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Title: POLYMACROMONOVER AND PROCESS FOR PRODUCTI ON
THEREOF | nventors Patrick Brant, Andrew Narvaez, Donna
w@e@ibsio Priority C aim[0001] This applicatiPeI/iUS2089/047945
continuation in part of USSN 12/143,663 filed June 20,
2008, which is incorporated by reference herein. Field
of the Invention This invention relates to
nmacr onononers havi ng | ower anmpbunts of C2 to Cig
Title: g‘PTe MA GRENGRRPY ERN AN B ' QRoPRIPBHGEEON EHEREOF
InventBR! Y MBOLBEOBANE AfdreBAGKEAED WaghLfrotviter | Nvent i on
. ,30! éol efins are of great interest in industry as they
Priori any uses in many different areas. For exanpl e,
[0001pol yﬂiiﬁf[iph&,tlols ischcoasnaadiyi@tpay loe D8SHMNA/ 1pabypfilep yunerre, 2008, which is

incorpglira?ed% E’e%‘erenc%%? efnn everything from waxes and
YCizers to films and structural conponents. O

IEMM&M@.Mbeen interested in nodifying the

aFFﬁﬁ' 1&1@&1&15‘1{ QelRtEs %&%Blyﬂﬁ!:r%ﬁ’ibﬁfrﬁe‘?ss hh\nné W&y dd ORERInRT of C, to Cyg olefin
obt ai ni ng new and better conbinations of properties.

monomTR g PRSEICO PEWHET WP PHYNIEAIP BN ar chitecture is
acki&nﬁﬁfeﬁ‘dlnmﬁﬁmr s t hat WI Il inpart specific
EEIP@F nesraléez C%It g{ﬁeg%sginl 1}?% g? ?%tlﬂg% gagfg %{_?!E{ isreg élenqany':cg{ferent areas. For
examplaypolgotefis suchkd p(dyé’thm»e andpdyeos/lenorard nfxmreaemsverything from waxes
and pl ¥1z.£}9 SR Q%@l stﬁjctuydlg pon tpybi‘ g?erhgan r a}\{lé I;Qéll ﬁﬁeq‘ested in modifying the

rmnation can e po yneri ze
archltemueef ¢frygchaebieledins atthphopereof obtajpmg g v @ndbatier ¢omba1atlonso>ﬁ properties. One

methog hﬁ‘ @orglroﬁﬂl%hblﬁgoleﬁ REGHRAE BT OPSIdck GfonoRicfs: HaP WAl impart specific
yol efin ically, vinyl nacronnnoners are found

characﬁgéllstgzs L&retpﬁqnngr & dagqnamers psgds e Fop sremn ihyqeéeﬁ%l ve tried to produce large
mono\lﬂel‘*by Ichl@ban'ﬁla&aﬁlbﬁxnm@rm "SacrbanPha g@otmt BOASyI Gnylidene or vinylene

termmg 10§1CIF{%‘[ Cé% ; :Rgl%%el\ézleg L& rn(ﬂ‘g?ng sn%ga{so rl]e()ngﬁzral%fo%ylene to impart long
chain BrodligasttuctuBe progeities, j&tcAm OpaylSoc Typallyl 98981 mddd@pn@umds are found

more gegug %}é?}gstfer tggs@%glégﬂsgg%gpgﬂghéeﬁg ﬁlag%ﬁ"%ho %&argélﬁ of methods to
produ@rggRisaiiny] erpaRydramEPIGRTOfe Pisglpsed dn EISKy! 13 9%# S 6,555,635; Small,

Brookk@N 8e@lett OMARTChEm ®c &%, abosS hi@ro; MR aNIsa%t AfCHeRATImm. 1998, 849; Su,
Initiatiaon agation, and Term nati
8005r gRaga

et al. Q@glg)m D) Ba]é?]g LB§§@H aBﬁl %&O%P%kPolymg?zlatlonsgf Propylene
by a NEheGeoptias b ieonHl Adyireicshanisnd .of Waik @litiatdh, Mépgatiod) and Termination”

Macrogjgog%ggga%?ea A dl\/%[a']iloce sea%ranl\éﬁglocﬁ}ﬁrmogll(asm ]Ql’a%}ore_frw E.J. Markel,

W. Weuahdsbeabubr ovioh. H3BE065N, B280mE26B20001 he s Shived (. diherian, EB.
Lobko%l@%ﬁ&ée\ﬁ é&‘?és ME&QH §8§0 ?Ef@‘@%@”ﬁf then polynerize

t h anot her snal such as ethyl ene or
p&w bgye trigd BiopTsecs qh'ﬁcprg,@p@e @gn@rgn;(glog@()t hepgygolymerize it with another

smalle §3fin, Gk 3B&92hyine obprog PRtk OB lked idlude US ¢52230822 20@06138392 Al,

US ZO@Eé%gL@gLfUiﬁé%%n%@%%g%r Rélglgg’r 43)7027@%1365”15% Similar examples of

macroohyher teziatert@ns tyipd Chaldecrididns 228pde327are227,435kndNn®, Satono, et al
Macro%lo}em'}@scgé) é&%yifsT)g%(iaH% %1%?6 }igo%?ﬁ izatioh Iré%@l't' E‘a@l*e? ?(hw amount of the
poly

mer i 2 i'0nNs res OW anoun
macropgenesidimgeinsciyed nigo |thﬁselrowet$ Mmertqinemgrbw exgmplg] Hhweno et al. report

1ncorp91tﬂteﬂlé1 EFQ)r 3RX AP Eof %hﬁn roﬁiflener %@Irohoh(ﬁﬁé?r A2h 363'0p9n isotactic
8 nol % of atacti c ypr opyl ene nacr onononer

up
P"lypr(’%e‘@@wmg Mnj °§6RPé‘83‘tlIP%telP$8I1§f pyI ene having M of
appieeX havetsaldestdd 3n-OR0variations where the macromonomer is produced in the same

reactor that the polymerization occurs in, such that the macromonomer is consumed as it is produced.
Examples include US 7,294,681, US 2004-0127614, and US 7,223,822, as well as tandem

polymerization catalysts such as discussed by Bazan and coworkers (Chemical Rev 2005, 105, 1001-
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O hers have suggested in-situ variations where the
macr onononer i s produced in the sane reactor that the
wWEogiessieat i on occurs in, such that the rmacr oP@ORURNI/047945
is consunmed as it is produced. Exanples include US
7,294,681, US 2004-0127614, and US 7,223,822, as well
as t andem pol yneri zation catal ysts such as di scussed
Bazan and coworkers (Chenical Rev 2005, 105,
1020 aPGGifeleO% thergin)r dp araan cesss tlongr Spim)branchedroiipledias e, ba pipdpced in-situ

under ‘ébrﬂiltl[bnb feighi (fzhf@fj RO }8h&Hhdr HBodedibnbd AFsObERAEhtibA 16 bilbdequently growing

con t r onononer  producti on
Chamsgg hegica Lﬁ%ﬁ?l lb?“raloﬂ i%sagﬁﬁ? Aty g?rS\R) ng chains
( BeethGhamasc &lw E&emcﬂm&elgﬂxq&,lyrﬂdm ﬂndlﬁl@nﬁﬂdofl‘l@ffgetf /aoesrs (typically
refene%igﬁ;aﬁg@gfag)h%ﬂ% nse suc% eaé e o(\i\écene a?ncducllo% ce\l\@ l%vé beenI 1?1ade for uses in

I‘gomners
lubricangsfand peéditives. Ber openyled mmmeefwa @pow@,luéw és ami:@% hE06, 835, Others have

made qg‘rﬁ)%@ ﬁo@ﬁlghegi%@ﬁé: %H&I ashﬁé{ﬁlepé%@n s[ff%d%nfoﬁ’sr m‘:’t%ﬁ&:ef.lé’]catal% s not typically

| ubri cants and tives. For exanples please see
knowmig@rdyge n%gewr %{wemgs WEth 20 SEESHic testipist SEREPES fglde WO 96/2375 1,

EP 0 $&F lswsumlémbssmam 6f0l431801 mhomw@mdme@m 28] U8 5,087,788, U5

6414 4 zggto@},reﬁ%enﬁo%ﬁl Xk Qizﬂg,g%fgbggiﬁ?,gﬁ? tl\o/Iany of these

polyalplaotefic InllqlfecuES( angel tesnihal Oinmlieatm 98/i2 Bypacally hfgRofen@d® or functionalized
6,043, 401, US 2003/ 0055184, US
p“"”gzéfé%gw&b% fgé gdi‘y‘gess U5 6,414, 090, US 6, 414, 091,
UQ“I‘PYS?@@”MW 1,45 ab M@BOWUZO@W"%\W Ay J30@, 743 ,/4381 550k hayegpade poly(l-

octadet:&l%S ey yﬁhﬁﬁlﬁmt&faﬂﬂlmee%ﬁ{)&ﬁteﬂ agl? hﬁgﬁ%ﬂ%' dichloride activated by
ydrogenated or

nsaturation th [
wiethy ey apsedialpry opter bt et beroRd e dariis B1wuaT2s MWD 10) o
obtaln@ddlu&tlh\(ﬁng Oboed &)n{pVﬁﬂﬁiEdhhﬁbduon et al. Macronol. Chem

QT Bt dhracBhn MR o0 AR FEEFhapn pglmeriztion. The cond
polymsng ppobd mddeomtonacghbwndnpqlbrod;dﬂns) thradeh dgdrogabeah. Bee Hadjichristidis, Lohse

et al ( erelzfng %lcl %rﬁ%}magélj g(}po 91%({\/1{2/9 %} Lé%l” mg%,ﬁ/z%ﬂ%él %ogzgutfiulz%ne HIACTOMONnomers

onopol yneri ze

leOPWI@H@CtIatﬁ)aIVHn é,olgfe %PJ@ &@dﬁ@q@p@gq N gmlr@Il of rPobfmer oaience Part A-Polymer
ChemiS@% $1 6')‘33533-\;3928“1&@@ B owekindg L gRMORRBlMeS @ortzﬁ'!?’@fyﬂgh with Star-like

Backt e I Bt BRSSP A PR oA e, See

Hadqewisla,r ISt i hhstte, Loohsle Bimabhisearibni @hidtyhenotnddaeiyl Polystyrene

Macrop B lgfnezr! o%;’ci’inoal?zo PoZS il 7[lZeaI?ll)l’(l: L Qtlbe tten{%l ! ﬂ’OFT‘ynl'l Preprmt ACS Div. Polym.

Chem | 20A$ é4(D46-Hadis¢ledamp sty maddor onomez thajmrddme;gmw @gd@tsc e
P@‘iﬁerschagjtté' e, ﬁ@%ﬁtﬁa}f C%ﬁm( 16 2005’13 5133?0 ?(ﬁ%?hﬁ%aglépolymers of vinyl

7; ‘and "Linear Rheol og ynmers wt
tennm@%rnqlﬁrSWéelséevéblaWésma%mt)@n}a?m usipg Lﬁyplea%ﬁadlenﬂh éltﬂnw@ drfluoride in

comblﬁazfoa wu%(}{a&hyla\mh@xaﬂ@m t0RencZat SPIT. 29@- 2Bk, i Jﬂem1§1ﬁer 47, 2006, 1063-

Lahitte, . nopol yneri zatj on of
1072 s BRSSP e R PR L 8845 bt O pr-undeceny)
polystiAoheywere ippBineored Gaithadtlydéne Symi @moofdddagion cafyleyor iThd madQiBpnomers were

1nc0rp[))lla ed 1 9 hgmeﬁgaﬁﬂﬂs a%f?:ge?ls g’t“‘a%ﬁgt 2416[04}2 6w9) scl ose

nmacr onononer s produce gl assy products.
mldémgnaa Iz%ﬂrrﬁw%of wteres! inclvtie (i | et Ra pPCdlarhB Pgym2Blpa, 38, 2965-2975

2000)1 @é}Qliz%OéﬁD Mo FRASs, BQI3Y 5 &15193172\41 @Mimot 8 41 IB@hADF Polymer Science:

yr ene- con
part A2 el DL Rt S D AR CPP B eshoh Wisstmotakinih Commun. 20,
444-49 (1 pooer iy, i e anopwangs/11043; ahdemeozt2 15S00C. See al so
S Lut Zo € al . Polynmer, 47, 2006, 1063- 1072 where
—Wm 5 of wallyl polystyrene, w undecenyl

pdhig stventameclotes &, apalyndecempompiotopptiying (edtexmaicky consisting essentially of,
alternagég% g%%%u%ge%\ﬂ b4kt SLNKh GG P P GRORIbRGh 8

e Mmacronobnoners were 1 ncorporate |n%
olefin chains at |evels of about 2.1 to 15. 6w %

to Clﬁ COmMoONOMer,
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Addi tional references of interest include: Chen, et
al. JPS, Part B Polym Phys. 38, 2965-2975 (2000);
w@etaligesio et al . Macronpl ecul es, 2003, 36, 471BCHUSBNI/ 047945
G olino, et al. Journal of Polynmer Science: Part A
Pol ymer Chem stry, Vol. 42, 2462-2473 (2001); Djalali,
et al. Macronol. Rapid. Commun. 20, 444-449 (1999); US
6, 197, 910; WD 93/21242; and WO 93/12151. Summary of
whereinge yidasprbpomacTin@Iomsy kAt i on rel ates to a

IO@} ﬁfé‘fﬁgo QB0 CHBIN zft?rﬁp f(dsSi'e{éﬁm(l@i feh G@tﬂiMfN)lﬁbn f' |St in tg
,, alternate Sj 0 a eas
Pt i (P eGP 2 2 to O g
cenmmweifmmgmel ¢r nidie(ab yeterad@d b GPARCr onononer has: 1)
fr 0 6 a S termnedfrom
Gé’%m[ﬁf mo ol O§m?/ﬁr(a e gﬁmeéﬁ‘ ?9 r’ nore (as
dét arMivide oblyS aHnegRRMw @)termmem 6PCA¥0 dgemupheddry 'HOYMR)
( @pardalenm hed té?ﬁﬁmg:(;lg (rela41)ve ﬁﬂo%ur@&tm@@&i s MlernQhe B EINMR),

(as determ ned QW) or nore,
(W@é&l@%?ﬁlﬁ@é%& qprere (v G etcetdmslarrdy 1H NVR) 6) at
| epRits tﬂﬁl%wlt%atbmitﬁz(rjdﬁhtﬁﬁtﬂg@ﬁbél(ﬂéleﬂ @hdeN ﬁ])odnoth§ Qbight (if the macromonomer)
unsat yr at | . s determned by 1HNWR), 7) a nelting
as detegming %t%g—&%l%@%aé(f nmore (DSC, second nelt), and 8) |ess
whereinhinpdiymtReoaroopmtrihgs:cont ai ni ng nononer (based upon the

o Ph L Ol or e ARG EONAARARI RS o M ned bY 4H MR

erern nmacr onon has: a) a g val ue of
| ék@ Miveph g@atgr t@asZ armal fesdletsymigry, GBY), an My of

ge)eﬁltm ofg}@ﬁe@l@mQ@@o@é/%l(ag&%ﬂﬁwswﬁmlzpy GPC), )
greater t han %ﬁ (as eterm ned by

of
1|d4}\ﬁ\}m)anc g ingeg, ﬁ%)mq# .lq%@thﬁlh%&as tem}l{}edsb.‘/o@ $e¥d than 0.5
( @pa dletied poined sty OGFﬂG)e, (Daade@)ld aelpl ting point of 500C
O/ N PBR R ERER PR sl o ERBsblRRef GR llied by o)
dei aldrwmwhbyolﬁrhlmik@qnogl):r angprivdset Bagt 76wt% macromonomer, based upon the

weighPS @R% conprises at |east 70wt %
macr nome ase upon the wei ght of the

pél ylfec rﬂaﬂﬁoﬁwﬁér AroAREC hyontasgag t e Bt Ot onaen cthe weight of the
polymg&&h@iomengsaaaﬁﬁﬁﬁbgb@mupon the wei ght of the

pgtb%l&q}%gle‘l 0 IH?Ig tpﬁ\s}g‘?ﬁel'}l(g{]r %g? gspoil Haglrlz)/ﬁon(!n?er%g%%rl?s%g (alternately
consisfind gspamEsIGNaT A tcETpdiitaE ng af Rhdt fic@b@biyorwanrsaglt ftang0 to 20wt% of a

210 €350 Yoy R LETNRLELY, GoRSLSting of) at | east

nonone °0°to %wt%of aCtoCG8
c@)mmmi@rofkm‘élmeﬂﬁ the pol ymacr onononer has: a) a ¢

vgjé{mg,fof%ggg@rﬁlg}pjb@o%/mm an Mv of greater than
20, 000 ¢/ Cc) an of greater than 10,000 g/ nol,

dy) a Mp aﬁwﬁ%hamda@@ 5o} vSof | ess than 0.5,
d) a branching index (g').;s of less than 0.5,

e) optionally, a melting point of 0°C or more,

f) less than 20% vinyl termination (relative to total unsaturation ),

g) and where the polymacromonomer comprises at least 70wt% macromonomer, based upon the
weight of the polymacromonomer, and

h) less than 5wt% aromatic containing monomer (based upon the weight of the
polymacromonomer) wherein the macromonomer comprises one or more of:

i) propylene co-oligomer having an Mn of 300 to 30,000 g/mol (as measured by 'H NMR)
comprising 10 to 90 mol% propylene and 10 to 90 mol% of ethylene, wherein the oligomer has at least
X% allyl chain ends (relative to total unsaturations), where: 1) X = (-0.94 (mol% ethylene incorporated)
+ 100), when 10 to 60 mol% ethylene is present in the co-oligomer, and 2) X =45, when greater than 60
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e) optionally, a nelting point of 00C or nore, f) |less
than 20% vinyl termnation (relative to total
W a®atsssai i on ), g) and where the pol ymacr ononeeEDS2009/047945

conprises at | east 70wt % nmacronononer, based upon the

wei ght of the pol ymacronononer, and h) I|ess than 5wt %

aromati ¢ containi ng nononer (based upon the wei ght of

t he pol ymacr onmonomer) wherein the macrononomnmer
and leé%Fh%ﬂ@e@OldnéthﬂFn%ﬁrl@eSém inj the p-gigansheandod)oXigoheY" (mol% ethylene
1ncorpbﬁié|dﬁ-@3)aﬁth‘7 (ptﬁ 98@R1% @th?@n@l@ re§niR the( @ﬁoliﬁ@ﬁ@ﬂ»‘ ﬁlﬁporby 1H

10 to. 90 nol % ne an
e DU B &, CORHERBE 4R éﬁ% ?ﬁﬁwﬁ%f TSt 2nddee T, 10 more
ethylead, I\wﬂeremhm pligonas hst et ladst 9’33/0Ta11!y1t0hﬁlﬁ|endsn aaMnrcatabmm $)0 to about 20,000

g/molfa%dsle%su\x%]c?w ][._BN&R(}B%I 15(§b| Yl eﬁaﬁt ?ehgnﬁ‘yhc v ngs gpoug %%20%@.8:1 to 1.35:1.0,

and legsdhan| 1#goprenr alummgm2indyor= 45, V\,hen gr eater t han 60and

| ﬁ?)sprz)[;}@é?le 7(91g5'ﬁ31~13r0/°c§1§1 slu%nﬁ lest B erﬁﬁm plloﬁylglt%eand from 10 to 50 mol%
I'goner , 3) nmol % et hy| ene

ethylemq %‘?Yﬁ’é‘r%ft %ltg})mels@f at\kﬂ?étr?%“/foalk.‘/bc}%l g8 A b ipprerdO (referably 250) to

about 0,684 Mol @s MBBuea H9!'HIOIRY, andaﬂd{swutyl lchanp EertWaﬂﬂﬁ: mel group ratio of
nmor.e than 90 nol % | ene

051 SO E G OTR S e o ey QR R G e are 0 0 3 moio;

and/orat | east 93% allyl chain ends, an Mh of about 500 to

| A %h)tpé@nfp ﬁ%og{eml) éﬁas?n Ws%qnéw p]rg) otp )fron’?ﬁ 1 to 45 mol% ethylene,

N end. | ¢ vinyl rati
and figmg) 114 & MoBECY 101 hateih.cukereinhe qllwmerpbim s rwm allyl chain ends

(altem@ﬂag/a@[eaét@b%) Rh %V(I)feaﬁgutqg@ faab 8‘395'03% §Bdﬂ91@@00lg¢1§§lt (a®fheasured by
% propyl ene and from 1 % et hyl ene,

H Nl\%?e?vé. 2R 19oReY knhpig SRbTo alfyle V“é}tl g{O@aaﬂogé%éﬂ? B3 :Efagd/or
eﬂﬂﬁrop%eiﬁlg(ﬁm UdompBing Wl&fsﬁff b1y pdb)ent Ofr @b O.U tto WWhylene and
from Og{ m% m(gl‘g‘ qlglnle’l % erei?nﬁ ‘g/ b%hgomlj:‘r ?t l%astd%Oa/galg? %%’Int e¥1is g/*ncff about 150 to
about m@@@/mok‘(ammnangd ﬂpa\}H WRD land or isohpitye cleean braito aﬂ}dmsvuasrl @roup ratio of

O71tgr1%§qq)t affiorf romO to 3 nol % and/or iv) propylene
ol i'gomér, conprising at |east 50 nol % propyl ene, from

ovh atkwmshg?me%cetnnw%@mpsdm whespingheloltgemsT has| % lezat 9356 allyl chain
ends, ﬂg’lncﬂf %Ed)d’ﬂ SOMRESRLIN G, R P ; blI ﬁﬁl’éaslhféa btyagoﬂlﬁﬁ§tanago%tyl chain end to
chai.n e eas
aﬂyhcaﬂa %f%rsf@tl? B&ﬂ?iioab @32@3)165? any ‘kp&ppwl%@l@/ mol , (as
nEas Uﬁ\&dtldhyﬁlﬂIhNNR)it,es angl hanogdes@bil pidcess h(akrfak@mdhtodlgomers i) to vi) and
thereaﬁejr %rod&cew ac m%lfllgm%rgt f) 0 cgr];tac%n% tl}e oﬁgomersan Oup? tqalzww@/ C, to Cpp

comonomgpin &R éeed$tre@mn e@temng @e%w%(eltefw@lbén@om and Forem Preferably from 0 to
ZOW'L%5 p@érd@lﬂ k&M% to W/? 'pﬁ‘f@rmﬁ %fngﬂ%‘(m‘% a}ﬁefeﬁf)lylfﬁ)ﬁ?é togl%A) of C,to Cyp

al n ends, bout to about 10,
ComOI’QPWBI V(iths 2 v e??IStB‘%? ?ﬁHaNR/R)f p%lﬁlae%na é’%htth]&‘Féll ﬁlacromonomer
(prefe@bE cb@p@idgydctiCatdtianY b c@hsUdRd Feptksdhtd@dfbyQhe/folmil®1, X1, 3ok 1@ below). For

more Jited gl Py B oafl) BALTocO0% 1y YRS Ay please see USSN
12/14%6tdsfiledunkB0,200% hieutpobd by ecfabmethe@2t, 000 g/ nol  ( as

MERR li'ﬁv%gné?lyrel% NW?IY@&?@ Q}mﬁ'éy éoilﬁo%@lbg (a%ellgl ﬁ%% c%llit %%ssentially of,

vi nyl  group
alternatedy) gonsisingad iy m lﬂ%npne’nm@omwmqt pgnfrdnu Pttt 3owiPe b 10t G gomonomer,

whereﬁqm%%%ﬁﬁ&&ﬁ%nkphﬂake such oligoners ') to vi)
d thereafter produc ymacr ononomner s

cohirem ey Hepop KEbE) ?tgtaﬁé%s dﬁ‘ﬁamaiﬁ RYOG%RB%V@ Yo c12
c Q)mmnef 28OI’g/1h(|51Q)r eadsd detamineMbe /H RyIRHhe react or

0
( Q{a ﬁ\rv% 480 g/Irngm)rCI)n(}ré) (agge%n{?ine%rbgf&rﬁbl y from0 to
4) an Mz of 600 g/mol or more (as determined by GPC),
5) an Mw/Mn of 1.5 or more, (Mw determined by GPC, Mn determined by "H NMR)

4.
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20wt % preferably fromO to 10wt % preferably fromO

to 5wt % preferably fromO to IMt%of C2 to C 2
W@oronsaser ), with a catal yst system capabl e of PCT/US2009/047945

pol ymeri zi ng vinyl term nated macronononer (preferably

conprising activator and a conpound represented by the

formula I, I, I1l, or IV below). For nore detailed

i nf or mati on on ollgorrers i) to vi) and processes to

mak# leaptelfye e smingen (teBive toxtptplymsgeration) (gs dgtemjpgst b.z/oHNMR)

269§heat Mﬁ%f(ﬁhﬁ dr /g ef ek %@ﬁraﬁ@ﬁ@ /3. or Tdag)sanunvent ion

te macr onpnoner co i,sing. (alt
cg)ngfs t?‘?‘h%)}”‘é%*g %}Caﬂ"@f}m&‘ﬁ MAPTEY %I‘%’/’“c%éw%“%gﬁ 03 Shedr cromonomer)
as detainineé bg tH NNVR; amEr onononer and from 0 to 20wt % of a C2

t Q. C n vvherel n the hydrocarbon macronononer
Where]ﬁlgl%e:p%i a?{r{)gnr%%g% rtho ‘600 carbon atons, (as determ ned by

GPG DRIludvH JesPhamp6 Koy dofern8@l by/ GRST), or nore ( as
d 81 &f m%@greg%r t‘iiglll i‘@\dﬂb ’g/Ig’al (a%nieM%lgéd MP@I or nore

(as determ ned GPC), 4) \Y/2 600 ﬂ/rml or nore

( &k éf%ﬁ%dhawo@@@/mogys déf?ﬂmew SINMR) nor e,
I( Wha ;sieﬂ%ﬁighmd |@)¥S JBRGs thMho. S@efs@léti@in{ﬂﬁéﬂ IQ/%GPI? {\"\/lR) 6) at
eas n er atl ve (0] Ol a
RO LI 1 R P BT S | ) O heat of
mﬁ)l Itss g QBYrs)vind teBBindtiog (wiativessotflpmefentitn) (as dGerdfigeddy 'HNMR),

Eél)d’ wl%fk‘gtgg é(glqﬁgcg%r}l{}ﬁﬂleﬁy&ng/dﬁ?g Oafwé% go&ng)g %ng%rgfﬁlgl?}qeme)r based upon the
welghﬁféttl@(nﬂym@grownqmprmm and wherein the pol ymacr ormnorrer
pr le@) tl"i’ang SV UgroRfatil SshtdifiAn 1901@)11{6@3(53?&19'{1 ﬂ"eﬂ% B¥eight of the
an Mv of greater than 20,000 g/ nol
P"lymﬁx‘é?lé?rfﬁ“l’?@d by GPC), c¢) an Mh of greater than 10, 000

gm Hﬁhﬁ\&ﬁ‘[l(ﬂﬁ‘ilﬁf rlans do b)prddeli\dl\ﬁ)prodﬂ&e ﬁol?ﬁlﬁjﬂ@ﬁ('bﬂ&glef Ekd@hs{ng contacting

macrOﬂ)ﬁ%wn?er fﬁd %e t%séto%/@/a ?é% 18 é@@@%@% r?lentgedjt/réém ei,n?e])nhg g?e r?a)ctor (preferably
from (] 1@§§Wt%l,amef@©%\ﬁtonw tot@w%rmtﬁemhly(from @ta lﬁ)evt%oplt‘btaaly from 0 to Swt%,
preferw ﬁt)llﬂrﬂol %% sfaéz eé Egﬂl&ﬁ%egyw&HN'@alystg%/s@lﬂdcam% & polymerizing

he pol ymacr onononer corrprl Se | east
vinyl tﬁ@@pﬁ?ﬁmwonog@g gerley pgrmeriratiqiejogitionsfof g franperature of 60 to 130°C and a
reactidAQ Y EAI 190 RARREs, wBOEinMle WaSIS rithasT aﬁ%ﬁ(@ﬁﬁﬁ%ﬂ?ﬁehéﬁt in the reactor to all

cont ai ni ng npnqmer based upon the ht of .the
ma"mB‘BP‘i}?ﬁScﬂrﬁsﬁ% rea" oFnis 21 Y elFtsi BN \\é\{ﬁ‘g% CPRYCRIWS 0% gragromonomer to

polympiroa@anct 8 7oved Uﬁﬁloﬁ((hsydﬂmmmﬁd)hﬁ)hﬁﬁred @]bﬂafrbsebp'}gIR) on samples taken at
the engrance an& exngo %: FIG%C ]QI‘ %e, ﬁca?lp one thmﬁd Her\f\% a%ZIR 0% th glacromonomer as it
conon In

m en react or
enters (qactef @Irdafmdyea‘ona)m peak of B@wur% glpmeft@anﬁaww theiyar@e pagk on samples taken

at the %Qé%&"@m BhERETARLY sﬂoﬁﬁrﬂe%%%ﬂsg}&\fea@ pref erabl Y_ fromo0
5wt % preferably fromO to IWM% of C2 to

Cg
c {5 Fris ivyigation fusiirer Felagescia p Rrepsts, @9@{'&@% 3 A lpst @ogsps, preferably a continuous

procesP.Oto Yi&Iub & | bHIYm ¥dr&bnohRF, Nomptiget MAGHRIRNASRmer Hﬁlﬂ&ftalyst system into a
tg E%merl zatltong&%ntdml ons of a tenperature ofh60 E £f) solvent,

reactol QHGENZ S Y SHHEMGM RIS TR YN0 FHON IR LECh Fhshing off) solven

unused henoneirr gint othatvolatiles, obfalningon@awmaompt, sedicingmadctvenonomer and catalyst

systeng%%cz} 1%[1<it108 z@rle (s d!H:ﬁ%E 9%@8%&0192{5 asl% ?1 t@TIE Ialetu{)lﬁgrcltegcrtorj S'éln extruder, a

where conversi on of nacr onononer
pipe and/or a pump) and obtaining polymacromonomer. Reaction zone and reactor may be used

synonymously herein.

This invention also relates to a two stage process to obtain polymacromonomer comprising
contacting olefin monomer with a catalyst system, obtaining macromonomer and thereafter contacting
the macromonomer with a catalyst system and thereafter obtaining polymacromonomer.

Brief Description of the Figures

Figure 1 is a chart of the range of chemical shift assignments for the polymacromonomer
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pol ymacr onononer is 70wm % or nore (as determ ned by
infrared spectroscopy (IR) on sanples taken at the
wepiowasiseo and exit of the reactor, specifical | pCDH82009/047945
shoul d performan IR of the macronononer as it enters
reactor and find resonance peak of the vinyl group,
then neasure the sanme peak on sanples taken at the
reactor exit and the vol une should be 70% consuned).
preparghindxpmpledt i on further relates to a process,

preher abliy aaniliufirdiibmeofpriec mR %ﬁé‘n@raﬁm Yof &th6 OREINAKRY Sspecific to

roduce pal conpri sin
h"m"do h?ﬁ’é%ﬂ%ﬁnﬁ‘ﬁ" mlng 6‘¥t8£% F @S‘;’é‘fr@ﬂ?l?"ﬂﬂe&?eag Ho comonomer)
r €otedyis aloblharanbmgf aalaﬁﬁigaioﬁfenﬁiﬁrf dle@(&fb'ed B@¢ihai ni ng

TRl 8 b o a%rr\%\r/su? gﬁe\&%\)’rﬁ}a@? ch agﬁeq%'{ngneafbf LR AUNERS:
rrﬂtglumrﬁm enercrlay of the HNM?gsm@rfonﬁlﬁﬁadbotmd Sb@vtnag fhstvinyl groups and
the 'HRWAL %‘é&tfa%PEﬁn{F?eai%b@B %&ﬁ&‘ck(o%fﬁ?l ASupR reactor (such
as a batch, CSTR or tu ular reactor), an extruder, a
De—ﬁmﬁi’—fﬁe and/ or a punp) and obtaini ng pol ymacr onononer .

R@&ﬁtalﬁmth@mes @fided © aﬁﬁlﬁlﬁse ARYtal)§ cUispshng YO By #00MS by
ention alsp relate atvvos

rein. This i

P L SR BSTUMER OB AORES Tt M RGO H s rofered 10 as
comprsorgtaaa)ﬂdfmgthe lokfin presom ambe pulytbr ia tl&aiod@ln}ESIke(Bﬁbﬂn ©frthe olefin. Likewise
when Qakt)ahfslt Qé“ﬂ%ﬁe 1 %&9 rcllql%%ra @ sﬂlgrn%?tfral gtrablg ?{}higr%égl? go&qbo%ents it is well
undersgstod Ry whqreff dinaryralall éiml}ﬁ élmé at ﬂBrlﬁ)reqi fomp 9 thie gompamerpsfis thh éorm that reacts
with tlEe' ﬁbﬁo%rs':tb %Wdﬁcélpdlﬁnéi‘s ClRakiliitiof, aliBRtdr e c@fltai‘ﬁa@ﬂﬁ:@'hlch a chemical

ift assignments for the pol ymacrononomner prepared in

reac“"é)?ﬁ?ﬁﬁ? e 1. Figure 2 is an illustration of 13C NMR

NORREWRIhatcil, the dbw hiiBbdrRE QFIRME €& thBEioflic Table Groups is used as published in

C inserted to nmake the

CHEM%%FR%%% }rlr\@%%ﬁg%]agg %?%%?@%noner ). Figure 3 is an

i Fbuysirpoagsi ob thiohveatipamherigncohgemdr? snlelied e hdyedn Naragifiom 100 to 1200

a $ f I

g/mol gée @g{sﬁrfé b§1 %—é?l\/%{jc?ﬁ/ﬁ%}&ns % %ﬁe&u N feé% M?ééi t(g%avg\)élzr og ng){eatﬁ?]n 1200 g/mol
as meapef|RR 13 b@@% r ¥beppn Eizeper i f‘{fﬁmdttﬁﬁ’i coyHBIRing gn pleBEn.figglpfin present in

the ohg&ﬁéﬂlﬁ tRNYHE &Iﬁ&lzég FMNVR rsResib i K Qb- oﬁémllﬁ aril-ol%ﬁl\é& E@nprising at least
ack o§ vi.ny Deflal ?ns AcC

u taly
two dgfk}g% ROPEm eyt e(aucgoas E@ﬂqyﬂﬁng én Ysth b Bkﬁ?&% [i,gn oligomer
comprﬁihgaﬁﬁltsvaﬁ ®e. saher mbh@n@uspos es p@(fpylehd:)s IAD\pﬁ)’ptyleﬁcﬂ odipsimer/ polymer/
macromonomer/a (T)EB gc@'(?m 1’10O GI\M?Se Ohg m%ﬁe ol %I‘/ rI‘ngIe'Orn’IiO% 619 OIS macromonomer
sPhg an ot efin,” fhe ol efi Ropresent 1 n the POV
havmggaﬂlmio mngl% héprpmlwerepgee‘r@{vefm r 4y m‘ed thhl@mol\/brflp mumber average molecular

welthnl%%Mr&leo V‘ﬁquﬁaat:aJr&ﬁé toctﬁgpg%ﬂltesde%%(pﬁ§ﬁé' E)Q)%gm@rﬁal section below),
onpri si ng neut ral stab or conponents, It

Mw 18.@1%@ PYeragh dolestiabweisly (Bprsuise b Cal Frampiiop Chionatpgrpby according to the
proce@[’et desthEdd fnhehel DPefmEQLIMcBiiont B8ow MR@NGRLs I8 atdiBe f1@618ular weight
e S TSRS PSS ROy i
sectiorc heloivg abt% EGastighnpoacatraad ig%us edolbgeeent, Mokcul@wweight distribution
[ C . Per,L.Qdi : [ .

oW IR D8 SNSRI R SRR SRE IR o TR AR ER i .
Mw, 1\@7 Mz 98®)molFor purposes of this invention, the term

" ghi ‘EJ:QHE%nyl'témqj&EbrﬁegsJ Qfe@%& & a@rbllmh%fn eﬁ&(@)moil- OsQn}Il Content" is defined

1200 g/ mol” as measured by MR. " The term "pol yner'
to be anligemqr qppplymerhayiag %Meaﬁﬁrf)nsfeﬂﬁﬁ%repﬁ%f‘ﬂteﬂ@@ dorgkd]

allylic vinyl end group

where the "ess*" represents the oligomer or polymer chain. In a preferred embodiment the allyl chain end
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as neasured by 1H NVR \Wen an oligoner is referred to
as conprising an olefin, the olefin present in the
W@Riogosesio i s the ol i gomerized form of the ol ef PET/USR009/047945
co-oligonmer is an oligoner conprising at |east two
di fferent nononer units (such as propyl ene and
et hyl ene). A hono-oligoner is an oligoner conprising
' units of the same nononer (such as propylene). A
is reprpyepted pethe fsmplgdler /' pol yner/ macr onononer/

polynacronnnonerﬁ¥§gmfxni r L-pol ymer/
macr onononer/ pol ynacr ongnoner |having at | east 50 nol %

of propyl ene, respectivelly. As|used herein, M is
nunber average nol ecul ar wei ght (neasured by 1H NWR
according to the prdbEdive tELeribed in the
The arfixpenf atightiain e talsoralzdl %6 winy! tmingioneis ghtmeverage 'H NMR at 120°C
using @te?a%& t@&ac%hognlgne(m Ssldfvgﬁjt ok}% 5@6 lMI‘?Zeﬁl%%ﬁl lafin selected cases confirmed
5, Chromat ography according to the procedure escribed 1N
by "CtdRERgwehitentcabrialaeethomdserbonpssicamantimeptaerdenigrated drtrachlorocthane
used FORHrGGALRE B BRSO (STRARMFRM nbi¥halHld pRRIEIEALH Rrachlgrocthane was used for
Chr omat ogr aphy accordi ng to the ﬁrocedure described in

carbory WéCt@Xﬂ%FH’ Hivaile reqorded 3h 1Yy SR Wk AM %isbeﬁ{rometer operating at 300
MHz g)erpmni andaTSdBnMH%fblScdﬂE;Jn? fqiezgl@e ﬁﬁngirMéH Q)@dplyd &ge g&g’b@ms in J American

di.stri [ ' ef i to be Mwv divide y M.
Chmnfﬂﬁ% ggg#%ggméggg%ﬁkéﬁﬁLﬁ?ﬂﬁﬁ%?%cular wei ght units

( Elsghufyl Mmin &k, is\einalrte bgAmpligomhlmvingraniets iomg/derminus represented by the
formula€7 M nNation”, also referred to as allyl chain end(s)"

or "vinyl content" is defin?g/LQ be .an ol i gonmer or

pol ymer having at | east ongtermits represented by

formula | : allylic vinyl end group where the ""

represents the oligomer or polymet chain. In a

preferred enbodi nent the allyl cha%} endi s represented

by the forrmula I1: altuylierd §quhyl €nd group The anount
where Of reptekatlts tEBORAIInRAEHSin( dh & PreCorredl Belb hindénthe &R Biadirl @Q)is represented

I s.determ ned using 1H NVR at 1200C using deuterated
byonﬁé?%ﬁ%ﬁﬁ@@%@?ﬂ%ﬁ% as the sglvent_on a 500 MHz nachine

/gnQ\LD/Qngpkgd cases yonf | b CWMR Rescon

M “has Yeporteéd p?pton and carbop assifgnnents (neat

per deut erated tetrachl oroet hane used foﬁ/Eroton
a

spectra while a §0:50 mixture of nornal d
perdeyterated te rachl or oet h&EieY fdg¢°wsed -f or car bon
spectra; al'l spectra were recorded at 1000C on a

Bruker AM 300 spectroneter operating at 300 MHz for

t d .<g%mkt f,pr_earng oL Viyl-"t er m nat ed
propyl ene|oligamers in J Amer|can Chenical Soc JJ4
1992, 1025-1032 that are usefll herein. 'l sobutyl

chain end" is ngined to be an oligonmer hgving at
| easbuyoare gt@r m pUs repr esent edutpyndigher f orfrul a:

“mmegﬁ§$ﬁ$g%ﬁgggg§e Hﬂm%umhere M represents the oligoner

eterred enbodi nent, the isohutyl chain =
efdle ipsreensgseedfaimbaty] [ppd erappfis deternfiend] wwign gC MOYIRulaaalescribed in the

exampl SQBnY hnd@RAHIMRU P h B RRUEHdnt SR R QORERal, T AWNEREN. Moc. 1992, 114, 1025-
resents the oligonmer chain, The percentage of

re h X
1032 fpis 9 RFpPydsH ol wipsand setdertheip Figved 95 FAPliggee™ VR ( as
deserisdbed] cnaintdie tenBIplRyISseadp amy)' iaddinéde be frrht@alf the percentage of

obur§ihGh oBR55 ARTENS S, Or FEREOM: Sl - I A Chem Soc.

