé gf&&%%ﬁ&'ﬁ)m@nd/ or fromO to 25 wt%

al ternatel MmO to 5 % alternately fromO to 1
[0022Wt %Inadnt eltermtteleynbbdmlmm tﬁ)é)ioltzmtOorOdilum%s prcemzﬁragérom O to 80 wt%

r abl_y e qQr re al kyl al um oun o
<a1te"§r§§ﬁ A AR e L ﬁoﬁfﬁﬁng s To 70 wite
altemﬁt%?‘:%%)@ ﬂéﬂ@f@ivﬂ) dlﬁ)enjé BN ARYDRBE u th%rWelg ggBEImerlzatlon

resent in the polynmerization sy em at
systempr e, preferably, 20 wt% or nore, (preferably 25 wt %

[0023Er ;%Efgeirab&; glf :{) grlr%ng%lq\ﬁ% O/egﬁrn rhglrel :age]; ﬁglgg]g eglgs %lg;%nerlzatlons

AlthoB8h §BHdCoatddy s ShaRl pp R Wit ‘d@zﬁreﬁoﬁ(ﬁymeﬁﬁeftféh%&Wdl@&)l% Ratalysts in a
of nore, preferably bet ween 30 and

singlep tiquyl phmer B ppesdpt adtaniagsoust §6donn rmrsmglep rfhtﬁda rpinb!sey iatparticularly

80 wt % or, nore, ptef.erabl % or nore, ef er ab
advanggeiii, oFb ol mB B gRaRyo TRt gh Hor BT BEeEqHdoressure and
tempetrzﬂﬁrev&'ldw tthé’érlt?dal IR0 eAE rp?ef%ﬂl@lyc PRONSHE heinP 'ise§eq6‘\tv th& critical point.

he feed, and/or Phe propyl enei's present in the

In syspamﬂlm ciitiel pommt sgftmoe‘m: dete2@ined, Yhar theorigcal poet erdbbocapdilated from

wt % nor e, aI 30 wt% or nore, preferably 35
the wipbfe 0 e orBhSn G BBkl ol dietbor mor e, )t he

[0024P0I YIRY ir&RbbR NtcRGCHIGeals PrdfEBBE o tﬁ@oé&ﬁlcraheremperature of the
solid-fluid phase transition tenperature of the

polynyoizgtiver syséni.orPrefestbém thndemppross iy ebeyreeticesolitdifnd Pphase transition
tempeﬁ%}"?r?gl Fﬁwﬁélggﬁg g@ﬁ%@ﬁ’rg(fﬁ?% r E@%ﬁj {;1%61&%{%}9? {eﬁgﬁ? pressurpgr at least 5°
C adeng' AW sbhg-reitP phzﬁ%’é%eﬁfsﬁﬁh%e&b@ﬁ%&é off RR& pbRenfeBhtain®iid fluid reaction

the pol ynerization occurs: (1) at a ténperature
mediupe kiothe tr¢pstas pressera) onaérhvet H°r eboke thmwlrdeﬂn}mmha&eattan@fmnatlon point
tem at, a ess ow the critic
of the bR a it a8y RbR el fn AT L EAShT rismisy dhpyotbembodiment,
the teﬁh@bﬁéﬁﬁé i ZAHol @ PhOa6 W Poift ofathQ %ﬁ%&uﬁlﬁs@ﬂdldt RERRIMNGhEHi€m at the reactor
bel ow the critical point of fgo ynerization system

pressurpser ér(efoeﬁ@rbbyabpﬁe tlp@alcgr)rvrérpozmw ﬂleoﬂmdrrsact(on) mgdiugp at the reactor
tical er at ur

h
press%?)%%aglrg erbﬁm év(g%ngﬁji %hel tamggr)atué? eﬁ‘?’%@g@? (P f50° C, between 60°

C and 140° C, between 70° C and 130° C, or between 80° C and 130° C. In one embodiment, the
temperature is above 60° C, 65° C, 70° C, 75° C, 80° C, 85° C, 90° C, 95° C, 100° C, 105° C, or
110° C. In another embodiment, the temperature is below 150° C, 140° C, 130° C, or 120°C. In
another embodiment, the cloud point temperature is below the supercritical temperature of the
polymerization system or between 70° C and 150° C.

[0025] The processes of this invention preferably occur in a dense fluid polymerization
medium, preferably in a homogeneous liquid polymerization medium above the cloud point of

the polymerization medium.
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bel ow the critical pressure of the polynerization
system [0019] Preferably, the polynerization occurs
wW@eo0s/10emper at ure and pressure above the sol i dPCTIUS2008/052749
phase transition tenperature and pressure of the
[0026pol yiisifulziilubwts fayst @mhe Ardsentriat@itipn iidhedcpoleyomerdrz af CoQ',4 alkanes,
occyrs at a tenp eraturg) and pressure above t

such a3 gfhgog. |praan,§h§s®t%n@aﬁ Pf%nsnntpeﬂta%? alfltﬁnéanﬁnaqﬁﬁ@%?s gpiged hexanes,
mlxecpfo<r‘1.ta IFE? ?@rﬁhﬁcatdyeﬁhéyaﬂee@c %lh ehﬁé a'ﬁ@?, such as toluene and

occurs at a tenper ur pr essure
Xylend‘:sel EFW: ukﬁeoffhyldmi;afﬂom sdlvehasevingansilli oarbomeamqﬂm atadvantagedus, the use
pressure of . the, pol yneri

at e m The . .
of allgaey fe Y B! Ry st 9Tl BrabE y Edon gn‘t?@‘é‘}’i’e&t%ns is particularly
advan%ei g€ RPISAKe %ﬁib%ﬁﬁﬁén%@%ﬂe%ﬂu%ﬁ?’%@ﬁ%n&@ ed‘n%r(ﬁ'brhbfref‘of eth?ne propane,

nogeneous dense fluid polyneri i on system
butanél’ heotpeingnisopainicomd/ ealodxianes. tippingainbpdisent aesdribdd datein the diluent
at CO&%#U ons where the product polymer is dissolved
may Befeqysiiq- yi d reaction system conpri si ng one or nore

[0027]°NOAE ifonal %?efﬁphfhﬁfs' Asd ﬁf&ﬁi‘dﬁét@h toa@ o 1sogﬁ5ff91'§ afJIIeYerably C4 to Cigo

one or nore Inert solvents, and - £ on 'y -" one
isopamatiimss paafenablyr €4 td F@zsflb@amfﬁeamomnpw&iablm Car oy mso:pamafﬁns By

. Si gleflw ase twa fluid phase at i in a
lsopafék }Semei‘%tgatﬁH%\é’ém?é“ Shes EP.:?SS%Sl@ @aﬁf@@é ﬂl%g along at least a
pomoﬂlq,@%g(]hﬂa@aﬁnléﬁgﬁlul enbodi nent, any hydrocar bon,

fl uorocarbon, or quorohydrocarbon i nert solvent or

[0028]11 xtIuraastIIEh embocﬂmwa‘n the dused campusssce fltomnatahkydybcanpon. Preferred

%in. the feeds (pr r abl p to 65, W Y% -
ﬂuorokg?rgf.)]& Wi olsyseu SI‘SVGRPQ)@ uimg (E:ngerlﬂﬁalio\%r gay ("PEC ? orrmlgI*e ) and or

hydroﬂ%ﬁb@@t{)bﬁ@f”m"r&agm' " NodiREEWRILP e Fe Plo ésh'qh%hﬁ%ﬂthydrocarbons
invention. [0022] In an alternate enbodi nent the

or "flgaovahonsdr("dCT wedFCisy). pFesavartens faro dﬁ:mlddot08lﬁ)3 w:r%vounds consisting

essentyl Fogt 66t BPRETEPY 2o AL Fie 70 TROfng Fiogp g rgionsly hydrogen
atom(§y. OA &Qﬂﬁ&o@aﬁ‘b(\!ﬁ 0 a dbthp&td QnsBehY @ﬁ%nﬁ@%sg?ca?watbﬁleand fluorine

wei ght of the polynerization system
atom, Rimglf exchisley foh @xmply nigrdiay zhrzm‘hsd d)@scrylchhe@l e r(éb rpeaﬂ@roalkanes. A

0 peous merizations. | d I sts
nyaro SRR DG (b g PoR ees, bINHar ol BrrPEh THERE s8¢ hydrogen.
PrefeidéFBOL V8udathaby fhfestite® b$ it foBmbia¢ ¢l d Pphﬂi%@elhi is an integer from 1
typi cal ly advant ageous and in a single "fluid phase is

to 40, péteniatolyt Bipmyl @d&ﬂanh@’g@t@lysfrorfrﬂéo B0 altesratedmtioons to 10, alternately from

o 6 EpBH R rel b S0 RmRE FPEEY Elo AR fRar Ry gost preferably

from ¥ Be3 Gl RSN ROk Bh intSgdd SrQtérithdh GifdquhiGBl0 4@ A an ifteger and at least one,
systens the criti cal poi nt cannot be determ ned, then

more prﬁéer@blm ¥ ead zpoenntegeraland gk lagal engl akerdbrpenes ©h ghis invention and the
i ARG, " 058,y b B OTRERE 28 e
chlordfTuotdcadont emper at ure of the

[0029] In one embodiment, a mixture of fluorocarbons are used in the process of the
invention, preferably a mixture of a perfluorinated hydrocarbon and a hydrofluorocarbon, and
more preferably a mixture of a hydrofluorocarbons. In yet another embodiment, the
hydrofluorocarbon is balanced or unbalanced in the number of fluorine atoms in the HFC used.
[0030] Non-limiting examples of fluorocarbons useful in this invention include any of the
fluorocarbons listed at page 65, line 10 to page 66, line 31 of WO 2006/009976. In addition to

those fluorocarbons described herein, those fluorocarbons described in Raymond Will, et al.,
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pol yneri zation system Preferably, the tenperature is
above the solid-fluid phase transition tenperature of

w0 b@spad2yner - cont ai ni ng fluid reacti on medi um BET/UR08/052749
reactor pressure or at least 5 C above the solid-fluid

CEH phak@inrResit, Coord@ripesaPages 10fl38 gy el §irenicddidoabmissgiandbook-

fluid reaction medjum at the react pressure, or at
SRI Tytggafionh ApHpO0L. ¥hED Sty -quomoaatﬁﬁ bt Do GricRmtiE dpeluded.
MonoRR-Nt of the polyner-containing fluid reaction medi um
a he reactor pressure. |In another enbodi nent, the
[00311 enpBEregiracass idsscabed berehecanl lmudieg 0d polyoferizdreny monomer having one or
si ngl e-phase f|uid reaction mediymat the reactor
more ﬁp%gwggat%ﬁ PPea e Leel8 ) aLAMssicATDoRr 2ipRe  Proferred
monofleh GndGRC - QBrREAEM & ettllﬂﬁet{e?a%r%gﬁl_eﬁé, eFgRE1, hBxMRL1, octene-1,
anot her enbodi nent, the ternperature is between 60 C

dodecamat1,150d Gecdmet wesahstBOted dafths] 40ciCas etroves nvimdcyelaredane, ctc., non-

. 130, C. or between.80 C and 130 C. In,one enbodi , )
conuiie! disier St B MEBERIC e ciigs e dPne sugs fe. | agiegadionc, 1.7-

octadi@re, Gtc. A cfool s Sucl Q0cyeloptAR NG cyBlohdddie Gtc | RorBBAERE and the like.
enbodi mént, the tenperature is below 150 C, 140 C, 130

[0032C, dn 4 gefdEredl emizoviinber the botsses ntescritivd hek@udngyobatised to produce

t erature is below the supercritical tenperature of
homopglghsy §ineQneldpsian @’%E%w_ OBt @é@ﬁ PRI g1, 5 glaims thercto
copol{ 302 HhayTREnPEGC a8 ShRk, 1S or NMBRL | RffeBhehfSRRIY units) In one

occur i'n a dense fiuid polynerization nedi um

emboginehgr thbl yolymea ihenbgeomdysel bguwoebohphgmef ipzatylawr. Preferably the
medi um above t he.cl ou oi.nt of the | ymer.i zati on .
polyniEd P ROeTET oL APy P udneeshet TR ks Biis@ns @ copolymer

compH{NE HrbPNedcdNGhdH dehyRRe, %Fef@i‘%@r ol ChofiferaddRfiRss 184Chan 50 wi%
as ethane, propane, n-butane, i-butarne, n-pentane,
cthyldne pmntcapreferablhdosarikean #9 xath ¢ttbyxlames prefviabbydtheatoppkyser comprises less

than 5 GHEF L PG SF ST T b de Sk e e, otk rs elnppmother preferred
embodMEhO GRS 8P LAY 9%05@?(&&? dtc ESholym&R 0P RpH@ABBNd $ip to 10 wt% of

advant ageous, the use of al kane or” aromatic
a conmynenmet dptederaltly| weme £ hako, poefarably 8p darbori¥atmafsrabdy up to 5 wt%,

rticularly advant ageous. Jn s enbadi,ment.s, th :
prefe Je P 4&4{%@@%&%2%& gor 3 %@e plé??er{’gl?lﬁ é]ﬁg’o 2p\?1tC@ah%s’eS upon the weight
ofthetb#g@@ﬁm.l RORUi IR te bABREMEAN the RPOIyRTerd¥MRY -hetdcdfin less than 1
enbodi nent descri bed herein the diluent may be

wt% céiyleor.ableéerably00P8] cthyldne.i olmaknagkest pricfagicduemnbedieikste the copolymers
i.ncl ude CtodC SP isogaraffinsf eferabllplﬁCtggoo oated
COMPYIES FAr &F {1, mé? &1 PRIy RETERY PLOBRIRIG P Crpofa-conjugate
diolefiisemBfcitierdbly Cotddt 4 o sQRaeaf fins. By isoparaffin is
meant that the paraffin chains possess C to C al kyl

[0033br ardslinagiernpisfiyredtenivdsnen, the copsimers nsedurep Aeeslif pig copolymers of
not her enb uen

hai n. 0 di , he, di o
prony 3R it s 30 70y o PR Sb R horfar GELTRRN urkiPG Sldsefftlerably up o0 6 weve

preferably up to 5 wt%, preferably up to 4 wt%, preferably up to 3 wt%, preferably up to 2
wt%), based upon the weight of the copolymer. In an alternate embodiment, the copolymers
produced here contain less than 1 wt% ethylene, preferably 0% ethylene.

[0034] In a preferred embodiment the polymers described above further comprise one or
more dienes at up to 10 wt%, preferably at 0.00001 to 1.0 wt%, preferably 0.002 to 0.5 wt%,
even more preferably 0.003 to 0.2 wt%, based upon the total weight of the composition. In some

embodiments 500 wt ppm or less of diene is added to the polymerization, preferably 400 ppm or
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fluorocarbons for use in this invention include
per fl uorocarbons ("PFC' or "PFCs") and or
wog@saeéd2unr ocar bons ("HFC' or "HFC s"), col | ece¢wEb3008/052749
referred to as "fluorinated hydrocarbons” or
less, pPreferabityooad @opsh of 166" TootheFEmbypdintehtscatdeat b ppmasfeliene is added to
(ilefi ned to b(ﬁ conmpounds conzi sting essentially of at
the polyngiizape: At dPBHRMATS AR 120 IPELAT™Yie f1 uorine at om
Catal AR thtRRLERRA! | Y hydrogen aton(s). A perfluorocarbon is
a compound consi sting essentially of carbon atom and
[00351 | ucFherproatsemmdesarbed heteudas praticekwithlaeatalysesystem comprising one or
brancha’fd or cyclic, G . to 0488 erfl uoroal kanes., A .
more RYRfpeif) RSP e hetgrghi digap el TRINRAEEhEYhgre fhe metal is

choseﬁffro%f@@roufé laugr & NRe fhthRYRr REED or At @I RLRESof the Periodic Table
e represented by the fornmula: CxHyFz

I ncl ude tho
of theviflements) x dosnbamtiontvegean datoatot. fToe AMces dfehaptostnt ifivention can use
1 to 30 1aI ternatelfy from1l tg Ii20, 1aI ternatelg from.l :
one of gnog catalysty Haply 9f thoHreEory 0k theaPRIgmseaiop pgRY sedtign or in any

polymiPiz i dredR@ildhetdiom 3 to 10, alternately from3 to 6,
nost preferably from1 to 3, wherein y is an integer
[00364r eakterproteanobihe pogsant ihverdioarmdn rsd the asmé nt diffiercnandalgsbts or catalyst
. least one, nore.preferably, and z are in ers and .
mixtuggs 1 dbgs Y il e ogihs Ror FGRR PoA B vention. For
practifd13Ed®nd, MR §foyrhdR of 86 Morb XisOkh YRLRSANDBRARG and the deployment
fl uorocarbon do not include chloro fl'uorocarbons .
of no[r0@29that mixoowalgstboslinmeatprefarred xi thee polfymictizasroacmobars of the present
. are ysed i.n the process of the inventi.on, eferably a
invenfiork, [i@hestin 41| FURRHETLY yaPBCAPbARE KHAYSR e tscll dhd no more
than th@ EQtfaiy'é@raQé:lﬁ’sreQ%anﬁ?i@emagtop.r eferably a mxture of a
hydr of I'uor ocarbons.” Tn yet another enbodi nent, the
[0037hy dr'dfd erer ocaoboatalysth aleploged! iro theuproadsarnd ébe ipreseifeinvention can be
nunber, of fluoripe atons i.n the HFC used. 030 .
nomoRgio sy L e BLT BRely b Sl 908 Taize ke TarispRpus solid phase
in thé N¥GPHEON OREAtAE AU BbmbRScbhiPT BE@IRANT alal R dr@ladvantageous,
~page 65, line 10 to page 66, line 3 1 of WO ' '
particeledg/ @00E7 anshppaattdi chalyst osysteowe ai¢ uoroegenbandy dissolved in  the
polynﬁd egj'?%aqlﬁlgse}gdwhe.r ﬁg?dp&%ﬁgégﬁg%g&gﬁg%ggéélge? Eoclglhlgrelgat{o?l system are also
preferddd OWREA [ IROESalydtag BResdimt ad 330l1iBphhdeein Ghe pbISAHeriERRMORL&ST, it can be
Handbook- SR ?nﬁernatlonal, April 2001, which is
suppoftafl loy unswpoeiet. abidida.sdraataturinaraafl ethen diss saproricd @raipsticularly useful

Mononer 003 Th rocess, descri bed herein can
as suppo ?so%ﬁgk'e{/ ?rﬁ)gg d e‘s}oxﬁpniﬁg rca%k;? ﬁ:an Slso B¢ sapp e% on structured
suppottBOBuchofy HBabeH) Bhiphibbi GradbiracRemel( Danddld, fMBtoPwalls, internal
nore carbon atons. Sreferre nmononers i ncl ude

tubing -ai¢- eflese stiudturad seppoyisedre, Wil spgwene thh arterichcicrogencous catalysis.
xener octene-1 decene-1.. and decene- :

Whengtﬁ% g{][?l‘y%’[{sé & %]regfs}l%o,rgegu%%er%éons\%/% glﬁ%e,rsecf partlcllés is preferred. When the
cataly¥i BYSuppéitcdnex aidfers@t Particle®NGRAItEA eMotl ENEFst SetHRrASre preferred,
' vi nyl cycl ohexene, etc., a,wdienes, such as , ,

i.c., the ogtahesk sdife methe polymeric product of the process of the present invention.

[0038] The process of the present invention can use any combination of homogeneous and
heterogeneous catalysts simultaneously present in one or more of the individual reactors of the
polymerization reactor section, i.e., any reactor of the polymerization section of the present
invention may contain one or more homogencous catalysts and one or more heterogencous

catalysts simultanecously. Likewise, the process of the present invention can use any

combination of homogencous and heterogeneous catalysts deployed in the polymerization
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oct adi ene, etc., cycl ool efnms, such as cycl opentene,
cycl ohexene, etc., norbornene, and the like. [0032] In
w@2eaée1r ed enbodi ment the processes descri beRICTIER®081052749
may be used to produce honopol yners or copol yners.
reactof Bectionhe thel ppese snwamtivhi Thesevenntbinations domhesaicananios when some or

thereto a .copol yner y conprise two, three, four or
all 1e3RTS i o SRERECAHBROAES SGIPHES WheR 9RE @nBbdsasiont usq ore than one

CMaW@plyner i s a honopol ynmer or co-pol yner of propylene.
Preferably the polynmer is a honopol ynmer of propyl ene.
[0039] n Dot loermawbadilpentdeplohed pol thergrodess af abpglrywret invention can be

SupPOgRR B B ot BRhSEBCY S8t i Tkt Sy fyoBen g mediam or can
be coRh kSRR Mtib _cﬁﬁ?@‘l[ 5. Vmﬁkﬁbﬂu&?@med%a%l%tggh%lésg% dispersed in

copol ynmer conpfri se ess than 30 % et hyl en nor
the flypd edaetiain medivas shayhan b20efiit/the tpolingme. producanotdnere separated from the

o 1SS SRS I 11, S900L VIBLE, P SSUCE TSI s

downSIRIARNOMEHE ﬂoﬁ{)rﬁér?zraﬁ&ll YeddRr ls@ctfhnM othLERABLAUM IR alcOebovered, they
W% preferably up to 5 ww% preferably’up to 4 wt%

can bpeidfee dmbirdedipr ¢ap b8 retyidedprig eraithout ngeeneradontt % , based
I n an alteﬁnate

pon_.t he weight of the coppl yner.
[0040En‘ogu}en“é’ﬁéllé’“&aéa%g%&t%i’gp YobiRRY HetrasdBtarscioss for example,

the cJtztl?ﬁgs} Ah %Ryl ERE with eferdRbieQC6rRliNLEREd of Qeparately. Also, the
anot her preferred enbodi nent, the copol yners conpriseées

catalysti® c@n beoneodliced dimuglomnoneuliplpetsetoatt yeaste. df mbtide ports are
ef erab

used é&&%gocéﬁat?gg ﬂ]_eeg ga {11%%@95,]6 g]ogé %IHEG;% Egp bg?é]g%ﬁ%{ aty essent%aleCthte osarne or at
differ&TORAIIRR alofd)8n RRGILY BB tBe REREHC R AREEIMmMANPle ports arc used for
copol ymers of propylene and up to 10 wt % of a

introdgoimg ndecaty|pstesh e theb kgmpesitian 8ndt e pnafmerefbratalyst faed6through the

oWt 9 referably up to,5 w9 referably up to 4 9

inciviffufingP 505 b S 5% B giiefinky ARGt gn Yo By ahd, Bpgof catatys

througlPeHd difRrieipBht Rhblbhenc RIBALMABE of Ipdl@ReraprbBENIBS, &uch as molecular
enbodi nent, the copol yners produced hHere contain | ess

weight destritinipgo enippisising, copreigtoalstispripegont erybtehimity] §034] | n

preferred enpodi nent the polyner escri bed above
100417 PR TS GBS BOMPBRED SETGHingo Mg icoghat harm the
cataly@tr(%f fugtducaty &s QR delvity Cat 94 opticafy ol V1o O0th@0Radter(s). These
0.5 % even nore preferably 0.003 to 0.2 w% based

impunifpeiestréang enrapounds gistcabéd sdamengsrspo $ha proeticelod pebymeerization.

10042F 1 K Pt o ach e Brararaf Senis 5 ohf S5 Bar can destroy
impuric@ha il Yo BE cHAQ PR tRks Ile§§c§rég e BEOSEd eROdE pRYAL&ivaly.
| east 50 ppm of diene is added to the pol ynerization,

[0043br 100G pprewger von de be BB ppdiffsrentomhemiaghicampeend(s) as applied as
R S 07k L5 PGB AR R ESA Sumoscs,
preferably the scavenger is one or more compounds represented by the formula: AIR 3, where R”
is a C; to Cyg hydrocarbyl group, preferably methyl, ethyl, butyl, hexyl, octyl, nonyl decyl and
dodecyl, preferably the scavenger is one or more of trimethyl-aluminum, triethyl-aluminum, tri-
isobutyl aluminum, trioctyl-aluminum, and the like. The scavenger also can be the same as the
catalyst activator, for example, alumoxanes, such as methylalumoxane (MAO), etc., applied in
excess of what is needed to fully activate the catalyst. The scavenger can be introduced to the
reactor with the monomer feed or with any other feed stream. Scavenger introduction with the

monomer-containing feed is typically advantageous because the scavenger can react with the
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nore nonnetal | ocene netal -centered, heteroaryl |igand
cat al yst conpounds (where the netal is chosen fromthe
w@@epoR12 5, 6, the | anthani de series, or the BCT/URI00$052749
series of the Periodic Table of the Elenents) in
impurttGasiprasat iothannbdioraer faet bafateahe mbhemprr ecd sentadts theeatalyst.
resent invention can use one or nore catalysts in_ any .
[0044f¢ tHE PEAEREST sC5f b ﬂ@%ﬂﬂepwﬁ%ﬁ 4pted dBcfBrPYEREigHon reaction
medidh ot Ehn%er B%Ie%ﬂgtre'séﬂ& k)R e.‘jg\%&fe’ngé‘t‘g dﬂ%l%cpinhtﬁlg ggﬁf}aneﬁgﬁion medium
process of the present 1nventionh can use the sane or
arc addhfthgroent catal ysts or catal yst mixtures in the
different individual reactors of the reactor section
Catal resent invention. For practical reasons, the
0045§€P! ot Je0crTBRA RefcliPhle R A RN Slchtalydt BF RIS EERPrsi
[ gndFﬁﬁg§dég gyneﬁt ofeﬁo ngke fhan SI X cgpglﬁgts I'S Eﬂmngoneor
more nomnrectpl@feae netihlicenteteel, peteyoaeyrlilpand omtalystocegouafls (igere the metal is

resent invention.. Further. in .alternate enbodi nents ..
Choseﬁ él%ﬂ@ 4"119&1% f PVl tRafanBagide sqries. Q5 dif aigidsocHET %tn ‘@‘ﬁ driodic Table

of the%}l&ﬁ@nt%h%bbﬁﬂrﬁti@ﬁ %/ittﬁsa%dac{i{)at&? yPrgngeﬁﬂ‘y,rtﬁ@ﬁﬁ&fﬁon[IQg%Zﬂs from Group

e one or nore catal ysts deployed i n'the process o
4, espduerllyr EsentZi ovdfi i dvlocaspdseidatipn gre wedus| gmbbdmohtseaf the catalyst

in the fluid reaction mediumar can forma : .
compgiide e shst o phetgle!s FRefagisd, BabeBPACh R eiggium metal for
heterd‘é%stl HichRIPALINeQUSHof ntlirs b MRHi R MRleal BESe metal-centered, heteroaryl
advant ageousS, particularly where unsupported catal yst
ligandsgasdl petwompeurttts phapsn soUs D2000886R%ed i n t he

ol yjreri zati on system Unsupported. catal ysts di.ssal ve
o04ef VB ETyneromiaian e oh A eGS0 S dPyHOn Ve catalyst
compfiflfg GAERhYSfigdrd-REEERAN oA cResS Rhdifap NARBdIAYcbh18m complexes, which

pol yneri zation reactor, it can be suUpported or o
when wpsiopgbyr cenbingi | Wit ansidtivetar)atatalyna pahunarizhieen land eopolymerization

.supported are particularly useful .a upports as
rouctigiy, PHFUHRE SO BOROTTD Bt Fise e Al P S Ol G Rpiated compounds
ZircoSHRPOShFEx QN HalHiwGt 0l 4P ROMNpSsitiHCH: BSmPBNRL I dshi: the disclosed
conprising straight or tortuous channels, reactor
ligandaeir¢ wvithimtherspenie afubé nefalysts aiscfhasdie praatice of dds suyppioont. sThe metal-
: re 1 known.in the art. of heterggeneous catal ysis.
ligangopplyyes Mk B et U] & hapey! i S B Gig Pt o Tiay atso vary,
the ect ot BARE HRFerdRAt b RS nhiSrPHLIR igMhd MaeRctanBgand complex. The
catal yst i S supported on dispersed particles,
metal digenditdoompderniot outplexas ahys ttakcediffasery forms.pfast exaneds, they may be
i.e.,.the cat@l st IS Ief%{in the pol yneric product of
monopghC, HIEHE AT ¢ m%ﬂ@“ 1RISEAI nyent i on. " [0038] The
[0047P" Oy T x@fp leNQUIRIbRSIER S DYEML iQRe HALHSST AlWinvention may be broadly
conbi nati on of honpbgeneous and heterogeneous catal yst's
charagpmagdibaribo (dloying eeneral foumune)or nore of the
i ndi vidual reactors of the polynerization reactor
section, i.e., any reactor of the polynerization
section of the present inventi h\g?y contain one or
more honobgeneous catal ysts apd oneyor nore
het er ogeneous RI— NH

wherein R' is a ring having from 4-8 atoms in the ring generally selected from the group
consisting of substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl and substituted
heteroaryl, such that R' may be characterized by the general formula (2):
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catal ysts sinultaneously. Likew se, the process of the
present invention can use any conbi nati on of
whommsgenenus and het er ogeneous cat al ysts depl oR€HUB2908/052749
the pol ynerizationreactor section of the present
i nvention. These conbi nations comyklse scenari os when
sone or all reactors use a singl ¢ catal yst and
scenari os when sone (&")& rs use nore than one
catal yst. [0039] One or nofe catalysts deployed in the
process of the present invgntion L€an be supported on
particles, which either can \spersed in the fluid
polynerization medi um or can be cpAtained in a

where IS 38 e Bearc Bt OTiRe 2R 17 ABPEGL P it Bitcd from e

grouptcBﬁMstﬁ%rbftb@rﬂoﬁfahd inftrddRB aRQ INBH I GstBrRIHES RIQ° WRMgMRilky (defined as
separated fromthe product prior to its recovery from

having heleddt diatom®add g repe¢sehiyadditionalgossblarsabitidwenss epthe iag, with q being
ymerization reactor

