CATALYST COMPOSITION COMPRISING SHUTTLING AGENT FOR HIGHER OLEFIN
MULTI-BLOCK COPOLYMER FORMATION Cross Reference Statement 5This application claims the
benefit of U.S. Provisional Application No. 60/553,906, filed March 17, 2004. For purposes of United
States patent practice, the contents of this provisional application are herein incorporated by
reference. Background of the Invention 10The present invention relates to compositions for
polymerizing propylene, 4--methyl-1- pentene, styrene, or another C4.5 a-olefin and one or more
comonomers, to form an interpolymer product having unique physical properties, to a process for

preparing such interpoly/ers, AiFde iR K st RANRATPIHUES i ANgIRg sPect, the invention
relates to methods of usin lymers in applications requiring uniqgue combinations of physical
properties. In still another %@%%2‘&%@&%%&@?&8&9?8%%&%@ &84 from these polymers.
The inventive polymers comprise two or more differing regions or segments (blocks) causing the
polymer to possesRefigide physical properties. These multi-block copolymers and polymeric blends
comprising the same.are usef lly emplayed in_the preparation of sqlid articles such as moldings, films,
sheets, and foamed oBSé‘E?E} aﬁ%éﬂ?%g%&f?ﬁ#ﬁ%? 0§%f ‘élf’l%?%f?:‘iépé%eceétf%% Cotd ge%?’ggegomponents
or ingredientsYR2DAUREUvEST RisRtates Upistgrieise mtericsactins] Gerrentenid of$kis pRnisicesllting
products are uggiétiriciheshasufactuseratCoymgoresnts for automobiles, such as profiles, bumpers and
trim parts; packaging materials; electric cable insulation, and other applications. It has long been
known that pglymers containing a block-type structure often have superior properties compared to
random copol%%%%r%}% example, triblock copolymers of 25styrene and butadiene (SBS)
and hydrdgenated vérsiprs ofithensamd(SEBSrhasrtoanfexediieai-oomnphipatiendohbedt resistance and
elasticity. OthgrRlRckiGeROWMEIRAE, AlEadRAND I 1681 GRREEAIY. 1BGK SORAMEHS known as

thermoplastic eI%st(t){;ne.rs &TPE@) have desirahle properties due to the presence of "soft" or elastomeric
block segmerts ConReating hard Eiher BRLea 28I 8 (A 88y BiveRE R demspon mde At
temperatures P gne ek readistsr altupectierpass trhn siton @0tdrkp er atetheds bihveimttdssegments, the
polﬁ/Lners dﬁnpﬂ@&tleastal ait;?ﬁtﬁmﬁgi&@hﬁﬁg@tﬁﬁuﬁm%ﬁ&%@ﬂ%@é&g&i@%ﬁpMﬁﬁf%&%ﬁ%?me flowable,
exhibiting.ther, tic behavior. Knoywn methods of preparing block copolymers inclyde anionic
polymeri%%tioﬁqg%‘%?gr%‘(gﬁé%l %aeteﬁe{% i%géf‘g‘é f/s (reer‘rl)féeﬂ!()){ﬁo.gﬁ% ?)gr L?I}Yé?gl?, %ﬁgérévemmé‘fﬁggﬂ?r%reparing
block copolynierPreytiiPesBaaliieinaemicr scrntun Gleskpariipg dreosiingrdn daiies typisyof
monomers thahyganlipeopsesll{lerepioybblock copolymers and polymeric blends comprising the same are

usefully employed in the preparation of solid articles such as moldings, films, sheets, and foamed

objects by molding, extruding, or other processes, and are useful as components or ingredients in

20 adbesives, laminates, polymeric blends, and other end uses. The resulting products are used in the
manufacture of components for automobiles, such as profiles, bumpers and trim parts; packaging
materials; electric cable insulation, and other applications.

It bas long been known that polymers containing a block~type structure often have superior

properties compared to random copolymers and blends. For example, triblock copolymers of

25  styrene and butadiene (SBS) and hydrogenated versions of the same (SEBS) have an excellent
combination of heat resistance and elasticity. Other block copolymers are also known in the art.
Generally, block copolymers known as thermoplastic elastomers (TPE) have desirable properties
due to the presence of “soft” or elastomeric block segments connecting “hard” either crystallizable
or glassy blocks in the same polymer. At temperatures up to the melt temperature or glass transition

30 temperature of the hard segments, the polymers demonstrate elastomeric character. At higher
temperatures, the polymers become flowable, exhibiting thermoplastic behavior. Known methods
of preparing block copolymers include anionic polymerization and controlled free radical
polymerization. Unfortunately, these methods of preparing block copolymers require sequential

monomer addition and batch processing and the types of monomers that can be usefully employed
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in such methods are relatively limited. For example, in the anionic polymerization of styrene and
butadiene to form a SBS type block copolymer, each polymer chain requires a stoichiometric amount
of initiator and the resulting polymers have extremely narrow molecular weight distribution, Mw/Mn,
preferably from 1.0 to 1.3. Additionally, anionic and free-radical processes are relatively 5slow,
resulting in poor process economics. It would be desirable to produce block copolymers
catalytically, that is, in a process wherein more than one polymer molecule is produced for each
catalyst or initiator molecule. In addition, it would be highly desirable to produce block copolymers from
monomer mixtuneschinprbpiseresdtimatiyitdp doterengtyene aﬁbﬁﬂ@&ﬁﬁ&&&@o@@mn@/methylene

and/or one or rpqugLQdiffeient @i nemers that alg ganstal ﬁ%@o%&;%g for Lise in anionic or

free-radical poIXmerltz tions. In certain of these polymers, itis hig sirable 1 a P85 o all of the
polymer blocks' SMhRsE 4HR5 ASASS ‘E?B‘S}?ﬁ@?éy%ﬁ‘%“f E’Sﬁ?&?/‘?h‘éﬁ%o&f‘b?@?ﬁ%@ﬁ@lé?fﬁiﬁﬁétkﬂmrpentene
and a comononverMispediadlsiainor plice $ Fandditpeoolyivdsaof fropylengrsbtsatyleneiany

4-methyl- Isent@ma,wégmgﬁlaylkeﬂa,gr%méggycggmging polymer blocks predominantly comprise propylene

or 4- 15methyl-l-pentene in polymerized form, referably highly crystalllne or stereospecific, especially
TRuldbe derims tooD ?1%0 bl seRiacE fatkie Y taténi R8FLsOlymers.

isotactic, polypropylene ﬁomo 0 mers
Finally, if would“B@Wng‘@él P&bl@tmﬁéfmeut@ iy gwdicdritimadusiphoc essfitrtgprodectieniof block

copolymers of tagifresenbivps. H?crmylausﬁdtﬁé&q;r@h@&sﬂm&%&;f@&%&i&lﬁé&%ﬂ%@%ﬂ&&%@%“s

coordination pgly, ?Ql%ayon 20 talysts can be used to ol rs having a substantially
"block-like" strgjctggr,e by sﬁlf)b ecs181 nrg CRar AN e s rlnf‘;)8 (Ee 00 Wr%/té?ﬁzﬁlfﬁ?]a PR BE by

conductin§ the St iBApRICE St B emle Heitsf dovhusif ariprifer dwemtdiat] at a sufficiently
low temperatunesuchizivahchhinettain sirhdy Bipyerige ieliginaticmee ngsrﬁbaﬂalt@mﬁé%@ﬁ%esses IS

essentially elimjated pder suehsondlions. he.sequRatial additon, ofdiferent monomers was said

to result 25in formation of polymers having sequences or seg@r mEBnte of ditferant monomar eohtent.
Several exampigL BPEGRR RETEN S ERARISEL BT £REe Brate eseeniensenitb WY By T baredyHustad, and
Reinartz in AnReien€hahethniere dndsty 228622 57IRE0R) s prdtnaisablG-SRR03/033A6R s 4-

Disadvaniageaisii SuspoRsRsassaRs aEANR RROmenAALIon axkssull g, production
of only one poll)émer cha\ll)gfrjo% C'[I cat st center, which limits catalyst productivity. 30In addition,

the requirement Erard v?/nf)ré)(r:neo S énr%rps)grgfﬁt?g Wlsctﬁ‘g‘ﬁ%é%@ﬁd’@@@%ﬁ%ﬁ@n&%ts making
such processe@“tﬁ’l‘é’uIfé@*&%mméﬁ@mhﬁﬁ@ﬂémaq@W Moréoves pthesdtalysticannef bedptimized
for formation of@apmeessreiivepalyyper type, and therefore the entire process results in production of
polymer blocks or se nts of less than maxi | efficiency and/or quality. For example, formation of a
certain quantity of prgryggfl}?er?f%ﬁ%rﬁ;g fél}nﬁé}ﬁgnﬁgﬁlg@ﬁ?nﬁoﬁa%%? g’éﬁ%"?@%ﬁlﬂﬂg?ﬁ%e forming of
blends ha%ing TAR¥ST ﬁﬁl??ﬁ‘é‘?%?dﬁ@?ﬁéé’olﬁ(@@(fréﬁﬁ’g@a tHhefertiaby T dpidreitivigetomditions, for
sequentially preparesijobkicopolymers havipgMwiMbTd:- angecatesthedgsuting distribution of

block lengths isgielaivel ARMAGPASIS 101 astRIRRADle dlstipution, Finally, sequentall

prepared block copoI%(/9 ers must be {g;repare In a batc proc‘éssa’hmltlng FAtES increasing costs
with respect to" PO e 2GR TERRYBHE iR AU BatoR A ebrraB efaousesTsistrrsetirdasons, it
would be highlslidesiteh|&tdepsastidendiivas dssséquapradaddironaiedifferent monomers was said to result

25 in formation of polymers having sequences or segments of different monomer content. Several
examples of such catalyst compositions and processes are reviewed by Coates, Hustad, and Reinartz

in Angew. Chem., Int. Bd., 41, 2236-2257 (2002) as well as US-A-2003/0114623.

Disadvantageously, such processes require sequential monomer addition and result in the
production of only one polymer chain per active catalyst center, which limits catalyst productivity.
30 Inaddition, the requirement of relatively low process temperatures increases the process operating
costs, making such processes unsuited for commercial implementation. Moreover, the catalyst
cannot be optimized for formation of each respective polymer type, and therefore the entire process
results in production of polymer blocks or segments of less than maximal efficiency and/or quality.

For example, formation of a certain quantity of prematurely terminated polymer is generally
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copolymers in well defined blocks or segments in a process using coordination polymerization
catalysts capable of operation at high catalytic efficiencies. In addition, it would be desirable to
10provide a process and resulting block or segmented copolymers wherein insertion of terminal blocks
or sequencing of blocks within the polymer can be influenced by appropriate selection of process
conditions. Finally, it would be desirable to provide a continuous process for producing multi-block
copolymers. The use of certain metal alkyl compounds and other compounds, such as hydrogen, as
chain 15transfer agents to interrupt chain growth in olefin polymerizations is well known in the art. In

addition, it is klﬂ@w&&@b&rn@m;%mﬁqmﬂ%fw%1&§P§£ﬂﬁﬁxﬁék&m i cempongs; x%?y
scavengers or as cocatalysts in oIefrnfrt) ryrr%cerrlséa&%gs In Macrio olecules, 33, 9192-9199(2000) the

use of certain Al RO b Ho P AL AT A e Rusear agg]ﬁ? SePeBRBRTatGS WriEetain paired
zirconocene ca&él?&%‘iﬁp@%ﬁf@%%éﬁttéﬁt P Bipels frplthrianiletives icbmtaiingusmalk 20gtiantities of
polymer fraCtiOﬁlﬁ‘rﬁb[Haiﬂmgxtbmtm&@n@cigé@ﬂgaﬂg%gﬁhﬁh@ﬁoﬁ%ﬁéﬁm&s kRukiteaREh RGN batch
Macromolecular Rapid: ¢ omm 22,,.952-956 (2001). and Bruas tter, Macromolecules 36,
3026-3034 (2003) mixtures of thylens and el Sé?‘é)ﬁ%er\?\? reyg "Er%%?f‘zzé%y By A LTSN
composition cEIRIAES RiRtEthylaluminum chain transfer agent. In the latter reference, the authors
summarized the priorkarttstsdiesdins the:vﬁulll@wln@m@aﬁ%(ewpmﬁﬁaﬂgm@wftﬂdamg olefiMixing of
two metallocensgafiknpwa RelmEtization hehavior s30.be.3ed I5,cansl Rohmer migrosucture.

Several studies have been performed of ethenée onmerrzatlon y mixing two [ocenes. Common

observations WAIEYHLE 2B SRR LA tg L tabric i Sepmastely @49@?5’0 f%(ﬂﬁ’tlfh'%@ \ﬂﬁfﬁaﬁj’i‘ﬁ‘é}ent Mw,
polyethen® 30 mittidsropcersamdl inssbimebbases gnectal MWhncasvberabtaiaedn (S leatiesandid<im (J.

Polym. Sci. Pagt &qRalym. £hems ,»@&11461@%0%%2 LaPQONrdaveloRed A pHIR QR IRQIeLJa.est the
MWD brmodalrtx q Ittpolsyrgerelmade t’?Xé’) a%I single-site catal§sts as exemplified by ethene/l-hexene
the

copolymerization 0 mixiures Bt pﬁﬁ?’(‘f’l?a FEIRAIAE 5 PR BNt
geometry catafkE9L&FBhorted on silica. Helland and Kaminslcy (Makromol. Chem., 193, 601-610
(1992)) studied a mixtesef &g 2266 LA-ArekibaainiueenalpguRds ﬁeaemag@ti@rbﬁmthene

and 1 bu{ene t;ggggleaggggl {ggrru& ntaln ey qd ati nof&Q erlgostlgglomtwgen the r}Wﬁ) 5 different
sites, for example, by readsorption o?ate nrnateé) af’n ﬁernatrve srte guc?r reports have

been issued, h?ﬂf@‘é’\?ér“fﬁrkﬁo‘l‘%ﬁe?ﬁ%rﬁoﬁuﬁkf ﬁﬁeaerrés,emea%r groipup i cmowmdst a: Polym.
Chem., 37, 2439:24455 2082 MajsmolsfBlioBAdk7A4GS. (mzn@tumwmgosopme_pmymwmanon by

homogeneous Rinap, ZIGRRPSE c 5 [ Gin
polypropylenet(a PPO and a loﬁgg?etg%{%%k ﬁgl%:lﬁlgﬁ gglﬁ%g%%gp%gﬁ o} tafrrlr(%e‘% with fbrngrir system

comprising an 1?§5§f)é‘6?ﬁ8°§ﬁ?f é"ﬁa}aﬁbe‘ﬁfﬁ’é’%?%?Blrt%’t‘hpﬁlwf’ﬂ/ée%ﬁfaIW‘BW%‘{EB’&%%%}& By using a
binary mibure pligospetifityardisyndiosparifing rebriocerie sydablendiafiseimetic. palyprapylene (i-PP),

syndiotactic pqim@m@n(ﬁeﬁ’ﬁarm@dmﬁrew@% é@%qaerrmffupsaﬁaﬁ’&m&obtamed The

mechanism for formation fthg %%reob f ictlon was 15 prop ose to involve the exchange of
propagating chamﬁ:’r'egveeﬁacm St the tWo AP LaEyRS gfiely! 5?"2%%/ SIFA°PIAR PREERCPBIVAY 2 50, 77-83
(1999)) used t\ﬁ}@’éﬁffe%@htstyp’ee%ﬁmmmmr(lsfbss’permfmnamdasymﬂmemc)rsuhpmeted on the
same silica forpropereiRolinesizatianEh ey pRresed el with sicesainiyRe efsdicasuRrport, chain
transfer bet Wegn gactive species in the catalyst system occurred, and stereoblock PP 20 was
obtained. Lieber an Brlntzrnger (Macromol. 3, 9192-9199 (2000)) have proposed a more detailed
explanation of how the trai&fés 6f ‘aWQré\ﬁmﬂjcﬁé‘PyméF Ehettia frolbmetratiypbebiimetalideeriedto another
occurs. They studied-piopiepepely mesrzationbdy cialstsanidunasobiwopdifierent gnaaezirconocenes.
The different catalystswereilitst StiAlag TRelVIUAHYWED "ReRiEhdR TRSIHBRAPIRY MR,

alkyl-polymeryl exchange with
combining catalysts which separately give polyethene with different AMw, polyethene

30 with broader and in some cases bimodal MWD can be obtained. [S]oares and Kim (J.
Polym. Sci. , Part A: Polym. Chem., 38, 1408-1432 (2000)) developed a criterion in
order to test the MWD bimodality of polymers made by dual single-site catalysts, as

exemplified by ethene/l-hexene  copolymerization  of  the  mixtures

Et(Ind),ZrCly/Cp,HICl; and Et(Ind)ZrCly CGC (constrained geometry catalyst)
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25 alkylaluminum activator and then pairwise with respect to their capability to produce polymers with
a stereoblock structure. They reported that formation of stereoblock polymers by a mixture of
zirconocene catalysts with different stereoselectiv'ities is contingent upon an efficient polyineryl
exchange between the Zr catalyst centers and the Al centers of the cocatalyst.” 30 13rusath and
Rytter then disclosed their own observations using paired zirconocene catalysts to polymerize
mixtures of ethylenell-hexene and reported the effects of the influence of the dual site catalyst on
polymerization activity, incorporation of comonomer, and polymer microstructure using

methylaluriocanexgagalalstsies ABANSGRA OEeURIGESUISICTRate Aok BYigand coworkers

likely failed to utiliztg combinations of catalyst, cocatalyst, and third components that were capable of
readsorption of tha SR ABr SR Frer ke ﬁéiﬁ“ﬂéh%f@rﬁé‘ﬁﬁr’i‘f‘?)lﬂ%eb’ﬂtﬁ"@f’]tﬂ’ée’aﬁﬂ% htalytic sites,
that is, two-way rethdsorptibrbutasisile indicating that chain termination due to the presence of

trimethylaluminum SlikefyQecuitgdswithesRasiioRp ek iaredfomihe satlyshinggyporating
minimal cqQmonomer, argd.therfafter tqat ol mz%/l.exchan e, with the, more open catalytic site followed

by continuied polymenzation Tikely BeRUad aViBHYS BRHTETEUE LB SFPSRMETiYEnds appeared
to be lacking in th&'¢bfepetiedayn fapt iimred) drreaomirinelcasoretiRy tbpraenal. Ghslymetl, @5, 7853- 7861
(2004), it was reppsted St emeheirdransfiehetveesmihacatadyss, itesastually taak plage in 10the
earlier experimentsyqSimilay; pe! rizations were reported in W098/34970. In USP's 6,380,341
and 6,169,151, usEe ofjgl"flu&ipgﬁ%%iﬁgﬁ&%ﬁgt lggta%fnﬁ%gﬁgua%ﬁnéﬁl%rccé)rﬁ%c%maepcé%%sgf relatively
facile conversion DeRiF8& PG SrstsoR e Fepmd-FRVvitg isterthy erenerizdtion #kamcteristics
such as differing seacibiiti ratiosowdisPBaichPPjesedt dbtgred wdtion bhelgfpseapobipasmharing a "blocky”
structure. Disacvaiiaasusi dhedesreqivadasitiepramermafsich melalpcepgsgeneraly faj to

possess significant difference n;’lzpplymer formation properties and are incapable of forming both highly

crystalline and aniSShSUEBIB K dSBRIHIR 88 eI FF e FERPIE T ON? 2 GhJef ifSHGHTer mixture
under fixed reactipfseontitiohs-Nbreodetapisceaise dhdere | &HRR) ratid Dftheblvok flastiondl” forms of the

catalyst cannot beparied, theyeusina aRilitymatsingsrflirienakicAla VRISl saNk Palymes Rlock
compositilgn or the ratio do%‘ the 20respective blocl§s. Final%égprior. ar methoctil§efor Ol(ﬁgrg block
ng't vari

copolymerization %g}\jlcé%belgnllrhvggﬁa e %derléré%ﬁly? Bt ot ﬁéalgéqﬁgﬁ%ﬁrhg Sf'the SUs polymer
blocks, and in paftiris sérrroliag eand ik ohekeladyminiig-BlodRWMsesgieret dffarenulti-block
copolymer. For cejfainapptianitens, (isispdasis ahtestafsasiver)pappsass haning.iersiinalksiocks that are
highly crystalline, that are functionalized or mor ily functionalized, or.that possess other
distinguishing pro%e?ti%s}.%r—%r exarlnSlzﬂlite%rﬁ%ﬁ%\éﬁ#ﬁgtl%lgIf/?%%‘%%@ﬁéﬁ%h@%é%@ﬂ%ﬁr‘?ﬁlgegments or

blocks are crystaffiffseh sy fissxdys misivvadssadishsresistasreach addigsabisefRers wherein
the blocksohavingvamorphedisIisbpert B  areiipte (Mak el anhz-cosmaoEs) hetweepossystalline or

glassy blocks, NaugREANALEIRRIAMIIGAIARE IS PLEN RS IIPLNGILISHACHYE [, and recovery,
particularly at elevated temperatures. 30In JACS, 2004, 126, 10701-10712, Gibson, et &1 discuss the

effects of "catalyz%fd’?ﬁ}?H&cB’B?y}ﬁé‘ﬁ%@ﬁbﬁ“&)‘ﬁmgﬂ?é’uf&ﬂﬁéi&‘ﬁ?ﬁ%tﬁ%%ﬂ?&ﬁﬁ’é BUMRBIEtefine
catalyzed living polixnesizétion itbriemanmerconocetiesif Ghaidi fieaers fertalysed iwain finst cordstitutes the sole

transfer mechanispa;aaghibegxchange Ofihe wowing RIWISkeNRINReVeen s thamsition metal and
the alumigg.lm cent1 [ %pear to be growing on the

a%r/ﬁagm\fr? v fast and reversible, the polymer chains wil &
aluminun centers This ean than TassGAABK HRARES b SN T et RATHIN St F&action on

aluminum....An atpActve vidhifesatidmeds thisctypse oflebiakrgreviint damisionsod Fatsdbkdistribution of

product moleculapygightsyas eprRsedtaibenSehulzhion digibutiomihatasisesmihenP-H transfer

accompanies 5pr9§n§%§§r‘x {]l'pon an efficient polymeryl exchange between the Zr catalyst centers and the

Al centers of the cocatalyst.”
30
Brusath and Rytter then disclosed their own observations using paired zirconocene catalysts
to polymerize mixtures of ethylene/1-hexene and reported the effects of the influence of the dual
site catalyst on polymerization activity, incorporation of comonomer, and polymer microstructure

using methylalurmoxane cocatalyst.



The authors reported the results for the catalyzed living homopolymerization of ethylene using an iron
containing catalyst in combination with ZnEt2, ZnMe2, or Zn(i-Pr)2. Homoleptic alkyls of aluminum,
boron, tin, lithium, magnesium and lead did not induce catalyzed chain growth. Using GaMe3 as
cocatalyst resulted in production of a polymer having a narrow molecular weight t Odistribution.
However, after analysis of time-dependent product distribution, the authors concluded this reaction
was, "not a simple catalyzed chain growth reaction.” The reference fails to disclose the use of two or
more catalysts in combination with a chain shuttling agent to make multi-block copolymers. Similar

processes employing,ingle &'c}ﬁ@%% ?W&Jﬂﬁ?ﬁﬁ&%&ﬁ&?ﬂ@ﬁ&&%&%&&@ﬁé@ Rited @y%?r@zea”d

6,444,867. 15Earlier workers have claimed to have formed block copolymers using a sin

Ziegler-Natta §i5 CaAN&F |ﬁa?ﬂlﬁh|8fl£‘”’r*ék‘{é%oﬁ%dé‘Hr&ﬁ&‘@HOH?’&éH’égwg‘iSé%arbMﬁ‘?b‘iéO{%‘iﬁ ggf%m 719
and 4,039,632>okdditibaal Zeeglerchattad ssedpionessal ik poiymetsidiesitisclosedtimWsP's

4,971,936; 5,08 ftion, IWai kO dicad ASi (A Shatn tedthig B A freedtdRfiGreud Al 5,294,581

5,543,458: 5, Fﬁ(O 194: a (Si 5. g93 713, as well as in EP-A-470 ;iIl?l and EP-A-500, 5%0 90Desp|te the
occurted with respe tto mer formed from the ca mcorporating
advancesiby %regomg reseaPc ere remains a nee he a& fOI‘ ﬁ ITymerlzatlon process

that is capablé Gt eysarivg @I@Mk@mbﬁm@r@%w&mﬂwﬂ@nme@k@e@b@Mﬁ%@@ﬁd briost
especially |ineﬁj’nmmﬁﬂ-bﬂgﬁke€@ﬂﬁlylﬂi@ﬂ§ fredeminaiets cOMPISIRG NP esend-Metbylpbsaratene,

styrene, or anolher, GAd. solefitin iy ield and.selectvi Morequer, Iouldbe, desirale if there
were provided an |mé)rove process for preparing suc ft-blo k copolymers, e

écially linear
multi-block coptiytaP&ol prssrerieddha %é‘th‘ylt‘l“ﬁ&ﬁf@ﬁ@%{h@e&ﬁ@‘éﬁt ﬁﬁfﬁ?@%ﬁ%{dﬁ@?ﬁ&@ 8uch as
ethylene Bnd/dreathiberdifperaninS4 Simiiighelyastcimids) weye thheotse infeoshnuing agent. In addition it

would be desirable tq,Rrowide Such an,mprayved prosesshabisicanahle. ok RIGRRIRMSUEh multi-block

copolymers, especially linear mufti-block co polymers, having a relatively narrow molecular weight

distribution. It WotiaffrRERBiS %a%&*f%ﬁasf@%e BPBUTERS B RS PO P S 0BG P B ANRg such
copolymers hafifsgnapebtiraizativo degvtentticosustookd{Binghresrtivte ritivsoultsbe tdesitlille to provide a

process for idgriifyine combinalignsRE.catalysts-arekehainahutting Kesis capahie-gidmaking such
multi-blo ? Eolgmers Ev fesucflyrthe it would bq d(feasl rable to prow e arﬁjg:écess for| de endent
h

OlSOH TS meta Focenes CIID TISGSS S1 1cant rence U].H
control o eordero e various po mer BIOCKs, es ecially’a p 0CESS for prepari g muiti-block

copolymers c@ﬁ‘ffﬂ‘i%ﬁ@?éﬂ@ﬁ%ﬁﬂy%m&mﬂﬁ&i@@g Bothbighi systadiienandesrritivigbtetiminal blocks
having high Crgtgiamﬁ&yse’g‘iﬁﬂﬂt& fwaeﬁ@ﬁguty:oﬁim@hlgenimﬁniﬁérthﬂmgiﬁaaﬂefﬁ&@f@wdﬁ &ﬂxdﬁi@fﬂved

process for DVE/PO% ﬁh 9{‘%9,9'”90 (%%Hatwe Qp)ymEfi, rOdu i.shg cz%a? p&plrlilo Y3 DI

especially a contlnuous S0l utlon po merization process. Hi esir process aﬁows for
5|ndependentt&ﬁﬁtﬂ%ﬁbﬂﬁ‘éyq‘éféﬁltg‘ﬁmr faahaly R @%lﬁﬁfﬁﬁoaﬁ%‘ﬁ’[’?gfléﬁ‘d% thedeiRRidEised.
Summaryof thespaubatborrks. F:;Aﬁgqsdmgﬁmﬂﬁ@@rasenﬁtnvemledspdslt}afmamoﬂawqocrmdeﬁbaaie

composition foir{sa;in Ke:BRlY, ?HQ‘QIR @ﬂi%qg}%@ RSIZARI G AN MR MIX W ling the
predominantly comprised of 1 ene, 4-methyl-l-pentene, styrene, or another C4_20 a-olefin with
ethylene and /&%WEOB@HS inati ng ock or segment of a multi-block copolymer. For certain applications, it

is desirable to produce polymers having terminal blocks that are highly crystalline, that are
functionalized or more readily functionalized, or that possess other distinguishing properties. For

25 example, it is believed that polymers wherein the terminal segments or blocks are crystalline or
glassy possess improved abrasion resistance. In addition, polymers wherein the blocks having
amorphous properties are internal or primarily connected between crystalline or glassy blocks, have
improved elastomeric properties, such as improved retractive force and recovery, particularly at
elevated temperatures.

30 In JACS, 2004, 126, 10701-10712, Gibson, ef al discuss the effects of “catalyzed living
polymerization” on molecular weight distribution. The authors define catalyzed living
polymerization in this manner:

“...if chain transfer to aluminum constitutes the sole transfer mechanism and the exchange

of the growing polymer chain between the transition metal and the aluminum centers is very fast
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different addition polymerizable comonomers, especially ethylene and/or one or more C4.20 a-olefins,
cyclo-olefins or diolefins, to form a high molecular weight, segmented copolymer (multi block
copolymer), said copolymer containing therein two or more, preferably three or more segments or
blocks differing in one or more chemical or physical properties as further disclosed 15herein, the
composition comprising the admixture or reaction product resulting from combining: (A) a first
olefin polymerization catalyst, (B) a second olefin polymerization catalyst capable of preparing
polymers differing in chemical or physical properties from the polymer prepared by catalyst (A) under

equivalent poﬂﬁ@ﬁ&ﬁﬂﬁ”tmﬁ@é}%h@ﬂgwag@e@r@@%%@thﬁgﬁﬂﬁuﬂxﬂg Jueferahly Uaﬁ admixture

or reaction product res I rom. combini st olefin merization catalyst having a
high comonor%er InCOI‘[;{)O}?‘,atIOI?lS?ﬁ as aca%(ésdac %aégcl:g' i oleefaﬁuﬁgly g‘i’%ﬁ%h C%’tﬁﬁfgftlﬁla?vmg a

comonomer iFE8HsEr&HD ﬂflﬁﬁémégéeﬂmgwﬁéﬁ@ém? i e Raiatsly dissabtltian §pdydenlandre preferably

less than 25 peliseBtadidiRass ammmmwmm%@@@@gm@ntbmmw9&@4&5&9@@0ration
index of talgst gAQ angd (C) a chain shuttling agent. In another embodiment of the invention,

there is provide LI menthod for selecting an admixture of catalysts (A) and (B) and chain shuttling agent
(C) capable of prodUémeyiittispritsd Sspemides theevrdivny 1 teimvemtiorriesiracibedernth
copolymers Cosinpusiingh pEapsBae A 30meshyld-pentene Siy| ensegbanaines, Cd.a@iapalefin with

ethylene andigang aLmers difsten ARl on ARSI MONemals gé'gmfedce A3 ie Jeswiling
polymer comprises highly isotactic po ypropy eng or h y crystal ine poly i myethy iipegrrnene

containing an"SA& s &sirRpISH el dtryd H‘i—f"Wl B R GIRTSIEnETORGIN FRO S B BE B M the
group consistigribhypropiitenesC4f20aaafinsidd2@ cialopolbiingisand:d . 20 dibtefiosmciirial further

embodiment gfithe. prasent inyent m@{t@xﬁeqr&\m%@tmggﬁéﬁ f%pg?aa@&g aiuighymglecular

weight, segmen nted, ¢co olymer predominantly comprising propylene and one or more addition

polymerizablé 058 SRTEPSIb AR TR Brdp R b E SRt B i AR S BRSERy BrBIstene and
optionally onewelyioges. aﬂdﬂimmlvmepmdmengm&hwe@y@m@vﬁmnpmpyﬂemm Uis8er Badditidn
polymerizatiop rendiians sMih gsgomposition comprising:

15 Earlier workers have claimed to have formed block copolymers using a single Ziegler-Natta
type catalyst in multiple reactors arranged in series, see for example USP’s 3,970,719 and
4,039,632, Additional Ziegler-Natta based processes and polymers are disclosed in USP’s
4,971,936, 5,089,573; 5,118,767; 5,118,768; 5,134,209; 5,229,477, 5,270,276, 5,270,410,
5,294,581, 5,543,458; 5,550,194; and 5,693,713, as well as in EP-A-470,171 and EP-A-500,530,

20 Despite the advances by the foregoing researchers, there remains a need in the art for a
polymerization process that is capable of preparing block like copolymers, especially multi~b10§k
copolymers, and most especially linear multi-block éopolymers predominantly comprising
propylene, 4-methyl-1-pentene, styrene, or another C,; a-olefin in high yield and selectivity.
Moreover, it would be desirable if there were provided an improved process for preparing such

25 multi-block copolymers, especially linear multi-block copolymers of propylene or 4-methyl-1-
pentene and one or more comonomers such as ethylene and/or other different C, or higher a-
olefin(s), by the use of a shuttling agent. In addition it would be desirable to provide such an
improved process that is capable of preparing such multi-block copolymers, especially linear multi-
block copolymers, having a relatively narrow molecular weight distribution. It would further be

30 desirable to provide an improved process for preparing such copolymers having more than two
segments or blocks. Furthermore, it would be desirable to provide a process for identifyillg
combinations of catalysts and chain shuttling agents capable of making such multi-block
copolymers. Even further, it would be desirable to provide a process for independent control of the

order of the various polymer blocks, especially a process for preparing multi-block copolymers
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the admixture or reaction product resulting from combining: (A) a first olefin polymerization
catalyst having a high comonomer incorporation index, (B) a second olefin polymerization
catalyst having a comonomer incorporation index less than 90 percent, preferably less than 50
percent, most preferably less than 5 percent of the 10comonomer incorporation index of catalyst (A),
and ' (C) a chain shuttling agent. Preferably, the foregoing process takes the form of a
continuous solution process for forming block copolymers, especially multi-block copolymers,
preferably linear multi-block copolymers of propylene or 4-methyl-l-pentene and one or more

comonomers, RgLieIpeiain.dd selesiod frerathylens.anchdiffsrent G 4-£2.9'sfns wiglgfms and

cycloolefins, and,most especially ethylene, usir ultiple catalysts that are.incapable o
interconversiogfg?ﬁgtsfasﬁfﬁ%érg%y%&ggr%a% é%n]f(%é ylgj‘fg%}lrllc?e n%‘é‘i’%é%{’.‘}?ﬁb%g%%}ﬁ%’ﬁ polymerization
conditions, thePF&eeRs reepdenglgnx ity forepringAeirzbionlpnenirdist of neonfdnmasoechigh monomer
conversions. Usglefatheseialymesratopaaneiians, shusdding: opuitheohainsbritiag agantio the
catalyst beco 0 red t in.growth, .multi-black ol rs, especially
linear mul??(-:b Irgfﬁ%égpgcﬁgr%}el%ggé%rg[i}h&g%%%ﬁ%%ﬁ\%%}tgé ﬁ%}?g S%%gﬂal%e q#&%‘?@ﬁ%ﬁ%@% usecis'n another
embodiment of the invention there is provided a high molecular weight, segmented copolymer
(multi-block copum hsheetiby such a copolymer comprising propylene or 4-methyl-l-pentene in

polymerized form, saﬁ&ggxmﬁg SRRIRININGBEHRI I, Q) PIIR.£2 BLRISIARIY KV eS Qrore

segments differirll in.comonomer content or density or other chemical or physical property. Highly
preferably the %%igBﬁr/ﬁ%S?rb%fé&é‘ggE@‘hpPﬁ%‘i‘éeéﬁ?ﬁ}e\}(}’é’mea@{ﬁ%‘&%ﬂﬁ?%{}ﬁ%ﬁ%ﬂ%g@%ﬁgn 30,

preferably desspthizifie2e8t-methyinl yrettarrothor = edithett.of thdefineitiothy hrerardre provide:
fungti?jnalized fﬂiﬁ@r\éﬁﬂéfdﬁ&i@lﬁ yaﬁ/mfﬁmg&x%%gm@m@%&ﬁmyl@hpi%kammmrxﬁox%@ﬂmaasti” further
embodiment of t resent invention, there js provide mer mixture comprising: (1) an organic or
inorganic ponrcr)%}r{?l;5rcgfeorggﬁﬁné%géﬁ%ﬁﬁy%gr%fa &f%p%gﬁgﬁ%gﬁﬁ%}l& Eopo frendggrg) %‘?? nr%r @‘f‘éﬁé' and a
copolymerizabftotAetiaraar sadisepabpes treriang theetinyivese menarefeatiighise oryaeatline
polyethylene, asshéa)arhigtknaaieandan weighhdRukbblagk capebinesResarsh ngle-thecpesent
vention Qf PrRRAICt ACSRIIG(0: e RHAGRE SRl N RICeRRLINSAlIoR (e DRChRianoF he
Drawings Figure 1 is a schematic representation of the process of polyrher chain snhlittllng
involving two catalysf@?e@fsts‘ii‘?gﬂr@éy?%lﬁ’r@ﬂi‘ffé*r‘é?’itial scanning calorimetry graphs for the polymers
of examples 1-3 and @paxpenativieSnhdyrdebzation catalyst capable of preparing polymers differing in

chemical or physical properties from the polymer prepared by catalyst (A) under equivalent

polymerization conditions, and

20 (C) a chain shuttling agent; and

preferably the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst having a high comonomer incorporation index,

(B) a second olefin polymerization catalyst having a comonomer incorporation index less
than 95 percent, preferably less than 90 percent, more preferably less than 25 percent, and most

25  preferably less than 10 percent of the comonomer incorporation index of catalyst (A), and

(C) a chain shuttling agent.

In another embodiment of the invention, there is provided a method for selecting an
admixture of catalysts (A) and (B) and chain shuttling agent (C) capable of producing multi-block
copolymers according to the invention, especially such copolymers comprising propylene, 4-

30 methyl-1-pentene, styrene, or another Cyp c-olefin with ethylene and/or one or more different
olefin or diolefin monomers. Highly desirably, the resulting polymer comprises highly isotactic
polypropylene or highly crystalline poly-4-methyl-1-pentene containing an elastomeric interpolymer
of ethylene with one or more monomers selected from the group consisting of propylene, Cy.q 0~

olefins, Cy.p0 cyclo-olefins, and C,.9 diolefins.



Detailed Description of the Invention All references to the Periodic Table of the Elements herein shall
refer to the Periodic Table 100f the Elements, published and copyrighted by CRC Press, Inc., 2003.
Also, any references to a Group or Groups shall be to the Group or Groups reflected in this Periodic
Table of the Elements using the IUPAC system for numbering groups. Unless stated to the contrary,
implicit from the context, or customary in the art, all parts and percents are based on weight. For
purposes of United States patent practice, the contents of any patent, patent application, or publication
referenced 15herein are hereby incorporated by reference in their entirety (or the equivalent US

version thereof s soifgaIARalsh islerenceLespRcially i BSRSGLR LR WadloguEnl aunihet

techniques, d? tlor?emgothe %(tentn t ncons istent with any definitions provided herein) and general

knowledge in ar'fbﬁég comphdin g:m SR A R HRTES18 2 RBY ARS8  exclude the
presence of aﬁvra@éﬁmw%mb@’?@rmoéﬁéﬁﬁroﬁmé@@mpmth@d propess WeeErting ¢endistiased herein.

In order to avqja@n%ammptaihg@mmﬁitm@ﬁ@%mgona{@igaﬁwwwaemawﬂbmﬁmmg may

include any aqgglgnal ddltlveﬁo dééjn\éatwﬁsovrv&?m O(I%urolsthhether é)ooymerlc or otherwise, unless stated

on €11
to the contrary. In coﬁt gmt e term, conS|st|ng es ent‘mﬂ PO 8x&udes from the scope of any
succeeding remtatmﬁ%ﬁ%’fﬁé‘? @dﬁ%ﬁ&*féﬁ?@féfﬁ%&“%%@ﬁﬁ?@béﬂééptmg those that are not

25essential to operabiljty filsheldexipn l\wosBisticroc ek ex alities aph conponehcsipp-HiopIagsgure not
oD el delineate pr el oLAE JameLiLean SRIGRISRYISRGlEls In e dnsd members

individually as well as in any combination he term ymer"”, includes both conventlonal

homopolymer&fh2 q?§“i"?8‘i’ﬁl’6‘§%rﬁ@5&‘§sﬁ8ﬂ?rﬁ%F?rﬁ?%tp%\‘f’éﬁpft%‘ﬁ?%ys‘ﬁféfé%@ﬁﬁﬁ?@?"%ﬁlﬁ copolymers
(interchan@eabyreforcetdu treriain iade80fit@rhotyriersy, meaning polymers prepared by reaction of at
least two monomers @f) eedsgegUaining chemically differentiated segments or blocks therein even

if formed from a smg},e pog%yrrher More specifical /s tpe term ﬁethg;]lene includes homopolymers of
ot

ethylene and copolymers o SREONESRESDRIRONS £o57 A SRR [ BRSTEE Fomprises at

least 50 mole fﬁ’é‘?%%‘?l@héotéﬂﬁmeﬁr@mﬂ%ﬁé/é@‘ﬁbwmér@%?Wp?@ﬁ))n@(ﬁ@albibelnpﬁﬂlyméwbm%ns a
copolymer commﬁmsmwgzxe@eand@amnweneaa@bmmrjﬂ@bl&&@mgﬁ@m@ oiheraip propylene
comprises a plurality of th ‘?1191%% c%" Jr'?to om es%n'%'so?ff%ts Ia% ekHOCk 1gment A the

ya

polymer (the c%stalllne block rab (845t 90" mole percen more “atjeast 95 mole
percent, and rfy %Fb‘?e‘fé?‘&kﬁ‘l’;? HPIFe%?&l@BB Fﬁﬁqérb%ﬁﬁleﬂfﬁﬁq?ﬁ?éi’erﬁ%e ﬁ*ri&l‘fhi/eﬁ’@hfﬁﬁ #ifferent

a-olefin, such Gesidaiethyitd-pénte nenirowis beutiamed skniatby. cbhétennhepysiallingddhgymployed,
refers o a polymer At pAlBSLblach haLgsiesses a ISt ardeniAsan or.styeipling eting point

(Tm) as determined by differential scanning calorimetry 1’1’§C ) or equivalent technique. The term may
be used interdF B EBIPWitAYHE e PR TaR e fhaies H%“fe‘?%ﬁ“‘é%&?ﬁh%ﬁ%‘ BRSASIESto a polymer
lacking a28rystailianérgaé kingppeint. chlie genml, isdtactictlisldefnbthas, pglyriady rep&amumtﬁcblavmg

copolymers according to the invention are formed in high efficiency.

In another embodiment of the invention there is provided a high molecular weight,
segmented copolymer (multi-block copolymer), especially such a copolymer comprising propylene
or 4-methyl-1-pentene in polymerized form, said copolymer containing therein two or more,

25  preferably three or more segments differing in comonomer content or density or other chemical or
physical property. Highly preferably the copolymer possesses a molecular weight distribution,
Mw/Mn, of less than 3.0, preferably less than 2.8.

In yet another embodiment of the invention, there are provided functionalized derivatives of
the foregoing segmented or multi-block copolymers.

30 In a still further embodiment of the present invention, there is provided a polymer mixture
comprising: (1) an organic or inorganic polymer, preferably a homopolymer of propylene and/or a
copolymer of propylene and a copolymerizable comonomer, a homopolymer of 4-methyl-1-pentene,
or a highly crystalline polyethylene, and (2) a high molecular weight, multi-block copolymer

according to the present invention or prepared according to the process of the present invention.
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10at least 70 percent isotactic pentads as determined by 13C-NMR analysis "Highly isotactic” is
defined as polymers having at least 90 percent isotactic pentads. The term "multi-block
copolymer” or "segmented copolymer" refers to a polymer comprising two or more chemically distinct
regions.or segments (referred to as "blocks") preferably joined in a linear manner, that is, a polymer
comprising chemically differentiated units which are 15joined end-to-end with respect to polymerized
ethylenic functionality, rather than in pendent or grafted fashion. In a preferred embodiment, the blocks
differ in the amount or type of comonomer incorporated therein, the density, the amount of crystallinity,
the crystallite size attributable to a polymer of such composition, the type or degree of tacticity
(isotactic or syé}gg@%i&)zrgegti%{eegui%gt% or regio-irregularity, the amount of branching, including long
chain branching or hyper- Z0branching, the homogeneity, or any other chemical or physical property.
Compared to block COBBR/hibtSOFREcsERsFsaratiAERidhsPEspBlg el iciassiutispigueniial monomer
addition, fluxiamalcsatgdystss. or anionic polymerization techniques, the copolymers of the invention are
characterized by uni istebuti - | .nolydispersity (PDT. or MwIMn t#io length
distributior% , and/or b?(%ﬁ{%Erg%%rh%%%ﬁ%?ﬁ&%mﬁﬁﬁﬁéﬁ&g g‘%m S&i‘?vli/é‘hetfst%%%z‘l‘é’ esc(:itk%)f the 25
shuttling agent{$) HPe8RIBTHALEH Rith multiple catalysts. More specifically, when produced in a
continuous process, the polymers desirably possess PM from 1.7 to 2.9, preferably from 1.8 to 2.5,

more preferabpy.fiom d.8.19: 2 foraildpaghpreferably from 1.8 to 2.1. When produced in a batch or

semi-batch process, the polymers desirab] sess PDT from 1.0 tg 2.9, preferably from 1.3 to 2.5,
more preferably fromfg‘il rf@f% °5 ah %nog%ré’gef?ﬁg@ef%ﬁﬁ“f’&g 5 iinsslpeenindbehgindinEive

: 0s
distinguisifablefseyfirsrsopblirbke ot e iftied boRsT Frose Imoridfters oired irfoesingte polymer

chains, theI pot}iﬁlmproe@a@% b@l@@mmﬂé@bbtﬁfﬁ&t@@aﬁ?%ﬂéﬂ?l@ a{@mgiﬁeﬁo%@r%epﬁi)\égo@mmm@n@ch?iqugs
For example, polymer tainin re {o] s.that are r ieve crystalline 2|1 .mensit segments) an
regions that arBe %%ﬁ\%ﬁ/ggnﬁyg%ﬁgou%\%rgdgé%ugﬁy%z{grsﬁexr?fg %;%16?18 xéfa%éie@ﬁ%%ryoé%&rlgcted or
fractionated uSHREHifPa FRRPEBIV NS aF &l PridTersrsesbotmhesst frevgistntifpiorexpecedbleitedlymer
using either a siadicydtetheneiire aheatkanesdlventsde ssttham R percenpuplirtekabbrdessdthan 7 percent,
more prefsraiy:lass Lo RESeeAL AN IRk RLSIBIAP LIRSS 1t ~natasit o6 s talal olymer

r
weight. In addition, the multi-block copolymers of the invention desira Ily possess a PDT fitting a
5Schutz-Flory* QiSRITER AL RS SPeirde srthretprstia o oeesr iathrésBRtpBerization
process resuldsfmitiquedthubt kewingobothnsigalyditpessteltotknd istritdsidrras vuel gaaapolydisperse
distribution of Blegk &izgsmd Kis ultimates in the formation of polymer products having improved and
distinguishable physjgcal grogerties.,The trrl?oretical benefits ofﬁ?ﬁpol disperse block distribution have

been previously modelei Bhd HBLHEE e I Bt R S R Y U () o

BORENTRIACBRYSied
6902-69%2, andyR&bpnih cI@hent sPITySr¢ddor) WBT(R1 pr pd 284:9R38 dinlastdrbkeie hbodiment, the

polymers of the ivantpae @SRECaHy RS A iRECARRLIPLS elUHOm PolmSeszatin reactor,
possess a most raobabl% (g{strllguélcpp of hlock lengths. . .

mclude any additional additive, adjuvant, or tompound whether polymeric or otherwise, unless

stated to the contrary. In contrast, the term, “consisting essentially of”* excludes from the scope of

any succeeding recitation any other component, step or procedure, excepting those that are not

o]
i

essential to operability. The term “consisting of” excludes any component, step or procedure not
specifically delineated or listed. The term “or”, unless stated otherwise, refers to the listed
members individually as well as in any combination.

The term “polymer”, includes both conventional homopolymers, that is, homogeneous
polymers prepared from a single monomer, and copolymers (interchangeably referred to herein as
30 interpolymers), meaning polymers prepared by reaction of at least two monomers or otherwise
containing chemically differentiated segments or blocks therein even if formed from a single
monomer. More specifically, the term “polyethylene” includes homopolymers of ethylene and
copolymers of ethylene and one or more Cs.5 a-olefins in which ethylene comprises at least 50 mole

percent. The term “propylene copolymer” or “propy/lene interpolymer” means a copolymer

g



Most preferred polymers according to the invention are multi-block copolymers containing 4 or more
blocks or segments including terminal blocks. 15The following mathematical treatment of the resulting
polymers is based on theoretically derived parameters that are believed to apply to the present
invented polymers and demonstrate that, especially in a steady-state, continuous, well-mixed reactor,
the block lengths of the resulting polymer prepared using 2 or more catalysts will each conform to a
most probable distribution, derived in the following manner, wherein pi is the probability of propagation
with respect to block 20sequences from catalyst i. The theoretical treatment is based on standard

assumptions aaamﬁﬁ@@d@m@vaﬁuishm %}mgouﬁmwe&mmmmﬁ@m@mmmmm kinetics
on molecular grtht %/t udln% e use of masfséta}ctlgrgnreegl on rate expr%ssmps th are not

uralt ot ’iT é)n gxﬁerl onomer un, dtS or s

affected by chain or methods have been prewous %/m nté?osea
Macromol. SofysgBipe M&ﬁ%ﬂ‘i‘?ﬁrﬁﬁéﬂf’aﬁéo NeEgyEyarin e EeffrabhiatdeedAd Bok, PI%T&??@ Pé‘éor
"Polymer Reastistpr2bribiginestingihdic. btrdagichetyand M d&eisiet] Hie akdHhsar, 0M:llﬂ'ﬂﬁlku3;983 In

aadition it4s agsumad iNAAMACRILPECNERGSA,ATCR DX SaNA eabaliRi aangle plock. For

catalyst i, the fraction of sequences of length n is given by Xi[n],"where n is an intéger from Ito infinity

representing tﬁ@yﬁﬁhﬁﬁow&ﬁ%@?mﬁﬁﬁ?%grﬁiBE'Er %I‘i‘?]‘ rPrsy AT SRt R Balsfd rtfibution of
block lengths goddindddimdifibrentaleragadiaoktenyBSC) oEapky datatydiips. dlpeckability of

propagation (Rianfforms.AHRAUVMAE &%9”%@:%1%%5![195@ %Q%&%@‘Vﬂé’gﬁo@i@?&%r’cg @ distribution.
In a most pref{eaclied embo% ment theggmttﬁ |I|t propa atl Fi%?geﬂned as: R ]+ Rt[l] + Rs]i]

+ [Q] for each cataR/st T2 15 m?’mn ta i & Y néﬁrrﬁeﬁﬁ% ‘E)V@&Y alyst i,

Rateo
(moles/LYORt[feTdTAl neitendietactin nraindfes mmma%@wm@amst HiehdtésaptiRsli] = Rate of
chain Shuttllngievﬁﬁbdd@Ej’(ﬁl@tﬂél’@ﬁ&yméttlaa@ttbl@p&éﬁﬂbégtﬁ;h@’qﬁm&ﬂ.) and [Ca= Concentration of catalyst i
(moles/l,). Dormant R3 ey er%r“chﬁuﬁocﬁfers fop erseer chai tha are,artg e(r:Shted to 8 CSA. The overall
monomer consumption or porf/mer prop:fg tion rate, %—I?pﬁ efi %Iréé using an 1 &y ﬁarent rate constant,
ko , multiplied BRIESAMRORBRTE FReBHeRiting 1o 45 W&W&* (referred a8 “blocks”) preferably

joined in a linear manner, that is, a polymer comprising chemically differentiated units which are

15 joined end-to-end with respect to polymerized ethylenic functionality, rather than in pendent or
grafted fashion. In a preferred embodiment, the blocks differ in the amount or type of comonomer
incorporated therein, the density, the amount of crystallinity, the crystallite size attributable to a
polymer of such composition, the type 6r degree of tacticity (isotactic or syndiotactic), regio-
regularity or regio-irregularity, the amount of branching, including long chain branching or hyper-

20 branching, the homogeneity, or any other chemical or physical property. Compared to block
copolymers of the prior art, including copolymers produced by sequential monomer addition,
fluxional catalysts, or anionic polymerization techniques, the copolymers of the invention are
characterized by unique distributions of both polymer polydispersity (PDI or Mw/Mn), block length
distribution, and/or block number distribution, due, in a preferred embodiment, to the effect of the

25  shuttling agent(s) in combination with multiple catalysts. More specifically, when produced in a
continuous process, the polymers desirably possess PDI from 1.7 to 2.9, preferably from 1.8 to0 2.5,
more preferably from 1.8 to 2.2, and most preferably from 1.8 to 2.1. When produced in a batch or
semi-batch process, the polymers desirably possess PDI from 1.0 to 2.9, preferably from 1.3 to 2.5,
more preferably from 1.4 to 2.0, and most preferably from 1.4 to 1.8.

