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Mmacr ononong, s pl@srtlgze% t§ @ﬂn%saggjstf'u&m%ﬁoﬁ (;Inl'lYTS g@faate H§1 Qm@ﬁéenqglé\estéqﬁhllodlfymo the
Br ookhart, arcinnett 5 Brito al .

ek,
Chem Corm RUiT Oéﬁ'@ p © %Stmgf’&p@i ‘63‘%‘%% “ewz"%d geé‘ﬁr(fémb‘%aéléns ° B\r@pegfe% oo‘§ L.
Smal | and Mletprloszmmlhng Pdﬂ/mmer yragiedipn ipfto Pelegyytheaerhythy Wdwin@am eweificon of

| ron Catsal Xﬁlr&tenM%Q hﬁ&hl&ﬂ@ t@ef mehReR dbai t imt éxQiiple, Re@pAgatel @Ry toaﬁldduce mue
Term nati On’mm’lva ers mﬂed ma,grom 10 ’erszsrz%a rome lvllocaleno)ﬁnt %S%gflpvm)%rzle € oF vm en
Ther nopl ast I'¢ Bl astone f:lﬂl VT ?5 ong K, K H
Deknezi an, twwwdt w@ebe Polgncrizgbwih GBAEG:olhRgsuLh & eﬂ@ﬁé@r Praopy Enego “LEJ‘BHWS ki,
and G W CaadieBbrancMag, lsouichiral 3Bpa2dd Setc. 63225[%1)6%68 Typically, vioyihek®mbhawerstard foghd
processes tlJ;L uﬁﬁlpwger% qgecff&mﬁg%@ e@%%%%ﬁ&%rs' tm%@& @mmf to

smal | er ol such as et ene ‘or ro ene.

6, 573, 350, pb@u‘fdeww@é%@%d nl%@ﬂ*szb@iez#%wdm i %17796%2%3 @%‘é 63%1r§H“a]I1_ut z
et al, Pol ymekhe47Ben2@064mIDEBSAAZR.19%8i 4H;and mgmid g3l Ghem. BOmmalOP® Btth Swer

re-inserti Qpaltdr?zﬁxoi%@ %”@d’o% Z@E' @é%%lsb nal yean e e, B%&:ihﬁ@a"o@ﬂl@rlz-ghongﬁb%ﬁeneet

al. Macro i cal ner i zat|

ot hobY ol SRt S i R RS Sheb ST P Py B ng
pol yrmer chafaromplpp2 ERamM3k% , MShlilogre-Bated @rallclr@gérﬂillefmwelwlp@fa@tﬁmfﬁfg Bp MakeB, 8
mol % ofasat axzt\i/@g POJ. PRICOYRYAn MEH. MREGH 1A OVRFTRT0L. (D000 38B) 1-853481 SONAL Ch@ian, E.B.
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Li kewi se, J.F. Lahitte, et al. Honopol ynerization gf Allyl or Undecenvi

Pol ystyrene Macronononers via Coordi nation Pol ynerization Catal yst System
Pol ym Prepri Div. Polym 25Chem 2003 44(2) 46- e

pol ystyryl Q?)ormn@rrlé)rs t hat produce gl assy products. P%%/US%%%%
(Lahitte, etal. Macronmol Rap Comm 25, 2004, 1010-1014) have nade pol yners
of vinyl term nated pol ystyrene-contai ning macr onononers usi ng

cycl opentadi enyl titaniumtrifluoride in conbination w th nethylal unoxane
in toluene HEOBECcleSwes tbrsio). Lnnrny @tesdbng dPgh Yreahed pbolefB08n b PeBwedliGviR

wher e macr omam@nofha@ﬁoaInlayrl)m&falnylsltrwuarbg,ana: Qs wlel%ﬁwlln sPREQSHtlY Fe8¥BnOT

am undecenyl e ymer | t hyl ene using a
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chai ns at | evel dn etherargytiop mplegdpr I‘E!%Wﬁ)@!e“ and oligomgijof jlasgea moneafesr @itsely of
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al . Journal ence: em St
2462- 2473 (12%31917“0@)0&3{8&111?0101“@% sggh as Wﬁ%eﬁﬁlusmaaﬁioab m@b‘%?ﬁﬁyﬁ catgigsts vk ppigallyag
(1999); US impd®ib,paiile pWn&S Hi2iigdhrs airmthny\PeQ 8¢ hAiLB . ExBupmpsanofudofvad bre2375 1,

I'nvention gp g 613 $0 sl IBRLI QR 6&'3%?%§ %o@o&@l%”@@rwmmﬁs §(9;FTF)§§ SUsng
(al ternatel J consi sting essenti al

I alternate nsi stin | east
SR el 14 I O A TN R B S st R i e AR M
2009/ 155510RE7P1aI 8RO 09O I45 tevmeriewnsatiriion ithat is Sxrasalio hy drgeredon dmeiondliasl: 1)
from20 to p@prg@rapplnblﬁglgeﬁuel(amwget ermned fromGPCG-DRI 2) an Mh of 280
g/e{nejl molt]egolr))e/ @%ers?%ﬁ%pi?wmy%%%@ﬁo Hems}/gs r}OMVZ&T 1847938%%3 maae R (EP( as
5) an Mv Mrc@fecanes wsing ritegivm ( ffkpclotider rﬁlweaedbym neW d éieldeTife nedivey NHVR) 6)
at | easts 7Qf6tMilanydinvve rIpbdiakilly) Wafder@la bl & ehomGpotyaicade WABAMK ARSI MWRS.0) to

det er mi ned ota%mjple?lwinZ)dbﬁa(n%%%‘g}gnE)chlmtlmpf 60C or nore (DSC, second nelt),

and aromat| ¢ contaj ni.ng nononer. (based upon
the wei ght of t RECHERYORBIGNEr Takingtemp@pdmefy HayehyniaHe ROLRIRZighd Thher&i n
t he pol ymagoiymem oamer nhasintoagodel cgmly adlywéefiof thioaghshytilgenatDn.6S¢edsdighbtienivilned by

GPCO), b) ara Wieﬁfﬁgﬁz@%;rﬁ; (,Lcha;goz%!)@r!;%{ 9f mmc(@fgzed@w bﬂf?[ge@%zzgag)momgz)v an

r an nchi ng
N ool b hophi s Bl B P i R ol ot BV serepin? BRSS! "2
or nore (D%e@@wfdlﬁeliftlﬁ 3543)Aw(éé%2(10ﬁ&md2O%avﬁhylogjt @r@wﬁéﬂmm(ﬂf@lﬂa’c llge to
total unsatzgfidbic® Vel /9 seRiRF TRIREEIBYA LR, 46, no. 2, pg 2781 )Wher e t he

p0| yrracr OernOITE£ g\)\glhrgprjlf‘se]?dh%t |e,[e%§t O\Nt/%7el"la(ll10 1 P # ?égecgﬂpe)op t;rhnee. .
wei ght of the polynacrono norre’ i ni ng
nonomer ( ba&eumaaerstigel ‘ foHEY )’rc%l@“ d€tSePhi Frévin by

11-1NMRS  Chem. 2003w4@ned- *VEHlS(ﬂﬁ@Ms@B/ninaurdnmn&ndrﬂw&pioti@lUlﬁﬂﬂr ab@stst 0 a
POl ymacr omonones, GO MRS fcng m@{ohﬁrﬂak%xl LORDY slmmlg%%%@ﬁahaLA%chofmel

alternately consisting east one macronononer and from™0 20wt % of
a C2to Cl gﬁf@@ﬁﬁh@ﬂwm\mww% CHEOBYCPRACH RO gy tanium withride 10

combination with methylalumoxane in toluene at 50°C. See also Lutz, et al. Polymer, 47, 2006, 1063-
1072 where macromonomers of ®-allyl polystyrene, w-undecenyl polystyrene or a,w-undecenyl
30 polystyrene were polymerized with ethylene using a coordination catalyst. The macromonomers were
incorporated into the olefin chains at [evels of about 2.1 to 15.6wt%.
Additional references of interest include: Chen, et al. JPS, Part B Polym. Phys. 38, 2965-2975
(2000); Schulze, et al. Macromolecules, 2003, 36, 4719-4726; Ciolino, ct al. Journal of Polymer Scicnce:
Part A: Polymer Chemistry, Vol. 42, 2462-2473 (2001); Djalali, et al. Macromol. Rapid. Commun. 20,
35 444-449 (1999); US 6,197.910; W0 93/21242; and WO 93/12151.

Summary of the Invention

This invention relates to a polymacromonomer comprising (alternately consisting essentially of,

alternately consisting of) at least one macromonomer and from 0 to 20wt% of a C; to Ci5 comonomer,
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25a) a g value of less than 0.6, b) an Mwv of greater than 20,000 g/nol, c)
an Mh of greater than 10,000 g/nol, d) a branching index (g'),i, of less
than 0.5, L]y, a nelting point of OC or nore, | ess, than 20%
vinyl term na\?BéonP% 4 %ative to total unsaturation ), ng%%zgoyﬁg‘?ﬁ’v\here

t he pol ymacr onononer conprises at | east 70w % macr onononer, based upon the
wei ght of the pol ynmacronononer, and h) less than 5w ")/ 0 aronatic
cont ai ni ng nononer (based upon the weight of the pol ymacronononer) wherein
t he macr onmowermerthcoipeartee saamenoneriioy e of : 35i) propyl ene co-ol i gomer

thaViggg aln /'Vh of 100 86, RB0L z&!n{w(hs &eéﬁmﬁ@an?wc@@ 8| N&%?l NNR% hCOW}Jr ising 10
0} nmol % pr o ereln e ol I goner
P p% n } (%ggoaajhﬂ()l é)HB%re ia?geiteéxmned byt g&!{l\/ﬁ{} 9

has at | east X% unsat urations), where:
1) X = (-0.94 (ri?beln%\e@ﬂrﬁ()@amel dqr megPoetemedy buGAYO0) , when 10 to 60 nol %
ethylenesis pr eaﬁantMﬂd’i!6®(ﬂ¢m&@nﬁ&ri:g@ﬂ@ernmnar@C%L)X = 45, when greater than 60

WO 20091155510PCT/ Wp20094 04 7945 e h NULs is present
in the co-oligon % 9100&? %more g\%ﬁ%‘t& lﬁl@? % et h ‘?éi%g%l/ﬁ(gér%lor te‘lcxjﬁk 83),

when 70 to 90 mé! %%%‘W@Wétei“%““ﬁ‘f)'égﬂﬁtve iOrsO‘%‘H@Sa%“%*P {2y ditrEr incdfy iy

i1) propyl ene ol gaeag poicipICC st fige MBCesctdhdme®Oanciol % pr opyl ene and | ess
than 10 m)l % et l@%bs@ REn SWIr&fxﬂc L(Dl?aln(ﬂl Ing)gggﬁ'é} }lﬁ?eﬁu (%tthcl v@e‘?@& 0@&%?12@1‘0 n%nonﬁthal n
ends, an out about 20, ?as measured byNVR), an

i sobut yl° cﬁafi‘?ﬁe“@‘r’?@qyoHa\iWS/P’i‘dc vi nyl gr oup ratl o of 0.8:1to 1.35:1.0, and
| ess t han MOG@mpwmoahesminmuemer davd/ or iii) propylene oligoner,

conprising at Ig@sgtva@g)omg g{gm@@ydeanﬁn@mﬁgfpcpm 10 to 50 nol 70 et hyl ene,
wherein the oli ends Mh of about 150

(preferably 250? W“a%éretatera%n(ﬁg&ogg/nn%IéS?ete%measyur ¢d by-NVR), and an
i sobutyl chain e Mne! akdtsy Itae 14408 pimoljpssiamined by FOMR)00. 8: 1 to 1.3: 1.0,
wher ei nismononer 8) dvathng; ifidkle)Qbf 151;9fhen @a(dbmrraﬁxam‘yca’[?e af)f esent  at fromO to

3 nol % and/ or N i . COnprising at |east 50 nol %
propyl ene, from)dmieltm 1)%%0%0@@/ EES&QM t}rom 0.1to5 nml%C4A to C12

ol efin, wherei nﬂt‘%thfﬂ%O@df?élﬂerﬁa@“wéfeldwé%toméwatanom (as¢lyigiHined fy FINMR),
(alter nat el y at g)laaagherOB&Pqlynanroibnookr @bptises 4 K@st (7wl racabloyonb 0dsed apoaliout

10, 000 g/ anelgm(dageg@W{Og]gnmrme) and an i sobutyl chain end to allylic
vinyl group rat

ro en
RN e A D ﬁaagtdf%taaﬂﬁnr‘%ab%pm%f PrshBon 06 R0y v
et hyl ene, apldmfcramm@ne s detSmivpl % HiNefe, wherein the ol i gomer has: at | east
90% al I 'yl chal nmeanskﬁer e@Bodivhen? fhiPdRQutionl9ked Q a%%ﬁcr&r&m@l@& @hpRing (agmak@sur ed

?)C/) 1H32| 1) Oonmstm& /epserlnfglg/ o%t%em%en%oniusm% n%at ICde oXe mc(lzuro\{nog er gndotuﬁl J tZ OT%OJf ag Zhé

ol i goner h&s o Gytcomemarr. o ﬂmhpwy%amﬁm@na@s an I\/h of about 500 to about
20, 000 g/ nol (ap ageaEsUsress tan 0l1- 1 NVR), an isobutyl chain end to allylic

vi nyl group rat,%gm wo(}gﬁat?nﬂiaﬁzt%(% n@, and I ess than 1400 ppm al um num
This invention further relates to a honogeneous process to make such

ol i gorers i) to° or Vo ghgeaton Bre s 8™k oduce pol ymacr onononers, by contacting
t he ol i gomer andlabpnthingdQet @H.Cof Iesoth@ @5, 25 conmononer in the f eedst r eam

entering the re@}gf;tg);m(ypdrrga‘hgl ag;}l%ff)mmngret 0 30wt % preferably fromO to

20wt% referab mQO to 5wt % preferably
from 0 fb}éfb %2%6“@126@5%%‘&%?‘56 © Wa{%baaumnﬁ? 4 yst system capabl e of
pol ymeri 2| ng vi fiyhd vierathazlyaderpmencosonopises { ree f/ @rtahagromorpmel. Sisegurae the vat or

and a conpauigs ofﬁplﬁﬁsﬂﬂhﬁﬁhoﬁﬁ the formula I, H IIl, or 1V below). For nore
detailed infor oners i) S h m
pl ease see USSN' /t§ﬁ39‘?§t d“%m ‘ed” Glﬁé Ol%ﬁlgbgggl&ﬁc r&p()t%lcatwedglﬁﬁ i

ref erence H‘éY‘éﬁcwmom’mC’) whergip ghe 1%?/‘@‘?1?406%‘ CP’@P‘an’Sé%lC p1g"%¢ Yol ymacr onononer
conpri sing (al tigpnaiiek\to-obnskstiving aeeent ioalth y0,af0, g/ablt(er maketd/byconsiviRh i ng

ot) at | ea§<;mpggﬁg mg@@%ﬂpﬂafylcﬁpgdflbQm()om&% «)?Qt%lJ?qu/he@mQhef &QOIQ%%CHQ[EQ@OITEI’

wherein th ){ rocar bon nmacr ormnoner ﬂ? to 600
car bon at OM’ d ‘(‘&&d‘%&dé rFﬁitH&tj) tb'f} ”ﬁjﬁrﬂ m#?reg],?) X = (-0.94 (mol% ethylene mcorpmated)

+ 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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2) an Mh of 280 g/nol or nore (as determ ned by H NWVR), 3) an

Mv of 400 gimol or nore (as determned by GPC), 4) an M/ of 600
g/ mol or nor eyh3gdekpr M ned by GPC), 5) an MYV 098 7dksD OF
nore, (Mwv determ ned ﬁ] Vh determ ned by 'H NWR) \%ﬁv WOATERS

2009/ 155510PCT/ US2009/ 047945 6) at |least 70% vinyl termnation
(relative to total unsaturation) (as determ ned by I HNWR), 7) a heat of
nmelting (HM) of 20 Jig or less (preferably 15 J/g or |ess), 8)

| ess than 5% Jsafgrd o sy laien mesdtb ot ro-¢isasedandpd ﬂ{ég%vein@% ey lenche
Ma.cr onbnoneindor@sited 28 BI Wiieh @wlo 9y moibh MyRje @ pidsebvier ai-sligbxe; apoby macr ononomer

has: a) a g val ltlg 89) )yl!:n%sﬁ?w& 1&@ gl{)@@lr%]alﬁ(gg%ﬁg o rﬁlsw [p ylcc'fcgn’d lp% A Wlug%)

greater than 20 | greater than
10, 000 gi mﬂtkyécgc d’@f‘@P r‘Her?B%Pnlﬁyhﬁ* P AQRARY3 7% ghv ahaﬁlr%zﬁ% Pﬁ Of ?Pa%ééﬂ? o a@%% 204¥%n 0.5
(as det ef m ghed (Bync@RE) by JOSMRARn Hobuofl cR il togpllplic »Ilrepruppatmhéroabl ty 1351.00 g or

| ess, O | esa%d'getgaﬁhnag?@p A hid 8 oAt i on (relative to total unsat uration)
(as det er i ned

ere
SR b TS M Rt s e A
pol ymacr onmfitym whegeig the oligomer has: at ledy) 90pigadls] @lhahnds\Ml%fabwrrhﬁtﬂl(EYC@tﬂ’@tyaﬁQi) g

mononer (based wmmrﬁ‘m@m@asgﬂaa b tie), i&mhw&grcmmmﬁu)yhc vinyl grouplRti$of
i nventi fAn % P10 1% lebt ?elém mano%rég%gvsnié‘tvwd}) calg()éf%n% %C){egerﬁpﬁ%om 0 tﬁ?%” sing

contacting macrono TONOMer
f eedst ream@fitleri ng the reactor (preferably fromO to 30wt % pr ef erably
fromO to 20wt % pppedne badohyr, Eangavifk 4t teadt QMAo pbgleas, aloyo. If th @FMOI194 @hybant, %

preferably fi§amQ MB LM/ (94 ch1§ oldif, @ée‘r‘x{)ﬁ@@ﬁ%&) has: V!ttléastaw%a}u?ﬂ Ih system
capabl e of polyneriz term

i ny
Py ot OB E B St Ferich BrPetiaP o, foaa0R 4Pl & Peseriten
time of151 t'BNOR)mnd et iedytywhen eido 4k wiei ghip miataf B8:0fo lal5t.Ocondnoner pr esent
in the reactor {yéhlend BRESRARARNB: Qtrlét&&ﬁtmol"/ﬁ]pl{)MHE eRmtoarto i $wi%: eiklgraﬁe hfass
and wher e c‘:(ionvelrt§l'5gln¥’/o Len Chel gqnc%%?&nel l?db ?I%/s r%;aq nolrrlrel{d dSM% o\gtbo tﬁ Otl’gDI‘e
(as deter mine o Sdvs5edh € hpragd4 PP H
entrance artbouexi, QOO 6fmof e measgred Wr H W’é}z PlfdlaéaﬁOPlyﬂGWél %lﬁmﬁ“aihop‘élm glovn e ¢fR of
t he nacromb)rvanemasmahd/aSenters reactor and find resonance peak of the

vi nyl OUp1 Z%HJ F{ﬁP Qc?m@q%g}?g@ﬁ%ec%ﬂe%%w& 5%&#‘&% atakt—:amt J?se/o Jlﬁ?%%ﬁ%r

exi t an t he vo urre
rel ates to Ksptddegikaboy gt praet o4 JIHO‘I(?bd’%?dﬁ‘Feé@éslé N“/B?)ef“e‘?"ébtlyvhé}“ end to
cont i nuous ajylioe@gleroup eatip viICkICe 1 P00y Gx0hapr éivepm atoigpmi Si ng i nt roduci ng

mononer and cat aliy flenf¥ShLRMR LR Py Ylﬁﬁﬁ&{%m p‘RJQ&@'rd“}nQQ s@nhrofﬁ@&&e%r &f il }h‘é nt
cont ai ni ng macy onononer, renovin (suc ﬁg Tg %soélven 8
unused mondHEPERPIBERRAYFEPELMES, b b‘t“éﬁ“r‘ﬂgntac ]m‘il?flo fo 49t GutrcFrig
macr ontoneym@pcroatigl fsedttremy sitemg ithytroncar fredicibivofion 6 ne3{gtecirefagbla fivedctb or
(such as a szab/(pblcfc@moﬂm i umet%e}ﬁef&ﬁﬁscﬁ&ﬁ ) 1o ﬁf% q%&f& uﬁal,eﬁ om @mnw@ o db @L

pum) and QDAL NG, ROLYIRSCTRARTEL x FERGLL 0N, 200, 40D, (LRS! 91, B DS Used
synonynousl'y rnventi‘o

process to %ﬁfléﬂsnwﬁ@rlyw@r\@mm ﬁé?m@ewfwm@bﬁlﬁ@* bsslt?dmnakeﬂ Thl, @r E‘f ‘Pel*?“m%ner
with a cat aloystetsiys tntiihatdbtoal dlik@igrTB.ab ONDHO NRSceRR o tat alahi a0t ASEN NG

the MRGHOTRNONRE:. WP 28 SHA! K3k BXSLERIANL ILRAY eaf ter obtaining

pol ymacr onononer.” Bri e scription o gur es ure is a chart of
t he range of ch@‘r‘ﬁ ipyenticgyplptes ‘&ég?lb‘ﬁﬁé’ﬁt"g"“rc&"“ﬁpﬁé‘“ @W Yr‘@f‘ﬁb*ﬁb%"r%?c““ally of,

alternatcly consisting of) at least one macromonomer and from 0 to 20wt% of a C; to Cjy comonomer,
wherein the hydrocarbon macromonomer has:
1) from 20 to 600 carbon atoms, (as determined by GPC-DRI Mn)
35 2) an Mn of 280 g/mol or more (as determined by 'H NMR),
3) an Mw of 400 g/mol or more (as determined by GPC),
4) an Mz of 600 g/mol or more (as determined by GPC),
5y an Mw/Mn of 1.5 or more, (Mw determined by GPC, Mn determined by 'H NMR)
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WO 2009/ 155510PCT/ US2009/ 047945 prepared in Exanple I. Figure 2 is an
illustration of '3C NMR nonencl ature of the resonances specific to

honopol yet hylalag %riﬁ}m)noners inserted to make the pol WmalOmppesEr (€. 9

no cononomner) rgure 3 is an illustration of a nam ng convention descri bed
herein. 5Figure 4 is a graph of Rg versus MV for Exanple 2 as determ ned by
GPC- MALLS. Figure 5 is an overlay of the 11-1NWR spectra for PEnaci

(bottom showi ng the vinyl groups and the | HNVR spectra for Exanpl el

showi ng t he | ack) gflcayi7ohylvingjraupation Delfiivaitct thtalngsatuption {23 dgtertingg/est HAMRS, def i ned
to conprise a cazt;ahcyaifnemng)@mndmlngsnaa(laeelhmatmamie%caﬁdthe pur poses of
Lglms)r: QYﬁgt Iaﬁnol%zge%s tpan 5 !cn'r&lgl tlthoel{teglél(l)Sg el%l%r?lel%%%c%% t'[le welchrt gtf frllilg(,gogro?%ge?)l sed
form of theaqéFt@P?%dblﬁMi{sﬂédV\hen cat al yst corrponents are descrl bed as
conpri Si g wierad posimabbeorbmednss: of t he conponents, it is well understood by
one of ordinary . %Jaﬁueoﬂbfs gné‘l%buiett@xﬂﬁme&ﬂ}%ﬁc‘?m c formof the conponent is

the formthat reac nononers to roducegé)ol ynmers. In addition, a
reactor is any (?bﬂ‘t’\é‘i"ﬁfeﬁ‘f“?}“’f‘“rrow%?d’f’i“)‘aabcf‘ﬁté?ﬁ“lfaf’y9{ Jeacti on occurs.

As used herein, cideindwenormiper DAY ssotienetefancdtth §1PER) odi ¢ Tabl e Groups is
used as publ i Sh%ﬂa6r%c%%e%v1s%msﬁuﬁ)N@E@t%n&%%@?’(5) 27 (1985).

For purposes of thi ] Ilgorrer is defined to have an
Mh of f (8m 100 t%“‘“f%ﬁé%&rgasm?@&%f ye“ H NVR The term "pol ymer" is
defined to have Ddrss Nhn P it smtikpgipn (100 tg tatab hnsatorgtions(andstesninesichy DYNVER), NVR.
Wien an ol i goner) ing whet ek heGndc@ndSoned fiMpliseh Bieatt VORI Ehidmohfiter Wagft upbnpicesent

in the oli gxn%r%%{Oflﬂ%é,glg{%ac?gdog?nqeerahdzed formof the olefin. A co-oligoner is an

ol i goner c t two different monomer units (such as propyl ene
and ethyl ene). A Heothel i Yotreromgicaionwsinizgo MroeEniiricdi wym ultfF t ¥oigt thdssane
nononer 1 s uelymasommop). ene) A propyl ene oligoner/ polyner/ macronononer/

pol ymacr omonone %wéH?ior‘P 1L<91‘811¥%£ ko PBL%&% prod&& 01 &%Mmeﬁ’%&{%ﬁﬂ Q&HPI'{B{EH
25 having at | east | % of | ene, res used her

in
i s number af%?)a‘@@%«rné&ﬁ o3 PWWe&dﬁ 186%‘5{‘%‘6?‘ Eﬁéc‘lsﬁdﬁl\?ﬁela’éélﬁr ﬂﬁ“tﬁ‘g(p‘tege g h’e
procedur e desctiled’ prefehbly BExpdrte Mentoalrefsredy from0 belOgty, prafdmbiysironed ghitvto,
aver age ml&&a&w frMED ahﬁwr(vm&s s ed cBMorsRk: Fea{hmeamymym a.gmeoarpaghunzmg

accordi jﬂ)g L9 }texnnrQi{eQ ma rorgoel mg*sgnlziagjﬁlg/minzatwn con%ﬁ;&ﬁ of ggafqlp‘%l tur%% {O 1Q PSOb(,e dn%w

and Mz is Z ’“é’v aeur’ e rsat’i on
Chr onat ogr aﬁfﬁwaee@f HFOrP@ ntleltqsh‘elwmrebem}emaes%dr”wb'e@iwmﬁ et Pdpreeictpmtadl 30
section bel@aomowi bSseweingint r@encant:] oands ml %ndrs combsioper arabmonMabecul ar

vei ght di st b ierplggcln%qi)rgcl\if‘%@)"/ !Jrsmoqce(ifa& {:e?eQmBé)i b?q Mdgﬁewm%gx/ﬁm ﬁ%k)dmlg'ﬂ‘ghI tﬁ%?

ot herw se
The term \ﬂiwrfwanee?%ehlat)ﬁ {Breactoy %E&‘f}“é‘%ye‘}nF e‘awlf‘csmg%marl 15 pf gy 5?‘?{0%‘?%’6](@)‘“’ “or
"vinyl Zsonteett teaitsr adéfiidnedndner dogk @ithcainy Goomr thormqpakythenmb ask ngsaadplc est one

tef[ﬂ nus f%mxtﬁé&%%am{mi QiR ﬁoulldbc 70%%&@&1&&} ie vinyl end gr oupnghere t he
- - represens e oli cnal erreq. enno

the al o] Conal TR i6008) 85 Dot s Bos i O e TS RLEN TR By ¢ he

formul a || proceh |ty bioduey ipplythacemrdngreppgmiiregandvringafiongh¢rynd edvadishsistaeigntf al so

cal | ed % virgaibr, B&Iumg’kaqfeh&ﬂ):fﬂhﬁlt @latdammnaadmua)maglem hltl,»vﬁmatdb MQ@ ue)lbmgem

deut er ed u%t%gt mono grragg %JD aUS tﬁles 02:}@1%‘ >0 d},/lengn()%el. mﬁoc%un MACTQIIOL omel a dacata
sel ected cases confir % TO con has r % d 1% g

car bon assiSyiHeERP & lf(aﬁeatzonpé%ue!eetae?aaloe@u@et f h%%l} 6%@%%@1‘ l%‘éﬁ) Ffb‘l"’“rrﬂcbtaon
spectra whiplpe aad/&0i plnyiaxd ubteiniaf prighaalmoanttrpRedeidi esatad réebr aghboruadt hane
was used for, carbom spectra; all spectra were recorded at 100C on a Bruker
AM 300 spectrometer oper at i ng at 300 MHz for proton and 75.43 MHz for
carbon) for vin{l's PEPHI AR Sp§IMEh &SI H T SOTIR PIYRAEFT QYR CRBHSE]I  Soc
114 1992, t@2&tHMk0BZintnhatmamethusehiylt spreme obrainihd inhgotubyér agh diemafenddhtaptig

defi ned todaema@malolngmra cRavdk BSedtind EASkQBBInkE ST Ao RMeSENt ed by the

formul a: Brlefk?)ebc¥ liption Ogthg Figurks

Figure 1 is a chart of the range of chemical shift assignments for the polymacromonomer
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where Mrepresents the oligonmer chain. In a preferred enbodi nent, the

i sobutyl chain end is represent ed by one of the followng fornmulae: M

i sobutyl end grouRIsM, ' ; 15i sobutyl end group) V\here,clr)élsz(roe/@“@sents t he
ol i gomer chai n. The percentage of isobutyl end groups is d&t er mi ned
using '3C. NWMR (as described in the exanple section) and the chem cal shift
assignnents in Resconi et al, J .Am Chem Soc. 1992, 114, 1025- 1032 for
100% pr opyl ene oligoners and set forth in Figure 2 for E-P oligonmers. 20The
''isobutyl waicdindemrlol.allylic vinyl group ratio" is defined to be the
ratio of the percantage af ilus@bst Yk 'Ghaivik enRdsncdard he t@&‘ﬁ&&ﬁh@g&p&iﬁcakd ylic
vinyl gr OUBRsimopolyeth lelle%?aclo%ggorgn%tql11%e1 68 tn%lke hc(F;’ %QL%IHODOH\& (S g1 comm meq3
hydr ocar byl P)u%) containing at ea 1I‘:lx ]Ioes i ncl ude
styrene, al pha TRy %%“W‘é?r‘fén ofaarna}nwrfwmﬁw@ﬁéeleﬂand 4-

(di chl oronet hyl Fidupeld)ich @d@enmgextebyd MWeor BARmE¢ DavRite@igt buppPd-siadefi ned to be a
cyclic group havigg sal.d &asl o?émﬁmgrgwgff?e%n L8810 urauhlf BONMS ;s and

Exanpl es i ncl ude “cycl opent adi ene ene uorene bénzene.
2009/ 155510PCTNYE B8R 64 F ! eASh@f"ﬁfr’EeHi‘%"o HOMBREP i s a nononer conprising a
styrene unilefinginsh as: wherein each Ris, individually, hydrogen or a Cl

to G2 hydrocar Waatagag}l{ém 1Q(|[efngd t& &m@’l(é a%Mzh éow&ﬁ@i plhyﬂxra@m{obw gr OUIO

pr ef er aP(J y SUb\?\;ﬁ r tﬁ urpos q g 1 % an ‘ﬁle 1ms thel to w1en a L lyme ? On Szone
is any vessel wh&r@® BUPRECY ‘Bh b&% P 8¢ Shcr gi'a 1A bf)el % Pat i on
react or, reampisig aeglefinyderolefin plsiehtan the ee.lwpe ris témplstnrrezqdrf%e of the olefin. Ahlkmed

her ei n t he WA E&@ﬁ%inﬂ&@ﬁ§anﬁ&@ﬂ&e@as$yﬁﬁr%fﬁg hdvahl sape fahest (W chRPdbnts, it is well
interrupti Q{A%E?% tood %i&%v\;qggma i §%@ fﬁdt the ?ogntf&&l’!)?hlé LQIFI)Q]?G%‘?X? thré ?o rl%glléla%% a

pol ymer wo ere the reactants are cont

one or nor e"ihdbfchEPEeaRPBIyRERCr Bhddition & reageit ﬁlﬁarwlew)twrléﬂwhemal
10Det ai 1%d rRes@robqtsi on I n anot her enbodinent, this invention rel ates
to a pol Y TRCT OMROQAR fer 0 E@h&%eﬁu buea@ror A0 PR TIDBOIR s RO fn’fb‘ﬂfﬁ'ec@ml to
20wt % (pr ef ablh/ gg iég | Ot % preferabylto
5wt % pref eralisy W%W‘W’f%m%Nh%7 %ot & to C18 comononer (preferably a
C2 to Cr2 cononbereppospy @fileyiatshtyonethdiyingiobgomor apigfien @, haipan deof frbig X éthte 1200