1, 2, %Z%t{) iC I(i,y]i)%gngg tc;[f?@g]:{onb%etgrglfpeg BEng 9 g\ygli,ogan a[llﬁyéysubstltuted

alkyl, C@Blo‘@&yﬁl shhmtm@usc@@rod 1, Het&odk e slREMFEPR Hetdiohiky® rheterocycloalkyl
wi t hout eneration. 0040 The catal yst(s) can

substifuted (bﬁ'@tfé’d oalkyl, n@mbequbétftuwéy@yh detdrearyk @trtuteptdreteroaryl alkoxyl,
can be roduced

arylmﬁri,nsgm %O%n&qsﬂélﬁay?fs&éga t&w gglsg? I&{ éfi@ nitgy, an H]é)lna%ons thereof. T

is a beidbRkYSHOS bele@bd %%dp%dn@ﬁtiﬁ?@ftﬂﬁmb hun@NSi R Ml R @nd R® being
ports to the reactor |l e ports are used for

indep¢nsieniy uteulqﬁgedt tieont the| gronp s90nStSﬁ@$ eofp biydrogemn alkel, ppubstitited alkyl,
cycloﬁF%IeSSS %ﬁ{ltu]? ln)éctytﬁféa kyfmglegr%éoac y(_l),;j ' E ﬂgr Ii)loq?elroa lToytrll,lS l}eterocycloalkyl

substlﬁﬁéd %et@f@cld)‘é&@'l fﬁ?;l | qubstadieai g, tHeeereat Rl wbkttaed ﬁem@roaryl alkoxyl,
onposi tion and the amount of catal yst feed through

arylowhesﬂwh dnowldleimsplpee,t agm@anthbe s¢lpeo, dahee, gitrejiangd epahinations thereof. J”
is geqeﬁilféugqq&?%d @gr%} 1§1n§ng%lﬁ%c’ro%1ﬁl GRY 3 gu sﬁhiltg% hg‘%eroaryl, with
particpiat yiBsdipicar e‘bﬁ pa@ﬁculﬁrli@ali‘ct@ﬁs pEihg dedcaibedved rgint

di stribution, conposition, conposition distribution,
[0048 ; y sAlsp [ Tohickgmplet & PO 4T qdﬁn@ﬁweﬂletlegané\ﬂaééhw@faly%vsed in the
practlgeo 3 thl%o{%{%?ﬁ{ﬁ%ﬁm‘i?%qefj ggrllg]lggle{i H\Pﬁ :,]te{nr%?alt ?atl%sh 3l M S% that may be

chara@t@rﬁie@naw the f @ghetad foRQuineBOLYS (here MESEHS or Zr preferably Hf, L is
urity-destroyi ng conmpounds are called scavengers

1ndep@ nily slegtecirom the gmrqoggﬁtprtgnof hatida £, %?r,tlyw}@; substltuted alkyl,
ve Y a e
cyclo%gﬁ dgelg)tﬁ{rltcl)l?e% n‘&gfragﬁclygs m]ﬁ Or?;l%q’ S?lb%t gtega?%{egd;ag . Jg%rocycloalkyl,
substituiets hE:t%ﬂiathlﬂ@lkSID errgbseabstigicd aid| Wtictoapylpduistituted Yicteroaryl, alkoxy,
[0043] The scavenger can be the sanme or different
aryloxyh 8Hirexy. bosvipglithamaio caniapdividedo aalybstiency slenge pherghise: phosphme
I a [ I u d
cutokBERS 76 MBETL WLMS, Sl ML SRRV compinions
thereodr nfi®t L, GpaRQBAES represent ed by the formula: AR 3,

where R
[0049] Preferred ligand-metal complexes useful herein may be generally characterized by the

following formula (3):
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is a G to C20 hydrocarbyl group, preferably nethyl,

ethyl, butyl, hexyl, octyl, nonyl decyl and dodecyl,
W@&@B/&OSHMy t he scavenger is one or nore of PCT/US2008/052749

trimethyl-alum num triethyl-alumnum triisobutyl

al umi num trioctyl-alumnup! and the like. The

scavenger al so can be the dane as the catal yst

activator, for exanple, al xanes, such as

met hyl al unoxane ( MAO), zgg., appl it in excess of what

vat

IS needed to fully acti e talyst. The
scavenger can be intr ced t he reactor with the
nmononer feed or with a ot h eed stream Scavenger
i ntroduction with the noyo -comaning feed is

typi cal |l y advant ageous besguse th scavenger can react
Wth theinpurities present in the nononer feed before
t méacreoviosrercdneed oc bafnaet;s the catal yst. [0044] The

scavenger ca geneously dissolved in the
p ﬂﬁ@g'a{%i‘ﬁ ‘%ﬁb gﬁﬁ?l ‘on nediumor can form a separate
S ot idinRR &R e d I TR Bfotp Br3aBdtN@Ed hBtetddByls with 2 atorns bonded to the

pol ymeri zati on ned|un1are advant ageous. Cat al yst
metal M,sat danst Q@OﬁSﬂlOSﬂa@rpﬂrbﬁ:@s betcpatnon,iapd avitheneiatorapé " is bonded to M

via o GRS DT ud bt B A e R E T Pt o1 oo o' hand

cat adngst? cam@uép&démtyers&eétb& figh afhel SroGp OSRRistii@Bft Rfide, alkyl,
Goup 4, 5, 6, the lanthanide series, or the actinide

substigaed e@elkﬁdf tleoabieli cubstititad| eychralithe lﬁteéwéhxls)swbstltuted heteroalkyl,
acti,v Pr ef

heter EPERART Bt PoRRh bl sl SUERERE) 4yl Therggpary). substituted

heterdfylHhlkoMpr £yISREChydré ;gl |b¥)ryl' Bilyl € hinddo) aBHiiRO tiydEas, SalEffl dlene seleno,
t he catal yst conpoun use of a hafni um neta

phosppmnet eh(vsashmascarbwfyéat@&;l tltu@, la,3zdlma®€r$b axalates, sdartopptes, mtrates sulphates,

oary atal ysts. For nore information on
andc%%% gﬂl ggﬁg @5?%1 centered, heteroaryl |igand

[0050¢ at f'JFQY%r@@mﬁﬂﬁnﬁéﬁéﬁe"@ﬁ&eiﬁ@o@&ﬁﬁh&aﬁiﬁat {hRQA&AI of the catalyst

The catal yst conpounds used in the practice of this
is nOt mﬁ‘@ﬁlﬂqdorﬁo i houbgidutedt el y@ﬁ@sﬁt}mﬂ icgrlagerdadipnyl arigg.  Representative
nonrn ta ”%(i%gle hr%fep u&]lt%r%%iéeﬁ[)e(%g’u{y lrga]fl(lli {ay ns%s grggcgescr tae%of?ll blrg Provisional
Paten@f8ppNatioh )Nd: &A1 78 1 rmbd/ MRy ZaZOGO)thﬁlnNo 60/301,666 filed Jun. 28, 2001,
copol yneri zati on reactions, part|cularly wi th nonomers
whicht jgegy izgogpastted i s refgreare fhicrain.or Adeiienallinsuscliflapenetallocene, metal-
center%8 nﬁ’e‘%&n?&i héin{cf“ gart]élﬁ%& Eﬁlgpa{c‘avgtgrs 1%%&1@ gk&'&%\%?@%gﬁ?s% deacrlbed in WO

S usin

2003/@40?20\&4 tsbd MaftialasigopsrcoBot Hife Cldt & yags 4sEhaI30l N Al&tﬁ representative
practice of this invention, The netalligand conpl exes

nonmefgllogsae, metal-graared hetsroxyidigsed caphpt, dw@eﬂu@  Ragent Application
No. 81 BbO R S USRIty IR BB ABELT, | g

[0051]30np4k§Mere Tb&l, Medrahethlicgand rﬂ@ﬂl&ieﬁt@r&f h6t@f'ﬂabﬂ)itg§nma/talyst" means the

take different forns, for exanpl e, they (y
catalyst derived from the ligand described in formula (1) As used in thls phrase, "heteroaryl"”

includes substituted heteroaryl. The terms "hydrocarbyl,” "substituted hydrocarbyl," "alkyl,"
"substituted alkyl," "heteroalkyl," "cycloalkyl,” "substituted cycloalkyl," "heterocycloalkyl,"
"substituted heterocycloalkyl,"” "aryl," "substituted aryl,” "heteroaryl," "substituted heteroaryl,”

phosphine,” "amino," "amine," "thio,

"alkoxy," "silyl," "boryl," "phosphino, seleno," and
"saturated," "unsaturated" are as defined in WO 03/040201 which is incorporated by reference

herein.
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nmononeric, dinmeric or of an even higher order. [0047]
For exanple, suitable ligands useful in the practice
w@Rooshi®R11 nventi on may be broadly charact eri zeRCHYS1008052749
followi ng general fornmula (1): wherein RLis a ring
Ligandavi ng from 4-8 atons in the ring generally selected

fro rou Si St ng of substi.t ted cycl oal kyl
[0052£ubrsgq1&a§kegbgaﬁ } B @yl& %ucw[ystss%sétlw @&waa tisgenvention can be

I )

chara@t azr?etgcl%rgécﬁ a8 %{\)(ﬁ{og g}{ gceh %UF]a'ﬁ? 3 Qf\if\% grhgte&arglnodr substituted

heterc@@rl areurs u'ﬁ]sa&t llgamlsl s thn:ncaltaﬂﬁtsr usnag 1nttllltepratﬂ1®mﬁthisainmmtiﬁn are referred
with E being selected fromthe group.consisting of

to, fog ierufibese OpfHi BYERtohds Jop ek By s dicapita gt negy g clggacterized by

the oG4 LY cdfRhi(1pd as having at least 2 ators). Q'q

represents addltlonal possi bl e substituents on the
ring, with g being 1, 2, 3, 4 ¢k 5 and Q' being

sel ected fromthe group consi trﬁg\uf hydr ogen, al kyl,
substituted al kyl, cycloal ky¥, subsii'tuted cycl oal kyl ,

het er oal kyl , substltqkéd—h¢ueroalkyl
wherelmetRéri@c\y&} %@hé’ﬁﬂly sSMBRl | fhath afle eS8y ea&hs%gkaﬂ alkll ¥libstituted alkyl,

substitute ., heteroaryl, substituted heteroaryl,
cycloalkylo xsubstitteg @yy]oalkgi | )hleter@dkwj , SupbtgeisH| rhlgter@lhkyh,o heterocycloalkyl

substlgut?(g hf?%h? E@qﬂﬂgal N lg)é %‘%t Qar gf&fge%:g%% SHBR%C{ eheteroaryl and

combm@fei3theR0f 115%%%&&61&2 RN aqﬁng’%'a{ﬂlﬂg from 4-8 atorns in the ring
i ndependent|y selected fromthe group consistin

generﬁibdr geated afteyl thSukgSQupt ueadisaingyof  eyhstibu¢dyyc %loalkyl substituted

heter%&; 8?’%&# ﬁgligstl?tﬁ%(i aryé gé% ls%‘%ﬁ%é,gr(? ﬁlelétié%)la{yl,ts %thc):é &hatlﬁl may be characterized

by thd@nefaf yoih@ad eyl , aryl, substituted aryl, heteroaryl,
substi tut ed eteroaryl al koxyl, aryloxyl, silyl,

boryl, phosphi no, am no, thio, saQéno, halide, nitro,
and conbi nati ons thereof. J" 4s_generally sel ected
fromthe group condi¥t)gng. g B¢ oaryl and
substituted heteroaryl, wifth partiul ar enbodi nents
for particular reactions beging degcCtibed herein.
[0048] Also for exanple, imgsoneenbodi nents, the
ligands of the catalyst used in tYecpractice of this
i nvention may be conbined with a ﬁﬂ% cat al yst

ound t hat aracterjzed b he. r.a
whret G B 1 1 HPVHERS 1 16 LS SR ata%eﬁewgﬁijgwg splefigd from the
group! d&gﬁﬁ’tﬁfg‘jﬁ%{%n%ﬁh %?ﬁfc%én aﬁ@ Wltthrh@ 15 oF @%r%{ iathgQulky (defined as
hal i d kyl, substituted alkyl

havmgw;lle@atl ]Z(WOrn@u k@lt adeQedlr@yrtdep@jdeyﬂly sﬁe@teql (ﬁ]@lrrkme group consisting of

olkyl PRy Ao Koty bubs BB FRRE TapO T, SohSHBRGef S siyl, bu
prov1d°eldbcﬁ£t| QuﬁtﬁﬁQh Slc{® %61‘11' metﬁ&rk OQV reﬁire)(étfﬂé(é(ddlt"wrﬁ'l PEible substituents on

boryl, silyl, am no, am ne, ydrl o, allyl, diene,
the l‘lsgal eitb,q phiogphi ho3. ‘ibmljsfphndl@" beinp oxlelctetd efsomt the ggroup consisting of
hydrog%n aﬂfésan & eilﬁao{ 8’|"%’ﬁ 1&3@@#6 mcqt'cggail?ﬁ’z he‘rgroakyl, substituted

hetero’élky‘l’,r h@terocycloalkyl, substltuted hetercycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, halide,
nitro, and combinations thereof. T is a bridging group selected group consisting of -CR*R*- and
-SiR’R*- with R? and R* being independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aryl, heteroaryl, substituted
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[0049] Preferred |ligand-netal conplexes useful herein
may be generally characterized by the foll ow ng
w0 o0adr17 3) : RL where M i s zirconi um or haf ni urgT/BI20881052749
T are as defined above; J'" being selected fromthe
heteragrydu plkokyls uogbxylutsey, betydr phosphmowiabtin® tatoorselchonti@dle, nitro, and
to.the netal M. at |east one of those atons heing
combyRgHRFOREHHT A R ies T P Feup GBS o peteroaryl and
bstitit@ ctdtaryie VAR FarticBer QulbBUink O YA p&tiEPYRALERToROBEIng described
SuSlan%iL% aﬁ/ L2 argai%deﬁeﬁggn%ly sé%ggtéd fr6n1fﬁe ne deseribe
hereigr oup consi sting of halide, alkyl, substituted al kyl,

ycl oal kyl , substituted cycloal kyl, heteroal kyl, : :
100535 pdlpi ¢ e e rcoawﬁes)&@ bt %P@EE}CP%‘EPWﬁ?Ce%b‘W%t“éGﬁﬂ in- this

invenfi§if 1%5? oY ch B kYl ed ‘t%rt}{é folﬁ)W%?% biddt89oRIA ¢4)het eroaryl,
substituted heteroaryl, alkoxy, aryl oxy, hydroxy,
boryl, silyl, amino, amne, hydridet allyl, diene,
sel eno, phosphi no, phosphi ne, carbpxyl ates, thio,
1, 3-di onates, oxal ates, catbonat i tes,
sul phates, and corr‘oinati)gpé-b adi cal s. [0050]
For purposes of this inveéntion, tal |l ocene" neans
that the netal ok —tte MMdalyst N tached to a
substituted or unsubstituted cyclo entadRenyI ring.
Represent ati ve nonnetal | ocene, netglf-centered,

heteroaryl |igand catalysts are described in US.
Pmbeicsi Bnand Maeteras dafiped ebaviecmmdNach @0R3AB’, A'1arfdi Rei$ independently

select&%}lrgﬂl?%eiggg%cgqq%gpl\gg gg%%ér%é%ﬁ%%@?ﬁt&%ﬁqﬁnalgﬁ; c%c?ooa:htyl, substituted
cycloARgl thicRPILY, sussBfuidd nerrRUSI] RaeR8ycloRkAl GERtRIEH hetercycloalkyl,
het eroaryl I 1 gand catal ysts (and ac¥|vators usef ul

aryl, tshstiswiicd haryhr detgrasoyldesibtitbied ihatew@raoodkagb2@tyloxde silyl, boryl,

articul ar page 36, .line.18 t age. 64 |ine 30Q. .
phosrfite, <y (eb i dghniont ) bR Eindlons UEwb; o @ptionally. any
combf@ti®f OBR Y IR>| RUAHAIKR Cabnby piseddes@hdrigd ring sthusurdat ent

Application No. 7,087,690 filed Nov. 25, 2003, are
[0054] ncdnpesréaiedmpye spécefie rapebddéneitn  [le0%ighndss ithethts invisdtion may be

" | [ - d, h [ 1 d
GBI P TRBTGPRARIRE, ooy i pond

described in fornmula (1). As usgd in tﬁi@ phr ase,
“heteroaryl"” incjudes s bstiR@t%d het erparyl . ;he
terms "hydrocar®yl, " 'Qubstitw ed hydr R

"al kyl, " "substiY ed” al kyl ," "

"cycl oal kyl ," "g ut ed cxz(oalkyl
“heterocycl@alk¥l," "Substi Ngf ed hethroc al kyl , "
"aryl," "substi 4 " "heteroary "SuRStituted
het eroaryl , " "silyl," "boryl, ;" phosphino, "

" phosphi ne, " "él'no,"(ianine," "thio," Rseleno," and

wherein Ql, QS, R*, R°, R® and R’ are as defined above. Qz, Q3, Q4, R%, and R? are
independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl,
substituted hetercycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl,
aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, nitro, and combinations thereof.
[0055] In other more specific embodiments, the ligands of this invention and suitable herein

may be characterized by the following general formula (6):
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"saturated,"” "unsaturated" are as defined in WO
03/ 040201 which is incorporated by reference
wheoosite2ill gands [ 0052] Suitable |igands usef ul PCTIUS1068/052749
catal ysts used in the practice of this invention can
be characterized broadl y p& nonoghi onic |igands having
an am ne and a heteroaR,I|or subptituted heteroaryl
group. The |igands of t%q%cat din the
practice of this inven//o arl refefred to, for the
pur poses of thiiginv on, ag tal |l ocene |igands,
and nmay be characteri by t Iow$mg gener al
formula (1): wherein RL is very generally sel ected
fromthe group consisting of alkyl gb&tituted al kyl ,
cycl oal kyl, substituted cycl oal k I, t er oal kyl ,
substituted heteroal kyl, heteroc | kyl , substituted

het er cycl oal kyl , aryl, subs%gx heteroaryl,
substituted heteroaryl and Rhereof. In
many enbodi nents, Rl is a ring ng from 4-8 atons
in the ring generally sel ected g,Qroup

om t

consi sting of substituted cyclBaFkyI Rsubsti t ut ed

wherelﬁ? Rergrye! palgey Lmd ROUBRL It dAARE] @bkle. GIHQhﬁ Whibbtifnidn®he R7 substituent
heteroaryl, 'such that RL may be characterized by h

has beem eapddocfl ovithulaa &gl or witestie1t@lL aryh dzrap, awish sRlbsRl t Behiesd R" being

inden R AEIeGF 5 GRS ALl s o SR o oK. aHBsited alkyl

cycloéll’l<§lh albsligastt d'}’fef‘aaﬂk?l cheﬁtfoa%l b%uﬁgltﬁﬂéhkﬁefe%ﬁkﬂe%e@e?ocycloalkyl
having at least 2 a d @& are independently
SubStlQEd:(bdjti@d:}’le@quﬂ ha‘ygrwptltotﬂdsalsrl i hejerofiryl qujs‘;ltuted heteroaryl, alkoxy,

sub |, cycloal k stlt clo
arylo i BOIRE Y0 ilﬂa Lingr By TR G g Sefuotionally,
two oﬁﬂl‘érecﬁloaRé R@ta at'h oFRlp tQ'JShnE@EH RPN Mis@fdhd %@%{ having from
possi bl e substltuengs on e fing, with g being

3-50 Bpn-hydnogén atmnsy' Ibellﬁgsek@teécfrem theogrwpecqglsxsupg of hydrogen, alkyl,

SubStlglg%(f oaj%' ngcy%Lq&Bér? ﬁl?esélautgé k%(y(%qa@wqﬂ Lelru(téﬁg\g k%}nl)bsﬁtuted heteroalkyl,

hetero%yb@alkwt Sohsth@tear qa@de{ayuoaik@t ehQey shiaatdtdd sarply klfeftérbz%r? dsubstituted

hetercycloalkyl { subst’i t ut'ed aryl, heteroarg
heterogtbﬂstalhomedryrh@bfe rsola ylvorylalpb@xghmo aaryin@xyhlo stley,, alide, nitro, and

omb {g tﬁ%ho phlno am no, thio, seleno, halide, nitro,
AR ot Nat i ons thereof. T is a bridging group

[00565€! aatsB e Wpe ERNSMBSdiRMEnKf the GRRIRR-in AN imveh iRy Wk tcharacterized
and R3 bei ng |ndependently sel ected fromthe group
by thecgsmeiag farmgleof/):hydr ogen, al kyl, substituted al kyl,
cycl oal kyl, substituted cycloabgyl heter oal kyl ,

substltuted heteroalkyl tﬁﬂbcycloaRkyl substltuted
hetercycloalhg aryhl subgisi;ted ar y| he; oaryl,

substi t ut edhetfNer oar yl,
boryl, phosphiy Qi no, thi ¢
and conbi nat i g .}ﬁgg}s gepler a sel ect ed
from t he @rody ST Ng het er

al kox

wherein R>-R®, R'’-R'* and Q'-Q” are all as defined above.
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substituted heteroaryl, with particular enbodi nents
for particular reactions being described herein.
WO 0®83992kn a nore specific enbodi ment, suit abl BCT/US2008/052749
nonnet al | ocene |igands useful in this invention may be
[0057q:har1aajeﬁamm¢bokiynﬁhg Kol Ippafenablygeriesgdn. folsoptafer@ély; cach of R* and

rein are as defined above d each of R4
R® is ﬁgﬁog@ %‘%RR’P gither H&@ﬁgﬁaemsuymgaﬁ%& éa Py i fpsed rg}go%tem Also

oA 85 UeA 6T 8oy PR, ens. o,

2- dlmstlnbhalmmmplmdyma eYda)})kydH.- )heﬂzlmr@d\ye Imarhdﬂ;gﬂ) %uteﬁtdxypﬂt@gﬂ (2 MeO-
al kyl , aryl tero

CeHa- g fa)p/g,lilg g’d ity gagmdyia? %ﬂ%% %g?lﬂ?mﬁlxﬁ tolyd; |99F1[r1¥1|n’[hrenyl Also
prefexp&f ¥%lwhePO RS RNR e do R Ct’he ﬁt%%? ;coﬁs@étﬁg%f ol t&r]d Q’ls r&ﬁﬂ%henyl (4-Pr'-

conbi nati ons thereof onal any tonb
C6H4-¢,f nd@dhleS,,S--RBFganeCdRVg ﬁdylehnapﬁhgl, rieah(Rhg€sHet 2|-blpla)3nlyl rigMe-4-MeO-

CoHSACRER: 25" HOL ¢ QP15 YRS b dert-5rM iy 2.6-Et-Coll - 2-

sec-bt&\g%-@?@% zedy |y lgwfgrrécp i Q}Nefw RQREiQ QERbtel Oﬁr&Hl the (g%up consisting of

ereln are as define
hydrogtmmen@na;@yl thyRZa,ntlaacbnRB Saplenamtiepeh dessityly 3,5-(CF3),-C¢Hs-, 2-

cr-GfisettEie ol T 2R o1 B s el b B MsEi - vt

CsH,-heharoat kyl 3, §-ME§IG6H§I %dtomt%%ld%ﬂy or where R’ is joined together with
eterocycloal kyl, substituted hetercycl oal kyl, aryl,

R® to ﬁumstfusmleng arsydm chet@umamg| , substituted heter oaryl

00ssf', < K pp B K o ik c%}mi‘ B iaRing POt ekskigy form  fused

ring J,}J@teﬁ{ B8YinB0fEmS B8O hdEheMBed MRIMS in ta!aaltiolngﬁﬁ%ce Bridine ring, c.g.
his invention and suitable hereln may

ener@ih@eaqmmluma@omy Iﬂﬁ@eﬁe(ﬁnhbmjumgltge&] ap a¢le¢tqi frotngthe group consisting of

ary, B R b o SR HSHEC DGR ToTHB e CBEAC R B Eroups. and
-PY, %Efeaﬂ?eﬁ S\M&{édaﬂﬂorﬁrtﬁgf%upsé@ﬁishhg't&%rﬂr )ﬂlbsﬁﬁ%’d) aryl ﬁéieroaryl and

and bei ng i ndependent |y sel ected
ﬂﬂwﬂﬂn@hMﬁhewgioup consi sting of hydrogen, halo, aIkyI

[0059i ot & I%tig}lilllt% d W?‘{l;‘lli(}%%kiOVF E(%I%ﬁl?%ﬁ%i?@&ﬁj{d ldtfgd e JOlIlGCY Jto form a ring
systerh Ha@m@CHEMORLH Won-1SdRstleh takd B  hRL @kENiplcOd KY land W'Y ltogether form a

substituted aryl, heteroaryl, substituted heteroaryl,

methﬁd:ﬂcgﬁy: rigg yvll]d))hyve §idtgrhs ih dxeylpackb(h@s(pﬂqﬁhn alngamibneh majjop may not be

substlfig%f \gﬁhﬁﬁ]{t hi anAq?é:_ nJ%I %?}t%lleo ol hgng@%)& tggrngyggalgl e¥hylene the ring

will b B@ebrbirf (AE BadktoHs 86 tHel ek, SMBEILMaPdY I Adt ®Nsdbsfuted with other
non- hydrogen atoms. R14 is selected from't he group

atomsg ofsbssityonty Gemhipg rr@@eﬁan h¢ lsyllecteé Jben ithe geapa¢dayisting of halo, alkyl,

substfL O Loy R b fueey SRR SRRSIRAS Rbbttpisdefotoroalky,

heterdd@EIBAIRYEC| Qdktitited ABMtcycRURSE,T b, egutfsﬁuited heyleraiyiryl, substituted
heterosagytisetlllkgy;, ilqyloxy, silyl, boryl, phosphino, amino, thio, seleno, nitro, and combinations
thereof.

[0060] In certain embodiments, the ligands are novel compounds and those of ordinary skill
in the art will be able to identify such compounds from the above. One example of the novel
ligand compounds, includes those compounds generally characterized by formula (5), above

where R? is selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, aryl, and substituted aryl; and R’ is a phosphino characterized by the
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heteroaryl, al koxy, aryloxy, silyl, boryl, phosphino,
am no, thio, seleno, halide, nitro, and conbi nati ons
wae besaeR212 [ 0056] In still nore specific enbodi PENUS2008/052749
the ligands in this |nvent|on may be characterized by
formuﬂmd’ZdE%emlwlre tahmflZ a0d)Z” inhelcpimicR?y Rcct&l foRlthe gruipQonsisting of

hydrog?ltb %ﬁgh{egaosngl%f stgg‘rga eaﬁ]\ég} gggﬁgél(gllg %&?&Jygbalkyl heterocyclic, aryl,
substlﬁft@({waﬂ,’érﬁ m%evroeﬁ"?p Qllﬁf al@éxy’;l nagyl 'a?mﬁb{ Qfl&’ g&ﬂbﬁﬂg?ﬁqhé&of Particularly

rogen or 1s Joined forma fused
prefertedﬁg:nﬂapsltrmnts Alfs thepe ecfcenpoeem’ids anwlluée eth% ivehese| Bctamd Z* are cach
fromt he VOUI? con | stin benzyl
B yhe ‘ot

1ndepg1d8p%e§§§ﬁ| tedt ﬁ§7tp%olt; oﬂﬁglny%{llbstltuted alkyl, cycloalkyl,
heterdcgclgmgzlz)ﬁ&@m s)ubgt‘i'iﬁéﬂ% aﬁdsmm‘:é gﬁéwﬁca@r Pﬁén@@&méﬂ@@” Q’, and Q°

ant hracenyl, nesit
are eth Eeldcctmtﬁbyi b @nytip, consiswgy Of alRyred anbsiteny IalkyAhmbeach of Q% and Q*

is hy(@é%;lreé{l g’&le%f%mnzé eB PHA E\ 3&613%7%[3 g&p&%gﬁyfl% fgforrnatlon on useful

ligancgrfbll’@asé seeW@fﬂ(%BS@Q@ (CF 3)2 -C6H3, 2- Me- napt hy|
2,6-(Pr 6H3-, 2-bi phenyl, 2-Me-4-MQOC 6H3- 2-Bu-C

[00616H4- Thezhgat(cBu))f 2he @@tﬂysts 2f Pthis® itven@o16 HBay, - Brep@cNeuing known

2,6- Et2- CoH3- hut 6- Et 6
proce%ff&% eSFedor §X%m%1PeA§’7aI}C§d o é%’heml%m r“ﬁ%mﬁe%{&y%w York 1992

(4.suFANEHS! 'Siﬂcffifcalﬁby Olﬁ@q;lggndsp&etﬁylmvéﬂa@ﬁ lilfya!y, bdTBleP¥ed using the two step

ant hracenyl, 9-phenant hrenyl, nesi
proce@yrs-o(lmgY i SfidRcs 1 2nd @FGisCObtl 3t mg@?@t@@ﬂ@f WO 03/040201.

