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PSEUDO- BLOCK COPOLYMERSAND PROCESS EMPLOYI NG CHAIN

SHUTTLI NG AGENT Cross Reference Statenent This
wappbilesbT on clains the benefit of U S. Provi sSPOIEE2006/003209

Application No. 60/662,938, filed March 17, 2005.

Background of the Invention The present invention

relates to a process for polynerizing a nononer or

m xtures of two ASEUDCGBHOCKGOROISYMBRAAND xt ur es of

"t o pol y e PG R ERAR SPGB

properties, to a process for preparing such

Cin er.pol s, and to the resulting polyner products.
-JP%h%ﬁgﬁﬁéggésﬁ%%t, the invention relates to the

ar t i THiegppRéatipRtiaihsitetont RS §.9) Ploy ¥Rl Applieation WRN§0/662,938, filed

gp ¥£ers conprise two or nore differing regions or
M Q@ Hpgs(blocks) causing the polyner to possess
BadRér6iuAl o B¢ Ihveationpr operti es. These pseudo- bl ock

copol ynmers and polyneric blends conprising the sane

are Hse@rwﬂylvsmﬂnd%fes forR BEPrEsSIPIRobEriZing a Frongger o mixtures of two
or @&okd Iﬁl)lfo%e%usﬁal ﬁ%l%i‘ég lopEifylerlel dnfBne GHREE SomdABHlerd 48 826 an

obj ect s di ng, extruding, or other processes and
lnfaﬁpelyesépreaucasa vangripistve RRysicel Proneties dp 8 Brosess for paiperinguch
1n1!e&;@yﬂﬁ1;se§md 0 me¥g§ﬁftfng &bﬁ@ﬂﬁodu@ﬁdﬁ%t;ﬁér a?%t YRShve E&?relates to the

resu products are’used Int manufacture of

gﬁomdhesa pelgmeisi [The invenfivhpelsmers edmpriss twaenmae differing

re@nsuﬁéégﬁﬁgﬁ@'@‘@ jRARSAOAE BPRLTD pads pRL R RBLRes. These
pstudothiock kegtolypesirsand ipslyasrie bliemdsregmprisiigsbksame pes lstffuusc tmpleyed in the

pr‘g%%‘g‘f% Qﬁ%ﬁd §11tli§1%%%u%fn aﬂh&@ﬁl{g; Ifjfrﬁ ﬁ%ll(\)eng a:{nﬁ q%zﬁtmed o%%&?%“y molding,

nmers an exa
extmctimg ymh@r podcessby amchzare a,mﬁll Iamcmixomms o S@,‘E@dleatsdn adhesives, laminates,
dr.o erS| g Ve an
er1 Igfé%n an er e ! 1(1_)sﬁs o heﬁeesg{tmg 8rod Sq?s ;H% zlse ﬁrat‘laﬁe manufacture of

combaﬁhts(foﬁajatonf&)ﬂ@[ suoh as‘:lbtoﬁle@ bluypees sndaria paits padkagingmatarials; electric
bl ock copol yners known as

Caélﬁél}s%é?l §?Cfgﬁeél tllﬂéllss (TPE) have desirable
pr ofekidsil@g beercknotn thue plyaae baeaitihg 4 BIOER-typstructure often have superior
el astoneric bl ogk se connectjng "hard t her

PRt BTG 0P GOy AT BT 1ot Hamb el mers of

styféneta@dPRAAEH(SBS)HRd hkdrbfBatb®ldrsibr P Bl 34k GEBS) BHv8 &S excellent
translt n teggwrature of the hard segments, the

cop el b pednd elastinityo Rier lodteopalymers areisofkngijn the art.
Gédn8fANE bRdck E&%lyﬁéﬂﬁqﬁ%!ﬁﬁ%ﬁn@ﬁ@ﬂf@as{dnﬁmbﬁ) haR¥ BésRhb1b Pbperties

dug ?oetglggrglse?lget (I)fq‘sc?fte ho?“\éiagt[)merﬁnlﬁx\gl]( srergrrtlerrllgs c?)nnectmg “hard” either crystallizable
or glassy blocks in the same polymer. At temperatures up to the melt temperature or glass transition
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
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,

1



10

15

20

25

30

of preparing bl ock copol yners include anionic
pol yneri zati on and controlled free radica
w@odogrrerspzat i on. Unfortunately, these nethods PET/US2006/003209
preparing bl ock copolynmers require sequential nononer
addi ti on and batch processing and the types of
nmononers that can be usefully enployed in such nethods
Mvsf?’lf/[ﬁ prefeRbly iRy 1.0 to.3. edldditiabllE Xaiopit énd frét-radieal pricesséstare relatively
ol ynmeri zati on of styrene and butadiene to forma SBS
ﬂoW#ﬁ@“E%é%R@%Bﬁ%@? oME&ch pol ymer chain requires a

st Ojt GRLRMREdiGbIe W&uc@fsloblﬂ tdpoBiefs calbtitdle, ﬁhasu liik & p@cess
pol ymers have extrenely narrow nol ecul ar we

WheTFIa rorgilien e, PRlPEhmO 5P Ee @rpé%‘rlgﬁdff?roﬁmca@lxst)“fg@afor molecule. In

addARI & iveiidlok YighB e 8RbR e dide @60l £iddving bﬂfb@ﬁi‘é@&s@xﬂﬂmg block
relatively slow, resulting in poor process. econo

copplymggsfTain elefimmenqmen sch & Hpdaedeonyiasand Bigbrppge- §leﬁns that are

gengﬁn?hﬁ/s‘iﬁté‘tﬁi*& Yse it Mmé SvfreeRaBcaPp QGRS SRS B RrtiR LEthERAR lymers, it
one” pol ymer nolecule is produced for each catal yst or

is hightyt desirable thefisewelpreall af ithepobiimer blacksicompyisglamoaos Rpfynyers such as a
copgglﬁ‘lef]gilbéﬂﬁrlén% afld &H&ﬁo Ip¥d@1?%rﬂ3ﬂ}ﬁbﬁ’sgram o@pblyRiers comprising

copo om ol efi n nononers such
ethylgnegtnt yh ewéeﬁnmmpglli,@néesmﬂdlyrﬁ gﬂé@reaﬁfbﬁaat@p%fl ns that

ar epgefggg I%LE%&YCE)I‘%P )?}é:Ue s?a%dftﬁ)e{t céﬁ?aﬁ géﬁegﬁ' c%orgfnahon polymerization

free I ca merr zati ons. rtain
catgdgdty/car ibs psedtto tngpdmé piiyyers| h:samgeatslubstftnhalﬂy “Diavis-lisse” diuptursfby

suptgpeg%xgggc%l%necran?fl euth% &% nElrym%gza%n}P rfg&gﬁiﬁn%lg %y%g}?c{u‘gtu‘%{'ﬁg as

a co
pol@ﬂaﬁqahmuprowamimhm abeqmoé yfmerhgin ctnaanﬂl agemh gndedt la phiBnientnidwaemperature

s e P P BRPRBPES Bl o g o R ity
eliiaplBg eUadey such @Q’fcﬁﬁdi’l@,tthe(ld&thgl Imchtmﬁdif dnﬂ’ere:ramhqmcirs wasasaid to result
. be used._t repare ners havi.n substanti a

in 0gpSR of PoRERTS T e R BB L BRPEE (I RAIRC P anayy Severs
exdhipldsR@siich @atpightoMpdsavhs aid, pr«ﬁdaﬁseﬁafamvie@/,ed by CeaerglHastady and Reinartz

in AnseE b b ke 4P S I e e A e B or o

suclpidabvdntagBkIg, dublpproéRses Bquide feykintitlandlome diditiog Andresult in the
ot her chain transfer processes is essen

progpition Rheriy oneidRer SRAUhPe BPIEE CREBHE celit?feW@@]a e sty procuctviy.

In ﬁﬂﬁioﬁ' 00reQhirdhehf & rERlve YDA PRICEss MekSpefeires ih@redsestt brobé’&s operating
formation of polyners having sequences or segnents

costi, fkipg prch pEASeYIRSUNEW e Sgsrcommenpiat WIPlmeRtAE PR sMelfeogqﬁcthe catalyst
calﬁl@{ i &sﬁ)ﬁIméE@ FRIS TS At efHeRRB DI Ml Fe Elﬁi/th@r%?e Y entire process

Hustad, and Reinartz in Angew. em
resE]@ 111 pzp_[luctgmgué pgzlgqr bloeleon segmengsef] |les§§1aw1r@bqf§¢19@y and/or quality.

Fordampte B&rﬁﬁﬁﬁﬂ%ﬁg A9RRYRhMity 5#}9&11&%\51@8@&?11%&1:&%91&&1&?15 generally

sequ nt nmonomer addition and result in
unpooidblet resutingfin the fgrmdngeof ,b@hgqi-@r/mg frdéripr p@lymgrmrpppgws Accordingly,

un%e%'ﬁgrlayéf {)ge‘f‘eﬁﬂg %%ndnyxﬂé %} d&ﬁeﬁlg&?{p@{eg ﬁfoclp c%g#'ﬁltefs\ﬂa{ﬁg Mw/Mn of

e requl re ative OW pr oCess
1.5t @ ypetes tther resultingclistrdtiion ofidogirengths és relotivedit nhemogeneous, not a most

probable distribution.

For these reasons, it would be highly desirable to provide a process for producing olefin
copolymers comprising at least some quantity of blocks or segments having differing physical
properties in a process using coordination polymerization catalysts capable of operation at high

catalytic efficiencies. In addition, it would be desirable to provide a process and resulting
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costs, making such processes unsuited for commercia

i npl ement ati on. Moreover, the catal yst cannot be
wopisiwsed for formati on of each respective poPgNER2006/003209

type, and therefore the entire process results in

production of polyner blocks or segnents of |ess than

maxi mal efficiency and/or quality. For exanple,
copdymels Wherefinsgriion of terming]pkasks erpe@rngirgfblagketvighin the polymer can be
inflRh&dHH pﬁdty ibrSofPRILEds AbhdfridhS ) 18550y 9
i, g‘%" AR ‘l}%t“fﬁﬁf%‘?}i‘@?mﬁ‘gﬁm%@lﬁhﬁ’l Birable to
be gblg prevseiacontinnouspradessfoyprodustien ofrdockmbpalyvesrait i ng

condjd.i j I rs .

i s Rl m RHE cbBpdnfia BRI, SRR BRGS, a chain
tragi§fert agemgeitol intarrugt chéin glowklein glelfis pblymegtativusvigeivgll known in the art. In

k- , obahbl.e. di.stri bution. For
salff8 TRORRRANS enPRY s B bR SR B bR 400 E el Hagees
scayeqgeo® K5 cdeatalypts ddel efirgplymheeizativne cjp Mlacrmicdecnler3s] Hiong199 (2000)

thegllfs]e :pg c?elsfttﬁiélsaplfr{nﬁgliﬁg rF]atlliﬁ'ﬁ %o&nﬁ{oyl?ciggzgf > 1112&361? Slgeggggtts Efgﬁgaﬂéiinggon with certain
pat@hzigbmaticomatahet gonposidaisirasnltaidh pblysbpyladpaiiums Odntaining small
RETOTTETI R E RN ST
Ryftters Mabion@iseiior Rapgid Sodl ©2Ei962-56E@00 1) @id Bfuadef dHdFaiter,

bl ocks or se j hl ocks_wi thin the pol ymer can
Mgzt B 3’%3%%10@{%1?%@8 Biteegnd bhefsogegoimerized by a
singi0iA Gathly @ REmpdsitidalcbitainin triveddhydhlfBintih GhdiY trat@8r hadat. EntIR latter

%f able to use a c¢ontinuous process for production of
reipfepek e GRGPT R arizpt hepsiar 5t studigstimfhe fHopane mgnpg) (some citations
onfi@pounds and ot her conpounds, such as hydrogen, as

chain transfer agents to interrupt chain growth in

ol ef i n" st vedrgtaliescnes Witk kpowhprrmerizatitcbelipyior gap be used

gﬂ)g!é%itr‘aélﬂ I-pol'yfnell SikBAOuie0 SEREPYtudHE haGO BRAUAGR tmed of ethene

s [ y

al 'y al umi num al kyl conpounds, as scavengers or
aRolyBerizalry by smixmgoiver mptalieseyarer Commpp rebseryagions were that, by

N@&ﬁ&ﬁﬁé %&Hlly,?é whi&@sepﬁéltgl?' g?gegrrgolgg%gg )wi{hhﬁfﬂét%ﬁt ﬂlfw, lyethene
certain alumnumtrial kyl Conpounds as chain trang?é}
apyehbroailer andibaas ¢ases biedil ¥BF Daam bp abteined. 7 [Sleruescwdridm (L.
Cpdl .V§cti. PATROPYh ABem| %%,uiéﬁ)g-q43ZKZQ&J)y%QQIQEQde&Q%terion in order
M Xt Ures contal nin I'I” quantitiesof polymer

f toatesi dres MWP hinrvidalgfy bt polymers auade cbyaddal agingle-bits citalysis, as
S I p. Li r, r l.ecul ar. Rapi d .
SUmNRgy | Byr! RIS L ORI, St ey mixtures
MEtInd Bl Ca£ Crp, BC13 6and3 (2@ 3284dL,/( THV3) (conskrhined Sgeofnetry  catalyst)
et hyl ene and 1-hexene re. pol riz b i m.l

o ooy RN S iSRS SR RE et i Mgl 10920
chadied b mairtsfecof Big@ml),ZrClp ahdéhel lafitien ahabdgk € @epoljth@ization of
a%ﬁhors%z%nnarized the prior art studies in the

; A

PERPhGONERer (sone citations onmitted): "M xing of
t wo neThdst Gaive Sdonhdt reoktamvwmypiabipahi cfainteeddtifie Batwe&d the two

C(?l?fer%gt slftses% (%or example, by readsorption of a terminated chain at the alternative site.
Such reports have been issued, however, for polymerization of propene. Chien et al. (J.
Polym. Sci., Part A: Polym. Chem., 37, 2439-2445 (1999), Makromol., 30, 3447-3458

(1997)) studied propene polymerization by homogeneous binary zirconocene catalysts.

A Dblend of isotactic polypropylene (i-PP), atactic polypropylene (a-PP), and a

stereoblock fraction (i-PP-b-a-PP) was obtained with a binary system comprising an
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to control polyner mcrostructure. Several studies

have been perforned of ethene pol ynerization by m xing
wo moretsat | ocenes. Comrmon observati ons wer e t hBCT/UB3006/003209

conbi ni ng catal ysts which separately give pol yet hene

with different Mv, pol yethene with broader and in sone

cases binodal MAD can be obtained. [SJoares and Ki m

( 3dspeofiecy mnd ﬁdspd@ﬁictprék‘:urslaoWitm b@hermd TBBA agd40Salj43 By usmg a

b 1%&) IX%I‘G %F q oggecn r%n glognelm ugﬁlr%(gllmﬁé Oe(sé,f g I‘Qbﬁeéld oef isotactic
Cﬁﬂﬁirmﬂmp (aBP)exmimltacﬁc pcﬂ}qhypﬁérhe{mPP)l -ahé X eteeeoblock fraction (i-
|on t he, m. xt

aﬁ%’rgﬁ??f i 355 0% e e B BF gt g%%%%%%@%igy@ﬁw

pippsed esl lmh&l the Gachaligd bﬁ@ﬂ)pﬁgidng(amlmkgtwédﬁafhé aw®l different

O, OB 5 B AR 2 P 5 o it

cHp&y dfﬂﬂétdll?o@&ﬂe@ ms@iaeceﬁdﬂmesyﬂdi@bpamﬁ@tsap@nea' besle sd duﬁs for
do not contain an)f ication of interactian. petwe
t aPIRG ol MerEatiant gfm rggortefi et gty fopestaingype of stfica .smppra chain

Ofraridfel 86t NS AetiRapetidtin ttﬁéecaﬁl;tsfeg;@@hl O6Burfdd! Snd sBEdblock PP
reports have been i ssued, however, i zation

ol
oPaRtirieade Lictri @ Rsinizipeer (Macragiold, 9@8@18%5%90))\%‘/%%% a
Chef detadldd expfR oAt Dot HEADhsfeVF REPing polyREh chdtidonBéR8ype
(1997)? studi ed propene polynerization by honpgeneous
bphaeillodepe th et csaiiral yideys studied Ipeapgneo POlywenizglen 8y catalyst
p&E}%ﬁé@@yﬂw%rkﬁfférhntFZPEa—z@Joﬁ&teﬁeQ ﬁq{le ﬂﬁfe‘?&ﬁ’ lc@ch?sté defeRlrst studied

a stereoblock fraction (i-PP- -a-PP) was obtai ned
V\,intifvlcbzalﬂmr Waﬂlye@yé e theirdamslengy ﬁqyalainallssd@p wiefyl exchaageayiith the
a§1[2§191h 1n(ﬁnp£c%%r’cf)ls 8 1\,%1{ Em@vl&o&lﬁﬂ Fes gtc;r P}% abili 10 produce
cocatalyst. By using a binary mxt |so pec £1 &
apdymsen diiths p steidoblocle istresture c dies repartbcl énatl fgmaiigropf sterieeblock
p | ol e e
(gé_l%%r’gﬁé %rﬁglxlglk egg )é O%X{}q# %Lt@@gtk CWl?i di’f% g?lp ¥!§?eg%)1ec\tﬁgges is
omna"ngmdupo'ﬁhm effididns polgmerfloaxcapgateetwenn tiof Zit datalyst centers and the
SLeLe erso kecfo[:aqcltl @n was proposed to involve the
exc ange olf prop gatl ng chains between the two
d| fferent catal ytic sites. Przybyl a and Fink CActa

d fferent

of
net ;I%n}ls(stgleaﬁlg giy%fzr tgglp(é%o?(*s@ l)n%h%w% g)/tﬁarv% 1993 Byihg %a)lrea YR&Rohe catalysts
to ﬁupqﬁélﬁzte@ndxmfbs bh&hﬁéﬂ’éﬂ -Isdxbrieaad feportqarthoefeets of the influence of the dual

r|zt|on re orted a rtain .
sitf Syl b B S vy R it s b B P icrostrcture
usagiﬂeﬁglaﬁmﬁﬁm@scobaame cat al yst system occurred, and
st er eobl ock PP was

( Nad}r@%p o ‘E-l}e fgi@nggrf 66‘6)%1 aﬁf @gvg)gl%t h(ggletje’tiled to utilize

combinations of catalyst, cocatalyst, and thlrd components that were capable of readsorption of the

polymer chain from the chain transfer agent onto both of the active catalytic sites, that is, two-way
readsorption. While indicating that chain termination due to the presence of trimethylaluminum
likely occurred with respect to polymer formed from the catalyst incorporating minimal
comonomer, and thereafter that polymeryl exchange with the more open catalytic site followed by
continued polymerization likely occurred, evidence of the reverse flow of polymer ligands appeared
to be lacking in the reference. In fact, in a later communication, Rytter, et. al., Polymer, 45, 7853-
7861 (2004), it was reported that no chain transfer between the catalyst sites actually took place in

the earlier experiments. Similar polymerizations were reported in W098/34970.
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nore detail ed explanation of how the transfer of a

grow ng polynmer chain fromone type of netallocene to
wap@wbhers9ybccurs. They studi ed propene pol yner i RPEL/US2006§03209

catal yst m xtures of two different <nsa-zirconocenes.

The different catal ysts were first studied

individually with regard to their tendency toward

al kyh UoPatems §,8803dd mad 6,469 Ihuselvoga ﬁﬂlk@dna]”uwﬂtaﬂqnqne catalyst, that is a
mega tgce\élgﬁgptrable og reialgg 3 Paclle cqn%reer 1‘(’)\{'1 er%w?eﬁl tteré%ng% ¢ ?r%lcfrgrms having
dlfﬁmg pdslymeuzaffdnegharaetpmttce shch Iaﬁmffémgraztctmmy nafiomasrsmdbcb @Kt in

e of .zircp sts

ool piery p el el P TS PR (T RA Rt ush: I respective
stegsbfsbméere Bf suph fnyﬁﬂdsqeheseg)&ﬁdiﬂlygal tmqiommlgntﬂtaﬁr diffaérk yispolymer

centers and t centers of t cata " Brusat
for RO PR SR e BeL i e P e S eer Yok g AGo D isclock
com_sﬁﬁ@ @eglr}ehtf@tﬁﬁ&ﬁﬁ@le@ﬂblﬁ it mbg)mﬁkﬁ hr}iﬂfﬁlllc’elui@erfﬁx?d tea&@Bn @bnditions.

t ne exene an eportle t e € ecrs o t

M‘F?ﬁ‘%/”[a gﬁ“élé“é‘?“? Hverat O%thﬁv y gfoaﬂs ?)fafley%&br%?ewr?e varied,
theB&iks in¥ abiity, hsdEOTRQIOALI? é&?alﬁcfts mzf@%wer bwdcd@lqiowﬂm or the ratio of the

m crostructure usi I al unoxane cocataly

resperaivy Blogkso Fog qegaip aprgw%@ it fs deirplle foaprpduge eolmgrﬁ hijng tggminal

mehmw@ﬁy Srybthikifd, yurfcﬁa)daﬁgedto@ mleﬂel rleald¥19 ﬁﬁ@man@édl 8Bt Pbssess
cataly cocat al yst onents that were

otf@aﬁéﬁmgéw%mg ProBeIEes Fior @ﬁm@kf 1@ ﬁéoeb%yleé/ t Pk Wheteiptherferminal

seg?ﬁla%‘cs%r Bfo@l&safr@&yﬁeqﬁﬁg or@RLY p*é%‘éﬁ 1ﬁ{>ro§1&ﬁab%foh‘f@sw%t:@l M hildition,
tes, that is; two-way readsorption | e indicating
polryhlﬁts véissimthe Bloglishaying Amergkous gropréiessie iésses opprimarily connected
beltvfe {Tﬁégyl}n?é H"El lé)dkg %Ia‘YC 191?%5([ agstcyl\ﬁetrﬁ c&; A SudhQs jmproved
orne n1t e catal yst |ncor at1ng mni

rﬂn@hﬁﬁbWEami@ﬂn@DhHM@G$¥bmidﬁ@ﬁdm@mVW@mw exchange with

t he t t [ [

ool )}H?A@S %B&g 15? 1217(?‘1 fog (1:% lﬁllfsglfa%y Ll\?fl{\%gsg?pée e(f%ws op%gﬂlyzed living
polyexgraion’t dnompledulqp megglredlsthblgwnd Shapeay define catftl}azeﬂ dizigng

in t reference. In fact, in a |later conmunication,
p"‘%”te{‘za 1oh I tils IaNeron yer 45, 7853- 7861 (2004), it was

r e po r t &difichaih tmosfehablmimansheitutbehnedatridster cgtlahismtand the

s ac i t he eq rli.e
e R R e E
LbeStersP@tveﬂj'thst andiNeSbl, thagolymebehains Will useanfo @ growing on the
“fluxi onal " al | ocene cat is a .
BB e i DRI 81 Jesrrler o8 * B sigin erowth
behopa I’d)llfalhﬁmﬁinﬁf .2l ﬁl@d&iﬁ{/d marflﬁﬁtﬁﬂionfbﬁﬂiiﬂ@pdbﬁ dheifhigf@vth reaction
poI riz ch erls s suych as differi

ri
PR lsrr BpTigOh pie L@Eﬂna epiar udglts 3 ﬂqufifﬁﬁa[l? gehulgrFlory

obl@tﬁ‘lbﬂl(ﬁﬁ% b)$¥8 vhe B tRsfer acBdisekiiés pobigddfbnr €.

Di sadvant ageously, the respective stereoi soners of

such netal | ocenes generally fail to possess
Si gnink GBS rdhoftf FHE RERsI£Br tROL¥FBAd living homopolymerization of ethylene

using an iron containing catalyst in combination with ZnEt,, ZnMe,, or Zn(i-Pr),. Homoleptic
alkyls of aluminum, boron, tin, lithium, magnesium and lead did not induce catalyzed chain growth.
Using GaMe;s as cocatalyst resulted in production of a polymer having a narrow molecular weight
distribution. However, after analysis of time-dependent product distribution, the authors concluded

this reaction was, “not a simple catalyzed chain growth reaction.” Accordingly, the product would
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formati on properties and are incapable of form ng both
hi ghly crystalline and anor phous bl ock copol yner
wGeegarntsg?7 for exanple, froma given nonomer nPRI/USI06/003209
under fixed reaction conditions. Mreover, because the
relative ratio of the two "fluxional"” fornms of the
catal yst cannot be varied, there is no ability, using
not'Halvelxdrstitated agpadudd-yoblscopblymearSimfial pysvesseddnydbying single catalysts have

be%ﬁc{é?%ﬁ%& glpo(g.lsio%aéetnps n%l%tl’» ?502762%@1 a@%&ggﬂ%gygrgggggs For

pol yAaEles wokeishgd madesimiddr chlimxcds Sorhhigtblcaﬂ(eoﬁtjlghﬂryusmg a single

.C alline, functi lized or
il St Fisloet o R o G5 e0eutea i s e PRgE PP fgchines
indDid@[LES tHaGGts 3[970,7 eXaapl,039,682. It & nB®lkin6We that Abaubs@iti B 6 copolymer
wherein the term nal segnents or blocks are

forgaian tgkgsintice gp e@'fhﬁ?ﬁacﬂ%%oé’g’élo’i‘ﬁ‘rpr oved abrasion

r esirs Ua) etenth 8,3201089t4n@ 18,68 POIY MR uSe YHIRG @doﬁ réab@rsb:loﬂﬁ‘ejéﬁd in series
havi ng anorphous properties are internal ﬁilnarll
8

and gpfrE e gpdes étf%@@&pcém%rtzaw qeadifipns ¢ prspaye E)‘Fh@{: ad Q40w

md &PV eGP Hl%aﬁ&s WEQURRI05d € She ?éfé‘r@nc@§fail%’ﬂl@él&@ the use of chain
retractive force and recoveﬂés partlcu ar | Yy at

trapsfen agerdgianddhg Brmatiop e5psepde-tipgssopalpper prodpgs.

107%031@ %ﬂ thFeRSRIns Flee@in A ﬁ‘Ffé? 2 p&l?ﬁeﬁzfaaﬁ{:ﬁréce@; that is capable of

‘catal yze [iving pol ymerization” on”nol ecular wei ght
preppxing ¢opelymers havipgprapartics appresifiaties these Qf Yinearmpltivhlep) copolymers, in a
hl@?léi {ohgsggéla a 'f& cEllﬂinércfQ? ?z%tlcrn Moreévfe ‘}thv@duqh %}er cﬁ:ﬁﬁfbf"erlf there
m num constitutes the sole trans ani sm
weagptovided amdmpeovebprofess foeprgpasing mglyperlswmcwcﬂh appvlmmféwo or more
[ t I r

cop il S0 W AERR o8 iRl BRSPS b akene o
intbrelugr todkelge propetties althamesnltingpelyimer @seuflhibick acppotymms) In addition it
wolpg(gl%s: ?c{églgalb%_ga ntg §fo(\jnede %uclh%g Qmp ine% é)?(f%tes%lt & ?s ca g]‘a% c? é)getpgli’\ﬁgocopolymers
havifg & hdlgivelyperrow mroleamlar xgmgim/tlistrtbemt and lnom &ndorﬁ’dlss$ofmon of polymer

di stribution_of ro uct
seqiéhi g rbiontT BB e PRuBR b ProtE: AL Bt pRBR R reparing
the fosegsing desirable pizado-Blscloppiggadt products inlf eomuﬁdm@ pRcess.

reported the results for the catalyzed |iving

honmopol yneri zati on of ethyl ene using an iron
Sus@nipéfthdBvedibal yst in conbination with ZnEt 2, anbz

or Zn(i-Pr)2, Honol eptic kyl s of al um nu b

tinA9 Pﬁdmg)tmhemwé&%mﬂoaﬁ& {BREOUPAVHE 2 Pitfge T the polymerization

of 6Ad &' 1Yo%€ B dRiR }i’(}gﬁ{eﬁﬁﬂblb mdsohiRe, ﬁ@&ﬁ%lyfb‘f tWErahak ¥&dition polymerizable
resulted in production of a

havi ng a narrow
mepemERs TSRFCialkyicpiiengndaf 1%%?%??1’01&6‘&%@6 CORPRAERer.reAYiFap and at least
on® bogolyiR1idSREQHRNS mAT QdUaLthL 15§eﬁie9é15ddch9 leaJt 'aﬁe &?BIP&Eﬁzable
concluded this reaction was, "not a sinp yzed
CORIRBATRET. P HRTH GORRIFIPISAMPTisBE BIEP IS grajons pﬁ@ffsﬁe@f@mdtpolymer
COM@&QI&HHQL‘ pRAYRieS 9@%&1511}1%59113600%3&{9@61%&%%0%9%&rﬂﬁ:'brporatlon said

Simlar processes enp oyl n S|ng e cat ysts have
process comprising contacting an addition polymerizable monomer or mixture of monomers under

addition polymerization conditions with a composition comprising at least one olefin
polymerization catalyst, a cocatalyst and a chain shuttling agent, said process being characterized by
formation of at least some of the growing polymer chains under differentiated process conditions
such that two or more blocks or segments formed within at least some of the resulting polymer are

chemically or physically distinguishable.
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been described in U S. Patents 5,210,338, 5, 276, 220,
and 6,444,867. Earlier workers had made simlar clains

W 2006001591g bl ock copol yners using a single  PCT/US2006/003209
Ziegler-Natta type catalyst in nultiple reactors
arranged in series. Exanples of such teachings include
U S Patents 3,970,719 and 4,039,632. It is now known
t haln anothsudastiodimbdnadf thd mwdntmmﬁxeﬂeymbwﬂmmblgmext aépeaally such a

I%Kace under the ere ié)on cp y ons I
CORg VAP CRGIShg 4" BO wneized o ehy eﬂ%@ &CO?%m?rbZBUB‘e P‘@E%‘PSP% Bropylene
andw MQ%e dogolynfegizibisScoaideomgredratmetlyl\Adatendlirdfag fehsi gne
ner.izati on condjtions to re either braoad, or
coHQ Wbll[eo?ogtoapla?r %éc][ %Ply?}sr' %9 flSlBg B@Lpétngrwgamo ecular regions
corﬁbr&ﬁngﬁﬁeﬂmg-Eﬁ@mEzﬂfoﬁ‘ﬁl@@x@ﬂ%rd‘p&ﬂtﬂes lespetibBLlegivns dilverfaiatiarl
chain transfer IC;%ents an Be fornatlon of