An "aromatic containing monomer" is a C4 to Cs¢ hydrocarbyl group containing at least one
aromatic group. Examples include styrene, alpha-methyl styrene, para-methyl-styrene, and 4-
(dichloromethylsilyl)diphenylethylene. An aromatic group is defined to be a cyclic group having at least

one pair of conjugated double bonds. Examples include cyclopentadiene, indene, fluorene, and benzene.
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1032 for 100% propyl ene oligoners and set forth in
Figure 2 for E-P oligoners. The "isobutyl chain end to
w@Rdoghss1ovi nyl group ratio" is defined to be tPEI/D82000047945
of the percentage of isobutyl chain ends to the
per cent age of aIIyIic vinyl groups. An "aromatic
containing nononer"” is a C4 to C36 hydrocarbyl group
containing at |east one aronmtic group. Exanples
| ﬁds‘qya:@lcswp@ﬁ@ 18 aammeﬁ@qmﬁnsmgtaymé unit, such as:
et hyl - styrene, and 4-
oronet hyl si | yl') di phenyl et hyl ene. An aromatic
g rdefined to be a cyclic group having at | east
oNe @air of conjugated doubl e bonds. Exanpl es i ncl ude
ent adi ene, indene, fluorene, and benzene. A

R
whereﬁlnt%h n Clﬁdlg‘gﬁﬁ(;ﬁéil%?%?% é’gg’ﬂ 1&%r%§ y ma%yﬂ %{Eﬂup,y 1etr(])eC12 substituted
hydrodaytgt grgem paferablySubbtout@Gl Rithy talogzadoyh asgBrau ). Ior G to

Ci2 . o

s reﬁé{gﬁtﬂogéjgs %%,h\yeg{]?%&gyé i{e%t%ﬁp cc&%eshﬁ %ég];éss "/&al, a polymerization

ubstitute l'ogen ('suc
reactoy, gegetiveghirgdsh dubular peagtonsad dellikpher e a reacti on occurs,

SUGhis8 heleASthe i@l coinBQlsYHBAL Zaagysfeﬁl ﬁﬁa%&&m Wﬁ&ﬁ'lﬂt@rruptlon or
extruder, tubular reactor and the |ike. used herein

cossatiope FRrexafele A COMBRMS PFRSSTILO amél;fgta@ﬁ%waw%é? gcgihere the reactants are
continifdfyhigittidudeati@s batdrin@ic Rhct6re SisRidly@its prodiict @anfatuellwithdrawn.
Detaﬂcglgt [ uyous process to pr oduce a polyner would be one
reactants are continually introduced into
olre artheemkodireent.t this Smanidbnpolatentty a pplythagbmpigmer comprising at least one

macrogl%f ldl% héme' lttg %@W‘ ré?grglﬂ#r b%QO %@I’ ngtférig)ny 1 B RN, h[?rEferably 1to

this’i nve tion relate

Swt%o. ot igishly rfmﬁé?réﬁn%%hﬁf P §¥rig CAB Cp@al@tm% ﬁ@efﬁﬁbbd%@n@r@m comonomer,

preferdid etfh{ll@ﬁ@ %r(glpyfeﬁe 200020 KeRERS @natdilyy pOntenet 10 aillé\@tn{@thyl pentene-land / or
to 10wt % preferabl’y 1 to 5wt %

ab]
n°fb°‘5i=‘t$$ :1 %fBlFl herpagAmpnpRgeIhayy oy of a C2 to G 8 conpnomer
( py b2 AR &OOam@n dtom b2 ferap RO to ’[ZXTO&fnefe&ibl}yfrom 20 to 600, preferably

from fOt p(y % é iefgabgﬁ)ﬁ’g ?Ci hobit'éoe é)ne{ferg]bq ron’f ql tongédq r rabI% re 20 to 200,

penten ener | and of " Norbor n
preferwibefr@mﬁOthShacr onononer has: 1) from 20 to 800 car bon

ameSM(ll%Ef 9@@&/%1 é/r IB&Q %%@eréb@y EQQ ’28(5’{061“5560@bﬂré’felfaﬁl‘}'ﬁo%Pzgo to 10,000,

rereranly ferab y rom2

prefer%bév E{@m 28@fOeereQOwaryfefaPlyrﬁW?ioome rﬁﬁfélfalélwé’ép ¥ ¢ PQﬂTprz@rably 300 to
5,000 tpeef&ﬁlﬁy 350 BB enaferb5193 B 210001 75) , 2) an M of 280

preferab 000,

o EREMSLA5T0D el GO PRtesbo o A0H to St G sty 490 to 20,000
preferdbly G0, 450rtefls0ab| preferabin 42800 t10,080,008craply efse rtalsl0p0,2@6ferably 450 to
3 Ooo)t o 6,000, preferably 300 to 5,000, preferably 350 to

773,000, preferably 350 to 2,000), 3) an Mw~v of 400 g/ nol
o) aroMe of poled/mo byl ort.r(prefegadly from 500 BOW,;000r éferably| fiom 600 to 30,000,

preferibrl@m)lﬂggo jt'00252déO %g‘eraplgfﬁfoﬁf @*@lety éé gwgé%gacl)ﬁyofrc}iﬁ 6@@% 15,000, preferably
. )

600 tOdP@P%rPéPEWbIX@Q? tp g-080. mifablnYSOaﬁ% 3¥0bf 600 g/ ol or
Y & M@mefoen abk yhofd, geG@OytIG 35, @@Qrabpjfﬁﬁneﬂ ahby, prefnbly from 1.6

s, p%?%?bifggfrq;) 0 PLELEY 3 SO SR a0 oo 1

16) 0] tqnmerh&crrabﬂsp B80ret go 18,000, copteat) exf a’,{@P/g/ o6 dr¢, orelative to total

unsatu?atlggso (a(s Qﬁe%%tﬁé I%I?/%)t(;gr éra Eﬁ?eS(er arg@@ W li/(]&fg% orﬁ%&g preferably

85% Opméfeei’fagm}?lﬁ%%qfln%e mtﬁf@abhp? e?labueyprﬁfp@hwé% o gnoze), and
preh eedloYpolidt A 3f 80 Cor3moR (B REBRI Y0orr @Mhdre Sprt@raBly™0°C or more,

preferably 90°C or more, preferably 100°C or more, preferably 110°C or more, preferably 120°C or
more, preferably 130°C or more) or alternately an Hm of 20 J/g or less, preferably 15 J/g or less,
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6) vinyl termnation (also referred to as vinyl
content) of 70% or nore, relative to total
W a®atsssai i ons, (as nmeasured by 1H NWR) ( pref er@blU§200%047945

or nore, preferably 80% or nore, preferably 85% or

nore, preferably 90% or nore, preferably 95% or nore,

preferably 98% or nore), and 7) a nelting point Tm of

6Q0C or nore 5pr eferably 700C or nore, preferably 800C

oP) fond, todPet’e pEIalic oQtRIIBE MepeTacT, Pk peptalsniy mapoDer. Greferably 0 to
Swi%, PRdterablP 0 @S 8B hNerdatdMP 6w O5), BREBupoR iRV AP Hthd AAQEMSMomer; and

hereiiDf €, l}gl; ef erably 1300C or nore) or alternately an Hm
wheregthoplyjnagroglonPaedas: nr ef erably 15 J/ g or |ess,8) fromO
t @) dOwiie drasabh 6.6 Cuticablyileg thap AGn@e ferablydéss #mn Sy prefdiably less than

n I referably o 5w% preferably Qo Iw%
03, alae agergﬁgﬁsé#a@o %, based upon the weight of the
mhk ro iYon ofreteaterathen Whedleg/mot frectprably HE.OP® troA 8000 prsterally 60,000 to

1,500,809, val ue of less than 0.6 (preferably Iess than 0.5,

prefer ab(léty | ess than 0.4, prefer ablﬁ;&ﬁl ess than 0.3
aFt &t e off greqte shan: 300002/ mel (Dppferatly BIVOY tog? 8400, prserably 60,000 to

1,000,360 000 g/ nmol (preferably 40,000 to 3, 000, 000,

FHER S50 Py h S draiy Oty P Bt Fodgect e than 03,
preferqjil}felfeﬁsrthdnlo)/Z)ﬁo, 000 to 1, 000, 000), IoI) a branchi ng i ndex
oHESS a 0

ofet oFefts bR el A, 8y mybPUFERAR, M LraSabt ity 70°C or more

prefergb)y $0°Ger morrgpigfsrabty BFC SOD@Carclbly 10%iCedratoab PiefETRC] 2FC or mor),

or alteR{e8s anﬁ{rﬁgrei@ﬂ%é/rlgs@,ggef&%blmﬁ?/g oPIc&f gdabl y 800C or
more, preferably 900C or .nore, preferably 1000C or

ol &0 Srie By b FYMEDORE AN KB RITCT o Y WPTRRIE S1PORS- Hgierably O to
Swt%,gfrefa@blﬂ beo DWtod, eBsnatddy efes)aldssd dpon deGveiht bﬁﬁépolﬁﬁkﬁrd‘rﬁonomer.
omO to 10w % ar tic containi.n noner, suc. o
0 Py E b ona SR TR Py Mo 5 Sa[RORTRY BBy han swe
aromatiQ cdmtigipg mbhcgmqnape;lfgraﬁ)y\/le% thaip &s86l [mqj‘gnbly I@w%)g ipgj&tralxbf is not styrenic
(comph&:@ IGQQ{hXWA:)Mﬂgﬁ{onOILQS, re%r?mﬁ?fegsetganefm %@EE?‘\IE%%K‘? %

macrononomnmer 1 s not aromati c co rses

aforeicEegpodinnh dherpsemangmensised kerabhap: | ess t han

| W f6m PO ﬁf&)li)%bﬂbbh% ﬁwﬁq refgﬁlﬁ% abAaYo 16, pRlcrablyk &NDEto 600, preferably

(0] | Se S 0S reni Cc 0 S,

from %Or Bt SRaBTGEri ropndh g 5&00/@ %’f@‘ﬁ&f@mﬂ?& cﬂ??@%z Profgrably from 20 to 200,
prefergpiefren e e ghodi ment, the macronononmer used herein

has; f 20, t0 800 carbon.at (preferabl y, Lo

oo o 6b TV EPLI R P ERHASDR P OB ' R AR Ao 0 10.000,
preferghly from 38010 Pr@peprafotaplyf frapm? $0tot8)0400cferpbly 28 &b6.00G prfarably 300 to

5,000,%9&&901;’9&)to@ro%,%‘}é“@aﬁ/lyﬁf@@z?déoi0 200, preferably from
0 to 175 Q%Dan Mh of 280 g/nol or nore, (preferabl
1) @pMmols

f Bb# %8’00%4290 % r(@regrabbl o ABh o8 0P rafgrably drom 400 10 20,000,

preferd¥le fremadsloyio 1500, 286281y 1450 Q0 0 0,000, 8fr & @bl Y455 110 M 088 OprtRrably 450 to
3000)8,000, preferably 280 to 6,000, preferably 300 to
5,000, preferably 350 to 3,000, preferably 350 to

2 ADA0Mz 08 50tagimiorafiord APrefprabiyl fran 606103 5(000 girefic@blyyirohr &1 to 30,000,

I TS T
600 10110,000 0Tty 64(eibISyY0ADI:Terab!S 7500 3.08Pkef er abl y 450 o

3’5999&/[W/Mn of 1.5 or more, (preferably 1.5 to 7, preferably from 1.5 to 6, preferably from 1.6
to 5, preferably from 1.8 to 4, preferably from 1.5 to 3, preferably from 1.5 to 2.5),

6) a vinyl content of 70% or more, relative to total unsaturations, (preferably 70% or more,
preferably 80% or more, preferably 85% or more, preferably 90% or more, preferably 95% or more,
preferably 97% , preferably 98% or more, preferably 99% or more)

7) a melting point (DSC, second melt) of 60°C or more (preferably 70°C or more, preferably
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4) an Mz of 600 g/nol or nore, (preferably from600 to
35,000, preferably from600 to 30,000, preferably from
wWGO®ItsssPH, 000, preferably from 600 to 20, 000, PCT/US2009/047945
preferably from600 to 15,000, preferably 600 to
10, 000, preferably 600 to 5,000, preferably 750 to
3,000), 5 an Mw~ Mh of 1. 5 or nore, (preferably 1 5 to
7, preferably from1l.5 to referably from1l. 6 5,
80°C Priefe ,pgpéqrg,bly gQ) Y Of Y1y, @rejerabéy ¢ abmgres pr@f?fajglyg,l lp(p gr more, preferably
120°CRr 8A ¢, a1y ABDE. & thde)lorDlternfidlydn\HRYBE 26 @/?toe Mss, Pbefet@Q 15 J/g or
I 1% nore, relative to total unsaturations, preferably
S5 29% or nore, preferably 80% or nore, preferably 85% or
M8y fom prief (em%bcbﬂarcﬁﬁ% (Dbntﬂﬁllhg mopseéresuald hsystﬁ&% mbncrmar @preferably 0 to

Swt% é)éq?}rgblga}ka'té/ 1\34 %alterHatg }g)l%segclSutp%%n? {Bgég gte %fgllg]e acr r%i)(jr%m]gr (Aromatic
Conterﬁmorlwn@mr@e(lpme&@ éﬁIMR)?OOC or nore, prefer abI y800C

OhTOVIE N €E SRR Y2 B0 Grofts 4D ﬁ@temﬁ’ﬁe@f l%ir @pt yacé&&)lggt@ khe procedure
nore, preferably 1100C or nore, prefera

describgd ip thepFerFrgpeaml 3760118]@ bowyr Mapis gjzte@}me{ﬂ bye ﬁﬁ\é\{ﬂg |a§pog}11ng|_]ﬁ]the procedure

descritld idQhel Egpe@imehtoa/ls Sectigd Bfl@n.aB¥ryhching JAd@x 9§, L @S 8étermidd fcording to the
of ar

procec&ge i‘e}sgnbg% Ht 8%?% F%?%I%I}B ont S)i{]yg ggﬁir{&?%g?s;qeée?%ﬁlpg, as described

above Gnd dn Ithet P/Xgpeainbleatlniattein)foemm %\/Ieﬂlagepj)mu po dettrinenadebyglliffehtial scanning

b 0‘ t " Ol .'
calomgélg,e?%ﬁ%sg@%g 1@%&3@5&?%@1 %/ECQ%H bgﬂ)h nge\%h% : 1%’ ggtgrn{n’?ed by the GPC
procedalfecfhrgcr@?fémdbq @mﬁm@nalbsct@vb:elaw eot dioorging ¢o thagmehodciaddacemolecules,
2001, §£%81J.6ed. in the Experinmental section below. M is

"determ ned by  1HNMR according to the procedure
dé&s ePeBed efrﬂ?f)d%%lt EXSeMPoTRReRomes detd R Beltot. PIBPAFIEReRP-olisomer,
comprisﬂ@eptolﬁygene)a\ﬁd Jesk ShAhed. ek 1% Redormerar mdefBgbly vt comonomer, wherein the
gé:edure described in the Experinental section bel ow.

)7[ content (% is determ ned as descri bed above and
i @ tah@a@@@%(r allybeltagl ende (ir¢ferablp et lowwt 98] prefagblycit fekstid9g%, preferably at
det %Jgt) dA by differential scanning calori rret ry as
descr In the Experinental section bel ow qg] val ue"

i &) detwher peerep yolagelaigeeizy  Mae glipbeuigdode ipbrag 29,400 giaol, as measured
Expegyl TERbA (p3&6hbIo500ed 0n0@N dredGasy dong I(mot)hﬁfeferably 800 to 8,000

hod 34, 6812-6
oo bR ae: FOHL R ds s o DCaRrRoRaad P o:
plho payll igibety haai-ead togokrke ymy:lcgrmlp |raionxj OmrlapyBelr.te and | ess
\Ml]VgnleSS tI?z{nh%POS &)I%”a umlnﬁmp(p?ef%al% less g Apn]glﬂ,ﬁ%f%fahlg less than 1000

oligo

eas
end@pérpp@feezrbé)bllegs then 0@ apin, [98%pbIp et thrablOppay). | east

9Yn/ %nog{e?feﬁﬁﬁﬁhé/nt ahe hBAShoR B usédI ﬂeré?n %W%Pyl@ﬁéed'oatgﬁomer having an

| ecul ar wei g (M1) of about 500 abou

N of it 30008 et ety bt 1t RN (el 4B 28660 pisfersbly 500 to 15,000,
preferéb'fy 800t mm)ﬁ)epr@ﬁlfrawﬁg{b &)81816@0 O&Qﬁeraprgedoertatsl O,()Ob etagly 900 to 7,000
re a . ra 0
g/mol)t 801%prt§8<§ troe% {}rog%% Q%Betfqga%bgg ;to In}o zaﬂpre gam%r & to 80 mol%,
prefera:lil‘l_saBmtoeTﬁjmblﬁf), @Irdfg»rhbl;z 50t 90 nyi®ougmdr1attb ®0 afiolD. (Breferdbdy 85 to 15 mol%,
Q I
prefer%o 633201%0080 1{1311 é Ohl%%?abtl)h%g;té)?‘febrrg 1?{,/) B%egelgésﬁg Lb;%‘ ngﬁg%gggn 8\% of more alpha-
olefin gprapramely (praferaldy ethsilens dotepp rexgneediepctdlypreistblyt tipentpovherein the

oligonRP M at Il&s@f‘%%.'ﬂ?f ch%fﬁbéﬁgé &@lﬁ‘tﬁve th mal%%lﬁmgw@ﬁergsﬁ% = (-0.94 (mol%
ethylegee{ngé£orgt%d)a+ 100 {p %/ernately 1 20 9(%1 (mol% ethylerr]lg 1r?cr(1rporated) + 100), alternately
1.50(-0.94 (mol% ethylene incorporated) + 100)}), when 10 to 60 mol% ethylene is present in the co-
oligomer, and 2) X = 45 (alternately 50, alternately 60), when greater than 60 and less than 70 mol%
ethylene is present in the co-oligomer, and 3) X = (1.83* (mol% ethylene incorporated) -83, {alternately

1.20 [1.83* (mol% ethylene incorporated) -83], alternately 1.50 [1.83* (mol% ethylene incorporated) -
- 10 -
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Mh of 300 to 30,000 g/nol as neasured by 1H NWMR
(preferably 400 to 20,000, preferably 500 to 15, 000,
wee@baswinl y 600 to 12,000, preferably 800 to 1BCD082009/047945
preferably 900 to 8,000, preferably 900 to 7,000
g/ nmol ), conprising 10 to 90 nol % propyl ene (preferably
15 to 85 nol % preferably 20 to 80 nol % preferably 30
to 75 mol % preferably 50 to 90 nol %9 and 10 to 90
8315). we1ens /0 gp &0apelt sthgenct iy P1seon dhe ¢reiceman| plicmately Xgds 80% or more,

prefermgl 842 B B8 AL NbIZD0%Qr Kﬁr&?‘e?&ab@r%f’/ﬁéraﬁﬂré/ 10 to 50
erl g noner
*e N

ng‘l’ £ éﬁ%ﬁ?%/n g&l?r e gm}alg pligpmersy a‘éﬁi, atolgeisé R isobutyl chain ends
(basedpﬁ[ﬁfl elieasbiny oﬁisbbdtﬁ rned n-prbyet eitivatel ehiﬁlh Iegﬁ)]ﬁﬁefhﬁ]ﬂy at least 85% isobutyl

chain endg Y erag)LPl ejlst %\/\% 1sobg{glfj§ha§£1r eenld§l t Iéi‘[e ét?ﬁ%a[%g%a toh%/ mers 1) to vi) have an
lsobutylntbmn ot fataélyjl)c vinyl @®up adtioef Adtlgb y.33:100preteab40.9: ﬁrm D/ao 1.0, preferably
0.9:1. 8Nyl £ne incorporated) + 100), alternately 1.50(-0.94
( nol % et hyl ene i ncorporated) + 100)}),. when 10 to 60
M1 opasheR g mbpdimp. the dRasAmonpMegseE Geieingis FeOPYANg ofigomer=comprising
more hén $@hbes pabhekye @Qaferadly 05 RAYE 196 GhrefcwhI@ V8 6 ©@Ys) bltBless than 10

6 nd, | t han rese
ot ARy B iy Dyl bl B ol SRR el

| acloasp@iatiéyd chaiB8nds {Iabiﬁablyat khy 95_%)21ﬁei[efhb83tf lebrOV % preferably at least
98%); et hyl ene incorporated) -83], alternately 1.50 [1.83*

"(nol % et hyl ene i ncor por at ed) -83]}), when 70 to 90

mengger ydregeendlesulor weightt(Mnhof aheutch§l &1 dbgegi000 g/mol, as measured by 'H

NMR @r&i@faﬂ@tﬁm{o %O béo, $Fer Y1y BB ﬁ) ISFUO@f SERRbY, BP% a0,00®Ehol, preferably
era 5 Qr _nor e re era e§%1895%or more. | n an

800 tozgkotogfrm‘éff:rég@%%@l Wﬂtprﬁfﬁﬂ? 0 ogdleks i) to vi) have
atn Iseamil cﬁeﬂﬂ/@ﬂdStO bnmmlvn@hgbﬁp andst (hased3iupomntihe sum

Eeésf the ab{l@ ppfm :]g m1 g%/ef?rala% ueis%?han lg@)a oL enqerzlbly less than 1000 ppm,
preferz;hlselfegrthdml 500 abm) reafsrtab@@% theobftppm)chai n en ds

I SO ut a%%dm’?e'ﬂy t fmagl 'nF)F‘lEEF&SUSéd) he}eq)n f‘é' Jg?féﬁe &%omfr comprising:

arn en Ic vinyl gr rati
0aglegstt ) (predegably @0 t9r9@f @f%qlwy G0 ge PO} ot guepylape and from 10 to 50
(prefeﬁBl?flgﬁ@m Yre@rddiyli (ptot3 el elh;@enehﬂhe@é"@th@ QligEp aslt ment ,

c afnlﬁ?isf %{% g?jﬂﬁ{;%n £IHly gg :ag /éelﬁs? 8%@ g‘g%%lg'gg }egslrt Ig%;? prg@rably at least

95%,1iré)feﬁ91ym)]e%9$?}fo}3fer abI y 98 to 9 nol % and | ess than 10
nDI X n(?}gfh u‘%‘rf‘é‘o &)p atbﬂutezro%lab é/mol a}?measurc%d v 1@1@&4&@&%@} E(R) to 15,000,

preferghadT K00 pprefeehabi0 atl0BaTTCToSy 46 8 @;sacbmyefatably 500 0 9,000,

preferéb@}a%otgg%)o p.gn(afer ably at |east a nunber average
| ecul ar wei ght (M) of about 400 to about 30, 000

gﬁwpbutfdschm &% FoerllyHy VDK SR e ef @BdbP y-35dh vhgrein monomers having
four OQQOQQQrboﬁ aehe aadpryseBOR fibd ALk, PRI, ratebiall Wss/@th T @ol%, preferably
less £ Og b(g ﬁJ lg (Lerl‘%l y 800 to 9,000, preferably 900
ess hi?“b s FRYEPELIY 000 to 6, 000): an isobutyl chain

e ﬁldartodleﬁéﬂll}pkhn&nv Itheylhacgmmmpmeraﬂed:hecﬁn B adrapykeoe dligdmer] c@nprising:

an f t

1 gg%gsgggn (ﬁre Pléragg aEtp@églelflﬂbgyaq 60 gd? %‘f@%% égﬁg %?, ygl'gijgrably 90 to
98.5) meKs pltOhfdﬁnes @gmpCph\to ‘b5r @raseraty gt loess §5,tm@fnral_ﬂ®c§) o0, pieferably 1 to 20,
preferﬁﬁ}m 5‘% l(ﬁ%@% oS 1Rhe, aﬁJ‘ﬁorﬁ@qrtQ Wﬁ@ﬁﬁlﬁly@@@ 3h§rre§HBl§J ®5 & 1) mol% C,

%/ ene ol i goner, r| Si n% | éast
to Cr2 eﬂsfﬂé S@flhaé|bytee@ h%m%f OCE?P%Péqf%{ lx/buztepe% avhgmn thpplagomer has:
PRyt 8036 aidndhdif onts IRefe@bBH Ot cpvt 1B @bledab LAt fe@st 98%, preferably at least

0 to 30) nol % et hyl ene, wherein the
9%, ‘%Ffrﬁglﬁfﬁff %séé&’ t least 90%allyl chain ends
( pmehiar atdrygeatolécalas tveidtitnp pixbentd5D yo zhput 16060 g@BYhas measured by 'H
NMR %L&%%Elg%bf ) %(R)agltef %‘}/ 28 t%ﬁgro@@' f?&fabl 885 to A0 p%{/}:rably 400 to

bou 20, 000 measur ed
1H NWR (preferably 200 to 1511000,
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preferably 250 to 15,000, preferably 300 to 10, 000,
preferably 400 to 9,500, preferably 500 to 9, 000,
wee@baswsinl y 750 to 9,000); and an isobutyl chaP@I/Esmd0/ei7945
allylic vinyl group ratio of 0.8:1 to 1.3:1.0, wherein
nmononers having four or nore carbon atons are present
at fromO to 3 nol % (preferably at less than 1 nol %
preferably less than 0.5 nol % preferably at 0 nol %.

9500, Pfﬁfeaafl?b‘ti@&to b arckrsably 70Re %.AebrBdonomer used herein is

a a]prsfsmwlemeﬁn ald tg Qe avngrpgﬂaﬁﬁ ﬁh@gf o a1 td eas1.050
re ast

ef e 6}/ 70 to 99. ?r% I
p R R R=N0) Ogﬁneflb gnacipnion %fk}‘lsﬁfﬁ‘? n% a@g’.pgff)’ jeggnet, CompriSIng:
proleyk 80 €preferabin 4 .1chst @), Aﬂﬁ:fc(réﬂj‘lﬁﬂ@s tcafy.§y, padfebidasd t899, preferably 90 to

98.5) I%Bg ?r(rs)%gllf‘)%/e, %8%%2%0%% %)pefera gp #eér{s(t) %mS,E})?ifgr?l%ly@Be Ioe3r0?8rle¥erably 1 to 20,
prefergbiy &6 do ABI Motk Shylenc3andofrert Orlatol Sy(pG:1Sattly 0:5)to FOPYEEHIOG to 1) mol%

diene @%gh Q el k(s 'ﬂ&)Ha @ﬁeé%l'ﬁlﬁﬁg (subl?%@ﬂlﬁa(ﬁéneoﬁéxgmgne octadiene), norbornene,
ethyh(gre erably butene), wherein the ol |églorrer at | east

go/dlgpplg}pnec ﬁlgylﬁor@ﬂlagne( Bﬁ;r@f)r@?d‘ame angh F)@g)é)gntgil%) wherein the oligomer
has: pr ef erably at Ieast 93% preferably at |east 95%

fa"}%{ /R/%l)lyqt ?al %@%{Igfsé%b]tygt Egsggf 02),1@6%@%96} l:%qt Sg}' Spreferably at least

95%,prefa&u1|yeadleimy9&461) NVMR (preferably 200 to 12, 000,

PG %{ngﬂqu}/éfagﬁgmgolécg]gégalgﬂq Biegbg‘?talgg% é%ngt 28%8% 8/‘119)9 le measured by 'H

preferab er a
NMR mféfﬁ@bléitﬂOQ t7 500 p@f@@db) 250atﬁd2&ﬁ ,lmfbr@blyﬁ()@ ral (H0Wnprefegably 400 to

9,500 %Hfé&hﬁl?sbﬂtGXé'OO@rpQéfé}alSlﬁ%(Pto@fOO@) adl to 1.35:1.0. In
anot her ephodi ment e macronononer used herein is a

pAB 59usH shadn Py lic vvhepw 1Eo ot 7 ikt 5b
( pmefoethabha¢roadonbeas (prﬁ@r,ablp rrigf (ﬂfgaﬁibly )70 Vﬁ)@ pﬁﬁar&i herein preferably have

r rably 80 to 9 re
less th%rrl g% | DAL eéllul%lmgnr%1 E)re%h}bP lﬁ%‘, Ex eO%ﬁ% ngl%}la? {1un|'1 éoaegg) ra%l% less than 500 ppm
alumingime pefaitily 168 that d0BHHM phlelﬁremakpkqferably tes@an PO epre raamhyum preferably
less th%n i)é th éllgx#nmﬂl [g%ﬁ}aggrl 168 Bra gﬁsg%f 1to 5
(

Fera pre to 1) nol % di ene
anptheg p@ierfeé e@_’pgdlmebth dﬁ@@(ﬂn(dlp@ﬁ”e§ a(ng)miwu%gsotactlc or syndiotactic,

preferzh;%‘E adiaeie, 1h %@tﬂéﬁﬂﬁbodﬁ%@dﬂh@ Reronf¥R6RET RENPropylenc homopolymer or
| i dene nor bor neR) | nar bor.nene, nor hor nadi
g) E]E isotactic. In

provy e YHOBE b 12 PRiltPaCHS Ob Y EC HAE™

anothdr elaBdidlrﬁéi%tm hydromad@imar 8 a@sopy lehedopsiahkyorgtopyRasto-Aik¥mer that may be
amorpRous 1sota%} yoras%nﬁlhota(?c’t*c Blgggrab \ ISOt%(ET%elr yAa 3trpﬂg)%gs1sm%5nea toa}nean a heat of
fuswnwé |lg;h1tha(1 MQ)J/ggf Isethgigtis Usinet] go gbgukeasz(jo%og)t@pqmbntadgs(as determined by
B CNMEQSC‘HJS%eQY)eI%W) Mr&bw %flga{s@@(b‘% Ig'glgrafol? al@eag%% preferably at least 80%

preferably 250 refera

1sotactf§r @qqléald&bﬁyn(hgg;t]pds ge%g@ to r? af }_qa%{biO/ @@glofaétlcgpgmgls (as determined by
PONMI @ 8dsatitied béRM) bRIFaIPE) 1casB B, Aftcle@BIP Uk YdastCAOS, Bre@disbly 6t lecast 80%
dallélllc vinyl group ratio of 0.7:1 to 1.35:1. 0. Any of
syndigfaglic B9 npnomer s (preferably the ol i goners i) to vi))
pirepay of threershadinpmef drsalbley Hesite tHeemacréth@mid 0GhtgHmTONly, or consists
fer
essent%h)lfl??er ag%lsét){ oq’ @ t"(')l% %hrlor;glgasfphta% l%l?ﬁ%ﬁﬁ%?ép?%%@?‘(ﬁz to C% preferably
ethyleliéh arr1low. lﬁmeabwmmnemfé*béqcam prefeeably atftydane 8ol pypprilenc). In another

embO(ﬁhHm th macﬂ%fn%flcﬁﬁ@tﬂo}és h§SSontIRN afP sHRAE Batlidl IHMmmer units. In another
referably less than 5 ppm. al umnum In another

embodipgr dhe TR RO NOtCRBPHEAMS NG MAOPE Wifhr phaepiher embodiment

the mh@Gh@ivicE dogs ﬁ@trkdﬁ@haa:hny: aropfaff @fcabmyr uﬁ@t aai ms:othek n:mbodlment the
anot her enbodi nent JTRCr onbnoner IS pr. (Hly
macromgme&lcy%Pseg 1 or less 0 Styrenic monomer unlt C monomer unit or an

aromatic monomer unit, preferably less than 0.5wt%, preferably Owt%, based upon the weight of the

macromonomer.
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propyl ene hono-oligonmer that nmay be anorphous,
isotactic or syndiotactic, preferably isotactic. In
wa@ewvhessienbodi ment, the macronononer is a propyl/Esm09/047945

copol ymer or propylene co-oligonmer that nmay be

anor phous, isotactic or syndiotactic, preferably

i sotactic. Anorphous is defined to nean a heat of

fusion of less than 10 J/g. Isotactic is defined to be

aln prodlsr egthodimert the MasroBATART sCoMREised des rthitn & thyy amorphous material,
preferﬂ%q%hﬁ&mc reReMIy0e)samh 1p6ef erfr@t’@r'abﬂy@éss klﬁﬂ%tvt‘@ Ql%)rphous material,

rabIP{ east 70% refer abl I eas g

based g(glttE%WFlg tﬁzmemronﬁyﬁﬁ[s feent ano, gsrlin'ﬁtg el sy ebeémglfd by subtracting

the petce@styshOMHitg Wioci Wadhe perﬁ@iﬂb@dﬁlhﬁﬁﬁ@@@)ﬁ eicaitul@ed ying the formula: [area
S, HEBHN ,p 0

under élr%(ea\gle%r%a ﬂ J%gc)I eﬁ;%{n J?gg Y@O Ql?rgrrea | hXPQtI 01‘ Fﬁ?‘%@&og(t)h homopolymer of

the mygtrdoromse térepopenit diese VIahleafw Hifarg r@ebeeq’pmmdrfem the Polymer Handbook,

Fourﬂﬂgé“zﬁ&i k%ﬁﬁhsﬂ&f 9}‘ ﬂ)hh hﬁll@aﬁlﬁ%@{] WY&Q rlb% ré§ce?mh¥v a Pdlue of 290 J/g is

consi sts_essernt| al 'y or consis

used ap theegyilibiygn heag P%ruﬁlﬂn %ﬁé@fépo%msgﬂl@ﬁ E’élfV%tP-‘éB‘I'eya E@U% of 140 J/g is used
as the @alu?lhbrﬁifnefl@lf abhﬁéwﬁt(HW fBNEN0% E@ﬁﬂhlﬁ@ﬁolyliﬁtﬁn@%d aOGURNE 207 J/g (HO) is

used aﬁ)&s%;qet é)ﬁg.)slon ?(He glﬁgo? ﬁ&?@ta fer gl?rezfépﬁ&?ty Jﬁﬁﬁég SHOR M}amed as described

in the Bgesimamtb] scgivpbelee. any styrene based nononer units. In

a e t

a%t’alg(g{l: 1‘I %Poqn)g ﬁﬁo‘éﬁgrthé I?l%c%%?ng @Qﬁ{culgl%g %hg(%lerg1 ?jﬂrﬁ; |1\$)5a has a glass
transitipy clewneroiver e cE Ao Eesn{ss i @tenamyd &y otrtercretiahpergpmag calorimetry as

descrﬂ%ﬂ'b@%w) |p‘9efé1’ﬁlﬂg bepc %m%dinﬁferﬂref&laﬁy DRPE QPRIOWRYe preferably -30°C or less,
nmpri ses Yo or | ess of a Styr eni ¢ nononer uni t, a

more Rf‘;’/fE‘laPIé‘ %ﬁo%%?ss unit or an aromatic nmonomer unit,
pﬂrﬁ‘ir@fh@bérﬁbdd&ﬁ@t ttlkb&ﬁao@orﬁmbﬁfkr @Elﬁfslﬂﬁr@b(bllgoﬁhwts%to b\éﬁﬁd a melting point

(DSC LflP?m ﬂ%f {1*\051{1 %Qt‘r (1)§0°§ qtﬁ Inate I,y 1 ﬁglﬁﬁicesﬂl t(I)ler ehmbﬁ)dglﬁ: \NE (}}16 oligomers
descrlla:rddremmo bavenmit datdcable pelafgepat by Dégﬁotlchrang gtomg%at ambient temperature

230 PbEf B gk oliess than 10w % preferably |ess than Swt %
( )ggrmrge{rous mat er i al , based upon the wei ght of the

e e e PR imepk theamacroatpBPIRRTA DA g oliggmars) oy Bring bl at 25°C.
byn Siiier @rdddeent, BBy RETGRMoneF YSErdel h&tbih Ynaly mave ahQQt of Fion of 50 J/g

cry tal l'init X9 cal cul ate
or mo OPW%F%I %gr @ﬁ@ep%f%m Jé% Pvgor(a: qdf}e&)nnfc? p‘y P&ﬁrentlal scanning

calorindétty)aks d&sﬂﬁbed\ﬂﬂﬂfe@xbﬁrin&ntah&cﬁ(ﬁﬂiel(ﬁf fusion for the

h%} an%ale%/ %oi(_illmen a{ly ma I‘(?I‘Il"l%l%ng Ineg g%c?l}eg %r?ﬁen@% }1a;/reb g Pe%cent crystallinity of
50% oHaetth otskerabiSo®(i%h hr Edict ipgafcratpy B0% ohewrdoys dmelmmwl beS&rad described in
the ExpOiRentNEMiPlHowt 999, except that a value of 290 J/g is

used as the equilibriumheat of fusion (H for 100%

c Py &todier PrRRPAFBIN A yagieBIoneme gleyrEbesk heroim coniagng lgss gl 000 ppm of a

group ASméthie(pegerhbly ll)é’s!; i satppef orf VS |I-H|'hn(1/69 zho rAlleQﬁ)eﬂ/@ly, the macromonomer

stal li but ene a val of 27J/ is
conci 5 e A GReeR B e B B i 1 0Bk Vel ne
pad yprecﬁqmgeﬂ embodithbg, DSCnaurm@omsr ddstrébct aelrems:omsmsrldfsemhan 3wt% of
} . t ¢
ﬁmctlcglr%]o%g?pﬁe%éh]{g(;q&i Eglgng%l:rrogﬁ%néqp ?Ipd(e pggrly{uilt%:d’]u rgﬂ olliali]og:éns alko>|<yss, carboxylates,
esters,j drylagesi gRygerh agrogenylaad sarbexyh piraferably despren a’lm%em()rrgJ)ref@ﬁbly less than

1wt%,0198}e YreiGHIS 163 ShAHES. %t% Qﬁ‘&e ?Yeféiihlfbt @€ Rtlah ) lwﬁ%a%r@ﬂreferably Owt%,
calorinmetry as describ , preferably -100

based ppoandhe weight Of)rh%f”é‘?r%‘l"?“meéooc or less, nore prefer abI y
- B08MGtIRf eﬂﬂﬁﬁi&nenﬂﬁh@m@cﬁ@ﬁ@ﬂﬂbﬂn&ied BOOLisar prb@&é‘m ol@omer or polymer. In

some %?rh 81{5]1%}53{0;)?9& ylene o V%onﬁggrr{oa %]sooglg ér Iiglﬁ %%%gol%wg%gtpropemes
mel 4 ' .0bf 4.900n 166, prefeeBRIAID0 &l ltse,rmal’enably 050 drdesd, GOGFEably 0.80 or less,

t | rs descri bed herein
f; 1 dn
preter vée%ﬁ%r %et ecth@PtO e Fﬁsgg g@?ﬁt by DSC fol |l ow ng

storage at anbi ent tenperaturke
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(23C) for at least 48 hours. In another enbodi nent,

t he macronononer (particularly oligoners i) toiv)) is
w@2000488500 at 25C. | n anot her enbodi ment, any PCT/US2009/047945

macr onononer descri bed herein may have a heat of

fusion of 50 J/g or nore, preferably 75 J/g or nore,

preferably 100 J/g or nore, as determ ned by

differential scanning calorinmetry as described in th

ERpEY Mireri o400 &eld0i08h ety éﬁKFfGIIaHYdﬁQP%@rm@#%@F%?hIY 28«990 to 75,000

ghmﬂﬁa&mgnnnoner descri bed herein may have a percent

%"f B {3% g‘l’l‘%bﬁ%f r v g ago })eroﬁ(]fqe]r o %%% g@ 1T Eor more). Ina

preferﬁé%ﬁibbdhﬁﬁntl the @i‘t@y]EMep@]ligoﬂEﬂbﬂbo@meﬁ isdsvtdoeit.oWuc propylene oligomers or
polymgrs % gkfn:(])\gel ess nrgltc’a_nl_%&é'- Bl O%nBth ocened(:ealiacfyslts gm !a{]sec{iﬁletrﬁylsilyl—bis@—
methy( fbpleefnelrlaﬂﬁlnyl)llwé@gmdlhmhyv 5)@ tbqa matalysfr pom}b«lfun% dessribedr yn US 7,279,536,

typlcalﬂl LEIINAL &lnbinalifle wiR Al oﬁoﬁmylaﬁﬁiﬂﬂ B$ra (ﬁéﬁu&rbﬁﬁnﬂl%@gte or N, N-
m of |ithium (preferabl ﬁ | ess than 750 ppm of

dmmﬂW‘ Hmﬂwawﬁﬂﬁﬂaqﬁ@%wgmﬂ@@l RYJ8§i nent, any macr omononer
d@s arjréegled emsd dim &0 NMRE |I§a%ﬁ)1ﬂoﬁ§riiert iazmcéwﬁﬁeofof ethylene and propylene,

funct i onal sel ect ed fr roxid o
preertt BT BT o1 912"l ST WaFeer ot BBRDEeGom 65 0 sowes
ethylessdr@rfsgm a¢ It(nyam%promgt@ﬁpmfembtyrkagmg an Mind of ﬁIOhnOS(@OO to 100,000 g/mol,

preferaﬁ) Vf?ﬁbﬁ% ro\e/ 8%?03)? %A*J&gl ys%{{ﬁe % OWe‘IJ's %J’ gj gvailﬁlt}{e aft SHRd cgl‘?%e made using

metallpgead @ﬂfabrlsty Juels gis t(haxﬁan@tmgrywkf)pwtﬂd@nqdb(éﬁehlamtxlme%aﬁnum dimethyl,
typlcatl)ya%?éa 1%%%&1!3&01}/\@'1‘[9"}5 f dﬁ&ﬁly%ﬁﬁlﬁﬂp Wﬁerﬂh&oﬁﬁﬁ;‘l%ﬁte or N, N-

mbodi ment, .t he macroner. described herein is a
mmm%ﬂ%%?P@h@“@?ﬁ@ﬁﬂﬁﬁmHPW%@}QH@PW-In some enbodi ments the
pmpmh@n@n@b lugsHiEerdih nﬁt@“}énﬁﬁdehl&lﬁ pﬂbﬁ@s Gho WDl tHaf art B produce vinyl
. foll ow n roper.tie I ,
termm%tlggfrélarlcg rﬁg/rfc))glego 1nclu r&gﬂos%ro%f 1¥gcg| %Q %? 7%’6|2,e§IZS,S 6,555,635, Small,
Brook|mre fRenadi, yAOSSUOOﬂ998e§Q49 Predecka bt )al OChSH. dFoningsE)98, 849., Su, et al
f 70 or less); and/orb) an Mwvw of 5,000 to
Organ%ﬁgt %%%M ] rr(%l (preferably 15,000 to 100, 000,
pﬂrezf @qe@gp(yergl@dg@@lt tths ETQOPORHELIHERT b be [gp@,c@q- usgyg og¢ or more activators in

combifi®loh Wil oRObithor@fof &@anl%t c%ﬁ&nﬁ@ﬁe‘é&ﬂi@@hﬁ 1yG3®086t00¢ck, V.C. Gibson,

.. VBBt (P By SBpPORe ot Ngster Aokt DGR Chem. Comn. 1995

849; 2i) S@inet bf Orgafmbindtallic Opynhiene 604, 120MTB6 S3)d?on{(dinwmlé§8@ﬁ’ﬁg 2-Imino-1,10-
phenailétg;{:oo\gz’fayl nltz(t%ah ar e aﬂg ifﬁg?%yfl%ﬁylytg ?grgf%gz?%i_ienglz%lnlworgzgz‘?oen, Organometallics,
20006, 15e6- ﬁW, a41dp<]*)e”p$§011@l [ (Wdfgnf’bl)vharfimﬂigmﬂ]am@{shyd?asgf ott Heon and Cobalt”", Chem.
(bnmﬁﬁt@bg%qgconpounds described in US 7, 279 536,
¥ pically used in conbination with N

diPAEeHyIa Ryl ratahist SPTPREUDIRRF Maks bk WI“)“B@?‘ Sthylege mgcromonomers
(prefeBlly ¥BRAMINAR d. hdlling Bt 1e@dt 189 icSystallinity) include those represented by the formula:

(hept af | uorongsN hyl ) borate. In a preferred

enbodi nent t pcr ononomer i s a copol yner of

et hyl ene and propyl£ng

preferably having a Hm of 20

J/g or less (prefe 15 J/ g or less) conprising

from65 to 80wt % ethylene and from 20 to 35wt %

propyl ene, preferply having an Mv of from 5,000 to

100, 000 gof pr ef atoabl y 20, 000 to 80, 000 g/ nol. Such

copol yners ¥ndi~ich the art and can be nmde usi ng

ts such as

(pentanethylcyclop. tadi enyl) (1, 3-di mehtyl i ndenyl) hafn
; used in conmbination with N, N

dinethylanlllniU' A (perfluorophenyl)borate or N

Ndi net hyl ani | /niym tetrakis

(hept af | uor ongphf'hyl ) bor at e.