Come3sdy F2- CBH3-, 4-F-CBHA-, 2, 4- F2- C6H3-, 4- (NMe2)-C
—'@?@——0 OlS 3 '\MeOC 6H4-, 4- MeO C6HA-, 3, 5- Me2- CBH3-
[0062? tc(bﬁ/de’ the &sfrdd (ﬁ%'égd iOfornhar % Réyite tahnadd txxﬁgleﬁ hRktal atom, ion,

to forma fused ring system e.g., quinoline.
cornp{)@@l&&]ot]ﬁdrgmetdplata(bysalcd)mpoumb Iorsomg rappliRptioRs thaRsgands ofRkhis invention

: roups . nedtoform em D
witl oG P S ool Skt R et priar b i Phsg an is not
deterRiibd AF BrddubBfor@s IFoISRRIA, itOlighnd Yhd)0bd 1@ tPM Roactidh vessel at the

t hese embodi nents, R3 is selected fromthe group

same gongiast thp gmgtfal ar yﬂngtalg whtatyist wpmpoamcy laorige t)v@tho‘d]eyteactants, activators,

scaveléglflegigég u;&gdig%fygﬁ]g/ égyP({ igargr (glgls (r:pgllrj??t (@ to or after the

additi6®@BEIhS tnhddl cafalyRt ¥l g. tisbEtd § r@@nﬂ[dﬁ' readtRh & Q&Y btheARfddification.
substituted heteroaryl. [0059] Opti onal lcf wi t hi n above

[0063f or riisirghe BYveaformyay, thraneindcardgst rraynpbendsoinme bc chareeterized by the
in t.em, havi ng from 5-50 at ons.
senerf) izt o RO PRa e R BUGE R ar P G7 ot RO RLRESsRg0r hatde (5
Cl, BE,i 1r),g alWyl |suB§if@te§ AkyTBydIdulk 1€ shREKRaN @y&f)alk‘ﬂe hedeRghikyl, substituted
may or not be substituted with other atoms.

heterqallg'é h@ﬁrwxdﬂfﬁkiél; Substﬂaeédwtqm@dqy@@ﬂ heaylf grbstitated aryl, heteroaryl
s BRSO i A R o AL S BREHO R, . in
selen®tfMKphino, phosphine, carboxylates, th10 1,3-dionates, oxalates, carbonates, nitrates,
sulphates, and combinations thereof. n is 1, 2, 3, 4, 5, or 6. The hafnium catalysts may be
monomeric, dimeric or higher orders thereof. It is well known that hafnium metal typically
contains some amount of impurity of zirconium. Thus, this invention uses as pure hafnium as is
commercially reasonable. Specific examples of suitable hafnium catalysts include, but are not
limited to HfCly, Hf(CH,Ph),, Hf(CH,CMes)s, Hf(CH,SiMes)s, Hf(CH,Ph):Cl,
Hf(CH,CMe3);C1, Hf(CH,SiMe;);C1, Hf(CH,Ph),Cl,, Hf(CH,CMe;),Cl,, Hf(CH,SiMe;),Cl,,
Hf(NMe,)s, Hf(NEt,)4, and Hf(N(SiMes),),Cl,. Lewis base adducts of these examples are also
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atons. Substituents fromthe ring can be selected from
the group consisting of halo, alkyl, substituted
wa@bkdoghg92ey cl oal kyl , substituted cycl oal kyl, PCT/US2008/052749
het er oal kyl, substituted heteroal kyl,
suitabhedsdradicyml cagdlyxspd, forsuxbseipid, athed, hraines,alriokibatsk phasphingd and the like are
ubstitu ged aryl, heteroaryl, substituted heteroaryl,
Su“dé% #P-oxy, silyl, boryl, phosphino, amino, thio,

[0064§§| aRR, foﬁhnsglﬁé’ 5 e C&%%&%f b&%gzstt Bshsnds L@a@ﬁ@é chd}actenzed by the

rtain enbodiments’, the I'i gands are novel ound
generairfdrminlad‘é(@ﬁ waech ]v{htsynaﬁhullnl ori gircohianaarnd wdchlL i:semdqbeademly selected

from {3 i AT B AP B Bo T DR SR BoIps. substiuted
cyclo8If{A€ 'h@ﬂelrdél la§®§ﬁﬁfédzl?éietgmk§p MO Gy Rhik fy?%‘lﬂ?ﬂt%@rl%té?gcycloalkyl

Is"selected fromthe group ConSIStlng (0] y rogen,
aryl, subkiytufedsaripls thleteI:ﬂaeyi atbsyituyted cttmatky dlkosybsylokyt lgdroxy, boryl, silyl,

. cycl.oal nd substituted.aryl; and R3 js .
arning g ek e 0y ot RUPGTIA sPHoBREDS CapEpgies. thio. 13-
dlonaﬁ§‘%a%ﬁeszéarﬁ&gat%znitﬁtésngﬁﬁﬁ%eéﬁd YorSEh Q8 thdrfAMnlib @, typically. It

group consisting of hydrogen, substituted or
1s welinswbst thatuhefdivah klydtal typichlba lckythins veter aeyunit @dlikaplirity of zirconium.

Thus §li?1}s 315\%% gllp( IBCW as %W 51%%12# %tff%gwg‘{ %ﬁtﬁ%ﬁ%ﬁe{rgggy réasonable. Specific

examplRE b€ Qfiitatif@hbfrGith 3inldYziROLEHE! 8l f@ﬁbl%w@ bt £E dobeSSited to HICL,
conmpounds 1 nclude those where Z Z2 are each

Hf(CHliPdepen dHf(ﬂHaCé/&lshct edHf(Cbnd M@ )agr oudf(€bhBh)s€l,ng Bf(CH,CMes);Cl,

kyl | |, )
HRCIT VNS Sk Pl G e e TG HHS M eClior ITNMe),
Hf(N@n?ﬁC' dddc q‘if(N(SHNfé})ﬁszb\{\h ore€l, Qﬂzlr(@bp@?d z@?écﬁg@w@ggh Zr(CH,SiMes)s,

sel ected fromthe group consistin
Zr(Chalfb €t uZgeHaCiMA: ):6hd éd@szM@Q}J’]d ZQ@HQ? hh@é{zr ogafCH,CMe;),Cly,

2T ARG O 0 PSR i "Se0 vo

[0065?00@&@5%56 ROARY of st icaamfRs Afrc e GahBleyst ﬁafﬁfurn catalysts, for

his invention may be prepared usi ng known procedures.
examlﬁesethefrararrms(@nﬁn@theﬁ@lmnﬂﬁmne@agémedlletvemlstabgp asNeEmahbases.

992 (4. .th, D ificall
10066 e Tieg e Bl AL RO RO piecRarug [imfe e of about
0.01: T 0QbSHEROPY, AsPE BrePer@bll lin ﬂﬁ(}aﬁ%} oPeReaEES 11 t8A8biRS0:1.
di scl osed at pages 42 to 44 WO 03/ 040201.

MetaldagmmkComplesey 0062] Once the desired ligand is forned,

10067} b s Ri pore elebinda Jit oo §F Rl et aRR b figand complexes.

Geneﬂahf lthandsd ofs thiksd | MMBNL | Qiitabicl Imdpg @Qtatgﬂsﬂ%m@ohﬂd 3prior to or
a ound or catalyst and the product of such

SImult;mﬁ:mISWaWnE rllowingothe deixéuraritorbd confactad priduthetreddanis (c. Eo monomers).
When aﬂfgg és:,rgl%e%dr%%ggh?rm H%taﬁ"gf'%?ys I%m}qg?%}dr glgflét:acggan% cornplex may be
forme@PWﬁQHﬁﬂayaﬂ)@Q datilyttort gy heACh ARt tivasd to/ed Ptstalyst. The metal-ligand
complexes discussed herein are referred to as 2,1 complexes or 3,2 complexes, with the first
number representing the number of coordinating atoms and second number representing the
charge occupied on the metal. The 2,1-complexes therefore have two coordinating atoms and a
single anionic charge. Other embodiments of this invention are those complexes that have a
general 3,2 coordination scheme to a metal center, with 3,2 referring to a ligand that occupies
three coordination sites on the metal and two of those sites being anionic and the remaining site

being a neutral Lewis base type coordination.
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scavengers, etc. Additionally, the ligand can be
nodi fied prior to addition to or after the addition of
W@ b@sienat catal yst, e.g. through a deprot onat PORUS2008/052749
reaction or sonme other nodification. [0063] For the
[0068aboVievdkargntitsaent thdr@, Imeéahetalddcahy stctddigaad ndsnpiexys,bthe metal-ligand

characterized by the geperal forrmula Hf (L where L is
Compkeﬁ%ﬁelﬁ%g%ﬁfﬂrw%eé@yél&e %Tleml%%ena%%ﬂ%@ﬁst ing of

halide (F, d, Br, 1), alkyl_jisubstituted al kyl,

cycl oal kyl, substituted-cycl kyl, heteroal kyl,

substi tuted heteroal kyl|, heterocycl oal kyl, substituted

het er ocycl oal kyl, aryl,| subst'ituted aryl, heteroaryl,

substituted heteroaryl,| al Koxy)\ aryl oxy, hydroxy,

boryl, silyl, am no, arifqe, hy Htgo’ al lyl, diene,

sel eno, phosphi no, phogph\ne, rbBxyl ates, thio,

1, 3-di onat es, oxal at es,| caNboAates, nitrates,

sul phates, and conbi nat|i ons X'hereof n is 1, 2, 3, 4,

5, or 6. The hafnium catal ysts may be nononeric,

diwnefdi TY", IR'ghendar efas dehrsepbviolsly] sndvelid 1 6ROWThe J" heteroaryl

that hafniumnetal typically contains sone anmpunt of
may qr gy ot Wagyely peed utith drawin 83 bending.j MpshsiceHicalpsghggonmetallocene-
. r f.ni ' : rGi sonabl e. Specific
hgandgé(bg?n%g%ss rll}(‘)aslrgsea&fa %a%}egl%%a;?%ﬁlﬁﬁoﬁ%%% §ts include, but

are not limted to | )4, Hf (CH2CWe3) 4,

Hf (CH2Si Me3) 4, Hf (Ch Cwve3) 3d,

Hf (CH2SI Me3) 3C, Hf 2( CH2Cwe3) 20 2,

Hf (CH2SIi Me3) 2C1 2, Hifj , { (NBt2)4, and

Hf (N(Si Me3) 2) 2] 2. Lew adduct s of these

exanpl es are al sosui ijlum catal ysts, for

exanpl e, ethers, am ly phosphi nes and

the like are suitabl f.Ln[ 0064] For

formulae 5 and 6, the netal \:a st conpounds may be

characterized by the general Nlormyla ML)n where Mis

haf ni um or zirconi um and eafh L i g Tndependently

sel ected fromthe gnoup cohsi sting of halide (F, d,

Br, 1), alkyl, substituted al kyl,” cycl oal kyl,

suhstdit Bt el Iy eP gl RY) L ah@¢heroa daflined prhisdustyytag@x is 1 or 2. In one

het er oal kyl, heterocycl oal kyl, substituted

preferresk empbediicatakkly pnd aryl | Addibionpliyitleayviabyse adducsrafdhgye metal-ligand
stituted. hetera | ki . aryl.o v -
comp%%?sy%t{e a;f%q glllt’nl%aﬁl]e nsg{)lyéa% ﬁlg[ﬂ%ﬁ%ﬂ&lro?idﬁd’r %%Flyré}/ %gll%g él’rmnes, thioethers,
phosphftlee Bd thehike ks lablehesphistasescar boxyl ates, thio, 1, 3-
di onat es, oxal ates, carbonates, nitrates, sulphates, )
[0069hnd Merevipseificelhs thheemapgtalipcere metal-igprdaferyplexes qfghigdpyention may
- t ' ypically contains sone
be Ch%?r%%ehg% tP%%{r%@%f‘h%hr onium Thus, this invention
uses as pure hafniumor zirconiumas is commercially
reasonabl e. Specific exanpl es of suitable hafnium and
zirconium catal ysts include, but are not limted to
Hf Cl , Hf (CH2Ph) 4, Hf (CH2CWve3)4, Hf (CH2Si Me3) 4,
Hf (CH2Ph) 3Cl, Hf (CH2CMWe3) 3A, Hf (CH2Si Me3) 3C1
Hf (CH2Ph) 2Cl 2, Hf (CH2CWe3) 2 2, Hf (CH2Si Me3) 2C 2,
Hf (NMe2) 4,
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Hf (NEt2) 4, and Hf (N(Si Me 3)2)2C 2, zrd 4, Zr(CH2Ph) 4,
Zr (CH2CMe3) 4, Zr (CH2Si Me3) 4, Zr (CH2Ph) 30,

WQ@R(OSHEEME3) 3C |

t hese exanpl es

Zr (CH2Si Me3) 301,

[ 0065
are al sgisui tatg

Lew]
as h

Zr ( CH2Ph) 2C BCT/US2008/052749
Zr (CH2COWe3) 2C 2, Zr (CH2Si Me3) 2A 2, Zr (Nwe2)
, and Zr (N(Si Mg3) 2) 2] 2.

Zr ( NEt 2)
s base adducts of
af ni um cat al yst s,

for exanple, efhers, hi oet hefrs, phosphi nes
and the like afe SU|tabI Lewi s bases. [0066] The
ligand to nmetal catalysy/ conpQund molfar ratio is
typically in the rary N01l:|11 to about 100:1
nore preferably in the r f about| 0.1:1 to about

10: 1. Metal -Li gand Conpl 7] This invention, in
part, relates o the use |of nonneta Qc?f

nmetal -1igand conpl e [y, @and is m xed
with a suitabl ¢ netal t ysthgggngﬁalprlor to or

si mul t aneousl y|(wi th aRFo m xtjure to be

contacted with(the reactants (e.g., Wononers). When
ca

t al yst conpound,

a nmetal -1igand|conpl ex qay b whi ch nay be a
catal yst or may need t to be a catalyst.
The netal -1igand conpl exe¥ herein are

referred to as W th
the first nunber
coor di nati ng afons andQ3
charge occupi edl on the netal. - conpl exes
t heref ore have|two coordinat(ﬁg at ons| a a single
ani oni ¢ charge| Qther enbodi ments of [thi's invention
are those conplexes that have a general 3,2

whercg® fHediafiabled Bre SRRy Wefided@oat. TR, 8lg., OY, tﬁ @, R%L R, R* R°, R® and
referring to a ligand that occupies three coordi nation

R arg intdéﬁeréi@n‘tlh éelﬁ@t@@ rogh ghet SIOUP fCORHBER &ff aksogea; ﬁ@(yl substituted alkyl,

Sl IOL T HORERULT, DEbA R Rl

substifitde Th@ﬂ&f@b@alk@c ez[i?l , Ribatitulet gan h»‘e@df@zir?% %bstitﬁt%d heteroaryl, alkoxyl,
nmetal -1igand co exes may be characterized by the
aryloxyd| sﬂ@wbﬁgﬂgémﬂano,fa@nmltbw( 8)1611%6?0@ ppd qombinatiqeg thqreof, optionally,

two o?ﬁl%ﬁy{{arfg RS 19(? I{V Ieociilpg) ; tﬂgl ﬁ){ijrnxabﬁlﬁ adlmgél §yzstern Hgvmg from 3-

éroary nmay 50T

50 nofhywrdas aﬁﬁfibdﬂnnﬂdltiﬁhrts tlﬁep (flhélﬁhé Ye.g.tde@erating a quinoline group; also,
nonnetallocenell% nd conpl exes may be characteri zed b¥

optionahy, 4y GAmEANtoN of BheReiand R1; myy bmlnmogﬁéer iRz, ring $rgture; Q' and

S f r .

Q arg rse%gtre?efr n‘hg %go ?gﬂsﬁ)ﬁ%ﬁgydg aﬁ&g )§}& CF(?iLth[l ona ,}’Ell_o%vﬂw%é, substituted

cyclodiksle apddudbstuadd drhe$eovigddathat QJand @oﬁalrﬁxeﬁﬂﬁﬁem@l;md cach L is
within the scope of the inventian, for

l e,
indeperdgaily sclagtph é@m thei e epnsistign 9§ ;blﬂilﬁif‘e@la’hoﬁ%ﬁéu‘leﬁ kgkyl, cycloalkyl,
substiftht&d chﬁcﬁaﬁﬁ, al‘f‘etérgx\ﬂ&l, bagKFituted heteroalkyl heterocycloalkyl, substituted

heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy,

onpl exes,

representing the

Vﬂe%erocycloalkyl

cyclo %E‘é §ucor§ta tuge

hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, seleno, phosphino, phosphine,
carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, sulphates and combinations
thereof; ni1s 1,2,3,4.5, or 6; and x=1 or 2.

[0070] In other embodiments, the 2,1 metal-ligand complexes can be characterized by the

general formula (11):
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optionally, any
j oi ned toget her
sel ected fromtld
substituted al ky
aryl,
not bot h net hyl |
fromthe group

substituted al ky

het er oal kyl , sul
substituted het §

substi tut ¢

het er oaryl, subs

wherdﬂy dfempiablbs)ﬁtylgan@ralllyl Uefirriabove. am ne,
phosphi no,

[00711 hi dn Silﬂthbl@foéﬁ%l?Oé’émelﬁ%éhﬁt elsme

eno

| east one of th

phos i ne,

_25.-

[0069] More specifically, the nonnetall ocene
nmetal -1 i gand conpl exes of this invention may be
w@b@saeRer i zed by the general fornula (10): wheP@l/OS1008052749
vari abl es are generally defined above. Thus, e.g., @,
@B, &, R2, R3,[R4, R5, R6 and R7 are | ndependently
sel ected fromthe group consisting of hydrogen, alkyl,
substituted al kyl, cycloal kyl, Réub§t|tJted cycl oal kyl ,
heteroal kyl, substituted heter«aIRyI
het erocycl oal kyl|, substituyj® erc;i{\J c| oal kyl', aryl,
substituted aryl sSMpsSt i ed heteroaryl,
al koxyl , aryl ox) phgsphi no, am no,
thio, seleno, ni natidqs thereof,
optionally, two a R7 groups may
be joined to fof Lo iAY system ing from 3-
50 non- hydrogen atoﬁ% in addition to the pyridine
ring, e.g. genel quf nol i ne group; also,

and R4, may be

tructure QL and @ are
sisting of alkyl,
Ubstitpted cycl oal kyl ,
that QL and G are
i s indepenfently sel ected
2 ng 1hal i de, af kyl,
I, cycloal ki, substitited cycloal kyl,

pbsti tuted heteroal kyl heterocycl oal kyl ,

erocycl oal kyl, aryl, supstituted aryl,

stituted heteroaryl, -alkoxy, aryloxy,
hydri do, allyl,

carboxylates
llg@,rpfb@@gp CHRESt qfatthhssmventlon can be

ns thereof; nis 1,2,3,4,5, or

ChmaQQAQQngﬁ?g %qg?ﬁgggzﬁ1n ot her enbodinents, the 2,1

metal -1igand coffplexes can be, characterized by the

general fornul a ( 11): mherelmj%he vari abl es are

general ly defin [11 other

enbodi nents, th pl exes of this

i nvention can b general formula

(12):wherein th |y defined

above. [0072] | red enbodi nment

t he nonnetal | ocge bXes are

represented by t D- 51 of WD 03/

040201. [0073] bl - | 1 gand

nonmet al | ocene practice of this

i nvention, the may be

characterized b 13): R 11 where

Mis zirconium fi ned above;

J'" being sel ec $abst' t ut ed

heteroaryls wt ¢ netal M at



being a heteroatom and with one atomof J'" is bonded
to Mvia a dative bond, the other through a coval ent
wheordioemnd L1 and L2 are i ndependent|y sel ect eRICT/D82008/052749
t he group consisting of halide, alkyl, substituted
wheredd ﬂlyelv,ariab'lesi aalgeydrallys ddfateid tabibed cycl oal kyl ,
het er oal k ubs tuted h tero yl, .
(0072 éP&cQ@%ﬁ‘&P‘ﬁi} prefisigsk embodiamh e‘?%%‘%f‘é%l@&%?ymetaéﬂwnd complexes
are rofid0Shed 8y i i@ lac ﬂ@tagw@s br WSt adgabed heteroary!.
oxy, “aryl oxy, XY, ory , am no, am ne,
[0073hydrTwoingad thel 3,2 memhéxgascéhmmtalﬂﬂws@brbmpiaxq:shms@m the practice of this
car boxyl s, thio, 1,3-dion tes oxal at e
5 inveniiop @%@F@L‘ﬁg%}dﬁoﬁpé@‘“ §H‘D’6’ﬁ acterg ot ko ggnula (13):
thereof. [0074] More specifjically, the 3,2
nmet al - | i gand nonnetallocen%iconplexes of this
i nvention may be characteri'zed by the general fornula
(14): where Mis zirconiu r hafpilum T, Rl, R4, R5,
R6, L1 and L2 are defined ab veg/ghd E'" is either
carbon or nitrogen and4s party,0f an cyclic aryl,
substituted aryl, heterdaryl s, OK substituted
het eroaryl group.[0075] By nDreI?pecificaIIy, t he
3,2 netal -1igand nonnet al 'gtene conpl exes used in the
practice of this invention may be characterized by t
Wher@ %@rzallcomamﬁﬂ hgfrigmy R mquﬁ@fgleé PRl URFHE spigsid .frﬁfn the group

of su Elgutérd above%%degﬁ}lﬂ# it M, Blidast dnd cﬁn[gose 2 atoms

are even nbre
being &H&tﬁrdiat@ml dn}d, withen8atdmnat J! is bogdaddo M Rivet &tiv@d{)@ﬁé the other through

10 a covglglgtplg)@gggrgff Ls él?@i.rf” Iglgzeg%ﬂe%aﬁgglese?ﬂ%Fegihfa rq,all g]éq(: E}I@;HS gpnsmtlng of halide,
o S 90, o1y R LD e i
heterdcheloalkply esubstitmﬁkiahcteliaﬂ:@cloém.yll arf?] Zubstamdd Rir$l, alleeeroaryl substituted

i ndependent sel ected fromthe group con t.i ng
heterq%@a BhY> aigiony: BYdEgy. bopts tiltlupE arRYIC, %elgie%aalkfw diene, seleno,
phospﬁet ei) 5?5[251]@, E%et Ky It FEy iy Bxal%?éﬁkﬁoﬂﬁ%g nitrates, sulphates,

, ocyc substitut’
15  and chmebiestoysltioabdfyl , aryl, substltuted aryl, heteroaryl,

[0074}2 g:l{gh%eggp%g@ﬁ?lﬁgg rt ? rﬁ?/ZLme‘g}e Ilﬁg n(%}rr%lelftgl)l(oycgﬂ% Icér%pl’exes oty this invention
may QAR BRHLANSy HBGERRAL Rk QAL ly, two or nore RIO,

where M is zirconium or hafnium; T, R', R*, R, R®, L' and L? are defined above; and E" is
20  cither carbon or nitrogen and is part of an cyclic aryl, substituted aryl, heteroaryl, or substituted

heteroaryl group.
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R13 groups may be joined to forma fused ring system
havi ng from 3-50 non- hydrogen atons. [0078] In
waowstoamn Lew s base adducts of the netal -1 i geemUS2008/052749
conpl exes in the above fornulas are also suitable, for
[0075¢x ariplea, metchwpraficaly, nies 3,2t hetakligeidsyonpived phémesomplaxes used in the
| ke are suitable as Lew s bases 0079] . The
practlﬁee?%#lw IPFAHED EBHRICERBECEEAC @srgﬁ%?fa‘b’{?ﬂ%%r(h?)ques
known to those of skill i the art. In sone
enbodi nents, R14 is_hydr nd thk netal -1igand
conpl exes are formeB<Yb N.afion reaction (in
situ or not) as shown |'n thg reactiion schene on page
54-55 of WO 03/040201.] Spec|fic exanples of 3,2
conpl exes of this ifps rﬁeLudB&a+T{¢hose l'isted
in WO 03/040201. [0080] ds, “eohpl exes or
catal ysts may be suppbrtgd on ai organic or inorganic
support. Suitable support|s i ngfude silicas, alum nas,
cl ays, zeolites, magnesi | ori de,
pol yet hyl enegl ycogs renes, polyesters,
pol yam des, peptides\and yhe |ike. Polynmeric supports
may be cross-linked of—mot. Similarly, the |igands,
conpl exes or catalyﬁ,% mayr Be supported on S|n1lar
ports known to those of, skill in the ar )
whereMiep girepniumis hatiumiandsT.dt - ’hi R RivBnt Ro ana§~ b and Lare defined
combined with other catalysts in a single reactor
“and/ or enployed in a series of reactors (parallel or
[0076%er iSall) even mbﬂaesrpetlﬁcﬁlm nthédBenastabfigpnl yorenctgiordie t@mplexes of this
, %0081 The neta nFIexes used in this invention are
invenjighgpay bg C%%ﬁ%*?%qdcbé{ g eeeralvempia b nation with an
activating cocatal yst or Ry use of an activating
techni que. Suitable activgting cocatal ysts for use
herei n include neutralllLeyis acpd®d such as al unoxane
(nmodi fied and unnodi fieg S$-C30 hydr ocar byl
substituted G oup 13 co , especially
tri (hydrocarbyl)al um I ri (hydrocarbyl ) boron
compounds and hangeRa ed>M1 ncl udi ng per hal ogenat ed)
derivatives thereqfs havi [
each hydrocar byl
nore especially per

5 above

compounds, and S
tris(pentafl uoRop N aﬂegigﬁiglyneric
conpati bl e, noncoor¥i na#i ng, ion W ng conpounds
(including the use 4f such conpoun J\deq}OX|d|Z|ng
condi tions), espectally|the use aéh?n|un+
phosphoni um , oxonﬂﬁ%m—ccarbonl m, sLiylium or

sul foni unsal ts of conpéI¥Qle noncoor di nati ng ani ons,
or ferrocenium saltstof compati bl e, noncoordinating
ani ons; bulk electrolysis (jexplained in nore detai
herei nafter); and congﬁnations ?gsthe

where M is zirconium or hafnium; and R?, R*,R*, R°, R®, R'’, R", R'%, R", Ql, Qz, Q3,Q4, QS, L!