COROTEHINBITBARI X JHER KB IHOlHE PO REERISHSIR P yolqcHiat weight
dist®0Bbd) M@Nﬁle@plegsrﬂhama) pieterdof ledd tRAlYgrer i Zati on process
that is capa e of preparing copolymers havin
pr opet stillrthes smbgdimantiohthe Prowe Inypntionhere ismspifed gipglyrer mixture
corHRRleY (15 51~1°' orghlﬂc Br NbGhhiypdHRkr Y OER6S a%@ﬁ‘i@fcﬁﬂnér% ethylene or of
commercial utilization. reover, It
progilene adfos a pepolsymsr ef gayiencioF Bippylens aa a popolimnesiaaliy eweggmer, and (2)
a pgegﬁo BloBR &S o} the PR ¥ iRz S0 the §fé§é¥1‘t ﬁa'vlep)ﬁoﬁ Qpﬁlelyﬂ&f Rc&Hiink WPthe process
nore conononers such as et hyl ene and ‘one or nofe
of fd}@ sV entiony It ddesigable eptbodimehisomipprryt Egisrtmatigx polymer comprising
hlgjhra ﬁsﬁg pgl?etml%g)rl oﬁ%ﬁ(@oﬂogsg)? p;}/llrizg?% dto E@neg?qér Istgh @ﬂstomenc pseudo-
blombcdpdlmr desi pr%fbml etntboqbn@m ehepsoeh (2 nommpﬂe@mwSpnwéb%maﬁlx
I s having a
Im$m%¥%” (ﬁPﬁ dﬁ%naﬁé pg§£$ fxd tribution and
non- randon1d|str|but|on of pol ynmer segnents or

Bri-FHLO0S, nonEHEXW it would be desirable to provide an
——rﬁgrﬁv%ﬁLprotess—g%ﬁ preparing the foregoing desirable

pS e Fripmireol ﬁ(aISclﬁmaﬁd: yepesenptionl oftths protesaofopdlymerdforgnation according to
h Cess. unnary of the Invention According to the

e&W@?&NP@Wh ntion there are now provided a process for

t he Fixplyi hisglehiatiirepfesantagion of Ax@hem@ddiobp factor suitable for use in the

ner | zabl e nononers, preferably of two or nore

p“ﬁﬁﬁyvpgwnpolynerlzable mononers, especially ethyl ene

and at | east one copolynerlzable conmonomer, propyl ene

and at | east one copol ynerizabl e conononer, or

L@@lﬁ§9ﬁyﬁmlﬂégﬂ%éﬁ%m§ﬁb at | east one copolynerlzable
COMAIDERFencdsQo f1RIPa i PN dmlﬁf E16Q67 Redim Shallwébd tB kiR Periodic Table
re ions of differentiated polyner conposition or

fserublighed and eapysjiehied by SRS gttphne-s?Hg. dilsor apirpgrences toa

&QJ'B? RREESs shalOR 1O e @rbi) br GRAIpS rdPeQEERThiS PERIiSTABS of the Elements
contacting an addition polyneri zabl e nonomer or

usipg the JYRAG Bysievn Ewaymbeing gjoups. 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
herein are hereby incorporated by reference in their entirety (or the equivalent US version thereof is
so incorporated by reference) especially with respect to the disclosure of synthetic techniques,
definitions (to the extent not inconsistent with any definitions provided herein) and general

knowledge in the art.
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addi tion polynerization conditions wwth a conposition
conprising at |east one ol efin polynerization

w@at0al1ysp7 a cocatal yst and a chain shuttling BGENB2006/003209
sai d process being characterized by formation of at
| east some of the grow ng polyner chains under

dif erentct at ed .pr, condi.ti ops suc at t or
or B BB R SR 5 S Hetrob R Tende R cielioe Bisgresgnce of
anytahchtwmpdrtmrr) gorppdnylﬁfﬁftepafr @rocbdind, @dbthyr 0@ hotithy e ad didelosed herein.

th of the invention
i o B Bl S B S B M S i
mamnaodm rdditenal adslitve, ddfuvi@) ot BBrmhpoiad whemheP pRlyielie BB fise, unless

stat%dr{cg %£ g e ﬁacgg%sg %gg%ghnﬁoc:?ﬁlstmg Iess!gr?tn ¥ gg Fexaslﬂ)elé %{%gmtr@e scope of

any aﬁﬁdee’iﬁngl recaﬁtxorﬁﬁ@ oﬂ@pﬁérﬂéﬂe EordabiR, SPBR PRIBIure, SRdefting those that are
two or nopre intranol ecul ar

not Fsééwé} 086% si 3@ o £ p@s st of hieseluged ang poraysprgpnent, step or

pro@ﬂﬁl’é Abi speifical$ ASlmeabd ¥ 11sRA] PRSte “di*, utlﬁﬁses‘?attédat;tﬁé#wwe refers to the
nmononer i ncorporation. H ghly preferably the

115‘%6‘&?&"5?%@168%%%&8@“ 8 ipBnecombiiatioei ght di stri buti on,
MV R terfif “poB Rt BeRde:Hoth lﬂfn%gxﬁ{nﬁgls Mhdt &5 Borhdb@kofs ?ol%rhé’}s prepared

a still further enbodi nent resent Invent
from p gipgle F@nﬁflﬁvﬁf@éepcdyfb%? SI#@Ph%g%berrefeaedmmemW lnt€m9>lymnr3)

meaﬂfn@@ﬂlﬁ/ﬁq TordpRfRH g?‘ﬂéa@tlcﬂ Y&t ﬁJn%@xQ Yo eM&%Q@LMﬁEr

ene or propyl ene an Or a copol yner
cheraicpiy @%’/f e@ratqﬁlrsemﬂn@m blpaks thereio pudnyififoriedifipine a sioglo monemer. More

spe@ﬁ&idlg' Zhe @roP z&t | 0 or hclﬁ&g ﬁbxé%‘i o qre%y[]e e %1% coBoel%merg of

pr esent I nv prepare Cor
ethydrne pidbonsroe gwre Caisrevadefins offihe tblmn Gropedlinea ol empklybrb tefers it a polymer

thatgggmsg&%rsll(oger 'ﬁrﬁﬁxs?tlorﬁaotr rcryxtalp %W‘t:ing F@gmz Bi/(?eéeﬁng%gﬁl] ay differential

ensi t ene or |so
scalmom@lnsm:trj @Sq)sr aqunaleasmdmmue chpnstemdmby bmlsed:mrb@dhymably with

e ki ASBEGLEIEE, F°BEH S50 STRPRE b TFRg 25t meting
point.onpoundi ng of conponents ( 1) ~and (2). Brief

R e T TR T —
or sepeots Giefegred @ dstfBlopitsemificriny etittdi@Nor ghiygeH] Qrogeﬂtys swth as Varlable
Sent ti.on of .a cqntinuous OOp reacto

com G BPL G B e SR PSP RYBIne! Bher PGB, Pisdprobly joined

in a DRGE miafrick,AMat @&f a bdﬂ?rnéﬂ’b‘éﬁn?hén‘i@'blé\ikls whth 88 Bia6SerddQo LA rather than in
errent s herein_shall refer to

R B oyl el shal U fer TG
comBE¥on] BRVEE, 2Y¥ealiREMENIRS Sn odef mor@UD follSie redpbts, from the
com{)oes];tloﬁ'leorflg che%to blgcks or regions. Compared to random copolymers, the polymers of the
invention possess sufficient differences in chemical properties, especially crystallinity, between
blocks or segments, to achieve many of the desired properties of true block copolymers, such as
thermoplastic elastomeric properties, while at the same time being amenable to preparation in
conventional olefin polymerization processes, especially continuous solution polymerization
processes employing catalytic quantities of polymerization catalysts. 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 polymer polydispersity (PDI or Mw/Mn), block length
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Group or Goups shall be to the G oup or G oups

reflected in this Periodic Table of the El enents using
WO b@ehBXC system for nunbering groups. Unl essPCI/a8md6/003209

to the contrary, inplicit fromthe context, or

customary in the art, all parts and percents are based

on wei ght. For purposes of United States patent
digitagion.cad, masesigifantly, Ylook campositian distributiat dinis is due, in a preferred

r ef [

o et o P B BT BT By vty meta
Comhéxé@ﬁ@d vallmmzam Qﬁ@iﬁt mra }tobmreelzd‘tlon wosess ihamm paoltipk @dlymerization

zog‘%ésoré ?gnq S%elﬁ gl%rla%%g f o) or re CH% r}lm&ﬁg ok 8 ?[holnf' e%lﬂge smcbﬁcally, the
potylmrsedesmbiy posdess }m;Icfrtsn 15t7 ant. 9,\4lrd;ﬂ§ral§1yl Yronhelf 8 toi2ts. ons

o R ot Bt DB o g

Schintt-Fhughe dlsﬁlbut&mcrhthéfehdnhﬁ’%@&ﬁﬂﬁﬁltﬁﬁ Enyusadtihk pReak polymerlzatlon

ortio ste r ur e, .whether. or
PrOSRES TESHIE i &g E‘?‘% 23yioga PRSP ‘ﬁ%ﬁg fition, aaeléfﬂlapeawlstrlbuﬂon of
blablks, aﬁd/d»r a%l?ﬂﬁﬁérﬁd K6k c@in@bsﬁﬁiﬂ dR@HkiOn. L THiOWERatdS B tR formation
ncl ude any .addi ti gnal

of gglé"nﬂ R;g&ucggfnﬁ{r}%ﬁ%pggv(gfl E%%B’ﬁwaha\m?é’(hﬁ%‘fa br@pm iThe gheoretical

befd s BidisPitbEasckdiiiRfion Bave laeelmm&ﬁryynodblad ﬁmlm%d in
t consi sting essenti excludes fromthe

he term
Polsh EhrmcabSail AP D opia 4R A PobEHY L ssem . (1997
109@MNeRest-9238t ep or procedure, excepti ng those that are
not essential to operability. The term "consisting of
excAfeed bigin Péth rasper! Cochpbitelrompaindpindass preeifieallrfediented
otlRPRRe, fikeClhdr HBRHAGALKF heAL fdrinS bifice MaRa Eﬁf &ag@fe # exane , includes

unl ess stated otherwise, refers to the liste
allulmmem qfl!pa}famy ingiyidpelly oragllmvﬁm The tavins Zomppund T aed fcemmex are used
herdifl ARl
ERBLAEE eGP PRI, ARTRREL IR B ooy, o
“atgmd] refeys & @am@leétu capgitushiaige algmyntm‘asﬂersedf ibwic h@tegaﬂlat 1aewhether or

| t
not) @E gz{ eegllsg? tﬁe\}Nge ﬂﬁ)@ﬁia{]&la&g o}(ﬁ% ﬁdeﬁ Ecoe 81%[11%9%‘(9% rl“ﬁea i I Iteroatom”

nomer s or. ot R
refetsémlcabmy’thdt thirecaghrinica hpblogseg Hefdrsd beterohtomk mctulde felChBr, N, O, P,
\% for a single nononer. Mre
B ?b%(’:ls AI Kgcéte gg'ler m " pol yet hyl ene" i ncl udes
hondipe Itgtme‘ﬂsrdmf:arbjllﬁ yifent Lmivdlenmhdtijmms Somﬁmﬁg loylly @pdrogen and
nd one .or, r.e .,a-olef ns. Th rm"crystal.line" .
cafPA RS oKy Epnhid F R Sheupd st huBidSedlico Mucyeti
spéciies S Exmpl&nndhlicamﬂdyl—J anloalkylc rajksiydl, bikadenye| dycrglkagi-nt
rm nped by differential a 9
ekt ATt BRSO ey S ER g RO e foatrocarby!
grd’@)thdﬁ& sh;lﬁﬁdlltédﬁiflﬂf R ﬁlﬁﬁbkﬂoﬂhyﬂtdcﬁlrbplm&tl@fem %roups The terms,
« mcrystallin m " ajor refers to a
h?f%rf’@tﬂﬁ‘r%iltﬁ‘el?ﬁ ﬁ‘ﬁgﬁcaﬁl? s?raf?tf’rﬁgyi%a%ﬁ ‘iomllva}?ﬂegr‘?l@ﬁ iy which at
leastsie Utbar dthe? €ian GOMOEAMDR EarbéiEik BfeSent flof: \Qﬁlp&{emfore carbon atom and

rising two or_pore [
one orngore ledrggen atoms. The term he%erocarbyl” refers to groups containing one or more

carbon atoms and one or more heteroatoms and no hydrogen atoms. The bond between the carbon
atom and any heteroatom as well as the bonds between any two heteroatoms, may be saturated or
unsaturated. Thus, an alkyl group substituted with a heterocycloalkyl-, substituted
heterocycloalkyl-, heteroaryl-, substituted heteroaryl-, alkoxy-, aryloxy-, dihydrocarbylboryl-,
dihydrocarbylphosphino-, dihydrocarbylamino-, trihydrocarbylsilyl-, hydrocarbylthio-, or

9
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or segnents (referred to as "blocks") of differing

chem cal or physical property, such as variable
w@eosonerseT content, crystallinity, density, tarCT/UB1096/003209

regio-error, or other property, preferably joined in a

i near manner, that is, a polymer conprising bl ocks

whi ch are joined end-to-end, rather than in pendent or
hyd@roedrbydstldnasirowris withie theescommus tHelterakitepdaticyh OExamples of suitable

nec

el Sep P bl ucdide BB RGOV L RHES b RUR Rt R ot eroups.

f or egaisedherels fredrs, “afomatictrofersa H’pﬁl?dttbmﬁncy@fic aﬁhjfﬂ@&lﬂtrmg system

bl ock r.regions. red.to rando the .,
cop IO 2T SRHE VT o 2 e B L A GHRA o 1 The e “Fosed
as Odeli hereRNGiBSrebpactal & Ah€ Slsteif RRAIMINgR S0 oLHPR PbBhtoMic, cychc rmgs means

crﬁgtalllnlt between bl ocks or segnents, to achie

respect oAt dpastitpe Hngrﬂaﬁs@}ft gt g:gst(gfle q,uug aS]aBeélRatoms 18 1ncluded in both

1in€ & PLH MR Sryl’Ské€dis 8% ndd6VARPhdmhiiCsuBLAThOWEEH fay be a single aromatic
properties, while at the sane tinme being anenable to

ring Pé@altlm a5Rmatis resnvkick e fipd Grehsrrinked avalentiaps lked to a common
gr&l‘b%ﬁﬁﬁ% QSnetiB T8 6F &hyldhe Gt nl’lfé%orﬁé?ﬂc lt'fnk;ﬁ%f‘may include phenyl, naphthyl,
| ynerization processes enploying catalytic
an Uﬁﬁb@@ﬁébm%ﬂwbém9W%ﬁW§%t|on catal ysts. Conpared to
bl OG‘lSul%@iﬁfPédya?ﬁf’ &féﬁ to a'ﬂ Gy éxlogﬁ mav('ﬁlch 4Gk iﬁGfer}%dro en atoms bound to
copol yners produced by sequential nononer a d[?lon,
any paykonop edplaged by aps psmorgfunstiprsh groupsouginasiallyh substituted alkyl, cycloalkyl,

D S SOOI S s o

exquple, it bydpyy arthiD)l phosphidny dlkxy, dpling khio, nitro, and both saturated and
bl ock .

un%:agtﬁ%%ﬁg g}%c?%h aggca b%H%w@qgare %E& tosrfll %métﬁ:a}mﬁt 2 116?%(1? céya}lgn&ly or linked
to & padomenty swh at dreetbflérect .eﬁxﬁflendnmlatye Toé canmdnlinkingrzgoup may also
be a%ar%fnéﬁ )d%mri)erazogl? In&%c‘ta olrr %)ZQ h %152 mgd eﬁhel%et e(%tolr Xltrto gen 1 dlpl'lenylamme

p 0 I yirhe nermafqomnnqnnem menpohamn mgexmdefemxb ehemefcymmeMmem fhcorporated

es .or contlnuo Tt )’1

1ntg 8|CWPC£ gfepgrﬁd cﬁmeﬂreéeﬁg IV?\/BIP%‘)“%% c(q’)fnfap%geir |polym€ﬂ%atlon conditions
by figd %fm&&nﬂ@ﬁdohﬂaﬁr@tloﬂ%&e alsemislof f)ih@ﬂ‘polyn?erifzﬂloﬂ cBalysts, ideally under
Smg ef er abl

aHHE-B1 uscsgbgp?%}ager&au?%cgng Hwﬁl{ grsﬁer&B% S}Sé)ﬁf%;nt monomer

copRES@Sdhd grekit thhm 0.01 pcedt SEkvabBerdopveysi6li. Sithe is€ledtio Bf metal complexes
rather thap, a Eolsson di stributiqon. The use of the

or pAtlX RPmPRSIHPRB PV g heFealishUbierengeds ppmonomer igeqspasgipayindices under

the \@ibrosk p@lyﬂiéh)z’ﬂioﬁ P&IdRBnPIOEHS il boi)bfyhi@#étﬂdﬂrﬂtwoa)r more monomers having
polydlsgerse di stribution of block sizes, and/or a

thearetsid Rinhlogk|or segmERPTAReRies. dhuas densiti-on. Thi s

Ul t iTped B diRkumfencb BB hHImef 1n&9!36f§’fﬁﬁl iRIeR 4G e dBtaWind directly,
i mproved and di sti ngui shabl e ﬁuy5|cal propeities. The

forexapple by theluspef YR tspechpscapip échrifuep.cPEen, hpwever, any difference in

coﬁibx%n{ér %pr@&tlbl@l‘ﬁﬁst Be ﬁﬂu@c&l‘?‘ﬁb@ffﬁhéﬁ %pﬁlgergﬁqmed from multlple
di scussed i n Potenkin, Physical ReviewE (1998) 57(6),

mqyomeig dizis Bay be aoamplmbywmousjechmhmba@ﬁ\sas mo(lqrgmyactlvmes

3:' gz Eﬂ%%g po ?5} %’gghﬁvm @veﬂ%ﬁtq yREhHE] kﬁn loti¥h Bmoﬁn(?ss@‘%gﬁloﬁo(?ne? and

S spe fica I nd
monomer in the copolymer and hence the copolymer composﬂ:lon is determined by relative rates of

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

is given by
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ot herwi se, the singular includes all isoneric forns
and vice versa (for exanple, "hexane", includes al

w0 s@maros9IDf hexane individually or collectivel p¢T/US1966/003209
ternms "conpound” and "conpl ex" are used
I nterchangeably herein to refer to organic-,
i norgani c- and organonetal conpounds. The term "atonf
refers to the srraIFesg[comand; nt ongzn el enent

regardl ess of ionip Stalfuhbdt)is, Weether or not the (D
same bears a chargé o a[p rtial o"I’Pa’f’ge 61r is bonded to

another pat amp The tﬁeelraﬁk 8&% gﬁﬁe?%%%m f Eoenflogl%ﬁle{ &d%gloflglg}%r respectively

ot her th&nh carbon or erre
= g;c gggiq: al;e’thﬁmlega%l% ﬂ{% ?lgréle{? M plyr ef eBr'Se S Fuﬁﬁaﬂe?{? can
reasrafyget thik equatisn ont ai ni ng only hydrogen and car bon
atons, including branched or unbranched, saturated or
unsaturated, cyclic or [Fnonc hi C eci es. Exanpl es
i ncl ude aIkyI-, cycl oal kylp, +at kerfyl -, al kadi enyl -,
cycl oal kenyl -, cycloalkadléhylp, aryl -, and al kynyl -
g ro LT}hs indivaddabiatet uf eedydeyidatonaf Bythonomef £ $ndnbmér are typlcally complex
stituted with one or

I o that is su
funr% ons %?eggyé?aﬂg? c%%]e{%t z}ntd lﬁré)ﬁ?m%r?c&?ﬁgomefﬁ%ncﬁgﬁggns In the 11m1t as
com&lﬁi@l‘ @cﬂk&ffﬂaﬁ&ﬂﬁﬁh&%ﬂﬁoﬁﬂl@&l@ aRpHY! zerooq{ drops to zero, F, becomes zero
"het er ohydrocarbyl " refer to unival ent “groups in V\,ﬁ ch
andithe belgmtr @ndstabdfyrOhbitinet. athe 136 NO8e SnoGRInBMABr ik $he reactor
present along with one or nore carbon atom and one or
R nbsicames 297 apd nf 2o @ﬁ%(pmm@d thercamonpates pancapbivierize glefedr s t 0
groups ¢ talnln nor.e carbon atons and one
E 8?53 S%‘a?%? éﬁad ﬁ%s thwfls @éwnaoel@ﬁ%r t0 QRO ythe reactor largely

detbx(ﬁhm @Blytdéﬁcdh{:}foﬁlﬁ& atderrmdinel ABYdRE tELiMat Qo %1Mbbp(ﬁy§nerlzatlon
het ween any.two heteroatons, may be

Moélg]t‘ﬁ 8“181’13{?@8?1&1?‘?1‘7@6“ Maded an al kyl group

subgbi tabdddcopblyheR iGhRk %Ydélnﬁ@lok Wle1ast ﬁH{Qﬁﬁe'r §hdLeRd dictates the rate
het ergc ycl oal kyl -, heteroaryl-, substit

SFaggnt 1 moganeai ylsert %Wr@wl copgﬁyﬁxywa@glamgg,ql isomplloyed. In this
modélhlysefti@ﬁ%abﬁfdn@hpﬁpty go-, di hydrocarbyl am no-,
tri hydrocar byl silyl-, hydrocarbylthlo-
or hydr ocar byl sel engf,Cr an waMnct he) scope of the
term het er oal kyl . Exarrpl S of sui tabl e het er oal kyl

gr OWRBre| (ClePRSenENRNQitalysD 87 Aplesent{ 1%019)\‘1{& Avha '%Etln){!a fate constant
and trifluoronethyl- groups. As used heréin the term

havirgy thevhtd eqiatioaf ers to a pol yatonmic, cyclic, conjugated

ring system containing d+2) pyelectrons, wherein d
|s an integer great@&, ¥ Q MFCQCEM’@T(*)O 1. The term

"fused"” as used herein with respect to a ring system
cont &Y FAnngomgionee fiagica (i53) ip deapacion medit isclefinaddy threegnasion:

that with respect to at le two rings thereof, at
| east one pair of adj a‘peﬁ{%ﬁ (3. included in both
rings. The term aryl r s|Md a nonoval ent aronatic
subt singl.e aro icrin r..
D collahiG o B @S P ort a8 B g pdifefosed in Georee
Odian,mreﬂiwdmwﬁ}’dﬁhéran@f Stdodk Bdltibr) JehnCWIEYdRd Sons, 1970, as follows:

Fe_ M-BP+0-5) o
Y N e
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group such as a nethylene or ethylene noiety. The

aromatic ring(s) may include phenyl, naphthyl,
wapiaohnexsenyl , and bi phenyl, anong ot hers. " SubBCT/U81006003209

aryl" refers to an aryl group in which one or nore

hydrogen atons bound to any carbon is replaced by one

or nore functional groups such as al kyl, substituted

al k%rpl,n ﬂ&lﬁ eq@gprktyp mole frasion qftc@am@y@r w4 ckgﬂl},/mer is solely dependent on

the R leqTa06HCIrRBMENImer BLIRS tehdtidh BddRA Q&R EPRBhIEMkpendent reactivity
hal ogen, al kyl hal os (for exanple, CF3), hydroxy,

ratigg efiped 1p Fre@p Al 19 inseitigseip coBSANERS: thi o, nitro, and both
saturated and unsaturated cyclig hydrocarbons which
are fused to the argmatic rimgégg% (7).nked coval ently
or linked to a comon @roup sucheas a nmet hyl ene or

ethyl ene. npiety. T comon | inkin [OMP . . al e

o CAEBRIOLE Wepenlivg S RO B g iR il oF e Bt oo
moiibnfzicinyetted ahe growlighblyaenchiain dititpditha ydtaof sabsequdaembemiey insertion.

" conononer i ncor porat.i i ndex", refers to the percent
Th?ﬁﬁ&ﬂﬁgﬁggnFﬁ%%?ﬁ&ﬁﬁ?gﬁ%&ﬂfo a copol ymer prepared under

representative, ppppeer/ comnomei, ppl rygation

condi tions by tﬁgmggng%§t under&%§§£¥ erg ion in the

absgpeks RlivRLASie PRlMORMlLat i on catal ysts, ideally
under steady-state, continuous sqlution polynerization
conditions at gr d@gkecrk,];lhaMi%%ﬂ (Bpnoner
conversion and greater than 0.01 percent conononer
c onVier ®imoniomerkRentacachd @ivulated fahml as dBeipicd xreGewpe Odian, Supra.) as:
catal yst conpositions havin he gneatest difference
i n conononer incorporatipmfﬁﬁgﬁgﬁéﬁunder the different
pol yneri zati on corti# bns rdepktisl)in gﬁpolyners from
two or nore nDnonergvthlngrg@§+E@ygé difference in
bl ock or segnent proberti %Z%QUQE?HS density. In
certain circunstances the conodoner incorporation
| Ndg¥e 88y iP&rrei fr m ned directly, for exanple by the
use of NMR spectroscopic techni ques. Oten, however,
any difference in cono r_rE(i-*if~ gg@oration nmust be
i ndirectly detern ned. “For oly s formed from
mul ti pl e nononers this may be acconplished by various
t echmlithpresctiviag etioomre defivedes: reactivities. For
copol yners produced by given, catal yst, the relative
amounts of conononery 1LITDA Lin the copol yner and
hence the copol yner conb@sitlohmis1 et ermi ned by
relative rates of reactkgn qﬂ_kgnéh mer and nononer.
Mat hemati cal |y the rfefaf rati®©zof cononomer to monomer
is given byHere Rp2 and ' , are’the rates of
pol yemkis zatiélanwell the @byABN®Impasiton® adimetion @dpefttmpeedtyre dependent
and F2 and F are the le fractions each i,n the
rea e capbhtius el ton i ety e gt wtcihen reverse

con@idmbl @MndnBmer 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. G. Kyle, Chemical and Process Thermodynamics,
Third Addition, Prentice-Hall, 1999 and in Redlich-Kwong-Soave (RKS) Equation of State,
Chemical Engineering Science, 1972, pp 1197-1203. Commercially available software programs
may be used to assist in deriving reactivity ratios from experimentally derived data. One example
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=(2) Rp\ + p 2 The individual rates of
pol yneri zati on of conononer and nononer are typically
waeoovpliers9t unct i ons of tenperature, catalyst, aPdI/usS2006/003209
nononer/ conononer concentrations. In the limt as
conmonomer concentration in the reaction nedia drops to
zero, R 2 drops_to zero, F2 beconmes zero and the
of pshyesvare srfupet Bupfom deeeniiselmetosy, Ing, Tananalfark, fembridge, MA
02®d1- P poner in the reactor R becones zero and F2 is
one (provided the conononmer can polynerize alone). For
nos tin hpredryeed eobediment thy palymerhef thainventioh pesosss A o1wsprotable

dlsl@r{ﬁﬁgl?f)f Bl&:ktl g‘thg GREGI0K Jogﬁ)gﬁ iohs dﬁlte%n@i B(ﬁ?l{lﬁ‘g Iaé/cgﬁd’mg to the

conposition a term ned according to‘e
invEation arapsc@ipgdbokrepelymers contdidpdg# oomor bivckRem lségrmeumnm:ludmg terminal

o T 0 s LB e o
charadterizat byw dlsﬂmbsmdnsoé‘ groparties Tilhe ivestidnriseies thelendeptrdfusiag chain
Shlilgfﬁfsglér ¥ %rg;%)'; %) é)éol?ngot{mpfe Lm? R%a %&e%héugh E_l}%g §url§?tg1}et¥al fraction of the
pol-ymeM:ani @‘ipe(l&)ce vifestent folymérdpti@s@nditiodsh Theg indleysof, folidg an
m r.jf , an .kJ s the rat nst

i R B PR PRRE G et 0 Do BE e AMOIP 38 G OrY B process
coxﬁlﬁﬂs%); difﬁrehﬁz&e& Iﬁﬁﬁlﬁdr edpnivRliafaigdd G@bmbREh1A)y. tHRause the various regions

e uati on:

fied yation for cononQ
bt i eal icair PP L e (5ot v Bl iagacsion may be
un@é)&aﬁid/of’éi parfibrdrelse glynk2® st kMbom 2RASNE il ok 4¥n, the product
. John Wley and Sons, 1970, as follows:Fromthis

IS@Eﬁﬁﬂﬁﬁﬁaﬂﬁ%mﬁﬁkﬁkﬁﬂﬁgppbn of conononer in the polyner
IS gpkalystdeMenAgBlioRly diRBssBPiegudntifizolydRrieftior R¥RNQIE herein no

in the reaction nedia and two tenperature dependent
chaip ghyitilipg %gﬁnfrlathﬂg@dadpebmqémflwt&cen ReW B¢ obtpiaed asewding érihe present

1nvreﬂtt1c§1 @Q@ﬁ&tﬁ@%ﬁh%ﬁl@ba{a@%‘c éon@o&ﬁ&ﬁ%gﬁa\éﬁlo‘f rapicfhetnglfér of é)olymer

penul t'i mat e copol yneri zati on nmodel he identities

segnirats| batht to pibirer A osbls chis dpugiling aent qq@h Gatpplymgr ploplprer regions of
theqjé‘ﬁﬂt{hg@hﬁfy@tt_lp%sstegkedlé'tlﬂélﬁs}f%le Hl?ﬁl@%%}%ﬁﬂép PRI Hye to t ¢ presence ofa

i nsertion nerlzat on rea ns aré of
chgip plpttling agvmlqwe@}e qﬂrqlpld(an;ll@fﬁcxent rAchirjge kCerpBing polymer chains the

growing polymer experiences discontinuous polymer growth, such that intramolecular regions of
the polymer are formed under multiple polymerization conditions.