4;1 met hyl  pentid Renechsurdng BN hitle taaenﬁmer 14 &agkdlo &R/e meommﬁe])wwlml n
the mac OITD 0

00 car.b
from 2 t 0% 86asure(hbé/f er al\glf\ W, ens a)n Efj)n%el is 6660616(1 ?0 3 Folipy Hw anfolﬁegmm t]éeocg ji] pgebeﬁrpm
preferably ﬂrertélﬁffnzeo ist the Ql@@nerw@er @tbhwolrfmorﬁ 2’03111%@“%6}0‘“ Obgcefeer%rlynsr #AWH20 t o
200, pr ef erabldpffefehtomdndBert hitd (@h as propylenc and ctBiend Nhodb-oBGMheg isn®dl olRoméror e,
(preferably, 5 Sl Br.ef bly,, 28 Osmer 0N rably
S BRI AR LE TRl RS SUA"Yorb B8, bl 0B R

from280 to era rom 000,
pr ef er abl y ngtetenl?erCI/ polymacwmonormr lb an OthlTlCl‘/ pOiymCI/ macxomonomcu polymamomonomu

25  having at least 50 mol% of propylene, respectively. As used herein, Mn is number average molecular
weight (measured by "H NMR according to the procedure described in the Experimental section below),
Mw is weight average molecular weight (measured by Gel Permeation Chromatography according to the
procedure described in the Experimental section below), and Mz is z average molecular weight
(measured by Gel Permeation Chromatography according to the procedure described in the Experimental
30  section below), wt% is weight percent, and mol% is mole percent. Molecular weight distribution
(MWD) is defined to be Mw divided by Mn. Unless otherwise noted, all molccular weight units (¢.g.,
Mw, Mn, Mz) are g/mol.
The term "vinyl termination”, also referred to as allyl chain end(s)" or "vinyl content” is defined
to be an oligomer or polymer having at least one terminus represented by formula I:
\Qi\\ {\\“\\. see
35 allylic vinyl end group

where the "sees” represents the oligomer or polymer chain. In a preferred embodiment the allyl chain end
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5,000, preferably 350 to 3,000, preferably 350 to 2,000), 3) an Mwv
of 400 g/nol or nore (Preferably from 400 to 50,000, preferably from400 to
20, 000, pref fo.om 450 to 15,000, preferably 450 t -preferably
450 to 5, ooof"”v?)’?é“?’e‘faﬁﬂ y 450 to 3,000), 254) an Mz of 68’6*&5%@9‘”&“m e,
(preferably from600 to 35,000, preferably from600 to 30,000, preferably
from600 to 25,000, preferably from 600 to 20,000, preferably from600 to
15, 000, preferably 600 to 10,000, preferably 600 to 5,000, preferably 750
to 3, 000), Iisrepresengy byqthe fwfubdil:of 1.5 or nore, (preferably 1.5 to 7,
preferably from1.5 to 6, prefegabi ™y f to 5, preferably from1.8 to
4, preferably from1.5 to 3, preferabr§6??F;?1.5 to 2.5), 306) vinyl
termnation (also referred to as vinyl content) of 70% or nore, relative to
total unsaturations, (as neasuregd by, kN (preferably 75% or nore,

preferably 80% or , . preferabl ,g%o nore, preferabl 9%0/ £,
bt of or abl y s o @ oot GrEhRRJeERsiral mBrgy R whay NI B E
poi Nt Tm of us@e eugsratadtiachigyyethpueerag e o RO @ SO Hie maghine fugsk in prllogte@ S s gpninmede,
preferabdy QO€ 0WRMREConi Rl &fp6iicd Poyon LRAGHHOK asiiBm@nts Pe@heti@akyed lLQGIRS Ry €,

preferably | 3a0mr e .or.ef ef abl el . I tely an, Hm of
20 Jig or | 335%‘2& "E{t‘é’fbg‘%g%ﬁ/‘gfg%? ) Bikiule ‘i]f%a’jg‘g al ’Q/%p‘%g%‘ét%?@aﬁ&‘g‘{g%%“%‘é‘é’dbeé{/f847945
8) from 0 tB PR atloRet? @€ SHPEFIA ALY Fromamater ASA0 wectoppteietprigtingshéiter |
(pref er abl yMBz tw phwih%nd p5.€f EHa lidrycarBord) Gor|vinty Mernéhated proatiedeyoligticdd) in Thaseidanupon

the vei ght @fmlh&.Re " YIoNoNERE:) 1angk WGNelRn. the pol ymacronmonomer has:
a) a g val ue of ss, ef erab S n 0.5, preferathWIess

N than 0.6 r ef ly less than

than 0.4 prefer By fas §““?ﬁé‘ﬁ&§6f‘)§’? a‘é?‘tgé‘?‘?{gf‘vé‘f%ﬁt CEEYCIHFRugeysentedby the )
an Mwv of grfeatukr than 30,000 g/ nol (preferably 40,000 to 3,000, 000,
preferably 60,000 to 1,500, 000), oy aqp.-vh of greater than 20,000

g/ mol (preferably 40,000 to 2,000, 000, "preferiably 60,000 to 1, 000, 000),
10d) a branching index (g'),1, of less than 0.5 (preferably |less than 0. 4,
preferably | ess than 0.3, preferably | ess thanj0.2), e) a nelting
poi nt of 50C or nore (preferably 8O®lodenwre, “preferably 70C or nore,

pr ef er abl y v36€ MofepiaRiitethe plig@hercadid. yin 9 Plee@éd diidb@men Hefi@b@ialcyail &QAE repiestmide,

preferablyb%%ggygéﬂmg?ﬁ)mnghwalternately an Hm of 20 J/g or |ess,
57 (

preferably g or less, and 15f) fraomO to | % aromatic containing
nmonomer, sugch assstyrenie~ropnener " (prefarably 0 to 5wt % preferably O to
Iw% alternately Om %, based upon the i ght| of tihe pol ymacronononer.

In a preferred enbodi ment the nmacronononer is not argpmatic (conprises |ess
t han 5w % aromati ¢ contai ni ng) nononers, iphefeaid y Less than | w %
preferably Om % ,Prefersbl y-“is not styrenic (conprises |ess than 5w %
styreni c nononers, preferably less than Iw% preferably OM% . 20ln a

preferred %pb ? ~lhe~nacionono S greita_has: 1) from 20
to 800 carboﬁpg?gﬁgkzglgfér$bly from 20 tio 700, preferably from 20 to 600,
preferably from20 to 500, preferably from20 to 400, preferably from20 to
300, preferably from20 to 200, preferably from 30 L} 175), 2) an
Mh of 280 g/ nol &t wereor (préferably frdfio8o sy 157000, preferably from
280 to 10, 608 M2Epesefiahabigyndreiain. 280 to 12, 000, preferably from 280 to

8,000, prefer abh% l%ﬁ,‘@nt&gg o@ﬁsQ)QL | %to%ﬁsagl(%tei%g&dt@in ’IQOQMRp(rasefd&E@UQJi Yo ?h@o to
3,000, prefera

@%¥“3§Q tqg%,Qgg e 3),an Mv o 400 g/nnl Qr nore
(pref er abl JFPEATAGD 1 S0, B0 HPErEap IR e8I 400t §"20,560067 > pt et 'df4bl y
from 450 t ¢0325r000; prpiryéshesiabhngs 486ctfiath 1OEIHAY] fopE-Efobgoabitsy 450 to 5, 000,

preferably 450 1R "Botd90hain 3QAD aidiMc Myl QfouSREB0 G d¥Bhed @S bR 1o of Bk gér&ﬁlﬁ&l ¥ from
600 to 35, 000 r ef qo, preferably from600 to

spbutyl £hatn e?({s%obtk% f‘reotggeﬁgeglégp vil?y? r(o) DS.
25,000, preéfera y Trom 6&1?6’? , 000, p?e?erably from 600 to 15, 000,
preferably 600 4b @agoeontagrngf wyngbey 5600+ tod~:p hpEarby resfue catiiningy g Jeapigone
3, 000), aromatic group. Examples include styrene, alpha-methyl styrene, para-methyl-styrene, and 4-

(dichloromethylsilyldiphenylethylene. An aromatic group is defined to be a cyclic group having at least

25 one pair of conjugated double bonds. Examples include cyclopentadiene, indene, fluorene, and benzene.,

-7-



5) an MM Wnh of 1.5 or nore, (preferably 1.5 to 7, preferably from1.5 to 6,
preferably from1l.6 to 5, preferably from1.8 to 4, preferably froml1.5 to
3, preferablyy to 2.5), 356) a vinyl content of
relative to tog)a d;rlrssg}tur ations, (preferably 70% or nor equ@sg’r%gg 4Fy 80% or
nore, preferably 85% or nore, pref erably 90% or nore, preferably 95% or
nore, preferably 97% preferably 98% or nore, preferably 99% or nore) 7) a
mel ting point (DSC, second nelt) of 60C or nore preferably 70C O nore,
preferably WO 2009/c155500PCTY SPO0TLOATINS SO@eanit. msh es: preferably 90C or
nmore, preferabl§ 190C or nore, preferably 110C or nore, preferably 120C or
nmore, prefeRabl y=T30C or nore) or alternately an Hmof 20 J/g or less,
preferably 1 IRess; and 8) fromO to | Om % of aronmatic

i ni 3 such as styrenic nononer (preferably O to 55w %
preferably O t& IMt% alternately OM % based upon the wei ght of the
macr onononerher e(lﬁd’aﬂfmtﬂ ndo/anilenkyd ogenaorpﬂt wsm?r HySrochettye priaapnedc by @ H\MR}uted
Mn, M7, anql Ng aﬁmﬁ%&%‘&w &ngb% FyDGPC according to the

procedure descrr bed i'h eri rrenta sec I on ow. M is determ ned by
"HNMR actor di ngt §*4 e 4r ec%wr%eld@%rir BEET FEovRe B e Phisat 41POYBEIZER
bel ow. Br anehiongrastivelestrudeg ybuisedcer ehdtieriiki.ned according to the 10 procedure

described in th@\s l%mereramrr% a&rmse)g&rru&n rt?ehsoxvéy&énnmht araratewtlm&u@,m&rﬁlpnon o
determ ned as ove and in peri nent

Mel ting poi ﬁ?a“‘)‘é a"ef’e‘r’]ﬁreﬁé%i‘“b%?uﬂ?‘?“fees Oe‘F%P?ué‘f %“ﬁn?‘hug‘l an%rV"eﬁ%tP‘r S‘ia“égt“ are
descri bed icantinprdly Bupdiresdinippaglor mere rdagiers fydpetyymer'prpdychls gettingady wishdeawmi ned by t he
GPC pr opedwetilelessdriph@d in the Experinental secti on bel ow and according to

the met hods It R Naacflotggoclng(%ﬂ 1e?1§ ’thl ﬁgehhon ré]'lateq t% a 6{)0 %gc(?d ?o%éller Cg'rhljg 9111? at least one

enbodi nent,
conpri si ng ‘Wﬁ‘@‘ﬁ?‘?oéﬁleanéﬁﬂm Ioéé%zof’vﬁéﬁ’fﬁelm % E’d Ao ﬁ‘é%lablpirl &¢ Eals ngef@ﬁlw/b to
cononomner, SwiterpedfaatiyhondD itg® mers)has C2it) Cat Lohﬁﬁlﬁﬁel @3Feralyl y €. ©Ral wmends:,

(preferabl redapl 295% e bl XAt ke | ¥ £as
0B ; 2011 1 AR M BA LBl R ey B eR g

20, 000 g/ nﬂf”%o‘a‘?e)ﬁ%’é?ﬁ”leed“ moemer iR (preferabl y 500 to 15,000, preferably
600 to 10, 000, priehedabi®y 800 atogs BrI@@girarpl(, to Poefrefpralidy fror® QDo 168, FreBBOly
preferably 10008 306, &anblﬁﬁ&ﬁ eb abhyn, iLlQQQibltyQ”roﬁr 800) 300, preferably from 20 thi2bg, an

i sobutyl chain e 8 39m 7)ylrc vinyl group ratio of 0.8:1 to 1.3:1.0;

iv) |less t han afl um num (preferably | ess than 1200 ppm preferably
| ess than 1000 @epmﬁoféroer’erlazbmyrer e Erapl Am300 topg p0. pickrably disn2s) sl8.00han
100 pprd. preferablyl fdmaasoth20o@ FhResib et 280 Res, toachaemp et ss@dphenel nod e a

pr opyl ene quoe(fg;bgggg%d}ggb%p%ﬁm3% §Q&%to 30, 000 g/ nmol as neasured by

"FINMR (pre era 500 to 15,000, preferably 600
to 12,000, pref@r“aM“y"f%@)"’% Woedeefcvlﬂéfﬁéwéﬁr3959@@9 Prafeeb'@e@m A9 w2804 y
900 to 7, 008fegblyntom 450amps.0®i mgfetkbly t460 80100, Ypr¢rerayhy k¥dne 5(000.afderatil Y5016 t 0
85 rml% PESHS rany 20 to 80 nol% 30 preferably 30 to 75 nol % preferably

50 to ol 0 90 ol % ( 5 er 20
2o 80 o1 vh or chab ybrg D v S bl Sradabny S Y peRe hsRaf Broght o
nmor e al phaprefcerbiyrﬁoecﬁﬁ@wdﬁzéﬁ?(s prefgrakly domisDyto@f. Aol pmisrabll frow @) toHaR@nercicbly
octene, prefms ab(boyr legfaydr}e@e)os o&oq,reegurbrythetoq,ldog)orrer has at | east X% allyl

chain ends (rel W(/j]y ftlo%(d'n()l p?‘e[fel:‘rlgb?y | 99) gﬁ%wﬁé%ﬁﬂ 5&) F/pée(f %%Hn?‘on 'l”rgl %

et hyl ene incorp ra

i ncor por at &d) Praferppjp from A ot prgterply ﬁU‘BS 510 @(efeﬂibglfw(nrﬂnﬁ 948t hyl ene

i ncor povat ed) +6)10Q) fminvbdeMaldOrcfoac®@ nDL % adohylienR70% op s Mlativé td Rl
cool i goner uns?r@rgtlogrg (2( meaeu@d Q)?Ilﬁ ﬁMi@%%fyrab%pﬂ"/aj)r n%@%ﬁe?ela%ly%‘)/o or ;%nplgt’éﬁt% er

than 60 and_ | ess than |'ene pr esent t he co-ol 1 goner,  and
3) X = (1.83* (bt 05 %PH‘V}P%&‘ ‘P%%BP&&P%(%G)‘“ 133 P“’{f%‘fbﬂye"rgﬁé’f 8Py 32920 [ 1. 83+
(ol % et hyl ene 7 rowottpemaned) of 88T, or aloteiprétadlyy70IC BOmpi2.. B8 Erallymdl % e tnfoyd, ene

I ncor por at ﬁr@f):rdbly 90%Oo- 111015/\@102&«@%/ ﬂcﬁ%&ofg/,#ﬁagﬁﬂ W%Agl0§3l)l mbly\’hﬁfaC7Q to
90 nDI%Qet §§,Qges b ? 835?0 1 ; § |s 80% or
nore, pref er‘SH’I’eyel )k r’rﬁlr‘)‘e g P ya‘PSll V909 81" %rpée CI% ye‘éé &bI% 95% or

nor e. In an alternate enbodrnent .any of oligonmers i) to vi) have at

| east 80% .isobutyl chain ends (based upon the sum of isobutyl and n-propyl
saturated chain ends), preferably at |east 85%isobutyl 5 chain ends,
preferably at |east 90% i sobutyl chain ends. Alternately, any of oligoners
i) to vi) have an isobutyl chain end to allylic vinyl group ratio of 0.8:1
to 1.35:1.0, preferably 0.9:1 to 1.20:1.0, preferably 0.9:1.0 to 1.1:1.0.

I n anot her enbodi nent, the macronononmer used herein is a propyl ene

ol i gonmer, conprising nore than 90 nol % propyl ene (preferably 95 to 99 nol %
preferably 98 to 9 nol 99 and Iess than 10 10nDI96etherne (preferably Ito 4

Y v ~ 1 AA



at least 93% allyl chain ends (preferably at |east 95% preferably at |east
97% preferably at | east 98%; a nunber average nol ecul ar wei ght
(M) of about bout 30,000 g/rmol, as neasured by , 2 ras<
(preferably 5 ﬁégﬁmthﬁooo preferably 600 to 15, 000, prefigég?y 700 to
10,000 g/ nol, preferably 15800 to 9,000, preferably 900 to 8, 000,
preferably 1000 to 6,000); an isobutyl chain end to allylic vinyl group
ratio of 0.8:1 to 1.35:1.0, and | ess than 1400 ppm al um num
(preferably | esd) fitiaf td X0 pematiprogthiging oyonice seeh ph gyreriQOonoppm{prgseredfe? @bl y

| ess than 5GQ%pRetnatl €hekdhlfenl@sDwiRRsdQPort IV eight &t tanethatnoarbed ment,

t he macr onmopy ?%”mﬁﬁ?g’hgngbn %g a propylene oligoner, conprising: 20at

| east 50 (p 60 t0 90, preferably 70 to 90) nol % propyl ene and from
10 to 50 (pr ef erdbd Vlumf l‘e*oth&m%meéq*@#yaﬁr {ram @S, pr5fez0ly lgvpthop et Wﬁ%@h‘é,‘“%ﬁ@r ein
t he ol i gonmers, higsdately less than &), | east 90% al | yl chain ends (preferably at | east
91% preferably bj'ign Watﬁtgregtgro/ﬂqarpjo%t)@ l;g/?rgl bfne"f]etlab @ﬁ)bo %%0/900 Bé@fpl%l;c?a@iyyw%z)o LeaSt
989 ; vh about t o about 6’ , as measured by
I1-1 NVR (p%@PQ?Oébl y 200 to 15, ooo 25pr ef er abl y 250 to 15, 000, preferably
300 to 10, 000, prefﬁnabkwmaeﬁmﬂmog)Sam(pp&embw@bmym5nwoﬂ@)Qw@G@wfﬁm@ferably
750 to 9, 00Qui,0@n an isobutyl chain end to aIIyIic vinyl group ratio

of 0.8: t013 non re _carbon atops are
br esent Mt f70 d% ?%n%h S0t prersy B kBt T RefShs S dR o

| ess t han Qrdershbi lggs thae @Pler ably at 0 nol %9 . 30l n anot her enbodi nent, the
macr ononomer useda hekak ribmhsofasmca)ﬁ)ylhoeenq)l@él&bgowc or CRARIPr&éri@y 70°C or m@t,

| east 50 ( g,';ﬁ%crﬁ)&%l’cy or‘é\@r%f QO"CQ)[ I%{JIQr ?Et?él%(] P/()I%O%Q)ﬁ‘_%gt’c D gg b%f P%b(lrx 01e9 to

99, preferab oprop pre er abl y "at
| east 35, p¥ eé‘la*ﬁ]bila?Ht’?"ﬁz 6‘5‘3@53 PiFfeRRly blgoriest. 800, preferably 1.5 to 10)
nol % et iyl ene, @ridnf r oMOBdarbi@ath c(pdieigenabhy, Qebad @yrdjc peneher @lfeyabQ. Btot 0 1)

nol % C4 to G, Qh8fdol) o(tw&fb} aﬁem%&%@% ﬁa@ﬁ%{ﬂﬁ. t&rwe%m%pol%ﬂo%{oamey but ene)
wherein the oli orrer ast 90% a ?/ chai

% n e(n fprle er abla%

| east 919% pr ef &r 4BISF ”8 el?“é’é{%‘{e“‘g SaFP BB Eh P b POTES oY 15 di4arsBity at

| east 9894 ;aromatic contginmg roemegvEragdy fsl baulvalt, metrgtt 0+t )prajfrabibio net styBBict o

about 15, 0QQn@hd¥0less 1as 5W§ﬁélﬁdnmmhpmbn(y@ergﬁt1ﬁ1r1ala>k,x;rc2@&13x@vt%>2 000,

pr efer g%ly 250 %’o %??ﬁifg Br ef egabelwgOg omeluse%hoe’r 0 preferably 400 to - 11
09/ 1555 LGB UEI0YE "G4 78455550 &b 500 to 9,000,

preferabl y 750 t)do0 2000300 caibra d@ﬁ“ﬂ%ﬁ%@t‘}yﬁon&%ﬁ F‘Poe[ﬁ%fe‘?‘dy 5?11‘9(Pfr)é0Q/P1ﬁ§?Tdblgroup

rati o of 0.£fi8m120t0 580, 3bctdably frbr 2amOEHE pre2rmbediviet 1o 1oheprefaaip fonauas 2used

herein is K fjisgomer, conprising: at Ieast 50 (preferably at
| east 60, re d(BB' Lﬁ%t& 7|th 99. 5 preferably 80 t gr ef er ablﬁ/ 90 to
P

98.5) nol % pr opIBAE of e o mps, m@f%&blaéﬂv@@é%low&?o gply gigm 2§ @fl&oa% y
0.5 to 230, ppfeebbriabl 380 1o RAOR Qyefpabef fexmaldsh yo 8008, iraerdidy 2890b 6H@&X pryleevie 30(and
fromoO.1 t@o50 (nlafei%f)@@?d)rby 08, prefeRbI3 3506 €H&@® abl y0. 5 to 1) nol % di ene (such as

O Al B e e o R T R D Ak SRS aRoniE SR

di cycl openm&'raéhef)om fMer 65000 hesferbly gofrer 1HRS.: praf@altly Feasts. @@%Qﬁlﬂw 4¥hai n
ends (prefepehl y at | east 91% preferably at |east 93% preferabl y at Ieast

95% f bl | |
( M’S pr 6 era {4}5)6111 z o?géolﬁm%f 1686 f:feraﬁly @:ox’f%@(y to V%&f‘%%fcﬂ? %R"%F(%@(E

of about erabl y
200 to 15, ets@fdbbrﬁémép‘émz? 085 prefeggbly From e toéPé@%Pfﬁ%{ﬂW@% 69%t01é>0@omcfcrably

pref er abl y 6dh00 14, @0 S8y o0 ef Brvakpkyfcr®B0750 @ 390000, preferably 750 to 9, 000);

?..ngS:Liag i SObLn%'an %@1{45‘ melnam ofbrd U c}ﬁ:lbb(fy }/5 [‘(W?I plgfct%ll? fr%ﬁtIISQO gfpchcu?blylﬂénpl 6
to 5, preferably from 1.8 to 4, preferably from 1.5 to 3, preferably from 1.5 to 2.5),

35 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
-9-



Any of the macronononers (preferably the oligoners i) to vi)) prepared
herein preferably have | ess than 1400 ppm al um num preferably |ess than
1000 ppn1a|unwpg&knprﬁjerably | ess t han 500 ppn1a|un1nuqk Rﬁﬁ%ﬁ& Ly | ess
than 100 ppm allumnum preferably | ess than 50 ppn1a|un1nun1 pre eram
| ess than 20 ppm al um num preferably I ess than 5 ppm al um num 20In
anot her preferred enbodi nent, the macronononer is anorphous, isotactic or
syndiotactic, preferably isotactic. In another enbodi nent, the macrononomner
i's a propyl &€ otrord ptsfeyr 006 or prowpytfendy HYffHorahdarg oRisrably hHYC nriyorp @referably
amor phous,  [8a &Ghdr&; pRferablyNdicet@Glote§ or MERIQY ADIY of SOV A6 b, prédfftaAN 03 NEE:
enbodi nment , the macr onononer i s a propyl ene copol yner or propyl ene
co-oligoner hag may be anDrphous isotactic or syndiotactic, preferably
i sotactic. Anorphtes?foslOyes PTFENAFGLORBIAINS BORERE Sush as spsenfc dneAcT GfrefFralds 0 fohan
10 Eg. |sotaaki lﬁefberljd@follﬁed alt@nale® Bl%) Ragup dARb veiht d@icintcpRiioads (4@matic
det erm ned RQy,. % gﬁ%ﬁl&ggqﬁQﬁkf preferably at |east 60%

east |l e

preferably at ast 80% i sotactic. pentads

Syndiotactic is '\ﬁﬁéf'Y“néf&‘(‘i Namise Oéfd‘l?oé%’f"sﬁ‘@/ﬂe?ﬁﬁa‘? otiya@‘fq aopiding Ay e pxgedure
det er mi ned GyrilSGNMREaSritesd sicliecbebel on)is prehmediyl VNAMR dcaaditg ©@gprocedure

preferably &Ecrlla&[aﬁtthe?@q{@nn{}ﬁt%lf s%Etf'?:Q'bMox@t B'rz%é’f?}&é, A% SY NI RLAGT GedRitza6 She 30| n
i ns, on

any of e cont a

st st W R RS SR bRy St o) TRALETRT RAh oSPRRE! Brenphel ©
nmononer uniabsve(pd &f de Ewboyimepal tsectih Pelovpr deingbéiyt ieti¢igrminad by drioieytlab prenning

but ene, OCtaﬁmﬁmet@e&edéﬁinb@lrmd@éjﬁﬁlﬁfiﬁentaﬂ)rb@:ﬁ@f adiwy "etvapbteneaieRithdarypyt ere) . 1 n

anot her e”b%lw‘f Jebc%ﬁ'e% n{T?e s t101ﬁe§o“pa%td 2SOTRE LS g@%d&ﬂ({a@@%oﬂé’c%?eﬁd
nononer uni enbodi nent t he nacr onononer does no conpri Se any
cyclic nonoitgr 3‘hﬁ$‘t256.829 n anot her enbodi ment 35 the macronononer does not
corrpri SE any ar aatidiler rRB@IMRNHt, Ul hicrothéhodBrotdae rheebiodd rfﬂemleﬁehmmnsammmnorrer
conprises L wh96:0rdp8R% Qfi 1&s 3y roﬁ%@rlwc LJSHPJIQHQV MBlably 08106 ¥GhdSmAORQNBRE aiuni t

or an aromatic nonomer unit, preferably |ess f'han 6 5wt % preferably Om %
based upon YEEGEFght of the macronmonomer. WO 20091155510PCT/ US2009/ 047945
| n anot her enbodi rektst $3fealiybdbpio mol GrEeratdoarest 98%, iraeably HideastI0wt Kefemdy ghous
material, preferalyokgss than 20vvt % preferably less than | Om %

pref er agl y | ESS t Q%E?l er a\%rw%mol cu alr'j?\glgl%g n)l o@ al?]ogt) ?D??o dbogt(ya OB V\Faqg?e:[asrlil?efd

macr ononomer . anor m ne
percent cryst aI I i BV ty NMPOfﬂmI@@lY Sheo ﬂ}%@O@eWT?felelrlyéQoamllp AP0 wefe%%f §gto 8 000
cal cul ated using thelhermmslyao aned prefraden & He0oRSEeeily weo fiswodi g) / H (in

Ji g)] * 100, Whﬁx?%nl?bu Iéhalgelbﬁg‘gl%y?giwwgllot rdtfl (&()tf;hq h?ﬁr@p()'y”er of the ITH] or

nonomer conponen val ue bt ai ned fromthe Pol
Handbook, Fourt i) Edf b0 perp plueHe: Wf%@@wcwraé;}Z%twmsarﬁ%fablméw P k0O 999
except what a val pem,@icf@B0 1dk tar 0psedraisablyies eguldoippn)i. um heat of fusion

(H for 100% cr }ﬁsah@thér RBodRnY QY8 REnonRr Ysdd h@cnpfb M&}inch&a &am«?qa Ahe
eqU|I|br|umh (g
[1ine

(11 100% cr yst al
PR T S NE IR St A L S
pol ypropyl ewéerabTWfé)O BSC.@ar preferplgy 80t @i 1080, astedhey AP be%jO(iOan'@ﬂqeblE%[déM hat al
section belggw), Lomprmnul m B0 tOer pRphedi reRtbly Ihe, BRGEICIBRANES 2@9@@@ megd, arl'y

ol i gon%r S Ip)ef da%B/ 3\6 3 F% mol° Pl%lé[a%ls StO rtoa&)smoll’/andt l%r%)?6 moH/r (pdp(fer;%}ry 2% tQ qgno{/o | ess

(as determn

preferably pmieg@y&f) “? &@Ol%nﬁ?féfa‘idr i @r78t§‘10§//° -PpyiReabd 10] Téé%mlrﬁépé‘“ﬁr"é?‘éfﬁ al@hvy -30C
or | ess, 15rok eonphehey @hlfdyabtyS5aIG10E, bu@sS hexene, or octchd) pam@:tbhecrthyedﬂbpdhcrmnthp t he
macr Omnon%ﬂgoglplal{ag ldtClHil (35@/ Xllﬁ Ulag éCl%hl)/C F()O[Otdlvl)ngatub'cgl§nbg Jﬁ@ljct ll) RY- Pgbﬁp&noq PSC

first nelt) fromo anot
enmbodi ment eth?flﬁ”é ‘Wil’ﬁrdﬁ@r%“@ezgt{iﬁ“i”ﬂéd Zﬂét‘)é4 ﬁ““ﬂé?\?&’y%e Hé{‘%’é‘?e&bréo%ﬁ“ﬁ‘i“ffﬂy poi nt
by DSC3fol 1600ty (sbior algenaincanditeint- 0@mpehat iirte 6¢ R8IQ) ethydme &tprds@a st thel@-

hours. 20I en(@m@rt QQFZ)@JTde drmnaely Bdﬂ%némcelfyommalea(taaﬁdwﬁ@lalmrcismmqhb%ws i)
to i V rom)non”er

J Ye{Ta
2o Do B Pt 2. ot DY 2D or SRR TE R SRS IS QBB TE!
Ji g or noré20 pridf eéndbleghybGOnGingraged) 18l elternaglydetddf. %ﬁ‘rieldl%ogihsdhnﬁ fmeqaremtﬁfal
scanning calorinmetry as described in the,Experinmental section bel ow.
I n anot her enbodi nent, any nmacronononer described herein may have a percent
crystallinity of 2550% or nore, preferably 60% or nore, preferably 70% or
nore, as determ ned by DSC as described in the Experinental section bel ow.
I n anot her enbodi nent, any macronononer described herein contains |ess than
1000 ppmof a group 4 netal (preferably less than 750 ppmor Ti, H and/or
Zr). Alternately, the macrononomer contains |ess than 1000 ppm of Iithium
(preferably Iess than 750 ppmof lithiunm. 30In a preferred enbodi nent, any
macr ononomer descrlbed hereln conprlses Iess than 3m¢960f functlonal - groups

T 1 o 1 . " 4 o



c) a nelting point of 90C or nore (alternately 100C or nore, alternately
140C or nore). In a preferred enbodi nent the propyl ene oligoner or polyner
is isotactic. yl ene oligomers or 5 polyners arg the art
and can be néggqﬁgﬁﬁgﬁﬁetallocene catal ysts such as dlﬁE?ﬁhﬁ W&ﬁﬁ%l s( 2-

met hy1, 4- phenyl -i ndenyphaf ni undi net hyl or the catal yst conpounds descri bed
in US 7,279,536, typically used in conbination with N, N di nethylanilinium
tetra (perfluorophenyl)borate or N, Ndimethylaniliniumtetrakis

( hept af | uor dhaptitehy@iopPamel’ pthylene py eesaeidn eiebyodiigpent | AtdvatelyaX rioBtihonmerei s a
copol yrmer ofrefehbly kene n&bﬂdp@freﬁayb(@/@@f,morelﬁe@fda@embﬂnyoréwavu ng a EEmof 20 jig
or less (prefergag\%{ g/ﬂeﬁmf% Ao dnf3 {‘S/)off f%rel'gsijn{?)% ﬁa‘v’e”%tq5 ts&ﬁ?&%‘mﬁ gitagée'a&

and from20 to ene, e

100, 000 g/ nipsed bl?oéft@r“a’@l“i IQW%@@P - @0% *%e}c@?%|endssl@eeﬁﬁl%?&yp%llvﬁé*ﬁ% 1sfab@tylknow
in the aft anid caB prdigatigad écatt SDN Gsobdtl ahdin@enesleahialy yay sf Gideheras to vi) have an
(pent anet hy&&x&l AREBIadhENYil body QﬁJ‘é‘?B%M'té n%eny Px*a@tdnlw@uda) 881 lpreferably
typically used I n conmbi nation W th ani I'iniumtetra