Ci

- 14 -
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Macr onononers useful herein may be nade by process
known in the art to produce vinyl term nated
wore@eossnonrer s, including those described in USXBUI2009/047945
17,962, US 6,555,635, Small, Brookhart, Bennett, JACS
120, 1998, 4049, Britovsek, et al. Chem Comm 1998,
849., Su, et al. Organonet. 25, 2006, 666. In a
preferred enbodi ment, the nacronononers can be
pPoticiely useidl whbsoreomprendactol varker ¥inyh terarisicdatisosstic  propylene
macroiﬁ'oﬁ(hnéi’:ﬂ ré@érailp E@st@lfhné he,. Gal M%St@@%&yﬂﬂﬁm@?%fuﬁpﬁﬂse represented
by th }) J.P.  Britovsek, V. G bson avi sh
yteé?@@J%Solanw B.S. Kinberley, PJ. Maddox, AJ.P. White,
W1 liams, 'Chem Conm 1998, 849; 2) Journal of
al | i cgehem stry, 648, 2002, 55; 3) Ilron
Beafi ng 2-1mino-Ir'10- phenant hrol i nyl

Li gands i ghly Active talysts for Ethylene

A i gonmer'izea Organongtal | ics, 2006, 666-677; and
4) "Néyel R’ ﬂPonnerr/eLﬂbn Catalysts Based on

I ron C ", ChenrMCormmun. 1998, 849.

Parti cul k3 cat a| yst conpounds to make vinyl

fters (preferably
ast r40% crystal | i nity)

cryst; de, e. g. ha¥i ng
i ncltide those repr esent ed
useful catal yst conpdunds
i sotactic propyl ene nacroir
crystalline, e.g. havihng
i ncl ude those represented
selected fromtitanium zir
ni obi um tantal um chrom umJ bdenum or tungsten
(preferably zirconium ang/or hafngun); Rl and R2 are
identical or different and arg, sel ected from hydrogen
at ons, G d O al kyl groups, d-do al koxy groups,
O@/-heltOMarlyl selpeigdiplsom QBarBig, aisonpwy pfmwups var@du@®] Oniobium, tantalum,
chromﬁ!nk %{E)Y}de&{uglt:l giturégg%n Qfeﬁb&%ﬁ%&ngglg %l gpo?r glﬁié;‘lglng)‘ég 40
aIRy Pad K et/ elgtrcekpgéhffe@m peclested feonblyelrpest aigws. rC10 alkyl groups,
C1-C10QMjosig ataps, @66@1R)Sar§1hgat>upar €6-0pb henak | gyouey st € fUd1REhy Wb lips, C2-C40

tkens RS CRGTGT Ei 57ar by PR Bl KRe Ty Peig groums. o

groupy pr éhlegabhtymR] andordRgatd ediars ahd ydre $pt1¢naﬁ$ sntstitudd @ith one or more

hydroc%hgyl trgey(i%ceclg% )Pg{l egr%upcsu a?}idr(gcgﬂl thtgg%rflro )ﬁ%@l%cﬁocarbyl groups
(preferably i andhi] apravelien ol as @pthyd cocthal o geervdrabidp S(‘}?h as chlonde)
UR @leoaggﬂ@tsﬁqe @rl (!ﬁﬂ%reﬁragﬂl Ql%’se@e(pﬂrgml'h?hl‘a neﬁ'(grﬁsd h#1bgen atoms, C1-C10

al 0g enat ed & roups hal ogenat ed or
halogeahtﬁ%r)ro@*élﬁlageélategr élrgrPup@f%@ pdY htgecested Wa?l’é‘@@%f‘é‘f“é@i afgt groups, €2-C10
halogdﬂﬁlb@bﬂ@lﬂﬁ&@ﬁﬁteara}ddeﬂﬂ'll@i(bupgr@ﬂgm hz(lﬂgeﬁ:&ai hl&llrﬁh@l@@élﬂhﬁd aﬁjl‘lalkyl groups,

I t ed t
C7- C4lL(}nE a?‘(% eg toz g %ra 9)%% a ny 351%)& S l'%%ups ﬁé@%ail%% a?t r unhalogenated
arylalke@gi @@s ONR2ZPRR, -ORHI-QSIRS drnPRiAralvaR in vhich |Rélscdne afa halogen atom, a
Cl1- c1'6%h<99§118 0@‘09%6%1@' n%/(l:‘glgu lo‘fyxjvo S QY0 ng; {en@ra@@al%g‘ryq{xegether with the

group; adj acent radi
atoms Loyt mEthon] ¢R f@fh@napbmﬁred‘eﬁﬁ@mfrrﬁ@y simeat oyl g kyied). and adjacent

radicald rR IR ' bddOBrrl BRESEh&B stufRB d 108 afFRlaflY hn%s%q% Yelrabw R' and R combine

ke vinyl term nated
preferably

10% crystal linity)
Rornul a: where ML is
jlum haf ni um vanadi um

DA I T N A —
embodRhdnt BT dlnH?]i.?1 RON01 meCA hydrdchdylphamy br 4 Che @1Q akgt pioap, advantageously
atbusHRstituted or unsubstituted naphthyl group), in an

4% ﬁ?ageous enbodi nent, RO and R11 are a O to C20
RBISh*ﬂWd@@mbyl group, or a C3 to Cl12 al kyl group,

advant ageously a t-butyl group;

- 15 -
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R13 is selected froml I | | -M3- -M3- MB- -O-M3-0 |

Il 111 -M- C--OM- -C-C-C-RI 15 RI 16 R
WO 209/153500 15 R | 15 R 1 15 -B(R14)-, - Al (R14)-PCF/82009/047945

-Sn-, -0, -S, -SO, -S@2-, -N(R14)-, -CO, -P(R14)-

-P(O (R14) -, - B(NR14R15)- and - B[ N(Si R14R15R16) 2] -,
R14 , R15 and R16 are each i ndependently sel ected from
hydrogﬁn hal L£1-C20 al kyl groups, C6-C30 aryl
groups, Cl-QC2 Boxy gr oups, C2 C20 al kenyl groups,

ad - | aryl a Igll lgr oups, 0 aryl al kenyl groups
and “C40 al'kyl aryl group 'Q)'r R14 and R15 , together
with the ato nnectln them forma ring; and M

i s selfféted fRomRarbon, I con, germanium and tin,

or R13 is represented by the formula: wherein RL7 to
R24 are as defined for Rl and R2, or two or nore
adj acgnt padi cal s RL7 to R4, hncIFgIQIi ng R20 and R2 1,
togetlher |vvith t he Iatoms cohnec inq t hem f orm one or
mor e_\pd-ngs: M i Aarbon,_ Sili germanium or tin
(pref rab y R13 Ts, di nethyl si yI or di phenylsilyl).
Partl z{igy usef | scatal ySt; conpgynds to make vinyl
term i sot actT¢ propyl ene’ maCy ononomner s
(%@ﬁera@i 1¥14frlt$et alsh,18:. 8. d50114png Rfr Heagh 4B -PO)R™)- -
Grystal |n|ti£4 -l ude t'hose répresented b()i/
B(NR ¥R iy -BINgRI |\/§2§| )2&1,5% 2RR. qnﬁ@enaye 3amdeﬂen ently selected from hydrogen,

halogdhaCt-ve@ akylbgr&fpg CFé 3Pyl gﬁ@il@@y@ I)-M@_?alkdﬁllz%hﬁllpﬁ @2sCANalkenyl groups, C7-
C40 agh@ér g Hrl) 518 gsﬁﬁ laﬁl%emf O%P?ahckgp—gég? ’yﬁ% éro%r)ﬁ, gt %14 and R", together

with tieedt@g@ncodnecaihk semgfooup riguatd MisGhle@ed frah kyrbdn, silicon, germanium and

tin, Or?n{é?%??%gl&tp&%ﬂg??wmnet hyl -i ndenyl ) zi r coni um di et hyl
(or dichlor de)

di met hyd'Si | yI - bigd\ 2- net hyl , 4- phenyl -i ndenyl ) zi r coni um
di net hyl fi chl ori de),

di met hyl sj bi s{ 2-nmethyl, 4-(3",5" -di-t-butyl -phenyl)
-1 ndemy)?) zi comRLlem di met hyI (or d| chl ori de),

di methylsi |y - bikS( 2- net hyl , 4- napht hyl -i ndenyl ) zi rconi u
m di et hyl di chl ori de), and

wherein R'7 to R* are as defined for R' and R or two or more adjacent radicals R" to R*,
including R* and R*, together with the atoms connecting them form one or more rings; M is carbon,
silicon, germanium, or tin (preferably R" is dimethyl silyl or diphenylsilyl).

Particularly useful catalyst compounds to make vinyl terminated isotactic propylene
macromonomers (preferably crystalline, e.g. having at least 40% crystallinity) include those represented
by the formula: rac-Me,Si-bis(2-R-indeny)MX, or rac-Me,Si-bis(2-R,4-Ph-indenyl)MX,, where R is
an alkyl group (such as methyl), Ph is phenyl or substituted phenyl, M is Hf, Zr or Ti, and X is a halogen
or alkyl group (such as Cl or methyl). Examples include dimethylsilyl-bis(2-methyl-indenyl)zirconium
dimethyl (or dichloride), dimethylsilyl-bis(2-methyl,4-phenyl-indenyl)zirconium  dimethyl (or
dichloride),  dimethylsilyl-bis(2-methyl,4-(3',5'-di-t-butyl-phenyl)-indenyl)zirconium  dimethyl (or
dichloride), dimethylsilyl-bis(2-methyl4-naphthyl-indenyl)zirconium dimethyl (or dichloride), and
dimethylsilyl-bis(2-methyl,4-(3',5'"-di-t-butyl-naphthyl)-indenyl)zirconium dimethyl (or dichloride), or
alternately the compounds where zirconium is replaced by hafnium. Other useful catalysts compounds
include: (CpMes)(1,3-dimethyl Ind)Hf Mey; (CpMes)(1-iPr Ind)Hf Me,; (CpMes)(1-iPr,3-nPr Ind)Hf
Mey; (CpMes)((1,3-dimethyl Ind)Hf Me,;  (CpMes)((1,3-di-n-propyl Ind)Hf Me,; (CpMes)((1,2,3-

- 16 -
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di met hyl silyl -bis(2-nmethyl, 4-(3",5 -di-t-butyl-naphthy

[ )-indenyl)zirconiumdi nmethyl (or dichloride), or
w@bkaensssiel y t he compounds where zirconi umis PEPUSE047945

by hafnium O her useful catal ysts conpounds incl ude:

(CpMe4d) (1, 3-di nethyl Ind)H M2; (CoMe4)(l -iPr |nd)Hf

Me2; (Cpl\/|94)(l -i Pr 3 nPr I nd)H Me2; (CoMe5)(C 1,3

~ -dineth I nd) (CpMeb5) (0, 3-di-n-pr opyI I nd) Hf
trimethydh ind)](ltgq% 5\)11@@ C[Q— qulqgentéqhﬁwl p(h d) mlenyl, @e 1]@p— sopropyl, and
npr_glgfdpppent adi enyl Ind = |ndenyl Me = net hyI i Pr =

nPr = pr o In a refe
eNbodT e qwél tdmlfggntp 3/ P o lt))ca 2 1 Uﬁ‘fdom}tgea catalyst system
comprisfigng aaw@at aldysdtagsdoaipoeeingiresshtdd byathe &dloivirgtfainuiiad a
%gt al yist conpound reprgsspted by the foll ow ng
or myl ae: V\hererls ium each X is,
1 om t he group consisting of

Rayving from1 to 20 carbon atons,

ntly, s¢
ar yI radi &al s
R* p m des, al kokf |g‘@&bsul fi des, phosphi des,

h [

h 3g enes, anRnes; sphines, ethers, or a
RGO %l on ther serably methyl, ethyl, propyl,
b phenyl, ben chloride, brom de, iodide,

I t hnatelytlyvo@@s y forma part of a fused ring
or aring system; each Qis, independently carbon or
apheteroatom preferably C, N P, S (preferably at
| epst gne Qis ahgterF?atom alternately at |east two

R” the sanme Br different heteroatons, alternately
ai-heast threeﬁgé2 e sanme or different
ete atorrs al t at least four Qs are the

R Tsangy ffene“n ete toms); each Rl is,
@g:qgg%tly, G to C8 alkyl group,
t hy

R’ rably a G ke I near al kyl group, preferably

et hyl, prop btyl, pentyl, hexyl, heptyl or

I Rctyl, Rimay the ‘.< different as R2; each R2 is,
i ndependent |y, hydrogen or a G to C8 al kyl group,

wherepreferably a G to C8 linear alkyl group, preferably

Hflsﬂggltuﬁlyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or
octy provi ded t hat at Ieast one of Rl or R2 is not

each )ﬁ&s@p@e@élﬁlenw é‘fl@lteéilfr%l e 2rpup LorRiptingef hedroggrbyl ggticals having from 1 to 20

carbmha/tsthpg@amdepraatl@ersamkmd%@ @Hﬂé@@h&%b@&e ha@genbrcaerﬁ@mamnes phosphines,
stituy

cthers op1 B FO B RETL G Py SEdY ST BE0: ey BB E oot Behgy, chioride

bromidaiodala, (altcomesly proeX’e hap lfyrmla faa oba aedidny @t oig system);

each (I? n%gﬁe%%i%ttl?l cgrﬂ(?é '(:)11 é Hétg’?atg&bﬁw’] %ﬁ%ﬁrhé)f/,ltl\lfltleag ﬁreférgbl% least one Q is a
heteroygmyztlten@‘@tyta} |least h‘@(x ,le arqﬂ:;epqayje or d]éi{ey:pt hemr@yqn@se@lteﬁ@mﬂé feast three Q's

are thet Jﬁfﬁ% of"mﬁlff&%ﬁ%%tewﬂfoﬁﬁ aﬂ%mgfegi%ﬁ’ RadfSur @taraﬂfﬁg ga%%@ different heteroatoms);
aternate%(]f our R3 groups are not hydr

cach Ry|ig él?qngnépr? hydeogn ohp SU b)ngaq,Héyl lg&upwaﬁe@b ﬁl)cl to Cs linear alkyl group,
preferibN ﬁ’l@tﬁﬂ@t@l )propym Bityl} ity ate;aﬁyt&tnyc&ma@u xd nia§ tHeQaﬂdé edifféent as R*;

cach BRI By AR P 1 G B oh g ASOBSR T EPRA ©. 10 L Theakalky group.
preferd‘W}dmdhﬂreﬁylll popel puthlapdnngd, Hexydnheptyt o C@tyd‘,@l‘d)/llﬂ@d dtaoardeast one of R' or R?
is not P}rdg(fégﬁ ?péfé/ral;ll%t)&h %f ﬁaa{n*a% afdl g{]%dro%&? ?Jfé?dl% Raand/or [1(1 'rlre not branched;

unsubstitute ear
each Rg iso ingepepdantls haiogenypt dpbstidted gr unmb@;pytpd h)bimqubyl g@m hpying from 1 to
8 carbblemn Gty 1 196 tibon aaﬁylﬁauam?%mmutéaat unshbst@ltéd C, to Cg linear

f
K1 G0 P RO S PP s Bl Rl g BB ctpgowever hat at
kmmtmubstgﬁm@ﬁﬁeﬁ&tﬂﬂ@ghﬁ@h@ﬂﬁﬁﬁﬂhyd@@ﬁamby&Ibpmﬁﬁ@mmbmmmmdyﬁyeR
rou en§%>@o m? three, four or five R groups are a Cto
£ p%% 8008t Pt Uled or unsubstituted hydrocarbyl)}; each R4
I's, independently, hydrogen or a substituted or
unsubstituted hydr ocar byl group, a heteroatom or
het er oat om cont ai ni ng group, preferably a substituted
or unsubstituted hydrocarbyl group having from1l
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to 20 carbon atons, preferably 1 to 8 carbon atons,
preferably a substituted or unsubstituted C to C8
WO 2oveasssad kyl group, preferably nethyl ethyl, PCDP§1009/047945

butyl, pentyl, hexyl, heptyl, octyl, substituted

phenyl (such as propyl phenyl), phenyl, silyl,

substituted silyl, (such as CH2SIR, where R is a G

to G2 hydrocarbyl such as nethyl, ethyl, propyl,
{Alter@qj@lw Wh@h@ﬁwayalyspg)np@uﬁ%,@r ‘@g’éqﬁd a9 nglkgthq bor@olgowr then cach R’ is,
indepc@HQMP, hyrafog&e roﬁblsﬁbsﬁ‘tthg of @nsﬁ&uwtéaa@aro@trkwgr@@qwng from 1 to 8 carbon

e

I op ut vyl
atoms h@ﬁ{ﬂa{)ﬁyh 9|carg$/ '6t81@1§f| ref% %%k?si &Lﬁ BI}SB E% dt%l té8Cg linear alkyl
group, qirktyﬂablg rrmﬂm etﬂiyleb@pabblyylap@tyltlmxﬂahépm emyl giréyideddroouipr that: 1) all
five Rp%r%%)s a?%mgtthgire E)rh)rl) f()ur%{ VI g¥ougs erﬁ %Eghydro%gl.li Xnéi at Pe%(r}to}/l? F group is a C;, to Cg
substitiyigd pog@nbstlmtedély@ocztrbyl O8cigraklylat bppe (WO, tlpp@ff@‘r abfiye ]& gpups are a C; to

Cs subh@tut@oﬂdn@tﬁﬁﬁtuﬁh‘ﬁwlro& B%/‘tbﬁ pr ef erably nethyl et hyl,
utyl, pentyl exy heptyl or oct

opyl ,
cach Pgrlwda@a dppdydivdrosshate Sabsttﬂé%@sqr %@@@ﬁutﬂth@rmﬁgl #PW A deteroatom or

heterohwﬁlrc@geﬁimgaé:rdt@r @ateﬁbty aadubst%i;t&t or@in@lIbktitléd By @LRSYREBUR Bdving from 1
en, alt g

rnat e are. not dro
0 20 U ETRL P R ch-attpt G D Bued T BRESGieed €. o €,
linear eliglhgr@p, picfegpbbf métbylnthyd pkdgyh betyh péntylylehxplg Bepryl, ddtyil ssubstituted phenyl

(such Qéé ?le@?en;ﬁé ﬁle@lb%iyggs%bstﬁ[tg 2%%& él Cﬁr }gewhere R'is a C; to Cp»

ently, ydrogen
hydroqﬂmﬂ) geah aérneﬁlymethvlopl@md W{@é@ﬂbyl such as net hyl,

R’ is I%Idmg'em opﬁ QPY(L Cg Qlll&]yéroutp %fbtfélelbhﬁlé]@%)ﬂl) Cy Iﬁﬁ&ﬁ lﬂkyl 5916&13/ |preferab1y methyl,

enzg substjtuted phenyi, and two can
ethyl, PTBP% l&“X:lyR?Pﬁy hetyl. (eRtyr9s OF%k | udi ng ar omati c, part| ally

R® is E,ﬂtdgéﬁibﬁd C, &6 C§ altkyﬂr @bl pEYEAHIE a @, t6 @S Gifleat akgl S¥6A, @Mferably methyl,
thvl 1fbutt he{l Il i rrtatt 1any two adj acent R groups
ctys PngP/y Sirh % 1?" %Xd' Py BPMul ti center fused ring system

each Rihie meiepdméerrtlwnlgsirqgaly obe Catofmtlky, grpar pricfetably @t torGatlimehr alkyl group,

e t
preferﬂﬂyy ﬁg%gn a'gr? grolg);ﬂ Sutglﬁgéﬂtnyl fﬂeégfl llleijgrtl gpoc 1, Cﬁdr(l}gg?\%il fhat at least seven
R’ groyps @ifs, noa hiidpgsnoalteamataly atlepis ceshb B{ éfﬁuéi) At o irgogpnoplggmately all R’

groupfﬁe nEXAIRLE, @tf’eﬁéblyqyecﬂa Bt A6in8 Bl Gbsitisnsdn@RAHICPHRg of Formula
su stltuted with a nmeth group and ethyl alcohol is

Wareé‘ﬁtl@’ldWFn group substltut ed with an -OH group. In an
N is nitbget nat e enbodi ment, at |east one R4 group i s not

: ro at e t l.east two R4 groups are not
Tlsa%(g%re’ongegfgﬁab% élé’Fﬁ ’tprTeraﬁY Feast three R4 groups are not

each Riyig inglggemdenglly + endrogens Ihyloaﬁtn dr @ &8t to (@0 hy Rdcaghryb speh @rmectindtethyl, propyl,
butyl, gﬁj&lo Q@ﬂﬂl lﬁb{y? r&%ﬁ edh¥nﬁ| ﬂ)en% begtﬁtﬁ’éd %ﬁ&lyp Qhd Wgr}@gﬁﬁ] form a cyclic

é]@ nmpoun hat are artl cul arl )f/uuse
structyrg,@f lydigs gﬁ@atéﬁ pxﬁ:g?lél sgfurated, or saturated cyclic or Tused ring system

and flﬁft'her %m&hw A e M hdcRER tedsBt Ml dvel opesd adi enyulicedd fused ring

SySten{W eée the *?mgsé‘f‘?y&)r‘“ré‘f RAEPaR Y SABERT 9B RYA%y ¢l opent adi en

y IThafm ' wbdditured” ydany thé‘t-a[hymﬁgchygrou‘pdﬁm péeXtrgtiacadrettiny hypdradarbyl group,
a heter?)Ft%Qlt %‘q h?tﬁ%fn:_'% ﬁhté@l(gg(%ﬂgy IFt) xa eth 1 %cg)é):enetarl](%}?tse Iglg]?) nlls a Cp group
substityted ivith mwthyl group and ethyl alcohol is an ethyl group substituted with an -OH group.

( hn é”n gte@ﬂa%oéthﬁdagl%ﬂyla} (e@ﬁ%@@tgpdﬁlpqy ﬁ&t%@%%'aﬁ%&tél%t lcast two R*

i iundi meth
groupy 4re wthﬁwg@ deEAly 3t H‘Ei‘étﬁblleﬁ Rp@Rensriet #R) hrdregespalisimatslveteast four RY
groups grifadtihiy drogali zﬂﬁfdﬁtély, all R* groups are not hydrogen.

(R TR RACIYL G S AR R GRY L gpent adi eny

(1,3 Dn_ﬂ'erth)rmawl)(pnntelnythyléwmmambtﬂWH@mmh@peﬂhﬂd| enyl ) Haf ni um
(1,3 ,4,qJT@EEIHéﬁlylindenyl) (pentamethylcyclopentadienyl)Hafniumdimethyl,
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(1, 3-Di net hyl benzi ndenyl ) (pent anet hyl cycl opent adi enyl )
Hafiiiundi nethyl, (2,7-Bis
wo 2994154560 uor enyl ) ( pent anmet hyl cycl opent adi enyl PEEUB1002017945
di met hyl ,
(9- Met hyl fl uor enyl ) (pent anet hyl cycl opent adi enyl ) Haf i i i
urmll nmet hyl ,
9- Tri met hyl f | uor enyl ) ( pent anet hyl clycl opent adi enyl
(1,3- D}mﬁhsﬁmé%l)ﬁ@fawrhylcmlﬂneﬁgaélméﬁa%%qh@ethy
(1,3- Dlieeﬁynlmmepb&aaﬁétgn@@h@@huﬁﬁeﬁw)miamuﬁmﬁwt hyl,

(13- Dfpé?r}ygiﬁ%fm@dp@é@eﬁ%@%l&mﬂéﬂmﬂwam%ﬂm%% hyl,

(1-MethyL3- p@pﬁyhdz:nizlyb(maatqt}@mtlbydnmﬂghgmladmﬁmmly) (3-propylt
(1,3- Dlm%yhn ?na/éﬁet% H‘Epﬁ)g(}p?E:?(lzsl))pe'r_lgﬁilerllylllmilqlgéirl?i¥‘[|hyl, and

(1,2 3{Feltrmﬁm’emdmllfwlltwémcadpmyiﬂyehﬁiﬂafmwnﬁm‘éwhyI In an
(1,3- Dﬁhétﬁflﬁ@%lﬁd&?ﬁ@%t%&ﬁylc)Ich)‘lﬁentgiléﬂgi)ﬁXflnlumﬁfntle%{ lt he

transition ne cat al yst conmpounds

(2,7-Biggbyw ! ffugrengfpeniaertinflevglonenéadicay Videhmivedinmethyd di chl ori de

- Meﬁh&lfﬁblfehﬂﬂ{)én@a@)et}@[cyaolkklnﬁlﬂféﬁﬂ}}lﬁgdﬁmdlﬁﬁﬂlbl cul a][I ?/ for use
1 a al u xane I vat or at or.s u

.79 e A s e B s e RO BB Bl nat i g

u—Dihﬁhbsiiyl(lastetrvtadzth)ylsyclophe&tdmwl)ﬁﬁummﬂmemltyl| oni c. Exanpl es

M_Dihg,cpgghg laﬂg (:-\%/ g{ggdlen anﬁ | al unoxane, et hyl

unoxa |so ‘al unoxane;
p- Dlmmlsﬂyléﬁrame&wbxdmta@@@ﬂ)(%rﬁronﬁlmmqt@dcyabkwawwwﬁﬁilﬂ)@shmethyl
and |nclud|ng nodi fi ed net hyl al unoxane and the I|ike.
M xtures of different al unbxanes .and, nodifi ed

w-Dicyglaprpy S disayamatylyplapredigny NiainsRdmedyay be

p 0 dhl GRElnAYy etniB&dlhhyﬂr ﬂieyﬁhﬁetﬁgﬂ” hﬂ@ théSlﬁﬁﬁtingﬁetal in the hst of catalyst
comp({%l%(l&isralolik l al lr'leg}acﬁ:n w1t8 Hgl%e ueh &s g(ﬁ IOI'ldﬁ qe)er a blsphen0x1de

partlcalzrlyafbkqsbadltbnn nlumpwchctafgtot riisobutyl al um num MVAO s

Activadl:€ generally nore soluble in aliphatic solvents and

— nore stable during storage. There are a variety of
ne'sefblpstiyayers Eﬂc&gg p}uﬁ]@xqﬂe% er@ﬁéogrﬁ@aq@wmqné)@twators whether neutral or

ionic. SxHAPXANESde ﬂ?ﬂaﬂn‘nmaﬁlé @Qckﬁéé@ﬁ@ﬂly@ﬁmﬁ’(fxaw k@1 Affoxane, butyl alumoxane,

1sobutgle%§tg}g>%§% Ilng alfg)gga?ngg 2%;31 91919109 %e%-?ﬁ(ybghngn%%argg%n%}i@ng modified

methyﬂalﬂrﬁ&aﬂ@ﬁ;d the D@8 MBiRidres Df BbBreBiladbym dxaidk Anddadified AdkBexB80d, may also be

235,081, 5,157..13 1 31, 391, 7
usod. AIEESSEapbS BhugEd by gl ofdnd ipdkiik iR compound
MMAQ 1854 pealuced b Fi5:, @Eﬁlﬁﬁd)f §i3ey | @urginam @ndEy h@p@amlkylalummum such as

trusobﬁtgg dnfidlch ORBLED A e’i@rlﬂl}éf Zlgre s%ﬁibﬁl in gll%l?lgc Qﬁ\fbnts%lﬁé\mog stable during
218 and EP-Bl - O 586 66 an 1 cations

storagg T heee1gna awtwwws%nrepwg aavnwemd awél flsé alémﬁxanes non-limiting
exampldd| dfywhioE QP Qbsiied Ry Urefmiantr. 4ldss ey, Lesapuef enald®, 5,206,199,

520440 oL Y SRl TP B AT P eaflor sassom

5,157,830, Bt 10803 Dr5.8%1€788, aBUNER0ans98.838, ke73d26ang, @Ii AN pm78h656, 5,847,177,

i S
5,854 ‘fé6°5'$¥6 %5%' e 5‘2)39 gﬁ%}%@%ﬁ%&ﬁ Jgg%%l 1 17% EP-B1-0 279 586, EP-
A-0 5YPcHtrpd EP@ll'qlﬂé\ﬁéls 1 2B PeTublivaipns V CR&RY ](;8Q|agd WQ189/ 15534, all of which

are hefdHOEIly f-nbﬁ’p@rﬁt@&j@y RaNE D& dyad g%@&gﬁié ﬁldéé"??ﬁ%ﬁy Ebé%e%leylalumoxane

covered under patent number U . When the
A cloygdyrqriggtlest alpmoxgre gy hp flsred twaihfcr: SLIGF SolHtRTHeT §leag yplumoxane can be
decantS@H_Bmeliﬁlﬂ)cdidﬁEd”lﬁt&)nS @lneGikr dstral Amxéxahkis @ ididiHed @fethyl alumoxane (MMAO)
cocatagrgt tlng/g { %0?%1&%?51%% avcilg%):ije ﬁ%{l %rkzg grﬁfg?lfﬁlgél(g/:u?lie)r rthe‘l-l.tlﬁage name Modified
Methytrlumaxam ot i3hatorerddosdart pdtes trapbacu$ SoH1584)t yWhemtheyactivator is an

: 0 . j .
alumo%ag%éfggéhggd Sﬂiﬂlr%dlfﬁh))u g;grﬂé’lgﬁﬂ?({dzh%%ﬁs srelegtrtggﬂlg%lnfﬁm %gdrunt of activator at a

S whi ch e utl as activators
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scavengers) herein include trinethylal um num
triethylalum num triisobutylalum num
W eeoonsesty | al um num tri-n-octyl al um num and tPEI/UB1089/047945

If used as scavengers they are typically present at a

ratio of 10:1 up to 100:1 nole:nole. In another

enbodi nent, the activator may be an ionizing or

stoichionetric activator, neutral or ionic, such as o
5000-foldi melr sxaess P/ A thieately st aRicyTsPpEE afcfal sripyAesiye)) The minimum
activaldRloQftaly@t-prebuse sfl pianorhanydaraion netal | oid pr ecur sor

or._a trisperfl uoron 1 bor on rsor,
élhi}?fﬁ'i“% g‘@lﬂ’ét‘Edorﬁ%iog]g’é‘ﬂ%?’aﬁ%m%?%ﬁgﬁ’ft}@%}e é%d as’ activators (or
scaveﬂgelrs) chaeind ifdlhds. tRaktphlubinund, 34&hy@a8hinom, caithibogtalwiinum, tri-n-
hexyla{lun% 18 fti‘l -n- (ﬁctle‘Clm% 1?10a¥r]1mfi Eﬂlal%: e;: gg ltl%g glp g a\%néérs tHQ’ePIIa{:}th%ll%alllgl present at a
ratio Oéd)@tbum@t]lo@ﬂ mle:molgl unoxane or nodifi ed al unoxane

agf ﬁﬁﬁﬁkp Eﬁbodﬁ%@ﬁﬂh@%ﬁggtopﬁ% B@lan %B&In%mr Qﬂﬁ:‘hfohﬁmc activator, neutral or
activators include tri-substituted boron, tellurium

onic, aplirts it ri-DYRD 1 AmrAnETRY (AP GrenaluerpRACEY E BOToR g Téléwerﬂum@henyl boron
metallbidrR&usubet 4 trléﬁé}flu(gbﬁyﬂtijl Bdrén 8RGhoil PARPEHY oI halogenated heteroborane

anionsi&k@?éﬁg%%{,;g?ica%? Mi%\l Ia&eggqu aﬁs %48@%&)002 &oﬂgﬁ%g)éghetrgotﬂeﬂ is also within
the scéreaff drisinlvgntion lmeust hewenl gr LU Sc@aedry :tidlepcenml entliyation with alumoxane or
modlf%ﬁ}alﬁ&Bfa‘illeL{t?z@ﬁo%}al ogen, nmono or nulticyclic (including
i substitute aryls, al kyls, and al kenyl conpounds
afidamlsst af mewra ﬁelpblemetﬂg ﬂ@fveiorsedclmeénaub@éwwd bgrapyighurium, aluminum,

galhuﬂ? aud vk Blomg(qlré'sathg@(ﬂ‘ At MBree §1b|§‘r¥tl1e19 lRMPS arB %thnigdébeﬁdé‘ntly selected
car bon at ons, %ggr oups havi n lto

from aélfy(l)sn,glkgwés gq,l%engs[ueﬁﬁlge ¥l ér}és la]alhiab S at By agil Ba}}gles Preferably, the
three growB|avdinAgpendasy bdletkedoh il WllSQen Mbii(ﬁmpﬂhﬁlhésfcﬁb l(iyicludifi€ halosubstituted)

aryls, élg%lﬁ’yﬁngr R ? ﬁ?t?lgo&?ldsﬁn)gtmlea ges Flgeee[:,l(')f é}gefé‘ arre OlﬂFrg/II grons having 1 to 20

carborpatefie rbkpl grg)uns hevied I @6 0grdap stoas.cllvaly gg)gpmhaeuhg 1 to 20 carbon atoms and
frers S I

aryl gliaﬁlgs 1%%%?%3{ Eds : gl?dg%?%%nfﬁ@ﬁ gltg(l{sgég&ﬁ S GERFBR! Ye three groups

are alkyjsj hawiag 1| to Greaivhe gLoups ohail. arptt jog B’@WYP%@Fféﬁfarﬁﬂw more preferably, the

three BRIA are! BRbEendb®i SrofcABBL skt Bl Q{mﬁo@ NP1 $refBbly, the neutral
" contain, an alctlv%ﬁgrlooton1 or some tl on
stoichigRgE Petar" iRy pRoPhY T RoBB g A torPpthytbageqt- y
| ooseltyickionetedt natvatr tompdunds meyraonmdimgn |aouiVeqfrotbineor some other cation
assom%}gcp wﬁfl e £ ng(ggln%ed tsou grhon%lopgse ync%% n@%d %7%1%@%1% on of the i ionizing

iI’bed 1 n |ca i ons
compdERi\- S@hwmpmﬂs a@Phﬁll@ 49 Gesgfild iEPuBpead Pebdlicagdns, EP-A-0 570 982, EP-

A-0 51%973"2\ 15%’ %707 49%%?75 G!ﬁdB EB 560 @v@ﬁ @@%77 @(5Bdanlcl’E§ A B%? Bb4, and U.S. Patent

Nos. 5515'24§7 0521598 4§1 3%%627§9 %%P& @75%%411% %%%f‘ 58991“1 ﬁé@%ﬁ% and U.S. Patent
Applicded S&al Nenogaedsisab, fied AQBIs28519880al1 dfiviech AvGeidin fily incorporated by
f 1994, all of which are herein full y incorporated by
TCICTCCEt er ence. lonic catal ysts can be preparedly reacting
aldnicatagilytsis@an hep@paratyrpocting avtirahhﬁ@ﬁnffﬁalm@umnmid viéwdome neutral Lewis

acids, @&é(}];r ol%@%ﬁ’e @ﬁiﬁlﬁgﬁ)&':?&;ﬁ’og M{hﬁtee # a%@cliém%] {}gf (;fqhé H‘gnsmon metal

compqylodrﬁmmﬁ@h #T@?ch s dR1GAy):(ZUohvhkieh s(tf[bB(zemhg ¥@{oXie]trapsition metal species
generafddl lﬁlhh@k@&ioh I % ﬁ§ cdid¥estC@h b8, rla.'n@ pFe‘T@'Eﬁ}L hie oﬂ}eﬂ?éd%lt%ﬁ@dt&%omponents

genérated by the reaction. The catal ysts can ,
which re QG §PPPANGS Of CRBRISEY N thP“é?chﬁ vra%?ﬂoeo?ﬁp%fﬁléﬁ?ré utlhzmg neutral
compdMidisGiiales @nte@iplatedBYNEOMREIBIoRr conposi tions. However
PR e P b R B B SBTRB Bst stms
used iy sefubcesssofams amzemtmtcompn@rm@nemtwhmh is Ipeefqpatdy aBadrisn agfl capable of
t ot S [
donauL%Q edr(?tp%ﬁangga &Jﬁéﬁbli%@% ?{[%%Héﬁ‘l ixlsﬂﬁ%}fé]ﬁ%fgsbﬁe%vél? lffee (bulky),
Bronsted aci d capabl e of -20 -
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donating a proton, and a conpati bl e non-coordi nating
anion which anion is relatively |arge (bul ky), capabl e
w@R00gt1s8510 | zi ng the active catal yst species (tPEr/GR90P047945

4 cation) which is forned when the two conpounds are

conbi ned and said anion wll be sufficiently labile to

be di splaced by olefinic diolefinic and acetylenically

unsaturated substrates or other neutral Lew s bases
capablg of titahidizigg My ativn Pataly st sRecien dthe Kaoyn & gatiompiyhich ds §@gegvhen the two
comp(ﬁlﬁm b@ﬁlﬁneﬁ%ﬁd 6AQLEbNAI Bidkudi AN 1BAY & hes ldéécﬁ&i Q8@fc diolefinic

% 003adEPA270045“6I|shede198h d the ik

and a"ﬁ?ﬂea’n‘if‘ 4 %%Waﬁeﬂa SEHCS B APPSRl SRR AR Bib A1y and the like.
Two @dssdsi qFoghiphtitde mnﬁlccmnadlsamf@\aaioesnhinaps lmmrd@kk:loaddeﬂ ERA ant003 and EPA

2717, 002 dougils%le@ 9983) 'f')e %on% cogrtzl?naggn ¢o dolex@sg? pn?ing 91 a 1%32 l(r)% l?#oghilic radicals

covalegtho paprdoatdi fagmé alrltidmaﬁeﬁsntralrehaagd laﬁ@allt&)mptalrwsn%ﬂ@id core, and 2) anions
comprg tg@lq)@lﬁahtil B Bordf RIEY ﬁl@lgas%mQQh&eﬁEtallgc%oéﬁég'aﬁ@b&%g ric

|vators include a cation_and an ani on conponent,

aﬁd aniigfoped rapredasnt dhe sipichimnctis) PORRE ludieacation and an anion
compdnbntHnd nay bAekplesiRrtgithe ﬂeudnsmglfbnlﬁalut ral Lewi s base; H

is hydrogen; (L-H)+ is a Iﬁn%%ﬁ acid Ad ~is a

non- coor di nati ng ani on haV| e charge dd is an
whereinfit iegeneufidrawls bae;or 3. The cation conponent, (L-Hd +

i.hcl ude Bronsted acids such as protons or

HJSth%Fonated Lewi s bases or reducible Lewis acids
(L-H) GapBivingtedidcipr ot onati ng or abstracting a noiety, such

A is ARorRddoffideh Qﬁorﬁ{ayllng tHe cﬁzmgé(lpe bul ky l'igand netal | ocene
cont ai ni ng %ran5| tion netal catal yst precursor,

dis anyigtegr fiopgs AT & cationic transition netal species. The

a(Thdz Vatioh B@n&fﬁ%ﬂto(ﬂL )" IhB}dmé‘luﬂaBrobﬁe(ﬂachs Qe B Grasisdr protonated Lewis
transit.ion

roto
bases GXBRRYTs Eovif SO0 I oBlPb Pk R A Te Rt Lty o ko or aryl
from tbabulky Jigand mhetuadillocrg}e aonroning mensit@x omital wetalypthposiplson iresnising in a cationic
transnr“(#n'ﬁ’eltah s and mi xtures thereof, preferably amoni ums
am ne, aniline, dinet hyI am ne, diethylam ne,
NThe eefivating ptige (LdDphapy basi Brenstedy a%tqqmbéﬁwfn@natmg a proton to the

transitioh] ﬁEtQV Ic@tﬁ’lbﬂ,e prdodb:d bFRERY i@ i 'trhlﬁﬁlon metal cation, including ammoniums,
enyl am ne, pyridine,

Oxonwwé?%?wsamlﬂiw ! s Ko n%rg%ﬂbh’n PpmARiums of methylamine,
anilind) fdlﬁlﬁ@li\}@iihlﬂﬂ!idléth}ﬂmﬁlé Iﬁ&ﬂéﬁiy&hﬂﬁaﬂh(ﬂlpll&nylamme trlmethylamlne triethylamine,