The 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 reactor having differing polymerization conditions to which
the growing polymer is exposed, especially in a repetitive manner, the block lengths of the polymer
being formed at any given point in the reactor will each conform to a most probable distribution,
derived in the following manner, wherein at any given point in the reactor p; is the probability of
propagation with respect to block 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, and the assumption that polymer chain
growth is completed in a very short time compared to the mean reactor residence time. Such

methods have been previously disclosed in W. H. Ray, J. Macromol. Sci., Rev. Macromol. Chem.,
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and the individual rate equations are: The conononer

content can be cal cul ated (again as disclosed in
w@e@egelsei an, Supra.) as: where X is defined BGST/UK2006/003209

L(H) and the reactivity ratios are defined as: n L'

For this nodel as well the polyner conposition is a

function only of tenperature dependent reactivity

C8,1419733 anfhdy B d di- MacEreger, ol’r?lsrmﬁriRﬁ@UP%E&%Wﬂna’hEH

ReiSRNEnd W. W eifer L SN MuBIE! 83 Cﬁrﬁ‘aﬁ'ﬁﬂﬁ {t i:ssukR0 @A incidence of
I nsertion may OCClJr Or in the case of the

the phweﬂptﬂuygmqﬁmtqs@ﬁ ipythe dermatiemefis qemomb%% regardless of which
cat@%@&%g‘a%és Y th @ﬁdtﬁﬁ s&tha cbiit bIdags foRARIGRI TR €hI§st TR counted as

cted u5|n wel I known theoretical techniques
dlffgnen@mks i Baalchtplystarthe/Beptipn ofneatsners|of fsosth mbeing arodpged at any given

pouﬁgltrl fhe rcsal&o?‘ ?stéll\%n tbg%ﬂéf %&yl 2 ,1§ %ﬁgﬁ? z zx]%ﬁlalat'g angﬁt? ?ép‘?c%@lgcmg the total

exanpl e Process
mnmheommdpnanmu81nﬂmbk@kA@dition Prentice-Hall, 1999

oo, BB one” SRR B aENTAIT o b

Co rcilal |y avail abl e software may be used

to S§isp}iPlderivingdrggﬁ?F§¥iV£&g?%‘?g?rom

exper i ment a rjive e exanpl eof

Sof [RPE R onRegBR S BRI ATioNENEn PYBER B BT o et has
pro%ﬂ;t%??%ﬁp%ﬁi%déyér,%ﬁhér?ﬁ? hai&uﬁl&ﬂ%mﬁ@@ﬂlodﬂlsﬁbgtﬂ a’ndahstnbutlon for
pol B et M Bt BB R IBE PV TS TSR By BB ik g eposstion s
deffB@ad| ock conpositions. Preferred pol yners according

to the invention_ are pseudo-bl ock copolymers

co w—ﬂg—i—&%e—bi—oc SRAYRDLS 1 bNElwedid)g
terh‘n ndtplrdelil + Ryl r@pg%{%lé bl gégksqcljr gegrrents

neegg@ﬁe L%ﬁalmgmrﬁalgh%r &ngﬂrhﬁon b G B )RS, ngl%ﬂﬁklﬁle?]y are

cha rized i stribution of g}oper i es
i ant[t]FoﬁOﬂam@W elgint frnsfebanddprminstion Hir aefalyt &i(poles/L/time), and

sh Uk%lle]' 09,83 ch n 2 1% aih ghu%lﬂé QR0 abditind ﬂo}ﬁﬁe’r 'ﬁ:ﬁofgg/Llee)

pol yner c t a substantial” fraction of th
pol Yorer givdnaioins Hkaleemt@‘rth@Odal frfoppraentcopmmptiesy grralyingh prOPagatlon
conditions. Thus, instead of form ng an internol ecul ar

raté) %gﬁf?sr deﬂhﬁ\%mg@ ef)lﬁ?e%{ rafh o%ﬂgtcjtdt qIt , Mult&}g@d Q}pall ¥ monomer

present proce8s conpri ses
congeiftfatipg rﬁMi],amé chufsiplighier the legateancsntzation nfesgalyst 1, [Cil,as follows:
i ntranol ecul arly. Because the various regions

Rp[i] =k [M][Ci]

For a given point in the reactor, the local chain transfer, termination, and shuttling rate is
expressed below with local values for chain transfer to hydrogen (Hy), beta hydride elimination, and
chain transfer to chain shuttling agent (CSA). The quantities [H;] and [CSA] are local molar
concentrations and each subscripted k value is a rate constant for the given point in the reactor

R[i] = kei[Hb][Ci] + kp[Ci] + kai[CSAJC]

Dormant polymer chains are created when a polymer moiety transfers to a CSA and all
CSA moieties that react are assumed to each be paired with a dormant polymer chain. The rate of
chain shuttling of dormant polymer with catalyst i is given as follows, where [CSA] is the feed
concentration of CSA, and the quantity ((CSAf-[CSA]) represents the concentration of dormant
polymer chains:

Rs[i] = ki[Ci]([CSA4-[CSA])
14
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need not possess identical chem cal or physica

properties (that is, each differing region may be
wanioguelsoand/ or a portion of the polynmer may cPOPUSEE6/003209

random nononer incorporation, the product is referred

to as a pseudo-bl ock copolynmer. In contrast with the

P H PR PR SRR il PG Byt Soum o the ol

mstuttadebaseﬂiocknaigwmmm@ﬁi givtibpredbusiony ], oRligitdies the local Folymer
%@ cordi to.the esent i nvention by selectln%
prodyicfion Fate it cafalyst 1. é‘g‘ﬁﬁﬁf‘s‘f’ e s APty pf obpsesize waﬁglfdé ons will
hav®h bidadhRla & SHBM VedD bldck ran%ﬁm Adisfribaia2 sui tabl e chain
shuttling agent such that polyner blocks or regions of
the resulting catal yst possess distingui shable pol ymer
Mottnperties. Thus, due to the presence of a chain
shuttling agent capable of rapid and efficient
excHiAble Moromes i Hep i oreparing thawabplymets of e owismg inyentipriclude any
add%ﬁ’%l&ﬁ@n%ﬁle%&x@ﬂ@xt bx@fé%% A o)éﬁﬁ‘ ﬁnogslﬁwhd Qefgmﬁ thylene and
I ntranol ecul ar regi ons of pol ymer are der’
at lagst|one ponelypsrigabls ¢omenorog, Iz,r@mdﬁm |a@€h§ leagtpge ﬁ@ﬁOIlmlﬂ@le comonomer,
4 1{E
or RAATHELL RLTFR il S PRI
moxwmersevé@ﬂetsﬁalalpimhymtoobnahféaeqba@kﬁm ofi 2o 8t peeferpbly rt@% caglprgh atoms,
t, e t -1-
suclﬁ%%eﬁ%ﬂﬁ e‘%gtlo?ﬁ Ly 104)16% %“g gfrg?t?}ﬁﬁ bglo gfr@%&éu% 4- methyl I-pentene,
3-metbyleli-pangms, It etank led’fﬁctmel—gmdﬂwmgl poa@cnme, -Bemdq@a&eupctadecene
andgfseﬁ)ct%%ég%!pég?élo u?sbdéfl%ﬁg 5(? e\fer%bqg? B0 carblo\l} 8 rc])mg gsllﬁcr:]ll aesn clf%eéltene
cyclplae;mne,rnovﬁolrﬂeneéelhethyiaﬁrmrhvrﬁene aettmyxilodpd@bmbhml 2-methy1 1,4,5,8-
dimgt%xgx}g:]lyfg,%l\t} 22, ’8&%]%%{31\1/)(&:’ onﬁﬂglt]a:lqeglgf {iban% Efgogega nn%éli asvl\{‘l} adlene
isoppaneb@inbﬂhy]t-y3-pénthnp,algﬂpdn&ﬂlem tl[ﬂ—ﬁeﬁ&ﬂﬁﬁd, lﬁChebdcﬁ)dhk, 1,4-hexadiene,

t i. The theqr t.r eat nent .
15 RGBT P, Gt ent S B PO RSPty idens
noriofné vinyhhctbotsamd, dilbb/cﬂlfpeidhcﬁédem}mbthlﬁl Eé-basdigne0f-ethylidene-8-methyl-
ol yneri z on nol ecul ar, rchlte ture,
1Rl eSS ey 4 gmetciest FORPeRgRHCh i mono or ply
alk}@&ﬁ&% Sih€liiding frendd boneiistyddrie b InRehy Yy &R ad-thelyiskt 6] lb,p—
ngt hs, and_ the assugytlon t hat pol ynmer chain growh

dlmP’fgyl&t&?ﬁ% Sredhylstyien: esthylsepenerand Pﬁ%‘Y’éB(Fﬁﬁa)f gy f%ctlpmul SHAVAN
contaREdRFivdiRed, %ﬁ‘é@m@ﬂﬁ%ﬁy@ﬂ@ QtHEﬁFé‘sl?ﬁgﬁz h%@engﬁg Beid, énelfhyl

previous|y disclosed in cr onol
vinythepzoafop ¥inylhenzyl acpiain llyeb@xysiyrelngv-zgloaﬁwem pEhlorgsiireicec

d1v1%‘lgenéelel . fﬁo%g&r 4-phé3 9ide5§ﬁe ﬁ@ﬁgﬁét@gstﬁ@@ U El'llGlgde 1,2-
diflupggthylgng, %éllplelpwhmenq, @traﬂlsqaw@wl@amd 3f?rc3rfd@n@fe-1dfronehe

chain shuttling reaction results in the formation of a
new pol ymer bl ock, regardl ess of which catal yst

Chaisrfhwtiling Agentshe shuttling, so that adjacent bl ocks
f or <« & t
bl Oﬂ%‘i’erﬁ%ostrhn@é t &f ?ﬂa%ﬁaghu i a%go q gfgrsgéea gdentﬁ%)géf& mixture of

compeyngs thahis lgqqah]g oppemghug gdyna@ry]amgasfgx etameen the various active catalyst sites

under the conditions of the polymerization. That is, transfer of a polymer fragment occurs both to
and from an active catalyst site in a facile manner. In contrast to a shuttling agent, a “chain transfer
agent” causes termination of polymer chain growth and amounts to a one-time transfer of growing

polymer from the catalyst to the transfer agent. Desirably, the intermediate formed between the
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point in the reactor is given by X;[n], where n is an

integer froml to infinity representing the total
woewoba0159fT nmonomer units in the block. i (I-PiRCPUS2906/003209

nost probable distribution of block Iengths N = J.

--pi nunber average bl ock Iength If nore than one

catalyst is present, at _any ven n_the reactor
chainshtlng pggny ad th%\golﬁnwl&&% i fipiegfly f}?‘gﬁ% %llﬁ’aﬁereigl}a}m 1s

rela@y L2 T8k RALEy, NAS th@n Y6 bé}éb%t B ALk a5 0l RAGENMBRGreferably less
di stribution Tor polyner being nmade ap that 0|nt In

thaxaﬁmqemmnéms? Esirdhpies thad peivent oF Byeling asesy- gfymery! products are
n{ﬂﬁé&@}g@fr 'td)ﬂtain?ngdjeélét ?‘E‘lsl?a%le 1lr:'ftra1n(5m{ula} pdlyﬂl{s'e%‘mé'htﬁ[b'ldcks

f'or each cat al wher e [
r at Whidé attpehagite themggmlyr@qﬁ cbeyn dba s@}ngr,lg{g agent desirably does not alter

the g %théthlle%? ncoﬁﬁl[a{e] addiu&?atl ﬁlloncfrﬁgreTQJt iCHRIsulih g Q&fn?éioes not also

termnation catal yst 1, (nol l'es/L/time),
posiRs§ significanbaeatalyticprapeties ﬁmmemobmmlzaitmmgf inferent. dathens rﬁlte shuttling

agethlo oS 8. rm%té]l "gﬁ{y? 51[ (%‘tﬂe'r:rn%}ﬁ% hnterb@lon it e F3 r{%& Hﬁner}n £drA%ime period such

onmer consunp tio
thaqaar sdlghtgahffcrnntlpab’mer &mfriopition & fcdgrfed pifitedl ttalssffn@f the pabplar mpjety back to

an %c ve Cpeo o esr{zgtmn ca%%]st’ site. é& 119 risgqglfz&% Jﬁ%gu%%eﬁhe@ @&Fﬁﬁ polymer region

posee3sts @ distiggduishablo ph;saalajrymlcal pfogerty, su;h ok ﬂuﬁfm*ncdiip [cothordomer
o 8 o ShuaP 0 B e, BB o D 5Bk, st

rep@itiohesdfobsgbdppiticess chroesilt iv &drmetsonfod Segnieatls or blocksdheng differing

prop?rg%y gr[él?r Qe&ltl& ng?anprgﬂ r%%geldgglé/ﬁ]:?} ((@&%%\%1 1onrﬂ%paeggin§ Qna hlg rates of
polfi@it dxtlia@ge dnkd2langatt V{lﬁﬁpﬂle facor. dba bolﬂﬁbt@ of the invention desirably are
d each subscr.i pted

concent ratcij g 2{1
chagSREEAHD PR BOGF B A BT R B P HEUP gy Sty Ppeniion
distriBhtidd Thatk§) |a£1j@enﬂ‘blkélds [hﬁﬁ%]lél@y alderedradiipasidibly Mthin@leyjoliBner chains.

are created when a noi ety transfe
Tt T RgIoB er BBt e Beem iAo Gy ot F<pa e according
to tﬁ@bl{eﬁgt 1%&1“01@15@91&%5&51}@@@{15? Bt Mekradldh@or vatigtioafin 6HSdrAnore

shuttling of dormant polyner with catalyst i is given

Progess F%!dlt’@%bet%ﬁ?érdgfe[f@%}lﬂ‘g}onﬁ sfthpisaftfed concentration of
CSAThORELcbINE pﬂié@s@ tid &Helﬁz{tlgﬁﬁfrépré@@& Jor b 8RB SARLS s{dén in Figure 1,

concentratli on of dor nman
where catalyst A, 10, is used to prepare a ﬁrst polymer moiety, 12, under a first set of

polymerization conditions. The polymerization is interrupted and the growing polymer transferred
to a chain shuttling agent B, the combination being illustrated as, 14, and at a subsequent time, back
to a catalyst A now exposed to polymerization conditions 2, said combination being identified as,
16. Polymerization condition 2 is different in at least one respect, preferably with respect to
comonomer/ monomer ratio, compared to polymerization condition 1. Polymerization commences
under condition 2 but is again interrupted and the growing polymer transferred again to chain
shuttling agent B, said new combination being illustrated as, 18, and subsequently, back once again
to catalyst A, now exposed to polymerization condition 3. The growing polymer chain and active
catalyst site are illustrated as, 20. Highly likely, polymerization condition 3 is dissimilar to both
polymerization condition 1 and polymerization condition 2. Accordingly, it may be seen that
multiple transfers of growing polymer may occur during the process of the invention and polymer

segments within the same polymer are formed under multiple polymerization conditions. Ideally,
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pol ymer chains: Rs[i] kai[Q ([CSAf]-[CSA]) The overall

bl ock I ength distribution for the final effluent
w@ologirers9T s a sum of the | ocal instantaneous bPCL/KS2006/003209

l ength distribution given previously by Xi[n],

wei ghted by the | ocal polyner production rate for

e 3 s BT o1 R O, oS i Som, venup o
10 c&fef/énCItOO dimet Fusteothext Mk katddfPolynlep RgthiRatibns This Pein i@ Formation of
oner s t?u' tabl e nongners for use in reparing t he

mulealﬁBPl;/Wﬁ"r okt oF fhe sypeimntcaley BAVPEPIRIBIIGEe any

addBy sepsatiRodisferest smai g PR R ixtuld§ 6f BEROIMh 8 BNl &y dltering the
nononer, and npst erably ethylene and at |east one

COMOBYBET\FFHEPFSHIOB] tsmem%tep BrRTSELe; Gitigna} chakntermigating apend sechgp B, or

oth<? aRGlidH B diBARI e mERFRNEHBLs of @ keaftolBLINES ﬂroﬁl%ﬁthgﬂﬁg ?e'régnents of
at | east one copol yneri zabl e conononer. o

contRpopsy Y uYiRg AERS O copIRfReT §?qcamtglﬁfms@hla¢1ﬁlewh99blaﬂ@m@osxtmn
dlStﬂleiOﬁg 'aﬁtﬁoni‘thez dfs@ng%%hmg F)ﬁ)ﬁ)@xrt}a&t%e ?r h&tedz Gﬁo‘? ﬁttﬁé%tlwty of
suc as ethyl ene, ene -
duiingagentis %Wtrélﬂféve tq ﬂt@éﬂfaty@ polymeeehiag prbpas@rweate, the resulting
cop&yﬂ@xt\blylldlf%er Q%r%@ﬁtloltld QBLRIE frodt %g@gﬁer rg:squtgl HohlYRe use of 2
1-t etradecene exa ecene, 1-oct cene an
shutilingjagess dhabis very dsbrsiasive topobyimegcltain [30pagpticaf &r thb IfcyrnBr the block
lengglg v@ﬂ kA% ﬁ&%&% 'an t/f(fslélei?g rcillt%&gma? ?dn c%%@!lr cﬂx%ts made
or bornene, 5-net or nene, e,
undqﬁhp lzttmplt;ymonp In t8pigal continuous solutlon polymerlzatlon reactor the
POl}grkg%tﬁ an%md?xl ﬁ%lfl'beg ¢ gﬁnu%uﬁg ulﬁﬁlg?e ntxgvg SNER | two I&t'?e%lée% N5d thgl resulting
polymensd;ghvhts IwilBreflect tmandtipdnsightly; (ﬂffpm’rgtmdm&ﬂﬁatlon conditions. In addition,
cert%n é“‘%’ggé Cf)ql'é\.%%n\fe&tldgalorg%e Ogld oﬁg ylhir rgrayoa&s(o}g (ii%rwgs coincident with
formtatlﬁn Gf:lhapheedneblock Dpdghadif ﬁre@res%t?nveﬁtioadﬂeaﬂﬁlg in a resin blend. Ifa

relatlve Csy tlaft nrﬁllnggéegﬁlré gr%%ﬁx%q, Iﬁg%/po A Eor 15 P%rit]eé block lengths but more
umfdmeédmﬁomdﬁﬂﬁ oBtatied Wth little fzrdit@iﬁﬁtdf Ridm @ii}dlymer All of the blocks may
aronmatj c vin

t
be cgsg?ﬁs n%gsr%wgﬁogglu - %Be{rljng&oyt Véqtl}ygl }ngtv%ué]ﬁg%cks and over multiple

blocks. ra |effébtf@l§dk}éb@ﬂﬁner@1aﬂﬁg hylipley sepaeily #p %lﬁ)ll@clt@st Otfa&Bfolymer of
yl styrene,

rene, t hyl styrene, o-et
cont ugt‘%&ﬁ Woﬂﬁﬁn Sté‘g'i“eﬂﬂné% {ppasde By pachgr elsstion Srhath catalyst and
shutﬂfn@ W0 RbFI P AR iNElela sty laﬁgégelyﬁr%r 55@&1@193( YB100kE Aproximating

Xystyr ene vi nyl benzoi c aci
frue \??foﬁ%/ PapalYAtsE & blepisfitisdprgringwish moe, raWGIrCQR«;lsmf}rﬁ e#teall be obtained.

0- GRS bothRRRion BorkfHsRipQathSeRatalJbtVana ¥l RER ZERE
3- phenyl ropﬁeml esn gI prbgpeneatzé:llcr%t alll mgtﬁ % }lge%ggnt

espeglla p@ﬁteé £9r yee he_l[enz candqefsplgqjﬂjmwp@@féhe followmg multl-step procedure:
hn & &
3 3, g tsPI: ’?‘Frg o?dgqén%?ycl)n et(re%&eHl Eﬁa nb%gﬂ%ﬁ ﬁﬂl ng %&q POlymenzed 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
solution polymerization conditions, typically using a molar ratio of catalyst to chain shuttling agent
from 1:5 to 1:500. After forming a suitable quantity of polymer, the reaction is terminated by

addition of a catalyst poison and the polymer’s properties (Mw, Mn, and Mw/Mn or PDI) measured.
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The term "shuttling agent” or "chain shuttling
agent", refers to a conpound or m xture of conpounds
W @b/ 109t apabl e of causi ng pol yneryl transf erPOEUSIE6003209
the various active catalyst sites under the conditions
of the polynerization. That is, transfer of a pol ynmer
fragnent occurs both to and froman active catal yst
si ti. The feregoieg pobymraiption and polymertesing are erpgatehir sqvprapdifferent
reac%i%ﬁ Bhnes, %I‘%V?Cﬁlﬁé J]sel:lgsad'f%f)ﬁﬁleﬂ%@ﬂh a RAKSES id@ A BB V45 Of

rowt h d anDun s tOo a‘one-tine
t r aHIs ffbltaly;t/ cgmvhuﬁgng)@geytrmrrs flanestratiog signifipaps polymerttppaster both to

andt Tom an f atnﬁgl%ﬁfm%e%glﬁla eﬁﬂ!&r)écteltlégﬁ b%' Qg@lgﬂgldsleﬁés He%mg minimum PDI

agen he po yneryl
is leshauam Zﬂsmenaﬁ)fefmlﬂm telsg/th&t hﬁ),laed tlsttpreférabin lesethan hat Fetheingore, if
ive

re bl e .
S5 0 4 oLl 180 PR .o
conkérgion Kongrersed IMosapnéfelde batdgsﬁ shetting abens galtsmmth% giving polymer Mn

t.of shuttli - pol . L. 2
o PERSER Bl B S GBI AR R8on o
greﬁtélﬁhﬁiprwlfmblpg’eamﬁhaxﬂmyTent s or blocks. Wil e

e REPTED P g e O o s i phiFe S Gars

mﬁﬂﬁphﬁﬁﬂiﬁ@ﬁm@@gadﬁltlonal nonomer. That is, the

shuttling agent dqes na | so sses

cat I En g S BT Righe il S paaRs deeF B et catlys
activity Bh&8ired MK of ﬁdﬁﬁmeﬁ Prolitideti Per VARG bE éaleﬁSpeﬁl unit tlme) by more than

nmet al - al kyl or_ ot her ge interaction with t

60 pRgpest yuorg pyeferably; syeh c&g\l)fs ptivity:i nptygquced by YR tﬂ}aﬁ) 528 pel)égn? and most

preﬁkefbﬁﬁaﬂst RO HTEI thE QRANAS is i P sddSeomPhrbe b (RS dalilyst 4cHREY Bthe
e polymer noi ety back to, an active polynerizatjon

absglgzle @|f ¢ ghains§hugtlingrmgery. é(fﬁgléﬁﬁ Gelsideratipn,fzors g Q%Eﬁﬁ é(mp91nt is that the

reaf:t%rﬁ%gtuféoéhxﬂg Eosrs&*g hOBWRAIREHS S pSsiBlletd taBdd ab@Pbéhsumed in stirring
hysical or chem cal property, such as a difference in

P
thegEeITo ﬁreﬂnsCregm@@.mqneﬁvnwomlrshwmg asent iipyedereadite flifijpotional agent
wh%ﬁg'gfuhyls R;e A el & :Hfrfur{cﬁgﬂapa ﬁtr or, or other property.

eque rep etitions of he fore90|ng process can
r es h¢ forggoing rtensms reditnidapied reapid thypughp crrsening tpakgiques using

aut?ﬁ];t];&‘ %a&grs RLP Bﬁfeftlb r%besocﬁld % fog‘g fioh bf ﬁd'fyrf?gr bRy BV g ldﬁjfe)‘ent

t1on, pen | he rat és of
dlsmngu)shmg yoropemh alfvg exaarrpcbb & nanb of potwtltamhﬁmtshétlms agenpeandidates can

be %rﬁ éde%%) gc{Tc'?r ré‘tg%smtecll1 7 d?'ztg \62 11119%}’51%9 éf \';a?lglly orgz{ %metal %om\}nounds with

FACtET 728 S or segnents
various pmtanrsuumsd apd vlarcpmbdmd ©omp®s)nuarcrdnctdd@drt¢ b g@lymcrlzaﬁhalteactlon

em%S Ylﬂ ll’i?lﬁ Bolym%%z‘é hg,}/ K sfc' v 1%1&41 %legqul%gw&%ﬁpa%hst 4r&Bonducted at
var§ling tnfolldp wtitios Bf shnttld]tgh@em }tthgamlyzsal Am mmimum mhlrepmemp eultasplecshuttlmg

t he vari l.ocks accor re ti
s A iotedtig e §esap e POl ¢9eb g o Rk piely Sperilhes as
des¢abddalbba)while 601 Significaifly adyeiseadfctihgrahlystantvilyeindgesferably

di fferent ons of the yeactor. The foregoing
"m§988%§§£Y§ gﬁ%ﬁﬁ??%ﬁﬁ??“ﬁ%bresented for a single

cat lijalativals itQ8lkdpdsiisle Ecedelect ddRate mmwﬁtmpfg aglfd, pair§by

used to prepare a first Y r nnletX 12, under
peiforpdng asstiesyi polymerizations under standard batch reaction conditions and measuring the
resulting number average molecular weights, PDI and polymer yield or production rate. Suitable
shuttling agents are characterized by lowering of the resultant Mn without significant broadening of

PDI or loss of activity (reduction in yield or rate).
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pol yneri zation conditions. The polynerization is

interrupted and the grow ng polyner transferred to a
web@cnoshutt 1 i ng agent B, the conbi nati on bei NBCT/US2006/003209

illustrated as, 14, and at a subsequent tine, back to

a catal yst A now exposed to polynerization conditions

2, sal nation_bejng identified as, 16. )
Pol %?E@Ml%m%ﬁmef&ﬂw idsRiying. ot @?@*ﬁtf% #pen the defayds meant to
refeP fofh doRfpBA that R4 @Eﬁﬂ@&l p)‘epdhﬁé"ithé BRRAAY ideRkiffed FRAIBIoCk ccafolymers
nononmer rati o, npared. tQ ?yrrerlzatlon condition 1.

uﬂdpf&b‘;/wﬂymﬁrg@?l@woe@ﬁﬁ%@@ st condition 2 but is

agag iiabRRIHHP b &M sFBhst heifliR1MdB @r&@l 1YPBIR o i fsfafldufBunds or
again to chain shuttling agent B, said new conbination

confpésppcontaning 4t snagpna &1 ksdm%%rhﬂ/l giohs erpfaphly hydrepat] whetiuted
aluf@n n%atllgm?éltz%cx:%&p&nd!?%ﬂta@lﬁﬁé)ﬁﬁg 14Q1PQk DR e%éﬁ hydFbcarbyl group,

condition 3. grow ng polyner chain and active
andcr%acmry@pdt@it&tbermf@ﬁhlal pueen spuesd. Breferred hydmpeghiyy gonpseirgalkyl groups,

prei@&{la%%&r%@“aﬂ&eﬁ aﬁ%yf)% \% ggt' d}?ffbl%dl sﬁ{lttﬁn% géHtshfor use in the

I zat1 on con nmeri zati
preseoinidvantionarg triglod eludiingl ayld dlatkylrmgc tvepgersls, espratallyrtrietliytaleminum,

0 805 B AR T OGS, .

triethilgalSamporpiddtysiznc. a&ctehtfooalmmthblﬁsﬂetﬂmlgugqmq]h@ude the reaction product or

mis B P i b PR st bbb ey SRR atio
alupinliyiroe di(Cey) aﬂmlahnmmemmsp@lam@ triefhydatunsiven, tHiQ@rapyiyediminum,

R PSSR BB e g e
stoislgioMettit qRanSiGA(keativs tqht yumber pf l@ﬂﬁ)@ﬁbyl@mupB}of a eéoeﬁddrylgnine ora

di fferent huttI n X e th
vl ompind cipstiaibt g R R et s RS SER Bl
hydicﬁdyﬂleﬂl@ﬁ)yxﬁﬁne ﬂf(ﬁ%&ﬂil%u&pt Bﬁlﬂabutylb‘;albﬁbltdflfylm Ihapht]ibg)amme

ent or ot her. react.ion con
bisGiye, -Penp éngawgloh?pta&%a@t ?55 %BWW@’PG"B# 3%%38?0%% [fuffieigpt amine
or IS8QNPNEselis G0 kud HiR Sﬁemy\d@&éfbﬁ @rodp R&hdihs@Br Mbtal atom. The primary
conononer concentrations, bl ock Iengths bl ock

reagtioppERdpet ehtheifosegoig spmbipdtions mayt desitge FsSein $is RigrgRidmyeAEon 25

shuﬁflﬂgoa%éﬁty e AlbcBBalhBRa rdﬁgls(tﬂi:rﬁéth}ﬂé‘i@ﬁﬁ’rhﬁe), i-propfSuGiubnv i t y
shutt| i ng agent lowrelative to the catal

blsgg@peglpyé(,t bg%ﬁw}qxgpb Blgbtat)qtjdﬂumglp@ dl(pyjrédnp)é-gt}pqﬂpqqggde), i-buty alummum
bis@RRAL O(I@gﬁtymd oka&? fb%lalu%lﬁﬁmg’(%i(ﬁin%ﬂ fy@t&@lt)anm@éa - eayﬁmmum

a cop ner resutlngfromt e use of a Shut
dl(m{gémﬁ@trmthom@) Vdpiylajuagpun blp@t(nv@ltrlaﬂnpdﬂ)yh@qtylelhlamﬂm bis(2,6-di-t-
bu@g&gaﬁﬁé)' £8ctylh Rl &g&@ﬁﬁmglmfyu%w ef b n¥bibk-

'ncrease and ess greater’intern
butyldiniegitylsiinxidongbyldumingmpli(bdthimethylsitid)auivids ﬁtllb’hblmﬂatﬂl Bip(2,3,6,7-

dlbglgpql-atzé glnl%¥nepltzﬂe£mh Pj. 8&_1/1a1%91%h{1ﬂ%3§ 6370415{41&(9 P aza ?/cloheﬁtaneamlde)

nmerrzation react zation con
n—ovvyllalunimwmlm(kinmnnludﬁ-lbytybhlofitie,wglylzetcmé{dlnhwlmwn@@dwé@né pitiylzinc (t-
butd hl(? resul ting polyner segnments will reflect nultiple
& ahtly differing polynerization conditions. In
addPitefepted slnﬁuhhgagmtq Lpamsstheéﬁgmﬁ tandonstendfipolyaler ranftons well as
farnmed coi.nci.dent

the ?nggest ¥ransfer gﬁ%lenmes (red%c mcngences of nlsl:am termma 1015~I 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. Highly

desirably, chain shuttling agents with a single exchange site are employed due to the fact that the
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formati on of the pseudo-bl ock copol ymer of the present
invention, resulting in aresin blend. If arelatively
wo awb/16t501 t | i ng agent is enpl oyed, a copol ymer PeIEVSI006/003209
shorter bl ock |Iengths but nore uniform conposition is
obtained, wth little formati on of random copol yner.