(perfl uor op(h%hg)/ 'Horhte or N, N 15d| rret hyI an| I | niumtetrakis

(hept af | uor onaphr! oDigioenaodiment, the macrivimposronainered: iy s afallclrerligomern@yplidngmade

by process mgwan 9mm&%qn ienet 1ema@ We € 3 ANbs, 5@1&%1@@@%@%% ) QR0 RYRESLO
i ncl udi ll"l(g Br ookhart,

Bennett, E%%’ft% oe @‘ m% llre]or bz}klzmémop Wﬁl&fﬁl@?}%e Okﬁ) lafL'998 849.
Su, et al. Ogaﬁﬂﬁ’e‘t%%?@yl 012@0@,018 ®66E2bRG! lﬂasa%ﬁfcr abfrablset B prefebly pHest
macr onononegss;):can be produced using one or nore activators in conbination

ith
\IIBMI‘ it Osggkor Vrmr G %be% Q@Ia%%go%c _F/e? nﬁ/&&l@%}ug@%qg Ab@&%() g(% g{{g’()l aGm#aismed tig 5[
Maddox, A. JVNR (ppfpreldy 5<WP - %%me@%@rh@‘b@n‘ﬁaoool9@@“1"'847@0 toph?, Oﬁ%ﬁmﬁbrwﬁ?ﬁbly
Or ganontt al 40D ® oOhe miegiably, 90614 8,00R pRL1abls 300039 6,000pn Conpl exes Beari ng

2 bni no- 1, 10- phenanh Vioh bl algllmwgf@gdtwﬁbhytfmsnv(gmggt? al ysts forNovel

Et hyl ene digo at i ano and 4

A efin Pol ymer :Tge f 4@%118"31 %}‘g I 8"‘1%%1’“ tg"r‘? ’2&?&’P&B‘§fe’tdbly Ihim ! 0?@%

1998, 849. preferably IRg thek FXiIppin.| pyefaysb&fless themtOdlbyst conpounds to make vi nyl
term nated et hyhﬂiﬂl&hﬁ&ﬁb’o@m}mﬁl&n&rﬂh&ﬁ&ﬁs’é@héfelﬁ:fs}iﬁo 1ésle DBz0mEr, Q)mphﬁﬁ“ ng at

| east 40% crystalli Py es 0

2009/ 15%510PCT/ %éﬁ"égg‘} éﬁ%% ' S PRGN “’ﬁ% MK %4r°i’yh‘3c§la?1tz‘niE %U’Palé)otﬁﬁk?onds
to make vi AyFfeRidy MY HAP, étffei‘f@btlaétﬁobm?i‘ty‘r?ﬁyle%é’h%%ﬂl@%ﬁ@ﬁéﬂﬁbs (preferably
crystalline, e.g.lcah@vionlylakid @ashreRbly arystabd probibayty ail@clopdeprétbiageat lcast
represent egs @%ngfgg)l)fmegyb@/) R7 R 5where M is selected fromtitanium

zi rconi um hafnium’ vana um  tant al um chrom um nol bdenuna or
tungsten (pref e?“a%??fa??‘f‘éé)on‘f’lﬂ‘?ﬁ”h%pcﬂ%ﬁ MRA fPeipgred by H NMR giefesbly zé@“’a g0

i denti cal o@refuaibfyf 20 ents,@ndreftredlys &loac tl @ 000f pofirably dH®© @ehsoat wefeablCh60Ch 0,000, Ky
groups, C Iprmg;,b;g,G;S@Jolg% - gpoups, C6-C10 aryl groups, C6-Cl0 aryl oXy groups,

C2- C10 al kenyl roups 0. atylal k ro

C7- 40 al kyl ar yf" ‘@ﬁgtﬁlp“ yan @&%’llé ?'Ilér‘g‘ 5?%7[50 L3 661 %‘fﬁ‘“ﬁ‘)&ﬁfg%s E‘”“g
hal ogen at s or e E:?@W}l@@alt ed Dmﬁ‘ehfééfomh’av 3&1@8/0 opxtféramadt logs Bybsmplbalpreidrabliy t h
one or nor eshwarosaandydreterhbly ((tbwzil%;car byl ) si | yl gr oups or hydrocar byl

tsrui:g]hg_gr ?Tgtalf"l)t/)%/l I>(1)1r not%LQ?{bodl%%rﬂrtpy mag%r OHE Ser vgsgg ﬁelem isd H%%\/lcnc (a)ljoorﬁezr %{n%rlﬁg_ %lll;yl'il’ e

the sanme or difféent (@Pfﬂf‘l%h‘ a' leasy @et”é@ra’f’lﬁ/dpnt%?/%? (B@@h"bé(tgtgn‘%% et Ode ons,
Cl - C10 hal eg@nati®groylcatnhah ogenat @ctfadokyd: 1get 051 pssterBh- CLO Tapogabiat ed2@r
unhal ogenagﬁﬁla@wls QTRYRPs ct%&% froho, DY ngx%‘ﬂf%l?@ 593 gn&%g%%n@wm@'&eny'

groups, Cr- unhal ogenat ed roups

hal ogenat e %%O‘iff?rﬁ%ﬂ% gh‘afte kpsp Rwaflf‘ypref@%ﬁ @eneb@h@mf %&f%@@ﬁ%ﬁt ed or
unhal ogénat ed m’fjphsap@e/erdwl chgmauy Spreferhly & least QRp, prdiRably at O:8it 3?3, poaferabBRIt Rast
radi cal s ir,ismie@embgmic@tgg@@ of a hal ogen atom a d-C10 al kyl group, or a

C6- C10 aryl grou nor e agh to 7to ether with
t he atons conned uinbex d¥e}1dée molccul 13 ht (Mn trlrtdr%gto a§0u§]4028 / rc_laabcla eﬁ?yl

met hyl , et AR (@chrﬁbtyyw to lér%]() azcﬂfea@é/rﬁm t(QU) P dirdarbty thaﬁw()?% 2efereity $@rton one
or nore saturated or aromatic rings (prgferably R and R12 conbine with the
phenyl ring to forma substituted or unsubstituted naphthyl group), in an
advant ageous enbodi nent, R9 and R11 are a C 1 to C20 hydrocarbyl group, or
a C3 to Cl2 al kyl group, advantageously a t-butyl group; 12.'3 is selected
from WO 2009/ 155510PCT/ US2009/ 047945 R14R 1 4 R 1 4R14 |1 -nB-- M3-

MB- - 0- nB8-0- |1



R15R15 RI5RI5 R1 4 R16R14R14R14R21241I1III -M3- C--0-M3-- C- C
- C - IIIII R16 R16R15R15 R15 R15 -B(1244)-, -A (R14)-, -Ge-, -Sn-,
N(R14)-, -CO, -P(R14)- -P( 0) (R R14R14)
and B[ N( Si R%Bf%@(qé ]201- R14, Rs and R 6 are each |ndépg)e”n g’P\%@(’Msel ect ed
from hydr ogen, hal ogen, CI CZO al kyl groups, C6-C30 aryl groups, Cil-C20
al koxy groups, C2-C20 al kenyl groups, C7- 5 C40 aryl al kyl groups, C8-C40
aryl al kenyl groups and C7-C40 al kyl aryl groups, or R14 and R45, together
with the at o $lefaedlydeeiVne0. piserply 7 taP800siang; and M3 is sel ected from
carbon, sili con,angafurmmamrahcaﬂduym anylgfouﬂ&&) df@ mecpreﬁlemt ed by the fornul a:
R18 as for .ar tvvo or

more adj acent ra dln%{hfl emll?éfl_%l n{ 916 IE@ AOmTBme] useq delem Isﬁé?xoé%le e&&gome* conié)tusmo

the atoms conneét ety W@fﬁ@bﬁ%‘%ﬁéo d’PefWYemr‘Pr? 8 pf‘?@?abi%g%far‘)ﬁdﬁefc@lﬂy PQ:tﬁ’n
ger mani uim  @s) ol prppyéertabl oyl RU3 (praterdh et 355pr|3fy1|ab132)0 5dé pheryetasiyl yid 2o,
Particul arl eﬂﬂ%lﬁ}fl lY'!S tocﬁt) Q'J M/Sg’mﬁgx &‘H‘Jxﬁ OtIQO F‘?{K@fel\«{ﬂlpyg t«;ﬁ p'rngféi]'ﬂﬁy%q + Ldﬁ‘%t I C

propyl ene MACT OIDNONEr S erably crysta avi n east 40%
crystal |i ni €57F GUfittsddieto (H2§@hf’r%‘b°£%§‘§‘ﬁ% &Yy bﬂlﬁ@e%mﬂlaﬁ" betadland). norbornne.

rac- Me2Si - bitly(i®nRaérpradeny [vinkM@ banene, anorbMe&Bine, ing (li2ycRpduaPiand), nderinl thdRemwher e
Ris 15 an @l kyI group (such as nmethyl), Ph is phenyl or substituted

phenyl , |s or.a p gs c or
et Vet 8Bl cnthaeipibrBy PR eED: ReeRbr Y ey PR on e

di net hyl (d’r‘%diﬂefh@'d}’ ptdrayt 98%);

di met hyl si |yl - bi S¢ndber®tbyindeciilenysht (MITEYERE | I0CODbM 10,001 MYk méiired by 'H

di chl ori de) e
di met hyl si lN Rbpxet?ribly 200 to 15 %OO %gafergbly aSO tf) I%OOOX?refelﬁbel yl tf)IlOn%()eohg)/lieSelZaE)lFf él%Ontloum

di et hyl ( .50 &Ipeqtﬁle@}-yia%ﬁo9000 pleferably 750 to 9,000); an
di met hylsi |yl - biusi¢@utybhiiy dndde sllprhtily bropeteny .y 2 ko icorioum di met hyl  (or

di chlori de) angn OF the MAacromonomers (plefeldbly the ohuomers i) to vi)) plepdled herein prefembl have
di et hyl si I - bi

I-na ht h Zi rconi um
di net hyl (d H“f“bﬁ“l(ogi’?‘ﬂé‘)‘%m&in "éﬁf‘f‘éq?%lﬁibéw ? pi’?cfﬁ‘ﬁ ?éw?m@?f g ?{‘f‘%%)ﬂlpﬁ% is
repl aced bylunefumi praferal@dy beey thas 8P wbm elmaivys prsicrdyperuthass Oi pnwl alrgienum, preferably
(CpMe4) (1, Jesdinmetohpyh alluﬁldl)allévgabEy less GRMVB Al dtorhilim. | nd) Hf  Me) ;

Egg%gg (11i Pr d?mnagg)thm d felﬁed ﬁmﬁ@'\ﬁe %%,(%,g s llm”%%lg%km%gc}a'@&c MeZhdiotactic,
2009/ 15551@@@7@@52@%56 ozwg of relnh%iawi ﬂvenmwmowzer ihWer@yieps Bomopolymer or

cycl opent agiopfyde, homb-dligomienahenyidy, beManomhomt Rythetic IoPEynﬁiola&ﬁ)plﬁr@fBMlb y isfdicnRn =
n- propyl . another enllb'adlgle rtﬁJ Igc[cl:oggnmplg n%gﬁnénb c&plaﬁmglj 0'1 ?859?Jn§ u; ()11&,51‘961 tha) mcﬁfq}n be

produced using a cataly stem co M?ﬂ
conpound r éBPEY &Rt ‘%’H‘C‘by"ltsh 1835119 BURFIRGLYF g ac—f“moli?ﬁ“”b is M@F%tol-ﬁ‘c“iﬂs‘ lﬁgfﬁfn um
10each 2X i dysion ntlepehaelitiizy , sawelies tdefthcd roomat kest §0% igptaconsitals i(@glcofmined by

hydr ocar bylwcrma mﬂcén&a\suw) Jl&gam dttlpdbﬁ&% alrci%faayat Qﬂﬁ?O"p)f)@fc'ra@@Saﬂ lc@sméiﬁi’/@s

al koxi des, t t t d % ds‘f fi g tz §0 i tartn o tad 3%
ethers, or *ﬁd%‘éjr?ﬁl?‘létl o ‘ﬁ%cr i%odl’3 megrt HaBry r?”eiyﬁ&q/? ACt PRVAS X ’3?1‘“6 ttyl,
phenyl, bengyMR ashibssried dslowr mefireldy at leseli (9%, pl(D@tablerﬁhlaiISET(V uﬁw@rd)ﬂysﬂ tvesy 86%r m a
part of a twardedcipigdor a ring systemn); each Qis, |ndependently carbon or
a hetergatom pyef f.er abl e one

ne o?lalc cn}%b(lhmentb detbcuba(:( 1erem the Iflig,romonomel conta :, (fn Ims Loahsg't?
het er oat om al t er nat re

het er oat ongssengpipyef W&P@W 0B tC: fodgsinegr ﬁ#pé@olcﬁngn%wlém pies (lé‘afﬁ’éb‘bF Gi# @Pferﬁlflv
het er oat onsthylaict espp@bcebyfenatoct@agtent @uflod@ese, picrabll ethgarendropdichd) emendther

het er oat On@l)lbodﬁﬁﬁththg a&1§modofﬁgre(m)% qg%hlgmslc Q}{Q Qgﬁpbcggd QIOIQ;]IICIt intgg Iﬁllak&ﬁLu

group, preferg g Cg Ilnear al kyl group, preferabl 6%{’

propyl, buf3iedms H‘E“’;}P““‘)}‘PQWPC‘ die pryPmasiee gyl “WOH%V*‘? et %%ZP?%‘ O‘H‘i“T“I‘ er ent
as Rz; 3éachle Racjogonaned e mde pankpyise imydarogein nomorger @ity 0 Cgnodlek ythbogmauipthe

pr ef er abl y n@er&honbiRer @BmbrisBE Al to@bKids Fra0Renic monomer unit, a cyclic monomer unit or an

aromatic monomer unit, preferably less than 0.5wt%, preferably Owt%, based upon the weight of the
[ y p y ! g

macromonomer.
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20 preferably nethyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl,
provided that at |east one of RL or R2 is not hydrogen, preferably both of
R and R2 ar ogen, preferably R and/or R2 are ed; each
Rs' is, |ndegg§ gﬁt]y?’hydrogen or a substituted or unsgg&??@%$%§
hydrocarbyl group having from1l to 8 carbon atons, preferably 1 to 6 carbon
atons, preferably a substituted or unsubstituted Cl to C8 linear alkyl
group, preferably nethyl ethyl, propyl, butyl, pentyl, hexyl, heptyl,

octyl, provided ihewtgepmioHigentghe PBIragpsemdr vparyisfR3legy rten POwHr emerohouh ydictaen
(al ternat el preftranly 1e8R83hag ROMPS prafeRbIN Qs HIAIDRGE Prefertb by @ NRELIWfaln¥ 1IR3 n@lQUPS
are not hy dlgag)eqeﬁ%l the Vg‘) h? Oﬁl%é%aglomorq F;gr/ l;g§gqgr%(/)r D 10171a.9 n%a er{aiadi dﬁgrrr}l%{[ec? %éu})t\%\éﬁt?n% the

catal yst co
i ndependentfﬂlwfqﬁwryofgléﬁw feppm 40 s@l’fslteicﬁflﬁf'éda kwty u%éhlbg%lwa&ﬁéanaq%%@w iy
group havi ngdérti@mst ciiee Bn 017 DO Kin &P MB0, phed BY @bk Yieak oftfasida f@aidiomo@lyaiBef

preferably e ﬁﬁjgsrﬁdn{)}d&rqgm&{nmyn%ﬁ@i%l&eu%?gl ge (f 1Ae{1 ﬁgrgrtheqiloh){?er B2 tBi\

preferably neth %d bl f FX uty pent& e . g

provi ded hoWreF@fapublisipd by {ohn Biley yid S vy p HERCED Fpf 2 Ve 37 Bl ra
groups aretnahhhydm@@emnaﬂdo%mumﬂﬁgﬁmdn@%Esﬁgm@mmbﬂmmae@2ﬁm@m6309gbs®ﬂtuted
or unsubstid Hk%lm%%ﬁrobmlslm( B ?fo@ﬁ@d% Yey@dilink %@@ht&é"@nd 4 M&Q}f 20018 (198 isf | Ve
R3 groups areeda the Nea offlrc]:g) ?o ZB(; ry%a m(gr ll'lprllspu elset I'ﬁoa B?gcur a egé hbe%

R4 is, I'ndependenty dr'dgen’ ‘of é GBSY o Ed "oy T?fdi
hydrocarbyﬂnéﬁéﬂﬁﬂm@mﬁﬁ%@m@QWEn1or heteroaton1conta|n|ng group, preferably
a substituted om t@dbshbdided 1Ry dicasRnd (BHURhaNdomRgrs fif @Miv]) habO k18ss20

carbon at O?ﬁ%@lt&ﬁergn? @)Irﬁy (TJO) o? O% ﬁxa ep &s %Etgl%ﬁed gecrlt%}éalmlybc n%yb ?1&1'11f16lt|%/eads or

unsubstitu R group ref %% opyl ,
butyl, pentdyicribeHasg), P‘ﬁférﬁ‘?lwm Cofetleyq mogeuefféttra ut®s °b1ﬁ%ﬁWe prefebly 28 prdiﬁw
phenyl)w phemydreferstily yd0;C gudsstituted silyl, (such as CHHSIR, where R is a
_CI to O hydr ocgy alaytlmer m%Hﬁbncﬁ-tsthgﬁl ct?(y honoﬁérWal’tmul&ﬁﬁ(ﬁl%!)mcrg‘)"{oxv)) ha@t}%){xhg pomt

i's hydroge roup, pr l'i near

gr oup, pref8§é§P§m%%tggP 6@§b¥ﬂ§gdmﬁ?%ﬁ Pt0§Wt Y%dﬁﬁﬁTmimﬁgwy eoﬁ@ﬁ??l or
octyl; R6 idsschedrhoge rilawrnoade@ttalﬂtom@BngmbduyIby aSéuipllovpreettiarza bl ymtaenClenpgat@s

l'i near al kybs@raupicaspisab@t.abl y nethyl et hyl, propyl, butyl, pentyl hexyl ,
heptyl Rr octyl, n anoqf;e&in%odm t, tl(p rgleg, omr(])n(fenger tp)c{t’tlcuhley opg) e)Qo bﬁ 18 ai]%l{lﬁ l kyl

group, preferab rou bre hyl
propyl, butyl, b‘éﬁ‘t“yﬂl' embvéwm dnﬁ aptr WOUGIFWG’%W@“ ?5?”@)'(7‘?3(11@(21@ ﬁ%ﬁ’@\&é\’f/@*w‘% ‘Pfaf@ J/at

| east sevenr ma@, FferghPUPBe af tor) Qtefdpar 098 or abikes Natmlingd af differasthl ught R7
groups are Jl&ﬁdﬂ%%&&%‘ed u%lhé g)!p@l%&l aYscgloll bﬁ?w groups are not hydr ogen,

(preferably t grou positions on each rlng
Formula |V are H3tOUR &R algﬁ'}t a“N“ia%w‘ﬁ‘?“f"inEfg*éﬁ“b"‘?‘h?r@“ g‘%'i‘“ivﬁﬁléc'wb‘r“éﬁté B, S
or Ge, 2r efsef abinyre, Sirgferdbe@ehor Raye, ipsefarabtyeidend entel a5, detayrdired e PSC hadoogient ior a

ad to C20 h%@&gﬁQ&QMLmnégﬁﬁwas met hyl, ethyl, propyl, butyl, pentyl hexyl ,
heptyl, octyl substltute

Cyel e strut ur‘@* e R Sparr Rt el ﬁgvﬂéﬁtﬂf%f@ 29 i D Rl
cyclic or Ewmeﬂnﬁmh9”§®@ﬂehwf&mdﬁﬂwmmheﬂlﬁﬁawﬁdeabtH@@nﬁﬁyYMMmﬂamPaagmt R
groups nay cdn@idieds thiasee ﬂpinm)gm@ﬁlmwkfe&wmzsemdnﬁmdx olfhtlﬁgm$yst em wher e the

I‘ i ngs %y be arl% tréfegfﬁd Qﬁa ll;odhr%at ng\/snal‘atc Ogn%ltxoef‘ne Qesu %gq Hel}eal‘n ueolmé)rlbes less l'%l n SerA) of

"substituted" mean: group een
hydr ocar by fungjiosl grougs bﬁlé%“‘eirff?at ysiogifc. atylsengd PL@%{t“é?ﬁ %hﬂlﬁ?&%vm@k@m efﬁbox»ﬂetﬁb
exanpl e netdnyd, agyletopeptnadirenrs pCprboixgl, reftipblg taliPars2B] nbdhetraytifis sharet hyl
group and %lhky lmo?cl ﬁ&ﬁgblly hSs Akh @E\W ngrcoﬁilgcr%fpﬁct !Mrht @ﬂmw ;nlale tcrm 8LOUP-

In an alternate e east one R4 group is not hydrogen,
aIternatel91ﬁVmP%%%?“@“bpﬁﬂmbWBﬂﬁ?wére not hydrogen, alternately at |east
t hree RA gr oupsihanghenotboliyertogemacralet deserib@heyeimis alpoagtnefobgomeRd p8geoups ar e

not hydr og&se eﬂh&dﬁﬁéﬂ@ﬁl@lp}bp lzrle oRA)an&H@@n@rh% RALLSS nh))’éj(ff%%ﬂlowmg roperfe@t al yst
conpounds t hat F

(1, 3-Di net hyl | ngeﬁ)ﬁ ?}rotds €bS Pl%fellagl%//g;&()) OQEE U? eerzh ?if_]ﬁ?l less errtﬁg yh() 0 or less,
(1,3,4,7- TE?%@H@@ﬁ@@ﬂ%ﬂ@ﬁ?ﬁ*bﬁéﬁpéﬁélHWK@ycIopentadlenyl)kbfnlunﬂlnethyl,
WO 2009/155510PCT/U82009/047945 (1,3- Dyyethylindenyl)(tetramethylcyc

| opentadi eny 1)H afniundinethyl, (1,3 -Di ethylindenyl)(p entane thylcyc

| opent adi enyl ) H af ni undi net hyl, (1, 3-Di propylindenyl)(p entanethylcyc | op
ent adi enyl ) H af ni undi net hy (1-Met hyl, 3-propyllindenyl)(p entane thylcyc |op
ent adi enyl ) Haf ni undi et hyl ,



5(1,3 -Di et hylindenyl) (tetramet hyl propyl cycl opent adi enyl ) Haf ni undi net hyl ,
(1,2,3-Trinmethylindenyl)(pentamethyl cycl opentadi enyl) Haf ni undi methyl, (1,3
- Di wethylbe (p entam et hyl cycl opent adi enyl )H g yI
(2,7-Bis t-bu r}&?uorkeﬂnyl)(pentamsthylcyclopentadlenyl) EFﬁ#ﬁﬁ%?ﬁ%

(9- thhylfluoreny (pent anmet hyl cyc | op ent adi eny Haf ni undi et hyl ,

10(2,7, 9- Trinethylfluorenyl)(pentanethylcyclopentadienyl)kbfniundinethyl,
u-Di hydr05|lyl(b|s t et ramet hyl cycl opent adi enyl ) Haf ni undi et hyl ,

1A-Di hydr03|1y1@bm§wwef$%W@tHVW@y@m@m@ﬁ%@MYéﬂ%pﬁPWQH@Mmﬁ$%@Yﬁwwm3@JEWW

i met hyl s |Igh@§e&mﬁnethylcyc | opent adi enyl) (3

-propyltrlnethyl ent f.ni undi h o

15u- Di cycl opr opy fz}/mfltci)lf?g 9%{9@‘&, a)moil:_‘?(l’al{%mate I&F&t )al‘lacl’)lgre]tﬂeflbml% 140 Cn%‘ mmet) hIn

In an al t eriigfeedemb Kﬁlérb@ proppiene @EW ﬁypolyneﬁ fseifotiche §‘1‘°!arh’§1pt’1?‘6’r\°“ﬁt§t‘ea“| o1 n

t he |1 sts of pogatcalapsinoe anpoungds cabigveade Ssifeafdtalceek wiatyhrs @cdbhahbtdﬁsll(ysmgh as
dichi ori de_ Qi AR SE)n R AuRlGRNENRXI:AGyw RBERIGH! bl O 4s82W R an

al unoxane activator. Activators activators |nc ude al unoxanes and
non- coor di nfélf“?aHlj useA 1 ORI B & Nowistepigipni i feiip (eptigerppheaylh E‘S?‘ér?ﬁl“éé”
i ncl ude al kishabymibixanestagudiptaisommeppiDadreroxane, et hyl al unoxane, butyl

al umoxane, | SOblﬁ{ ¥ |pree RN B enf TR tflzicgﬁlloﬂdlﬂémx@@%l §1'e'xcgf él%IJTQQhJ hsg i@k kyl

al unoxanes, di e a n e

ol umoxafies, (Dol 09 o LLeD, Tely Ll o R R

may be prodtvEte dy ftomeOhy dvatoypsipglersf prefaably é@m@@@ul\% of frquaf.RYA tall HhG0A @mol,

cogpouRd ) @eIMMA@kmyo Be0mr olbIC eshcb Yopoyed Yuetr lalb?&sh $heOdrt &kl ca b Yadd whgnuM

and a hi gher 1 - : Ny N Sdi

Conecal !y mherdib &b Jeﬁ% %m y srlllcrg ‘é%“ e%'&lﬂetﬁ 8}1 \}!ehé&é?agfr)](é k) n%mygéﬁg%l)eM%uql : Idnﬁ%‘éﬂ?yl,

st or age. Tﬁénﬂélbar'@d an %?hlf@twl wh h‘eﬁhéwhv%mhmﬁfaﬁ i(RFEUSTophFBX RPIAte 0

nodi fi eth aldinaby&ndsiym modlkkdd (hepedflbargha@Bhybp 854, 166, 5, 856, 256 and 5, 939, 346 and

Ellél’r ggegnSEEbg%gﬁagﬁlg&ﬁ%gs 'Sl‘sc@ul ?grglélﬁhgd%sbel-:rﬁddg%y roedsd km’ in B ﬁf Q) ﬁgﬁmczg'l land

which are HEPEFR! FEFRPOIREDT fsPdPed sy “F%‘P‘?f‘ *ﬂc‘ég ¢ 19 @3 ?5@5 r éBlr‘lé : o

use a Vi sudrpokhar] BametheAR§ | 1dD.ulvHk ahiéd, Bhitaybebudyel. cﬁhegeICbleld sﬂ%mfblﬁaﬁe gah be

filtered tQkQ&&QyQ@;ﬁo@k@ﬁr solutlon or clear aIuanane can be 35 decant ed

fromt cloudynszpr d . E useful alu unpxa

al unoxane ( MVA )OeC%. eaFm 3 “*ie“ 2 RO €l Al 11‘0

Chenmi cal s, cpmkinatipihgidyong h@uv? qqfabré cHypgfds éw%‘ﬂ WyDzQ Uibkamneht4/p iz,

covered undar MpPBL NG Adhe B, 4B ibhe0d] P53 d)idox\VaeIr. thhae, adiihbMatoasn,. iIcoman1 998,

al unoxane . [ : diynents, sel . ] im
Qnslel foku%% o% guﬂm%gal c%g)\}\bfg Bo7 08 E‘mé % ) c% 5%% 6?%%, %%?1%‘2#3‘% gBJ ol d

anmount of actlv 45 500

nol ar exceé’ée”M"'l’Rﬁ”éj(/élﬂ“’l"hé‘ Eighly) {réive S?Zéfbur@bﬁlﬁe%@r Oﬁ‘@t”éfvz"i%ft rgppqmetallicy. g) |
The m MdsnmuAPEC 66/@T Dindt 9 -"Vatel %St Ppbeatn®orCudysts avadal fonaarli: dobid] henr.at i 0.
AIunlnun1ak%thpﬁ%grQ@noalun1nun1conpounds whi ch nay be utilized as
activators (or avenge hqreln i nc ude rlne% um E

triethylal uni nugﬁm“{‘ g%? TRRVARE- U110 (o1 R @W‘%ﬁ Uity macromonomers
tri-n-oct yl(la¢funhlmxmmélmd etghleving itdeast 9% gyesellinty) igdhale dhogpaenseseittd\py e dormylpi cal |y
present at a ratio of 10: to 100: 1 nol e: nol e. I n anot her

enbodi ment, the activator Way be-an ionizing or stoichionetric activator,
neutral or ionic, such as tri 5ktyl) ammoni um tetraki s

(pent af | uorophenyl ) boron, a trp3perfl uorophenyl boron netalloid precursor
or a trisperfluoronaphtyl bgred netalloid precursor, polyhal ogenated

LICGd lelli\%(glfi OI' IPOIC aCtl\gﬂ(?Ol“b l¥l

het er oborane 10 ani ons 98)4&983) boric acid (U S. Patent No.

5,942, 459) or conbinatiofR_t is also within the scope of this
invention to use neutral or Eﬁi activators alone or in conbination with
al unoxane or nodified al unoxané\ activators. Exanpl es of neutra

stoichionetric activators incl -substituted boron, tellurium
/Xt ures thereof. The three substituent

al um num gallium and i ndi 8
{!‘& selected 15 from al kyls, al kenyls, hal ogen,

groups are each independe

substituted al kyls, aryls,-afyl halides, al koxy and halides. Preferably, the
three groups are independently selected;from halogen, nono or nmulticyclic
(i ncluding hal osubstituted) aryls, alkyls, and al kenyl conpounds and

m xtures thereof, preferred are al kenyl groups having 1 to 20 carbon atons,
al kyl groups having 1 to 20 carbon atons, al koxy groups having 1 to 20
carbon atons and aryl groups having 3 to 20 carbon atons (including
substituted aryls). Mre preferably, the three groups 20 are al kyls having
1 to 4 carbon groups, phenyl, napthyl or mxtures thereof. Even nore
preferably, the three groups are hal ogenated, preferably fluorinated, aryl
groups. Mst preferably, the neutral st0|ch|onetr|c actlvator IS

T .