N,N-d metl&tﬂa%ﬂﬁg,r Jnehly 1[|;]l‘1eehyl%g1r%1§,? I’?&P ¥ gq) ‘I:{i d1 ﬁlgfrarlill me, p-nitro-N,N-
dlmeﬂw&nrlmh,ypﬂmﬁhmwmsafn@tn diiethplnegsplsud, ftonlnemmbhdsphlm, and’ diphenylphosphine,
OXOl’lilIIlliy ﬁr)og%agg@ su‘%ﬁ g&ﬂm%yfjéﬂ%tr Hié hyf Qhe‘? etEttﬁilgla;roﬂl an% dioxane, sulfoniums from

r ot ene, and m xtures thereo
thloetlgést ISMt qsr@etbyalt @ﬁth?rg _ap.g detnphyﬁég,thlaplse@e rad gmpmqreéttyergqfc hThe activating

cation&E- I—Ef'rﬂaﬁf alsotlfe%l)l'etj}'mhc}pﬁsrﬁew HORAiuh CEHQGRIMs URFro@ARims and mixtures,
prefer%ly? g ] ;eer akl)lipy Sc: boni W@P’?ﬂg’r)f err oceg]nclélr Omu%bst
cxadoabiy o d e FIRFERYY (Do

The anion component A+ 1nc1ude those having the formula [M*'Q,]* wherein k is an integer
from1to3;nis2,3,4,50r6;n-k=d; Mis an element selected from Group 13 of the Periodic Table of
the Elements, preferably boron or aluminum, and Q is independently a hydride, bridged or unbridged
dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, and halosubstituted-hydrocarbyl radicals, said Q having up to 20 carbon atoms with the
proviso that in not more than 1 occurrence is Q a halide. Preferably, each Q is a fluorinated hydrocarbyl
group having 1 to 20 carbon atoms, more preferably each Q is a fluorinated aryl group, and most
preferably each Q is a pentafluoryl aryl group. Examples of suitable A% also include diboron compounds

as disclosed in U.S. Pat. No. 5,447,895, which is fully incorporated herein by reference.
221 -
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The ani on conponent Ad~ include those having the

formula [ Mk+@Qn]d ~ wherein k is an integer from1l to
W@200/155851®, 3, 4, 5 or 6; n - k = d;Mis an el ROENS2009/047945

selected from G oup 13 of the Periodic Table of the

El ements, preferably boron or aluminum and Qis

i ndependently a hydride, bridged or unbridged

di al kyl am do, halide, al koxide, aryl oxide,

hawetesr oyuseiub agipiopuingadan yd Nek-dinsiiylanHiajugt igimiprriluorophenyhborate,

N,N- dﬁﬁgﬂﬁﬂdnﬂhlﬁlﬁiﬂ hal oc artayalkls(@ﬁﬂloron CFthyl)borate N,N-dimethylanilinium

A R M e T A S

tripheftyl@rbediumc cur r ence |tstrd@s@effa]btodqnthyﬂ>;be1faer abl y, eachtrighénglcarbenium
tetraki?(gerﬂg&g%nl%ny‘go % rtl%) Qée/aél% u%ugtrﬁ(%\( ? glselnﬂuaotroe etléﬁ{g?enyl)borate and
triphelgfﬂ(@th@mumrtdralﬁ@sﬂuompéﬁaﬂ)b@w each Qis a pentafl uoryl
aryl tSh OHdh- co%ﬁi@rfﬁﬁh@ i (WA) %}l%laﬁ‘s a%damone\kllﬁal Liet B not coordinate to
di boron, conpounds_ as disclosed in US. No.
said czglog Qnglgg is QRA ka]yézopr@maggad ithradst %plaﬂlélaby]@p@}nﬁlgbsyfﬁmenﬂy labile to be

dlspladfeaf@r £ﬁi@1ﬁraE>1@wml ®Se. Of' c&ﬁ@fuule" aGh-L¥AiRdthg| MBnY AR tho§& which are not
degra%lfi I{Q ‘ﬁn%ﬁ Hy ]NE%I ‘lfh:e Pﬁndﬁ:l otrrl;lgcg P:(?I{lg)llexu ﬂeco%tﬁgs@” ) ulgtLe%:[ ﬁl’e anion will not
transfdr @b piEkNis Gtﬂbetltﬁdnltl or fagaphity thelotiat @ ,as to cause it to form a neutral four coordinate
metall eegle; giﬂg%gé ll‘ ﬁ(f]uloﬂreo a}Lllrppﬁ/ %?né the anion. Non-coordinating anions useful in
accordrnae-vethrrpis ﬁy/plgmmarenthqﬁmthat are compatlble stabilize the metallocene cation in the sense
of baletn@fng ak ioﬁfc%hég@zﬁtsﬁ-ﬁt yre't fdidiobefiBide lﬁlb)lﬂht% @)}éllrﬂlp(ﬁglﬁﬁc@ment by an ethylenically

tri phenyl carbeni um t et raki s(perfl uoronapt hyl ? bor at e
or ace&y}qnwhléhgn%ﬁatﬁe Mogs e Fak A BE R0 rTcli‘BﬁepSH@M 305%&?13%80111““68 use
tri- 1sol§dtylﬂltﬁﬁlydnﬁlaf tﬁg)ﬁlyl(,lmnmfnlum asa scavenger b

s(tri or onet or a

L B, bl it B AT P ot BRENY o e, Spgunds at ar

initially erepral NgmAc @@dx}lblnalbrrmg @npon metdCAmplre and aamonagirdinating anion, or a
. a

mltteﬁﬂl gbnlﬁjg&o y%\%gg)ﬁ%gﬁl C‘[gegl‘rﬂ(/?fﬁgl?goglﬂogn(ga?gr &Qltﬂl)lg ntrl%entaﬂuorophenyl)
boron phalr@iyiny asiid 4Ryt 8 iydroeariyher ydridp lipendite viskd 41 igpingee gationic metal

complBWan sREHiLIA hoﬂe@éﬁ‘dﬁmﬁ%ﬁaﬁlon Lonpatp h’i’ﬁ%%@ﬁﬂ] ELQQ) @20’1?32' A1 lustrations
r aded eutra

i on Qse whi ch are not de ty
of ana?a%@ff e o r’i‘i“it"} ‘QF?“’;“/ CPBPHEL ORI E% é‘&%lf*ﬁ%é]é COMFHR ey EP-A-0 495
375. Férefomtition of\wikterivaic dohfpitEetisirgmnnalop@idi o sémponads s@rU.S. Patents
{9 d ion so as to cause it to forma
5,624 Hga?%‘{?(?é%z i g(;%g;‘gglénat e nmetal |l ocene conpound and a
né\jen ghe wwm olduatodrdinaing heioamirgnrsoNome Bowstdd aatld sugh as protons or
proton@tréh PLwis "d§s‘é§ &é&clh&ln@&&t&") %%ﬁclmetﬂéwis%i%s L %‘feh@&nﬂhﬁor silver cations,
hose that are co le, stabilize the netallocene
or aﬂ@ht ronlkpliet ¢rethswpia cafonbaﬂuﬁhélﬁ rfBoset &f pskitng  BRgiegjamaer lithium, the
catalyst-breciBbr-tb- @ @latdr Subldr irGiceRby b@@h}t ki, thn{bﬂfaHbﬁs of the described activator

comnephEEp 5 gt OB B g BOrYiRe PR GID T ESer el vsed wi

methyl}lfun&ﬁﬁ:r&t al ysts sonetinmes use tri-isobutyl alum num or
[‘[ 1 5 &0V e %Ltlﬁ'lglt%b'ﬁkaﬁi slaal?a%ﬁé’ SI9G0r ack ”é’rﬁﬁlﬁéd‘%ﬂ rB{OQ%Féo%ut 1:10,000 to
can e a compounds or act
about & hp Bilerel slumwg@me ar @ummumlaélq.\/l gotivetons eegl uSQ(bme@atakystdg agfiyator molar ratio

may bf Ofidth &: 5660 100N 1€ a RBhAy 1§ F5RI ﬂoo@ﬂg 18: 1NARERQTAY, N0 RY2:1; or 1:300 to
anion, or a zwitterionjc conpl ex upon react i-on

W {
L1 Wha IPWV%?thWOE@FﬁJI&fG%d%e c g)xa&ﬁ:bqt(g molar ratio is from 10:1 to 1:10; 5:1 to
1:5; 24 rd & (zpcentzaf fouor. oyrhigipls lagtiva@iOmayse W@bd) ichidfgasihg fixes of alumoxanes or
dr ocar or hydride ligand to yield an
alum“luﬁ\/agjﬂiq wih 183% ngﬁftbvaﬁé[ conpl ex and stabili zing
ndmeoalfegiara¢ntingingent, ofher s@@ivEPméw Oc 44, 687 aaddthigPziAe,@n combination
h tR2 R 3ohBburldb Lk akdions of anal ogous & oup-4
with t ta} eu con‘pouﬁ% Al so, see the nethods and
corrpounds of EP-A-O 495 375.22%or formation of
zwi tterionic conpl exes using anal ogous G oup 4
conmpounds, see U. S. Patents 5, 624,878; 5,486, 632; and
5 527 929 When the cati ons of noncoord| nat i ng an| on

o s o . a .



10

15

20

25

30

35

or alkali or alkaline earth netal cations such as
t hose of sodium nagnesiumor lithium the
W@ 20091153516 pr ecur sor-t o-activator nolar rati o nBYI/D820891§47945
rati o. Conbi nations of the described activator
conmpounds may al so be used for activation. For
exanple, tris(perfluorophenyl) boron can be used with
rret hyI aI unoxane. In general t he catal yst conpounds and
3 ' e ICHEYNHWECE n rati os of about 1:10, 000

t Qh@mﬁi—l;rsts]&d %ata%%ﬂst@hme&a%e ﬁiay'm% D4 @pisdibce the macromonomers
rs ar use t he. cat al cti.va or

Cll v 0 g/
in s somo iy ab e BBl D 0L PG VEFy: PEGAPY @ souton
phase ﬂpréf&@@lyta&:oﬂtﬁhuﬂ)us @)ﬂdtleﬁ p%b)vlﬁ)ﬂmerﬁatﬁ)@@rdcessZ (Hor OOﬁveilIeB@Ghe processes
descrllge% hereln wi ge?eérce? 10 %% gr ylggr?zla‘}{(?r}sor Iséré at‘llgozl #J%l%ﬁ]nlag p]r_O(%uce an oligomer). A
superc]_lth_@ prdgesi cipalgo Be uspd,jpreforalily 2: supgreritic@l: pfrogess dboge the melting point of the
macronhJIﬁeﬁ’é @en?gcﬁrb&ﬁg@{sstlsgﬂi}fre?&aw‘}s@gupefcﬁﬁéallj 9%0@&s 'ﬂ@dv@ ghenalé(tﬁlspomt of the

al unoxanes or alum num al’kyls with 1onjzi n%h
polmar&arl%tsbﬁt%n iy §sedn  BPR Bpfaineorgirtigd PRehr detiishef the supercritical process

(inclu@ldlidéfini@ss Ny dve M@nd%cylﬂleﬁgatﬁhayhyrh) Blehl@, scb WO 2004/026921. 1In
atlo with the catal

anotheé 8]{;{? %‘[F,St ef:%rloglers[%ers i 1;319?% An %ﬁ gggg,gg@g&%g%ﬁe by reference herein) may be
used. NEC re@moplo petonflineuc adlahystgomndayc i edryist o8)igtacsmnless steel continuous

autocl%sfggcj[op g%: n@)@&’ \6&/%[}11 r;gsylgrgrre ls'ltga%? gea‘ilg%{ferétgld%%ﬁn%glgtn?nt and a pressure controller.
Solverpomw@nqr@@@i o mopars (ihrng amm‘bmbzt finstrehlled rt<eo¥5°C prior to entering a

manifd)ll, &8RRIl pinfed Bltd! tHe QBacRR 2B ﬁo%&fvﬁfe@%htﬁly?t SGRlﬂBﬂ U4 $nto the reactor
sol uti on phase). pol yneri zati on process.

from g bt hémge MG PHERS Wi SCRUELE fing o 10 HRY éﬁuﬁh ea Jiepanes) are pumped into
the redc®f 8rar Relrdd@ata s oty MR redd@ht s, even t hough t hey rray
pli Oducegnbo O I gg'rltal)yg[ s?h%nllj erlsﬁ(::rtrble% lh?(::rg'lpr 0 ec%§§ 5 a0 ?1Hat1on with one
or monsebit magp s hatvmg‘ frbrhe2 madld owrberoatems, [yeicraglypl- d)bluafé«zh poms, and more
prefer;ﬂ)%?q toPX eJaﬁ)roﬁbeltM?]sa i YRELE rn!lc}ré qgéctopsr QCSeiRs qpoﬂ{ep d%h@l to produce the
cloud pol nt P ?fvmsrl zati1on systemis use
macroppgpenqri feserier iheieino n(Fr¢feredenenomsrsoinclidreons gsenese iof r:@allene propylene,

butend?!, %ﬁt&& {, Im&tﬂﬁtpa&eﬁeef | Hekdnke QN Sct@fe- 1€ laadede-D.04-Bleth gplst-mene 1, 3-methyl-

yneri z on st pl ease see WO 2004/ 026921
pentenadophércowﬁ%m fe)t he ma@f, Y&l SERPORTY @POSEAIOR M b delivered as a
solutioh, oﬂglﬂrrﬁ,&ﬁhe(rlsmmtq])pfoahﬁdad&y deef @¢dandiae justrpeionjo theygadd®, or preactivated
and puméoec(ii as %1 actl ate%ggqu 10 %lr sn Al ISt(g ng eactﬁot%ilg&):(‘) Z %%éa%grbst agég arr1eed out in either
single rreggtotr @peref@fm, p}pefdlcwmchlomelstcpmplennersstcetalmthematmgf/ww, and optional
modifeR%d NPic§ Ic&{ﬁ%ﬂcgus@qg aasu&jieel%g’d’ﬂ(greorQQ RLfef rda€ior 01%94‘&\69 N which the above

macr onononer and cononomer (if any) are typical )l/
compaupipg pre ager [teepch of tvpe ngrg SRCtery cameEsd ingeries ndbs faglygt components can
be adRBGh thb Fst @@hm@edl thek&ick.nehd @a@ﬂfrs@ EomﬂHﬂ@ntHﬁa@aaﬂsIolﬁéaﬁ@éﬂi to both reactors,

cat al ut fed.int reactor fr )
with o e BT o B s ] o B s Goran RO S ypically the
polymemaﬁbnsanscdnexam}ramreeofm@rmesit)OCnprrefetdbly ¥e@adROiC, atefaably 40 to 100°C,
alterna%ﬁ% b % 15636 Gt %ﬁatglgqg rt(gJ Otgse/asltre%% ?6&% rlb d'TﬁAgfrgaélgﬂtﬁ%g(i}ymerizations
occur e ress@ajcq tnn@@ﬁﬂbieﬁmdlt@ﬁ hvwrﬁ radereblpd netes toPO morvdaverrsferably 1 minute

tosolhﬁwepgrefférm 2ofiRic30 1§afhen. atons, preferably 2-12
car bon atons, and nore referablgﬁ 2 to 8 carbon atons

" ey RV MHR A6 s Bty Phtsy s oy nilpidized gas)beg grocess used for
produ@ﬁg)ﬂilﬁﬁerﬁ,hﬁlef%g@m@ fiRhScaRSGid BRbr iﬂﬁﬁ@inenonﬁdi’sr Bfcetiti®Busly cycled

througggl? fglﬁgge%’ l;ea #%%éeos?nece%rf ﬁ&?‘%@ﬁto%lg%tfg c 1%‘] & ndﬁgﬁgﬁtl?e?_gdseous stream is
withdreet ne-te, fluldiesibed ind deyrktl hydk-ipte nlicapator.1 Slmultaneously, polymer product is
w1thdr§wﬂ%91yth@?e%t%d ﬁ]esh 8n(§n&qypdd9@{0| 1‘3@ {)Wﬁé g(ﬁ{ungrlz-g@ ﬁlonomer (See for
tal'yst conmponent and acti vator vered as
soI ution or slurry, either sBparately to the reactor,
activated in-line just prior to the reactor, or
preactivat ed
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and punped as an activated solution or slurry to the

reactor. The polynerizations are carried out in either
wa@pmghsssieact or operation, in which nononer, PCT/US2009/047945

conononers, catalyst/activator, scavenger, and

optional nodifiers are added continuously to a single

reactor or in series reactor operation, in mhich the

above conponents are added to each of two or

exampleal St Batant Ao Sd i 4088 eP). 028 P SeHt &ﬁ@»é&ﬁéﬁf‘r%éﬁ’@ﬁﬁ@ 5,436,304,

5,453 @'ﬂnS F@Z aded1d 6p1thes.669, 313 allRRGhRA aﬂequllﬁﬁc&&frdtt&ﬁherémﬁy reference.)
ta st co onen

%/ al sp be added to B ?‘f’ci‘ , |
it RO 2385 B SHHEE 5T MEy Fgadt o afgn A sty
polymamtlmeprocasn‘gmanp op@ated bewedhelant o, SOTayIpd)sphdbrb yrebdues range (15 psi to

| i of o
735p sg,ﬂé)?er an E%glpaﬁ 89%%5%18%%%113#%?{% 1%% %%e rig%d)é@fb 1;(') a%Q& "120°C. Ina
slurry a@blymenmtlem,w sepengion 5O, aartl@lat\fap@merms formed 200 Gquid polymerization
diluenh&LAD %}Mchslgoﬁ(ﬁ’he; QPP %m&qﬁémefsazll(lnﬁé \Litﬂ’? 02929 X q?er ddadi ens suspension

occur at a_ residence tine of second hour s,
1nclud51ge¢1g}egtb ISy 11116rmt}qgtll3éé)rt(‘@n‘g@wpﬁly] Lﬁnégved pﬁ'@p etp%ﬂp%gatol where the volatile
compdibkit bR skrad€ll ﬂﬂnfi Wil eSSolyridr @h& kaabdiyd, ];ptﬁﬂnﬁlll}t eftdrQ dlsgluanon to the reactor.

.m.nutes. The pol yperization may .occur as ase, .

e HGURHIES erRouR PGPy R Ak DB R it et SRR PR Rving fom 310 7
carborppiooyC preprapdl ynteashedvhlgie. a Thasedins smpkeam stontdabailingid under the
condi‘q?)ﬁ? oﬁé Z)E% %atgﬁrﬁgﬁ@{élvg eugegﬂ E\gﬂ%?ygljo%ang ¥lfeldl%gl 1ts néﬁ%l{@p@cess must be
operatpc goavievibe aeadent fidusst critivel anpentvse 8ed e@ﬁﬁures Wrefdiehlavih hexane or an

isobutfde@BdtAeis Ehplofdzed bed and recycl ed back into the
reactor. Sinu taneously, ozﬁ%rrer product i s w thdrawn

 IpeRetcmbodimsnt HPreRrad pEIRBHIZABIREINIGHS Ukt aihe BvPrijop dpigferred to as

a partit18 @orpQoYyiRfizaARd, JaRRAR HrocésSederl Afcax@paitere i ISpt RAIWEIME temperature at
8,67 5,317,036,

whicn gyt mgsctyss sl gl B8y b 1 B gndggerivea in o

instands, 616 PaGdt Hnd3, %663, PiHeh &l fullp finasiocitedahazcih byl nyerence The preferred
tempefaf%?@ﬁl%pgﬁhﬁ'fje 1’8&? gxlogespﬁ V&;lﬁltnet[l@l%ﬁge ()f abdht §9’|@0 GEoE P IOOC Two preferred
urr ase polyneri zation sys em may al so be use
polymhléaaé@rhmetm@l far thy sjyey yreceis 26t theve pRrdedrsse len éestor ynd those utilizing a
plurali@P&H sﬁh%reb&&‘é‘@@ﬁn@s Qraﬁé) O tcoRBin@ldnD HRRSE ENPY-BRH/ME @xamples of slurry
Si 73 103 kPa to 5 68 kPag o[ .even
proces&qSé%? cgrﬁ u?Lgr]r?)Oé)rOéls egstarrl%pr?qq%s% & Ooffier exgppiey 0 sg)lamprocesses are
descriicd@RT.S. Pitera Nol 4J,r5 r3j4&§Q®MBIETS ihzi@ini f@lﬂy ineorgdtapEbsief2rencd.
pol %/r?%hrepza cl)(g Iﬁen %e eﬁ{%ﬁ%eéssls il ?)%tLC%Pr%rhulé){rlrsgf Iing%clioop reactor. The
catalyg cavorbwgris isabutang onkst hdrg dreaflysing ap\edea,dd agpctedinegularly to the reactor loop,
whichSi¥' $SR&N FaN W'ltﬂcdlllégb lhllr}“%p ro'w?ng f%l%&l V%%l i Lhliluent of isobutane
COﬂtInUOUS ) rean fromthe reactor
contaiigg HanpECcHHpeROMPECar Bydiagar aptinakly. gmvt 'Pf‘ea%fi e malseplar weight
control. €GY 6hE€mbdaRdn HGU %ﬁYn af e®rof Ay@tbsdniid hdilell, 1 400 Bpth BE less or 300 ppm or

tess. TG ottt Fush st i S s iR e B Lo o 150 pom or

more.f rom 3 to 7 car bon atons, preferably a branched
al,k qli y sho I 1.d r th .
A0 L TEALNT WGl R L QUL OO 806t o
Generghyethisainynlsp axbymesigitigmin § castagoyshisaqiproe edichihs tpolymer formed and the

startm? %5@%@@n@9§éﬁ§s‘[ ARk AT Q) ad 'algﬂt'a@é?itto eddutd &aboid concentratlon gradients.
nperature and pressure. r ef er abl a hexane or

SuitablequpfgtsahieP FASROGHT the MeHIE Byiatiot e itine Ml RFERYISS: §om 1 to 3000 bar
(10-30pu0efnepd) eid Vﬂﬁklh)/tll’ie Eﬂoﬁéﬁld:r%tsta@ clildn UL inkSRitich pbl@m&lﬁ]ﬁtlon using a solvent.

The reﬁ%?v%mrg{grte ds%ends ?n t§ g?taﬁl >1}se . 812: %eglgra\l/\ﬁlée rgac{(ﬁ éemperature preferably can
vary btepestatiui(ECiagd kept 169eC onort peftrgripératabow 461C tohubolt A, and most
ferfb} HOR" ! o] 186¢ Oy PRl e 1h 6,1 tR f th
pre erzE%Lo &ﬁlaﬁ%%g %?)t aq)Ot?an lebdéescﬂoaﬁ % oéﬂjelpangltl atn%e b!a%mres of the two
Pat ent No. 3,248,179 which i3t {ful I y incorporated
herein by reference. The preferred tenperature in the
particle formprocess is within the range of about 85C
to about 1100C Tvvo pr eferred pol yrrerl zat| on rret hods
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plurality of stirred reactors in series, parallel, or
conbi nations thereof. Non-limting exanples of slurry
WQe@easses | ncl ude continuous | oop or stirred RPEIKS2009/047945

processes. Also, other exanples of slurry processes

are described in U S. Patent No. 4,613,484, which is

herein fully incorporated by reference. In another

enbodi ment, the slurry process is carried out
reactogs Giig |1WGHI§1§¢I§‘/ i The preseis crie by drom Thrt daa s tlo 23€) Bar (25,000 MPa),
preferflyHréd 011Mbat ©aBOG 1%9@1 04,0 (RN Pa) Hhdkst f)rre%bw B0M NG (PSOARF ¢10-5000MPa).

|$|mfgedr%§lm fothe e%nm lqg wuclﬁ

adh Pt e RICRIE H%T Pl %tefnnl?[j’yg {t PYelgreggioBwpHylel or series reactor

configpatiymygih bp@h bi (Eblnﬁﬁloummadedl Tha thtud(pfocesseﬂlmtr@ﬂﬁz @ﬁmtmgmﬂaﬁg monomers
with ﬂ%" ggxgee &esg}lbgd gkﬁ (s)\és eni 1n ﬁ}]l%tglgg dltlueg or s?lI aXd aﬁTa\xXng said monomers to

react @nb@dffmgnt g @ plpmrqerthq: é@yed)pollypyrdnsogépﬂrchrbg@] deuentsogre suitable, both

aliphalOShdRRIMBE. hBSSes %cl?’&%e%@ ﬁefrtahee %%pen{a‘ﬂe Qhi6tane, are preferred
enbodi ment's at | east r%}Fro gen I's added

16 be Pi9RSsH Fambf grrics ovi eea ﬁ?rmnb?us gd fankareieipp @étﬁlé ’&@etor or plug flow
reactof, SPmUicitkHA oeé rdaabﬂ@peiea:tielh sePies @rqratag]lau QUsse @fa@fé&&ﬁay%}/e or may not have
this 1 nvalve

so. be herein. CGener
el By ey 1, TR T S by Nt PeviRfrgfafefeSee the goncra
disclojped yfimgsS. poemed0dath fhheestrdrrocag avodicomr Seadlsoah&inagénal application
WO 9%&?2’7' ﬁd%é%%% N nttsa&rgqnctogaora?eq% refelren@e/?drq}s purposes for
concentrati on gradlents rocesses oper
descripfipppépelyracrivatiqn erepses, mctahpeeng, éelqﬁemywrusefeltscwemng compounds
p’F@rs%feeﬁrforirfaﬁéﬂ LntRe 3REssBAko iorjeguc%ool%glewp B)to Vil please see USSN

he nononer acts as diluent or in solution
12“4%@ﬁyﬁﬁﬂﬁ¥§@pdwo%5|ng a sol vent. The reactor

t ﬂiﬂ?p@’éﬁtrek[ ﬁnldﬁpﬁﬂd $heqm0]riyleae G(at)l@éo)&fef oﬂlﬂlgdrnerls 1) t@@ll)l ﬁfaﬁ be produce by a

t he reactor ure v
homogdB Qs tpr%;‘(ef)scsala é)qp ESURVRE Ogregucﬁlgg% 0% Flte es} g%rX 1 Pﬁ gru twherem the
proces4d 0@ @prises: about 1200C, and nost preferably fron1about

59(91(;3&19 aapg%mﬂe}aq ?Of h mP#&P élt!) %0%%%&91&@ gqrﬁt 8%01% ethylene and

eratures 0 e tworeactors e | naepen
from W@bw ggahadregan iy ey pensiohbenitlyst sysRHPIGISIG @1p agsigptor and at least

one métglﬁ)c@rQQ:OMB@)nd ripr&taeah) ﬂ’l]e fd'rﬁ’gl;aQI 4, bak 1 Qb8 OPhdBAIH  is hafnium; cach
S prerera
X is, %%epeg%g*p’\f t)e%ére tﬁg? gf(ﬁlgé:@nsﬂﬁi%% g OWH 5z}dé(89blgwmg from 1 to 20

carborephQ\hedrider wiidg) ﬂkwmtmrﬁde@@h@dphﬁbs halo@eﬁ |<Be31esr eadic@rphosphines,
etherscgrm;Icgm'i)}ng{cl:ogngfchgrseog dol?e}eraﬁg met Ci”%;h?l“ rlogpl ﬁrl hen§[/TE benzyl, chloride,
bromidgg, uchhdeh élltemivle ttd'es}i:rs o cfomma ahyof a §gssd eing |0n aging uyitem»l, e cach Q is,
1ndepe‘ruienlﬂ9 Qgrb?d' oﬁ@hé{é%@&tmﬂ r}gef@rlai)l?v@ g pS §|(ﬁirefe%% & st (ﬁ’ie r(fﬁ(%ltheteroatom

ficient time to pfoduce desi‘'red pol yne ,
altemﬂl@m Pb]@e%‘ Bt Q$A %tsgma B d@ﬁﬁrepfakﬂteoatm RItenateln gt feast élﬂﬁe Q's are the
same (ﬁfﬁﬁ’ﬂi@&ﬂt GeterBhisRB Qﬁtern&@@"ht assteuraneare BRNLABGY different heteroatoms); each

f ..Th
' s RORETRRLG Gl G AT Bt rOulLs o o Gt By RGP oprE bl methy
emylbamghbn@aqtmylmmqmnugwfbommybaémmwth@smmnmemﬂhamzmﬂé each R? is,
1ndepern8é’%1?1% of CPB% %ﬁl@gﬁ Pp ﬁ) errglﬁ rCrr Fahﬁe%* alk)T hg?éu% r%%?a%gﬁethyl ethyl,

coo

propylalmaylt mtym?@fi;éreptwb@@cwwre@rahba& andtor Bearre eﬁtrhr@eheﬂ; ed.
cach ng%e 1ntda5;‘en&%ﬁ§ tlirofdnS 6l LARBRtQf orlﬂns%rbstgfi’te@Hstdr&aIQQﬂgr&%avmg from 1 to

enera process condi ti ons.
8 cafbpwtewmrrfeﬁ‘alr ldppicpidan rgws, \rv:sf%bleezwtl% oppnybytisgehQ to Cs linear

alkyl ddbup, gﬁrewm@nmahﬂremyl DEPH R eﬁtel; edmbyhe&erf Rép@N.CRtyl, Providfad however that at
roces

9ses for aerlzatlon
ot i R Bt Rk oot BT By P MR ER afrery e 1
groups-are mmﬂsrdrogérr)r metchdd' on intdh@engandg.ebglesgeh @r pr ewbyteted or unsubstituted
0 S | g e 3, ile
hydroc%rﬂﬁ/g %gfp, 5B Ohg{ep Iarr/?'rr)a ogr e;rga}te cotrio %}é%&u% gﬁgﬂgrablgr !1 glbstltuted or
propyl ene co-oligoner of oliZfoners i) to vi) nmay be
produce by a honbgenous process, said process having
productivity of at least 4.5 x 103 g/ mmwol /hr, wherein
t he
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process conprises: contacting, at a tenperature of
from35C to 1500C, propylene, 0.1 to 70 nol % et hyl ene
wae@fissm O t o about 5wt % hydrogen i n the preskCyES29D9/@47945

catal yst system conprising an activator and at | east

one netal |l ocene conpound represented by the fornul ae

[, 1l, Il or IV above, where: H is hafnium each X

is, | ndependent ly, selected fromthe group consisting

unsubsgituted, Bydsecaronl ropia dirdag Somalyfong earkni aomyp pxferally Ho 8 Carbon atoms,

preferzﬂﬂf-’ BRubshueta &Qﬁsub@t‘iﬂﬂ@@@l le e @yl §M)|u% ﬁ@f@nably methyl ethyl, propyl

oo, BESOPLLSE STy 0L PRES) SO, RIS NGEL L ) e

silyl, (aichylk CHEEth pyhere Rk le,1 tqlh@ hydrocalbgn Zlydh as afethgt, el propyl butyl phenyl);
R’ is Igffd90§e %1* a hlk§rl up, %Qetferab\sf Eﬁ;’ to CS hﬁ?%afkof group, %er‘erférably methyl,

ethyl, plt@melple:rﬁx:lemltyy h@}a'd kh@ntybm oatyh eR el badrggﬁn opp €1 &r Glsilly | @oupy preferably a
Cito d,:;’ hnélr(a ?%r@ﬁpr“?}ey rzﬁ)tly 1ln§tﬁ§lt etﬁ’ﬁ epr@yll %u@ll Iﬂgﬁtﬂr H@{EP H&ptyl or O(i:tyl each R’

terna

is, md?f@tl@#l%fathas%genamae@lﬁa@ePl}iylaaroqpeﬁéierawrae% tQCsh%ﬁa@alksH group, preferably
methyB&RR, [96pydlitifye rpeﬁtpl heke hé{ﬂﬂmmlablbelﬂ&aﬁcﬁdeyeraﬁat belagt seven R’ groups

ifferent hetero
are nohﬁy({r%g%,l ar]{[alélgtgé{c?g },Fflft);lghtaﬁ(frotl% a&no&lhxgeff)geélr glif&@e)ly alFﬁ groups are not
hydrogenefpesfahbly tiee K groapsG thd head 4 glokiiiénsgmaaaph Cpriagerf ébhyula IV are not

hydro % hﬁlls %B‘%@é Tplggﬁ))}llh Bfé@ﬁgﬂ}% E?&I d(% pr&&%{; Si; he%ﬁl& %2 1sollildependently,

e sa eren
hydrogend@m%@rm&to @0y droenrld, saftkapimegryb gyl pm@tﬂeblablt genafl chexyl heptyl,
octyl, 'ioHeng;ﬁ bleﬂlzr}‘l? %ﬁbﬁhﬁéﬂl plgﬁyquﬁhd Woe[iae(faﬁ%ﬂn H%%lié' stl%ltzt'abél including aromatic,

penty hexyl , he or octy
partial r%@w%f) B EARERG raa%éﬁfé?f ek tregapygfvo adjacent R
groupd Iﬁ@emﬁﬁld(ﬁmﬁd ding dMEINQGRIG:; fusyd rihg SYHEGH Ivhett @@ ridfs may be aromatic, partially
atural aﬁ;t dut ed hydrocarbyl group having from1 to 8
satu E%?rbs Tl ons, preferably 1 to 6 carbon atons,
phed preioky elab@hlbstt i thespreplylore hamstobigomeripf eUgO@erStl@tOOﬁ) may be produce

hbih L f et Yht1 1 in, wherein th
by a EU%P§uS%GA§XJ;] 8 e%? sq{a€ g %P{d}ﬁctmgg tp%{s)tt\}lb’% x 16 m%l%/ll’él?, wherein the
procesp RARPTEES: | east t hree R3 groups are not hydrogen

( @(I)Ift;%ﬁﬁ@taﬁll YendpBdfurd 3 fﬁfn@W@ t@rl,@()oﬂof)rob)ﬂé’t{eoﬁl %l% comonomer and from 0

to aboptsg )1 @@ﬁ%%ﬂ&%?ﬁgfﬁﬁ% Qé:ﬁta gt sggttglmjzgpp{lo% '6;?1%2(1:‘[or ané(li at least one
metallbkreﬁdu bsitpdutat eebrésyﬂtem barty Forguiaeip,, HaHh et eV odaztctmed) Bbove wherem Hf is
hafmurcl)lr Leﬁaglg g;]fgl 1{1 Qrtgl%ﬁt;i%rn%%cg r(ﬁH(FIh i g%rouep:w(?bnsgtmgf fcatr%fl ?)dlcals having
from Ictarlearban atens, Ipfﬂgq‘l@r Qﬂmdgs g_lk()x)de{s, sa;la'rdg@ m)hwpb]@ halogens, dienes, amines,
phOSleHl&f @t‘hé@l (}f aﬁcﬁﬁﬁ?ﬁttl'oﬁ "Jﬁe%f %reféﬁﬁlyk}ﬁgthﬁu&tﬁﬂ Eop}loblggl phenyl, benzyl,

|'i near al rou re erab y et h
chlon(@uk)ry{nldep@ﬁgw(a tCHe twoﬁ%bfnf;y for@@ﬂy}“{ of 3 ‘gb‘gc{ rntglﬁr@dlng system); each Q
is, 1ndéﬂ'éﬁd[b)ﬁ{ly Cabiahor afﬁet@ﬂb@t}@iﬂ p@ﬁﬁiﬂ}&l Q,N,phs (bfkferaﬁllybyieast one Qi 1s a heteroatom,

bstjtuted sil suc ,
alternzitegy ’fasltly%‘f' 8% %%e sgnga eh dgére%eﬁ??atoné% ﬁﬁ?matg}( 61b§elast three Q's are the
same dpulifydrent hireroytoins, dRBrnhtslyhy thaoden @y ara thel sate ofBiffalektylieteroatoms); each

R is, glrdgéég de ng{(’ efért"(} 11@1 ? %re?éalll%(?%aqo ?ilhlyear g%?g?()up, preferably methyl
ethyl, ﬂ?é»pyl butyk [letb’l (h?xy(hclteylyl oR@ctyls Rhyudy ghyee prnegr oradi reptops(R; each R’ s,
mdepeahémb e OUIE aﬁ(ﬁ%ﬁﬁ@%}éf?ﬁbl% ¢, % @@1&@%@1 g% y+re§§a%pmethy1 ethyl,

prefera , " but
propyhn gy P%%thwl JRenisk ey pev AT iRs, i Bpeduhitryched: cach R is
indepdiiEhtiQIBArogO, ofla ChbstitQteCBr ﬂtthb@tltL@d'dQLyﬂroczﬂbﬁfgedu@biaymgﬁ@n 1 to 8 carbon

atoms pl?rstggaf)ly lgf?t FarL%gﬁtP‘%F %’Sr)%glwef eé%{%g}gd 8rt‘ utgﬁlfs)}F ttetglyél to Cg linear alkyl

group, mrcfvnaulsdndﬂmlvebh@ﬂ ptopglt bwayl, pangdi hesﬁybeptyﬂ{?ocg/ﬂ,mymsdﬁzir@wnw that: 1) all
h t I 7 B
five R %\ﬂﬁogagﬂmet‘ﬁ lf g{ ir}g%lgl%/s g?({'ulpg @1?%1‘6‘[ lg}d E% fﬁléi a%ge?g{%éed ?ogroﬂlms aCyto Cg

(preferably the R7 groups at26t Hhe 3 and 4 positions on
each Cp ring of Formula IV are not hydrogen); Nis
nitrogen; T is a bridge, preferably, Si or Ce,
preferably Sl; each Ra, |s |ndependently, hydrogen,

o o o a NN PN o
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partially saturated, or saturated cyclic or fused ring
system and further provided that any two adj acent R
w@e@apsssmay forma fused ring or nmulticenter fRSEUS20091047945

system where the rings nay be aromatic, partially

saturated or saturated. In a preferred enbodi nent, the

propyl ene hono-oligonmer of oligonmers i) to vi) may be

produce by a honbgenous Process sai d process havjng a

substitgied @U@ltsubﬁﬂtuyeddwdr@@arbsé aeterpbly af leagbwey/thyet. fonr nr fivin&r gpyps are a C; to

Cs suﬁshﬁteﬂ P GESUDstERBP hy(ﬁ&ﬁarbygo Nade R Y indBbendenk1SMRRFEEM bL a Qfibstituted or

0
unsubsfulna{:ﬁ ]%(é?q%a gglo%]if%‘%g @%O(ﬁgﬁfef%tofnrﬁlg)fﬁrg%gg (rgfe?eég)ly a substituted
or unsomlaiteﬂsltyd&yabﬁrgrmpnm/mg If]l’(bgl A Actdrboatabrmsapdfeatblyl eass carbon atoms,

prefereﬁ)ly Fr;rl% ﬂ } %%ﬁv%gt%tg? § é %Oﬁl%g'a? Vm/? gpo}/l%, pt}%?lfaglgrﬂ{étﬁyq ethyl, propyl,

above
butyl, peftyli bexyl, deigil, detyls substn@lteqbehmteh&sw asedpert pleedy . rdwamtl.heelyl, substituted

silyl, (g[cﬁldpcﬁgﬁ?ﬁ" whdrdf 0% chYodéls)ﬁ_\?Jr&)ﬁby[ %@h%@kléth@ﬁ\éihgigpfobﬁ”%&yl phenyl);

carbon atons, h am des, al koxi d

R is @@rqgrﬂaéga Cpﬁ%gph%kale&roumreéegm Cdut%ﬁeémeaaﬁ%kﬁb&roup, preferably methyl,

ethyl, @B@ﬁplkﬁtﬁeﬁenty@thﬁﬁﬂ Shep@r ora)c@/D i1 9 a!;dr@gbntoh eeaf C; alkyl group, preferably a
met

1 to GO A aT piRErany e PSR boplberiy TR EY henpygr octvts cach R

is, indofesdantly;, hfydmgﬂnaone(fltto 6f aldylfgnspdpreferablyerCiao €k higpasalsl @rup, preferably

methy?&@ eona@l? ’bu%ﬁ] %ﬁﬁ’[?lpg&%f h1 pptﬁ%'; Q&glr €J0V1§ecrl?ot\x§(/&gfrl1ag g@éeast seven R’ groups

are n0hbstdé¢g@ataétﬁmatalytaéieﬂate@hyRagrou@aaéq nqt\jydropes, dre@lateﬂﬁealkangmups are not
hydroé%ﬁ Gidebig818 e RetetRak B3 adl i gofatR! b &th bﬁé}ﬁl? detHoBBula IV are not

Q s are . the sane or different heteroatons ernately
hydrogep): | B BiT9E8Sr Qs are the same or different
heties pradge), rfﬁréferaE@CS’i oRGe I;ﬁeferlalb’lﬁ sp edaclert, IsyindeperdentlyPhydBogen, halogen or
fera ] Ilnea | Kyl . grou
o cn i EAL PSR R DR SRR i o e Sk oy Beo. phens
benzyh gypsythted phengl yid twRR® nayfotrhe cg@stranturd incfuding atonmgc, R2rtially saturated,
e I
or satu‘?ﬁg g?lgvb rsfuseh ﬁﬁg %%{%91 rﬁHi ﬁ]ertg?r pagfvnﬁe(a tlg? O%JE%% Sgg egyg roups may form a
fused ﬁlﬁg Wypnu@tCﬁgtpr fuﬁ?"oﬁ% SySEsO Vhere p]@nflg,gs mye wrorrﬁ%twrﬂa y saturated or
satura@@t yl , preferably RL and/or R2 are not branched; each
ent | dr og or a substitu ed or
Rﬁ% ab@mw@f@ % %3‘?%?}?%&3& SRAREVIORY T Brinader g g first reactor then
transf@i@d oA sadoadrecactpr, efaeti@bioyic, lor tréacorc &tinder vatteens jis polymerized to form the
oln1m§$8£%1ly a substituted or unsubstituted G to C8
POy MR AT afkyl group, preferably met hyl ethyl, propyl,
Rdlymayezn Mp X kg medmdnomerr ovi ded however
t ﬂ@tanotﬂe)r &llﬂodfrﬂeﬁﬁ tl& ‘Mv@ﬁ’t% é[a?es W@tah%ﬂocesg Ito zﬂroéu‘ay poBmacromonomer
groups are not hydrogen and | east one group is
COMPIEINg §OTREIRE S1RFORHEBINGS AT B§<t f“iw}%e%f cwwaiaib% 1 Chsolefin (preferably

alpha-(1Bfiu©f i8 tedfeyYds@banh @RskrabMfront DIte8owoeWredtabllyifdn BIo 20wt%, preferably