.| of e be, characterjzed as being . . .
ofTee I P e i D B R Lt o viherea efcigiscosity of
the RActionuikturdint cflsequehtBtikducingp@hiiosts.2 bl ock copol yner

having nultiple, generally tapering blocks or a
copol ynmer of continuously varying conposition
Catglygsd ri bution is formed. By proper selection of both
st and shuttling agent, copolyners cont ai ni ng

cat al
" ol Shitidle F3falysss fos uisdiegepincludsing erapaynd BY eatbination of compounds that
is a@a@fw %‘ﬁ@a} JiyH&s bt @&&sﬁ%lﬁmcﬁl RhypR! ngﬂshe%fogglne%us and
ore90|n9 nore rand om copol yners can al >
homogenspyred alYAtsélli’D’tbﬁ smaloyesknbgamelpon heterpgpicsiargtabistsanafute the well
kno®R Q?Jgﬁ:k Y&ta ccﬁ‘x%sxﬁo&h@s'p&lﬁglﬁreﬁ etgﬂﬁg&es%&%)ﬁle@!n roup 2 2 metal

adapted for use herein can sel ecte ans o
haligles|or gvjired dpakides ead dkaxidlep ﬁltsldb@wlbknown ch@nveurm pr yapadium based catalysts.
Preffifl QB ROLYAIRL b BDL fo@rséu%ﬁaxbéf%a%& Mo&cﬂ?ﬂg{lg{t?)o@ﬁlgr
olymerized using a mxture conprising a
segeitin pelutiem dlea;afptyste fitriuse hegdimirn h@hegen¢qun gatagmnompﬁhmg a relatively
Y t er
pureg%lr e ume[raﬁfg ech]fﬁ a X Cﬁmﬁtzig%&gﬁe&,?%gh%%ﬁ cgrgémgﬂ?ﬁo ljﬂtcomglexeﬁ blased on
metglf sai@tedlfymt G@IUPS?ﬁﬂ.IQ o thﬂlgan’dgmdb jeriepothe Palkdic Tablelof the Elements
Lﬁl %tlal\sl %rr)f) &QJ] f%} nre%}r%ﬂl(zl) -Lude (c):n C ent E’ﬁetuﬁg{c])h W% 55§ eFfﬁg from
Grouyssi 3nig lé ofithk ﬂerm‘dﬂt Ta:bleoff tltedilahgtm coh«am(iﬂgainﬁ oshuietdeiotgized, m-bonded
rmng. a suitable
3R b7 Lt s e s il e P Beepocene
conﬁdﬂieﬂ gﬂmneﬁﬁ/ and palyad1yts pyridylaadie, andhdr pelyelying bass complexes The

erties . M, ..an / I ) asur ed
conBlsRB tenSibiY e e AR S8k s bt BERRE PR wherdin
r epdas zeﬁeﬁmeleste& abal GrdhﬁsFelﬁeﬁ}EfeﬁB@CJﬁ-l (09 fokd p¥&fSrably 4-10, and most
VI dl Ng e ne aving a range o
Pfefgﬁ E’P’&g"‘ﬂ’nﬂd" If‘%llg ﬁ’ﬁgljéble Oﬁ%{le é[if“ﬁmﬁ’st/ chain shuttling

age0indBstnfsnt ?%mr&wr@hema Siofp b dnkFRR de@&:‘abf{éﬁrn didcBBR £ one or
both to and fromthe chain shuttling agent are

morg glapteqnibairs theanghwhish Kois porad taMy paddKigFaip eprfaining upin thaiems not
coutith 115/&0%&134%011@" 8fticRalt) twdRF ﬁoferl@%r%{é&%al\é/ ﬁedtt ?e[ﬂle} fc?mmg a

and nmost preferably less than ernD
bridgedesrpictyteand) fuilgpr pefiosalbiene iongoretkhgronays nedy bterbeurpidb JinerX or to both Z
amﬂM|| i ncrease, preferably nearly linearly, as

conversion is increased. Mst preferred catal yst/

s hu¥ indppegdentfs nachpaturenegriea monayeleyt, siioge poietyrhevinyip &sd0non-

Cld r Q . yiel fitti a .

oA R0 oo TR F B0 X Blou TR ool b e BPrhyng o
divalen®éy, popyveltatraatohie ggmleaatner futthaop@ndBy, ofst emnorb Xi gooupss @nd one or more

Z gr%¥p% agrg{] t‘bonac{jed QOgthler h rgbyafﬁ%;i%rrgégite@gﬁq & boﬂheovglelht&r b%%g’d to M and
cootdgmmtl 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;

x is an integer from 1 to 4;
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In addition, it is preferable that the chain shuttling
agent does not reduce the catalyst activity (nmeasured

w0 poosad gt of pol ymer produced per wei ght of CPCHUSENG6/003209
per unit tinme) by nore than 60 percent, nore
preferably such catalyst activity is not reduced by
nore than 20 percent, and nost preferably catal yst
act# igiapymber fiored 0% aldyst i s i ncreased conpared to the
cat @l ¥igh kaglib é’dutab’to‘tﬁé iyl 8RgRRE StaRforfr.chai n shuttling
agent . A further consideration froma process
vi eSyimblatmetad cariygéxet meludethosd contaimingtiionel twHotrbehdpd sgeds or neutral
as low a yiSCOﬁlty as possible to, r

. d ene
ligapeh arotipre Bhich meY b7 ¢cHg of taa-cyplicdglogalizp “1% dé? PRIGRF djseny groups.
B

andtdidnfyLgrciigs atigl gragmsioratdtieazeho progms; ﬁ@splma andglrmgdjulpy By the term "
e T D G AP G Ed © RGO i of ictrons
fm%g E‘%@E %Eh&ﬁ%&ﬁﬁ bl ocks having different

'S

I'ng properties. For exanple, a nunber of

pot Bidhiafdm mhR delehlidet lribdgdedgesup ng ivtiepedi @slydbaBubatituted with a
pre-identified or synthesized in sjitu

radigpl sglgptpdfiem &lreg%wﬁ@flsaqtm& shibdinses hajog mr?cs@ glsleY&charbyl

hyd?&'dfb?ﬁ&b@ﬁﬁltea N6 A6MOWRGeifR 'Eherh%@ﬁ)tatoﬁﬁs @Jléwddl(ﬁonﬂéﬂﬁg 1896 of the
neri zation reaction enp I Ng. an ol e

Perwdloyw}éleuof theiEdmneats: adypyeh 166%@%5/& mwmsébeé?raﬂom radicals further
sub@c?hﬁéﬁ%th 230:b S RA 6 heeddReT &ﬂtaﬁﬁr%ﬁ&%& Nth J@I@it@ﬁ tWwebr e such

l'ing agent to catal yst
radicelq iriay éxether, fosmp fused dngspretem] lnﬁ@dla@m@mr @lllv%érégftnﬁféf‘ fused ring

sys{%[ng dcg(’fl?ey% f&%ta@cﬁag Wit ﬁx% rﬁelflcﬁ‘ Npéhuled \Qltﬁ{@ﬁﬂe ¥ hydrocarbyl”

ex e ments as described above, while not
are ﬂlg)rstrﬁugh‘rah'@m}le(h@hﬁ@b’slm a}kyéfaﬁ@gl@,. Grgo wramatioyadicaky Cppiafkyl-substituted

aro nﬁic Bﬁ%glg" ﬁ&{S%’zé ﬁg Elpoét!é gd gl?%larkcﬁg‘eh ?gﬁthl}{éﬂ droc@ﬁ;tyﬁgfgytﬁuted

escri , 1S a pOSSI
hetdeatemtradiom ingipleanapat, di-pad fristvbstitktedwgdiagepf bopen, piticqsy germanium,
r m.n a._ser|
nltlﬁ%?l P os%h ,0p OXyge 1"13’ g'h F‘é‘%gél%&g{ g@%goha?g}ﬁ &%ﬂsggorngatg%%ﬁ{ fjto 20
carbahdd@ts. ﬁmmﬁlgsammnﬂeﬁﬂﬂ élinethglagh‘togpyri%ﬁiﬂmahttmmﬂh%} trlethylsﬂyl t-

| bl t1]
bu ]:dgneglw%ﬂgg g‘é(hg%?/’ﬁﬁ tr%pl‘l?n %e]gm¥ ﬁllalfrllnetb{lgerﬁgfﬁ&%s Examples
of @iorp 05Ibr B IgRikd Atcianbnthining d@mtllgmdﬁdd:%lﬁhn@ iphdspBiso,cikoxy, or alkylthlo
BEUISNIFITEIREATERRITCN: TR —

groffiEtnded th EheltRh idrSm SBIAR LaktBani ®@frkdtal { d Bosded PO Hydrditﬂtbyl group, 7-
IS capable of preparing the presently identified

borgled &@Bp 9 Bl‘ko@ﬁ’dblsy??@?‘geddﬁ@@a 9fthe pol ymeri zat i on
con %5{5111 of Qﬁfa%le%nﬁ)h%cc!le@&gﬁzed %l“ﬂohé’éa fg ugg] Hliuhé Qﬂzlc%gﬁﬁunﬁlyl

for erelrn inc & Goup 1,
111de1m1mmrmisl tﬂrahydrthcbxﬁsteﬂahyﬂmﬂmrngl,aptah@@iuoml ppr@@henyl

oy S P Why H52HRaccRY i KERR A AELIE ALRHY o SMBRAE AN eiSdps,
phosphole, and boratabenzyl groups, as well as inertly substituted derivatives thereof, especially
C1.10 hydrocarbyl- substituted or tris(Cy.;o hydrocarbyl)silyl- substituted derivatives thereof.
Preferred anionic delocalized n-bonded groups are cyclopentadienyl, pentamethylcyclopentadienyl,

tetramethylcyclopentadienyl, tetramethylsilylcyclopentadienyl, indenyl, 2,3-dimethylindenyl,
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al um num gallium or zinc conmpounds containing from

1to 12 carbons in each hydrocarbyl group, and reaction
w@e@daetss7 t hereof with a proton source. PreferP@mus2006/003209

hydr ocar byl groups are al kyl groups, preferably |inear

or branched, C2- 8 al kyl groups. Mst preferred

shuttling a for use in the present invention are
ﬂm%?r{whyémgwh aretidrd apenyiigdenyl; %@ar&éw&serﬁ@é octahydrofluorenyl, 1-

indReBRI-F¥rto¥idinbin@dnlicl1ad, my@léﬂénté(f)bl{eharﬁl{rgrpwyi afd A indenyi.
tri ut I)alunlnum tri( @% )alum n

tri "((h? @&t@hewpﬂmgwmﬁmtaﬂmtcﬂw wihjchare lzsvroncnomamquqnmlegues to
ben2Gd] tI‘h@rh?tl: &Hbﬁ%@wﬁ Mt l;u‘é H%Of magﬁ es&xﬂféhﬂ @ Hgl%elhch etal., in

reaction Product or mxtu y conbining t
Orgpuometpdlicsgl 4ok, dAh b 835) c Bivfroras bioratpbasteny bligapdseeoriespp@ toghe
forrbiky! alum numor di (G -8) alkyl zinc conpound,

especial ly trlethylalun1nun] tri(i-propyl) alum num

tri(i-butyl)alunm num trign- heyl ) al um num

st0|ch|onetr|c guantit r/el athye 4,0 the nunber of
hydr ocar byl groups) of ‘a s@copdary ami ne or a hydroxyl
compound, especially bis(t r hyl si |l yl ) am ne,

t butyl(dinethyl)siloxaneR 2- H?droxynethylpyridine

et hwl ?mﬁﬁ\ﬁ) am 4 sgm%%nt prga{'era%yy %le?:tp 5] ?rom the group consisting of
hydhig&( Zly&oﬁargyl dshleHaZl@ ofl geBEACHE FTONRPHA NS RTOREIms ot counting hydrogen,

hen Desirahly, . sufficient ne or, .
and wytwhﬁ g slﬁ igg’“l’.r“s’@ﬂ/ ke deed Rasthes o Walaeastsapwlng divalent
derig4tRdPof QORUISaRRH nF3hd Ad BT bne Hiin MkiebBis Yok RBASH ks of a covalent
products of the for%30|n conbi nati ons nost desired

bonfl OF 2 gavalenthy bandedylivdenh gropp ipenethertens okthe eanuleygherefuifpyning a
lﬂu@&fﬁg&gptylalun1nun1d|(bls(trlnethyIS|IyI)an1de)

I'- propyl al um num bi s(di met hyl (t-butyl)siloxide), and

n- odoypheles aferpnipnigiligpids ittt a1y Phazphasesroniathng, analogies to a
cycfioP%%deélng %Hﬁ}ﬁ Ui 51% %%'vﬁﬁgl ¥ c{vhl 1P H{ewrt)h)%{nhg ﬁ@e?%lscrlbed by WO

m num
98/3938% tapd elbeyrhierpy rhrfziw(qdwhmhﬂe hga-ndecdmxpoajé)o the formula:
I -butyl al um num bi s(di (n-pentyl})am de),
n-octylaluninun1bis(2,6-q#-tbut | phenoxi de) ,
n-octyl al um num di (et hyl ( t hyl ) am de),
et hyl al um num bi s(t butyl di i | oxi de),
et hyl al um num di (bi s(tri met lyl)am de),
et hyl al um num bi s(2, 3, 6, ®"“di benzo-
1-azacycl ohept aneam de), n- octyﬁﬁlunlnum

bi s 3, 6:7-di benz zacycl ohept aneani de),
n- 0‘5%'5%5?15?%3}&%8%%@3( éﬁfﬁs{?hyl (t-butyl)sil oxide,
et hM’eE'rrB@trélﬁltﬁn cHephesmypigxbefop ¥iedRlein @REspRhdwol tBd demula: MK X, Z,, or

.%élﬁtox ﬁ% Preferred shuttling agents possess the

a dipperthereot, VSR er rates of pol yner transfer as well as
thamhggna§b4hﬁaﬂsfer efficiencies (reduced |nC|dences
of chain termnpation). Such shuttI|£§ agents may

us el 1§ herpeReatEiningsielisalized rielsatsons Huoughiwhichds ki b@v@ tp% said K

@%h{aﬁﬁjngq{%@f) 6 a@hs ﬁ&l&)ﬁr{tfn gydr!) nafidlst 6p9i@nal§/lf&79 }1( groups may be

shuttling agents result uctlon of t ort
Jomp@@gﬁthﬂé‘omng@ﬂgpdggql girukturen nlg{) fugher optgvially one K may be bound to XorZ;

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

optionally one or more X and one or more K groups are bonded together to form a metallocycle,
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desirably, chain shuttling agents with a single
exchange site are enployed due to the fact that
wo beweflbxser i ve nol ecul ar wei ght of the pol yner POT/UR®06/003209
reactor is |owered, thereby reducing viscosity of the
reaction m xture and consequently reduci ng operating
costs. Catalysts Suitable catalysts for use herein
andl fetherrptignally oaerpionerd Xoand eamesimese Zaroups are bonplod frsthertthdreby
fornfin2HRPe84hdt ¥ bl &)ngl%ﬁt%oe £ F b c%ord‘ixﬁ?ed%e%étg ed
conp03|t|on or t et er ogeneous
hondgefersudenty eagh pequgrenrays Eb@u@#plwebhse Emnpgm obiip to 50 non-

hytl‘x%ﬁé?lr a@&ﬁsﬂ%ﬁjﬁﬁn ?éaé’t%hg' uﬂsﬁa%&@gctxton ginr c&t‘g I uwgyc\:g %fgﬁrdmated to M;

| er- Natt onposi t1 ons, especl
haI| egleﬁapdhme@kdh G oup 2 netal halldes or m xed
halkggglﬁgg s and the well known chrom um or
vanadi um ysts Preferably however, for ease
of uéeaammhfﬁnmnhodumﬁlon of narrom;nnlecular wei ght
pol [ Iut | ysts for use
her )eﬁi[;%ﬁsqlfar’ E%E?Sne ﬁeelrtt%%lﬁsorg%f[oé‘f%?g?%s ising a

rel d’lrefm&tdwoplpl’e&esoncgmohﬁsé eddtduﬁnglélfhﬁﬂcbﬂé%r o n%t@bs The latter

C unds or exes based on
cof QPR R TREE N ng CHBlRTG eieopynGRE Piive i Betered bridging
gremps are thosd cdriespon@ing acth€ fofiakilh EEFOT), M’@elEIEQETﬁH&o% gd¥Bbi@hm, tin, or
herein | ude conpl exes

f
carB R FRIFREGRLY P SEER Y OH e PP St FEmeslyh Reocarbyl

hyd?ecralrlﬁylicbx@' ahéd b&rﬁ)lﬁﬁtlohMerEéfEM’%af;ﬁE hf‘to@ Orbgrbt@p 16r Qﬁcomfoﬂls and e is
val en Lew s bas e

ded I i gands or
Ltp ? ggﬁ‘?taf b%%%aﬁ‘rér? ?I’HE ERFGcTHEIeRge] lt)@eth)él ethyl, propyl, benzyl, tert-butyl,
phdngl, etk letRR e B hesRRHSt I 2l Nned geonetry, and pol yval ent
pyrld | am ne, or other polychel ati ng base conpl exes.
The ECyRRIFestdle copwleyesfopiiniizityo Heasoups e cBPeURdS faprespending to the
forMgleXxZ , or a diner thereof, wherein Mis a netal
selected from G oups 3-15, preferably 3-10, nore
preferably 4-R90, g nmost preferably G oup 4gof the
Peri odi c Tabl ey 0 he El enents; K i ndependent ach
occurrencB?i cont ai ni ng delocallze
p- el ectrons or~ong or nore el ectron pairs
which K is boBhd t »said K group c |n|H§ up
X
atonms not countRh ydf ogen at ons, g??
nore K gru j oi ned together form ngra by dged
structure, an ther optionally one or
may be boundRfo ZR%o X or tg both Z and X;
i ndependently each occurrence is a nonoval , nic
noi ety having up to 40 nonhydrogen atons, optionally
onewRéreX0r € X groups may be bonded together t her eby
forntn? a, dival ent or gﬁlyvalent ani oni ¢ group, and,
f ur Mg fitag . giepnjugn orchaivst, prefireblxzitposiupr Aafdivon i the 42 or +4

fordl®oRidation state;

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 germadiyl group) thereby forming a fused ring system, and

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

atoms, or two X groups together form a divalent anionic ligand group of up to 40 non-hydrogen
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Z groups may be bonded together thereby formng a
noi ety that is both covalently bound to M and
waeomediorsat ed thereto; Z independently each occRCT/ER66/003209
is a neutral, Lewis base donor |igand of up to 50
nonhydr ogen at ons cont aining at |east one unshared
el ectr air thro |ch iE coordinated to
at"‘ﬁ“s"ré?ﬁeﬁ’ﬁf % Baropys; %’mg Ty Lo 0o éé%ngWSlbOP’éﬂ by means

of d8logaliz&1 RelodFHASTo lfflr\Qﬁ@rQJpEIQM?is irAh&+3 fbﬁnﬁ%da&fé‘i’?%taté %nd
equal to the formal oxidation state of M Suitabl

met%laEéb‘h?)ﬁfé%eﬁfe}’lﬁ%ﬂm#@nﬂqose containing from1 t o 3
whi ch
%?ﬁrﬁﬁﬁd%@d ﬁgaﬁﬁs {Bﬁ{ﬂn d%: twb %%@H&jeg%'}&gg%g I ch may

be cy non=cyc ocal 1 ze ed anionic
dlmbﬂlg}bn@yqpmbshenﬁ)sdml amythmhsétctmmeﬁ}ybwnldmmwgreoﬂmmm e

dim %bfé@g%t]@g a@fogéﬁ%hée?lgﬂu%%ﬂs r(ihrn%%g Ezpés)lgut)ag Fzg Cacczéciﬁezn-l gl)sﬂane
2,2- gns@qtpga,ethphm@mwtaél,ensd)pdopanee dmegiyﬁuqﬁmderByy]Dshhnd, erm'’
dlm?t;]gggggtg §1ng§1§f]%%ﬁglg%et dMéSW blls%tzuore&gf glbjsplgl S bonded to

ans IOn ne I’OI']S froma
dimpthylbis@éttafry dieflwcal- 1 -xlﬁxﬂlalpb; bmredlylbﬁaz:imeﬁyl@trphdﬂylﬁdden- -yD)-silane,

r ou
aimg G BR B B OB Pt TR PR R Mot D il
dlmﬁm{ilﬁdgslgpdm@dmﬁymﬁfﬁmmﬂuoﬂ&gﬂf;@&ﬂfhkl)le hydr ocar Ey [,

. ro ar S et e oat QITs
dimgiflfegHip i‘b@ﬁﬂaéf%?ﬂc geﬂﬁéﬂéﬁ%ﬂéof ff%n? e bl 36 of
bls(EﬁQpEiﬁﬁdl@ﬂ'l)ﬁlsfﬁﬂle (@, Pbis(chiopehtadienil)stham) thddibthyl(cyclopentadienyl)-1-
(ﬂu%]ydro yl - substituted heteroatomradicals further

’bé‘tyt“ﬁ é‘&f’vvlth a Group 15 or 16 hetero atom

c 0|’Fré‘ﬂeﬂéd“ﬂ” Q@h&ta‘x‘e sele@te@@@intﬂy@ﬂ'ﬂet MRIr Qb i1, 2861, halohydrocarbyl,
radicals may to her forma fused rin |, System

halosihd siefihpidrograbyyl s Wn@rydlromrlvx} gFRyaT Of YRt egrovRsdeasther fogm a divalent
der1§M§/E @f@ conﬁfgatteﬁ‘ Qiéné'rﬁ%lsfe & {8t fa}nh RENELE R\Mofx&dgbggugated diene.

I ncl"'uded wi thin t e term "hydrocar by
MOSG:PIWP%\@QCPWS agiCamdiydigcanbyd seoypd- i ¢ al kyl radi cal s,

r
oy CoARPRVBE bl BfibRir g foypl i R HALbE 14586 fp o present
inventieli ipelbde: Sui t abl e hydrocar byl - substi tuted heteroatom

r adj- ' . . and tri-substituted

r a&%@%%cg()p %1?545%&%1?5%{‘8 ndggeﬁhyl germani um nitrogen,
biS(ghwphaﬁwl)zircoomfmghbe' ngher elg eacg of :he hyg(ocalr byl
..ar ins. fro carbon atons anpl es
bls(?yr?g#gn hflacomu?jhmefm gfnb?lnozy 12pyr rolidinyl,
b1s(tyclqpmtdttyérgl)h;domutnrm@mmphem[yl yl, tbutyl di nethylsilyl,

o R gy, Lo ol and
bls(ds;etoeémacm:@ml@mnmadnm ng noieties include am no,
bls(gycﬁ)pgntacp enyl)zucomu%meg r3l/1rr?e|thk ﬁdte,hI ©
bis(cyclopentadienyl)zirconiummethylchloride,
bis(pentamethylcyclopentadienyl)zirconiumdimethyl,
bis(pentamethylcyclopentadienyl)titaniumdimethyl,
bis(indenyl)zirconiumdimethyl,
indenylfluorenylzirconiumdimethyl,

bis(indenyl)zirconiummethyl(2-(dimethylamino)benzyl),

bis(indenyl)zirconiummethyltrimethylsilyl,
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noi eties or divalent derivatives thereof, for exanple,
am de, phosphi de, al kyl eneoxy or al kyl enethi o groups
whordadishd the transition metal or Lant hani de P&t/ab2006/003209
and bonded to the hydrocarbyl group, p- bonded group,
or hydrocarbyl - substituted heteroatom Exanples of
sui tabl e ani oni c, del ocalized g-bonded groups i ncl ude
r

bis(tyrehyipandearl) znagrivmmetdirimethyisilbr eny |
. j |
bls(tgcgl{t%ﬁé;l)(d}?c%ﬂ E&?Ményl)ﬂﬁ%ﬁ@#ﬂ%xgﬁ@lfb!ﬂ&?f eny

oren ent adi ehyl cyclohexadlenyl
bis(q:}édtgmhthmmhpart@hﬁ}lbfl)zwmmamswmmht hracenyl ,
. decahydr.oant : . qr- l e, and
bls(%%r}% %’?éé%g??’zc %P%fdgeﬁgg%lrcg@%\%%% hygr%aﬁ)ggfgt |y substituted
bis@etthnebylyebpttiatiashzicesipeoictllcylode, | Chydr ocar byl -

. subst it tedo carbyl)silyl-
bls@[?ﬁ?’ielﬂ{ 818pedlep fel\}%?zl(lr\?cénsm??{g%%g]? Preferred anionic
bis(@&dym@abpaladlepylmndﬁldn@bmﬂs are cycl opent adi enyl

th opent a '.en [,
bis @SR BBpRYsai ey BRERV R
b1s((eﬂxg/rtgcmﬂteh%rlciﬁlb%elntaﬁtehﬁmamﬁdﬁcﬁmy&lyl i nlden?/l denyl
Imethylin uar e metl 1yl naeny
bisgrepmsoRyIHCIgH eé‘?f\?‘f%%ﬁ?f‘?‘“m?é?%lhydr of | uor enyl ,
blsgﬁ&&hylgiimé lé@élﬁﬂl)/ényl drcohitl@ivanyl, ,

rrolidinoin
dingpthy’ S(%&'?b*(%‘@?ﬂn&gF?}S‘Pféfﬁ%EH‘t“ﬂ‘ih@ﬁtth byl , and
dnﬁe%y‘is%?%%(t@ﬂrdﬁféﬁﬂ%yeloﬂ'&&d&ﬁﬂﬁtﬁb@ﬂ zjﬁmmlyll i gands are

anionic li whi ch are baron containing anal ogues

dlnte@lYEﬁélﬁli’@ﬁé’“Wé]VP%‘PéheﬁV%ﬁc%g‘P $ellti@lin in the art

dnﬁ‘éﬁWlﬂgle%ﬁﬁhtﬂ@ﬁw b&ﬁ‘(ﬁexﬁ?zxﬁonﬂﬁﬂﬁﬁfohﬁ@ et al., in
danonetal I cCs 1-480 (1995 fer
(mﬁbylatehtﬁﬁﬁzeéwwlcwlg%ﬁﬁ’éle&ﬁw Wy HD % IW‘#&V CRET“&YI

(mé{gﬁé&bﬁgﬂ%w@yo edtmntyl)%&ﬁ&{my@mlmeﬂm@;ﬁ%ﬂiaﬁm

ecte romt group consisting of hydrogen,
lnmyhyd@h'&mSlﬁlyﬂenYBfFltoynlumh%{lZﬂc}é?fl‘&er nmyl, said Rl having up
LRgen, and optionally two
dmgegh %S?%l%e ?‘E)nlﬁl% @Hﬁ H&&%Mmtﬁ%d together. In
rm@hﬂﬁleZ-mthmﬂ-%Phegylmdvml)émond@rdnv ebylves of such

dn%e%hy(?scig/ibls%f %efﬁyﬁn%%ﬁﬁn ng%ﬁg 3 4%1&1(39};1(3@ ﬂlﬁa%ﬁeﬁgf i s bonded

ent or a ‘coval ently bonded
dlmhtmlbrms(@mthpl-nt pheamlmdhaﬂ)zacqmmrmfﬂ)tltﬂedlnl@nﬁr lecbutpdieneby
ge 2 ic
dlq’%%"g]ﬂgg) 1{(‘#%%11 ar én%ﬁlﬁx Sp Oﬁuﬁgﬁggﬁ? glll EIMSB}R ioegﬂes to a
dlrﬁe}tls,‘jlsixyﬁﬁst(adaremyjlcygropemad1ailyk)§,lrcamempinrmth3dusI y known in

gl GRS ERR BT RGl o 11 gands. corr espond to
dilhchEyli113#[-019{tétrahyd’l}&iﬂtﬁ)lrd’myﬁ?ﬂlrdoﬁluménﬂlrlemthylsﬂjfl)g defi ned.
e e PN SRR vo s i oy
du{léiﬁilﬁﬁiﬂ(tetl\éﬂ&hﬂbiblopentad1eny1)(fluorenyl)zxrconlum dlmethyl

A further class of metal complexes utilized in the present invention corresponds to the
preceding formula: MKZ,X,, or a dimer thereof, wherein M, K, X, x and z are as previously
defined, and Z is a substituent of up to 50 non-hydrogen atoms that together with K forms a
metallocycle with M.

Preferred Z substituents include groups containing up to 30 non-hydrogen atoms comprising

at least one atom that is oxygen, sulfur, boron or a member of Group 14 of the Periodic Table of the
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Mis a Goup 4 netal; Kis a group containing
del ocal i zed p-el ectrons through which Kis bound to M

W@ 200d/16159T oup containing up to 50 atons not COREIL/URP06/003209
hydrogen atons, optionally two K groups may be joined
together formng a bridged structure, and further
optionally one K may be bound to X or Z; X each

Elementsdiresty: attichedsto fo shed iEferent atm, selpctedfinmethy eros pongistipg of
nlﬁg%n @o@&%rd@y%,g&%? st Wit is bg e&ﬁ?h&ﬁﬁe@ﬂﬁ\flo r nmore X and

nor e roups are ogether to forma
met Motezxpycuﬁ@la tids ¢laps phHeroup A mietah mmgler@ﬁ wsed peagpsting tX therpgesent
e 2}
N R L S LN
coor di nat ed thereto Z indeprngent |y each occurrence
is a neutral, Lewi s base d/orﬁ of ligand of up to 50
nonhydr ogen at ons cont ai p@ngmtxleast one unshared
el ectron pair through which Z is coordinated toM k is
an integer fromO to 3; x is an integer from1l to 4; z
i s ®hereber fromO to 3; and the sum k+x, is equal to
th e][\/f rtl%L unPH BB pRdr@hily Alani¥n iPERLS! £5 @r $@f69thﬁ)6§§latlon state;

i nc ose contalnlng el ther one or two Kg 5
TheK/ itatdstocalizapinebondediligend ereun dntiseally syhstivead g 1afr°m TioSK
gro Eégrdgl ng group linking the two K groups. Preferred
glng groups are those corresponding to the fornul a
( ERR” ) eaclvdrenuénge Edepsndsintly ioplectefrora flieurqupicppsistigg of hydrogen,

hy&ocalbo p’sbﬁbgenﬁ?légﬁgcg %@E and @%aﬂ&ﬁﬁ%&% Cs%gl' 133 hla‘)ﬁgé 0960 non-

rom rocar
hydnggén awarspy wmyemhﬁgommm&tr forrs atltveleyetcﬁerwzssm (thawis, a hydrocarbadiyl,

30 d 1t
Sﬂ?’gTyY w%f'@%)dé%l%?up ere%r’)?' é"b“élﬁ 45[3&3813%%%@000 u??engel |Ss °
met bych,X Btal’hﬁlo , hyplecepypll, h)bbmmgblél;)xy ellrsllybgj?gﬂt saigremyhaving up to 20
t hoxy, . et hox r eno . a e.
oo B e R B TSRS Lot IR0 v

derLJﬁ?VJtﬂé a wherein: Mis titanium zirconium or
nium preferably zirconiumor hafnium in the +2 or
+4 Rosrhaﬂ%om dation state; R3 in each occurrence

i ndgpend YRS P'ig ed fromthe gr oup consi sting of
hydr ogen ydr oéa silyl, ]% ano, hal o and
cont¥’ rmeIRbn@thlfeRe&rB » ER}ERRAC ROa @ eR’,, wherein

non Ii){y %{d%ge%ﬁenﬂy each occurrence is hiydrogen 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:

Ar
R4
CQ\R‘l
R M),
Xy~

E

wherein,
Ar is an aryl group of from 6 to 30 atoms not counting hydrogen;
R* independently each occurrence is hydrogen, Ar, or a group other than Ar selected from
hydrocarbyl, trihydrocarbylsilyl, trihydrocarbylgermyl, halide, hydrocarbyloxy,
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atons, or adjacent R3 groups together forma dival ent

derivative (that is, a hydrocarbadiyl, siladiyl or
w@esogaaisy? group) thereby form ng a fused ri ngPG/EEING/003209

and X" independently each occurrence is an anionic

l'igand group of up to 40 non-hydrogen atoms, or two X

groups together forma dival ent anionic I|gand rou

trihprocagbyisalon0 bisGribdyetrtbylsitehaewe, SihigebHamiBh, 8ydocarbadiylamino,

hydrc%chJ éﬁ@%ﬁﬁdﬁ%&ﬂ&@a@ﬁ)&h&ghﬁé %g?cl:tgceltrﬂzhél Hael gﬁ%/ g%dgcgﬁ%ylsulﬁdo halo-
SUbW@hWaM}’l $}’drncatﬂ}'éox¥ Dsubgituied hy@mceréylb oiydroearysikyh d“bStlmted

hydﬁqcfarcl@ ég'rhydrocaréygm x%psjilgs\{&u%ﬁ Mrogﬁf)%lnﬁ%tr %%f)ﬁgl l)ammo-

talnin groups
substitaed hydrdmaﬂ@t; ylt{hmxmatbat)armny-l s)lbstmmdehydrocarbyl hydrocarbyleneammo-

sub§iiey oot SRR R E GRS LAt 4 Siar e
hydglbcamly eyt ghosphidrot sdbstityﬂed: Wdlrcmpléml, aldly@mcarbylythlﬁéq Isdngtuted hydrocarbyl,

sai éﬁ?"lﬂ é%géﬁq tﬁg@ ﬁyorrf%)g{ v)o li?tfng%gérog aloD ognad %tlonally two adjacent R*
groglbsl”fﬁzt)*bﬂ i biln&d fogdtiien it thing apdBayclit fiskd sind groep;
net hyl bi s(fl uoren-1-yl)sil ane,
et BAEL et r ahydr of | uoren- 1-yl)sil ane,
dl Rt BydiR, SCI5, s heiRG, depherty | GRIGERS TRESIR®S BRABROL”, or GeR®,;
di et hyl bi s(2- get hyl i nden 5yI)S|Iane
d|w@ﬂhﬁ?(éVCNBpeﬁ?gd@gﬁypf( %oren- 1-yl ) si | ane,

‘i' rrlﬁﬁ hﬂdeﬁ&iﬂ@ﬁt%ﬂ{ Sdiedtvé, i 19afr YAl Bl dtoByisilyl, or
trﬂvcrrlwezzrh)ﬂﬁltyg}yérosﬁém sl Briypripe vR o 20rgRsather 8128 Ry drogam agd ogtionally
rgl;ps AR’ % etﬁertvﬁﬁlr\am foyoh nking dystem;
% ¢ycl open adlenyl)d|3|lane (1,
2 b ;Rs,(m@p@p@lg@tht eqel Q45YIrgnEes ppalpygrogglh ar a member selected from hydrocarbyl,
hycgb&?ryiwég d&%? hoBgALRE hlﬁﬁ}’llla)ogenatédfdrﬁmm arkd SkmbiRtifidAigreof, said R°

groups are selected f pn1h dride
hahg@lmmto a0 myn—hy@bgep Iatongeaiﬁy)pmﬂhlé)r @War g@g}swﬁ together with Z forms a
fin %m %1Iyl si |yl hydrocar byl and am nohydrocar byl
6 upé or two X' groups together form a dival ent 5
der iZiat newrabdiere ar emiongdantatt aiipeliidentnte byvabase gritmally jopdsd to R,
F§f02?1a neutral, p-bonded, conjugated di ene. Mst
¥ &ferred X groups are Cl.20hydrocarbyl groups.
Ex ampis asdmgenmmahovabn@nmetshg@lfd grmp lfaging gp Ry Aerygt gounting
use i.n.t
hy%rloge(ncg;/r 8 %rglép&; are jof cllj %Fgc%e%%ﬁepé )ﬁ%&ltd, cﬂ@alén@ ﬁ!;éﬁq Sroup;
bls@gymbﬂnemﬁadlenyl)2|rconiun1d|benzyl,
bi s(cycl.opent adi enyl ) zi rconi um et hyl benzyl ,
bis%ﬂé@ nt adi enyl ) zi rconi um et hyl phenyl ,
Preferred examples of the foregoing metal complexes are substituted at both the 3- and 4-

positions of a cyclopentadienyl or indenyl group with an Ar group.