25 conpound. Such conpounds and the |i ke are described in European
publications EP-A-0 570 982, EP-A-0 520 732, EP-A-0 495 375, EP-BI-0 500
944, EP-A- d EP-A-0 277 004, and U. S. Patent 157,
5, 198, 401, 52%690%1@{]’5 206,197, 5,241,025, 5,384, 299 a#@“gﬂﬁ%@%ﬁ and
U S. Patent Application Serial No. 08/285 380, filed August 3, 1994, all of
which are herein fully incorporated by reference. 30lonic catal ysts can be
preparedly reacting a transition nmetal conpound with sonme neutral Lew s
aci ds, such as B@@@F@WBuWWMNQNWMp@mnmeebtwoaniththemNWdrdhyzabnekagand
(X) Of the ﬁlﬁ(ﬁﬁﬁ)h@mm RSl cSomeUnd hafdm le%4@@t@ﬂalhlﬁty)clhchﬁ§ those represented
[B(CDF5)3(§9E,ﬂnm h stabil'i zes the cationic transition netal speci es
generated b 'eact | . The catal ysts can be, and preferably are,
prepared with activator conponents whi ch are ionic conmpounds or
rdt i on of actrvators utilizing neutral
pl at ed by thj S invention. Conmpounds usef ul
as an activator conpopentAin the preparation of the ionic catal yst systens
[ [ mpventro comprise a cation, which is
preferably a Bronst&d capabl e-—a onating a proton, and a conpatible
non- coordi nating ani o ﬁgﬁ ! relatrvely | arge (bul ky), - 20 - WD
2009/ 155510PCT/ US2009/04 7945 capable of «fabilizing the active catal yst
species (the Group 4 cation) wr
conbi ned and sai d ani omewi | | be suf
olefinic diolefinic and acetylenﬂta
neutral Lewi s bases such as ethers,
conpati bl e non-coordi nating ani onse*
EPA 5 277,004 published 1988: 1) ani ony oordi nati on conpl exes conpri sing
a plurality of lipophilic radicals cov | y coordinated to and shi el ding
a central charge-bearing netal or met. 1d>xqre, and 2) anions conprising
a plurality of boron atons such as car bor rianes, metal | acarboranes and
bor anes. In a preferred enbodi nent X“t he stoichionmetric activators
i ncl ude % cati omhandai sivcioh foenperent zicaredn e yepliws enebéh, bynttine

f ol I owi ng fd?lroﬂﬁhlnﬁmol Q{c&nﬂ'{)ndunostérﬂgre)craw%ﬁ@hlﬂmland /& hamluraeut ral Lewis base; H
I s hydrogen; Rl_gnd R irgdelun (‘?ﬂ"ertenc% and arcf selectcd fao bhyr]rog%%lroms n@lt &{F)gallgp%?ups

havi ng the char

conponent , (ﬂﬂupmﬂﬂﬁﬁymWnéWdﬂéaBréﬁﬁre@3931ﬂ@mgd%h®%§7ﬁ#%ﬁ%ﬁ§‘@meKBﬂHﬁated
Lew s basesietyl goducCbler bewikgl aaiptlSCc@palilyarofroppsptenat kngiketyl absisy agt i ng
a noi et X S)H)%Fk Q],shﬁx%e@la&%L & eoﬁjﬁyalte’d (ile'ngn‘]thtalhgle Q)lﬂ 1(51)(113/] Er@?cf?ﬂed”%l@'ok gr_e BSe

containingtransition St rsor, re ng i cationic
transition W@PﬁfY%gﬁ@?@gﬁmﬁ@*ﬁbcéﬁFr@ét@ﬂ@“@ﬁfNﬁﬁyﬁﬂmﬁﬁ@%y%ﬁvmﬁeﬂagﬁﬂbnsted
aci d, capalipreferafly BonaRi aganalkplsothon mbibyltohehytl prawnsi lalidsnudres aloridat al ytic

precursor resul Ri Qg ak "rhe"%ar;xer @Ql%fete'npﬂd gl%ts@&te@ %hl%dro&eﬂ Qllohlg 'h'é‘lggeﬁ EHH%E‘ relich)

g_)r;?rgln:'l[rjsrrs grgoﬁg{%%mr UW {‘f enate(y dJJ<yLII gromsnéfg ﬂw lﬁt‘}gﬁrﬁ‘g%d i un{\aﬁiﬁ:ﬂat I;ng/ grguaf)b l@ﬁ Cl0
N- met hyIISathlpgreafedcnr phlehwnam mlecnyk grmetq?ﬂ"érrtﬁln@nafrcr reamipds emetherylalkyl groups,
N, N- di met h)d7EU‘4b| I.haﬂ@e1mﬁl§t(ﬂy&1ﬂil@aﬁ‘d&| arg g, grialyrfsi @iSIIﬂO HRoRMABD or unhalogenated

NN_d th l groups, t 1 (9] th Ca, WRHIC ' 18 gcn aton
trretLSthg %ﬁ% %@ : rgfhosp |§§ QE%% g% ﬁ%% pe ‘g ?%gh%%§%gFu%;OProm
f

ip eh
et hers sucﬁfég arﬁérﬁwaeF% ﬂﬂé%ﬁywr@PW@Pmeﬁ@ﬁﬁﬁﬁVH?B forRa e Wit 8% ane,
sul f oni uns afomoeanhdaii@atdieds fors uedvr asredingt (hipferablfiRO B nteehy IS ety dr butyl), and adjacent
tetr ah%r OEJ?rlLQrP R& R R‘a&ﬁl tmr?(JnU 161%01% hﬁ&r?{QJ or JJ}}QU@E@ Yp%férﬁgy l@ataﬁdofg é(Jm'bl_rQ:df

may al so be such as silver, ni uns oceni uns
and ni xt urérétEl %?@T”@Farﬁ’}g 0 SEPB AP i P rsr Blz?sma@r%v et 1%?%?‘1::‘“&13168}‘5
(L-Hd-' smﬁ@umheRVMd rabyor(i 120 B0roTniey amiopr «cSrip Givesiityl fdup, idvedtagdesly hose
havi ng thedigﬂﬂ%} [Nk FQ']d- wherein k is an integer froml to 3; nis 2,
3, 4, 5 or 6 N oied d; Mis an elenent selected from G oup 13 of the
Peri odi ¢ TAbIe 814 ¥&" Ei ement s, preferably boron or aluminum and Qis

i ndependently a hydride, brrdged or unbridged dial kyl am do, hali de,

al koxi de, aryl oxi de, hydrocarbyl, substituted hydrocarbyl, hal ocarbyl,
substituted hal ocarbyl, and hal osubstitut ed-hydrocarbyl radicals, said Q
having up to 20 carbon atons with the 35 proviso that in not nore than 1
occurrence is Qa halide. Preferably, each Qis a fluorinated hydrocar byl
group having 1 to 20 carbon atons, nore preferably each Qis a fluorinated
aryl group, and nost preferably each Qis a pentafluoryl aryl group.
Exanpl es of suitable Ad- al so include di boron conpounds as disclosed in

U S. Pat. No. 5,447,895, which is fully incorporated herein by reference.
-21 - MD 2009/155510PCT/U82009/047945 Exanpl es of useful activators
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| abil e to be displaced by
turated substrates or other
es>and the |ike. Two cl asses of
een @i scl osed in EPA 277,003 and



The term "non-coordi nati ng ani on" (NCA) neans an ani on which either does

not coordinate to said cation or which is only weakly coordinated to said
cation there 11.ng sufficiently labile to be displ eutra

Lewi s base. 9%8%§Q?|51 " non-coordinating anions are thogqggﬁﬁyﬁﬁgge not

10 degraded to neutrality when the initially formed conpl ex deconposes.

Further, the anion will not transfer an anionic substituent or fragnment to
the cation so as to cause |t to forn1a neutral four coordinate netall ocene
conmpound and a neut r'& ﬁct fronﬁ? e ani on. Non-coordinating anions

useful in accordanc mnth nvent i re those that are conpati bl e,
stabilize the netallocene atl n int §gnse of balancing its ionic charge
at +1, yet retain syfficiepts lghility Fﬁ permt displacenment by an
ethylenically 150r acetylenically unsaturated nononmer during

pol ymeri zati on. These types of cocatal ysts sonetines use tri-isobutyl

alum numor tri-octyl alum numas a scavenger. I nvention process al so
can enpl oy cocat al y&'f EShpoundR'dr act Rifat®f BBnmpounds that are initially
neutral Lew s aC|d ,bu forn1alcat|on|b nétallconplex and a noncoordi nating
anion, or a zmntte onfé co é& upon ¢eattTShwith the invention
conpounds. For exagg e' trls(péntafluo ophe %% 20 boron or al um num act
to abstract a hydr %yl or hﬁﬁ?lde Ilgaﬁ)d41 yield an invention cationic

met al conpl ex angrs agmhwglag nngQprgln@§|ananN@m@ S&E, EﬁkALQ>ég13697 and

EP- A-0 520 sfar | & «anal

conpounds. E%ﬁé ﬁ% swd %ﬁggﬁnk ggﬁ d%%o ourfagacg[l <%ﬁmﬂg§s§§§3%?§%wg%fn
formation dRlogwi €e «ﬂﬁi@w&)@ét@ﬁ@gl g9irh § 1 438 PsYo sy Bup2Urlisorhsumds]- see
u. S. F’a'([j%ent(&05;yﬁ%l, S Bs, C3,ABGry alkiy] atghs MmdTZ/C D28y 1.25M0eR of RE d&aﬂ @psthaf
noncoordi n n._pr r re B

pr ot onat ed%]_ Hh e d%b (§ Lol c%%%{hag, SrnH I%Ig A 9% gleagucﬁn‘bfd%%ﬁes?\?%lp élﬁns%gh as
ferrocenluﬁWdF]%|*V%W“%%QP6W§W“G alkall or al kal i ne earth netal cations
such as those of sodluannagneS|un1or lithium the

catal yst-precursor-teZactivagdr nolar ratio may be any ratio. Conbi nations
of the described activa conpounds nmay al so be used for activation. For
exanpl e, tris(perfluorgpghe » boron can be used wi th 30net hyl al unoxane.
In general the cat\TMSt conpgynds and the activator are conbined in ratios
of about 1:10,000 +0 akeAl 1. Wen al unoxane or al um num al kyl
activators arc used, t E!Ektalyst to-activator nolar ratio may be from
1:5000 to 10:1, alt@edatyvery from 1:1000 to 10:1; alternatively, 1:500 to
2:1; or 1:300 to 1:1. Wh@n ionizing activators are used, the

catalyst to-actiyvatof, ar _rati 0: 1: w21
to 1:2; or 12&@“@fﬁk F%F&%ﬁlwﬁggmwmﬁmw%%mW%wb ﬁ%Mng
ni xes o0 aliighgivaResndR’ apﬁﬁwn\wrh thd %wbscowe@trmgﬂlwm fzﬁnh@eazémpr\?amfr ¥ is carbon, |
an al t er natsgicangashinienér,tin girératb Rl distiimeas! swyr fiphekdgll). such as di et hyl zi nc,

in conmbi nation n Yk o oropvlenc
2009/ 155510PCT/ 1?%98%’8?‘8%%%”% &m&?’%g‘?onﬂ‘gr gig’téls}s/g’t’ %&‘ Vai\ip MESPB S nomrer
The cat al ySPEOHMYMER{RagTay Wlé‘ﬁf B pHEY WhoetaHay) Hémd%@awff@l Piduce

t he macr onmbnordrsulb:nacaM el uidl-BrindeipiMK,  gaSavie.SHus(2-R.4pbliydaei)Vzat wier Rosocess
g(r)n?| ﬁﬁ"?ﬁ; Iagslkﬁ B, oh,h@&cﬁ Qf metmeﬁﬁg 91?}1%1 g‘ﬁslug% u%%ib%ylpﬁ%sﬁf gd-ef \legd%?ls% élgo%en

CO oS e e SR £l e e E s STy P Rdiny okl e nes, e

t hough theﬂmw@ylp@oduwémah)ok@gﬁn@ﬂwbhﬂl@ﬂp@%QMmﬂﬂ@EMMQn@@esscmaﬁwhl§m be
used, pref @mm(w a @u@@mwbhbtzclaéﬂwnmeast aﬂw&nmﬁa(amlbztm&woum{erhgnf tohe
macr Om)nonq l%()l‘(li? gm tﬂﬁ}%lyl egz met} ﬂ% naphthg{ mcflenyl zm, 1u% %H&%I’ F&(‘nt Iij_.l(c:ﬂoudgr 04(1:1(

above the
i nf or mafi oﬁmb‘ﬁy% ?Yéb‘éfét‘@ﬂlly%“ @ ﬂ‘ﬁ@tltgh‘ﬁélﬁ@ﬂ)r”@q%dp “‘p’i‘“ﬁ@e@%‘”{‘ﬁi Irier QGWW@C) or
defi ni ti onslt@fatct! tRUGmp@int wiatrdirp@luyie Fdpzaddibp MafBiymt @njer PeRBSe]ySE €oMDunds

2004/ 02692 i:l%u 1) (CM@?&”?JQQEM%HPQPMUE '}ERME e FFPﬁHﬁﬁtsﬁgs (@lﬂ% B(?%‘?@' nhanl%f

7,432, 336 corporate ence %

cont i nuous P&t i‘“&ﬁ%‘y‘nﬁg}mﬁéﬁ%ar Ehuik e fhP‘%PY%PQ?PH%%s oMl 2

conti nuous autoclave reactor equipped with a stirrer, steam heating/water
cooling elenent and a pressure controller. Solvent, macronononer and
comononer (if any) are typically first chilled to -15C prior to entering a
mani fol d, and then punped into the reactor. The preactivated catal yst
solution is fed into the reactor 15froma dry box through netering punps in
a separate line. Solvent (such as hexanes) are punped into the reactor at a
desired rate to control the residence tinme. I n one enbodi ment, the
catal yst systens descri bed herein nay be used in conmbination with one or
nor e of nmononer s haV|ng fron12 to 30 carbon at ons, preferably 2 12 carbon

oy Y "~ 1~ oy e



In sone cases, slurry phase polynerization system nmay al so be used herein.
A slurry polymerization process generally operates between 1 to about 50

at nosphere pr nge (15 psi to 5 735 psi, 103 kP a) or
even greater aég&?eﬁﬁgratures in the range of OC to abo%c&&g%@?@pﬁ?a slurry
pol ynmeri zation, a suspension of solid, particulate polyner is fornmed in a

| i quid pol ynerization dil uent nediunlto whi ch nononmer and conononers al ong
with catal yst are added. The suspension including diluent is intermttently
or cont i nuouskryllehibiide. ¥ircortt heyclopattionlwier endetyé Mot methilePcomrporehts! ar e
separ at ed fmgah%n?ﬂpolyner and recycled optionally after a distillation,
to the reactor. . 10 Jhe, Liauld didusnt,employed i the.polymeriaatLon,
medi um i s typical Py AR APRANE AR 1§ IE 2 b tons, preferably a
br anched ahwam@mwﬁh@ﬂwﬁﬁ@WHH@WbﬁGV@@U@h@H%@WHéYﬂ@éﬁ@ﬂm&ﬁﬁ@ﬁ&the condi tions
of polynerizatig@n and rel atively i y&Er When a propane nediumis used the
process mnustz:bghopdrat ed above action diluent critical tenperature
and pressure. ) r an isobutane nediumis enployed. 15In
one enbodi mgats OV ation techni que useful in the
invention is reﬁéﬁw% HS, as a pariclBffor m pol yneri zation, or a sliny
process where gsh nper at ur g3 s-kepts bel ow the tenperature at which the
pol ymer goes int ofuti on. Sucﬂ:?- nique is well known in the art, and
described in. fos I ngtance Y SriPateat No. 3,248,179 which is fully

i ncorporated herein by reference. The preferred tenperature in the particle
form process isgmthin the range of about 85C to about 110C. Two preferred

20 polynerlzaté527gﬂthods for ghe slurry process are those enploying a | oop

reactor and th utilizinguaa, @ lity of stirred reactors in series,
parallel, or cg
processes i Rrghude ¢

i ons th@reo -limting exanples of slurry

i nuoug: -3y p stirred tank processes. Also, other
exanpl es of slﬂjrﬁ/ 2esses aré.d85fixped in U S. Patent No. 4,613, 484,

whi ch i s hergi Ly |ncorpor@ Ii ¥ reference. In another enbodi nent, the

slurry process’is carrled out "~ €0 ifuously in a | oop reactor. The 25
catalyst, d8 &'slurry in ib5bb wsane.or as a dry free fl ow ng powder, is
injected regularly to the reactor Poop, which is itself filled with
circul ati ng""8*urry of growi ng polyner particles in a diluent of isobutane
cont ai ni ng Hretefikim; and conononer. Hydrogen, optionally, nmay be added as a

mol ecul B W& hgblts 1&%&1{1& ly, se(lcj,c@dﬂr)llﬁ tfﬁmgﬁjlmgﬁw §Qgtilg&myplddltd@bsr§wg£ fl'(t}ly g{o%en I's

added, or 40 pm or | ess or pm or | ess. % nmbodi nents at | east
50 ppm of K ?"oﬁ‘élﬁ Prgiridagorades. d‘P‘”T@F@ 5o Phows'rd@ h ?ge%séielﬁp PGS BEATRITISS )
A honpgenecthsts,(gol uintontiar thredtk prefoable matyl, cout ipnuplu Sutpr oleys by, eliside.be

used herei mmn@en@&la& la}ferﬁahélystwlo &quha\ye(ﬁmraqahrymrfmz@&do@nahlmx sgst&gntl nuous :eact f)r
erials

in which t a

suppl i ed, 5?3Qg“ Iﬁ“@60?%ﬁdﬁa%89“ v%ﬁﬂﬁ gﬁ%entragﬁﬁgma& @ﬂg%?mm bi't abl e
pr ocesskés é@éﬁﬁ@éaﬁﬁ@#@”ﬁHétW@Kbﬂﬁgh%ﬁmﬁWfﬁﬁﬂpﬁ€mp6®vhé¥%mﬁ®”%P@hmmcQS
pressures,a&ﬁ@ﬂhﬂa&@ﬁ@@&&mﬁammmS5wﬁﬁﬁwaﬂmﬁﬁ&nmRaktmumnMMMGhmmMEmﬁmaﬁgﬁr
acts as dil, &lﬁrﬁ“ 1sof&dépgnd§191kq¥y|d1%peng)pl X”Y%rd éﬁ&\' %%EL Uﬁ&t‘é}gilﬁf"a 20 o‘ﬁe%ear A hﬁ‘ ofofict or

t enperature
t enper at ur ém&f«’éwe&m §hvg arrxdyl B@kaé‘é?ﬁ' é}ﬁ’&ﬁ?f %@bRaw %dm OYI‘éf?E?“t HBrie
preferablye&h@nnahmmmm&m@lwwogh@uaCl@&Eaanﬂmmnsﬁamﬂﬁﬁérathn®rﬂmngbqut 50C

to abouly 110QGapl nncﬁgr@ﬂvh );Jop 9£nt>@m@(yii§1&p%ﬁ'or JJ;@ pso@meﬁﬁstwag%n&imt hie:t wo

WO 2009/ 155510PCT/ tors are in re can
vary from 396Ut rfg%ﬁfﬁfr 13( gt ‘z‘g ar{“‘ A hﬁ%ﬁ?‘:]f\/lﬁéf%%%gg(ef’édfoégl e ‘%ﬁg 19°% bar
to 1600 bap%éﬁ-@Bmmmmmmﬁaywﬂwp@prpwé$@ﬂaDMVMﬁwWWmmw®D®6WBQ®mb@m%ﬁmmlto

(10- 5000NP@Xarbon dtomb pr&@sty ofo 4&&@5@@5@9@&&6@ a@ﬁié‘ut@tls(sﬁ Jaalbem@ddqyadcuneﬁl ngl e
;rgggt Orl'hepaﬁ(%] L%Iro&p Iyeécézg)?snéeghyl gt rﬁ)?ptl (g)gl Euqutpelgculr I%nglol egi%rl octwnow ed Qowe%er matﬂuous
above déscilepdicedaiyste &y Srdsery @itanaeli bt @rwq ekt hylrosss |ak}¢élrﬁe'Yafﬁd R°

al | ow ng saioGhsaemoMmetsechp react for a sufficient time to produce the
desired pol yners. Hydrocarbon solvents are suitable, both aliphatic and
aromatic. Al kanes, such as hexane, pentane, isopentane, and octane, are
preferred. The process can be carried out in a continuous stirred
tank reactor, batch reactor or plug flow reactor, or nore than one reactor
operated in series or parallel. These reactors nay have or may not have 10
internal cooling or heating and the nononer feed nmay or may not be
refrigerated. See the general disclosure of U S. patent 5,001, 205 for
general process conditions. See also, international application WO 96/ 33227
and WO 97/22639. Al docunents are incorporated by reference for US

pur poses for descrlptlon of polynerlzatlon processes, netallocene sel ection
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unsubsti tuted hydrocarbyl group having from1l to 20 carbon atons,
preferably 1 to 8 carbon atons, preferably a substituted or unsubstituted
Cl to Cs |in group, preferably nethyl ethyl, pry L,
pentyl, hexy;e@r)t%&cbl|3}t§¥5 10 octyl, substituted phenyl (such aglg%}%%?)%&%henyl),
phenyl, silyl, substi t ut ed S|Iyl, (such as CH’/SIR, where R is a C to Cp
hydrocar byl , such as nethyl, ethyl, propyl, butyl, phenyl); 5 R is
hydrogen or a Cl to Cg al kyI group, preferably a ClL to C8 linear al kyI
group, pref &vahtyly.melichythe, catatyhy¢omppmed py fo, usklitoythake gleenhopo;olibaey Ithen vegpt R/ is.or
octyl; R6 llsdehuﬁaﬁgetgldlaren r Qtubt@u&gm ahskckitu@h OgtRucaBy1@folp ARINY B8m T to & Garb

linear al kyl ;’[()Jllél etablﬁ EL}? ca190ryat(a %l‘ab ?Tathbshtutpcli glpé{mubst%tc}/!fldo%emnéé alk?lexyl !

heptyl or ot

group, pr ef%‘?%b@“;‘/felablﬂneftlﬁd bl PIPI?YééBF“YaPWI h@’tyb @FPWI pqct:gf eroxigrdyhopretchippt: b Bh‘yl
propyl, butfk R’ pentyle, mdtgkyl 2) fdve Rt ybupdbire @@thydrogep vk Badod @ierer 1%&1@% @t

| east seven,i &, %ﬁ 91‘{91§ubbt13n9edﬁ15r§ro&% 1 @%gf P?%ﬂ%astat% Gh 02 tGH & 3L Rh%%&g u€h 8t R7

groups are not hydrogen ferna groups are not ogen,
(pr ef er abl yC*tst"Pé“tPied?Org‘?%@:*ﬁsmét‘y‘t“}‘férb% ‘and 4 positions on each Cp ring of

Formul a |V ea¢heR’ o tndépydicolyeiy)iiogdN o g suhttutadge misubktithsd lydivrdrigg eroupn bdtesaalbl o, Si

1(:)I’ go pr eft@fe@@tb% c§ita1m &hp Rh'efcllib?y ) Hﬂ@ﬂﬁé&%@&khﬁénm@df ngd%zﬁ'lﬂﬁl 5118 ﬁ)agﬁm ﬁQrB la a
(0]

dro &%Q hex
heptyl , et P ety BT oot ¢ earBRER bRl chu R h Cf B
cyclic strdeeaplsyligre weifadlyanahrhteth, proptisbytdrrental lil@yylslat)fulr attddbubstiputed aenylat ed
cyclic or fuseds piopd psanst.emeny@ndyif dinidaedd Provwuscesd ¢lsir' amyethvgs adj acept R
groups nay | ggo@bﬁégﬁg%éhp? )ﬁrprgtggl ‘%“J@?é“ef fused ring system vvhere the

rings may bé aro (1;1) d “or sat ur at ed.
preferred hrisolidmetor atthdo pr 61@9@@% PHEMBLYA §1ge fre Hnear aly! igguimpreirbly ft“‘éhy\ln )
may be produgepbylauhopmgehoyshptydbeeas, said process havi ng a productivity

of at | eaStR64s i%/d% c:lnouﬁ3 a% Qpb Iﬂqﬂ Uw%%{e?elriﬂ ly a 1 th'gEnQegtea?ﬂ%/l% te%@a%ly methy
cont acti ng, from 30C"t propylene,

cononormer aﬂ‘étl ?‘P’%Y %gtylt’ﬁfnggtﬂt’ L BSRA SRS ogen in the presence of a cat al yst
syst em conprdhdy’ irgingeperaicttly viatiogenamd Gito Cedist romeprierisl b 6c @rid lioonpugoup,

represent eqtmbcydbtyhﬁeﬂtypgﬂgm Ipa)@yllbutyt Ipemlhtxy@rhq mddc@@ |pﬂ>5ﬁ§h RRONEHWIBER] BvenHf 1S
%

haf t f
hat it g, eq0 1, FRENCSILL, (SRLPELEG TLOM LIS, aLaUR. o9t aLing,©

am des, al I%wpbd%not @uﬂ%?‘d@sﬂfmﬁ’h@é@hl%wb at il b@éﬁs’%ﬂtﬂlh‘é’sed@ha@ﬁ gl Fomluld
phosphi nes,lv ekhamgdrogh); @ conbi nati on thereof, preferably methyl, ethyl,
propyl, butyl ...phenyl, benzyl, chloride, br orri de, iodide, (alternately two
X's may forma art of a fused ring or a ring systen); each Qis,
|ndependentTI“yatti%QE‘lz)BrﬁfctﬁPlyag‘PfeqceP‘ﬁfaFta%h?‘ preferably C, N, P, S (preferably at
| east e QchR'ad hebexody.omjroghtiebgatoeh ¢1 atCA dastcatbwosu@ & narlgl, thd, gk or
di fferent 'Bé‘t?l%&%ﬁ %ﬁyl Hﬁwﬁt ﬂlcb(ylaﬂcnéyﬁ%%mtn@&ﬁl% éldatvg Rt’ B& o0 SAE OF

di fferent htet <«ﬁ . tﬁf{ t 'east fouyr 4 he same or

di fferent REEBFIATSNE JromaigaRrialy ju! “"6‘ Y ETEHHENE g T %f C_“Lghtyﬁe[?:s al kyl group,
pref er abl y aml i@fthey 010@86dl thah ey t“alatwctemgl’s ewpys v dbrer ayby rime thylbltiesntay/fused pingpy | |
butyl, pent%tem Vht@ﬁé}ﬂmm&%@%é m&{m@%ﬁﬁh lty sBuraf¥@Y: shii@e§ane or di fferent as R2;
each R% IS, | ndﬁ%?@rm sug_srtlyu’teda neans tth%q ??dmﬂmﬁglou dsl%'l i} TcE)lla%d (v:"vn 1)%110c%rt§/y1 grtt)ﬁ)éxyl

| i near aI kyI gr oup erab %W

heptyl or 6étTSFPatOHp‘P’e‘fhefﬁlaﬁPl?l‘J‘R"dmalﬁ@f%lﬁ Fp cxgpogle msthy aprepfadion Gag ks ol gFosp 35
i ndependentbytjtuthipdthagerhy! sup anddalysiléohbltied oyl gung ubstruttdmadn hyrdgogar byl
group havi ng f rQan, %ltcﬁtﬁtc&nﬁ@t{nggﬁl a@‘tcgsn%nc 1% dgg(gu?rlémt)h (’tlrogcﬁ) aﬁctgaadl)bgqca@tttgm4

preferably a substituted or unsubstit [ near al’kyl

pr ef er abl y SHEPAFINOEY P FPBEs & 'eé‘tjt”ttte S BRI, “"h‘é%??en Higpeigly lt’f‘é‘tf?/‘tf e

provi déd h@mavennmha@Oymymahmdﬁmvégﬁ@ﬁgﬁcuﬁamage nmethyl, or 2) four R
groups are not dyarQ98RoARdnake hERS I PREURR GE G4 : hSredr: Q2 to C8 WO

(28?2]{ é?gﬁll Pﬁt{nlggzl% egn/?r 4e7n%fn?%thél§yc téntta 1c18/$li Hl_aﬁt\}tm ﬁtegtlyélu:)gt :?ehédgcﬁgbélg
substitute&i%ﬁ7Tmmm%@@m@mwémmhyahdcamwyw%?wéﬁﬁhmmmmﬂbw i ndependent |y,
hydrogen or a substituted or unsubstituted hydrocarbyl group, a heteroatom
or heteroatom containing group, preferably a substituted or unsubstituted
hydr ocar byl group having from1l to 20 carbon atons, preferably 1 to 8
carbon atons, 5 preferably a substituted or unsubstituted Cl to C8 |linear
al kyl group, preferably nethyl ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, substituted phenyl (such as propyl phenyl), phenyl, silyl,
substituted silyl, (such as Cl-12SiRi, where Ris a Cl to Cl2 hydrocarbyl,
such as nethyl, ethyl, propyl, butyl, phenyl); is hydrogen or a Cl to Cg
al kyl group, preferably a Cl1 to CF, |inear alkyl group, preferably nethyl,

s ar? not



In an alternate enbodi nent, other additives nmay be used, such as diethyl
zinc, in conbination with the catal yst corrpounds(preferabl y nore than one,
such as two) @qu Etg vators. 15This invention further re, MSSoddi-fis Pr ocess,
preferably an PAtPime! process preferably a continuous process 0" produce
pol ymacr onononer, conprising introduci ng nononer and catal yst systeminto a
reactor, obtaining a reactor effluent containing macronononer, renoving
unused nononer and/or other volatiles, optionally renoving (such as

fl ashi ng of flp-Hobtdindeny dlotaiety g larercadondiheframdiiethieh as t hose descri bed
herein) es S@@tnlawhydcfmﬁﬁeneﬁmtﬁmuq;éa«ladl@mn@mﬁmdmaﬁyn oduci ng macr onononer and

catal yst s ya %%nllll ﬁlﬁ/;mc&:r';?/ d)? me(%h Lﬁaopentf(ﬁ e&%@-&] %num%sme?h eaCt or, an extruder, a

pi pe and/ or ronononer (such as those descri bed
herein). (I Methvm EFOWYHWé@Wh)(OWMaIIe b‘cbfﬁe‘l’%Etaélsnﬂ)aafalumd\@e@rlage process to obtain
pol yITB.CI’.‘DrT'C)(fII(3r[BﬂhetEleﬂ&ﬁﬁﬁdeﬂi@wﬂ*@l@io@ﬁ&yhlﬂ@mﬁhl&fyl)Hafﬁﬁﬁhﬂ&iﬁ’f&ﬁylWI th a catal yst
system Obt(‘"i“z'3'1'?91@M@%ﬁé%gﬁﬁ&f&ﬁ{emg%loh&%r HER gh%m&&%@gﬂ I ng the macromononcr

with a cat Zr‘réSt ?s%, inin fmacr ononomer. 25ln a
preferred SHPsRHen7imdp Dipgs "éﬁclfrl‘e?elﬁdfd‘et’ﬁ@aﬁ‘&'ln VY zat i on may be from 60
to 150C, prefaiabhyli@etyd(pdAdChypydihetaichy)HBHiundinksHLC. In a preferred

embodi ment , ohAg, ffﬁé"r&beQ&nMeﬂElc%opExﬁﬁheHﬁJHéﬁiﬁﬁﬂdé{%h pnis froml mnute to 9
hour s, F to 2 hours, preferably

r ef
30 to 9?9 (27%%‘%8%5({3?0«5?“‘3’/” %e“f?i’lﬁtﬂ¥l‘(a‘/c§f) %86‘?1’52’? %fh“@ ng@@i y 10 nin to 2 hours,
al t er nat el yw-BBydrsiyltbo t@@methylcycB@hadienypridfiendimdhdnbodi ment t he react or

contains | QJS§1h§'d?&ﬂyl&@%tl%hgh)ll@@leﬁenﬁ(ﬂler@m—léfﬁﬁlﬁdlmaﬁﬁf erably less than 85w %
preferably | Blmeth lmﬁﬂte? an\lMthé/ eg?oper%adlenﬂRgl pm]I)y?tnmedﬁ}g(g]gIo?enta%elg&b%%llup])gﬁl%e%e/ﬁ

nononers e e
wei ght rati#%d of macr onononer to catal yst conpound (including activator)

ent eri ng t heDikeapiopylsilyBbidOudnethplc?bp&Qicdy) Hpmafenatly 100: 1 to 15000: 1,

pr ef er abl y 500: iln £n dl%gxgnQQ-: ?od:lmenp tﬁef %Iirf’i)etalyy ¢§th t:lle ttrgns;ltég QrQitdiI' in fAE qlfate(!;faumdx/stloo 1

to 10000: erred enbodi nent, the mononer contai ns only,

or consi st eoe@%%mb&\ﬂ i lf@ffwf‘é} W*&bﬁé‘ihg*tdg (geh dbcd“thalde:fs diflyyridel prat BIFRrORE3IE0” Op)
| i near al phartiallelifer usroridme luueketesictfvproef er abl y et hyl ene, propyl ene, butene,
oct ene, dquged,tmpr dodecene, preferably ethyl ene and propyl ene). In anot her
errbodl V\gﬁzqog/ 155 OPCT/ U820q9/ 047945r cono r.does, not conprise
any styr em c rm P ”‘i’?f“éilh HAMAHSH Y AR R OIS r‘%%B“ ““n%“"ﬁw% ?%6"6“‘8 rise
any cycl i c igpisndremples Illnllléhéwfré\rm%ﬂ’bomlm rethylfemergess e plomerne bey ahppxane,
conpri se aﬂ%bﬁflodm{oixﬁlec@&tlﬂédnilﬁﬂ)xmﬂ@tﬁmrds (iJagd cla(_l/ll ﬁﬁlm&ﬁ&tt&‘hdlﬁhﬂgorﬂ&m%ﬂ

units). In n%ﬁ%% oxan ym Lerﬁ( M% tu?cs%? 911”?1 mgxgm %dsn?o%lﬁlex\%l algs %?1}5 also be

styreni e nono
pr ef er abl y Y¥s s“‘tnI*Pé?PCG‘“W‘D/B‘O(b‘F‘@fbé rﬂaad}ygwm % thbacs%“a ;S‘HH<Y’@H§“‘\HE| C@ﬁ?ouacf t he
conononsr eIMeo infagbd [hﬁﬂuﬁcﬂazgz thc apir@pivef trimethylaluminfm andor lefher trigk) e swends t he

pol ymacr o MYRAQRERL 1. GQIRE! RRBAGL quc Eééltallyllﬁx\tc %1M&H¥hﬁ@t% bOl@!:IITSedHlH] el sHb@liur |, gast

20% propyl ene, alternately at | east 0 ene ate
pro(;)yl ene CW*%h Rhﬁ‘é‘“l‘iﬁl"?iﬁg’ FpeiPofy f‘ﬁﬁﬁ%ﬁ“ﬁ% 16‘%)%‘6?’?@“%?104% “Blfxaé%/h'gﬂ“g‘ﬁ‘étlnﬁnd/ or