30 Because the respective distinguishable segments or blocks formed from two of more
monomers joined into single polymer chains, the polymer cannot be completely fractionated using
standard selective extraction techniques. For example, polymers containing regions that are
relatively crystalline (high density segments) and regions that are relatively amorphous (lower

density segments) cannot be selectively extracted or fractionated using differing solvents. In a

10




Rp[i] = 0 lip; [M][Cd 10The total chain transfer rate is given below including values for chain transfer to
hydrogen (112), beta hydride elimination, and chain transfer to chain shuttling agent (CSA). The
reactor residence time is given by 0 and each subscripted k value is a rate constant. Rt[i] = 0 k|[H2]IC1]
+ 0 K[C] + 0 kniiCSANCII For a dual catalyst system, the rate of chain shuttling of polymer
between catalysts 1 and 2 15is given as follows: Rs[1] = Rs[2] = 0 kal[CSA] 0 ka2[C1][C2] If more
than 2 catalysts are employed then added terms and complexity in the theoretical relation for Rs[i]
result, but the ultimate conclusion that the resulting b lock length distributions are most probable is

oo psRAL NG (RaRRCLIGASIRIDIC caTAR LD ERR SRS EIICAlY Idcared

otherwise, the singular includes all isoméric forms and vice v a (for exa , fiexane , Includes all
isomers of heXaRE IHHICRILANY ‘rersHe QRFERDY T tharr oredinpoun Bre e bosHhiexS areered
interchangeatdydhersgipritréle teo tbagamigeeinof gamnic anighatganghaetal compounds. The term, "atom"

refers to the smallest,conskient AfARIBERYHL FRuaseless ALIQRIG SRk, WRLIS MWIStELQY, 25 not the

same bea%s a gllatrquglor Batrrtlgltchar e olr is bonded to another atom. The term "heteroatom" refers to
an atom other Than carbon or hyarSgEh Bt &t adr HatePYLmBr St aEbE Pt PAY FriBatise s | Si, Sh,
Al, Sn, As, SeratfdsSesuithia tepredvarhortiphbers': refedsters potidietribakingsavetystaltingdiapitieg point as
determined bydgifferastist Heaviog calofimelsy (DG ALLHIY AL ShIG e LS I8HRvdaydrocarbyl”
refers to univalent.substi ts,cantaining onl rogen and 30carbon atoms, including branched or
unbranched, ?a‘_ﬁﬁr?%é‘é%str#ﬁ%r%5‘%&?%%%28{°8yc’ﬁ%,)%Pé‘iyygéey"gﬁ?éﬁﬁ%%ésy&%@ gf)l éis 5t Eé?%{bles include alkyl-,
cycloalkyl-, alkERAUtinERYRSPRFR PEsyéquBIapialedapddiamardicinPioteanyin, RhvbiatkReylewib(i988)
"Substituted hytisagardsye wiersio Bobydiggadayh, Graw that D sehstisuied. witlh one or more

nonfydrocarbyl Subsiiieahar GHeR:d e IR S ISRRIR onaIpng dracari,of

"heterohydrocarbyl" refer to univalent groups in which at least one atom-ot Oe? than ’hy%lrogen or carbon
is present alofg AT BN BHIR BE PR LIEHChRESHIR Pt Sretp b igaihuiiemes iprk laaaths.
"heterocarby|"Mefers:forgdoapmesntaming orkedrvandre Seartionlaidmspaithanecatamaeeiheteroatoms

and no hydroggen-aeems ol Reandnbetveen e iGashan atom and any heteroatom as well as the bonds
between @ny two hetﬁlrg%?ms, may be a Tigigle or multiple covalent bond or a coordinating or other
t

donative Bond. Thus, an &yt Grofis SRR A A EtarR8 RRILHES S Broad Sndsnistisaly
heterocycloallégrysteteraesips tailare bslibstttnepb vdeaho argtentilkoryed apjioeys auitiptrocartythory|-,

dihydrocarbylpliesihine- dikydseeatbmaminowe LAitdhyskagcanysivt ihydrerarbyiitiancor |
kishoskn TR SN T Mot

derived in the following manner, wherein p; is the probability of propagation with respect to block

20 sequences from catalyst i. The theoretical treatment is based on standard assumptions and methods

known in the art and used in predicting the effects of polymerization kinetics on molecular

architecture, including the use of mass action reaction rate expressions that are not affected by chain

or block lengths. Such methods have been previously disclosed in W, H. Ray, J. Macromol. Sci..

Rev. Macromol. Chem., C8, 1 (1972) and A. E. Hamielec and J. F. MacGregor, “Polymer Reaction

25  Engineering”, K.H. Reichert and W. Geisler, Eds., Hanser, Munich, 1983. In addition it is assumed

that adjacent sequences formed by the same catalyst form a single block. For catalyst i, the fraction
of sequences of length n is given by Xi[n], where n is an integer from 1 to infinity representing the
number of monomer units in the block.

Xin] = (1-p) p™? most probable distribution of block lengths

1
30 Ni = Top; number average block length
i

Each catalyst has a probability of propagation (p;) and forms a polymer segment having a
unique average block length and distribution. In a most preferred embodiment, the probability of

propagation is defined as:
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As used herein the term "aromatic" refers to a polyatornic, cyclic, conjugated ring system containing
(48+2) n-electrons, wherein 8 is an integer greater than or equal to I. The term "fused" 15 as used
herein with respect to a ring system containing two or more polyatomic, cyclic rings means that with
respect to at least two rings thereof, at least one pair of adjacent atoms is included in both rings. The
term "aryl" refers to a monovalent aromatic substituent which may be a single aromatic ring or multiple
aromatic rings which are fused together, linked covalently, or linked to a common group such as a
methylene or ethylene moiety. Examples of aromatic ring(s) include phenyl, 20naphthyl, anthracenyl,

and biphenyl, among others. wSubstituted aryl” refers to an aryl group in which one or more
hydrogen atoms bound @ gFY-GafporTiS] didneasheatdysiore{ itactionargroups such as alkyl,

substituted alkyl, cycloalkyl. ,substituted cyc oélkyl, heterocycloalkyt, substituted heterocycloalkyl,
halogen, alkylhalos (8P4 CR5 ohaPSR SHTHBP{SAGY MRtk A%/ lAmino, thio, nitro, and both
saturated and unsatdttiiet tytelivth plirbga tosfer whiichoanetifusiedcbtriyse iataniedit)ring(s), linked

covalently or linked tRsfGORURIQR HEAHR SRR R AdRE YaRe-Pl.ethv eng RRieh. THe) cammon linking
group may, also be a ¢ rbogyé as in benzg)gakt\ no

) i% n og mgen as in diphenylether or nitrogen in
diphenylamine. term, "Cornonomer i Sé‘r[f%? {tior index”, refers to the percent comonorrier
incorporated into a cBp@EigrBelIRepRhe siieiorabrasatieniibat poljiamdiidatie®Tonditions by the

catalyst under 30congidevatiomindher ahsanse.botbonachsparzatian cRal Hcidrallupder
steady-state, continuous solution polymerization conditions in a hydrocarbon diluent at high monomer

conversions. Thesalestien.ohMEtal comneXss RiatalyRLCoMRAsIioNshAvIng g greatest difference
in comonomer incorporation indices results in copolymers from two or more monomers having the

largest difference in block q{pﬁ?gw%@ﬁ@ﬁertie& such as density. In certain circumstances the
. . . Pl . .
comonomer incorporation index may be déetermined directly, for example by the use of NMR

spectrosddpic TechnlqGEL SHE HEETES Sy drterentithecsinSHontbr hERIoT SRiIbHFARRY be
indirectly detetthineda Faripotjimiars formméchiiommfedtiptéam snothivers this(@tey). bEhacesmplished by
vr?riouls t_echniggﬁgnb@§gg 9BIVROROMSH gg@icsw;@gﬁ?d k ﬁaﬁgqsg?{gglygg%d 1J?Iroducehd by a giiven catalyst,
the relative amounts of comgnomer a nomer in t r and hence the copolymer
composition is determinedr%@eTagi%‘é’i?lg g ) Peﬁ@#&rfgl‘ﬁd%%goﬁ@ er and monomer. Mathematically
the molar ratio of coffSicieraalyiicrteme hisrehveishaip chkding pbtrheraRRIVEL) frdnsmietidpolymerP1
10Here R2 and fRphakegdheskates of polymerization of cornonomer and monomer respectively and F2

and F are the mole fractions of eaghin. I ause F1 + =1 we can rearrange this
equation to R p2 le-fgz) Rnﬁﬁﬁi %IM %1@/’3 X@az%xﬁ&?‘

more than 2 catalysts are employed then added terms and complexity in the theoretical
relation for Rs[i] result, but the ultimate conclusion that the resulting block length distributions are
most probable is unaffected.

20 As used herein with respect to a chemical compound, unless specifically indicated
otherwise, the singular includes all isomeric forms and vice versa (for example, “hexane”, includes
all isomers of hexane individually or collectively). The terms “compound” and “complex” are used
interchangeably herein to refer to organic-, inorganic- and organometal compounds. The term,
“atom” refers to the smallest constituent of an element regardless of ionic state, that is, whether or

25  notthe same bears a charge or partial charge or is bonded to another atom. The term “heteroatom”
refers to an atom other than carbon or hydrogen. Preferred heteroatoms include: F, Cl, Br, N, O, P,
B, S, Si, Sb, Al, Sn, As, Se and Ge. The term “amorphous” refers to & polymer lacking a crystalline
melting point as determined by differential scanning calorimetry (DSC) or equivalent technique.

The term, “hydrocarby!l” refers to univalent substituents containing only hydrogen and

30 carbon atoms, including branched or unbranched, saturated or unsaturated, cyclic, polycyclic or

noncyclic species. Examples include alkyl-, cycloalkyl-, alkenyl-, alkadienyl-, cycloalkenyl-,

cycloalkadienyl-, aryl-, and alkynyl- groups. “Substituted hydrocarbyl” refers to a hydrocarbyl
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rl The individual rates of polymerization of comonomer and monomer are typically complex
15functions of temperature, catalyst, and monomericomonomer concentrations. In the limit as
comonomer concentration in the reaction media drops to zero, Rp2 drops to zero, F2 becomes zero
and the polymer consists of pure monomer. IR the limiting case of no monomer in the reactor Rp"
becomes zero and F2 is one (provided tilt comonomer can polymerize alone). For most
homogeneous catalysts the ratio of comonomer to monomer in the reactor largely 20determines
polymer composition as determined according to either the Terminal Copolymerization Model or the

Penultimate CgpeMmerizatiamMedal one or FRF ARIMGRRANTEES:IR WRISH the identity of the last

monomer inseged dictates the.rate at which sybsequent monomers insert, the terminal
copolymerizatiéﬁt?ﬁ%aupéxf %”g?ﬁnﬁilgyé@ofﬁﬂfﬁﬁs%&S@T‘?P%‘g?ﬁ%’hy}eéeé‘ffcfﬂ§“6¥at’|‘1’%t grpapsan e at Al j> A
1,71411(7* (3)east opghaere @hﬁéém@vﬁ@mercatmés,mm@mmgm@nmmepglbax_ndtckt_i isdhe rate
constant havingdhe maiesauationdrfuGld -k - Jhe sernenomesmalefrastion =) g dhe reaction

media is defined,by the equatio [M21 }@42 A simplified equation for comgnomer compaosition can be
derived a(;sedisg obsoééda %%mé%%%rée ian, tﬁrr?éjff) &b Iﬁ&{/&oé%lz%tﬁ%’ﬁ‘, Oéée(%)ﬁg BeivRsh Botioeliley and
Sons, 1970, a&'¢8lRWSKhetpioptemyas R asfthabogds betivpiy Ty rohSmestprhisisterationgkemole fraction

of comonomenminithe polymebdsisoletydapandentae fagamelfaction, oh srmorameriRithedeaction
media and twa,{graRerANIEISIARENAFLIRAGINIAUOR dGINed R lgrns 9 fhe Ingettign rate constants
as heteroaryl-, alkoxy-, aryloxy-, dihydrocarbylboryl-, dihydrocarbylphosphino-, dihydrocarbylamino-,
10 trihydrocarbylsilyl-, hydrocarbylthio-, or hydrocarbylseleno- group is within the scope of the term
heteroalkyl. Examples of suitable heteroalkyl groups include cyanomethyl-, benzos/lmethyl-, (2-
pyridyD)methyl-, and trifluoromethyl- groups.
As used herein the term “aromatic” refers to a polyatomic, cyclic, conjugated ring system
containing (43+2) n-electrons, wherein § is an integer greater than or equal to 1. The term “fused”
15 as used herein with respect to a ring system containing two or more polyatomic, cyclic rings means
that with respect to at least two rings thereof, at least one pair of adjacent atoms is included in both
rings. The term “aryl” refers to a monovalent aromatic substituent which may be a single aromatic
ring or multiple aromatic rings which are fused together, linked covalently, or linked to a common
group such as a methylene or ethylene moiety. Examples of aromatic ring(s) include phenyl,
20 naphthyl, anthracenyl, and bipheny!, among others.
“Substituted aryl” refers to an aryl group in which one or more hydrogen atoms bound to
any carbon is replaced by one or more functional groups such as alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, halogen, alkylhalos (e.g.,
CF3), hydroxy, amino, phosphido, alkoxy, amino, thio, nitro, and both saturated and unsaturated
25 cyclic hydrocarbons which are fused to the aromatic ring(s), linked covalently or lintked to a
common group such as a methylene or ethylene moiety. The common linking group may also be a
carbonyl as in benzophenone or oxygen as in diphenylether or nitrogen in diphenylamine.
The term, “comonomer incorporation index”, refers to the percent comonorner incorporated
into a copolymer prepared under representative r polymerization conditions by the catalyst under
30 consideration in the absence of other polymerization catalysts, ideally under steady~state,
continuous solution polymerization conditions in a hydrocarbon diluent at high monomer
conversions. The selection of metal complexes or catalyst compositions having the greatest
difference in comonomer incorporation indices results in copolymers from two or more monomers

having the largest difference in block or segment properties, such as density.
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kik r2n (7). = - k12 Alternatively, in the penultimate copolymerization model, the identities of the last
two 10monomers inserted in the growing polymer chain dictate the rate of subsequent monomer
insertion. The polymerization reactions are of the form ACM./ C* + Mkkin> M,MillikC. (8) and the
individual rate equations are: = kukl: M1114 = C JIM K] (9). 15The comonomer content can be
calculated (again ah disclosed in George Odian, Supra.) as: 1 r' SIX +1) X -E1) F21+ rra (r2 -K)10)
X(r'2+X) where X is defined as: f2) (11) f2 and the reactivity ratios are defined as: itk ,

In certain circumstances the comonomer incorporation index may be determined directly,
for example by the use of NMR spectroscopic techniques. Often, however, any difference in
comonomer incorporation must be indirectly determined. For polymers formed from multip le
monomers this may be accomplished by variow.s techniques based on monomer reactivities.

5 For copolymers produced by a given catalyst, the relative amounts of comonomer and
monomer in the copolymer and hence the copo lymer composition is determined by relative rates of

reaction of comonomer and monomer. Mathermatically the molar ratio of comonomer to monomer

is given by
F, ~_([comonomer]] _R, M
K [monomer] polymer -
10 Here R, and R, are the rates of poly merization of comonomer and monomer respectively

and F, and F| are the mole fractions of each in the copolymer. Because F, + F, =1 wecan

rearrange this equation to

R
p1+ P2

The individual rates of polymerization of comonomer and monomer are typically complex
15 functions of temperature, catalyst, and monom er/comonomer concentrations. In the limit as
comonomer concentration in the reaction medi a drops to zero, R, drops to zero, F, becomes zero
and the polymer consists of pure monomer. In the limiting case of no monomer in the reactor
R, becomes zero and F, is one (provided the: comonomer can polymerize alone).
For most homogeneous catalysts the ratio of comonomer to monomer in the reactor largely
20 determines polymer composition as determined according to either the Terminal Copolymerization
Model or the Penultimate Copolymerization Miodel.
For random copolymers in which the i deuntity of the last monomer inserted dictates the rate

at which subsequent monomers insert, the terminal copolymerization model is employed. In this

model insertion reactions of the type
* k *
25 o MC + M, - MM,C (3)
where C’ represents the catalyst, M, represents monomeri, and ky is the rate conistant

having the rate equation
R, =k |- M) M) @

The comonomer mole fraction (i=2) ira the reaction media is defined by the equation:
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ILK2ii kil2k212 02). "rO kin k222 k22tk121 For this model as well the polymer composition is a
function only of temperature dependent reactivity ratios and comonomer mole fraction in the reactor.
The same is also true when reverse comonomer or monomer insertion may occur or in the case of the
interpolymerization of more than two monomers. Reactivity ratios for use in the foregoing models may
be predicted using well known theoretical techniques or empirically derived from actual polymerization
data Suitable theoretical techniques are disclosed, for example, in B. a Kyle, Chemical and Process
Thermodynamics, Third Addition, Prentice-Hall, 1999 and in Redlich-Kwong- Soave (RKS) Equation of
State, 5Chemical Engineering Science, 1972, pp 1}9771203. Commercially available software
programs may be used to assist in deriving b‘éa?jy%%fégas(ﬁbm experimentally derived data. One
example of such software is Aspen Plus from Aspé nology, Inc ., Ten Canal Park, Cambridge,
MA 02141-2201 USA dfiiliinicperon Suitablemenampsstior s éddeprepasidigeihiedunkgesass of the
present inventiainglAS RIOPYIER. A5 IU::ReBIENS 8k S ARSG:O18HR, Andslipe or more
addition polymerizable monomers other than the foregoing, as well as any additional copolymerizable
comonomers. Examples of suitable gomonoﬁﬁér%ﬂfch(ﬁeéﬁfylene d straight-chain or branched
a-olefins of 4 to 1530, preferably 4 to’20:gdarbgy atomns f5Uch ay;1-butene, 1-peatene,
3-methyl-1-butene, 1-hexene, 4- methyl-l-pentene, 3-methyl-1-pentene, 1-oetene, 1-decene, 1
_dodecens, I-tetradetEHe S ARG dhemale {5t conenahy - Brerlvne: issRiRbhsRerist 8o 30,
preferably 3 to2Gnekrbenietofivsmoncheas tyctensmendjcydiohaptorannodomimenaeactivity
5-methyl-2.--neebemenes teiacysladodeeeREeRRenstants as:
2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronapinthalene; di- and poly-olefins, such as
20butadiene, isoprene, 4-methyl-1,3-pentadi 22, 1,3;9@;1%@@33, 1,4-pentadiene, 1,5-hexadiene, 1,4-

12 21

Alternatively, in the penultimate copolymerization model, the identities of the last two
10 monomers inserted in the growing polymer chain dictate the rate of subsequent monomer insertion.

The polymerization reactions are of the form
MM CT M~ MMM C(8)
and the individual rate equations are:

R, =k,|-MM, =C"|[M,] ©).

Pyr
15 The comonomer content can be calculated (again as disclosed in George Odian, Supra.) as:
1+ r'lX(rlX+1)
(I_F;)= (r'1X+1) (10)
F‘Z 1+ rlz (rz + X)
X (r'z +X )

where X is defined as:

"y ._.( f:!)
- el

and the reactivity ratios are defined as:

r{ — m ’tl___ kle
20 ';?12 kzl?. (12).
pom 22 wkm
ok 2k
221 121

For this model as well the polymer composition is a function only of temperature dependent
reactivity ratios and comonomer mole fraction in the reactor. The same is also true when reverse
comonomer or monomer insertion may occur or in the case of the interpolymerization of more than

two monomers.
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hexadiene, 1,3-hexadiene, 1,3-octadiene, 1,4-octadiene, 1,5- octadiene, 1,6-octadiene, 1,7-octadiene,
ethylidene norbomene, vinyl norbornene, dicyclopentadiene, 7-methyl-1,6-octadiene, 4-ethylidene-
8-methyl-1,7-nonadiene, and 5,9-dimethy1-1,4,8-decatriene; aromatic vinyl compounds such as mono
or poly alkylstyrenes (including styrene, o-methylstyrene, m-methylstyrene, p-methylstyrene,
250,p-dimethylstyene, o-ethylstyrene, m-ethylstyrene and p-ethylstyrene), and functional group-
containing derivatives, such as methoxystyrene, ethoxystyrene, vinylbenzoic acid, methyl
vinylbenzoate, vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene, divinylbenzene,

3-phenylpropene, 4phenyRiaBeRs & Mathyls %etﬁgabxgt;xl%@ogtdp%edté?edggygg . fiylene,

1,2- dlchloroehhgleettceﬁ teectrafluoroethylene -and 3-trifluoro-1-propene n sﬁu’t]tllng agents

The term, "shttinG aGSHEPSISI ST ‘étcégﬁfﬁb‘u?ﬁiof%?”‘r?ﬁ%?@ SRR e etissirchenTatine!
composition Bfiriguseasedisilovehiorstiapls odhableytf Causing! potyPrerysaxehangebeiyeen at least

two active camwtmas@tmt&atgtyat@mM&qeancthﬁm@%w&d@9&5&&%&9{‘9&&{9nS of the
polymen;atl%glemhalt transfe of ap %;zgn 1gg:ﬁpent accurs both to and from one or more of the

active catalyst sies. lércl)eﬁtrlg foasn £03 AR HER U Al s kB SRR ation of
polymer chafﬁaéRﬁwfﬁdatﬂGsﬁﬁﬁ&ﬂtfsvt’éﬁaeweltfméwénsfexmrgmwm polysiertrotmeheapatalyst to the
transfer agent.skriefefably,iieshuitig.rgenthasan 86t vty ratiq &gﬂ%ﬁ@&lgg&@gt %01 and 5100,
more preferqﬁ%{rgmlou%‘to 10, most preferably from 0.5 to 2.0, and most highly preferably from 0.8 to
1.2, wherein RA_B is the rate of polymeryl transfer from catalyst A active site to catalyst B active site
via the shuttling agent, and RBA is the rate of reverse polymeryl transfer, that is, the rate of exchange
startingfromMhecagtalyst B active site to catalyst A active site via the shuttling agent. Desirably, the
intermediate formeg, hefweendheshviling ﬁg&%gﬁg Bhgrgglgmfet@él ¢hain is 10sufficiently stable that

chain termination is relativel rare. Desirably, less than 90 percent refera ytess fhan 75 percent,
more preferdbly i6as AR g bRYUERY ﬁﬁ%fhr?f&t b%%t?gﬁlﬁfnfegé“ﬂ?éﬁ‘i@ HitiampelyeRtitaRolymeryl
products arent@t?mﬁ‘%it@hepﬁilen the &ttadning & didtinguishidbienpohupeysegatentsmsdolacks. |deally, the
rate of chaineEsaugiis gt(dﬁé@lﬂl@ddﬁ%ﬁbﬁ&m&ﬁﬁﬂ wireddo-transfena aalymeschaln fonacatalyst site to
the chajn sh%tlln% g}engenﬂ)thei ck to a catilgst site) is 15 equivalent to or faster than the rate of

polymer termmgtlon enup to 10 oreven 4d0 hirisas s‘t%?fﬁ'éeh%ﬁlee?ﬁtleld?‘ff’(?ﬁn%@?’t‘e'ﬁn‘?natlon This
permits ponWFé‘t’ﬁBBR“fﬁ??n%tﬁt?r‘NﬂnltP@%mn]eoﬂm éc@l@@sb@lm@np}rbﬁmﬁtwm, 1- By selecting
different conhbinddtions Dﬁaadadyﬁd&datatvmsm?wag&mmrgl@qggﬁgg@;gtqrt@m,@gnv@[,@s differing
reactivities, gngl gycpg}gﬁgrgeggr@g@hsehyglmrr%rggr ents agents 70W| h these catalyst

ene tetrac
combinations, polymergro UCtS avmg seg ments Of r%@’ren ens |es’orc r%cgfl 6’ﬁ%entrat|ons

different bloglﬂétﬁiﬁ]fﬁs faiasfenmt wirhirei S 8t-etizhy demrlethalmepibaid m’e@éﬁe&peﬂlmﬁer can be
preparéd. Foresampiepitthstantivityl of thesskutlinmgpagedtis|aw-frlativiento tha.satalvst palymer chain

propagationyateRhone QEMALe-Of R SARIYSIE.Iongsk higck lenath multi-block °?9°'¥ mers and
oly

polymer blen stg6 be obtained. Contrariwise, if shuttling'is 25very fast re%atlve 'tg mer chain

propagation 8 CSpEIHRP R MY Hﬁ’é?%r‘t%fﬁdﬂfﬁ"m&ﬂ‘ﬁ@ﬁ%ﬂ reid-$KoreEdishsek- Fé‘ﬁ@t‘l‘?élqs obtained.
An extremel§-feestdhiittiprpdigentmay-gioetlivel 4, dnistidiloek copatymeryhesdnpguadbsiantially random

copolymer mewzmeﬁeéete&t@&qmw ocmlyﬁtﬁ&wtﬁ ADESDUILINg, %&%@Hsg%'gtve'y pure

block copolymers mersc talnln Telatively large mer segments or blocks, and/or blends of
POy c{ e%oq rene o a/ styrenegm et ylstyrse/ane a%d prget)r/tylstyrene and functional group-

the foregoing’ I\JNI various ethy
containing dertvattves such as methoxystyrene, ethoxystyreme, vinylbenzoic acid, methyl
vinylbenzoate, vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene,
divinylbenzene, 3-phenylpropene, 4-phenylpropene, o-meths/Istyrene, vinylchloride, 1,2-
difluoroethylene, 1,2-dichloroethylene, tetrafluoroethylene, and 3,3,3-trifluoro-1-propene.
30

Chain shuttling agents

The term, “shuttling agent” refers to a compound or mixture of compounds employed in the
composition of the present invention that is capable of causing polymeryl exchange between at least

two active catalyst sites of the catalysts included in the comyposition under the conditions of the
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30homopolymers and/or copolymers can be obtained. A suitable composition comprising Catalyst A,
Catalyst B, and a chain shuttling agent can be selected for this invention by the following multi-step
procedure specially adapted for block differentiation based on comonomer incorporation: I. One or
more addition polymerizable, preferably olefin monomers are polymerized using a mixture comprising
a potential catalyst and a potential chain shuttling agent. This polymerization test is desirably
performed using a batch or semi-batch reactor (that is, without resupply of catalyst or shuttling agent),
preferably with relatively constant monomer concentration, operating under 5solution polymerization

conditions, typigalivisising2 malat iRHa:eLeRRRlYsk{% GhAIN UG 0SNG 19 Lopg After
forming a suitapl vggg&tit QE, &Mne%r, tr%e r ac%on is terminated by addition of a catgaﬁys? poison and
the polymer's propertlesyfﬁ MnC ARd N H SR BT e R @i gnster agent? artes gsingfipoRfmerization
and polymer teRti1gsaraae goatdarbrraayisy t diffetont roattiofdimas: prigvidifgetisetiesyef polymers
ha;/ing a rang;atl@ftgéﬁddﬁ antl. %f&?}kb@@%el%%h%&@lﬁ%ﬂs%#&ﬁ%@ Eﬁ%%&}%ﬂﬂﬁ gflaﬂ?&%y@&lﬂig sir?nifi.cant
polymer trans 1 the s in ent are.c cterized by a polymer series wherein
the miniml? m Iﬁgﬁ;)l%{%i%%% [g%],onrln%Iretoggéflégé%%t?ergsytﬁ% ) t,ognod HioP F&%‘r}éﬂﬁﬁé’%y than 1.3.
Furthermore, it Qi ShitiifBereidRenrfifg s Mnphotabpuiirfamittibor dassypsadevablyinearly
linearly, as corfversieniis incheasedinioshpiefay g eatalysyt shutting,agentpais ag these giving
polymer Mn as.g.lpfugski :Qnyersion er vield) fitting a line with a statistical precision
(R2) of greater than 8.9.%%%@&%3 ﬁ/ greaté% aqr%%\ée.&te %Sc%%ﬁ% fare 1téézﬁ”"%:zifr@risehémcgilitgfor one or
more additional’pairinge ot poteAtiErEARIR e B BUbs I EAe famG 26 Evteclrmsitabién domposition
comprising CatafjsiepthGtibadybttBhamtronetanisosatohaimshoiting RRgents Aagearding to the invention

s then selectestauatiihal Bt calalists sAshABIOR.ANBIRAIINGNIR.0Ng 0ot ghthe chain

shuttling agen?dr%ggog%%%§t0$ hasla higher comonomer incorporation index (or i€ Gtherwise capable
of selectively forming differertiated polymer) CofAPaIEe’ & e 4B i inmisdimlirssnditions
chosen. Most p&Rerabiy bleekealkicatie thf mie flsbiin shuittie (lefren sy tindéng oesipdlymerstansfer in both
the forward angbleverseiditeetivnsa(ns seentifiechin thedaregeindesbwitk Roth.Gatalyst 4 and Catalyst

B. In addition, it.j batihe.shainshuttling age tgoes not reduce the catalyst activity
(measured in W%%E{%ftﬁéag?)%gﬁ%%&ceé %0&§g%?%%?a1§§?np@ kv r%ﬁ ?ﬁﬁ‘ée)“&f) L imes f?é‘i%flyst

iced per \ .
(compared to SENVIE RiGAPaBeshagrLsh TirRs e RepimpThses forantso petoonnatioresprieferably
such catalyst aetivitynis popagdiaced by more than 20 percent, and most preferably catalyst activity of at

least one of the cataly RisaQingreased.aompaed o the catalyst activity in the absence of a shuttling
agent.  Alternative % it is also possible to detect de %1 él%%ltél ySUBRUTING Sgent PArSBy

performing a S&re& Y %ﬁ@ﬁf@?ﬁ%{&%&%&éﬂ%@ﬁéﬁ&%%@% reEttish et ens e freasuring the
resulting Humbéthaberaganbtenblartiveightsnt Ploands palynesyield erdpreductiantate: Suitable
comonomer concentrations, different block lengths, and different numbers of such segments or
blocks in each copolymer can be prepared. For example, if the activity of the shuttling agent is low
relative to the catalyst polymer chain propagation rate of one or more of the catalysts, longer block
length multi-block copolymers and polymer blends may be obtained. Contrariwise, if shuttling is
25 very fast relative to polymer chain propagation, a copolymer having a more random chain structure
and shorter block lengths is obtained. An extremely fast shuttling agent may produce a !muiti-block
copolymer having substantially random copolymer properties. By proper selection of both catalyst
mixture and shuttling agent, relatively pure block copolymers, copolymers containing relatively
large polymer segments or blocks, and/or blends of the foregoing with various ethylene
30 homopolymers and/or copolymers can be obtained.
A suitable composition comprising Catalyst A, Catalyst B, and a chain shuttling agent can
be selected for this invention by the following multi-step procedure specially adapted for block

differentiation based on comonomer incorporation:
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shuttling agents are characterized by lowering of the resultant 1\4.n without significant broadening of
PDI or loss of activity (reduction in yield or rate). The foregoing tests are readily adapted to rapid
throughput screening techniques using automated reactors and analytic probes and to formation of
polymer blocks having different 5distinguishing properties. For example, a number of potential
shuttling agent candidates can be pre- identified or synthesized in situ by combination of various
organometal compounds with various proton sources and the compound or reaction product added to
a polymerization reaction employing an olefin polymerization catalyst composition. Several

polymerizations are CoRdyGiBE alaaRipcmaliatipsfsheilinonaoe it satalystAsiamnimum
requirement, smug%ble snrluttljnég aggntslar? 1(3 tI'(\iose th?glprhoducg %minimutmngHl f less tthan 2.0in
variable yield XpermamehE 4R AL AR EvEd d R HE AR iR Ay 8R0S 8 PPaRTIitE Ohtaly st
activity, and prréfefabiyimpridvine caindydueibivisynakabaias e SdabiedvithouReyapliiessavilyie method
for identifyirr:gm ShfEia, a'gzﬁt),lgwﬂ(%ag?mgliaaﬁit%m?gsm&mn@nx@fe&{%mm:}wg@m@aﬁds;]capabIe of
preparing t resently identified mullti-block copolymers or 15usefully.em e er the
polymeri%ati%ﬁ %%%Hﬁ%ﬁgr Zé?g?nca}géigﬁé%?ﬁ?gﬁﬁ gllrnél)gglr r %ﬁlﬁ-%ﬁ%gﬁtco%l% %Hél?glﬂg\a/ﬁ%t an

average nunifst 6f B0k ot Beifoianing puitale paaicriine eedetiaersiotie taralse Humber of
blocks of diffedéimbcofnpesitiapdiviced ty thighdnsaiihetpeolpiter Mineatexiham 3:@PMprepreferably

greater than 3.5, evierr QiR AERISIARIL RRIELIALAQ: ANLIESS 10ANLP cREIEIARIESS than 15,

more preferably less than 10.0, most preferably less than 8.0 are formed 20according to the invention.

Suitable shuffifigCaJEHTs For 1L REFET SHRIEEE AR £ by S TRt oS unds or complexes
containiffy at least Ghe@EL20 hytiogasbyl goulenprafetiabbydwiragadysubstifatédiatamiqum, gallium
Or: ziancorp]pﬂbm@&@9&&%@%&5}%&1&%&@%%@%leﬂlcer;él}mxhg{@uéﬂl@pﬂfxrﬁaé‘s@?n products
thereof wit rqton source. Preferr rocar roups are a roups, 25preferably linear or
branched, e&é)%T_k%lrﬁ%e b%?xf}fcl)ys{ef)sr%}aenrri:éqd as%%ntjt‘ﬁs/_ﬁg[ é%’egﬁ’é |;‘(A‘)Srs ﬁ!é% %13'[#5%?5%% ’ihvgléﬁ lon are trialkyl
aluminum anthefhng/ 2ierdbmibe YHoy teaprvratyviH érpighat misfareb i itpastolnayr i antaayacsion
tri0-butyeattrinintieasddi(vbe sydRadedainalyey hfatag iebhal parinilenndsetbylgaltiymerondigthylzinc.
Additiongl sujfahle shuttling ts i cti roduct or mixtur .forn@ y combining the
foregoing or anorrllletal cgms%)glﬁr%,ﬁ%pef%ﬁa%@eg{ﬁ% Eg %ﬁ?ﬁ?ﬁ%‘g lﬁlr%al)fn{fﬁn%?ral ft,} ea%e)il zinc
compound, e&pLRikinPRaNT SRRt M%-propyl) aluminum, tri(i-butyl)aluminum,
tri(n-hexyDaluminuRtesititoctyRalcminliont for diethyiaaeddiithdegsitan of stoictubeatyiesquantity

(relative to the nupherfhydigearayl groups) of a secondary amine or a hydroxyl compound,
especially bis(trimethylsilyl)amine, t-butypdimethyDsiloxane, 2- hydroxymethylpyridine,
di(n-pentyDamine, 2,8 SIRRAHERSE BRASRE REDHtHY S&FRRRS B, and one or more chain shuitling
bis(2,3,87-ditzeniz eskadagyclbheptatieaimine)sarcRGsdiphenyhe e oktddesi rablyynduffictbrinamine or

hydroxyl reaggntiisoUsi@rbatichnthalepnr el onaniny Gup.reMmaing Rel Metal g JdhsRyimary
reaction products of the foregoing combinatio t desired for Use in the present invention as

shuttling agents are neocty At iU dit5iSRARTe g;)/ ARGy e SH SRR ARG R
compared to Catalyst B under the reaction conditions chosen. Most preferably, at least one of the
chain shuttling agents undergoes polymer transfer in both thie forward and reverse directions (as

25  identified in the foregoing test) with both Catalyst A and Catalyst B. In addition, it is preferable
that the chain shuttling agent does not reduce the catalyst activity (measured in weight of polymer
produced per weight of catalyst per unit time) of either cata lyst (compared to activity in the absence
of a shuttling agent) by more than 60 percent, more preferably such catalyst activity is not reduced
by more than 20 percent, and most preferably catalyst activity of at least one of the catalysts is

30  increased compared to the catalyst activity in the absence of a shuttling agent.

Alternatively, it is also possible to detect desirable catalyst/shuttling agent pairs by

performing a series of polymerizations under standard batch reaction conditions and measuring the

resulting number average molecular weights, PDI and polyrmer yield or production rate. Suitable
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5bis(dimethyl(t-butyl)siloxide), and n-octylaluminum di(pyridiny1-2-methoxide), i-butylaluminum
bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyDamide), n-octylaluminum
di(pyridine-2-rnethoxide), i-butylaluminum bis(di(n-pentyearnide), n-octylaluminum
bis(2,6-di-tbutylphenoxide), n-octylaluminum di(ethyl(1-naphthyDamide), ethylaluminum
bis(tbutyldimethylsiloxide), ethylaluminum di(bis(trimethylsilyoamide), ethylaluminum bis(2,3,6,7- 10
dibenzo-l-azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-l-azacycloheptaneamide),
n-octylaluminum bis(dimethyl(r-butyOsiloxide, ethylzinc (2,6-diphenylphenoxide), and ethylzinc
(tbutoxide).  shiitaillpepppreciatediby thecslidisgamisathatasyitableshing:a aTc{gt for ope
catalyst or caiglyst P?anac{? %rzrreréagngof necessarily be as good or even satlsfactory ugewith a
different 15catalyst or catalys inaton. SohéPotential shuttling agents may adversely affect the

performance of one BF Mtaeeatasrs madibndptie trdeditabletion ssecfirghabrgasonsagwell.
Accordingly, thecastidityaabihiendhaintspihiag.a0e mrglegmydg,rpgl graced.with gwtef&g;@lytrc activity of

the catalysts g, eVE ge@egeg 0l mer pro rtre In som bodiments, of the invention, best
results may besgt%grne E‘%use of L?t)g[ ing aaelr\f 3’ oéegl%hgfﬁt @%fﬁ?ﬁ@%&ﬁiﬁﬁié@‘fﬁ@ﬁ%red by a

rate of chain frdﬁﬁtétfeﬁi)ofﬁé f?“i@%%’ﬁf%‘r‘f ?ﬁé%é%mrﬁfpé%@ibfea@fewai cGumerdily fibwenieus preferred

shuttling agemtstpossess thithighestuatesedqohymandtansten asumall-asaths Righest an

effidencies (raicerhnvidenas of chain minalon. SHE SHHIIng Sgents man e ss educed
diti

concentrations ?nd strgl ?c |eve the desire rée of shuitt on, suc sﬁu\fﬁrﬁg agents
the

result in production of the’ SHEHE8EH5 LB Sh %WWI@H%WH@W%‘F&B% egraits stsuttling
agents wWih a@ﬁf@f@@&%ﬁhg@@p@@%@@mﬂwwmemahebfagtemamamﬁeaave Jnigdegular weight of

the polymer iattve, raaeta: Sdanared e lya rReMGIRY WSCREIN. Ol 1hE L [xture and
consequentlycge%p%@@V eran;onvqe %osfisb gaﬁabllilstgswgosa%g%?e %Iys& %?%geﬂ‘ﬁ%gfﬁ ihclude any

compound or comsblnatron ofacompoun(fs that is adapted for preparing polymers of the desired
composition or typeREaiHertEfsjeribeliSHAentibinbgeneosstatiihstsmayebere inplayadioExamples of
heterogeneousicatalysipinaiubie el &wwaraqurfmwﬁ%@&ﬁﬁ@ﬂ%&ﬁ@%ﬁf@%@gwp 4 metal
halides 55‘pr5€%§1§’5&9‘6@9@&£¥%@ %lxln%%éa G mlx%%g]xgl Kerein s‘glg1 A %%%ig%%éqwe” known

chromium or va adium based cataly sts Pre era owever, ctron of
narrow moledlid W%‘fgfﬁeﬁolfwﬁ’ér%é@j‘?f?éﬁf%“i‘ﬁ’%’cﬂﬁ’ff@ﬁ“t?fée@m%misw forlagechenelasaigihemegeneous

catalysts comwmgammmylmmgmwbﬁmmp%mdﬂﬁdm@f@wpalﬁ%e%%@l|y

compounds Qﬁa‘ﬁ@rﬁm%‘?ﬁe@ﬁﬁgo@&@?%ﬂ% %e!a%gﬁqgoié%'rgfcéa rea er éf Ef 5?‘1” tha Ide ?enes of the
Periodic Table ?e Pgﬁ rHraf%ntlgn it 5is preferred that any cat erein, o srgnr’frcantly
et thé® pé ¢

detrimentally‘a SRERPSY ?ﬁae’léﬁt‘ﬁésrth%{té%ﬂ%ﬂﬁwﬁfﬁﬁ@’ dﬁﬂrff@ﬁ§ qurréqm%bnt
polymer2aticticDiisdriatthg imsdimtalyst is reduced in activity by greater than 25 percent, more preferably

greater than 10 persenbundeniie.conditions of iheRieseaLRolymeszaton. Meial complexes for use

herein havrng % comonomerr caorporation mdex (Catalyst A 10include com Cofnfes ofstransrtron

metals selected from Groups3 t Tg of é"l%rffﬁ%’yfﬁﬁf‘g’ oF é@?éf‘ﬁ%’ﬁfé@b‘r‘?ﬁé?iﬁfﬁ@%he or more
delocalized, RIBBABEHGERES BRoroRmetedt ioemrtﬁserfrg‘aﬁdsaﬁxmpbeﬁnmimmt@ﬂmpene

half-metallocenieccanstiatned geRoTel, aastRlyale Pty MRINE, %g;%g a{%%{ g base
complexes. Rlexes, ical icted b the formula; z,0ra drmer hereof,
wherein 15My?§;@pqgtal selegt%%l roren(IE r(})&é( Pg% pref v %“%&%’5%@%?56&?& 8, and most
preferably Gl%ffﬁllhlﬁﬁﬁ@%l% Eyfgﬁp@r@mﬁ@igrélﬁyéﬁ@ compounds, especially triethy laluminum,

tri(i-propyl) aluminum, tri(i-butyl)aluminum, tri(n-hexylaluminum, tri(n-octyDaluminum,
triethylgallium, or diethylzinc. Additional suitable shuttling agents include the reactiom product or
mixture formed by combining the foregoing organometal compound, preferably a tri(C 1) alkyl

30 aluminum or di(Cy.g) alkyl zinc compound, especially triethylaluminum, tri(i-propyl) aluminum,
tri(i-butyl)aluminum, tri(n-hexyl)aluminum, tri(n-octyl)aluminum, or diethylzine, with less than a
stoichiometric quantity (relative to the number of hydrocarbyl groups) of a secondary amine or a
hydroxyl compound, especially bis(trimethylsilyl)amine, t-butyl(dimethyl)siloxane, 2-
hydroxymethylpyridine, di(n-pentyl)amine, 2,6-di(t-butyl)phenol, ethyl(1-naphthyl)amine,
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K independently each occurrence is a group containing delocalized it-electrons or one or more
electron pairs through which K is bound to M, said K. group containing up to 50 atoms not counting
hydrogen atoms, optionally two or more K groups may be joined together forming a 20bridged
structure, and further optionally one or more K groups may be bound to Z, to X or to both and X; X
independently each occurrence is a monovalent, anionic moiety having up to 40 non- hydrogen atoms,
optionally one or more X groups may be bonded together thereby forming a divalent or polyvalent
anionic group, and, further optionally, one or more X groups and one or mor 25Z groups may be

bonded togethes thesehydemming.a meiehsHahispoth cavalenivheuns tadandscagrdinated thereto;
Z independen'gyhegch ccurrence is a neutral,%%\?%}/é%%?fe donor ligand of up to 50 non-hydrogen

atoms containing At ISAsT BRe THERhya B YR TRERS 2SS AR el TR is an
integer from 0788 oBEsda kI Ptbe deegping combinktiznisiepsidenivat frome Mt remnt thesiomak+x, is equal
to the formal axidatigngiateohMoaitableeria campleesdndudethpaecantaining from 1 to 3

it-bonded anionic or | li d groups, which may be. cyclic ar.non-cyclic delogalized rt-bonded
o e SIS e AL R Bl el Pl

! ary of’su ided groups are’conjugated’or n %onjugated, cyclic or
non-cyclic dieRE@rrGidiyrgitipenshy-Ryfvalainer Aty piérinsthy biovmaidpnospbiblenime arene groups.
Tly the term " Tippnded.-isethedatd) hatthauigand Graup jsobopdad {a.hey krasitiermeilby a sharing

of electrons fragy  Ragially delocalizstd-bR0k A5AThAIAMJB 0 sclaslized f-bonded group may

independently be substituted with a radical seléected from’the group consisting of hydrggen, halogen,
hydrocarbyl, hAIBHYEF SR ISRy eirs g iskit(riser retdbdamide Gindrbmimie histerentom is
selected ffom roup- I-428 loh¢ptenPariddio-Peblduoftive HiEMEits!taneb suchchyidiogarbyhidibstituted

heteroatom raglicasfukhen SURRHUISH WIRYRiGERR AR ALIE SIHA ALRM SR IIRNG. I In

addition two o ur{})o?el)such 10radicals may together form a fused ring system, including partially or fully

hydrogenated usec Ing systems, or they may form a metallocycle with the metal. Included within the

term "hydrocarbyl" afe"dibe@rstesiethd, tyrhnekidel arigee fiutie alktybkedictisg @60tZ0r arematiciradicals,
C7_20 alkyl-substjsitehbirematieyadicalesany talRay-substitutaal adicals aBuitable
ooty - e AlsY CARM.ERR SRSl MRRG:, SANG Lavhaiuiad adicals of boron
performance of one or more catalysts and may be undesirable for use for that reason as well.
Accordingly, the activity of the chain shuttling agent desirably is balanced with the catalytic activity
of the catalysts to achieve the desired ﬁolymer properties. In some embodiments of the invention,
best results may be obtained by use of shuttling agents having a chain shuttling activity (as
20 measured by a rate of chain transfer) that is less than the maximum possible rate.
Generally however, prefetred shuttling agents possess the highest rates of polymer transfer
as well as the highest transfer efficiencies (reduced incidences of chain termination). Such shuttling
agents may be used in reduced concentrations and still achieve the desired degree of shuttling. In
addition, such shuttling agents result in production of the shortest possible polymer block lengths.
25  Highly desirably, chain shuttling agents with a single exchange site are employed due to the fact
that the effective molecular weight of the polymer in the reactor is lowered, thereby reducing

viscosity of the reaction mixture and consequently reducing operating costs.

Catalysts

30 Suitable catalysts for use herein include any compound or combination of compounds that
is adapted for preparing polymers of the desired composition or type. Both heterogeneous and
homogeneous catalysts may be employed. Examples of heterogeneous catalysts include the well
known Ziegler-Natta compositions, especially Group 4 metal halides supported on Group 2 metal

halides or mixed halides and alkoxides and the well known chromium or vanadium based catalysts.
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15nitrogen, phosphorus or oxygen wherein each of the hydrocarbyl groups contains from nt 1 to 20
carbon atoms. Examples include N,N-dimethylamino, pyrrolidinyl, trimethylsilyl, trithylsilyl,
tbutyldimethylsilyl, methyldi(t-butypsilyl, triphenylgermyl, and trimethylgermyl group's. Examples of
Group 15 or 16 hetero atom containing moieties include amino, phosphino, alkoxy, or alkylthio
moieties or divalent derivatives thereof, for example, amide, phosphide, alkyleneoxy or alkylenethio
20groups bonded to the transition metal or Lanthanide metal, and bonded to the hydrocarrbyl group,
IC- bonded group, or hydrocarbyl- substituted heteroatom. Examples of suitable anionic,

delocalized 7ohandagiganes iclide cuciananiadiembngemd, liar %ﬁgg%%%x gindenyl,

tetrahydrofluoren%[g qctahydrofluorenyi, pentarlienyl, cyclohexadienyl thracenyl,

hexahydroantFrAEER{ SHEEH 8%%@&%&%9%?%6? homoRERgIHDA LAY TrurREpeAKrERIDS, as well
as inertly subsmmeh@eﬁv&m@mmerré@fpeswe@iawmmdawwmmbs&iw@@E%ﬂ(@ad Yy
hydlrocarby(lj)_&huﬁxwt&w&tﬁﬁq%ﬁwﬁtb\lﬁﬁoﬁgﬁ&%ﬁ{%{?@ @5{%&1'&%{?@&igﬁtgﬁﬂfﬁgﬂ1%%ﬁ%@ﬂ§.dxaroups are
cyclopentadienyl, pentamethylcyclopentadienyl, tetramethylcyclopentadieny
tetrametéylsi@%%%%e%%mgﬁ%fﬁt SR id%%ﬁ”ﬁienﬁ%ﬂﬁ%fg@ M ﬂﬁ%ﬁtﬁ}lﬁﬂﬁ@fﬁg‘ﬂindenyl,
2-methyl-4-pREfRyTEeRf theatbendraitordnyheserdiivdsolfdorerrptntip@Gmmdaateny Desirably, no

3-pyrrolidinoiagieyd iytedided Gy aloipenta (RRREMANIB IR h AN RIBRY G S RS MY bercent THE
boratabenzegx&é;gﬁlgg%aq{fgn%rgﬁﬂic ;Qand which are boron containing an_alogues to benzene. They

are previously known in the art hée\ﬁnge%tepgﬁraeemszéﬁ %d by G. Herberich", et al., in Oraanometallics,
14,1, 471-480 (19951c'BROBAEH VB AtaBERPSRVPRGENFS BORPESH HISErROTHHEfMPILIBaaRIR)B- R1 < R1
whereiniR1 isdndnensiebstiiteatsipreferably selectes Gampt g IoupEonsising aihydiegen,
hydrocarby, sibenala kRIS R baYRG NBIRADBIAMSNY SauRring. Iydrogen, and optionally

two adjacent R.1 rourp may be joined together. In compléxes involving divalent derivatives of such
S

delocalized B Gt s e B P PTG AR B A TE B PR ROVARTR bond or a covalently

€
bonded divalgsidglovipeoanother sivirtiof the conpisies. tideeby fimming aebsitigiddsystemy
Phospholes ateranioniofigands shataie hhesphatus,containing analogues to a cyclopentadienyl

gous, T o oYU RN s RIS besh s e 1 999'0992,end
preferably Group 4 of the Periodic Table of the Elements;

K independently each occurrence is a group containing delocalized n-electrons or one or
more electron pairs through which K is bound to M, said K group containing up to 50 atoms not
counting hydrogen atoms, optionally two or more K groups may be joined together forming a

20 bridged structure, and further optionally one or more K groups may be bound to Z, to X or to both 7=
and X;

X independently each occurrence is a monovalent, anionic moiety having up to 40 non-
hydrogen atoms, optionally one or more X groups may be bonded together thereby forming a
divalent or polyvalent anionic group, and, further optionally, one or more X groups and one or mores

25  Z groups may be bonded together thereby forming a moiety that is both covalently bound to M and
coordinated thereto;

Z independently each occurrence is a neutral, Lewis base donor ligand of up to 50 non-
hydrogen atoms containing at least one unshared electron pair through which Z is coordinated to M;

k is an integer from 0 to 3;

30 X is an integer from 1 to 4

z is a number from 0 to 3; and

the sum, k-+x, is equal to the formal oxidation state of M.