Examples of the foregoing metal complexes include:
(3-phenylcyclopentadien—1—yl)dimethyl(t—butylamido)silanetitanium dichloride,
(3-phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,

@3 -phenylcyclopentadien—1-yl)dimethyl(t-butylamido)silanetitanium (I) 1,3-diphenyl-1,3-
butadiene;

(3-(pyrrol-1-yl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,

(3-(pyrrol-1-yl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
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bi s(cycl opent adi enyl ) zi r coni undi phenyl ,
bi s(cycl opentadi enyl )titaniumallyl,
woe@bayrsbopent adi enyl ) zi rconi unmet hyl nmet hoxi depCT/US2006/003209
bi s(cycl opent adi enyl ) zi r coni ummret hyl chl ori de,
bi s( pent anet hyl cycl opent adi enyl ) zi r coni undi et hyl ,

G- <p§4r§1§1%ﬁ”t o gﬁj 5 9'1)%%%@1@ G alibd biARL AL AT WA

uﬂﬁgﬁghhhu@ﬁﬁﬁyl2|rconlundlnethyl

6 Or ey DB ST B RO SRR R by
(3- (1[&tﬂﬁﬁ?%6£%é'%)ﬁﬁlﬁfﬂ)bﬁfﬁfﬁ{— hYﬂ)dlfnbﬂl’(?l(dibub&adnyd))sﬂanetltamum dlmethyl
cycl gpen
(ISR B DRy Er e SUPERN g SO T Ha B D 2
ggﬁggﬁngpmﬁ&ﬁykcyclopentadlenyI)Z|rconlunnethylnethOX|
(3.4- éiphqrw@ﬁ(tl@nztasvww&dw@wﬂ' (hrtapidprilmegrimmesrident ori d
R o et

(3,4 bxph(lwlcmpmltagi@nd P inathdirpnty mpdodsipnetinn et
kgiﬁﬁ%gyltetranethylcyclopentad|enyl)2|rconlundlnethyl
I'S mét hyl propyl cycl opent adi enyt yzi r coni undi benz
(3-(3BNHN- dxmetlnelamwoéphbwl)@y@pmp@ﬁm&ygﬁgme Iyl bsHpidaisHangEppium
gKgFtﬁ¥IS|IyIbls(cyclopentadlenyl)2|rconlundlnethyl

yIS|IyIbls(tetranethylcyclopentadlenyl)tltanlum
(3~ (B(]H]]I\) -digdethylamino)phenylcyclopentadien-1 -yl)dimethyl(t-butylamido)silanetitanium

nngyIS|Ibe|s(t but yl cycl opent adi enyl ) zi r coni undi ch
e’,
3- (ﬁNnﬁﬂmtlwlahWobpts@ylmmpyntaxymbmmwy@wwwiﬂ@aﬁmﬁﬁmi%

(ﬁééh 1@?5%”§%?“??%ﬁbthylcyclorentadlenyl)tltanlun( pi )
(3-(Lmetibxphdiyl)armethy lipeipyitadien-1 -yl)dlmethyl(t-butylam1do)s11anet1tamum

net hyl enebi s(n-butyl cycl opent adi enyl )titaniu [
dichdoridg; 1t | i yI ani no) benzyl , o e

B-(Ainddblyphedyh)y- Ihl‘leﬁﬁhyﬂ:&myﬁtycﬁeﬂ Gedimatplhpkddvhide)sithastitanium dimethyl,
(3-4-methoxyphenyl)-4-phenylcyclopentadien-1 -yl)dimethyl(t-butylamido)silanetitanium (II)

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 D 1,4-
diphenyl-1,3-butadiene;

(3-phenyl-4-(N, ,N-dimethylamino)cyclopentadien—1~y1)dimethyl(t—butylamido)silanetitanium
dichloride,

(3-phenyl—4-(N,N-dimethylamino)cyclopentadien—1—yl)dimethyl(t-butylamido)silanetitanium
dimethyl,

(3-phenyl-4-(N, -dimethylamino)cyclopentadien—1-yl)dimethyl(t—butylamido)silanetitanium
(II) 1,4-diphenyl-1,3-butadiene;

2-methyl-(3 ,4-di(4-methylphenyl)cyclopentadien-1-yl)dimethyl(t—butylamido)silanetitanium
dichloride,

2-methyl~(3,4-di(4-methylphenyl)cyclopentadien- 1-yl)dimethyl(t-butylamido)silanetitanium
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di met hyl si |yl bi s(2-net hyl i ndenyl ) zi rconi undi net hyl,
di met hyl si | yl bi s(2- net hyl - 4- phenyl i ndenyl ) zi r coni undi m
weevgl1p1587 met hyl si | yl bi s(2- met hyl i ndenyl ) zi r coOPCT/I2006/003209
1, 4- di phenyl - 1, 3- but adi ene,
di met hyl si | yl bi s(2- et hyl - 4- phenyl i ndenyl ) zi r coni um
(Ih% 1.4-di phenyl -1, 3- but adi ene,
| silyl bis(tetrahydroi ndenyl)zirconi ump)
2—m|§1_;h§}-@iﬁ@%&th&lplﬁnﬂ!}ﬂy&ldp@fhﬁteln- -yl)ldlmethyl(t-gutylamllc;o)sﬂaneutamum
I et [ i s(tetramet hyl cycl opent adi enyl ) zi rconi um
(ﬁﬁtaéwﬁ yﬁL? éé???lbls(fluorenyl)2|rconlundlnethyl
(2, %Jdrp?fmzs% Nfdtrb?tﬁ)fl?rﬁthli)@?&&ifeﬁtfahﬁ@ﬂ SMMimeBly[(EBRY1MAdo)silane
is(trine sily
(H§QBW85§*PH@he)(cyclopentadlenyl)(fluorenyl)2|rcon|um

2, @dﬁﬁ&%ﬂ)M Q@Nfihmethylammo)cyclopentad1en— -yl)d1methy1(t-bu?lamtdo)sﬂane
di met hyl si | yI(tetranethylcyclopentadleny ) (f1uorenyl)

i rtEyHPR Aiestibt hyl . A further class of netal conpl exes
(2,81 phks U@Ntdﬂﬁetﬁflﬁﬁwﬁgfc;/(dl@éﬁt@&bﬁm yDRleagRRNdS to the

prece ornul a dirmer thereof, wherein

M bmtylawd%%ﬂm‘fazmm@) 44-dinhenyld Bshwjadiraesi ned, and Z is a

S € C are U 1CN10; €
(2,3#;*9?@%%@9?% thﬁf %HQ%%%EIQQ 1:}@@ W@ g\?tglaﬁicﬁ%ﬁ i 'ﬂ@ah ec} rhé drld X
(2,32-sipbywl-b-ushykyélopentadiend fytb)dm@ﬂvdihbwlnmnig)stlpletltan@@ dimethyl,
@ 3walgnyngt P4ty R AR ey d&%tlﬁg%&?ﬁ&%a%gﬁ%%h&g@tt@s 1.4-

t diphewel-l elivindifadl e of t heEl enent s dlrectly attached to

(3-p|ﬁe ﬁqq’fte%hoq&%{c%ﬁgr{f}ldle%t %d1 eth}glﬁ-buﬁrlamlgo si aneeut'guum. c?lorlde

rogen,
@3 phbxaﬂ 4+methxmyeylcbp¢ritz}d1dmelnyl$ﬂrnéthMt—bMMm@q)3tanéﬂtmmkﬂ1 dintelliys

€} d h
SRR e o e R
cdﬁﬁhy&ﬂﬁlnmﬂkmespondlng to the formula: wherein: Mis
f tit the
3R R i ik TRl iR isPaaii diaprice
2, 3pd1ﬂﬁ:ﬂ9|19ﬂ(n|-bu@a)’d§2h1®’eﬁﬂd@le@-myl)diﬂ&kﬁy}(t-ﬁtuﬁ&hidb)iﬂﬁﬂtltédligﬁl dihehyl,
enden

1.to 5 , R2.] h

ARy el o S Radet 4 D s P B sy R e (1 14
hyighega Bwutadehd;y! . gernyl cyano hal o and
onblnqtlons thereof sai d havi n

up to 20
CorRpansHaR peTa ot A patak R ot e g Hshiordhm
@, 3a1 Site%aﬂ)&ﬂilcﬁ%bﬂt&ﬁén\lﬁyl§d1ﬁ‘1@t‘h 1l(tsoutﬁartﬁt1@b§1%@tttmﬁﬁth)Atmethyl and
| adiyl or ernad % thereby formng a used
2, 354 ﬁ&trgg)@gfﬂc opentadien-1 -ygdlmet yl( -butylam1do)51lanet1tan1um (II) 1,4-
diphenyl-1,3-butadiene.
Additional examples of suitable metal complexes for use herein are polycyclic complexes

corresponding to the formula:

R7

<O
7 Lo MX,Z,

where M is titanium in the +2, +3 or +4 formal oxidation state;
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each X is a hal o, hydrocarbyl, hydrocarbyl oxy or silyl
group, said group having up to 20 non-hydrogen atons,
W@Rr00bMEISY gr oups together forma neutral 5.30 PCT/US2006/003209
conj ugated di ene or a divalent derivative thereof; x
islor 2 Yis -O, -S, -NR-, -PR-; and X is SIR
2CR’28|R’28|R’ZCR”ZCR’ 2, CR=CR, CR 2SR
R in@pBhdeftly eskle pesimerRe isiydiidse hrlserarbyl, sibdieenediofidn ce

hydﬁ%‘iﬁr?’glg %ﬁr vgsrﬂ%}r{ay drﬁ%@;&ﬂlﬁ%mmoo hwgg}g)atm her eof |
hydﬁo&ht@yﬁ‘heahﬁw rhghyldp)cbnbylﬁ(homrrigohxydmca@yﬂenqapimsmmydrocarbylsulﬁdo

halcg— Gl §h¥f;§?cglﬁ)y§2wgf catrbh XB'%BIFS% d;éerglglazﬁx%ga}{)%%ﬂg}leglbstltuted
11yd€&61’b9§ ﬂjitﬁﬁhaﬂgrlsﬂex}t mestft\mdﬂnydmcanbhbh}giroparhgdsﬂylgmmn sulpsyituted

f 6.1 to
hyd?qrﬁ;gx':eﬂygle ﬂﬂ@ﬁ{c?cr@nrbgg%ﬁn% E@a (r) e n cgf)ca%tﬁl é‘?’ rogarm%r 8191%] suﬂ?&tuted
hydddceibpl, Gf(ﬁﬁl['ochfb@l)plﬁﬁplﬁtﬁi-@bitﬁdecf llydmchrjbyﬂt; bﬂhmcbgbbllene-phosphmo-

subied BepBTay: brovarpy BUEY SRR Gy FEOom, sBE R Bup taving p o

40 Rbsé bétichyting 6 Adrbyeh Sdnt yhilcaailyrwo dllinfobeyaitixclaregyihy groupsopay together
hydr ocar badi yl am no, hydrocar byl i m no,

forggiadiNplpnbeeaiVeiie) phosphi no, hydr ocar badi yl phosphi no,
hy d e gardaleathydstarbyldad- 06 sibstthted hrilodaseiene giotyy forming a fused
hydr ocar byl oxy- substituted hydrqcarhy]

Syt WO S BYP S0 I m S BEP T SRR B L o 30 stoms ot

rbyl sil oxy- substituted hydrocarbyl,

tﬂlmé %{}?i:}%g’r ocar byl si Iyl ) am nosubstituted hydr oc%

dl ( B dvaoti ealdsy npighsl, ot meiefly $pIPIifReEPIR Vchoa Jeutral two electron pair
r of Group 14

B P SIASERE SR By s o f oo

of thy Bemmlm mblleeofelmiiistpmtm end asl,a@wgtnptlm@@trﬁgﬁmé@whaw sulfiyr or oxygen;
hyd car byl s olass of

ég ovalllent arfllgmc lgémci glloh[y hdw gg%ﬁ% t@i& %8&&’ %/xc}\%gg %f fRe
hgﬂid@ Bt ard Bﬁbh@;ﬁeldﬂﬁi&iedl yi-tiound Bghindgenps 484 ogm@gﬁjstwp@y gllgups together
oi ned together formng a polycyclic fused ring group;
forig 3 @Vitl?nttgﬁ%“&rﬁmuks is SIR6 2, CR6 2, SiR6 2Si R6

Z independently each occurrence is a neutral ligating compound having up to 20 atoms;

co

!:‘

xis 0,1 or2; and
zis zero or 1.
Preferred examples of such complexes are 3-phenyl-substituted s-indecenyl complexes

corresponding to the formula:

O ©
o = Q4

TlCH3 CHs
CHiz__Si

CH \NC CH
CH3 \NC(CH3)3 CH3)3

CHg
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2, CR6 2CR6 2, CR6=CR6, CR6 2Si R6 2, BR6, BR6L", or
GeR6 2; Yis -O, -S, -NR5-, -PR5-; -NR5 2, or -PR5
wQ200080159ndependent | y each occurrence, i s hydrPCHUB3006/003209

tri hydrocarbylsilyl, or

tri hydrocarbyl silyl hydrocarbyl, said R5 having up to

20 atons ot her .than hydrogen, and optionpally two RS

gr otdréumsithyksubstiyted sdrdeggnylromplsxes£opgippuding oty fetraiasin

R6, independently each occurrence, isC@%drogen, or a

eéitsed from hydrocar byl, hydyjocar byl oxy,
-NR5 2,

grat ons, and op )

W thcAa fiorms a ring sygteny,
di ene “dt3 %@Dnddentate or polyden% t LemL$ base
opti orfakfy bonded to R5, R6, or X; i s hydrogen, a

nonoval ent ani onirg | igand group having up to\6Q

not counting hydrag or two X groups are j of
g a divalent |igand gr{
or 2. Preferred exanpl es\e

t oget her thereby f
1 or 2; and z is O,

fore oin% met al conpl exes are substituted at both the
3- %%dmat yisyhstityieshsindgeeny! eqrpnieise preeapBAipe tothe foraalay |
group.wth an Ar group. Exa >~Qf the foregoing

si~cemphexes i ncl ude: d Q adi en-
@@ ¢- but yl &hi d @) 3

4ﬁjﬂﬂ/oride,
. 7
on s "I'l (CH3) o CH3>81 4 /\CH3
3
CH3 ~
CH;:> Ne (chy) s NC (CHs) 3

Additional examples of metal complexes that are usefully employed according to the

present invention include those of the formula:
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15

(3- phenyl cycl opent adi en-1 -yl ) di net hyl (t-butyl am do) si

aneti tani um di net hyl, (3-phenyl cycl opent adi en-
\Vazwkmmﬁnkthyl(t-butylanido)siIanetitaniun1(||yCTnmmmmemm

3-di phenyl - 1, 3- but adi ene;

(3 (pyrroI-I-yl)cyclopentadlen I-yl)dlnethyl(t butylam

i do) si | anetitani um di chl ori de,
pYr ol - 1-yl) cycl opent adi en-

met hyl (t - butylanldo)3|lan: 3 |um

3 (pyrrol- |-yl)cycl ope

| (t-butyl am do)sil ane 1) 1, 4-
CHgrT FOsL 4 her 40 St I d cHs
(3- p Py I Ohe ,) cycl opent ag
1- i\net hyl T/ﬁut %ﬂm do) si | an | um d\cfu/blﬂ%)s
(3 thyl p )/r -3-yl)cycl opent adi en- \
1- ydi net BH(t - bHin am.do) si | ane {ni umcdy metdw |
(3-(

do) sil anetitani um (E)
1, 3-but adi ene; (3*-di
t-butylam do)sil a

cl g adi g
-yl)di met Kt - bu{wtém do;qsn I

-met hyl pyrrol - 3-yl ) cycl opentadi en- 1-yl ) di net hyI (t'

ds“c“i)w

NC(CHs)s
tanl M) 1, 3-

(3- (3 N, N—cgﬂsﬂet hylégndgps) phenyl ) cycl oa@@r({/adl e%HéG,_}él ) dim
- but yl ami do) si | anetitani um di chl ori de,
pent adi en-1-yl)di ne

7\
am do) si I (1)
HG77 L —g'g‘ﬁ{%d. ene; S{CH;,,)Z

(3- henygchzjret hyl cys ‘o“ en- 1y i met
hy Si I(ane{nlst anli_g T/N&d"g)
(3- nokypHenyl ) - 4- phenyl fi oyl - y1) di met
hyl (t-butyl & do)&il anetj t ani um di rret )dH3 CHa
( 3- 4- net hoxyphenyl ) - 4- phenylcyclopentadlen-
1-

yggeg;methykggl%}% mcﬁg& do)sil anetitanium (11)
4-d

but adi ene;

(8-1(1€h1r1ﬂ7@riyﬁ -di ﬂﬂf@@bﬂﬂ%ﬁéﬁ]ﬁ%ﬁéhﬂﬁ@i “Erl-dimpthylsthirBdimgthylsilangmyde

i hl ori de,
4%%‘%%? hﬂ&%d gg)}%{y@g g%ent adi en-1-yl ) di met hyl (t-buty

(8-111@]171@{19) 138 dlhypbpdlb@m[gh]a@wlqet-hyw-(l 1-dimethylethyl)dimethylsilanamide
titanium (II) 1,3-pentadiene,

(8-methylene-1,8-dihydrodibenzo[e, #]azulen-1-yl)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (III) 2-(N,N-dimethylamino)benzyl,

(8-methylene-1,8-dihydrodibenzo[e, #lazulen-1-yl)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dichloride,

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

(8-methylene-1,8-dihydrodibenzo[e, #]azulen-1-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dibenzyl,
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( 3- phenyl - 4- et hoxycycl opent adi en-
1-yl)dinmethyl (t-butylam do)silanetitanium(Ill) 1, 4-

waolehampb? | |, 3- but adi ene; PCT/US2006/003209

(3-rhenyl -4- (N, N-di met hyl am no) cycl opent adi en-
1-yl)di nmethyl (t-butyl am do)silanetitani umdi chl ori de,

e et e i R

&l&etlhbﬁﬂwl)dlﬁre@dsﬂmﬁmmttmng@mm?)mpﬂeaﬂarﬁ-adac&m
o dihihing bR TS o (1)
&m&fémyr)ﬂl&e mmﬁmmtthmlm@n)wa)ﬁemh@ﬂ@ ntadi en-1 -yl )di
- buty amdg si l anetitani um.dichl ori de,
(8- Cbﬂ‘FPé?lﬁiiPYlff@'ldfg gy drodibsnasie zﬁéﬂ?}' Je)NGplent adi en- 1- y1 ) di
aiﬁfeh%f/ie(ﬁyt)@lﬁiemy@mﬁmcfel tit@mﬁ (mmlm e Athino)benzyl,
-di (4-meth cl opent adi en-

(8- c&ﬂg,qryra@thaéﬁw & élhbclmwealﬁ?[a& a@ﬁﬂrﬂa?ﬁ éﬁﬁ i-um (11)
&-un%t‘hgleﬁﬁ/gBM{eth%lsﬁatﬁHﬁ&qhﬁﬂﬁn (IV) dlchlorlde

-dirrhenyl) -4- (N, N-di net hyl am no 1c%cl opent adi en-
a

WW‘WthIQPIWy]l & tlmbdit)(ﬂ}bw[&@%ﬂllmahél)ﬁ tlahi um di chl ori de,
1?1%[ 1§Iemtyﬁhﬁ{aﬂy)s1l£ha(nl}éle|\tlft§1hﬂ§ fIb'y bamyp) cycl opent adi en-1 -

'am d [)g ahe titani um di net hyl,
(8- Qlﬂ\zor@netuylgﬁeh%fﬁlﬁy odiberpldiitrgtlnyf-ahthb) kycl opent adi en-

M_%?egﬁggiy}?é_lryisg&ﬂl@emtggaemakz') gL ani um (11)

(2,3,4-triphenyl -5-net hyl cycl opent adi en-1 -yl ) di nmet hyl (

o SRR B0 ety

tlmmmmy(ﬂamndlmﬁsnylaﬁMatdwne,um di mst hyl ,

bR T BSOS o

ﬂitaﬁmbﬁ(ﬂad,s@aﬂad@ﬁ- phenyl 4- et hoxycycl opent adl en-

(8-1(1%1‘}/ ) dl ﬁl\}ﬁliéf%1tht %{ﬁi‘nglgxé%iyb C}\? glﬁ dlme 1yk’ég1ygd1methyisﬂanamlde

ﬂ;taﬁiu)rdﬂ[m@ymdtmdmmmmmdﬂylsl | anetitani um di met hyl,

(8- 1in§ lgl(ge)r—]g%}ﬂglﬁge LF a(zpﬁs? nyﬁ\r ?Q Bwéﬂgy ethnB 111¥e|th(ytls_il£)1¥atu¥de

fitagnburadiiangide,
(8-methylene-1,8-dihydrodibenzol[e, #lazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide

titanium (IV) dimethyl,
(8-methylene-1,8-dihydrodibenzo[e, #]azulen-2-yl)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dibenzyl,

(8-difluoromethylene-1,8-dihydrodibenzo[e, #]azulen-2-y1)-N~(1,1-
dimethylethyl)dimethylsilanamide titanjum (II) 1,4-diphenyl-1,3-butadiene,
(8-diftuoromethylene-1,8-dihydrodibenzo[e, #]azulen-2-yl)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (II) 1,3-pentadiene,
(8-difluoromethylene-1,8-dihydrodibenzole, #lazulen-2-yl)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (II) 2-(N,N-dimethylamino)benzyl,
(8-difluoromethylene-1,8-dihydrodibenzole, Alazulen-2-y1)-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (IV) dichloride,
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(2,3 -diphenyl -4-(n-butyl)cycl opent adi en-
1-yl)dinmethyl (t-butylam do)silanetitani umdichloride,
w@ 2908Aaisphenyl - 4- (n- but yl ) cycl opent adi en- PCT/US2006/003209
1-yl)di net hyl (t-butyl am do)sil anetitani um di net hyl
(2 3-di phenyl - 4- (n- butyl)cyclopentadien [ -yl)di met hyl (
- but yl am do) si | anet i tani um ( I% - dlphenyl
(8- dlﬂlgnrmtb)der@rﬂé -dihydrodibenzo[e, #]azulen-2-yl) N (1,1

&lﬁm& %ﬁ@&@H@Rhgﬁ»ﬁh&xﬁa{nwgw%ﬁmyi yl)di methyl (t-but

titani umdich
(8- C(lﬂl}fiiometﬁylemk&éﬁmlbﬁj@ﬂéﬁbﬁ‘@lad?'éﬂN (lyl-) di met hyl (t - but
i berBPUarddniRtures thereof, i
(’¥1 1{%@_&%@@ Lrﬁﬂlﬁ }1 &ggiéntd;g?gzhl S sa ixtures thereof, especially
mﬂmnwhﬁwbﬁamhyb@nﬂbutylan1do)3|Ianetitaniun1(||) 1, 4-
dlp I f
ax%fér 11fustfa’u]%J Eﬁq{ g)g(fe nsléglcyo}nhfséggshfg%? g&aﬁlzngg(o t 1)(/3 cE)reSFn
invmmlcaxagondctotlesfmmuw ng to the fornmula: where Mis
titaniumip the +2, +3 or +4 formal .oxidation state;R7
i ndependefftly Bdch occurrence is h dri " hydr ocar byl ,
H )

si | W hydr og:

hydr oca ydr ocar byl si 10

di (hydrp hydr ocar by R

di (hy 4,no, hydr.oc g(hlno
hydr o hal o- subst it ut d hyo o€ d I,
hydr ocg ubsti tuted hydrpeaxbyl

silyl 7" %ed hydrocar byl ,

hrtroce si | oxy- substlgyR-o

hydr ocgrby si | yl am no- substi t ut ¢d drocarbyl

di ( hyglo ocar®i1 ) ami no- subst i t utggel hyd'bcar byl ,

hydr ocar byl eneam no- substituted hydrocar byl , ’

d'(Q%Q%%g%ﬁﬁMh&ﬂﬂﬂﬁPhiq@cﬁMbﬁﬁh&%&ﬁﬂﬁ&Mﬂﬁacafby'

hydr ocar byl ene- phosphi nosubsti tuted hydrocarbyl, or

hydﬂbedﬂ&ywsd%fldo substltuted hydrocarbyl, said R7

gr oyp; Jlﬁ?ﬂo@zﬂ V\%ipm%f,’ Ftdﬁﬁgrogé?ﬂylﬁd?&ln&l Iﬁ%hi?df&faﬁ:@?@n upahd0 atoms

optionally t 0 of t he foregoi ng groups ‘nmay
nottcogaingdydiogamn a divalent derivative; R8 is a divalent

hyd cdA BBy,

For 15 rU AR oBHASkL b Boetl Bl B W IDR RSB
trlhydmphrb)dsﬂﬁ]wdcbcﬁi%yb gmmal halmlg Hydorarbyloxy, Boireedisilert

hy dr

hyc%gcfaglfy);snlgla 7o, 8§h|¥r&r08%%ylg?rbo ﬁgﬁi’r@é ﬁgﬁeﬁlgaglltnﬁ%?ﬁl({l%oc@rbyl)phosphmo
hy@bexghylae- ppaspmnamyerotaubyls:ﬂﬁdoahziwubhtmddmydmabyslnhydwmyloxy—

L 1 car
ol o, GO 95 RTINS i
hy@oeapbylslyhghin- sutateted hpdrospiyt rdu(hydrsaaﬂfyl)ammb- smhgtglﬁeﬂ hydrocarbyl,

hy%;pﬁag]%y eg{%%ﬁlg s% @l]t d?xg%r%ﬁlrtlgg adn(gl?'cgr yl)p osphxgo— sebs‘ﬁ?ute%qudrocalbyl

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 w-electrons, or such a moiety comprising one
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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i gands that are cyclic, delocalized, p-bound |igand

groups and optionally two X groups together forma
waoleawaliersv7 | | gand group; Z i ndependently each OPCI/USENE@3209

is a neutral ligating conpound having up to 20 at ons;

xis 0, 1 or 2; and z is zero or 1. Preferred exanples

of such conp Iexes are 3-phenyl, subst tuted % i.nd QX
c O%F%@@W@F?téglﬁaﬁ&ﬁgﬂﬁl &“B‘pt \émg up to 0 atoms exclusive o th ass of

llgaﬁd%rtﬂ&f b JelRs lﬁgaﬂ@étjaﬂﬂs boHRED M thtRgh SelbdAd L8 bcte NG tHY XSaroups
corresponding to the formul as: or 2-nethyl-substituted

“%%mxn@éubﬁwﬂﬁ@mﬁmﬁb&@égﬁﬁnrespondlng to the formul a:
Addj t %d?é}ﬂhen?l 0 %éun%cééf?& ﬁéutlﬁpﬁg% 16 &pbiftha®ing u{) to 20 atoms;

usef u enp oye according to the present invention
i ncks@eltZhoskand the fornul a: Specific metal conpl exes

i nc (8- net hyl ene- 1, 8-di hydr odi benzo[ e,
A.]aizlléfég)ﬁll yl)- N (

1, Leighiygs Tyl Ty YUGHLAY il antankatertyl, i, i dimyitylsilane,
0, ah\_d gmdl oep or(rfn ée ‘E%ﬁ«i&%@e f%%uchtﬁyln’fi};dp(%al%ﬁﬁ) y, dihydrocarbylamino,
hydiqcirbgileﬂmdmgd dihlpgrbJaalbyiaamnihgIsebstituted iy drecarbyt! grouprar (| | )
llydfcgaﬁl??gg%?[gi o_? . elj_sg}*sl?e:clrlﬁ_gcirggalrbeﬁ gr_oup1 btslipdtg Eé( 9&)1919 h&%@g’rﬁiﬂg hydrogen, and
qﬁ&nﬂbdhﬁﬁfhyhgkhm&bdyﬁmﬁh%kSEﬂananide titaniun1(|||)

i (Si\thNt-ﬁgljage BltaF %(l‘eq?@é{]xg bﬁF Z%{ﬁgglﬁg formula¥ha§may be employed in the practice
of the predentNn{ehtidn dirtied ibythdt thyfo)ichvin® tposhdsanani de titani um
(t-bpgr}agg%{)@me 1_y!/ P6)e7j?é11?6-[?§'9’y3‘|’]%{]—ren_ethg'/ﬁs%in%gfq)(ﬂ&)%gclie?lg-a-z Dshiietitanium

dnd; mlﬁ&wyi g.b{iud{&ﬁy met hyl si | anam de titanium (1V)

(t—t{?llg/%@%)gm@%wl-w 7]benzo-[4e5_ 2’13’ ]8(1-9net som 08?%-mdene-Z-yl)sﬂane‘utamum

pﬂgp&hﬁkn; di met hyl et hyl ) di met hyl si | anami de titani um

(t-bg‘py&p@néc@;im(egly&[éf Tibeveentbd R yq K glethygsoquﬁp oGP s sz[l}gﬂanetltamum
§m¢§@N5¢&hkﬂlz&ﬁmﬁg%g@thylethyl) dlnethyIS|Ianan1de

ani um ( henyl but adi e

(t-t(ug/.lqgmlﬁqﬂg@qe@ 4, 7]9@@@'-@4 53 %KWWPW%Q]’@%{ @den/e-Z-yl)sﬂanetltamum

gﬁ,ﬁe Fﬂ P -yl)-N- (1, 1-

tliyléthyl)dimethylsilanani de titanium (I1)