C4 to Cp oleefiphs wbrydwbrese (perét€imblSy PAOht ¥earocoakisha. 961801 AOMSIdNBRS,!199,

p;de)f gr abl ysebmbemem DUt £NE 01N QXeNE3, ABEk VL ENRKIS, 5 7329 0305 bm@go@,rs:mroeed
enbodi ngnt 0 onpn r t 0 n

o ot g S OL G OrRROTE" PIR L 6Bl LS, TN SLIE Rz

al t er nat el 9%‘05\%%@@%“@5}5@39(%?@@ @LFF@C"@@P%M@@%@’ AY SHhde- E%Bb‘p 26hBodP-nor e
of C3 to Cp-0ieliNurenerersss (or elecablvficlibneao al pk@analved bai sTBnan®E rsich

pref erabl y ,ph,0py lnﬁlg%m%g&&rﬂﬁdg‘?em&%‘eﬂgmwﬂﬂﬁcf&%l%%%] v?s§4119c@£}% gfaluﬁ%ﬁg' ment

t he macromononer c copol yneri_ze a- onega di ene, suc
1, 5- hexadi éndoudy o7eded Hypens, “‘6 pe é{“f‘éii*c‘f’|i’&9dt}ﬁeé’n“éeas LP(]}WO%.gl H‘é’f Bl eﬁé’%r
cycl opent adécemel from the cloulinsoqutipr. efrethereskfig plbodianeint modiiel npolyyrwocrorovidimen s can

36 pr Oguge%c%l'yﬂgypg R& (ﬁ)%mmfaﬁy @x%tlébyeaﬁf(ﬁ{ §k7()|(m9rlnklm ]i°% @hld& tRCekaktY AnRMBodified
escri pe

ation with one nmpounds. capabl e
oo RO Gl iyt SPes kot kOO0 S FRLALY Sl RIRORARS 55
cat al yst sylsmemlq @odipel @emevchﬁiqdedomeo%nbedlmapaiglee tleyf mxeyhupmapduti off getiyteryet a
term nated macronononers by taking the gatal yst conpound (plus an
activator) or the catalyst systemin question and combining it with
1l-octene at the reactor conditions in question (such as 80C). If the
catal yst conmpound or catalyst system can pol ynerize 1-octene to a nunber
average nol ecul ar wei ght of 1000 or nore, then the catal yst system can
performin the instant invention. 25Catal ysts useful to polynerize the
macr onmononers include those described in US 7,126,031, especially the
conpound represented by the formul a: O her useful catal ysts
i ncl ude di net hyl si | yI (cycl opent adi enyI ) (cycl ododecyl am do) t| tan| um

T Y |



WO 2009/ 155510PCT/ 1JS2009/ 047945 di nethyl silyl (2-m ethyl-4-p heny indeny

) hafniumdichloride, di nethyl si |yl (2-methyl-4-p henylindenyl) hafnium
di net hyl, di L bi s(i ndenyl ) haf ni um di met hyl i Lyl

bi s(i ndenyl ) %’Efﬂaﬁr |%chl oride, dinethylsilyl bis(i ndenygﬁg%{%ﬁ(}%&;ﬁ

di met hyl, dinmethylsilyl bis(indenyDzirconiumdichloride. Further useful

catal ysts include the racemc isoners of: dinethylsi lanediylb is (2- 5

met hyl i ndenyl ) metal dichloride; dinmethyl si anediylbis (indenyl)netal

di chl ori de; 50gf-frést rylis excam ediMy bisi 8¢ caidier yp@versca | (ped inreiat h@?ﬂlytic site).  The minimum

di met hyl si | aaed): yoLéaia@(ttpeefcﬁraJax mmﬂnmham;ual di chl ori de;
di net hyl si | anedlel bi s(t h{%/r I Qi

di met hyI si | anedi ylf%l S%I k en §a1103t1u1 qnudxy %I‘H)O}lr%s qu lirema !)e’ utilized as activators (or
di benzyl si | ateeHe) bhesqil nigel Ofém%ﬂlyleénnrmmhylmeﬂ\xh@m@im t Hsohyeakimitug, cHbsen
from Zr,s Hf hexﬂilunThum Ri-ebaykiedinas baidviad ies 1f BEd ddS@vaedrhithtshee gbioale peadnahtyast

corrpound5| nel: | q%l 0di, ?Pgelt{?ﬁ‘%ﬁg}gakl

s(pentafl uoro eny ora I'met hyl ani |'i ni_.um,

tetra(perfluor ophEReraLadimet. tieERPr BaY Bori iRIFRe o FoBYOT ST KPRy PEBt Ut e, di
met hyl ani | i iohie)sugbes il (eugt)etmaniaphtthyik entafwopkbayliebdren) a tyshafiwordphényinboron

bi s(pent af | rh'é?é‘l@ﬂ}})%ﬁ(rmr R §Qrﬂ?&fldo%&ﬂfygb(ﬁﬁpﬁagwo)dq&?&@&ﬁ polyhalwenated heteroborane

gt E“e/lr ;n 1u;[ %‘{n{aj’m Wé-l !)894{5(95%) om ac1d %pp H\Ig r9|42S é(<8)egrfcombmat10n thc-[:]rgl}%t pc Nl e?l@o w1t ntne di-m

t et r aki s( pethd dcorgrodthE-imapiohyd 9sb@waale>r oinracthyibrapiond aiiugpméinptak iwgth luBoxane or
15( pent af | u@gdgﬁhla&ycp@@raunu@fsophenyl bor at e) and tris-perfluorophenyl boron.
Addl t I Onal aCt I \éaa;[n%qeb Qy '[F'allj §t010}1101n€8'10 a(/[IVaTOI‘S 1nclu\c/l\é 15‘1 but%s ﬁteg?(ﬁ% }/eﬁ lu%logﬂl)ounds

descri bed above r ONoNOMers i nc 036 deseribed above
for use in gHikp ﬁg“ Wﬁ‘émr?ﬁ@f'x&ﬁ%ﬁ‘éﬁfﬁéf sThe|thiRcappsgisicit tgeoupsr 5 @6ls wderedently seeridi ng

t he pol yEmaarannoEEsyayogenasatuley alkes, ds8oarym:lips ookoeeariithelides. Preferably, the

pol ymacr 0”‘%&9@5&;}5 dl% QHL1E]9:I11(¥ Al {e%[]fg(pf?]q? rﬁdlogen monJ) Qr ﬁulﬁgyglice(mlﬁgnﬁﬁrﬁggﬂs{]@@&)’ the

degree of poI I zati on macr onononer i S or nore, alternately
5 or nore, ‘&Mt Y et e gfemyl Gpmaeids d““aJP‘f‘%lfehH‘F‘é?f;/prifﬁn‘B‘ are bRl surpsdPHag bI%?0100
or nore, alchbommdngl alkyl BOupe havingrigy 2(adatber sterhse hliifox2 @Oumrhavigyr leto 20 errtanetohesnd

enbodi nent ,arﬁgrohﬁ%nn%qc/wéarﬁoh@m@tmmmmmd&rmnﬁul@%eifewmyt #&three groups
pol yrer zat i 0

P et o el st sEenb LGP L Ry SRE bod L BT R PRr L By S o,
pref er abl y thge Ewast df98%aea§e<blewé€rf¢hlynélﬂorlﬂyfeq1dlyl waﬁesl\é%i l!?é"é?“ibh’ tihgeneutral
Exper i ment aloicsiembiioniRe)r @WispdriuodopRén@f B Fdh 8 thrigaitiaeth gl bodolle pol ymacr om)nomar

has: Iomﬁ S omﬁw%et}/l(, athll$dt8fco+1?<ﬁlﬁdst QA@QﬁQIdé §'E)8rt§g§lr°%gl (X b!)lgé E él h:gt

preferably | ess
greater thamogscdonth braet ce%@@rcér%m g}lbs‘e%e'@et)%nawmém mlnlnﬁﬁ%w%f%mlvlllao ooo
to 700,B00)cpmpound. Suclcompsuniidandthegikeat escrivh@in Byop&O paplinmions(§ir £ er@ii2yErE5, 000

to 400, 0001A Mﬁfﬁf ablayo &3&% 399%1)th 025@9 0800 - (ﬁﬁ@'b()ﬁn@ﬁﬁ@%ﬁ@od ndexs G of

| ess than ref e | e

oot or o'y KR olisPhEh CEADIY. e 530 P o PhEr SR 08 LIRS

0. 05), and ApplicationeSprigd Noed&/18A.g80p 6lettrugfht 5040l pforhéch apr kefear faly ped@@tagrby nor e,
pref erabl y . #8&.0r nore, preferabl y 80C or nore, preferably 90C or nor e

preferaply 100

2009/ 1%@510PCT;:]3 5007 8‘/17‘8%”?””“ éid&‘fl 56‘8‘&"“ Pl "FP%)F‘?{QW‘Q Y “"”%’1 Le’f”“zo

Ji g or | es i afckpaB(GForsvghgurer rop@igy with the hydfPlﬁzaélﬁé*swér(Xéﬁfﬁ irgiien metHe

pol ymacr onosairekd Bl haidis, dueiss (Hian;):1000 waphwdilizes i @ugicdran@ioame@pipedier abl y

| ess than EéQraﬁRm ﬁ’lF rebdtion. Hfrhcacnt%%aﬁe apcrﬁ&gr@pw pkc9a§d &,lhﬁaatlégocma}m

Al t er nat el Yy ymacr onpnomner cont al ns ess hi um
(pref er abl yv’hicégge t"Hlar‘r'O‘?E‘t‘?“(bp‘?h SrPYstoRT ufP ST @F%&r%ﬁl yf Ia‘é%“”f w&hmz%oef%m of

l'ithiumfp. compounds isalso contemplated by this invention.
Compounds useful as an activator component in the preparation of the ionic catalyst systems
used in the process of this invention comprise a cation, which is preferably a Bronsted acid capable of

donating a proton, and a compatible non-coordinating anion which anion is relatively large (bulky),
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In a preferred enbodi ment, the pol ynmacronononer conprises |less than 3wm/0
of functional groups selected from hydroxide, aryls and substituted aryls,
hal ogens, a boxyl ates, esters, anylates, oxyg n, and
car boxyl , prz‘? %gwllis ess than 2wt% nore preferably | e?gT/tUEQOM/(ﬁgﬁ 70, nore
preferably less than 0.5w % nore preferably less than 0.1wt % nore
preferably Om % based upon 10t he wei ght of the pol ynmacronononer. I n
anot her preferred enbodi nent, the pol ynacronononer is anorphous, isotactic
or syndi ot agbibl, of praefiarzatht yetivs otaget species ((the Grop Herticenybdi weeed the the two

pol ymacr OFTDJ@)%EMJ e @mBMAPMl CAEa AP & %H‘Efent@rlaﬂﬂé Q)Fb\ékﬂﬁl@ceﬁl Qﬁﬁcfﬁﬁd GBI t hat
gﬁg t EZI’ agnn{)%g Plczﬁgtur?'s%ttuxla c§1/ ?Tl%‘)g?d%h%lnoglﬁ?g I%Bt!la? Levgr beaeeee rsx?ég as etlgelsso%ﬁu ersrénd thel hrl]<e
propyl ene cbxo EﬂW*lOé@Pﬂﬁ?’d“‘Plhatm m@lnbt@gaﬁﬁm@pwmm|d§‘é‘t’*&€stﬂi EPgr” %oﬁnétE&étl c,
preferabdy 17308afbiisged 1988: 1) antdiic @BOAi ML @MPRCS TRiskhd S pl0RLY ONMYPOPHIRY radicals
conprises l §§en¥l¥ ﬁ(}%rci%)lg\l\ﬁ (t)/ %5'9{1@?{"1%’1213 "¢ "Ha*oglbe riRE gl%tglro@QJe%H(ll(?&?e Eﬂf’aﬁ a% YVt %

preferably ess et a ess anot

embodi nent CO&‘H‘)‘#“}SGH’&?‘W&BP&%‘H’&W@P bﬁééiﬁﬂbb@&b W@P@?“ﬁfb?fé}?‘s ﬁ‘é\?@a‘§5heat of fu5| on
of 60 J/g or nomea pefefer aboyima0, degtaahionptrie, actpraefseineireya @@iod/ gd om mbme,
prefer abl y c,%glpongl{tgmfpﬁlamr resen%QbPﬁlgfog&ﬁ?é%m;u@ao J/'g or nore or 15 J/g or

| ess. n}a preferred embodi nent (ﬁ g ronononmer conprises two or nore
differe macr onononers, pref erably t ré nore different nmacronononers,
preferably Whotsin [0F amontell divfiftescent MRCT ONDNOMET S. By different nmacronononers
I's nmeant thatbh;({a@ge,nacrormnorrers differ in conposition (such as nononer
content or tegl s(tlrl bution within the nmacronononer) or nol ecul ar

wei ght . For lba[ihom i'Ai”an embodi ment, the pol ynacronononer can 25

conpri se a%rlbbwnéﬁ‘@dlﬁﬁ@g@Vﬁ?r‘i‘é‘ﬁ@rth@aqhﬁg%h et hyl ene macrononomer, or a

propyl erme nBECiGMBROM®E 1,anRd3.an et hyI ene- propyl ene macronononer, or an

et hyl ene macr omponkl, &% n@lgl Eﬁ—ﬁfx ?[}@lu&té}g sl%@gumql m@gﬁ%; 5)_10 ogaté% Lewis

particularly pre erre e entire spectrumfrom

pol yet hyl erf@cheicForbRofEr 2tid %@@%0581"89%“6%)%a@ﬁé“ﬁﬁél“lﬁﬁﬁnt}‘ﬁé?s %a{kﬁl BRBpy| ene
ri ch and etfioyl tenisiltyi lighndwarallatehomstaining yetsinee methisa@lyaiplcaldoe resiliind ndi catgpnic

anmor phous  angkikh ¥shab fLbiie@e vari ations. Table | bel ow sets out sone 30

articul arl referred 1 ons cro a
gt hyl en ITB.)F,/‘I‘ gﬁ%ﬂl O%}caﬂn FaélPlélﬂaE 8? ﬁ%ﬁ fl(a(? |08, lo o\f,qonét[lrllﬁ %ply ton ’ro thg ™

of 60C or rmonsition anhl @d@mq OsEWHoE omalnnﬁm‘r a talnﬂtloanlyet@if cati¢ye npmmeramn@gmm
descri bed ahemgns, Mloﬁbﬁl)m@EP silBiuds, Ml@%ﬂtﬁiﬂﬁth@@@ff Qlﬁﬁﬁel@'&rnn%ilﬂs an ma{mam@us

content of ai§11§/e| ﬁnne%hxlam*ue ((P el}lg/ﬁat?nnlgbm %ylamﬁ% 1@691:%211{1}8 ﬁ 1%&% aneaLle h?lglﬁy 5%

and prefera ‘ene
macr onononetNinteryligpilijes dﬁ%ﬁ"i‘@ef}y@ﬁ*tnﬁd pegshitce rixbrespo Y, Nﬂé%?é"cyla?:'@% IB‘E}“ Clali

pr ef er ab3l y dhadiyngilifis @RosPhohiomd fomt Metpiponmirer ik plifosghinaeidi dighepophoiphiaé, at

| east 70C %qu s %foﬁ:i 9lpr|s yucﬁ' stdngghyfl gtf?emdgthglgth% %hﬁr%ﬂp Mrﬁﬁ)&ane \{hlmﬁlum'sz-ﬁoﬁs an

et hyl ene- propyl ene macr.ono W % pro ene and

50wt % et hy ITEFECs\4URR) s gyl éhlaeﬂ?‘fwlé i d‘ﬁ%l&’#’di%‘??&rfé‘? “Pﬁ‘agiyﬂa“ff T onf d“%““%om %
cononomner . cMionyll-Hpemisala ties naretpsuopysl sévme-teblipmemebenmoy, Gmmorvoires ahiavikmgs. 10 t o
VO 2009115@@%9@%&&%&@%&%@&&%@%& peetfé%hﬁnfﬁ)uaﬁhdm%@nyﬁ Qa0 propyl ene.

w:; et t ; g|a](‘: :; g :’]aﬁgg:‘gigfq{%)g%{l ée élhcéu(e tlo%enhavmo he iormu]lailglp &g w%%reelg elh gll() Ql eoeler

crystal | i nifios ! iNBerichdro? oier 0 Vk ngiM PEVEIpp¢nt ﬁlﬁpedﬁr%y@wmpﬁ\ﬁf try Perpic Yptdggf- PEXX
Vi nyl - appx)@le\ﬂlcﬂﬁéhts | ﬂ?&éﬁ%l}\fb(ﬂw or BRI, By © Rs}ﬁépéﬂd&yd/-ap@&Mc bridged or unblrl_ﬂfrea
preferred % xdmi'ﬁl? rl\r’al’ldet %gox[%{g ! (Xﬂ&?(feolgla&?ﬂﬁﬁ sﬁlfl%{ch % Eocglrbyl\’\@d%{tﬁb}l ug%sftilu';eﬁt

macr ononomner ene rses
nore of pr (%8/‘1“@% nd” h“l"“‘b*“t‘i“?fi etk r‘élﬁblbch‘"ﬁﬁ%f“‘“% elP ﬁﬁéﬁ‘éﬁbﬁb‘ﬁbe‘r‘"ﬂi ge
pr esent3st o pprisdiigen @t mhieaen dioédedent QrelidndrEmblyssaclsQoh flasrinated hydrocarbyl

Vi nyl aPP+\4<JG|yhm\PE 1V{0%| cal%%)n atoms mmé‘lpttc%[a@@te%&yﬁ) il Q%Q%MUEM %ﬂ@ﬂ@ﬁm@an

corrprlse Macr ompnomer s t ha i n_nol by at t 200
gimol . al t BFREPISFIEY aper Pl dlég%w@l fristP Caﬁ'{*é?%ﬁﬁeﬁegw BS/II‘V‘%‘“W%"%?’“%&S)

gl nol ,  10asdiccksadat ©ByPab o gt44F 8%s vhig00 @llg inpmborat@l ewinhateérgpedy at | east 5000
ginmol. In another enbodinment, at |east 30wt % (preferably at |east 60wt %
preferably at |east 70w % preferably at |east 80w,vo) of the nononers in
t he macronononers differ by in nolecular weight (Mv by at |east 200 ginol,
alternately by at least 300 g/nmol, alternately by at |east 1000 g/ nol,
alternately by at least 3000 ginol, alternately by at |east 5000 g/ nol.
15Al ternately, the pol ymacronononer can conpri se macronononers that differ
i n nononer content where the nononers differ by at | east one carbon,
alternately by at least 2 carbons, alternately by at |east 4 carbons,

alter nately by at | east 6 car bons In anot her enbodi rrent at Ieast 50wt%

o, ~N L N7 Y o, Y. Y 4 Y g




25 macronononers where one nacronononer has a Tm of 60C or nore (preferably
70C or nore, preferably 80C or nore, preferably 90C or nore, preferably
100C or nore, raply 110C or nore, preferably 120C eferably
130C or nor e) gﬁw}t?hep'second nononer has an Hm of 20 Ji %T}Eg{ogg/m%‘l
preferably 15 J/g or less. Preferably both nononers also have: 1) from 20
to 600 carbon atons; 2) an Mh of 280 g/nmol or nore; 3) an Mw of 400 g/ nol
or nore; 4) an IVIz of 600 ginmol or nore; 5) an 30Mv Mh of 1.5 or nore; 6)
at | east 70% vi mydmpierofuseat imomatfr alchtld: veNNodimghddnilipusatiaigtiivon)hendheaty,)
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y
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at | east 70% at | V&1L QoL g}emlégﬁatur
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| ess than |0©ba1%13$ Brienq célaré%t*humurﬁgn ﬁéﬁfﬁfﬁ@f‘blh%w@mwﬁwmﬁé bw f‘g*memefﬂﬂ he
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than 0.6, L) Isagbmm%urgmﬁwpl abuR s an QQQ,gimol , c) an M of greater than

20, 000 g/ nol branchin nex( I's of Iessthan05 25c) a nelting
poi nt of 50C or W Bi¢%h dlﬂhwr CBidpy J§ogRigyst rERundy Yor |aghyaior fmposnge e At
t er m nat i onstiflasicumeheriedeibybul Tord NWRniq ektalt jowplek ond omalcoudisaing reiti, ons,

g) at leas tzw%t@Wn’choﬂﬁgxr @UM&%&{ WHIblﬁegiﬁQnﬁlﬂQ@xnﬁohﬁdsV\@él gJZL{mef tr 1§(b§1taﬂu010phcnyl)

I
Prg n)c/)rrm;:‘:ioo m?)grga or %Lglﬁnltnh%bt to abbﬁlft a) }¥yd1 Ohaé yp%}lhy%do %an nOO §H% talll %6%19%(,21‘001110 Igetdl

pol ymacr onspraierandftabjamageraphditatingaios; s Felhzé 0gel wml%%ﬁ OHER2 &uHtugtiatiens Om %
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wherein t h% P Oﬂ"&[ '2‘3%% n%r%{“ Rvn?elﬁﬁg %ﬂ%‘lcxa \gﬁ%\%qaﬁ) Xt{s %ﬂﬁl@ 4@8&?&%&5 see% S.. Iha?ems

p0| ymacr ononomer onohoner is
i sotactie. 5,624,878; 5,486, 632 andiJZ79

25 When the cations of noncoordinating anion precursors arc Bronsted acids such as protons or
protonated Lewis bases (excluding water), or reducible Lewis acids such as ferrocenium or silver cations,
or alkali or alkaline earth metal cations such as those of sodium, magnesium or lithium, the
catalyst-precursor-to-activator molar ratio may be any ratio. Combinations of the described activator
compounds may also be used for activation. For example, tris(perfluorophenyl) boron can be used with

30  methylalumoxane.

In general the catalyst compounds and the activator arc combined in ratios of about 1:10,000 to
about 10:1. When alumoxanc or aluminum alkyl activators arc uscd, the catalyst-to-activator molar ratio
may be from 1:5000 to 10:1, alternatively from 1:1000 to 10:1; alternatively, 1:500 to 2:1; or 1:300 to
1:1. When ionizing activators are used, the catalyst-to-activator molar ratio is from 10:1 to 1:10; 5:1 to

35 1:5;2:1 to 1:2; or 1.2:1 to 1:1. Multiple activators may be used, including using mixes of alumoxanes or
aluminum alkyls with ionizing activators.

In an alternate embodiment, other additives may be used, such as diethyl zinc, in combination

with the catalyst compounds and activators.
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355. The pol ymacr onononer of paragraph 1, 2, 3, or 4 wherein the

pol ymacr onononer conprises at | east 70wt % macr onononer conprising at | east
50w % pr opy! 9\98200@1\1;'31% pol ymacr onononer of claim1, 2, %CT/%SZOQJ/m%ﬁmere' n

t he pol ymacr onononer conpri ses at | east 70w % rmacr ononomner ng at

| east 50wt % et hyl ene. - 33 - WD 2009/ 155510PCT/ US2009/ 047945 7 The

pol ymacr onononer of any of paragraphs 1 to 6 wherein the pol ymacronononer
conprises two or mor e dlfferent Ma.Cr ONDNOMET S. 8. The pol ymacronononer of
par agr aph 7Polyne ; : Mpowwmpwondi f fer i n nol ecul ar wei ght (My) by at

| east 200 g/ nol Thé&ta@b@ aIQthlt)ﬂEmG}rs@ﬁDH@mEd &Bvepﬁa&@gﬁ@@ﬁ p?odﬁki’e 1@ ndd@hBhdmetshe
first macrano 60C or .nore
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of paragr aptese prefeyabloa pipeiepyFoluies nhefey RONBREIET RESRpT fF§é%°“¥éF“}§P‘6r5'§PI REqyesses
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to 80vvt%eth ene |'ene (based upon the wer
copol ymer) "HRETREECE bR B‘Pdulg* iy g @fefql@évsa supefsitica Pfﬁb@rwg%fr Brong ﬁ?%‘f“ of the
conpri si ng matymeiagdn yRem NMacse0.noivo nere afigmtionron Ghd det@BwWi Ybhofuperci@Ralt odCis
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15b) an Mv of 000
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vi nyl ter muwalt i nsxaal measypecdobypetizpiqgvRRy be leatigdvart fipa ainlgss Stmls@tlfwu%l ons,
0 at |east aZva%’ofdm&rcqap;ﬂ@mﬁ astb@ﬁ @lganuwnlgtvnt%l YRIig Hlen@fit abd@pressure controller.
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300 to B30, G QdrirBx wBrofghInhesdrifgpubfs tno: SRl Solopy{semes baxaned)Oud jemP8 imol % of

ethyl ene, VAGLLIN: L D&l @R o NBSieGlend GRRE X% ally chain ends (relative
to total unsaturatlons whe g eth ene,_.i ncor por at ed)

+ 100), when 10"t%° BBPHBITh *h?‘S‘“‘%‘F{NT“é’?féJg%Ebeﬂﬁ'@ 18r’ﬁdy 't @“818"%“%8 ¢ and
2) X = 45, onkers greabess hiving 80 and31 es®ntavan, Forg) %ltchpirerens. snpmesent

in the co- %le‘f%@eﬁ 0 @néirb%h atons i Jon8 3T n(o%o}c%t&; hﬁ’k&&eoﬂ RCRker @t ﬁd&uw a3) ,
when 70 t inthe c

1om nom 1 d sxubeg%er i, I?lg1eeneq mo rs. gl 5%3 on d)gmmc of et ene D1 ayllenc
ii) propyl ené ? SﬁeF Filsi ng Fore P hah el not ene ah&l
than 10 nolbgigne-1, pentt*ef hyA- @fﬁ@} peRRE?-&i hgxenprd %1611@bm*eqenqwla§'me§ty IPé‘étég@cl ek (Y]
chai n ends peddhe VNorof coaldaution3BDeot D B Quithlyd @oRfAen3 Qg melator ainyi e abliieyeli achai n

end to all XLIUT?ODY)!&S}]X‘JP’ egtﬂgldé?)dla@fyltg?thé)lcacpm 8«1(/(;]& dtté(? n]h‘n%%st }mg’to t’ﬁ@l@dc FP plrcj]ﬁYthegiéloo

ppm al um nu ﬁﬂbfly , .conpri si n%]
nol % pr opy [PEHRmAERs £} 25HY24ed selgionor s %‘é‘t "r‘i?f"én@c p%l@‘frgi“h’mt Feeaief g8 et Has:
at | easts 9084glaldaytbr qhaiion, andisch moafr, abpoubmd$ Qatlgsvabtioutr, 8yedHD agd emlopaland

an i sobutyl., gial Qlc%@&dwmauduw foCa MloYibacBF QUR s&:RL ac@a&fopgm&n Lin t“m 13- aboV@.

wher ei n nononers ?{XI r or more carbon a}‘t are P ese at fromoO
to 3 nol % Cgﬁ[ﬁ)}l%l}s are added t uach of two or more reactors connected in series. e catalyst components can

be added to the first reactor in the series. The catalyst component may also be added to both reactors,

0

with one component being added to first reaction and another component to other reactors. Typically the
30  polymerizations occur at a temperature of 30 to 150°C, preferably 35 to 120°C, preferably 40 to 100°C,
alternately 40 to 150°C, alternately 45 to 120°C, alternately 50 to 100°C. Typically the polymerizations
oceur at a residence time of 1 second to 3 hours, preferably | minutes to 90 minutes, preferably 1 minute

to 30 minutes, preferably 1 minute to 15 minutes.
The polymerization may occur in gas phase, such as, in a fluidized gas bed process used for
35 producing polymers, where a gaseous stream containing one or more monomers is continuously cycled
through a fluidized bed in the presence of a catalyst under reactive conditions. The gaseous stream is
withdrawn from the fluidized bed and recycled back into the reactor. Simultaneously, polymer product is

withdrawn from the reactor and fresh monomer is added to replace the polymerized monomer. (See for

223



iv) propylene oligoner, conprising at |east 50 nol % propyl ene, fromO.1 to
45 mol % et hyl ene, and fromO.1 to 5 nol % C4 to C12 olefin, wherein the

ol i goner has: at least 87%allyl chain ends WO

2009/ 155510PCYP ¢8%60991°047945 (alternately at |east 90% FCHYSHR/8P*about 150
to about 10,000 ginol, and an isobutyl chain end to allylic vinyl group
ratio of 0.8:1 to 1. 35: 1.0; and/or v) propyl ene oligoner,
conprising at |east 50 nol % propyl ene, fromO0.1 to 45w0/0 et hyl ene, and
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t han 20w0/ ning nmonomer; under polynerizati on condj ti ons of
at errpe%ﬂat @P‘é‘“ﬁ?za‘ﬁ)@ 11%68*0%3%@}1%1?1%3}’1 Pess@tel e F‘Plﬂ‘éy“@fa IP‘El’o‘eﬁb" Adbgsg atilizing §

wher ei n t helumilyarf stiraet! r@ctof inkiies qonitiiomesmipriése titrcpi Nondimitwactaowlet of sy

Macr ononongf, L& %féﬁl&e okl 1dof Qicbtlgéd t!irﬁ psbtélbbe@r Ais@ %ﬁlelenglllm ef Sur&Prué&kes wen of

macr onononer t.0 bt aining a
pol ymacr ondREHEF Eh%%%‘“?\’g;)p@”gg”vgﬁd&b 'e”i’ g’ggmf‘h%iﬁdt% éle cis10)) angMN of
greater than 30hC0Othe/crmbbdimen), trsluvty podcesyiseqtried owhaﬁmzmm@agiomqwmd)ﬂﬁ

br anching |c£1Q§39& ak Pshhrry in isHutah €69 § M McOfdNingdRFdR)is @jetral tdundly phditacet 1008 C or

ore or - an WIBI{EL QI itszcg tlﬁlgd (\)»vlith lcgcsu%’tingT sl§r§y of growing polymer particles in a diluent of isobutanc

glrgmgl Wﬁtl on

containing monomer and comonomer. Hydrogen, optionally, may be added as a molecular weight
control. (In one embodiment 500 ppm or less of hydrogen is added, or 400 ppm or less or 300 ppm or
less. In other embodiments at least 50 ppm of hydrogen is added, or 100 ppm or more, or {50 ppm or

30 more.)
A homogeneous (solution or bulk) batch or continuous process may also be used herein.
Generally this involves polymerization in a continuous reactor in which the polymer formed and the
starting monomer and catalyst matcrials supplicd, are agitated to reducc or avoid concentration gradients.
Suitable processes operate above the melting point of the polymers at high pressures, from 1 to 3000 bar
35 (10-30,000 MPa), in which the monomer acts as diluent or in solution polymerization using a solvent.
The reactor temperature depends on the catalyst used. In general, the reactor temperature preferably can
vary between about 30°C and about 160°C, more preferably from about 40°C to about 120°C, and most

preferably from about 50°C to about 110°C. In paralle]l reactor operation, the temperatures of the two
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further conprd gidifgreprieparting akdnatciyvat feammbnote puelglys same or different heteroatoms); each
R' is, independently, a C; to Cg alkyl group, preferably a C; to Cs linear alkyl group, preferably methy!

%ac 11 tl@% %I’ ees%gg%dglqlﬁo X)ﬁ eemglgifc(a in {n (5 re ctor pararI e?bf)serle? react(())rf

ate,

30 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 lincar alkyl group, preferably methyl ethyl,
propyl, butyl, pentyl, hexyl, heptyl or octyl, preferably R and/or R* arc not branched;
cach 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 Cq linear

35 alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, provided however that at
least three R groups are not hydrogen (alternately four R® groups are not hydrogen, alternately five R’
groups are not hydrogen); each R is, independently, hydrogen or a substituted or unsubstituted

hydrocarbyl group, a heteroatom or heteroatom containing group, preferably a substituted or

- 25 -



contacting nononmer with a catal yst system conprising activator and catal yst
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35  independently, hydrogen, or a substituted or unbubstltuted hydrocarby! 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 Cq
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preferably nethyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl,
provi ded however that at |east seven 15 R7 groups are not hydrogen,
alternately at Ieasjt__el ght R7 groups are not hydrogen, al tely_all R7
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Nis nitrogen; 30T is a bridge, preferably, Si or Ge, preferably Si; each
Ra, is independently, hydrogen, halogen or a C to C20 hydrocarbyl, such as
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aromati c, partlally saturated, or saturated cyclic or fused ring systen1
and further provided that any two adjacent R groups may forma fused ring
or nulticenter fused ring 35system where the rings nay be aromati c,
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| i near standar effi&l ent
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for |inear PH&“VHU’E‘%‘H%%“““%&%P“M is the nol ecul ar wei ght as descri bed above,
Rgp", =25as. is Cheysizculcogblineizent fombiecpohyuadoandnoinelin US7,126,08 he

power | aw cgedif @ﬂc%mpotnqrmgr@&r&a%Mmﬁﬁlsaamnomsr See Macroml ecul es, 2001,
34, 6812-6820, ce on selecting a |inear 15standards having the
r@b@omﬁ content, and determ ning K coefficients and

nol ecul ar

Other uscful catalysts include dimethylsilyl (cyclopentadicnyl) (cyclododecylamido) titanium
dimethyl, dibenzylmethyl(cyclopentadieny!l)(fluorenyhafnium dimethy!, dimethylgermanium bisindeny!