10 and L2 are defined above.
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foregoi ng activating cocatal ysts and techni ques. The
foregoi ng activating cocatal ysts andacti vati ng
W@ ewbniues have been previously taught w th reGpEs1008/a52749
different nmetal conplexes in the follow ng references:
[0077V. S.InRat .abdiee fEnilER, RS7 RINIRU, Snd Rat arcNmdepond6ut]y883¢ected from the

eroupyggTIS ey Tydiagen. s, . sukghutsd 239 1 Toally B teigd, cycloalkyl,
heterd¥fkyl,?> stBSlitdeed- He%?@ﬁllyl:rhﬁetﬁ%oeyaéﬁﬁﬁ u§%tiﬁ§ed?nltleﬁeercycloalkyl, aryl,

acti'vating cocatalyst”in this invention Is o
substifuwednatyd, hRéroatyTH3UysAhGed hicteradnylc llRkyl sirdoky, nelyt,, boryl, phosphino,

amin B 5 S i L 5RR. i b RO 1. % g

R"” gﬂoﬁﬁse&% bé i RRABIHm 3 isRd i’?‘lkﬁg ﬁ%sstgrﬁ ’habiﬂg lrkdsd Y80 n-lc;ﬁ%ydrogen atoms.

prefertred al unoxane conpon referred to as
[0078hodilhiadditioel hywalbasoxdiiuets ,of alemetabigawhamaplexd4n itlee @ove formulas

i nea ranched or cyclic .to C9 dr ocar byl , is .
are alyq %wﬁaél?o?ﬂr %?@B‘det st'i%fﬁgﬂfnns.&%{oe@wlfss p%@ nbeid ths Ik o suitable as
LewidhQ4 0.5 and n is an integer between 4 and 20,
inclusive; still nore preferably, R4 is isobutyl,
[00791 er tTher metalitigdndoromplecs whn bx forsnddriymealiogaeskndwinao those of skill in
about 0. 4, .is from about 0.8 to about. 0.6 and n is
the arb iy ng‘éﬁlb%%w%w 4 pyirqggn %ﬂﬂéﬁwe(ﬁi-ﬁlgﬂﬁ&%?@exwre formed by a

metalfall6n 30RYiBn &l FRX BP €81 RY s W CinP e SRR EG hife tdhEpage 54-55 of WO
practice of the invention. [0083] Mst preferably, the

03/0482UinoXEndici exaoples lvé 3f2ocamplaxasrR4 thif GRBNtignAlne)ude allitboseilisted in WO
03/04&10{5 i sobutyl or tertiary butyl, x is about 0.25, y
about 0.75 and n is fromabout 6 to about 8. [0084]

[0080‘1?:'ar IPHUL@nltY, &5HET1IMes B rUOBARRE AT & S@poptkd @4 APHichhR%br inorganic

unoxanes, preferably nodified nmethylal unoxanes
suppoftMVIXD)tablehaitpparte iodmid eilelay, slohuise claysakéales, magnesium chloride,

ol vents, for exanple heptane, and, may incl ude ver .
polyciip|efigy il BHlySD PP A TR e SERgu iy B Hke. Polymeri
suppoPts GRS bR%LrSUAhKRR AT aded SahiIRX aRe SighsdsdicdmpRSEH ot Ratalysts may be

U S Pat. No. 5,041,584 (which is incorporated by
supportefl en eneiddr suppartrdsuanado dsest wif siidl innhaat.i lraaddrgpn, the catalysts of this

invent%?rglglltag %é 35 hﬂ’f’ﬁ gla&&{fe\{rec%lly%%’ iﬁ%}%@%a&@g%&?&éﬁployed in a series of
reactofts HRELIRI S sefal) hporttPio fori HlonaBsf polfmes fdduaBs. Various

al unoxanes can be obtai ned from comrercial sources, '
[0081f or Ehecamstad, coplprexchobed iCahpomatitom, amnendercll uaalytically active by
\0- 3A, MMAO-.12, and P | P, [0085] Conpinations .of :
combigalin 311t &l SU4I CORGAR & Py PR eoTc BFHEH g R Fnigue.  Suitabl
activatinl @bKathly @k Y81 NeMSGEANAUREE RaMtand chiPMids §RhdsCAiRO e (modified
in"each alkyl group and a hal ogenat ed

and uningffiddc A bGR) by drcebrpoudiuivi rGrpom3l ecmmands,  especially
tri(hy&r%réa?r%gl]ﬁaﬂl{l]ﬁlﬁl%%h op %gfh%%?orcgmyl)%ro%%p tompounds and halogenated (including
perhalogenated) derivatives thereof, having from 1 to 10 carbons in each hydrocarbyl or
halogenated hydrocarbyl group, more especially perfluorinated tri(aryl)boron compounds, and
most especially tris(pentafluorophenyl)borane; nonpolymeric, compatible, noncoordinating, ion
forming compounds (including the use of such compounds under oxidizing conditions),
especially the use of ammonium-, phosphonium-, oxonium-, carbonium-, silylium- or sulfonium-
salts of compatible, noncoordinating anions, or ferrocenium salts of compatible, noncoordinating

anions; bulk electrolysis (explained in more detail hereinafter); and combinations of the

foregoing activating cocatalysts and techniques. The foregoing activating cocatalysts and
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especially tris(pentafl uorophenyl)borane, and
conbi nations of neutral Lewis acids, especially
W@ edogfient af | uor ophenyl ) borane, wi th nonpol ynePCTUS2008/052749
conpati bl e noncoordi nati ng i on-form ng conpounds are
activadihg Oeahﬁ'ﬂﬂuelé haet bocatprengowshe mughwath res[p@ﬁl&ﬁ] difeichatnketal complexes in

s SRt Rt TR L 25 SR SIS SRS, o
EP-A‘M%B%@I'(é%lgvaﬁérﬁ%t@ﬁ 8G! foCapaaY 918/ Iﬁ@”[ait'ﬂg 97@[ @é?QndUS Pat.

a conhpati bl'e, noncoordi nati’ng ‘anion,
No. 536082%, the term "noncoordi nati ng" neans an anlon or

[0082?;b%%z&m%%g%%figg?ﬁrnn%:%gg@ggo;%q%? }bsrt[ﬁlpr di. nat.e é%%nilglg is of the formula

(R X(@{"I‘t) Ay, | i‘ﬁ leﬁElﬁ ®atd ¥ ﬁnéia? rBrMﬁéi’leH lae Eﬁlfcm o6 W?('h%@arbyﬂ x is from 0 to
7y we coor di nat ed t osuch conpl exes the

about rle tyaiis rfrmg abollitf] i @naridyn limbi igegan flven dbey! hmedadnty 24, inclusive. The

neutral Lewi s base. A.noncoor di
prefe LRI EAY YIRS BT ShodntrccRRlaRPoxaes arf thgse wherein

RY is Q%n@arcﬂﬁﬁ&?ed%lc?ﬂl% €9 t@@9%dk&a@oy‘?%¥ IRk aP&A).15 to about 0.50, v is
Conp ex does nof transfer an ani onic SUbSt|tuent or

from fab@,gn@&ﬁ to heboe 0.5 end ai o @atintogert bewedyy 4f ardr2flginclusive; still more

ta Conp atlble ani o
prefeiie R i SO E A rng g HoEohal I Gomrilhtt R 6 MBout 0.4, y is from

abouti0 td duy ofPsEH i CHRSer BEGRIRASHR BNGn@&ve. Mixtures of the above
noninterfering with desired subsequent polynerization

alumoganestrhar al&xsbfsemployhémdberptaeuce (@ﬁib@ﬁﬂveﬁtn@‘ erred ani ons

10083 oS G P A SRR g G0 GV e anCGPRVAEDe wherein R i

isobutbClartiiny Qlﬁ'tPll & i€ @Rﬁ@l()QSO iDAANGTHInd PEs ﬁ"&ﬁraggutc(f toldBBut 8.

active catalyst species (the netal cation) which may
[0084be  fRartiedariyhasciuhealtimoxawrpare so-saldede neatrbehedumakaes, preferably

n shoul d C|entl Iab be
o F1 S B s AR AU et Bt P va el Pl aleps, solvens, for
examﬁl@sﬁﬂp%hrn@t SHd GRIP IR QéryoliR! 1f‘% J BlallgMiRiRAS€SA technique for
such as et hers “or nltrltes Sui t abl’e net’al s i ncl ude,

prepabng sacle modified ndltmdxanss sl distlnsady igdl 8. disd Ploatd, Prtin?84 (which is
. Sui t tal.l oi.ds includ but ar.e not ted to,. .
incorngguih By EiEEBRDr AdmgRtes T ELR nBhE ot B hRgnvention may
also B WideRIzedmhi 5. cpar qlldﬂazt 5PN BPNPEEXBS; 4,960,878; 5,015,749;
containing a single metal or metal’loi'd atom are, of

5,041 588 rand , 5, H1, 385k n‘o’wnm&nqjumanqnes panr be @btaamddyfrgmcqq)mmermal sources, for

exam g R o i s ie VRN OGP 1R R0 1

[0085€ MDA fBRAtidHs  bNinSutrdlV €BisOBeid} h@sp@@ffall%’ atht Nébmbination of a trialkyl
cocatal ysts may be represented by t | owi ng

alumlglernecr@npqﬁ,l@d nlmvalg [ﬁ]Qm H] to d[ mbqnsv\h)ep@qlh alk]yl iggoyp and a halogenated

ew S ted acid
i R R B RETRGTC s PRI T o R AT ac Ehap ooy erou.
especfdlly aA6(penth SudBphdily BBEHané, " 4 éorhlﬁné’tioanenéﬂlhﬁf eeRh Yeidd especially
corresponds to the fornul a: [Mk+Qn']d wherein: k is

tris(peayafluorophenyl)borane, with nonpolymeric, compatible noncoordinating ion-forming
compounds are also useful activating cocatalysts.

[0086] Suitable ion forming compounds useful as cocatalysts in one embodiment of the
present invention comprise a cation which is a Bronsted acid capable of donating a proton, and a
compatible, noncoordinating anion, A". As used herein, the term "noncoordinating" means an

anion or substance which either does not coordinate to the Group 4 metal containing catalyst

complex and the catalytic derivative derived therefrom, or which is only weakly coordinated to
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integer from1l to 3; n' is an integer from2 to 6;
nN-k =d; M is an elenent selected from G oup 13 of
wao h@sPerindi c Tabl e of the El enents; and each ELT/8S2008/052749
i ndependent|ly sel ected from hydride, dialkyl am do,
such dvatpilaes tirydryoeambyhg sdff]ldilemtﬁfaﬂ’)ﬂb oxle displaced by a neutral Lewis base. A

al.osubstituted rbyl, hal osub tltu ..
noncoﬁ{fii?%ﬂ%r BT}}P%XSPWEHQ af%“s“ﬁb%‘% Wl?ﬂle ?‘ﬁ}/ dinstigring| as a charge
balanci ﬁ%hﬁ]@h% Q'Cgﬁétﬂﬁ hiaehl E%P%&%@@ﬁ&te[gan fer an anionic substituent or fragment
rocar byl - per hal ogenat ed hydrocarg [ oxy- 5
thereqf ¢o kat ogrenmathedtby lfcbmhhg/dmlcahcdnyplex@dl”eah@)aubls annbn@ are anions which

R TR T R ——

nomn§wehﬁgkv?thfbbé9ﬁ&§§% fulxd éﬂ)%f&r%%%r Gther &LJe§ Sfﬂﬁé%gm [bx
296, 43 0089] In a nore preferr

[0087¢ mbdtiefrend ,antbnis saro rtll&:Qse [ coata,mmg] e Slmglntc&ordlnxnmha@nmlex comprising a

l e ne t|ve arge and. A@t
chargSBERIS PERE of Siitlon Farennhich Haimndn GpeniSat Blapping fye charge of the
activeUS@{IMt sb@m&@&h@ hRRAT@LbONWREh ‘-}ﬁ‘é}/ai)é’ %rﬁleefwﬁéﬁ' the two components are

i nventi on may be represented by the foll ow ng genera
combined msilsn, splld/\a,nhd}mﬁlﬁ@h] beveeffigiently [ldbileHp bei dispageed by olefinic, diolefinic
' [ oxi dati on st at

and a%[rtﬁétlngajﬁrld dﬁ%ga{tegf WWE? g&g Qr IIP'F{]P&I%E]C%WE a&ea;uch as etﬁers or nitrites.

Suitatflé l&ﬁéthﬁafn%ﬁldg)/ BLOGR Byt hrmftedu%' aahﬁthygmgc @ﬁobxﬁmﬁmg{ Suitable
fluorinated silyl hydrocarbyl-group of up't

metalkmmshmthaiger’ouatammotvdlmhed He, oo, sghosplatrus, nzmnit siiope  Compounds

contallnglg‘g@gqr%les agoléﬁgréseaeo%dg%a]%{oﬁ ;S%]g}/eép%?onzq,lgﬁrg eafs?nrg € m%tal g% metalloid
atom 88D IcBLIY, w@ll RaBHAT dndoh RN thuﬁfr@uﬁach[&gf%hnds containing a single
Preferred [L*-H + cations include

borontava i thetahydingneirtiom areravaileble comueydialyroni um  Anot her

[OOSSgU;Q?}?olng]el gglfgqoelrngnﬂf @150133%}t1\£)?1:1t51re] g&té\“?g %tg%agazatllysch Hﬁy be represented by

the foﬂ@ﬂﬁ%og’e%ﬁﬁfdrﬁﬂla q@mrd[?\d? MR : NPk ASROESARYis bAR; [L*-H] is a

for mil a: (CM Ad )e whérein: Ox.e+ is a cationic

Brons@edl diidi AG lagiemnohalsdmvgmg, corapayblofnien; hagingsa ahargﬂtOéghand d is an
d are a rev ous] y ed

1ntege[r @ggﬂl t(tg ﬁ%qrg Breéeral&lgtgd oFPIEespdy; tlhe ogggh rju d}éhereln kis an

integch TP ¢ O BURY is A dheEATRIh 25 S tni-k b &OMf B fah%@&ﬂéﬂﬂ Reled8d from Group
or Pb+2 Preferred enbodi nents of Ad are those ani ons

13 of ghePridedi¢ [abilsfofribe EAﬂ:mfrntar,e@ée@t:h Qb ist indeBnderstyestlestdddirom hydride,

aiatksf 3R PR Ak ot o RO B G e tos FOBES; prihy. hatosubsituted

hydro8atb{iaRY € ah@Nh41eT KiRGutdc tsﬂy ?Hﬁ@aﬂb?p ah@kMst (i6QGMHY Sﬁ@rhalo genated
a conpound which is a salt of a carbeniumion and

hydroparhgloparbiloganiaied, hydmm@o/lcm/ealahp@rhalpg@m@ﬂéﬁv@ddwa@mbradlcd@ said

arbeni um

Q ha\zfnggr]m)’l ltﬁ 30 )&%lbongs 16 t%e prﬁélf%/ﬁl&e fn %t dmm:& t% g 1 P0¢ deeprrence is Q halide.

previto

Exam@Rk BE8litaBlel drdcartylsxidd Q %d)u akd &l@eloded@n U S. Pat. No. 5,296,433,
trlphenylnethéllun1 [ 009 further suitable ion

[0089% or dilr?gmom:mrp sl regnbodaangl 4 st onse pr theeepuates arplasmlsingle negative
charge anc? A gctlvatmg cocatalysts comprising boron which are particularly useful in the
preparation of catalysts of this invention may be represented by the following general formula:
[L*-H]'[BQ,] wherein: [L*-H]" is as previously defined; B is boron in an oxidation state of 3;
and Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-, fluorinated hydrocarbyloxy-
or fluorinated silylhydrocarbyl-group of up to 20 nonhydrogen atoms, with the proviso that in
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salt of a silyliumion and a noncoordi nating,
conpati bl e anion represented by the formul a:
wer®8i1¢9%1) g +A wherein: R is C-d O hydrocar byPCT/HR2H08/052749
X, q and A are as previously defined. [0094]
not niAreftear ede sickadioruns sallydactibyht i Mgstc preddraibly stk iarech occurrence a
tr |(ge Dyl silyli uru tet rak'és( pe]gé aLI uor ophenyl ) bor at e,
fluoripgtehfpr, BOMPA ISPt e £ PSRPEPERP B8P phenyl bor at e and
t he § L ed AdHRN iy Bl LA Hibity AN
[oogogeen r%%@? F{J gae%e??%a ﬁ g@c y 3@&4 ﬂ%{r%h\] .a&h&ﬁ‘?’ nium.
Anotlr@h em’ttab(éommfomﬁﬁ@,&,cﬁ@ﬁﬁrg&&éata@st suphprisas a katrbfa tatiahic ox1dlzlng agent
., et al, Oganopetal.lics, 1994 3,,. 2430- 244 . &
and ap@wﬂdlﬁ%mga?%n% %&%reafesgl}t%h%?‘? Oﬂ%‘l‘lﬁapt aigx DA
wherch:|@Noli$, cﬁﬁﬁiuco@)()h[ﬂ% )%Vﬂg%ﬁ‘t having a char%e of ¢'; ¢ is an integer from 1 to 3; and

tris(pentafl uorophen orane "are so effective
amclaiabylspre&musl\yaieﬁnsd and may be used according to the

[0091&r g ﬂle%\@nga!ggglge)x glng F\%%tggilﬁlcm' eoggrlnflg{, %@;S@Far%yl-substituted
ferroc%fi‘ig_lﬁl %/ 6P Pﬁat @’kéfértrec? Bﬂb@d’lﬁféznﬁr(ﬁf £*ahl yndsa régﬁﬁls gfr@s%usly defined

to 100:1, nore preferab from 1: 5000
with 1@spget nost ‘dmeef Broabﬂegi f aondn boﬂfaﬁllmg) Betlvating omatalysts especially
e invention the cocatal yst can be used

odi ment _ of
tetrak}s?é% mPWF@HHW‘%ﬁ a tri(hydrocarbyl)al um num

[0092E0m&ﬁtﬁﬁjerrkﬁﬁémg idd f&'irﬁlilngt Qctmtlﬁgrc@&@ﬁ d Qoﬁ@ﬁges a cornpound which is a
ydrocar byl group. M xtures of acti vat| ng cocatal ysts

salt ofraycad:b@slummeoremul eym@acodrtinagng o®sipstiblet ani@npipogsentaédy the formula:

€1 AS iRl I hp i | B20 SHRRERE! 5%y BUnA” b arcvigghly defhed. A preferred
carbeﬁh&eihﬂq%etﬁe ta9Mdilds, p@'tﬁgﬁéﬂﬁrﬁ&m i xture. Preferred
al um num conpounds include“trial kyl al um num conpounds

[0093hav i A durthreo suitabiciof fmambg;rastwatugmhata]lyktydongxrisema cornpound which is a

salt ogtsaﬁéf}!lﬁ%]l, X‘B{/ QI?(? Ie\é%?eﬂrpgﬁr&f&a%ﬁgg&%(\épat% P;{el?reg%ﬁ?% Iby the formula:
Rgsl(ﬂ§ Oﬂe REREkeiRT R i SOPEN Oy drolB®yMBhai I ﬂdvodfre ﬁ@ﬁr@blously defined.
l ex to al um num conpound is preferably from

[00941. 1®roered o ]sﬂ@hllm mowal presfiestaly y ¢ocetmlybis100&et o trimethylsilylium

tetraké&?}l&aﬂ?lgef iny O{afé% g érﬂépjaolgy%(éeét% 153%%% 1%%6)}&&1%&&&6 and ether

substiRft&f &Idued (REAN i B ln%akt H&e%@@b@vi&%ly%ﬁﬂ’idaﬁ?%s@losed in J. Chem
strong Lewi s acid, especi al

Iy
Soc. Ehrans ((peamaflPRD 3SRy b9 ol anéampo®.a7B. | at ago@eganometallics, 1994, 13,
2430- 2“%)30(2“ ments di scl osed herein, two or nore different
é alysts, including the use of m xed catal ysts can be

[0095¢MPI @¢Rsh  BmARAES | @b ta%oﬁorgonﬁfetr@dpka%enﬁlanols and oximes with
metal -centered, heteroaryl |igand catalyst, en a

trls(pqyitaﬂ@kmnlrynydﬂbmateaary slse e&ﬁ@lmwly@aytn@anahmtmamb ehed &ccording to

e of ol ynme [ 0 mer s
the pEGRRRE . PRPEFBRDAErT e SBHEBI Ry S eLe 1
(0096 DOl c"BBLas ratfo Bh@athl?k’t%%ht@lﬂlsﬂ &nﬁl@%d‘ﬁfétférgﬂy%ﬁébs drom 1:10,000 to

nonnet al | ocene, netal-centere

100:1, more preferably from 1:5000 to 10:1, most preferably from 1:100 to 1:1. In one
embodiment of the invention the cocatalyst can be used in combination with a
tri(hydrocarbyl)aluminum compound having from 1 to 10 carbons in each hydrocarbyl group.
Mixtures of activating cocatalysts may also be employed. It is possible to employ these
aluminum compounds for their beneficial ability to scavenge impurities such as oxygen, water,

and aldehydes from the polymerization mixture. Preferred aluminum compounds include

trialkyl aluminum compounds having from 1 to 6 carbons in each alkyl group, especially those
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heteroaryl |igand catalyst. For certain enbodi nents,
additional selection criteria, such as nol ecul ar
waoweiogheo2eapabi | ity and/ or conmononer i ncor por at PGRUS2008/052749
capability, preferably should be satisfied. Two or
wherenothe atiom gediugpk lamuaetbyl, nidty B Iprapyhtisspechyl hebetyb asoplitylli jgatyd, neopentyl
cat aLysts havi n ferent substituents can be used in

or isopRRty by Tha molar %Eé? t Al GPMPIRE OBy ER (cOMouRd 3% pgeferably from
(<] |

1:10,098116 100: 1 oAt fer ) FOUPH: P00 40 MBYBSp KRN 11500 tg 1:1, alternately

from P@Q: krt@arlylaltbnngatydfroat 2:yse 9:1di Acrhoﬁepdeﬂaﬁeda borana @ttickeing cocatalyst

ut are n limted to taIIo ene cat sts and
Complé%ﬁ%étSFrQP%gaw PFLF?R?C@HM’FS}E?@ %?Hl}eng At al yst s

[0097{ g'ogﬁlsgfne wgoalrﬁéﬁtt@aﬁé@%s%)d he?élfﬂ t\%fdr%dn%%ff&leﬁtf &AM, including the

One suitabl e class cata yStSISt e
use of amiabd/ $H$l}dtsscﬂnobed‘mpﬂ'oytdds. IIPadidlthu) to 5, 06AN@82gcehkt,Snetal-centered,

hetero,al@ll llga@%&at@%gﬁzwé £ pﬁ%éit@ ;?tcatggo st agellzts% 2%1%%@@%& whlcelll is capable of

copol%éﬂ-z(%ﬂg Bne 8NGMQI9RA %ﬁgﬁlers% QxR ran%Hﬂe%@Wrﬁet%r%ﬁm%Blymer may be
catal ysts 1s the netall ocene catal ysts di'scl osed

used 1d. SnbdAmentSinf the GdvEndi88;in WoBunFadn wWiNb. a ﬁpﬂﬁé’taklﬂ@ne UnStal centered,
Pat . .No. 5,096, 867; and. U.S 4

heterd Bl et W o [k i SR 5RO GHLT B etrgion ritera, such as

moledﬁl—’atr %él?ﬁ%%aﬁﬁﬁ}ahﬂc%lscorﬁ&%n@tlﬁccﬁ?@raﬁ&m@%%ﬁﬁ rﬁlfe?errﬁlﬁgj should be

toin tThe art as single-site catalysts. [0099
satlsﬁsdu t’ﬁtvbeorchm nofhimctatla¢opst seied-csutiordi thatee@rylnligamﬂ catalysts having

differg su tlgl A mtbglrm;e(%ng %)I%ge?ctf%fs‘\ﬂg LS 6k Oaf ‘%}g%&b&i%@?sa gii'sclosed herein.
Sulta‘tﬁ@tcﬁﬂab&%{sswlﬁﬁﬁ eHysid Q&@Qn'd&nﬁl‘ﬁmb&/ﬁ‘lﬂ tﬁ@ Fﬁbhﬁ@ﬂall@é’&e metal-centered,
application Ser. No. 09/230,185; and Ser

heterc@.gyl.ilg{anQ g@alyats dlidglcsed m:r@m mp]@da| buApm o dinpiend tsemp.@llocene catalysts

60/,215, 456; 60/
and cwga&eg égieglglgtir% §atlggrst§' ufj- Slﬁ«,‘é %?)l?'éé g%lleﬁlar-gg{tg ﬁafa%rsgs) and variations

therefé@R! i cations are incorporated by reference herein in
their entirety. These catalysts tend to have a hi gher
[0098trp| €Qnd sritabsi Jints afaqatabysty isythe [C@Katly@@] digdered icdi.8l Dast Ho. 5,064,802,

US. RN R Tty oot dbear T A BB Nac BPRE TRy, Ryg 4ot 651, BP0

514 82’8V9W’U 01/19i1 54 @&?W@@Q/O’OSZ@V Aﬂ@ﬂh@ﬁ%uﬂ@l@@l@sgoépcatalysts is the
ubl i shed on Aug. 1, 1996; WD 99/ 14250, published Mar

metal Senel@gfgystw@sgwsmﬁlz@s d@blN@hﬁa%‘S&ﬁ B4, P?JQQRT \ﬁ@57 475 U.S. Pat.

No. 5?5/6 %ﬁf:'a lg%bi’ g%y 8(1(1}3[1 isy! %th ‘rg:_ L] ar ﬂ%ge con51dered as

metal@%gn&atalﬁ#@ lah& B@t‘ﬂ aw%melﬁnesl&%ﬁed W}naﬁé art ﬁé’@mﬁle -site catalysts
[0099&1 i shed Jun. 26, 1997; EP 0 949 278 A2, published

t .Angherisggable E];as@ of q;galgsrtg 1so@1bs‘p1u|1md| 1@{5}@1}11 Centainirgz metal complexes

as dlﬁgggg E%é %ag Ig 56%5 ggélbl | Sﬂ}%g F%g ygg%é)dé%%% H’tl}ggtcatalysts are
disclobed 1150&%&1&3@-@ HONOSTOR, applhiiehestr AMy. (112301888;and Ser. No.

09/71}5/\13)%(? / and 838 P?gvtismiaqudppﬁ%gtlon Selrlalgl\?o8 60/215,456; No. 60/170,175, and No.
60/393,862. The disclosures of all of the preceding patent applications are incorporated by
reference herein in their entirety. These catalysts tend to have a higher molecular weight
capability.

[00100] Other catalysts, cocatalysts, catalyst systems, and activating techniques which may be
used in the practice of the invention disclosed herein may include WO 96/23010, published on

Aug. 1, 1996; WO 99/14250, published Mar. 25, 1999; WO 98/41529, published Sep. 24, 1995;
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WO 93/ 25590, published Dec. 23, 1993; U. S. Pat. No.
5,599,761; U S Pat. No. 5,218,071; WD 90/07526,
weeosienerd Jul. 12, 1990; U. S. Pat. No. 5,972, BRRUS1008052749
Pat. No. 6,074,977, U S. Pat. No. 6,013,819; U S. Pat.
WO INGL225] ,2@i6]i42d;Ndy. $3, Pt7; Siddlardl,c8al, iB30AMUCEemPadc 19¢H, 118, 10008-

10000 EPRA g7 1) Sublishied Nay- 13, 199: BE50740&)5. paplishrg Jun. 26, 1997; EP 0

949 258 A3l pgaRhedlogt. 15’31999'\@13 659479197922;5 plbéléledDGEt 1@'01999 EP 1 063 244
. 883,204; US. Pat . 5,504,049 U S, Pat

A2, pﬁbl.%adm 27). B00PALS. Rdcb N5 9,668 877:U.S. Bat. Rat 5, w@azog U.S. Pat. No.

5003t 2Ra Sl SRR Rl DS b a8t Binet A 11, 1985

WO RUsHe NG D823 183; UV@ 1944/1@95:@999 mb*u §h1eﬂ N8N5.218,071; WO
6, 1994; WD 96/ 00244, publi'shed Jan.

90/07923? @Bﬁﬂl,eddubllﬁs th@RD; NGS. Pdt2No19932, SV\D UE/ 39862& 6 074,977, U.S. Pat.

No. offaiBHTN K als 5 B3, I et o A7+ RV EIE T G, SPos.a01: Us
Pat. 1\%8% 624607463 Hhass F@Clos eds bya: e Ns anglg dariks, Pz@hﬁ@ 5,731,253;

2000, 100, 1391-1434; 'those discl’osed By Ait and
U.S. RaipLNQ TAEN24REV.S. Z000N01 6383 2005U192Rat. Neose504,049; U.S. Pat. No.

50235035 N TRt X By ST oAt pn 0t 5,

1993; 2@@94/19@5’06 ]p]a@ﬁslijeaoﬁbb tihoseoiwel 9§/§@|24@y pEBRIRA. 0&heR) 1993; WO
00, 1223-1251; those di scl osed by Brady

94/005@0 pléﬁlslaﬂd JaIU 6. 199 . Wb 9650098, plishechdse 4 é%%)s%’d) 98/50392,

publlsg%g Mégsg% lgggégjq %2/&‘%@8apl%llsbﬁl\chaﬁggO§(@;l %%antgggt %0 é)rganornetalhcs
1998,ar7d3 V¥0_96711 323RkinPetldl | ShiRAcM0009287 %486-46A 8:8sd18i8¢16Led by Chen and

are those catal ysts, cocatalysts, and catal yst systens
MarksgliGhetmoRed. 240001 6), 1981-143. th@@/cnsﬂ)osmby Ali heiKoppl, Chen. Rev. 2000,

100, %Z%%s](pgggws F Alsclogdy by ,@esc%éfgtl%i Qﬁ Ve d0Rgy, 100y J253-1345; those
dlsclog&ggy Itfd1ectdils atiRetRes. 2do0al bo, 01‘1619h1@09r ﬁfé@é‘j di3eloP&t B Cvates, Chem.

pat ent applications are incor por at ed by

Rev., 289G ridAc B2 Rel il nthose tiselopedebnt Bradyy 1 ot ahel éxP@tnNOt hdP3.415, those
h i f
disclof i by Bty Poa-cBoRF N 1B Bol T HOREPBh L etiert - U Pat

No. 5873055 @ad [WWESo6M3SBH pidiighl Mapd, aroospagiksseful are those catalysts,
re1erab|y | ess than wt % nore preferably | ess than

cocategysm wnd gefely spyvefearsabsojoscd g5 Ut axer. Q\I(w&%%ﬁdﬁé filed Jan 15, 1999; U.S.

pu B SSRESL R MRy 2 58 R hOPBELA ESPALDAN. 2000 T

disclogiire$ eyradll Yoflas Spréd'bﬂﬁlg5?9£elﬁ’£@ Mnd"Bf @a&hﬁfaﬁlsmiahynd Q&S incorporated by
than 250 ppm nore preferably | ess than 100 ppm nore

referepecehicspiain fheirengiraty imths @Xf@phﬁheh@ﬁeewp rl@fbé?lﬁbmtyf‘flﬂb%@ spReification.
RM Plarseles ncI de_ox ont ai ni-n o
[00101‘@ H SHAE efregi( ge% 1 oePtJE,jl D9 ol ){Iéeﬁ‘lezgg{ %}lc CTi), Comprise oefss than 5 weight %
polar @p@éﬁa@ reReib 885 thahdemdasorcaitidablyeRb£than @Wdt"/@ trhee $referably less
00102] In anot her enbodi nent the polynerization
than & patoe mare ppefpwbly lcas haphawt¥%, wagg preferably less than 1000 wt ppm, more

preferably less than 750 ppm, more preferably less than 500 ppm, more preferably less than 250

ppm, more preferably less than 100 ppm, more preferably less than 50 ppm, more preferably less
than 10 ppm. Polar species include oxygen containing compounds (except for alumoxanes) such
as alcohols, oxygen, ketones, aldehydes, acids, esters and ethers.