(t—@%@W@M@&r&QJ]?@E@h& EYetd }gi{r@teﬁyp@afglol) (3H)-in ene—2—yl)51lanet1tamum
éwﬁeﬁ#g%grodlbenzo [e,Ajazulen- |-yl)-N( 1,1-

€tliyl)dinethylsilananm de titani um (EQ

l:ﬁ]-t)(leiﬂ;ut{b)mmwt}ﬂ]-j}ﬂ Hhenzo b &R 23/1(1-methylisoindol)-(3H)-in ene-2-yl)silanetitanium
(IV) dibenzyl,

(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-yl)silanetitanium
(IV) bis(trimethylsilyl),

(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yl)silanetitanium (II) 1,4-diphenyl-1,3-butadiene,

(cyclohexylamido)dimethyl-[6,7]benzo-[4,5:2’,3°](1-methylisoindol)-(3H)-indene-2-
yl)silanetitanium (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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(8-di fluoronethyl ene- 1, 8-di hydrodi benzo[e, ]azul en-
1-yl)-N- (I ,1- dinethylethyl)di nethylsilanam de

wo 240anoseT (1V) dichloride, (8-difluoronethyl enkPeT/US2006/003209
, 8-di hydrodi benzo[e, /z]azulen- 1-yl)-N( 1,1-
di met hyl et hyl ) di net hyl sil anam de titanium (IV)

(cycﬂ Iggi}?%ﬂo)dg}n di T[!L#f]% miﬁ Ig)ﬁ ? Ij](?-me:’lfhy%somcrosf) Sj.kn%gﬁ‘e%z"_[ €,

ﬂ)sﬂﬁiehﬁéhﬁm@‘l’))cd(tﬂmtdayl sil anam de titanium (1V)
(cyc[l%hemllgggpglgwezlnshﬁ ¥}Q_el?z% [4, % 2’83 ?(l-methy?lsontl)c?org (3H)-indene-2-

ﬂ;)sﬁa&tlﬁﬁﬁlhy(k@)td}mgﬁlyp rret hyI silanam de titanium (I1)

(cy0101@XHPm5¢sIdamtBéﬁé &bﬁ@o'[ﬁféza S(énnezhsghﬁgm%l)((m) indene-2-

Bafiheihyire) divd |methyIS|Ianamde titanium (1)
S]DS 2 elnta |((kf)trﬁe ﬂén);ﬁ ene- 1, 8-di hydrodi benzo |e,
(

(cyﬂ?lgzﬂpxgﬁlo)ghmﬂ}}d ]benzo [4 5 2’3’11 methyhsomdol) (3H)-indene-2-~
%1)521&{&1 ﬁlﬂy(w'}ﬁ} 1 n(;Jéﬂ(gfstﬂggjl sil anamide titanium (H)

I met hyl am no)be
(8- net hyI ene- 1, 8-di hydrodl benzo[e / ?]azul en-2-yl)-N- (I

B
YisjlanetitagiwmX IRy [ j-dipheayld,3dbutasiidng,l et hyl ) di et hyl si | anami d

(t-b{it’y ﬁﬁ%@?ﬁa&&b&%@%ﬁ%,%gnmﬁﬁj:E’%’Eky-ln%ﬁﬁllisoindol)-ﬁH)-indene—Z—
jd)s]lamutaemmznyllﬁ-pmt@dmm di met hyI et hyI ) di met hyl si | anam d

(t—bIJLtyg dr?qﬁclhﬁ) Cfil%%hen BF@ %]%7112]3& -m ﬂ}y 1&11%40?)?@1}1)—indene—2-
ylbsﬁtateh;ahmtd*(\]ﬂﬂ))zd@hﬁtdhyéthylhrmna)heml titani um (I l)

I T N T I

ﬂbsﬂeﬁelﬁ;éhﬁWV)dichmdeyl silanami de titanium (I1)

(t—b%t:yg:rr&?cﬁé} P)gglﬁ%%l[) gé r7]|Il;?l'lor E?ghh% (;Tn}etlm_heonidoi) -(3H)-indene-2-

ﬂbﬁmﬁdﬁ}ﬁhﬁmjdjmamyhyl si l anami de titani um QE)
yl am

b I
(ol N BBV RGP ATh B SR paindon-GRY indene. 2
}@gull,eg&n;{my )(hb 1I d| rret hyI et hyl) di net hyI SI I anam de
di fluorometl] i

(t'bﬂftqukﬁ‘}‘ﬂ’r@ HE]F‘F?@{)‘@ F]]Pﬁlizm[‘ﬂ;ﬁ:lz?z il eﬂlyélg_onj_dol) (3H) indene-2-
%?%éﬁﬁnﬁwwm(mmlﬁyybanam de titanium (I1V)

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindo!)-(3H)-indene-2-
yD)silanetitanium (IT) 1,4-diphenyl-1,3-butadiene,

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2~
yl)silanetitanium (IT) 1,3-pentadiene,

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yl)silanetitanium (IIT) 2-(N,N-dimethylamino)benzyl,

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2~
yDsilanetitanium (IV) dichloride,

(cyclohexylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yD)silanetitanium (IV) dimethyl,
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(8-di fluoronet hyl ene-1 , 8-di hydr odi benzo[ e,
[ z]azul en-2-yl)-N- (Il ,1-

waleesetibmsbet hyl ) di net hyl si |l anam de titani um (1 CT/US2006/003209
di benzyl, and nmixtures thereof, especially m xtures of
posi tional isoners. Further illustrati ve exanpl es of

o TP R0 - B
W)stiafetitafiubo TV tbenZyl; ahd Or Jdr4 formal oxidation state;
ro
(v RBERMEg s [%ré%m/@%ro?g iy 5l Gfpindene-2-

ﬁjsﬂé&txﬁﬁmnqwtﬁs(m@ehwhﬁpﬁ R10 i ndependent |y each
occurrence i s ydroca

tr i HRGEes wpéme% comnl?wa%e%yfw@ Qg4 8y RiRHicpf the present

1nv&ﬁ6mrthehﬂélh(ﬂ;e hydr ocar byI oxy, hydrocar byl sil oxy,
dr ocar byl si | yl am no, hydr ocar byl ) am no,

(teﬂh lereide)§ Iléﬁ’éfé}fﬁlﬂé"f%l({ ¢t b byl ) phosphi no,
Eﬁ%‘; a?um@@y Gﬁeﬁglmﬂ%méamd%éﬁ {I sul fido, hal o-

ed h ocarb I, hydrocarbyl oxysubstituted
(telhlwﬂylmodp)@ﬂ 2 3§¢trayfleilly§2|,531t9 10tn ¢4, 5t6ﬂ;|$—ocar byl ,

r ocar byl
%’%{Elg&é%a%ﬁl If)&?%net S%%et [a%i“%i% dy hydr o%:/ar byl ,
(ter‘dlbl(tjflyldfdo)(’&trh]yétl)ﬁms -npolo;&utb&bmyﬂﬂmdhﬁyi&haﬁaﬁhy Ichbenzyl,

droc r byl ene ubstlt rocarb ..
ﬁera*?’ Xé?rw?t HoSiisneptadie t“i‘ett Sé‘anqﬁw%&t‘&%wl

Jamgyrls&ﬁfaegbéhﬁﬁ&%hﬁ%péwﬂeﬁramémi ) E&lﬁﬁe@lyhﬁgﬁﬁ& asal é/l or

ocar byl sul f -“ substitut'ed hydrocarbyl,

(terty Wwﬁaﬁteﬁqnﬂbylmllﬁ@n@dmhmhn%mm diglethybl rogen
(rB T BnicBR A BRI ot B B Bliad gl Y, 1O

de(dmwﬂiyimnd)bmzylby form ng a saturat ed or unsat ur at ed

fused ripg. X
R B e S P B SRS B 0
r@lﬂﬁyl&mfd@)@fe’tré&ﬁdhﬁ—nﬂ@yﬁléﬂhtaﬁmlﬁln%@ﬁyﬂﬂﬁna@i@dufunﬁ@ﬂﬁ to

rma coordi nat e-coval ent bond to M said
Md?lP@Vlﬁ@“tW‘éih or a member of Group 14 of t he

(terﬁﬁf&l%idg)(fgﬁ'%&h)ﬁ Skp&oﬁhﬁMﬁlméﬂ%ﬂ%é&nﬁﬁ{@f)i si ng

ni tTogen orus, sulfur ‘or oXygen; X 1s
ﬁb‘rrbnl@mélnltﬁ -hutidieniec I|gand group having up to 60 at ons

e

Pleleetatiieons or two X groups together are a divalent

Py Bol ARt R SpRSERERRES Ry G T56 o

butadiene,

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IT) 2,4-hexadiene,

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) 2,3-dimethyl-1,3-
butadiene,

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) isoprene,

(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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Xxis 0, 1, 2, or 3; and z is O or 1. nghly preferably
Tis =N(CH3), X is halo or hydrocarbyl, x is 2, X is

waleemetibsbsi | ane, z is 0, and RLO0 each occurr ene€I/US2006/003209

hydrogen, a hydrocarbyl, hydrocarbyl oxy,
di hydr ocar byl am no, hydrocarbylenean1no ol
di.h | am n ut ed hydrocarbyl group, or
(R Rr D S B asenE ey ST per o RA AR o of
(tebﬁbutﬂalﬂleo)ﬂl %dﬂ@ﬂm&éﬁ&'lﬁﬁdn@tﬁyl@%@létﬁ&ﬁﬂn qlb@l%yl onal |y
0|ned t oget her. IIIustratlve

(tﬁ‘i‘\rg'tpugflané‘é%&? %%é%eqa ﬂéeﬁ *@F@&@ﬂ%gﬁtﬁr@m@a 13Hatadieng be
(te@t%'t}@é&ﬁido)(i@ Hﬁ%t}@ilﬁ%&lﬁtﬁmgﬁlyﬁﬁ%etﬂﬁlﬁﬁﬁ gﬁ) | Sn}f&gdkegg

th | ude oW n
ey Aty D] Siry ey S 4-Gobl et hy |
|§gnmg@khe(3kb-|ndene 2- yI)S|Ianet|tan|un1(II)
| -1, 3-but adi ene,

(A oo iR B i ) S aren B - et hy
(temwgﬂha)(iébﬁlyflm@?ﬁ111?611}91&1%&1%%11 (tI‘éﬂllHln%hgr i

enta I en

(tex;ttbumma@)ﬁa-mgtpmlmdenwimqﬂmsmmm @yBdiRénzg, | (| - et hyl

111
(telg:%?h{f%ﬁﬁg%)ﬁ%%ﬁ%ﬁgﬁﬁ%gﬁgéﬁ%ﬁ{methylilsel ne%l%pl{uumr?ﬂs )
( t4ipthghyditidelmitadiiamet hyl - [ 6, 7] benzo-[4,5:2', 3" ] (| - met hyl

(te%%%hﬁa%h%}é—l%%yl— f)jhenﬁm%erxz )zhmethyﬂﬁglie%guqmr’rq (ﬁg Y,)_’.-pentadiene,

(te(ttbummaytl<a)m-mahmmﬁtehyind@rfynaﬂntwmsaal{eﬁtaﬁ;uai (I32 W hlexaapsnby |
(te I&SDH@ d O%ic?)(tgtrawethy -M -cyclopel}{ac?lenyl)glnm%‘ghlylt- an sﬂgegi’!ahll)um aw)

(IBbuhykﬁﬂ1do)d|nethyl [6 7] benzo-[4,5:2',3"] (I - et hyl

0i ndal ) silanetitanium (I
(te 65[)8 flo)(tetramethyl 'r| -cyclopenta ienyl)dimethylsilanetitanium (IV)

thyl-[6, 7] benzo-[4,5:2",3"] (I -nethyl
fzsg{agﬁ%ql@gg%}@?égg’eng 2[ yl)sil anetitani um (TV)

(tembg(yﬂqmlqel@(tﬁym@ithyyn3—cyclopentadlenyl)dlmethylsﬂanetltamum av)
& Rhexyl am do) di met hyl - [ 6, 7] benzo-[4, 5: 2", 3" ] (I - met
?ISOIndO|) (3H) -i ndene- 2- yI)S|Ianet|tan|un1(II)
(tell-bdt-ybhlrpdté(tgtfanibtlﬁ'l hlityalbpenelienyl)dimethyl-  silanetitanium (IT)

di met hyl -[ 6, 7] benzo-[4,5:2",3" ] (I -
(PXﬁlbenszélr’»%n}ag% I met ny

hyl | ’I ndene- 2- yI)S|Ianet|tan|un1(II)
(teit-bBtypandadétemr thyl-n’-cyclopentadienyl)dimethylsilanetitanium I

2,4-hexadiene,

(tert-butylamido)(tetramethyl-n’ -cyclopentadienyl)dimethyl-  silanetitanium (II)
3-methyl-1,3-pentadiene,

(tert-butylamido)(2,4-dimethylpentadien-3 -yDdimethylsilanetitaniumdimethyl,

(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-
yDdimethylsilanetitaniumdimethyl,

(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-’-cyclopentadienyl methylphenylsilanetitanium (IV)
dimethyl,

(tert-butylamido)(tetramethyl-n 5-cyclopentadieny1 methylphenylsilanetitanium (II)
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(cycl ohexyl am do) di met hyl -[ 6, 7] benzo-[4,5:2",3"] (I -

hyl i soi ndol ) - (3H) -i ndene-2- yl)silanetitanium (Hl)
WQ2qobl1Ns8T et hyl ami no) benzyl , (cycl ohexyl am do) BCTES1096/603209

[6, 7] benzo-[4,5:2",3 ](l-nmethylisoindol)-(3H)-indene-2

- yl)silanetitanium (1V) dichloride,

(cycl ohexyl am do) di met hyl -[ 6, 7] benzo-[4,5:2",3" ] (|-
h%ﬂﬁﬂ$ﬁ&hﬂ%h%%km&|ndene 2- yl)silanetitanium (1V)

Qo) 2 emethvar pifopsdebapegiyitiangm V)
" fliethykd/| i soi ndol ) - (3H) -i ndene-2- yl)silanetitanium
i b | 5 . e .
Qe B L e Rlopprsdipytbaseqi asiom i)  -Sinbeny1 1.5

buhykhéoindol)-(3kb-indene-2- yl)sil anetitanium (1V)

b J |yl _ -
I Sﬁl{;‘iﬂ S‘iﬂ (ybﬁl)l%tcwplﬁa??éorﬁﬁmeflailﬁthpf%@ﬁ@am[g@t@sr@row4 metals,

w1]1 (df cm]i-iez M% a;ﬁ)@ieﬁﬁt@ |tﬁo‘s:£ ﬁ(l‘ﬁed Wﬁ@ @rt Zind Yle)dfologdie il oh @ BihdBlaces in:
|

he
Wétm)ﬂé%%% piice) @% %%, Wﬁé’@ﬁ’% whmwoz[w A LA039004286 gl U
Palefits 615%8,1159, 1636588106 )1 56,39, 6 080@0 6, 268, Ma) £b1524881 4 §R o4 Mnd

9 g%% 3- penta i ene,
>40: 7Bt y1 ani do) di ( p- met hyl phenyl ) - [ 6, 7] benzo-[ 4, 5: 2", 3'
l (S C m u (S (5]
](H | )Aaig{d(a)l{lilll\fﬁﬂlxﬁr}gsgif}n ga?ﬁk%] y lﬁ% Qﬁa%e ShliS ehnBiaGdd el Whua
Pomal%wwa#ﬁm@pwdmrmmﬁ@mwe fogn#pbenzo- [ 4, 5: 2", 3’
1(1- nethyllsglndol) (3H) -i ndene- 2- yI)S|Ianet|tan|um

( dlcm
(I 5but yl phe [6, Zfbeﬁzp 4,, , 3
] qi sm;yﬁﬁjéﬁ -ind g}—Xﬁ)S|I§p@£r hy um
(1V) dinet Ib
( -butylan1 dl(p nmet Iphen [)-[6, 7] zo [4,5:2]., 3
1(1- nethyllsglpdol) (3 bpdene 2- yI)squgetltanldm
(1V) dibenzyl, ; preferably
(t butylan1do)dH%p nmet hyl phenyl )-[6, 7] benzo-[4,5:2 ', 3
]( 1 nethylls qé{) (SFD-lndene 2- yI)ﬁﬁIanetltanlum
(1'V) big(tringthyl .
(cycl o do)/{ dehy| pﬁébgﬂ—)xt’a 7];&12@@14@5 2
T3] ( - rrethy\rasoub dol) (3H) - i ndene- 2y
yl)silanetitani (D) 1, 4-diphenyl-1, 3- bhiadlene
(cyclohexylanldolq{(p met hyl phenyl ) - [ 6, 7kpe5go [ 4, 5: 2
, 3" ]1(lI-nmethylisoindol) - (BFD-lndene 2-
yl)silanetitanium (I11) 1, 3-pentadi ene,

T® T

R)g—X" YR, ®RY), —X° \Y"—(Rb')g
N N

M M

Iy 2 b b 2

Lh'-1 , OF Lh'-]Zf

2

wherein T° is a bridging group, preferably containing 2 or more atoms other 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_sp hydrocarbyl groups
optionally containing one or more heteroatoms or inertly substituted derivative thereof. Non-

limiting examples of suitable R® and RY’ groups include alkyl, alkenyl, aryl, aralkyl, (poly)alkylaryl
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(cycl ohexyl am do) di ( p- et hyl phenyl )-[6, 7] benzo-[4, 5: 2
0
1)

t hyl
"] ( 1-nmethylisoindol)-(3H)-indene-2-
W(ylu)osubrsmet itanium (11 2- (N, N- di net hyl am no) Pe€rpy1006/003209
(cycl ohexyl am do) di ( p- et hyl phenyl )-[ 6, 7] benzo-[ 4, 5: 2
, 3" ] (I -nmethylisoindol) - (3H)-i ndene- 2-

I tit d
and e X%) ugﬁ g’i?’ ;‘)il’sa ?ﬁn\%ﬂ%g%’(nftb -gﬁ%tpﬁ r IB% 51()5g_elf %ndf]ab)éﬁlk Yibptifutgd derivatives
ther e&‘ ]Sﬁéﬂmblyib]b§5ﬂ sofiadlg R ﬁid)RU’ BebRPENAude methyl, ethyl, isopropyl, octyl,

phefy e e ) BBk S o DTy T EERY YL pestefupiopenyl 3.5

trifi@orbhetyighensl, hid be®iLhy! i soi ndol ) - (3H) - i ndene- 2-
yl)silanetitanium (1V) dibenzyl; and

(cy%15<9|°ifé»xy| ami do) di ( p- met hyl phenyl ) -[ 6, 7] benzo- [ 4, 5: 2
3M]’ (s'a n'i@zﬂfkyélérﬁéﬂt BelQkedt- f(o%l’b}rohﬁkdﬁtBQS 2<5r the Lanthamde series of the

| anetitaniu {DIV) |str|rreth% b
Pe“Pf“PJé’PIF’ gt eéle@eaﬁap vefesgbiya M domBrosRr sl3tnﬁ%a1 mﬁafyp@éerablyM isa

GroBpRI10Y¥Rey i n the practice of the present invention
further include:
(t etis g,gxpwvg)ﬁp@ eivglent) ordtlyﬁ]‘qnhgqlorgc sand gontaning from 1 to 50 atoms, not

couﬂldg’lédéggl %ngm es of suijt blI rreﬁr%u)gf 11101ude halide; h r§/dr1de h}{glé?c}?rqyl

hexa onap ht al eny anet | t'ani und
hyd(qc@lbylom ﬁg(hmcmby()amlldo,zhyémp@bylmnidy,l dl(zy@oe‘arl%'l)m%phldo

hyd g%(rggl laﬁ(@ ﬁa%«ﬁ?%arl?ylo y1 t)rlglydroc?{gj(lsﬂy )alkglf al%dacr%lrbl,(l)x ates. I}/{oxie preferred
L’ gf dups arelﬂm)ﬂllla'mCda)a@tllgtl,raadehlblyde hs-cycl or ent adi enyl )
di net zyl
(1 orb AR E Rk P ROR o sy ppstietufami pgi i Lo
2, MﬂlylhesvahaﬂledjlsblaﬂedJmpmMOhm’ge balance; _
S te i bé% ag Utlgrﬁf\{n arg(g %rgltﬁge ctéProFfﬁE alg'j )ﬁ) I\/Psanﬁ)égnta% 1%2 tug gc} 50 z%clm)ls_ n]b‘t gounting
hyd(dgelt E’fdfﬁteyl IZﬁ giotps) igtlede aﬂnﬁﬁttfoyihd fbmbtivckaxiyds) sliospHidey, aadl kfers,

ket R ARG C1 S PSP S5dosu5rts SPRIdRrLpigpipdociude
haldgb.y |aHdokﬁﬁ@ldeﬁlEnymrl{dri§/l) ar?/}o&ﬁbafﬂbhﬂ?lydléﬁﬂﬂ'(}@e}r Pdiite,
tri(t h’g’f’%ﬁk’igﬂé ?r{gl tr?eliqlrs)a Lefer: %@Z gro&}é mnclu %%rt]rtip ehyelglysplglluer,m

tetrhly @oFurdipyridany sie) 1(4-ebhagmlfayiend)5- cycl opent adi enyl ) di me
thylsilanetitanium (I11) 2,4-dinethyl pent adi enyl

(t it ahiptegefrAmibio% et r amet hyl - h5- cycl or ent adi enyl ) di me

t hytha®iok Binetof trAm° U RY kay be ﬁ)‘l&'d@%%ﬁ%llﬁ) 33 e K0 le rmg
(tert-butylam do) (t etrarret yl cycl opent adi enyl )

SUUEtYRe} sj | aneti tani um (11)
h is an integer from 1 to 6, preferably from 1 to 4, more preferably from 1 to 3;

~ww» - ipdicates any form of electronic interaction comprising a net coulombic attraction,
especially coordinate or covalent bonds, including multiple bonds;

arrows signify coordinate bonds; and

dotted lines inldicate optional double bonds.

In one embodiment, it is preferred that R® have relatively low steric hindrance with respect
to X°. 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, alkoxy or trihydrocarbylsilyl substituted
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1, 3- pent adi ene,

(tert-butylam do) (2- et hyl i ndenyl ) di net hyl sil anetitan
wairoophd1591 , 4- di phenyl -1, 3- but adi ene, PCT/US2006/003209

(tert-butyl am do) (2-net hyli ndenyl)di nmethyl silanetitan

um (I'1) 2, 4-hexadi ene,
derlgl:it\ﬂevre; bUtgiy é—? &lfl}(r@%effwegﬁt g)éllql)sggf PAWICY 1%1%51{] |1 gl s%rra]u%“ gllgﬂll alkyl
goﬁﬁert butyl am do) ( 2- nethyl|ndenyl)d|nethyIS|Ianet|tan

i soprene
&thbﬁﬁﬂ}ﬂ it wdhis smhedimsat Ry queforablyibastelayiyely high stesiq hipdrance

w1t1U1@s;(el:t\& Y2, RoRUh@fie@RBuples of suitable R* groups for this embodiment include alkyl

tert-butyl am do) (2, 3-di net hyl i ndenyl’) di met hyl si | anet i
or afkgpyl SFAUPS Q;z)ntagmg %eﬁétnﬁgﬁ seqondarp gt tettiapiarbon centers, cycloalkyl, aryl,
alkﬂl%l&llgﬁtﬁlawaqpﬁét&o o ?@ﬁﬂ@{&Fm&Mﬁ&rgAnﬁlﬁxﬁl%é B¥hbric or

tani um (1V) i1soprene(ter

excliTare R IpeHp1c e iamyiosHientse FtedoombyIsiv) subibeteigivatves
thelécgfe @Eefgkgdyﬂbagjo\ggg)u( &l’ls?bnﬁ)'omﬁwohﬂgl% 3 g}' ﬁhg%l p?éflm@ﬂ? tﬁ]om 3to

tani um ( zy
30, fdapost mﬁeyztbésnfr@n)l (22@atelnsmst hyunkingllesrdygpel vkt hiydbied pretyiclic.

t anﬁ feﬁr? %gﬁpﬁg ' str Etﬁre cé?}éﬁ &1@1 %Q}é gull%wmg formulas:

ane |ta

ﬂ 3 |e Re,

pgmf?‘ Pam )( Pu) nethg; g%w% 6d|($ré¥¢e(|suééﬁ‘e>€|
n|u 1) 154 d| nyI di ene,

(tert butyfan1do)(2 thyllndenyl dlﬁethyIS|Iane{\tan
m(ll) 1,3-peqtadiene,

Ri&ert S arfiRdls ) (2- C}@&hlnﬂgnyl)d(ﬁgghylsRignet“fan
di net hyl
«fgzrt Bui;rgn1éa?(2 nékhyl|ng%nyl)dxnethmjsg&anet|\an

um (1'V) di benzyl, , wherein

(t eRdoh R ﬁwlamﬂﬁb)cénBylwdﬁyﬂamﬂrapfyeiMﬂ W@Mﬂr@byﬂ!ﬂipmﬂyﬁt butyl,

Phelquii% 5@%@?&1&%&%@1 ﬁéfﬂ%‘g} Eafh&w é%}ﬂrl? ﬁ/tdigcr%q%yld PiFE AR Bpthyl ethyl,

n-prRPAL Liraps,UBubyd, lphend1, 3;6RBAEAALRAGL, benzyl, or tolyl. In addition, two or more R
(tert- butylan1g 2- nethyl 2 en f?ndengl)dlnethyIS|

or Ry Seaups, ghmuﬁqreq qf dganRﬁ POV § @Wetogether form a polyvalent derivative of a
hyd(Jc%Sll gywpy!;@ﬁw @M(ﬂu%nén@nﬁ Eéﬂgl&h’é &xa%m&yeﬁca%s@mhg @bl Palent

"anet i tani um ( but adi ene,
hyd{qC'@,byL M%qrg}yﬂ@ggrbylegrpmqqhw paphthalene-1,8-diyl.

h5-E¥ehoPentRls 61t 1HARh¥ly s it AP ENIshaRki cdiblckdinclude:
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2,3-dinmethyl - 1, 3-but adi ene,
(tert-butyl am do) (tetranethyl -
wh3eocselsopent adi enyl ) di met hyl si | anet it ani um (|1 ROT/US2006/003209
i soprene, (tert-butylam do)(tetranethyl-
h5- cycl opent adi enyl ) di net hyl - silanetitanium (11)
1, 4-di benzyl - 1, 3-but adi ene,
(tert-hatyl ani do) (tetgamet hyl - RY RY
5- cycljopent adienyl ) dijnet hyl sil aneti{ ani um (1) /
2, 4-heXed) ene, =N N=N

(tert-bu vqeri|do) (fetra bﬂ%l h5 ycIo nadi enyl) di mgMPL",
< Si A Doy - pentladiene,
- ?P,\aly| ) ¢ ‘ rY

dl

(tert- katyl ani do) (I, |R‘<‘j| met hyl - 2, 3, 4Ré 10- i
- exahydﬁ apht hgal en- 4-N

*\¥ | si ljanet itaniymdi met hyl , = X

(terft - butgjoql 1, 2,|8¥ et anethyl 2“@
7, 8- ¥ »dr apht hal N
etQyl silja Ani Undi ne RY
but | am do &L r t hyl | o t adi

¥Jphen I si, | anetgd,ani um (V) di xgt hyl , ’
(tert-butyl am do) (tetranet hyl - h5- cyclopentadienyl
met hyl phenyl si | anetit ani um
(I|)1 & di phenyl -1, 3- utadlene

/ tyl N etr I-Q@ ycl o ent d| yI

diy! titlaniu t hyly=any b,
gl . Mﬁ?a 2t hyll - h5- é&w ant d\eny

By -t p
O her del callzed -bo ded @hp exes,

sperf al Hp t hdse c@&ht ai-Ang herRGro al s&°

will, of course, be apparent: to those skllled |n t he

art, anq are di scl osegs anong ot her pgaces in: RY

03/ 7848pP, WD 03/p#8483, MO 02/92610, 02/ 025, US !