N RIS A N T A -

a catabsisietnutapablorof polymogzing urtn@bl tamytthptod adoyoimogooerp(predicrably wherein the
macrogl%ﬁo%ge??st {%’Heé’ db%f&bﬁ%@@%é%{ﬁ@ﬂ@&@lg; 8920 &‘(P s508% %fogl{ ABLY 2) an Mn of

stitute drocarb
280 otyaere.y af Ml 43001 201¢ &) oMz af é@ﬁsor marefde :aang/Mr af d.5gor more, 6) 70%

or mol‘%a/ﬁlg@ @i, 7Pl@§ft§2[nalk®|\7VY% %ty%ﬁ%bﬂoﬂ{e? dn@ B) optlonally, a melting point Tm
unsubst i t ut ed C8 |inear al I

of 60°(0f Ryre (8% anallpj WB’W‘IY awlgﬂus) fﬁé}ﬁ@tpﬂ)era lﬁ‘é 95150 toHé%w[alkt)err)l/ately from 70
to 1200(ctaytl:mat81y kiﬁ)tﬂ 1ubeds gm)%y lat I(eSdﬂlﬁﬁl tils opfr@rﬂ)ﬂmlﬂlﬁte fy90) minutes (alternately
from g:aﬁmhaﬁegn elbfro? osg“% @d Fvg%rg%&ﬁ 141 Ugﬂo gf %mi}?rher present in the
reactoeitohj,llmacpm@pyth@r poestntlin the lnceamydn) zongb 3| IsorHgsdrwefemablgr2: laor@ess, preferably
: r 0
1:1 orgegs a%%éﬁerieéi%gﬁpgmﬁgtttﬁg ([%Fl 0 0%1?%%?%%5 {33?&4%#&%{& preferably

pentyl hexyl, heptyl or octgm R6 is hydrogen or a C

to C8 aIkyI group, preferably a G to C8 linear alkyl

group, preferably nethyl, ethyl, propyl, butyl,

pentyl, hexyl, heptyl or octyl ~each R7 |s

a P~ o o
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met hyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or
octyl, provided however that at |east seven R7 groups
wae@onstsihydr ogen, alternately at | east ei ght RII/GR0PE47945

are not hydrogen, alternately all R7 groups are not

hydrogen, (preferably the R7 groups at the 3 and 4

positions on each Cp ring of Fornmula IV are not

hydrogen); N is nitrogen; T is a bridge, preferably,
75% ogmoggy pr@rabber@F/%qramreﬁ pgqferalég%@ﬁ( norg,daseq @ggbtﬁ@@ﬁlghtwf macromonomer
enterif gy RYQH: in hl@d ReB e asacogpalte@ 15RO aYelft OF Ahl¥mon ks RecBered after the

nmet hyl, eth u ntyl, hexyl, heptyl,
p"lymﬁ%ztaﬁ}?n at 6I°fthgéeﬁ i as ‘E“ﬁ ﬁ’??'l ?lg’t"%d phenyl, and two Ra
cahe f@lteﬂj}'sa caycbl Catalgd r mteﬂﬁedesnnlbedd |belgwarnmyaﬂ>ie0used to produce the

polmecal’orPonomeys 1 sglru? é}e%ulko%as sla r%l ﬁg m%Mzakl?r\lABr%cegs g eg({mbﬁlagion thereof,

prefer@]?flsow pautippyphfisgroprslarry ulsra@@l pvlylmgm@twmmmqsx: eTite@enefralsv@bfrrrerlﬁglon process

and coMRHLEMINNYE bhR fof ?xgﬁarﬁ?héeﬁ)n%gm Iy Rafid lﬁl ks¥d for preparing the
saturated or satura fartlcul arly pre erred

polymagrpyBeiomstr , At HeCTRRCRIgWeTETRER 2ise biyenge preferably p pupercritical process above
the mdl@RGlok oith@ﬂlaérblﬂﬂlﬁﬁlﬁfsﬁ%dlgtp%(ﬂce%ﬁ§ﬁ§éﬂi p’rﬁa@lﬂ?ﬁsuﬂeﬁﬁlﬁbdl @focess above

the cl(?Lgi? ﬁ(inetgg %gl%g} 1%‘13?&%% 1%%@2 S or Ii}or&g]i?‘i‘?ﬁ% E)llz é)n the %etalls of the
superchiical e rieclutling l‘dhf{mtuﬁ(slquhmdqmmnembpolymermamm@lstem) please see WO
2004/ diment this invention relates to a process to

produce pol ymacr omonomer conpri sing contacting
miit poattshsteesmbed tneht, @fheD addyiva mayde fusado prsh eprdicthyf zi@p ip gombination

with tt@ c%fa ﬁﬁti Hllp&ﬁ{dﬁfn%f‘e@eml}ym@ﬂe AR08, &fdnn) tid) aﬁchﬁ:u(/ﬁ@l‘ébt ream

fromO to 30wm % preferabl  fromO t

2 W%V%t#"é‘ffé‘it% FRRLEST B MPEPCES: AOMRESYY 3riRstias RIBFSyS: pkiitdy a continuous
procests Otoﬁmbdﬁme polehedrahbnoniet, Qﬁin@rlﬁng ﬁltrthc%gQﬁorﬁ&et and catalyst system into a
reactor 8 talmnlgla rea tc)r \?I}%ﬁﬂﬂlﬁ ctorét(ra:uarrﬁna a‘[-%/ gla)m §1¥1%rq’e%1a 1%? utngFi%ng (;ir and/or other
Volatﬂwh @p@cmally tmqmgr(awbm@rfbsh1m§of@ssoﬁestc Dbtbladlgamwmnonomer (such as those
descrllge?rh%feﬁ{lz/%&I %tlalﬂg\ﬁleg rgf l;e%'%héerl %9)%%9 hlgroell?gl% Iﬁfa:g(}r?l%r%gl?lélo@’catalyst system
into g fieappiono fZOBOOSUSR DR elcadr, a“ﬁ muw of Ppesaskorng r@mpe) and obtaining
polym&Q8m&ont¥PIsBehvds Mtke aee&rmeal atbian, 7) less than 10wt %

?# eni c rmnorrer and 8‘%5 {)tl onal |y F mel ting (Pm nt

T lﬁfm%eﬁb@ 61150 ?t%s too? (bts agh BTOFe)ss \}? P t&gll ]P(S}ymacr monomer comprising

contac8ifi® blehin hiﬁ))loma*t wigh & ema)lesrtapmrﬁ @htaiffle tracrd@0fmer and thereafter contacting

the ma%%g%?%gnj% cta{a? é/ tlen6 ra]m(él f%erea%’t ]I %t%l%lrnn %EM %&81?(}m7e
mim @npeféer(eél cbpdigrcat yheftmomr&ulte of denmpaymalzatemnateby frf)mcfm to 150°C,

preferé‘ol}ﬂ)t%%(‘iﬂd‘%pefe%i%f@'ﬁlf‘sd“@ molar ratio of all comononer
present in'the reactor to all nmcrononomer present in

t 2 prekseied snbodiment the wactiog timeend she nofyaesiationys fom 1gpinute to 9 hours,
preferdb®s 80 mrte B a6@h |pyefdratlly 00 miiSS 9. hohlﬁ RefBablf 80 E(ﬁ‘ﬂ) min, alternately 5 min to 3

epbodi t.th cons ti om)norrer is 70w % or
hours SRR it 05, S9ASHIRLLEN sof; TRy opononer 1's 70wt 36

pieh @r%eﬂ&ﬁ%@memhe reahralsemtaupdessttlnaa ety htilueft or solvent, preferably
less tﬂlﬁ%r &%”&%‘E&bﬁfgfe&r 1!1’15]19 86\0@0, NGast @lon 'tk %htf &e{ﬂgtsél%gﬂagg monomers

ar'ed anount o Macr onononmer recovere
enteflftgﬁéers@ﬂ@nerlzatlon at the exit of the reactor, as

g@ns £ we?e%@d E&P&ﬁme& hg &é};ﬁ' ré(tﬁ)t §f Iﬁua@on%t)ﬁleryetcaemt &MBound (including
escrib

activagg| WF&&?S 61%??6%@ %nl ® %Qa@%tll cB’FFfefE)‘iJY kloo éé% 15000}, prgfgrably 500:1 to

10000n9b1?€f§mblym)t i tenswoqu@&rahbly Boaashovatli on t her eof ,

pref er S ase or ur r

DTS s e PRt BE B RGBT SnlioRY BRIy tsepplly of or consisis
of, C; pv Gedslerady CondCt) bmesr @lelsacvlcifuedloaxbmrelnfts:)(prthrelpialethm@ne propylene,
buten%ﬁ%&"ﬁ&%ﬁ? oP dQ@e\éeI{%ep@ke?é%l)bgh#?%gz]nﬁgnﬁr%gr[eﬁ arl'nrhgotlfh n%)bod1ment the

ymacr onpnoners. A supercri can
used preferably a supercrit2scal process above
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the nmelting point of the macronononers being produced
is used, preferably a supercritical process above the
wW@k@adsysol nt of the polymerization systemis UBEHUSH009/047945

nore information on the details of the supercritica

process (including definitions of cloud point and

pol yneri zati on system please see WD 2004/ 026921. In

an alternate enbodi ment, other additives may be used,

comongmehdaegs nefi OMRYEC aay KTeNiCrMeNORT: nataneengmbrdipke thageaopgmer does not

compré@ HRP AR (RERHRF. abInyarl¥ee e BRiim &R Ghe ﬁlh'(ﬁ@mél%rﬂem})esatﬁﬁ comprise any
activators. Th|s6$nveﬂ |on further rel at

aromaf GRUGEME TR el Tl BPEBEA iy ofopAgHey cpbodiment the

comor®emRt ¢dmpoiNs lpm%aﬁms oﬂntpem@lmomnm,l dyayalida mrmimner gn aromatic containing
monor%g’n‘glrelfelc’ab? esd haﬁ) %chwt‘% g?e?a%rfre f)w@ﬁ dbag d; StL %%ﬁne 0t the comonomer
ctor , optai hf 4 reactor ef filent
ﬂﬁﬂm&ﬁﬂ@wmwngﬂWHcronnnoner renDV|ng unused nononer
ang/y Of)ref%h@@ rem\()glhi"htehtJ i p&ﬁﬁéc?d?@dnloﬂﬁelr SOMYEsBY of SUEH 1§v§t% propylene,
flashln% saol vent talnlng nmacronononer (such as
alterngtgly, g leg 328((1 H@Pjylﬁ‘ér éht%l)ateéss dielspst alfeyprppydacotlicins, sﬁ&%ﬂ“’% propylene

(with 1RO BQARE beihdinh@ipGIf 0 STREITOHTIAGNRE a6t (T ad @l B&kin %’)bgt)lﬁéﬂs (preferably
an extruder

. i nto reacti on zone (such as react or
inear 3 Gl pie R e BB Y e s gei iR pary dibnonomer
( $uah pesertet oswodmsnt ithe golyerebmpnonidni @mpnws néti astal®a% ethylene,
altemd'teﬁﬂ( A6t 409 AndIYR, ;ﬁieﬁﬂ?ely% ?e%&%% d ?é% %QF ly 100w1% cthylene (with the
macronononer I Ng cont a
balanowb@mg anaggtugl of e w@tOéfnpf thOaCm ql@’lnrm@mmn@rﬁé?ra@m dincar alpha olefin

monorﬁ&@rp%férﬁlﬁfl pto E&%dtﬁ&e@é?en@%ﬁ@&@&?”er with a catal yst
stem and. t hereafter obtai ni ng pol ynacr omonaner .

In

p RIS P acTORN TR bt (PPRIY BT Vit an alpha-omega diene,

such apOBmﬁﬁfdleZlatll,mwde&)ﬂe e a tyctiodile duoh ASMSma@lead &fcgblbyentédiene.
r%bo dﬁ)rﬁfgfr?CP re{%&%{lm%nty € o%otlfmar](%go%)ogo?iﬁrg Cgll’cl) ﬁvﬁ%rlgihygg u81ng one or more
activatorsqimctuding alll aﬁlvhtgrsgleMbw(taboyﬁ) af @m@biayorﬂ_@tlm)m: dr moB: catalyst compounds

d I rs,

capablg Q h}g‘l?]rmpﬁﬁ%tg:&rﬁgttée( te’ffI ﬁac‘&no%gﬁgnguﬁkscﬂl t erng&)lu){ﬁi §Iocatta(1)yst system is
deternineq togbepcapakle 9F palm@rlﬁlag elinyl igmmawdtréacgenqwmersmy akmg the catalyst

compdﬁﬁ@f[ﬁlﬁsr 80acaMagbMBRtcabRe faaatiRGu&aM Md®nlb@SS: & R3M 1-octene at the
wt % di l.uent or sohven frefe abl | ess th n 85wt %

feacww%?dgroabﬂg» QELEn e Bo 5 db cRiflen CRBOWE gheagyst system can
polymtﬂ'nze Is@tene nta mintbenpongEmSlcauiirardighgof B0 beacteothen theicAalyst system can
erforrt%m h%msf d \r;é%dl ment the weight ratio of macronononer
P st'c npound (i ncluding activator) entering
t I@etakyetaomful uoswmaelizq the 20aco0gmomery riefhateahdsy de@oibad moUS 7,126,031,
: ,ngggﬁgégkgb?ggﬂ%m& .10000: 1, preferably 50:1
500Q: 1, preferably 100:1 to 10000:1. In a
aﬁéodlnent t he conmononer contains only, or
éntially of or consists of, C2 to G 8
(jal ternatjely C2 to Cl12) linear al pha ol efin nononer
brabl y et hyl ene, propyl ene, butene, octene,
dodecene, preferably ethyl ene and
. I n anot her enbodi nent theconononer does
® any styrenic nonomer. |n another
he conononer does not conprise any cyclic
nmonomer. I n anot her enbodi nent the nacyonnnoner does o
n&theg Frgivl calwiryinglpdimethylsdnt gy eenegtadishdhicloddseylamido) titanium
dnnet}ﬁﬁlIdhlﬁdzyﬂﬁalﬂsa@yaoﬂmﬁ@lﬁm)(ﬂwré@))haﬂnammﬁémﬁ rdlﬁamggérmaﬁmm bisindenyl

R T e T A e

mbmahwer pseful ef::ﬂatlam yintleds thdhrancOnibwyefior afferdilpbtiylOil %42-methyl-4-
phenyRARESH) YRRk QichBHENT @ficeh 181y E PTRBRVEL phenylindenyl) zirconium dimethyl,
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entering the reaction zone. In a preferred enbodi nent
t he pol ynacr onononer conprises at |east 15wt %
w@eopgssne, alternately at | east 20% propyl enePCT/US2009/047945
alternately at |east 50% propyl ene, alternately 100wt %
propyl ene (with the bal ance being made up of one or
nore of ethylene and/or C4 to Cl2 ol efin nononers
referably |linear alpha olefin nonomers, preferabl
dlmetlézﬁ) y] @ﬂ@eth%ﬂﬂ@ﬁ@hnﬁ@yg r]péﬁnvgh dichletiden é)methyllﬁll&l @ﬂ@fﬁ]@flﬁd@lenyhndenyl)

hafmuﬁmq—igétﬁ'ﬁ n tduﬁéil@lsﬂ@l Wﬁﬁﬂ@ﬁ?ﬁ‘ﬂﬁﬁﬁﬁl aRRERy LS ﬁﬁne@ﬂylshl?la-'ﬁs(mdenyl)hafmum
ern a.t e

dl"hl"ﬂ&bg ﬁ}yg?ﬁyﬁg%@nfi@a t'r9 ‘H‘g’}%‘%n meth?’ltslg’ﬁ?’é{%‘rei}ylgzﬂﬁ%&“é}” dichloride.

efFliyiee n@sdfili t datalyza blalclaam: ethbeiragmitad@omprs Ofof:0Ndimethylsilanediylbis(2-

methygﬁc%ﬁ%?meim@ to Glgpuelin mdl%&ﬁﬁ%b&&f@.}gﬁﬁ(e d'8n>>f)61'1e'ta]qear dichloride;

efi n nononers,
dimethyélenrvdiyltistiddoh mele) i thyl oecieisilontotiisistrehyitpgndenylmetal dichloride:

dimet ﬁﬁ&ﬂﬁzﬂﬁs'(‘@{ralﬁr@%ﬂa@n@%@l y(!ﬁﬁl%ﬂh%ledd1me{hplsﬁ’dﬁe@&1@ﬂ@n&ﬂﬁ§iﬁetal diethyl;

such hexadi ene 7-oct adi ene, or
and dllé%ﬁéﬁﬁl@ﬂ%ﬁlﬁéhlé@@a@ﬂ)nﬁéal et wdarearbe Betakiy ehossielitmadr. étfeor Ti.
I mreaerfaﬂ ef aitivaersemhedi gRNt withhetgo! YWERer OMRIIEr Snpdinds  include:

t 1 | ' .
T A R e e
tetra(porfleo@phanpbl@raat alndenyd@rpoiunds peepabtarapfenplodrgteer i dimethylanilinium
perﬂué’rb{e‘%%na HBJ}QE epte%g{é/t qﬁlﬂ%ﬁ?%?({) ﬁﬁ@oﬁhéﬁ%bb&ﬁ%ﬁ&&@% n%ﬁthyl)borate

t sstemls erm ne

4-tert- b\éylym%mumu ng \,(pﬁ%ﬂup@phﬁnﬁlémé(@erﬂa@m@n@nﬂmﬁb@atby t akdimefhylanilinium

tetraklﬁ(B@rﬂGe%QLﬁéﬁﬁq gmeund (plus an dﬁﬁettﬂﬂaﬁﬁlﬁﬁdm or the tetrakis(3,5
yst systemin question and conbining it wth

(Pemaﬂu‘&eﬂhé?ﬁé)PS‘tﬂuP%hqné]é%ﬁa@? ae%ﬁe.pﬁfwﬂ@ph%qu@&& i on (such
a&d&ﬁﬂ@ activiatord gse@atia lcy@binSAPGILN dlleataC}af %nyﬁ)hn(&y(&ts@med above to

make the; p@ﬁrtm ggemrfé?z.}ger% 1n((): ﬁ{(}?e re}losei ﬁeesh'nl%eﬁn% ttgf/)le}éa' sys rl et%% l,éln%(r:romonomers.

Likewpe rtiicopmudsses tibreprocsingribe polyemtroramom@at radyy sensralls &€ ubedtto produce the
1 C%IXS%H 7€ the macronononers include those described

po me e126 031, especially the conmpound represented

MB%@&M& mul a: Ot her useful catalysts include

d'IﬂTEtp%férﬁéd aﬁhboﬁméﬁi AREMoAdi EPolyetisatioh THOME Gy lyaiat@Rbnomer is 3 or

ani urm di met h
more, é‘,t%ﬁ%l% et BIS( %‘ﬁva&%ﬁt%w&yﬁlsem% HEAY MPRaf ity 100 or more,
altemadelmdmlmordlahmﬁdng/ly g@r sramireim bi si ndenyl haf ni um
DR SR PN SRR GBI RyPYRERR i pobmeration
preferabilyret kegdt. 75F rmﬁ@ablmsaeﬂwt 8&b.aprprablyi sickast @5 toh erafaddmiat least 90%,
preferdtf si QLdst 9§%, ﬁfef@?& B ijda¥y 9?(/% EEEHEWIImlﬁ]ed Weﬁyi\lweﬁé/slcl)lbed in the
Zi'rconi um d| chl oride, dinet hy Si |
Experipenigpicpin.bglopheny| i ndenyl ) zi rconl um
I TRy awodmﬁ?mowawmaommw - 4-phenyl i ndenyl )
i i chl or

(3! *hgeﬁi% 0 Aesﬁwgﬂgg%ﬂﬁgﬁgg’)le% g}aﬂ dnl?razli‘eﬁlg yﬂgﬁs than 0.3, preferably less than

0.25),di met hyl silyl bi s(indenyl) haf ni um di net hyl ,

g;bgg]{ W st r3é telbﬂh \f ?Q%%/Hof‘ : coﬁﬂ}i%g% of Lﬂﬁo 000, preferably 40,000 to

700,00).ret hyl si | yI b| s(i ndenyl) zi rconi um di chI ori de.
Fy gmn Up %feuier ahad ot émbp@ﬂré@ﬁbfyhﬁ doB s 06,006 Oﬁif@ﬂéﬁbly 30,000 to
of © di net hyl si |l anedi’ yl bis(2- methyli ndenyl ) et a
200 OO(?PchI ori de; dinethyl silanediyl bis(indenyl)netal
didg hbentide; indéxn®tHydfIésk anadiy{ picfetabRdRaythdm®t adreferably less than 0.3,

prefergp RS Vo . IS st b BISGRSY I P9 et

diechindringlggint of 50°C or more, preferably 60°C or more, preferably 70°C or more, preferably
o i ' I 0
80°C (gnq@é W%f%hlg??}g‘%’h%ng(%r rrﬁqé Pbl S? gg) :pg i 120 Ce(t)rhm(fre preferably
and dlbenzyIS|Ianed|yIbls(lnﬁbnyl)netal di net hyl ;
wherein the nmetal is chosen fromZr, Hf, or Ti.
Preferred activators for use with the above catal yst
compounds i ncl ude:
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di met hyl ani | i ni unt etraki s(pent af | uor ophenyl) borate,
N, N-di net hyl ani | i ni um tetra(perfl uorophenyl)borate,
W@ piophsssyd car boni um per fl uor ot et raphenyl bor at ePCT/US2009/047945
di met hyl ani | i ni um perfl uor ot etranapht hyl bor at e,
4-tert-butylanilinium
bi s( pent af | uor ophenyl ) bi s( perfl uoro-2-napt hyl ) bor at e,
4-tert-butylanilinium
from 50 A05€ %@K@Bﬁ@ﬁﬂl iy af 20 ggrof legaefergblyn Ap I/BYT Setsor at e,
dirh®ohét @mbddiniint mhet@nyrn@amo%{oa&ﬁérlcu&a@s st oob bparedh 8roup 4 metal

et LU G RS S b s, Al

polymhcrrmﬁemﬁref bmmmplhmtydm b0 ppm Hddhitingpaferdbiyt levathad 350 ppm of lithium,

with the catal yst conpounds
preferag) leyst e 5506%% é)?fﬁnugl ke the pol ymacronononers incl ude

t Hms eorzfe@dr ¢ijedinzbbvtee poymegemonemenkimgisehéess than 3wt% of functional

groupﬁ?&ercm&&oxﬂdé ka%% Sfd ts!ﬂ%tlﬂfegca‘?f@ el?aldcg@ﬁs BH&!%C tdtloxylates, esters,
he pol ynaci onononer s nay gener al be “useéd to produce

acrylatehémpj%ﬂnyﬁl&egeanﬁ}%%@%y ; pf@f%ckﬁfn%ﬂbwa NP1 DSOSy fegsgthan 1wt%,
more @Bi’@ﬁﬂlyfr&@ than D@14 £961€ Bre®ratide ey Wi @ Al Mok OfrefchBly 0wt%, based upon
th eﬁq?qéﬁ‘ﬁ mennomsr [ S, 3 or nore, alternately 5 or nore,
ow PNt e, alternately 10 or nore,
aliit emathtel prefd®@ embodiment, aht epatahakomobbderoris nma@phous, isotactic or

syndiol@zléz{l lﬂ‘%@k%f i%?tgc‘u%r ﬂpléu%thelr Tnfh& %ﬁlr t Jrﬁggﬁgﬁ%%noﬁler is a propylene

€ nmacronobnoner IS con
homo F prepylengrhomgrodigemerishay may be ametphgwoasotpetisfas satsligpacie, preferably
me

isotactic€ aMtanBR% erﬂfo@fn%ﬁ%eyp@mdcmoﬁé/ﬁ a&fr@ﬂfs%@l%ﬁ’olﬁﬁer or propylene co-

| east 90% preferably. at |east 95 /o
oligonjep that meyghg amosphguy, PR tired] SHyHOfqtinggEe %@z& BPBEY- i n t he
Exp efidtiee Tﬂnabdlfneﬁﬂ the® mab@mmbmérrbompm@ﬂegs riech @ovlaodhfi®Phous material,

the t han
ol iERIDABEETOINRL 1030 Bhaf. BLPLGR 5304 o
0 I'Banoghee eba@lphant, Iaes polymagroBoBier déyyritzd hMmrorhasghawataéleat of fusion of

60 J/gI &aﬂglr%gg{épe@aﬂ)%l g@ 6/ t((%rrg%lg glgl‘%abﬁlo (99% (%\momgrf Ogrgfeglg% 120 J/g or more,

preferzthl]}ar]ﬁ(g J/ggg ng)rﬁ[gr p]/gfoé rlfﬁﬁﬂ );n P@rg@geq @mbfq}@mg(yothe polymacromonomer
compr[%Esef\ﬁ)r &tﬁl(Yre IR0 nfa@ro%@@on%@@)pref&)bl tHREQHCHHD Qhﬂfd%il@lﬁlacromonomers
of less than O. refer tJ | ess than 0.4,
prefer?h?%;{[(&r é)EﬂnSlPrT gg‘geretnh gﬁm]@m@no %f a, % %Ptelg%cr?rﬂ%nﬁrszls meant that the
macro@lbﬁ(fr&rrﬁﬂlﬂyr in&ﬁﬁlpbditﬁm (Buch ,as ﬁfoﬁcﬁrﬁé‘r&bhtyntloeSOfﬁMmeﬂ didipytion within the
mscroffeh) B BFLBRAR S 280" R orga R AR ggganomer can
comprese arppenylenp nafemahdnyer 900 @ othy ey @acrpm@lfomeabllr)a PtaOGE: oracromonomer
and af D PiendYr ﬁgn@%aér&%%{;ep br ALy IR ﬁE&BﬁQAoYJeF QR0 20 ploBylenc-cthylene

or alternate¥ /g or |es,
macroppRerRsTatin § Pesiculpidy pie erré% §mb<r%m%motbﬁ &htire spss i rdiom 1Q0pepolyethylene

macroRGhIHERES QRN ro@wﬂ& HabB mb s Fer WA HrobYRAe ﬁdﬂfﬁn@feth@zlene rich variations

in bet 18 gt ﬁP@@ﬁif@wﬁé}%@%@f PR BEE vy R APl Mgy Gets out some

particitldrly meﬂemrhmt@mnomsmf neeninainbsetk eglerd Nagl- REﬁ)i)a poyiemf macromonomer,

prefer;!pbirl}e @Hg?l?g?){%{aﬁ{ngr@%k&e T’ﬁf‘cﬁ%o C5 ? xﬁﬁl@ a%d 0t t1 Wmomonomer and any

' “l'ess than ppm of
of the propprdiey dageribeth oblivaryinyl-aPRas pofopiaes mmmmmewrﬁb pi ggrphous content

of at 148SR% (Ii}?e@erm Y0105+ § (127 C&éf&ﬁlﬁif at least 95%) and preferably having from 0 to 10wt%
comonomer, Vinyl iPP is a propylene macromonomer with an isotactic pentad content of at least 50%
and preferably having from 0 to 10wt% comonomer and/or a melting point of at least 70°C and
preferably having from 0 to 10wt% comonomer, Vinyl-EP is an ethylene-propylene macromonomer
having 10 to 50wt% propylene and 90 to S0wt% cthylene. Vinyl-PS is a styrene macromonomer, having

from 0 to 50wt% comonomer. Vinyl-pe is a is an propylene-ethylene macromonomer having 10 to
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groups selected from hydroxi de, aryls and substituted
aryl s, hal ogens, al koxys, carboxyl ates, esters,
wW@emyhstses, oxygen, nitrogen, and carboxyl, pre¢BEUSI0Y047945
| ess than 2wt % nore preferably less than W% nore
preferably less than 0.5w % nore preferably | ess than
0. Iw% nore preferably Owt % based upon the wei ght
of the polgymacrormnorrer In anot her preferred '
S0wt% ﬁvbblgql%ﬁt 0tp ﬁ@wb/e |p§pdm]@p% myheisdhe mgcrglﬁm]%ave the same name in the
table, pISRAE Brlsider 14t tifey RSP irPmbines mEHnE fs@dhak kb ldcSIRt R&G it 6r crlRallinity.
anot her enbodi nent, the pol ynacronononer is a
Madgperophene ﬁmmalrﬁ)l ynvhnyl{aPP pr &oyl-éife homgl-BP i g¥imet-P$ haVinyl-pe
be anor phg i sotiactic or (syndiotagtic,
Vm% erably |sot act| C. }fln anot hé(f enbodlajgrrent th>é X
VingelPYmacr ononoXer is aropyl en& copol yrér or pr¥pyl ene X
vin®iQpp i gomer that may bg amorphoys, isotagtic or g X
syndi otactic, preferably isotactic. In another
ijelrﬁfodl ment th% macronghomer colpri ses |%®ss thanX30wm % X
~amr phous material, preferablyyess th@F 20wt % x
preferably | €ss t han 10wt % preferably [ess than 5wt %
melnpﬁ’anot her emdodi ment X any pol yracr onomoner des®¥ri bed X

e T T e

where fheafiest ﬁlmrqurzmley p@mmsesn@QV@% P efre rOémhylem@@n ihg sepongriragromonomer

Comprgéséldévt%/ogngfedf%l%%ylehéﬁ a preferred enbodi nent, the
pol ymacr onononer conpri ses twp or nore dlfferent

it FHShERIETenh raéfrg}a%wnqmﬁr EPTBNIE PE I Rephgperomonomer having
three diE&EQ mﬁmﬁ‘ﬁﬁ(ﬁner@ rsﬁ{heaﬁ afliﬂyy aIPRmﬁnﬂJPErmnﬁ EIH f f er ent

n%(ftfrnfnﬁ Orﬂse ?ol% r%orrrneorn mrare?%n ?(?Ir(l:prls% e %)énlo ?né%rs (5 RS ({:lffer in molecular
weighhfronter at (Lezastt?@ﬂtg/rml diomerbynerat ddastt30D lgmdl.otesnptelyi by at kpest 1000 g/mol,
alterndTBE b0 UPRAIBH. %{nomit&ﬁa&e oy WP 18 5000 @nof X ARl fher difbAfhnent, at least

di ment macr onononer can comnpri

50wt%, Kﬁﬁﬁ‘f‘raéheatnﬁéﬁt cﬁ%fﬁénﬁfefeaw &h leasthyvetre mrdeptdron depst 80wt%o) of the
monor@érs & 1BE %Mbﬁﬂlﬁnﬁ@scdﬂ&m}qmolééﬁﬂr *BgRt i ep et l'e@sft ngme alternately

by st IR UERRG: BERYFEHE e JHONGAEE S apd i D gt aermtely by

at leaspf @b grmic@d enbodi nent, the entire spectrum from 100%
0,
ﬁ%&t%rgl%rtg%b r]eepwr%q%c(r)(;rn?or}lgrrﬁeﬁrre ﬁatleno F(I}n(l) %éoe po'cyfnao%ﬁeﬁré ntgat (Hffer in monomer
conteny gh¢rg theammoimgrs lde“femye pi lcagt ¢ giuberb labernately b)a@ltl lergyt 2 carbons alternately by

at leasgﬂgeﬁmg Ure ARl %&M?fe?slt ES 'c‘ﬂ@on\éafﬂ 'ﬂi‘bih@pénbogﬁglnﬁ atlleagﬁg (R\W% (preferably at
sets out sone artlcu ar | referred nmbi nat | ons of

least AT rﬁfﬁ%ﬁﬁb’s at el éOv%“/ﬁy]Pr_e pablys aty l@f;thgp\@tr@ of the monomers in the
macroFBESRNDHIOBESy; atﬂéa@tf & abibyn, haWinigly B 18 leadt 121 A osd, AlkGhdMdIE by at least 4

e.g. a ITmo 0C or rmre) and 0 to 10w % comononer,
Carbo"gna&tgglﬁvlygﬁaf%ﬁgf?ﬂ}%t}st| es described above, Vinyl-aPP
i éltarnprelyp ythe nelynmeec roopere canM coipase  anoroploowsers othjtediffer in  total

comon%fneftcorlt%?g)% /é'lqggs{ E{;vg’ r@gb\é )}raﬁya of ?e%gt %0/ Jf&ﬁb?%w? }f least 10wt%,

Vi ng from

preferabdyniyas haast, 15M%y1ref¢fﬁiﬂy brs atgegst é@y"f’/ene macr ononomer W th

am | SRLRE El’ﬁb(ﬂﬁrﬁ&ﬁd tﬁ@ng&?ﬁia&émﬁkrﬂeﬁ a@&mp?@e@ aaﬁd least two different
preferably having from o 10w % conononer and

macmwemmfﬁ@ Wﬁere rftne d?acgtmqn@%l%rt has iy & A OB e Ple AL gvrq#%{etflﬁ 50"0 or more,
prefer:le}OSUOQ ol ﬁloﬂeQ)Me%aCmemQ ¥ moreVpidfekabEP 00SC amore, preferably 110°C or more,

I RO T e
less, psitfq,ratbémES raorleso ﬂ?mfanbly heth ingorhere als@hdve: BOWNLA0 to 600 carbon atoms; 2)

an MrC s o%gﬁ& -or Yhomy! 3 Bt Mv?' 094 O%ﬁ@/g Jg{ fﬁ@r}{ ﬁgﬁM?Bpé{dOeé)ﬁol or more; 5) an

noner and
Mw/MBIot] 96 q5 mesyss;i (08 ﬁéeasvﬁe/v émflﬁémm@% ﬁ@lﬁ%\f?ép ot gpwtarHions ape7) less than
name in the table, please consider that they differ in
anot her neans, such as nol ecid-ar wei ght or
crystallinity. Macronononer Vinyl-PE Vinyl-aPP
Vinyl -i PP Vinyl -EP Vinyl-PS Vinyl -pe
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Vinyl-PE X X X X X X Vinyl-aPP X X X X X X Vinyl-iPP X

XXXXXVinyl-EP X X X X X X Vinyl-PS X X X X X X
woRmghssspe X X X X X X In a preferred enmbodi meP€T/Us1089/047945

pol ymacr onononmer conprises at | east two macronononers

where the first macronononmer conprises 60wt % or nore

of ethylene and the second macronononer conprises

60w % or nmore of propyl ene. In another enbodi nent, a
Swt% premaae ¢ RRE B PNOMST. plgl‘é’@@h{y theoﬁrlgtra@é @Qg@n(bmacromonomers are ethylene based

prefe%h}yﬁ@lgﬁlmﬁmer m\/prﬁ@ 4 REQ 8O éégﬁ@%t pr@ﬁ?ab@rrﬁ:@ RATBHS%).
- ternate

%@P%ﬁﬂ%gﬁ%?ﬁgg)hg g?}wg?%;l\élgu g}e @Hmﬂéartlgn t1ong g]uch that blocks
of maa]lmﬁcﬁre)mersrcambé medd (ar. pighih d{ffdrént Mycramholoarstat Zﬁﬁnglnmlntervals) For

examplzf‘e tgr%pﬁ ol %a?%rnlonome?? Zioﬁétogf %Wnerltzg ea;nat 836% ba)410u t of ethylene
macropbr@natatesld, bypomerient to 5600 8/ Hobck bplymnotheromer, of  mixture of

polym@é}&%’doﬁﬁ-&tcoulﬁ%e lLgast 50w % (preferably at |east 60w %
preferably at |east 70w % preferably at |east 80wt %
ofn gqthenprhofrest this pvsaticpdelrh®honers differ by in

1. mal gouphRionWab@ht cotdlin® ¥t 18dst bikasdcrad@do@EMId, from 0 to 20wt% of a C, to
C alternatelbg{}?l at least 300 g/nol, alternately by at
1s COMQRARET MRS PRBIORPPRIR el y by at | east 3000 g/ mol ,
alllﬁmmaoed&ootcyrbartatbmast 5000 g/nol. Alternately, the
r conpri se macronononers that
Jf%m%Opé%n%gomarrﬁ%%ﬁtent where the nononers differ by
at3) gnddwtof Apfbe/mal gyowpre.al t ernatel y by at | east 2
caygm%f@jotg%(n@;gllo% by at |east 4 carbons,
alter nat el y east 6 carbons. In another
BdYrevie of ]a%/"l]lé%fg’t 50wt % (preferably at |east 60w %
p BP‘ﬁlﬁila&ﬂnyhaﬁbn dfaashst 7O SodeRrgihar IQIHHM\(I:IMR) teRisé to3Oulaturations,
e, macr o [ y at
" aPEREP TS ol B REESPHTHY R0 1kt ®uthr pons,
aBi kessrtbenell Oyt %o yrcatatit e@tsatmud-g mandpomshascal uper tha tvelght dzfyhfamacromonomer;
| east 6 carbons. Alternately, the polymacronmononer can
conpri se nmacronononers that differ in total conononer
wheredhg Rofemasipmpnomerdas: 2wt % preferably by at | east 5wt %

pﬁg {;@kéldflggythaﬁolgeast 10wt % preferably by at | east
ﬁ% pr efer ag | east 20w % | n anot her
Tredth greatetiba %}ﬂ% Q&P dnononer conprises at | east
tmrm[ﬁf)Egremftrtmar)m@)ngasErs wher e one nacronononer has
bral‘; h(%OO nDI‘fFI‘eS R eBgr ably 700C or nore,
pre? abl 35 6@ 5t° nor e, preferably 900C or nore,
peed leclam poiit @O HCCor morsras an pimedréf digloy lesst00C or nore,
P lf)qgsg kalhYo, Qn%at{BBE s nidhGf@ h$ bﬂ-l Nl\’h@)qglgtl\%r to 'EHHI s aturations,

he second nononer has an Hm of or |ess,
pgb*ftéffaattﬂow/wasmgwmmqré@ged uppiethe w&whgpfbl&ﬁmlwrﬁ@w&fl%mer and
ahp ordhaVve: to 120 eonaradfatic0 cEROANIGAT AOKLNRE, 0 BBsed 2)podn tH¥h wefght of the
I 280 g/ mol or nore; 3) an Mw of 400 g/ nmol or nore; 4)
POlymAGOIRPNOB¥-600 g/ mol or nore; 5) an Mv Mh of 1.5 or
2. nohe;po§maatomosasdr J0Yeragraph 1t eherinathi opolymeka@idnuert oontains Owt%
ration); and 7) |ess than5w % aromati c
arOma{lé)&)%aall nﬁl%gsﬁr%r)on%%ner Preferably the first and second
3. mabe oplgmadremenoace obpigdramie] bagderherein the polymacromonomer contains Owt%

styrenic monomer.

and

4. The polymacromonomer of paragraph 1, 2 or 3 wherein the macromonomer is isotactic.

5. The polymacromonomer of paragraph 1, 2, 3, or 4 wherein the polymacromonomer comprises at
least 70wt% macromonomer comprising at least 50wt% propylene.