Suitable metal complexes include those containing from 1 to 3 w-bonded attionic or neutral

ligand groups, which may be cyclic or non-cyclic delocalized 7-bonded anionic ligand groups.

21




wherein R1 is as previously defined. Preferred transition metal complexes for use herein
correspond to the formula: MICkX"Zz, or a dimer thereof; wherein: 15M is a Group 4 metal, Kisa
group containing delocalized 7-electrons through which K is bound to M, said K group containing up to
50 atoms not counting hydrogen atoms, optionally two K groups may be joined together forming a
bridged structure, and further optionally one K may be bound to X or Z; X each occurrence is a
monovalent, anionic moiety having up to 40 non-hydrogen atoms, 20optionally one or more X and one
or more K. groups are bonded together to form a metallocycle, and further optionally one or more .X

and one orm : ether thereby forming a moiety that is both cavalently bound
to M and coor%gi%a_ gdl;gtggéé%? Q&,@Queg ?ngqeaﬁ%ﬁ(aléurﬁ?gééc Orggﬁ aetgr?ééyfs}qgloﬁélmﬁﬁlﬁ?ecv%esnﬁase donor
ligand of up tdS0HSBH-EYIRD GEH SRRt bosTRbIPAY EoKPasttorbAlnsharctietzeronBaibttrongh which Z

is coordinated:eohe25K igaHategarsiarp-0ui0sToxds B IRASHHAM 1 18 45%df & BRREEftom O to 3;
and the sum, k+x, is equal to the formal oxidation state of M. Preferred complexes include those

containing eitﬂ@?l(?r?érg?%]@@%ﬁﬁ&}?efﬂe latter complexes include those containing a bridging group

linking the two K groeyes.aRrefe e d-Ruaging graups.ae thase corresrondinadadhesfatmyla (ER'2)0
qéur[rence is hydrogen or a

wherein E is silicon, ger. ium, tin, or 5carbon, R' independently each o
e Sgw%ocﬁn fi FhvE Foich Stm%\(r)tgﬁdmce gﬁ%ﬁn“b%{gﬁ‘i’%‘éytﬁn FEBIHS B having up to

group selected from sil droca ydrocarl oxy’a’{‘h Cof
30 carbon or Eﬂi’é@ﬁ‘?%ﬁg St Girpaiers, ratirtib e tfRedirdeip selerastfoea@tewckdriérndatis methyl,

ethyl, propyl, beiayd, Teiitelobityd, pbieny, smethoxydetaoy: anpieReXyeroatom raiXamplagpf the
complexes caniainingh Mg KSHEapRe a1t sampaunds.earesnonding (o he 19formula; wherein: M is
tltanlum’1%Ircorgéll'vlcg}sorrrlaga’f];ggfjhgqr’ f[g!rgfzie Et?ste)l rx%g(s:)%rt-lelxl{lln‘x]nglﬁﬂgin Ialljrtr]illll noE”ﬁfS11+ h %Eo+§nﬁ®£sgélggyon state;
) p y y hyarog g
systems, or they may form a metallocycle with the metal. Included within the term “h-ydrocarbyl”
are Cy.y straight, branched and cyclic alkyl radicals, Cg.50 aromatic radicals, Cy. alkyf-substituted
aromatic radicals, and Cs.59 aryl-substituted alkyl radicals. Suitable hydrocarbyl-substituted
heteroatom radicals include mono-, di- and tri-substituted radicals of boron, silicon, gesrmanium,
15 nitrogen, phosphorus or oxygen wherein each of the hydrocarbyl groups contains froma 1 to 20
carbon atoms. Examples include N,N-dimethylamino, pyrrolidinyl, trimethylsilyl, triethylsilyl, t-
butyldimethylsilyl, methyldi(t-butyl)silyl, triphenylgermyl, and trimethylgermy! groupss. Examples
of Group 15 or 16 hetero atom containing moieties include amino, phosphino, alkoxy, or alkylthio
moieties or divalent derivatives thereof, for example, amide, phosphide, alkylencoxy or alkylenethio
20 groups bonded to the transition metal or Lanthanide metal, and bonded to the hydrocaxbyl group, -
bonded group, or hydrocarbyl- substituted heteroatom.

Examples of suitable anionic, delocaliied n-bonded groups include cyclopentadienyl,
indenyl, fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, pentadienyl,
cyclohexadienyl, dihydroanthracenyl, hexahydroanthracenyl, decahydroanthracenyl groups,

25  phosphole, and boratabenzyl groups, as well as inertly substituted derivatives thereof, especially
Ci.10 hydrocarbyl- substituted or tris(Cy.,o hydrocarbyl)silyl- substituted derivatives thesreof,’
Preferred anionic delocalized n-bonded groups are cyclopentadienyl, pentamethyleyclopentadienyt,
tetramethylcyclopentadienyl, tetramethylsilyleyclopentadienyl, indenyl, 2,3-dimethylizadenyl,
fluorenyl, 2-methylindenyl, 2-methyl-4-phenylindenyl, tetrahydrofluorenyl, octahydro=fluorenyl, 1-

30  indacenyl, 3-pyrrolidinoh1deq-1-yl, 3,4-(cyclopenta(/)phenanthren-1-yl, and tetrahydroindenyl.

The boratabenzenyl ligands are anionic ligands which are boron containing an.alogues to

benzene. They are previously known in the art having been described by G. Herbericlu, et al., in

Organometallics, 14,1, 471-480 (1995). Preferred boratabenzenyl ligands correspond —to the

formula:
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15B.? in each occurrence independently is selected from the group consisting of hydrogen,
hydrocarbyl, silyl, germyl, cyan, halo and combinations thereof, said R3 having up to 20 non-hydrogen
atoms, or adjacent R3 groups together form a divalent derivative (that is, a hydrocarbadiyl, siladiyl or
germachyl group) thereby forming a fused ring system, and X" independently each occurrence is an
anionic ligand group of up to 40 non-hydrogen 20atoms, or two X" groups together form a divalent
anionic ligand group of up to 40 non-hydrogen atoms or together are a conjugated diene having from 4
to 30 non-hydrogen atoms bound by means of delocalized nr-electrons to NI, whereupon M is in the +2
formal oxidation state, and R’, E and e are as previpusly %efined Exemplary bridged ligands
containing two it-bonded groups are: 25d|methylb cyclgpentadienyesilane,
dimethylbis(tetramethylcyclopentadienyl)silane ethylois(2- ethylcyclopentad|enThypS|Iane
dimethylbis(2-t-butylcyclopentadien-1-ypsilane, b‘2 bIS(I an%thylcyclopentad|enyl)propane
dimetlyibis(inden-I-yl)silane, dimethylbis(tetrahydroi l)silane, dirnethylbis(fluoren-l-ypsilane, 24
dimethylbis(tetrahydrofltioren-l-y1)silane, dlmethyIB|5(2 m@ hyl-4-phenylinden-1-y1)-silane,

dimethylbis(2- methyl|Menadry@is|£an&rt$mﬁmyﬁcy&@%ﬁl§ﬂé@t@b{%mQ{@Qéh;y&ﬁﬂﬁﬂﬁ?g of

dimethyl(cyclo ydrofl 5%rrwl |Ian v .
d|methykeyeIoglzgﬁ%ﬁw%%%ﬁly%%fuoren y,%% siane, ’f 2 40 I 0 IS ARy Fopngng hydrogen,

5bis(cyclopent3dfeiyisaidiadre af‘lac?lb\?s(%ﬁ?ﬁl’éﬁ@ﬁﬁfd%?ﬁﬁbégﬁféﬁe T pringtigrestiytedyietopesrtadieny 1)-1-
(fluoren-1-yl)méthiasteres of sRtefelred X! gtoupa aasalecieshiiomdrydsite. hydrecarbyl silylsgermyl,

halohydrocarl belesi| iipYOloceiR|and STPBINEIO ! oups, of o X Qrous ogether

form a divalent derlﬁglve of a conjugated diene or else toge ormane 4-66nded,
conjugated dleRé &‘?IB“referred X" groups are C1.20 hydrocarbyt groups. Examples of metal
complexes of the foreljoinngdosrmelabuitdlgedothused plilsphpresentinigniien dnslwde:

b'S(CyC'OPentadﬁm{;Qﬁh@&m%Bn ?Haylax@ﬁ%/&lﬁ?%&@g'ﬁ%( Qg E&QE‘%{;‘&Q BENAa by wo
15b|s(cyc %pe I)Z|rc nluggr% mL}gnzyl bis(cyclopentadienyDzirconium methyl phenyl,
phe

bis(cyclopentad en z’r i Orfl:lls,lem phosphole ligands correspond to the formula:

Op

wherein R! is as previously defined.
Preferred transition metal complexes for use herein correspond to the formula: MK X, Z,, or
a dimer thereof, wherein:

15 M is a Group 4 metal;

K is a group containing delocalized n-electrons through which K is bound to M, said K
group containing up to 50 atoms not counting hydrogen atoms, optionally two K groups may be
joined together forming a bridged structure, and further optionally one K may be bound to X or z,

X each occurrence is a monovalent, anionic moiety having up to 40 non-hydrogen atoms,

20 optionally one or more X and one or more K groups are bonded together to form a metallocycle,
and further optionally one or more X and one or more Z groups are bonded together thereby
forming a moiety that is both covalently bound to M and coordinated thereto;

Z independently each occurrence is a neutral, Lewis base donor ligand of up to 50 non-
hydrogen atoms containing at least one unshared electron pair through which Z is coordinated to M;

25 k is an integer from 0 to 3;

x is an integer from 1 to 4;

z is a number from 0 to 3; and
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bis(cyclopentadienyl)titaniurn-allyl, bis(cyclopentadienyDzirconiummethylmethoxide,
20bis(cyclopentadienyOzirconiummethylehloride, bis(pentamethylcyclopentadienyDzirconiumdimethyl,
bis(pentamethylcyclopentadienyl)titaniumdimethyl, bis(indenyDzirconiumdimethyl,
indenylfluorenylzirconiumdimethyl, 25bis(indenyDzirconiummethyl(2-(dimethylamino)benzyl),
bis(indenyOzirconiummethyltrimethylsilyl, bis(tetrahydroindenyl)zirconiummethyltrimethylsilyl,
bis(pentamethylcyclopentadienyezireoniummethylbenzyl,
bis(pentamethylcyclopentadienyl)zirconiumdibenzyl

30bis(pentamethylcyclope t%dr n OZI ngugnm %z %%hs

is(pentamethylcyclopentadiény Zirconiummet feﬁ orl
bus(methylethy|cyclop%&?f&ﬂ?éﬁ&)ﬁﬂ?éamfﬂﬁéwefhwﬂmwa@#&ym@ma{agmqy%z"ﬁwqmmdubenzyl
bis(t-butylcyclopemntkeie indDai dansunickimned whridging group linking the two K groups. Preferred bridging
b|5(ethy|tetram§rtg{)ﬂ@(g%@9&@9& g%?%g?&ﬂ%%ﬂ: Z)e wherein E is silicon, germanium, tin, or

blsOnethyIE)rop yclopentadienyDzirconiumdibenz

bis(trimethylsily cfy8fb H{%&?&ﬁ%ﬁqggmmﬁz&ﬁdrogem or a group selected from silyl, hydrocarbyl,
dimethylsilyllaid¢cyeteremtadiehsdziicomiunidiebiostey” having up to 30 carbon or silicon atoms, and e is
5d|methy|5||y|b|§(@¥C|%%?$@9'%¥%§%ngim%mmrence is methyl, ethyl, propyl, benzyl, tert-butyl,
dlmethylsnylbl:é etretmetg Icyc opentadienyOtitanium (LEO all yIy

dimethylsilylbis{t yli%yc faﬁ‘en? 2|r8'on|tund|chlor|de,
dimethylsiIbeis(mbutﬁé%Rﬁ?ﬁ@iﬁéﬂ rompBztctoniginieti chitdfideups are compounds corresponding to the
(dimethylsitylbisdigtramethylcyclopentadienyetitanium(lll) 2-(dhnethylamino)benzyl,
10(dimethylsilylbis(n- butylcyclopentad|enyet|tan|um(a1)2 (dimethylamino)benzyl,
dlmethyIS|IyIbls(lndenyezwcomum&chlomfe dimethylsilylbis(indenyOzircoRfumdihethyl,
dimethylsilylbis(2-methylindepy!)z imethyl,
dimethylsilylbis(2-methyl-4-phenyl Ozirconiumdimethyl,
15dimethylsilylbis(2- methyllndenyﬁilrcon' T,l ,/4-dipheny1-1,3-
dimethy1silylbis(2-methy1-4- pheny d ye2|rcon|um (m 1,4- d%{u
dimethylsilylbis(4,5,6,7-tetraRy RyDzwconlumdlchIorlde,
dimethylsilylbis(4,5,6,7-tetrahydr@gideng>yOzirconiumdimethyl,
dimethylsilylbis(tetrahydroindenyl)zirconium(11) 1,4-dpheny1-1,3-butadi

wherein:
M is titanium, zirconium or hafnium, preferably zirconium or hafnium, in the +2 or +4
formal oxidation state;

15 R’ in each occurrence independently is selected from the group consisting of hydrogen,
hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R* having up to 20 non-
hydrogen atoms, or adjacent R® groups together form a divalent derivative (that is, a hydrocarbadiyl,
siladiyl or germadiy! group) thereby forming a fused ring system, and

X” independently each occurrence is an anionic ligand group of up to 40 non-hydrogen

20 atoms, or two X” groups together form a divalent anionic ligand group of up to 40 non-hydrogen
atoms or together are a conjugated diene having from 4 to 30 non-hydrogen atoms bound by means
of delocalized n-electrons to M, whereupon M is in the +2 formal oxidation state, and

R’, E and e are as previously defined.
Exemplary bridged ligands containing two n-bonded groups are:

25  dimethylbis(cyclopentadienyl)silane, dimethylbis(tetramethylcyclopentadienyl)silane,
dimethylbis(2-ethylcyclopentadien-1-yl)silane, dimethylbis(2-t-butylcyclopentadien-1-yl)silane,
2,2-bis(tetramethylcyclopentadienyl)propane, dimethylbis(inden-1-yl)silane,
dimethylbis(tetrahydroinden-1-yl)silane, dimethylbis(fluoren-1-yl)silane,
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20dinsethylsilylbis(tetramethylcyclopentadienyl)zirconium dimethyl
climethylsilylbis(fluorenyl)zirconiumdimethyl, dimethylsilylbis(tetrahydrofluorenyOzirconium
his(trimethylsilyl), ethylenebisandenyezirconiumdichloride, ethylenebis( indenyl)zirconiumdimethyl,
ethylenebis(4,5,6,7-tetrahydroindenyDzirconiumdichloride,
ethylenebis(4,5,6,7-tetrahydroindenyDzirconiumdimethyl,
(isopropylidene)(eyclopentadienyl)(fluorenyezirconiumdibenzyl, and
dimethylsilyktetramethylcyclopentadienyl)(fluorenypzirconium dimethyl Of the foregoing complexes,

racemic eI iSARBUAMAIEHS Sl BTaun A MEfRIs, 0sspacially Arand el substiuted

derivatives thereof, such as 1-, or 2- t-b |rneth SI stltut enyI) zirconium

complexes, as sl s RSl éﬂﬁ@%ﬁ“‘@ Yexspoantaton)) )(ﬂuore“ 1'Y1)5‘1a“e
ethylenebis(4,8iB¢7atétratiymirdadiamdE pgthhydromicen -gOriplexes, or other racemic ethylene

bls(lndenyDznremwmmw%eﬁm@%ﬁtmrar13yigsme@<em?rz'%gmt%qh@n walking are
usefully eryplog rein. Af EPS{ cIa }gz‘f)metal complexes utilized in th e}fgresent invention

corresponds to ey PREA lemf Fmu RGP PR ANhEPSIRSRIOBE U Y Kre as
previously deflﬁl@éfearﬂdyzq@thasabstltuent of up to 50 non-hydrogen atoms that together with K forms a

metallocycic with M. 51%5@;@3@;@ &@gb&@tm@diﬂsﬂmﬁg&@w&mmm geHiR 13 RYdrgen atoms
comprising at asto m tha Ifur, b ron or a me ber of Gro 4 of the Ferlodlc

OXY, 9
Table of the Ele OSI ts roc che ?ghﬁgm aﬂgff) eht & (t)VF’]%) se%écli%dt%?)t Tthe ¢ ?oup conS|st|ng
of nitrogen, ph@ﬁﬂﬁb\’a@f %R%égﬁ@ﬁ digtie P’tlﬁ\ﬁ? I%@%@@ﬁfyrm@atoﬂmonded COHJI%@&@ dpsaeifically this
class of GroupMbngiateemplexapised acsridingiotbeppresent 10invention includes "constrained

geometry catalysts cno\rrespg 9 ga&% the form%‘lﬁ‘e{{reoom %orm suvwlﬁr i Mis tltamum or zirconium,

1 t
preferably titanium in the + 2, +3 or 4-4 formal oxidation ate; IS a delocalize epfc %onded ligand

group optlonalf?‘@ﬁ’ib@htﬂ‘ﬂé‘ﬂ%lth from1to511.2

bis(cyclopentadienyl)zirconiumdimethyl,
bis(cyclopentadienyl)zirconium dibenzyl,

15 bis(cyclopentadienyl)zirconium methyl benzyl,
bis(cyclopentadienyl)zirconium methyl phenyl,
bis(cyclopentadienyl)zirconiumdiphenyl,
bis(cyclopentadienyl)titanium-allyi, |
bis(cyclopentadienyl)zirconiummethylmethoxide,

20  bis(cyclopentadienyl)zirconiummethylchloride,
bis(pentamethylcyclopentadienyl)zirconiumdimethyl,
bis(pentamethylcyclopentadienyljtitaniumdimethyl,
bis(indeny!)zirconiumdimethyl, |
indenylfluorenylzirconiumdimethyl,

25 bis(indenybzirconiummethyl(2-(dimethylamino)benzyl),
bis(indenyl)zirconiummethyltrimethylsilyl,
bis(tetrahydroindenyl)zirconiummethyltrimethylsilyl,
bis(pentamethylcyclopentadienyl)zirconiummethylbenzyl,
bis{pentamethylcyclopentadienyl)zirconiumdibenzyl,

30 bis(pentamethylcyclopentadienyl)zirconiummethylmethoxide,
bis(pentamethylcyclopentadienyl)zirconiummethylchloride,
bis(methylethylcyclopentadienyl)zirconiumdimethyl,
bis(butylcyclopentadienyl)zirconiumdibenzyl,
bis(t-butylcyclopentadienyl)zirconiumdimethyl,
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15groups, R2 in each occurrence independently is selected from the group consisting of hydrogen,
hydrocarbyl, silyl, aermyl, cyano, halo and combinations thereof, said R2 having up to 20
non-hydrogen atoms, or adjacent R2 groups together form a divalent derivative (that is, a
hydrocarbadiyl, siladiyl or germadiyi group) thereby forming a fused ring system, 20each X is a halo,
hydrocarbyl, hydrocarbyloxy or silyl group, said group having up to 20 non-hydrogen atoms, or two X
groups together form a neutral C5_30 conjugated diene or a divalent derivative thereof; x is 1 or 2; Y is
-0-, -S-, -NR'-, -PR'-; and 25X" is SiR'2, CR'2, SiR'2SiR'2, CI:C2CR'2, CR'=CR’, CR'2SiR'2, or GeR'2,
wherein R i ndently each occurrence is hydro or a group selected from silyl, hydrocarbyl,
hydrocarbylox b?gr%? %%rtﬁ r?r?él |g: ?ﬂ?glrﬁeagl,erg ﬂrﬁfnhug\%%gtﬁg’to 30 carbon or silicon atoms. Specific
examples of th¥sfB1ebuRiepEsHdtRaratigrorammiéienzabmplexes include compounds corresponding
to the formula:biwheneihylAlyisyaloriyd dgnupiabiiem Bde30 atoms not counting hydrogen; R4

independently gach QCeUEEENCE IS YHQ Al 2,9royp other than Ar selected from Shydrocarbyl,
trinydrocarbylsilyl, trl}%y ro_c%?r% i l? %12{%1581 lﬁ’f} Ir%c(gégyloxy, trinydrocarbylsiloxy,

lgermyl, halide, hydt
bis(trihydr8carBWfW&Pﬂh%?ydilﬂWB‘Fﬁy&fﬁWB%M”H%Vécarbadiylamino, hydrocarbylimino,
di(hydrocarbyl}phesphihvihilyadrocanbrgiidphasihinpidnydrqoarbydsulfido, halo-substituted hydrocarbyl,

hydrocarbyloxy ' ] ‘%@ ' ylsj stituted hydrocarbyl,
t ) Mx&&bﬁgﬁ%@g(w fmhtmwgii%ﬁ?%%ggﬁﬁiIyBamino- 10substituted hydrocarbyl,

trinydrocarbylsiloxy- sypstituted hydrocarbyl, droc

di(hydrocarbyéigrrhel}l}]lﬁs&%ﬁ?ﬁ%t%@ﬂﬁ@?&&?ﬁb@ﬂﬁm%Eﬁ“ri’fffl’é‘?féﬁmino- substituted hYdrocarbyl,

di(hydrocarbyI%ﬁtﬁ’@pﬁﬁHb‘b%§thsmlﬁtéxi0h§ﬁdpewa¢byt{lhiydﬁ9m(@ﬁby+@mphmmmgrsubstituted

hydrocarbyl, ordweigeamyisulbdgresubsiiutes irocarhy osaitldh arap aying up to 40 atoms not

counting hydra ena S@%ig%%ﬁ%ggonall tvyj%ﬁgiljﬁg’ent R4 groups may be joined together forming a
roup; |

) zirconium
polycyclic fused rin ? titanium;

dimethylsilylbis(indenyl)zirconiumdimethyl,
dimethylsilylbis(2-methylindenyl)zirconiumdimethyl,
dimethylsilylbis(2-methyl-4-phenylindenyl)zirconiumdimethyl,

15 dimethylsilylbis(2-methylindenyl)zirconium-1,4-diphenyl-1,3-butadiene,
dimethylsilylbis(2-methyl-4-phenylindeny!)zirconium (II) 1,4-diphenyl-1,3-butadiene,
dimethylsilylbis(4,5,6,7-tetrahydroinden-1-yl)zirconiumdichloride, -
dimethylsilylbis(4,5,6,7-tetrahydroinden-1-yl)zirconiumdimethyl,
dimethylsilylbis(tetrahydroindenyl)zirconium(Il) 1,4-diphenyl-1,3-butadiene,

20 dimethylsilylbis(tetramethylcyclopentadienyl)zirconium dimethy!
dimethylsilylbis(fluorenyl)zirconiumdimethyl,
dimethylsilylbis(tetrahydrofluorenyl)zirconium bis(trimethylsilyl),
ethylenebis(indenyl)zirconiumdichloride,
ethylenebis(indenyl)zirconiumdimethyl,

25 ethylenebis(4,5,6,7-tetrahydroindenyl)zirconiumdichloride,
ethylenebis(4,5,6,7-tetrahydroindenyl)zirconiumdimethyl,
(isopropylidene)(cyclopentadienyl)(fluorenyl)zirconiumdibenzyl, and
dimethylsilyl(tetramethylcyclopentadienyl)(fluorenyl)zirconium dimethyl.

Of the foregoing complexes, racemic ethylene bisindenyl complexes of Group 4 metals,

30 especially Zr, and inertly substituted derivatives thereof, such as 1-, or 2- t-butyldimethylsiloxy-
substituted ethylene bis(indenyl) zirconium complexes, as disclosed in Macromolecules 33, 9200-
9204 (2000), ethylenebis(4,5,6,7-tetrahydro-1-indenyl) zirconium- complexes, or other racemic
ethylene bis(indenyl)zirconium complexes capable of 2,1- or 3,1-monomer insertion or chain

walking are usefully employed herein,
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X"is SiR62, CR62, SiR62S1R62, CR6 2CR62, CR6=CR6, CR62SiR62, BR% BR6L", or GeR621 Y is

-0-, -5-, -NR5-, -PR'-; -NR52, or -PR52; R5, independently each occurrence, is hydrocarbyl,
trinydrocarbylsilyl, or trihydrocarbylsilythydrocarbyl, said R5 having up to 20 atoms other than
hydrogen, and optionally 20two R5 groups or 12.6 together with Y or Z form a ring system; R6,

independently each occurrence, is hydrogen, or a member selected from hydrocarbyl, hydrocarbyloxy,
silyl, halogenated alkyl, halogenated aryl, -NR52, and combinations thereof, said R6 haying tip to 20
non-hydrogen atoms, and optionally, two R6 groups or RP together with Z forms a ring system; 257 is

a neuiral diene or & menadeRtals oF ROl AR hENISARSE pRIaPaluhended o BB RE, 0T X, X

is hydrogen, a monqvalent anignic ligand group having up to 60 atoms not counting hydrogen, or two
X groups are joine fgﬁgq[ urgt' TAMG Y UREetnthrpintidfolip: Rs2r6ropEHa bz is 0, 1. or 2.
Preferred exantisfésdfatidelfioregybmtigienettilcbriplexds argesubsiittiadoatthotiith® Zrand 4- positions of
a cyclopentadienyhipicirganyh group with an Ar group. Examples of the foregoing metal complexes
include: (C’-,-fphenylcycllglrg%nrte 'enl-jl .-t}/[:l)?dimelth Ir%-butylami_dp)silanetitanium dichloride, .
(3-phenylcyclopentadien-1-ydimeathy it By s RAAES RN Y RgBeRgrrogen atoms comprising
(3-phenylcyclopefitathenaappiite tyRebutftarhide) siametitenfifirohp 143 HpHRenydidTabibutariene; (3
-( %yrroll-l-yl)cy@kapentadiiefaﬂ at}d%ﬁﬁdéneltllm&Bldtfﬂaéﬂiqwﬁﬂﬁ%éé@ﬂ&ph@ iBloridgsi3agpyrrol- 1
-yOcyclopentadjen:,1 - t-butylamido)silanetitanium dimethyl,
10(3-(pyrro|-1%&/%%%%62%%%}{é}f{/iﬁséfr%“e%&/ ?}Bﬁ ﬁlvaar%‘]‘g%ﬁ’gﬂ%%ﬁt}gmum (11) 1,4-
diphenyl-1,3-butadi er%I;ore specifically this class of Group 4 metal complexes used according to the present

(3-(1-meth9pyirebBiyoybldpchtadien-yOdimethylfsbutylasida)sianetinium dichloride,
(3-O-methylpyrrol-3-yecyc|openta_dien-l-yl)d_inacthyl(t-b,ut\ylam_ido)s_ilanef[itar_mium dimethyl, (3
-(1-methylpyrrol-3-yOcyclopentadien- 1-yOdimethyl tylamido)silanetitanium () 1,4-
15diphgny1-1,3-butadiene; (3,4-diphenylcyclop¢rp5 _qLe’?( ,XAdimet.hyl(t-‘butylgmiQO)silgnetitanium
dichloride, (3,4-diphenylcyclopentadien- 1 -yOdimethyl(t-butylamido)silanetitanium dimethyl,
(3,4-diphenylcyclopentadign- | -yl)dimethyl(t-butylamido)silanetitanium (I1) 1,3-

M is titanium or zirconium, preferably titanium in the +2, +3, or +4 formal oxidation state;

K' is a delocalized, n-bonded ligand group optionally substituted with from 1 to 5 R?

15 groups,

R? in each occurrence independently is selected from the group consisting of hydrogen,
hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R2 having up to 20 non-
hydrogen atoms, or adjacent R* groups together form a divalent derivative (that is, a hydrocarbadiyl,
siladiyl or germadiyl group) thereby forming a fused ring system,

20 each X is a halo, hydrocarbyl, hydrocarbyloxy or silyl group, said group having up to 20
non-hydrogen atoms, or two X groups together form a neutral Cs.3( conjugated diene or a divalent
derivative thereof;

xis 1 or2;

Y is -O-, -S-, -NR’-, -PR’~; and

25 X’ is S8iR%, CR’3, SiR’;8iR’,, CR’,CR’,, CR’=CR’, CR’;SiR’,, or GeR’,, wherein

R’ independently each occurrence is hydrogen or a group selected from silyl, hydrocarbyl,
hydrocarbyloxy and combinations thereof, said R’ having up to 30 carbon or silicon atoms.

Specific examples of the foregoing constrained geometry metal complexes include

compounds corresponding to the formula:
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pentadiene; 20(3 -(3 -N,N-dimethylamino)phenyl)cyclopentad ien-1 -yOdimethyl(t-butylarnido)s i lane
titanium dichloride, (3
-(3-N,N-dimethylamino)phenylcyclopentadienThyDdimethyl(t-butylamido)silanetitanium dimethyl, (3
-(3 -N,N-dimethylamino)phenylcyclopentadien-1 -yOdimethyl(t-butylamido)silanetitanium 25(11)
1,4-diphenyl- 1,3-butadiene; (3 -(4-methoxypheny1)-4-methylcyclo.pentadien- 1
-yOdimethyl(t-butylamido)silanetitanium dichloride, (3 -(4-methoxyphenyl)-4-phenylcyclopentadien- 1
-yl)d imethyl(t-butylamido)silanetitanium dimethyl, (3 -4-methoxyphony1)-4-phenylcyclopcntadien-
1-yh)dimethyl(t-butylamido)silanetitanium (II) 30,4- dlphenyl 1,3-butadiene; (3 -phenyl-4-metboxycyclo
pentadien-l-ypd imethyl(t-butylamido)silanetitanium dichloride, (3 -phenyl-4-methoxycyclopentadien- 1
-yi)dimethyl(t-butylainido)silanetitanium dime 5 heny1-4-methoxycyclopentadien- 1
-yl)dimethyl(t-butylamido)silarietitanium (Id) 1 4- llipheny K 3 -butadiene;
(3-pheny1-4-(N,N-dimethylamino)cyclopentagh Rethyl(t-butylamido)silanetitanium dichloride,
(3 -phenyl-4-(N,N- dlmethylam|no)cyclopentad|en-l-y' R{h butylamldo)s anetitanium dimethyl,
5(3-pheny14-(N,N-dirnethylamino)cyclopentadienThyl)dimethyl(t-butylamido)silanetitanium (lI)
1,4-dipheny1-¥8bitadiene; 2-methy1-(3,4-di(4-methylphenyl)cyc topentad len- |

-yOdimethyl(t- butylarnkﬂk@}»%l WE@B S Brom EHGHIPLIGES not countmc h droge

2-methyl-(3,4-di(4-m clopentadien-|-yDdimethyl(t Bu Iamldo)snanetltanlum 10dimethyl,
2-methyl-(3,4-di 4-m enylgc%c?oggﬁ%&?%e T {}ﬁﬁifﬁ%’tgﬂf’f BEITRPTFS fatanetRERRII (1) 1,4-d

iphenyl 15’3_50/ @ﬁ:@ﬁ@fl tnhydrocarbylsﬂyl trihydrocarbylgermyl, halide, hydrocarbyloxy,

trihydrocarbylsiloxy, bis(trihydrocarbylsilyl)amino, di(hydrocarbyl)amino, hydrocarbadiylamino,

hydrocarbylimino, dithydrocarbyl)phosphino, hydrocarbadiylphosphino, hydrocarbylsulfido, halo-
substituted hydrocarbyl, hydrocarbyloxy- substituted hydrocarbyl, trihydrocarbylsilyl- substituted
hydrocarbyl, trihydrocarbylsiloxy- substituted hydrocarbyl, bis(trihydrocarbylsilyl)amino-

10 substituted hydrocarbyl, di(hydrocarbyl)amino- substituted hydrocarbyl, hydrocarbyleneamino-
substituted hydrocarbyl, di(hydrocarby!)phosphino- substituted hydrocarbyl,
hydrocarbylenephosphino- substituted hydrocarbyl, or hydrocarbylsulfido- substituted hydrocarbyl,
said R group having up to 40 atoms not counting hydrogen atoms, and optionally two adjacent R*
groups may be joined together forming a polycyclic fused ring group;

15 M is titanium;

X is SIR%, CR%, SiR%SiR%, CR%CRY, CR®=CR?, CR%SiR%, BRY, BR'L”, or GeR’;

Y is -O-, -S-, -NR’-, -PR’-; -NR?,, or -PR%;;

R’, independently each occurrence, is hydrocarbyl, trihydrocarbylsilyl, or
trihydrocarbylsilylhydrocarbyl, said R® having up to 20 atoms other than hydrogen, and optionally

20 two R’ groups or R’ together with Y or Z form a ring system;

RS, independently each occurrence, is hydrogen, or a member selected from hydrocarbyl,
hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, -NR®,, and combinations thereof, said R®
~ having up to 20 non-hydrogen atoms, and optionally, two R groups or R® together with Z forms a
ring system,;

25 Z is a neutral diene or a monodentate or polydentate Lewis base optionally bonded to R,
RS, or X;

X is hydrogen, a monovalent anionic ligand group having up to 60 atoms not counting
hydrogen, or two X groups are joined together thereby forming a divalent ligand group;
xis 1 or 2; and

30 zis 0, 1 or 2.
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((2,3-dipheny1)-4-(N,K-dimethylamino)cyclopentadien-1-yodimethyla-butylamido)silane titanium
dichloride,
15((2,3-dipheny1)-4-(N,N-dimethylamino)cyclopentadien-1-yDdirnethyl(t-butylamido)silane
titanium dimethyl, ((2,3-dipheny1)-4-(N,N-dimethylamino)cyclopentadien-l-yOdimethyl(t-
butylarnido)silanetitanium (11) 1 ,4-diphenyl- 1 ,3-butadiene; (2,3,4-tripheny15-methylcyclopentadien-
1-yDdimethyl(t-butylamido)silanetitani um dichloride, 20(2,3,4-tripheny1-5-methylcyclopentadien-1
-yDdimethyl(t-butylamido)silanetitanium dimethyl, (2,3 ,4-tripheny1-5-rnethylcyclopentadien-
1-yOdimethyl(t- bUty|a]l’FB£lﬂwlaﬁ&f;ﬂ@ﬂbﬂHb@é}ekcﬂﬁgchﬁma%pi@&st}ﬂ%Q@ﬁﬁted at both the 3- and 4-

(3-phenyl-4- (;Q%%cgtcio nta Ddlmet but do silanetitanium dichloride, (3
-phenyl-4- mertTt]%%xycyclope ie“gly dlmetWyl%Sbﬁty fafi o) ifARetitanium dimethyl,

25(3-pheny1-4- mettuo@&?@%ﬁéréﬁé%@réﬁomﬁmm@mmm|do)snaneutamum (11) 1,4- diphenyl-1
,3-butadiene; (Bkeliphenyibda{feb utyhtyelibpatagiend dsyddinethylithuytamido)silanetitanium
dichloride, §2,33diphg @I‘cﬁe‘ﬂa@*&ﬁy )9}58]8@&?{@%3@&“1 gé:))s |m<,?ti ‘ét bptylarnido)silanetitanium

me

dimethyl, (2,3 d|p en -4-(n-butyl)cyclopentadien-= -y utylarméé)&Ianetltanlum @1,1-
30clipheny1-1 3‘8 fgﬁl@pentadlen- -yl)d1methyl(t~butylam1do)s1Ianet1tamum (I 1,3~diphenyl-1,3-

(2,3,4,5- tetmphenyh:ymaentadlen [-yDdimethyl(t-butylamido)silanetitanium dichloride,
(2,3,4,5- tetfapbﬁ(MﬁMQ@ﬁ%}E@&B&HMQdﬂ%‘éhﬁ/é(ﬁi}?&'%@Hﬂﬁ?&lﬁﬁ&ﬁ%ﬂl%@&@%@y' and

(2,3,4,5- tetrap dien methyl(t-butylamido)silanetitanium (II) 1 ,4- diphenyl-
1,3-butadiene.’ e ,&XdFdlll Cﬁ? AR {Eﬁlssfldﬁ% i(trﬁ%%\?r&ﬁlﬁ%b‘ fasgtepipp iy Yfatalyst (A) herein are
polyeyclié(con{é@éésobbﬁf‘é@[ﬁmmﬁg% -the) st (voheteriddsititenianivin (Ret#2, +3 or +4 formal
oxidation state; 5R31jmde5pe[ydamb{eeach occurrence is hydride, hydrocarbyl, silyl, germyl, halide,

hydrocarbyloxys r ilox dro bylsi hamlno hydrocarbyleneamino,
d|(hydrocarbyli%r?gsqg)%|§r§10 %& ?3/ }Sb il XF Ino, %?/’ gé(?% %mlsaﬁ SR HisAfTiESy

ne-p
hydrocarb3,4, Hieratest M%‘M‘égﬁé?éﬁtméé’é}%wtw-@lﬁﬂsmdﬁéﬂlaﬂemamum dimethyl,
(3-(1-methylpyrrol-3 -ylcyclopentadien- 1-yl)dimethyl(t-butylamido)silanetitanium (II) 1,4-
15 diphenyl-1,3-butadiene;
(3,4-diphenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(3,4-diphenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(3,4-diphenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (II) 1,3~
pentadiene;
20 (3-(3-N,N-dimethylamino)phenyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
dichloride,
(3-(3-N,N-dimethylamino)phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
dimethyl,
(3~(3-N,N-dimethylamino)phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
25 (II) 1,4-diphenyl-1,3-butadiene;
(3-(4-methoxyphenyl)-4-methylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
dichloride,
(3-(4-methoxyphenyl)-4-phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(3-4-methoxyphenyl)-4-phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (II)
30 1,4-diphenyl-1,3-butadiene;
(3-phenyl-4-methoxycyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(3-phenyl-4-methoxycyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(3-phenyl-4-methoxycyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (II) 1,4-
diphenyl-1,3-butadiene;
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hydrocarbyl, hydrocarbylsiloxy-substituted hydrocarbyl, hydrocarbylsilylamino-substituted
10hydrocarbyl, di(hydrocarbyhamino-substituted hydrocarbyl, hydrocarbylenearnino-substituted
hydroearbyl, di(hydrocarbyl)phosphino-substituted hydrocarbyl, hydrocarbylene-phosphinosubstituted
hydrocarbyl, or hydrocarbylsulfldo-substituted hydrocarbyl, said 127 group having up to 40 atoms not
counting hydrogen, and optionally two or more of the foregoing groups may together form a divalent
derivative; 15Rs is a divalent hydrocarbylene- or substituted hydrocarbylene group forming a fused
system with the remainder of the metal complex, said R8 containing from 1 to 30 atoms not counting
hydrogen; X' 1S a;divalent moj aiety comprisi ne a-bond and.a neutral two electron
pair able to 1‘or<r3:1<p géggﬁm’%%%%%%%%oX%H%geﬂx?gégﬁae%ﬁf?cg rﬁ%,?&%&%%%%@%’?‘%e%%‘ﬁ‘er of Group 14
200f the Periodic THBIE#the Elements, and also comprising nitrogen, phosphorus, sulfur or oxygen;
X is a monovalénbanichis, igéndtybugprtgyiricperpatictQ -gipmsexdbstyrolithelslaaswafdigands that are
cyclic, deloealized 4itzb@ynd ligand groups and optionally two X groups together form a divalent ligand
group; éjqde e ent!jy ealchloc'currence is a neutral ligating compound having up to 20 atoms;
25x is 0,1°0r 2;°and 2 i Spqthylamisigydlpeaniadion dadsr i - bupids arelissR ny |-substituted
s-indecenyl compléRebcdirespohgditigtadidhre formula: 2,3-dimethyl-substituted s-indecenyl complexes

correspondingtadherformutas: ok Apmalmauhsifued sHdeseni semplexss seissagnding to the
formula CH3 cHS%;g 346,

11011

2-methyl-(3,4-di(4-methylphenyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
10 dimethyl, .
2-methyl-(3,4-di(4-methylphenyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
(II) 1,4-diphenyl-1,3-butadiene;
((2,3-diphenyl)-4-(N,N~dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamido)silane
titanium dichloride,
15 ((2,3-diphenyl)-4-(N,N-dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamido)silane
titanium dimethyl,
((2,3-diphenyl)-4-(N ,N~dimethylamino)cyclopentadien- I-y)dimethyl(t-
butylamido)silanetitanium (II) 1,4-diphenyl-1,3-butadiene;
(2,3,4-triphenyl-5-methylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
20 (2,3,4-triphenyl-5-methylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyt,
(2,3,4-triphenyl-5-methylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (IT) 1,4-
diphenyl-1,3-butadiene;
(3-phenyl-4-methoxycyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(3-phenyl-4-methoxycyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
25 (3-phenyl-4-methoxycyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (1) 1,4-
diphenyl-1,3-butadiene;
(2,3-diphenyl-4-(n-buty D)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(2,3-diphenyl-4-(n-butyI)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(2,3-diphenyl-4-(n-butyDeyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (II) 1,4-
30 diphenyl-1,3-butadiene;
(2,3,4,5-tetraphenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(2,3,4,5-tetraphenyleyclopentadien- 1 -yl)dimethyl(t-butylamido)silanetitanium dimethyl, and
(2,3,4,5-tetraphenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (II) 1,4-
diphenyl-1,3-butadiene.
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CH3NC (CH3) 3 Additional examples of metal complexes that are_usefully employed as catalyst
(A) according to the present invention include those of the formgla: -Sl_(CllS)Z NC(C H3)3 QH/_\CHS
and Specific metal complexes include: (8-methylene-1,8-dihydrodibenzo[e, h]a;ulgn4 titanium (It)
1,4-dipbenyl-1,3-butadiene, (8-methylene-1,8-d ihydrod ibenzo [e, _17] azu len-1 titanium (1)
1,3-pentadiene, (8-methylene-1,8-dihydrodibenzorefrhiazulen-1 1Ot|t<_31n|um (111)_ _
2-(N,N-dimethylamino)benzy4 (8-methylene-1,8-dihydrodibenzo[e,hlazu_len-l titanium (1V)
dichloride, (8-methylene-1,8-dihydrodibenzo[e,h]azulen-1 titanium (1V) dimethyl,

15(8-methylene-1,8-difvdsasd 'M&? SHazHB RN H t&%gmxg\ﬁrqli?eears] % lélyst (A) herein are

polycyclic complexes corresponding to the formula:

where M is titanium in the +2, +3 or +4 formal oxidation state;

5 R’ independently each occurrence is hydride, hydrocarbyl, silyl, germyl, halide,
hydrocarbyloxy, hydrocarbylsiloxy, hydrocarbylsilylamino, dihydrocarbyl)amino,
hydrocarbyleneamino, di(hydrocarbyl)phosphino, hydrocarbylene-phosphino, hydrocarbylsulfido,
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl, silyl-substituted
hydrocarbyl, hydrocarbylsiloxy-substituted hydrocarbyl, hydrocarbylsilylamino-substituted

10 hydrocarbyl, dithydrocarbyl)amino-substituted hydrocarbyl, hydrocarbyleneamino-substituted
hydrocarbyl, di(hydrocarbyl)phosphino-substituted hydrocarbyl, hydrocarbylene-phosphino-
substituted hydrocarbyl, or hydrocarbylsulfido-substituted hydrocarbyl, said R’ group having up to
40 atoms not counting hydrogen, and optionally two or more of the foregoing groups may together
form a divalent derivative;

15 R® is a divalent hydrocarbylene- or substituted hydrocarbylene group forming a fused
system with the remainder of the metal complex, said R® containing from 1 to 30 atoms not
counting hydrogen;

X* is a divalent moiety, or a moiety comprising one o-bond and a neutral two electron pair
able to form a coordinate-covalent bond to M, said X2 comprising boron, or a member of Group 14
20 of'the Periodic Table of the Elements, and also comprising nitrogen, phosphorus, sulfur or oxygen;
X is a monovalent anionic ligand group having up to 60 atoms exclusive of the class of
ligands that are cyclic, delocalized, n-bound ligand groups and optionally two X groups together
form a divalent ligand group;
Z independently each occurrence is a neutral ligating compound having up to 20 atoms;
25 xis 0, 1 or2; and

z 18 zero or 1.
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(8-difluoromethylene-1,8-dihydrodibenzo[e,h]azulen-1-y1)-N-(1, I- dimethylethyDdimethylsilanamide
titanium HI) 1,4-diphenyl1-1,3-butadiene,
(8-difluorome/thylene-1,8-dihydrodibenzo[e,kazulen-1-y1)-N-(1,1- dimethylethyhdimethylsilanamide
titanium (11) 1,3-pentadiene, 5(8-difluoromethylene-1,8-dihydrodibenzo[e,/]azulen-I-y1)-N-(1,1-
dimethylethyhdimethylsilanamide titanium UM 2-(N ,N-dimethylamino)benzyl,
(8-difluoromethylene-1,8-dihydrodibenzo[e,h]azulen-1-y1)-N-(1,1- dimethylethyl)dimethylsilanamide
titanium (1V) dichloride, (8-difluoromethylene-1,8-dihydrodibenze [e, 11] azulen-l-y1)-N-0 ,1-
10dImethylethdeImﬁfé}&k’%ﬁ%&ﬁﬁ@@&ﬁ@&i@%@b&e@meat%ngﬁ ellraretivang:dadisdloydrodibenzo
[it] azulen- 1 -y1)-N-( 1 ,1-di yethy )dimethylsilanamide titanium (IV) dibenzyl,
(8-methylene- i"’éeéﬁﬂ%?éa‘i@é%%[‘é %l azu len-2-y1)-N-(1 , 15titanium (11) 1,4-d
|phenyl 1 3 butadiene, (8- m hlene-1,8-dihydrodibenzole kazufe 1)-N-0, titanium (H)
|hydrod|benzo[elt]azulen -2- , titanium (II1)

» ulen-2-y0-N-(1 titanium (IV)
dichloride, (8- methylene 1, 8 hydrodlbenzo[e azulen 2-3 1) -N- ( titanium (1V) dimethyl,
i (1V) dibenzyl,
lethyOdimethylsilanamide

titanium (1) 1,4- 1- 5 |ene T"i/\
(8- dlfluoromethylene -1, 8161 (ygdlblehzo{é hlazulen-2-y1)-N- }Sl CHs
CH3 \NCCr{ b CCH33

2,3-dimethyl-substituted s-indecenyl complexes corresponding to the formulas:

CH,
©0 C@O
TiCH
CHB Si { 3k CH3 CHy
CH3 ~4 cH \N

or 2-methyl-substituted s-indecenyl complexes corresponding to the formula:

@0 w = COQre

Tl (CH3) 5 CH3>sl

cn3 \NC (CH) 5 e (CHj) 5

CH3

Additional examples of metal complexes that are usefully employed as catalyst (A)

according to the present invention include those of the formula:



30dimethylethyDdimethylsilanamide titanium (1) 1,3-pentadiene,
(8-difluortmethylene-1,8-dihydrodibenzo[e,h]landen-2-y1)-N-(1,1- dimethylethyedimethylsilanamide
titanium (PS) 241'1,1.4-dimethylao)benzyl,
(8-difluoromethylene-1,8-dihydrodibenzolle,hlazulen-2-y1)-N-(1,1- dimethylethypdimethylsilanamide
titanium (V) dichloride, (8-difluoromethylene-1,8-dihydrodibenzole, iJazulen-2-y1)-N-(1,1-
dimethylethyDdimethylsilanamide titanium (V) dimethyl,
(8-difluoromethylene-1,8-dihydrodibenzo[e,h]azulen-2-y1)-N-(1,1- dimethylethyDdimethylsilanamide
titanium (1V) dibenzyl-and mixtures thereof, especially 5mixtures of positional isomers. Further
illustrative example taI complexes for use according

ee-vl

present invention correspond to the
formula: R10R1 wh is titanium in the +2, +3 or +4 for jdation state; 10T is -NR- or -0-;

R9 is hydrocarbyl, silyl, ge f dihvdrocarbylboryl, or halohygdrocaxoyler up to 10 atoms not counting
hydrogen; R8T epend cachi@tturrence is hgasegt : Dyl dribygrocarbylsilyl,

trinydrocarbylsilylhydpreca e yl,\h@t@%)shydrocarbyloxy ’
15hydrocarbylsilyla i(hydrocarbyl)amino, hydrocarby 9@“ [ ,
hydrocarbylene-phoo, hy cha sulfido, halo- substituted/hydrocarbyly
hydrocarbyloxysubstituted hydrogarbyf, ski- substituted hydrocafbyl, h carb¥isiloxy- substituted
hydrocarbyl, hydrocar arnino- substituted hydroc i(hydrocarbyl)amino- substituted
hydrocarbyl, hydrocark amino-substituted hydroca‘ (Ihydrocarbypphosphino- substituted
hydrocarbyl, 20hydroc nephosphino- substituted hygtoCs or hydrocarbylsuffido- substituted
—Si(CHa),

hydrocarbyl, CH:=~C

\NC(CH ) N
- ) T __NC(CHa)s
CH—?—CH CH+—CH
CgHgHC ’ // ' \\
615! CHCsHs CaHsHC CHCQHS

and CH4 CH3

Specific metal complexes include:
5  (8-methylene-1,8-dihydrodibenzo[e, #]azulen-1 -yD-N-(1,1-dimethylethyl)dimethylsilanamide

titanium (II) 1,4-diphenyl-1,3-butadiene,

(8-methylene-1,8-dihydrodibenzo[e, #]azulen-1 ~y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (II) 1,3-pentadiene,

(8-methylene-1,8-dihydrodibenzo[e, hjazulen-1 -y1)-N-(1,1-dimethylethyl)dimethylsilanamide

10 titanium (III) 2-(N,N-dimethylamino)benzyl,

(8-methylene-1,8-dihydrodibenzo[e, Alazulen-1-y1)-N-(1,1 -dimethylethyl)dimethylsilanamide
titanium (IV) dichloride,

(8-methylene-1,8-dihydrodibenzo[e, #]azulen-1-y1)-N-(1,1 ~dimethylethyl)dimethylsilanamide
titanium (IV) dimethyl,

15 (8-methylene-1,8-dihydrodibenzo[e, Alazulen-1-y1)-N-(1,1 -dimethylethyl)dimethylsilanamide
titanium (IV) dibenzyl,
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said RI group having up to 40 atoms not counting hydrogen atoms, and optionally two or more of the
foregoing adjacent R' groups may together form a divalent derivative thereby forming a saturated or
unsaturated fused ring; r is a divalent moiety lacking in delocalized it-electrons, or such a moiety
comprising one 25 o-bond and a neutral two electron pair able to form a coordinate-covalent bond to
M, said X' comprising boron, or a member of Group 14 of the Periodic Table of the Elements, and also
comprising nitrogen, phosphorus, sulfur or oxygen; 35 X is a monovalent anionic ligand group
having up to 60 atoms exclusive of the class of ligands that are cyclic ligand groups bound to M

through deloggﬁm%%@g%gpm g@wgd}g@&gfépgaggggth% q,ﬁe(laldlvalent anionic ligand group; z
independently each occurll'ence IS neutra atl )813( oun Qgg to 20 atoms; 5xis 0, I, 2, or
C

3: and z is 0 or FEAGRISH gfglreé‘%? %“P‘fﬁf 3 B’fbe?f/rl By, x is 2, X' is dimethylsilane,
z is 0, and Rit$-ddblrovetivtenscelidihydiedierroke. meeérbg)ﬂ‘hwtocarbyloxy, dihydrocarbylamino,

hydrocarbyleneammléjﬁw@lw@y@mjm@u@g@g{i@g}q@@&@@q@myl group, or 10hydrocarbyleneamino-

substituted hégl arb ato ot.co rogen and optionally two 12th groups
may be j%lne toge%O%e%y?enﬁIUSééa vreomg?afgﬂshr% 1ee>12esy én%]gyforegom formula that may be

employed in th@p’f*&@ﬁﬂ?@ﬂﬂﬁ@%ﬂé&@ﬁﬂ#@éﬁﬂﬁﬁlﬂﬂ&}?e@\hwél’é}@‘méaf’é‘l‘l'@ fig¥éompounds: (t- butylam
id 0)d imethyl8[@ifbkoaBEde;2- Iﬂ(sldqﬂ}efh&iuawmm&mylmanmz yes ilanetitan ium 15(11)
1,4- dlphenyl)gj'lmg#]@%l é’_?}’t) ethylsﬂanamlde ‘utamum