B /oqp 86 and tents 6,515, 6, 555, 34, nN="Ny

6, 150 5,034,092, &\oss, 44 01 ﬁ6@2 5,866, 704, |MULY,

and |5 4},1\%& % e
2, N

- 2 2
2 2 or

wherein RY each occurrence is independently selected from the group consisting of
hydrogen and Cj.5p hydrocarbyl groups optionally containing one or more heteroatoms, or inertly
5  substituted derivative thereof, or further optionally, two adjacent RY groups may together form a
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;
10 LY is a monovalent ligand of up to 50 atoms not counting hydrogen, preferably halide or
hydrocarbyl, or two LY groups together are a divalent or neutral ligand group, preferably a Cy.s0

hydrocarbylene, hydrocarbadiyl or diene group.
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Addi ti onal exanples of netal conplexes that are
useful ly enpl oyed herein include polyvalent Lewi s base

w@eospasgs corresponding to the formula: ; preP@r/akiog6/003209

wherein Tb is a bridging group, preferably containing
2 or nore atons other than hydrogen, Xb and Yb are
each independently selected fromthe group consisting
of nihepolysslentd givisihase complyres famue pibs plasentisyention especially include
LAaPRY ar [
GI?EISE frle@d éﬁvF’tWe éaéﬁec%ﬁg he;ﬁ%um dgrlvat&/es ed g}/dracga?byzafmﬁ S“g%‘t“ted

ependent urrence are h
Wy@nd@anwymdgmmwﬂwnﬁpgkumﬂ%hmﬂmonta|nlng one or nore
het eroatons or inertly supstltuted derivative thereof.
Nonlimting exanpl es of §U{t ble Ro and Rb' groups
i ncl ude al kyl, aIkenyL aral kyl ,
(ron)aIkyIaryIand Rﬁcfbggéi groups, as well as
nitrogen, phosphorus ¥ and hal ogen substi t uted
derlvatlves thereof. Specific exanples of suitable Rb
and‘ﬂb groups i nclude nethyl, ethyl, isopropyl,
oct W} lsﬁﬂeﬂw from2 aﬁyldb}fmiaﬂtﬂ H&hﬁﬁadkyl cycloheteroalkyl aryl, and inertly

henyl 6-tri net hyl pheny
R %gs% SO RfT | G GBI SRR e o  divalen
chbenWyﬂwn@fls Cor ; Mois a netallic elenent sel ected
fro

y or the Lant hani de series of the

Per | %’jﬁﬂt Brlgﬁm& HeuEpidoant t© 41 plogrsethgpfhgn hwbogeg, pgeferably 1 to

20&dim;ﬁ)ﬂﬁr than BRiréden, 40 siYr&EBHI12 R INOnMLrids @, 2OQy9i~69arﬂyllc,9bstltuted
netal; Lb is a nonoval ent, divalent, or trivalent

m?@ﬂ?ﬁPb“PP@&ﬁW’é@ﬁtalnlng from1l to 50 atons, not

cound Ra A1y deRERR ofekd BRHESinOf ewit bisa Rhtibdl idin-2-

i ncl ude Cn |§e %;§E%§ e; hyngo%arbfl, h; ra@gﬁ%gﬁ%yfgWﬂ¢n2
- ewﬁsﬂﬁu@é @V‘b‘iﬁp‘)za’ﬂrB@BP orpdyadena desivridvedbereafo,

di ( hY'dE QERGRYA hROsRREAR 1 ocar byl sul f do;

hydrqcarbyﬂ%iy, tr??% rogaRE§IS|Iyl)alkyl and

car BoxX§eanionic, pytial grdegmionicdigandereypoups ar e Cl 2Cal kyl ,

C - 285 ahkwbe fr&ﬁ‘a tc%1 ngfcht%% tthu'nﬁ)eta& {.l(glt e 1to

6, preferably froml nor e mefwa %’mnlto

3, dnudsj optional bonds2nd glectrontdhestiventesactions gre wptesamteddytliges, dotted
1inBd Ui g@w&ﬂ%&ﬂﬁwa lance; Zb is a neutral |igand group

coor di nat & , and containing up to 50 atons not

cou M@fﬂgedrwmpbgﬁmrﬂmea‘e@ﬂ]em @an@fouuqﬂmnirmlmﬂan hydro gen elimination
froﬁ’{ t;l(g B%tné % oﬂE 91&9 I RioR: nlé)réa y%roglr%leﬂ E)F% crf%n uxgrg?re taiqlté Fgroups espéclally
frogreR 7 Vhtaldd'IGSn tehae’lrmodonatﬁml froabthe Le\mle bﬁseﬁmtmabnalhtw pieferably an electron

pa14r np(% vt'll) Xe)s/ 8(2(1%{6 6%5%%%1 Q% plstélg%és‘%%( glPa{ﬁﬁa cP mgta]acr()%%{&es correspond to the

formula
Rl 3 14
Tl o Rl
/ N4
11
R
Ng\\%ﬁ ________ R16
1
X )y

, wherein

M, X', x>, R and T" are as previously defined,
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tri(hydrocarbyl)silyl, and nitrile groups. Preferred
Zb groups include triphenyl phosphi ne, tetrahydrofuran,
w@yeoedorse7 and 1, 4-di phenyl but adi ene; f is an PEI/E§E06/003209
from1l to 3; two or three of Tbh, Rb and Rb' may be
j oi ned together to forma single or nulti pI e ring
strulgtullge15 SN integer froml to erabllé
S

r ofn R & 40 Roraze pydspezndmioy orangih oy Oaé‘% foalky
hetéi‘&?:j/clt)ﬁlkﬂ‘ Qﬁ/l &l SIGE SrOY oF up B B AGthd 18 cERRE hyRlkdd@n, dr B hoent R, R,

iscoulonbic attraction, especially coordinate or
R" epRa BEps BHHRES Oinpdhiortiber r’ﬁfgerw fermingfussd figg deritjativsgsand
Si Ok, ofRRRHORAY £dRRBASH paA W HRE hﬁ&adﬁoﬂsea%e féi;@s&@édeoy lines,
optlonal doubl e bonds. In one enbodi nent, it
5 dotled bpesppéaratidesprRiSivRlave rel atively |ow steric h| ndr ance
W t .
Dol TRREE Sl ofif o pSin PR e QR ol i ol
chai n al kenyl groups, brancked ch 14 al kyl groups
wherei n the cl osest br,;\ Rimg\poiht is at least 3
atoms renoved from XR'{dnhd hal)es i hydr ocar byl am no,
al koxy or trih dr ocar byl@i Ltylé edderi vati ves
t hereof. Hi gh ef er ved Rb s in this enbodi nent
U

are Cl1-8 stralQ At the sanme
time, in thise :
hi gh steric hindrance?w t respect to Yb. Non-limting
exanpl es of suitable Rb' gtgups for this embodi nent

i nclude al kyl or al kenyl groups contai niwhereine or nore

sec r [ centers, cycloalkyl,

ar y@q% ndq{ Imlee‘l F}egﬁxilfggfglrg&]ar omati ¢ heterocyclic

gr oRPsR! ,(R‘ngdRé e ad revigalyi defindd, grofemblyR , A1, ymER Y ereduydrogen, or

fsQU byl am no, al koxy or
0 G %a?{lTylrlf)?a? gcé ésr‘gV? %Wrﬁog?ﬂ%grfﬂiﬂy ngglglageg ¥t vatives t her eof .
Pr eREihdependahily gicio umrreme fidd,5 akkr el anie 145, mosttpadferalily Biin3wo
to 40, npr r ef er.abl om.3 to 30, and nost
orthor B‘?Sétfo%foﬁ? ‘Fgﬂ“’reﬁ % xaox}é@)yg?rg,})g fot counting hydrogen
andréred RE aepaderly ewmcb@ren@@mde@ge@ﬂlamgef, of 4 €, Ayl or aryl
grm? ' oml%)qspé er%bl?%%eé#g hlrS Eég‘?ljigge?lgﬂg t ﬂfg;%{s]g .gol‘fl}x;y grou % especially

15 2—15615161#35 pliéﬁ}ﬂfoﬁ‘ﬁ ﬂi@éd’pdlﬁ:@bl}d aryl %ﬁdﬁ)ﬂ' mosf Flféf edBY} an anthdceBY bl;oup, and
butyl , 6- di net hy| pheny benzyl, or toly

Enchoe cpBore] 12999%%@&%% palr;ﬂoatw Afrgetiog g Fepreseniga B} ins,

dotfdd BRARMY arrdwdte@RMivelyt - but yl,  phenyl
2, 6-di net hyl phenyl , benzyl, or tonI. In addition, two
or Highly pgferred metal complexes for use herein correspond to the formula

@(Rf)f _

CH\/

(H3C)HC / N R,
S
(H3C),HC XL
20 wherein X' each occurrence is halide, N,N-dimethylamido, or C,.4 alkyl, and preferably

each occurrence X' is methyl;
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or Re groups, or mxtures of Rd and Re groups may

together forma pol yval ent derivative of a hydrocar byl
w@e@apo1ssuch as, 1, 4-butylene, 1,5-pentyl ene, PCT/ES2006/003209

mul ticyclic, fused ring, polyval ent hydrocarbyl- or

het er ohydr ocar byl - group, such as napht hal ene-

1,8-4L¥%. Preferred exanpl es of the foregoing

pol Y &fdepgndentlyjeachngeirenssis hdeegen; ndqserl € mitdybion CRd aryl, or two
adROEH ROGEMIsRIT6Red @gﬁ&%@&?%ﬁﬂ% SileS el ds {507t he

group .consi sting of hydrogen and C -50 hydr ocar byl

gr odpdndspendgithy cach qestearsis hydregea, knlogen @ dwditybron &-n @, or two
adfabert REEbh 8413k togbiRd elesy \férrrrlilifﬁga HOCRERS i 181 Turther

optional | t'wo adj acent Rd gr oups y together forma

di vaYles blg}b’iyi PeRferrRg csterles; of anetal somtplexivl for ugesaceording tothelpresent
invERf [ ' hafniumor a Goup 10

@{ugll ?re gcgngélg{eggﬁ%e fﬁ?lg‘gﬁg lég%ng% ) i s a nonoval ent |igand

of up to 50 atons not counting hydrog

hal i de or hydrocarbyl, or two Lb > gr¢

a divalent or neutral |igand group, p

hydr ogarb\ eng, hydrocarbadi yl oy 4y gr oup. The
pol yv i S base conpl exes ( S €

I nvent rom\especja y i ncl ude G oup’4

deri vati vegy-eg [ e

(Hay HHE

e Lol a: whe
{@ het er oal
tly Sulsfrt uted deriNzz th
conHaCpHEg frlgm 1to 30 at oppq not @EBORHCNg g%drogen or
a divalent dér?vative thereof; T1 is a divalént

bridging group of from1to 4 1 atons other than

hy dPB§EH R g Ef-etllgh pycyeloglsylppreferablysmeshyidpoprapah t-butyl or cyclohexyl;
andiydrogen, and nost preferably a nono- or di- C

-2Chydrocar byl substituted nethyl ene or silane group;

and XRegehj ageyreass: is BlideNb Nedimgthylgmislapor €om ally Inprefyrabiwiethyl.

bas e EI iRl i di n- - or .
b A EopibloSE RS st e iyl e YlsenPlvension
inchde; vative thereof; ML is a Group 4 netal, preferably

haf Rl une g% lophc...neutral or .dianionic |igan
o o s ath ol Rl AR S BRSBTS
diybmethene) hhfnguchimxhylyr oups; and
[N-(2,6-di(1-methylethyl)phenyl)amido)(o-tolyl)(o-naphthalen-2-diy}(6-pyridin-2-
diyl)methane)]hafnium di(N,N-dimethylamido);

>

[N-(2,6-di(1-methylethyl)phenyl)amido)( o-tolyl)(c-naphthalen-2-diyl(6-pyridin-2-
diyl)methane)]hafnium dichloride;

[N-(2,6-di(1-methylethyl)phenyl)arnido)(2-isopropylphenyl)(oc-naphthalen—Z-diyl(6-pyridin—
2-diyl)methane) hafnium dimethyl;

[N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylphenyl)(a-naphthalen-2-diyl(6-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 -yl)(e-naphthalen-2-diyl(6-pyridin-
2-diyl)methane)]hafnium dimethyl;
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bonds, optional bonds and el ectron donative

interactions are represented by lines, dotted |ines
war@eanrsows respectively. Preferred conpl exes BCEUS1006@03209

wherein ligand formation results from hydrogen

elimnation fromthe am ne group and optionally from

the 1oss of one or nore additional groups, especially

f r orHNe2$-di1methadefhylinbenyDamide)phsnandioras iyiu-hapbtimbe-diyl(6-pyridin-
2-di ferably an el ectron pair,

pgﬁﬁgﬁgﬁﬁgﬁlﬁgﬁw ﬁgnltleg%lalnﬁ&cs %d the netal center.

Pr ef[bTr(2éeﬂlﬁenﬂhylﬁhnrmﬂiewésmdo)(phesmdx-ﬁ491)(ohﬁapﬁmﬁlﬁhl-ba1;y1(6-pyr1dm_

1 and T1 are as previously
zcﬁﬂﬁﬁﬁié% %afm&l—{jﬁl 5 and R16 are hydrogen, hal o, or
an djﬁidyﬂ the mﬁalomablh@rﬂlqns heties prapdey the nfeeill edntset K kithe present
1nvent¥n theh 3 grg? .(t)f u hto 20 atonms not countin
Ve gEny 8? é e te?ﬂﬁPMhﬁﬂ%gﬁwpﬁﬁﬁuﬁké 6366T0$UMHﬁ

therm/yldinez-ylcgrcn@ds §u®j}eﬁ 1B eﬁmﬁlﬂtﬁfnewref)pﬁm&@ %Hﬁﬁg m@ﬂaf‘cg) lexes wherein
derivatives, and opti onal bonds and el ect rorﬁ)

thejngts! lﬁ?ﬂ’@]ﬂ“‘lﬁ'ebqnﬁ?déia 88@1 thsresulfing amidsreesprndtd tb%ﬂ-bwtem of the o
naﬂﬂia‘léﬁ?l érbﬁbe §s @é’lﬂas@fa‘ﬁﬁl‘ﬁ&l ﬁﬁ%gﬁfrﬁhyﬂo)ﬁ?e ed}fp Sy Rl RE LeY through the
exanpl es of foregoing neta Zorr espona
ele[’téontﬂﬁ‘ér Oﬁg}erﬂﬁ%eﬁ atofgher ei n ML, X1, and X' are as
pr evWdakohy sﬁixgalfble"lﬁéial c&ﬁféﬁéﬁuol%%gﬁge%?es%r us %reiél I,iléclude

previ ously defined, pre and
coppupdtRarresnondiag togheforyula: and R16 is C -20aryl, nost

preferably naphthal enyl ; I ndependent |y each
occurrence is .4 alkyl, a a is 1-5 nost preferably
Ra in two ortho- p05|tuons thie nitrogen is

i sopropyl or t-butyl; d RHB i ndependent |y each
occurrence are hydroggn Fagen or a Cl1-20 al kyl or

aryl group, nost preferabEé one of R17 and R18 is
hydrogen and the other is C6- 20aMyk. group,

espegi.al |y 2-isopropyl, phenyl or a fused polycyclic
ar y% gt YLpFomaHsr “EF‘EM Wbt aawnéamgrmmemmﬁg o, to&Adtoms not

couREElSydrspeh, 0P B Bbly RO SerfBGh Qh&&Jer On pair donative

|ntegact|ons are represented by lines, dotted I|ines
and Tals dwerorasyenetor ilang gropp kaving frawet tr20atbnmsatontounting hydrogen, or

m]ﬁgﬂpkﬁ%ﬁﬁkﬁqgnﬂ§ﬁeﬂ@k§fn correspond to the fornula:
wher e X1 each occurrénce is halide,

N, r\%l iSr?e@qqy}P 4 prcteb preferatity zironiumaydr hafaiweh; pr ef er abl y
G is an anionic, neutral or dianionic ligand group; preferably a halide, hydrocarbyl or
dihydrocarbylamide group having up to 20 atoms not counting hydrogen;
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:

R
A2 \M3G Ar*

AN

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

, Wherein:

substituted or unsubstituted, Cs.¢ alkylene group; and
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each occurrence X1 is nethyl; Rf independently each

occurrence i s hydrogen, halogen, G -20 al kyl, or C6-20
W@eok/101597 t wo adj acent Rf groups are joi ned t OREL/I82006/003209

thereby formng aring, and f is 1-5; and R

i ndependently each occurrence i s hydrogen, hal ogen,

G - 20 al kyl, or CO-20 aryl, or two ad{ acent R groups

ar eAY idgpsndenslyeadherccyrreapcaingn rglens orgnaleyl- eparyhsvBstiutpdarylene

[ npl es of netal conpl exes
gm]%pol}fﬁ)gégé {gézlg o?ﬂsﬁop{ogflﬁg@grogégm invention are
congdf @)@é?srow4tnh@1 prsffdrahhy hpémﬂmnomr@srummer ein Rx is C
aI l.
£ e BBl A X LSRG ks TR bR ABH o

haI g te,nuibét-finnk tafyindivatihg thegrumbpr of sedhiey proupss arfder abl y

et O¥dyon FEAIN ARk OB By Roweel Ll |y enpl oyed

accor resen nven n 1 nclude:
Pfelérie@ pﬁmdlle(slof netahgdnqildxyé 9fifbregning farmulointlude Bk fillogving compounds :

a- napht hal en- 2-di yl (6-pyri di r512 di XJ ) met hane) ] haf ni um

di net hyl ;

[N-(26d|(|-rrethylethyl)pheny i do) (o-tolyl)(

a- napht hal en- 2-di yl (6- pyr jgh ﬁjﬁet hane) ] haf ni um

di (N, N-di met hyl am do) ;

[N-(2, 6-di(1-nethyl ethyl)phen ) amn do)(

o-tolyi) (a-napht hailen quI (B- RUZ -: Y

di yl' ) met hane) | haf Rixum dik g (I—) R

[N-(2, 6-di(l-methyl )phmﬁ@i éam doY( 2- i sopr opyl phen
yl) ( a-napht haken- 2 Alyri g2l R

2-di yl) nmet hane) | haf : hyI ;

[N-(2 ,6 di (I -methyle nyl)amdo)(2 i sopropyl phen
yl') ( a-napht hal en-B- d|y yridi n-

2-di yl ) met hane) ] haRR Nadi met hyl ani do) ;
[N-(2,6-di(I-methylet hy enyI ) am do) (2-i sopropyl phen
yl') ( a-napht hal en- 2- dj,;l ( 6- gyeri di n-

2-di yI ) rret hane)] haf ni um di chl ori de;

pST- t hyl et hyl ) phenyl ) am do) ( phenant hr en- 5-
yI) aelﬁap ﬁ ?r'(;ﬁr% 2-diyl (6-pyridin-

2- diay'liy Gk h@ha*)ljldsrﬂff mibstituicd d@ivla’gﬂep thereof, especially 3,5-
dl({sgxir(gpall)ﬁléegﬁé ,gFéE @sog tg.l ;31\&6% IDc{lben o —pyr 82: (IRJP%n lengge%nf ; ahd
2-d Il“glin)lép%ﬁdbaﬂyé}:dch aédmrIHedm@Nldkb dead:llkWéna ap,) g Caamgicloalkylene
grOLI?I\’I-(0 gli %ﬁ%}%%ﬁ‘ﬁ‘@l&r“‘qg‘a #?@ he |y|d|) ﬁm do) (phenant hren-5-y
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.

Especially preferred are compounds of the formula:
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2-di yl ) met hane) ] haf ni um di chl ori de. Under the reaction
conditions used to prepare the netal conplexes used in

W0 b@opossent i nvention, the hydrogen of the 2-pOBUS10061003209
of the a-naphthal ene group substituted at the
6-position of the pyridin-2-yl group is subject to
el imnation, thereby uniquely form ng netal conpl exes
wherein the netal is covalently boRded to both the
resulting am de group and to e 7
napht hal enyl group, as welk_ag
coordination to the pyridinyl \; ogen atom t hrough

suitabl e netal conpl exes of gol yvalent Lewi s bases for
use herein include conpounds/co ding to the
formula: , where: R20.is an inertly
substituted aromati gqonfauning from5 to 20
atonms not counting [ or a polyval ent
derivative thereof; hydr ocar byl ene or sil ane
group having from1 to tons not counting hydrogen,
or an inertly substitut( >ripAtive thereof; MB is a
Goup 4 netal, preferab Irconiumor hafnium Gis
an ani oni ¢, neutral qﬁloianionic i gand group;
preferably a halide, "hydrocarbyl or dihydrocarbyl am de
group having up to 20 atons not counting hydrogen; g
i s whenatiheris 3,8-ditisdpropyliphényt] i3csadifisvutiyhshenyNiiBénz6 HSIyEBle-1-yl, or

amﬂEéggy s; and bonds and el ectron donative interactions
s égresented by Iines and arrows respectively.
Pr at’®tsalplinpgenshetd) o Cpdlieptespeeily @spond to the fornmul a:
, erein: T3.i di val ent bridging group of from?2

3 to dSQPHW§L§6WP%gH ﬂﬁggﬁ%Gngen, preferably a

subs is dhlsks ehefhiyl eHbelSt | t ut ed, C3-6 al kyl ene group;
andAr2 in pendeq}ly each occurrence is an aryl ene or
an ‘aPRshhighyy preferred mitploomplex gfithg foyegoineg fgmmlaisof from 6
to 20 atonms not counti ydrogen; MB is a Goup 4
nmetal, preferably haf umVpr zi rcopigpm G

i ndependently each occyrrence i s Zn anionic, neutra
or dianionic |igand group, [

i ndi cating the nunber
\ /g
Lo

The foregoing polyvalent Lewis base complexes are conveniently prepared by standard
10 metallation and ligand exchange procedures involving a source of the Group 4 metal and the neutral
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
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el ectron donative interactions are represented by
arrows. Preferred exanples of netal conpl exes of
wo oroegaispy fornmul a i nclude the foll ow ng conpoREES2006/003209
where MB is Hf or Zr; Ard is C6 2oaryl or inertly
substituted derivatives thereof, especially 3, 5-
di (i sopropyl)phenyl, 3,5-di(isobutyl)phenyl, )
tetragmids g /0 rs%ﬂ?yga‘f@g deepl, suchas gﬁ?qﬁlﬁyéaé@ﬁmsmy?s,thea??alwes may be
used SAGHE NGRRIdoMpRAGRIIGRWH HRRGR: FiSiIRuteS 88 aRofgdtfers, US patents
al k)él enesq%r ouB,[ a C3.6 cgcl oal kyl Mo&, or an
6,33068p 1 9. 10303 VPt 33862 S YR V39106, and 2248501
I ndepapIetying nEACHmOfmtY: § I &R 133 Ow i
hydrocgr i ’n%tlsgfﬁh imk ok bI{;IGIg’igrlaji}?l, ﬁ}ggé'r@ég b a ko) n to reincorporate
in sigy prapadeclens ehpingilefips pepulting meidgntalbsf dugips the pelymarizatien Hiseugh B-
hydggééﬂﬁlg%g)gﬁﬁés aﬁgﬁq?)mfg%‘agpﬁg %?g@g?glg@@% k)yotﬁé’i“ﬁl%ce‘ss. The concentration
of spehi Inyahetnanldsips isipaticulgrpentianded bpuseef 2ontiatamsolnien polymerization
y t i .
con§St e SYNEORED eoftipfy Hlbd oI RO pelft Bregto, more
preferablyyat etbylaeophesirdigrs of 9 bpgyeent Ggoeatsr.alUhder puch fcenditemhs aspall but

| a; ' i . .
dete%%ggg]lﬂ%ﬁg% %]; oé%d%qgr%ﬁtggé? p’%lygq’égf_hg* ?el ré‘%ng%rpirrn)e% hné% 2;/ Fr’owmg polymer
chaij weuitdg ih ithepfymratibeofllond chamrbrauabdsy thates; bngHes ofRcrbom length greater
e YRIEASP: 538 o B8 o GRS Bl TR e e
preserdelvfother cdamnayiérs prsaidimitthduiesdtioy mpwted e Tha ik, the cdins may include

oppl ex of .the for.egoing, formula is: The foregoin
shoff i, o1 s e Bran L8 welhifReRing o B° EpRAGRPRTPg iton of the
readpiog pidtt@d. by standard netallation and |igand exchange
procedures i.nvol vij a source of the Goup 4 netal and .
th e’gﬁ‘g"ﬂﬁ‘ g‘f““%? ?’F‘iﬁﬂ%ﬂ%ﬂéﬂs friugehrgein BHSP‘B%&P‘%“H 4’2@&?‘?1 gﬁr}"atwes
corfespRndiogR thxRsmit&y al so be prepared by neans of an

am de elimnation and hydrocarbyl ati on process

starting fromthe corresgondi ng G oup 4

met al tetraam de and ahydrogagoyt ating agent, such as
trimethylal um num O RQRr 4 ni ques nmay be used as
wel | . These conpl exes arg khbwn fromthe discl osures
of ,wsmeing ot hers, US patents 6,320, 005, 6,103,657, WO

navi ng. hYgh St doginet Z08 B Eetell sPEos e ebelfteteatty

Groap 8 mekas) Wi{II) or RdEnNmost pesfatiedy kifcogiutny prepared | ong
chain olefins. resulti ng i rllci gent al I%z during the
pol yner i 2at P BHFOBHy FHERT Y-PRRAIPAPTVHECERE #¥Fon and
chai n t exhis halbj 18Gro0drbgl @VHydi@cfpbylysyer , or ot her
process. .The concentration
t 1s one or two;
x” is a number selected to provide charge balance;
and T? and N are linked by a bridging ligand.
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.

Preferred examples of the foregoing metal complexes are aromatic diimine or aromatic

dioxyimine complexes of Group 4 metals, especially zirconium, corresponding to the formula:
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of such long chain olefins is particularly enhanced by
use of continuous solution polynerization conditions
wa@eookitgisotonver si ons, especi ally ethyl ene convRCHUSINE6/003209

of 95 percent or greater, nore preferably at ethyl ene
conversions of 97 percent or greater. Under such
conditions a small but detectable quantity of olefin

term nated polyner may be reincorpgfated pAto a

grow ng pol ymer chain, resulpﬁmg in or mat i on of

| ong chai n branches, I s,~branchg a carbon

| ength greater than woukd rgsul ar

del i berately addé Ach I%hal ns
refl ect the presenge of othemv present in
the reaction ni . \\hat i g Xthe gay include
short chain € —Fanphiy’ as vveBi, dependi ng

the reaction m xture.
Addi tional suitabl cakfpounds for use herein
i nclude Group 4-f0 net a;l{d derivatives corresponding to
the fornmula: wherein M2 is a netal of G oups 4-10 of
t he wiRrdi@di ¢ Tabl e of the el ements, preferably G oup 4
met al s 2N(§I J) or Pd(ll), nost preferabl y zirconium
T2 iM% & At F iRt Previgpgleidetedphos phor us cont ai ni ng
gr Ow'mc%gedd&tﬁ%laal 0c@1¥ﬂn9&i§ﬁ1§’c}%genq{al&¥ Pﬁa Ryl oxy;
IS one or two; a nunb provi de
charRjéndspendenily: ea@mcqr@nem CMoéwérowlnk elch lhﬁyereatcbm, dpedigly aF, N, S
| {
or 1 R0fste PUER A GAURYGE, cg@ BRoigen, lf’li@&)%ﬂ)?i & H AN 83Sfhured
dexg@@ve therppf, m@atpteferglly glkyll dighylamanoalk gl @aw@rhﬂnlaﬂlrlldem perfluorophenyl,
1( anong ot her di scl osures.
Cy&éan? ?g’éﬁ)]dexa 1039{29% 1t he foregoi ng netal conpl exes
ar e Mgsopmafeired dxampilqa of the faregoingtunetal doropdyiesarerantip dexgimine

corﬁ%le %ygrc%ngﬁéggmgeggo%ﬁﬁggﬁé ko}g&m rconi um corresponding

and T2 are as

on the conpbnoner

previously defined; Rd |ndependently each {ence
i s hydrogen, halogen or and Re indepehdently each
occurrence is G -20 hydrocar?}i or a oatom,
especially a F, N, S _ N o
\ W4
7rX,
AN
H;C)s O N (Chs);
e
(CHs); or
C(CHs)s
R®
N/ O C(CHy)
N/ 3)3
ZI’X2
N
H;C)s O N
e
(CHs)s

wherein;
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or P- substituted derivative thereof, nore preferably

C M Ohydrocarbyl or a F or N substituted derivative
wo b@caafs97 nost preferably al kyl, dial kyl am noaP&ys$2006/003209
pyrrol yl, piperidenyl, perfluorophenyl, cycloalkyl,
(poly)al kylaryl, or aral kyl. Mst preferred exanpl es
of tﬁp foregoi ng netal conplexes are aromaticC
di oXyis e previewstipdedined pesferatily € omhyigcathyh mostiweienably negyl or benzyl;
andt € formula: wherein; X2 is as previously defined,

prefe(ablz G -10 hydrocarbyl, nost preferably nethyl

or Részaysthylaiseprepe, tbutyhreydigpentyl exsihepi. 2-methyexcighexyl, 2,4-

. | 5 € 2= 1 A
R e P A T e o T et
benZylm-fmelrl,i Zjﬁzedmeglymhmeﬂ,mytﬂuzmphmk pGelijsoproppheityl, or 2,4,6-

. 0=t , 6-di met hyl phenyl , perfl uorophenyl,
trmﬁ’,thé'-ﬂ)(gl‘%iyil'sopropyl)phenyl, or 2,4,6- trimethyl phenyl.

TheThafosgoing gomdessk else michis@rinehogpbingming ednplexes are disclosed in

h i ni,mne c | exes a Iscl osed,q B_ 8 ‘L
e RS oS Epae N8 P psRh Bl Binfp Ik Po NI SRS berin
[ (RR) ig a Emhﬂnfal&ﬁéfﬁga@&?bl) B8R’ gronp tegether Re aidévatentiigaod; pkegerably R' is
I gand_.or_ tw groups together are a dival ent
hW#W%ﬁﬁH?“ﬁW@xgrably Rf is hydrogen or G _4 alkyl; Mis
a G?Dwa(#mﬁﬁh%&m,Kﬁ IS a group containing delocalized
p-el ectrons throug i.ch i s bgund, t ai d :
gr offpISedHe R %Pfﬁ’éllllﬁpﬁieigh 21 Teliionn o W?f{%ﬁﬁ *%‘;P&F‘i&’éﬂ’ said K
grodp 8 RainiBEED fol 59 alonfmoleoutifpaiyaloyal fiodmpait of the netal
conpl exes (al so i nterchangeably referred to herein as
proé#tlfirdst s) may be activated to formthe active
catal yst conposition by conbination with a cocatal yst,

preferably a cation formng cocatalyst, a strong Lew s
Cogatilyts or a conbi nation thereof. In a preferred

embedi e métﬂ%_oﬁ‘xpf&ésl (LIODinRREMgehtly ﬁe@x‘e@ Yc?ld:ré?llQ bdprb&kalysts) may

purposes of chain transfer and ‘as the optiona
be egivatedtofotm thengibieentelygicompesitioatbylcgmbingionyeidiacoentalyshpgeferably a
met.al . S i Ly .ar | i
coB g ORAONE SERLLOVL Y1 CARRGRT d bliatdo
embodimbr) ths shuttiusdgentss erplexed pobviprauedoyesioh ehain fransfepandzs the optional

coclzca?arlys%J go%lp\ém.netnlg o%g (Lfle{%alf}st g&{l&)lsition.