6. The polymacromonomer of claim 1, 2, 3, 4, or 5 wherein the polymacromonomer comprises at

least 70wt% macromonomer comprising at least 50wt% ethylene.
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( preferably each macronononmer conprises at | east
50wt % et hyl ene, preferably at least 60wt% . In
wa@edbtnssmal enbodi ments, one coul d mani pul at e BEEBUS2009/047945
pol yneri zation conditions such that bl ocks of
macr onononers can be nmade (e.g. pulsing in different
macr onononers at certain tine intervals). For exanple,
propylene macr onononers coul d be pol ynerized then a
7. | dpgyRolantsrrmonemeefippy ehrargamhy mgw@?reedhﬂ plyyeacromonomer comprises

twoornﬁdrwiefefeﬁeqactr&n@bﬁl@ltse a di bl ock pol yrracrormnorrer or a
ture of é_c ormno]gerl;@ﬁcou d be nmade. A’]f anot her

8. e %B(? FRromepomer of PArgiag 1emghe macroponogers di fer i mo?ecular weight
(Mw) bpht;lmc:}OOrgﬁMner conpri sing at I east one macr onononer

9. a[}ge Halgm (:g)lgono%\@}~ R% Egrag%sl[%fz 7 09 8 etrelr(P 3% e cromor%o%er has a melting

rononomner OW]Z carpon a
point @)60%Gwrl\mor@ﬁnd2ts®seg¢ndnhaconnommer hagyn Hm ofA) && one®. g/ ol
10. OFFh@B(Sl?mac%m@}BmMz oiozInP/Q)anlgéIQBJs 1% IWIEreH'r:")he %cwomn&fcompnses

.5 or nore, termnation of at |east 70% (
PmPY}@&@ﬂW%éﬁ”W&MOW/% orlg$at i ve to total unsaturati ons

11.  7)h@péhidréi8onR@ieNbt {nd ¥ peﬁglﬁ@xa@ 101 1 RieeiOihe @mcﬂdmoﬁém&%mprises a

copol%r%ﬁt gr l es§%%2 %{E? enelb gli g&ﬁw?)/\n!vt 5{9@ eélga(g%gd YR the weight of the
copolym)randhmmm of &g whlessei n t he pol ymacr onononer has:

Bég%g)%La%?on%Foﬁl&Sc%mﬁ%ﬁﬁﬁg %flgagS} g)aetrggr&r%ng&ﬁlggngg%%{ 9 tt(h.?d%vt% ofa C; to
Cis CO@PH@%{W thgpplme@tomgiowsbﬁs | ess than 0.5, e) a

ngjggmueqqqéggthgﬁogooc or nore or an Hmor 20 J/g or
l ess, f) less than 25% vi nyl term nations (as neasured

b@WNI\?I—fR)%re?“@VQ?I}% W¢®dtal unsaturations, g) at
| epmtMid OfdrSatdraiehQup0O@geH], based upon the wei ght of the

p Crono romOto 20wt % aromati c

gi]%%gmﬁl rf%%?gnﬁﬁgéﬁgupon t he wei ghi of the

pe] lpsyalcnGAtsnaIge ferm Ratichls 6:s pekymaidy OHONGRErelag e o astalgnsyphations,
HORES 7D R AOLYTRES, SIRAAFTT ihC QBLAI YU HADABRIA, and

Qm

al ni ng nononer. ymacronono
at dimaph to gywtdo vﬂﬁ‘e}*@cnc‘flﬁ@mpg)lWwebn@?ﬁ@ﬁevpoeoﬁﬁal“ﬁght of the

polym%n{@&méf Rl Ghe FRBOBRomd coﬁmep&lemmfeqﬂ‘ononer of

g@g@gng cOiglicey 1&5%%@%%5@% IR0 &l eapfising 0 to 90 mot%
propyl3ne i 14 todemeldoftehslgpa lwherar theroliorer ha anfpsdst Xesalgt chain ends (relative
to total unsaturations), where: 1) X = (-0.94 (mol% ethylene incorporated) + 100), when 10 to 60 mol%
ethylene is present in the co-oligomer, and 2) X = 45, when greater than 60 and less than 70 mol%
ethylene is present in the co-oligomer, and 3) X = (1.83* (mol% ethylene incorporated) -83), when 70 to
90 mol% ethylene is present in the co-oligomer; and/or

ii) propylene oligomer, comprising more than 90 mol% propylene and less than 10 mol%
ethylene, wherein the oligomer has: at least 93% allyl chain ends, an Mn of about 500 to about 20,000
g/mol, an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0, and less than 1400 ppm
aluminum; and/or

iii) propylene oligomer, comprising at least S0 mol% propylene and from 10 to 50 mol%
ethylene, wherein the oligomer has: at least 90% allyl chain ends, Mn of about 150 to about 10,000
g/mol, and an isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.3:1.0, wherein monomers
having four or more carbon atoms are present at from 0 to 3 mol%; and/or

iv) propylene oligomer, comprising at least 50 mol% propylene, from 0.1 to 45 mol% ethylene,

and from 0.1 to 5 mol% C4 to C12 olefin, wherein the oligomer has: at least 87% allyl chain ends
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| east 70w % rmacr onononer conprising at | east 50w %

propyl ene. 6. The pol ymacronononer of claiml1, 2, 3,
wa2000n5B1mher ei n t he pol ymacr onmononer conpri seBCHUS2009/047945

| east 70w % rmacr onononer conprising at | east 50wt %

et hyl ene. 7. The pol ymacronononer of any of paragraphs

1 to 6 wherein the pol ymacronononmer conprises two or

nore different macronononers. 8. The pol yrmacr ononomner

(alterngfelyisi featy OA1h 27 Mihefrabout 16k ahalerleﬁ%g/m@% gngyprf ipehutyjl ghain end to allylic
v1ny1gT&L[ﬁ§&H&T08f\@io§lh$5 1Coviahd/Bry at | east 200 g/nmol. 9. The

noner of .para 8 |n the first
%8??8?1‘8 BOPRASCORPRRINg f‘t Iﬂ?ls}‘bﬁr"@%@ o Prér“é“%ﬁ%’ cthylene, and
from (Ot hte SSﬁﬂ%rdienﬂmlfemﬁthe Idhgonhaaﬁasaﬁt 1&d3n WP6 A1 dHath adds, e 3B of about 150 to
about MOOO ébrgo %nd a%s%{)lﬁﬁocﬂ%g%nd Qan a}]%lncywr?éfl gx% b 9&1%% %F 61 3. IJfO E ?5 }9 and/or

hab iarfpnwoligoysr, shmPrigeg propylenss whdrdin th’eh@hgomer has at least 93% allyl chain

ends, EPMBAFG?%&H‘%@@ R hboRf 20600 é?lfnolpﬁﬁ ?sgﬁlﬁﬂnﬁ’lal% ch@ to 41194\1‘8 ev'hgl'l group ratio of
macr omonomer conprises a copol ymer of 65 t'o 80wt

081téﬂﬁ%ﬂéﬁ%iﬁﬁdmﬁd49%m55ﬂﬂmwﬁmbpylene (based upon the
13.  Weh@hdly@icréniomensipiagihph enehdas 1R nﬁﬁio@fondﬁerﬂ #p1@pylene co-oligomer

i, S S AT SRR 03P SRl gk 9% o0 o o

ethylen:eo mmnemelne, olighig erdiag attlhaet Xl ayintechaio rudsdrabativii@gotalajnsaurgtions), where: 1)

= (??43%9} ]Seﬁe L;&é&g kib%?f'a %ﬁN E%% ﬁ%gﬁ 68181%%%1 hrﬁresent in the co-

ohgon”d:) aad I3 aiqc mSnghq:nngrez)@er(tQan $Q/ argl lgfs thasg0 tr]q]é{/m e@y@ne @)present in the co-

ohgorﬂe@ S8d BhRA (23% Mhdwy etﬁy%mﬂaét{pbﬁféﬁ) gas W‘E@I@%@@ Yo% bylene is present
MR) relative to total unsaturations, f) at |east

““he?09W¥WﬁﬁcronDnoner, based upon the MEIght of the
14.  pThy pElgh EN@IRES ofaiid ofparigrapis @ té 03 ROEiR0tIRS O Bdrhdhomers are liquid at
250Ccontaining nononer, based upon the wei ght of the
"pol ymacr onononer; and the nmacronononer conprises one
15. oA pwoteas ¢of proidycepthc) pylyenegomonapier g ofrparagighis rgtoald ddmpoiking contacting

macro?hglgontleq a§cpup0t8%»9{ 20[9 ngIO§ll()£](9n€:lL Qzlthg cgtgltyﬁgils( n[PEagQM!a gﬂ%lymenzmg

[ ene, wherein
vinyl tpygnaged m@monxm@rawhwméhﬁawrwgmerrféﬁ ative to total

um;&bﬂlrzaitb@oa)carbmgfo@ns 1) X = (-0.94 (nol % et hyl ene
i ncor %%%%g+ 100? when 10 to 60 nol % et hyl ene is

prL mé%“@‘?goner and 2) X = 45, when
ngﬁdmmuﬁhahgﬁBI@nﬂnéess than 70 nol % ethylene is
ﬁa%ﬂéo%&mthe 169:.9lJ goner, and 3) X = (1.83* (nol%
ene |n§brporn?ed) -83), when 70 to 90 nol %
eﬁhvﬂﬂh@wnsfbiesemt in the co-oligonmer; and/or ii)

P %PBYéagt%‘Vovll dyg %fnatuﬁﬂ%éa%ﬁ@@ O};TteH ﬁl\/ﬁa @aat% tJIf‘aJta?/ﬁnsaturatlons
0

l ene and | ess 10 nol l'ene, wherein the
o|7} @@ﬁlémg PRiat: Ty pf qoe%gt mgltsc% 3} Hypof 8@1 EAT kig¥d an Mh of
aEPléfsltﬁelQQOWA) akatdtic 208 Qbwvaler; an i sobutyl Chal n end
tg a I C VI.N ro ratio " o 1. 35:1.
under QBRI s uB s B Ak Shanaf <tk ey s P minues,
whereinl thg ol ratoorfprll @ingo@ér preast in50e maétés prdpmheneomndr present in the
reactmf i (;II*Qesg gnd's\ghéi@ L(%q/ersion of macromonomer to polymacromonomer is 70wt% or more;
and
obtaining a polymacromonomer having:
a) a g value of less than 0.6,
b) an Mw of greater than 30,000 g/mol,
¢) an Mn of greater than 20,000 g/mol,
d) a branching index (g').;s of less than 0.5, and

¢) a melting point of 50°C or more or an Hm of 20 J/g or less,
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et hyl ene, wherein the oligoner has: at |east 90% al | yl
chai n ends, M of about 150 to about 10,000 g/nol, and
w@eoowasisue yl chain end to allylic vinyl group PEE/US2009/047945
0.8:1 to 1.3:1.0, wherein nononers having four or nore
carbon atons are present at fromO to 3 nol % and/or
iv) propylene oligoner, conprising at |east 50 nol %
ropylene from0.1 to 45 nol % et hyl ene, and fromO0.1
t 6) 155 gt 287CanylgermimBtion e irrwasuwééWeHﬁVMlhbreBtwege i3l uRggorations,
) Atesmt7o%’/q@hﬂowon&£@| Bas@NGSH Ak mfgﬁ%m%o@hnakmhomer and
out 150 to about Ogﬁglnnl

nd an
bbf{ﬁngu ) CRa i Eh ot PONGRING lﬁg}l’l“’n”gef olstil oy g weikht of the

pdym@n&h&xmﬁrl 35:1.0; and/or v) propyl ene oligomer

43R GoBRnh Bl BRTG e B By BT o b Bhcpomonomer s

6ormptge ol i goner has: at |east 90% allyl chain ends, an M

17. OfTh@Pl%E’éss 3151% pﬁqg"'d\thel%gl {0 Qeggéerﬂ?lpol(ﬁ’i@gzaﬁgn bistﬁpﬂélyrhacromonomer is
chain end to allylic vinyl group ra .

100“1@85.1.0, and/ or vi) a honvol i goner, conpr|5|ng

18. P rrﬁ@yﬂoee@geof paR@rph M5 t1I6e01ql7i;vgaaiﬁrthehﬂ&lysedystleﬁasﬁab&%%olymeﬁzing vinyl

.all chai n ends of about 50 bou 20, 000
te“nmatfﬂ%ﬂa"“"&ﬂ“‘i‘%% B?}P%ﬂses %?%HPQH‘&J)%W%ﬂnTeg P?’gi ? gr oup
@@ @By 1 to 1.2:1.0, and |l ess than 1400 ppm
o L%, The pol ymacr ononomer of paragraph 12
; [ he macronmononer is a propyl ene co-oligomer
of 300 to 30,000 g/nol conprising 10 to
9011wl % propyl ene and 10 to 90 nol % of et hyl ene,

mnﬁﬂﬁ1rbt

o total unsaturations), where: 1) X =
A % .et hyl ene i ncorporated) + 100) when 10 to

19. 69’hy81]0(,/85§ h%alrag%ggl 13, R §7 s Welg{}l]eth& QQAI an &z r‘rgflg/ e 89 polymerizing

X = 45, ter than 60 an ess t
vinyl tgmHyate AT QgnasPBSIGOMDTiFe QIR e weisIofgoner, and 3) X =
( alngtalyé/s@?p' % edyhanflidnig or po(c?(%lﬁ(ﬂ))iecyﬁl%?ldo)mentltZlg-)lliﬁlo dimethyl,
0 ne i re . in the co-oligomer .
dmﬂﬂ?ﬁ%ﬂg’ Vﬁﬁ@%@ﬁﬂﬁ@ﬁipﬁﬁfggﬁymﬁf paragraphs 1 to 13 dimethyl,
dlphenyheaﬂ@rl(nydldmmmeﬁym)(mmmmr)&fmmﬁ dim ety ddiatethy lp€mahm lﬁsmdenyl hafnium
dimet f or%g? A{nettlgls?l?f)géj&%thg Plpe%?l]ynn’%gyn)aggco%lu [ Sdlc&-’ﬁcorlagl r aI%C ?ipneﬁlylsﬂyl (2-

methyh@*nb%blﬁde@) tZUC@llg@ chmetbyte rfaqMImhthalSubét @f%hyléﬁélt:@hndenyl) hafnium

dlchloﬁgep a t}la(,e dlgfethggllylne&' Iﬁétf?}g 4V[5h@1§()lhnh¢§ﬁlm nl‘ff‘atﬁ'ﬁgm mMeGHAPINO I}RI‘ dimethylsilyl
whérei n the  macr ononone 1) "from 20 to 800 carbon

bls(md‘,gpyjl}}:@ﬁlugl} dignemyl, ofaczlgget]@/lﬁldi @f(lq@ﬁl}yé)hafg}unaﬁhq\w?r@ﬁ Agpdimethylsilyl
bls(m@hﬂmlrc@ﬁmﬂor dimefhyl.an rMZdlﬁlfeth§@@ylg/ W in@hy DBFcniu@) @chlorider,  ac-

dlmetI{Mgrﬂ?ﬁeﬂlé/jbl%% m(eglghrgggﬁm g% dl(j.hif? 70 /0 v 5131%157%ISQaéleql%].Plgqmdenyl)metal

dichlotidks at ur at i ons; d1ﬂi¢thﬂs1tméd1ylbug(npien§n)1ne'fam of 60 Cdmyethyiir Tac-
s, and 8) les 20w % i
mnwﬂgkﬂ%QdEM% é“ﬁgdﬁﬁﬁggﬁgﬁgﬁer under polgn%gﬁgétlon rae

dimethydsilenetiy@vissicothydroindpdimstal diencty|: 60-dimethggitasdiibis@ndenyhmetal dicthyl;

and raé-8@BEAA RadelifBis@hdchy §Ret @it AU SforeidIR Rkl istc A& ARLAZr, HE, or Ti.
rati o of al connnoner present in the reactor to a

I
20.  nAby @ﬁ%ﬁiﬁn@r emnegtgnf) p#agrpphs 15 to 19 wherein the catalyst system capable of
polymerizing vinyl terminated macromonomer comprises one or  more of:
dimethylaniliniumtetrakis(pentafluorophenyl) borate, N,N-dimethylanilinium

tetra(perfluorophenyl)borate,  triphenylcarbonium  perfluorotetraphenylborate,  dimethylanilinium
perfluorotetranaphthylborate, 4-tert-butylanilinium bis(pentafluorophenyl)bis(perfluoro-2-napthyl)borate,
4-tert-butylanilinium (pentafluorophenyl)tris(perfluoro-2-napthyl)borate, dimethylanilinium
tetrakis(perfluoro-2-napthyl)borate, dimethylanilinium tetrakis(3,5
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reactor is 3:1 or |less and where conversion of
macr onononer to pol ymacronononer is 70w % or nore; and
W@Dbioai1sismgy a pol ymacr onmononer having: a) a g veCTES209/047945

| ess than 0.6, b) an Mwv of greater than 30,000 g/nol,

c) an M of greater than 20,000 g/nol, d) a branching

index (g ')v s of less than 0.5, and e) a nelting

oi nt of 500C or nore or an Hmof 20 J/g or |ess,f)
(pentaB@ggplﬁﬁsdipe@%ophwlboqa@? I asiPeHlueheskloied by 1H

21. glro@ésgbf M8 IfPata@lapis 18NS At Whrdek @&ﬁpnsg,)ﬁ p@etpaﬂneéat&:l& macromonomer by
70m¢/6nacro noner ased upon the weight of th
contaci PRRRIRD G BET Vo SHUE RSO Y DIRE €5 1 6o BRI GRRIFTepied by the formula

ynt ai ni ng nononer, based upon the weight of the

Fag onononer . 16 The process of paragraph 15

R the degree of polymerization of the
Feedr omononer is 6 or nore. 17. The process of
agraph 15 wherein the degree of polynerization of
‘helpolynacronnnoner is 100 or nore. 18. The process
fégraph 15, 16, or 17wherein the catal yst system
bl% of pol ynmerizing vinyl terninated macronononer
"arlses t he conpound represented by the fornmula: 19.
prQcess of paragraph 15, 16, 17, or 18 wherein the
@ system capabl e of pol ynerizi ng vinyl

4t ed macrononomer conprise one or nore of:
dynet hyl silyl (cycl opentadi enyl) (cycl ododecyl ani do)
I tani um di met hyl ,
or rac-tylch¥rbzsf2-Rendepy | e | opraividdidmsgd-RE Puodenh)Mhaf ni um
Whereqi ehnk group Ph is phenyl or substituted phenyl, M is Hf, Zr or Ti, and X is a halogen or

phenyl net hyl (cycl opent adi enyl’) ( giuorenyl)hafnlum

amy“ﬂ@ﬁbthyl di met hyl ger mani um bi si ndenyl haf ni um

22. dlAlT@bbéﬁs to pRdudd FoRfri¢tomidnihert %t)ﬂiﬁﬁfhl)@ cdhta{éhﬁgﬁ)ﬂablﬁﬂlame)r and up to

di chl d
40wt9 /?an% %gl to ?lénf) ﬁlgﬁ%lq%%é evﬁ{h ')rla(l:gtlaglé Ws{%ﬁﬁ (&p?}é? ﬁ)ylpolymerlzmg vinyl terminated
macromagoentkirmehéryinsihb ythac((ﬂndmemhty is- gromhuedlynlyl mohergyhous padoassufor making the

propyl CE‘A %r of f process having productivity of at least 4.5 x 10°
e fnlun1&lnéﬂ% q

ghmn@%@\@Eﬁ@ﬂh?ﬁ@%ﬁywﬂﬁﬁgﬁrndenyl)hafn|un1d|nethyl
contactifi§ agh ERtpRMbed l)fyi*ronb B§(d t@dlgmd , Rl Rham d e7h|n‘Rﬂ%CE%1ylene and from 0 to

rac-di nethyl silyl bis(inden g2|rcon|un1d|net %
about sy P Qi iREHY s yresmcg eif ﬁd@ﬁﬁ PRSI HE @RI 351 Yaps and at least onc
metalla@dé eoaipoyhdicprastadt yi bieS‘(ﬁrm%}alIBIIhML d)ﬂ’ld’eiby‘lfe) wRéraHf is hafnium;
anedi.yl bi.s(.i ndenyl tal.
each )9 IS’CIH?%)FH%nﬂy’ rsea}%ctegi ﬁn% ﬂh¥ aT uP g%rg &%ng{ﬁ %f: hg%ﬁOﬁ%&%Tcgl(%gsthgrmg from 1 to 20
carbordatpms, Hrylirides, amddqm@lhgpdl@s | saHwlds, yphimpki(es, halogens, dienes, amines, phosphines,

etherst &t 5%%@&19 ﬁéb% I‘B}‘ blglrﬁmtlygghtﬂglr grorg)al butyl, rr%he ¥1 benzyl, chloride,

racdi net ned| ISs{ te enyl)
bromigy;, jpdidg ;Kpltemaaféy brvOnPéts WY $ermarsefiof b Eﬂsgct TigoRs gy Ing gasteal);

each @hsetdayﬁend wﬂ chB6n 6 zbﬁéi@r)ﬂllt&rh' @eﬁ%w ©is(p, rsi@feféﬁﬁehﬁieast one Q is a

osen from Zr ,
hetroRph, g1l B e BT OBy B I i Hierpiy g st three O
are thel@mwhediétmnthaercaahs) amstnafe;y&\t emt &am@bl afc ¢ sap@l oy dAdfeteat InGeroatoms);

each RM ndetpgnrdentgl,t %d t(r)T%C Qr%HE rpre er%i SCe o%nqmear aﬁL‘?ﬁ group, preferably

methyl ethyl propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or different as R”;

each R? is, independently, a C; to Cy alkyl group, preferably a C; to Cy linear alkyl group, preferably
methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R* are not branched;

each R? is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group having from 1 to
8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or unsubstituted C; to Cyg linear

alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, provided however that at
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di met hyl ani | i ni unt etraki s(pent af | uor ophenyl) borate,
N, N-di net hyl ani | i ni um tetra(perfl uorophenyl)borate,
W@ piophsssyd car boni um per fl uor ot et raphenyl bor at ePCT/US2009/047945
di met hyl ani | i ni um perfl uor ot etranapht hyl bor at e,
4-tert-butylanilinium
bi s( pent af | uor ophenyl ) bi s( perfl uoro-2-napt hyl ) bor at e,
4-tert-butylanilinium
least thigeR{ BfOMRIGHS PR Iopet (aligrpeely fens Ro-epaupnpre ot Itsienesp @lternately five R’

gmumdhyﬁhmy&g@m?:2:321::::2k|s(perfluoro 2-napt hyl ) bor at e,

each R 55( H@ﬁ[{eg efnlhs,rlefﬁwgﬁty?r apngslﬂltl{Seﬂ, %ﬁﬁ%ﬁfﬂ%ts(} gxdé(jcarbé{h%{oup, a heteroatom or
heterohtbm&omellhfnlg wosuppirefesablybosubnitut@ilor uhhidsiitied égdoafbyd QlySulﬁ)flavmg from 1

to 20 Qaar‘lgo%gartg}gsh re;l’el‘:f btlol 9 8fcg1{ rllq g{om%or?@fre}agf ne}g u’Bgtl%E{Q({ {' %15 bsgtuted Cy to Cq
macr ononormer %yy MOTMORBr Wi T st

linear slysltgmpemmdbbi mqhﬁd@thyh avmwl awiall, @ettyau hesyl, hemrle@en,tseblstltuted phenyl

(such By pl:o:@gl % l[ﬁlenﬁr sJy@Csungééd' pl'ly?/p(%uéﬁ ésnéﬁ?&fﬂ{) Mie Q is a C; to Co
rac é -Ph-ind eny wher e is an

hydmcé‘FWWu‘é‘raéH’ﬁthy ﬁthV]sPrﬁ mBHYlgheibpst i t ut ed phenyl Mis

R’ is Ifdrogéh 0Pk CTito C@Bﬂin%rb@p Profchtdge T, @6 Callikysr alkyDetBup, Peoferdbly methyl,

Cf ONDNOMEr s CONpri si ng
ethyl, r8P1§f:1a Xlrpﬁn&ggf‘f%ﬁiﬁ@ %08 up to 40wt % of C2 to Cig
R’ is Inamzaomes Cuitd By alkglagralpy ptefsstdy eifl, capakliher afkyl group, preferably methyl,
ethyl, ?ﬁhﬁ@@@eﬂ | %E’&Ylheﬁtglﬁgggﬁgf ed macronononer, wherein

éd by honopgenous process for
each Rygkiinigpantentlyr bgydzemer e 64 do Codlindreron, paferglyaph tLsdinear alkyl group,

prefera?ﬂgy maﬁmﬂn{ %%ﬁ bn@vbalgyl,ﬁ{e%m%tyv bt ty@fprtided@dwtveftihat X least seven

rocess conpri ses:
R gr%lahﬁ%nt ﬁ@dm%ﬁn altqreatehe Al fepyt élgéﬁ Rf CERPSBE 10 hydpgre, alternately all RY
group{4re nw 15a®ger) (prefeblyAhd ] Sk Ay the tenadrgofiiemdd chéh @Pid of Formula
n/meEM ydrogen in the presence of a catal yst system
nﬁg §|dg an activator and at | east one netall ocene
1snmogpmund represented by the formula I, II, Ill, or IV

Tis aﬁ?cf@éipref‘é@@?esl'éfGéspré}@lfaﬁ&@m each X s, independently,

om t he' ‘group conS|st|n8ﬁof hydr ocar byl

cach R gig jindgpeadendly; ygrogems inlegancr 28 Icta (B8 y dreesiy . sHghdasi merslay ], cthyl, propyl,
butyl, PERHE Bexyd! ﬁé%l dﬁﬁyl [ﬁl@h}fll Blasyl, RBORRBI desy], hal Q@@m@acan form a cyclic

ene am ne hi nes, ethers nbi nati on
strucnfg i e et b’ TR O SBURAL S Biscd R yiiom:
and ﬁmharptbvldddethﬂww rehhdjpdedeR gb(rungmde fonnodlﬁded ring or multicenter fused ring
nat el r.m rt a fused ring
systengwfler ngs IXagrtbe na,ioma%c Cpﬁ% IY saturgte(g(gr sgtH éer(]it l'y carbon or
23. aAhEIIOEQSB&t Qrvfluq?rleﬁmaamny)n@nerm coﬂpn@lg pengdfeing blagrogponomer and up to
40wt} BREL BNE, QomSndinel SHAI pR4AN ALl BALEGE Yot q)';)lyheﬁahg tvml terminated
Qs are the sane or dif erent het er oat ons, alternat
macrogipnngehs herpip ghe Qagroglp@oqleﬁés PEdEcedrbygp fhf)@p%qnpus process for makmg the

propylB@d lﬁﬁﬁbaélgﬂﬁer sHphRpRgh € yr Bl sdi@pdtest BiingQd SodicBvityn&F at least 4.5 x 10°
ne  or hfferent heteroatons) each Rl is,

ghmﬂﬁ PRy SIS IS PIYCeSyComPiss o8 al kyl group, preferably a G
contactiog, @Ba teimperaturcadfifoim 36 up 1205€ girepyddnkey0 metlthydmoabingd and from 0 to about

Swt% P%(%Q%eg %%gﬁayegelnfcf Y (}/altalysps%ln oﬁgﬁglgé Jct19a%ryalnd amyne metallocene

erent
compqundieepeeprieadtbly yhe farngjla § 8, HBOlanprfg mheis prerlerﬁema,bl y a G

each )@ @ 1%&1‘1&3@@5; ls@}cl:cjféﬂl f'I:'(QI{ e Broup E&Is%ﬁﬁ’%%%y%&ﬁ%{l &5 having from 1 to 20
en or. ocC

cafborb?tefl%rhaﬁql%fs Feiméfﬁd?llswhz Sg}%ewbowé?ﬁe h@agen%a?enemmﬁles phosphines,
cthers) nldepeﬁldelaﬁdnythefa:yd r@@aﬁbly OhetlylS iagl ipkdpt/ e bubil, phenyl, benzyl, chloride,

oom S G ES BYEK SRR A8 o BN LB ol

preferably a substltuted or unsubstituted G to C8

i near al kyl group, preferably nethyl ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, provided however
that atleast three R3 groups3g&re not hydrogen
(alternately four R3 groups are not hydrogen,
alternately five R3 groups are not hydrogen); each R4
IS, independently, hydrogen or a substltuted or

o I
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het er oat om cont ai ni ng group, preferably a substituted
or unsubstituted hydrocarbyl group having from1 to 20
W@ 2000055581 ons, preferably 1 to 8 carbon at ons, PCT/US2009/047945

preferably a substituted or unsubstituted G to C8

i near al kyl group, preferably nethyl ethyl, propyl,

butyl, pentyl, hexyl, heptyl, octyl, substituted

henyl (such as prop phenyl ) %henyl Si

each (gtﬁbgtdﬁneaﬂ@&y $ppgi or f(gtt%rﬁata@, rEsbR C errse(pmferaléy at lepst one Q is a
heterott@an%ntatéqra@ casthavd Q’s%kéctﬁe @&eraseaﬂﬁétem &telaaaltomspmmatety at least three Q's

are thegs'alalé Br dlﬁh rg?%eéma o) % n%tgfy& ?e[aqt g@éﬁ sa'll‘rekt%? saét}ed)u 65%rent heteroatoms);

each Rjrlaflﬁd@hidyntlwhhylto Cetalkyl groﬁp’, @pftrablpatCrltp (ueintarlalkyl group, preferably

methyh—f%@,l pr(ép ‘XIH Bgnt}zlol?ex { hep &r gctﬁylggg?qret c same%ir % fﬁeltegt a%z

I hear
each &)rleflgieamdyntfyepﬁ‘yno C@tahtyl gropyr, @mﬂ:rablb atiylto Cpém@zwalkyl group, preferably
methyh&l?){ proﬂ}? ’BE‘XI& p%gloﬁéxyf hep@ﬁ%poﬂ ﬁr&erabl@q{e Qﬁ(paqytateynob branched;

rogen roup, prefera
each Pt é)s, Q}gegep{ip@g}z, hatlrk)gqn @rraongstlttﬁ?deqrétp%ptvutﬁ%bmca@y%%ypup having from 1 to
8 carbPi @tpmk,,pré:mbm& 1 t98REYbn atbﬁé()ﬂreferhlﬂpfa%hbsﬁfute@% Yﬂlsubstltuted c1 to Cg linear
ast ven ps ar.e
kst B oA VR DPyodl oo BRERY. o b POUDE R fiiever hac »
all fivhRgrogemyre mbthelr mal) by Rl grouagarg moulpslro@meam Idastabme @& proup is a C, to
Cs subgt@t[lﬁ &{gllﬂ%%tl{ut% orlg)(fgtal;u i}@!‘a lglaﬁlgg’st }hﬁae@?%} BlJI\TWéSR %poups are a Cy
to Cq Sﬁb&tlﬁ@%n unsp $t§ut9ﬁ lmdmﬁgréyl)»pr ef erably, Sl or Ge,
cach RO ETREARINIP hédt%?&hor%bétﬁném%ﬁﬁﬂgﬁﬁ‘t@& Hydr(n:\éﬂi)&p%@ﬁb a heteroatom or

hal ogen,_ or a drocarbyl, such
heterogpﬁy}pntalﬁp}gﬁwup, y wﬁ%twte ‘Pfé}{lf}}bStlthéﬁflwmca&ﬂ §1]0up having from 1
to 20 pdisydtomd) rezarhbly $ u@stclaibuﬁ e@nﬁ,h@e&tablyamﬂlbttmm&ar mnbsututed C; to Cyg

ar orrat I
,S%? sz Qo H#sxtltuted phenyl

linear élg{ll Lﬁr%&pegr%l‘era%l Sl uflta%hé/ 4 | nCI % pge t}GS

(such angropylr pliveyl), pﬂ)@ngrl,dslj/ltslmhsttmaﬂy sﬂy)yo(sacdq a;c@HtSﬂR ghoags is a C; to Cpp
nter fused ring system

hydmd\}\ﬁ%l Sggh%ﬁlrelih ﬁ@éﬂ gylogu%ﬁ}g)e partially saturated

R’ is lyidraggn gf atCedo leky AP Peedarablya ,5,]—1 @l Ge dnear alkyl group, preferably methyl,

ethyl, 91‘31&94 Dlﬁg(ﬁ hglgy]p{ |0§t5,pg contacti ng macr onononer
0

W co r. Wt cat aI
R® is wgtgsﬁ% sﬁam &s ‘?ylp%ip e?f‘z%% 3? tla?aﬁqa[ffﬁf‘%faup’ preférably methy,
ethyl, prapy1osuRy QIeety), htz\m:rheptpl driberylracr om)norrer i's pr oduced by
each lﬁ 6%8%?9?13%%? Fog@r% r a%r t(gakﬁlp% rgr(g]_u% I‘)Jref% aély 1Ct0 C§ linear alkyl group,

sal

preferdbdympigylzthyt. otwst bwt yen@fl Imwll lwasit omocﬁl,mrq\%d@bmet thietat least seven

R’ grd’é@@ LRI bt th?&o&lhogl?e?éateg? prebs‘f’ %%n ROBLARL hlrégmt %dr@gen alternately all R’
enperature 0 C,~ propyl ene] I %

group%ﬁﬁ?fdwétog@h @refeighiyohe B %t%qﬁtat %w%%awe@w Oinr?atfh%p ring of Formula
IV arcRbESARGEN)OT a catal yst system conprising an activator
.and at |east one netallocene conpound represented by

NS nfIReen: orpula 1, 11, 111, or IV above: where Hf is

T&sahaﬁm“ummmh@ﬁhoXGbgndhaMgsEndentIy, selected fromthe

each l?rigg@ é %{tlﬁtﬂa)alg)ﬁ%{ hEnger %rcqytlo Cng%ggr@éa?%asﬁﬂp% ntterﬂ%m e:l‘hyl propyl,
butyl, pentyl dew]. hshiok plqtyaeﬁlenyﬁab@@én@bstﬁmeﬁ@henymwdaé\go R* can form a cyclic

struct ORISR %maﬁ‘ct Eﬁflﬁly sgﬁlra@edcmuﬁ@etd' Ellctoli] %fs@tplfmg system;
preferably methyl,

y
and flﬁé?legrpwdeért#@rw dwo B%“r?%l% grfrU@a rﬂaé fOIP”'aP ﬁ&?(ﬁ Hpg Pymt%enter fused ring
systemXwer &1y rihgy ayebePedniatiofpadtiaflly Sdated HiGa@fated. i Ng system ;
each, Qis, independently carbon or a heteroatom
rably C, N, P, S (preferably at least one Qis a
All m$leur gaighrpreabnbernatredeyin gimdl gasss othaovi@ wtedr e t he sane
MmkW%Fédifferent het eroatons, alternately at |east three

Expe
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are the sane or different heteroatons, alternately at
| east four Qs are the sane or different heteroatons),;
W@awb/1586516 s, i ndependently, a C to C g al kyl BEDUR2009/047945

preferably a G to Cg |inear al kyl group, preferably

met hyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or

octyl, Rlmay the sane or different as R2; each R is,

i nde endently, aC toCgqgalk roup, preferably a
Catalye L . Qg nsirotis Teley gy s e A o mgihs ot by
Ca‘taly@tr Z:’i@)’dcfdnlﬁé'thyl!;llylmﬂﬁlﬂwyl hirgl dlmaﬁﬁt yl or octyl,

refera 0 che h R is,
Catalystiga %f@@%tb%ly%%m&a 4 P{‘ﬁnygl éﬂﬁ‘%@‘%"ﬁ Riid Hn%‘}?

Catalystrysitbst i t ut ed hydrocarbyl group havi agtafystais:1 to 8

carbon atoms, preferably 1 to 6 carbon/&hons,

preferably a substituted or unsubstit to C8

i near aIkyI group, preferably nethyl

xyl, heptyl, octyl, Q
g@ R3 groups are nethyl, or 2) four R3

drogen and at | east group is a
bstituted or unsubstitut ) Eﬂrbyl
east two, three, four fdve R groups
substituted or unsubstitut®
each R4 is, independently, egen or a

unsubstituted hydrocar byl a
et er oat om cont ai ni ng gr6up ET erabl y
ed#r unsubstituted hydroca group

; rom].t arbo ato pr
et ‘L FonRraarerSaE 5 e Bnetie it 5o Topbodt. ‘i s was prepared
and purifed Iaenordmg ©dhproteaufe ig GilieBritoabdky V.@Qrbson, PF. M @iagish,yG.A. Solan,

B.S. K‘IEEBJ??Q' hdoxpkqgﬁy’&vhn?%}flbamspﬁﬁ‘&y 'Cbml},e %Bept yl,

oct stituted phemn suc phenyl ),
pﬁéﬁgﬁtor Aslls Ny N disngHy aintlmtueute@,a prliﬂuor(onlmr@ st CHR S| R

WRGHi Gt dR B il SefhyfalunfoRadek 30MH fnqglﬁérk%)’ burc &3 Amé‘ltnli'ﬂé
ethyl, propyl, butyl, phenyl); R5 1s hydrogen or a O

Qm@ﬂﬁgﬁ@%mhlkyl group, preferably aC to Cg linear alkyl
Gel P@muﬁon @limirelt@bhm]yrret hyl , et hyI pr opyl, but yI

t hy.d
pgﬂég ?Lkm e af carrl)oﬁ a%méf %}zﬁ a}ﬁd §V are d8t618¥166r u 1n aT-‘I’flﬁhOTemperature

Size qu:lmjxpl Clpmg:ﬁtegraﬁi (ylthmfrhlyllWatgs ﬁ?ytporappmpx}ﬂolynhm Lylboratorles) equlpped with
three 1H€fgg Métectag)%ydlfferﬁﬁﬁf %ha(girve ALy hetec@&%BRﬁ;a 11?1( sTatterln§ %S) detector, and

ependent rogen, or a

a Vlscmf‘éffre r%@?@mw@d@%@ @glumnﬂéatﬁctan qelibraiinno i deqsflbq‘dép ‘abl|Syn, P. Brant, R.

R. ChHﬁ%tE hatld wt byl Gra%%lﬁ?)’ﬂ/[acr@fﬁflﬁduilespteﬂﬁlﬂlle 3t4h§mber i@emw 6820 (2001) and
oC owever at_a ast_ se

referelé??%¥11‘?¥f’flp % 33 'é‘?r?fg‘i‘??l @ng s]}/h"é%( %h{“g{ ﬁ’r“% ﬁﬁ’sused The

nominalr fow ette Ryws egémm ahd e matnilay HﬁéchmRVolgﬂné) i300agle M various transfer

lines, C(Muml%s 1 dlé‘err)en%al zzfp(){nettergthe ZDlﬁrdo %Qtlorgaa%re\;gorﬁ%med pu! Qn g’ven maintained at

1 ONS
145°Ch)‘8dlrvolgém)the Npmsmmt isrmgrered by dissolaing p igthgys  of pytgkted Alpdrgxy toluene as an

antlox@antchﬁ 4 @?ers (Hfﬁﬁﬁl%rhqpa{ant%lra&e gag Q t%l(l)']rbﬁenke'ﬁg ?f*’@%d SUNS ll"YiB mlxture is then

hal ogen or a drocar byl’, suc
ﬁltereqlréy Oe} W|glasbpr6§’mer arbilﬁllyqequeﬁgy]flw)ugh H‘e%/ pm 'JH:@B]@ ylter The TCB is
then (Egﬁats%ld,wﬂh @rﬂﬁhhnehﬁg@ydr,beﬁiﬂ@éﬁtbﬁﬂglt mg spzlamlusmamﬁudnw)gﬁ@h Polymer
an form t ctur.e includin
SOI““"B&F‘IEG pé‘fHaV tpuﬁcﬁ‘ﬁé%’ PYYMLAR Grekt e B 3618‘6‘? ﬂ?eu‘?élaedr"i“}?b‘m of TCB,
then Isythigeth® naixtdref air tOBT withosont@cut lagtauam)fort abouta?l jhagent AIR quantities are

measu%d% %}ﬁéﬁll Oﬁ“ﬁé ?Cé Héﬂ%gleg ﬁs'ggtooerx thé gﬁ%&rcoﬁééﬁtfgloﬁ i Wass/volume

rings omat art
units eg;gi ﬂé%g/@dj a‘mooQaqmgeaqu@*q ancE;(M ¢/mept HO°C. The injection concentratlon is from

0.75 to 2.0 mg/ml, with lower concentrations being used for higher molecular weight samples. Prior to

running each sample the DRI detector and the injector are purged. Flow rate in the apparatus is then
- 40 -
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Al'l nol ecul ar wei ghts are nunber average in g/ nol
unl ess otherw se noted. MaterialsCatalyst 1 is 1,1
woO giophsssyd et hyl ene( cycl opent adi enyl ) (f | uor enyPQTIEHS2009/047945
m di nethyl, Catalyst 2 isr
c-di met hyl si | yl bi s(i ndenyl ) haf ni um di net hyl, Cat al yst
3isr c-dinmethylsilylbis(2 - nethyl 4- phenyl
i ndenyl ) haf nium di net hyl, Cataly 4 is: Catalyst 5
increaged-to @étngﬁygqte,@nm [mlelb a]ll(éz@dé@ ét@lpb;q«'f@r $ & 9 haurs before injecting the first

samplepr %@ A8nesr is furkld o LR61. O Bdurs 6e3br8 n¥iingInd\eSapRE eﬂ’ﬁé €hcentration, ¢, at

each pgmt tngtjﬂg é{bl ed (%?a(%ro@rsg(!glgﬁlate% fE rI]l’le ' oc?dur g'a(AengéF é]ﬁ;nal Iprr, using the

followhgSqudtionber | ey, PJ. Maddox, A.J. P V\hl te, WIIlians,
Chem Comm 1998, 849. Ackiwvatpfyfyis N N
dinmethylaniliniumtetra (per?ﬁﬁu)or onhenyI ) bor at e.
where Koki ivat@wstaB dermmehiyt allibmtingthe DRL30I @ dchistisd rafsangy e index increment
for th Et&ga% ﬁgreff Cﬁme/ﬂda)@qpl EOO @@CE% ?15'%%&1 an 6%|nm For purposes of this
Pér meat 1 on romat o }/ unber of carbon
inventipn g the glajmy theretaridn/ )\ﬂ (5104 far mwmpﬁb@eﬁyo P fagbuene polymers and

0.1 othbrghte TEURAr & YiBmSLE eth@sgﬂous N d@bﬁmsat SO BEC( Bethb&are such that

fram Wat ers %:o &or ation or Q/msr Lab 01 at Ol‘ll es),,
""n"e‘&&HP‘bBee&PWSF i #iP e MR R Reightis EYRSFEcd 13 Snele-ad Atringic viscosity is
expressefin dcfgi ve i ndex detector (DRI), a light scattering

( | 569 r d

| LOThET Ot 2 oAl TRb RS Rl Yemp i RECL P B AhbiRetr weigh.
M, at Ggh poipt 1th<a¢hrom2R0gar iChedanomed p @nalyzmg/th{;]i@@gtgmeqsmg the Zimm model
for st%qgfﬂmaﬁ&ﬁl €84 BVOIL LI 3T wmgﬁmégmoﬁ%\{@éﬁ%ownom Academic

and references therein. Three Pol yner

PreSS’L%‘ér atories PLgel 10mm M xed- B LS col urms are used.