[00102] In another embodiment the polymerization system comprises less than 5 wt%

trimethylaluminum and/or triethylaluminum, preferably less than 4 wt%, more preferably less
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trimethylal um num and/or triethylalum num preferably
less than 4 wt% nore preferably I essthan 3 W% nore
wWee@Baorbl y | ess than 2 wt% nore preferably |BPCHUS19881052749
1 w% nore preferably |l ess than 1000 ppm nore
than 3pwe&h ematyl prefeesddy tehathad 20vIfmomgrrefembf kessathhy 11vet$s more preferably
t han 500 ppm nor preferagly ess than 250 p nor e
less thanet Q01 m@%f‘sprtefﬁ?’bhidﬁssﬁ i 73 PEMy TE rpa%fpsﬁ%@ekeés than 500 ppm,
88510 188 Man0GHpRI. Gl BRI abIGI&s HRAM 0dPpRP Bort BREGR 1y less th
nune?n a%o?her E?Efeﬁwed en%gg#n%n? the pol g@rfzé?%gn y fess Han
P poly
50 ppsy stoenpretmdrly s thaetlByipal. unoxane and | ess than 5 w %

i met hyl al um num and or_ triethylal um num. preferabl .
Wﬂlﬂ?‘fesgﬁt h ?‘1@%1%6 Hsfle PRGNS ytheesEOIYWﬁﬂzglow %YSP?S).( e compriscs
methyP4I6EXARI dhdl 1BSShhR N8, Witk thIRTEnRLET Sl ﬂie{h?mu&fhﬂﬁl, preferably

1 w9 bly I han 100 e

Y9 nore preferably |ess 0 ppm no
less thaneft evtdhl moteepefdrhldn 1260thppd wittr enque efrefcmblyy ldsedlsaan 2 wt%, more

et 8RB T s T U 17 Job BB Ry fss han 75

ppm, W0 RO RPN [cS0hEn BOG HhBRaRlote hESSrabRaABssIBaPPBY ppm, more preferably
Pol yreri zation Process [00104] This invention rel ates

less thap 100 ppes swse prefqaily hess ihme 56| ppii, meore properalsly deps than 10 ppm.
Pol contact:ng one or nore ol efins having at |east three
0 wWith a catal yst conpound and an acti vat or

[0010LIE ATty I SMedsQFpRRERGS & m¥ﬁ@§zﬁleﬁm&ﬂﬁt‘i‘sﬁlg contacting one or
phases in a reactor. In the preterred enbodi nent, the

more blefiing haeag tai trastnbobicwartion dtoms tsthl 4 cpaalgstsoatpeuadidnd en mstivator in a
a single liquid phase. e Qr nore reactors .in series .
catalyGy Ssfi T mPTANE A5 b5+ SR MR bi-ageh 11 HcEIcGiRg cmbodiment,
the f&ALRhNDh HOIRAURAS iBNH RS Slated Hrite¥% BfsldSighiepitde 8ne or more

a solution or slurry, either separately to the

reactorgacsapics onat psyratleddnanbe uses inube ppesctrinyentione Gatagstaompounds and

. or preactjyvated and ed as an.activated solution or .. )
actlvagqlrﬁI B],ay%eo(iexlﬁge é’lg 8158_&%0 O[SIS p Ielé réﬁge}rgttegrotﬁ tkg r e\xgr, activated in-
line juk@bHbl BNAc AGkioYJr8flcdclvitbd8nd PRhYIRLs #P4tiQRSd 86@tion or slurry to the

carried out in either single reactor operation, in
reactoph Acre feoied pperation romorreiugions aqtmagesitinémpj Patyorerizations are carried out
. _..scavenger, and tional. nodifiers are added )
in citgg e et PRe e i ehich FIORRYSH: COPoPa Sy i Kighctivigor scavenger,
and opB&fl Aok AEd BdHcldNtohBRIRSIYO 4 BinPRN @hdt6t or If moRethan one reactor
reactors are connected in a series cascade, the

connegtgtlah petescunpaaealics  Hahe iractidsier qoonedied i & saries sasopdg, the catalyst

in the series,, The t al yst. conponen | so be
compgfbabiinaeragied i, ittt SR RARE s AR S S uwlhents may also be
added(t Uidtc ABarPorkeich@6r neAfdhablor 6&E@IGNch WM 4 BerRR@c£NABRIAE), with one
bei ng added to first reaction and ot her conponents to

compendné beigpwadad tedinst waettanr and aheraginonerato ethendgrsnstream reactors, or

aaaiip BT Rl Cpih S &l LR LR, bR ABERGERRR 1o o

[OOIOB?V €A 83! RhGoL ORDL! IRM thid SrehbRSreadtbrs\ohadttdd B series, in which the
effluent of an upstreamreactor is fed to the next

cfflucpeat e rupstowns reastmip ded Fe theergxt geactarsémadstream in the reactor cascade.

Besides the effluent of the upstream reactor(s), the feed of any reactor can be augmented with
any combination of additional monomer, catalyst, scavenger, or solvent fresh or recycled feed
streams. In a parallel reactor configuration, the reactor or reactors in series cascade that form a
branch of the parallel reactor configuration is referred to as a reactor train.

[00106] The polymerization processes described herein operate well in tubular reactors and in

autoclaves (also called stirred tank reactors). Autoclave reactors can be operated in batch or in
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Besi des the effluent of the upstreamreactor(s), the
feed of any reactor can be augnented wth any
wa@obitemt: on of additional nononer, catalyst, PCT/US2008/052749
scavenger, or solvent fresh or recycled feed streans.
continuousmpde.allb groviéabétar peatutiigty, ahd dys to hewergaedustionicost, continuous
reactors in series cascade that forma branch of the
operafion 4 | REFTCFTEd cilo FORRBIFGIY U PRRFHINS] s Wflgf réeciply pefqably operate in

contirh %ﬂ@hﬁ)rdet r'ﬂgﬁcallkogﬂtggllwe-r %CR)‘PA R leﬁ tgrtiuprfl&&efa%%§ of 1:1 to 20:1
escrib rei oper ate wel In tub reactors and
(prefelrablyaétlotol 2vBsandadrs typu:(aﬂllblefdtesltwmh edhghaapleed agctodt09y RPM) multiblade
stirrer; U\&]g AN e ol g{;s a%ggvp]?ggﬁper al e%%rlrrggg 2ﬂﬁgtaics)\r}esls>;hanafp&r) the feed
strearﬁshéfé t;ﬁ&cdl@rviﬁfecﬁéﬂ qd Hﬁ?'o‘i’i@ 6SiEibn afb‘ﬁgtth@léﬁgﬁ IRRL RLLBP RSactors with
preferred’in comerc peratlon Tub reactors
large prasfkctrainhy haypemaltpld mjecon pouoasneadyd¢he shysi pmitioyt along the length of

aut ocl ave, reactors have. le t o-di anet er t|o
the reelor By ogialS REap el 10 10K Beish iy ARde@IanG JoR Rmpgnens with
the reﬁdt&t &Rt ¢ Hl e B QT IREEHtabk PeabRord QI%)SGBEMG b &URLAGE the catalyst is
stirrer. Wen the autocl ave has a
possﬂﬂe ragd hfteo phifemaest e$uqhat1trodt(c$mn rprca@ntsebe posseie fararajion o€ hot spots in
treans, are t EI cal l ed at .on

the ursBEEd fosh Sareha v ErutR gt Pt R b B 2on e RS pagtor. Injections a

two oPhidie baligsnsIBNEHR 18ndRYf RV R a8} td aﬂéc?})d)ﬁib@@ Eﬁd)gbrﬁ’é?ﬁﬁecs preferred.
at nearly the same position along the Iength of th

For instsaace.on roagtonrsawdheat Itlye thingthefobditmelet oatml Isomotinat 4ﬂat9t%01 the reactor
i nterm XI of the.fe anents wi.th the yeact .

prefergfiy b coMfing bo o GiteSRl PREH HapR s  Qriml. in the targer

autocRORATAE Eorl MbFOGhI ARINGS dévli’&as Cabpbry She hizhPPeed RtifeANdhese fixing
often preferred. Such introduction prevents the

devmm@@r dijoedif glerthe hgnclate e tepot smornzerve. Mlstngrlvle@bemtdje stirrer can

N R R -

indepéiRnil €Nt e %E?éraﬂ% FRRet Ofwd Sr #hcte alﬁ%%fa!v@é &ifiNene or more zones can
sonet | nes pre erred. For |nstance in reactors where

connet:hle speﬁsgtaﬁch@ tolinprease residenpaoting onfcoiaier Izplrtmcrcﬁtm@tu;te As mentioned
act n cont ai

abovel, ﬁ Jseétaes rgﬁc ga]si:a}c%rtgplcﬁgfdﬁ S. tgzr?a(?r %}oreurﬁactt?{résclpg]}eﬁéeld n serles in which

the efBUEAGK atll%§st L) epgreaﬁ@re@ctblats%@to fhie hbiﬂeﬁ&&ﬂ SRsHYRA the cascade.
hi gh-speed stirrer. These IXIdrm% devi ces can al so

t he
B651d@ﬁ thie gétlpcme of thegistigam weﬂc@r(sMh@ feegt @ny gerstor iMthg segics cascade can
be au%rfli:nq Vgs gﬂ a%hgeflﬁ)fgétréer otgaedg,%tlgolél];oeg% me%m?a[z[glnet NIl dsoé Efres% or recycled
feed $He4RY, TWar@ehyrd RAePANERNLLY bel frdnded S€Papahgel ZAEuration. The
Two or nore autoclaves with one or nore zones can
lndwlé@ﬂr?é@@ of rrsuele praslcasaggements drpeefened ta asreneior drajpspeThese reactor

to ta|I f ner structure AS nentloned above, @ .
trains % lenPRNYL QIIDTISC, ONg eftctorh reacCtor Serics” cdscade creating a
sori'es FeactOr eas iy ypi cal 85 % WS “fore

combin@a6d Of ricONMESdratt] rdhctes.i s, in which the effluent of
at | east one upstreamreactor is fed to the next
[00107 e o Ckubtulag sosesars axam 4lsp bhasedds dbiprocmesdisrdased herein. Tubular reactors

are ﬁﬁf&{ wlilt%né%t I‘Il%lt pooélﬂg Sa%ﬁeo%g] & 8}68{:1 5160%1011 é)la? ti gfb%g 0[5\1? ?lﬂt%ular) reaction

reactor 1 es Casca e
zone. A @OANNbE@Eds Othesd irfeldliohi guiads JBROAE EntryE bidksy fdr, mOiomers (such as

sol vent fresh or recycled )
propylene), one or more comonomer, catalyst, or mixtures of these. In tubular reactors, external
cooling often allows for increased monomer conversion relative to an autoclave, where the low
surface-to-volume ratio hinders any significant heat removal. Tubular reactors have a special

outlet valve that can send a pressure shockwave backward along the tube. The shockwave helps
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feed streans. Two or nore reactors can al so be
arranged in a parallel configuration. The individua
wa@ees/1eR215uch paral | el arrangenents are ref er redl/Us2088052749
reactor trains. These reactor trains in turn may
dislodigh exng glolyesercosigué st hae forerdtar reacton waladtiong speﬂaa'sn Alternately,
a conbgnatlon of es an? ral

cascade cre [
tubulyr ggpgleys gnay 3 fnebz}caﬁq%m STo8L tpel §P§ igfegg! 5ar a@,eécrol%idress wall
e t
depos}tRF RABEE HRacls ?ﬁﬁ%ﬁﬁc2%43?215&%%%@5%{@%.% Ry MPa, may have
lengtlyscdfnlt()@ %JOOrIgetbll'smr( 100pAf08r netemaend aryzeve intésial diameters of less than

| . it " ‘ |
12.5 Cﬁ‘b R%gnaa\f/egy 1% ﬂ}eﬁl?}:l,d r\]‘}g t}lfp?%glegﬁll!gﬂf’;\r E%réglo% @qivgﬁgl}grtﬁﬁg -diameter ratios
of 1090RPBEBB6:1 4t fﬂhy Sil‘iclu&r u 5tll0r &§fe?é‘ntt %§t§‘on b&lﬁéﬁ%%l@ﬁ its length,

reactors, external coolinhg often al for increase
(prefenabhp fim oonvetsi dififerant atjcsteont pommuab@”havl@, frgvneore tohex different
ow surface-to-volunme ratio hinders any significant
mJeCt’I‘?@é’PS]t“@ﬂ‘sval. Tubul ar reactors have a special outl et

[0010‘3? M€ ab R oG th s Qut@él@%csu&fﬁh AREEWRY&oRAGK WRIserve in invention
al ong the tube. e Shockwave hel psdi sl odge any

procep;ed; ydErsucle@ism:nee&, Hbg¢ attaslabotymchllynpreedies dhe tvblulag reactor or the two
rin eration. Alter.natel t ubul ar. react or.s ma

types Pﬁfﬁaw L QM RFRAME Hasof 2 napdie] ChEET FieRions épf%.@ééems may have

injectfod FHIRRMaVRhthlySeRRSBIL fed -EHQMB@Jnti §ta§étv9fa¥ pBRREPIHeYautoclave and
may operate at pressures of up to MPa, may have

morepmgmlhﬂy@bngﬂmmb@&ngém ers or 100- 4000 meters, and may

[0010?@ glrt??;tfré}q@lc]lagésgaq ﬁ%ﬁgf %q{fosrg -[%}B%]ggtllqu Efeff(g]kﬁﬁ? Preferably cooled to
near Jr@&’lgﬁt%&p&%ﬁﬁ"e 0BG 1P pVAREREE it OS2 ankOihds Whximum polymer
0, 000: 1" and may |nclude up to 10 different injection

produpf@cm witthers thed &mgtsi afsmpeinginh o_pemleg gembérgtufe. ofnogwodlave operation, a
prehelROREES & STFPePaiot P BRTTOHALT FHEE) oS S Ay Mt i he fir

mixinReAmt Has dorlcNBadkBiatxiA CharBdtbQGicav em WhhiRr tbRYRY the first section of
Feactors can al so serve in invention processes. In

doublsﬂmkenedﬁtlbmg gs heated rathlpndlaaav@oqlqﬁb pchliy ppgated expotineduely. A useful

t ubul ar . react or . or typgs qf act.ors f .
buids S0t i FRETER & BiieaRr PBE B G uf b B pattem with
minimal ¢4 Rive e BERrdRYE InNdRl hiuPiyodb aB@dialtonal tub@hAtd Stbrs, catalyst

and/ or feed conponents at several points in the

can beauu oat¢dane oen&ndamtdaﬁ enlptabtm dend aptltqnaay @hgnet plemprenRointe ra@:tnlg the reactor.

The ¢ Béfgge%mﬁc fi l av z)lﬂgegﬁgl)e ony %odnt{s g%ﬁ;bglth ?{tdlfferent in
terms tof¥BRicAL WERsiQT c&@eﬁﬁt\addﬁ EchVClﬁifbsﬁi%MﬁUﬂEhﬁ@Qiﬂyﬁ’cg%é’d%dallows polymer
t hus maxi mum pol yner productlon within the limts of

designgadloming opeitha reagtor ewper selue.ethe Imessutcodiogy ¢o é@@&Sabﬂgw that which
? reheat er.. oper at es
critica @1

tartu but not necessarl

Fe SR isRegieah r daearbatsp diystbard Sep YRR sk fray contain o

polyni¥k-¥icA Gprasd @and as psYiRr-hagkpiisyi NMPypfalacoftitishd &8 thik Nvessel remain
tubul ar reactors, the first section of

supercritical and ternperature remains above the polymer product's crystallization temperature.
The autoclave or tubular reactor effluent is depressurized on entering the high pressure separator
(HPS).
[00110] In any of the multi-reactor systems described herein only one reactor need contain the
non-metallocene metal centered, heteroaryl ligand catalyst compound described herein. Any of
the other reactors may contain any other polymerization catalyst such as Ziegler-Natta

polymerization catalysts, metallocene catalysts, Phillips type catalysts or the like. Useful other
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doubl e-j acketed tubing is heated rather than cool ed
and i s operated continuously. A useful tubular reactor
W0 g008hemart eri zed by plug flow. By plug flow, PGI/DB208/052749
a flowpattern with mninmal radial flowrate
catalydisfat@ desocbsd atl Who004/02090il 20 pegail patagrapb [@0H | teibagear?, paragraph
actors tal yst can he injected not aqnly at the
(00118} é pr@éﬂ?edg%%lyatpfqr dﬁauwnato Toihe Teaciar ap?hlrﬁ% éneafrlk%ane catalyst
comp&h{gi L &ACH UombiRRiohal fh ¥atactisads 'IHJaeﬁﬂe?éiireat erhB¥ith&t&oth the non-
and other 1njection points can he same or
metalkbicérfoe retetl aemtdrﬁir nectarbanybritgend cadldeImmpoumhaedter ahiraln metallocene
etc. Choo different catalyst feeds alloms ol yrer
comporah i e g eR e ggiTResi e noBERa aHocHg Pistdl GghIered, heteroaryl
hgancgrE]z?é Seprgécﬁﬁ’iﬁ 4R é%ﬁﬁhlsmkeﬁlllgﬁntel%ﬂ&ﬁhg hyrEhikdd ‘ﬁf;‘kerles reactors or

ation occurs. Therefore, downst r eam
parallgle pactts. onParesdally magfub omttaliavene p:ohljo[rmdsr inchudphbfeeSidns(2-R,4-Phl-

inden B VR R R lIRT Siqupt G s stecn SR &t SRy biRuted phenyl, M

is Hf, aZJIOHIeTf RRd POLY zﬁrﬁﬁlo@&? gff’ QFkyﬁ gﬁ)‘ix? S(El?dhl dsZ@f bORhethyl), Partlcularly useful
t enper at ure. he aut ocl avé ubul ar reactor "efflu

metalfoserge pnoefps)undlsz gdclode:e @t—(hmetigflmllybbh(@memyhs duphenyl- 1ndenyl)21rcon1urn

aimer ST St bHRbu ety o Rof i asad B rhise 8BS n

[0011% e A0 PRl lRasne VR pregltEdBHs td el ﬂﬁrs}éf)arhﬂl&%‘ﬂjpolymer and
cat al yst conmpound descri bed herein. Any of the other

unreacrte@momlpmerrwp IDOIINBTH, 1actys dikh ethapal yopanicz sulvons, déedieystes, toluene,

h as Zle | er-Natta rizati.on.c .
c. e FRedhERe dhays SO M| bl SyipBied Bt Beoopigeer products
crysta’llizlﬁﬁon Bt tht 18 PREGARE 8oy Yol tlfélecsfﬁfrchlqﬁfi’ntatTh\@@ressure need only be
2004/ 026921 at page 2 1 paragraph [0081] to page 72,

high erpuglrthpththeomonargr, far prahple rpdpdencal opgtbef opndggsed against standard

coolirggTind s G oS Hb AT O e A CHE Rt G ef{ogvith 4 liquid
pumpRige b Ridre dingiehp gt h%ﬂ%rhofn@%s&%‘ Bh@kdOEeNPoBIene units. The
centered, heteroaryl 1igand catal yst conpound and a

relatively ey m@smellodbrsesewﬁmlmﬂ wrecauhedmonamernemientration in the liquid

embodi ment, th netall cene ent e
polyn}%lpg?.slgg\%%}[:h Wi 5 gta a{WC&‘t 03’8?.’8{)}3 ng%&)nara h%h{,ﬂ; polymerization rate
in soriBledllodfifdifs %WWN nBudts &f op Eraethise §yst@@Glitost @iding a catalyst
paral | el reactors. Particularly useful netallocene

poisor enplillaids If ackhiadiest Mezsis 1sisiral R @ mmrﬁvﬁ@é nfgﬂlcylow_z,the high pressure
recycl\éﬁgﬁg lleOX%jSlgan a l?%?%%r ﬁ%ﬁg{??g %1%[ ?@te %:a y‘81i, 1?0'%%011'5 gﬁ)an Slee recycled

propylche dich ahd@ater Oficamh Kyl bPfRURe 65 AL B& £soen iRk Byldavenging with an
Particul arly useful netall ocene conpounds i ncl ude:

alumipurgjafen. hyI SI | yl - bi s(2- et hyl,
[001 lg] ph&lrt] atFlélf ﬁvy h%% ISHE%O ?I,rg{)n?{g Iegeotvgly hie cr1rhcal pressure of the monomer or

monofieP B%ﬁﬁ'bult Ry kﬁezmbﬁ&ﬁémlﬁhm\w piti8e rédOA 1 ThisAls thb@conomically
reactor outlet valve, the pressure drops to begin the

preferseshme i shthefrohangme fo hparaducedpitbc Tesonet hlgh -pressure polyethylene

n li;ke.et hane, bropane nts
(HPPE P(lamhexan eegyclg?c{3 f—lﬁ% overhead B Q1 addf $RANEY 12 ore gelng returned to the

suction of the secondary compressor.

[00113] The polymer from this intermediate or high pressure vessel will then go through
another pressure reduction step to a low pressure separator. The temperature of this vessel will
be maintained above the polymer melting point so that the polymer from this vessel can be fed as

a liquid directly to an extruder or static mixer. The pressure in this vessel will be kept low by
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etc. The tenperature in this vessel will be maintained
above the pol yner product's crystallization point but
W@ b@sporssure nmay be bel ow the critical point.PdnEs2008/052749
pressure need only be high enough that the nononer,
using fao corap@siir o preopsek ehe uncacteh encromaensed taghe ehdenser and pumping

st%ndard ag)ool ing water. The liquid recycle stream can
systerp flfreBecd 30yl ed to the reactor with a |iquid punping

[001 lggfi}g?ﬁg eh%“éuﬁ%la(f@ ANPE &ﬁ‘tﬁ@a{mlEgc% I &t 4 &b &Ehnf Hthese reactors,

ne units. The relatively [ow pressure In
loop-tyhe scastepamay be utlizdd in édumecdsk disaloratiarreinoie éns reattootype, monomer

in the liqui.d polymer phasg which will result in.a .
entersn@éwq?wgr %télcyﬁ%‘%/‘fr%]@’i BT eiFR POTHf é\%ﬁgﬁ&% il n in-line pump
contintruﬁflﬁy el cIAHLE t&%@ém‘fﬁe@&%tiﬂﬁﬁq{?ﬁtyl lq’l% ERAHEN P +RREHF MBS control the

I s"system w t hout addi ng a catal yst poison or

total dvierdgk eesidenkct timec at abyBig faickdtermbses eaetiondatal o the laop. Typically

feed lgleg&grgf)gat%%gérg g%a%gﬁtgp E)Bpoip\g M%ﬁgsﬁ?uﬁ%a{tgc ICt|8|e roxtiigee rgtooling to the
exoth&tidtdietioP R RO RSt QPtiahfe LERXGhE gy%ﬂﬁ)ﬂi@rpﬁnfge&%re of the polymer
nononmer streame.g. by the use of fixed bed adsorbents

produotr The lscawengr ngywiatha drnaitermit #line &l kil and[a0edgiRof 100 to 200 meters

Alternately, the HP, be operated over the critical .
and ri3y GG oI HE S RiriarBr 0o ot ﬁa{h BPeHuMERC BRI continuously
circul i@ &hEBPRRE PG Y FRkert \mb@%}@% 10881r&dtor I NiAtdr$atd1P&he loop reactor is
econom cally prefierred nethod if the polynmer is"to be

operated atipieesiresi afH . ator¥\vMiped hi gh- pressure pol yet hyl ene

P nt, The.re PS overhead is_cool ed an .
10011 5L RN raae i bt Tt e9E CTiBh oo _ﬁ‘éfodloops that is
uscfulSIRRNFAL FcCHTPE $82Afion VLA lihatRAc BRbY MBS ofs/P@atdUiShe supercritical
i nternmedi ate or high pressure vessel will then go

conditigmso Udrhted idathePatprtess Uy B6p8Sdutstérdies stpegeesosaad taopvoduce polymer in a

bimodi by TFRTPIRG 50Vt THo pet bl tRe PR Toaith gglymerization
occur$ }dn b, IBQ/LWcHEﬁ% hy @B dibds XBSSEBE |6 YehRof 8t @Sct®n medium transits
liquid directly to an extruder or static mxer. The

into apg@sgplup;se reactoth vhicnge gasephapg Iplol}tmerize‘QQn logourky u%i'ncﬁg two very different

. conpressor ,fo recover the [ eact ed ,nononer. tc.t }
envirg o aa s PR tohg: &PRFER Pl PR LR GyEbbton. This o
stage [PSbkddke ¢dn BAGMIiRRY 1wkt QEHAYR pRAEIRE Df the!Bsat invention. For

Feactors, or a conbination of these reactors,

instanicg op firsf peagedaen oeastoreppn pse ropyilonsdas detrhengmascamgsa propylene-based
.di scl,osed herejin. .In this.reactpr type, nononer enters

reactigh BTGl s ineeibr Rl P Ao er ent poi nt s

[00118] ONECT hRblieaRn WO | B/ BfY6kNddstisesPH Tﬁﬂo%mdoﬂ%ﬁ'dﬁl@yme steps of (a)
circulates the contents (reaction liquid e

T
contirugesly iredingoalcfizik ewhpmenprdsa @asitiwt@b/st@meWitZ)taanetalmageornponent and
i denc reacti

o cocp BB ERETPRUR orgh it (BESSTinbBTY bR Py §Bhomer in «
polyni¥€idhitidn0 ne betRvramBientcldvariaerREQiRS () RbMHUSEsly removing the
polymce?/?rllolnggle}r (r)nbt(tlafe from the reactor; (d) continuously separating monomer from molten
polymer; (¢) reducing pressure to form a monomer-rich and a polymer-rich phase; and (f)
separating monomer from the reactor. The polymerization zoning technique described in the
above process can be practiced using the instant invention's process conditions.