(t-butylamido enzo- L 1(1-meth Ilsomdol) (3I 1)-indene-2-yOsilanetitan (I1)
1,3- pentadlergé d1ﬂuoromethylene 1,8-di

(t-butylamido)diriethiyidFdihehyeHpb e 3it(Iuvm e diseuhgtl) - (3FIFindene-2-yOsilanetitanium (110

2-(N,N- d'mEt@(!ﬁH&%}Q&Qﬁfé}{gl ,8-dihydrodibenzo| e, hlazulen-1-y1)-N-(1,1-

20(t- butylamldo)qunng%tyﬁ]gﬁlly?dﬂlgt(}el%gm[)ﬁf {31(1 wgglglxllsomdol) (111)-indene-2-yOsilaneti niurn

ydrodxbenzo[e h}azu en-1-y)-N-(1,1-

itanium ibenzyl,
(8-methylene-1,8-dihydrodibenzo[e, Alazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
15 titanium (II) 1,4-diphenyl-1,3-butadiene,
(8-methylene-1,8-dihydrodibenzo[e, h]azulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (II) 1,3-pentadiene,
(8-methylene-1,8-dihydrodibenzo[e, Alazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanivm (1) 2-(N,N-dimethylamino)benzyl,
20  (8-methylene-1,8-dihydrodibenzo(e,]azulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dichloride,
(8-methylene-1,8-dihydrodibenzo[e, Alazulen-2-yl)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dimethyl,
(8-methylene-1,8-dihydrodibenzo[e, hjazulen-2-y1)-N~(1,1-dimethylethyl)dimethylsilanamide
25 titanium (IV) dibenzyl,

(8-diftuoromethylene-1,8-dihydrodibenzole, Alazulen-2-y1)-N-(1,1-
dimethylethy!)dimethylsilanamide titanium (I) 1,4-diphenyl-1,3-butadiene,

(8-difluoromethylene-1,8-dihydrodibenzo[e, Flazulen-2-y1)-N-(1,1-

30 dimethylethyl)dimethylsilanamide titanium (II) 1,3-pentadiene,

(8-difluoromethylene-1,8-dihydrodibenzo[e, hjazulen-2-y1)-N-(1,1-
dimethylethyDdimethylsilanamide titanium (1) 2-(N,N-dimethylamino)benzyl,

(8-difluoromethylene-1,8-dihydrodibenzo[e, Alazulen-2-y1)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (IV) dichloride,
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(IV) dichloride, (t-butylamido)dimethyl-[6,7]benzo-[4,5:2',3 (1-methyl isoindol)-(3H)-indene-2-yOs
ilanetitai (IV) dimethyl,  (t-b
utylamido)dimethyl-[6,7Thenzo-[4,5:2',31(1-methylisoindol)-(3H)-indene-2-yps ilanetitanium 25(1V)
dibenzyl, (t-butylam ido)dimethy146,7Thenzo-[4,5:2 ',31(1-methyl iso indo 1)-(3H)- indene-2-yes
ilanctitanium (V) his(trimethylsily1), (cyclohexylamido)dimethy146,71benzo-[4,5:2',3I](1
-methylisoindol)-(311)-indene-2- 30yl)silanetitanium (11) 1,4-dipheny1-1,3-butadiene,
(cyclohexylainido)dimethyl-[6,7jbenzo-[4,5:2',31(1-methyliso ndol)-(311)-indene-2- yOsilanetitanium (11)
[,3- pentadlene 1lhe (I -methyl isoindol)-(3H)-indene-2-
yI)S|Ianet|tan|urr%((%}/fiﬁ)%gi&ﬂ g?llfinqeqsh(a rqﬁr?rl%%%%l an)% ceyflé% exjderlnldo)dlmethyl% 7Thenzo-[4,5 :2',31(
I-metsoindol)-(3H) éJ ﬂ@ﬁﬁéﬁﬂﬁﬁ*faﬂ\‘}%ﬂ%m@f&ﬂ
(cyclohexylamideldirmethshfs 2Tt tedizpdfdd b7k (Al ametty gpigdnl)-(311)-indene-2- yOsilanetitanium
(IV) dimethyl, 5(cyg{gJﬁ W oindol 1 -indene-2-
yl)silanetitanium ﬂﬁeﬁggggggzgg%ﬁg%%?n%@)ﬁ?rﬁgtéléle%[él%b;grx?z% p%gefm fg me{;L hyl isoindo
1)43 H)- mcﬁne o5 resostl ﬁ‘é‘ﬁ?&h RAERY) bis(trimethylsily1),

10(t- butylam|do)dl(pFnTéMyiilph@myJ@)ﬂﬁﬁ]bmﬁm[ﬂ;ﬁ@a & Iomeihyisaing &) 38at}dndene-2-
yOsilanetitaniumditjod Areilaemd thedpiadiene,

(t-butylamido)di(p- methylphenM1)46 7Thenzo-{4,5:2',3 1(1- methyllsomdol) (3H)-indene-2-
yOsilanetitanium (I1) 1,3-penfadieng®

where M is titanium in the +2, +3 or +4 formal oxidation state;
10 T is -NR®- or -O-;

R’ is hydrocarby), silyl, germyl, dihydrocarbylboryl, or halohydrocarbyl or up to 10 atoms
not counting hydrogen;

R" independently each occurrence is hydrogen, hydrocarbyl, trihydrocarbylsilyl,
trihydrocarbylsilylhydrocarbyl, germyl, halide, hydrocarbyloxy, hydrocarbylsiloxy,

15 hydrocarbylsilylamino, dithydrocarbyl)amino, hydrocarbyleneamino, di(lrydrocarbyl)phosphino,
hydrocarbylene-phosphino, hydrocarbylsulfido, halo- substituted hydrocarbyl, hydrocarbyloxy-
substituted hydrocarbyl, silyl- substituted hydrocarbyl, hydrocarbylsiloxy- substituted hydrocarbyl,
hydrocarbylsilylamino- substituted hydrocarbyl, di(hydrocarbyl)amino- substituted hydrocarbyl,
hydrocarbyleneamino-substituted hydrocarbyl, di(hydrocarbyl)phosphino- substituted hydrocarbyl,

20 hydrocarbylenephosphino- substituted hydrocarbyl, or hydrocarbylsulfido- substituted hydrocarbyl,
said R' group having up to 40 atoms not counting hydrogen atoms, and optionally two or more of
the foregoing adjacent R' groups may together form a divalent derivative thereby forming a
saturated or unsaturated fused ring;

X is a divalent moiety lacking in delocalized n-electrons, or such. a moiety comprising one

25  o-bond and a neutral two electron pair able to form a coordinate-covalent bond to M, said X’
comprising boron, or a member of Group 14 of the Periodic Table of the Elements, and also

comprising nitrogen, phosphorus, sulfur or oxygen;
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(t-butylamido)di(p-methylpheny1)46,7Thenzo-V,5:2',3 10-methylisoindol)-(3H)-indene-2-
15yi)silanetitanium (ILI) 2-(N,N-dimethylamino)benzy
(t-butylamido)di(p-methylpheny1)16,7Thenzo-[4,5:2',3 11-rnethylisoindol)-(31-0-indene-2-
yesilanetitanium (IV) dichloride, (t-butylamido)di(p-methylpheny1)46,7Thenzo44,5:2',3
71-mcthylisoindol)-(3 H)-indene-2- yOsitanetitanium (IV) dimethyl,
20(t-butylamido)di(p-methylpheny1)46,71berizo-E4,5:2',3'|(1-methylisoindol)-(311)-indene-2-
y1)silanetitanium (IV) dibenzyl,

(t-butylamido)di(p-methylpheryibii . HhReRzer Borsdasikthimetavdisaindel (31 L-ndane 2«
ypsilanetitanipm gV bis]%trimletmsil 1), 25(cyclohexylamido)di(p-methylphenyty[6,7]benzo-4,5:2'
31(1-metbylisBin o‘l)ﬁ‘i‘ts} FARde "afﬁil ePSPS MM e e e loe s ST it haroups
(cyclohoxylarffigrshetigeméitiadptraivds 4817 lgenen-[4,5:2' ,.31(1-methylisoindol)-(311)-inderre-2-

yDsilanetitanium (ll)zl@agemadi?e@h@&q}%@@%Jﬁeammmﬁgk%mmm@diﬁ@u%%p%é%a 52,31l
-methyl i§oindol)-(3H2§i51 e e-rzj;%gxl)silanetitanium (1) 5-(N,N-d|methylam|no benzyl,
(cyclohexylamido)df(p-rﬁethy?phényl)16,7Thenzo-[4,5:2' ,3'](1-methylisoindol)-(3H)-inderie-2-
yl)silanetitanium (IV4 @itAidride, (cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2' ,3 71-methyl
i(SOir:dﬁl)'(?H)_'énd?]?@Qy M@Bﬁ%[}emaﬁill(gﬁbﬁ w[ﬁﬁébg’hyiro;arbyl, I‘f 1|s 2, _X’disI dirgethyl_siléne, z ig
cyclohexylargi i 0enzo:[4.5:2,, -methylisqi - -indene-2-
ypsilanetitanm’m&()l% %ﬁégﬂggﬁyﬁgj&%ﬁgw rcrl# 85%‘1@%@%&5%@%@1@3@%5& 3}1&%‘%5

2", 3-methylisOINGEH A RA e Al Sres St maRramhsHI U wsioaaBIE 8RHBIIgA ). Slllustrative Group 4
metal cofhpldxdsthagtymayniiecempioyed ydhepragties of the poesent not counting hydrogen, and

optionally two R'® groups may be joined together.

[lustrative metal complexes of the foregoing formula that may be employed in the practice
of the present invention further include the following compounds:
(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3°J(1-methylisoindol)-(3 H)-indene-2-yl)silanetitanium

15 (1) 1,4-diphenyl-1,3-butadiene,
(t-butylamido)dimethyl-[6,7]benzo-{4,5:2’,3°(1-methylisoindol)-(3 H)-indene~-2-yl)silanetitanium
(II) 1,3-pentadiene, 4
(t-butylamido)dimethyl-[6,7benzo-[4,5:2’,3°](1-methylisoindol)-(3 H)-indene-2-yl)silanetitanium
(1) 2-(N,N-dimethylamino)benzyl,
20 (t-butylamido)dimethyl-[6,7]benzo-[4,5:2’,3°}(1-methylisoindol)-(3 H)-indene-2-yl)silanetitanium
(IV) dichloride,
(t—butylamido)dimethyl~[6,7]benzo-[4,5:2’,3’](l-methylisoindol)-(B H)-indene-2-yl)silanetitanium
(IV) dimethyl,
(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-yl)silanetitanium
25 (IV) dibenzyl,
(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-y!)silanetitanium
(IV) bis(trimethylsilyl),

(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2’,3°(1-methylisoindoD-(3H)-indene-2-
30 yDsilanetitanium (II) 1,4-diphenyl-1,3-butadiene,
(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2,3°](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (II) 1,3-pentadiene,
(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (III) 2-(N,N-dimethylamino)benzyl,
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invention further include: (tert-butylamido)(1,1-dimethy1-2,3,4,9,10-m-1,4,5,6,7,8-
hexahydronaphthalenyl)dimethylsilanetitaniumdimethyl,
(tert-butylamido)(1,1,2,3-tetramethy1-2,3,4,9,10-1-1,4,5,6,7,8-
10hexahydronaphthalenyl)dimethylsilanetitaniumdimethyl,
(tert-butylamido)(tetramethy1-115-cyclopentadienyl) dimethylsilanetitartium dibenzyl,
(tert-butylamido)(tetramethy1-15-cyclopentadienyDdimethylsilanetitanium dimethyl,
(tert-butylamidoXtetramethy1-ri5-cyclopentadieny1)-1,2-ethanediyltitanium dimethyl,

(tert- butylami@M@Hmﬁ%m@@wb@m@hﬂ@lﬁw&m@m@m@m ndene-2-
15(tert- butylamldf;% etrameth ﬁyc E‘pentadlenyl)dlmethylsﬂane titanium (111)

2- (dlmethylamlno errf%tya tert: utyfaml 0)(tetramethyl-i5-cyclopentadienyl)dimethylsilanetitaniumallyl,

(tert-butylami6fSeeGatsiAgdimsepdipabrardiehlA dinié thgiaiiaasdednitim-Biyre-24-dimethylpentadienyl,
20(tert-butylamiginy(tefsamethylrp wyeigpentadienyDdimethylsilanetitanium (11)

1,4- dlphepyl &Q;@gﬁﬁ%&%&@{y g)o L(tg%azrgatm% i ﬁsggzhylsélggiﬂcgqgl,)d|methyIS|Ianet|tan|um

(1) 1,3-pentadiéne tert lamide)(2-merhy Im netitaniu (1) 1,4-dipheny1-1,3-
25butadiene, (téf’t%ﬁﬂﬁ&?ﬁ Mi8tAPiindenyl)dimethylsilanetitanium (Il) 2,4-hexadiene,
(tert-butylamidoM2kaxethyliopiengtaditnaibyisitaneiitaniumfhy)id;3dditiaiydidnd2-butadiene,

(tert- butylamldoz(gsmggmmq,e@y dimetsiapetitanium (1V) isoprene,
30(tert-butylamido)(2- methyllndenyl)dlmgﬁﬁyﬂﬂanetltanlum (IV) 1,3-butadiene,

(tert-butylamido)(2,3-climethylindenyl)dimethylsilanetitanium (IV) 2,3-dimethy1-1,3-butadiene,
(tert-butyRamitio)R B elinditnytieienydineMiyomaieliBAAILiNE) isopren@ H-indenc-2-
yhsilanetitanium (II) 1,4-diphenyl-1,3-butadiene,
(t-butylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3’](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (II) 1,3-pentadiene,
(t-butylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3"](1-methylisoindol)-(3H)-indene-2-
15 yDsilanetitanium (1) 2-(N,N-dimethylamino)benzyl,
(t-butylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IV) dichloride, :
(t-butylamido)di(p-methylphenyl)-[6,7]benzo-{4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IV) dimethyl,
20 (t-butylamido)di(p-methylpheny!)-[6,7]berizo-[4,5:2°,3’](1-methylisoindol)-(3 H)-indene-2-
yhsilanetitanium (IV) dibenzyl,
(t-butylamido)di(p-methylphenyl)-[6,7}benzo-[4,5:2°,3°}(1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IV) bis(trimethylsilyl),

25 (cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-inden e-2-
yhsilanetitanium (IT) 1,4-diphenyl-1,3-butadiene,
(cyclohexylamido)di{p-methylphenyl)-[6,7]benzo-[4,5:2°,3°}({-methylisoindol)-(3H)-inden e-2-
yDsilanetitanium (II) 1,3-pentadiene,
(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3’}(1-methylisoindol)-3H)-inden e-2-
30 yDsilanetitanium (II1) 2-(N,N-dimethylamino)benzyl,
(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3’1(1-methylisoindol}-(3H)-inderne-2-
yDsilanetitanium (IV) dichloride,
(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3’}(1-methylisoindol)-(3H)-inderre-2-
yDsilanetitanium (IV) dimethyl,
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(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (V) dimethyl
(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (V) dibenzyl
(tert-butylamido)(2,3-dimethylindenyHdimethylsilanetitanium (I-V) 1 ,3-butadiene,
(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanilim (11) 1,3 -pentadiene,
5(tert-butylamido)(2,3-dimethylindenypdimethylsilanetitanium (I1) 1,4-diphenyl- 1,3-butadiene,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (H) 1,3-pentadiene,
(tert-butylamido)(2-methylindenyHdimethylsHanetitanium (1V) ditnethyl

(tert-butylamide)(2stpeshvli Etﬁi QQ%@%M@V%@%Q%”[@ ﬁl’\é) rax ffjndop g2p-indene-2-

10(tert- butylamldog(Z -meth henylndega/ dlmethylsnane aniu
ipheny1-1,3-butad é%@ei‘fé‘?’t“ﬁé ViHiaBYethy 1-4-phenylindenyOdimethylsilanetitanium (11)

1,3-pentadienésytiehetitiyliamidoyRmitiepibiplieaviindsyl) dimetiylistlanetiEniue -
2,4-hexadiene, (gﬂygfgggy{@m;g@w %@-cyclopentadlenyl)dlmetljyl -sllanetitanium (1V)
151,3- but@dlene (terﬁlbut Ia ugg/tetramet yl-ris-cyclopentadienyl)dimethylsilanetitanium (IV) 2,3

_dimethy1°1,3-butadiens. (erbuly 1 SISy RIFAH B PRV SRIBYS h‘lé}%ﬁ@f?ﬁ)ﬁﬁﬁfé{ﬁﬁ%‘ﬁéﬁetltanlum
(IV) isoprene, Mt’élﬁﬂtfel%mi‘é}@)@(tetramethyl n5-cyclopentadienyDdimethyl-silanetitanium (H)

,4-dibenzyl-1 @-hwiasieneo (teriabuiiamido etrameshyi-f15-cyclopentadienyl)ditnethylsilanetitanitun
e AT AN A SRR ey ecimethyL-silanetianium

(tert- butylam|M@Mm@ﬁ9lbéﬁtm®%dm%ﬂwmwaﬁm|umdiniethyl,

(tert-butytamido)(&@amym@m@yg@b@mq@@y&){ém&%mmﬁg@m@titaniumdimethyl

e S 2 SR o] B o eeesyi

30(tert- butylaﬁ%@%ﬂ@@@%@#&nﬁﬂiﬂ-@(@@@}i@mﬁl@@@lﬁx&hﬁx&w&m&a@hthaIen 4-

yodimetnylsi aratianiumametmaiar buEEEaLIRS M al k) Hsir ARSRIgEeny

methylphenylsnanetltanl (QIV) dimethyl
butylamxdo) etramethyl-n ~mdeny})d1methylsﬂanetxtamum dimethyl,

15 (tert-butylamido)(tetramethyl-n’-cyclopentadienyl)dimethylsilane titanium Im
2-(dimethylamino)benzyl;
(tert—butylamido)(tetramethyl—n5-cyclopentadienyl)dimethylsilanetitanium (I1) allyl,
(tert-butylamido)(tetramethyl-n’ -cyclopentadienyl)dimethylsilanetitanium (III)
2,4-dimethylpentadieny],
20 (tert-butylamido)(tetramethyl—ns-cycIopentadienyl)dimethylsilanetitanium an
1,4-diphenyl-1,3-butadiene,
(tert-butylamido)(tetramethyl—n5-cyclopentadienyl)dimethylsilanetitanium ()
1,3-pentadiene,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (II) 1,4-diphenyl-1,3-
25 butadiene,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (II) 2,4-hexadiene,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) 2,3-dimethyl-1,3-
butadiene,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) isoprene,
30 (tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) 1,3-butadiene,
(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (IV)
2,3-dimethyl-1,3-butadiene,
(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (IV)
" isoprene
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(tert-butylamido)(tetramethyl-if-cyclopentadienyl methylphenylsilanet tanium (lI) S
1,4-diphenyl-1,3-butadiene, 1-(tert-butylamido)-2-(tetramethyks-cyclopentadienyl)ethanediyltitanium
(TV) dimethyl, and 1-(tert-buty|amido)-2-(tetramethyl-p5-cyc|opentadienyl)ethanedin-titaniu.m.(II) 1
4-dipheny1-1,3- butadiene. Other delocalized, it-bonded complexes, especially those containing other
Group 4 metals, will, of course, be apparent to those skilled in the art, and are disclosed among other
places in WO 03/78480, WO 03/78483, WO 02/92610, WO 02/02577, US 2003/0004286 and US
Patents 6,515,155, 6,555,634, 6,150,297, 6,034,022, 6,268,444, 6,015,868, 5,866,704, and
105,470.993. (or. ARHRNASXAMBISTALMBILSAMAISAER A 705 Hisclllly emploved s catalyst (A)

are complexes, of polyvalent Lewis bases, Such as’compoun re'spor?/ding to the fog-mule: Tb 1
b11/21 12 b b(‘f_esi’([é‘lfgl@ﬁ)(&&géﬁllﬁ?ﬂgl1T§ifx_a]_}jl_)dualqthyls11anet1tamum (IV) dibenzyl
(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (IV) 1,3-butadiene,

(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (II) 1,3-pentadiene
5 (tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (1) 1,4-diphenyl-
1,3-butadiene,

»

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (II) 1,3-pentadiene,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) dimethyl,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) dibenzyl,
10 (tert-butylamido)(2-methyl-4-phenylindenyl)dimethylsilanetitanium (II)
1,4-diphenyl-1,3-butadiene,
(tert-butylamido)(2-methyl-4-phenylindenyl)dimethylsilanetitanium (I1) 1,3-pentadiene,
(tert-butylamido)(2-methyl-4-phenylindenyl)dimethylsilanetitanium (II) 2,4-hexadiene,
(tert—butylamido)(tetramethyl-n5-cyclopentadienyl)dimethyl- silanetitanium (IV)
15 1,3-butadjene,
(tert-butylamido)(tetramethyl-n’ -cyclopentadienyl)dimethylsilanetitanium (IV)
2,3-dimethyl-1,3-butadiene,
(tert-butylamido)(tetramethyl-n’ -cyclopentadienyl)dimethylsilanetitanium (IV)
isoprene,
20 (ten—butylamido)(tetramethyl—n5-cyclopentadienyl)dimethyl~ silanetitanium (II)
1,4-dibenzyl-1,3-butadiene,
(tert—butylamido)(tetramethyl~n5-cyclopentadienyl)dimethylsilanetitanium In
2,4-hexadiene,
(tert-butylamido)(tetramethyl-n’-cyclopentadienyl)dimethyl-  silanetitanium an
25 3-methyl-1,3-pentadiene,
(tert-butylamido)(2,4-dimethylpentadien-3-yl)dimethylsilanetitaniumdimethyl,
(tert-butylamido)(6,6-dimethylcyclohexadienyl)dimethylsilanetitaniumdimethyl,
(tert-butylamido)(1,1-dimethyl-2,3,4,9,10-n-1,4,5,6,7,8-hexahydronaphthalen-4-
ylydimethylsilanetitaniumdimethyl,
30 (tert-butylamido)(1,1,2,3-tetramethyl-2,3,4,9,10-n-1,4,5,6,7,8-hexahydronaphthalen-4-
yDdimethylsilanetitaniumdimethyl
(tert-butylamido)(tetramethyl-n’~cyclopentadienyl methylphenylsilanetitanium (IV)
dimethyl,
(tert-butylamido)(tetramethyl-n’-cyclopentadienyl methylphenylsilanetitanium (II)
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h, orLbhZbt ; preferably ThTb (Rb)g xbit Nyb_(Rb)g xb' N b .1)1 Y - (12_)g NAb/mbLb Tb bl
(R.b)g - XbY- (R1) )g Nik mb br7b I-, 111-1 L-? 15wherein Tb is a bridging group, preferably
containing 2 or more atoms otlaer than hydrogen, Xb and Yb are each independently selected
from the group consisting of nitrogen, sulfur, oxygen and phosphorus; more preferably both Xb and Yb

are nitrogen,

1,4-diphenyl-1,3-butadiene,
1 —(tert—butylamido)-z-(tetramethyl-n5-cyclopentadienyl)ethanediyltitanium )
dimethyl, and
1-(tert-butylamido)-2-(tetramethyl-n 5-cyclopentadienyl)ethanediyl-titanium (i) 1.4-diphenyl-1,3-
5  butadiene.
Other delocalized, n-bonded complexes, especially those containing other- Group 4 metals,
will, of course, be apparent to those skilled in the art, and are disclosed among other places in:
WO 03/78480, WO 03/78483, WO 02/92610, WO 02/02577, US 2003/0004286 and US
Patents 6,515,155, 6,555,634, 6,150,297, 6,034,022, 6,268,444, 6,015,868, 5,866, 704, and
10 5,470,993,
Additional examples of metal complexes that are usefully employed as catalyst (A) are

complexes of polyvalent Lewis bases, such as compounds corresponding to the formula:

o Tb%% T
& T
b b b )
R)g—x° YR ®)g—X" YR g
o o,
i i
J I j
L 1%, 2°
h o het ; preferably
/ b
T T
7N\ %
b b b !
R)g—X° Y—-®") ®R")y —X° Y- ®RP)y
7 N
N M
I
Lbh’ E] Lbhn be H
> 0
b b b’ ‘ !
R)g—X’ =Ry ®)g—X° Y- R
\ b/ b/
M M
b 2 b b 2
L h'-1 , Or L h-1 Z f .
15 wherein T' is a bridging group, preferably containing 2 or more atoms ottwer than hydrogen,

X" and Y® are each independently selected from the group consisting of nitrogen, sulfur,
oxygen and phosphorus; more preferably both X” and Y® are nitrogen,

R® and R” independently each occurrence are hydrogen or Cy.5 hydrocarbyl groups
optionally containing one or more heteroatoms or inertly substituted derivative thersof. Non-

20 limiting examples of suitable R® and R® groups include alkyl, alkenyl, aryl, aralks/l, (poly)alkylaryl
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Rh and le independently each occurrence are hydrogen or C1.50 hydrocarbyl groups optionally
containing one or more heteroatoms or inertly substituted derivative thereof. Non- 20limiting examples
of suitable Rb and Rb' groups include alkyl, alkenyl, aryl, arallcyl, (poly)alkylaryl and cycloalkyl groups,
as well as nitrogen, phosphorus, oxygen and halogen substituted derivatives thereof Specific
examples of suitable Rb and Rb' groups include methyl, ethyl, isopropyl, octyl, phenyl,
2,6-dimethylphenyl, 2,6-di(isopropyl)phenyl, 2,4,6-trimethylphenyl, pentafittorophenyl, 3,5-
trifluoromethylphenyl, and benzyl; 5g is O or 1, Mb is a metallic element selected from Groups 3 to

15, or the Lanagisle peries.pf e Aeilaslicchabinahihe Sloments RisfarabiMh BaGiup 3-13

metal, more preferably Mb is a Group 4-10 metal; LP is a monovalent, divalent, or trivalent anionic
ligand contaififigFront S iE S5BRS! F\‘B‘ia]ilﬁ&?ﬁﬁﬁﬁﬁ IR RH e eSS SOREBIE: C6Yroups include
halide; hydridgehyld?Sedinpyhypperplc dibyidepraihydrotarbyamithothydrio carbiiencimido3,5-
di(hydrocarbyhphaspbitloshysiacadyisylfido; hydrocarbyloxy, tri(hydreearbylsilyEalkyl; and
carboxylastes. More gre&err d Lb groups are Ci.20 alkyl, C7.20 aralkyl, and chloride; his an

integer from 1 to 6, }bsé. era ly from 1 to 4, more preferably from 1 to 3, and] is | or 132, with the value
h x j selected to proVide eraijbcisiimeies Ficisionéuttmsifgand groiwd-eobiditraagtelmp, and
containing upptei&fcateyRenat seuRling hyeragenPreferrag Zhpretnsinelpdealiphatic and aromatic

amines, phose@ine;f. @nd elthers, alkenes, alkadienes, and inertly substituted derivatives thereof.
) ) toup 410 metal; .
Suitable inert substituents Include halo en, alkoxy, aryloxy, alkoxycarbonyl, aryloxycarbonyi,

di(hydrocarbyl)amink, 20FeRAS et SEINT EidsitrrEYrogp préaeired B bivtramaiage
triphenylphosghinie s iettatayalr Gitraptepyfidingle dn grdydes oliphiemylblet adigide; fyidaarbsteger from 1 to 3;
two or three qf 1R RRBRd ‘B@ﬁ]@&%@g@gg‘g foasthel i JarmASnAe QrHEHRSBg structure; 25ii is

an integer from 1 to 6, preferably from Ito 4, more preferably from [to 3; onyv. indicates any form
of electronic iPYEFEAIRS e AR EoYFain ST P SGURIEHY S &ﬁn%"cﬁﬁaﬂéﬁﬁuﬁ?ﬂ@ BEkHEarrows
signify coordibagehrsrdsCandlkidtteds |y Indidainfstional double bonds. In one embodiment, it is
preferred that RI hayesrglativelyrow stesieRIBARNESWIH 1eSBRGreferably from 1 to 3, and j is 1 or

15 2, with the value h x j selected to provide charge balance;

7 is a neutral ligand group coordinated to M®, and containing up to 50 atoms not counting
hydrogen Preferred Z° groups include aliphatic and aromatic amines, phosphines, and ethers,
alkenes, alkadienes, and inertly substituted derivatives thereof. Suitable inert substituents include
halogen, alkoxy, aryloxy, alkoxycarbonyl, aryloxycarbonyl, di(hydrocarbylamine,

20 tri(hydrocarby!)silyl, and nitrile groups. Preferred Z° groups include triphenylphosphine,
tetrahydrofuran, pyridine, and 1,4-diphenylbutadiene;

fis an integer from 1 to 3;

two or three of T% R® and R may be joined together to form a single or multiple ring
structure;

25 h is an integer from 1 to 6, preferably from 1 to 4, more preferably from 1 to 3;
wwwe indicates any form of electronic interaction, especially coordinate or covalent bonds,
including multiple bonds, arrows signify coordinate bonds, and dotted lines indicate optional double
bonds.

In one embodiment, it is preferred that R® have relatively low steric hindrance with respect

30 toX’. In this embodiment, most preferred R® groups are straight chain alkyl groups, straight chain
alkenyl groups, branched chain alkyl groups wherein the closest branching point is at least 3 atoms
removed from X°, and halo, dihydrocarbylamino, alloxy or trihydrocarbylsily! substituted
derivatives thereof. Highly preferred R® groups in this embodiment are Ci.4 straight chain alkyl

groups.
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30to Xb. In this embodiment, most preferred BY groups are straight chain alkyl groups, straight chain
alkenyl groups, branched chain alkyl groups wherein the closest branching point is at least 3 atoms
removed from Xb, and halo, dihydrocarbylamino, alkoxy or trihydrocarbylsilyl substituted derivatives
thereof. Highly preferred BY groups in this embodiment are C1.8 straight chain alkyl groups. At
the same time, in this embodiment Rb' preferably has relatively high steno hindrance with respect to
Yb. Non-limiting examples of suitable Rb groups for this embodiment include alkyl or alkenyl groups
containing one or more secondary or tertiary carbon centers, cyclonlicyl, aryl, alkaryl, aliphatic or

aromatic heterocyclig QEQHBS,ti&légﬁ{ﬂﬁs%lmm@ﬁ}iﬁboﬂﬁ@mggﬁaPQ}éfﬂéﬂﬁtlﬁgﬂ %%l%lﬂ%ﬁ%@de ggﬁi halo,
erivatives tnereo rererre groups In

dihydrocarbylamino, alkoxy or trinydrocarbylsilyl substitute
this embodimvgg%rggjﬁaéfﬁ ?ror?{%'@{&&gr?%%?é’%?é){e%tﬁ%eéorﬁr@‘% o P Re 8 S BrE R EBRAHS 4 to 20
atoms not coffiifigh oy epriatinaradtanesereidendiceEixarmmbes ohpreferrea Kblgrolps are
structures cosfiesyioalding do-thedafioniabgy inopulas; KRR M) 2Re¥2 IRehBeeifyméfe oBIC -GeC -C /
N R(Re)2 (Rd)2.\e RRG\q 94 herrei m}OE chRd i 1C '19rh earbyl gr ), r{,efeerably
methyl, e%thyl(,é}ng-l%r%%gi-grso% !}gdi,gt%%%ﬁ ‘lf))hfgen)l}ﬁ’ ﬁﬁéoﬁr%etswf% %n‘i}f(%ﬁﬁ%ﬁ%ﬁ%%‘@a‘c‘hh' is C1.10
hydrocarby!, et abRfsnet iy Sevmp by ephedimses soralniiog 3onéhynore grefeiirhy fseAy, benzyl, or
tolyl. In additidnativacst mdnetRdron R opatps;s astuixitifie &yatdgehand Reghresassnaytegether form a
polyvalent derivative,gh bHRcRrt O, SN A% L NSNS, LPRINIENS QLA pulticyclic
phthale

fused ring, yolyvalent 15hydrocarbyl- or heterohydrocarbyl- group, Such as na ne-1,8-diyl.
Preferred exalﬁtlhles of tg&zﬁ);eWg Bf)l)’/yaté)et IRéstﬁk“Jas/e(Rf))mplng;\MelanLqme)z

—_— 1 C Ge C C
7 N\, Z N\ . 7 N / N
Rd e d e d d ¢
\C-———Sn/(R n R )Z\P C/(R)z R\C P£R6)3 R\ ,:R
% N vl - "‘
74 > 2 N / Nosor // \ , wherein
10 Each RY is Cy.;0 hydrocarby! group, preferably methyl, ethyl, n-propyl, i-prop7yl, t-butyl,

phenyl, 2,6-dimethylphenyl, benzyl, or tolyl. Each R® is Cy.1p hydrocarbyl, preferably~ methyl, ethyl,
n-propyl, i-propyl, t-butyl, phenyl, 2,6-dimethylphenyl, benzyl, or tolyl. In addition, ®#wo or more R®
or R groups, or mixtures of Rd and Re groups may together form a polyvalent derivative of a
hydrocarbyl group, such as, 1,4-butylene, 1,5-pentylene, or a multicyclic, fused ring, polyvalent

15 hydrocarbyl- or heterchydrocarbyl- group, such as naphthalene-1,8-diyl.

Preferred examples of the foregoing polyvalent Lewis base complexes include:

i il i i
N
N=N N=T N=N EAN
bY b' b) b! bl b! b‘ b'
M°L’, M°LY, M°L’, M"L",
o $ N Pl e
Rd RS
: 2 2 2 g 2
Rd g 5 Rd g , R.d'dl s R - B

Rl Rd
/ -N/—
N N N ——
/ \ b' b' / \ MblLb‘ / \ Mb‘Lbl \ Mb‘Lb'z
M°L 2 2 2
S N Pl ¢
o o R
2
2 , 2 , 2 . ,
' } t Rd & ’ Rd d
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wherein Rd' each occurrence is independently selected from the group consisting of hydrogen and
C1_50 hydrocarbyl groups optionally containing one or more lieteroatoms, or inertly substituted
derivative thereof, or further optionally, two adjacent Rd' groups may together form a 5divalent bridging
group; d' is 4, Mb' Ma Group 4 metal, preferably titanium or hafnium, or a Group 10 metal, preferably
Ni or Pd; Lb' is a monovalent ligand of up to 50 atoms not counting hydrogen, preferably halide
or 10hydrocarbyl, or two Lb groups together are a divalent or neutral ligand group, preferably a C2.50
hydrocarbylene, hydrocarbadiyl or diene group. The polyvalent Lewis base complexes for use in
the present invention espgcially include Groyp 4 metal derivatives, especially hafngum derivatives of
hydrocarbylaminegsubstitiited hetcrogsyl corppounds cq{(respoﬁdlng to the It\@rmula{ 15D,12 RIt\1.eT x

/8%

wherein: Rliss ég rom alkyl, Ikyl, heteroalkyl, 8ygloheteroalk nd inertly
substituted deriyativeg theregfredntainin From 11g°3D atoms not'gaumfing hydrogen pitagivalent
derivative thereaf!—"Ji is.a diva Mging/group| ef Ito 41 atoms4 hydrogen,

preferably Ito 2 atoms ther thanjhydrogeén, and mast prefe b jgnorjo- or di 01.20 fwydrocarbyl
substituted methylene®or sitafe groeup; and 2R K is a 0820 tereary'r grouﬁo cont&ining Lewis base
functionality, especially a pyridin-2- yl- or substituted pyridin-2- yl group or a divalent derlvatlve thereof;

Ml is a Group 4 metal, preferably hafnium; R’ R R*
R / — R ! !
/N = N NéN N=
MYLY, MPTLY, /A M°LY, P Mo,
d N d N
R . yd = N/ R N/ 2N
» = T 2 2 = 2

or

wherein RY each occurrence is independently selected from the group consisting of
hydrogen and C,.5; hydrocarbyl groups optionally containing one or more heteroatoms, or inertly
substituted derivative thereof, or further optionally, two adjacent RY groups may together form a

5  divalent bridging group;

d’ is 4;

M® is a Group 4 metal, preferably titanium or hafnium, or a Group 10 metal, preferably Ni
or Pd;

L" is a monovalent ligand of up to 50 atoms not counting hydrogen, preferably halide or

10 hydrocarbyl, or two L groups together are a divalent or neutral ligand group, preferably a C,.5,

hydrocarbylene, hydrocarbadiyl or diene group.

The polyvalent Lewis base complexes for use in the present invention especially include
Group 4 metal derivatives, especially hafnium derivatives of hydrocarbylamine substituted

heteroaryl compounds corresponding to the formula:

15 x

wherein:
R" is selected from alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, and inertly
substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a divalent

derivative thereof}
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X1 is an anionic, neutral or dianionic ligand group; X' is a number from 0 to 5 indicating the number of
such X' groups; and bonds, optional bonds and electron donative interactions are represented
by lines, dotted 10lines and arrows respectively. Preferred complexes are those wherein ligand
formation results from hydrogen elimination from the amine group and optionally from the loss of one
or more additional groups, especially from R12. In addition, electron donation from the Lewis base
functionality, preferably an electron pair, provides additional stability to the metal center. Preferred
metal complexes correspond to the 15formula: , wherein M1, X1, x',andT1 are as previously defined,

R13,-14, K R15 andrlesaradamf@g@@m@g&p%ﬁenaikxupy@lgauﬁaéktnﬁm;@@ged eigrecyrigalkyl, aryl,
or silyl group 9%1 (%19 a&% not coun ing | d{g n, or adjacent le, Rl4, 20R15 or R16 groups may
or

be joined together thereb firll(ég Used fing derva vaeélo%c?r i Cbé%‘fﬁ'?%ﬁ%’rfé‘f”f)‘&ﬁﬁ@ and electron
pair donative fﬁ?@éé‘?éﬁdm%ﬁé gepPeshted by lines, dotted lines and arrows respectively. More

preferred examples rF tihe Gorepaingrmetal camplexescef mspandining, fapuay - pyherein M', X,
and x’ aresas W%Yi%ﬂ%%%fwﬁg’mayl group or a divalent derivative thereof;

M is a Group 4 metal, preferably hafnium;

X! is an anionic, neutral or dianionic ligand group;

x’ is a number from 0 to 5 indicating the number of such X' groups; and

bonds, optional bonds and electron donative interactions are represented by lines, dotted

10 lines and arrows respectively.

Preferred complexes are those wherein ligand formation results from hydrogen elimination
from the amine group and optionally from the loss of one or more additional groups, especially
from R"™. In addition, electron donation from the Lewis base functionality, preferably an electron
pair, provides additional stability to the metal center. Preferred metal complexes correspond to the

15 formula:

1 14
R3

, Wherein
ML XL %', RMY and T! are as previously defined,
R”, R™ R" and R'° are hydrogen, halo, or an alkyl, cycloalkyl, heteroalkyl,
heterocycloalkyl, aryl, or silyl group of up to 20 atoms not counting hydrogen, or adjacent R'?, R,
20 R or R groups may be joined together thereby forming fused ring derivatives, and
bonds, optional bonds and electron pair donative interactions are represented by lines,
dotted lines and arrows respectively.

More preferred examples of the foregoing metal complexes correspond to the formula:
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1213, R14, R15 and Rm are as previously defined, preferably R'8, R4, and R15 are hydrogen, or CIA
alkyl, and R16 is C6-20 aryl, most preferably naphthalenyl; 5le independently each occurrence is C14
alkyl, and a is 1-5, most preferably IV in two ortho- positions to the nitrogen is isopropyl or t-butyl;

and R18 independently each occurrence are hydrogen, halogen, or a 0i_20 alkyl or aryl group, most
preferably one of R15 and RI8 is hydrogen and the other is a C6-20 aryl group, especially 2-isopropyl,
phenyl or a fused polycyclic aryl group, most preferably an anthracenyl group, and 10bonds, optional
bonds and electron pair donative interactions are represented by lines, dotted lines and arrows
respectively. Highly preferred metal complexes for yse hergin as catalyst (A) correspond to the
formula: wherein X1 each occurrence_ig;h&lige, NJN-dimethylamido, or Ci..4 alkyl, and
preferably 15each occurrence X1 is methyl% BY | endently each occurrence is hydrogen,
halogen, C1.20 alkyl, or C6-20 aryl, or two & 1are joined together thereby forming a
ring, and f is 1-5; and le ind nt e/ach occyyrence is hydrogen, halogen, C1,20 alkyl, or
C6.30 aryl, or two adjacent Re o4qed togethenthereby forming a ring, and e is 1-5. 20Most
highly preferred examples of met nplexes MUSE'HS d&]t%llyst (A) according to the present
invention are complexes of the following formulﬁ}g wherein Rx is C14 alkyl or cycloallcyl, preferably
methyl, isopropyl, t-butyl or oyelohoxyl; and XI gﬁ occurrence iswiatiele, N,N-dimethylamido, or C14
alkyl, preferably m%gw(ﬁg)ﬁnl%eg ﬁ%m%%? &(nglexes usefully employed as catalyst (A) according to

the present invention,include: "
- methylethyl)phenypal%ldbi)(é%ﬁzlﬂé%Q&Htﬂﬁf%ﬁeﬁmﬁiﬁewm ‘R 9‘5@ ?ﬁ%lh%%‘]?%ﬁf‘nﬂfm dimethy!;

Ci.4 alkyl, and R'% is Cez0 aryl, most preferably naphthalenyl;

5 R® independently each occurrence is C1.4 alkyl, and a is 1-5, most preferably R” in two
ortho- positions to the nitrogen is isopropyl or t-butyl;

'” and R"® independently each occurrence are hydrogen, halogen, or a Cy alkyl or aryl
group, most preferably one of R' and R*® is hydrogen and the other is a Cg.5 aryl group, especially
2-isopropyl, pheny! or a fused polycyclic aryl group, most preferably an anthracenyl group, and

10 bonds, optional bonds and electron pair donative interactions are represented by lines,
dotted lines and arrows respectively.

Highly preferred metal complexes.for use herein as catalyst (A) correspond to the formula:

®)
CH
WCRHG /7 N\ @,

(HzCRLHC )}(1 )

wherein X' each occurrence is halide, N,N-dimethylamido, or Cy4 alkyl, and preferably
15  each occurrence X' is methyl;
R independently each occurrence is hydrogen, halogen, Ci. alkyl, or Cg aryl, or two
adjacent RY groups are joined together thereby forming a ring, and fis 1-5; and
R® independently each occurrence is hydrogen, halogen, C;0 alkyl, or Ce.p aryl, or two
adjacent R° groups are joined together thereby forming a ring, and ¢ is 1-5.
20 Most highly preferred examples of metal complexes for use as catalyst (A) according to the

present invention are complexes of the following formulas:
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[N-(2,6-di(1-methylethypphenyflamido)(o4olyl)(a-naphthalen-2-diy1(6-pyridin-2-
O0diyOmethanc)]hafnium di(N,N-dimethylamido); [N-(2,6-di(1-methylethyl)phenyflamido)(
o-tolyl)(a-naphthalen-2-diy1(6-pyridin-2- diyOmethane)]hafnium dichloride; [N -(2, 6-di(
I-methylethyl)phenyl)amido)(2-isopropylphenyl)(a-naphthalen-2-diy1(6-pyridin2-diyOmeth
ane)Thafnium dimethyl;
15[N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylplaenyl)(a-naphthalen-2-diy1(6-pyridin-
2- diyOmethane)]hafnium di(N N dimethylamido) [N- (2 6-d i(I

-rnethylethyl)phenyl)a henanthren-5-y1)(a-naphth
n2-diyOmethane))hafni ,I\F—dimethylamido); and
[N-(2,6-di(1-methylethyl)pherypami

e)lhafniurn dichigrigg;25Undgitit
the present invention,the hydrogen

6-position of the p ,
complexes whereinte-metal is?g NE oup-and to the

6-pyr|di

KRhenanthren-5-y1)(a~+faphthalen-2/diy 6 -pyridin2- dlyemethan
) NONg:gggito prepArd

thalene Broty stitteed at the

2-position of the andpbthgienyl gtaup, as WeII as s&ablllzed(ﬁy@déﬁedlna nto the pyridinyl nitrogen
atom through the electron pair of the nitrogen atom. 5Additional suitable metal complexes,of polyvalent

Lewis bases for use haeedm iRcluee, eRMBPHRARICANESRABHINA RS SRR MR R  ohexy (1213 1S @N

aromatic or mert(l]‘y substituted aromatic group containing from 5 to 20 atoms not counting hydrogen or

a polyvalent derlvatlve thereof;
X! each occurrence is halide, N ;N-dimethylamido, or C,4 alkyl, preferably methyl.

5 Examples of metal complexes usefully employed as catalyst (A) according to the present
invention include:
[N-(2,6-di(1-methylethyl)phenyl)amido)(o-tolyl)}(ci-naphthalen-2-diyl(6-pyridin-2-
diyl)methane)]bafnium dimethyl;
[N~(2,6-di(1-methylethyl)phenyl)amido)(o-tolyl)(a-naphthalen-2-diyl(6-pyridin-2-
10 diyhmethane)Thafnium di(N,N-dimethylamido);
[N-(2,6-di(1-methylethyl)phenyl)amido)( o-tolyl)(o-naphthalen-2-diyl(6-pyridin-2-
diyl)methane)]hafnium dichloride;
[N-(Z,é-di(1—methy1ethyl)phenyl)amido)(2-isopropylphenyl)(oc—naphthalen—2-diyl(6—pyridin—
2-diyl)methane)lhafhium dimethyl,
15 [N-(2,6-di(1-rnethylethyl)phenyl)amido)(2—isopropylphenyl)(a—naphthalen—Z-diyl(&pyridin—
2-diyl)methane)]hafnium di(N,N-dimethylamido);
[N-(2,6-di(1 -methylethyl)phenyl)amido)(2-isopropylphenyl)(ci-naphthalen-2-diyl(6-pyridin-
2-diyl)methane)]hafnium dichloride;
[N-(2,6-di(1-methylethyl)phenyl)amido)(phenanthren-5-y1)(o-naphthalen-2-diyl(6-pyridin-
20 2-diy1)rﬁethane)}hafnium dimethyl;
[N-(2,6-di(1-methylethyl)phenyl)amido)(phenanthren-5-yl)(c-naphthalen-2-diyl(6-pyridin-
2-diyl)methane)]hafnium di(N,N-dimethylamido); and
[N-(2,6-di(1-methylethyl)phenyl)amido)(phenanthren-5-yI)(a-naphthalen-2-diyl(6-pyridin-
2-diyl)methane)hafnium dichloride.
25 Under the reaction Qonditions used to prepare the metal complexes used in the present

invention, the hydrogen of the 2-position of the a-naphthalene group substituted at the 6-position of
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10T is a hydrocarbylene or silane group having from 1 to 20 atoms not counting hydrogen, or an inertly
substituted derivative thereof; M3 is a Group 4 metal, preferably zirconium or hafnium; Gisan
anionic, neutral or dianionic ligand vamp; preferably a halide, hydrocarbyl or dihydrocarbylamide group
having up to 20 atoms not counting hydrogen; 15g is a number from Ito 5 indicating the number of
such G groups; and bonds and electron donative interactions are represented by lines and arrows
respectively. Preferably, such complexes correspond to the formula: T3 is a divalent bridging group
of from 2 to 20 atoms not counting hydrogen, preferably a 20substituted or unsubstituted, C3,6

allcylene group; and A? jndependently each occurrence is an arylene or an. alkyl- or aryl-substituted
arytene group%c}? ﬁ%r?ﬁﬁ\ %%g?%% a 5?1133{)%?%0%?&}%%1 ?%‘yg‘r%éb .nu;n Lée%%%é} %1?6%e@metgl,x reflelrgebr?y hafnium
or zirconium; Chifaepen e baRMmGddn hehte fesdHngaBidceRe Ao E ARSI &fcPgroup; 259 is
a number fromdpienaliRgigaiipcife nwshsalsyehodgraups aash elecir o spnativetintesactions are

represented b)élgcr{ro%vs.. Plfgf}gr[{%(gg%é%mgles of metal complexes of foregoing formula include the

. a
following compoun sPR3 _
5 Additional suitable metal complexes of polyvalent Lewis bases$ for use herein include

compounds corresponding to the formula:

, where:
R? is an aromatic or inertly substituted aromatic group containing from 5 to 20 atoms not
counting hydrogen, or a polyvalent derivative thereof;
10 T is a hydrocarbylene or silane group having from 1 to 20 atoms not counting hydrogen, or
an inertly substituted derivative thereof;
M? is a Group 4 metal, preferably zirconium or hafnium;
G is an anionic, neutral or dianionic ligand group; preferably a halide, hydrocarbyl or
dihydrocarbylamide group having up to 20 atoms not counting hydrogen,
15 g is a number from 1 to 5 indicating the number of such G groups; and
bonds and electron donative interactions are represented by lines and arrows respectively.
Preferably, such complexes correspond to the formula:
oA\
L MG, AT

N N

T? is a divalent bridging group of from 2 to 20 atoms not counting hydrogen, preferably a

, wherein:

20  substituted or unsubstituted, Cy.4 alkylene group; and
Ar® independently each occurrence is an arylene or an alkyl- or aryl-substituted arylene
group of from 6 to 20 atoms not counting hydrogen;
M is a Group 4 metal, preferably hafnium or zirconium;
G independently each occurrence is an anionic, neutral or dianionic ligand group;
25 g is a number from 1 to 5 indicating the number of such X groups; and

electron donative interactions are represented by arrows.
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where M3 is Hf or Zr; Ard is C6_20 aryl or inertly substituted derivatives thereof, especially 3,5-
difisopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibenzo-1H-pyrrole-1-yl, or anthracen-5-yl, and T4
independently each occurrence comprises a C3.6 alicylene group, a C3-6 cycloalkylene group, or an
inertly substituted derivative thereof; -21 rt. independently each occurrence is hydrogen, halo,
hydrocarbyl, trinydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl of up to 50 atoms not counting
hydrogen; and 10G, independently each occurrence is halo or a hydrocarbyl or trinydrocarbylsilyl
group of up to 20 atoms not counting hydrogen, or 20 groups together are a divalent derivative of the
foregoing hydrog@li@xle@&5&953@5%%{9&!%@)@;)%9& e g Ak RlalRIeE A B aORAUAAS Alihe formula:
R2I wherein Ar4 is 3,5-di(isopropyl)phenyl, 3,5- dlasobut)é)phenyl dibenzo-1H-pyrrole-1-yl, or
anthracen-5-yl, R21 is hydrogen, halo, or CIA alkyl, eRpecially methyl 14 is propan-1,3-diyl or
butan-1,4-diyl, and 5G is chloro, methyl or benzyl. Other)saitable metal complexes are those of the
formula: The foregoing polyvalent Lewis base’t ré'conveniently prepared by standard
metallation and ligand exchange procedures involving a s8& Riie Group 4 metal-and the neutral

where M? is Hf or Zr;
Ar* is C0 aryl or inertly substituted derivatives thereof, especially 3,5-
5 di(isopropyDphenyl, 3,5-di(isobutyl)phenyl, dibenzo-1H-pyrrole-1-yl, or anthracen-5-y1, and
T* independently each occurrence comprises a Cs.¢ alkylene group, a Cs. cycloalkylene
group, or an inertly substituted derivative thereof; N
R*! independently each occurrence is hydrogen, halo, hydrocarbyl, trihydrocarbylsilyl, or
trihydrocarbylsilylhydrocarbyl of up to 50 atoms not counting hydrogen; and
10 G, independently each occurrence is halo or a hydrocarby! or trihydrocarbylsilyl group of
up to 20 atoms not counting hydrogen, or 2 G groups together are a divalent derivative of the
foregoing hydrocarbyl or tribydrocarbylsilyl groups.