The nom nal fl ow rateK% 0.5 1chm n, and the nom nal

i njection volune is SW@L h<‘ous transfer
lines, columms and di renM ref ractoneter (the DRI
Here, Qﬁfeﬁ‘)’%t HE }negsﬁl?ed(é%gssak%ﬁgglﬁ &aﬁ‘éﬁn@‘iﬁ@nsﬁ?'aﬁstc%ewﬁg le 3456 the polymer

vent for the exgerlrrent I S prepared ){ di Ssolving 6
conce@wgﬂ%d%?mmtiﬁoak% Ry AR ﬁ@}su@q@C%{@ vaiipl spRffigsat dfgnpurposes of this

inventiod, 4, |4 060 &k p%ﬁreln@lpolyﬁla@emoogf aftbulence dolyders and 0.001 otherwise],

C roben ene t re hen . .
(dn/dc i |Ot12)# 3&* p(rmy %18 RO rs,70 pﬁ,ﬁj %r B%tgned} n':{le[rﬁ eEnléi? I;?Itgerwme, P(0) is the form
factor Surlb seapudintelsy randorougih aad B, & themplied Lowtaft bt tee sysitve TCB
is then degassed with an Qnt :rtfa glg asser before
entering the Size Echld&tgn—‘Em—encaﬁggr aph. Pol yner
solutions are prepared by pl Nm dry polyner in a
| ass cont aj ner, adding, the desired a unt of T
where Ny g “h@ﬁﬁérﬂé upken A chis ¢ %éﬁ@cwet RAXRETCREY gr the system. The
refracta@hﬁcaklroﬂl B@ITfoa’nJOBtat Rshouwids),. = Ad nuantities are
rr%al%ghs gen%p% %‘%(é?lg ’gglﬁ)éérg‘%?n V1t9(;|(-)%%te9ﬁr&?&%}}sfég%voﬁacﬁ%ﬂlanes arranged in a
Wheatauoee Hridge Borgﬁgmatlalt with owe premper tednedueerarisl used 3¢ deteghmme Savt‘mﬁc viscosity.
One tr&n%?&er ﬁqga%uﬂeﬂhg ?Jtél Qﬁséﬁ%ﬁ(ﬁgﬂq&&&g 'thg Qleﬂe&mf Empotzé ﬁogltlgnézi between the
| ower “concentrations being used for
two Slﬁ?ﬂ @fctlw afldg&en@?ﬂlreé anpffergntiappyegiure; oTl?ﬁum%wﬁ@ V@‘&Q,Sﬁyasmnfﬂf éhe solution

flowinlg hlﬁo@‘filthed\aiceﬁlh@f is 3R16LI R Efror HRE LAHuBS EhdidfrBISE visédsBW [n], at each point
t heni ncr.eased to 0.5

rate in the tus_ i
inthe (ipgtngie > AROPEHSOBRY PUOKFEGRBEOT o st abi || 2 for 8
to 9 hours before injettselgltAdcfil’st sanple. The LS

whereIcwcénﬁaﬁdﬂraﬁ@%@&telmtn@d o tROMEISoURRE Or € running the
gg .The concentration oint_in the

gaﬁxfl?%(gc |18 plgylatgd flfl%a‘ie”éltput OP the SEC-DRI- LS VIS method as

followba"i;l&l dVBﬁg@lﬁiﬁﬁlﬁlﬁ@fsﬁﬂlt@Fﬁh |oS)ioff f@lsamplORlcalculsicd gy:t he
foll owi ng equation: ¢ = KDRIIDRI/(dn/dc)

-41 -
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where KDRI is a constant determi ned by calibrating the
DRI, and (dn/dc) is the refractive index increnment for
w0 b@gystem The refractive index, n = 1.500 fRCT/USBOH047945

145C and | = 690 nm For purposes of this invention

and the clainms thereto (dn/dc) = 0.104 for propyl ene

pol yners, 0.098 for butene polyners and 0.1 otherw se.

Units on paraneters throughogg |ELS description of the

SEC net hod are such thqh concaitflati on is expressed in

g/ cnB, nol ecul ar wei ght ﬂ@%ex@zpssed in g/nmole, and

intrinsic viscosity is expressed in dL/g. The LS
where tb¢ swnpptiang age Wgttg q‘lgglhpfggrg@l}'c p{ii(gh iq’@ntp/@qerathqri@tegration limits. The
brancHiﬂglhdeQ%m is adheqel ecul ar weight, M at each point in

the chromatogramis determ ne ]by anal yzing the LS

out put using the Zi nm nogek for'~static |ight

scattering (MB. Huglin, LIGHRNEﬁATTERING FROM POLYMER

SOL UTIONS Academi c Press, 1971): Here,
Wheregﬁ( PYIP9ss of Hes pepdion angl %@P@é %r%ﬂ epé%ﬁ g)lﬂp%j 9 for linear ethylene

polymbidf @RS 105 lat 090eds &bl lﬂ@aﬂﬁ@[by@ena ,pogrmee irfdien. |er @yﬂ’%d k = 0000181 for
linear %o%(:ent ration det %r m.ned fromt

RS BYUSE Vi Yt &1 TEoaT P RRRES] fn8 e Efr ‘68@& baB?d t'h “é"le"“lar weights
dmmmumﬂéﬂﬂﬁ@mﬂy%& = 0. 0006 for propylene pol yners, 0.0015

f Ofn ai%tcgpe% Holel 'r 1§ d@ﬂﬁzd% RO kg )gg %Je Rl,éu dﬂ/tlgecl)adms of gyration for

for ners,
the pobmayn@epeormﬁdR 15@ ﬂ@ﬁ liqélrwfs@'ratpp <§9r th@shltehre%t#ndﬁrﬁa arndcﬁg@r KM** where

K. is h@MpoeMROLcSREMS €. 1B8NLP Th&e 'pblyetﬁfl‘lgneK@ 0191 Eheiemt ﬂ)&ﬁﬁopylene and

nstant for the =
0.0143Gar flgeamﬁa‘amns) §n451ﬁfrfﬁéhﬁ mﬁm (avﬁlxgabss G{w%fﬁab%? Rt T M. o is
the sizadeoefﬁdi@r efasenihef polyihiveosysinem KThe rief racti Vewi Beteicient for the
polym?cer??rﬁg'ﬁo CrT, h/il;l(cjrl% eiec&SEOede 6812669890n o émdar\l/a%ro&lhse}]egtsing a linear

era ure A S ordtion” Vi scone
smn&mbdmvmaﬁwhhdﬁm@sw@@mam@ewnwnmamMWBamsm@h@ﬁ@nmm@BKcodﬁdmﬁsamla
gehfiguration with two pressure transducers, is used
... to determ ne specific viscosity. One transducer
CNMBasures the total pressure drop across the detector,

aﬁa@ R @hh@bs cR&ES hioeer heh Wlﬂeﬁintph%etdé\ﬁig %'h‘d@ﬁn Qﬁectrbﬁeter with a
ur.es erenti.a r sure e spe
g GGG R, SpbIUE HE 7o 0 HeAies M HoHP OB AT 1o give a

digitalvieshaivattetwdes (ClameliD.az ety, far dJ:mttd']dEG) rse(mtidl pulss acqlis@ion delay time with
r \% S C in
contmu%ts ﬂrgatdlbgnd %&)% (ietc%ié) {1€]u518£fsw§ %g oaIVie Igoc{ullll%on without gating was

ogramis ca f
emplopggludiring rthe latire: agudition PerR(.c[Hie) sPecthevere @cqugred using time averaging to

provide %ns‘x‘%glt foaols® nev@ﬁaﬁieéi\ﬁ@e tg%e%gdp: ﬁ{%%%n[ﬂ@ ¥ ﬁﬂ?&espRIS aIQ]MEWEre dissolved in
ranchi ng i ndex I's cal culated using the

tetracl%queﬁ]mne ot attcH@:engme%\K@n\y)p & havthoyion & beglg ipsraed mppghe spectrometer
magneaveﬁ@gedatmrfaly@ls bectrd w60 Sdfér¥ncel BY Sttthg tBF chbMRalShiTRdfehd (SCH,-), signal

b ere t e su tlons
wheregi: S 385 huY" ARG Erab 86 REMERGERe el Clip I sgpals shown in the
table Helomw. tN$-butFhandbr@oeshi Iwmg: non chpaurtayl dok so thsir thef abmedhnas(lesd ghag 5%) relative
to the &Ta}ﬁ Sas Sh!éMl H}A@Ce[agke bRy, PUr pose of t hi S | nvent | on and

expon

o ChaEnd [ 0% AN CRemca Shi 0P
P~i-Bu 23-5t0 25.5 and 25.8 to 26.3 ppm
E~i-Bu 39.5 10 40.2 ppm
P~Vinyl 41.5 to 43 ppm
E~Vinyl 33.9t0 34.4 ppm

Polypropylene microstructure is determined by “C-NMR spectroscopy, including the
concentration of isotactic and syndiotactic diads ([m] and [r]), triads ([mm] and [rr]), and pentads

(13 29

([mmmm] and [rrrr]). The designation “m” or “r” describes the stercochemistry of pairs of contiguous
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polymers, a = 0.705 k = 0.000262 for |inear propylene
polyners, and a = 0.695 and k = 0.000181 for I|inear
wheioenssspol ynmers. M/ i s the viscosity-average POI/ES200E047945
wei ght based on nol ecul ar wei ghts determ ned by LS
analysis. "g" also called a "g value" is defined to be
Rg pmMRg is , where Rgpmis the radius of gyration for
t he pol ymacrononomer, Rg2is is the radius of gyratio
propylepsy SHoWRs, [‘n dgferrigg 4pdugsel Nl Rgfagemic.K Fyppiss wﬁ‘eﬁléwk@d ig d-1,1,2,2-

tetracHl&@etH’e@lWeﬁndl @%tﬁoﬁfu{rﬂ&ﬂ ﬁnIZSé@ 9148 of W0 MH2E@F higher) NMR spectrometer.

ol yet hyl en r linear poalypro
P"lymér 6% <3k rf’é%urre ’E&‘P u’t"eﬁlg)mman&l M PR hgnlﬁﬂf‘te’élﬁllﬁY‘ﬂVed in the
characveeizgioh oﬁ@olgiﬁ&@ fbiy DevdR attodba;nbagbﬁF—A}@Mg in BOLYIMERIGTRIFORMATION AND
CONFla{J}%EH&Q eAca e ntPrg %)r I\}e]yv Yp?lhyl%% %n@njor@andalﬁtm ﬁgﬁﬁﬂ&f{ SEQUENCE
coefticrent for Iy rononomer
DETEH\VHMH%I &NN@SMEHGM(AC@EmK(i%mJSM@OM b177yui dance on

SQh@ G%ﬂoﬁ'ﬁeﬁ% Jac':tﬂﬁf?‘ n&%&a"e@i Q\%d IB@l)éinn& A, go(!a%}élte%ras defined in H.N.
and conononer Con ermn

Chenge A@F’fow(eélf{es Lanky 8 (ER8b n%ﬁ% Tm/ﬂae ONWS@ 31@11',\],\;% thpapodymiggs generally

descri§cdlab e@ideehcad, véhgﬁ)gﬁ)r 118 1.8 tHDpoidR KRR it Sind §hadn MaF|ii@greater than 1.0 the
ter .w.t ogen frequency of at |east 400

1 mﬁ}a% tnr ro descr téd '
POty ECTRTGY ﬁé&%@@sﬁﬁ?% an acquisition tine adjusted
t Ohginne tdaddagicttyaindexEbh pbliaer ibetmaesare df the ralatilkeOsoli@tidiiy, of a sequence
of thrét adllla%gtﬁ u(% %:Qe o O(Q) n&%ldsiﬁ g(llJ ltosﬂa 1 cglﬂ“ %glﬁa_ltlgy MJ{QS tslyg‘cﬁ’ Iaally, in the

con roa roton ecoup |n
presens gygntion wmlemﬁe%ﬂaettcm rndw takvo uieferargitth Ayt vvalemémtlely é@f a polypropylene
homolﬁl)l}&ﬁﬂleﬁq Or édﬁ@lyﬁl@lt i E€rraS s Shd @ MBS hftber JNitS PEGLH Bk Lo all of the

ired usin tlne averaging to provide a signal to
pﬂmy% q?@“ﬂ% {herconolieRfiiate t o nmeasure the signals of
interest. Sa eg mere di ssol vé&dPimm)
tetrachl or oet atpp(p £ PP PSP en 10 to

15wt % prior to being i nserted into the spectroneter
where PRGmam), PPP(no anddPiar)adeaeta pyaki ascas detdvterd dromethe methfy bgrevisend the second
units 19¥h631%s§151@ gnetdn,%n %ﬁ]oﬁ@l‘or bd Rea@lo-La1Srdpy R iR, So@RBklow in Fischer
where n > ppm Chai n ends for quantl zation
projectigsy Hagrefent i f| ed using the signals shown in the table
bel ow. N butyl and ﬁ%bropyl ks not rep ed due to

their | ow abundance |(| ess t an 5% relatﬁtg to the
chai n BEiR{smgh own—d—i @b, %g\é}e«-@p—)d@he—
is

m crostructure term ne C\>/ 13C-N pectroscopy,
i ncl udi ng the concefati on ofClilsotactic and

syndi otactic diads (|[n] and [r ), triads, ([ ]
[rr]),PRchrpent a-d-s-((de'dH f+~Ch) ¥ 17
designation "m' or Yr" desc es the ste eoche tr
of pairs of contiguouspropylene groups, ‘A referrlng
to meso and "r" to %?genic. Sanpl es are dsolved in

2-1,1,2,2- tetrachl et hane, and spectrg Pecorded at

125C using a 100 (or higher) NWVR spegtronetey.

Pol ymePPP@donan hefre€renelgteHmmeHz2t. 8

ppm Cal cul ations involved 1n fhe characterization of

poI ymers by NVR are described oy, F. A Bovey in

MER CONFORMATI ON AND CONFI GURATI ON (Acade

The cﬁplégtg)n Netie ‘?B?Ifr%@e@)Of Anigonylene pokyansr |is pwcmms Patent 5,504,172
(homoﬁﬁglJMu@EIERMe AT EMimd 31 HNM% Mai&hm& Ag@de D8 dine 38 to column 29,

e o G55 S S A 0y BT lE blegom » "o
spectralef saget) 0. nAH E\&enCﬁemgLYM@DDYMEIQmm@s OF j QIEFINEY PBOCEEDINGS OF THE

INTER&A&@I@AL S%@ﬂ%ﬂ?}l{l %UJBIﬁ{&OASIPBC'IlS tEQﬁ{I%&LYQI\ﬁ%&QﬁEQ% ])'i{reﬁl and K. Soga,

gener a escri as syn tactic
Eds. (ﬂlsqurﬂé’?%@olply Aek-292s angk Adt-§. d’ateatnftspnlwéwn [Up29Q4/G540%r (earegspphs [0043] to
[oos4afphan 1.0 the
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polymer is generally described as isotactic. The "mm
triad tacticity index" of a polynmer is a neasure of
W@ b@Insgdsai i ve i sotacticity of a sequence of thPE&EUS2009/047945

adj acent propylene units connected in a head-to-tail
configuration. Mre specifically, in the present
invention, the mmtriad tacticity index (also referred
to as the "mm Fraction") of a pol ypropyl ene

"HNMBropol ymer or copol yner is expressed as the ratio of

t e NIRRT vals cUidcted a@fe1t1{@$&b1ﬁ %Ip'el‘:étutré’ ot @oad I foP Ibb‘s%s of the claims,

120°C @{;ajlg%/ :ugﬁl‘:}i J.nt Qr)%);aggﬁqflfl?e utsg&g egmgteirerr )Wl'%ﬁeﬁé (Wency of at least
400 MH%P([HTa)WﬁmdzoﬁE’d’(lS‘nﬁQ a ﬂenmhm ppBakvidll ets* ckaremnésﬂba‘twmmmh& and signal
aweragtmrgi Bg trglgs:]%y p%Pfga)cttra%she a re?e{' %}eg%{ehéré%{ﬁ? hu 1? e?%? unsg)tm% 101 tgpes per 1000
carbong nyag @alcwﬁ@@my beltiplymgtheiddicreat grpvm) by ctiDd m@dla@mgﬁb% resiﬁteby the total
numb& 8F &AL on of the mm Fraction of a propylene poI ymar

Is described in U S Patent 5 504,172 (honopoly

coht rﬁlN% cherpigel st regiopsoioyth ofefin tynepare ﬁeﬁneéd?) b? 9%(?611 the following
spectrfl@dgitn®. 28, line 38 to colum 29, line 67). For further

i nformati on on how the mmtriad tacticity can be

Unsat&@ﬁo%rl!%@ed fR@%Hﬁ %ipﬁﬁc' NVR SReekT dif:l_j%d@%s %s‘t}uctﬁ‘e Ewen,
Vinyl CATALYTI C PQo¥NERI' ZATI ON OF OLEFI EDI NGS OF
Viny h'c[é'rl% | NTERNATHEINAls SYMPOSI UM ON FUTURE ASPECTS OF
meleQeEFl N POLYNBRIsZATION, T. Keii and Kp Soga, Eds.
TrisubkdEl@@Vi er, 3986)3y pp. 271-292; and 2) U S. Patent
Appl i cati on US2004/ 054086 ( paragraphs [0043] to
.1 I\(R 1H Cdata was col lected at either room

g for purposes of the clains,
1200 Glghtinl tenperameed]T. ), medtirfy tempgatotre(ou snealtgpgapofay TN glass transition
tempe%?ec&ré;{mt helt oﬁl}sﬁn?lagggr&eqﬁﬂec{ st gﬁﬁgﬂéntpﬁ F@a‘iml V\? gﬁ]ltg])nﬁ‘igtgy (DSC) on

was reco usi n I mum
a comypgreiafly geadlatriel nsthemnene . plft %@W 220 REC)- alicaly.rigfo 19 mg of molded

polymEIr S PHsBALE! poBRRS lafedealsd GNA aﬁuﬁ’lﬁﬁlﬁ Paﬁ”aﬁ‘(g fo@&e%Cin@riH’e nfiment at room
umber of unsat ur at | on té carbons

tempeRiye  PAE aEF B B PYIENG SHE 61T FaFBhtl §ridaps byekigegmperatre
typlcaHﬁGZGﬁ’CVﬂodpdﬂgprb]b;&erfeestLd heahyg tdie of ode@lmiAu ﬁhﬁl‘saﬁf)le is held for at least 5

. LT H hi ft
R TG,

Differ

hlgtgryb e']ih s?rﬁ%le £ (iopganfrﬁm the melt to at
least 5§?jéb¢lmakhemggtaﬁ'ugtjonlﬂcmlaimmra,ttyp)nall'fy woRé‘qm ggtyp(qpph‘)e ata coohng rate of

20°C/111\§|/H\nh“|1°15 dagﬁ IJHX ﬂélg gletﬂlg 1 era’ﬁfré fﬂ)eEHEa%t 3‘/ hﬁ}bﬁ es 45111% ﬁnély]hgatgd at 10°C/min to

ne 5
acquirgpq %P@%ltm‘tlmgéﬁltaﬁs%oqd Ipao T}ll mdpfﬂlwmplang TraitiAR Agst and second heat)

and e&@{eﬁﬁlb me}sfanlzé&%q}angly@bﬁl dnhIg2ddi RBorliBERE @l ddFEproddihses. The melting
tempeliapléq.?s(:jf% e& grtel'![[le p(—ga%rme ‘[1r|1gt {en%ergt?llrers]tfrom ‘Hl)e secong‘{l %eat unless otherwise
specified. For polymers displaying multiple peaks, the melting temperature is defined to be the peak
melting temperature from the melting trace associated with the largest endothermic calorimetric response
(as opposed to the peak occurring at the highest temperature). Likewise, the crystallization temperature
is defined to be the peak crystallization temperature from the crystallization trace associated with the
largest exothermic calorimetric response (as opposed to the peak occurring at the highest temperature).
Areas under the DSC curve are used to determine the heat of transition (heat of fusion, Hg, upon
melting or heat of crystallization, H., upon crystallization), which can be used to calculate the degree of
crystallinity (also called the percent crystallinity). The percent crystallinity (X%) is calculated using the
formula: [area under the curve (in J/g) / H® (in J/g)] * 100, where H® is the ideal heat of fusion for a
perfect crystal of the homopolymer of the major monomer component. These values for H® are to be

obtained from the Polymer Handbook, Fourth Edition, published by John Wiley and Sons, New York
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tenperature (Tg) and heat of fusion (Hf) are nmeasured

using Differential Scanning Calorinetry (DSC) on a
w@ornssi@l |y avail able instrument (e.g., TA PCT/US2009/047945

Instrunments 2920 DSC). Typically, 6 to 10 ng of nol ded

pol ymer or plasticized polyner are sealed in an

al um num pan and | oaded into the instrunent at room

tenperature. Data are acquired by heating the sanple
1999, exrepl thpteh ¥31ue3 0029 0akig) iscusied §0rr%‘1(wayf:§1ylle@@p@rvg{ugroé 140 J/g is used for H®

(polyblidéRd)CalkdlaY aidd 00507110 is @ééhYd?'}pﬁ)Y) RPyledd). @ heating rate

O{He?tfﬂcfyénet“éfﬁp(g]?‘ﬁtlﬁ 8@ b 633@?1?6}5‘? ]{)gé pf"r‘f%#”l‘i“a t"H? §{281r’]’3l;t i the sample is

coole(frtbemO(loﬁﬁhei(amTJ|5em1nﬁte§: deh dchtéd @motdraminrel 200t@ &im Isedstured on the first

melt, 10, fgl&éeé hdn %gl%hg f‘ﬁ{‘ls ?1 lel must[ %ave begnn‘{i)%%(ri% f’éa§ 48 th%ﬁprs Pla r001¥1 temperature
and shp@Eheti b heﬁ@Oﬂmv@enBalh@tow at this tenperature for at
Ethylén@@éiteé mnutes, and finally heated at 10C/ mn to
g@l re additi onal melting data (second heatel%
toneraiient ApFlYIRE tpaligiersi ipActerTipt byafdT¥ed ol 57 %éﬁ“)‘ept that the
mimmamlgaxptbhﬁfsm&umraéam)bb 1z Hdg?l@net Eoarsi f&llpﬁfpy&ﬁﬁc@lﬁ@hﬁél?sﬂﬂ determined
ccor |n to s ar, ur es
by ol P preth ok R R R SR P oS Bs e, g Polm. S 56, 1781
(1995}, mdpsmgmwrk%s@mmnstﬂmm Eltang;rftd»lyheaﬂs, 265 1686040 fdvdighersde fin comonomers.
Examﬁgqm fied. For polyners displaying nultiple peaks, the
I'ting tenperature is defined to be the peak nelting
t dhise rVaTYlLrPE Macgmmanhecrieias nprrdeenadsbbisaf edd wiativatphB.  Catalyst

solutidn@ (Vgl%sptre[ﬁféqq’ﬁ DEHIL& fRdea rVaUﬁInﬁ Aﬁn(fsﬁﬁe@&nﬁﬁ b&:a5 RRRYHEMy cquimolar
ak OCCUrTi| ngquxat t he gonégst f enper at ur e

(1.00: L?i%ék?w%es piHke o |aféta?t6(ﬁt°f Bt erl%moaelfff Hbglass vial. The
mixture Ov3&stitrB@ f@reB kniiG rans ttisdnl trangfeir@ntot emaa{ alverd @riéd emalydn@ube. The basic
polymgrlz\éf %ngl?rkmle gr% Idgrgyttltlﬁr%?se f %1%?@%&%; as\(/\%gslo%sppos e%’lﬂqésltrhn octylaluminum-
in-hexprea kcayewger ridngf)Oamn L thiasanky ght@g\ﬂdetdetnpdlastgum@)s stgdl ewtsclave reactor. The
reactof"&gseﬂea{eﬁ %o E&G‘Cmﬁu\ﬁ g @tnlﬂg’ % ﬁ%a&l)g@ttuﬁer Wa Qta‘;ﬁ%ﬁ tQ treeQ:tor Once the

ransition S| 0on,
react%?éﬂl@?f%tﬁénmilhraw ainl, 00% thmtalyswoy]@?lawrlﬁ %hqd&mm th@\mtélﬁst tube into the

reactof Wﬁh b UsE hek fhes alFe b wdahe il @d(ﬂﬁ(ﬁf e Rhct6r Wad @Jeh%ﬂketdy“llth 200 psig
hlé so calle E{iithe percent cr I Tinity). The erce n

eyl B IR PO GoR APS BFRRCRH (81 RN PEPTg: Tme the reactor

was c{)(ﬂé(BandJ ﬂﬁﬁé‘ssdrh&i C Wn¢e tl(d ﬂ:ad(ng)vas/ dd!ﬂrf(sl;lﬁlzdd o} nib@gined under positive

pressure V1a ta g'entle dr¥ ﬁﬁmﬁe eﬁlush t%hé)o?ye%hytjﬁe mgcmr%{)no?ne'ra g%‘ofdué"t was cannulated into

Septum: sﬁmd w@muSIHEh@lelt\vlmogersgas QFCTRiCEHIES. tTd)e b@mldtvmlm\eﬂe frayfiarred into the
purge(f %0113 ﬁl X%&pmdm%x I %Jcrk % I’Elﬂﬁb 3 %pé Fﬁﬁ&gd kRfllowmg the same
and Sohs, New Yorkl1999, except that a val ue
polymémzazm) PU’F@GSal wnlgps ggteopthanpisel v EDRY Pehey polan%%aa@l Gendjtiggs used for
preparihig@hd BacdG@shomers. H (pol ybut ene), and a val ue of 207 J/g
is used for H(polypropyl engjpe Aleat of nelting (HM is
determ ned using the DSC procedure above except that

t he sanpivathpsss g éld’ﬁ HacropommerhsthCHayst §/ Astikierds
theimpeat ed gimd hfa.m 'Teﬁlﬁ (E’th UlyiddYs! S| MRaREAGS, Qﬂln{oﬂﬁr
first nmelt | no the second Ut The Hm sanpl e mist
halBrbken gged & |edst 48 hcurs At roomtenpelrSéture
ang-stput d ot gF hegt ed; {0 gestT thermat—tm Ty-

Et ﬁ%l“é%)e cont ent _Et hyl enged cort entLBiyn el hyl ene 1355
coBEILayﬁrers i s det er minedoby ASTMIEO 5017 96 e>6¢@Cpt

l Ilal l IIC Ili Ili TTUTTI bi gl aI 'tU Ilbi ST DIIUUI UC J.U GGG L.
e | ene ¢ ISl S

PR B R het e R P E BER SR8 hod 1 10 D
Marti no and Kelchernans J. Appl. Polym Sci. 56, 1781
(1995), and using peak assignnents from Zhang, Pol ymer
45, 2651 (2004) for higher olefin conononers. Exanple
1 Three vinyl - PE- Macr ononones5s- wer e prepared usi ng
Catalyst 5 and Activator B. Catal yst




10

15

20

solutions were prepared in a nitrogen purged Vacuum
At nospheres dry box by addi ng nearly equi nol ar
W@ 2000055510©5) quantities of the iron conpl ex aneCT/US2009/047945
activator to 4 nL dry toluene in a 10 nL glass vial.
The m xture was stirred for 5 mn. and then
transferred to a clean, oven dried catal yst tube. The

basi ¢ pol yrrerlT%?g:B \Rgérﬁ%%g{%@é%ﬁ%%ﬁ%&&%&? of vi nyl

PEmac- | is

n-RiGLy| al ufi numi'B-NMBxaneg scavEeRGaRIaPEISHOO0 nl DSC
hexanes were atded toviayl2ll sMai nl esky stjeel vgut o¢l axde, °C
reactor. The reactlor was heated|to 1004C. During t@'ﬁsj/gl
UPAE_ 1 he catakyst [Tubgy Way alpagheqsf 0 [They§1€act Oke 6, (184)
pES b Ne T gact 9y 1enpey a“[f?o@q“ I418p at e°8ﬁi751U)Uﬁz9,(128.8)

L Cgi[ at AL §§gl utfl on94/vas

mac ! '4 ohet F709M L T35 Xé‘d,s, (199.5)

tuelntothe readgtor w th ar (g%ane 41§§

—t egct u
nghtl scatfénﬂ%l ﬁall]leé \ri:ﬂé)in (FI—:{]E’—?% é el;.:de(l) rgp‘?'?us pOFCB rggtal 11§ gjt I’%l%lé frofﬁ%econd melt.
ExamE]ﬁrzrl ed out for 12 minutes, after which time the
I ea5hefizaNes CRPPEd, @%red&ﬁe Q5H 4 F@ded PRGAmM! REndsSREL Qlty box. The

s de ressurize et i ned under, positiv
@nﬁf%e@fag%ltﬂ%é ol RPErogenb pragdrt Ay dried 10 mL glss via

along p/ﬁh y&éﬁeﬂyﬂl esueedrsEie baname viat wag thelt GEatadas S6AN mhb@ttﬁej michiihg point of this

t seal ed vi al u5|n ht nitro

PEnac) (\)/Igr Lfl:qe E%r e8 t% SPHE&?” e %Olgéflsgavt\aéw T Cﬁ a%tsfa té)? red ad({ed In several

exampidyeo ;fum}geeblwmtwasrﬁdmdmsﬂﬁ@p@sntmvhbwl arPRireed-for e on the hot plate

and thglggﬁﬁedgtovﬁb@enp Eéﬂq;léféﬁﬁje fohl Qfﬁ’fng J (fi@ﬁ?a‘uons carried out using the three

pol yrrerl zati on process, unless not e herw se. Tabl e
PEnc pis|retided T3Pt zat i on conditions used for pr epar| ng

t he macronononers. Table A. Syntheses of Vinyl-
Macr onmonomer sTaplet( Saamatyyd PEGaAvnihgsss HpingPEhe
EhLT €5 % T s a t :
Exaﬁllgﬁl e[jFff"”‘:l'abl@étagElt Prg’g{per%?@gﬁgf {W‘gyl - % N%éﬁ%nvﬁ%ﬁlg?gm
a Lijght sclattering values from GPC 30 g'|= 1.4d0
{verlsud PH std), dadalin thix/Xable fl[r8fm fe6dNnO
Exanpl @ 2 |Paiynseri zat) ons middv IRE ' @erp tong i nHNegie
a pyrged acmuwo Al nespher ey draz2 box. [The pasic Toluene
bol yneri zation procedure follows: 2.4 g. pf PEnMac was
$| agédepent [0 4aMAOVenAdy i ed2AD.2nll6gl asg 1A0al aborng wiNecht
a Teflgn cloated stia par. The3di al wdsidshpneshedt ed Neat
&5C|(algove the neltAnp point,/eh this [PesaL) 6on [a hoteat
pl afle. 3Oncle the PEnacl was mplgen, caflalossf and Neat
gctijvagor werg adfieg. [Th several exanpl@S[ NgoT YT T ABluenc
§0|went3 Was ag’ded BNE comt SN E or t'el'lvji -1 Neat
* VahFi IR Blund oFFEO Hl'hAIE Q&ﬁe&‘ﬂlladﬁftl [ Rfiab T COOTEU 1O
enperature pol ynmeri zati ons
carried out usi néabide: HNM@@Eata@t@lAmlmsow ded in

basic

e INeat

Table C. Value in italicRBE4.sSl vol une of MAO Eramgle 2dded

in addition to Activator AlefiabGRupX pet HIWNRrbons *
Unsavinyht i on Anal ysi s PF 30.8 Exanpl e 2t O efériDeteQedups
per vib9RBe Car bons Vi nyl 3008 Not Detected Vinylete 0.9
1. WiMilidgtlei dene Not Det siot Beleddat Det ect ed  Not Detected
Trisubstituted Not Detected Not Detected

A summary is provided in Table E of the "H NMR results recorded for the eight polymerizations
with PE,,’s.
between 0 (not detected) and 25%.

The percentage of total unsaturations that are vinyls has decreased from the ~95% range to
Accounting for the impacts of residual vinyls as well as unreacted
vinylenes, we can calculate number average molecular weights for the brush structures, and these are also

tabulated below.
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Trisubstituted Not Detected Not Detected A sunmary is
provided in Table E of the 1H NVR results recorded for

w0 b@gsgine pol ynmeri zations with PE ac's. The pReT/ERL0aY@47945
of total unsaturations that are vinyls has decreased
fromthe -95%range to between 0 (not detected) and
25% Accounting for the inpacts of residual vinyls as
wel | as unreacted vinylenes, we can cal cul ate nunber

and ¢ nolirs ety FLAMR LB AT AL AHE 1,25

Pol yrerl|i zati on covusact W80€pr resi dual vinyl and My

Ex¥inBk! €186t | BHheTSuhno T HRFaRRY (B iffis | Thse+L 3CRRIR

SPECTTUNT )8 0T HEG L[ O 5x@ B € gizd S P TOyW, al Jpie vité'|524
|8 C

MOt cirip(\) SS Uﬁ\'f)g”i ;:Qd,Q V(I) ai\ﬁ6 12,727

] DSQUITATIUV U Si 1 ]
L 0on” L

O nil_zio

c
Ll .I
“““““““ Bl ST i N T
L U

£ 0,00
isﬁ.?ensi ti g wit !]112\].5*. ;eggénab. e 4) pm at 'Tonc, Lide 2147
chnsi st enf1-3\2:i th pﬁé_[[aﬁé‘ﬁl ] h%é?ng M Qduct Pnat  hdyY7
a’brandh dif9al { eP8At iIng-®Marlbon®80 Assi ghfrent 170 4762

ndnencllat @rvé is d8scdi B iln F-Hure | 3% ppm10526

o
[o))

L

QD

Gar bon [Type8Assi ddfrent 0103t dar a0.0%r ea 41. 04 CH# ah 65147
* Deg86 o 6lolyzhi?izatibh co0ecESl. falreGihaBriaylahd Poylate @0triBti @2 frG2in3Bsumed
PEn. 73 30.72 CH2 gd+ 29.98 CH2 d+d+ 1620 29.59 CH2 4S
26499 NER Bk _re%grdgé-fo%angp?e igis]shg-\g’n, 2fhn With kn%jog ?eal(%g;ignments, n
~ NMR Spectral Assignnents for Exanple 2 ifts relative
Figuret | A6 088n @sqp@pqﬁ:y]p(@ﬁ@nss plglnéqmgg@f:ntq @rj“ggaglglep]p #ej ¢rganized in Table F.
These h@idhachk aiPRtcRang; @rhidteadod@blElitnitatiun® MrESRTisten RAIMI tREMbterial being a

*** Intensity from.gated decoupling experinment . .. .
produge g S0 e AL e C NBREHE PGBy Fgure 3.
carbons are identified by a pair of Geek letters or a

nunber preceding a S. The drllek synbol s are used to

i ndi catepplhe nunbecarbén Taebons gsﬁgﬁﬂm ene itsrflresm a
met hi ne umogi ther diregbion. A + s4ggn i s used when the
cl osest ngkhine is 4 gppe carbons gway fromthgg

met hyl engzaf) i nterest . cgfhe 'S {gpdipagogy idegppifies
carbons ap-,9r near theggend of satugqated n-al kyhs

chai ns. &hlegynunber speghfies how ngay carbons a

met hyl enggigg from thecfygrmnal -CH3 with the 3§
carbon dezg?s@ed CH2 48
26.99 CH2 B3* 58
22.91 CH2 28 81
14.24 CH3 1S 82

BC NMR Spectral Assignments for Example 2

* Shifts relative to backbone methylene signal set to 29.98 ppm in tetrachloroethane-d2 at
120 C

** From DEPT experiment

*** Intensity from gated decoupling experiment (suppressed NOE)

Assignment Nomenclature:

Methylene carbons are identified by a pair of Greek letters or a number preceding a S. The
Greek symbols are used to indicate the number of carbons a methylene is from a methine in either
direction. A + sign is used when the closest methine is 4 more carbons away from the methylene of
interest. The ‘S’ terminology identifies carbons at or near the end of saturated n-alkyl chains. The
number specifies how many carbons a methylene is from the terminal —CH; with the 1S carbon defined

as the terminal carbon. Figure 3 illustrates this particular naming convention.
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as the termnal carbon. Figure 3 illustrates this
particul ar nam ng convention. Table G GPC 3D Results

wo 2009 FPEmac) x Brushes Made with PE ' s 1 and 3PQHUBIBY/047945
brush Mol W Monents, DRI (Visconetry) Exanple MN %
vinyl MN Mv Mz 1 9,524 5 2,766 18,771 35,649 0.131
(29,525) (55,732) (101,875) 2 12,727 ~0 4,802 56, 259

i A e e

Ex@hl842 -My°5, 14;7/111&13 17™M:8, 356 35\673 0. 50 ¥14420)
(10, 600) (46,288) 6 5,577 16 3,660 13,038 838,876 0.49
(16, 149) 303, 689)-5( 103, 39Bp 7 4, 7IBT718 2, 896,639183 0.131
135,219 0. 494 (6, 691) ©9,325491) (563784) 91408BR6 6
2,595 102,620 28,994 0. 37W2(7, 9376.2623, 762)39,96, 460) 0122
Table G (gl) vis is détbhied as(207,202) (462,453)
IhDOK' macr omonod@r ' \ | iln¥dr HDPH2(62¥. Val wdgloér)an the
I 0.122 to 0.50. These values reflect the relative
éhai n mag84per dhit volaite. Due 4ld1Pheir t&P8Pogy, DHE7
brushes are nmuch nore @dfpact thahoGol yethyd.&He, and
the small est valSle of @.3s is cé@Barabl e ¥F4€hose -
easur edb.¥4dr pol y(decerel?’) and pofy(dodecenwd&dl).  0.50
Further Macronononers We2e) synt NéH0®ed i n(4.288nt i nuous
pol ymer iZ&i ons lon a 0.3Mi t er s3IBBI ess §3%EI6 0.49
cont i nuous autocl ave r&dPbr eqUidgged wi tBOR3IBbirrer,
gt eam helttZng/ wdBer codli¥g el enBh®3 and alpr2ldsure 0.494
controller. Solvent, nHct9hononel.4Qhd combeaher (i f
any) ard0b63picalby firsht5%hill ed0ttd0-15C P8i78¢ to 0.370
entering a mani fold, afid¥hen pURPEd i nt o(AKHEOY eact or .

Tl[‘l?l’zﬂ)‘lee@c(%b Vﬁtise&ﬁﬁ@fa@l gy/S tr% Qllcryntogonqemm NDPE (1). Values span the range from

I nd
0.122 fﬂ &Q h%e NE ‘ﬂeﬁu %% pegpti g{am ﬁl&%ﬂ@ﬁh@ﬂml% P, to\fpedry tgpology, the
brushe€areTm @ Gha@p esrhyadi tﬁﬂmbqueﬁhllefﬁe rmad kh¢lsmallgydvatud sTdEnislchpmpaable to those

Lhe reac fro dry box through netering
measure%q’or spo&ygdecene 1& (fiodrecene g?)l vent (such as ‘h ex an‘es) | |
aferﬂp;u hbe@momrmert Weresprkssiged iata cantgwgisrmotynreaizaionspin a 0.5 liter stainless

steel c%ﬂtqﬁu()ﬁg aJt&@avE ‘?éa'cfg? @%g%ﬂeﬂ NEth of Mrek es"f’e%noﬁeaﬁ‘@g?wgtérr (§)t0111§gegement and a

sol vent, and to the desired tenperatu
pressuwn@@m r nlYeal mgerogogerpergpe gog%ﬂn@merr(hfémm%%wgﬂ.vaﬁ@ chilled to =15°C

prior ©énddringta WeKiRId, had tRuRSchell M40 thé) EcabBACHIBE prdadivalell Thtalyst solution
B N T

Cp = cedpbuadings Mperatted, nddeindewi) ismadimgo gei edosnt fremnk dry box through
metenlflgg' 3‘&15195 in &% @&r&té Bhe- S(E 9411}/ @Egh as hexanes) are pumped into the reactor at a desired
rate to control the residence time. The reactor was first fed with solvent, and heated to the desired
temperature and controlled at a set pressure. The monomers and catalyst were then pumped into the
reactor. Catalyst feed rate was constant at 2.23x10~" mol/min for all runs. The speed of the stirrer was
high enough so the reactor was operated under continuous stirred tank reactor conditions. Polymer
samples were collected for 20 minutes each in a collection box when the system reached steady state.
Products were dried in a vacuum oven. Reactions were carried out at a pressure of 350 psig and in the
temperature range of 70 to 90°C. A summary of the polymerizations and characterization data are

provided in Tables H to L.
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sanpl es were collected for 20 mnutes each in a
coll ection box when the systemreached steady state.
wWPe@dnsIsso were dried in a vacuum oven. Reacti oPGI/Wg2089/047945
carried out at a pressure of 350 psig and in the
tenperature range of 70 to 900C. A summary of the
pol ymeri zations and char act eri zatl on data are provided
in Tabl es H t{; .

B-log 9 49? 93.3 R 80 5. 09 §1639 5. 4 W% 80 5.09 %6
P890 69. 7%+ 6 80 5:%9 9 4802 90.1 Table P3¥7 Summary oP8
Brsat ur at Pons in B-0o- P Macrorononers Med8Ured by 93.3
HMNMR SamBfe % DPS#99MN a Unsaty | OOCC vi A93% vi nyl eneés.4
Btefins vyl s vi dyPi denes H 16 0. 06 0. 1328¥) 36 0.35 69.7
B 8 19. 78828 H 450928 0.7 19.988 0.54 92480215. 6 654 90.1
Cal cul at ed assum ng one unsaturation per chain Table J
Ehlhg/l énmnﬁtyntf é]‘mtatmrmtldﬁs Fh EVB@PdmammimnmEis oftaatrsl HWH]N—MR

$mple D \ecr omers W9 C2 = a MN MV MZ Mz D Da( t m
H 1 63 465n 229 5 gaéj)géoco 678 H-4 64183 1035 4227
: .5136—%—'\% FEE ed2 B Om gw relative
4. :lfere al %nln t7 §2%
C \/c-f Lni 654
nelqaioﬁbteéﬁ%mﬁ’él‘)ﬁ?HlSPtuB‘QOlBP%&Bamsub anbi ent peak H-2

74 V\eakrpRakedidene @RRAdinkeRkacRBnéihd PR beaknngaks
110, 120C; broad peak ~ 68C Hyf\pd Broad, weak peak

around 25C Sample Mol fraction C,~ Wt Fraction C,~
H-1 0.72 0.63
H-4 0.73 0.64

Table K: Molecular Weight Moments from GPC-DRI (LS) E-P Macromers

Wit% C, * MN MW MZ MWD g’
H-1 63 465 1229 5069 2.65 0.678
H-4 64 374 1035 4227 277  0.516

* calculated from 'H NMR, g'vis relative to HDPE standard.