[00117] The polymerization processes disclosed herein may have residence times in the
reactors as short as 0.5 seconds and as long as several hours, alternately from 1 sec to 120 min,

alternately from 1 minute to 60 minutes, alternately from 5 minutes to 30 minutes. in an
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exotherm c reaction in the reactor operating above the
crystallization tenperature of the polynmer product.
wab@sheem react or may have a dianeter of 4 1 tRPCBUS20081052749
and a length of 100 to 200 neters and nay operate at
alternje esshodéacraf whbn topeid@dMRaonel air H]ddsi tdactors, alne 'rasidehm‘:‘time in any one
may confi nuously ci rcul he pol yne
react%@&é%tflﬁ B g Heqofss F%‘é i Excien 3 bﬂllpléﬁemr%{egﬂ@h 5§ 61615 20 minutes,
prefetﬁﬁlg%s@rtha{nslﬂﬂﬁ{u?és Rty RRFHIAS Rinyfes> 0 30 Ma.
15] United States Patent No. 6, 355, 741 discusses a
[001 18]3 adbmdmg thee tattl qeasity ¢fpwlyroapbattihadlldcsedubehylithd rwatthom time by the

ctice of thjs invention provided that one or bot h
amoufig a0 éfié dio tha éeagu%wﬂstth% SPNVEBYRI 1 on5he APerag-to-polymer
convelsstléﬁ Bate ?@I ﬁ@tde%beé pPéRs&3a] %Cars' iR a? 99%°Cf~'§rspr§@t'1&1 reasons, for
to produce polyner in a binodal fas Thi
exarnlpie (ﬁo:(elﬁsitmgfvuscemtyl; h‘afmrcaonxsﬂrﬂgms ¢osildabd pl@ﬁ:rlreda@ﬂm forrpractical reasons,
occurs in an inert, lowboilin

| O
for exfongleuob REE (F Cest O e OBE e uelet BT OB AET i foutA be preforred.
Thus, TRENHIR HERRSES Sad B Ainfat SRS RIBRVESRARles WPEH®S or less, alternately 60
gas- phase polymerization occurs. Since two very
% or tis$,fadtcamatele hetiveom 3eil’s, dicerntay foh@vepols_y%ﬁ% aliernag¢ipstvecen 10-80%,

aternie i SR Ehe o MG mBAFAFE 15 N5 2Kt RIS BBe i een  25-60%

altern@k Lyt B@wWE&SS-80%;, 'aﬁé’tﬁ%lyo%twgéif 546064 aN6Ratch bdthvedn 13(5 @9‘% alternately
| 06p reactor can use propylene as the noroner and

betwepn dpyi0en eltbatetly b@a/@tn o0r-6ffd ialiemate bt lechaeaf 1Q-H8% nleermately between

sty ) BT ERE RGP ASh CTOPUIL! SRLLE0, e 15405,

alternét@ly K&@Eéﬂ"%@”@%}’ of SIRGh 81y Yl SBnC3 0THRR BB v @Hen aplrefelrably greater than
cat'al yst system with a fetall ocene conponent and

5%, ocgmateaﬂgastlo&(mpm\mon prefetably greatet than 2@%)coumrsnonuousl y

a polynerization zone

v e te; (c) continuously

[00119}9”%' f&ﬁctbﬁew%' Mﬂﬁfpflmﬁ}]@%n PbEUES ELRNst Bl ERCHRLS exists the
(d) continuously separating nononmer from nolten

possilpbtyy tee tailof ethe rmdyroemdepgre s suse of andror thpm ansnesteystr haonng  different

molecfg Y FAaLEaRET SRRy APvS avid Vit oh PR tnsitions (e.e

blmodit‘?slﬁl%hﬂﬁgceuﬂvﬁhh@n?@l@a\l@bﬁh@l&‘&ﬁs can be practiced using
the instant invenfion's process conditions. {al 0117]

[00120he Wbblymmpi@teia@tnrw@o@@sés Rﬂo@@tlos efipdlgmei blendsyis passeble. In one

emboriesi jgoce t 1 I eag)ﬁords as or,t as t5 "
dFEgh demang yé%erla g°°88 YO 4 Sr%%%a % WhaE }eﬂs (Pgpfeactors in

paralldl §€6n tsrids20 Ttmbnhon@dﬂo@ﬁﬂ@f& eloviid bo rﬁolyﬁ%l%ﬂé& tRlyBltene, polyhexene,
m nut es, al t er nat el from5 mnutes to Omnutesm

polyoeiang.t etenafie aprfelr @mbomeam,oﬁ@r hemdpolpmengompripesr polypropylene,

ctor i d n
polybf SRR helvndFs. R P B SarteonTE oo e Res hEBSdifient. oy homopolymer

is poli%féipgrﬁﬁe pries @61@31&1%61'5%1(1 B8 Mang Otwd- Néit @see-@n@fcdedtombinations of
ess than 10 m nut es, preferab y less than 5 m nutes.
cthylene, propylene, butene-1, hexene-1, octene-1, styrene, norbornene, 1,5-hexadiene, and 1,7-

octadiene. In a more preferred embodiment, the copolymers are made from a two-component
combination of ethylene, propylene, butene-1, hexene-1, styrene, norbornene, 1,5-hexadiene, and
1,7-octadiene. In another preferred embodiment, the copolymer is an ethylene-propylene,
propylene-butene-1, propylene-hexene-1, propylene-butene-1, ethylene-butene-1, ethylene-
hexene-1, ethylene-octene-1 copolymer. When the polymer blends are made in a series reactor

cascade, one or more upstream reactors are fed with a single monomer-containing feed, while the
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[00118] Dividing the total quantity of polynmer that is
collected during the reaction tinme by the anount of
worewsren1added to the reaction yields the convRCEHUSIW08/052749
rate. The nononer-to-polyner conversion rate for the
feed afeserdarbaaeplovnosssas raatorbes agnieingld wish 8@%mokomer feed stream. Since

contrdl e the Giikeroe; GRaiasil arbSoppIEmeY risdliaplioh F ey codeade reactor

conﬁé?ﬁé’tfotn' gﬁlrallreﬁ?&‘afb? c rrgut%)ﬁéﬂpa!rg afd%ntééem& '111? ghé Iib?ocfﬁ@ﬁ&n of polymer
of recycl e, XI mum conver si ons coul

blendpr ef erred. Thus, invention processes can be run at
gr akc;%tlj cal conversion rates of 80%or less, alternately

Catalgyf llling | ess, alternately between 3-80% alternately

[0012@}5‘t VS ﬁleagoaf%/méll&a%&ﬁa{s eéanﬁ%tE Wﬁfc”rell@to?%%’ﬂu&'tt ?rcf%ﬁlte%u)hzed to an

etween 15-80% alternatel et ween 20-8
interm‘ddiaﬂadf peselry sigetfivertly B8o6 0 chjwqrdnatmbgsumet'ﬂhe all@w 688 aration of a

alte teI etween 5-60% alternate Iy.Ee ween 10- 60%
polymey i€ Fp %}/n E & @Hrlglgatwb/gn ¢ Propyleneiry B)i]f’l recyc e cornpressmn
back %p'tﬁé)%ac?drt eRBAkRInYs bﬁéa‘ﬂﬁ@”th@Qe?&o/ﬁ BRI MRFoRL Yressure let down is

between 5-40% alternately between 10-40% alternately
necespey weewi@ e 5084rataint drarvatid Ipylyh:xmr neewe chbsid®fuling.
0- 40%, or. al ter bet ween

[001221)t na%qeplﬁ 'bgiti%’}ey%{]c&ﬁépgquggpyt g 2 uEsss %}ﬂ&% ag(%hl%t} pressure separator

(HPS)Jf %E@ thil RERLAsInECNVRR T Bk re%@ﬁc%ftﬁﬁé WhOCRBERI aétﬁﬁgl is killed by
% conver si on. Cononomers, dual catal ysts and pol yrer

addltlem otietnota s[p@@&sl@]chlas Waactatuoholvwrt slmdmmh/balpﬂum stnqtrewt i Bire choice and

for ta eed t.here e
quandiR Bl bt 5 iR b S RSB yEt et §liin uBeabe prsele propylene
and c&rﬁ@ﬁbn‘i@?? aCRERLY Bk p?&ﬂﬂcf‘?mﬂétﬁe? ek kﬂﬁh§ Qg’én@ haé’\l%wg\tbtlatlhty
and structural capabilities allows a wide variety of

[00128} oietrn@olypthsi intapmsdigte. srpabitiondain, b¢ idnearat mirssedrewiwdil below the

criticagg)ggrﬁgsggihgtt ﬁlgatgglggg t‘fOES‘g O%*a?%gﬁl}ﬁgtpers OX ggacpgl 3571 % ?he high pressure
separaQ@tSt%' RiRivelyniodne TaEhedii fad tsmalosmeatt YoTelon8RELCHRYIEABItion in this
bl ends are " made by using at |east two reactors in

vesselpappnbtbe @rprplpiemesq egliticthel tdnlygodopotevaging mohgpolyeds as is done in PE
ol ypropyl ene but.ene. pol yhexene ol yoct ane
procefg RN Braref R SN HERD MRS b FRRGR heicst in the high or
1ntem€e‘él[ﬂ% ?&@@r@%cyﬂé QPYERN S n@[éﬂlw@éo\iﬁ&ﬁﬁds pelayBex@Be theafer removal
pol ystyrene n a nore preferred enbodi nent, the

step Ch@h@p@hm@d i s pol ypropyl ene. The copol yners coul d be
Ch t WO orF L hpee- conponent conbi nati ons of ethyl ene,
oicg hexene-1, octene-1, styrene,

[00128pr mbﬂﬁ&?@ is beRerBBY a6k RBR, copfMbrdiaily aP&GHARI Q8 6f pﬂuﬁ\tya polymer grade
nmore preferred enbodi nent, the copol yners are nmad

at 99.$ Yoomdzchemacat gmdg peabout 8&*@@ AaYa. thegfhog:[ehm feqdewill set the level of purge
T ATE L I S -
propafBéoehdRAttor tahe ISPP M eise itBe PResQirBYIfaRe cRiudPydigneurve for a given
temperature but will decrease the polymerization efficiency due to a decrease in propylene (and
other olefin) concentrations in the reactor. The elevation of cloud point pressure due to propane
will widen the operating window of the HPS. In copolymerizations of propylene with limited
amounts of ethylene, a similar effect in raising the cloud point pressure will be noted due to the
presence of low levels of ethylene in the HPS.

Low Pressure Separator Operation
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propyl ene- but ene- 1, propyl ene-hexene-1, propyl ene
-but ene-1, ethyl ene-butene-1, ethylenehexene- 1,
we@eligiiene2 oct ene- 1 copol yner. When the pol ynerP@i/e8e8/052749
are made in a series reactor cascade, one or nore
[00128pstA éanpreeact s¢mrace [IPSYH cav bdusadsn tiglrecthods described herein. An LPS

.monaner - cont ai ni ng feed, whjle thefeed of. on r .nore
runniRgodeY ABAYA HBRRRNSHS PrESWE At et MY TSRt Tkgmponents,
reacta@%é%ﬁy@%%@fsetg%?ﬁ rf@tll thk _[ﬂgrﬂoig@ of AoldQcifb 2lIB® \}Z‘)@Jmé-c&ﬂgining polymer

ris l'cult in'a serfes casScade reactor
melt eneminiggher Avislbing epaudelr bebtatiemdteor confi guration are

adyant ageous i n the production of polyner blends.
Pol S killing [00121] Once the polynerization is
[0012?};?21;1%6&&1{1&@ chﬁi%%cpﬁy ﬁlfvgllltﬂﬁl%oée%f&%%{&e&slﬂ an¢ @%%ﬁrg@ theluding

ate pressure significantly ow the ¢
blockplvicat, rpdigs star, branthéds and t@nbingteparodthese of a pol yner

e i e B LS TR AR i
uniqu%ﬁﬁ%&?ucté@.”?h.é Brogtess o"i‘ljié A9ertldR daf BE HRIctisEd Aulég @l}art] élOVel isotactic

efore pressure Wn i's necessary to avol
and sygelpdaaicicompositiansot nthdpolyother ghiasemessighamvEnidn prgcesses make

0012 This separation is typically carried out in a
C““mbg§§ﬁfrﬂﬂﬁmn as a high pressure separator (HPS). Since

i G b i o PBalsot -
0124, TGSl LHE R ) RIS At i i

tempesggeie) o up tie h7¢sCywarctargblalfivohdd° Grto 468 (mIdwl ilymers produced herein

.., .St.e te. The choice an antity o L t
will (el dias am e R s ur e gt env e et 2Phbte 190 B6] gumol. alternately
10,000 €5 Y 308,000 APMbE REAALRE PHBOO M 660,860 Wehd1, 8RerhdtBly 25,000 to 500,000
product properties, if the killing agent has | ow

g/moly ot altdrhately .35, @012350A00ea/mat. e Ajtetnately, rthe polgdicat produced herein may
separ at i n, be done at pressures well bel ow the
have &5 AR el SRfREngE dftre; RETHERG nid 00 R oPisn Pesfer2bly 100.000
g/molt¥eh&/0r8 & FREHMI diYbddinéhandpER nREEFRMNEISERENFNSS hAwe a melting
y

~relatively Tow. The relatively small anount of
point gH8°i G aevhopn byaferblyd00DE of mardipseforblel 25&yormaerebe a

obl em so addi ti on .of. catalyst deacti.yatin npounds
00128 °Ho¥eRuR8 rivrepes BRoTRuS RSO rB RS ot et P e EERRRGAR of 1-60
J/g, 235081g, BP3 14008 | InQAofheAEhbANMRACHY hrdcBsstISS tisdhy@ftion produce
i nternedi ate pressure recycle system If no killing

polympemipoumpidHeeleupeiddd 8 Jighereferhlely 60Ith & 00 digmmoed prefeegblye dhto 90 J/g.

1001296 o S PR dsiaoed R0 g e DR G it onpp goh or
residutfrdniVBath ¥ r SuforRUMh E?re‘fer@&i SRS disERARe gély&%rs%éﬂ&ld herein
chem cal "grade ‘at about 93 to 95% The choice of feed

compmigd lessstban 1 me%d sehical, pesferphly dess theql. I et ofsiliom priateratdy Jess than 100 wt
ppm éﬁlﬁcg,a%ﬁ%tegaé‘tﬁ% gersggialnlit()ivgtnpp%{ si}igae. neaepqreg}{reii re]rerl%todi%{e?lp ré%’olymelrs
produced herein comprise less than 1 wt% metal, preferably less than 0.1 wt% metal.

[00130] This invention also relates to:

1. A process to polymerize olefins comprising contacting propylene, at a temperature of 65°
C to 150 ° C and a pressure between 1.72 MPa and 34.5 MPa, with:

1) a catalyst system comprising one or more activators and one or more nonmetallocene

metal-centered, heteroaryl ligand catalyst compounds, where the metal is chosen from the Group

4, 5, 6, the lanthanide series, or the actinide series of the Periodic Table of the Elements,
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propane in the reactor and HPS will raise the pressure
of the cloud point curve for a given tenperature but
wWowR00B/10k2¢2 ease the pol ynerization efficiency dREI/US2088/052749
decrease in propylene (and other ol efin)
2)  copgenilyani@nsnéra cbhmmmamsekecteaﬂfeore Itlmlgbup rowdistmiganfcbthylene and

t pres e ropane. W n the rating
ca o ndeabeR THeRrms o fo 283 /yné?seéaltnoan@ o¥eighiop} falnwortomers and
comoﬂ%rhé}shfégbﬁt%qt@@@yd')ts of et hylene, a similar effect in

rai sing the cloud 'point pressure will be noted due to
3) tlenpRésentg®e wato dduent exrelodvant, extsby lupoe tha tothle wdibt dfofeeds to the

Pressure Se tor Operation[00125] A | ow pressure
pdynéeélﬁ%tioé]trﬁ?c ?’EP’@? can be used in the nethods descri bed

0

b SRRy Paliat HIRLABLED b oV PR SR RABRPHIGR the gl weight of
feedsominpqmbfmesl,zammaemts and ol i goners thereof, for the
purpose of producing a | ow volatile-containing polyner
eIt entering the finishing extruder or static mxer.
PQ} a®ic it QEHGhS s .89 113@:0&81?0&&5 YFBESschf BOHE %GIyl%Yerlzatlon system at
i nvention processes may be in any structures including
15 wttsl @okorel(pre&aably nbdd wt% ostarg), br anched, and

nati ons of the n ent on.enbo
pggglfc%méﬁﬁ%isowe &t A o{aro%wﬁe ee%ﬂp%ﬁgﬁp sl gl monomers
and c%&ﬁbn@eryﬁl‘egéiﬁlmh%rfé’&f Mgt ure. The process of the

i nvention can be practiced such that novel isotactic N
anH thyy pdiyoteaigatian 00D snypcatee mbdee the sotih@uid phase transition

enbodi nts the j.nvention cesses neke cr, al Li
temp IR0 e BE o pad it SR Pl B B et et 1) B below the
cloud &Sﬁﬂtﬁft's%dfe B)ﬁthe tp@l}‘i’iﬁ‘ﬁirfth%loﬁf%te% aﬁ?l soblcal :ced m;IOt ICn?

enperature) of up to preferably from 0
16htie. pOTVmelpzﬂtlpnmcsurpr ddut edehperefune w:llovvf thy p;n@aatll tymperature of the
ave vera mo r wei ght ,of 2,00

olymfrléﬁta)nowél[eg} pre ?]%@lyn%tdg%@ %Oa BGS %biloazogledalélcal pressure of the
polynidhiBBon Sslchl natel y 15,000 to 600, 000 g/ nol,

alternately 25,000 to 500,000 g/nol, or aIternater

2. 38hppmcess Qf&l@ra@mphgl/ wmrem/slotvenmnmr;ﬁes Chéo pdlhyprecarbons.

d h My of .30,.000.
3. n,a‘gg pro%re%sf ? é‘Eﬁgi} ﬁ%ﬁl&&lﬁ%fo%ﬁns% %an%P%faeré%rpgr having an Mw of
30,000.80n13Q1) peferably®0,000rd@ mdrb, RefRfBiyel (0ssboesnsic ment t he

polyners produced herein may have a nelting point of
4. 8(1" he rgecasp pé papsgedplr hbd pr Boliriden compriging pbefiwipgls polymsr having a

meltln&po 0O 8§ F[ocl)r%oz S]Rrﬁfe %Eyea@l 6ror%§rsésﬁrséfe%ﬁgrel‘5$$ (li%galore
5. Jhge pro&fds \Hfganyobf Fraflirahg. 1 te ARaichan welRepyTeRd id PResent in the

processes of this invention produce polyners having
polynpopigatisn sistond at| 3¢ wWiHgor moes, enefipraplysdd w1 gomgry prq-ferrably 30 wt% or
preferably 75 to 90 J/g.

wher

more.
6. The process of any of paragraphs 1 to 5 where the temperature is between 70° C to 140°
C, preferably between 80° C to 130 °C.

7. The process of any of paragraphs 1 to 6 wherein the pressure is between 2 and 30 MPa,
preferably between 2.5 and 25 MPa.

8. The process of any of paragraphs 1 to 7 wherein solvent and or diluent is hexane.

9. The process of any of paragraphs 1 to 8 wherein the propylene is present in the feed at 75

wt% or more, preferably 80 wt% or more.
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[00129] The processes described herein can produce
polyners having little or no ash or residue from
W@ 2008119212 or supports. In a preferred enbodi mePECT/UR08/052749
pol ymers produced herein conprise less than 1 wt%
10. siThe pagcepy eff @ryadifl pardgrgishst h@nd Szhtrom Phesdolventicomprises paraffinic C4 to
preferably less than 100 wt ppmsilica, preferably
C7hyld&°§ Han 10 wt ppmsilica. In a preferred enbodi nent

11. thee ff)%(‘)égga §a y'ﬁﬁl%graBﬁ Q' td W%Eﬂeﬁ?tﬂe%&p%ﬁﬁﬂe ]ri""a%ve the cloud

netal’, prefera an 0.1 wt % net al
point ﬂélm;gratmexﬁ Ithe(poljah&uzaneh aysam Iamd the.présspicos tessthiam 30 MPa.

p rrerlze Iefl S CO |S|n nta(:ln Ien at .
12. %% o S 18001 Ehgh e gl get fisshHf, Ti and
7zr. 1.72 I\/Pa and 34.5 MPa, with: 1) a catal yst system

conprising one or nore activators and one or nore
13 na"hmptal:le!;mfenﬁ ofgtedgrapdstlend@, whatiersobreyt add gradibient is present at 50

' oun re the netal is chosen fromthe
to 65 éﬁﬁfysﬁéu n@"e“feﬁé‘ Pﬁﬂ’t"ﬁﬁﬁ{ de series, or the actinide
14. Skt %?00%5 dfhl%y Bephagiaphs BRI} €3 @Beﬂeﬁﬁco@l&ﬁﬁﬁ? $ fbsent in the feed at 0.1
optionally oné or nbre conononers selected fromthe

tozogft%up consi stl ng of et hyI ene and C4 to Cl12 olefins

eferabl 20 wt d on.the i ght of al
RO RGeS BRGEPES hroLoHBoR PR dfe mefomggmonomers,
solven?cQ altlcpd@urén‘{kt céhgi rlsHERbmMOYS- KR WeAhrophRSe thdtReRr e f?cﬁ’ﬁ 8lto 45 wt% of
wei ght of feeds to the polynerizafion reactor, and 4)

one oo pmqrg rratriopomecrvsstagead, fr¢pr b egradyl gorBistiog Epfwttl%lene butene, hexene, 4-

meth TRV Gk p BBy BabbRint vhaLapie Jints G-Era potemal-diotefins,

andcmm&y%ﬁd@[&angny conononers are present in the
pol yneri zation systemat 15 w% or nore (preferably at

16.  30howpsecess afomg)of phipgtapbs o yb§/ whinesin thepoaweamentorgisgs OBe or more

sed upon.th t of all onmers and
of cth s ke Pue Db, MBbehe aipee S he
17. p%¥ g@@deéﬁbf 8y OF pathSraphs @ tb QWﬁ&élﬁrtﬁe ABAYiBtallb&ne, metal-centered,
solid-fluid phase transition tenperature of the

heterqanylyigend eaitly gfreompetedeamerisabeVigand ppewsenie@bythedpenula (1):
than 1 MPa eI ow the cloud point pressure of the
pol yneri z n system and d) the polynerization
occurs: at a terrper ature below the critical
t enper a re of tRgupol yneri zati on system or
(prefeyably and) ¢2) at a pressure below the critical

R _p.Les_sNH of the polynerization %%/)stem
wherein R' is represented by the formula (2):
Ql
(Q"q
F—

5
Q (2)
where

Q' and Q’ are substituents on the ring other than to atom E, where at least one of Q' or Q° has at

least 2 atoms;
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2. The process of paragraph 1 wherein solvent
conprises C4 to C7 hycrocarbons. 3. The process of
w@arageeph 1 or 2 further conprising obtai ni ngP@Er/US2008/052749

pol ymer having an Mwv of 30,000 or nore, preferably

Eissaanaﬂﬁommhﬂgnmpcpnﬂﬁﬁgaﬁhmbbﬁ@n@ﬁﬂmgennDre 4. The
8 ss of paragraph 1, 2 or 3 further conprising

q‘516% Rffg a pol ymer having a nelting point of 80 C or
Q" 15%?6& 'fl%ﬁ? 'ﬂ?é) Vo éOQOIglsgfl drgéeglg %g%ﬁl Xuﬁka{%teq Qfkyl, cycloalkyl,
substinhet emymidahgzlprlmp&}tbaihyi i mmnmmmamoalm pbd:tynmeyclazﬂkylo nsubstituted

heterc?/ @%@E%@Zgﬁ)\gﬁ“{ﬁ%%%F@r&@f 4 étlﬁe‘é@gg%m%%l éill.}gpxa "aryloxyl, silyl,
boryl, %ﬁ‘lﬁﬁgﬁ@cp Rihiro, o SSGM% r @ahtdla €niti6 n&?ﬁrc%hﬂﬁ@atloﬁs ﬁl%l;éﬁ%e n 70

0 C, preferably between’ 7. The
Tis aﬂ»ndgmg:gr@ip ﬁtwtedfgrqnqr ags@apis ofl- GR:? Ré— amleﬂdi IR 1 ;he

Rl §° G S0 BB eh e S UEL oo Gt CME g droeen. alkyl,

substifed’ é’lﬁﬁr eyR1caflyY eRbb Rt ®r cﬂ:‘ld alH%m Hefer&ARAN esub SitutEQe heteroalkyl,
process of "any of paragraphs 1 wherei'n t

heterqudpyllkgh esubstifpteds daterdynloalkel, f eta'di ambsﬁﬁltwt %ryi; hmarea,ryl substituted

heterd%&ﬁ ab{ﬁ%/ a%g{néyl% ﬁ]ﬁle :ngﬁ PR%SPEEH%V glhgg%e gtﬁ_m? ngégx, ﬁglide, nitro, and

Combg@ﬁgﬁﬁhakgfgﬂdto C7 hydrocarbons. 11. The process of
any of paragraphs 1 to 10 wherein the tenperature is

J"is salsoted fiomethelgonid qeosinting @ﬁimé@raarulr &dofubstiteted heteroaryl.

p nerizatjon system pressure is
15, R FroseShb ) B BuBERRROAge dr iR r i ndntnSE Bodepe. metll-centered.
heterdM’ﬁ Nghid ENSlySRbApolsd &sthRedesd Ii a&m oserkbd By theZbrmdid (3):
process of any of paragraphs 0 12 wherein
sqkbent and or diluent is present at 50 to 65 W%
baped upon the wei ght of the feed. 14. The process of
anE of paragraphs 1 to 13 wherein conononer is present
i Nthe feed pt 0.1 to 20 w% 15. The process of any
S 1 to 14 wherein the feed of the nononer,
comonQmers, solvents and diluents conprises from
% pr opyl ene nononmer, and fromO to 45 wt % of
one re conononers selected fromthe group
COpSA et hyl ene, butene, hexene, 4-
4 yl pent drie, di cycl opent adi ene, norbor nene, C4-C2000
adOl ef ms, C4- C2000 a, (3t er nal - di ol ef ns,

where

M is zirconium or hafnium,;

R', T, R” and R* are as defined in paragraph 3,

J" is selected from the group of substituted heteroaryls with 2 atoms bonded to the metal M, at
least one of those atoms being a heteroatom, and with one atom of J™ is bonded to M via a dative
bond, the other through a covalent bond; and

L' and L? are independently selected from the group consisting of halide, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl,
substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy,
aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, seleno, phosphino, phosphine,
carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, sulphates, and combinations of

these radicals.
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and C4-C2000 a,wdiolef ns. 16. The process of any of
paragraphs 1 to 15 wherein the conobnoner conprises one
woerosneeR1Ddf et hyl ene, butene, hexene- 1, octenRCT/PS2008/052749
dodecene-1, or decene-1. 17. The process of any of
19. pdhagreqls of ahp of Handpeapdisnl tdé 8 nelmrettd howeetellocene, metal-centered,
net al -centered, heteroaryl |jgand catalyst conmpound
heterqapy}igam gat%bftilwﬁae%ﬁ? Egélrﬂ%anw( he formula (1):
ghereiqgﬁl is represented by the formula (2): where Q
re substituents on the ring other than to atom
ast one of QL or @ has at |east 2

R nitrggen; qis 1, 2, 3, 4or 5 Q is
e group consisting of hydrogen, alKkyl,
kyl, cycloal kyl, substituted cycl oal kyl,
ky“/ substituted heteroal kyl,
het er ocyClal kyl , substituted hetercycl oal kyl, aryl,
subg;iigyéqvar plheteroaryl, substituted heteroaryl,
al koxyl/ ar 5oxyl, silyl, boryl, phosphino, am no,
t hi o,Nsel enb; halide, nitro, and conbinations thereof;
Tis bridgi ng group sel ected group consisting of
-CR2R3- and -SiR2R3- ; R2 and R3 are each,
i ndep qdently, sel ected fromthe group consisting of
hydr oBen, al kyl, substitutes) al kyl, cycloal kyl,
substituted cycl oal kyl, heteroal kyl, substituted
Wher‘heteroalkyl, het erocycl oal kyl , substituted
1 rgycl.o : bstituted aryl, heteroaryl,
NLIJggggt%%U%é%hﬁé%g¥%%%%ﬁﬁﬁglkoxyl, aryl oxyl, silyl,
R*, Rbpayd ,Rpbes plicpendently nolecteli fioms theegioup hansdeng nift liyalrogen, alkyl,
combi nations thereof; and J" is selected fromth

SubStingQ%ju pal]@dn qug{an@Il,ofsulpﬁélttlg’@q) a@mloaélfyd, Jskszealkyls esdlbstitutede heteroalkyl,
heterotlégél%lg?f' Ydubs tedTlﬂgte{bgﬁﬁg%zlﬁ oEry‘E”XulﬁiﬂR@cf agia %?er&argle substituted

éin the nonne e, "netal - cent ered,
heterdaetlerdiasxyll, larganyg, cdlydl Wotylc opipspliido.Cc amping,s ebioa del@@ndnitro, and
oS Rl .55 TRt 2SS B M o o
fused R Bl having front S-EhGE O30 HdGHRNID the pyridine ri
usedsu S ist%ut e%lﬁ%t er ogré)les&g\nhfiﬁoégna%ghrr{é Borﬁ1 gegnt g thé yridine ring, or,
optionally adnyMondtindtiea st _R(S,rié3 ,afid Rhosey &t joired begettger & a ring structure;
R, T,\ri% gl%rg(i%;l%n %(?e%%eyim iI"l: garggrgpl?g;oargd()f ) 's bonded to M

E" is either carbon or nitrogen and is part of an cyclic aryl, substituted aryl, heteroaryl, or
substituted heteroaryl group.
20.  The process of any of paragraphs 1 to 19 wherein the catalyst compound is represented

by the one or both of the following formulae:
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bond, the other through a coval ent bond; and L1 and L2
are i ndependently selected fromthe group consisting
w@tookadg2ez, al kyl, substituted al kyl, cycl oal kpdT/US2008/052749
substituted cycl oal kyl, heteroal kyl, substituted
21. héahe rpmﬁek@/bf arhyedfepaegreplaal ky ) wdhrsthictagtiedor comprises an alumoxane,
het er oc aIk |, aryl, substituted aryl, heteroaryl,
preferably; methy nﬁﬁ@%?oaryl al koxy, aryl oxy, hydroxy,