30 hafnium dimethyl, diphenylmethyl(cyclopentadienyl)(fluorenylyhatnium dimethyl.
Further useful catalysts include the racemic wversions of dimethylsilyl (2-methyl-4-

phenylindenyl) zirconium dichloride, dimethylsilyl (2-methyl-4-phenylindenyl) zirconium dimethyl,
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13C NVR data was collected at 120C in a 10 mm probe using a Vari an
spectroneter with a tHydrogen frequency of at |east 400 MHz. A 90 degree
pul se, an ac time adjusted to give a 20 digit

between 0.1 gﬁS%B”iipﬁb at least a 10 second pul se acnggﬁgﬁﬁgH%§?a

Wi th continuous broadband prot on decoupling using swept square wave

nodul ati on w thout gating was enpl oyed during the entire acquisition
period. The spectra were acquired using tine averaging to provide a signal
to noi se | edietthddeqUatceytophmedisdeng) bdieurs ilighields, dhetiyhildrestthylSarplyéglentr e
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wer e not (o] the
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determ ned by DG NMRi SREGRLIRSCRPY usd NGiMdI AT 1B 30GRARGENELFHiRD Qhclude:
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propyl ene Qfeﬁl&&%tetranﬁ@htl@@@ Q&4 t@t@bﬁtﬂatﬂﬁﬁﬁt lﬁd@@ntaﬂuonﬁaﬁbm&l&ﬁéﬁiﬁfﬁmoS&tﬂiﬁhﬁ}’éOt@tE €

di ssol ved i 1{1 ﬁ&%uzttflaﬁthlhuni h-er t(e wggor%)?l sttn%g EﬂOI’O a]p%rerlg)malgegsgﬁg 1nec!heyqam num 5C

using a 100 nce are
referencedtﬂ@“ﬂﬁﬁﬁwﬁoéﬂﬂﬂw' feCalculat|0n§m¥%W6WW@ﬁlln t he trakis 3.5

char act &7 | z@énka@tor@heOpeyiirophehybdNM) Rnatiie petasesphbgboly. F. A, Bovey in
POLYVER CONFORMAL N ANR AN CHRATL Y L AGRURIT R B @8R W Bk 0R) and
Press, New "Y&f ke pﬂl’@’??‘)“’monome“ md*f‘i‘i’éh“"bti%ﬁ“;}’f“é eVt 386 t‘ﬁedP Wklll%ﬁ%w‘“m‘@%?“é%s ed
herei n as [Uifens¢ thepr@eadssubatratcias the @blymedniononkdrsNnayCiteaygly tvaexomptodealties,

17, 1950 (tggﬂgwmxm@@mtn1r] is 0 toless than 1.0, the polyner is generally
descrlb d NS ndlotactlc when [nfr] is 1.0 the polyner is atactic, and
when [ nTT] than 1.0 the 10polyner is generally described as

i sotactic. In a PigErredrembodimae. thadegragi of polymetiaxion gfr the prdimpmemojogienisfedisur e
of the rel altd'teyahemmt aGH inGiet MeRhield SQUMEE GRerRell [T BEmad] Re@ndly PrOPYhane
units conneg %gmtﬂo% gggdh%gmﬁg%b configuration. Mre specifically, in the
pr esent |nveﬁt th t act |C|ty index (also referred to as the
"nm Fraction") Bt anathwnwst%g/ et Temas i iARis RoRpmeis SUPYRd AN ihe Plypisdised as
the ratiso ofcfdrddey nuEHETSYOfprafiaablys atdbasnBBE fraaiblyC it lyast 85%al ref@fblyt hrelcast 90%,

15pr opyl en% clt&zlb%ﬂ% Rt t‘)bﬁﬁ' 719@91!)1¥%rlcabtpd):ép/((, deMIEJd%t iPRMR PEREHR it the
PPP(nr) + wher e PPP(mm) ; P(nr) and PPP(rr) denote peak areas

deri ved fr&ﬁ? h@“ﬁé?ﬂ?ﬂw8Wbups of the second units in the possible triad
confi gur at ilongreford emhydaeenh dadoly mactamiohongr py| ene units, shown bel ow in

Fi scher proj ect iR W@ @ian 0. SApRBECHBGERs than 0.4, preferably less than 0.3, preferably less than

30 0.25),
b) an Mw of greater than 20,000 g/mol (preferably 30,000 to 1,000,000, preferably 40,000 to
700,000),
¢) an Mn of greater than 8,000 g/mol (preferably 15,000 to 400,000, preferably 30,000 to
200,000),
35 d) a branching index (g'u,) of less than 0.5 ( preferably less than (.4, preferably less than 0.3,

preferably less than 0.2, preferably less than 0.1, preferably les than 0.05), and
¢) a melting point of 50°C or more, preferably 60°C or more, preferably 70°C or more, preferably

80°C or more, preferably 90°C or more, preferably 100°C or more, preferably [20°C or more, preferably
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(CH-CHCHCH CH3CH3 (CH-CF12) (CH CH2) (CH -CH2H CH3 CH3CH3 --(CHH2 CH
-CH2) (CH -CH2)---- CH3 The calculation of the mm Fraction of a propyl ene
polymer is d n U S Patent 5,504,172 (honopoly . l'ine
49 to col urme‘§§ b(\tg %810 copol ymer: colum 28, line 38“;?3/[}3 OﬁA/M%QQ 25
line 67). For further i nformation on how the mmtriad tacticity can be
determned froma '3C-NWR spectrum see 1) J. A Ewen, CATALYTIC
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WD 2009/ 155510PCT/ US2009/ 047945 1999, except that a value of 290 Jig is
used for H(pol yethylene), a value of 140 J/g is used for (polybutene), and
a value of 20¢ Jig Ls used for H(polypropyl ene). nmelting
(HY) is deter mor%gﬁg”ﬁ%lwng t he DSC procedure above except Pﬁ@%zoﬁ%gﬁéml eis
cooled to -100C, held for 5 mnutes then heated at 10C mn to 200C. Hmis
nmeasured on the first 5nelt, no the second nelt. The Hm sanpl e nust have
been aged at | east 48 hours at roomtenperature and should not be heated to
destroy t hefwh chhiylstcomy 90 Et Wyt pepydant Sfitre the macrompitonytsdpe thontmentmd in the
et hyl ene copgl YIRE SonkiSer A& @& REE alNneARdM, RicRQh{s1Q8r RXGeR Ly ALyt he
m ni mum si gnal -t o- noi se shoul d be 10,000: |I. Propyl ene content in propyl ene
copol yrmer s i agemepenimedinykDE by Vingl-4PBwi Ngpvt-iRE appwbBith \GfylBt hddwhirei n Di
Martino and Kekcher mans, Agpl. Polym Sci.x56, 1781 (1995, and using peak
assi gnnment s g{lo hang, POL<yrrer 45‘( 2651 (2004) for hi gheml efi %
conononers. é% el “  Three”vi nyl - PE- Macr onbnoner s re preepared
usi ng Cat al y§tinyBPRBnd Acti v&tor B. Katal ystXsol uti ohs wereXpreparetl in a
ni trogen purgggdi.p/acuum At ngspheresxdry boxxby addisag nearky equi mplar 15
(1.00:1.05) gqu ities of the iron_conplex_and actjvator {o 4 nL dry
tol uene in aglfgl%rﬁ_ gl ass vf(al. The®mi xt ur eXwas sti’tred fo% 5m n.}gand t hen
transferred Voviapcl ean, ov&n dri edXcatal ysX tube. Xhe basXc pol yreri zati on
pr ocedure f_OI‘ SXIPE rb?e?én%d g&lbo\éln{%){tl, tlgl%';)lyﬁlg‘cr&éonglﬁerfcglln}n%\égsz;t IgdsthWOQé' o(IJ{POH-Jn{ers
n-octyl al um num n- hexanes scavenger and 400 nl hexanes were added to a 2L
staini ess sY&E S gRICHNNE GReE £1BFIses PRE 7y WY DT WS hEgRePotosd TOBRIOnERIT] ng
this tine tdepsat@wystr nabd pwagerat t ached to the reactor. Once the 20
reactor tenper atif8m&dtbddidnat &GnRtombANer istoREnCBtHAlNS b pSPhMEdnRRo MR SavidsUshed
fromthe ca{hal ﬁ}’l&t. ttubg into t hehr\e\;lcgfofgm\(yltg%%po 1'E‘P hexanes. Following this
addi tion, tHE& T'eAet O WS Pressufi Zed* wi tHY 200" PSi g ethyl ene. In this
exanpl e, pol yneditgraatlo rihevaadyresgiompradicoean fopwpristamagiomanasisrs it dffervipyimfecyldrne
t he react orwai@s(MOOk @leANT0 ¢RI, @BSHflyZ2H Ut [ANTD e alt@BCdOby R8st 1000 g/mol,
depressiy i 2t b, TRLABANEH UNEGLDESLE LS SHILTR Ny BndSALL Sy LY
nitrogen fl usﬁ} this polyet 'ene macronmononer product was cannul ated into
25 Sept um SUAIE@PENE AL GOATS TGRSR FOUEN asiebrebpHaasU By THE e
charged vi ah@omeys 8 thicrmsasheroned diffet & i helcpudar gedhiVBiou byrtAtarrospiren e sitedaylybox.
PEmac- 2 and,, REIRCE MBI SieRLRIVS Eled Qb PN Gt iRe 19 BIR 1:RLE0NTE/ulof kdQR 1y, by
process, unless_noted otherw se. Table A |ists polynerization conditions
used for praélﬁ%ﬂ?oﬂgg/fnﬂle macr omonomers. Table A 30Synt heses of Vinyl-PE
Macr onolforrer s wittthmaRdt. ghey sdly B idmpiopat om ®mBagepharofopgersnihgr, diffanip, mop@per
I|38|5d iDEg grc@ldérl@tvile\{d- Y mor@mBR Bt ¥y aF&RBIhe dardod, alBQatdpbyldd RadPEBdbns, AitedfdteBQy45

y NS,

at l%ast 4 carbons, alternately by at least 6 carbons. In another embodiment, at least S0wt% (preferably at
least 60wt%, preferably at least 70wt%, preferably at least 80wt%) of the monomers in the
macromonomers differ by at least one carbon, alternately by at least 2 carbons, alternately by at least 4
20 carbons, alternately by at least 6 carbons.

Alternately, the polymacromonomer can comprise macromonomers that differ in total
comonomer content by at least 2wt%, preferably by at least Swt%, preferably by at least 10wt%,
preferably by at least 15wt%, preferably by at least 20wt%.

In another embodiment, the polymacromonomer comprises at least two different

25  macromonomers where one macromonomer has a Tm of 60°C or more (preferably 70°C or more,
preferably 80°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) and the second monomer has an Hm of 20 J/g or
less, preferably 15 J/g or less. Preferably both monomers also have: 1) from 20 to 600 carbon atoms; 2)
an Mn of 280 g/mol or more; 3) an Mw of 400 g/mol or more; 4) an Mz of 600 g/mol or more; 5) an

30 Mw/Mn of 1.5 or more; 6) at least 70% vinyl termination (relative to total unsaturation); and 7) less than
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60 60 100 3100 The properties of these three macronononers are listed in
Table B. WO 2009/ 155510PCT/ US2009/ 047945 Tabl e B: Properties of Vinyl-PE

Macr onononer s PE" JLEl NVR GPC-DRI, PE Std DSC WMN % vi MAL M7_ Tm
C f AH,Wﬁgﬁc?ggélr?ac, -1 536 93 240 Ve MNSaif M5

Swt% aromatic containing monomer. Preferably the first and second macromonomers are ethylene based
( preferably each macromonomer comprises at least 50wt% ethylene, preferably at least 60wt%).
In additional embodiments, one could manipulate the polymerization conditions such that blocks
of macromonomers can be made (e.g. pulsing in different macromonomers at certain time intervals). For
5  example, propylene macromonomers could be polymerized then a large amount of ethylene
macromonomer could be polymerized to create a diblock polymacromonomer, or a mixture of
polymacromonomers could be made.
In another embodiment this invention relates to:
I. A polymacromonomer comprising at least one macromonomer and from 0 to 20wt% of a C; to
10 C3 comonomer, wherein the macromonomer has:
1) from 20 to 800 carbon atoms,
2) an Mn of 280 g/mol or more,
3) an Mw of 400 g/mol or more,
4) an Mz of 600 g/mol or more,
15 5) an Mw/Mn of 1.5 or more,
6) vinyl termination of at least 70% (as determined 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 10wt% aromatic containing monomer, based upon the weight of the macromonomer;
and
20 wherein the polymacromonomer has:
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')v; of less than 0.3,
25 ¢) a melting point of 50°C or more or an Hm or 20 J/g or lcss,
f) less than 25% vinyl terminations (as measured by 'H NMR) relative to total unsaturations,
g) at least 70wt% macromonomer, based upon the weight of the polymacromonomer, and
h) from O to 20wt% aromatic containing monomer, based upon the weight of the
polymacromonomer.
30 2 The polymacromonomer of paragraph 1 wherein the polymacromonomer contains Owt%
aromatic containing monometr.
3. The polymacromonomer of paragraph 1 or 2 wherein the polymacromonomer contains Owt%
styrenic monomer.
4. The polymacromonomer of paragraph 1, 2 or 3 wherein the macromonomer is isotactic.
35 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% cthylene.
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Cat/ Activat [)%l;m &fgg()c o‘% more and the second macromonomer has an Hm of 20 J/g or less.
10. The polymacromonomer of any of paragraphs 1 to 10 wherein the macromonomer comprises a
propylene polymer having a g';; of 0.95 or less. .
1. The polymacromonomer of any of paragraphs 1 to 11 wherein the macromonomer comprises a
10 copolymer of 65 to 80wt% ethylene and 20 to 35wt% propylene (based upon the weight of the
copolymer) and has a Hm of 15 J/g or less.
12. A polymacromonomer comprising at least one macromonomer and from 0 to 20wt% of a C; to
(15 comonomer, wherein the polymacromonomer has:
a) a g value of less than 0.6,
15 b) an Mw of greater than 30,000 g/mol,

¢) an Mn of greater than 20,000 g/mol,

d) a branching index (g').is of less than 0.5,

e) less than 25% viny! terminations (as measured by 'H NMR) relative to total unsaturations,

f) at least 70wt% macromonomer, based upon the weight of the polymacromonomer, and

20 g) from 0 to 20wt% aromatic containing monomer, based upon the weight of the
polymacromonomer; and the macromonomer comprises one or more of:

1) propylene co-oligomer having an Mn of 300 to 30,000 g/mol 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% cthylene incorporated) + 100), when 10 to 60 mol%

25  cthylene is present in the co-oligomer, and 2) X = 45, when greater than 60 and less than 70 mol%
cthylene is present in the co-oligomer, and 3) X = (1.83* (mol% cthylene 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
30  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) propylenc oligomer, comprising at lcast 50 mol% propylene and from 10 to 50 mol%
ethylene, wherein the oligomer has: at Icast 90% allyl chain ends, Mn of about 150 to about 10,000
g/mol, and an isobutyl chain end to allylic viny!l group ratio of 0.8:1 to 1.3:1.0, wherein monomers

35  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 §7% allyl chain ends
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(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
v) propylene oligomer, comprising at least 50 mol% propylene, from 0.1 to 45wt% ethylene, and
from 0.1 to 5 mol% diene, wherein the oligomer has: at least 90% allyl chain ends, an Mn of about 150 to
5 about 10,000 g/mof, and an isobutyl chain end to allylic vinyl group ratio of 0.7:1 to 1.35:1.0; and/or
vi) a homooligomer, comprising propylene, 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 1.2:1.0, and less than 1400 ppm aluminum.
13. The polymacromonomer of paragraph 12 wherein the macromonomer is a propylene co-oligomer
10 having an Mn of 300 to 30,000 g/mol 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 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

15 inthe co-oligomer;

14. The polymacromonomer of any of paragraphs 1 to 13 wherein the macromonomers are liquid at
25°C.
15. A process to produce the polymacromonomers of paragraphs 1 to 14 comprising contacting

macromonomer and up to 40wt% of C to Ci3 comonomer with a catalyst system capable of polymerizing
20 vinyl terminated macromonomer, wherein the macromonomer has:
1) from 20 to 800 carbon atoms,
2) an Mn 0f 280 g/mol or more,
3) an Mw 0of 400 g/mol or more,
4y an Mz of 600 g/mol or more,
25 5) an Mw/Mn of 1.5 or more,
6) at least 70% vinyl termination (as measured 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,
30 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,
35 b) an Mw of greater than 30,000 g/mol,
¢) an Mn of greater than 20,000 g/mol,
d) a branching index (g 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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f) less that 25% vinyl termination (as measured by 'H NMR) relative to total unsaturations,
2) at least 70wt% macromonomer, based upon the weight of the polymacromonomer, and
h) from 0 to 20wt% aromatic containing monomer, based upon the weight of the

polymacromonomer.
le6. The process of paragraph 15 wherein the degree of polymerization of the polymacromonomer is

wh

6 or more.

17. The process of paragraph 15 wherein the degree of polymerization of the polymacromonomer is
100 or more.

[8. The process of paragraph 15, 16, or 17wherein the catalyst system capable of polymerizing vinyl

10 terminated macromonomer comprises the compound represented by the formula:

19. The process of paragraph 15, 16, 17, or 18 wherein the catalyst system capable of polymerizing
vinyl terminated macromonomer comprise one or more of:
dimethylsilyl (cyclopentadienyl) (cyclododecylamido) titantum dimethyl,
15 dibenzylmethyl{cyclopentadieny!)(fluorenyl)hafnium dimethyl,
diphenylmethyl(cyclopentadienyl)(fluorenylhafnium dimethyl, dimethylgermanium bisindenyl hafnium
dimethyl, rac-dimethylsilyl (2-methyl-4-phenylindenyl) zirconium dichloride, rac-dimethylsilyl (2-
methyl-4-phenylindenyl) zirconium dimethyl, rac-dimethylsilyl (2-methyl-4-phenylindenyl) hafnium
dichloride, rac-dimethylsilyl (2-methyl-4-phenylindenyl) hafnium  dimethyl, rac-dimethylsilyl
20 bis(indenyhhafnium dimethyl, rac-dimethylsilyl bis(indenyl)hafnium dichloride, rac-dimethylsily!
bis(indenyl)zirconium  dimethyl,  rac-dimethylsilyl  bis(indenyl)zirconium  dichlorider,  ac-
dimethylsilanediylbis(2-methylindenyl)metal dichloride; rac-dimethylsilanediylbis(indenyl)metal
dichloride; rac-dimethylsilanediylbis(indeny)metal dimethyl; rac-
dimethylsilanediylbis(tetrahydroindenyl)metal dichloride; rac-
25  dimethylsilanediylbis(tetrahydroindenyl)metal dimethyl; rac-dimethylsilanediylbis(indenyl)metal diethyl:
and rac-dibenzylsilanediylbis(indenyl)metal dimethyl; wherein the metal is chosen from Zr, Hf, or Ti.
20. The process of claim any of paragraphs 15 to 19 wherein the catalyst system capable of
polymerizing vinyl terminated macromonomer comprises one or more of:
dimethylaniliniumtetrakis(pentafluorophenyl) borate, N,N-dimethylanilinium
30 tetra(perfluorophenybborate,  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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5 orrac-Me,Si-bis(2-R-indeny)MX, or rac-Me,Si-bis(2-R,4-Ph-indeny )M X,
where R is an alkyl group, Ph is pheny! or substituted phenyl, M is Hf, Zr or Ti, and X is a halogen or
alkyl group.
22. A process to produce polymacromonomers comprising contacting macromonomer and up to
40wt% of C, to Cig comonomer with a catalyst system capable of polymerizing vinyl terminated

10 macromonomer, wherein the macromonomer is produced by homogenous process for making the
propylene co-oligomer of paragraph 12 or 13, said process having productivity of at least 4.5 x 10°
g/mmol/hr, wherein the process comprises:
contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol% ethylene and from 0 to
about 5wt% hydrogen in the presence of a catalyst system comprising an activator and at least one

15 metallocene compound represented by the formula I, T1, ITI, or IV above: 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);

20 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 Cg alkyl group, preferably a C; to Cg linear alkyl group, preferably
methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or different as RY;

25  each R* is, independently, a C, to Cg alkyl group, preferably a C, to Cq 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 Cq linear

alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, provided however that at
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least three R groups are not hydrogen (alternately four R* groups are not hydrogen, alternately five R’

groups are not hydrogen);

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
5  to 20 carbon atoms, preferably I to 8 carbon atoms, preferably a substituted or unsubstituted C, to Cy

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 Cp»

hydrocatbyl, 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,

10 ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;

R® is hydrogen or a C; to Cg alkyl group, preferably a C, to Cy linear alkyl group, preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;

each 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

15 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
1V are not hydrogen);

N is nitrogen;
T is a bridge, preferably, Si or Ge, preferably Si;

20 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 bc aromatic, partially saturated or saturated.

25 23, A process to produce polymacromonomers comprising contacting macromonomer and up to
40wt% of Cy to Ci¢ comonomer with a catalyst system capable of polymerizing vinyl terminated
macromonomer, wherein the macromonomer is produced by a homogenous process for making the
propylene homo-oligomer of paragraph 12 or 13, said process having a productivity of at least 4.5 x 10°
g/mol/min, wherein the process comprises:

30  contacting, at a temperature of from 30°C to 120°C, propylene, 0 mol% comonomer and from 0 to about
Swi% hydrogen in the presence of a catalyst system comprising an activator and at least onc metallocene
compound represented by the formula T, T1, 111, or IV above: where Hf is hafinium;
cach X is, independently, sclected from the group consisting of hydrocarbyl radicals having from 1 to 20
carbon atoms, hydrides, amides, alkoxides, sulfides, phosphides, halogens, dienes, amines, phosphines,

35  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 Cg alkyl group, preferably a C, to Cy linear alkyl group, preferably
5 methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, R' may the same or different as R*;
each R’ is, independently, a C; to Cs 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 I to
8 carbon atoms, preferably 1 to 6 carbon atoms, preferably a substituted or unsubstituted C, to Cs linear
10 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 Cg substituted or unsubstituted hydrocarbyl);
each R? is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a heteroatom or
15 hetercatom containing group, preferably a substituted or unsubstituted hydrocarby!l group having from 1
to 20 carbon atoms, preferably 1 to 8 carbon atoms, preferably a substituted or unsubstituted C; to Cg
linear alkyl group, preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, substituted pheny!
(such as propyl phenyl), phenyl, silyl, substituted silyl, (such as CH,SiR' where R' is a C; to Cp2
hydrocarbyl, such as methyl, ethyl, propyl, butyl, phenyl);
20 R"is hydrogen or 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® is hydrogen or a C, to Cs 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 C linear alkyl group,
25  preferably methyl ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl, provided however that at least seven
R’ groups are not hydrogen, alternatcly at least cight 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
1V are not hydrogen);
N is nitrogen;
30  Tis abridge, preferably, Si or Ge, preferably Si;
cach 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 cyelic
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
35  system where the rings may be aromatic, partially saturated or saturated.
Experimental
All molecular weights are number average in g/mol unless otherwise noted.
Materials
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Catalyst 3 is rac-dimethylsilylbis(2-methy! 4-phenyl indenylhathium dimethyl,

Catalyst 4 is: Catalyst 5 is:

S
Cl =N
: o ﬁ: e
w,

Catalyst 4 was prepared according to the procedures in US 7,126,031, Catalyst 5 was prepared
and purified according to the procedure in G.J.P. Britovsck, V.C. Gibson, S.J. McTavish, G.A. Solan,
B.S. Kimberley, P.J. Maddox, A.J.P. Whitc, Williams, Chem. Comm. 1998, 849.
Activator A is N, N- dimethylanilinium tetra (pertluorophenyl)borate.
10 Activator B is methylalumoxane ( 30wt% in toluene) purchased from Albemarle.
Characterization
Gel Permeation Chromatography
Mw, Mz number of carbon atoms, g value and g';s arc determined by using a High Temperature
Size Exclusion Chromatograph (cither from Waters Corporation or Polymer Laboratories), equipped with
15 three in-line detectors, a differential refractive index detector (DRI), a light scattering (L.S) detector, and
a viscometer. Experimental details, including detector calibration, are described in: T. Sun, P. Brant, R.
R. Chance, and W. W. Graessley, Macromolecules, Volume 34, Number 19, 6812-6820, (2001) and
references therein. Three Polymer Laboratories PLgel 10mm Mixed-B LS columns are used. The
nominal flow rate is 0.5 cm’/min, and the nominal injection volume is 300 pl. The various transfer
20 lines, columns and differential refractometer (the DRI detector) are contained in an oven maintained at
145°C. Solvent for the experiment is preparcd by dissolving 6 grams of butylated hydroxy toluene as an
antioxidant in 4 liters of Aldrich reagent grade 1, 2, 4 trichlorobenzene (TCB). The TCB mixture is then
fiftered through a 0.7 um glass pre-filter and subsequently through a 0.1 um Teflon filter. The TCB is
then degassed with an online degasser before entering the Size Exclusion Chromatograph. Polymer
25 solutions are prepared by placing dry polymer in a glass container, adding the desired amount of TCB,
then heating the mixture at 160°C with continuous agitation for about 2 hours. All quantities are
measured gravimetrically. The TCB densities used to express the polymer concentration in mass/volume
units are 1.463 g/ml at room temperature and 1.324 g/ml at 145°C. The injection concentration is from
0.75 to 2.0 mg/ml, with lower concentrations being used for higher molecular weight samples. Prior to
30 running each sample the DRI detector and the injector are purged. Flow rate in the apparatus is then
- 40 -
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increased to 0.5 ml/minute, and the DRI is allowed to stabilize for 8 to 9 hours before injecting the first
sample. The LS laser is turned on 1 to 1.5 hours before running the samples. The concentration, ¢, at
each point in the chromatogram is calculated from the baseline-subtracted DRI signal, Ipg;, using the
following equation:
5 ¢ = Kprilpr/(dn/de)
where Kpg; is a constant determined by calibrating the DRI, and (dn/dc) is the refractive index increment
for the system. The refractive index, n = 1.500 for TCB at 145°C and A = 690 nm. For purposcs of this
invention and the claims thereto (dn/de) = 0.104 for propylence polymers, 0.098 for butecne polymers and
0.1 otherwisc. Units on paramcters throughout this description of the SEC method are such that
10 concentration is expressed in g/cm’, molecular weight is expressed in g/mole, and intrinsic viscosity is
expressed in dL/g.
The LS detector is a Wyatt Technology High Temperature mini-DAWN. The molecular weight,
M, at each point in the chromatogram is determined by analyzing the LS output using the Zimm model
for static light scattering (M.B. Huglin, LIGHT SCATTERING FROM POLYMER SOLUTIONS, Academic
15 Press, 1971):
Ko L oA
AR(G) MP(®)
Here, AR(8) is the measured excess Rayleigh scattering intensity at scattering angle 9, ¢ is the polymer
concentration determined from the DRI analysis, A, is the second virial coefficient [for purposes of this
invention, A, = 0.0006 for propylene polymers, 0.0015 for butene polymers and 0.001 otherwise],
20 (dn/dc) = 0.104 for propylene polymers, 0.098 for butene polymers and 0.1 otherwise, P(0) is the form
factor for a monodisperse random coil, and K, is the optical constant for the system:
_4nn*(dn/dc)’
AN,

K

6]

where N, is Avogadro’s number, and (dn/dc) is the refractive index increment for the system. The
refractive index, n = 1.500 for TCB at 145°C and A = 690 nm.

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

30 inthe chromatogram is calculated from the following equation:
ns=cn] +0.3(c[n))
where ¢ is concentration and was determined from the DRI output.

The branching index (g'ys) is calculated using the output of the SEC-DRI-LS-VIS method as

follows. The average intrinsic viscosity, [n].,, of the sample is calculated by:
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2009/ 155510PCT/ US2009/ 047945 Table G GPGH3D Results for (PEtnae)x Brushes
Made with PE's 1 and 3 Exanple H NgMB=brpsh MN a% vinyl Mol W Monents,
DRI (Visconmetry) MNMME g vis 1 9,524 -5"2v766 18,771 35,649 0.131

(29, 525)5 ( Sbhe®38} purpose of this invention and claims thereto, o = 0.695 and k = 0.000579 for linear ethylene

polymers, o = 0.705 k = 0.000262 for linear propylene polymers, and o = 0.695 and k = 0.000181 for
linear butene polymers. M, is the viscosity-average molecular weight based on molecular weights
determined by LS analysis.
"g" also called a "g value" is defined to be Rgzpm/Rgzls , where Rg,,,, is the radius of gyration for
10 the polymacromonomer, RgzlS is the radius of gyration for the lincar standard, and Rgy, = R M**® where
K is the power law coefficient (0.023 for lincar polyethylene, 0.0171 for linecar polypropylene, and
(.0145 for lincar polybutenc), and M is the molecular weight as described above, Rgpm = KiM™. o is
the size coefficient for the polymacromonomer, Ky is the power law coefficient for the
polymacromonomer. See Macromolecules, 2001, 34, 6812-6820, for guidance on selecting a linear
15 standards having the molecular weight and comonomer content, and determining K coefficients and o
cxponents.
“C NMR
BC NMR data was collected at 120°C in a 10 mm probe using a Varian spectrometer with a
'Hydrogen frequency of at least 400 MHz. A 90 degree pulse, an acquisition time adjusted to give a
20 digital resolution between (.1 and 0.12 Hz, at least a 10 second pulse acquisition delay time with
continuous broadband proton decoupling using swept square wave modulation without gating was
employed during the entire acquisition period. The spectra were acquired using time averaging to
provide a signal to noise level adequate to measure the signals of interest. Samples were dissolved in
tetrachloroethane-d, at concentrations between 10 to 15wt% prior to being inserted into the spectrometer
25  magnet. Prior to data analysis spectra were referenced by setting the chemical shift of the (-CHa-), signal
where n > 6 to 29.9 ppm. Chain ends for quantization were identified using the signals shown in the
table below. N-butyl and n-propyl were not reported due to their low abundance (less than 5%) relative

to the chain ends shown in the table below.

Chain End "CNMR Chemical Shift
P~i-Bu 23-5t0 25.5 and 25.8 t0 26.3 ppm
E~i-Bu 30.5 to 40.2 ppm
P~Vinyl 41.5t043 ppm
E~Vinyl 33.9to 34.4 ppm

Polypropylene microstructure is  determined by PC-NMR  spectroscopy, including the
30 concentration of isotactic and syndiotactic diads ([m] and [r]), triads ([mm] and [1r]), and pentads

([mmmm] and [rree]). The designation “m™ or “r” describes the stercochemistry of pairs of contiguous
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propylene groups, “m” referring to meso and “” to racemic. Samples are dissolved in d»-1,1,2,2-
tetrachloroethane, and spectra recorded at 125°C using a 100 MHz (or higher) NMR spectrometer.
Polymer resonance peaks are referenced to mmmm = 21.8 ppm. Calculations involved in the
characterization of polymers by NMR are described by F. A. Bovey in POLYMER CONFORMATION AND
CONFIGURATION (Academic Press, New York 1969) and J. Randall in POLYMER SEQUENCE
DETERMINATION, *C-NMR METHOD (Academic Press, New York, 1977).

The “propylene tacticity index”, expressed herein as [m/r], is calculated as defined in H.N.
Cheng, Macromolecules, 17, 1950 (1984). When [m/r] is 0 to less than 1.0, the polymer is generally

described as syndiotactic, when [m/r] is 1.0 the polymer is atactic, and when [m/1] is greater than 1.0 the
Y poty g

polymer is generally described as isotactic.