Table L: Differential Scanning Calorimetry Data

Sample Wit% C,~ Crystallinity, melting endotherm
H-1 63 Broad, sub-ambient peak
H-2 74 Weak peak 110C, broad peak ~50C
H-3 80 Weak peaks 110, 120C; broad peak ~ 68C
H-4 64 Broad, weak peak around 25C
H-5 78 Weak peak 112C; Broad peak ~58C
H-6 83 Weak peak ~111C; broad peak ~68C

E-co-P Macromonomer Polymerization Reactions

Macromonomer was added to a solution of catalyst and activator in toluene
(1,1'diphenylmethylene(cyclopentadienyl)(fluorenyl)hafnium dimethyl and N, N- dimethylanilinium tetra
(perfluorophenyl)borate) All catalysts dissolved in toluene and simply added to the macromonomer at the

designated polymerization temperature.
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H5 78 Wak peak 112C, Broad peak ~58C H 6 83 Weak
peak ~ 111C, broad peak ~68C E-co-P Macr onononer

w@giessieat i on Reacti ons Macronmononer was addedI/us2089/047945
sol ution of catalyst and activator in toluene
(1, rdi phenyl met hyl ene(cycl opent adi enyl ) (f1 uorenyl ) hafn
iumdinmethyl and N, N- dinethylaniliniumtetra
(perfluorop ed in
t ol uene andHEQXR?%ggﬁ%ﬁ%ﬁﬁ%h?ﬁﬂh%MXQ%ﬁgﬁg%%%h%t he
N&wsngmatedembyherlzaﬁmdﬂwmemp@mamurQEEQMWEWNC 7ﬁmelnm
Pol yner ipreat i onuMi t h MatreonmersMiamyls Tabl e H Macr oner
Cdt-4l yst E- co-332Vacr otvbhgner Tedperatures8SC Tinme, 10n
ptep MM wt, g3V viny$88¢4 3.301 2.18 g 3532 85 1000
HH43. 32 3. 28 3P25. 01 8% 400 H@6B. 32 4. 385g 6.67 880
100 Table N:. E-co-P Pol ynacr onononer Pol yneri zati on
NB# W % C2 —T@EIN@@O PHP olyviR cvim olbm Vi oy n{evizagion H- 4 64
70101 &ﬁ%@ 0.125 H 4 43164 83147 136449
0.132 157 § 2539 0.125,9' vis Iy g}ive
to Ilneﬁr stan 20M@VI NGeP4 Wt % s

et hyl eng. unent gscr@ gd hergipoare 3,

i ncor pol{Iqt ed by 4 efere % her%7@65|ncz kNg any,s

priority docunents and/’or testing procedures to the

ext ent gtvheyat@dre®o AMar sttmaﬂasEP&iopcmhnw Hahmg B4 &t% etllenoAs | S

apparent frqm the foreqgoin ene scrl ti.on.
PRI G hety SRS AR ee REFTRS) By 4RRRL Rutp@ng any prioriy
doculrhatv endzicsree'stlng presddomt edthe rderd deg archmt incuaisicousith this text. As is apparent

from tH@%'rJgoﬁl%% dl%l?%ﬁ dgs%H%P)% aﬁgqlﬁn cﬁﬁhoéfﬁboqggc t\'zvfﬁ% qoﬁlgsr%fttﬂ:emventwn have

cope ention rdlng
been IH@traﬁedmﬁ@h@f‘é@ﬂb@ﬁmﬁn@%em%ﬁﬁ@mnwnn bempdanvithogt qp@fﬂé&;ﬁrom the spirit and

scope bf 18 Mvefiont tf\%c&@lﬁ%& i€ RHBf infe'n&’éll thdt%&ﬁ%ﬁ@iﬂieeﬂmted thereby. Likewise,
synonynous, Wt h term"including" for purposes of

the terp], COPRIISIAg, 1F ﬁ%lséﬁ IR SRR EPUS] \gltl‘dhalt(ﬁ:gld 11ilcéud11¥ f(l( purposes of Australian
law. pol ymacr onononmer conprising at |east one macrononomner

and fromQo 20m % of a C2 to C 8 conobnoner, wherein

t he macronononer has: 1) from 20 to 800 carbon atons,

2) an Mh of 280 g/nol or nore, 3) an Mwv of 400 g/ nol

or nore, 4) an Mz of 600 g/nol or nore,
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5) an MM Wnh of 1.5 or nore, 6) vinyl term nation of at
| east 70% (as determ ned by 1H NVR) relative to tota
W a®atsssai i ons, 7) a nelting point (Tn) of 6CORCDUSIN0Y/G7945
or an Hmof 20 J/g or less, and 8) less than 10wt %
aromati c contai ning nononer, based upon the weight of
the macr onononer; and wherein the pol ynacr onononer
has: a) a ¢ val ue of less than O. 6, b) an Mw of
CLAIMSeat er than 30,000 g/nmol, c) an M of greater than
What 2@ &/ mol , d) a branchlng i ndex (g')VSof |ess than
0.5, e) a nelting poi nt of 500C or nore or an Hmor 20
. J @%o%ajc%%ﬁmorﬁar cb §siﬁ Mbad IR Mhd¥thordoRlcPhEt PO & 408%% ofa C, to
nmeasured by 1H N ative to total unsaturations,
CwCogwn%mmq%%%WH¢QWPW@ﬁﬁﬁﬁﬁﬁﬁﬁbner based upon the wei ght
ol nmononer, and h) fromO to 20wt %
a#b 2@ &ﬁﬁ %”H YBhomer, based upon the weight of
Iﬂ%??ﬁ%@ﬁ@ﬁﬂﬂ6ﬁ@ﬁ 2. The pol ymacr onononer of cl ai m
13ymﬂm@kﬁ4@m§h@g&yﬁﬁgronnnoner contains Owt % aromatic
contai ni ng monomer. 3. The pol ymacronononer of claim1l
of) 3 Mp et @08/ €T P8Iy macr ononomer cont ai ns 0wt %
SByﬁﬁﬂhﬂwﬂBﬂpyEHmmé The polynacronononer of cIa|n11
or. 3 wherein the macronmonomer is isotactic.
pé} ViR dBirg et lopst é0%i(andgterninedby "B NMR ) pelafixg W t?thlémsaturaﬂons
IOO yﬁ@lﬁﬁ@ﬁ@ﬂ%’ﬁﬁ ofCEND b H6S ofhn HRATDLO T7QWE Pe’@sﬁﬁﬁir onmononer
r|S|n | east 50wt % pr opyl ene.
n@ ﬁ@l‘maB(F CQufaining Bonoer, inaseg up(Blrth%WWﬁ]étroé the mpaggomonomer;
and polynacronnnoner conprises at | east 70w % nacr onononer
conprising at | east 50wt % ethylene. 7. The
wherelg SR RARERASTRBIEHNETT 185 any of claims 1to 6 wherein the

PQ) ¥ ERHEQUTROMES 0.60NpPri ses two or nore different
macronononers. 8. The pol ymacronononer of claim?7

mﬁb@ﬁwﬂ“fE@mﬁH@Wbﬁﬁﬁ@ﬁ%?§ differ in nolecular weight

M/@nm{ofagredt@@sa&lza@@ogml 9. The pol ymacronononer of
claim?7 or wherein the first macronmononer has a

mél Wﬁ@mBEﬂHFX89W6§6%¥QPnH€fe and the second

”B)'-?d' QAORAOKERK of §ECR mokd Rhn Bt ok/20 1@Tor |le§§S 10. The
ymacr onononer of any of clains,1 to 10 wherein the

n@c,l?sé A 8?:@er%}?13?1¥1§@§8 & preyRider a{%\f[%@hatlwate fqig umsaturations,
fgyétsea@tf7oano/%la@rromloﬁ@ﬁer bhded u EB@thBWeithWWfonﬁﬁorﬁé}Yand

clains 1 to 11 wherein the macronononer conprises a
cab%w HE3 245yt 7ogsomasic SeRIFIBE MY PTBT eP aé‘ff’dlp.?@thleé"e%ggf
polymRdr@RyloaRe (based upon the weight of the copol ymer) and
has a Hmof 15 J/g or |ess
2. The polymacromonomer ot claim 1 Wherem the polymacromonomer contains Owt% aromatic

contalmng monomer.

3. The polymacromonomer of claim 1 or 2 wherein the polymacromonomer contains Owt% styrenic
monomer.

4, The polymacromonomer of claim 1, 2 or 3 wherein the macromonomer is isotactic.

5. The polymacromonomer of claim 1, 2, 3, or 4 wherein the polymacromonomer comprises at least

70wt% macromonomer comprising at least 50wt% propylene.
6. The polymacromonomer of claim 1, 2, 3, 4, or 5 wherein the polymacromonomer comprises at
least 70wt% macromonomer comprising at least SOwt% ethylene.
7. The polymacromonomer of any of claims 1 to 6 wherein the polymacromonomer comprises two
or more different macromonomers.
8. The polymacromonomer of claim 7 wherein the macromonomers differ in molecular weight
(Mw) by at least 200 g/mol.
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12. A pol ymacronononer conprising at | east one
macr onononer and fromO to 20w % of a C2 to C 8
W@ owonsiser , wherein the pol ynmacronononer has: BOT/EHSH09/047945
value of less than 0.6, b) an Mv of greater than
30,000 g/mol, c) an Mnh of greater than 20,000 g/ nol,
d) a branching index (g )VSof less than 0.5, e) less

9. t H'F ?(ﬁgn{gc%%n%ﬁ {n%]i Jt U’Eﬂﬁgﬁ Ig? gt%Ih%r%@ t@?t%a%ﬂmpo%?r%gl&&%\@nelnng point of
60°C Qrmmr@mnhm@condb@semoumﬂ hahan Kwsio P J/gbr ledse
10. p%l%/ g(ﬁ}‘irﬁé%?&@o%%& ofd as A &H ?ggnl%tvk e re\zl;l\g ‘%% ﬁa E?Ii]nkeq‘ comprises a

con nononer ,
prOPYb@Wbmms,of&ﬂﬁomlm Mmacr onononmer conpri ses one

p .
11. SB-BQE%%]\%%?%A&I&? o%}ﬂé g%ga}lllg‘ig Il go flqg{g?erm @g%{a&% @%()rnl(l\)% y?rfé%rlses a
copolyared ofl€5 tb 8090 erbylevechd ¢ twAsere prmbneeﬁbasetl hgonghé geigEof the
copolﬁ?ez) ?5 nheast o ;(I/g % 1ylesschal n ends (relative to total

unsa

urations ) X =(-0.94 (nol % et hyl ene
12. i Aqehpocaed)mer cm@)smgm@astbﬁe macr@@omppicveret froph @ me2Oiwg’o of a C; to

r nd 2) X = 45, when
Cis ""%F’%}? Wli Eelﬁﬁgg&gmgi }éa% 70 nol % et hyl ene is
presgvrlud of lgshthac 0601 i gorrer and 3) X = (1.83* (nol %

%ﬂﬁﬁ&%f%&%@hﬂ%?&m /I]{l(ﬁ when 70 to 90 nol %

ene resent 117 The co-oli gomer; and/or ii)
ppbpl;l‘ifhenégrwarghméﬂ JLV0¢gnpti sing nore than 90 nol %
nol % et hyl ene, wherein the
fg%ljﬁlgcgﬁﬁ zkft% eftal\ésl?%%g/sal [yl chal n ends, an M of
abblﬁis tl@@(%%oma/b turhin2(Hnd 06 ng?hmd byaH NM&b@tayve to hethlmngandations,
I
a@ da?reg%{gb o hg%ﬁ%gx{o%p b5 %nutirlne \Q/mgl’at /o:lD thtel%ol%m:égrfnggmq(?ner and
okl lomérq ZQM%mrcprsam gommine avnoB@, astappn teyeaheolfdhd
g ol i goner has:
polymflJrQ\F&Ii'og"i& %8(?}?1 é?n%ﬁ%%{éﬁ%glﬁ Ss\!:\‘!]ﬁ’%t%lr E&e&out 150 to
abowepylks @G@llggmmlhawramd Marofi380 mA0yi00 gzl poraprgingd 0 to 90 mol%
V, 0 f 0
propyl%é a)ﬁg 1?} ton%d;%%(%gf%ﬁlg{/el{lﬁyh ref) thé)?l%bn%lr%reﬁag gtﬂ'l% gtn }% g) a(ﬁﬁscham ends (relative
to totapyrsstentiors), whegn)X + 6034 @nbl% ethyriehe drcoipeyatqd) o pYd)ewken 10 to 60 mol%

o) AHRE o GOTBNI TP Co8 50, RSP BRSNS, o
cthyle@1i2 prsbaaf inrthe migemﬁrl, i) A F gloidé Kmfnlé(sethmnelimamora&ﬁ%83]2, when 70 to
90 mog)gg%l lel‘i%gbfése%{‘fgsthe(c% (%%glg%t d)’or""t east 90%, an M o

to about 1 and an isobutyl chain
efidipropylerielojipérgeryiomptisigy moys th@t%@n(xb% peop@lendartddess than 10 mol%

) - ; Lo
ot il A0 1L PLIDY S8R PIFIE 518 o 200
g/mol.andsobutplmh@in tnd © aylroiifgl dioepatiowhieBdite 1.8 fé.Oodnddeosrtan 1400 ppm

| east 90% al |yl chain ends, an Wh of about 150
alumlr%lﬁisa%cg%t 10,000 g/ nol, and an |sobutyl chain end to
alif) prdpglevd qvi;gomglr gmprrsalglaoleaﬁft 5Qmat7d propyldne3Bd fro@;10 andl) wel%

ethylel\éﬁj, %agrﬁ@%ﬁogigb&g}{@ a RATDI, %11{1% R Rl | RGra ‘64?@1%8 't({'ﬁ?tontelo 000

east in en
g/mol.abd et is8t0@y] chrimbaue alBdic 300! gblmﬁatlo efr).§: § wolut: yp \dteaﬁlmmemmmers

havin%t f‘BulaJr' b &ibfgg%lmsg¥ gq%@seﬁt%‘é h&n% 30 QJFE)IO @011 2:1.0, and

ess um num macr onononer
ofv) @toaylnnelﬂlgvmém ecrmprtsme anlaest Mnﬂmpyl@eaﬁm opyé éheol% ethylene,

and frét? O.qlt(i) IUIBL cat0 C12 olefin, wherein the oligomer has: at least 87% allyl chain ends
(alternately at least 90%), an Mn of about 150 to about 10,000 g/mol, and an isobutyl chain end to allylic
vinyl group ratio of 0.8:1 to 1.35:1.0; and/or
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having an Mh of 300 to 30,000 g/nol conprising 10 to

90 nol % propyl ene and 10 to 90 nol % of et hyl ene,
wob@pasisia he ol i goner has at | east X% al |yl chBCTUS00%047945

(relative to total unsaturations), where: 1) X =

(-0.94 (nol % et hyl ene incorporated) + 100), when 10 to

60 nol % et hyl ene is present in the cooligoner, and 2)

ot E@/?@len%ﬁgon?éé chfﬁ']?ﬁ?liﬁg]%%eeagtgoa?oﬁoé)gfé)?leglgﬁlgmg) 1 £§04|=5%%% ethylene, and
from q 11t083ﬂ01‘(/orpb¢n% xeltehym thp eliganso hpoatdﬁ;a@tcﬂo% %’8@) chawtpeds, IQMn@f about 150 to
about %ﬁ%@é%%leéﬁ)éh ?J&gut lschg) Bgf?(? {(ltall%pz Ju{ﬁ ?l%g.p g t1|0 %?qgr 1t V\?] %‘§5 1 O and/or

hacr onono
thea rhamp@tgom@nem@rame ptqpql@ntd watreR5Ig: Ohgﬁmerﬁhapxraob% 93%@113' I chain

r r : .
o FEQRIE RSSOl ATDRRTSES Bl bl I o kg oo
0.8: lt@Z 2t100 angleschandheppmpltininamc at al yst syst em capabl e of

s PR AR, ST 1 L STRORET L, e
having2dn Mmof\0aé 3RED @hd@bm@nsm@]’@@p 98 mo&in piviay letic a0 00 gy Qﬁjhc;l% of
ethyle%’ %ﬂprreﬁl’th ()hg&gszr%% gflea@[ A%g%lhalg c{m{e?a’tlvg ‘)0 S5 W‘[Mlo%g) where: 1)

term nation
X = (-orehennl Bt thylend HCNW)ated)e’r Hi0),weheh 60 taﬁOahol%rmladamc atrireseg in the co-

oligonha} aftd Q)EJ(U@ gwl?e(ﬂ &pet e;r alg éO %3 ccﬁ.%s % ng}n%l"/o th?l@nﬂg})f%gen?% the co-

I ess,

Oligonwgml@BhX Fgl. &ﬁ‘r(mv@ré ethuhd@mcwrwwr By avhan70¢ovtinolostbylafe is present
. ature of 60 to 1300C and a reaction tine of 1
mthe?o 518%&%[ nutes, wherein the nolar ratio of all
14. cad h@pﬁdmwm@@mm ofiany ¢frrdeime &6t Brwleerimthe mysromommonae liquid at
ssec. Present in the reactor is 3:1 or Iess and where

‘conversi on of macronmononer to pol ynacronononer is
15, 70wir&écorto prxdace thﬂnblmmcmmunmgera ofdéiypmhicr bheynpneng contacting

macroHl@anpeq ‘an(fl?{) ) 4g\6¥/a{31£@2 t? E 8 cgf?lﬁgotnlﬂe? ql]{/ﬁ a@?talg ts enllvl%tpglgle of polymerizing

eater
vinyl t@l@n@@@i Igdcrmlhonomyr ahtrmamlml‘mwg)mqmdexr lagg ')v s of less

t?)ag%{gﬁto bgq% éjpg poi nt of 500C or nore or an Hm
0 g or

ess ‘l ess that 25%vinyl termnation
( @samdn e fitfdd/hyl 01HONLVR) relative to total

t ' | east 70wt % nmacr onononer, based
EE)Z% 1\;7@2&'46’@%/ oﬂérﬁ&)&%

e pol ymacronononer, and h) from
Q4ban2Mv\D%0@rgdn\ﬁt0rm0®ont ai ni ng nononer, based upon the

f‘les&%é/ cronononer. 16. The process of
or by Bln

erein the degree of poI ymeri zation of the
p@) at haestr 7Oonmiermingti@ (ey measpred by H NMR) relative to total unsaturations,

7) a melting point Tm of 60°C or more or an Hm of 20 J/g or less, and

8) less than 20wt% aromatic containing monomer;
under polymerization conditions of a temperature of 60 to 130°C and a reaction time of 1 to 90 minutes,
wherein the molar ratio of all comonomer present in the reactor to all macromonomer present in the
reactor is 3:1 or less and where conversion of macromonomer to polymacromonomer is 70wt% or more;
and
obtaining a polymacromonomer having:

a) a g value of less than 0.6,

b) an Mw of greater than 30,000 g/mol,

¢) an Mn of greater than 20,000 g/mol,

d) a branching index (g').;s of less than 0.5,

¢) a melting point of 50°C or more or an Hm of 20 J/g or less,
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17. The process of claim15 wherein the degree of

pol yneri zati on of the pol ymacronononer is 100 or nore.
waoTkes1pr ocess of claim 15, 16, or 17 wher ei PCT/K82009/047945

cat al yst system capabl e of pol ynerizing vinyl

term nated macronononer conprises the conpound

represented by the fornula: 19. The process of claim

13 les% %aﬁ%ﬁrz/lb }/1?1%1 t&%ﬂ%ﬁﬁ %egéa?ed% tlﬁll\}f\ﬁ%) r%%ﬁxge t?‘toqg Qlﬁgku?atlons

og)aat(ba"astﬁ@w% ofacromon@ndnydasqdl upbn y@igbpémhead)ﬂsmmym)nonomer and

S SRR RO bl P MO TRl P e e yeigheotahs
polymghrme(ol‘rwier

di
16. d:Tﬁg? %smd:ma\ﬁln(l )Béll%érg{r?ﬁg%] : g{r‘%@ E?é&l&% QtF %hr})\fb)etf)%{%ma%onomer 18 6 or
more. di met hyI rac-di met hyl silyl (2-met hyI 4- phenyl i ndenyl )

I

17. ZIT!1?:€ éaglglllgn gr InI gea&e[gr Coné(ﬁ%l}'léé’lzaﬁlonho(f%le polymacromonomer is 100
or moneac- di met hyI silyl (2 nmet hyl - 4- phenyl | ndenyl ) haf ni um

dgﬁ%rggés?(?ﬂflaﬁrﬁ :31{6 t q%kelhﬁ ?ﬁta&}{n‘[ Csttemt (ﬁBTble of polymerizing vinyl
termmaaé macrrmabmyﬂles Conypriskd tiaé cmni@myd ieprasenicd fy dhierfeiue;
: i1yl bis(indenyl)hafniumdichlori de
yl bi s(indenyl) zirconi um di met hyl ,
sAyl bis(indenyl)zirconiumdichlori der,
il anedi yl bi s( 2-nethylindenyl) net al
“¥dc- di met hyl si | anedi yl bi s(i ndenyl ) net al
ﬁf;t =© ac- di et hyl si | anedi yl bi s(i ndenyl ) net al
d| my'i'o rpcdi et hyl si |l anedi yl bi s(
i Rdenyl ) netal dichloride;
| anedi yl bi s( tetrahydroi ndenyl ) net al
di met hyl ; r&c- di net hyl si | anedi yl bi s(i ndenyl ) net al
19. dirgs 5%!:055 anhihas- Gl Peoz W whdranadicyhDis §té’1]1d§ci%)ﬂhé Hﬁﬂo@menzmg vinyl
di methyl; wherein the metal is chosen from
terminged mpeyomyRAANCH FIBIFISE OBFOTAMYC A claims 15 to 19 wher e| n

t hﬁne@@ﬁsﬂyN@c1@%&5&&%4&5@Mdsde@ﬁambymﬁm& laRgtwiLny |
ter mi nat ed nmacr onononer conpri ses one or nore of :

dibenzy|mashyifgycdepentpdietyh iBtorearhafen diathybr ophenyl ) borate,
dlpheﬂyhﬁ\éﬂwl(ﬂﬁ,tl(tﬁéhtaﬂlbﬁﬁl)ﬂﬂdb%n?ﬁﬁaffﬁﬁrﬁ %[Ii‘léﬂ%@ rdﬁﬁaﬁﬁgérﬁl@[ﬁﬁrﬁ%@mdenyl hafnium

enylcar onit um per uorotetrap eny bor at e

dimethy, ﬁ%crmlrs%ﬁlﬂlxl M ﬁlﬁﬁhb]e‘}’PlI‘eBﬂP@F@’tDﬂérﬁ%ﬁ? thhssﬂf‘atréc dimethylsilyl (2-

methyfl4 bﬁernglhlméﬁﬁj ﬁf&bﬁlhﬁi'd‘ﬂﬁéthyl rac- dlmethylsﬂyl (2-methyl-4- phen lindenyl) hafnium
nt af | uor opheny uor o- 2-na or at e,

dlchk)ﬂdﬁt %\Ctdﬂaﬂbwﬂs(hi%mﬁhnrﬁ(rﬁ@mh&fiwaﬁl@%ﬁ@hwy@vﬂi gaeﬁéfl@ftm%%

bis(indedyINARRY lihReHBLR. dlﬁétﬁﬁglh’yb hdehylildffium dichloride, rac-dimethylsilyl
tetrakis(perfluoro-2 g bor at e
is

bls(ln@pﬂgflﬁwl% dmethyly ﬁqct(g@lptgy(lplgl(l ndenyl)21rcon1um dichlorider, ac-

dlmetﬂyﬂkﬂﬁﬁe@fyhﬂﬂs‘@f ﬁi@ﬁ?ﬁﬁdeﬁﬁﬁﬁd‘tdl 'di%ﬁ@ﬁﬁ@ AL ARREBS 18 )anediylbis(indenyl)metal
ri sperfl uoropheny oron. 21. The process of any

dlCthB@e &Ceﬂllﬁ%thﬁlglafl?:ﬁlﬂ@s(f@?‘l‘wta& dismsthyl "y preparing the

dlmetﬂm%&ﬁﬁznﬁw@{raﬂwro%eﬁﬁ)ﬁktam&cmn&ﬁﬁfz Wi t h a catal yst
conprising activator and cat al resent ed

re

dlmetfaiﬂlﬁrr?él.‘/%b&(wlhérdroa}delr‘/é) Lefppdigjethy|; srealipet Vikh iylpmgndgpymetal dicthyl;

and raé afbell\él?gﬁin'e@iblﬁ(s@n&ﬁlblﬁaaﬂ dndanyt! 3 xdn th‘é"ﬂ%'fa@lsghbs%n &Om Zr, Hf, or Ti.
Iky grou Ph is phenyl or substituted Mis

20. The prpcest ofny obgiRImKTH © 17 HheredyBR castly s pyeypm C@P@ﬁf‘pof polymepizing vinyl

terminBRITMEYSORAYTonk: @&ﬁ;l&fseéc & o Rkicn: HikRthP LR iuSRSrakis(pentafluorophenyl)
co-ol i goner of aim 12 or 13, said process having

boratepy %%}Hlﬂhvliawmam t%{fameéfasorophe@l)lzorfegﬂgl}%ﬁle?rbwum wher ei n

erﬂu&rb@u@hg.%mﬁa@ Q[fﬁ’eftlhyﬁﬁﬁ1m&1@ﬂérﬂ&‘drbt@t@anaﬁit ﬁ&ﬁmaéﬁbﬁt?ﬁmﬁﬁm

to. 1500C, 20 yl ene, nmol % et hyl ene
bls(pelgﬁ@orophenyl)bls(perﬂuoro napthyl)borate 4 tert butylamhmum
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fromO to about 5wt % hydrogen in the presence of a

catal yst system conprising an activator and at | east
W@r@Ietsal | ocene conpound represented by the PCT/US2009/047945

formul ae: where H is hafnium each X is,

i ndependently, selected fromthe group consisting of

hydr ocar byl radicals having from1l to 20 carbon atons,

(pentaE%dqépéhglﬁpﬁs)’tﬁsggéﬂlg)zo—}% ﬁ) bgl%ﬁiﬁdlﬁlléLh&iag%‘?ﬁun{)tgt?ﬁ(%me%%ro 2-

napth}d)bmtaten@tniethmlaniheinmaét,rakpf3e5f (epplaaﬂl@rqlpbd;ﬂy}wperﬂectrblyienyllpmajp)y hnd tris-
nyI benzyl, chloride, brom de, iodide,

pmﬂu%%l%h?b@ ely two Xs may forma part of a fused ring

21.  offhapmotasgofsyy bEelims éa o 0Quitlsr cimua e pdpatngthcandignoromer by

contacﬁngl%%&)(r)nﬁegty%% cQt[ﬂ?%r%% i oatn%nsfﬁgl {‘Elev?fr?ra %rHil cg{ag)éﬂP%r&eﬁtte? V%the formula:

s are the sane or different heteroatons alternately

/ | east three Qs are the sane or dlfferent

\ons, alternately at least four Qs are the

different heteroatons); each Rl is,

i ndependently, a G to C g alkyl group, preferably a

—to Cg |inear alkyl group, preferably nmethyl ethyl,

ro th|butyI pentyl, hexyl, heptyl or octyl, Rlmay

S or dlfferent as R2; each R is, independently,

Ci to C g al kyl group, preferably a G to Cg linear
W group, preferably nethyl ethyl, propyl, butyl,

hexyl, heptyl or octyl, preferably Rl and/or

ot branched; each R is, independently,

, or a substituted or unsubstituted

orocarbyl group having from1l to 8 carbon atons,

or racMHQﬁtHiJ(yRQﬂde@y%Mﬁ§ ubrsat Mt SGhisQ- RMOP}%déﬂyl')Mai’z al kyl
roup, prefer net hyl ethyIh Lé€ but $ent )
whereRly i allflggtapi °h ip Bhpy! of ot ulsE ghanb bl b E1f 1 4t Thin S e Ntogen o
alkyl drbupee R3 groups are not hydrogen (alternately four R3
groups are not hydrogen, alternately five R3 gro
22, afehgRpgcpy PG yor Ie%er% 09 Prapyleps epsplignmsn of %}am"’an?ro]gf’eﬁald process

having pro@uctivRe b dt Whed. sor 108 BStHRsIht, kbR tha/db&@moarﬁnsegr oup, a
het er pat om or het er oat. om cont ai ni ng group, prefe

bl
a CQ\sERg 2 & demRsTtY R Of B 1t € 1RY Gr 8PAY ISR Odrisu) mol%yethylene and

from (N@\ab&\G 550 My drodcd i Qle(p?d'saﬁe ofd OdfElyst By sefnéAlpr¥ing ah &ctBator and at least
carbon atons, prefer substituted or

one mefpllqgeReiPRpPRy f@fesrﬂ&e@ s fetplag kyl group, preferably
nmet hyl ethyl, propyl, but pentyl, hexyl, heptyl,
ogt yl, RSubstltuted phenyI bh as propyI phenyl),

p enyI silyl, subg yl, (such as CH2SI R
R% R_is a O t r orocarbyl such as nethyl,
propyl , but W AT ); RS |s hydrogen or a G
RO 8yl group, prefeguu‘ ﬁK C8 |inear alkyl
gﬁdu@strbﬁK@ably met hyR; 2propy| butyl ,
pent exyl, heptyl tyl; R6is hydrogen or a C
iR Adyl group, pr Ry a G to C8 linear alkyl
gr preferably met et hyl, propyl, butyl,

I pentylr3hexyl, heptgl” or ®Ctyl:each R7 is,
independently, hydr ogen, or a CI to C8 aIkyI group,
preferably a G to C8 linear alkyl group, preferably
nmet hyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or
octyl, provided however that at |east seven R7 groups
are not hydrogen, alternately at |east eight R7 groups
are not hydrogen, alternately all R7 groups are not
hydrogen, (preferably the R7 groups at the 3 and 4
positions on each Cp ring of Forrmula IV are not
hydrogen); N is nitrogen;
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Tis a bridge, preferably, Si or Ge, preferably Si;
each Ra, is independently, hydrogen, hal ogen or a C

W@ 20092855y dr ocar byl , such as nethyl, ethyl, pregyUs$2009/047945
butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl,
substituted phenyl, and two Ra can forma cyclic
structure including aromatic, partially saturated, or
saturated cyclic or fused ring system and furt her

{vi ded t hat any two adj,acent R groups may forma

R'ng or nul tiRent fused ring system where the

may be arpiai@ rtially saturated or

ed. 23. A‘Bono rocess for making the

arPr opylNene hono- g} i claim12 or 13, said
R2T Péying & gggﬁuctkwl
n

twOof at least 4.5 x 106
/ mn, wherei é?pr @ 2conprises: contacting,

Renperature qfs_f QOC to 1200C, propylene, O

| % conononer and f 0 'to about 5wt % hydrogen in

m Rhe presence dv a catarst system conprising an
activator and at | dast one netal | ocene conpound

wherer epresent ed by the fornul ae: where Hf is hafnium each

Hf is héfdigha; | Ndependent |y, sel ected fromthe group

consi sting of hydrocarbyl radicals having from1 to 20
cach Xig ipdspendentivg selmfr%@e SEONP Gg@lsmag k%yﬁ@@gbylgmlqais&@gng from 1 to 20

carborPROS D My g &es, 'Jﬂﬁlié@ ARSided] GFRESs, pRBIPRASs, hAPQBPNidAES amines, phosphines,
et her's, or i nation thereof, preferab

ethers,et)lhm comly}nét{}ﬁn the{s:gf )Hreferlghlé n‘(p.q:thylb éth?ély |pr0péz}n | by Yd@hen}bly Ibenzyl chloride,
bromi®, Qﬂld@ QaltdrRfFvo X @ta§FoiatSat of mlse{a §ngrm rfng KyBedn)part

of a fused ring or a ring syste ch
cach @ ﬁdéﬁél??aéfi‘i’fly yareel Boh heprORORSRTER {.‘/oGnN pr- eSf @F‘-‘éﬁﬂi}y ¢ lopgt one Q is a
heterofomSaHeRaRfyek 8l walt)slRasd sa%%r Qffefenfh@l8nR24IRMately at least three Q's
alternatel’y at |east two s are the sanme or different
are thgyamg pHdifiensat he‘grqa@mqaatltémtelgtat Jeast &qur mragethg;a@ieaﬂr diffepsat heteroatoms);
each lﬁqmn ergl'elﬁtfyeﬁqu'tto '@?taﬁ(&pé&)%refé}hl;@ Lnatelcy 1atar aﬁ@§ Eroup, preferably
di f

ur s are the sane or ret het er oat ons
methy]:@hylé)rogyll] é)@'fyé ﬂ?ﬁféﬂt lleyyyl hepgyl of th}(l;gR dpqyythe HPE 9P dif erent as R

cach 107i€fi8dpB d¥ntly, Gic, 11O c?% i %v@a[; p@éf&%l?/ grcqqp ,cg nﬁa@a‘rean@b gly)up, preferably

net hyl et hyl op ent tyl
methYb‘éngH profyk Fgy. Pﬁéyls%/ﬁ’%l bffpbd of ?Céﬁfléﬁ?fefé%l.‘/@ anfié%rcﬁn apgnof %fanched
cach H3 A RERAERH Yy dR g, of Bsubfit@bdtlun@ib@Hited Wd@gcﬁﬂb?pérb{u[ﬁlagng from 1 to
to C8 linear al kyl group, preferably neth
carbﬂlp HeP, prﬁg@lg}y 1 t@éﬁgf?)pn atﬁ@ﬁweferﬁ@b@)ﬁpbsggutegar ypsubstltuted Ci to Cg linear
alkyl g?&g»f BrcRRlbYy IBéthﬁréq{yP TordpeL, @ﬁ@l B&ﬁylbﬁe@ﬂCH@o@al d%@y@ B rdSacki however that at
ependent |y, hydrogen, su@stltute
least thfge Bb gorpute aotﬂyéws%flaﬁahwat@lv 6% R &laupyaie rnehliwrctgsn gltemately five R’
gnmp§@gggmy@%gﬁ§ preferably 1 to 6 carbon atons,
ref erably a substituted or unsubstituted G to
each R'jisy @lepenyl qut,lly, }Q’fi@gﬁp ormsgp%m §f UREb pte(é{lmcarbpj]( g}ﬁw a heteroatom or
heteroma&mbntaﬂ&gtgydu 15}€Pébéboly D@Bitlted &Gﬁ]ﬁlbsntﬁtre@lﬂy(ﬂ&grﬂaz@%iéﬁ having from 1

ive oups are net
to 20 @ﬂaﬁ?pas@%% erefatbny de §gfé‘i‘?°gﬁ@méi PYF%Q%%/Y %Wéstmlt&} guprsplstigited € to Cy
linear Q%ylt 0L@8B§fépa‘¥)kl &é{hﬁ@tlﬁl[ pi@Hﬂ@U |B§tgll béﬁtﬁdhéilyld ﬁé{)@}ar(%%]l substituted phenyl
rerera y at | east t wo,

(such @% sippyl plicayly rwnylosig %bfﬁ%ltt?q ﬁﬂ%.‘/éd@%h %?ngﬂb%lh phgte s a G to Cp

hydrodmiz[ QGRraB Yedhyl, 8RS oAyl utyll pregpendent |y, hydr ogen or a
substituted or unpsubstituted hydr ocar byl group
s Iydfoge At B ¢t Chalkdl Bagno RicdsHaR i igy Co Mibemp alkyh gt &Eﬁfg‘fably methyl,

ethyl oﬁyb&ﬁylt@h@d h@(yl oSyt bidt ed hydrocar byl group
aving froml 20 carbon at ons preferably l1to 8
6 is g o 6fm§0 CFJ P]gylegralm yreéer%gtqlttﬁp@(l}nw alkyl group, preferably methyl,

ethyl,Hr@ﬁ%;lhﬁft}lltﬁéh@ﬂhgylth@ﬁ)tga)ﬂob@ﬁar al kyl group, preferably

met et hyl, propy butyl, pentyl, hexyl, heptyl,
octyl substituted phenyl (such as propyl phenyl)
phenyl, silyl, substituted sfjdyl, (such as CH2SI R ,
where R is a G to G2




10

15

20

25

hydrocar byl , such as nethyl, ethyl, propyl, butyl,
phenyl); R5 is hydrogen or a G to C8 al kyl group,
wee@basaly a C to C8 |inear al kyl group, prePEr/Eki099/047945
met hyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or
octyl; R6 is hydrogen or a G to C8 al kyl group,
preferably a G to C8 Iinear al kyl group, preferably

each I{OTE{, yql?/c{;epeélg%:rﬁ%%hrydggg’%p ¥)|r ge FB & né%al%(f )ﬁr\](g%y%refé%)éw’ lpt% ;Egéqne'%gﬂkyl group,

prefer@l mbtkyll ethyt, ouppyl, putelf pengyid) hexd, 1®pty[1 erc@&llprcnm hatvkwek that at least seven
" erpOUR o ELSEAD L IEAUL 166K Wiy nPLARAL uec Bt arg RSN EMpacely ail 1
groupsEY eot hRdrogeny (msfelable thﬂ)],R gwmhscagéln 3 aaﬂ teositio|op cath Creesg of Formula
groups are not hydrogen, alternately all R7
Ware%ogl{};dmgz e not hydrogen, (preferably the R7 groups at
1sn1t1hgen3 and 4 positions on each Cp ring of Forrmula IV
r Qi.trogen; T is a bridge,
Tlsaﬁr(%fggb%fgljgylg %%& B eﬁaﬁ?’e# erably Si; each Ra, is
each R ndepiewmiémtlbfyhydwgdr chglegﬁn dnal@ge 20 hydro@irbyl,u@26 methyl, ethyl, propyl,

butyl, gx&grlo?\@{)ﬁ 9y§ L{ﬁg ﬁﬁﬁﬁeﬁgﬁ o %{ S}b%}/tllteﬁi Bflﬁﬁylahii *?\% )ﬂ 'can form a cyclic

structistibpsivding erevhatph emyiblly satuchtadwor sﬁara@dwycﬁl@ronrﬁaectly@ sygtem;
and fuztﬁalgrtﬁg&wegl thQ[Cl ?%5} gdj?({]eg{rgt%&;q %&tf 1%1 L%S@@hﬁ% ?1{ ﬁiglrtic&ﬁer fused ring

ate c or em and
systenpwlgaré dhedngdmﬂty tgrayonatio, padjele mnatéd grseupgednmay form a

23. f %sl%%or él{&g%glrocegyl‘oif b%ﬁlﬁé ﬁlre rpfrolf)greg Bdn[?oqo ﬁ‘ltele J)Tf‘ c\{\ﬂ%rl% 0¥* tﬂ?, said process

aronat | Ic, satur ted
havmmtrqqhaug@ of at least 4.5 x 10 g/mol/mm wherem the process comprlses

contacting, at a temperature of from 30°C to 120°C, propylene, 0 mol% comonomer and from 0
to about 5wt% hydrogen in the presence of a catalyst system comprising an activator and at least one

metallocene compound represented by the formulae:

R gs R _HIX; 5 R HIX,
RS O/Rs rR® @ R3
I |
R® R® R® R®

where

Hf is hafnium;

each X is, independently, selected from the group consisting of hydrocarbyl radicals having from 1 to 20
carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens, dienes, amines, phosphines,
ethers, or a combination thereof, preferably methyl, ethyl, propyl, butyl, phenyl, benzyl, chloride,

bromide, iodide, (alternately two X’s may form a part of a fused ring or a ring system);
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each Q is, independently carbon or a heteroatom, preferably C, N, P, S (preferably at least one Q is a
heteroatom, alternately at least two Q's are the same or different heteroatoms, alternately at least three Q's
are the same or different heteroatoms, alternately at least four Q's are the same or different heteroatoms);
each R' is, independently, a C; to Cy alkyl group, preferably a C; to Cy linear alkyl group, preferably
methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R! may the same or different as R?;

each R” is, independently, a C; to Cg alkyl group, preferably a C, to Cyg linear alkyl group, preferably
methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R' and/or R* are not branched;

each R’ is, independently, hydrogen, or a substituted or unsubstituted hydrocarbyl group having from 1 to
8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or unsubstituted C; to Cg linear
alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, provided however that: 1)
all five R? groups are methyl, or 2) four R* groups are not hydrogen and at least one R* group is a C, to
C; substituted or unsubstituted hydrocarbyl (preferably at least two, three, four or five R’ groups are a C,
to Cs substituted or unsubstituted hydrocarbyl);

each R* is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a heteroatom or
heteroatom containing group, preferably a substituted or unsubstituted hydrocarbyl group having from 1
to 20 carbon atoms, preferably 1 to 8 carbon atoms, preferably a substituted or unsubstituted C; to Cs
linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, substituted phenyl
(such as propyl phenyl), phenyl, silyl, substituted silyl, (such as CH,SiR' where R' is a C; to Cy
hydrocarbyl, such as methyl, ethyl, propyl, butyl, phenyl);

R’ is hydrogen or a C; to Cg alkyl group, preferably a C, to Cg linear alkyl group, preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;

R® is hydrogen or a C; to Cg alkyl group, preferably a C; to Cg linear alkyl group, preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;

cach R’ is, independently, hydrogen, or a C; to Cg alkyl group, preferably a C, to Cg linear alkyl group,
preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided however that at least seven
R’ groups are not hydrogen, alternately at least eight R’ groups are not hydrogen, alternately all R’
groups are not hydrogen, (preferably the R’ groups at the 3 and 4 positions on each Cp ring of Formula
IV are not hydrogen);

N is nitrogen;

T is a bridge, preferably, Si or Ge, preferably Si;

each R is independently, hydrogen, halogen or a C1 to C20 hydrocarbyl, such as methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, phenyl, benzyl, substituted phenyl, and two R* can form a cyclic
structure including aromatic, partially saturated, or saturated cyclic or fused ring system;

and further provided that any two adjacent R groups may form a fused ring or multicenter fused ring

system where the rings may be aromatic, partially saturated or saturated.
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