Especially preferred are compounds of the formula:

RZI
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10 polyfunctional ligand source. In addition, the complexes may also be prepared by means of an
amide elimination and hydrocarbylation process starting from the corresponding Group 4 metal
tetraamide and a hydrocarbylating agent, such as trimethylaiuminum. Other techniques may be used
as well. These complexes are known from the disclosures of, among others, US patents 6,320,005,
6,103,657, WO 02/38628, WO 03/40195, and US 04/0220050. 15In one embodiment of the invention,
branching, including hyper-branching, may be induced in a particular segment of the present
multi-block copolymers by the use of specific catalysts known to result in "chain-walking" or
1,3-insertion in the resylii . For example in hgmogeneous. bridged his indenyl- or
partially hydrogenatec%i% %%}g{gé‘g% o gﬁﬁ%ﬁ%@%f&% %%1 fRg zi?'é%ﬂ?ff’lf/lf\n}.']}(/%ital. A:
Chemical 102 (T8885%9:85; Zambelli; et at, 20 Macromolecules, 1988, 21, 617-622; or Dias, eta!,, J.
Mol. Catal. A: ChemicBl, $854(2602) B -GL makpesised pripapare branched copolymers from single
monomers, including @my!g%nl-ﬂjgla%yl g%mgm_r&?{aaln atalysts, especially nickel and palladium
catalysts are also kno(\z}vn t%lead to h}/per- branched polymers (the branches of which are also
branched) as disclosed i BPEBRIFAR 8 2924 Am. Chem. Soc., 1995, 117, 64145-6415, In one
embodiment of the inv&htiohitthle predencelofsachhbsanthingyB-addition, or hyper-branching in the
polymers of the invention can be confined to o e blocks or segments resulting 5from activity of
catalyst A. Accordingly, in one embodiment o the INvention a aglti-block copolymer containing blocks
or segments differing in the presence of such ing in_.coMmbination with other segments or blocks
substantially lacking such branching (especially highly crystalline polymer blocks), can

be produced, optionally in addition to copolymei_zgati N~ee to separately added comonomer.
Highly preferably, in a specific embodiment of/the 19inygntion\ a multi-block copolymer comprising
alternating propylene or 4-methyl-1-pentene h oly /SO jrieiits and amorphous copolymer
segments, especially ethylene containing co OlyH}@Lﬁmén o-dy be prepared. The presence of
long chain branching in the multi-block co rs of tHeSRvention can be detected by certain physical
properties of the resulting copolymers, suc e cgd rfaCg imperfections during melt extrusion
(reduced melt fracture), 15reduced melting poi for the_amorphous or relatively amorphous
segments compared to a crystalline or relativel polymer|segment, and/or the presence of
[,3-addition sequences or hyper-branching as d b N11/LR techniques. The quantity of the
foregoing types of nonstandard branching p&c%?gfnt in the polymers of the invention (as a portion of the
blocks or segments containing the same), isnérmally in tRe ragige from 0.01 to 10 branches per 1,000

carbons. 20Group 4-10 derivatives corresponding to the formula: \T-"3m2 T 2 t wherein M2 is

a metal of Ciroups 4-3).of the .P ioqdiclT(%\EIe of the elements, preferably Group 4 metals, Ni(ll) or
¢ ) b
Pd(11): most preferably er{:%nlug?r[]g; yvidlent Lewis base compmexes are conveniently prepared by standard

metallation and ligand exchange procedures involving a source of the Group 4 metal and the neutral

10 polyfunctional ligand source. In addition, the complexes may also be prepared by means of an
amide elimination and hydrocarbylation process starting from the corresponding Group 4 metal
tetraamide and a hydrocarbylating agent, such as trimethylaluminum. Other techniques may be
used as well. These complexes are known from the disclosures of| among others, US patents
6,320,005, 6,103,657, WO 02/38628, WO 03/40195, and US 04/0220050.

15 In one embodiment of the invention, branching, including hyper-branching, may be induced
in a particular segment of the present multi-block copolymers by the use of specific catalysts known
to result in “chain-walking” or 1,3-insertion in the resulting polymer. For example, certain
homogeneous bridged bis indenyl- or partially hydrogenated bis indenyl- zirconium catalysts,
disclosed by Kaminski, ef al., J. Mol. Catal. A: Chemical, 102 (1995) 59-65; Zambelli, ef al.,

20 Macromolecules, 1988, 21, 617-622; or Dias, ef al., J. Mol. Catal. A; Chemical, 185 (2002) 57-64

may be used to prepare branched copolymers from single monomers, including ethylene. Higher

transition metal catalysts, especially nickel and palladium catalysts are also known to lead to hyper-
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25T2 is a nitrogen, oxygen or phosphorus containing group; X2 is halo, hydrocarbyl, or
hydrocarbyloxy; t is one or two; X" is a number selected to provide charge balgnce; and 12 and N are
linked by a bridging ligand. 30Such catalysts have been previously disclosed in J. Am. Chem. Soc.,
118,267-268 (1996), J. Am. Chem. Soc., 117, 6414 -6415 (1995), and Organom_etalllcs, 16,
1514-1516, (1997), among other disclosures. Preferred examples of the foregoing met_al co_mplexes
are aromatic diimine or aromatic dioxyimine complexes of Group 4 metals, especially zirconium,
correspor.ding to the formula: Rd wherein; 5M2, X2 and T2 are as previously defined; Rd

independently i drogen, halogen, or 12.% and Rd in epen ntly each occurrence
is C1.20 hydro?gr%h?cg?gg{]ﬁe%gr%ggé%qﬁ% Ogig%ﬁ%/ aelgl,s?\lgrgl %’reé‘-a%& Sgt?fﬁ?eld J@%%‘Sﬂ{%t ﬂlfeileof, more
preferably CméHy PP F b RAstbétitdited derivative thereof, most preferably alkyl,

dialkylaminoalkyl, pyriotyl; pigeritenybpierfiveioph eryrdlaycioalikyl:aacinalkylanykior, sraleul
Additional exam%@ﬁisg Rullepley MeLR AIMRIGKSR QG OMAUS SNy ITIBR KOMIRIEXEs, of Zitconium,
corresponging 1‘I1%ntlhaectls/){t?;| gfl E2'2:1’falyst A. Accordingly, in one embodiment of the invention a multi-block

copolymer containing blocks or segments differing in the presence of such branching in

combination with other segments or blocks substantially lacking such branching (especially high

density or highly crystalline polymer blocks), can be produced, optionally in addition to copolymer

formation due to separately added comonomer. Highly preferably, in a specific embodiment of the

10 invention, a multi-block copolymer comprising alternating propylene or 4-methyl-1-pentene
homopolymer segments and amorphous copolymer segments, especially ethylene containing
copolymer segments, may be prepared. The presence of long chain branching in the multi-block
copolymers of the invention can be detected by certain physical properties of the resulting
copolymers, such as reduced surface imperfections during melt extrusion (reduced melt fracture),

15 reduced melting point, Tg, for the amorphous or relatively amorphous segments compared to a
crystalline or relatively hard polymer segment, and/or the presence of 1,3-addition sequences or
hyper-branching as detected by NMR techniques. The quantity of the foregoing types of non-
standard branching present in the polymers of the invention (as a portion of the blocks or segments
containing the same), is normally in the range from 0.01 to 10 branches per 1,000 carbons.

20 Group 4-10 derivatives corresponding to the formula:

N
( M? X2
T2 X

M? is a metal of Groups 4-10 of the Perjodic Table of the elements, preferably

wherein

Group 4 metals, Ni(II) or Pd(II), most preferably zirconium;
25 T isa nitrogen, oxygen or phosphorus containing group;
X? is halo, hydrocarbyl, or hydrocarbyloxy;
t is one or two;
X” is a number selected to provide charge balance;
and T? and N are linked by a bridging ligand.
30 Such catalysts have been previously disclosed in J. Am. Chem. Soc., 118, 267-268 (1996),
J. Am. Chem. Soc., 117, 6414 -6415 (1995), and Organometallics, 16, 1514-1516, (1997), among

other disclosures.
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Re'N 0/ZrX2 0 N Re' (CH3)3 wherein; X2 is as previously defined, preferably C1-10 hydrocarbyl,
most preferably methyl or benzyl; and 5Re' is methyl, isopropyl, t-butyl, cyclopentyl, cyclohexyl,
2-methylcyclohexyl, 2,4- dimethylcyclohexyl, 2-pyrrolyl, N-methyl-2-pyrrolyl, 2-piperidenyl,
N-methyl-2-piperidenyl, benzyl, o-tolyl, 2,6-dimethylphenyl, perfluorophenyl, 2,6-di(isopropyl)phenyl, or
2,4,6- trimethylphenyl. The foregoing complexes for use as catalyst (B) also include certain
phosphinimine 10complexes are disclosed in EP-A-890581. These complexes correspond to the
formula: [(Rf)3-P=NiriV1(1(2)(R534, wherein: RE is a monovalent ligand or two Rf groups together
are a divalent liganele preferahiypleishie fogesirpmEhicatiyleds isarGratiny dometed aromatic

dioxyimine complexes of Group 4 metals, especially zirconium, corresponding to the formula:

d R®
R /
rY —N
N4 oo
M"X,
R? N
RC
wherein;
5 M?, X* and 'T? are as previously defined;

R independently each occurrence is hydrogen, halogen, or R; and
R® independently each occurrence is Ci.50 hydrocarby! or a heteroatom-, especially a F, N, S
or P- substituted derivative thereof, more preferably Cy.jo hydrocarbyl or a F or N substituted
derivative thereof, most preferably alkyl, dialkylaminoalkyl, pyrrolyl, piperidenyl, perfluorophenyl,
10 cycloalkyl, (poly)alkylaryl, or aralkyl.

Additional examples of suitable metal complexes are aromatic dioxyimine complexes of

zirconium, corresponding to the formula:

(CHa)s

H3C)3 O N— (CHs)s

5t




15K2 is a group containing delocalized n-electrons through which 1(2 is bound to M, said K2 group
containing up to 50 atoms not counting hydrogen atoms, and fis 1 or 2. Additional suitable metal
complexes include metal complexes corresponding to the formula: RAR AN, Nm. RCG 20 where
M'is a metal of Groups 4-13, preferably Groups 8-10, most preferably Ni or Pd; RA, RE and Rc are
univalent or neutral substituents, which also may be joined together to forrg.one or more divalent

substituents, and c is a number chosen to balance the charge of the metal complex. Preferred
examples of the foregoing metal complexes are compounds corresponding to the formula: wherein NV
is Pd or Ni. Suitable metal compounds for use as catalyst -

r?c;)lude the foregoing metal
compounds mentioned with respect to catalyst (A) as wgll as otlyer atal compounds, with the proviso,
in one embodiment of the invention, that they i incorporate comonerme relatlvely poorly compared to
10catalyst (A) or otherwise produce a more high : é@ltpe previously
identified metal complexes for use as catalyst(A), th& fgllowin \a Kinal meta compounds or inertly

zirconium- complexes The skilled artisan will apprétlate that in other embodiments of the
invention, the criterion for selecting a combinatigomhgatalyst (A) and (B) may be any other
distinguishing property of the resulting polymer blocks, such as combinations based on tacticity
(|sotact|c/synd|otact|8V¥1%r8’t‘éct|C|atactlc or syndiotacticilatactic), regio-error content, or combinations
thereof, for example X% is as previously defined, preferably C;.io hydrocarbyl, most preferably methyl or benzyl;

and

5 R” is methyl, isopropyl, t-butyl, cyclopentyl, cyclohexyl, 2-methylcyclohexyl, 2,4-
dimethylcyclohexyl, 2-pyrrolyl, N-methyl-2-pyrrolyl, 2-piperidenyl, N-methyl-2-piperidenyl,
benzyl, o-tolyl, 2,6-dimethylphenyl, perfluorophenyl, 2,6-di(isopropyl)phenyl, or 2,4,6-
trimethylphenyl.

The foregoing complexes for use as catalyst (B) also include certain phosphinimine
10 complexes are disclosed in EP-A-890581. These complexes correspond to the formula:
[(RD3-P=NIMEK>)(R;.¢, wherein:
R'is a monovalent ligand or two R’ groups together are a divalent ligand, preferably R is
hydrogen or C,4 alkyl;
- Mis a Group 4 metal,

15 K?*is a group containing delocalized n-electrons through which K? is bound to M, said K*
group containing up to 50 atoms not counting hydrogen atoms, and

fis1lor2.

Additional suitable meta] complexes include metal complexes corresponding to the

formula:

RB~ M ~RB
i
i
c
20 R%
where M’ is a metal of Groups 4-13, preferably Groups 8-10, most preferably Ni or Pd;
R*, R® and R are univalent or neutral substituents, which also may be joined together to

form one or more divalent substituents, and
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20atactic blocks with regio-error- containing blocks or atactic blocks with long chain branched blocks.
Cocatalvsts Each of the metal complex catalysts (A) and (B) (also interchangeably referred to
herein as procatalysts) may be activated to form the active catalyst composition by combination with a
cocatalyst, preferably a cation forming cocatalyst, a strong Lewis acid, or a combination thereof. In 5a
preferred embodiment, the shuttling agent is employed both for purposes of chain shuttling and as the
cocatalyst component of the catalyst composition. The metal complexes desirably are rendered
catalytically active by combination with a cation forming cocatalyst, such as those previously known in
the art for use with Grisapuhheetabselefingelymasizatignocamplexesaplsitable cation forming cocatalysts
for use herein includg feutial IpLevisacidR, SHEh.as Chafidrocarhyl suhstinted Groun.3
compounds, especially tri(hydrocarbyhaluminum- or tri(hydrocarbyl)boron compounds and
halogenated ‘Fﬂﬂﬂ@fng perhalogenated) derivatives thereof, having from Ito 10 carbons in each

noncoordinating, ion forming 15¢ IAads (including the use of&gch CO@ngunds under oxidizing

conditions), especiall t -, oxonium-,/carbonjum-, silylium- or
sulfonium- salts of co%i?fp i r %CroceniHead- cr)}f%ﬁ]\l} f salts of
compatible, noncoordinating~aniohs; ar A gBing catl ing cocatalysts and
techniques. The foregoi i echr,}iﬁues 2en previously
taught with respect 20to dliff A following
references: EP-A-277,003F%H&-5,153, 18FCHE-A-5,064,802; QIBCA-5,321 FIGNS-A-5,721,185,
1JS-A-5,350,723, US-A-5,425,872, US-A-5,625,087, US-A-5,883,204, ’

CH(CHz), (H;OpHC \
N

CH; CH;,
>-——< CH(CHa),
/ N\ /
N\/ M\'/N N;M\' N,
Br B CHy'  CH,
(H3CpHC CH(CHy), (H;OpHC .

5 ,or
wherein M’ is Pd or Ni.

Suitable metal compounds for use as catalyst (B) include the foregoing metal compounds
mentioned with respect to catalyst (A) as well as other metal compounds, with the proviso, in one
embodiment of the invention, that they incorporate comonomer relatively poorly compared to

10 catalyst (A) or otherwise produce a more highly tactic polymer. In addition to the previously
identified metal complexes for use as catalyst (A), the following additional metal compounds or
inertly coordinated derivatives thereof that are especially suited for use as catalyst (B) include
racemic ethylene bisindenyl- or substituted bis(indenyl)- complexes of Group 4 metals, especially
zirconium, such as ethylenebis(4,5,6,7-tetrahydro-1-indenyl) zirconium- or racemic ethylene

15 bis(indenyl) zirconium- complexes.

The skilled artisan will appreciate that in other embodiments of the invention, the criterion
for selecting a combination of catalyst (A) and (B) may be any other distinguishing property of the
resulting polymer blocks, such as combinations based on tacticity (isotactic/syndiotactic,
isotactic/atactic or syndiotactic/atactic), regio-error content, or combinations thereof, for example

20  atactic blocks with regio-error- containing blocks or atactic blocks with long chain branched blocks.
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US-A-5,919,983, US-A-5,783,512, WO 99/15534, and W099/42467. Combinations of neutral Lewis
acids, especially the combination of a trialkyl aluminum 25compound having from 1 to 4 carbons in
each alkyl group and a halogenated tri(hydrocarbyl)boron compound having from Ito 20 carbons in
each hydrocarbyl group, especially tris(pentafluorophenyOborane, further combinations of such neutral
Lewis acid mixtures with a polymeric or oligomeric alutnoxane, and combinations of a single neutral
Lewis acid, especially tris(pentafluorophenyeborane with a polymeric or oligomeric alumoxane may be
used as activating 30cocatalysts. Preferred molar ratios of metal
complexaris(peetafisarophenyl-borane:alumoxane are from 1:1:1 to 1:5:20, more preferably from

1:1:1.5 10 1:5:10. Eac%%i%@r@'ﬁléapcm%m&www&% 5@6&@@&9&%@%& L1008 STLgiment of the

present invention comprise a cation which is'a Bronsted acid capable of donating a proton, and a
compatible, ISREHUTSHAIN G ATBACALCAN B SSPREFE FAHY LARROHERIBSRIMPRNIG™ Wilkhs an anion or
substance whightefthiepretasinetaooiidmate doihdySraupodgrhetad containingdisginstecombiex and

the catalytic dgrivative dgdyed e Qeuhichis By weakhrcaRrdinaiad iaieh complexes

thereby remaining suflficiently IabiI%i}(z be 1clisplaced ,kt),y a neutral Lewis base. A noncoordinating anion

specifically refSr& 8 ar BB MR h UHTER YSHCTOHY s a charge balancing 5anion in a cationic metal

complex does not trahsfiestad rompionicletsbliters meotehdpaidnt dhbredivobs arinbititinntvéteby forming

neutral complexss fofpPetiRIosanioNs:' Bs& ariens whishane notdegradaditocewitalitavhen the

initially formed]ﬁomgfex de(;é))m 0ses angi are noniute{ferin with desired supse ueqt (polgrg, ization or
QieIin erizalion gomplexes. .suitable cation forming cocatalysis, for use 1ereé[ﬂ mciude neuira

other uses of the complex. Preferred anions are those con INing a single coordination complex

comprisitfy a kffaitsido sl ing: mitdoet Prbtatisitr e @ whithcamenid e 4paBRIBT balancing the charge
of the_ active camjzylgcsmggmrﬁﬂaexm&t&hsz@t}amﬂmmmayﬂmjwmedawlgarame{iwmtﬁgn ponents are
combined. Algg,aigl anionshakd, t&%r%b’{ﬂ%%ﬂé'ﬂ&@'i‘Tto“?OQ%r%%E’ﬁ%@&%&k‘%ﬁﬁ%o‘i’i°|eﬁ”ic and

acetylenically unsaturated compounds or other neutral Lewis bases such as ethers or nitriles. Suitable

metals includB2!pgrraid Wﬂ?ﬁﬁ@&%ﬂpa’l‘ﬂﬂﬁiﬁﬂﬁ?f@l&@%ﬁ@%ﬁﬁdﬁ%‘&%ﬁ%%ﬁ%?d@%ﬁ%e, but are
15not limited tspebatbriyighosghorushanibsitcomoGprypstindsopritbiningpenidnetivbicin dompdse
coordinafion coMPIEXRLMINRNINGR Single Metelahdneialloidiainm g suresavallknewn and
many, particulatly sich compounds confaining 2 single oren atonyin e anjon orton, e available
commercially.
noncoordinating anions, or ferrocenium-, lead- or silver salts of compatible, noncoordinating
anions; and combinations of the foregoing cation forming cocatalysts and techniques. The
foregoing activating cocatalysts and activating techniques have been previously taught with respect
20  to different metal complexes for olefin polymierizations in the following references: EP-A-277,003,
US-A-5,153,157, US-A-5,064,802, US-A-5,321,106, US-A-5,721,185, US-A-5,350,723,
US-A-5,425,872, US-A-5,625,087, US-A-5,8 83,204, US-A-5,919,983, US-A-5,783,512,
WO 99/15534, and W099/42467.
Combinations of neutral Lewis acids, especially the combination of a trialkyl aluminum
25 compound having from 1 to 4 carbons in each alky! group and a halogenated tri(hydrocarbyl)boron
compound having from 1 to 20 carbons in each hydrocarbyl group, especially
tris(pentafluorophenyl)borane, further combinations of such neutral Lewis acid mixtures with a
polymeric or oligomeric alumoxane, and combinations of a single neutral Lewis acid, especially
tris(pentafluorophenyl)borane with a polymeric or oligomeric alumoxane may be used as activating
30  cocatalysts. Preferred molar ratios of metal complex:tris(pentafluorophenyl-borane:alumoxane are
from 1:1:1 to 1:5:20, more preferably from 1:1:1.5 to 1:5:10.
Sujtable ion forming compounds useful as cocatalysts in one embodiment of the present

invention comprise a cation which is a Bronsted acid capable of donating a proton, and a

compatible, noncoordinating anion, A”. As used herein, the term “noncoordinating” means an anion
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Preferably such cocatalysts may be represented by the following general formula: (1_2*-1-)g+ (A)g"
wherein: L* is a neutral Lewis base; (L*-11)+ is a conjugate Bronsted acid of Lt; PO- is a
noncoordinating, compatible anion having a charge of g-, and 25g is an integer from ;to 3. More
preferably Agi corresponds to the formula: [MQ4]-; wherein: IM' is boron or a_llumln_um in th_e 4.-3 f_ormal
oxidation state; and Q independently each occurrence is selected from hydride, dialkylamido, halide,
30hydrocarbyl, hydrocarbyloxide, halosubstituted-hydrocarbyl, halosubstituted hydrocarbyloxy, and
halo- substituted silythydrocarbyl radicals (including perhalogenated hydrocarbyl- perhalogenated_
hydrocarbyloxy+ aweiqperhéldgetiatddesilythyoieasyivadicals), said Qrbawing 2o eahons with

the proviso Ihakinohilpee dhABADEASEHIERGS> L IRINE FIATRIES Gl lalie hidroearbyloxide Q

groups are dISC|OS din US A-5,296,433 In a more preterréd embo |ment IS one, that is, the

counter ion has BBAGIEFIEL art?\[}?‘%’l’i’afé‘g SRR s R Ne R tR B BYAPSI Ede&RsE Horon which are
particularly uséfiFardinatineperasisaififadatalyst® of thisimmieritiehemaydieniepresenied Byathafollowing

general fosmu@c(hmlzl)cb(ﬁx@c’-'ﬂretﬁ\wﬁﬁﬁmdde’é ﬁ%t@éxﬁf@r%gléﬁl)ﬁn‘?@iﬂﬂ%ﬁt'§r%ﬁ?&x‘x@tﬁef@éf@c?l oxidation

fluorinated hydrocarbyl-, fluorinate
state of 3; andsgdlca 10n ergga{ er’x %r?lg{exe ompatible am%ns are an){ons which are not

degraded to neutrality when the initially formed complex decomposes and are noninterfering with
desired subsequent polymerization or other uses of the complex.
Preferred anions are those containing a single coordination complex comprising a charge-
10 bearing metal or metalloid core which anion is capable of balancing the charge of the active catalyst
species (the metal cation) which may be formed when the two components are combined. Also,
said anion should be sufficiently labile to be displaced by olefinic, diolefinic and acetylenically
unsaturated compounds or other neutral Lewis bases such as ethers or nitriles. Suitable metals
include, but are not limited to, aluminum, gold and platinum. Suitable metalloids include, but are
15 not limited to, boron, phosphorus, and silicon. Compounds containing anions which comprise
coordination complexes containing a single metal or metalloid atom are, of course, well known and
many, particularly such compounds containing a single boron atom in the anion portion, are
available commercially. |
Preferably such cocatalysts may be represented by the following general formula:
20 (L*-H)," (A
wherein:

L* is a neutral Lewis base;

(L*-H)* is a conjugate Bronsted acid of L* :
A¥ is a noncoordinating, compatible anion baving a charge of g-, and
25 g is an integer from 1 to 3.
More preferably A¥ corresponds to the formula: [M'Q,];
wherein:
M'is boron or aluminum in the +3 formal oxidation state; and
Q independently each occurrence is selected from hydride, dialkylamido, halide,

30 hydrocarbyl, hydrocarbyloxide, halosubstituted-hydrocarbyl, halosubstituted hydrocarbyloxy, and
halo- substituted silylhydrocarbyl radicals (including perhalogenated hydrocarbyl- perhalogenated
hydrocarbyloxy- and perhalogenated silylhydrocarby/l radicals), said Q having up to 20 carbons with
the proviso that in not more than one occurrence is Q halide. Examples of suitable

hydrocarbyloxide Q groups are disclosed in US-A-5,296,433.
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hydrocarbyloxy-, or fluorinated silyihydrocarbyl- group of -up to 20 nonhydrogen atoms, with the
10proviso that in not more than one occasion is Q hydrocarbyt. Preferred Lewis base salts are
ammonium salts, more preferably trialkylammonium salts containing one or more C12.40 alkyl groups.
Most preferably, Q is each occurrence a fluorinated aryl group, especially, a pentalluorophenvl group.
lllustrative, but not limiting, examples of boron compounds which may be used as an 15activating
cocatalyst in the preparation of the improved catalysts of this invention are tri-substituted ammonium
salts such as: trimethylammonium tetralcis(pentafluorophenyl) borate, triethylammonium

tetrakis(pentafluorophenyiybeeatesdipropyammanivmie takis teentaliupraphenyl) horaie
20tri(n-butyl)am ium. tetraki t [} borate, tri(sec-butyOammonium. .
tetrakis(pentaflugggﬁrﬁ% %)' tﬁ%%ﬁ%%%%. |%?ﬁ)lf;élt}va %(ﬁxéerﬁgﬁ ﬁ%]%ﬁﬁé%%l)“bglreate,

N, N-dimethylaR iR b o RS QI SHERrSHisp s s 1eseasa b tifeliryiaaieiere formula:
benzyltris(pentafluorophenyl) borate, 25N,N-dimethytanjligaQen; tetrakis(4-(t-butyldintethylsily1)-2, 3, 5,
6-tetrafluosophenrmborate, N,N-dimethylanilinium tetrakis(4-(triisopropylsilyl)-2, 3, 5,
6-tetrafluorophenyl) borate, N,N-d'mde}h lanilinium pentalluorophenoxytris(pentalluorophenyl) borate,
N,N-diethylanilinium tetrakiS{pentatitiotdphenyl) borate, NN-dimethy1-2$1,6-trimethylanilinium
tetrakis(pentafluoroph&aics étatermgbodifnettyiocitdieoglammonium tetrakis(pentafluorophenyl)
borate, methyldioctaqecylaraemimiieisakisiseniaiueiopnenyd hasates dialiyl prmmonium salts such

trakis(pen el OBHEs ) e e Ry RS acg R R i (AR GordheRy) borate
and dioctddeJRAMTBHiEHtStPAK ISP artaftisisphEriytrerarate; tri-substituted phosphonium salts such
as: triphenylphosphdnétimetelrakisfpesiaf nerophenyl) AriaterSmathidiesiadesyiphasphanium
tetrakis(pentaﬂMﬁmﬂlﬁ%)é'M%%@ﬁo%l groups. Most preferably, Q is each occurrence a fluorinated aryl
group, especially, a pentafluorophenyl group.
Ilustrative, but not limiting, examples of boron compounds which may be used as an

15 activating cocatalyst in the preparation of the improved catalysts of this invention are

tri-substituted ammonium salts such as:

trimethylammonium tetrakis(pentafluorophenyl) borate,
triethylammonium tetrakis(pentafluorophenyl) borate,
tripropylammonium tetrakis(pentafluorophenyl) borate,

20 tri(n-butyl)ammonium tetrakis(pentafluorophenyl) borate,
tri(sec-butyl)ammonium tetrakis(pentafluoropheny}) borate,
N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate,
N,N-dimethyianilinium n-butyltris(pentafluorophenyl) borate,
N,N-dimethylanilinium benzyltris(pentafluorophenyl) borate,

25 N,N-dimethylanilinium tetrakis(4-(t-butyldimethylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(4-(triisopropylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate,
N,N-dimethylanilinium pentafluorophenoxytris(pentafluoropheny1) borate,

N,N-diethylanilinium tetrakis(pentafluorophenyl) borate,
N,N-dimethyl-2,4,6-trimethylanilinium tetrakis(pentafluorophenyl) borate,

30 dimethyloctadecylammonium tetrakis(pentafluorophenyl) borate,
methyldioctadecylammonium tetrakis(pentaftuorophenyl) borate,
dialkyl ammonium salts such as:

di-(i-propyl)ammonium tetrakis(pentafluorophenyl) borate,

methyloctadecylammonium tetrakis(pentafluorophenyl) borate,
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tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate; di-substituted oxonium salts
such as: diphenyloxonium tetrakis(pentafluorophenyl) borate, di(o-tolyl)oxonium
tetrakis(pentafluorophenyl) borate, and 10di(octadecyl)oxonium tetrakis(pentatluorophenyl) borate;
di-substituted sulfonium salts such as: dito-tolyOsulfonium tetrakis(pentafluorophenyl) borate, and
methylcotadecylsulfonium tetrakis(pentafluorophenyl) borate. Preferred (L*-H)+ cations are _
methyldioctadecylarnmonium cations, 15dimethyloctadecylammonium cations, and ammonium cations
derived from mixtures of trialkyl amines containing one or 2 CH--13 alkyl groups. Another suitable

ion forming, a@&aﬁag&@@@ﬁﬁ%ﬁ%@&ﬁ&@é@ﬁ&@&%@grgg;a(@(lg;glng agent and a noncoordinating,
compatible amé)n repre a%rr}ﬁgmu?}/ %% 20wherein: Ox11-'Is a cationic oxidizing agent having a

charge of 1).1-:  is an integer i SR R4 8 re as previously defined. Examples of
cationic OX|d|zﬁ’fgs‘§’§Eé‘?°}E§d|ﬁ’éﬂER!’éﬂ4‘ém9ttemelms :hydrocarbyl-substituted 25ferrocenium, Agt or Pb4-2.
Preferred embod|meﬁtphexﬁ)@p\{oagsﬁbm%&@dkﬁ@@&lﬁm\ﬁ%@yyg%ﬁ@eed with respect to the Bronsted acid

containingsactiyaiing;casalalysis. & il entaflyorophen Oborate Another suitable
ion forming, actlva%nb coca ?aé ys comprlsé%kg?%%lrﬁﬁé)gu Olgsea 88t of a carbenium ion and a

noncoordlnatlﬁﬁ c%ﬂ‘fﬁ%{ﬂlﬁlfé‘%iﬁi?ﬂ?%b?é%‘éﬁfé‘dktﬁ??h@ﬂmmhmyl) borate;

di-substituted oxonium salts such as;
diphenyloxonium tetrakis(pentafluorophenyl) borate,
di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate, and
10 di(octadecylyoxonium tetrakis(pentafluorophenyl) borate;
di-substituted sulfonium salts such as;
di(o-tolyDsulfonium tetrakis(pglltaﬂuorophenyl) borate, and
methylcotadecylsulfonium tetrakis(pentafluorophenyl) borate.
Preferred (L*-H)" cations are methyldioctadecylammonium cations,
15 dimethyloctadecylammonium cations, and ammonium cations derived from mixtures of trialkyl
amines containing one or 2 Cy4.5 alkyl groups.
‘ Another suitable ion forming, activating cocatalyst comprises a salt of a cationic oxidizing
agent and a noncoordinating, compatible anion represented by the formula:
(Othr)g(Ag.)h,
20 wherein:
Ox" is a cationic oxidizing agent having a charge of h+;
h is an integer from 1 to 3; and
A¥ and g are as previously defined.
Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-substituted
25 ferrocenium, Ag" or Pb™. Preferred embodiments of A are those anions previously defined with
respect to the Bronsted acid containing activating cocatalysts, especially
tetrakis(pentafluorophenyl)borate.
Another suitable ion forming, activating cocatalyst comprises a compound which is a salt of
a carbenium ion and a noncoordinating, compatible anion represented by the formula:
30 [CIr A
wherein:
[C]" is a Cy.50 carbenium ion; and
A’ is a noncoordinating, compatible anion having a charge of -1. A preferred carbenium ion

is the trityl cation, that is triphenylmethylium.
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30[CI+ wherein: [C]tis a C1.20 carbenium ion; and K is a noncoordinating, compatible anion
having a charge of .1. A preferred carbenium ion is the triryl cation, that is triphenylmethylium, A
further suitable ion forming, activating cocatalyst comprises a compound -which is a salt of a silyliutn
ion and.a noneoordinating, compatible anion represented by the formula: (Q13SO+A. wherein: 5Q1 is
Cmo hydrocarbyl, and Al is as previously defined. Preferred silylium salt activating cocatalysts are
trimethylsilylium tetrakispentafluorophenylborate, triethylsilylium tetrakispentafluorophenylborate and
ether substituted adducts thereof Silylium salts have been previously generically disclosed in J. Chem

Soc. Chem. Comm-’Al—mca?’%%é%rﬂ%r\f}{ﬁ&,%tk@ﬁiﬂ??&&a&lﬁ'co%p@lse%r&%‘% galics 1994, 13,
102430-2443. The iél;gie of the above sg#um salts as activating cocatalysts for addition poﬁ/merlzatlon

catalysts is distlbERATIPURS R BIEGE R 2tng cuppsiboRiptesse st Sy domurtaptans, silanols, and
oximes with tris(pentafluorophenyOborane are al€Q'gffétive catalyst activators and may be used
according to the,gegsent invention. Such cocatalysts are disclosed in US-A-5,296,433. Suitable
activating 5cocatalys.t for selh reinba SO énc_lude polymeric or olignmeric alumoxanes, especially
methylalumoxane (MAOG), tiSSBaEA K IURIKbAS FhESHRs Hisishiunioxane (MMAO), or
isobutylalumoxane; Fasis ity iodifieds@etmosematssspecialithystialegenated
trithygroczrbyaammiuﬁmarow;w&g@l hnla@dﬂtsnhgmgaqf%%ms&%@t%mawfg%%lymmpei, having from
Ito 10 carbonsj rocar ogenat rocar roup, and mqst especi
20tris(pentatlu%@8%%%rc%fl g‘ﬁ%ﬁ‘érrﬁﬁ |y(§}(131l lglfjgrln%o%a{#yéese.n ud 0}({:55%5?3%&@ %%%?%\fﬁ)ﬁ% Stlosed in
US Patents 6,%44@‘—5113@0 G £:900.1083.6 846521 Vahes Sw96: 879 ot ajy Srgenonrilisstal§lis Gomprising
non-coordinatiyg Mehs Benerically aeferseditmasexpanden aanionsy funheandiseloseshin 8 patent

6,395,671, maybeauiltably cmployed. to,actyate the metal complexes of the present invention for
olefin polymerization Generally, these cocatalysts 25(illustrated by those having imidazolide,

substituted imidazolit& i RRERTi RS 2lsahYtisepptans, silanols, and oximes with

tris(pentafluorophenyl)borane are also effective catalyst activators and may be used according to

the present invention. Such cocatalysts are disclosed in US-A-5,296,433.

15 Suitable activating cocatalysts for use herein also include polymeric or oligomeric
alumoxanes, especially methylalumoxane (MAO), triisobutyl aluminum modified methylalumoxane
(MMAO), or isobutylalumoxane; Lewis acid modified alumoxanes, especially perhalogenated
tri(hydrocarbyljaluminum— or perhalogenated trithydrocarbyl)boron modified alumoxanes, having
from 1 to 10 carbons in each hydrocarbyl or halogenated hydrocarbyl group, and most especially

20 tris(pentafluorophenyl)borane modified alumoxanes. Such cocatalysts are previously disclosed in
US Patents 6,214,760, 6,160,146, 6,140,521, and 6,696,379.

A class of cocatalysts comprising non-coordinating anions generically referred to as
expanded anions, further disclosed in US Patent 6,395,671, may be suitably employed to activate
the metal complexes of the present invention for olefin polymerization. Generally, these cocatalysts

25 (illustrated by those having imidazolide, substituted imidazolide, imidazolinide, substituted

imidazolinide, benzimidazolide, or substituted benzimidazolide anions) may be depicted as follows:
Q° Q? Q’

BN ﬁN'QZ A*+E22__ A ]

A QP N N-Q*| A*|Q%-N G N-Q
or ’

Q¥ Q@ Q Q3

Q’ Q’

wherein:
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imidazolinide, benzimidazolide, or substituted benzimidazolide anions) may be depicted as follows:
Q3Q303 wherein: A*4i is a cation, especially a proton containing cation, and preferably is a
trihydrocEu-byl ammonium cation containing one or two C1040 alkyl groups, especially a methyldi
(C34_23 alkyl)ammonium cation, Q3, independently each occurrence, is hydrogen or a halo,
hydrocarbyl, halocarbyl" Shalohydrocarbyl, silylnydrocarbyl, or silyl, (including mono-, di- and
trithydrocarbyl)silyl) group of up to 30 atoms not counting hydrogen, preferably C1.20 alkyl, and Q2 is
tris(pentafluorophenypborane or tris(pentafluorophenyl)alumane). Examples of these catalyst

activators include trinyeraeadbylanynaniums Sals. SsRESIAlN: SLYIGIGLAD alkyhammoniym- salts of.
10bis(tris(pentafluorophenypboranc)imidazolide, S .

bis(tris(pentafl iGTBPHER BB AN 2 ARG SE i fietanitd groups, especially a methyldi

bis(tris(pentafl Graphiényddvoname e2idigptadecyliinidazolide,

b !s(tr!s(pentafluoroph@qy}){gg@&g&-%&@@é&lp&%@@ 5@&90%%9 %gg alo, hydrocarbyl, halocarbyl,
bls(trls(per]jtaflllqurgf enypl%}borane -4,5-b|s(he%tadecly§|m|dazo Id‘ o i drocarbylsilol ]
15bis(tris(pentafl oo RERY CHEPEHES Y aZ S ldaclading mono-, di- and trithydrocarbylsilyl) group o
bis(tris(pentaflyoreghetwyiivot asm)its hydiegyli midezdliice alkyl, and
bis(tris(pentafluoroph@hw)};@5@,{1@3ngfmgé§gg&§mg?ﬁg@#@§i&rqgh6nw)alumane).
bis(tris(pentafluorophgnyl)bor -21,5-bis(undecylimidazolinide, , _
bis(tris(pe ntafluorophgﬁ%/%g%ér%qnlgﬁfgftlﬁ%t(ﬁgélﬁ?éoﬂggﬁg‘ﬁﬁ YRRty ammonium- salts, especially,
20bis(tris(pent&Hiyigihempivbramensme-ginethylbenzimida2olide,

10 bis(tris(pentafluorophenyl)borane)imidazolide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolide,
bis(tris(pentafluorophenyl)borane)-2-heptadecylimidazolide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(undecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolide,

15 bis(tris(pentafluorophenyl)borane)imidazolinide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolinide,
bis(tris(pentafluorophenyl)borane)-2-heptadecylimidazolinide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(undecyl)imidazolinide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolinide,

20 bis(tris(pentafluorophenyl)borane)-5,6-dimethylbenzimidazolide,
bis(tris(pentafluorophenyl)borane)-5,6-bis(undecyl)benzimidazolide,

bis(tris(pentafluorophenyl)alumane)imidazolide,
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolide,
bis(tris(pentafluorophenyl)alumane)-2-heptadecylimidazolide,

25 bis(tris(pentafluorophenyl)alumane)-4,5-bis(undecyl)imidazolide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl)imidazolide,
bis(tris(pentafluorophenyl)alumane)imidazolinide,
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolinide,
bis(tris(pentafluorophenyl)alumane)-2-heptadecylimidazolinide,

30 bis(tris(pentafluorophenyl)alumane)-4,5-bis(undecyl)imidazolinide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl)imidazolinide,
bis(tris(pentafluorophenyljalumane)-5,6-dimethylbenzimidazolide, and

bis(tris(pentafluorophenyl)alumane)-5,6-bis(undecyl)benzimidazolide.
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bis(tris(pentafluorophenyl)borane)-5,6-bis(undecyl)benzimidazolide,
bis(tris(pentafluorophenyl)alumane)imidazolide,
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolide,
bis(tris(pentafluorophenypalumane)-2-heptadecylimidazolide,
25bis(tris(pentafluorophenypalumane)-4,5-b i s(undecyl) im idazolide,
bis(tris(pentafluorophenyl)alumane)-4,5-b is(heptadecyl)imidazo Ede, b i
s(tris(pentafluorophenyl)alumane)imidazo | i de,
bis(tris(pentafluorophey ) aliumese)-Rdanee wiridaz alivigQublication WO 98/07515 such as tris (2,

bis(tris(pentaflg%oggg@%@%lé{ <2-heptadeeylimidazalinide, .
bis(tris(pentafluor_ophenyealu?nﬂggr}'e 30}50%%5 tinc é%ﬁﬁ?ggféﬁrﬁ?até‘fmm are also contemplated by
bis(tris(pentafl iSPEFHERT a1 SRl FAmsansaap iatiaay pirhides dlinpRbinations, see for example,
bis(tris(pentaflE&Mmﬁymmmeu&tﬁndiwmmyd)bmzdﬂaimzpaiidm%mdd US Patents 5,153,157 and ud
bis(tris(pestaflyasophanyrabymes k. Sriisiundacy bbsnzimidazol de ther activators include
those described (Ln PCT Pu lication W0198/071515é;uc %sc %rr? Ozn,di",mh pemh%rges’ pemd%tes

2"_nonafluorolihSm S SRR T eEm B Briabatdie ure tnssrsneaiptatsd by the
invention, for ekdrale, HMYXAHsliaridstonizihgt aatimatorsaineatdbinati®is, seedek axample, EP-A-0

2234152304%:5\/ pgbé&st‘:}abti@n@&%é@aﬂ@&%ﬁn@ﬂg_ e ?%!Ja%t&%éc@ﬂf}s%%&%@x@teﬁrfﬁ O%%%%&p%@r‘ﬁodates o
453,410, WO 98/ descr cfiyating catalyst compodnds wi rates, :
iodates, includin &éi?%%ﬁtra%egfg\%\%%g%gé’égdg’éé%’%@sffﬁé%@é%ﬁrﬁ‘lﬁgr)%’b%%‘r?ﬂnum activators.
WO 0311017185869 e AtIgshaivermescttrrsaretizdonetsvell Bronstier acidsawithtdreinis acids. Other

activators or methois fienactivplingatgatalustRemRaRAdIHEH STad 40/t S apRIe,US Patents
5,849,852, 5.850.357,80,143, £ BiA81981 and PCT publication. 10 WO 95/3¢ 775, Al of the

foregoing catalyst activators as well as an othar know ScvStS R AL HSiaf tomplex catalysts
may be employed aloRE TR EENbRHGH acxabE SR o isTegtrngefion | HBAWer] i best results

alumoxane comtadrirgecotatalysts MWreabidedst prefdigymotar atio:ef catalysicoratalyst employed
o0 sy o o 100, L, OISl AN 1O BO00H0 Ak sRSferably Tom

1:1000 to 1:1. AIu€n0x ne, when used y itself‘as an activating cocatalyst, IS emp]oye in large
quantity, gene?téiﬁltgtol RSP L BT RIS tHaolt krtity Dishetalieermmbraxiiher afwisraeds an
Tris(pentafluoPépHEny Sodrantis whgreed sed aglamactiviatingtdeoatsbysifisenydayed dn anelar ratio to

the metal complexf fesm 0. 5id 49 1Q:lpar068 prfarably oM Linfil, Noskaelsablyfom 1:1 to

5:1. The remalgégglgctlv%% cocatra%sts ?r%{%en rally empl%K}ed in gﬁ)prommately equimolar quantity

with the metalgcompre%gl énﬁpgc%sfél%? et ﬁt%f‘f‘g%m h‘fd“@ aﬂ%f’lﬁ\’,"catalyst B, one or more

cocatalysts, and chalfspigeainglesentCtinvesmble et herlslutidetbat By seference dadtigure shdwhere
there are illustiaiiedractivat@ehcatalystesiiams diwhich, widerpelymerizatga.copditipns forms a

polymer Chai”ﬂi&s'%ra@é%%ﬂ%%&%%%%&%ﬂ‘é%Cg&%lﬁ&ﬁdg érlz Sierplizlgrl , active catalyst site B, 20, produces

a differentiated polymer chain, 23; attaché & UG R L RS AT G o8 510n {H P R bHfRg agent Cl,

25attached to GiFbl kit frottize sy scitee 2abiniiselB ativearthvsheeBiteOppiydwes ehain, 23, for
the polymer cHéferediByattadyred thatatalystasiiel &.ikdditionabshain orowihiandan Belyaaekization
conditionss causes faratant e ii-alack sopalvmel, 48, alfached.lo actiye.carayet e A, Similary,
chain shuttlln%a ent 02, attached to a polymer chain produced by active atgfﬂl/st site’A; 4,
exchanges its POy MBFHhaTh, | {1 2R5PEA & SBRMTETERaiAdSionskelaieertn b atdrySosireeBagondditional
chain growth gpidetioqe kawesitatigiveonditivrisbakisgs fermatipntahad muliHa ealklyst site A,

Similarly, chain shuttling agent C2, attached to a polymer chain produced by active catalyst site A,

24, exchanges its polymer chain, 13, for the polymer chain, 23, attached to catalyst site B.

30 Additional chain growth under polymerization conditions causes formation of a multi-block
copolymer, 28, attached to active catalyst site B. The growing multi-block copolymers are
repeatedly exchanged between active catalyst A and active catalyst B by means of shuttling agent C

resulting in formation of a block or segment of differing properties whenever exchange to the

opposite active catalyst site occurs. The growing polymer chains may be recovered while attached
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copolymer, 28, attached to active catalyst site B. The growing multi-block copolymers are repeatedly
exchanged between active catalyst A and active catalyst B by means of shuttling agent C resulting in
formation of a block or segment of differing properties whenever exchange to the opposite active
catalyst site occurs. The growing polymer chains may be recovered white attached to a chain shuttling
agent and finctionalized if desired. Alternatively, the resulting polymer may be recovered by scission
from the active catalyst site or the shuttling agent, through use of a proton source or other killing agent.
It is believed (without wishing to be bound by such belief), that the composition of the 5Srespective

segments o blockan eGSR, AHASHILEUI QTN P! Shhe oy b enced

through selection of process conditions or other process variables.’In t e poly ml%‘l FrRed |nvent|on
the nature of TR BRY WagiiionEae Gemstivnmatt sy trerdiaavetiase srefumvaranerdngremination for
the respective@watalystedslinglkgmtby the relative rates of chain shuttling. Possible chain termination

mechanisms includg dustiares m&ﬁmmh&gg E§ﬂaxeqm@sysﬁémmﬁommy&m&%ﬂlmﬁﬂé“ef to

monomeg 13- metp‘yl S%Ilmlnatlogroe&p chain transfer to (X iIngen or. other chain- termmatlng reagent

such as an organosiare o chaim fihaRoRRAZHE Sgbsin %fﬁ@ﬁ/ﬂ\ﬁ/ﬁ%lﬁ”éefcﬁkf‘%ﬁeéﬁ%tlon of chain

shuttling agetiflisissd direnehseijeriiy Shpohprrendhiaince ndsrwiticbe gengratednirhthe lpakrmerization

reactor by oneemmmrﬂagammm &smg}aémm&mémm@m%%@e@ SRiRs.efghain
termination fperrg%taq; S andé(c@vwnl etermxlpeci:l ghggq erﬁqmlnant chai 15t%rm|nat|ng m0|ety That is,

the catalyst having the ast%?ts ate of chain terminat Brodaies ratvRR HAre driaPend
segments in tRAfRSESE BN RIeRisRs denhitdastitetsentdihigh teobrbeditcationl oficktain SHudlingragent is

employed, thexim@jasitycabile B%fﬁb%ﬁlﬂﬁmﬁ;wmlahﬁ?@t{%ﬁtx% andHpANLXiting fhg. polymerization
zone are attqghed r hound to e chain sh ttlln(g?x e Under these reactlongondltlons the relative

rates of chain” 2 traﬁs?aoemf he polymerizaton cata SHRARAIREF ATV PSEST Fehaitehdtting of the
two catalystdPiFRRGIR iR plfibRds Watine Aty sfuse éﬁmwmﬂﬁmbgnme]@ty elfdsatilyst (A) has a

faster chain yransfed anﬁécprol;h&tnzsﬁumtthmgom@eoﬂaamtﬁa whidBonihenthemaioritynefithe ehain end
segments wil}, be RS E.RIQAUEEH O SRR 1@ ak IRY '31‘ |at gopcentr@hlons?% chain huttllng
e

agent, all three of the aforementioned 25factors are mstru |n determining the Igentity Ity "bf the final
polymellsoloctﬁrml*ﬂég‘?@f@%‘ﬁ?‘l Thisindkroresly W‘%t%fﬁﬁﬁa@&ﬁ fﬁ@‘éﬁ%ﬂ%ﬁ%“@ﬁ Mt grpisek polymers
having morertisineiyodbtotkitypdsand foichaticling dghignaverage block lengths and block sequences

for these polymers;f&rnﬁag@m&%,a%gﬂ%&ﬁﬁ%ﬁ S LRIy 2 A éﬁ{éﬁ&% QQ%J%M%PQ agent,

for which ea T a dlfferent type of polymer block, produces a linear block

St '[
copolymer w&fﬁ Rhrde g | erétﬁi“b SeRRpEad ﬁ%ﬁéﬁﬁ%ﬂé"’ RPRHRCFIZERSLOF TARE SFRAHRSEERRE to the
propagation ‘Pa‘fédf&tthéfmpééMys@stfdum@vsth@ srdérmindiBothathdhdadveragediioaknlength for the

three black typasvilt dal Wrﬁéﬁz@fﬁlﬁ AnstdaRnet tharewilk Q@cﬁ%‘fﬁ%&@éﬁﬁ&%@&@% g, locks

adjacent to 3; %Pa%l?llg (%é(r%nggeaé he 1 ? t}t/) !:g”(f\ e cgg{xatgrenrx]lgggné an Pt blg' catalyst (A) has a faster chain

transfer and/or chain shuttling rate than catalyst (B), then the majority of the chain end segments
will be those produced by catalyst (A).
At intermediate concentrations of chain shuttling agent, all tharee of the aforementioned
25 factors are instrumental in determining the identity of the final polynaer block. The foregoing
methodology may be expanded to the analysis of multi-block polymers having more than two block
types and for controlling the average block lengths and block sequences for these polymers. For
example, using a mixture of catalysts 1, 2, and 3 with a chain shuttlimg agent, for which each
catalyst type makes a different type of polymer block, produces a linear block copolymer with three
30 different block types. Furthermore, if the ratio of the shuttling rate to the propagation rate for the
three catalysts follows the order 1>2>3, then the average block length for the three block types will
follow the order 3>2>1, and there will be fewer instances of 2-type b locks adjacent to 3-type blocks
than 1-type blocks adjacent to 2-type blocks.