The “mm triad tacticity index” of a polymer is a measure of the relative isotacticity of a sequence
of three adjacent propylene units connected in a head-to-tail configuration. More specifically, in the
present invention, the mm triad tacticity index (also referred to as the “mm Fraction™) of a polypropylene
homopolymer or copolymer is expressed as the ratio of the number of units of meso tacticity to all of the
propylene triads in the copolymer:

PPP(mm)
PPP(mm) -+ PPP(mr) + PPP(r1)

mm Fraction =

where PPP(mm), PPP(mr) and PPP(rr) denote peak areas derived from the methyl groups of the second
units in the possible triad configurations for three head-to-tail propylene units, shown below in Fischer

projection diagrams:

(l:Hg CH3 CH3
PPP(mm): CH——CHy}—+CH——CH, CH—-CHZ}—-
(|)H3 (|3H3
PPP(mr): _(CH—CHZ CH—-—CHg)—(TH—CH2>—
CHj
[ [
PPP(rr): —-(CH————CH2 ('JH——-—-CHz)—(CH———CHZ)—_
CHs

The calculation of the mm Fraction of a propylene polymer is described in U.S. Patent 5,504,172
(homopolymer: column 25, line 49 to column 27, line 26; copolymer: colummn 28, line 38 to column 29,
line 67). For further information on how the mm triad tacticity can be determined from a “C-NMR
spectrum, see 1) J. A. Ewen, CATALYTIC POLYMERIZATION OF OLEFINS: PROCEEDINGS OF THE
INTERNATIONAL SYMPOSIUM ON FUTURE ASPECTS OF OLEFIN POLYMERIZATION, T. Keii and K. Soga,
Eds. (Elsevier, 1986), pp. 271-292; and 2) U.S. Patent Application US2004/054086 (paragraphs [0043] to
[0054]).
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'"H NMR
'"H NMR data was collected at either room temperature or 120°C (for purposes of the claims,

120°C shall be used) in a S mm probe using a Varian spectrometer with a 'Hydrogen frequency of at least
p g P g q Y

400 MHz. Data was recorded using a maximum pulse width of 45°, 8 seconds between pulses and signal

5  averaging 120 transients. Spectral signals were integrated and the number of unsaturation types per 1000
carbons was calculated by multiplying the different groups by 1000 and dividing the result by the total
number of carbons.

The '"HNMR chemical shift regions for the olefin types are defined to be between the following
spectral regions.
10
Unsaturation Type Region (ppm) Number of hydrogens pet structure
Vinyl 4.95-5.10 2
Vinylidene 4.70-4.84 2
Vinylene 5.31-5.55 2
15 Trisubstituted 5.11-5.30 1

Differential Scanning Calorimetry (DSC)

Crystallization temperature (T.), melting temperature (or melting point, T,), glass transition
temperature (Ty) and heat of fusion (Hg) are measured using Differential Scanning Calorimetry (DSC) on

20 acommercially available instrument (e.g., TA Instruments 2920 DSC). Typically, 6 to 10 mg of molded
polymer or plasticized polymer are sealed in an aluminum pan and loaded into the instrument at room
temperature, Data are acquired by heating the sample to at least 30°C above its melting temperature,
typically 220°C for polypropylene, at a heating rate of 10°C/min. The sample is held for at least 5
minutes at this temperature to destroy its thermal history. Then the sample is cooled from the melt to at

25  least 50°C below the crystallization temperature, typically -100°C for polypropylene, at a cooling rate of
20°C/min. The sample is held at this tempcrature for at least 5 minutes, and finally heated at 10°C/min to
acquire additional melting data (second heat). The endothermic melting transition (first and second heat)
and cxothermic crystallization transition are analyzed according to standard procedures. The melting
temperatures (Tm) reported are the peak melting temperatures from the second heat unless otherwise

30  specified. For polymers displaying multiple peaks, the melting temperatare is defined to be the peak
melting temperature from the melting trace associated with the largest endothermic calorimetric response
(as opposed to the peak occutring at the highest temperature). Likewise, the crystallization temperaturc
is defined to be the peak crystallization tcmperature from the crystallization trace associated with the
largest exothermic calorimetric response (as opposed to the peak occurring at the highest temperature).

35 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

40 obtained from the Polvmer Handbook, Fourth Edition, published by John Wiley and Sons, New York
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1999, except that a value of 290 J/g is used for H°(polyethylene), a value of 140 J/g is used for H®
(polybutene), and a value of 207 J/g is used for H*(polypropylene).

Heat of melting (Hm) is determined using the DSC procedure above except that the sample is
cooled to -100°C, held for 5 minutes then heated at 10°C/min to 200°C. Hm is measured on the first
melt, no the second melt. The Hm sample must have been aged at least 48 hours at room temperature
and should not be heated to destroy thermal history.

Ethylene content

Ethylene content in ethylene copolymers is determined by ASTM D 5017-96, except that the
minimum signal-to-noise should be 10,000:1. Propylene content in propylene copolymers is determined
by following the approach of Method 1 in Di Martino and Kelchermans, J. Appl. Polym. Sci. 56, 1781
(1995), and using peak assignments from Zhang, Polymer 45, 2651 (2004) for higher olefin comonomers.
Example 1

Three vinyl-PE-Macromonomers were prepared using Catalyst 5 and Activator B. Catalyst
solutions were prepared in a nitrogen purged Vacuum Atmospheres dry box by adding nearly equimolar
(1.00:1.05) quantities of the iron complex and activator to 4 mL dry toluene in a 10 mL glass vial. The
mixture was stirred for 5 min. and then transferred to a clean, oven dried catalyst tube. The basic
polymerization procedure for synthesis of vinyl PE-1 is as follows: 2 mL 25wt% Tri n-octylaluminum-
in-hexanes scavenger and 400 mL hexanes were added to a 2L stainless steel autoclave reactor, The
reactor was heated to 100°C. During this time the catalyst tube was attached to the reactor. Once the
reactor temperature equilibrated at 100°C, the catalyst solution was flushed from the catalyst tube into the
reactor with 300 mL hexanes. Following this addition, the reactor was pressurized with 200 psig
ethylene. In this example, polymerization was carried out for 12 minutes, after which time the reactor
was cooled and depressurized. Once the reactor was depressurized, yet maintained under positive
pressurc via a gentle dry nitrogen flush, this polyethylene macromonomer product was cannulated into
septum scaled vials using a slight nitrogen gas overpressure. The charged vials were transferred into the
purged Vacuum Atmospheres dry box. PEmac-2 and PEmac-3 werc produced following the samc
polymerization process, unless noted otherwise. Table A lists polymerization conditions used for

preparing the macromonomers.

7 4,762 18 2,896 9, 183
9 10,526 6 1,595 10, 640 28, 794

Table A.
Syntheses of Vinyl-PE Macromonomers with Catalyst 5/Activator B
Sample Time, min. | Temp, (°C) Yield, g Productivity, g/mmol/hr
PEmac-1 12 100 25 155
PEqac-2 30 80 45 1395
PE nac-3 60 60 100 3100

The properties of these three macromonomers are listed in Table B.
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20pr ovi ded w5, TablesleHntravidc. WO 2009/ 155510 PCT/ US2009/ 047945 TABLE H:
E-co- P Macromononer Synthesis Conditions Reaction Exanpletenp Number (C)
Propyl ene feed rate (g/m mMabEChyurene dfeed. Satlesd BLRME.Rr oductivity (g

poly/g cata Q’x%hlﬁle "’UI"EIME' 'C‘ﬁﬂ{lyht Act | Cat/Activator (mg) * T, | Time Condition
(C) | (min)
1 1 1 A 2/3 85 60 Neat
2 1 4/MAO | A 2/02/1.6 85 120 Neat
; 4MAO A 2/1/2 110 60 Toluene
4 3repeat | 4/MAO | A 20/0.2/16.1 120 30 Neat
5 3 2 A 2/34 165 60 Neat
6 3 1 A 2/3.0 195 60 Neat
7 3 1 A 2/3.0 195 30 Neat
8 3 3 B 2/1 195 60 Toluene
9 3 3 B 2/1 115 60 Neat

* Value in italics is volume of MAO in mL added in addition to Activator A.

Table D: 'H NMR Unsaturation Analysis

PE -1 Example 2t
Olefinic Groups per 1000 Carbons
Vinyl 30.8 Not Detected
Vinylene 0.9 1.0
Vinylidene Not Detected Not Detected
Trisubstituted Not Detected Not Detected

15
A summary is provided in Table E of the 'H NMR results recorded for the eight polymetizations
with PE,.."s. The percentage of total unsaturations that are vinyls has decreased from the ~95% range to
between 0 (not detected) and 25%. 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

20 tabulated below.
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Table E: Summary 'H NMR Results for Polymacromonomers (PEqq)

(Unsat/ 1000C) My
Example vinylencs | olefins | vinyls | vinylidenes |% vinyls| DP* 'H NMR*

1 0.91 0.20 0.04 0.36 2.7 340 9,524
2 1.03 0.07 0.00 0.00 0.00 456 12,727
3 0.60 0.17 0.26 0.01 25 641 17,949
53 1.48 1.15 0.03 0.09 1 184 5147
6 1.32 0.57 0.47 0.62 16 199 5577
7 1.49 0.65 0.64 0.80 18 170 4762
9 0.63 0.25 0.09 0.45 6 376 10526
8 1.48 1.15 (.03 0.09 1 184 5147

* Degree of Polymerization corrected for residual viny! and vinylene contributions from unconsumed
PE]TAE]C

5 The ""C NMR spectrum recorded for Example 1 is shown, along with major peak assignments, in
Figure 1. The peak resonance positions and assignments for Example [ are organized in Table F.
These assignments and intensities, within reasonable limitations, are consistent with the material being a
product that has a branch on alternating carbons. Assignment nomenclature is described in Figure 3.

10 Table F
ppm * Carbon Type™ Assignment Intcgral Arca”
41.04 CH2 ool 65
35.57 CH2 ad” 60
33.20 CH Branch Point 60
32.22 CH2 3S 73
30.72 CH2 v&~
29.98 CH2 58 1620
29.59 CH2 48
26.99 CH2 Bo* 58
22.91 CH2 28 81
. 14.24 CH3 1S 82
*C NMR Spectral Assignments for Example 2
* Shifts relative to backbone methylene signal set to 29.98 ppm in tetrachloroethane-d2 at
120C
** From DEPT experiment
15 % 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
20  interest. The ‘S” terminology identifics carbons at or near the end of saturated n-alkyl chains. The
number specifics how many carbons a methylenc 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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vi nyl enesol ef svi nvlidenes H 10.060.1316. 360.3

11- 40. 280. 719‘%@%@\6%&59 915. 6654 a Cal cul ated assumi ng oﬁg%ﬁéﬁijﬁ?ﬁfl on per
chain 5Table J: Ethylene Content in E-P Macrononomer Products by 'FINWVR 1H
NVR Sanple Ml fraction CW Fraction H 10. 720. 63 H 40. 730. 64 Table K

Mol ecul ar Wei ght Monents from GPC- DR LS) E— l\/g roners W % C2- aMNMWWEZMAD
g vis H1 63 465 12T21 ﬁg%% éDggsubs bes Made with PEng.’s 1 and 3

brush omcnts DRI (Viscometry) g e
Example My ® % vinyl M-y 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 56,259 139,819 0.122
(84,641) (207,202) (462,453)

11 40 1,371 12,624 24,466 -

3 17,949 25 6,715 41,019 86,999 0.187
(52,631) (111,907) (198,094)

10 50 3,325 18,227 80,842

5 5,147 1 3,177 8,356 35,673 0.50
(4420) (10,600) (46,288)

6 5.577 16 3,660 13,038 838,876 0.49
(6,149) (13,689) (103,392)

7 4,762 18 2,896 9,183 135,219 0.494
(6,691) (11,491) (63784)

9 10,526 6 1,595 10,640 28,794 0.370
(7,937) (13,762) (26,460)

In Table G, (g") vis is defined a8 &' = [ polymacromonomer Mimear iore] (1). Values span the range from

0.122 to 0.50. These values reflect the relative chain mass per unit volume. Due to their topology, the
brushes are much more compact than polyethylene, and the smallest value of g'; is comparable to those

5  measured for poly(decene-1) and poly(dodecene-1).

Further Macromonomers were synthesized in a continuous polymerizations in a 0.5 liter stainless

steel continuous autoclave reactor equipped with a stirrer, steam heating/water cooling element and a
pressure controller. Solvent, macromonomer and comonomer (if any) are typically first chilled to —15°C

prior to entering a manifold, and then pumped into the reactor. The preactivated catalyst solution

10 ((CpMes)((1,3-dimethyl Ind)Hf Me, and N, N- dimethylanilinium tetra (perfluorophenyl)borate, where
Cp = cyclopentadienyl, Me = mecthyl, Ind = indenyl) is fed into the reactor from a dry box through
metering pumps in a scparate line. Solvent (such as hexancs) arc 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

15 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 rangc of 70 to 90°C. A summary of the polymerizations and characterization data arc

20 provided in Tables H to L.
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Table I: Summary of Unsaturations in E-co-P Macromonomers Measured by 'H NMR

Sample % pbp? MN?
Unsat/ 1000C vinyls
vinylenes olefins vinyls vinylidenes
H-1 0.06 0.13 16.36 0.35 96.8 19.7 828
H-4 0.28 0.7 19.88 0.54 92.9 15.6 654
* Calculated assuming one unsaturation per chain
5 Table J: Ethylene Content in E-P Macromonomer Products by "H NMR
'H NMR
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

Wi% C,7* MN MW MZ MWD g s
H-1 63 465 1229 5069 2.65 0.678
H-4 64 374 1035 4227 2.77  0.516

* calculated from "H NMR, g'vis relative to HDPE standard.

10 Table L: Differential Scanning Calorimetry Data
Sample Wt% Cy~ 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, U'diphenylmethylene(cyclopentadienyl)(fluorenyDhafnium dimethyl and N, N- dimethylanilinium tetra
15 (perfluorophenyl)borate) All catalysts dissolved in toluene and simply added to the macromonomer at the

designated polymerization temperature.
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3.32 3.28 g 5.01 85 100 H-4 3.32 4.36 g 6.67 85 100 Table N. E-co-P
Pol ymacr onononmer Pol yneri zation NBff W/ 0C2 - tH NMR M\h GPC Mv Mz GPC
g' (vis) H4 64,010%:332006 216733 0.125 H 4 64 43164  ,c1/us2009/047945

Table M: Polymerization with Macromers form Table H

Macromer Catalyst E-co-P Macromonomer Temperature, C  Time, min
prep uM wt, g mM vinyls
H-4 3.32 2.18¢ 332 85 100
H-4 3.32 328¢ 5.01 85 100
H-4 3.32 436¢ 6.67 85 100

Table N: E-co-P Polymacromonomer Polymerization

NB#  Wt% C,” GPC GPC
'H NMR Mn Mw Mz g’(vis)
H-4 64 70101 132006 216733 0.125
H-4 64 43164 83147 136449 0.132
H-4 64 85470 157365 253983 0.125

g'vis relative to linear standard EP copolymer having 64 wt% ethylene.

5 All documents described herein are incorporated by reference herein, including any priority
documents and/or testing procedures to the extent they are not inconsistent with this text. As is apparent
from the foregoing general description and the specific embodiments, while forms of the invention have
been illustrated and described, various modifications can be made without departing from the spirit and
scope of the invention. Accordingly, it is not intended that the invention be limited thereby. Likewise,

10 the term "comprising” is considered synonymous with the term "including” for purposes of Australian

law.
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83147 136449 0.132 H 4 64 85470 157365 253983 0.125 g'vis relative to

| i near standard EP copol yner having 64 wt % et hyl ene. 5Al|l docunents
descri bed herein are incorporated by reference herein, including any
priority docunments and/or testing procedures to the extent they are not
inconsistent wwth this text. As is apparent fromthe foregoi ng general
descri pti oaLsinvg t he specific enbodi nents, while forns of the invention have
been illustrated and described, various nodifications can be nmade w t hout
departing fromthe spirit and scope of the invention. Accordingly, it is
not intended thAPClyREMIMER FOMTiHRS 3t et cesomackoaerdspr andifiom g tgé?Wt%thﬁ&term
"conpri Si N@G'C,dcSm&ORS] CiRFRtthSyROMAIIMEha t h the term "incl udi ng" for

pur poses of Australi W. Al M5 1. A pol ymacronononmer conprising at

| east one nacr o¥ fﬁogln%bgog@cfaﬁb?"%%”ﬁ’ to 20wt % of a C2 to Cl8 conpnoner,

wher ei n t he nacPormMrofd#o giag or more, 1) from20 to 800 carbon atons, 2) an
M of 280 g/ nol 304 MPSEI00 Sholdmby of 400 g/ ol or nore, 4) an Mz of 600

g/ nol or nore, ZB) 3%10:}/%0 (?f 1.5 or nore, 6) vinyl term nation of
at | east 70% (a8 Yet’ BY"f%-1 NWR) relative to total unsaturations,

7) a melting pobrin MM oOFS @@Greor nore or an Hmof 20 J/g or |less, and

8) less than 1 ot anonRides GORLALNERY APAMTRNed BRASENMRPRIERE Rl Qht  Of
t he macronononer; and wherein the pol ymacronononer” has: a) a g val ue of

| ess than H%8Y an Mv of greater than 30,000 g/mol, c) an M of greater
t han 20, 000 g/ nDlamelting point (Tm) of 60°C or more or an Hm of 20 J/g or less, and

8) less than 10wt% aromatic containing monomer, based upon the weight of the
macromonomer; and
wherein the polymacromonomer has:

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,

f) less than 25% vinyl terminations (as measured by 'H NMR) relative to total unsaturations,

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

h) from 0 to 20wt% aromatic containing monomer, based upon the weight of the
polymacromonomer.
2. The polymacromonomer of claim 1 wherein the polymacromonomer contains Owt% aromatic
containing 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 S0wt% propylene.
6. The polymacromonomer of claim 1, 2, 3, 4, or 5 wherein the polymacromonomer comprises at
least 70wt% macromonomer comprising at least S0wt% 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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d) a branching index (g'), of less than 0.5, e) a nelting point of 50C or
nore or an Hmof 20 J/g or less, O less than 25% vinyl term nations (as

neasured by _Jelative to total unsaturations | east
70wW1l% macr omlﬁjgge%rql‘%g)sed upon the weight of the polynagr(jgmng%l{%%%%“and

h) fromO to 20wt % aromati c contai ni ng nononer, based upon the wei ght of

t he pol ymacrom)nomer 2. The pol ymacr onononer of claim1 wherein the

pol ymacr ono oner., tai ns C)/vt%faI rgatl c.cant ai_ni n%hom)no EB 3. The .

pol ymacr onofioner’ 8?0 RGPPSO SRy &R TR & BBT JTHECPBHEH BT PeUBRM fls ot %
styreni ¢ no#d@ermordanfite sepzcolidynmromommmdmemmofc2I03A:mli§> 2 or 3 wherein the

MAcr onononey i s T'h§PJlﬁ&UoElonoﬁlerTJ?%lyQ)‘?LME@‘P Fo%WHQrEFﬁFhe% crGhHoMtomBisesd O 4
wherein the pol ynmacronononer c rises at |east 70vvt% macrononomer

conpri si ng lét’l’-‘/l‘eé"ag@ﬂy‘@bli‘fv‘?g/ﬁ%\w@f) Y1%ehéss 6. The pol ymacr omonorer of claim1, 2,
3, 4, ors55 wher @hapdiecipmbismBcit omyn OaeE | mammer&eme &facrbxﬁ&SﬁlerZGerﬁfcsa

TRCT ODNONEL, GARLH &1 B oSl 2061 NSNSl TNE RS UG TETONOMET  of

any of cl ai [1i3 erein rracr nor e
di fferent n@é?lﬂﬁ%mﬁr@!ﬁsﬁf@fﬁ&%éqsynacr om)norrer of cI al m 7 wherein the

macr onononens disf fo@ﬁna&r&ndﬁ&h@@bﬁhﬁfmn\‘\@cil@hbne(rﬁd@ombt’on@t‘ ard @381 Qg bt .o WO
2009/ 1555105>CT/ US2009/ 047945 . 9. !Eeré{lgnacrormnorrer of claim7 or 8
wher ei n t he" 't {FSPOTFE P F SH%?(m‘}‘fégw%m ing point of 60C or nore and the

second Macr ononehes vahasf lemthkind.@f 20 Jig or less. 10. The pol ynacr onononer

of any of cl ai nlg)a’lmyg\gofjgoeam&gor@o@@golrracr onononer conprises a propyl ene
pol ymer having a g’ | ess. 511. The pol ymacromononer of any of

claims 1 to 11 %P@%b?ﬁ%‘%ﬂ@?%%%ﬁer conprises a copol ymer of 65 to
80w % et hyl ene @ndbrabhibOin®@5Ve)%optesphph @éne (based upon the wei ght of the

copol ymer) and hag ﬁml'%oox‘fmﬂr%n#ha%m% 6ab|rr%§5§redgr39 Irﬁ\ﬂ@ﬁ)l r¥1@%§% ‘Eo%i@ﬂﬁ%‘[aﬁ&%”p” sing

at Ieast one nmcronononer from cononofer,

wher ei n't he pol YrtbErbiftyie Mafopagmerpaey! u%fmghcmgh‘e)f&ﬁ p?lﬁ%rwwco 2 b) an Mv

of greater thangBn000 204 tP0koma6y coﬁﬂﬁmh@nﬁﬁon@f Bﬁé(ﬁrpofi dﬂaﬁlel@fﬂpﬂﬂ@ ginol, d) a
ess than O ess than 25% vinyl

?;?‘2102;??0 ng dcT ug)n)n’nel an(grhg md"“ﬁlﬂﬁ}ﬁsl cotiy n"seis 0)16 or tmoret Stal unsaturations,
1) propylene co-oligomer having an Mn 0f 300 to 3() 000 g/mol comprising 10 to 90 mol%
propylene and 10 to 90 mol% of ethylene, wherein the oligomer has at least X% allyl chain ends (relative

20 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% cthylene is present in the co-oligomer; and/or

il) propylene oligomer, comprising more than 90 mol% propylene and less than 10 mol%

25  ethylene, wherein the oligomer has: at least 93% allyl chain ends, an Mn of about 500 to about 20,000
g/mol, an isobuty! 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 50 mol% propylene and from 10 to 50 mol%
ethylene, wherein the oligomer has: at least 90% ally! chain ends, Mn of about 150 to about 10,000

30 g/mol, and an 1sobutyl 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
(alternately at least 90%), an Mn of about 150 to about 10,000 g/mol, and an isobuty! chain end to allylic

35  vinyl group ratio of 0.8:1 to 1.35:1.0; and/or
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15f) at | east 70wt % macronononer, based upon the wei ght of the

pol ymacr onononer, and g) fromO to 20wt % aronatic contai ni ng nononer, based
upon the wei fok pol ymacr onononer; and the macro Li ses one
or nore of: gQBZ&Mi FOpr opyl ene co-oligoner having an W%gﬁ‘rﬂ%%%&?% 30, 000
g/ nol conprising 10 to 90 nol % propyl ene and 10 to 90 nol % of et hyl ene,
wherein the oligonmer has at least X% allyl chain ends (relative 20to total
unsat urations), wher | % | ene inc Aat 00)
when 10 to 60 mof B}O@fﬁw%ﬂ@eﬁ@ W%éﬂéw o éme%vleaf .%@‘8??& % B %jls? wly
when gr eat efont harn 6@ adidnd, esscit haelig@ter ! &dcedt hYh ellyéchiis elpis,els &tof abmuftlh@to

co-ol i gomrdboﬂnfﬁo@o)a i, dnc(f;lm&@myl(cﬁa@l o eotahyl&mms%ggw ?tg)l 35: @@mgvhen 70
to 90 nol % et ene 1s present ehe co- goner ;

propyl ene ol i gorvar1 howﬁw%F%@mﬁlﬁ%@onﬂ?&w%e%r: %sﬁwﬁg}ﬁ @ﬁ@btéﬁé a'llyéé%“nt han 10
nmol % 25ei hydney)en MbRb&It FOottd@o@l2D g(@)rgaﬁol haS,obL@ﬂ claasd to 98 alndigloughas &r ends,

an Mh of ab 000 an isobutyl chain end to allylic
vi nyl group&?a 0:51%01(} Hqﬁsna“tlago pf%?%“blm and | ess than 1400 ppm al um num
and/ or 13. i iThy pghmypyinenecioif Flgjonte whergio the magpmeorer 1 suay B0 orphgascr

|pr opyl Sgoe/ alfildmé N «;{QO(§@35@OOW&/‘&(§@BML§T®Q@ 9OMAEY, Ry kR @nloi t G iﬁdl%l‘éas at

east 0 a

9 out 10, 000 30 nd an
| Sobutyl eHEP e RACTD IS PGP o S gt O g B gt s B
wher ei nlhronorep 84 watio ﬂgylérﬁwmgmatm)rr é0arhbol tatbneathelepriegent! imte for om 0 t o

3 mol %  and/|Qfmer, dnd2)XJ' ) wPJn%Féther%‘a% 6@ degéém&y 70%%@9&&1;%&89; p%’efsenlz faRloo0 Mol %
propyl ene, from 0. 45 npt% C4 to Cl2

ol efin, Meﬂrhe?l?f%tah%”aﬁ | @éﬁe@wHaghyIC&f mlv‘é%t%'fi‘u%v%% éﬂlW 0 toc?ﬁéno}( eihgge is present
(alter natEhythatO blgastr. 9099, an Mh of about 150 to about 10,000 g/nol, and

R e Il S ey

conpri sitng 2at¢| east 50 nol % propyl ene, fromO0.1 to 45w % et hyl ene, and from
0.1 to 5 nols% diagRRess VM]ﬂfd&iemhetprmﬁﬂldngﬂﬁﬁd’rs J’[aﬁmmatto 14&&1&1511591@%1@01&@@ chai n
tegdzl | 3:’]' (Ii/r}l\lldtglﬁ)?all()nlel dn]{ u]r N 1o 48“"[@1)\19 l& '[O%‘O :I-L()]tll()n() er V}Sllhii (,atnlyﬁ F?’a flll%d%)gédt Xf]pog’{l/]l?fljzglgend
honool i gonmetnyl @@Wpfﬁﬂ%ﬂgﬂ%@@fj‘w@ﬁ@ theghrsromioppntehlssol | goner has: at |east 93%
al 'yl chain 5endgsgonsdd tm()Qgrbmw{S, 500 to about 20,000 g/nol, an isobutyl
chain epd to all |IN? vipyl group ratio of 0.8:1to 1.2:1.0, and less than
1400 ppm al unmi naid’ EEEJI/gh‘lé 86 fracr onononer of claim 12 wherein the

macr onmononer |s3)a1nrb¢v0w0@mmolcmmoﬂcj gomer having an M of 300 to 30,000 g/ nol
conprising 10 t@)dg(.z,hrgtp[&i)gm(gplyrl]@@e and 10 to 90 nol % of ethyl ene, wherein
the oligonmer has at |east X% ally' chain ends (relative to total

unsat ur ati ons), \MRPEMR S Lyggsaoe. (.0 94 (nol % et hyl ene i ncor porat ed) + 100),
when 10 to 60 nv)est iyl eneteinsnpoe@entasiral btyhleNm)maﬂmcgtomﬂ pns@ngkicd), X = 45,
when grgater than 6 I %0 Lene i gqPresent in the

cool i goér%rer and%%l e?émgp?'it@é(%% EL%Ir}%m ﬂﬁ en‘g&?%/&olr pSSraat ed) -83), when 70 to
90 nol % et hyl en® 1?*%thﬁﬂf@@’é’/ﬂt‘mmﬁlbtcﬁéa“é’éﬁfm“@@%rrer 14. The pol ynmacr ononomner
of any of ghat ﬁﬁylﬂet"l@naﬂgcowﬂﬁﬂnebﬂ'htédﬂﬁrammnmlhﬁi AtRtidnl tidiod! atoo &5&5@ 15.
A Process t%r@]ﬁl%@ molar 1d1h00fp ¢ TII)%CI{‘IC(;JWDHO{;FER re tmcéoa 10m01(1)on14 Igbgll nt Si ng
cont act i ng "MAGT onononer’ an PBT G YS OF OO O8

cat al yst systters Tapdib @1d0\fhetpe¢ny¢rsm oA imagrongenappr te sﬁmdnlame@nm@ FQ)W% rqblm; F;,
wher ei gt hg,Jracr ononomer has: 1) from20 to 800 carbon atons,
202) an M of 280 g/nol or nore, 3) an Mw of 400 g/nol or nore,

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,
35 d) a branching index (g")y;s of less than 0.5,

e) a melting point of 50°C or more or an Hm of 20 J/g or less,
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4) an Mz of 600 g/nol or nore, 5) an MM Mh of 1.5 or nore, 6) at |east 70%
vinyl termnation (as neasured by '1-1 NWVR) relative to total

unsat urati ons =& nelting poi nt Tm of 60C or nore or 20 j/g or
| ess, and 8)4W8§§$% Al 20wt % ar omat i ¢ cont ai ni ng nnnonerC%Rﬁ%ﬁﬁmﬁg4
polynerlzatlon conditions of a tenperature of 60 to 130C and a reaction
time of 1 to 90 mnutes, wherein the nolar ratio of all conononer present
in the reactor to all cropmonomer present in the reactor | -1 or less
and where conversSFOHGP iy 8ﬁﬁﬁ3ﬁé£“F8“68P¥ﬁggy%ﬁﬂﬂﬁﬁﬂyn?§m7ﬁﬁFmVo or

nore; 30and obt & nilcag 7@wtPotaymcroonD haaieporhibasaig! of the polymayonangnarahdie of | ess
than 0.6, b) an t o . Wh of greater
t han 20, 000 hP%&96896£§(ﬁgﬁ%ﬂgﬁgﬁghgggmggER%F?O%$6“g%ﬁOﬁﬂan 0.5, e) a
nmel ting poil 3“6@“5@€ﬁ6r nore or an Hmof 20 j/g or |ess,

2009/ 155510RBCT/ Un20R094sQ4A9435 wherein the ddgdee bigs5mthaton25He NdlﬁyaLroﬁlexfoﬂieﬂaﬁ bon (as
nmeasur ed by 11 INVMR) relative to total unsaturations, g) at |east 70m %
macr omonomer, - based upon the wei ght of the polynacronnnoner and h)
fromO0 to 20wt %At meratsiobclinns ahagingdic dasreo plgrelympbrzgiéd Oﬁfﬁ@wlbtlwelom@ioglhltis 80 t he
pol ymacr onopeRrr . 516. The process of claim15 wherein the degree of

polynerlzatlon the p 0 nmore. 17, The oce s of
Oy m 15 whidr of A HE 0GR oo go Ty B P S erR S PR
100 or ﬁbre@vmﬂedmﬁhmupwm@@@&matﬂ@kamnmﬁﬁqnﬂﬁmmmymiﬁnmﬁere|n t he catalyst
system capabl e o ing vinyl 10term nated macr ot nononmer conpri ses
t he conpoun 2ant ¢ the fornmula: 19. The process of claim15, 16,
17, or 18 h yst system capabl e of pol ynerizing vinyl
i pri se one or nore of: dinethylsilyl
Ibl(@yc odecylanido) titani um di net hyl,

At adi enyl ) (f1 uor enyphaf ni um di net hyl ,
adi enyl ) (f1 uor enyphaf ni um di et hyl ,
dlnethylger ﬂﬁi mYbi ¥i nglenyl haf ni um di nethyl, rac- dlnethyIS|IyI
(2- met hyl - 4- pt¥enyl'i nden Z|rcon|un1d|chlor|de rae-di nethylsilyl (2-

met hyl - 4- phenyl Tlﬂq@d@%lo bt Fdirh O ME, UModi SRR the BB st g}ls%tcmél)l@ bt p\()lymcrmng, vinyl
(2-nmet hyl- 4 hen Ilndeﬁ%$§ haf ni um di chl ori de, rac- di met hyl 'silyi

( 2- et hyl - A BRERYTEREEA CHRFiOn dioFetnyl , rac- di net hyl si |yl

dimethylsilyl (cyclopentadienyl) (cyclododecylamulo) titanium dimethyl,

(cycl opent adi
15di benzyl met
dlphenylnethyl(c%e1opqpt

15 dibenzylmethyl({cyclopentadicnyl)(fluorcnylyhafnium dimethyl,
diphenyhnethyl{cyclopentadienyl)(fluorenylyhafnium dimethyl, dimethylgermanium bisindenyl hafnium
dimethyl, rac-dimethylsilyl (2-methyl-4-phenylindenyl) zirconium dichloride, rac-dimethylsilyl (2-
methyl-4-phenylindenyl) zirconium dimethyl, rac-dimethylsily! (2-methyl-4-phenylindenyl) hafnium
dichloride, rac-dimethylsilyl (2-methyl-4-phenylindenyl) hafnium dimethyl, rac-dimethylsilyl