22. b%¥ hroc%ésl dﬁan ﬁ]g)ﬁg%ragﬁg R 2 W HEL AR ac"ﬁlvht)()lr corﬁ%ﬁ%@ one or more of

sel e ph osp sphi ne, carboxyl ates
triethﬂaﬁn@nomteﬁaph@wﬁjomwﬁ\l N:dmmd’(m:tm]smuml tetrgthesylborate,

onpi_nat f di | 19. Th
) e R
butyltgg@%ﬁhér@gﬁérﬁgg %?Jt@ltngtﬁgfaﬁﬁﬁqnmﬁ%tﬁark%@ﬁ %la.d- {e%ﬂﬁior'?/{)henyl) borate,

al yst resented by the fornula (4)’
N,N-didthﬁladlhhﬁmateaahls(m#,|6Fte‘uiaﬁltr®rquheagll) hphate} N R4 imBhy1-Axch-

. dependent el ect mthe.gro
wime BB SR B Sry sgee arRg e D BB i eroRy Reypmoniun
tetrak%@n%lu&dpheﬂ‘lp%rh{eu81@?018151&?%Iﬁé/ﬂlumn@ﬁf&rlﬁﬁétﬁé’ﬂuorophenyl) borate;

substituted het er oal ky erocycl oal kyl ,” substitu
triphehglpbosppohioal ﬂc‘grakls(amythﬂuczruﬂmm)lhmwe angd tolﬁhﬂlesmmnyﬂm
silyl,

tetrak SRl Mo R HE S SR el S hcniag ana

tetrakf@@@ma%bf@ﬁénﬂﬁs&%f dlpﬁa{yl&aﬁtdrﬂ tetﬂaﬁﬁ(ﬁ%ﬁta’f‘l‘%ﬁ)pﬁ\@nylﬂgbrate di(o-
R6 groups may be joined to forma fused ring

tO1y1)@?mtemmklsﬁ@nfaﬂam0®hwlhbmahy@(23@einnahmlmhenm)oadmﬂm on

tetrak%?petﬁlt}%u o di ) lgéfht%%@lpﬁg@liugﬁtohlglgna { lz)réféitsﬁ)gﬁtaﬁﬁon%ip -at g)%norate, di(o-
tolyl)ﬁﬂﬂbﬁﬁﬁ‘r&'fe@fakl%enfgﬂuﬁ%pﬁﬁgrl)%rﬁé ed1@256 dehdtRABhddY)sulfonium

aragraph 3; and E' is either carbon or nitrogen and
tetralqsg)epgaﬂtuoMphamyl):lwramctrmneyhyls@{]mm ietrg]p@(@e@haﬂhorophenyl)borate and

0 or .substi eteroaryl group. 20. The
wicthyJ S BRItis R AP b Eie®s T 018 wherern the
23. C%@#)VO%ESSQQ'&B? 699a14a%raf)l@spf RSEMNVRELC e 407i€a@R BorBprife9bhe 8f more of
the follow ng fornulae: 21. The process of any of

tnmetpal.aggmqnmm tqrapbermbqutertéletlfyéanan@mu@ttghrardmnﬁbi)@@s an

trlprowlg@ngéﬁpugq teﬁﬁgh g%éggpggh@bgq@%gﬁ%{] %ﬁrg%léentyﬁ)grate tri(tert-

butyl)@ﬁﬁﬂo\ﬁﬂlr@ EctGPARTYI ISR Stc O SN- @fmdi@ﬂ@mﬁﬁluhfﬂeﬁﬁﬁhéhf}lmlﬂé NTN-
tetraphenyl borate, N, N-di met hyl anilini um

d1ethﬁlzguhlapmetn‘yqtpb@njalb@ratq, N Nrdspgiha 6Tjﬁmethylamhmum) tetraphenylborate,

etrakis fluo e
e R R RO ey RBE & Sty o eBneny1 )
tetrakﬁﬁfe@ta@],uof h@ﬁﬁ)ﬂo@d’f@ﬁﬂ ﬂd)P'ylarnmomurn tetrakis(pentafluorophenyl)borate, tri(n-
tetrakls(f 4,6-tetrafl uorophenyl) borate,

butyl)mmqylptgn pﬁ)tqagﬁ(pqnmﬂ@mophenyl)borate tri(sec- butyl)arnmomurn

tetrakﬁaﬁfn? {qrg)hlaﬁyi)b?fraéee tI\Ij ﬁ]f (lilumoeﬁh an1111¥1u1)n tgt%k%(pentaﬂuorophenyl)borate
N,N-diethylanilinium tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-
trimethylanilinium) tetrakis(pentafluorophenyl)borate, trimethylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl) borate, triethylammonium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
tripropylammonium tetrakis-(2,3,4,6-tetrafluorophenyl)borate, tri(z-butyl)ammonium tetrakis-
(2,3,4,6-tetrafluorophenyl)borate, dimethyl(ferz-butyl)Jammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis-(2,3,4,6-tetrafluorophenyl)borate, N,N-
diethylanilinium tetrakis-(2,3,4,6-tetrafluorophenyl)borate, N,N-dimethyl-(2,4,6-

trimethylanilinium) tetrakis-(2,3,4,6-tetrafluorophenyl)borate, trimethylammonium
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trimethylaniliniumtetrakis(2,3,4,6-tetrafl uorophenyl)
borate; di-(i-propyl)anmoni um
W@ 2qosabu2¢y pent af | uor ophenyl ) borat e, PCT/US2008/052749
di cycl ohexyl ammoni um t et r aki s( pent af | uor ophenyl )
tetrakizQreaflwyrotaphptyérbptaod) (Ilsqt:th}damumnlum tetrakis(perfluoronaphthyl)borate,
t et raki s( pent qu phen orate,
tripropylpmgonginy (o3 ks ey {V*@e/ )gﬂliaé?( BUAORY L FEHBIHERY | )

tetrak?g{ ro1t1 hﬁ%ﬂl)@OﬂﬁM(ﬁé’ﬁ-@P IhRINARR If@ﬁkfeég%/erﬂuoron d)hthyl)borate

ent'af | uoropheny bor at e; ph [ oxoni
N,N- mmbﬁlalamﬂ(mﬁntafalkw@panﬁhmnyé@htmmma&e, NIN¢ditthlyhah)lingxoni um

tetrak@ﬁ{e%&@rééﬁg@%@ lﬁ%gqg &F ggﬂ%}:q?hgﬁff iy t6etirirnethylaniliniurn)

tetrakfs eﬁrﬂtlfdr&gagﬁ SRR, %%@ﬂﬂwa}mﬁgﬁﬁ’th%tr&ﬁ ﬂMJ)I%Hip‘il@[WI}H@rate

t raki s(pent'af | uorophenyl) borat e,
trlethﬁauinhmmumrtetrakls@erfb(op@nplm‘tﬂyl)bompm Grqybpylammanmm

(2, 6-dj h
etra e 2P ErE PG SR PR R ghforate
trl(terf‘ ﬁﬁﬂ’}lﬁgﬁlﬁfoﬂﬁﬂﬁ %&ﬂaﬁ@(&?ﬂﬂ%bf&b%ﬂb@mtém d1rnethylan111n1un213

triéthylsilyliun(tetraki spentafl uor o) phenyl borat e .
tetrakﬁﬁ&r@mwobghemfﬂ)bamye @q‘Nﬂhetagkaamh&mtdtnaklzg)ev\ﬂl'lmreblph@yl)borate N,N-

) t' [ _conprises one or re of tri
dimed g S B B Ry B L Rk Tl gonium
tetrakfsta 9%@%@8&%@0@% ?maeyth@@l K Bihfnonium tetrakls(3 5-
i (/?-butyl)amoni um tetraphenyl borate, t (tertbutyl)

blS(trlélmmaulmllpéﬁmﬁmmeaw,l thprogy emogriumitetetkingd.&ni | i ni um

bls(trlﬁ'lg{){oglgaﬁl@rﬁiﬂhbor ﬁo(ogite tirll(\Id lbuty | fanlglnlurn J[e%lrrqqs(S 5-
bis(tritlubroth i phkn i fhoftaté, tFl(tbﬁ%%M}aﬁﬁhdyﬂlﬂmL!@akls(S 5-

t etraphenyl borate, trinmethylamoni um
blS(trlﬂgomi@tlg(lh)@nmﬁ)homiﬁ,d&hé duyrle)it)dmhmumt teirdtis(lSammoni um

v GRS BRI SRRV B R SRR S o

bls(tri‘ﬂﬁblroﬂjfdﬂ%(l}f)ﬁgﬁ}ﬂmo%é N Redivl BN AUS-trimethylanilinium) tetrakis(3,5-

i (sec-"butyl’) anmoni um
bls(trlﬁgproamtlg(lh)@my,{)hoqu:,ob-}(@nmr()md)amr@omum tetrakis(pentafluorophenyl)borate,
ni.u

and dgg%g%@g%%ﬁh@ﬁﬁ t%t&%gﬁgﬁﬁg%wlgpgl)borate tri(o-tolyl)phosphonium

tetrakN(ﬂ‘én@Hfﬁbf&phé{WI}HOMtél Mi(2,6-dimethylphenyl)phosphonium
t et raki s(pentafl uor ophenyl ) bor at e,

tetrakm(pqnﬁqﬂm@tqpppnxlﬂ)oz]at@ trqppliln@tthtyamlnnylbqaﬁamﬁrlphenylcarbemurn

tetrap% qg:lltg (t%.gﬂ%layjél%%l? eI]{lql%e n¥eit1)a8 htgdﬁaﬁte; tlr aszlgﬁum Qtrap@enylborate
benzehé(kifhtzbﬁﬁhﬂfﬂm%ﬂéﬁylborate tro illium tetrakis( entaﬂuorophenyl)borate
tetrakis-(2,3,4,6-tet r af uorophenyl gborat e,

trlphepylpybg@yﬁ@ﬁ%ﬁ$(g¢ﬁtaﬂuorophenyl)borate trlphenylphosphomurn

tetrak%s?pt uBmSJ%ia%ylangm urrhet &sﬁgﬁ%ﬁ‘e%(a% 2R uofophenyl)borate

benzené(dﬁrzblﬁhfn@f[éttﬁﬁfs@bﬁﬁﬁﬁ%b}d@ﬁé@lﬁmridb T’tﬁiplfl]rihﬁltteﬂirakls (2,3,4,6-
- but gl ) ammoni um tetrakis-(2

tetrafluerop elbeeh émhe}lma@@@lunmemalﬁsﬁ%ﬁm tefiaflperophgnyDborate,
trlphekgl&flﬁﬁhﬁ %étrélkl? (% {4;@{( r%ﬁ{\ogﬁgl%ﬁ)& )i)gr%{ea{r%th}h‘gllyhum tetrakis-

Inium

(2,3,4 @teﬁaﬂ@drbpﬁdnygb@fa&eBMiz):ﬁJé(ﬂﬁfz@quN) NtdikiRL 34, 6-fctsaflubrophenyl)borate,
trimethylaniliniun tetrakis-(2,

tropillium getrakistRarfluRspephdh I PEGe: éltl@henylcarbemum

ek R b SRS CRBBN A BRI s poree
triethylsilypruapietrakis@eilidrdraphithki) b4y Bénzemmapdsmhmb ) bor at e,

tri but yl
tetrakls(pegﬂuorone%i)h)thyl)borate tropillium tetrakis(perfluorobiphenyl)borate,

-47 -



10

15

20

25

30

tetraki s(perfluoronaphthyl)borate, tri(fer
- butyl ) ammoni um t et r aki s(perfl uoronapht hyl ) bor at e,
wORMNSdIEL hyl ani | i ni um PCT/US2008/052749
t et raki s(perfl uoronapht hyl) borat e,
triphehly Ishrdetitmyte @akiis(paifluorobiphenyl)borate, triphenylphosphonium

tetrak%ng&fgqlf(%{él%ig %Jyh)%?&?%?&?&ﬁ % %&%g%ﬁtqgkiﬁ{m]ﬁuorobiphenyl)borate,
j: LRaRPb: et K8 nium
benze%lg@gag ilg%lggtﬁalh(téggr obi pEgl %/{%I%ykg}gng‘{teg :troﬂl%lgﬁal’@lydamm’ni um
bis(trifledroatitlsy| jphedy bor gt tphlemyl pbenametettkis@, Bpy | anmoni um
bis(tri&'lfx%)%%g&%éﬁﬁ%éﬁ%%%gbﬁg&n ll}?hko)glghaotn%m tetrakis(3,5-

(e j [ ridtk(fer
bls(trlﬁgﬁ{oéﬁlg)(% Eﬁ}ﬂwg?’ﬁg%g%@ggﬁ%&gﬁ%aenyI ) bor at e,
bis(triﬂphtoahe_migﬂ}p}lblajd)ﬂOiraté,_wnbenzene(diazonium) tetrakis(3,5-
bist R LR o801 pheny! ) bor ate,

24, 18hk g{‘dc%sr%ﬁfaﬁl&l wepaRbRPRNY to PR AL Bin the N VAR R¥plises N.N-
2,4, 0-trimethylanilrnium

dimethganifikius( parfpetbrootmheheilydrytb endioetriphenytedrhgriimmmoni um
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate,
tetra(Rpqr %‘Fﬂk}‘ile;aﬂ%g?ﬁat?m tetrakis(3,5-

25, birgé thbdekd8F QAR LRYRIRASAY 1) BOS Alierd dilRhOBY ls@IFERN t and th
tetrall'{rd se(3, S-H%i s%t ralgﬁ%uoronet hyl )elbhelnyl)borsate, sRsent and the

diluent o §gloets gompyisasraoiiouimated thy dioicsrban 5-

26. Pﬁ%;ﬂ%‘%ﬁ%ﬂgf] %EEE:OF élfu])ag%gg% g)téJ%Sasvﬁére}nr 'Ehgpeoliyrnerization takes place in a
tubuldir&dctdri f | uor onet hyl ) phenyl ) bor at e,

N, N-di met hyl aniliniumtetrakis(3 ,5-
27.  bils¢ pracessudfmaragrdphl 26pwkeryin)the tububar reactor has a length-to-internal diameter

. - di ani | iniumtetrakis(3,5-
ratio Ogl;ly(lttroﬁolwgra]onet hyl ) phenyl ) bor at e,
28.  NiNe QidBBEd o patdordpi624 61 TElAYcANhk irfdckiPcoh@idsakdrs bRe & ten different

~ bis(trifluoronethyl)phenyl)borate, di-( .
injectipnposippny, atpraichnreratona ke sik deirait iyeetephrasitiopbor at e,

di I I [ :
29. ? j’?l? gké:cégspgﬂﬁag#rgmg%%ﬁ% 52% Bvlhgfeél,l the tubular reactor has a length of 100-

4000 tnfidtdr®- pRFrhbIPN@OPITO0I tBlers and/or an internal diameter of less than 12.5 cm,
t et rakl s( pent af | uor ophenyl ) bor at e,

preferably(ossahan Harny | phenyl ) phosphoni um

30. : d %galé(;)]c‘;’e%€ EEFB?{%%IEL;&?’L%] %ﬁg 2%} Pog’raﬁgfl’l]lle%gﬁoﬁ{el tlulbllillra{]r reactor is operated in

multiglets@Rhenyl borate, triphenyl phosphoni um
tetraphenyl borate, triethylsilyliumtetraphenyl borate, .

31.  pdheeree ez @M%régfﬁﬂkﬁhélf@/%&@f@} the ppymiiigation takes place in an
tetraki s(pentafl uorophenyl)borate, triphenyl carbeni um

autoc 8 lFegfiriog'( pent af | uor ophenyl ) bor at e,

32. t Mhp pest BT RIzedphBN wherein the autoclave reactor has a length-to-diameter ratios
t et r aki s(pent afl uor ophenyl ) borate, triethylsilylium
of 1:1tte 2P dk pesforelly 4f 1 @&%ghenyl ) bor at e, benzene(di azoni um
t | (P f r | )1Do t 14l o -
3. ¢ dhE BRSSP R PR B L) g Ry W engto-damete ratio
of 4:1ttb Rpheinyl tkardaent tontdias nptd six (dfedent injection positions.
,4,6-tetrafl uor ophené/l )borate, triphenyl phosphoni um. )
34 ¢ él“ihﬁ aRPeesg of Paagsanhes }.a33 Qér%pWBT“’F)?}H) B aitteclave reactor is operated in
g ylsilyliumtetrakis-
multl(%lé,&%feg; 6-tetrafl uorophenyl)borate, benzene(di azoni um
35. t @heafosess 208, phrderdpht B3af [320r33peny4 ) Wiraihe the process comprises (a)

continuously feeding olefin monomers, catalyst compound, and activator to the autoclave
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tropilliumtetrakis(perfluoronaphthyl)borate,
tri phenyl carbeni um tetraki s(perfl uoronapht hyl)borat e,
wao eoophenzyl phosphoni um PCT/US2008/052749
tetraki s(perfluoronaphthyl)borate, triethylsilylium
reactolre{ly)adonsgfiypersiyl polyorsaping it nharoateey abenrewefcdofaz.onMPajor more; (c)
.tetraki s(perfluoronaphthyl)borate, tropillium .
continugpyly kraeHRg e R YBFHREMMSTIBIe fom ﬁlﬁéﬁ%ﬂt%ra tBerduging pressure to

form 5%51?(]91&%%%1{21 QVaﬁ@iaPB&wl'&-ﬂ% %ilgse; (e) continuously separating monomer

tri phenyl phosphoni um
from the tpo Bkicsy gner(f) aptiooddiypleeyntingsopasted ntonbmichtol the bglyimenization process.

t et raki s(perfl uorobi phenyl)bgrate, benzene(di azaniu .
36. ¢ g&@ é’ﬁ‘?‘?é%é Y8 B%l‘iaglﬁlgﬁg// Il)tBo?rrsa‘fv ?re{nr@ﬁigoﬁrﬁqﬁzatlon ta{pes place in a
kxmlgg&&gkis(s,s- bi s(trifluoronethyl)phenyl)borate,

tri phenyl carbeniumtetrakis(3 ,5-
37. Dbils¢ prackssudiparagtrdphl Jophiearyin )tholoap esactor has a diameter of 41 to 61 cm and a

triphen hosphoni um t et r aki s( 3, 5-
bngﬂﬁﬂ%@%ﬁ? b@HFﬁﬁ%thyl)phenyl)borate, triethylsilylium
38. bt dldcelsdParddiathtde dr! 3‘7%196?%5215@ B 8Lk ROSRE fied A pressures of 1.5

t
benzene(di azonium tetrakis(3,
to 30 MPs(tri fl uoronet hyl )phenyl )borate. 24. The process of

39. 23%5 %{@E%r%g{ﬁg%%ﬁ, gﬁ izq(r)iS ivﬁ{f?el th %nljﬁnealc):&rhl\)/ %grg‘.{nuously circulates the
polymc@lAiRSAfharRRR ey lobp e@ive. and/ or triphenyl carbeni um
tetra(pérfluorophenyl)borate. 25. The process of any

40. offhpapragesapht phrageaphd 3ahe¥7e I loned? whersiol Mentprocess comprises (a)

. present and the diluent qor, solvent conprises a
contirfp T e R PbEarEtne S oA SCBBECTAghp 1y loop reactor: (o
contirRBLAY RN Rerzit® S mMABMSEsNatt Hi8sRR! YMars 2atd 8P @keg) continuously

place in a tubular reactor. 27. The process of
removpag dog aplyne/nwmemest mixhec tfcdou|the reastat dd) akicmg pressure to form a

| ength-to-internal dianeter ratio of 10:1 to 50,000: 1.
monoisg e b ek PRk ARG et 56 G TaustieibR R ronorier from the
polyn{c@amtqr) @geﬁalyr}%cidl@f@ws@mat&@ o8Bme# fol tRE ﬁéﬂ?rﬂeﬂkzﬂfdm‘ R8cess.

positions, alternately fromone to six different '
41. i dheqroewns posny idmprag2ephsThéo gPoekysingthe arageragahion gakes place in
thﬂ§7 %ytzs wherein the tubular reactor has a | ength of

WHIBECP600 neters, preferably 100-2000 neters and/or an
42. | mheprstesbRaBt Spaelerd@ss ohAanwhdeh BBpoRMRIA@EH Process comprises

Iess@than 10 Cﬁ]I%Q? %ﬁg process of ngagraph 26,527, P

two op@oty reggossreendgyred Hepardtlball ar reactor is operated in

s, TSR QT T 5558 R R BB ARI RN compis
a stirred autoclave reactor.

44. The process of paragraph 42 or 43 wherein one or more of the reactors configured in
parallel comprises a loop reactor.

45. The process paragraph 42, 43 or 44 wherein one or more of the reactors configured in
parallel comprises a tubular reactor.

46. The process of any of paragraphs 1 to 45 wherein the polymerization process comprises

two or more reactors configured in series.

47. The process of paragraph 41, 42, or 46 wherein the polymerization takes places in a
tubular reactor and then in one or more autoclave reactors.

48. The process of paragraph 41, 42, or 46 wherein the polymerization takes places in a

tubular reactor and then one or more loop reactors.
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autocl ave reactor. 32. The process of paragraph 31
wherein the autocl ave reactor has a | ength-to-dianeter
W0 200806920f 1:1 to 20: 1, preferably 4 :1 to 20PCTUSBBS/052749
The process of paragraph 31 wherein the autoclave
49. r @hetposcehrast @y engtrdprighsdi @l ehereat tho redidehce inteoin2hy one reactor
1 and t reactor contains up.to six different .
(alteriigga 3 AT oAl aless e %@ RS oProfERRlYr ph ther, 20 minutes,
preferté‘gl?%ss%ﬁanmﬁiu%st ﬂ%f@éﬂl??és@ﬁﬁn%%ﬁﬁ%. is operated in
mulf'tiple zones. 35. The process of paragraph 31, 32,
50. 33Fhorpradceswhodraniynof Iperaprapbeds tac dfipwhaem tha) propylene is present in the

cont i nuousl y feedi ol efin nononers, catalyst
polymegizaiatyste 3§é?|4621‘ft(§°r to the autocl avereactor; (b)

51. g?‘ﬂ% b%@é&%ﬂan?%?sgﬁgf(aﬁhm td B¢ wHBRANEESvakt of dALGRIW Fresent at 60 to

.5 MPa or ) continuously renoving the
70 wtpoinyepdlpmaoreionsystemr e from t he reactor; (d) reducing
) pg,ﬁssure to fornéa nonolgreL-riﬁh hase and a ‘< dissolved in th
52. p 9%(?0_6?% e%alﬁ’h% ge}ra%rég S mIS L9 ales }zsétslyﬁam 18 dissolved 1n the
polyn{'gpﬁgﬁfﬁ{syfstreg{n the polyner; and (f) optionally recycling
separat éd nononer to the polynerization process. 36.
53. THée processt ofy amparafrapar lagr Spvbertint the2Btalyse swstem thimgher comprises

ol ynerization takes place in a | oop reactor. 37. The
one O‘S?‘B{ee@%ta@‘?ceﬁgf’%@@gp‘??ng@uﬂﬁser ei n thepl oop reactor has a
54, dTAEB)&LesObf %ﬁ} It abaghaptid) BRS 53 WRRGHhNhOTprrd ARt 6P t1#O0Polymerization

meters. 38. e process of paragraph 36 or 37 wherein
processhims|aoepigheactage melcaperatight @dwppesp tr 8900004 ghnelms3oeasured by

MPa. .39, The process of paragraph 36, 37 or 38 where
Gel Pgmcation FH@%&%a ntinuously circul ates the

55.  POhYPRbdcEabl ARy B ddhs oued st RendrBiRRthE §RGHRE of 4 polymerizati
The p@?ocess ofypaféggi%pﬂgls%, 37, Sé or 3 vvhergi n tROeymerlzalon

process lpsesmebpgprcak dempaytusoof im to U20°yC fas entianged bgfDifferential Scanning
CaloriRRQMEr 'S, cat al yst compound, and activator to the | oop
oY or . (b) continuously pol ynerizing the rononers at

56.  PITRS PHIRsOSf ahyof\RAag@iphRar 8;55(Wherb@Nhé ROUSS Yel EREPHbRAIGroup 5 of
t he pol yner/ mbnomer m xture fromthe reactor; (d)

the PariodiecTabde ¢frtbe Elpneentso f orm a nonomer-ri ch phase and a

o PR S g LR R Moty on o

the PERERI BibRdo MO BM®Bients® t he pol yneri zation process. 41.
The process of any of paragraphs 1 to 39 wherein the

58.  pdhympeedessel any phRersgigbcé th 25 muhareipl the neameteHecene, metal-centered,

heteroaryl ligand catalyst compound comprises any metal from the Actinide or Lanthanide series
of the Periodic Table of the Elements.

59. The process of any of paragraphs 1 to 58 wherein the propylene is present in the reactor
effluent at 2.5 to 10 molar, alternately at 3 to 10 molar, alternately 3.5 to 8 molar, alternately 3.5
to 6 molar, alternately 4 to 5 molar.

60. The process of any of paragraphs 1 to 59 wherein the feed composition is about 35 wt%
propylene, about 65 wt% isohexane, and, optionally the reaction temperature is about 101° C.
EXAMPLES

[00131] All manipulations were conducted in a drybox with less than 10 ppm of oxygen and
water. All solvents were degassed with nitrogen and dried over Na/K alloy prior to use.
Catalyst Compound A (depicted below) was prepared according to the procedure generally
described in WO 03/040201 A1, Page 90 line, 21 to page 93, line 9.
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42. The process of any of paragraphs 1 to 4 1 wherein
the pol ynerization process conprises two or nore
wo eastian2s2 configured in parallel. 43. The procPEEUST008/052749
par agr aph 42 one or nore of the reactors configured in
parall el conprises a stirred autoclave reactor. 44.
The process of paragraph 42 or 43 wherein one or nore
Qﬁﬁiﬁi—ﬁﬁ%—ﬂ%@@@@ﬂgib%nf|gured in parallel conprises a
| oop=tkactor. 45. The process paragraph 42, 43 or 44
one or nore of the reactors configured in
0 onpr|ses a tubular reactor. 46. The process
.ragraphs 1 to 45 wherein the
I on process conprises two or nore reactors
|n series. 47. The process of paragraph 41,
erein the polynerization takes places in a
or and then in one or nore autocl ave
) néfrocess of paragraph 41, 42, or 46
po yneti zation takes places in a tubul ar
arfd th¥n one or nore | oop reactors.49. The

otal) is less than 30 m nutes, preferably
20 m nutes, preferably |ess than 10 m nut es,
preferab y less than 5 mnutes. 50. The process of any
3 aphs 1 to 49 wherein the propylene is present
in the polynerization systemat 30 to 40 % 51. The
EXAMPBEBSIs3 of any of paragraphs 1 to 50 where the sol vent
t are present at 60 to 70 wt%.in the

[00138[) )A[é? gé‘tapgﬁss%ﬁgf Hpclave regeiar Wgé"’lg’f a gﬁgnqﬂc stir bar was heated
to 12@@&%951%)1'&% JanEi& éstl%awkﬁfcﬁy h g@ﬁf@&rﬁéﬁ tos(ﬁfgﬂ%%éééor. The reactor was

di ssolved I n the polynerization system
coolepandt ssisscqicngdyychafgeparitighapine (15.8 (m]5,21 wtﬁegeilifﬁ $ memol) and tri-n-octyl
ses .gone o

alumifgn D08k ok St 4 23D Ao eEe) o7 BesGavenger. dlys. the total

amouﬁ?tfofF}féQQ&r ARRSTehctbPisZd fﬁ’ﬂeTﬁé i Rg RGN Bty MBminum utilized was
pol ynmeri zati on process has a wei ght average nol ecul ar

adjustaeitg hthi$Wiy) taogetedpAl o M2 (OB 006 @1/ omH f)asolae eiored gbs]iter than 300:1
(idealgfe\lVﬁ gq?rrggtre a%h@ A ]}S:hrgts);gg%l\? Yr glhh{;‘I Ie4e orp\y%mgég(g?&%r{gopy GIYG gas (purity

>99%P QAR CHARLAtRA) and then scaled to maintain an atmosphere of propylene. The reactor

was then heated to 105°C, at which time more liquid propylene was added (16.0 mL; 8.176 g)
via syringe pump to bring the pressure up to ~600 psi (4.1 MPa) and the contents were stirred. In
a nitrogen-purged drybox, separate stock solutions of Catalyst Precursor Compound A in toluene
(0.001 g/ml) and [N,N-dimethylanilinium] [fetrakis(heptafluoronapthyl)borate] in toluene (0.001
g/mL) were prepared. The activated catalyst solution was prepared, utilizing these stock
solutions, by adding Catalyst Precursor Compound A (2.713 mL, 2.713mg, 0.004 mmol) and
[N,N-dimethylanilinium] [tetrakis(heptafluoronapthyl)borate] (5.496 mL, 5.496mg. 0.0048
mmol) to a flask containing freshly dried toluene (1.791 mL). This mixture was stirred at room
temperature for approximately 15 minutes. Next, in the dry box, 5.5 mL of this solution was
charged to a previously dried syringe pump, scaled and attached to the 37 cc reactor. The
activated catalyst toluene solution (~1 mL; 0.0004 mmol) was introduced by over-pressurizing
the feed line via syringe pump (~1000 psi; 6.9 MPa) above the reactor pressure (~600 psi; 4.1
MPa). After catalyst addition, propylene was added to maintain a minimum pressure of 1000 psi
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process has a nelting peak tenperature of up to 170 C
as neasured by Differential Scanning Calorinetry. 56.
wab@spentess of any of paragraphs 1 to 55 wher BCTIUS1068/052749
netal is selected from Goup 5 of the Periodic Table
(6.9 MPa)t fibe Etaetoras. maiftaintdent perop@siaroindaprgssofe fardgmanpiis. Additional

tq 5 erein the netal is selecte fro ou 6. of .
PfOPYilqrae 1@@5@%%%@6@% tot reaqtor Erevtit A 1 038 PSTHG B&@e draction was

termnﬁl'ﬂé’d 1?3’ ggﬁ@%lﬁergts IR0 é@eﬂ@ '&)'ll%bt'ibﬂ %se{'%ﬂgg{ealte
centered, heteroaryl |igand catal yst conpoun

After mompng gesdwnys mebedred fom theeveittdotieder and thentchetor. déhe product was
d series of the Perlog]'2 Tabl e of the E{ﬁﬁrrents. 53). Th{e .
ried o @e JECHM APNFRofOh AadiPdphdnd POISE wAEREFHZ¢hY gel permeation

f nt at 2.5 to
e L SR e R S S SNy
al t er nat eIT;AE?LE 1to 6 nol ar

§etor vent line.