61




It follows that a method exists for controlling the block length distribution of the various block types. For
example, by selecting catalysts I, 2, and 3 (wherein 2 and 3 produce substantially the same polymer
block type), and a chain shuttling agent, and the shuttling rate follows the order 1 > 2 > 3, the resulting
polymer will have a bimodal distribution of block lengths made from the 2 and 53 catalysts. During
the polymerization, the reaction mixture comprising one or more monomers is contacted with the
activated catalyst composition according to any suitable polymerization conditions. The process is
characterized by use of elevated temperatures and pressures. Hydrogen may be employed as a chain

ransfer agent for molegilar.weidhannital.aserina i AnoMHISEAINES I desired s in other

similar polymegi%ctions, ItFtiS highl desirable that the monomers and solvents emp oyeg%lé of

sufficiently high purty that CATAREE dsekttteiteets ndt Bt ddr i umrd Bleredesrihsetormonomer
purification sudkr a3erpbiatitizaton ). reducsdipriessinpsgenniattinghnitingalesularsievassen high

surface area aluminadRrASAEHINAIN MRS (URIAINGMIAGEIIESIRY-RESHRIOYSY. dhe skilled

artisan willap (gactiﬁtgt s:[hat the ratio of chain shuttling agent to one 150r more catalysts and or
monomers in the pr%ce’s_s of the present invention may be varied in order to produce polymers differing
in one or more chemigdlit phBEieedrisripe tie saSioppoxterrrayieienvptoyebin theopresent invention,

especially in skuiiasagasphasevrelymerzatiaps:iilaiisy RPoN SRR 5ald Rafticulated, high
surface area, metal: oxides, ﬁpo%ggélpsigﬂlgrxic les, 91 mixt es th%reof interchangeably referred to herein as
) o

an inorganic oxide). 20Examples include: taic, Silica, aluming, m MRS S P8 h 203,
aluminosilicaté¥®htroenleudes Triys antenmsaus Tl Sighapiotsl prortinp tefaxabily have a

surface atea asdetgrminédiby. nitsageneporopinpeiywisitgthe BEIumethas femtldnd Q99 m2/g, and

preferably fronkQ0:{ex G MMRA-vIBesveIads RAEIsSize Jpigal, s from 9.1, to 800 tint, preferably
from 1 to 200 gmégﬂore}agrefe{)ably 1OSto 1100 gmg{ In‘one ém%%%%gﬁce%ma%%k%efnr{%ﬁﬁ%ﬁt eypresent

catalyst compoSition SriaIptithAICAaBHIH FERY Bes S Aeirod Briinn at ik sbrevaie dariasah,
particulated fofrfiteglrovidtsieycomipgsitidhcthataslueacilyrranspiosted antlefanrgied. pfusiable methods

for spray drying. ieuisheoaiaining.siuraviarewrelpknewn indhe arkapduseli:employed herein.
Preferredlgechglri%gs ra catalyst com si%it(ﬁns for use herein are described In

for. s dryin t 0 _ SCri
US-A's-5.648,310 and b6 Za%/déér %rsp%l?)l}&per?&%?i?) & RIEIABIGCRA BY Sataishie sihitous
polymerizatiorP' et ralRyes difriing dueness it isoligs erintatial, firopetieh catalyst components,
shuttling agent(s), mengmers:andeaplignaiiaiet ackm@ENisStANSRIRES, AncRalymerization aids

are continuou 'M @Qgg&gpgpxggpaction Z0 nd.polymer pr ¢ t cantinuously remaved there from.
Within the sco?)e}%f the terms "contintious" an q‘%%ﬁfiﬁ%%ﬁug?%ga%ﬁ&}ssél E?Cneﬁ'rn%’é%%ﬁle%%efe those

processes in WA Sr & inbemasriHed datashansrhbactamd ahdrmovainofeprsdudte) at small
regular atdrreduitanpiitenvhis;: socthaicOMeniia) mapaesaveralh piacass i8,oubsiantialicantinuous. The

catalyst compgsiligns, a1 afaRlEREONSLY CIRIRYES, A NG Pressie, solion, slumy, or gas
phase polymerization process. For a solution polymerization process'it is desirabié to
determined by nitrogen porosimetry using the B.E.T. method from 10 to 1000 m%/ g, and preferably

from 100 to 600 m*g. The average particle size typically is from 0.1 to 500 pm, preferably from 1
to 200 pum, more preferably 10 to 100 pm.

25 In one embodiment of the invention the present catalyst composition and optional support
may be spray dried or otherwise recovered in solid, particulated form to provide a composition that
is readily transported and handled. Suitable methods for spray drying a liquid containing slurry are
well known in the art and usefully employed herein. Preferred techniques for spray drying catalyst
compositions for use herein are described in US-A’s-5,648,310 and 5,672,669.

30 The polymerization is desirably carried out as a continuous polymerization, preferably a
continuous, solution polymerization, in which catalyst components, shuttling agent(s), monomers,
and optionally solvent, adjuvants, scavengers, and polymerization aids are continuously supplied to
the reaction zone and polymer product continuously removed there from. Within the scope of the

terms “continuous” and “continuously” as used in this context are those processes in which there
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5employ homogeneous dispersions of the catalyst components in a liquid diluent in which the polymer
is soluble under the polymerization conditions employed. One such process utilizing an extremely fine
silica or similar dispersing agent to produce such a homogeneous catalyst dispersion where either the
metal complex or the cocatalyst is only poorly soluble is disclosed in US-A5,783,512. A solution
process to prepare the novel polymers of the present invention, especially a 10continuous solution
process is preferably carried out at a temperature between 8CC and 250C, more preferably between
100C and 210C, and most preferably between not and 210C. A high pressure process is usually
caried out aLiemOsIAIEa e 1006 R 4000 ANAAMIESRI G AOOVE FAODI BOMIEEN A Slury

process typicall é/ uses an inert hydrocar lGent and'temperatures of EMmperature
just below th&{BATarafTre Hewrkel ?ﬁ‘@?@éﬁfﬁ?ﬁaﬁ%ﬂﬁﬁ??‘ﬁé‘@%ﬁnes 155ubstant|ally soluble in the inert
polymerization mediieaRisferrepbizinperathlr edsainageslisty ypabymer zatidnasesfterscBRcs, preferably

from 60C upmrglépgapggzegepﬂyﬂgnzm%&efrqs%wrs%ﬁm'gam?r%&f{;@we%m%@ 1§ 100 kPa) to

500 psi (3 4 F/ 3 In all of the foregoing processes; continuous or substantially continuous
polymerizatiGh'&S ?48%?%“5?85 ORISR PE MBS SPREYIEHSR aligHib e AR é‘lli’é)%‘ &snditions,
especially 20wdritienioesuge udortpolyimerizationpréddesses biyglo9irg b @arcmons oty e

pO'YmerlzatlQ&tﬁé@{a!yﬁh§Elﬁé‘d%$sﬁllﬁ\“@sﬁ%@s&légg@ﬁﬁ!ﬁb{@&%@e rstaam{otﬁm%@éusﬁ% y@&&s&%ﬂw in the
economical prgduct ﬁ)ert%ﬁ | bIo k Or segmen ed cop ars I%f% |elds and efficiencies. Both

homogeneous and yf)oén SACtion C(Oj(ha Stnlé?n %)é e IStRETafH Edtiditions are
preferred Wh%r;’é’téﬁa%r|ﬁ§®f‘l‘?@b1%?§kte@fﬁm@5tﬁ®hoi§ld@§i@$ oBBatseatalystsomposiioiys (A) and (B)

may be prepasethas:ashnmagenesuseasposiianby.additionahthe yaquisiie roatal @gym@lexes toa
solvent in whighd(fie-eabipieraatan, Wk be.senauciod ot glhiem compatibic yiigne blimate
Utt

reaction mixture. The desired cocatalyst or activator an Ing agent may be com n‘lged with the

catalyst comPEEHER &I PHEIAG2SirA aHEHABUSH WRh{TR PSR AR rehatRstHE TAbSMers to be
polymerized.58htaafhp dithtiansil30 peaetiompititlie nkeAdndHetirgs pthe dndividiy alnid gresienis.astwell as

any active Cafghist CQRRLSIQERLOLUDIAIRHISS KON LR AR R) Mol ThETelare e catalyst

components, gbh ttlin 1th activated catalysts must be Pre pared and stored in an oxygen and

moisture fre€ a m%té?:) ST IR BRT R Wefhzé‘ﬁoﬁé%eds‘ﬂ?fh HETird Gamerature i i fotitihiting in any way
the scope ofﬁhléfmvwmwrﬁmlrﬁ@e@nsrmﬁéyr@mwmﬁ spchl 850 |yreerzbtipntprid®éss is as follows. In

a stirred-tankei@astaryha mengmeks iembsRedmeipetassoipiredusad continuously together with any

solvent or diluent. 'Iihe reagctar %gg}gams a I|qU|d nhoase cor%go?e substantlall of monomers together
with any solvent or difient and disSofw Ry OB RS PE LI VTR TR I o @Ee'i%?tﬁ%rocarbons or

mixtures theF@éﬁiité@ﬁéﬁamfeﬁkbﬂ@@m% é'éﬁémﬁél@mmmsh@ﬁaﬂnémg%ﬁmeﬂl&s one or more of
the monomesswemplayadunihepelymeniz aieesses emmbﬁﬂnmsﬁmrw&l% pera&alalysts along with
cocatalyst a@%ﬁpﬁ'&@ﬁé&“ﬁhﬁ‘&?&%%? I’ ﬁvg’granfl«%gtsollye | Ieg%%{x[ysltév% d;yresu (s)gnu ede!:rg) tcbrglggacmr liquid
phase or any recycled IJﬂ{;}(ﬁ)rtlon thereo e reactor temperature and pressure may be controlled by

adjusting theSSEIRNATRYRPraticseams et epnpancatiititiish yiglds ﬁ@ﬁf‘éﬁl%w cBeifing or heating coils,
jackets or bothmégagootyumbrization raterésction tltetbiynthereateptfieatalyst.acditionitidne £omonomer

content of thﬁr&@!?éq%{ew ngé*ﬁ{gi%f the block composition is desired.

25 Both catalyst compositions (A) and (B) may be prepared as a homogeneous composition by
addition of the requisite metal complexes to a solvent in which the polymerization will be
conducted or in a diluent compatible with the ultimate reaction mixture. The desired cocatalyst or
activator and the shuttling agent may be combined with the catalyst composition. either prior to,
simultaneously with, or after combination with the monomers to be polymerized. and any additional

30 reaction diluent,

At all times, the individual ingredients as well as any active catalyst connposition must be
protected from oxygen and moisture. Therefore, the catalyst components, shuttl ing agent and
activated catalysts must be prepared aiid stored in an oxygen and moisture free @tmosphere,

preferably a dry, inert gas such as nitrogen.
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determined by the ratio of major monomer to comonomer in the reactor, which is controlled by
manipulating the respective feed rates of these components to the reactor. The polymer product
molecular weight is controlled, optionally, by controlling other polymerization variables such as the
15temperature, monomer concentration, or by the previously mentioned chain transfer agent, as is
well known in the art. Upon exiting the reactor, the effluent is contacted with a catalyst till agent such
as water, steam or an alcohol. The polymer solution is optionally heated, and the polymer product is
recovered by flashing off gaseous monomers as well as residual solvent or diluent at reduced

pressure, and, if nesessarycaNtHaHna s e velatiization in.equipment.sush 25,2 devolatilizing

20extruder. In :Tcontiériluous process the mean residence time of the catalyst and olymer in the
0

reactor generally 1S Hrom B minutes (5 8 ouPs SHESRIRERR HS RS R (&S R B Reies are
Alternatively, fHEfesestronigussiinredtativitrmaysbiecoberidithaut Thareontinoouissladregtesewith or
without & moroempessCalRlys M shullipgrospmrasiankesrblished Retweendifaring tegions thereof,

optionally: ac i se d addition of catalysts and/ar chain transfer 25agent, and
operatin?gé und%;%?i%gt%gﬁ%xg?nr%%ﬁgggﬁg <Soittion po ﬁﬁ%}}%ﬁ%ﬁ%&%ﬂ%ﬁg%% SBHRBIESRAS of the

foregoing reaCtBr Gt ska s Tipias trsnsteicnuantsrsaridvadiatietyodd seitabieroperating
conditions for use tfieavithrace tfavndnisd SHRI3t5WhE Wb oRatily R AR ANA Fu8 82,4 4&nfdtaough not as
desired, the cafalysheomnasiionmay.ale.0e Riepared, fzﬁ%mgs'oxed 25,8 30nelerogeneoys catalyst

. L Op ¢ Or any rec é?o 10 lt%er ) . |
by adsorblng,lt éarggc?wsne components on an Inert Inorgan I organic particulated solid, as previously

disclosed. In anh PrateHEBPEHITS AR EY HEtE ks sanerise andinrsnaths aplspempyeaopratipiing the
metal cofhplesatalyel tHéitreraetions protudtychalinine idnrgalicisampauinthamdaoiaeidiedyarogen
containing aciwakolsReRecksiiethe: (2actiem: REARI. Chaf aHi(Skd alikyl: aum B%'@h_l%%gﬁgg%@ fs and an

ammonium salt of a hydroxyaryltris(pentafluoroplienyl)borate, such as an ammoniu to
(4-hydroxy-3,g e}%?ﬁ%y})%%%?ﬁ 8%1’3'/‘%’[??5 Bré%rflﬁfﬁocr(jdﬁcfﬁlgﬁfﬁ)’ﬂ&afg?c\tﬁfhé"ﬁ‘b}féifﬁ@ﬂoﬁ*ﬁét/erogenequs or
supported forfiniPaatiagals sesperriyosidontsnel tivecenmpioyet intestartyrof begalyphaseopatymerization.
As a practicaid&mﬁaﬁiomi@uﬁryoﬂ%ued%&@ﬂ@nwal&%ﬁnﬂlﬁ&ﬁg Miléﬂﬁb@y@%ﬂ?ﬁ@n‘?aﬂg%@& thennghymer
product js su ( I le. Preferably, the diluent for 5slurry polymerization is one or more
hydrocafr%onsg ?vﬁ%%gi r%%g%%qggr%%ﬁ%nmé%%g irec ,“%%t‘ﬁ?‘é S AGHTEABER S et h e S tfine,
propane or biTAHR Al e Heerrritipmibroseisaihasihentingereckd withasadiation petpinerization, the

monomer or & mikiuseof differsobshoNerpeiseayhRlisegimaelaes, artas e Hiluepi.Most
preferably ateasl & O RAFLOHIE NG, SAMPIISGS (s mpnemers o be polymetized.
10Preferably for use in gas phase polymerization processes, the support materia and resulting
pressure, and, I necessary, conducting further devolatilization in equipment such as = devolatilizing
20 extruder. In a continuous process the mean residence time of the catalyst and polymesr in the reactor
generally is from 5 minutes to 8 hours, and preferably from 10 minutes to 6 hours.
Alternatively, the foregoing polymerization may be carried out in a continuowss loop reactor
with or without a monomer, catalyst or shuttling agent gradient established between differing
regions thereof, optionally accompanied by separated addition of catalysts and/or chain transfer
25  agent, and operating under adiabatic or non-adiabatic solution polymerization conditions or
combinations of the foregoing reactor conditions. Examples of suitable loop reactors and a variety
of suitable operating conditions for use therewith are found in USP’s 5,977,251, 6,31. 9,989 and
6,683,149,
Although not as desired, the catalyst composition may also be prepared and employed as a
30 heterogeneous catalyst by adsorbing the requisite components on an inert inorganic or organic
particulated solid, as previously disclosed. In an preferred embodiment, a heterogensous catalyst is
prepared by co-precipitating the metal complex and the reaction product of an inert imiorganic

compound and an active hydrogen containing activator, especially the reaction produw.ct of a tri (Cy4

alkyl) aluminum compound and an ammonium salt of a hydroxyaryltris(pentafluorop henyl)borate,
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catalyst has a median particle diameter from 20 to 200 pm, more preferably from 30 pm to 150 pm,
and most preferably from 50 pm to 100 pm. Preferably for use in slurry polymerization processes, the
support has a median particle diameter from 1 pin to 200 pm, more preferably from 5 pm to 100 p.m,
and most preferably from 10 pm to 80 pm. 15Suitable gas phase polymerization process for use herein
are substantially similar to known processes used commercially on a large scale for the manufacture
of polypropylene, poly-4-methyll-pentene, and other olefin polymers. The gas phase process
employed can be, for example, of the type which employs a mechanically stirred bed or a gas fluidized

bed as the polumgizaanseacon e, FISIBSCis S AIoSSSR SIS e palymerization reaction
a

is carried out i%é/er'rtgcgrlec?f%%litndrlcal olymerization reactor containing a uidized: ofe_[oolymer
particles supported or suspended aBsve & SRPSHStdarpiAte BrhiidarRsHigf 2 nYe sMeloy ok flaidization
gas. The gAE¥RIHEYNE flokdnesiatiobeth compiisdsneimanhomesipnerianomekss teldein
polymerized, alighalanuserves/astatigalyas DRRGS MEHRIR, RRAYR S ReaIPLeRGIAN{rom the

bed. The hot ggsgs emery from the top of the reactor, n rmalgaﬁ/iaatranqumzatlon_ zone, also 25
known as a veloc%?ﬁe(yjuct%ﬁo%%ce)? %\%ﬁﬁﬁéyévff’ erd |5Vr‘ﬁtegtéergs[ﬁ tHERORGoBY BEdrsitd-wherein fine

particles entraiffSU3RtRESE e aith RavE2an DepBranitats gravitatedackimntothetbethelt can also be
advantageous ¢duse asoyitionsltaicepinveiitandine particles omdhe baligassieaLhagas is then

normally recyc{gqlggaqggvp(ﬁgop¥awg§a@§ al.a.plQuer (r)erf&%m#rt?ﬁa%gr androne or.more heat exchangers to
e

strip the gas ofC the heat of polymerization. 30A preferre 0d of 60 m%%%@%lﬁg’&, in addition to
the cooling providBd B thBXEBINE s RIbBEE to feed a volatile liquid to the bed to provide an
evaporatiVe cooling effefetatdftém vefored foas dpeediivianpriiecondensing: made) bheyalatle liquid

employed in thisi0gsecanbBeiQhnfXRBRIR. @ ¥RIRNIEIDsFIAYI, Jor.example;,a saturated hydrocarbon

having 3 to 8, Q}ggfgggﬁp%érgg@f carpon atoms. In the case that the monomer or comonomer itself is a
volatile liquid, or can Be. condensed 8 pidvide SuEriablifer tirs e sShstrehryiretietPectiebed to
provide an evdPotutiast deuilimglisfaertialhdiamdtifkolinlithev apbratasdrn thedrotyfiuigizadbeddo form gas
which mixes with, the foitiing-gasrdhihe uplatie diguid is a monomer or comonomer, it will undergo

some polymerizationgpthe bed, The evaporated liquid then emerges from the reactor as part of the
hot 5recycle gas, and enter:gat e ‘E‘:S&%"g glsglzgﬁ?ﬁé’é%%ee%ﬁgﬁrauﬁaeef)eé?t 5t T PREIBIS 8GR e e cy cle gas

is cooled in thE ABATEXEHEGEIeEIbiPRidarerstrdontee toomifichithel gelsiomdoledily Betevisthe dew
Eoijnt,l liquid Wi_ﬂ»m@eipitateoﬁm;mlﬂfa g_a_sma'x’@jsimq!gf ﬂ&ﬁi{%}é@@é@r g@_d dgagglatmu,% %gg;?}g quidizled

ed. It is possipig 9,48 liquid fo the s liquid droplets carried in the recycle
gas stream. ngi){s),%ty e ;‘){gé%iegég %f%@gﬁﬁ%%a’%%eégaﬁgfﬁm Eﬁégﬁ%ﬁf@iﬁ@%ﬁ%ﬁé‘%@?m
|cwo-94/2546%“%n%'iﬁ%?dsfé%%?%gﬁsﬁ?ﬁ?wﬂw’aﬁé@%d%ﬂﬁdacefri@c%nmg thrididuid to the bed
is to sepafate thntiteatiofrometheirecysiegasisiiegnriadddoueaiofpeliiis it ditstiinte the bed,

preferably usingsgrasiheslwvhichasnesates ingdranlels:of hadiguidyithin the bed. This type of
process is describedlip WO0-94/28032, The rpo%merizéftio’n ?Ieaaction oélél}%ﬁtrllogn i the gas fluidized bed is

catalyzed by the 15continusu Ord it BRI AR CEBRTBSH dhbaccording to the
invention. ThePeRtafyseboRsRbsitioneray hatsublenteddbum prepalymesizationrstepafesexample, by
polymerizing aamaliquapiias ehalefitomaRresper i a:lqud et ditent.19.Arovide, 8 .calglyst composite
comprising sugpogvrgea%ggtglcy% che)c?rggzlesm%n %qgcead lin 0|§fln ?]Po%metr particles as well. The polymer is
produced directly in the fluidized bed by polyrmerizaiSh 6r e MghGRistgred bed and wherein

fine particles entrained in the gas stream have an opportunity to gravitate back into the bed. It can

also be advantageous to use a cyclone to remove ultra-fine particles from the hot gas stream. The

gas is then normally recycled to the bed by means of a blower or compressor and one or more heat

exchangers 1o strip the gas of the heat of polymerization.

30 A preferred method of cooling of the bed, in addition to the cooling provided by the coocled
recycle gas, is to feed a volatile liquid to the bed to provide an evaporative cooling effect, often
referred to as operation in the condensing mode. The volatile liquid employed in this case can be,

for example, a volatile inert liquid, for example, a saturated hydrocarbon having 3 to 8, preferably 4

to 6, carbon atoms. In the case that the monomer or comonomer itself is a volatile liquid, or can be
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90mixture of monomers on the fluidized particles of catalyst composition, supported catalyst
composition or prepolymerized catalyst composition within the bed. Start-up of the polymerization
reaction is achieved using a bed of preformed polymer particles, which are preferably similar to the
desired polymer, and conditioning the bed by drying with inert gas or nitrogen prior to introducing the
catalyst composition, the monomers and any other gases which it is desired to have in the 25 recycle
gas stream, such as a diluent gas, hydrogen chain transfer agent, or an inert condensable gas when
operating in gas phase condensing mode. The produced polymer is discharged continuously or

semi-continuguseem i el oed as dasiiethy ve G BERANASFPIRSRSSERMAS! suitable for

. o . a
the practice OE(H]IS i entl%n are continuous processes which provide for the continuous supply of

TEREHTSh 28R SHIREPEARBROS G ARG TS HISRrAIP6H ottt frbist e se¥ition zone of

reactants to fhe reaction z
the reactor, thef&hgizine ¢iding thestdaidly 1steEteserminomeren tondtikenenadcralboale dn shes reaction zone of
the reactor. RBeoghistsase raadiyireneuarsshy axpastuede-reduredpressie and: optienally elevated
temperatjuresl_e(glgl\éola%tigr@tirggr)s %},%%%59"‘895}8 1Qotwnltechni(%g:fs Typically, the fluidized bed of the gas
phase process is operated at temperatures greater thants ,%F ?é?&lﬁlé‘fporﬁhé(ﬁ%yféefﬁ)@, more
preferably fréf?vdin ty badexciegrnprésichyaapsivive forobicsesentiictraré iadelptabiedtar use in the
process of thisiimvipitoniRpeetisiel s md ke Paienigiid 58&ir80; 45483:39%%iRArR. 148 5,436,304,

5,406,922, 55,452,999 5,451,195 5 453471, 5.092,862,5,028,010; 5 473026 5.100.804: 5,556,298
5.541,270; 5,608,019: and 5 616,661~ AS Provious y’%‘é‘%ﬁ%ﬁé&%ﬂ&ﬁ%&g‘éﬁ%& FEH R es of

multi-block cBBHHERaEeaIs 0 TR avel WRFRT thessrisaronvantsin ERSAMIeS indide Stallated
polymetii$ wht@ifrthe! vhetal UsstHs seymeant pftbecatabisi-ar ahaba shutiingagenyemplayed, as well

as further degiyaliyes thateat, ApfRRAMAR G LCacRnAoduel ol A Melalaied Ralymgr with an

oxygen sour%gdandfépa%p with water to form a hydroxyl terminated polymer. In another embodiment,

sufficient air oF bther queneRdgBrbos HuaLeris e dis Usnisof d Brtierdhinthngedgehie SEymer bonds
thereby convditipgssititalsstdqsontiyR Of88380lymer to a hydroxyl terminated polymer. Additional

examples include ofafipderpinaies Lalymers.fannadiby3-fydhdereinination andigthylenic

unsaturgtion in th 15resu|tingngglxmer In ongcembodiment of the igyention the multi-block copolymer

may be functionalized by ma eatl(l)lnufrzédz’g\f‘ctf%noW|attt%1?%31(:63((’3‘?[l BHRAATEE LRSS BGIVRIERD, Hhetallation (such

as with an af&tfhRIAPASKIGE AabRrivhiglpdith e prevepiatihs o s dyaselccspedialtyizngmine, such
as tetramethytethylenedisviuie)mondieincoparation afrdiensQiaaskedsolefindia copolymerization
20process. AfiaRebymdaalion diveiinga Masked Alelln, e masiing droup, for example a

8 more reffélrfy u

trinydrocarbylsilane, may be removed thereby exposing a ‘functionalized remnant.
Techniques for fu ngﬁi‘)ﬁ‘é}ﬁ?’ﬁﬁ5@@?%%@?@&%*\%@“1%%%? BhEcigelEsEenef thxammptesirPUS P
5,543,488, anieisefhereners on the fluidized particles of catalyst composition, supported catalyst

composition or prepolymerized catalyst composition within the bed. Start-up of the polymerization
reaction is achieved using a bed of preformed polymer particles, which are preferably similar to the
desired polymer, and conditioning the bed by drying with inert gas or nitrogen prior to introducing
the catalyst composition, the monomers and any other gases which it is desired to have in the
25 recycle gas stream, such as a diluent gas, hydrogen chain transfer agent, or an inert condensable gas
when operating in gas phase condensing mode. The produced polymer is discharged continuously
or semi-continuously from the fluidized bed as desired.
The gas phase processes most suitable for the practice of this invention are continuous
processes which provide for the continuous supply of reactants to the reaction zone of the reactor
30 and the removal of products from the reaction zone of the reactor, thereby providing a steady-state
environment on the macro scale in the reaction zone of the reactor. Products are readily recovered
by exposure to reduced pressure and optionally elevated temperatures (devolatilization) according

to known techniques. Typically, the fluidized bed of the gas phase process is operated at
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Because a substantial fraction of the polymeric product exiting the reactor is terminated 25with the
chain shuttling agent, flu-ther fimetionalization is relatively easy. The metallated polymer species can
be utilized in well known chemical reactions such as those suitable for other alkyl-aluminum,
alkyl-gallium, alkyl-zinc, or alkyl-Group 1 compounds to form amine-, hydroxy-, epoxy-, ketone-, ester-,
nitrile: and other functionalized terminated polymer products. Examples of suitable reaction techniques
that are adaptable for use here in are described in Negishi, "Orgaonmetallics in 300rganic Synthesis",
Vol. 1 and 2, (1980), and other standard texts in organometallie and organic synthesis. Polymer
Products UtlizingheRessentniarsss berelobmessasnesialglelininiamolmers, including
multi-block copol(}gmers of propylene or 4-methyl-I -pentene and one of more comonomers, are readily
prepared. Highllyl/ d%sirably, the polymers are interpolymers comprising in polymerized form 5propylene
and ethylene and/or GrenplangreaGhOpeeelimboinan ammgis|anies ane potearer additional
eopolymerizabig,6AMENeMENs:of theY SAmRN LE?sé‘,’)‘élEQ)é’JB?a‘@?@fs%@%@?g,ﬁ&é’b%??,&@‘yﬁ one or more

C4.20 a-olgfin rs, . and/or one or more additional copolymerizable’comonomers. Preferred
a-olefins ar?e Ci%%’(-gog é:‘?n%saé%ﬁ’aén??c‘%&%?ﬁeé?s Sa%gég%étég’ﬁg%sdi%(%§;5é9@I?§3olefins, and cyclic
diolefins, halogevfateP\irfiRdmpelihds,.&@id vinylidene 10aromatic compounds. Comonomer

content in the resulting ieipelymers-marbe maasdedysing ay.Ruiable Jeshniqug. with techniques

e R R S o S o ™

n
or all of the pol meﬁ%llxcl)c S comprise amorphous Srréfative
propylene or 4A%HAERPIE febrarfaluher sheismishitiaesens spelsiety 4 Srelhadhicodetiyriiers bEprépylene or
4-methyl-I-peritenenith, eindere, ppd.any JemaiBingPohRblacks dasksegmenisihany,
predominantly:caupRRe-PIAPHRNE Oh IS I ReRiens b palumerized orn, Ereferably such

segments are highly crystalline or stereospecific poég/propy ene or poly- -mefﬁf/iflc-)f)(%tn éne, especially
isotactic homoBbRih&E MR RG s R8s Pheldp eredine prspyrehiawsband dipighy panrsiestherein.
20Further prefesrabiya theimtef golynhens: of shedinventiamesiptisefromdidia 9pseentedystalline or

relatively hard seanenia At a0:ie-L0RRIGSALAMORARHS.QS BlRTHE L AMIAURNONS, S drpents (soft

segmentsi)5 Wirtek;iqtthe stt segments, the mole percent propylene, 4-methyl-Ipentene, or other a-olefin

may range from 10735 moie percent, preferably from 5 to 50 mole percent. Alternatively, the soft
segments may resultfrorn yoig¥esir afibn ivfeatsintkenmiordrmiesooh2Emone thancine: aehbymer),

especially ethylereralonecundercenriiensdaading e, farmalon.ef rsneiinds L3 menqner addition
sequences, o g0, P e RINY; .8 et O S A N oL RIS, RlanCh foming. process.
tetramethylethylenediamine), or by incorporation of a diene or masked olefin in a copolymerization
20 process. After polymerization involving a masked olefin, the masking group, for example a
trihydrocarbylsilane, may be removed thereby exposing a more readily functionalized remnant.
Techniques for functionalization of polymers are well known, and disclosed for example in USP
5,543,458, and elsewhere.
Because a substantial fraction of the polymeric product exiting the reactor is terminated
25 with the chain shuttling agent, further functionalization is relatively easy. The metallated polymer
species can be utilized in well known chemical reactions such as those suitable for other alkyl-
aluminum, alkyl-gallium, alkyl-zinc, or alkyl-Group 1 compounds to form amine-, hydroxy-, epoxy-,
ketone-, ester-, nitrile- and other functionalized terminated polymer products. Examples of suitable
reaction techniques that are adaptable for use here in are described in Negishi, "Orgaonmetallics in
30 Organic Synthesis”, Vol. 1 and 2, (1980), and other standard texts in organometallic and organic

synthesis.
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The polymers of the invention may be differentiated from conventional, random copolymers, physical
blends of polymers, and block copolymers prepared via sequential monomer 30addition, fluxional
catalysts, anionic or cationic living polymerization techniques. In particular, compared to a random
copolymer of the same monomers and monomer content at equivalent crystallinity or modulus, the
polymers of the invention have better (higher) heat resistance as measured by melting point, higher
MLA penetration temperature, higher high-temperature tensile strength, and/or higher
high-temperature torsion modulus as determined by dynamic mechanical analysis. Compared to a
random copolymeceRLISiRg the same monomers and monomer content, the inventive polymers
have lower compression set, particularly at elevated temperatures, lower stress relaxation, higher
creep resistance, highet fek SERiHHH PREHE M BISLRING Pesrepsrialy pidte inseropyaiers fochidiher
crystallization (soligHiedtionp temperfatops|chighdrebelbpe(par tictibad yratbe levaiedteynperatures),
better abrasiondgsisiagssedangly eastiveots.ARchelicr ol a0d el acaepiafie. Mareoyer, the

present po;ymegg gfyebedpg ﬁared %smg techniques to influence gree or level o ockiness.
That is the’am&Unt of comonemer SHE IBIFRHBF 5ch OKHASPHBURS dulPhart EapPise altered by
controlling the fadigant-epplyofrizatidystscandestuttingagent dsuublllagpdbthedampekatuielof the
polymerizationoinst sthe Cpolymesizasin saciaiese Asuntising RERSit gl ivis.nAhgnomenon is the
discovery that gs the lggxgr%(;c%frrghoqkig&%sa;s I cre_a\s,[ed, tisﬁe.o tical properties, tear strength, and high
temperature recovery properties of the resuttirig polymer af ag%ﬁ%?ﬁﬂ%?ﬁ%wgﬁ?tﬁﬁl B&Ricular, haze
decreases whifdo& Rty e defsrgtr arke gl fianipirmnedrdedvenppropentie sintrease as the
average nambempohidackgpindite polymer increases. By selecting 15shuttling agents and catalyst
combinations having ir {n t ring ability (high rates of shyttling with low levels of
chain terminatio ot%ﬁ%&rﬁ%ﬁ?j‘o%%?l?ﬁéﬁggﬁ{%%ﬂgrelr %’éﬁggﬁ e y%eﬁf)‘g?gs"lélé% .af&yc%%tra(lﬂlﬁgly, little if
any 0-hydride STFE%oH 15 BHERraITIRR BiIstheRzsHs FeemarndRdRapariiriaras refeording to the
invention, and thiegies ditingbbryistaitime doldckitiar gohighlpl @k stiaghasetialytomnplatalyvdipear, possessing
itle or no long,efaierpraniagoRARRAME SR Sng BRORIL LS vRlian s hal palymers wherein

chain enq§ aremrx\ll(gcr{{y cr Ftalllne can he selectlvel){}frepared. In certain applications this i< desirable

because raducing the Telatva JuATE BF BolyRTER tHaR(FATHLRS S Rt SRLAROTHR 8RBk B duces
the intermolechiafailtridecemershif erystsiirreiragiorsnifhispremitbcantbectitdinedeby ishoosing chain
shuttling agenisBrgeabiysis harng ARAPRIRARIEIBSRAANSRINRY BrogRApL.Aihes 3R fgrminating
agents. Specifj)g%lyy_ié{_é@eghggggl gttexvhgs:h ggﬂdy%esthi%%}/ crystalline polymer is more suscCeptible to
chain termination (Suc y Lise OF Rydrogany than 1he LRt SO sHEAL 15T PrORRsE e less
crystalline pol;ﬂ‘r‘?@?@%@?ﬁéﬂ%ﬁ‘ch%@ﬂ?é‘@?@ﬁ%igher comonomer incorporation, regio-error, or atactic
polymer formation), themhthe-bighiyy ciysialipeRelyensagmentsonilin elsrentigly popylate the

terminal portiogs. e bymel ek aniv.ate e fsyiing terminated aroups 3porystgline. but upon
termination, the highly cr)I(tstalllne polymer forming cata )?s Site Is once again 4
segments (soit segments). Within the soft segments, the mole percent propylene, 4-methyl-1-

pentene, or other a-olefin may range from 1 to 85 mole percent, preferably from 5 to 50 mole
percent. Alternatively, the soft segments may result from polymerization of a single monomer (or
25 more than one monomer), especially ethylene alone, under conditions leading to formation of
branching, 1,3-monomer addition sequences, or long chain branching as a result of chain walking or
other branch forming process.
The polymers of the invention may be differentiated from conventional, random
copolymers, physical blends of polymers, and block copolymers prepared via sequential monomer
30 addition, fluxional catalysts, anionic or cationic living polymerization techniques, In particular,
compared to a random copolymer of the same monomers and monomer content at equivalent
crystallinity or modulus, the polymers of the invention have better (higher) heat resistance as
measured by melting point, higher TMA penetration temperature, higher high-temperature tensile

strength, and/or higher high-temperature torsion modulus as determined by dynamic mechanical
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available for reinitiation of polymer formation, The initially formed polymer is therefore another highly
crystalline polymer segment. Accordingly, both ends of the resulting multi-block copolymer are
preferentially highly crystalline. Other highly desirable compositions according to the present
invention axe elastomeric interpolymers of propylene or 4-methyl-1-pentene with ethylene, and
optionally one or more a-olefins or diene monomers. Preferred a-olefins for use in this embodiment of
the present invention are designated by the formula ah-cia*, where 12.4 is a linear or branched alkyl
group of from 1 5to 12 carbon atoms. Examples of suitable a-olefins include, but are not limited to
isobutylene, 1- 1-h xene 4 methyl-l-pentene (when copolymerized with
propylene), andpll%c?[%%eé@ﬁ%%}cegalreaﬁes SRS o Xépﬁégl Elgﬁ% B ASS *ELBeReAIRy bittblock
EPEM. type polVfiBr&niuea egnfiigatenes Foemneesin) aﬁm@ac@mghﬂevmwmemm eweyclic- Or
polycyclicdienesteenteimingfroighet tedcarbonshikeiesrettian ﬂ@l@ﬂm&ﬁulg%ﬂ@c@&@éi IBRE,

1,4-hexadiene, g me - . etrznadl%ne I(r)@%éadle cud
lidene:2s pagﬁgaagp&bg&y%%oﬁ S, s o

5- butylldeng -2- -norl ene A partlcu larly preferred d I'en dene- ﬁeﬂ ornen(-.y *he resulting
product may comprls %3@% RBHS A detiradighe s aami s e ristbrieric wslymer
segments, mad&dppsitaeduring the polymerization. Alternatively, the product may be comprised solely

of the elastonteric |ntmymg&&fpggggy{%%% %@ggiﬁygp;rgﬁgggggc\{yﬁg QN8 glﬂ{gggeetgggﬁéc){raomerS,

especially 15ethyl e the diene containing polymers contain alternating segiments or

u
blocks containing greatfebrloocr réesséer%%%és am%‘?’fﬁ’éCafgWQr’(‘ﬁ‘iéﬂfolﬁﬁ‘éﬂh%%’f]éﬂ%}y&‘ﬁIéh’%"‘r‘(ﬁfclud|ng
none), the total Sﬁ%ié‘?ﬁ?ﬁ%f’%ﬁé‘ﬂ'édab?/@%{ﬁméfm tresptenre dueetowithiostidstudisghseguent palymer
properties i hatnistehgeatise dhadieneandamlalinreonumers.at Mefsrantiallyingarrrated dnto one

type of block 7Qgf the, Rolymer. tather than unifor or ra throughout the polymer, they are
more efficiently utili zod and susbseqa(é(t)n tgﬁaet %Sross)qeﬁf(edgrgsgfﬁ}(o? the Bgi’f’fﬁe&rt@%ﬁpﬁﬁ%etter controlled.

Such crossl|nk%‘f@eétl‘%t@'f‘ﬁé‘i@“&%afh’éltﬁl}r@ﬂ‘lfﬂfé‘éﬂféﬁwave’@é‘s@ﬁw@é@ ropeeimdyirclading higher
tensile strengtmarmhbgit@rma$tlmmﬁ@tﬂyh&er&h@&p{ﬁ%ﬁ&tﬂwmaeﬁﬂldllb@&ckn@%%%é‘}aﬁf?m'ymers
of this embodirgsiaf e,exdvralR0 ane.a0.Ue0e SANIENeL N, 800,90 peraent, 2 diene

content of from P 1.to 10 percent, and a propylene and/or a-olefin cont }ﬁ?erfl Ji!rom d 308 Kent,
based on the tStaT WEIGRT Bt ?H%Cﬁgmﬁ%‘?mb @Hﬁ&"ﬁ)‘%ﬂ%éﬁ‘@’ﬁ?@ﬁ@W%?f?é%ﬁﬂé?%@ﬂglpmvmers
having a weightfzbaitdige wibleeulkeweightighvw) ifitnm) 000 tos abmitR:bO0:000 andea palydispersity

less than 3.5, mgsefseferabrdess thanr 3-0,30Naie RISIELA0Y:s %H&bv@é’l){%%%@%\é Aot Pﬁ/ lene

content from 63 o 75npercentfe§a%|en ont%t from O to 6 percent, a propylene an /or a-olefin content
from 20 to 35 percent. & Mw Hrom 2 Sy 6 @"‘prtﬁf;‘}ﬁi%‘é% WBHoikSat*‘c? highlyige

polymers of the\ibsiettidi ?ﬁaylﬁébew@ﬁtemwmﬁhtfmnrﬁ tomableirtt Banpeirgent, preferably from 10 to

60 percerty more preferaty £t@;msa£g Ban‘é@traﬂﬁ@mbel@@éﬁgt@n 19Ih G WRASHION WRIANt. 9 gh&rocessmg
oil. Suitable 0I|§d§g&|ﬁl§!§ C%g)é 0|I th cgenveqtl%m usellntmanufacturln extended EP rubber
formulations. Examples inc oth R haphthenie-and parafiies 8‘ﬂ%‘s\ﬁﬁ“iﬁr§%\?5ﬁ?ﬁﬁ‘éedﬁg‘ﬁéiﬁEj’e

preferred. relative quantity of polymer that terminates with an amorphous block reduces the intermolecular
dilutive effect on crystalline regions. This result can be obtained by choosing chain shuttling agents
and catalysts having an appropriate response to hydrogen or other chain terminating agents.

25 Specifically, if the catalyst which produces highly crystalline polymer is more susceptible to chain
termination (such as by use of hydrogen) than the catalyst responsible for producing the less
crystalline polymer segment (such as through higher comonomer incorporation, regio-error, or
atactic polymer formation), then the highly crystalline polymer segments will preferentially
populate the terminal portions of the polymer. Not only are the resulting terminated groups

30 crystalline, but upon termination, the highly crystalline polymer forming catalyst site is once again *
available for reinitiation of polymer formation, The initially formed polymer is therefore another

highly crystalline polymer segment. Accordingly, both ends of the resulting multi-block copolymer

are preferentially highly crystalline.
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Highly desirably a curable a-olefin interpolymer rubber formulation is prepared by 5incorporation of
one or more curing agents along with conventional accelerators or other adjuvants. Suitable curing
agents are sulfur based. Examples of suitable sulfur based curing agents include, but are not limited
to, sulfur, tetramethylthiuram disulfide (TMTD), dipentamethylenethiuram tetrasulfide (DPTT),
2-inereaptobenzothiazole (2vl:13T), 2-mercaptobenzothiazolate disulfide (MBTS),
zinc-2-mercaptobenozothiazolate (Z1VIBT), zinc diethyldithiocarbainatezinc (ZDEC), zinc
10dibutyldithiocarbamate (ZDBC), dipentamethylenethiuram tetrasullide (DPTT), N-t-

butylbenzothiazole-2- syilfayy qi% TBBS), and. mixtures thereof. A preferred cure system includes a
combination of sulfur, MET z%ﬁtﬁ}!TI\ﬁ‘fﬁeﬁesﬁjroggi%stﬁ%%f%t&r% RSHPRERtOLTS erisiesiéd in amounts

from0.1t0 5 pé’?&eém!yﬁ’éé%?:f BIRRYEAP O6 rpeiditidrpeptsiepivith ethylepeprefentadaiastomerosomposition
according to thig<mibodirmentobthesinMeriien maialse dainclkde-gadanblask Rueferahly; the carbon

black is presentindhe ameuptaffam 1640 89nercent more preferably from 20 to 60 percent, based
on total co po%i)ti]%n Weight.p Additional combg%%?]%{s ot %ileeﬁ’?gégrﬁig’ é?%n%ﬁ?%ﬂg’ﬁ gﬂm)} employed

according to the preSLitiATEI: SHameleR bl elefiss ingrdaibritarsmeitiolinte theutitenotidetract
from the propeftiésiofithentesultdmtoemposibnpihesevingresienisdneiuden bldbase-nahdmited to,

activators 20 sughassialfiuBAkIIAAETBAII R IAGHS SHCh A5 Stpari acidapd salts thereof
a

fillers and reinfocr)tlzerg such as calcium or magnesium carbonate, ‘silica; and aluminum ﬂ?@ates;
plasticizers such as dialkyl esier UEFH LSRRI B thstraishtrigrarsirdshaisfarics onrpkesclind
pigments. ApplftZife AeHEmtnE fid i és2 CaTtivesp Blyfaers bftharitventiopaadiae, usefulamployed in a
variety of tonveniinaaktbermemasiailahsAIRN RIS aSEES IR RY diiﬁﬁu%%%ﬁ'e?zfﬂgﬂt?o%néﬂg"{iging objects

comprising at Igg@%&ggﬂ@@ﬁﬁig{gﬁgs@a a mongl_%xe?r film, or at least one layer in a multilayer film

prepared by cast, blown, calendered, of ex TR A8 Brol Be EER RERERIECLAT BRS¢ as blow

molded, injectié BTS8P Foter sraes atiatad exiiudisivnefiterso lmdragventomadniayaven fabrics.
Thermoplastic 80twrtipgsitionsadmpusiagtielpraseridnawnais.dnslkide blepdsith, gthgrpatural or
synthetic polymess, asglitiye Rfereing agents, ignition resistant additives, antioxidants, stabilizers,
colorants ,lgaxter][?qrs, crossl%ﬁ@s, blowing a%er%dtesr,g%rtﬁc‘zl’v % asticizers. OF parneurar Gty are

. Sl ne, . . ..
multi-componen YiB&¥s such as core/sheath fibers, having an outer surface layer, comprising at least

in part, one or more piymerthofitne inneintigrpolymers Bobrats difah MaysQenpreparedil omtihen.present

polymers or blgrasiaeivsie- staniaifingiae Ru. MISAMRA0ENL shealhveore, twisted, and
monofilament. Su{i}t{ﬂ?lg %per forming ro?:e see@#\cludgé%pgilﬁbonded%,gr]ﬁjlgﬁﬁ%‘\ﬂ/ﬁmtlg)éﬁﬁqoﬁzéls, as

disclosed in LISP'S 4,430 564" 4 665230 I 4558 ot 19539235 5e repvesereriss.disfosed in
ESP 4,4 13,11@5’3,&2)?59&&@ ﬁﬁdllﬁwéveﬁefabﬂ@g),nms are preferentially incorporated into one type of block

20 of the polymer rather than uniformly or randomly throughout the polymer, they are more efficiently
utilized and subsequently the crosslink density of the polymer can be better controlled, Such
crosslinkable elastomers and the cured products have advantaged properties, including higher
tensile strength and better elastic recovery.

Further preferably, the multi-block elastomeric copolymers of this embodiment of the

25  invention have an ethylene content of from 60 to 90 percent, a diene content of from 0.1 to 10
percent, and a propylene and/or a-olefin content of from 10 to 40 percent, based on the total weight
of the polymer. Preferred polymers are high fnolecular weight polymers, having a weight average
molecular weight (Mw) from 10,000 to about 2,500,000 and a polydispersity less than 3.5, more
preferably less than 3.0,

30 More preferably, such polymers have an ethylene content from 65 to 75 percent, a diene
content from 0 to 6 percent, a propylene and/or a-olefin content from 20 to 35 percent, a Mw from
20,000 to 250,000 and a polydispersity from 1.5 to 3.0.

The polymers of the invention may be oil extended with from 5 to about 75 percent,

preferably from 10 to 60 percent, more preferably from 20 to 50 percent, based on total composition
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5disclosed in US? 3,485,706, or structures made from such fibers, including blends with other fibers,
such as polyester, nylon or cotton, thermoformed articles, extruded shapes, including profile extrusions
and co-extrusions, calendared articles, and drawn, twisted, or crimped yarns or fibers. The new
polymers described herein are also useful for wire and cable coating operations, as well as in sheet
extrusion for vacuum forming operations, and forming molded articles, including the use of 10injection
molding, blow molding process, or rotomolding processes. Compositions comprising the olefin
polymers can also be formed into fabricated articles such as those previously mentioned using
conventional pelylafist pracessingoiechnisues whiFate welkknown to those skilled in the art of
polyolefln proc%%%métgigrgr?}?épp%é%%th a(?)stgeous and non-aqueous) can a 5o B f8rmed using the
present polymers 150r formulations comMprard ¥ iatiene. Fvummiss inshidsdebmmptisimicthednvented
polymers can d1¥8Haifaritettithouisiidseits miRGTeapplication No. 2004/027593, filed August 25, 2004.
The polymers may alstighgy ae@isahp&Q@;QM&{JMéﬁ}lqwgy,%p{;ﬁs@lsm%gg,l}oé}gggg use of peroxide, electron
beam, silage, qgéggyop;ﬁgy@rogr%s%gpek&r}g tecﬂhnlque. he polymers can also Be emitcally modified,
such as by grafting 1for example by Usé of FRarsie ARy URRe kAP acstlernsars oF eshiserdjraftitig agent),
20halogenatior “SFRIRSHSH WG AERI bbastheFememice st oafiohasbdiditivg scang jadjuvants may
be included in bryrfornliatieh:comprising tbeyissent RalvmerySHjlaisaddiiyes.include fillers, such

as organic or ipgrganigRaielss, in | Igzl S, 1 lc. titanium dioxide, zeolites, p.owéerﬁed metals,
organic or inor&ggilc ibeé%s inicgl’udin%g{r%%n %ﬁg@%&%&?}n A& RBar o dtda A diviidesh, and nylon

or polyester co mgs,ghg%?éﬁgaaﬁtﬁ Bfaethaselnly & MRH seifodinthtadiitiferdanitteste g PR iNchdding
paraffinic 8r natheléitidooitsrane GthBCNHallprehand;syRthRtic oML dHelaging,other polymers
according to theuvetioizole-2- QUERARIS s.far blending with the polymers of the invention
include thermqplastic and nonsthe Iaftﬂ:’bﬁ%%r?l@gﬁﬁ% lﬁ?j?r%er?gé rgﬁ%ﬁ'gds%fﬁéffé%&%%.
Exemplary polymers for blending inciud® bolyprofsralimbmspaecamsanifgmpsiyplopylane,
isotactic poIyp?B‘ﬁVf@ﬁ@?‘S@a&é‘bﬁ@%@?&rpif@pgdlen&tandﬂmdmw@yﬂ.ene/propylene copolymers),
conventional poly-4-meikde penicns; y@m@@éma&%m,%%ytg}pymmnqg in nb,le%g Dressure,

, o

free-radigal LORE4{| atUDB etallocene PE, including mfﬂtlp e reactor E’E’a(yiﬁlsroeactor"
blends of Ziegler-lslat%gllgxlgi%%g' rr][!:rettzjjrl?%)lc%(’ért:%e B'EL,OIS1 GR5E Peseididiaiepyeref frrm Sibte #)545,088,

6,538,070, 6,556 FA6T e BHATRAYY S aB g 750 apresi 448844 tethydepesiviimybalgtate (EVA), ethylene/
viny! alcohol copolyrieilitipo#y styremerimpastyresifisspabisyisnsABSSyRNs/hutadigne block
copolymers a@ggggxglr,qggg@;%lq%iygggﬁg%&hereog a(iS S and SEHS?, and thermop astic polyurethanes.

eI 1N enis in

Homogeneous golxmerg uch as olefin plastomers arid elastoIers BiIErESAPIBhylene-based
copolymers (f8r 8Xampl t%oﬁ?ﬁﬂ&% SRrarssienuddes theefinits debidmbtione W& RSiey Hhaanadlakle from
The Dow?% ChisthiseiaGomysamy e Wi STAVRN)01S availablefomExenMehi.can also,be useful as
components irehlierds; CoERREISINGLIERIESILRAYIIELS: sitica, and aluminum silicates; plasticizers

such as dialkyl esters of dicarboxylic acids; antidegradants; softeners; waxes; and pigments.