20 bis(indenylhafnium dimethyl, rac-dimethylsilyl bis(indenyhafnium dichloride, rac-dimethylsilyl
bis(indenyl)zirconium dimethyl, rac-dimethylsilyl bis(indenyl)zirconium dichlorider, ac-
dimethylsilanediylbis(2-methylindenyl)metal dichloride; rac-dimethylsilanediylbis(indenyl)metal
dichloride; rac-dimethylsilanediylbis(indenyl)metal dimethyl; rac-
dimethylsilanediylbis(tetrahydroindenyl)metal dichloride; rac-

25  dimethylsilanediylbis(tetrahydroindenyl)metal dimethyl; rac-dimethylsilanediylbis(indenyl)metal diethyl;
and rac-dibenzylsilanediybis(indenyl)metal dimethyl; wherein the metal is chosen from Zr, Hf, or Ti.
20. The process of any of claims 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

30 perfluorotetraphenylborate, dimethylanilinium perfluorotetranaphthylborate, 4-tert-butylanilinium

bis(pentafluorophenyl)bis(perfluoro-2-napthyl)borate, 4-tert-butylanilinium
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20bi s(1 ndenyphaf ni um di net hyl , rac-di nethyl silyl bis(indenyphafnium
di chl oride, rac-dinethylsilyl bis(indenyl)zirconium dinethyl,

rac-di net hyl s Ls(indenyl)zirconiumdichl orider,
acdinethyIS|Yg8éQ]@ %%(2 met hyl i ndenyl ) netal di chl ori d&CT/US2009/047945
rac-di met hyl si | anedi yl bi s(i ndenyOret al dichl oride;

rac-di met hyl si | anedi yl bi s(i ndenyl ) netal dinethyl;

racdlnethyIS|I nedlyl trahydro nden ta dlchl r ae-

25di net hyl siPP% B%IP F‘E(B <§°@§v0é%§/a%’8v ?ﬁ%‘%ﬂﬂmm%ftaﬁ%mﬁw

rac- di met hyagthjigaedi drhdhydqilinide myp@riet, & (pedafeblaptenyDaatluorophenylborate); and tris-

rac- dibenz%&ﬁbo%ﬂ%@hX& {s(lndenyl)netal di nethyl; wherein the netal is
chosen fro Ti. 20. The process of any of clainms 15 to 19

wher ei n t he?leat éFlh?@t’wssy)é%néﬁf dapabl te2Grthspr et ing theyectp ey e d

MALCT 0D ND MedontEGQiAPhbHESr vAMe cAhlyABsLm @bmprising activator and catalyst represented by the formula:

di met hyl ani | i giynt et r aki s( pent af | uor ophenyl ) borate, N, N-di nethylanilinium
tetrderfl uorqp yeborate, triphenyl carboni um 30perfl uorotetraphenyl borat e,
di met hyl ani | i's-4m p | uor ot et ranapht hyl borate, 4-tert-butylanilinium

bi s(pent af | uor op -(m bi s(perfluoro-2-napthyl)borate, 4-tert-butylanilinium
- 54 - WD 2009/ 1535Y0PCT/ US2009/ 047945

(pent af | uor oph N)tris(perfluoro-2-napthyl)borate, dinethylanilinium
tetraki s(pe or$‘@m napt hyDborate, dinmethylaniliniumtetrakis(3,5
(pent af | uorygph _ﬂﬁﬁarfluorophenylborate) and trisperfluorophenyl boron.
21. The process nany of clainms 15 to 20 further conprising preparing the
macr onononer by 5 pontacting nononer with a catal yst system conpri sing
activator and cat X represented by the formula: / \ | d NFa d - or
rac- Me2Si - bi s nyl ) NI X7 or rac-Me2Si-bis(2-R 4-Ph-indenyl) MX2, where
R is an al ky oup, Ph is phenyl or substituted phenyl, N is Hf, Zr or
Ti, and X is al ogen or al kyl group. 1022. A honbgenous process for making

the proPy'%P%e%&fﬂ%&@qgﬁ&mﬂgm§|%}Hk%ﬁmﬁ%béﬁa4§@hﬁm9ﬁ@Qess havi ng

productivity o eas . Wherein grocess
conpri ses: “*GBRJS@@ﬁﬂ&é??dﬁ“s%fmémﬁgﬁﬁé?%@ﬁﬂéhéﬁfﬁﬁ%ﬁYﬁﬁﬁﬁ & 28lgesn or

propyl ene, alkylgréup. 70 nnl@bethylene and fron10 to about 5mﬂ@6hydrogen in the
presencg of,,a cat St syste an.activat or d,at least one

net al | ocend Conpélﬁrﬁ%genous 100665 01 1 1n0 f? O?’nlgn(j ohvomer ¢ alm 1Z76r 13,7said process

2009/ 15551 PR pshoddy oy 9%4 R? 10° g/mmol/hr wherein thc plOCCSb compriscs:

contacting, at a temperature of from 35°C to 150°C, propylene, 0.1 to 70 mol% ethylene 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* o3 R HX, R /foz
. moo ,



1l R7IV where H is hafnium each X is, independently, selected fromthe

group consisting of hydrocarbyl radicals having from1l to 20 5 carbon

atons, hydrides, am des, al koxides, sulfides, phosphide di enes,

am nes, phosphPA%Y 53 hers, or a combination thereof i@?&ggﬁﬁvgﬁgthyl,

ethyl, propyl, butyl, phenyl, benzyl, chloride, bronide i odi de,
(alternately two X's may forma part of a fused ring or a ring system

each Qis, independently carbon or a heteroatom preferably C N, P, S
(preferably at I®ast one Qis a heteroatom alternately at least two Qs

are the sane gr gfent heter®dtonB, alternately at least three Qs 10are

the sanme or dRf ternately at least four Qs are the

sanme or differe R° i's, independently, a Cl to Cg

al kyl group,g, ly a G _}-6= i hear aIkyI group, preferably nethyl

et hyl, propyl f%éntyl hexyksRﬁepgyi or octyl, Rl nay the sane or

different as ach R2 is, indep ngeﬁtly acClto Cs al kyl group,

preferably B CNFO &g linear alff p, preferably nethyl ethyl, propyl,

butyl, pent§L rnexyl, heptyl, or o |, preferably Rl and/or R2 are not

br anched; each RB is, |ndepeﬁdenRFy, hydr ogen, or a substituted or

unsubstitthMmhydrocarbyl group having from1 to 8 carbon atons, preferably
"1 to 6 car%ppm@%gps preferably a substituted or unsubstituted CI to C8

| i near al kyl' group, preferably nmethyl ethyl, propyl, penty hexyl ,
heptyl, oct§#hX pripdepereenthosiesied irompbsterap ctl)e*atgls of t*ifﬁee‘“ném@%up%m%tﬁen 20

hydr ogers ( alatoes mattletlydutteuﬁmttt{s e@«fo@id&Ssu&l’d@s pmtsphhygma@m diahek, ernnat, ehysphineve | e

groups are not hyd 0 or.
JUbsbTt ut echiBr g sREFTtn BHRT BrBlabByrhErSRE M0 oty PUACIE D E B o

cont ai ni ng werodgpiodide. @ﬂtemaﬁY VVOaK smtysfvl‘mqmedf ofpseth Fisd (158 ipg Wstee): hydr ocar byl

group havi ngetf ¢ anaepthietgg g@tﬁ&b&ﬁ [RicRARBm, lﬂ&@fﬂﬁf ablyr, (El@feﬁbl? ar @@ﬂox@t@f{&
preferablyas e uns bsti t ut Cﬁ

pref erabl y Fﬁg{omﬂl a t?ﬂ%ﬁ y atgeiaﬁ 'ﬁﬁ%fameﬁ o %??n?heﬁeég? y)ims a rna[te)lfyi % lleasg fhrele %’s
substi t Ut edirqheapt m(dﬁtco:ht lasropmmpyhcrrptwemylcést fopH & the g g dlffosomﬁstcroptumed

si | yl ( Suceg(,hafg 1gﬁ§eﬁientlm%r % & al lly? Izaupcére&cpabga C, 2t§ &Y QﬁeQICcﬁiEylp%Iloup %H:?ehab@s
met hyI et hyl , propyl, drogen or_ a Cs al kyl

yl,
group, pr efBhityl eyl tuty‘ ealbf‘ hﬁ%%ﬂ@ﬂ RSHC%IRO'E}W thpvee @r@ﬁt@y‘%& hyl, et hyI
propyl, butegdh R* A€ nitdydendehdx yIC, tme@uyt 2iotip, peteyably aRG th €5 hiyedr Qige groaqy, pafe@:blyt o] Cg

2‘![ Eg: gr °“pme1t119[ %{ﬁ ﬁ%ylybuﬁfl %%n l%ey thdt)ﬂgta&.ty?lptl%YC ab%rRﬁ)FrB/or RY a@g ok grpl&{edmat hyl

2009/ 15575 1cs=|a(lrﬁ/ s 'S%@@?f@&mdrsg%a)e hbWW%‘ or Plh%weﬁfa HEopaLy! e BgaRionDt g
to Cg al kyls @hesemPpefapabliys artch atoﬁas @@:férdb[}:&ﬁhbgﬁiuléy bor lglﬁdbblﬂu’tccm eé e adakry

ng/\gzler e: E)a/‘ikyl Qoulper}tch’f‘rabt?yem& r_Iyl ﬁ@elnlrr d)dl bll;]fg cntix OPexﬁlt %c[p ty ge t}(/)l F{ tldech ﬁ% cvi;rql%g%t
| east ei ght eaR?fhrgrlbngcglpaqtre mmhydr{fr@edfa(tjg‘eﬁely flut BY g’qg{pepry ng|h[ydrmn gteropdy @.Yeé{ not

hydr ogen, (gﬁfuﬁiﬁé&btkyyimg&? R7 groups at the 3 and 4 p05| tions on each Cp
ring of For are not %qdro

b
pref er ¥l y,° éf’r ingggendpplis R flrggn g ¢ ugg“épéyﬁ” F?é‘r}bbi‘tgtegwgfé)ﬁaéml%rﬁ‘fﬂ y,[’etﬂ%&)%‘ﬁen
hal ogen or hate@titmtl con@2hghyahp queieryy 4 subsiicledas mwetistiryled hyatohyby! gpropying fibutlyl |

pentyl, he)t(y b() ca%p ta%tn'; Qccfér%lly 1 Q)h(e&}{ulon atgﬁp %)Yelferabw&g tltu%td %{j utgl?&ntwed C F‘{&Ct two

R can forma cyclic structure 1nclud % %saturated
or sat ur at g g 1|gt9ulbrp"afeff’é’b(d“‘iﬂlyh@hyé)f’é‘tpéln?u édﬁmflu‘i‘ef‘ﬂeltep%]r 6‘\}311@8 tipkaPheary two
adj acent  R(gtoupsrofyRyhdnly, mhenyf, usEdsubitingedodily IMkuth se.SIR' fhsieR' fid m@) sy Stem

wher e t e ni (ﬂ&%rbgla%fhgme(hklngg;fhog&a&%ﬁ%&ﬁnsatur ated or saturated. 23. A

hom)genous E’)roce hono- ol i gonmer of claim 12 or
13, sai d prodeydroavi ag: & Bre ét‘)Pﬂlll’t°§Ff?6fy 9t P éadtcayaly! groyp Gregravty] Maivh,
wher ei n t hemplr 6,88 SutGIOFRKyl, &SI, hepBLOREACT | ng, at a tenperature of from 30C

to 120G, erQE)sy tllygrr(])gdn 09 arg?lto 9 cﬁlgfrlrgrrcl)gpn%{eferabg/ a él to CO linear alkyl group, preferably methyl,

ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
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to about 5wt % hydrogen in the presence of a catal yst system conprising an
activator and at | east one metal | ocene conpound represented by the

f ormul ae: s hafnium each X is, independent] ed from

t he group con ‘ﬁﬂgygt hydr ocar byl radrcals havi ng frorm ¥n§%%%§8&3rbon

at ons, hydrrdes am des, al kox ides, sulfides, phosphides, hal ogens,

dienes anines phosphines ethers, or a conbination thereof, preferably
met hyl, eth praopyl, but phenyl benzyl, chl r|de 25bron1de i odi de,
(al ternat el “'t fo's Pcﬁﬁy‘bf’ é“\"ﬁvé“ g5t £ 1L %tl“fl oy PRFRGY O & T g elshkay:  wo
2009/ 15551 0RGtAtISRE08 04784l eaghpeyi, Bexyll Rgige ntdﬁnil(bvyiedtmm thar at &ast seven

het er oat om Rpgrgj ?Eu%% glw&li al?e’mah%ly(aquee‘létee'i’ )ﬂpi{y rﬁj S at%an%l: hﬂl gen fte?na?ely all R

het er oat om art er nat e et same or

het er oat ons$OWS ¢1& rn?fa‘t/@P%F“ dpreferably thefh geaps @ @e ard 4 REties Apcash Carlrar erF@mula
heteroathEn/@émemmagaﬁy at least four Qs are the same or different

het er oat ons Rl is, independently, a C, to Cg al kyl group, preferably
acC toC8 al kyl group, preferably 5nethyl ethyl, propyl, butyl,
pentyl, hexyhabh@$uyﬁmdmfébtﬁbpwﬁm@hﬁhay the sane or different as R2; each

R2 is, indepgngeRt dé’pen(@ntglhyrdﬁbogghrﬁ’dﬂgﬂ’dt Q71981920 f@aeta@ryabttx aamgﬂyr teth p& J near

o, 8Bt IR N Rt SEER s B P

i ndependent duygturhipdndgeingmade, patidiylbstrittdlbedunrd eyalui §sédring ediely dr ocar byl
group havi NGy ffl[l‘@lép p:r"ovtt(fad ﬁtatcﬁgr l?\Qd‘]a TR or E)efn%r ﬁml y ﬁleccf: I%UQ)T %[t@rgﬂkr %S%l
preferably a substituted or unsubstituted [inéar 10 al kyl group
preferably‘Wﬁ?%VWH%W%VEbm@ﬂdd&@”“%ﬂ?VWYwﬁ@ﬁ?ﬁf”wﬁ@%yl heptyl, octyl,

provi ded hGMEVEMthﬁgmmkbmakd%fmMﬁme$u@yﬁmpﬁmabQmmahﬁyhmlUkn239&®M&m83
groups are r Cg substituted
or unsubstHggé%%yﬁhdgﬁ%%rggﬁﬁlprg?g%ggﬁﬁ\ﬁ%m é%%ﬂx&ﬁt pg}Ftree four or five
R3 groups are ac@tctng g f%lurbrgtlt%oaflee 36t 9D StoPY eredtimplipde BenersyAny fiomdch R4
is, | ndepﬁnd aktlul ym%hydmgem th® refenSUidSitchia iyt @htedr com§1hb1ﬂ@tahtabltv@tfdt i grlr R&abRy|
group, a he ontai ning group, preferably a
substrtutedngﬂmﬁﬁ§ﬁb%?mg“?mdmﬁﬁdﬁgggwﬁﬁf group having from1 to 20 carbon
atons, preferalky R'to 8 carbon atons, preferably a substituted or
=substituteds toLCs | inear alkyl qup, preferably nethyl ethyl, propyl,
butyl, pentyl) —Rhept yl , ’ ubstituted phenyl (such as propyl
phenyl), phep T\l , subst eg\silyl, (such as CH SIR. where R is a
Cl to Cl2 hydro ;bVI fX ch as net;wy Hﬂ@thyl propyl, butyl, phenyl); 20R5
i's hydrogen or_,a LLA0 alkxl orguﬁ, preferably a d to Cg linear alkyl
group, preferdb hyl , ethy odyl , butyl, pentyl, hexyl, heptyl or
octyl; R6 id h gn or a3b1 go .o3alkyl group, preferably aCltoCg

| i near al kyl group, preferablyanethyl et hyl, propyl, butyl, pentyl, hexyl,
heptyl or octyl =7 each Rv i 8 |ndependently, hydrogen, or a Cl1 to Cs
al kyl group, R erably agCl | i near al kyl group, 25preferably nethyl
et hyl, propyl, 3l , pentyt, R heptyl or octyl, provided however that
at | east sew ups ares drogen, alternately at |east eight R7
groups are no 38%n, alte?ma/eﬂvxall R7 groups are not hydrogen,

lb D%I” (V) FC

(preferabl yrt 7 groups atks sand 4 positions on each Cp ring of
For mul a IVHBr§7not hydr ogen) ; Is nitrogen; 30T is a bridge, preferably,
Si or Ge, preferably Si; eackR RaR*is independently, hydrogen, hal ogen or a

C to G20 mpdrocarbyl, such as nethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl.h.iignyl. benzyl, substituted phenyl, and two Rl can forma
cyclic structure |ncIud|n aromatic, partially. saturated ar saturated
cyclic or Fﬂ@édbWWH&WEVgteﬁfwdﬁmnﬂwaﬁﬂp?ﬂrfﬁe?“BWH@ﬂHEdeﬁaFWEHVW

adj acent Rcgboupsisn@ytridearamicas, falisddbs rsul‘ﬁigesorlihofﬂ;lidtsl, Gaapb@r difnas edines, ﬁ@)brﬂﬁi&yst em
where the r‘ehgtg 1nc;ay0np)ﬁ1a@(£1 tﬂa‘gdf c 16191@&; |2 hlyy cﬁl 1 %legttﬂ %ﬁ%%l“fié?t chlon g. A

pol ymacr ononorer corrg east” one " nac omer rom Ot %
of a CZ5t obErgicdesds h@rat01We¥elwy€%edmtrfdr%ﬁbfrremaﬁrfsmmvo
pol ymeri zati on, has:
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1) from20 to 600 carbon atons, 2) an Mh of 280 g/nol or nore, 3) an Mwv of
400 g/ mol or nore, 4) an Mz of 600 g/nol or nore, 5) an MVW WVh of 1.5 or

nor e, Vi n termnation of at |least 70% (as d 1 n 11-1
NVR) rel ati ve? %’8"‘{96‘[},551 unsat ur ati ons, 7) a nelti %%ﬁ%"%ﬁ&(% of 60C
or nore or an Hnof 20 J/g or less, and 8) less than | Om % aromatic
cont ai ni ng nononer, based upon the wei ght of the macrom)nomer and wherein
t he pol ymacrom)nomer ue of |ess an Mwv of
greater thafi®3g Imeﬁenj?%ly Caféynafwéwe*mnn@ef?*ﬁla& Ty @fegfaglr/éélga% ﬁ%?n% %5, d)
a nelting pl@:teniatoﬁhf albi@Gelp bt [eM@Meo QF arathe Hmeof dif@end hapr@ronls @demnately at least thede J'seSS

than 25% vi ;ﬂ‘y he %%I’ En c{@btlénpﬂa%bog%éa R bt %RY to%”vﬁ sraglle glldl Ke?enF 1%1&091&)@1L

unsat ur at i ons, macr o norrer ase

pol yrmacr omofgirs. iadgerndently, a C) 4y Cf tlgneun arefmhbyoh Cé.*r%ﬁ’a “’i‘eér %lafhsréwm |pr?@e!ably
mononer , s bag&gl amrpxdpplemmlpgml miylthaeylpo&cwmcm@)nmmmebl diffe2dat as RRte pr ocess of
claim 15 Wnere meri zat tQ% pmcalya ronmonomer

or nore. 06’1 hl% mc%%cnggéy OfCOC(f Poa yiglov\%glc%c.rablytahC t @ pr r[?ectclab(lirt i on
of the pol ynaict @Mm@mﬂrbmﬁ p@ifxdrhcxmmeptyl oDogtyl, m@lquwm@r Bn@%@mmbﬁ claim1

wherein t heeagﬁgﬁseﬁdéi%gndgglly)’i{r@ﬂb&e%atﬁ h %stﬁitedtdﬂ @nmhtm@mrd@e@m g;e&p HaSingfr @ 1 f¥OT €.
28. The S)r/m_acrprmnorre[ of claim1 wherein the d ree ri.zati on of
t he pol yrra BHShERBY PregraBly g to f‘rb“}ﬂé’fl atogiey Projgrably u@fﬁ%ﬂ%f 8’%1‘%‘5’ te%#mi’:Fa "1
wher ei n1d hexligegveepratralgpinythe eihglairopgh bwf!, defrel, ipo) lyiwagt ombmorveed hosve®r at: Hor e.
30. The polaylrmgkomg%l;mﬁﬁ, &'ﬁkoﬂ}é- m‘ﬁgﬁé ﬁ‘otﬁxﬁﬁog@@ﬁ{dqmﬂpﬁ@ﬁ@ bas, @8 My of

from 400 to 50, 000 ol ymacr onpnoner of cl ai mi wherein the
macr ononongr: bPP&%“&%‘”IVWuB’F”“fCP 6mr%5r(9y lt(UC oEbIpEAeaY i fhree. fS? or fppl” groups arc a C
pol ymacr onab opsabstiafed of abdktiuttigdedarbytyhe macr onmononer has an My of from

each R” is, independently, hydrogen or a substituted or unsubstituted hydrocarbyl group, a heteroatom or

t he

15 heteroatom containing group, preferably a substituted or unsubstituted hydrocarbyl group having from 1
to 20 carbon atoms, preferably I 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 Cp,
hydrocarbyl, such as methyl, ethyl, propyl, butyl, phenyl);

20 R%is hydrogen or 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® is hydrogen or a C, to Cy alkyl group, preferably a C, to Cy linear alkyl group, preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl or octyl;
each R’ is, independently, hydrogen, or a C, to Cg alkyl group, preferably a C, to Cy linear alkyl group,

25 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;

30  Tisabridge, preferably, Si or Ge, preferably Si;
each R?, is independently, hydrogen, halogen or a Cl 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

35 system where the rings may be aromatic, partially saturated or saturated.



450 to 15,000 g/ nmol. 33. The pol ymacronononer of claim 1l wherein the

macr onononer has an MV Mh of 1.5 to 7. 34. The pol ymacronononer of claim1l
wherei n the macronononmer has an Mh of from 300 to 15,000 g/nol. 35. The
pol ymacr onononmer of claim 1 wherein the macronononer has an Mh of from 300
to 12,000 g/nmol. 36. The pol ymacronononer of claim1l wherein the

macr onmonongs. hag REnMBrofbondh@bRpitat 1stHAO nftFRlonomed dnd TrBA 0 to 20wt%
pol ymacr onononer of claim 1 wherein the pol yma,crormpome_r has an Mh of

40,000 to 4 30000 GocogriRIter Whetein thy MaggMORRRET-WISH AR M5Fi2408i 1#%'1 wher ei n t he
macr onononer has) #6mM0 oofch@en &8Rst o 12, 000 g/ nol and the pol ymacr ononomner
has an Mh of from 30,000 to 200,000 g/nol. 39. The pol ymacr onononer of

clai m 1 wher ei n?k HEMAREL S SMOIAEMOfas a Hm of 15 J/g or less. 40. The

pol ymacr ononones)y af MGl Au400 Ymoh&r i t he nacromononmer has a Hmof 15 J/g or

| ess and an Mwv of 40,000 to 700,000 g/mol. - 60 - 41. The pol ynmacr onononer
of claim1 wher®i# Vihet /e oMmOfe| yneri zati on of the pol ymacr ononomer is
3 or nore and the.Me/renesefmeds an Mv of 450 to 50,000 g/ nmol. 42. The
pol ymacr onononmer. of claim 1l wherein tpe macr ononoper _consi sts essentially
of propyl ene. @3 VinrhERErYaReRi 2 M3orPEr (asrdetermingd By Wi R hrefatige itk nononer
consi sts egsathiidsl y of ethylene. 44. The pol ynmacronononmer of claim 12
wherei n the macronononer is_a pro%l ene cool | gor}gr&}ﬁavi ng an Mnh of 300 to
30,000 g/ ol cofpt MiiAgPAY (&) 9P nbrompirapit ER aR L0t 280 nol % of

et hyl ene, wher eg)n [dshenaa! i09@RBEoRAS @hiain@@sthoné¥eall aydd Woaithe aBight ¢ff @bk at i ve
to total unsaturations), where: 1) X = (-0.94 (nol % et hyl ene i ncor por at ed)
+ 100), whEH TP RB6"hol % et hyl ene is present in the co-oligomer, and 2) X
= 45, whenyigh@atepolyhado@bnoattdhdsess than 70 nol % ethylene is present in the
co-ol i goner, an%ea?]% X = ﬁl.ng* %rml % et hyl ene i ncorporated) -83), when 70
to 90 nol % et hyl value ofless@A? 0P the co-ol i goner: and has an isobutyl
chain end to ald)ydn Mw\f pichtetheia,s0dtgmolof 0.8:1 to 1.35:1.0. 45. The

pol ymacr onononer. of claim 12 wherein the_nmacronononer has an isobutyl chain
end to allylic C\)iarhf?ncg't“wﬁ‘e’f%&)'rwd’fgqss@a@).&i’ to 1.20:1.0. 46. The

pol ymacr onononey) Ohelih@point b2 soMIek okt drhie HFBEM0MwWMRE, has an isobutyl chain

end to allylic vinyl gra ratioof 0.9:1 to 1.7:1. 7. The

pol ynacr om)nome‘%s s &%ﬁi %"\Rﬁ‘le?eﬂ?‘ﬁati%% (@Zm?aéurﬁ%é)yclgl}rﬁﬁﬁﬁe‘?laf‘%e ©elollt ed

fromthe gmedtpat@esi sting of ethyl ene, propyl ene, butene, hexene, 4-nethyl

pentene-1, and 3- thyl pentene-1 and norbornene, 48. The pol ynmacr onononer
b s e e ot P ABTBE VAiERt o1 i maontonoimer

of claim7 wher

and

g) from 0 to 20wt% aromatic containing monomer, based upon the weight of the
polymacromonomer.
25. The process of claim 15 wherein the degree of polymerization of the

polymacromonomer is 3 or more.

26. The process of claim 15 wherein the degree of polymerization of the

polymacromonomer is 5 or more.

27. The polymacromonomer of claim 1 wherein the degree of polymerization of the

polymacromonomer is 3 or more.

28. The polymacromonomer of claim 1 wherein the degree of polymerization of the

polymacromonomer is 5 or more.
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the conbinations in the table bel ow. Micronmononer Vinyl-PE Vinyl-aPP
Vinyl-iPP Vinyl-EP Vinyl-PS Vinyl-pe Vinyl-PE X X X X X X Vinyl-aPP X X X X
XX Vinyl-iPP X X X X X X Vinyl-EP X

29. The polymacromonomer of claim 1 wherein the degree of polymerization of the

polymacromonomer is 6 or more.

30. The polymacromonomer of claim 1 wherein the macromonomer has an Mw of from
400 to 50,000 g/mol.
31. The polymacromonomer of claim 1 wherein the macromonomer has an Mw of from

450 to 20,000 g/mol.

32. The polymacromonomer of claim 1 wherein the macromonomer has an Mw of from

450 to 15,000 g/mol.

33. The polymacromonomer of claim 1 wherein the macromonomer has an Mw/Mn of
1.5t0 7.
34. The polymacromonomer of claim 1 wherein the macromonomer has an Mn of from

300 to 15,000 g/mol.

35. The polymacromonomer of claim 1 wherein the macromonomer has an Mn of from

300 to 12,000 g/mol.

36. The polymacromonomer of claim 1 wherein the macromonomer has an Mn of from

350 to 10,000 g/mol.

37. The polymacromonomer of claim 1 wherein the polymacromonomer has an Mn of

40,000 to 1,000,000 g/mol.

38. ' The polymacromonomer of claim 1 wherein the macromonomer has an Mn of from

300 to 12,000 g/mol and the polymacromonomer has an Mn of from 30,000 to 200,000 g/mol.

39. The polymacromonomer of claim 1 wherein the macromonomer has a Hm of 15 J/g
or less.
40. The polymacromonomer of claim 1 wherein the macromonomer has a Hm of 15 J/g

or less and an Mw of 40,000 to 700,000 g/mol.
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XXXXXVinyl-PS X XX XX XVinyl -pe XXX XX X where Vinyl-PEis a
et hyl ene macronononer having a Tmof 60C or nore and O to 1 Om % conononer ;
Vinyl -aPP is a propyl ene macronononer wi th an anorphous content of at | east
10% and having fromO to | Ovvt % conononer; Vinyl i PP is a propyl ene

macr onononer with an isotactic pentad content of at |east 50% and havi ng
fromO to 1 OMm % conononer; Vinyl-EP is an ethyl ene-propyl ene nacr onononer

having 10 to 50wt % propyl ene and_90.to 50wt % et hyl ene; VYiny]-PS is a
styrene ma Fonohng lymbamaigner gfeBin %W%ﬂz:eof%ﬁeﬁn%ﬁgonw%Ww flcth

propyl ene- giiiydcesn@onBREH i9 BBAABR and & infAGroAdndier DAVnYOI Rt Y5 IS0 800l /A1t 0 S0Wt %
propyl ene, provided that where the macronononers have the sane nane in the

table, they differ in another paraneter. 49. The process of claim 15

wher ei n t hg macTiFyNRFonichoRE fMBRiih Zeghadih fheahiRPanombRgacddbisBessenthlly The
pol ymacr onononer of claim 1 wherein the nmacronononer conprises |ess than
1000ppm al ﬁ?ﬂﬂ%?& 51. The pol ymacronononer of claim48 wherein the

Vi nyl -aPP has an anorphous content of at |east 50% 52. The

pol ymacr onpnoneyr, of claim 48 mher?ln the Vinyl-aPP has an anorphous content
of at |eas 3. 950/3" he polymacromonomer of claim 1 wherein tiie macromonomer consists essentiaily

of ethylene.

44. The polymacromonomer of claim 12 wherein the macromonomer is a propylene co-
oligomer having an Mn of 300 to 30,000 g/mol 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 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% ecthylene is present in the co-oligomer; and has an

isobutyl chain end to allylic vinyl group ratio of 0.8:1 to 1.35:1.0.

45. The polymacromonomer of claim 12 wherein the macromonomer has an isobutyl

chain end to allylic vinyl group ratio of 0.9:1 to 1.20:1.0.

46. The polymacromonomer of claim 12 wherein the macromonomer has an isobutyl

chain end to allylic vinyl group ratio of 0.9:1 to 1.1:1.0.

47. The polymacromonomer of claim 1 wherein the C2 to C18 comonomer is selected
from the group consisting of ethylene, propylene, butene, hexene, 4-methyl pentene-1, and 3-

methyl pentene-1 and norbornene.
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48. The polymacromonomer of claim 7 wherein the different macromonomers are one of

the combinations in the table below:

Macromonomer | Vinyl-PE | Vinyl-aPP | Vinyl-iPP | Vinyl-EP | Vinyl-PS | Vinyl-pe
Vinyl-PE X X X X X X
Vinyl-aPP X X X X X X
Vinyl-iPP X X X X X X
Vinyl-EP X X X X X X
Vinyl-PS X X X X X X
Vinyl -pe X X X X X X

where Vinyl-PE is a ethylene macromonomer having a Tm of 60°C or more and 0 to 10wt%
comonomer; Vinyl-aPP is a propylene macromonomer with an amorphous content of at least
10% and having from 0 to 10wt% comonomer; Vinyl iPP is a propylene macromonomer with
an isotactic pentad content of at least 50% and having from 0 to 10wt% comonomer; Vinyl-
EP is an ethylene-propylene macromonomer having 10 to SOwt% propylene and 90 to 50wt%
ethylene; Vinyl-PS is a styrene macromonomer, having from 0 to 50wt% comonomer; Vinyl-
pe is a propylene-ethylene macromonomer having 10 to 50wt% ethylene and 90 to 50wt%
propylene, provided that where the macromonomers have the same name in the table, they

differ in another parameter.

49. The process of claim 15 wherein the macromonomer is polymerized with alpha-

omega diene.

50. The polymacromonomer of claim 1 wherein the macromonomer comprises less than

1000ppm aluminum.

51. The polymacromonomer of claim 48 wherein the Vinyl-aPP has an amorphous

content of at least 50%.

52. The polymacromonomer of claim 48 wherein the Vinyl-aPP has an amorphous

content of at least 95%.
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