3.5 to 8 nol ar,

Al + Ar nAat Al vy /I +n [y Yl Ay The rorpoo Ay ~Ff
Examﬁlﬁnnr aphs 1t n‘T'-'\Q h inlt he_af_ee codposil] nngi S 6
Cat. AHoowolB5 wt % priopyl ened.4abdut &8 wt|% i 84hexiane-4and 0.4
Reactipi iTomal {°¢) t{he 10&act i o0& enperldsur g i sigsbout 1005 C. 105
At ANPEESNOTT381sA | g Ul alg 7S [Wereacondua a0 1 P a0.4
TNOAINHHNT - [ 55080 187080 HT §00b= VEC0.035° 10019 YT 0.019

Ul CliIl o WCI SYyasptcly |9} LLL U It al cu Vvl
ALH RALLRGQy. e i g1 "°Zhdlyl ta!%détgcnrrpéand A d8picted 28
Reacks| FsgpUias prep_@ped acqpy dijng Js@ t he p,r609:eduree6‘9_ ~6.9
MP@eperally d scrl bed|in VO 03/ 04020 90 1ink
Propglefic t 0 page l.i ne tdl yst.Precur do A
concEXAMBhES) 1- 3 [58?32 S5 S e 535%){ ce) oot bel hveSS

Rxn TRACIMIn) €qui[ppeth W {h gomagnet sg stlr Bgr was hgatef 39

Yield f) 1200C TOT" Qfigs JTOHT  Ygger (ﬁ%eam 6%19”’ MAB9eT 1136

Mw tg/:mou,:;;e:\,zu ,22[,0‘0 L if‘(mqm Ly c“1‘,75’ QO(L 4188000 41y 190.000
MW/MH 133 3 nnrl ) 1{9§d [ 3’\0 nm‘vll 9,-9 LN n12n77(0 0802 $ehnl 2.79

Tm (3dded in a 4. 21399 spl ud7.6n |of IMekane) 1385a scdd®dgel . 138.7

Hf JIHus, the tdt a89arm intg70f Hexa&9e in t 8.1 eact @0.7s PO 787

Activitbr B EEN, Nodidettamiiiu @i [tEﬁ&szhé}ﬁﬁﬂﬁor&ﬁdf)ﬂly@Méﬂé 111 zed

TNOARS PR ﬁg\nmuﬁcatexa @atuBNOELET A Comii ?”fr eal |

ratio not ¢ i deal l'y
we target ~ 200 : 1), respectively. The reactor was
Anahtivape@dthddsh propyl ene gas (purity >99% Airgas
Diff Corporat| on) and thten seal ed to mai ntain an atnosphere
111¢

[00133]

Phase transitions were measured on heating and cooling the sample from the solid
state and melt respectively using Differential Scanning Calorimetry (DSC). For crystallization
temperature (Tc) and melting temperature (Ty,), the measurements were conducted using a
TA Instrument MDSC 2920 or Q1000 Tzero-DSC and data analyzed using the standard analysis
software by the vendor. 3 to 10 mg of polymer was encapsulated in an aluminum pan and loaded
into the instrument at room temperature. The sample was cooled to -70° C and heated to 210° C
at a heating rate of 10° C/min. Each sample was held at 210° C for 5 minutes to establish a
common thermal history. Crystallization behavior was evaluated by cooling the sample from the
melt to sub-ambient temperature at a cooling rate of 10° C/min. The sample was held at the low
temperature for 10 minutes to fully equilibrate in the solid state and achieve a steady state.
Second heating data was measured by heating this in-situ melt-crystallized sample at 10° C/min.
The second heating data thus provide phase behavior for samples crystallized under controlled
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was then heated to 1050C, at which tinme nore liquid
propyl ene was added (16.0 niL; 8.176 g) via syringe
W@eop/1021bri ng the pressure up to -600 psi (4.RBCIVP8Y008/052749
and the contents were stirred. In a nitrogen-purged
thermellr lyibtoxy carfiiomt elletocking ddrpdramses otpdCetiahyisblePt eruths rak melting

nd Ain toluene (0.001
tempe[rémur,q_s gqo%‘ihﬁypc‘é)ﬁfipp t Wm(:ss[otherwme 1nc11cateci:l For polymers displaying multiple

peaksfﬂ%%iéh%%gftpg QORI B AElorley. Lol uene (0. 001

wer pared.” The activated catal yst solution
[0013%‘@S f?lreg th%J L ! Iecz;lﬁg glcs)ér({] %ogetg%ﬁ; ﬁg AI? Egatfl(gnl‘?rlﬁlogy(Hf) which can be

used & Zél&ﬂgt»e thQ%rémﬁf Xr ﬂllhfdy MaElb rf@fehbéhatﬁl dsi pdrbit drystallinity). For
(heptafluorona thylaborate (5.496 nL, 5. 496ng. 0. 0048

deterrm@mg) palyprap¥lergsrystatindy nd Mefue pé§ﬁ| 13J/ra@h isd@isebpsidaequilibrium heat of

(1,79 )
o P ARSI S, WA s 0 o
Wund@flicthKherﬁlaEAmib,ly@ﬂ‘s” tzhd:zﬁieﬁ@d des@ rPagaszt 18ha9gmpd T Fercent crystallinity

previously dried syrln , Sealed and attached to
for the pewpgiene polyeget is calcyiyte a@mg\i ¢ Eamgley fargasundep theeameve (J/g) x 42 g/mol

/ 8708 35/H1t Fﬁn“ O(f% Mgor ?tﬁgoﬁolg%g% )thgv%%rdeﬂ{ E&%ﬁﬁﬁ% ¥ calculated using the

essuri zing ine‘via s
forrnu(la 3[@1@@ updér; the. c%r\M:’@))ulabgta(ﬁl)t/hB (JRASY @Rmp|r ESBOU@hére QEQ(DS the heat of
Si; 1 MPa). Adter catal yst addition, propylene wa

qulODaBHéhe hemerelimar AT erMAIORIANGMES §9m@0%%nt16é@56p§@19® @)r B are to be
o3, TP A ALy T JUPE ARG, S STRSEL R AR g Som New
York 1999mai ntain the reactor pressure at 1000 psi (6.9

NPa). The reaction was termnated by venting the
: FAMAIY LA EdIG-PRE) on vessel attached to the

-C
onsSPSCH i L0 p 8BRS o 19, LR SORENEEPhumesin

Chrorﬂﬁ&gtdph)ed'lth NripleVideGaetioh OVEHR theve deZedigriiveeranid sgricdduich Wyatt DAWN
haracterized by gel perneation chromato raphy

”EOS};\%AHLSfl&qu %fpers ﬁP%@ﬂBaldSPePWéth f ped bm%a@‘%' (Differential

Refra?ﬁ’e p%’rﬁ#e?{] (‘Elr%(?n ?& ﬁ%@gor i éﬁn@ﬁé}‘\&&ﬁé E‘dﬂt ; I[Threadet?ct?r output signals are

ollec&idl.tm Wyntt's BHTR AAscftvizat ahd sital P2red aing arGRIO mi)ajylsisipﬁgram The detailed
ytical nmethods Differential Scanning Calorinetry

GPC ‘(@ﬁé}ons aregipiessn Teklese transitions were measured on
td; d t d
[0013§E3 fafdd alfi® Rhin hBts \b&e.sﬁfg%B%ﬂégflgfgﬂﬁ%t{‘ggs CB %l‘f’%g-ttﬁchlorobenzene)

respecti y USi can
solvertal thﬂrNBSy poDSylenkostartaydst adetd nadd €or tadibpeingt teeGPC.  Standard

dent FonE AhTGEb L1 AN RIS MOl CUMSRCY2bDE rd diuted (08 ~1 3
d
rng/rng gl.@n-{lzaﬁ&? ﬁ%ﬁ%e@ﬂ%d 1R s@ﬁﬂgﬂﬁ%%ﬁ%%t oﬂ%at\x;n%ge % 55 yrgm})rL Labs 260

ahal ysI'sS SO tmare e ven
HeatewBBRalenaapsen atfed twa haﬁrsal Thesdurrpahcrat dhibogided.45 micron steel filter

cup then analyzed.
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into the instrument at roomtenperature. The sanple
was cooled to -70 C and heated to 210 C at a heating

w0 2008/102120 C/ mi n. Each sanple was hel d at 210P@/1/8200%052749
m nutes to establish a comon thermal history.
Crystal lization behavi or wdabk\2al uated by cooling the
sanpl &d mmltam)mehtom@togr&m@r(ﬂmr me&iRenah téon difior

coolj ng rate of nn. The samle was held at the
INSTR 1 pnmpr ature f or 1P WWR$%OQO\4+W§?ttInaWQIEC§HIII librate in
COLU [ Type: X
COLUNN e sol i d st at pTAAd acﬁl i\%% ateaty’ talt Second
0 ORPD (high pdrosify co %
haoat i na dAdat A wwhe Aoy
LAY %YL Ilw Al U VVRA oI LIL] .M\J A IIDML T
relt—crystal *ﬁggan“ﬁb W10 o/ ri-p—The—second
4heat-i—ngidat-a Al oroui Zééfirah-a-s-e—behaw-e-r—f-m—s-a-mgl-e-s—-
20d_ubNcodi LITGHL B, al b ooy
Sk 1 il o ol
. ansion
rlvﬁla[ € E‘lhsl_gefl( el t ! ng %lﬁgoéme@gers);émjg(es actucﬁ:r %gg;ﬁﬁp
DETng!;bR:_\I :::: ::omul; I.K:-\IW::\Q: ‘_V y:' 'I:S\'17 anlglg‘s ofﬁser ht;scl;gﬁerug‘gﬁd‘_e‘tp,ctor
Al UP u]l IIU TreaT P A>3 P\.‘U 3 T S CATN
t enperature ‘,A.,.':;:B:fepor*c:FF’E UU:gégﬁgmyrghg?%%§mﬁﬁgaws
| curve are used|to detdraidESt he hoa%—e#—#as#en—é##%————-
. =+77
wH-eh—eat—be—ufed—te u% &?légéﬁgﬁégﬁggr“e of
L1 —t L e~ s’ 4
TEMPE‘RAQ‘I?RE“' RN L B RS
\JI yolallllllly} x\J Y oIIIIIIIEJ lJUIleI \JlJyIUIIU
erystabH-aby Qaﬁg?uu]gié kH-FB+—s—Hsed—as—he
LD 7 | Columa: 35°
ceauilibriumhe Llina
DISOL e—{ singetepaionZ hapa L SPCRUEAEN. ¢ anorted—in
YWmgetrt—ch = Th:i'll ,S'hgl(er_@‘i60°v - Acad 'N‘.}b Pilt’caa
SAMPLDFIL TERHEK DA o AR u°ss;Filt¢r:(af‘1‘3‘§iB R S
T Bty SO <15 AR SR 3
1 1 1 o o l IIC vl 1mul &,
SOLVE JOENT - othet ool "..., o\ :
CALIB%YON IN% Rg PE” 1gPt hé f
STAN ; X ; L I ) . )
BROATIY PEOHWRSAGT alm) B (Joyngsy @fsamy | IUU, Wwnere B TS the

eat of fusion for thne nomnmopor ymer or_tne g or

B R

priorifyudsicusibed aby/od adstiny\pteeydang cSoaps to tevexior khey 299 inc@adistent with this
er.meat i on .Chr omat ogr aphy (GPC- DRI) The .
speciff@bplsi Hds PRRICBE FHein e PraEaias e%%le@ic@%wn( @l the specific
embo@ﬁ{emgsatdvl‘ﬂ[k %‘r‘h%”%? 82218 alﬁo%ntht Ha\ter 'beétﬁ 1@1‘?&1%@(1' Qﬁ‘cj‘ d @rlbed various
ree detectors were in series with V\X/ E
modifiMatibs t8n a’aeghmdé agitioutt i dgiparting afromr thegspdﬁt eandi Cﬂcolﬁe ro$tthe invention.

followed t.he (Differential, Refractive. |nd
Accordmpely, it flﬁ rfPTeBIE)P‘{]/ﬂ%aE &L%tngen&]]@Pel&f‘t glfmte% t@eﬁ’@i’ecﬁﬁ‘rﬁwm the term
comﬁﬁh@"t is Sdoﬁﬁa&%d %&ﬁo@%{du‘é‘ Gl tl%"te\%atlﬁcl&dlﬁ-r% FRHEWBIGE Australian

anal yzed usi hg anal ysi's progra
law. detalled GPC conditions are listed in Table 2. [00136]
St andards and sanples were prepared in inhibited TCB
(1, 2,4-trichl orobenzene)
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sol vent. Four NBS pol yet hyl ene standards were used for
calibrating the GPC. Standard identifications are
wo e@saeb2in Table 2. The sanpl es were accur at el RCTEBYhE 52749
and diluted to a ~1.5 ng/nL concentration and
CLAKMSorded. The standards and sanples were placed on a
P Labs 260 Fbater/S aker at .160 C for two hours. o
OGS R PPIYMEEFERICTIRY BRIGAISINDCOMRGHNG PERPYSFS et & fempgiature of 65
C to 1%9%%8% dﬁl kﬁé%%gve-%ﬁql £ KIPFahd B25TARL T @ith:
Chromat o measur ement condi tions [00137]
1)  Ahlcathdest rmstem aﬂmmrrsntgemdwelr giore actevatars ang @natoedndry nonmetallocene

ref erence her ncl.udi ng any. prijori nts

motal £RRFE5H- hESORR lg?@c@aﬂdm@%@%@ﬁ W%‘?fettﬁ%méﬁé‘i Opfeiyom the Group

4, 5, AER LAGMNEE SEROLoMAL RethilcSeRPESH the P@ltld)cﬁ@ Tab¥ of the Elements,
apparent fromthe foregoi ng general description and

2) t hptlei]@églq‘nlecorem:reetpnmnolsﬁrsvmlelcEdffmheogrouh eongistmgtdfanthylene and

e en illustrate escri bed, various

Cto Eﬁﬁ-ql? Eathawp@aﬁﬁ% | TARRAECTHBHATAT R RTCEHE in the feed,

3) SPiof] boaBdes GAPE dﬁﬁenttrb% IVt hRAd ek ahdithal Welgohtt dfSfeeds to the
not intended that the invention be lNmted there

polynicrikevansreactothend er m " conpri si ng" i s conS| der ed

non us vvith he term "i ncl udi ng" poses
ATy She et e Pt s ol eBbe o HshREgReration reactor
wherd@l-ef i ns conprising contacting propylene, at a
tenperature of 65 Cto 150 C and a pressure between
1 aythe Miefinamdn@aerS aPany edmpnongrs arecrreseing 8t the ypetysrorization system at
15 wib (ﬂprly ng one or nore activators and one or nore
AOHTBYS | ocene metal -centered, heteroaryl |igand
C@S ﬁ{eyﬁﬂopg@ﬁ@ %Uﬁig%nt wheo %vt%"@r ABEAbask® upbP BRNWEILRNOE NE monomers
Goup 4 the | ant hani de series, or the act| ni de
and ccsremomer@presmnpénelfmﬂ andrabl e of the El enrents

onal one. noners s ect
oPhfR BehnRPRI orUt R FonE AT eSS (G ol @?‘1 L hase tansiton
tempcPRSRA URG Holyeribii@ byedm ahl aBONOHRE s O EATORGITEHPa below the
present in the feed, 3) from20 to 65 w % diluent or

cloud@@lmerﬂssurbaéé@mb@mrtzmort s)tsmm weilght of feeds to the

pggghét Igpgiﬁt I!tu%lglo{rl g%%gl::lrg\z\g) gaﬁf‘ tg%p?ﬁ{élaegp)all l tll;}g %%%cﬂg[emperature of the
polynReL YR §y%ednh, 06t (26 A€ taOpressRE b8loW: thd)critie@l PleSuird of the polymerization
nononer s and any conmononers are present In t he

systempol| ymsri zation systemat 15 w% or nore, b) the

2. pr[%gﬁo%g?es Ifs’c B m I nérg%tso?ven%o%)lp%sege4 % Eé}%ycrocgr%gnst. he

3. The process of clalrn 1 or 2 further comprising obtaining a polymer having an Mw of
30,000 or more.
4. The process of claim 1, 2 or 3 further comprising obtaining a polymer having a melting

point of 80° C or more.

5. The process of any of claims 1 to 4 wherein the propylene is present in the
polymerization system at 20 wt% or more.

6. The process of any of claims 1 to 5 wherein the temperature is above the cloud point
temperature of the polymerization system and the pressure is less than 30 MPa.

7. The process of any of claims 1 to 6 wherein the feed of the monomer, comonomers,
solvents and diluents comprises from 55-100 wt% propylene monomer, and from 0 to 45 wt% of

one or more comonomers sclected from the group consisting of ethylene, butene, hexene, 4-
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and conononers present in the feed, and, c) the
pol yneri zati on occurs at a tenperature above the
waiosdeRizi d phase transition tenperature of tPEI/US2008/052749
pol ynmeri zati on system and above a pressure greater
methytiautent, degclbpdnoaditiee natbotrdnpoC ACpr essdime, Of-Cedea,internal-diolefins,
pg%yneri ation system and d) the polynerization
and Celaigp @00- 1P;eﬁé‘€- a tenperature below the critical
g. I meﬁraééé%e?fognf IES? (ﬂé:lhﬁé_mﬁrtbzﬁt\!vﬁé}eiﬁyﬁlteeﬂ&nrﬁ’étal((?&n@}t mBtal-centered,
pressure below'the critical pressure of the
heterqaoi] yigend zaslystrrospstueheor@pristh e ligaotepsesafted bathm formula (1):
wher ei n solxent conprises C4 to C7 hycrocarbons. 3.

The proces f claiml1l or 2 further conprising
obt ai ni ng/a p mer having an Mv of 30,000 or nore. 4.
The pro

ss of nghn11, 2 or 3 further conprising
obt ai ni/hg a pol yn®r having a nelting point of 80 C or

I_norepfpy The process of any of clains 1 to 4 wherein
R™the MNBLy

t he lene is present in the(bolynerization system

a . W 94 ss of any of clains 1
tgﬁégﬁxgr%ﬁ%p%$§§%%§%%%gﬁﬁﬁggﬁg'above the cl oud point

tenperature of tHe polynerization systemand the

than 30 MPa. 7. The process of any of

erein the feed of the nononer,

vents and diluents conprises from

ene nononer, and fromO to 45 wt % of

sel ected fromthe group

hyl ene, butene, hexene,
Anet hyl di cycl opent adi ene, nor bor nene,
C4- C2000 a-ol e né, C4- C2000 a,internal -diolef ns, and
C4- C2000 a,m#diqg f ns. 8. The process of any of
claims 1 to 7 wherein the fdnnetal | ocene,

W,herenetal-centered, het eroaryl |igand catal yst conpound
conprises a ligand represented by the fornula (1):

Q' aniMEraed subRituksts baphiesentedr thyn thetofroE Mih@e 62)kastwhe b QQbr Q° has at
and (b are substituents on the ring other than to atom

least atopier e at | east one of QL or @6 has at |east 2

ciss GO of g A RO MRy 70
qis 1,2,3,40r5;

consi s\i ng of

Q" is selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted
hetercycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl,
boryl, phosphino, amino, thio, seleno, halide, nitro, and combinations thereof;

T is a bridging group selected group consisting of -CR’R*- and -SiR*R’- ;

R” and R’ are cach, independently, selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, halide, nitro, and
combinations thereof; and

J" is selected from the group consisting of heteroaryl and substituted heteroaryl.

9. The process of any of claims 1 to 7 wherein the nonmetallocene, metal-centered,

heteroaryl ligand catalyst compound comprises a ligand represented by the formula (3):

-56 -



10

15

Q is selected fromthe group consisting of hydrogen,
al kyl, substituted al kyl, cycloal kyl, substituted
w@yoBoed2ky | , heteroal kyl, substituted het er oal RgI/S2008/052749
het erocycl oal kyl , substituted hetercycl oal kyl, aryl,
suypstituted aryl, heteroaryl, substituted heteroaryl,
aﬂFoxyl, aryl oxyl, silyl, boryl, phosphino, am no,
thl o, seleno, halide, nitro, and conbi nations thereof;
T}qs a brldgkﬁg group sel ected group consisting of -CR
2R3- ; R2 and R3 are each
tly, selected fromthe group consisting of
, al kyl, substituted al kyl, cycl oal kyl,
ubs | ted cycl oal kyl, heteroal kyl, substituted
he oal heterocycloalkyl substituted
ercyclodf% aryl, substltuted aryl, heteroaryl,
sUbsti t ut ed heteroary(g al koxyl , aronxyI, silyl,
boryl phosphi no, am no, thio, seleno hal i de, nitro,
whereand” combi nat i ons thereof; and J" is selected fromthe
Mi %ﬁ ]5 col %hﬁh5ng of heteroaryl and substituted
S HEPR 3} 8™ The process of any of clains 1 to 7

R', T\Wramdird &des aoneeintlhpeene, netal -centered, heteroaryl
Ilgand cat al yst conpound conprises a |igand

J"is $eémt@is,&nmetbe gyoummef stibstituiicd he@yoanHemathv atomsihonderd tenthemetal M, at

least 0}1@ .oq {17 né éllRl g(ljstbe%n% ] ?,nemﬁtgs al %B/l fongu%nedf Lnggjondga t0'M via a dative

bond, gt &h&&hﬁdu@h\éncbbalantaioﬁasm{aonded to the metal M at
| east one of those atons being a heteroatom and wt

L' angheatgtingapsndently splscted figarthe groupdoasistingef hﬂéldacﬁhlﬁyl &Uﬁétltuted alkyl,

cycloﬁkgier t h{ltﬁlreigih cggfec ent tregoronﬂf 1, ang%t%’t tegg ter afﬁ%ﬁ l],eterocycloalkyl

substiRA¢d (ﬁ@ter@[yklﬁhlkyls It |shb§t1@lﬁe@|aky'l| het@mkﬁalslkbsltltuted heteroaryl, alkoxy,
substituted cyclo kyI het er oal kyl, substituted

aryloxye hedroay.lopryl. ﬁbtlearmeycar@lap Kpidride, iyl digncespleno, phosphino, phosphine,
a I,FE r
carboﬁ%t% t%u 2 elg?ﬁ@%t’re%acg% ates E X%}&t% qr@t J g{eg Qrﬁ{ X&mbmatlons of
these B@idals, silyl, am no, am ne hydr i do aI lyl, di ene
sel eno, phosphlno phosphi ne, carboxyl ates, thio
10. 1Tge @rwﬁgﬁt(g@ny@ﬁ g]’agpqeg to za‘fl@@n@? @gnmﬁqa{l@cg:pg,smetal ~centered, heteroaryl
of these radicals. 10. The
iuan P RO SRR ERTRCIBRAATR BT ¢ hese r ot
Rﬁonnetqidocene net al -centered, heteroaryl |igand
atal yst is represented by the fornula (4): where M
s defined in claim9; R4, R5, and R6 are

R! (4)
where

M, L' and L? are as defined in claim 9;
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substituted al kyl, cycloal kyl, substituted cycl oal kyl,
het er oal kyl , substituted heteroal kyl,
waoedosnoeyzr| oal kyl , substituted hetercycl oal kyl PCHD§1008/052749
substituted aryl, heteroaryl, substituted heteroaryl,
R*, R3) !amd(yRﬁ ar j&id@pt_ydd,enﬁj' Isyleptebofryﬂn, th_ehg&ppi comgsisang rod, hydrogen, alkyl,
SubSti‘é}lE%(f oar{g:fell )e/cr;%%qﬁg!yg; %%&1@19[ ocr:];%éona L 3 2 trgeﬁ egfss’ullf‘)ﬁt}tu@g heteroalkyl,
heterdcQLBERYE Ol Qi hURRI clohig], SYSA, CQUNBUIEAD o0 MeReroflyl, substituted
e r?gn hy%r’osgen atoms | 1ﬁcgilglgdpkgi’onl%"ti’o tﬁh}e pyr iafcri\{r ne e?ﬁfrn%,}” SUbsHIuIe
heteroaryl, ogdkoxghaldrylpoxdnysitybniiiondt i gospliin®2,aniRBe, ahd, RElenwaynitro, and
be .j oi ned fogeth inaring strycture; RL, T, and
Combﬁgﬂé}setﬂs@ottj itlﬁ%a_flfy, e 5T K o d RS ediph éIFay(F:i?Zfer‘F?d o form a
fused Hngdyksfcid ﬁgﬂviﬁ‘g‘ G:on® 3PRY horRhy @B &Y Sbh§ 1A' MHitioUBSthé tyti8fe ring, or,
ar&l, heteroaryl, or substltu%ed heteroaryl group. "11.
optiorBhig, prycwersnaionafiR’ ok, ehdRisndy bajoihedhegetion it meing structure;
1 tal.yst co nd.is represented by the one or both of
R, Ty é?@ﬁﬁﬁ%%ﬁ% ?#@gﬁhaﬁ§9 Tﬁ@‘The process of any of
E" is QitbiMBarbor @r Wlrd8r &dt RepACbE YA QLI APRN S@RAAY aryl, heteroaryl, or
al unoxane, N, Ndinet hyl ani | i ni um
substitut¢d ldtgrenrfyl geupphenyl ) bor at e and/ or tri phenyl carbeni um

tetra(perfluorophenyl)borate and{or .

TR B SRSt T o s R 1 6l Sahiprh By gpigsented by the
one odfoth SPBRE0GHDS ffmasy of claims 1 to 12 where the

pol yneri zati on takes place in a tubular reactor, an

aut ocl ave reacie~or | oop reactor whergein the process

conplgCses11 Q) nuousl y feﬂé@@Hﬂ; Al oners,
cat al ysq comp and acti vat r\qo r eacl (b)
senti-Abbtst- meri zi ng the no at pressure

.5 ; (c) e
m xt ure uci ng
nono
A (e) 4 ‘
/ 0| yme Y et j recycling
eparated nononmer to the~pdlynerizati . 14,

The process of any of clainms 1 to 13 :
residence tinme in any one reactor is |less than 30
12, mThepeesespoleterafisilaims dste Ilhwsherg thadatiyaies compriscpraa alumoxane, N,N-
ocess of any, of cuﬁinsléntﬁv%émmhereing%pe pro
0

. r
dnndﬁga%fggght in ?ngFéaé¥or e Udht at 3" 10 no

tetra(Pril@ropi @l Ybévatehnd/dr N, R-dBk tiylandidi@hnét £ ot fldefonhgutibylborate.
nolar, alternately 4 to 5 nol ar. o )
13. The process of any of claims 1 to 12 where the polymerization takes place in a tubular

l.en -
Frgprh,enﬁcarbemum

reactor, an autoclave reactor or loop reactor wherein the process comprises (a) continuously
feeding olefin monomers, catalyst compound, and activator to reactor; (b) continuously
polymerizing the monomers at a pressure of 1.5 MPa or more; (c) continuously removing the
polymer/monomer mixture from the reactor; (d) reducing pressure to form a monomer-rich phase
and a polymer-rich phase; (¢) continuously separating monomer from the polymer; and (f)
optionally recycling separated monomer to the polymerization process.

14. The process of any of claims 1 to 13 wherein the residence time in any one reactor is less
than 30 minutes, preferably less than 20 minutes.

15. The process of any of claims 1 to 14 wherein the propylene is present in the reactor
effluent at 3 to 10 molar, alternately at 3.5 to 8 molar, alternately 3.5 to 6 molar, alternately 4 to

5 molar.
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