Applications and End Uses

25 The polymers of the invention can be useful employed in a variety of conventional
thermoplastic fabrication processes to produce useful articles, including objects comprising at least
one film layer, such as a monolayer film, or at least one layer in a multilayer film prepared by cast,
blown, calendered, or extrusion coating processes; molded articles, such as blow molded, injection
molded, or rotomolded articles; extrusions; fibers; and woven or non-woven fabrics. Thermoplastic

30

compositions comprising the present polymers, include blends with other natural or synthetic
polymers, additives, reinforcing agents, ignition resistant additives, antioxidants, stabilizers,
colorants, extenders, crosslinkers, blowing agents, and plasticizers. Of particular utility are multi-
component fibers such as core/sheath fibers, having an outer surface layer, comprising at least in

part, one or more polymers of the invention.
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Suitable end uses for the foregoing products include elastic films and fibers; soft touch goods, such as
tooth brush handles and appliance handles; gaskets and profiles; adhesives (including hot melt
adhesives and pressure sensitive adhesives); footwear (including shoe soles and 10shoe liners); auto
interior parts and profiles; foam goods (both open and closed cell); impact modifiers for other
thermoplastic polymers such as high density polyethylene, isotactic polypropylene, or other olefin
polymers; coated fabrics; hoses; tubing; weather stripping; cap liners; flooring; and viscosity index
modifiers, also known as pour point modifiers, for lubricants. In a highly desired embodiment of the

invention thermoplastiq,6QmRosiyaRs.comatiinge Aeileumariastio,mAY XRAVIST, RERSGiAJY isotactic

polypropyleneinglrggcan elastomerfé? multi-block copolymer according to the invention, are uniquely

capable of forming Core Kha P SRS h AR P BRFY s taHiRR O e FRuAstERsTe biBekeein the
form of a coreS3iipoutrietrdnolufn teliastormediscbiodis TSRising3a,Sshell 66xaund, ftie, teckided domains

of harddpglymemmi ;i @@Eﬂ&k&%@_ﬁ%é‘@ﬁ%lﬁ&iﬁﬁdﬁﬁ?@fﬁﬁﬁ%@& tiagl ﬁ@@yéxeﬁ@%xmgra@g tl_he f%fces
incurred during. melt 20c or blending. This hi esirable morphology Is believed to
result dueg:o t%g%};?\sla%g gk%%%agg g'racgbgrfltéusc%fﬁ%e ?%%hﬁﬁlg%ﬁgtg&%&%%%%\ﬁ%&ﬂs SAsBEShpstible
polymer regioRS3@eRALeHis AAriR antpigisendomehatinds cotsnd slastoindridneiofis of the
multi-block copalymenstanseli-assenib|edrritiecmelicdue o dhaimadynpeniciorses.-Sgatiag forces
during compoynding, e helieved 10, prodhice Ssparalarkiegions,of matrix polymer encircled by
elastomer. Upon solidifying, 25these regions become occluéef:lnelastome( ba lic es_e’ncasedaln the
polymer matri¥! S2 S SXRIERIN GeLiraME e Ao Lrastatropiasnefulysiehn brivdasthpaye of
thermoplastic slestomepiieaddofT REJthprmsplastiewoldal isiies € PYonanstsiyrenigppalyaer blends.
TPE and TPV dlends mashepiepared i saniiniog hednvanisdmulti-hlock nolymers,. including

functionalizedu(glrnunsatur%ted de{ivfa ives thereof with an optional rubber, including conventional
30block copolymérsS BSBaialip e ErAE Bk RHBINAHEP A SstidnaNy ' Brseslitleh§ dtvulcanizing
agent. TPO bleheireEddinaratssprapared by blending the invented multi-block copolymers with a
]E)olyclefin, anld optionajéyeasﬁ&@?gsﬂmlﬁéllg&l’s HﬁﬂQﬁﬁjZ&GQ%@sg%Qlﬁgbgefﬁ?%@éﬂ%ghi?@%sgﬂ@%méedcjn
ormin o] | and optionally crosslinking.the resulting molded article. A similar procedure
using gif?eﬂn?ﬁ%’r?ﬁ%%%%?sschg ‘bee ?1% grsél\%%usﬁ/ &“gfz‘i%ré’éa"f‘ﬁp Iégrgqé%wf?}%l?o TIeTE a%?é) be
conventional 55 LSpdisteesd P eliarapticatiim 2984PaRi)lpblsddusstiio Aty Tinepsity¢ML 1+4 @
100C.) in the reaygelsodmeiBstoiddDy morepraferailysfoons 26 e 10prandeorst a1 eferaklyfcom 30 to 80.

e B O R e, O

atactic, isotactic, syndiotactic and impact modified versions Sthereot) an /(4-methyl- +péntene).
Suitable styrefit PoRM9EFEAMEIRBE ORI IRnE ribe AYHEEMa o Ryt seffinemgynt),
styrene/&6rylonitreretpolymiersofSANInaubher sedifiedi@ AN (ABSar AES) and styrene maleic

anhydride copolymers e bleids ae poerrIedby Mg Lknsadina disesesive componens

at a temperature argrtép%u?tgagg Itthe melt point temperature of one or both of the components. For
10most rmultibiddk copao ymers,é{ﬁlév?éfﬂg%?% HIE IS BROABB 3o e isRudelserdrrutirasave 145 C.,
tale, titanium dioxide, zeolites, powdered metals, organic or inorganic fibers, including carbon
fibers, silicon nitride fibers, steel wire or mesh, and nylon or polyester cording, nano-sized particles,
25  clays, and so forth; tackifiers, oil extenders, including paraffinic or napthelenic oils; and other
natural and synthetic polymers, including other polymers according to the invention.
Suitable polymers for blending with the polymers of the invention include thermoplastic
and non-thermoplastic polymers including natural and synthetic polymers. Exemplary polymers for
blending include polypropylene, (both impact modifying polypropylene, isotactic polypropylene,
30 atactic polypropylene, and random ethylene/propylene copolymers), conventional poly-4-methy!-1-
pentene, various types of polyethylene, including high pressure, free-radical LDPE, Ziegler Natta
LLDPE, metallocene PE, including multiple reactor PE (“il) reactor” blends of Ziegler-Natta PE and
metallocene PE, such as products disclosed in USP’s 6,545,088, 6,538,07(5, 6;566,446, 5,844,045,

5,869,575, and 6,448,341, ethylene-vinyl acetate (EVA), ethylene/ vinyl alcohol copolymers,
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and most preferably above 150 C. Typical polymer mixing or kneading equipment that is capable of
reaching the desired temperatures and melt plastifying the mixture may be employed. These include
mills, kneaders, extruders (both single screw and twin-screw), Banbury mixers, calenders, and the like.
The sequence of mixing and method may depend on the final composition. A 15combination of
Banbury batch mixers and continuous mixers may also be employed, such as a Banbury mixer
followed by a mill mixer followed by an extruder. Typically, a TPE or TPV composition will have a
higher loading of cross-linkable polymer (typically the conventional block copolymer containing

unsaturation) 5%%&@%32&%88&8%& '%?r%hgg%%’ral éfé)/[);llt'a %n%%goé‘%%g%g%%osit'ons, the weight

ratio of block copolymer to multi-block copolymer mayle from about %0, more preferably

from 80:20 to 20" e HBSRprETrBN $Emere FB, omi fimrmeplarisaokpptisatienElotrewelght ratio of
multi-block copolymees tachesyoisinganayebe frosm ahnut, 483 ta-ativotly k85, 00w fpIeieraklys from
35:6 to about kPl foaymadliach AuianicRND Sl ARRIGRYRS DR WRIARI AR Al Il block

y

copolymer, to%%leyolefilrbma also he from abo%49:5fto about 5:95, more prefera rom 35:65 to
about 10:90. THe TATIS A2 ﬁrﬁ/ea%\é§§maﬁéﬁﬁlﬁbﬁﬁ@ resMRP T sab el wranestiisus
components. Fpieretisitoinditedabletitsratthrerthssttatingitechniques for changing the phase continuity

by changing the viscasityuiatinsetdhe easibeants:odrbiendaedanarsonshiled ithis.art may
consult if necegsary, The.blen tain proces in%é)ils, lasticizers, and

) .C%O 7 such as ’cooeth Tus 1‘53'3]%%% ign imca hcog : le<t an es; . :
processing aids. Rubber processing oils have 2 certain AS TV YESiHARENE S Y58¥&ffinic, napthenic
or aromatic 307HtEELoilE Kt barsenteis ertorsEndisnedhiyifonioottsa 5B alits, sorelprefdrably O to
100 parts,pandimostprefetablydronpdtiabipatts; abeil et Bpats atitatat palymerake employed.

Higher amount ol AY ISP AIIDAIEY S 05 AISSSSSINA 0L Ne Testling. praduct at the expense of

: : ] tact .
some physical properties. Additiona fprocessmg aids include co 0 ve\:falf(cé%? Féltty acid salts, such

as calcium steiPERECEY Sie PRtk BN RRESIEReThERIih § B RcoRingpuhacsrioiatheslingtsiuding
glycol ethers, {potipasteds;iingditdingg{ paly)ifycolse sters; andungiak saltifiesgeciabciaroup 1 or 2 metal

or zinc, salt derivaliyes, hgigotli EYLELAAR RGSRRIRAMARS(S SHAD, S [1gss gamprising

polymeriﬁed f%[ms of butadiene o(%ség rene, including block c0|loo ymers (here-in-after diene rubbers),

have lower SreSiStaRca 1o TR SEOR R SRR e hsRrael s SR, S5 RigHly wakikiteld rubbers.

In applicationsX@éees tesdinatietifedmmcotionpuositions bonpaiiing highercoondelimatipasigédiene based

rlii k:j bers, it isdlﬁmwﬂgdmeﬁfﬁufi@_tﬁgﬁib@@smlﬁ% E@bé‘f&?ﬁ%@f&@@?ﬁ siakilins.Along,withanti-ozone
additives an QI-OXI a Sc' ¥ tI-ploc 0 rLrlle accqrai to the present invention possessing
0 et gglga?gl%uq%r%gﬁﬁ#élg#o%ﬁo%ug ﬁ%fé%ﬁ?}énéﬁrf&e@elQ%F%f@(coated,

extremely low leve secrﬁcunsa_tura |(1)nr%,.aﬁ.ﬁ :
coextruded or¥farifiTatd 3y dfisperederifisidametinrelamererthe farticlésforhédifionsiconventional diene

elastomexomodifigd pelymeridaompositianghly desirable morphology is believed to result due to the unique

physical properties of the multi-block copolymers which enable compatible polymer regions such as
the matrix and higher comonomer content elastomeric regions of the multi-block copolymer to self-
assemble in the melt due to thermodynamic forces. Shearing forces during compounding are
believed to produce separated regions of matrix polymer encircled by elastomer. Upon solidifying,

25 these regions become occluded elastomer particles encased in the polymer matrix.

Particularly desirable blends are thermoplastic polyolefin blends (TPO), thermoplastic

elastorner blends (TPE), thermoplastic vulcanisites (TPV) and styrenic polymer blends. TPE and
TPV blends may be prepared by combining the invented multi-block polymers, including
functionalized or unsaturated derivatives thereof with an optional rubber, including conventional

30 block copolymers, especially an SBS block copolymer, and optionally a crosslinking or vulcanizing
agent. TPO blends are generally prepared by blending the invented multi-block copolymers with a
polyolefin, and optionally a crosslinking or vulcanizing agent. The foregoing blends may be used in
forming a molded object, and optionally crosslinking the resulting molded article. A similar

procedure using different components has been previously disclosed in USP 6,797,779.

73




For conventional TPO, TPV, and TPE applications, carbon black is the additive of choice for UV
absorption and stabilizing properties. Representative examples of carbon blacks include ASTM NI 10,
N121, N220, N231, N234, N242, N293, N299, 5315, N326, N330, M332, N339, 15 ranging from 9 to
145 g/kg and average pore volumes ranging from 10 to 150 cm3/100 g. Generally, smaller particle
sized carbon blacks are employed, to the extent cost considerations permit. For many such
applications the present multi-block copolymers and blends thereof require little or no 20carbon black,
thereby allowing considerable design freedom to include alternative pigments or no pigments at all.

Multi-hued tires or tlrg§gg%gmg&{ng gg)llor1 of th vehl le.are o ossibility. Compositions, including
thermoplastic blends according to the inventon %na?i/saggncszg IlFilcr?%ntl YR RESS gé%‘)&i’éfants that

are known to & TEB eltsEoSTcham simeerrindfipidhars mely Bl dhysralopifiectants such as
waxy materialg:thigtretnabltdrdnes susfticesaintprotgct- 2t b i frammaxyaen R1a2ens:9r they may be

chemical protegtoss hat f%%x%%%é{gﬁﬁh% 9zape ls%wb'segé’aw (el fote%t&%%ii e syrenated
phenols utyl%ted%cté/ g}o butylated di(dhnethylbenzy heno Ifaahenyene lamines,

butylated reaction proauts” 8%’186 @M%ﬁﬂlc@@ﬁﬂéﬁﬁmwm ‘E@I%Wéﬁ@lﬁz mhltoxidants,
hydroquinone wetiliadiveksstrirdiHeS dipherdentrntloxidapis Hinesienamntiaxddantss andApsnds

thereof. Som&FM@;QM&Q@&E@Q@@Q{;@J{]%@B&%@@roducts are Wingstaym S antioxidant,
PolystayTM 100 anti qﬁ‘”t Pol %t 0 AZ antio dant PolystayTm 200 antioxidant,
WingstayTm L antlox ant, mgita ’i_ m"%)?r . Wﬁr&sﬁﬁmvﬁcﬁﬁﬁméﬁftangstayTM 29

antioxidant, WW&?WFS‘NQPWWFH@W@WF@@H@ﬂfFM divtioxittarits! thesomeapplications, the
anti-oxidants anst antitbreRasgsiyses wil t@n&@ma&b&wsz HRQBostAl @vag: andsneNRIGraterY 1450 ¢ For

providing addiianal Stahiity, aganst W fadiation, hindered amin t stabjlizers HALS) and UV
absorbers may be alstgr%sed%%%ltable eéa% Ies Ym(feni'mn %P% CHUV ’Mﬂpa’ﬂﬁuvam

622, Tlnuvaﬂﬁr?%‘é“ﬁglmﬁﬁFﬁﬁe‘?WPﬁW&l’Fﬁﬂj\ﬁWHP%W&‘S&%&@%W@#E%@%%QHW@*@m|cals and
CliernisorbTMiFB44 reiliailabiedfromiGytexRtasticge HMausiantliX.stiSA, Rulheyis-aidmayche

additionally includeddid k5 CompoURdB ALASE R.ASDISYESURSHEN suacs qually, as disclosed

in USP 6 51 6mJE tiod §r S0 rPﬁgomposmons additional mixing process may be employed to

pre- dlsperse e D OMARRA ORI R eI <bib Rt SR Rere: ghestabilizers to
form a master%@ﬁ}mmﬂesf%@é’qduémlwbmm fobbyre@biie asisutiverd fporly] @ SRitableperosslinking

agents (also refepea e asigwiog tQéthGé’eﬂhél chﬁ% ﬂm&érp‘dﬁﬁnge(@ﬂ‘cﬂgj %ggo%%fwogg%qgckperomde

based, or pheyy Ilp based gompoun Ies f the foregomg materials are found in the art,
1

including in USP's' 3. 758 645" ugﬁgl ;gg%n g’ TP IR 3G gsElly, ST BB UM 049,
4,340,684, 4, EM?%IOHSQQWWMamgf e@@mdoﬁv@m&om@n-block copolymer maybe from about

20 90:10 to 10:90, more preferably from 80:20 to 20:80, and most preferably from 75:25 to 25:75. For
TPO applications, the weight ratio of multi-block copolymer to polyolefin may be from about 49:51
to about 5:95, more preferably from 35:65 to about 10:90. For modified styrenic polymer
applications, the weight ratio of multi-block copolymer to polyolefin may also be from about 49:51
to about 5:95, more preferably from 35:65 to about 10:90. The ratios may be changed by changing

25 the viscosity ratios of the various components. There is considerable literature illustrating
techniques for changing the phase continuity by changing the viscosity ratios of the constituents of
a blend and a person skilled in this art may consult if necessary.

The blend compositions may contain processing oils, plasticizers, and processing aids.
Rubber processing oils have a certain ASTM designations and paraffinic, napthenic or aromatic

30 process oils are all suitable for use. Generally from 0 to 150 parts, more preferably 0 to 100 parts,
and most preferably from 0 to 50 parts of oil per 100 parts of total polymer are employed. Higher
amounts of oil may tend to improve the processing of the resulting product at the expense of some
physical properties. Additional processing aids include conventional waxes, fatty acid salts, such as

caleium stearate or zinc stearate, (poly)alcohols including glycols, (poly)alcohol ethers, including
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When sulfur based curing agents are employed, accelerators and cure activators may be 15used as
well. Accelerators are used to control the time and/or temperature required for dynamic vulcanization
and to improve the properties of the resulting cross-linked article. In one embodiment, a single
accelerator or primary accelerator is used. The primary accelerator(s) may be used in total amounts
ranging from about 0.5 to about 4, preferably about 0.8 to about 1.5, phr, based on total composition
weight. In another embodiment, combinations of a primary and a 20secondary accelerator might be
used with the secondary accelerator being used in smaller amounts, such as from about 0.05 to about

3 phr, in orderég&pg\{@&g@m}gg&q}%@ %gj%% %%E&%?r&i)?gs of ?'E]hae Fured arficle. Cq{nginations of

accelerators generally produce articles ertics that are sormewrat BetefHhan¥Hose
produced by uBE YLyl e 4d dition, delayed action accelerators may be used which

are not affected by nbiskabprotessingtemperatinesyetprod ues S absalisiactand-cuigakeinary
vulcanization temaefalss Ml sanzatpnJBIAIAa MNGll alia b srd, SUIlGhie Dipes of accelerators

that may he usrgsqsgy tpte sent invention are amines, disulfides, guanidines, thioureas, thiazoles,
thiurams, Sulfenamides, dithfé Iéerﬁlﬁ’r(ill81?&@5}%"9%%%5’3‘.“?’1%?@?3&V?ﬂ?@‘%ﬁﬁﬁ?ﬁ%ﬁ:c@lerator is a
sulfenamide. [rPSGEowH>REce EratoRis Gsedoth®stosndannacoebratonisiprefesalslyiaguaridine,

dithiocarbarnaiies s¥rsitam GO RESAh-SELAM HIRGas TN 30305 ARG, f1YE, ARH VAlPLS Sugh as stead
acid and ZnO mpay: also Cpa% é‘.éegén\{\/h?\'ﬁ R%%)é'de b?sed curing.agents are used, co-activators or

coagents may be used in combination therewith RSB EoauEnts A TRty MBS pARe
triacrylate (TIVIEFTRYYHmEAoiwrssamaiamithearplie soNRIMA): ticthsiicyarfarate/ éTAC), triallyl

isocyanutate (Féue), casmpngdihessiddse) of peraxida srasslinkarsang artiRoalceagents used for
partial or complgte gynanicvylcapization.are known in_the art and disclosed for example in the

publication, "Peroxide Vulcanization of E astoﬁ?g/rnfe{}%f.‘)%? 18‘?,’ July-August 2001. When the
multi-block copolymé&PtSHATHIrY CoRth S8 iotrisTRE rppbic pinrrany kb Blaikiecle ditiegfebafe
crosslinking nfaybeé areationeddoja dissly ingpditiesc Rmpasitiandr.asphantiaspecifiagiduration, and
calulating thepergant gt 01 Hesseiable.soRAgnbThedaeisenhask oAl lgq(eases with -
increasing cr%%gﬂ&g I%%Iéshﬁ%g&rgd artlcglessaccordlng' to the invention, thé percent gel content is
desirably in the range from’5’to Geredht” NS A R AP 8 LM Ré-iNVEAtion as well
as blends thef26Pptidsb ¥ #hpiivedpr8cdxxubifityooonifase datbopriticer hoerbsitinosidue, it is

believed, to lowesimpetnyiseosityy ks ihg COMRBRILRDN QRIS HeMOonsirales A Improuey surface
appearance, gﬁﬁglallég henJgerggl l|)|i1atq(a mold(?glyo extruded article. At the sametime, the present
S

compositions and blends ther iy’ poseesifprove & et S ey BropEtiayt thefeby allowing

s thereof uniquely poss
the present muiffpibtieelisatipnidre arrdeptands tivskaopobspecialp FROtFeNts) todattsefuly

employeebin foatnasietkgerabianning pppkicatierwwheremel stienatbde.cuiraniylpadsauate.
pigments at all. Multi-hued tires or tires matching the color of the vehicle are one possibility.
Compositions, including thermoplastic blends according to the invention may also contain

anti-ozonants or anti-oxidants that are known to a rubber chemist of ordinary skill. The anti-
ozonants may be physical protectants such as waxy materials that come to the surface and protect

25 the part from oxygen or ozone or they may be chemical protectors that react with oxygen or ozone.
Suitable chemical protectors include styrenated phenols, butylated octylated phenol, butylated
di(dimethylbenzyl) phenol, p-phenylenediamines, butylated reaction products of p-cresol and
dicyclopentadiene (DCPD), polyphenolic anitioxidants, hydroquinone derivatives, quinoline,
diphenylene antioxidants, thioester antioxidants, and blends thereof. Some representative trade

30 names of such products are Wingstay™ § antioxidant, Polystay™ 100 antioxidant, Polystay™ 100
AZ antioxidant, Polystay™ 200 antioxidant, Wingstay™ L antioxidant, Wingstay™ LHLS
antioxidant, Wingstay™ K antioxidant, Wingstay™ 29 antioxidant, Wingstay™ SN-1 antioxidant,
and Irganox™ antioxidants. In some applications, the anti-oxidants and anti-ozonants used will

preferably be non-staining and non-migratory.
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15Thermoplastic compositions according to the invention may also contain organic or inorganic fillers
or other additives such as starch, talc, calcium carbonate, glass fibers, polymeric fibers (including
nylon, rayon, cotton, polyester, and polyaramide), metal fibers, flakes or particles, expandable layered
silicates, phosphates or carbonates, such as clays, mica, silica, alumina, aluminosilicates or
aluminophosphates, carbon whiskers, carbon fibers, nanoparticles including 20nanotubes,
vvollastonite, graphite, zeolites, and ceramics, such as silicon carbide, silicon nitride or titanias. Silane
based or other coupling agents may also be employed for better filler bonding, The thermoplastic

compositions of this jnvention, including the.foregqing hlends, may be processed by conventional
moldﬁng techniques gérc%r(ggj it gé%%lﬁnrﬁoﬁ%?ﬁg%é‘g #ﬁ%‘?‘ﬁ fﬁ%ﬁﬂ%, fﬁ%eerrr%c’%’ﬁlﬁi}%&% RHF#dIding, over
molding, insertblaitfy Blothshibatingy dedlstiherdtettinideesoadmiined dnEloeing ek Tapeidfiims, may
be produced h%a&tmdemezjHgmwma%esrim@lmm@@Imrrf&lﬁm?trﬁ@@@%ﬁ&laali&}sﬂ&g d&g@ihoclls |

In the foregoi izing di sure examples t 0 the followi alytica
techniquesg m%e%%%e;n%g%;ce%g Sggl%mf%lrﬁ‘g?gr%%’la %gr%ﬁ r%x&ag oerfr%\ie\étkrtﬁlcsf’e{s%‘llt%%n%’k)%eg%é ermined
using a TAI mba¥F esibpey Bseddinibydaciiiet antRCB\ES srrg arddaselsy lrighityaumssiampler. A
nitrogen purgeugas:flowigf HQlimlbnriniisligedoThes sample is pressed into a. thin film and melted in the

press at about 175Crang 35HANREROIAHS IO SAS @%5@%%-10%-_6% Bma gt st%t%@a' Is then

cut into a 6 min diameter disk, accurately weighed, placed in a light aluminum pan {ca 50 mg), and

then crimped SHGEFRYTHEIRATBRIRAT B P ’%ﬁ?lsé)‘il%efﬁ\?é‘gf?déf‘%’a%ﬁﬂifﬁé RARSHhg temperature
profile. The saraptebichapidisubreateditotd 80 mudnheitbidotheefaldfor 3 minutes in order to remove any

previous thermal hisgansniEhe, sartale isdhencolad 40 ARG ahd 0GARINCARING.rate and neld at -40C

[ i in. [ : ling and second
for 5_3 mInUteSmJ\pd% ssue}g] '%ﬁ,t&‘?&ﬂg g%ng%rlp?xgr%I%tb]ége%/gonr%ogr?«?syr}:%&{r%}) es-lt;?t%g o?egogn% ds
heatlng curves are recorade

materials are found in the art, including in USP’s: 3,758,643, 3,806,558, 5,051,478, 4,104,210,
4,130,535, 4,202,801, 4,271,049, 4,340,684, 4,250,273, 4,927,882, 4,311,628 and 5,248,729.
When sulfur based curing agents are employed, accelerators and cure activators may be

15 used as well. Accelerators are used to control the time and/or temperature required for dynamic
vulcanization and to improve the properties of the resulting cross-linked article. In one
embodiment, a single accelerator or primary accelerator is used. The primary accelerator(s) may be
used in total amounts ranging from about 0.5 to about 4, preferably about 0.8 to about 1.5, phr,
based on total composition weight. In another embodiment, combinations of a primary and a

20 secondary accelerator might be used with the secondary accelerator being used in smaller amounts,
such as from about 0.05 to about 3 phr, in order to activate and to improve the properties of the
cured article. Combinations of accelerators generally produce articles having properties that are
somewhat better than those produced by use of a single accelerator. In addition, delayed action
accelgrators may be used which are not affected by normal processing temperatures yet produce a

25 satisfactory cure at ordinary vulcanization temperatures. Vulcanization retarders might also be
used. Suitable types of accelerators that may be used in the present invention are amines,
disulfides, guanidines, thioureas, thiazoles, thiurams, sulfenamides, dithiocarbamates and xanthates.
Preferably, the primary accelerator is a sulfenamide. If a second accelerator is used, the secondary
accelerator is preferably a guanidine, dithiocarbarnate or thiuram compound. Certain processing

30 aids and cure activators such as stearic acid and ZnO may also be used. When peroxide based
curing agents are used, co-activators or coagents may be used in combination therewith. Suitable
coagents include trimethylolpropane triacrylate (TMPTA), trimethylolpropane trimethacrylate
(TMPTMA)', triallyl cyanurate (TAC), triallyl isocyanurate (TAIC), among others. Use of peroxide

crosslinkers and optional coagents used for partial or complete dynamic vulcanization are known in
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The DSC melting peak is measured as the maximum in heat flow rate (W/g) with respect to the linear
baseline drawn between -30C and cnd of melting. The heat of fusion is measured as the area under
the inciting curve between -30C and the end of melting using a linear baseline. 0Abrasion Resistance
Abrasion resistance is measured on compression molded plaques according to ISO 4649. The
average value of 3 measurements is reported. Plaques for the test are 6.4 mm thick and compression
molded using a hot press (Carver Model #4095-4PR100 IR). The pellets are placed between
polytetrafluoroethylene sheets, heated at 190 C at 55 psi (380 kPa) for 3 minutes, 15followed by 1.3
MPa for 3 minyite d,then 2.6 TVIPa for 3 minutes. Next th ues are cooled in the press with
running cold w%é‘?tfi%‘%sﬁ\ﬁﬁ?g or m%d?ethgr?a rlecflﬁbo\?gl Fé?’%gglgl}ﬁlg EBEP RGO g‘é?lpermeation
chromatographici¥/3téHy @oigeistdUs either a Polymer Laboratories Model PL-210 or a Polymer
Laboratories Model Rih226instrishentojdneneptumnmne-capasseh 20camparimanis alepperated at
14000 Three RRIyImRL LAboraiaiest0unician Mbed B ralmas arused, e solventis 1,26

trichlorobenzene. The samples are prepared at a concentration of D1 grams of polymeé in §8 milliliters

of solvent™contAiAiiNg B0 EHTRIBEBRprtEH %) aF BT tORsERls (REPPReta hisl @ are prbisaredby agitating
lightly for 2 hours-aed 0T inTihsiinectidnuailenesuSed isrdOftlicralitenmandithenflowdgteds 1.0

mbininute. 25GalibralioRtihge ERA GAUMRSE S RESTRTIEHWiR 21 narrow molecular weight
distribution polystyrene stqg_q)?r s with molecular weights rangin from 580 to 8,400,000, arranged in 6

"cocktail” mixtures with At Teast A HeeaFE b SBp P SRER bt I Rrarheretstdraershts. The
standards are}RACPESED feomiPblymier trhbrorptstioss(Smopshiriévelikie Pherpoditstiycesiey stangards arc

preparediat 0.028giaRisooblmlilkess efisalyenk-fmalesylapweighis eaual i, 39.gigater than
1,000,000, ang 9.05 gqggcm; i}r& r§51%J5nzlil ;Lifeerg@; esoln\ggglt fgrtgwolecuizar wel pts les kt)ha 1,000,000. The
polystyrene standards are (iISSO Ved at BOC With gentle SgiPstion for sty iRt tas Mirh Sty standards
mixtures are riHIGRY BYTERTH BRISTeE el crenging amryties thawshycliew inaeteriessripordtiagkminimize
degradation. Fheplyolystyrébienstandait sspalk imolET WrRrAVegh S ara ycemvertadde-palyethylene

molecular Wei@x'@&%dfﬁﬂxg%%’a Qlowingiequation (as,described in Williams and Ward, J. Polym. Sci..
Polym. Let., 6, 621 %196 )?’f{/lpolyedvie", = O.4r3 I Mﬁ%lcyg@ﬂ”'y.ma B0 Sc/'etheylene equivalent molecular

weight cafculations arsBERBFHISATRIHEPVisesIdiRatrebcrestinarayaieieni Bl osemiisression Set
Compression getgminéhsuredizceddding toAS TiMcb, 395 Ihesantpieis prepares, pylymeric

fibers (including nylon, rayon, cotton, polyester, and polyaramide), metal fibers, flakes or particles,
expandable layered silicates, phosphates or carbonates, such as clays, mica, silica, alumina,
aluminosilicates or aluminophosphates, carbon whiskers, carbon fibers, nanoparticles including

20 nanotubes, wollastonite, graphite, zeolites, and ceramics, such as silicon carbide, silicon nitride or
titanias. Silane based or other coupling agents may also be employed for better filler bonding.

The thermoplastic compositions of this invention, including the foregoing blends, may be
processed by conventional molding techniques such as injection molding, extrusion molding,
thermoforming, slush molding, over molding, insert molding, blow molding, and other techniques.

25 Films, including multi-layer films, may be produced by cast or tentering processes, including blown

film processes.

Testing Methods

In the foregoing characterizing disclosure and the examples that follow, the following
30 analytical techniques may be employed:
DSC
Differential Scanning Calorimetry results may be determined using a TAI model Q1000
DSC equipped with an RCS cooling accessory and an autosampler. A nitrogen purge gas flow of 50
mi/min is used. The sample is pressed into a thin film and melted in the press at about 175°C and

35  then air-cooled to room temperature (25°C). 3-10 mg Of material is then cut into a 6 mm diameter
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stacking 25.4 mm diameter round discs of 3.2 mm, 2.0 mm, and 0.25 mm thickness until a total
thickness of 12.7 mm is reached. The discs are cut from 12.7 cm x 12.7 cm compression molded
plaques molded with a hot press under the following conditions: zero pressure for 3 mm at 190C,
10followed by 86 MPa for 2 min at 190C, followed by cooling inside the press with cold running water
at 86 MPa. Density Samples for density measurement are prepared according to ASTM D 1928
Measurements are made within one hour of sample pressing using ASTM D792, Method B.
15Flexural/Secant Modulus! Storage Modulus Samples are compression molded using ASTM D
1928. Flexural and 2 percent secant moduli are measured according to ASTM D-790. Storage
modulus is medéssﬂﬂf‘ecgggé% s |ﬁ§e§)pi«a§agl\w BUSHZAB TR C%lfeonrf’%%c%’ﬁi&ﬁ%?%?géﬁb?ogléerties
20Films of 0.4theimaHiekaiésoidhe compiretsishzarsdéth tsifif entie terassafGapvel iV Jdels44095-

4PR1001R). Tiheapialicts.arerplacethhehsieanpoiietsaiugioeivonrshestsbestgd abdO0C at 55 psi

(380 kPa) for mmy ollcowe b)é 1.% MP}a for m, angd t .6 livliPa for 3 mjn. The film.is then
cooled in the prgg%av&%ﬁorrahn}ﬁ?aén(ﬁé nggrcggi? 0Mﬁﬁa of fdrl}%@?ﬁ(éoggﬁ{ﬁ?ee%ns|8ﬁl(%ﬁ1(t)iéé%f|§?rrns are

used for optical HeESurépRattel s Eherebiviot) recovOry mivd lspidusrrislaXhtierrl 2B @dregoa!
measured usingaBigkBasdrerddaze-garci as specified in ASTM D 1746. 45 gloss is measured

using BYK Gardner Glosstaleniciaolons 4a0.as apsaliedin ARIME et o InfpI0ALNGge IS

measured using BYK Gardner Hazo-gard based on A Procedure A”Mineral oll is applied

to the film surfA&& 18 SRS Lapmbedsmhesndidadimaica Bhobettivlusraismeuisardyss, and

Tear Stresystraivehaviorirunibetiadereisioniis theasurbdadisipgsAg T hBrbZ08microtensile

specimens. Samples.aesigiched with an Instron at 500 A mini' at 21C. Tensile strength and

elongation at break a[ﬁ reported from an average of 5 specimens, 100% and 300% IEI%/steresis is
ic e

P!
determined from cyclic 10adIRg 16 t00% ZRd 30006 BHSRE LEIRG A BF MDA Thi SR ASIE specimens
with an Instronfifaireseagrrdist ofihecsampkatsijoendeddarftiavio e H5067 SefonB thipslesdat 21C. Cyclic
experiments a&&qgg@laa%&ﬁ@ @sﬁgg@rwy@t@;@loaaiamf avironmantah ehamber ki e ;ﬁ&éaf
experiment, t mple, | wed to 5 eguilibrate for inutes a t temperature before
testing. In th ehlgei§ %erg%% % %i%?ﬁogthgf iiecn %&pérsf%%atrtlet? ﬁ%é%%%ﬁ%/gepg &étg(zlé%i%g;%ﬂ‘gieﬁ’from the first
unloading cycBlg YetBrdeth Beiichitratovery ther alf dPefortnisuae Naihslamstrasecidin
unloading cyclbeysing wite sindin atldwich theload returaedtostidedaasedine e percent recovery is

defined as:  gpc Method
The gel permeation chromatographic system consists of either a Polymer Laboratories
Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The column and carousel

20 compartments are operated at 140 °C. Three Polymer Laboratories 10-micron Mi;ced-B columns are
used. The solvent is 1,2,4 trichlorobenzene. The samples are prepared at a concentration of 0.1
grams of polymer in 50 milliliters of solvent containing 200 ppm of butylated hydroxytoluene
(BHT). Samples are prepared by agitating lightly for 2 hours at 160°C. The injection volume used
is 100 microliters and the flow rate is 1.0 ml/minute.

25 Calibration of the GPC column set is performed with 21 narrow molecular weight
distribution polystyrene standards with molecular weights ranging from 580 to 8,400,000, arranged
in 6 “cocktail” mixtures with at least a decade of separation between individual molecular weights.
The standards are purchased from Polymer Laboratories (Shropshire, UK). The polystyrene
standards are prepared at 0.025 grams in 50 milliliters of solvent for molecular weights equal to or

30  greater than 1,000,000, and 0.05 grams in 50 milliliters of solvent for molecular weights less than
1,000,000. The polystyrene standards are dissolved at 80°C with gentle agitation for 30 minutes,
The narrow standards mixtures are run first and in order of decreasing highest molecular weight

component to minimize degradation. The polystyrene standard peak molecular weights are

78



- %Recovery -fx100 8. 10where af is the strain taken for cyclic loading and E, is the strain where the
load returns to the baseline during the 1 unloading cycle. Stress relaxation is measured at 50
percent strain and 37 C for 12 hours using an InstronTM instrument equipped with an environmental
chamber. The gauge geometry was 76 mm x 25 mm x 0.4 nun. After equilibrating at 37C for 45 min in
the environmental chamber, the sample was 15stretched to 50% strain at 333% min' Stress was
recorded as a function of time for 12 hours. The percent stress relaxation after 12 hours was
calculated using the formula: LLi, % Stress Reacation = - - x100 where Lo is the load at 50% strain at

0 time and LI, is the lgad at ercent s raineg%fer 12 hours, Tensile nqtched tear experiments are
carried out on csozilr‘ﬁegleegs<§l e?l\ﬁégyg?n erfllcgﬁf/u%lf 0. tfjIlésén%lfgﬁéﬁe%g%iﬁ%uaatho’lh(gf'r%?ﬁrl\ﬁ| SIS The

geometry consieds'Gfh &1 b2k 118680h MBv4sraeTWith dM-mmatotch cut into the

sample at half the spegimenieleagiitafie.srmplesis Sirelchad abk 208 oam il at 246 il it breaks.
The tear energyis:ealcilated a5.the Area under the stress-elongation curve up to strain at maximum
load. An average of at least 3 specimens are reported. TMA 25Thermal Mechanical Analysis
(Penetratidn T‘gﬁ%ﬁiﬁf@ek conducted on 30mm diameter x 3.3 mm thick, compression molded
discs, formed at 180Coancstdd MPia mealdintrpredayne ASTH MinateSTanchikeniairquendched, The

instrument useghigig, s Ménf, SraBd - availahle tesm Rerkdn Rimerqln 56 e a2 RIOP& 45 mm radius
tip (P/N N519-91§:%625|55£P£,}|ed to the surface of the sample disc with 11'? force. The temperature is
ro

raised at 5C/min T FSIPEHE be S RO H B EEr e /i S Prib Ll AT B R RS AL
temperature. THRSExpetivertiendys psenntve tpr 60 has peticaterkd messintdthesiample°C,

10 followed by 86 MPa for 2 min at 190°C, followed by cooling inside the press with cold running
water at 86 MPa.
Density
Samples for density measurement are prepared according to ASTM D 1928. Measurements
are made within one hour of sample pressing using ASTM D792, Method B.
15 Flexural/Secant Modulus/ Storage Modulus
Samples are compression molded using ASTM D 1928. Flexural and 2 percent secant
moduli are measured according to ASTM D-790. Storage modulus is measured according to ASTM
D 5026-01 or equivalent technique.
Optical properties
20 Films of 0.4 mm thickness are compression molded using a hot press (Carver Model #4095-
4PR1001R). The pellets are placed between polytetrafluoroethylene sheets, heated at 190 °C at 55
psi (380 kPa) for 3 min, followed by 1.3 MPa for 3 min, and then 2.6 MPa for 3 min. The film is
then cooled in the press with running cold water at 1.3 MPa for 1 min. The compression molded
films are used for optical measurements, tensile behavior, recovery, and stress relaxation.
25 Clarity is measured using BYK Gardner Haze-gard as specified in ASTM D 1746.
45° gloss is measured using BYK Gardner Glossmeter Microgloss 45° as specified in
ASTM D-2457
Internal haze is measured using BYX Gardner Haze-gard based on ASTM D 1003
Procedure A. Mineral oil is applied to the film surface to remove surface scratches.
30 Mechanical Properties - Tensile, Hysteresis, and Tear
Stress-strain behavior in uniaxial tension is measured using ASTM D 1708 microtensile
specimens. Samples are stretched with an Instron at 500 % min™ at 21°C. Teansile strength and

elongation at break are reported from an average of 5 specimens.
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DMA Dynamic Mechanical Analysis (DMA) is measured on compression molded disks formed in a
hot press at 180C at 10 MPa pressure for 5 minutes and then water cooled in the press at 90C / mm,
Testing is conducted using an ARES controlled strain rheometer (TA instruments) equipped 5with dual
cantilever fixtures for torsion testing. A 1.5mm plaque is pressed and cut in a bar of dimensions
32x12mm. The sample is clamped at both ends between fixtures separated by |IOmm (grip separation
AL) and subjected to successive temperature steps from -100C to 200C (5C per step). At each
temperature the torsion modulus G' is measured at an angular frequency of 10 rad/s, the strain

amplitude being maiq%%%ddjz tween 0.1 percent d 4 percen to en e that the torque is
sufficient and that the meagurggnﬁe%i’lsr%ﬁsésiﬁ%d?r%fﬁg ?:1%%? r %i?nﬁé?gm”}frwéﬁiﬁp AHCESFREDS 10 gis

maintained (alti%ensidhatpigravispainmsivithadasipnd itssnutsercsxpaladideedeturs. As a
consequence, dhiaigitiplseparatiomft in easesmiticthe tempenaise:s Restioulatlysehoye the melting or

softening point g 16 PET\E SAMRIS. TG 3L 551aPE, LS maximuym emperalyre gr uhen the gap
R e ma

between the fixtures reaches 65 mm. Melt Index Melt index, , IS’measured’in accordance with

ASTM 0 1238 Bt foFers e il Riblemmaardiefis Agimbadinel i AL6ramite sith ASTM D
1238, Conditicnrt90el kg uATRER20AMIYticaltdmp erativetising nglutitnifraciionatimnctAT REF)

analysis is conelyctedracaordineiathauathad deserikedsin YRl 4 (98:.08%, TS £Mpositign to be

analyzed is dissalved in trichlorobenzene and allowed to crystallize in a column containing an inert
yzed is dissolyed In tighlor i

eISHOLY By oty FedteRSy i tRHpt i 1*20C at a cooling rate of 0.1C/min.

support (stainless g%eeﬁ S ott)OBy slowly te
The column is equipped with an infrared d égctor. An ATREF chromatogram curve is then generated
by eluting 25the crystallized polymer sampf fiotrethe mﬁ ﬂ)?/oslowly increasing the temperature of
the eluting solvent (trichlorobenzene) from 20 to 120C at 4 rate of 1.5C/min. 13C NMR Analysis

The samples are prefied: iy isdtimy talisp foxnyrdite hpddeg ofibe50 50 stibttureeot the load returns to
tetrachloroethanreé«xeitasthorichiorhenieéngie©4 g sample in a 10 nun NIVIR tube. The samples are

30dissolved and horgggsgr;jg&gt.lgx i 'g_p be and.its content C. The data is colllgcted
using a JEOL Eclipse TM 4001i4£gs%§§?0§1§ rerc‘i?%méﬁ%d%té gfﬁ%ﬂriﬁﬁﬁ%iﬁ?%’élctrometer,

corresponding T S PURRHAHERH SR HERRY 6 (oM EhE Srpes BaemrrarauTiEBSiAg 100
transients per @atarfile fiithaiBosengndipiiserrepstitio thdelaycnhrrehievanssiawimysgnal-to-noise for

quantitative aRalysisi Msiple datesfiles are addad tonether. Tog fhegiral width:is 25,000 Hy

percent stress relaxation after 12 hours was calculated using the formula:
% Stress Relaxation = Lo=ly %100
0
where Ly is the load at 50% strain at 0 time and L,, is the load at 50 percent strain after 12 hours.
Tensile notched tear experiments are carried out on samples having a density of 0.88 g/cc or
20 less using an Instron™ instrument. The geometry consists of a gatage section of 76 mm x 13 mm x
0.4 mm with a 2 mm notch cut into the sample at half the specimen: length. The sample is stretched
at 508 mm min™ at 21 °C until it breaks. The tear energy is calculated as the area under the stress-
elongation curve up to strain at maximum load. An average of at least 3 specimens are reported.
TMA
25 Thermal Mechanical Analysis (Penetration Temperature) is conducted on 30mm diameter x
3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa molding pressure for 5
minutes and then air quenched. The instrument used is a TMA 7, brand available from Perkin-
Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-0416) is applied to the surface of the
sample disc with IN force. The temperature is raised at 5°C/min from 25°C. The probe penetration
30 distance is measured as a function of temperature. The experiment ends when the probe has

penetrated 1 mm into the sample.
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81 with a minimum file size of 32K. data points. The samples are analyzed at 130C in a 10 mat broad
band probe. The comonotner incorporation is determined using RandalPs triad method (Randall, Jr.;
EV1S-Rev. Macromol. Chem. Phys., C29, 201-317 (1989). Atomic Force Microscopy (AFM)

Sections are collected from the sample material using a Leica UCTIm microtome with a PC
eryo-chamber operated at -80 C. A diamond knife is used to section all sample material to a thickness
of 120 nm. Sections are placed on freshly cleaved mica surfaces, and mounted on standard AFM
specimen metal support disks with a double carbon tape. The sections are examined with a DI
NanoSeope IYyyp Multi-Mode AFIVE, in tapping mode with phase detection. Nano-sensor 10tips are
used in all experiments. Specific Embodiments The following specific embodiments of the

invention and combin&tigHE Yreatirdréralete (iKY dearapiel srgmnemcaannkadatsin foraed o provide
detailed discleduterfos thisdisperidedPi pekaimdor 5 minliteAago praty wigs: iosred hyiebsne iy, propylene,

4-methyl-1-peptent, §HYrRRe. AL AR QMR L AR asQlefith A0g &9&9&%%%%9!&%%%3%{@9&6” the

presence of a‘ﬁﬁm,ﬁ’ﬁs't'qﬁ co prlsm%the,admlxture or reaction product resulting fro mbining: (A)

a first olefin pOiyhIGHZANOR EAtRIVEE 55(85'8d&MBRd olefin polymerization catalyst capable of preparing

polymers differing in® drratiekicoe strysicdlptopantids fddtiraes joodypIrtempre Fhsednyyedatalyst (A) under
equivalent polymgeizaticm canaitions, 2R :(CIpchaIB, Sl (ge&%}aﬁon ALParfd &RRQIYMET formed by

1
polymerizing propylene, 4-methyl-1-pentene, styrene, or another 25C4-20 a-olefin, and a
copolymeriza Téc%%%%tﬁg ﬁreaﬂﬁeyﬁ%%)sgfr?é)gén%oebco & Ococr;ngogi?ﬁfﬁ%@n@?&%b%%ﬁﬁﬁ&ﬁﬁ&"&ﬁéaction
product resultiRy vy de mesinireg at an anga) Eefirencolefi) polyrtierizatiomotitalisstdiavindnainigh
comonomer inearparatlipaisidexad 4 percdBloa:secand alafinRalymerization caialysthavieg g comonomer

incorporation Iigrg,ggl(slglstget 1an rgrg ercent, preferably less than 90 percent, more preferably less than 25

percent, and most 30preferably fess than 10 percent of the comonorner incorporation index of catalyst
(A), and (C) a‘chiztited patitifRjcageHt & is maintajned (eledenfimmprepaling avpropytérettontaining
multi-block copalyimeneanprisiagaeitiasiing. PKopyiananct ahe B Rpseasdition Relyvesizable
Comonoine ARLBaRROBHRNEHPAES AfdTHARROMTRNE RN EoNAItions with, 2 Gomposition
Iﬁg " stops at the maximum temperature or when the gap between the fixtures reaches 65 mm.
Melt Index
Melt index, or L, is measured in accordance with ASTM D 1238, Condition 190°C/2.16 kg.
Melt index, or Iy is also measured in accordance with ASTM D 1238, Condition 190°C/10 kg.
ATREF
20 Analytical temperature rising elution fractionation (ATREF) analysis is conducted
according to the method described in USP 4,798,081, The composition to be analyzed is dissolved
in trichlorobenzene and allowed to crystallize in a column containing an inert support (stainless
steel shot) by slowly reducing the temperature to 20°C at a cooling rate of 0.1°C/min. The column
is equipped with an infrared detector. An ATREF chromatogram curve is then generated by eluting
25 the crystallized polymer sample from the column by slowly increasing the temperature of the
eluting solvent (trichlorobenzene) from 20 to 120°C at a rate of 1.5°C/min.
BC NMR Analysis

The samples are prepared by adding approximately 3g of a 50/50 mixture of
tetrachloroethane-d*/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube. The samples are
30  dissolved and homogenized by heating the tube and its contents to 150°C. The data is collected
using a JEOL Eclipse™ 400MHz spectrometer or a Varian Unity Plus™ 40 0MHz spectrometer,
corresponding to a C resonance frequency of 100.5 MHz. The data is acquired using 4000
transients per data file with a 6 second pulse repetition delay. To achieve minimum signal-to-noise
for quantitative analysis, multiple data files are added together. The spectral width is 25,000 Hz
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the admixture or reaction product resulting from combining: 5(A) a first olefin polymerization catalyst,
(B) a second olefin polymerization catalyst capable of preparing polymers differing in chemical or
physical properties from the polymer prepared by catalyst (A) under equivalent polymerization
conditions, and (C) a chain shuttling agent. 104. A process according to embodiment 3 wherein
the comonorner is ethylene. S. A process for preparing a 4-methyl-I-pentene containing
multi-block copolymer comprising contacting 4-methyl-l-pentene and one or more addition
polymerizable comonomers other than 4-methyl-I-pentene under addition polymerization conditions
with a compo\sﬂ(ilttihogrggln%%risti?eg:iSt e gmixture or reaction product resulting from comb (A) afirst
olefin polymerization catalyst - - ° B?a% i ol PElR s dRiG ) st dapabmmipraparing
polymers difféfrbPisiehdhsicapergsiey dieabpropetials hrormdhesipemde preparecioy Gatalyst, (A) under
equivalent polymenizakien uendiicnsaneHo(Cla cham shuwglng agent. 6. A process according to
embodiment 5 wherein the comonomer is ethylene. 7. A multi-block copolymer comprising in
polymerized fofpmindermoNoenesespel&EMI from the group consisting of C2_90 a-olefins, said
copolymesr containinsgettherein twg or ore{ preferably three or more s%g:]mewnts or blocks differing in
comonomier content, GRSt CAetieIRy), oSABRG JBiaE Paansity End arissiepny e hEpolymer
blocks consistibigr @asdpiieityastpbilhierizedprogyleife idumethycliqpeatiteneglstyrtend or other C440
a-olefin, preferailysait copalyseionossessiit /enaigrtiar weightdisttibutian, Mw/Ma, of less than 3
0, more prefe an 2.8. 8. A multi-block copqlymer comprising in polymerized form
propylene angl%é%%ﬁ%\?%?eﬁin%rﬁg%fﬁﬂgﬁgrﬁ{fseﬁﬁgv étﬁc? %?Igaegﬁaer?%naﬁa to ic’ﬁy?ﬁté?n&%ﬁetgﬁ‘ﬁfﬁ‘é“ﬁqerein two
or more, pref& AR HORTAIE SHyHidMec A vfodrearies inediradralsso Astscion tiato ergstallinity.
lacticity, liomopeneityedinddinsity:ipeaterably said copolymer possessing a molecular weight
distribution, Mw/Mn, of less than 3.0, more preferably less than 2.8.

Specific Embodiments

The following specific embodiments of the invention and combinations thereof are
especially desirable and hereby delineated in order to provide detailed disclosure for the appenided

15 claims.

1. A copolymer formed by polymerizing propylene, 4-methyl-1-pentene, styrene, or another
Cyz0 a-olefin, and a copolymerizable comonormer in the presence of a composition comprising the
admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalw/st,

20 (B) a second olefin polymerization catalyst capable of preparing polymers differing irn
chemical or physical properties from the polyrmer prepared by catalyst (A) under equivalent
polymerization conditions, and

(C) a chain shuttling agent.
2. A copolymer formed by polymerizing propylene, 4-methyl-1-pentene, styrene, or another

25 Cyao a-olefin, and a copolymerizable comonormer in the presence of a composition comprising the
admixture or reaction product resulting from combining:

(A) a first olefin polymerization catals/st having a high comonomer incorporation' index,
(B) a second olefin polymerization catalyst having a comonomer incorporation index less
than 95 percent, preferably less than 90 percerat, more preferably less than 25 percent, and most

30 preferably less than 10 percent of the comonoxmer incorporation index of catalyst (A), and

(C) a chain shuttling agent.



9. A multi-block copolymer consisting essentially of propylene and ethylene or 4-methyl-Ipentene and
ethylene in polymerized form, said copolymer cortaining therein two or more, preferably three or more
segments or blocks differing in comonomer content, crystallinity, tacticity, homogeneity or density,
preferably said copolymer possessing a molecular weight distribution, 5SMw/Mn, of less than 3.0, more
preferably less than 2.8. 10. A multi-block copolymer according to any one of embodiments 5-9
containing therein four or more segments or blocks differing in eomonomer content, crystallinity,
tacticity, homogeneity, or density. 11. A functionalized derivative of the multi-block copolymer
of any one of embodig R made by the process of méfodi ent3or4.. 12. A
functionalized derivat?/glf%%ees;r%lﬁ?%%% cope p?éé?%nfgé% o &”g‘?notC ﬁépgpmeiﬁ‘.’%?ﬂ%’ﬁ%geneous
polymer mixtur& SBRHPFRIARY ) BA Bromies AR oigrhe copraferatither lomopolymer of
propylene or ethyerddgivd/oraneropolymeditibathyieneoandsaiaopalymerzable comonomer, and (2) a
multi-block copolyme,a6aRrding Jo-ayanfk Al Lmkediments 1y2,5:9 or made by the process of
embodiment 3 or 4 ofkhe resent invention. 14. A crosslinked derivative of a polymer according
to any one’of embodiff %l%si,o I8 RSP ZRO % brocess of embodiment 3 or 4. 15. A
crosslinked derivative’dfaessofrlefimpoonding foreaipdimente b0 pikferArasslinkaddagvative of a
polymer accordingsieembodimeni;liic2L b crasslinker detivalbieolg Ralymg aggerding to

embodiment 12, _merijzgﬁo% g}ol(}{%%g’%ggording to any one of embodiments 1, 2, 5-9 or made by the

process of embodiment 3 or‘ﬁ, or a’composition comprising the same in the form of a film, at least one
layer of a multilayer fﬂ?ﬁ,aéﬁl?é“a%‘t}lﬁh@%y@r of a laminated article, a foamed article, a fiber, a nonwoven
fabric, anlinjection meldedrasticlescarblowormaidesharticlen-a i BRlded aricleyefan adhesive. 2519. A

polymer according tosemhodiment 14 or a composition comprising the same in the form of a film, at
least one layer of a multil%yer.film,%t eas ong}%%y(ia? S A TAmA r(gaganrl%fé, %Cifé‘ﬁ?ﬁgﬂ‘grticle, a fiber, a

nonwoven fabfig 8 IRfSCtiBR rslaRdaigetsrp i srolBarardéitonpebrosritoiedmetiofastor an
adhesive.  @erahpolymréyateentingutdeerddoidinpennth-aica cHNROSItON cosmprising the same in the
30 form of a filgnptilgast one layer of a multilayer film, at least one layer of a laminated article, a

foamed ayticle, a fibe{ﬁeaa&cl),nyvoven fabric, an injection molded article, a blow molded article, a
roto-moldéd article, or an adnesid 2eHonPIORpBERANEE HREG WS embodiment 16 or a composition
comprising the same(ik théforiiopelsfilmizatideasnivsie layer of a multilayer film, at least one layer of a

laminated z_article, a f@ﬁm&ﬁoﬁﬂ@@n@éi%éri@aﬂ&%ﬁ%ﬂg@%ﬂ@o%e%%%ym&ptﬁgeﬁgé%?’ a blow
molded artldebﬂﬁggﬁ_g} %chfgiga?&lgg!gfﬁgg t?'orllne%gg] §§9’:§e’r prepared by catalyst (A) ‘under equivalent
polymerization conditions, and
20 (C) a chain shuttling agent.

6. A process according to embodiment 5 wherein the comonomer is ethylene.

7. A multi-block copolymer comprising in polymerized form two monomers selected from
the group consisting of Cy.4 0-olefins, said copolymer containing therein two or more, preferably
three or more segments or blocks differing in comonomer content, crystallinity, tacticity,

25 homogeneity or density, and at least one of the polymer blocks consisting essentially of
polymerized propylene, 4-methyl-1-pentene, styrene, or other Cy a-olefin, preferably said
copolymer possessing a molecular weight distribution, Mw/Mn, of less than 3.0, more preferably
less than 2.8.

8. A multi-block copolymer comprising in polymerized form propylene and ethylene, or 4~

30 methyl-1-pentene and ethylene, said copolymer containing therein two or more, preferably three or
more segments or blocks differing in comonomer content, crystallinity, tacticity, homogeneity or
density, preferably said copolymer possessing a molecular weight distribution, Mw/Ma, of less than

3.0, more preferably less than 2.8.
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22. A polymer according to embodiment 17 or a composition comprising the same in the form of a film,
at least one layer of a multilayer film, at least one layer of a laminated article, a 5foamed article, a
fiber, a nonwoven fabric, an injection molded article, a blow molded article, a roto-molded article, or an
adhesive. 23. A copolymer according to embodiment 1 or 2 wherein the shuttling agent is a
trihydrocarbyl aluminum- or dihydrocarbyl zinc- compound containing from 1 to 12 carbons in ea_ch
hydrocarbyl group. 1024. A copolymer according to embodiment 23 wherein the shuttling agent is

triethylaluminum or diethylzinc 25. A copolymer according to embodiment 1 or 2 wherein catalyst
(A) comprises a complex transition metal selected from Groups 4-8 of the Periodic Table
of the Elements angbgrge or more gfog 7 S BE SRS A dgrBP%ﬁTﬁ\?ﬁf’eWﬁ‘f_@W&r padhyands

1526. A copolyiiéreidsttitig ctén ephidirebfr 254irensincataystithedberaspondsmiorthe formula: |
wherein: ﬁfﬁamﬁtvﬁlﬂ}tnbﬂagﬂéfge@m%l@iﬁi@ﬂ?e&@@&ﬁ%&%ﬁ%?t&ﬂgctgmgf@gﬁ&w%?ferably a

substituted or | § o |k roup and 20Ar2 |ndep f each occurrence is an
arylene or an algzﬂ%% lé%/? seugéﬂ?ur% o er?e ﬁmer From g %ﬂ VRS SRR Prydrogen; N13

isa Grouﬁ 4 riYet “pPéf%sr%fBﬁ‘} i‘rgfmﬁ‘iﬁpb‘?fezﬁ%%ﬁWa@iﬁdependently each occurrence is an anionic,
neutral or dianionic li§aAdgtotprldspalymenbesiiapiolie Sdngicatingithassmbanaf syl Xgroups;
and 25election dopae BIRIACHONS RIS RRISSEDIRH RN AUONS . ooy BTufh CORIMET ~according to

embodiment 23 wherein catalyst (A) corresponds to the ormula: “where Lt Por Zr;
lomogeneity, or density

11. A functionalized derivative of the multi-block copolymer of any one of embodiments 1,

10 2, 5-9 or made by the process of embodiment 3 or 4.

12. A functionalized derivative of the multi-block copyolymer of embodiment 10.

13. A homogeneous polymer mixture comprising: (1) an organic or inorganic polymer,
preferably a homopolymer of propylene or ethylene and/or a copolymer of ethylene and a
copolymerizable comonomer, and (2) a multi-block copolymex: according to any.one of

15 embodiments 1, 2, 5-9 or made by the process of embodiment 3 or 4 of the present invention.

A 14. A crosslinked derivative of a polymer according to any one of embodiments 1,2,59o0r
made by the process of embodiment 3 or 4.
15. A crosslinked derivative of a polymer according t© embodiment 10.
16. A crosslinked derivative of a polymer according t© embodiment 11.

20 17. A crosslinked derivative of a polymer according t© embodiment 12.

I8. A polymer according to any one of embodiments 1, 2, 5-9 or made by the process of
embodiment 3 or 4, or a composition comprising the same in tthe form of a film, at least one layer of
a multilayer film, at least one layer of a laminated article, a foamed article, a fiber, a nonwoven
fabric, an injection molded article, a blow molded article, a roto-molded article, or an adhesive.

25 19. A polymer according to embodiment 14 or a comyposition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection moldect article, a blow molded article, a
roto-molded article, or an adhesive.

20. A polymer.according to embodiment 15 or a compoosition comprising the same in the

30 form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection moldecd article, a blow molded article, a
roto-molded article, or an adhesive.

21. A polymer according to embodiment 16 or a comgoosition comprising the same in the

form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
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Ar4d is C640 m-yl or inertly substituted derivatives thereof, especially 3,5- di(isopropyl)phenyl,
3,5-di(isobutyl)phenyl, dibenzo-1H-pyrrole-1-yl, or anthracen-5-yl, and 5T4 independently eaph
occurrence comprises a C3.5 alkylene group, a C3,6 cycloalkylene group, or an inertly substituted
derivative thereof; R2E independently each occurrence is hydrogen, halo, hydrocarbyl,
trinydrocarbylsilyl, or trinydrocarbylsitylhydrocarbyl of up to 50 atoms not counting hydrogen; and
G, independently each occurrence is halo or a hydrocarby! or trihydrocarbylsilyl group of 10up to 20
atoms not counting hydrogen, or 20 groups together are a divalent derivative of the foregoing

Py crocary! Qb Rt LAWY 2 A SORAIIGLACRACIGIS, SIBORIEI! 29 wherein
catalyst (A) corresponds to the formula; R21 wherein .Ar4 is 3,5-di(isopropyl)phenyl,

3,5-di(isobutySAEHTC ATBER B AHYSHEre-i-yl, or anthracen-5-yl, R2' is hydrogen, halo, or C1,4 alkyl,
especially methyl T is4rolyan-k@edijdao bubadiaded- iy anthpditischionprismgthylsanbangyl. 29. A

copolymer ageesdingrisembadimentd of 2 uheseinGatANSL (R) colesPONds R e farmula: wherein
10M2 is a m%%lngg aGr{i?f‘épaSﬁ% 10 of the Perlgdlc Table of the elements; T2 is a nitrogen, oxygen or

-qr, anonwoven fabric, an injection molded article, & blow molded article, a
phosphorus containing group;

roto-molded article, or an adhesive.

23. A copolymer according to embodiment 1 or 2 wherein the shuttling agent is a
trihydrocarby] aluminum- or dihydrocarby! zinc- compound containing from 1 to 12 carbons in each
hydrocarbyl group.

10 24. A copolymer according to embodiment 23 wherein the shuttling agent is
triethylaluminum or diethylzinc.

25. A copolymer according to embodiment 1 or 2 wherein catallyst (A) comprises a complex
comprising a transition metal selected from Groups 4-8 of the Periodic Table of the Elements and one
or more delocalized, n-bonded ligands or polyvalent Lewis base ligands .

15 26. A copolymer according to embodiment 25 wherein catalyst (A) corresponds to the

formula:

PN
A® Mo, AT

N N

T is a divalent bridging group of from 2 to 20 atoms not countimg hydrogen, preferably a

substituted or unsubstituted, Cs.4 alkylene group; and

, wherein:

20 Ar? independently each occurrence is an arylene or an alkyl- or aryl-substituted arylene

group of from 6 to 20 atoms not counting hydrogen;
Misa Group 4 metal, preferably hafnium or zirconium;
G independently each occurrence is an anionic, neutral or dianionic ligand group;
g is a number from 1 to 5 indicating the number of such X groups; and
25 electron donative interactions are represented by arrows.

27. A copolymer according to embodiment 23 wherein catalyst (A) corresponds to the

formula:

8s




)(2 is halo, hydrocarbyl, or hydrocarbyloxy; t is one or two; X" is a number selected to provide charge
balance; 15and T2 and N are linked by a bridging ligand. 30. _ A process according to
embodiment 3 or 4 which is a continuous process. 31. A process according to embodiment 30 which is
a solution process 32. A process according to embodiment 30 wherein propylene and ethylene or
4- methyl-l-pentene and ethylene are polymerized. 2033.A process according to embodiment 30
wherein catalyst (A) corresponds to the formula: T3-0 044-- rA 2 Ar2N,130 , wherein: 25T3is a
divalent bridging group of from 2 to 20 atoms not counting hydrogen, preferably a substituted or
unsubstituted, C3,5 alkylene group; and Ar2 independently each occurrence is an mylene or an
alkyl- or aryl-substituted arylne group of from 6 to 2&atoms Kot counting hydrogen; 87 M3 is a Group
4 metal, preferably hafnium or zirconium;

Art

where M is Hf or Zr;
Ar'is Cgq aryl or inertly substituted derivatives thereof, especially 3,5-
di(isopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibenzo-1H-pyrrole-1-yl, or anthracen-5-yl, and
5 T* independently each occurrence comprises a Cj.5 alkylene group, a Cs5 cycloalkylene
group, or an inertly substituted derivative thereof;
R independently each occurrence is hydrogen, halo, hydrocarbyl, trihydrocarbylsilyl, or
trihydrocarbylsilylhydrocarbyl of up to 50 atoms not counting hydrogen; and
G, independently each occurrence is halo or a hydrocarby! or trihydrocarbylsilyl group of
10 up to 20 atoms not counting hydrogen, or 2 G groups together are a divalent derivative of the
foregoing hydrocarbyl or trihydrocarbylsilyl groups.
28. A copolymer according to embodiment 23 wherein catalyst (A) corresponds to the

formula:
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G independently each occurrence is an anionic, neutral or dianionic ligand group; g is a number from |
to 5 indicating the number of such X groups; and electron donative interactions are represented by
arrows. 34. A process according to embodiment 30 wherein catalyst (ll) corresponds to the formula: N
1M2 X2x- T2 t wherein M2 is a metal of Groups 4-10 of the Periodic Table of the elements; T2 is a
nitrogen, oxygen or phosphorus containing group; X2 is halo, hydrocarbyl, or hydrocarbyloxy; t is one
or two; X" is a number selected to provide charge balance; and 1.2 and N are linked by a bridging
ligand. 15The skilled artisan will appreciate that the invention disclosed herein may be practiced in the
absence of any component,,st t ingredient whi f% S not ﬁ?en pecifically disclosed. Examples
The following examp grflgrr}éf 6%%&%“%0&?&%? I1’u§s fggﬁﬁ% é’?@e‘ﬁ%ﬁ(’éﬁ&p r’eollr?b}fﬁl’éﬁbe
construed agiintaerSThe term "overnight”, if used, refers to a time of approximately 16-18 hours, the
term "room temperatirehydeiers taQ denperaliue@f202&161 and the term "mixed allcanes" refers to a
commercially obtained mixture.of.C.6.9 aliphati drocarbons available under the trade designation
Isopar Egtr), from E)?xéshml\% nil%r%éycr%ﬁé% saﬁ?:gflr?}i kéemévent the name of a compound herein does not
conformo the struCtiystipehragbritathsiztereof, the structural representation shall control. The
synthesis of all metd. conpiéres andrihe preparditen 0ball shteeniagexErinesisnders aarried out in a
dry nitrogen gim@gsphere using dry box techniques. All solvents used were TEPLC grade and were

dried before their use.
[ ) j
( 2 sz”
2
7

10 M? is a metal of Groups 4-10 of the Periodic Table of the elements;

wherein

T is a nitrogen, oxygen or phosphorus containing group;
X? is halo, hydrocarbyl, or hydrocarbyloxy;
t is one or two;

x” is a number selected to provide charge balance;

15 and T? and N are linked by a bridging ligand.
30. _ Aprocess according to embodiment 3 or 4 which is a continuous process.
31. A process according to embodiment 30 which is a solution process.
32. A process according to embodiment 30 wherein propylene and ethylene or 4~

methyl-1-pentene and ethylene are polymerized.
20 33. A process according to embodiment 30 wherein catalyst (A) corresponds to the

formula:

, Wherein:

25 T? is a divalent bridging group of from 2 to 20 atoms not counting hydrogen, prefera®bly a

substituted or unsubstituted, C;4 alkylene group; and

Ar* independently each occurrence is an arylene or an alkyl- or aryl-substituted arylesne
group of from 6 to 20 atoms not counting hydrogen;
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1'114/A0 refers to modified methylalumoxane, a triisobutylaluminum modified methylalumoxane
available commercially from Akzo-Noble Corporation. 30Catalyst (Al) is
bis((2-exoy1-3-(dibenzo-11-1-pyrrole-1-y1)-5-(methyl)phenyl1)-2- phenoxymethyppropane-1,3-diyl
zirconium (IV) dimethyl, prepared substantially according to the teachings of US-A-2004/0010103.
Catalyst (BI) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(2- methylcyclohexypinunino)methyl)(2-oxoyl)
zirconium dibenzyl 5 (1130)3 The preparation of catalyst (31) is conducted as follows.  a)
Preparation of (2-methvicyclohexyl)(2-oxoyl-3.5-dia-butvephenyl)methYlimmine
2-Methylcyclohexylamine (8.44 ml" 64.0 mmol) is dissolved in methanol (90and di-
t-butylsalicaldehyde ?/}01.5030%?“ ;Pénf tﬁi:ﬁ%ffﬁ%"%{d‘aﬁﬂf% A Y&EHBn mixture is stirred for three hours
10and then cooled td3-28egedently ¢wed. SThBTPRGUIINRYie v aulid quidivipitatdisgend glletted by filtration

and washed with cold metbanal itex 1%mindicand then.dugd tndex rgguseshpressure. The yield is
11.17 g of a yellow sqlcjG IH IS (%onsistent with the %%sired Qroduct as a mixture of isomers.  b)

. MB |
Preparation of 1 2-big-( B ﬁ%%ﬁ%\)f’pﬁ%‘ﬁi?ﬁesﬁg) (?[Er(ﬁ? “met r§?|Ve\s‘/elohexylIimmino)nietlivD(Z- 150xo0vl)
zirconium %ibenz) /1 34 ARTepifRSACEHNE to embodiment 30 wherein catalyst (B) corresponds to the formula:

(1-(2-methylcyclohexypethyl)(2-oxoy1-3,5-di -bg;yl henyl)imine (7.63 g, 23.2 lump in 200 mL toluene
is slowly added to a solution of Zr(CH2P144 5. , M.zg{:mmol) in 600 :nl, toluene. The resulting dark

»

yellow solution is stirred for 1 hour at 25 'C. The saldtion’is diluted further with 680 niL toluene to give a
solution having a concentration of 0,00783 M. 2 atalyst (B2) is 1,2-bis-(3 -t-butylphenylene)(l

wherein
M is a metal of Groups 4-10 of the Periodic Table of the elements;
T is a nitrogen, oxygen or phosphorus containing group;
10 X? is halo, hydrocarbyl, or hydrocarbyloxy;
t is one or two;
X” is a number selected to provide charge balance;

and T? and N are linked by a bridging ligand.

15 The skilled artisan will appreciate that the invention disclosed herein may be practiced in

the absence of any component, step or ingredient which has not been specifically disclosed.

Examples
The following examples are provided as further illustration of the invention and are not to
20 be construed as limiting. The term “overnight”, if used, refers to a time of approximately 16-18
hours, the term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed
alkanes” refers to a commercially obtained mixture of Cg.y aliphatic hydrocarbons available under
the trade designation Isopar E®, from Exxon Mobil Chemicals Inc. In the event the name of a
compound herein does not conform to the structural representation thereof, the structural
25 representation shall control. The synthesis of all metal complexes and the preparation of all
screening experiments were carried out in a dry nitrogen atmosphere using dry box techniques. All
solvents used were HPLC grade and were dried before their use.
MMAGQ refers to modified methylalumoxane, a triisobutylaluminum modified
methylalumoxane available commercially from Akzo-Noble Corporation.
30 Catalyst (A1) is bis((2-oxoy]-3-(dibenzo-1H-pyrrole-1-y1)-5 ~(methy1)pheny1)—2-
phenoxymethyl)propane-1,3-diyl zirconium (IV) dimethy!, prepared substantially according to the
teachings of US-A-2004/0010103.
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methylcyclohexyl)immino)methyl)(2-oxoyl) zirconium dibenzyl, prepared in a manner analogous to El.
5 Coeatalyst 1 A mixture of methyldi(C14-is alkyDammonium salts of
tetrakis(pentafluorophenyDborate (here-in-after arrneenium borate), prepared by reaction of a long
chain trialkylamine (ArmeenTM Iv12HT, available from Mao-Nobel, Inc.), HCI and Li[B(C6E5)4],
substantially as disclosed in USP 5,919,9883, Ex. 2, 10Shuttling Agents The shuttling agents
employed include diethylzinc (DEZ) and trioctylaluminum (TOA). Examples 1-3, Comparatives A, B
General High Throughput Parallel Polymerization Conditions 15Polymerizations are conducted using a
high throughput, parallel polymerization yreactor (PPR) available from Symyx technologies, Inc. and
operated substantially according to USf 248 540 6 030 9 62,309, 6,306,658, and
6,316,663. Polymerizations are conduct ’ %

V/

fitted with a pre-weighed glass tyl % T rklgg vﬁluﬁ}ﬂé in eag cto ’i?ell is 6000 LL. Each cell is
temperature and pressure contro ed irring, dlial stitring paddles. The monomer
gas and quench gas are plumbed directly into te\E&Bsunl ang’controlled by automatic valves. Liquid

‘ and the reservoir solvent is mixed
, monomers, cocatalyst, NfiviAO
(added for scavenging impurities), shuttling agent, and catalyst. After quenching with CO, the reactors
are cooled and the glass tubes are unloaded. The tubes are transferred to a centrifuge/vacuum drying
unit, and dried for 12Chouyst 88 B0CL, Fhie (ubdstdoniaminytpddigdPdlymer are weighed and the difference
between this weightanchika)iareWeight oiyesHie nNekyisldiefRglymer. Example 1 5A 6-mL reaction
vessel containing a glass vial insert is charged with. mixed alkanes (3.295 mL) and then pressurlzed to
90 psi (0.63 M1Pa) with propylene, and then furt
ethylene/propylene mixed gas Cocatalyst | 3

syringe. After 1201 seconds the reactio
(H3C)s

(CHs3)s

The preparation of catalyst (B1) is conducted as follows.
a)_Preparation of (2-methyleyelohexyD(2-oxoyl-3.5-di(t-butyphenylmethylimmine
2-Methyleyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in methanol (90 mL), and di-
t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is stirred for three hours

10 and then cooled to -25 °C for 12 hrs. The resulting yellow solid precipitate is collected by filtration
and washed with cold methanol (2 x 15 mL), and then dried under reduced pressure. The yield is

11.17 g of a yellow solid. "H NMR is consistent with the desired product as a mixture of isomers.

b) Preparation of 1.2-bis~(3,5-di-t-butyvlphenylene)(1-(N-(2-methvicyclohexyhimmino)methyD(2-

15 oxoyl) zirconium dibenzyl

A solution of (1-(2-methyleyclohexylethy!)(2-oxoyi-3,5-di(t-butyl)phenyl)imine (7.63 g,
23.2 mmol) in 200 mL toluene is slowly added to a solution of Zr(CHzPh), (528 g, 11.6 mmol) in
600 mL toluene. The resulting dark yellow solution is stirred for 1 hour at 25 °C. The solution is
diluted further with 680 mL toluene to give a solution having a concentration of 0.00783 M.
20
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addition of CO. The glass insert is removed and volatile components removed under vacuum. Polymer
yield = 0.066 g. Mw = 52,800; Mn = 32,900; PDI = 1.61. A DSC curve of the resulting polymer is
shown in Figure 2. 15Example 2 A 6-mL reaction vessel containing a glass vial insert is charged
with mixed alkanes (3.434 mL), and then pressurized to 90 psi (0.63 MPa) with propylene, arid then
further pressurized to 100 psi (0.7 MPa) with 50/50 v:v ethylene/propylene mixed gas Cocatalyst
1(1.23 mM in toluene, 0.100 mL, 1.23 gmol) and TOA (2.5 inM in toluene, 0.200 mL, 0.5 gaol) are
sequentially added 20via syringe. A mixture of catalyst Al (0.15 mIM in toluene, 0.166 mL, 25 nmol)
and E2 (10 mMin t e 00 1 ??'s added vi ringe. After 1201 seconds, die reaction
is quenched by add%%eﬁi%sft %é L%k%%i%g%?r%% {fgn ger%% Ié@ﬁd volatile components removed under
vacuum. PolyHiévraiahed)opys Yo ros Be0sMinu s 20 prepteipa0sne DEdgune of the
resulting polyiéier is shown in Figure 3. 25 Example 3 A 6-mL reaction vessel containing a glass
vial insert is charged with mixed alkanes (3.434 mL), and then pressurized to 90 psi (0.63 1viPa) with
propylene, and then further pressurized to m (0.7 dy2g), with 50/50 v:v ethylene/propylene mixed
gas. Cocatalyst 1(1.23 inM in toluene, 00-180-mL, 1.23 tun ol) and TOA (2.5 mivl in toluene, 0.200
mL, 0.5 gmol) are sequentially added via syri ' of Catalyst Al (0.15 mM in toluene, 0.166

/ s added via syringe. After 1200 seconds,
the reaction is quenched by addition;,6TQO. Zgglla
removed under vacuum. Polymer \ s
OWR-iy

't'is removed and volatile components
gNMw/'= 82,100; Mn = 36,000; PDI = 2.28. ADSC

curve of the resulting polymer is sh Figure 4).Cq Baratbq@oﬁzaﬁgﬁ-mL reaction vessel containing
Anes wﬁl and then pressurized to 90 psi (0.63 MPa) with
propylene, and then further pressurized to 109 IviPa) with 50/50 v:v ethylene/propylene mixed
gas. Cocatalyst 1 (1.23 mM in toluene, 0.148 ml,, 1.82 p.mol) and MMAO (51 mM in toluene, 0.148
inL, 7.6 amol) are sequentially added via syringe. A mixture of Catalyst Al (0.15 mM in toluene, 0.10 al,
15 nmol) and B1 (1Gmrirstl Dt |mériers Of iEthyldi((h. lirnis))isnaddinch vidtssyfringe. No shuttling agent is

employed. Ai@ﬂ'al@i?(%entaﬂuorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a long
chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.), HCI and Li[B(CsFs)4],
substantially as disclosed in USP 5,919,9883, Ex. 2.
10 Shuttling Agents The shuttling agents employed include diethylzinc (DEZ) and
trioctylaluminum (TOA). -

Examples 1-3, Comparatives A, B

General High Throughput Parallel Polymerization Conditions

15 Polymerizations are conducted using a high throughput, parallel polymerization reactor
(PPR) available from Symyx technologies, Inc. and operated substantially according to USP’s
6,248,540, 6,030,917, 6,362,309, 6,306,658, and 6,316,663. Polymerizations are conducted at
120°C using 1.2 equivalents of cocatalyst 1 based on total catalyst used (1.1 equivalents when
MMAQO is present). A series of polymerizations are conducted in a parallel pressure reactor (PPR)

20 comprised of'48 individual reactor cells in a 6 x 8 array that are fitted with a pre-weighed glass
tube. The working volume in each reactor cell is 6000 pL. Each cell is temperature and pressure
controlled with stirring provided by individual stirring paddles. The monomer gas and quench gas
are plumbed directly into the PPR unit and controlled by automatic valves. Liquid reagents are
robotically added to each reactor cell by syringes and the reservoir solvent is mixed alkanes. The

25 order of addition is mixed alkanes solvent (4 ml), monomers, cocatalyst, MMAO (added for
scavenging impurities), shuttling agent, and catalyst. After quenching with CO, the reactors are

cooled and the glass tubes are unloaded. The tubes are transferred to a centrifuge/vacuum drying
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seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer yield = 0.261 g. Mw = 443,500; Mn = 142,500; PDI =
3.11. A DSC curve of the resulting polymer is shown in Figure 5. 15Comparative B A 6-ml.,
reaction vessel containing a glass al insert is charged with mixed alkanes (3.454 mL), and then
pressurized to 90 psi (0.63 MPa) with propylene, and then further pressurized to 100 psi (0.7 MPit)
with 50/50 v:v ethylene/propylene mixed gas. Cocatalyst 1 (1.2 mM in toluene, 0.148 mL, 1.8 umol)
and IMMAO (51 mM in toluene, 0.148 ml,, 7.6 pump are sequentially added 20via syringe. A mixture
of catalyst Al (9&5 tr'l\él ind%olul%r}le, 0.10 mL, 15 ninol) and B2 (10 mM in toluene, 0.15 mL, 1.5 timol) is
added via syringe. No Siitiing AYEhHiemplosdpentraia SetaIBeiRt regwdimd Baenched by
addition of COdiffbrengrdatviraeitiisréshtond thand: velatileicompareyitsi rimayee.under vacuum. Polymer
yield = 0.2601 g. Mw = 399,800; Mn = 161,100; PDI = 2,48. A DSC curve of the resulting polymer is
shown in Figugg{ab‘m%gl Examples 1-3 demonstrate the synthesis of linear block copolymers by the
present invention as evidenced by the formation of a very narrow MWD, essentially monomodal
copolymer when DEZ 'O 8 pressen eenitininbnsbidayidbiomd: mdietedaritveight distrisutianproduct (a
mixture of sepaiatehd pradueed:pelymers)iin heaasense:of thrinshutilingRgentRuede the fact that
Catalyst 30(Al) has-differ incorporation characteristics than Catalysts B1 or B2, the
different bIockgsﬁgg)%?se mﬁi@%‘%@%@ﬁ ifﬁrée? oﬁgﬁlr}%énrus\eé?r%l dis ?ﬁ&tﬁ%%hégé%gls § &1"5P8nching or
density. Examfi& /Brépylened ethEAEN i Btk Copadprnds Fonmatiers seque@iotyindisdyisolution
polymerizationsrare cartigdusutinealgamputenoanirelied-antaciave seastay Sawppeowith an internal
stirrer. Pygifie i lkane arni E.available ExxonMobil, Inc.), ethylene,
propylenltiau,5 an?jowy%grg%aéﬁ%h%?g %@2&)@2%% supplied to a%(.g'yﬁfgeeﬁg?o% SqUIpPe 2\/‘\]7& 1%‘fgct1¥et for
temperature cBIFSHHEEn Thteshs BerifoesRisharrve s8R emrersd it séaetorissmeasured by a

mass-flow coritrittesr Ackarialties gpeed-diaghoaym=appocepirelsdheasobent-fovr fateanghpressure to
the reactor, Atthedischasag A& PUMP, a side stream is taken to provide flush flows for the catalyst
(a combination of Al and EI) and cocatalyst 1 injection lines and the reactor agitator. These flows are
measured by Micro-Motion mass flow meters and 10controlled by control valves or by the manual
adjustmeit of ganils ¥alves. The remaining solvent is combined with propylene, ethylene, and

hydrogen (where usedanddedide ihe.reantalinfapass flowseRniralier.is.ssg 10:daliver Avdrpgen to the

reactor as nee dar-xmﬁ temperatur D%the &ggvlggat/monomer solution is controlled by use of a heat

M FRITas UM O (SRR I A HEAR e st e ded i

exchanger befor€ entering the reactor. PEher
temperature, BHICaIY Berser0E0-vIahgenb sl eimdamnterSthe bsttdiafitheresdetoe, The catalyst

component SaLGORS A MetRIRAMSg (@grﬁ@maﬁum@,%szﬂ@%m@I@@&M@{&&&%ﬂps&wh the

catalyst gblsh ‘slpl\s/%ntg%n%inq})r( (%Iéjgteg tia tsot E\hle((p? to ,ofttgle re%cltgér. he reactor is _run liquid-full at 500
psig (3.45 M/Pa% Wlﬁ'l] Vigorous % 15 mM in toluene, 0. mL, 25 nmol) and B2 (10 mM in

toluene, 0.100 mL, 1.0 pmol) is added via syringe. After 1201 seconds, the reaction is quenched by
addition of CO. The glass insert is removed and volatile components removed under vacuum.
Polymer yield = 0.0693 g. Mw = 108,800; Mn = 53,700; PDI = 2.03. A DSC curve of the resulting
polymer is shown in Figure 3.

25
Example 3

A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes (3.434

mL), and then pressurized to 90 psi (0.63 MPa) with propylene, and then further pressurized to 100
psi (0.7 MPa) with 50/50 v:v ethylene/propylene mixed gas. Cocatalyst 1 (1.23 mM in toluene,

30 0.100mL, 1.23 pmol) and TOA (2.5 mM in toluene, 0.200 mL, 0.5 pmol) are sequentially added
via syringe. A mixture of Catalyst Al (0.15 mM in toluene, 0.166 mL, 25 nmol) and B1 (10 mM in
toluene, 0.10 mL, 1.0 pmol) is added via syringe. After 1200 secondé, the reaction is quenched by

addition of CO. The glass insert is removed and volatile components removed under vacuum.
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stirring. Product is removed through exit lines at the top of the reactor. All exit lines from the reactor
are steam traced and insulated. Polymerization is stopped by the addition of a small amount 20 of
water into the exit line along with any stabilizers or other additives and passing the mixture through a
static mixer. The product stream is then heated by passing through a heat exchanger before
devolatilization. The polymer product is recovered by extrusion using a devolatilizing extruder and
water cooled pelletizer. The ratio of propylene and ethylene in the reactor feed steam is used to control
the 25composition or density of the polymer segment or block produced by each catalyst. The ratio of
propylene to e ne in the,f stiream.is. Used to le,produgtio, olymer segments or blocks
from the two cg%glgi?’ it%é??f%?gs’tigﬁ%&%ﬁi’ élse? c?(r?beir)z;'{nc%iur‘% 6? %)gegcr?gﬁ}é/%ﬁﬁgt%éu%fg%ks
comprising beBREEG I5AV Jefé@rt bropylene and those comprising between 20-80 percent
propylene can be produced by achieving the correct monomer and catalyst ratios. Monomer
30conversion is,regulated at the desired level by adjusting the catalyst feed. The overall composition
of the copolymer is controlled by modifying either the catalyst feed ratio or the monomer feed ratio.
Hydrogenand/or DEZ 5B REMIDIMBIaESIAR YR BFTHS LopsiMibrimdeitniad4en alone is
used for controilof mbteouteesivdightothepprédddreanvilsptaylbimeodeahem Glebul aresseitpat antho
composition disiribytians) Fibis epelyBsiplent.cRR:0G:3e pAratechRy fechmawas FosNRenly used by
those skilled ”MQ% aE[. 1C28 nver el&’d%‘& EZ s used for molecular Wei%?t control, the coi)olymer
displays narrow molecurar \L/Lv%cl’éhat an cc?%%%)gi%ﬁ BB RS ConSiLtEM Widt E FRTARMIOSE polymer.
The inventive paisitiegesdimptasfroifahbsabo® Soninintue solutibnlpdfymetizatidH Sprodddure display

several ephangad.charactaristicsHelptivede emnpasative exampleseiethyigne- Ripylene random
copolymers ofsg‘i:mni!faslr tggmgc(gsition. FOL %)am(%%, hif%tﬁhgrqefer?ture resistance properties, as evidenced
by TMA température tesfing, pelet BIosKing SrERyth Tigh R bRt FRSve A nigh ¥ mperature
compression SEFRARFSTOIMARY 1hBRisuS Tato, BIRBC)KS] 1008 g cHiv alf beSaeHiéved 4AS e gNan

composition, the.invense copelyrers dispiay Bdugheriellingd@emperature, Tm, and a lower glass
transition temperature. Tg, than expected for a random copolymer of propylene and ethylene, with
melting temperatures as high as 160 C, and Tg <-40 'C. Example 5 4-Methyl- 1-Pentene / Ethylene
Multi-Blotk Cé{%}ﬁﬁ%‘k‘—’ﬁ&maﬂon 15Continuous solution polymerizations are carried out using a
mixture of 4-methyl-l{oénieneaid ethyleneatoproduceyvaliteskicapalymhiatsulstantaly @cmarding to

the procedUreﬁ)‘?&?ﬁm{%lﬁp%e_sﬂ}&er@t%@ﬁsff(%tﬂ&ﬂa}liﬂ%rﬁ%ﬂﬁé%@(ﬁ@r%%@é@?eiﬁ%@&%!@&% sigam is

used to control the composition or densn)(?of the polymer segment or block produced by each catalyst.
The ratio of 4-PHEHWMEREKIER 18 itk iasiarong sanidtieam (kb tb &riape Pastion of polymer

segments 0.148 mL, 1.8 umol) and MMAO (51 mM in toluene, 0.148 mL, 7.6 pmol) are sequentially added
20 viasyringe. A mixture of catalyst Al (0.15 mM in toluene, 0.10 mL, 15 nmol) and B2 (10 mM in
toluene, 0.15 mL, 1.5 pmol) is added via syringe. No shuttling agent is employed. After 1035
seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer yield =0.2601 g. Mw = 399,800; Mn = 161,100;
PDI=2.48. A DSC curve of the resulting polymer is shown in Figure 6.
25
Examples 1-3 demonstrate the synthesis of linear block copolymers by the present invention
as evidenced by the formation of a very narrow MWD, essentially monomodal copolymer when
DEZ or TOA is present and a bimodal, broad molecular weight distribution product (a mixture of
separately produced polymers) in the absence of chain shuttling agent. Due to the fact that Catalyst
30 (Al) has different comonomer incorporation characteristics than Catalysts B1 or B2, the different

blocks or segménts of the resulting copolymers are distinguishable based on branching or density.
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20or blocks from the two catalysts that are distinguishable based on branching or density. Suitable
blocks comprising between 90-100 percent 4-methyl-I-pentene and those comprising between 20-80
percent 4-methyl-lI-pentene are produced by altering the monomer and catalyst ratios. Monomer
conversion is regulated at the desired level by adjusting the catalyst feed. The overall composition of
the copolymer is controlled by modifying either the catalyst feed ratio or the monomer feed ratio.
25Hydrogen and/or DEZ is used to control molecular weight of the copolymer. When hydrogen alone
is used for control of molecular weight, the product can display bimodal molecular weight and
composition dgtrlbultl% Iend can be separated by techniqgues commonly used by
those skilled ifrthie-a DD e e B SRR weight control, the copolymer

displays narrow mol&?ﬂﬁ?%%ﬁ%@@@%@@i@%ﬁ(ﬁeﬂfr@@mﬁs&e@m@t@ntwﬂhﬂadﬂmﬂb‘veck
30polymer. reamedmw@@alym&mm@aaﬁmath@(@ebayﬁl@%tvemgepaWMmMmﬁmzation

procedure dIS[%l Ay severn qed cha a}cterlst elatlve the co aratlv xa s or
4-methyll-pentene n?ﬁ% E:-rrllggran dom 'dop I;Irlﬁearledg?'c{ MHila v&%ﬁ%b‘%eg tlonswgf%gfgr%pl% Ilwearﬁor

temperatute ré%ﬂ%?&ﬁ?’:& iraproke or sxravivaiscaptisyamiLan ideHBENSITI NG hfaeﬂéf%l@?;‘l’dﬁg strength,
high temperatuse<secovenyshigh ternpesatixe ConyIELSIionisat arddstapagRrmaeiydsntalidhe

C25C)/C000G),senalbe aanipied. A4a wen. SRR, JuedRveRllve conalmSleAlzg,doplay a

higher melting temperature, Tm, and a lower glass transition temperature, Tg, than expected for a

random copolJfi& 8%5%?‘@@ B rRBhat SnepmhinAk ﬂ@f\ﬁ{ﬁ‘iﬁglﬁﬁﬁd@?ﬁ%@?’éﬂ%ﬁg’%m’@h as 240 C,
and Tg <40 'CanTithCSdtir Bzi@LoAl MBsd {idve apolymeedoprivid by poly maesi fing prepyiene,

4-methylbperyanesiyse s anaher b%r@[ﬁﬁu@i%ﬁﬁatﬂl@gt BrceravmeLizahle-cRmanameLn the

presence ofa5co osjtian comprisin the admi \re or r actlo agéi ct resulting from combining:
(A) a first olefin porrfl‘)]/jr)nneél%t Félfys%‘é/oeri}?p?l dr? CEHI 85? (‘fiﬁ‘}i gjﬁ% RGBT Fof it 1-3 2

flow controller is used to deliver hydrogen to the reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the reactor.
Temperature of the reactor is maintained at the desired temperature, typically between 80 — 115 °C,

15 This stream enters the bottom of the reactor. The catalyst component solutions are metered using
pumps and mass flow meters and are combined with the catalyst flush solvent and introduced into
the bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45 MPa) with vigorous
stirring. Product is removed through exit lines at the top of the reactor. All exit lines from the
reactor are steam traced and insulated. Polymerization is stopped by the addition of a small amount

20  of water into the exit line along with any stabilizers or other additives and passing the mixture
through a static mixer. The product stream is then heated by passing through a heat exchanger
before devolatilization. The polymer product is recovered by extrusion using a devolatilizing
extruder and water cooled pelletizer.

The ratio of propylene and ethylene in the reactor feed steam is used to control the

25  composition or density of the polymer segment or block produced by each catalyst. The ratio of
propylene to ethylene in the feed stream is used to enable production of polymer segments or blocks
from the two catalysts that are distinguishable based on branching or density. Suitable blocks
compl‘“ising between 95-100 percent propylene and those comprising between 20-80 percent
propylene can be produced by achieving the correct monomer and catalyst ratios. Monomer

30 conversion is regulated at the desired level by adjusting the catalyst feed. The overall composition
of the copolymer is controlled by modifying either the catalyst feed ratio or the monomer feed ratio.
Hydrogen and/or DEZ is used to control molecular weight of the copolymer. When hydrogen alone
is used for control of molecular weight, the product can display bimodal molecular weight and

composition distributions. This copolymer blend can be separated by techniques commonly used by
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10there: rig R2 is an aromatic or inertly substituted aromatic group containing from 5 to 20 atoms not
counting hydrogen, or a polyvalent derivative thereof; T3 is a hydrocarbylene or silane group
having from 1 to 20 atoms not counting 15hydrogen, or an inertly substituted derivative thereof; M3 is
a Group 4 metal; G is an anionic, neutral or dianionic ligand group; g is a number from 1 to 5 indicating
the number of G groups; and bonds and electron donative interactions are represented by lines
and arrows 20respectively; (B) a second olefin polymerization catalyst capable of preparing polymers
differing in chemical or physical properties from the polymer prepared by catalyst (A) under equivalent

polymerizationaRdiiansi ekl A hhaly, shulting Aqgnl &S AARRVIAL [BNPd B pOVmEriZing

propylene, 4-methyl-l-pentene, styrene, or another C4_20 cc-olefin, and & copolymeriz _
comonomer in ‘%ﬁ@%ﬁe‘@é‘ﬁ’@’e SLYMBBRIASA oSSR TR LA SATTEBY PadcBRFSRRYC resulting

from combiningoBOE) a first olefin polymerization catalyst comprising a complex corresponding to the

formula most."Lpi  Tpe RPN RAIG LRI MSHRSMIRC ARMALE IFeNR.GHAtRAININg from 5 to

20 5atoms, not cour@tin%hgf%lgosgen orl?a&o!}/valent derivative thereof; T3 is a hydrocarbylene or silane
a

) ) y
Mo e SRt HO RO "SR e S et er AT &%thereof: M3

) rpr
group having from
is a Group 4 m@p&p"}ene random copolymers of similar composition. For example, high temperature resistance

properties, as evidenced by TMA temperature testing, pellet blocking strength, high tempefature
recovery, high temperature compression set and storage modulus ratio, G*(25°C)/G’(100°C), can all
be achieved. At a given composition, the inventive copolymers display a higher melting

10 temperature, Tm, and a lower glass transition temperature, Tg, than expected for a random

copolymer of propylene and ethylene, with melting temperatures as high as 160 °C, and Tg < -40
°C,

Example 5 4-Methyl-1-Pentene / Ethylene Multi-Block Copolvmer Formation

15 Continuous solution polymerizations are carried out using a mixture of 4-methyl-1-pentene
and ethylene to produce a block copolymer substantially according to the procedure of Example 4.
The ratio of 4-methyl-1-pentene/ethylene in the reactor feed steam is used to control the
composition or density of the polymer segment or block produced by each catalyst. The ratio of 4-
methyl-1-pentene to ethylene in the feed stream is used to enable production of polymer segments

20 or blocks from the two catalysts that are distinguishable based on branching or density. Suitable
blocks comprising between 90-100 percent 4-methyl-1-pentene and those comprising between 20-80
percent 4-methyl-1-pentene are produced by altering the monomer and catalyst ratios. Monomer
conversion is regulated at the desired level by adjusting the catalyst feed. The overall composition
of the copolymer is controlled by modifying either the catalyst feed ratio or the monomer feed ratio.

25  Hydrogen and/or DEZ is used to control molecular weight of the copolymer. When hydrogen alone
is used for control of molecular weight, the product can display bimodal molecular weight ‘and
composition distributions. This copolymer blend can be separated by techniques commonty used by
those skilled in the art. Conversely, when DEZ is used for molecular weight control, the copolymer
displays narrow molecular weight and composition distributions consistent with a multi-block

30 polymer.

The inventive polymer samples from the above continuous solution polymerization

procedure display several enhanced characteristics relative the comparative examples or 4-methyl-
1-pentene/ethylene random copolymers of similar composition. For example, high temperature

resistance properties, as evidenced by TMA temperature testing, pellet blocking strength, high
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G is an anionic, neutral or dianionic ligand group; 10g is a number from Ito 5 indicating the number of
G groups; and bonds and electron donative interactions are represented by lines and arrows
respectively; (B) a second olefin polymerization catalyst having a comonomer incorporation index less
than 95 percent of the comonomer incorporation index of catalyst (A); 15and (C) a chain shuttling
agent. 3. A copolymer according to claim | wherein the shuttling agent is a trinydrocarbyl aluminum-or
dihydrocarbyl zinc-compound containing from 1 to 12 carbons in each hydrocarbyl group. 4. A
copolymer according to claim 3 wherein the shuttling agent is triethylaluminum or diethylzinc. 255. The

copolymer accasgligniarelalty dyvheieitcatalys:(A)CieSnonds:inhe farmula: SNNO /O\ r A-12M30 \
Awherein: \),).é,, ;\4%\?@/ 1%}‘% a divrﬂ%nt bridging group of from 2 t6 20 atoms not counting hydrogen;
and Ar2 independéntly eaeh oectiTENCS TEUENeary A& BT SRR, i LRI AR BStRe group of
from 6 to 20 atdffiEaEtéssntieingtiroppesiure, Tm, and a lower glass transition temperature, Tg, than

expected for a random copolymer of 4-methyl-1-pentene and ethylene, with melting temperatures as
5 highas 240 °C, and Tg < -40 °C.
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M3 is a Group 4 metal; 5G independently each occurrence is an anionic, neutral or dianionic ligand
group; g is a number from 1 to 5 indicating the number of G groups; and electron donative interactions
are represented by arrows. 6. A copolymer according to claim 3 wherein catalyst (A) corresponds to
the 10formula: 20where M3 is Hf or Zr; Ar4 is C6.20 aryl or inertly substituted derivatives thereof,
especially 3,5- di(isopropyl)phenyl, 3,5-di(isobutyl) phenyl, dibenzo-111-pyrrole-1-yl}ididrithracen-5-yl,
and T4 indepedidexiMs®ach occurrence comprises a C3.6 alkylene group, a C3-6 cycloalkylene group,
or an inertly substituted derivative thereof; R2lindependently each occurrence is hydrogen, halo,
hydrocarbyl, trihnydrocarbylsilyl, or trihydrocarbylsilythydrocarbyl of up to 50 atoms not counting

hydrogen; and 1. (3, ingdependefitiyreddhy gedymericenis pralylene Hyohobakhylcotdanihystsoecarbytsily 1

30group of up to 20 atoms not counting hydrogen, or 2groups together are a divalent derivative of the

foregoing hydrocarBP8} riﬁfld?o%é&&&%ﬂ %?%r%ﬁﬁgp{i,“%fggﬂ?ﬁzcg. 13:%%8@?%? QdEsraing t%Pcalaim 3

wherein cagalyst (A)capespendsdmpasiiormula: admixture or reaction product resulting from
combining:

(A) a first olefin polymerization catalyst comprising a complex corresponding to

the formula

T3
/O/ \O\
10 Rz{\ / A where:

e Rt Vo)

|

Gg
R* is an aromatic or inertly substituted aromatic group containing from 5 to 20

atoms not counting hydrogen, or a polyvalent derivative thereof;

T% is a hydrocarbylene or silane group having from 1 to 20 atoms not counting
15 hydrogen, or an inertly substituted derivative thereof;

M? is a Group 4 metal;

G is an anionic, neutral or dianionic ligand group;

g is a number from 1 to 5 indicating the number of G groups; and

bonds and electron donative interactions are represented by lines and arrows
20 respectively;

(B) a second olefin polymerization catalyst capable of preparing polymers

differing in chemical or physical properties from the polymer prepared by catalyst

(A) under equivalent polymerization conditions; and

(C) a chain shuttling agent.

25
2. A copolymer formed by polymerizing propylene, 4-methyl-l-pentene, styrene, or
another Cy.p0 o-olefin, and a copolymerizable comonomer in the presence of a
composition comprising the admixture or reaction product resulting from
combining:
30 (A) a first olefin polymerization catalyst comprising a complex corresponding to

the formula
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wherein Ar4 is 3,5-di(isopropyl)phenyl, 3,5-di(isobutyl) phenyl, dibenzo-1Hpyrrole-1-yl, or
anthracen-5-)71, 15R21 is hydrogen, halo, or C1.4 alkyl, especially methyl T4 is propan-1, 3-diyl or
butan-1, 4-diyl, and G is chloro, methyl or benzyl. 8. A copolymer according to claim | wherein
catalyst (B) corresponds to the 20forrmla wherein 25M2 is a metal of Groups 4-10 of the Periodic

Table of the elements; 12 is a ni rw}axygen or phosphorus containing group; X2is:halas

hydrocarbyl, or hydrocarbyloxyzy{ E\ rtwoyxdik is a number selected to provide charge balance;
30and 12 and N are linked by a brid?m@ﬂgand.

#

R% is an aromatic or inertly substituted aromatic group containing from 5 to 20
5 atoms not counting hydrogen, or a polyvalent derivative thereof;
T? is a hydrocarbylene or silane group having from 1 to 20 atoms not counting
hydrogen, or an inertly substituted derivative thereof;
M? is a Group 4 metal;
G is an anionic, neutral or dianionic ligand group;
10 g is a number from 1 to 5 indicating the number of G groups; and
bonds and electron donative interactions are represented by lines and arrows
respectively;
(B) a second olefin polymerization catalyst having a comonomer incorporation

index less than 95 percent of the comonomer incorporation index of catalyst (A);
15 and

(C) a chain shuttling agent.
3. A copolymer according to claim 1 wherein the shuttling agent is a trihydrocarbyl
aluminum-or dihydrocarbyl zinc-compound containing from 1 to 12 carbons in

20 each hydrocarbyl group.

4. A copolymer according to claim 3 wherein the shuttling agent is

triethylaluminum or diethylzinc.

25 5. The copolymer according to claim 1 wherein catalyst (A) corresponds to the

formula:
I"g
o’ o
Ayz \\45/ \
4 G
\0' s \O A, wherein:
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T? is a divalent bridging group of from 2 to 20 atoms not counting hydrogen; and
Ar? independently each occurrence is an arylene or an alkyl-or aryl-substituted
arylene group of from 6 to 20 atoms not counting hydrogen;

M’ isa Group 4 metal;

G independently each occurrence is an anionic, neutral or dianionic ligand group;
g is a number from 1 to 5 indicating the number of G groups; and

electron donative interactions are represented by arrows.

A copolymer according to claim 3 wherein catalyst (A) corresponds to the

formula:

where M is Hf or Zr;

At is Ce.20 aryl or inertly substituted derivatives thereof, especially 3,5-
di(isopropyl)phenyl,  3,5-di(isobutyl) phenyl, dibenzo-IH-pyrrole-l-yl, or
anthracen-5-yl, and

T independently each occurrence comprises a Cs.¢ alkylene group, a Cj.g
cycloalkylene group, or an inertly substituted derivative thereof:

R?! independently each occurrence is hydrogen, halo, hydrocarbyl,
trihydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl of up to 50 atoms not
counting hydrogen; and

G, independently each occurrence is halo or a hydrocarbyl or trihydrocarbylsilyl
group of up to 20 atoms not counting hydrogen, or 2 G groups together are a

divalent derivative of the foregoing hydrocarbyl or trihydrocarbylsilyl groups.
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A copolymer according to claim 3 wherein catalyst (A) corresponds to the

formula:

RZ!

wherein Ar' is 3,5-di(isopropyl)phenyl, 3,5-di(isobutyl) phenyl, dibenzo-1H-
pyrrole-i-yl, or anthracen-5-yl,

R?*! is hydrogen, halo, or C,.4 alkyl, especially methyl

T* is propan-1, 3-diyl or butan-1, 4-diyl, and

G is chloro, methyl or benzyl.

A copolymer according to claim 1 wherein catalyst (B) corresponds to the

N
( MEXZ
TZ
H

formula:

wherein

M? is a metal of Groups 4-10 of the Periodic Table of the elements;
T? is a nitrogen, oxygen or phosphorus containing group;

X2 is halo, hydrocarbyl, or hydrocarbyloxy;

t 1s one or two;

x'! is a number selected to provide charge balance;

and T? and N are linked by a bridging ligand.
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