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 Group 4 metal
olefin polymerization complexes. Suitable cation forming cocatalysts for use herein include neutral
Lewis acids, such as C,.3 hydrocarbyl substituted Group 13 compounds, especially
tri(hydrocarbyl)aluminum- or tri(hydrocarbyl)boron compounds and halogenated (including
perhalogenated) derivatives thereof, having from 1 to 10 carbons in each hydrocarbyl or
halogenated hydrocarbyl group, more especially perfluorinated tri(aryl)boron compounds, and most
especially tris(pentafluoro-phenyl)borane; nonpolymeric, compatible, noncoordinating, ion forming
compounds (including the use of such compounds under oxidizing conditions), especially the use of
ammonium-, phosphonium-, oxonium-, carbonium-, silylium- or sulfonium- salts of compatible,
noncoordinating anions, or ferrocenium-, 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
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ol efin polynerization conpl exes. Suitable cation
form ng cocatal ysts for use herein include neutra
wahewedomeT ds, such as C ohydrocarbyl substitutrdI/GEzH0§003209
13 conpounds, especially tri(hydrocarbyl)al um num or
tri(hydrocarbyl)boron conpounds and halogenated
(including p rha epated) derivativ there havi n%
to dffegi Mefabootplesa ALy HOlé‘SWaﬁ% ﬂfb@ﬁ?ﬂiwméﬁe erences: EP-A-277,003,

Ushas, PﬂsemtlesiAhWémar@yJA 53321%6 URAS maww& lt\ys 350,723,
perfluorlnated tr ron compounds,

St
USdsp@s Rl YS4ry. é%w% i ors. Ruaihrngoama AT Rts s1o,
WOSMXBLY R WHooLeapAat i bl e, noncoordinating, ion forn1ng
conpounds (i ncl uding the use of such conpounds unde
oxi (plglplhzglogqjﬁd]et@% hEYis agids @@Hegp]l},ythta pranhigatiop pf a trlalkyl alummum
con'gJH }Rﬂ 1B froRNOS m%'omh eac‘ﬂ)%w %ﬁp a&%ﬁﬁ@%&ﬂ&@d tri(hydrocarbyl)boron

um or sulfonium salts of conpatl
commnmﬂwmg et Infg 28 whrbeies, in each fgdrpeselvh Zighs, esneeigtly or

tns@lmlg%(ﬂorr]%) rgl?)b&tdnec m@{]&m ﬁla‘u&g%@ Qb mﬂﬁﬁi LMS thl fliitures with a

tiTons o or egol ng catl on orn1ng
polyrog &toa oy ria Atimoraiervind gewbindtivas ofor sapdd negtraldeivissacidneppecially

trls%%%%&riq%&%/tl)%&q%ea&&ﬁ ¥ ﬁ&l&xﬁgﬂc Jr %H%Hnﬁa?i? élut}@{&e ?rﬂ;e used as activating

espect erent ne
cocatalypth.eReferitdmolat wfibnofpadtal nenpl@atnS(pn@aﬂqupﬂlensﬂxbbﬂammlmgoxane are

o ST G 5 A iy S 82 157,

US- BuibbR56h Bating tisaphubdsARENBA 2 poakdBysik- 1691&255nlibaﬁhent of the present

. US A-5,883, 204 A-5.919 783,
R R e et T e
conlyRvibls, datdedinginpeiom|A . yAs hed basin] thatekn f‘lncmf:ocadlhatm@f kiyshns an anion

o GHTISM TS ARG 010, 8 CaT RS EBEE: compi

and&ﬂérémyﬁt dRavVitiRg ddrivedhtret fony Or RiCH Broglyi WbaEl&@hordmated to such

drocar byl group, cjal l . .
conlerst e LIPUBRSTHETARS BPUnE be isPBFa Y AR keYB o
non%b’&ﬁmﬁ]tﬁigtahﬁ)h sﬁ&?ﬁcﬁllyﬁ&fdﬂs 131ax baib@&hioh Wherbfup@loyiigas & cl@kge balancing
ol i goneri c al unoxane, and CQFblnatlonS of a, si %
anigfbingtarcgtioniamptal ogglip}gex dg%srpgtztiraéqs g,an anlonic substituent or fragment thereof to

said Edtl%ﬁ %%?fdrﬁlﬁ{g%ﬂ?dﬂ ¥R oM phiibl@aiédsy BRahiondWhich are not
onmeri ¢ al unoxane may be use as aCtlvatIng

degé@égtcmeyg@lgy whyndhe jnitiadly fesmsd cqmplexsleceypoggsiaggl are noninterfering with
deserdTan@eal&Jt b&l@&a%a&{ SRR HRB ¥t mbesfi&:. al unoxane ar e

20, nore preferably from1:1:1.5 to
1: 5P@@erres@nlpmr@thpmw@mmgwglrrg&m@@mgom@ww cg@prising a charge-

bea?ﬁ%‘glteﬂk YiShal oﬂi ﬂgbr{r@ Rip abk of t‘a@an@ﬁlg %%%aﬂg@ Mﬁtﬂg !aém'e catalyst

rise a catlon BBronsted acid capabl
spedienéthé mefalzation) thich naao{dbe éorcﬂeﬁrwhm the &vo wm@mtswmnbmjd Also,

salggn 1(9 Psho(?ld be é&ﬁ&glﬁ@ lgkgfe% De dlggg\% gﬂeﬁ 9 Ql? éﬁn% eﬂxﬂtal:é?ﬁemcally

Or “subst ance oes no
unsammtdi qmaipeurtde 01t diber Gewab Lewirbesas su@b m Qiluqns erqritpitesc &wtable metals

1ncr gg‘%u? are n&qmtu{%g itog %fgﬁ{il%/{ﬁni/\éol %ﬁd %lgt]iﬂu e s‘ﬂﬁ&ﬂéé’ Jsgtafsl(ﬂgiﬁclude, but are

whi'c oor
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:
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conpl exes thereby remaining sufficiently labile to be
di spl aced by a neutral Lewi s base. A noncoordi nating
wapioenospeci fically refers to an ani on whi ch WETUS2006/003209
functioning as a charge bal ancing anion in a cationic
nmet al conpl ex does not transfer an anionic substituent
or fragnent thereof to sgj atj.on thereby formng
neutral conpl exes. "Cbnpgtgﬁﬁ%zgﬁions" are ani ons
wheMih:ch are not degraded to neutrality when the

initjally formed conpl ex deconposes and are
noh@%Féﬁ?@FﬁﬁﬁwﬁPFﬁ’desired subsequent pol yreri zati on

or @then . . «Preferred anions are
thagé oﬁ#%%%w%%mggéF%ggghgggfdination conpl ex

conpf issi nogearditrding sbwpatibtepninathayinga cluegealf kol cor e

whi ¢ nj ES bl e of bal ancing the charge of the
act ggﬁgg%%f§qu§g§cies (the netal cation) which may
be Moremeeferable B tdogedpumiscotip drrantas[MQg; conbi ned. Al so,
sai d ani on should be sufficiently labile to be
%?gplaced by olefinic, diolefmc and acetylenically
unset i baito dr slomomrittheas fodlabsxiduEiot stak; du8Wi S bases

such. et.heys qr nitriles. Suitabl e metals. include
bt QA Ee IR e osfiiegee Srlsaeh i BOrte ARSI foe
hydguhﬁbgﬂbhﬁiﬁmafbﬁldxmb,dﬁlds%t@{i@afbg,hymuba(r%n,ala[b@%bs{iiufvdmﬁq&ogdabyloxy, and
or.on 0s rus, . and silican. ounds cont ai nin
halog ﬁv‘ﬁﬂ@f%ﬂ@ﬁy‘@mﬂ tediodls Gpdidig l?ealr?@smdés‘(é@carbﬂ- perhalogenated
hydeRaboRy-Agd Ferﬁél@hﬁemtym_yd@sarﬂgq Tr&'ﬂ!idal%?, Gaiémﬁ‘vﬁ% @p t10 carbons with
course, well known and many, particularly such
the prgMis® (atie nebRerilie 98° ecuiratse & Dblidn Btaswes of tiablani on
hydRREMbyBRide B Bord¥ AleldBlosedGRIREL S had his. Preferably such
cocatal ysts may be represented by the fol | ow ng )
genkdragnore gliefpaqeg _etphodlrpﬁng, dys eyg) that WT@? @upter jor hasq single negative
chafp8hd RlA- L&WivatiRAR Ratalldts cdillprisiig BoloR Wkl AteSaBlcPRAY 6ful in the
acid of L*; Ag' is a noncoordrnating, conpatible anion
prepazation gf eptalyiéy qd dhipnveytion gy berepresentediby thefellovipg gangrablognula:
More preferably Ag correqupd§DRnghe formul a: [ MLQY4]
; wherein: M is boron or alum’num’i’n the +3 for mal
whessin:dat i on state; and Q i ndependently each occurrence

IS ﬁgk%gbggmﬁﬁy&%ﬂ&gride, di al kyl am do, hali de,

B is boron in a formal oxidation state of 3; and

whi

Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-, fluorinated
hydrocarbyloxy-, or fluorinated silylhydrocarbyl- group of up to 20 nonhydrogen atoms, with the
proviso that in not more than one occasion is Q hydrocarbyl.

Preferred Lewis base salts are ammonium salts, more preferably trialkylammonium salts
containing one or more Cjp.49 alkyl groups. Most preferably, Q is each occurrence a fluorinated aryl
group, especially, a pentafluorophenyl group.

Illustrative, but not limiting, examples of boron compounds which may be used as an
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,
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hydr ocar byl , hydrocar byl oxi de,
hal osubsti t ut ed- hydrocar byl , hal osubsti tuted
whgasaespbyl oxy, and hal o- substituted silyl hyrPeDUs200§003209
radi cal s (including perhal ogenated hydrocar byl -
perhalogenated hydr ocar byl oxy- and per hal ogenat ed
radi cals), said Q having up to 20

ilyl hyd |
ﬁa%?%ﬂﬁ%m&%gggFﬁ@“ﬁ?%ﬁ#@@”?%ﬁYDPﬂaﬁot nore than one
tri@eE bty IS Roridin (BB (pARafuEBRRY B Sodfe, SUI tabl e

drocar byl oxi de Q groups are di sclosed in
N,Nslimethylowjgninmdetrakis(ngntafipcsonensiddioratel enbodi ment, d is

N N[H?meﬁl?lﬁﬁlhhﬁm i l;h@ylﬁ“@ ﬁtgﬁuokcgnﬂ rg/? é' ngl e neg ative

charge’and is A . vat | ata ysts conprising
NNdk@#hwlbwu@rbén@’ﬁrli(p@mﬂaplloyhﬁaslébonateJ n the preparation

sented
Nﬂtduﬁéﬂlfllaﬁg%ﬁlﬁrélqgtrea?‘(§¥ t'thg tl‘gnsﬂ?‘ﬁ}é %)95 %%&ﬁuoro;wﬁreng%ﬁate,
N, Nedinethylgnifpismgitesakis(d- (@erﬂopnmxilsﬂﬂ)-ﬂ,s% B.of- tenaﬂumr@hélfyn)rmkate
rb
PLﬁ?%ﬂ%%g? h§%§§£mQ¢T§%¥lnawggbﬁu H@%’%%Vﬁb9¥$$uorinated
N, Nydietlnd znilinitiro toprakis@entéflupcophergt)ddragd, | yI hydr oc:ﬁr byl -
fy onh n atons,. W t he proviso
N BB P e R R R Bt oo byl
dllﬁvtlesfleqtacbcbrlaxmmmmbasmkls@bﬁta‘ﬂmf@hammmatem salts, nore
Ly trialk ont ai ni ng one or
LSBT PR TP 0B8R v (O 1o each
diatit ehmemniom saltS dutioss: nat ed aryl group, esgecially, a
taf.l uor aphen ustratlve ut not
Ffﬂl 1&6@%@@ %8@q %EGF %%ﬁﬁ%@%ﬁ%”%ﬁlch may be
mdﬂgﬂid:taﬁScyin’hngﬁlﬁle&ltrhlﬂgp&mf blﬁbh/eﬁyl) b&aﬂ;ehe preparation of
oved cata s of this Invention are
m@}Y?OC&ﬂ%@WPW@W is(Reptatiyrephepdiporpge, and
dldcfadéﬁ?,'lahﬂﬁoﬁhmﬁtrhl{ﬁ(b&ufﬁkﬂo% B@ftldeuor ophenyl) borate,
th Ignnonlun1tetrak|s pent af | uor ophenyi ) borate,

t“fWF Wﬁﬂ? oRATMIM AlisS¥GhERi s ( pent af | uor ophenyl )
bor %ﬁ}g}ehﬁbl{d@g}whﬁl ALK aﬂﬁr&rophe{lyl) borate,

tetr ent af | uor ophenyl)
meffwid(l%*féaéle%&Wm}h&ﬁwﬁﬁt%swmﬁﬁw@@p@m@ram erdphenyl )
tri@ BLAhSthy1Dh é&yﬁbﬁ@ﬁﬂ&muﬁﬂéﬁ“dkﬁ;ﬂémaﬂuor%phenyl) borate;

t et raki s( pentaf | 'uor ophenyl
di-pybpgitatedaxaniumsalts suph@sh n- but yl t ri s( pent af | uor ophenyl )

bor ifhenyloxonium tetrakis(pentafluorophenyl) borate,

di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate, and
di(octadecyl)oxonium tetrakis(pentafluorophenyl) borate;
di-substituted sulfonium salts such as:

di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and
methylcotadecylsulfonium tetrakis(pentafluorophenyl) borate.

Preferred (L*-H)" cations are methyldioctadecylammonium cations,
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:

(Ox")(AF),,
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N, N- di et hyl ani I i ni um benzyl tri s(pentafl uorophenyl)
borate, N, N-di nethyl anilini um
W eaoeakiss 4- (t - butyl dinethylsilyl)-2, 3, 5, PCT/US2006/003209
6-tetrafl uorophenyl) borate, N, N-di nmethylanil m um
tetrakis(4-(triisopropylsilyl)-2, 3, 5,
6-tetrafl uorophenyl) borate, N, N-dinethylanilinium
Wheseinit af | uor ophenoxyt ri s(rent af | uor ophenyl ) bor at e
N, Nogt gtahyticHid Mimiu?hgeat Kaahik & CREEY efhiyior ophenyl )
borate, N N-dinmethyl-2,4,6-trinmethylanilinium
tethéﬁngﬁﬁhﬁﬂPﬂﬁ%gﬁﬁﬁenyl) bor at e,
di met hd P&t VbR RALN t et raki s(pent af | uor ophenyl)
borate, methyl di octadecyl anmoni um ) ]
t et Feriples pbentianic guidispigaasnts ingludeafesroceiva. laydroeashitsphstiuted

ferrS@hiuth, BYE Br 852, Wbfefrbd RRRBMhRTFRA M Those anions previously defined with
t et raki S( pent af I uor ophenyl) borate,

respegltth (e Brensird @yid sptaining getivetitedoraqlws ewrsigibt ophenyl )

£ fubB L lodecyl anmoni um
wn?@%&%%ﬁg(pgnt%§$%%?pphenyL) borate, and
di obncilers syifableriemforming cictiveking ¢qsataly stfcomprissp h epnypopnd which is a salt of

rat e i - s d ol i

s ot o b ¢ RS A PR 1 R i

borate, nethyl di octadecyl pH6¥p¥ioni um
whtréal}l_rakis(pentafluorophenyl) borate, and
?r|(2,6-dinethylphenyl)phosphonium

t et fCakis 8 Caarbdbhivariaphahy| ) borate; di -substituted

OXORI WM sal t?' Sfilﬁ:h St 'gllephign%alwox%nclhu.? of -1. IA refe rec%,]carbe fum ion

t et Pakf 8UISRAT A1 FOIHERY P OhBT A, Mt 82 1 o AAF SX BT
is teatityhdatiod, pen isafipheaylapthgtiyth) borate, and

o AR T, S B DAL AL LB b whic i i
of atkil{iumi @h¥hd 5 tiddcberiinating ednipakbls dxiemiepiebanes Gp erfyinula:

borat e, and net hyl cot adecyl syl foni um

tetrakis(pentafluorophenyﬂP3gaﬁéte. Preferred (L*-H)+
whdgéihi ons are netl iyl di oct adecyl anmoni um cati ons,

di met h IoctadecglanTDniun1cations, and anmoni um

cat RoRETad¥HoettPlr B nise Br¥eUYY I4Pd| kyl anmi nes
CONpRfeeA1yBiR s activiting cBbHNYstsQfkOMiRRthylsilylium

tetrakispentafluorophenylborate, triethylsilylium tetrakispentafluorophenylborate and ether

substituted adducts thereof. Silylium salts have been previously generically disclosed in J. Chem

Soc. Chem. Comm., 1993, 383-384, as well as Lambert, J. B., et al., Organometallics, 1994, 13,

2430-2443. The use of the above silylium salts as activating cocatalysts for addition polymerization
catalysts is disclosed in US-A-5,625,087.

Certain complexes of alcohols, mercaptans, 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.

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(hydrocarbyl)aluminum- or perhalogenated tri(hydrocarbyl)boron modified alumoxanes, having

from 1 to 10 carbons in each hydrocarbyl or halogenated hydrocarbyl group, and most especially
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Anot her suitable ion form ng, activating cocatal yst
conprises a salt of a cationic oxidizing agent and a
waoemweaorsgi nati ng, conpati bl e ani on represent edPGHUS1966/003209
formula: (Oxh+)g(A -)h,wherein: Oxh+ is a cationic
oxi di zi ng agent having a charge of h+; h is an integer

tris@%%&%ﬁmyl}é%??edﬁg%ﬁ%%ﬂg e g&célpr A e}lﬁ%ﬁsall%grewouslye %sclosed in

US PﬁéﬁtﬁGgMIﬂﬁL?m&wrﬁpaagwd’ll;%ﬂbﬂ@tig’V%d fer rocr:]em um Ag+'
or Pb+ Preferred enhodi nents, of A8 are t 0
pr e CBERIty oA SHSEMRI RS MR atdinating qnipes %?%ﬂ@é{d&g o as
exp&Rl A4iBhNSirB&tdisRkédTE USQ%%% Y8671, BSRGuRdbIYemployed to activate
t et rak| s( pent af | uoro rheny bor ate. Another_suitable

the mgtal ‘fqgl?pflﬁxﬁﬁof the-presgak IPY@“%Ib@é?lﬁf ?gqurgg};ﬁt[lqns &Llengrally, these cocatalysts

(IEREBOH oW atilig in%d@zoﬁ@é bub@titufdd SRR hideAliRae sﬁbstltuted
noncoor di nati ng npati bl e ani on represented b

imigrgpiiten b Ry Ao RSt e benpla e DOEE BHbb RS as follows:

and Ais a Jvioncoor di nating, gonpatible anion havigg a
charge of Q A preferred c@rbenlumlon |sthetgtyl

catl n, that rip nylrre hyl i A fur able
or v L+ I conpr¥ Q N—
Egun :]sﬂ‘ alt ﬂ(lzblgliumio and@ Q
|ng

noncoor di ti bI n| onl r eprese )

f or nul Q3 (Q5§°) +A wher @) C ohydr ocar b A

is as previously defi ned Prefe red silyliums

activating cocatalysts are trinmethylsilylium

t et raki spent af | uor ophenyl borate, triethylsil Q i um Q

t et r aki spent af | uor ophenyl borate and ether substituted

Whelfucts thereof. Silyliumsalts have been previously

genarfiicatdtiyn,dbgciatig @ grotdn cdntainfolgesioBipmd priferably Gontrihydrocarbyl

1993, 383-384,.as wel | L g}‘aert J. B.. et al.
P SR PR LS ond Ghro Cio il gpubs pecHie HEBYSE ¢ e
(C:2h8A)sinanluntigntis@l t s as activating cocatal ysts for

additi.on pal ri.zation I [ i scl '

US- Q g Q@td@%g%ach occurrencec ?sth%ldx}égéns or asﬁafcj), %ro%gl%gjrl haﬂocarbyl,
halohydrocarbyl, silylhydrocarbyl, or silyl, (including mono-, di- and tri(hydrocarbyl)silyl) group of
up to 30 atoms not counting hydrogen, preferably Ci.o9 alkyl, and

Q? is tris(pentafluorophenyl)borane or tris(pentafluorophenyl)alumane).

Examples of these catalyst activators include trihydrocarbylammonium- salts, especially,
methyldi(Cy4.50 alkyl)ammonium- salts of:

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

bis(tris(pentafluorophenyl)borane)-5,6-dimethylbenzimidazolide,
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Certai n conpl exes of al cohols, nercaptans, silanols,

and oxines with tris(pentafluorophenyl)borane are al so
w@bdoeaoisye catal yst activators and may be usedPCT/US2006/003209

according to the present invention. Such cocatal ysts

are disclosed in US-A-5,296,433. Suitable activating

cocatal ysts for use herein also include polyneric or

bisgtrispentaiiyororkiphhans,6-dxpederd)beyzinidernfidel umoxane
gm(@is(tr&(ﬁhQM&ﬂlgnﬁ)'aMma RYMibRMide €d et hyl al umoxane

MVAO), or isobutylal unoxane; Lewls acid nodified

bl%ﬂf@@é&@aﬁi@sopl@gﬁ)@hlmm)yl ydedylimilgeatid.ed
ted
blg(ﬁls%g% ro cﬂj;h %%1)}) Eﬂg} :A{I)Qr% Q%gta?é%%ﬁ{d%%g% ZE gs ° having from

bis(tris@pentaflusaerbomnd)alumand dib-tig(dndscyd)ilpidazadide,h al o genat ed
blégﬂég@c:l gﬁﬁ‘]m(% s};(b 905'(?15‘(11 éaﬁ137 mldgzﬁgd?fodl fied

blSéﬂrlammmoph@m)alumu@inadmhmdear e previously disclosed

60, 146, 6, 140,521, and
blgéﬁlé(gglt%?opkgn ?)glégmﬁ% géuélgeaqyilillmd’a%oz}m%dsmr i sing
bis(istpeathairophbiayh)gluaana)2shegadeyfimidhdolinidef erred to as

ani. on ed, in. S Pat ent
bls?’%@?%&fmﬂ ?)Slé‘m%ﬁ‘?t) Il%‘f‘%“‘éq%ﬁﬁgvgamthf} Wctivate the
blsﬂmts(@bntﬁ?ﬂl[qﬁd)pﬁkﬁfbamfnaﬁd’)a SPlflﬁﬁwfddectymMﬁﬂhZoﬁlfhdé,OY ol efin
. pol nre zation.. Gener se. C ysts
b1 P D e s e B R s 1 ¢ ut ed
bls(ﬂifb@alﬁ@ﬂluo%heﬂyﬂf}alﬁﬁléﬂﬁ)lsm—lﬁﬁunc&bl}bﬁ)%ﬂlﬂhﬂid@ﬂ)hﬂén dazol i ni de,
substituted benzi m dazo

lid
gﬁ?@fﬁ%r%‘g%f%@alég thesgdesgaibgdgp PSQX@HW%%%W@ 98&%5 L5 gich as tris (2,

2', 0BhbiRifluor8BPR&y BthdfoAuniih &b 000 R Bh MGt ivadrd 2B als@Bhtemplated by
preferabl y is a trihydrocarbyl ammoni um cation

thegyrntiphitofgxanele.glunaxanes ey iopizing otivgiopip omiingiiens, 599 fyr gample,

EPH&IOPBWB mo ééT furdRat®nk WO ay0mak iR Wt 95P10443hd US Patents 5,153,157 and
each _occurrence, is hydrogen or a halo

5 ﬁ;&ll (gc}ypo%/o%ﬂgﬂﬁgrg}ebwtwam Cé‘ﬁb’éﬁ"@@ﬁ?‘ﬁ‘ﬂls with perchlorates perlodates
an@ i(JdXt’e@ Y&hfaﬁ@fd?éﬂ hydf?ﬁes S WO’ b9/ 1 41'3 5] gésgtqll)e@ %e’ﬁ@@@f n%eﬁilbﬁor@ﬂﬁ{mnum

(hydrocarb
act@@tﬂﬁ% |W@ G3{iod %b@ﬁ:losm qat himﬂyat@s ﬂ@t)lra hdqwcts OQBUJH@d joids with

Lelid a%{dQeaiih%I‘ +dt‘i9£t91@ IBPB *%&%%ﬁv%ﬁﬁg &Xat%it com%ofund 'ﬁre described in for

tris pent af | uor op en al umane
exasaple| UsRatents 3, 4867.55,§ 500053 B 8% 12RyTeR-A el F98]| amvrRSH wbtication

Wé g?{3g7705fe %’Hle&‘ tﬁ"é #o)’egoigg I‘,zﬂz}ﬂ/sq lacgtlgatér's?ag @)eﬁ Xi Qn%H}%P iq%"orgv} activator for
trapgitiqnt m¢t$1.(cpmmeabdttdmt$)1pimebqﬁlﬂ)mﬁ¢mlel)d oriigl eanallinatiien according to the
pr&gélﬁ gHeht?o%pﬁcg?se%gr fo)r bist res%}tes éllqmoxang contlamglg cocatalysts are avoided.

henyt ran azo
b! s (Tthe ine>{4p eatioaft baldy@/pbmtaj&sb darlayeé prefordtdpiaaghs diphi 111 J@ao 100:1,

molrcla ;()jr%ferably from 1:5000 to 10:1, most preferably from 1:1000 to 1:1. Alumoxane, when used

by itself as an activating cocatalyst, is employed in large quantity, generally at least 100 times the
quantity of metal complex on a molar basis. Tris(pentafluorophenyl)borane, where used as an
activating cocatalyst is employed in a molar ratio to the metal complex of from 0.5:1 to 10:1, more
preferably from 1:1 to 6:1 most preferably from 1:1 to 5:1. The remaining activating cocatalysts are
generally employed in approximately equimolar quantity with the metal complex.

The process of the invention employing a catalyst one or more cocatalysts and chain

shuttling agent may be further elucidated by reference to Figure 1, where there is illustrated
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bi s(tris(pentafl uoro
r henyl ) bor ane) - 4, 5- bi s(undecyl )i m dazol i de,
wh@6t101587 pent af | uor ophenyl ) bor ane) - 4, 5- bi s( hepCHUS20Y6/)03209
i m dazol i de,
bi s(tris(pentafluorophenyl)borane)i m dazolini de,

bi s(tris(pentafluorophenyl)borane)-2-undecylim dazolin
actuvzdgd catalyst, 10, which under polymerization conditions forms a polymer chain, 13, attached

to tlfe a%ﬁ%! éa%a(lﬁ?meafi uQ Elﬁm{}efl r)gt?igérﬁl nlq) attaclRS RS @g&ﬁx& Haifl Broduced by
an dotigg ¢ata13es( p@namifSthaql@pthJem'ﬁe)i irsertine Pt the chabi ssgmerd édy thy iagtive

cnifPE s D BB AT PIPUSRARATIST Aoyl e addiionsl o growe

undleflpdiﬁﬁ@izaﬂmrd:endmons dlfferent from those during which the initial polymer segment is

iR SRR S0

resgbeive poly@ie kepn@AaRE Gdrindé in the process are distinguishable because the polymerlzation

tris entafluoro mane
cong}‘ugéi Hn'eg{s%g?ﬁ aéfhedlg}e Oé]ﬁl%til(gﬂ 0|f ﬁ ﬁsggctlie Eﬁékes lseg}ﬁeatg e d different
andgcﬁe chain shuttling agent is able to prolong the polymer life time (that is the time during which
is(tris(pentafl
furthes 9(53 mer %rowtﬁ r%ay gc%lrxg ngtq%o rarlnclilr r}Fe)ren%p(He et:r?zglg Cny env1ro1grzlie>nts are

exp@ia%&cll | ”g(epeﬁrﬁi}afd rosaRRP B g bdtween €lle £ 1ite datady(stndelpy/shyitling agent
i dazol i de

ocepringupdes vireye ditfering ByBsiFRY ol ORdifiens. Fhereiing copplymerspmprises

bloll{srﬂr g@g?&his de differing properties whenever exchange to an area of the reactor operating
tris(pentafl uorophenyl)al umane) | m dazol {Hnl de,

unctsré flerpgepion ﬁ?l}dﬁkﬂﬂéﬁ‘f?éﬁy By sY<ing Hyforseqingraciangnsay sz bimes.

preEe'xaQJ many times, the comonomer distribution or other distinguishing property in the resulting
tris(pentafl uor ophen)llll ) al umane) - 2- hept adecyl i m daz
blogksmqqu@es more random and approaches a most probable distribution.

Ib h Z Ih (@Fg%ﬁﬁdev HARBEY L b IR 4itahbd & (UWRGE eiltlihfhgent and
fungfiaratizedd{ dremedafAlsonatiphe el rysaltingralmennsy s reqenersd Ayesisyion from

ﬂ)'mdc%gm%? the shuttli through use of a prot ther killi
B (etrl (speﬁta Iaorecfﬁheﬁlyg/la§enf ulr]rrg%gel)uf%oGaPé?r?%tsoﬁlyrﬁek%ﬁzlfrrnl e

agantlazol i de, and

bi Sﬁiu[];;g 1%%8@ 260 RSEY lzfinm@ ?s)cogtaéecph’ﬁl( HRdaa¥led BRalyst

nzi m activators rncl
cortlgsition hewrditng BGTy pmﬂabla pdymmam @84i6F51 The prokesass depifably

2. 2' .. 2"-nonaf | uqr obi
cha&%pﬁcgw Wi é)? %Fvagegiqt gaeL tr%t}rgs 10 res ug%s X @é&%%{ 1rg)>1/oyed as a
sepal¥ge dhainanmhsfargedtdor molenjal erpigh damnod amesdlmm knowi teblmggues if desired.
see, f o

L
Al@%§ }egé%g-i)%a%? ?%él{ %‘é?,]lg'g ng?(b ous Q@S@Eﬁﬁu’a‘a%&over separate
regaikﬁﬂ oﬁﬁg Ratenbcantong didfeleni/reaoidts 5qcéﬁl31g4d. ﬂle lﬁﬂﬁlﬁk&/ @898 6ther similar
escri bes. act.iva st co S Wth .
POlgglFEiFﬂtlglpSattésslnng% h?sggbél? glgt tg%ﬂo?ogazé S&Vﬂgﬁ ﬂ%ﬁl%ﬁd PR 8f sufficiently
hléﬂ)b@ﬁ@ttﬁaﬁ cat¥pstA4AcliSdn ddasor ddoes Adyeuitdbts tadhnique for monomer

ganobor oal unm num activators. WO 03/ 10171 di
puiteaPy sieh g Vo At bR ot bR P R U AL g s o heh

suttct Brea alumina, or a combination of the foregoing processes may be employed.

Supports may be employed in the present invention, especially in slurry or gas-phase
polymerizations. Suitable supports include solid, particulated, high surface area, metal oxides,
metalloid oxides, or mixtures thereof (interchangeably referred to herein as an inorganic oxide).

Examples include: talc, silica, alumina, magnesia, titania, zirconia, Sn;Os, aluminosilicates,
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Lewis acids. OQther activators or nethods for
activating a catal yst conpound are described in for
wezxaaphs97 US Pat ents 5, 849,852, 5,859, 653, 5, BEPUFA86/003209
EP- A- 615981, and PCT publication WD 98/32775. Al of
the foregoing cat aI yst activators as well as any other
W .acti vat net al conpl ex catal¥sts

ol RS M hBlmi o BT b Bls iopmiets PRvabbisyen pytwomea as

detehﬁmﬁlf BsEIdgeh PR usiOME BE.T. nie@od s 10 tggy(i)dra /g, and preferably
r@n ?ge gont ai ni ng cocatal ysts are avoi de
frqip | 0110 PO e of heayeraps rartickovizsttunicadly i B3 del5 Q8 eh,qrefbribly from 1
to REN@RSmdré pféfelab1§31<91QQo@g 100: 1, nore preferably from
1:5000 to 10; 1,  nost preferably from 1:1000 to 1:1.
Alu %R%erfé“bomﬁf&ﬁt fdlaiinysptipn the pfesent catalysh edzmmattlpm gnd optional support
m@% 38 A18dd or behe SR 1065 Ekel T sjoﬂcﬁ %’tl?ﬁ@@? kqn)ﬂ to olw £ lc%lx%)sltlon that

|’ east 100 times the quantit

is W‘Qﬁraﬁ%@r@d arfifhandler Ruithtlenmetbpdsdonyspyay @lr)amma llqAﬂIrEcrcmtanlﬁl%:klurry are
weR%knWn AGhd Mﬂdqgefﬁ@}‘;&%%{)})éﬁ 'ileljlpi'fi %Fg?ér%ﬁ ecthltleg fcirdey drying catalyst

ratio to the netal
compesitiops for usedigrojn 4re describet] in TSV 45,6083 lqnnéﬁﬁﬂabdsgz from

1:1 tivati cocat al

gen (;Itrhg F?y&grﬁ% g@ i(rg g&laglg/qgrflgé cl)urt}aa EFOH%g%ﬁ}hS R%lp’lg r1 ﬁ% lpfef?ably a
confinupust fpdution palymedzatibein wﬂihle cqpalyst ewsponénts, Kigutiliny @gbht(gﬂmonomers

t _one cacat al ysts and ch
R L N ER M R R K
thetreaCﬁmgz,qne ard poM’rm‘r@rddhﬁrcentirmousl}l Mﬁbfeatﬂ%ﬂ@ﬁme Wideh the scope of the
meri zation conditions

1 »L0 ng
ten?)‘g1 c% Mnuohs and ongﬂ%?uﬂy %srglsgcglp¥}5%?f>élaex{ e Bﬁée Pye¢essgs in which there

areomblail‘gtmt addlﬁcels oflacthtLdnd Irﬁncﬁlhll-ﬁfﬁ)lfddﬁ&s %81 reghfhr or irregular intervals
roduced by an active

SOﬁ\lttach tﬁ pag}r%rrer .ch
2 3Yey § everalipiocess SaHRL y condiguqus. Moswaven, grpresiously
exﬁliiﬁedchﬂlbﬁblﬁdi‘ gradicht, tdiﬁp@raﬁﬁ’@gr@cﬁéﬂt MfPesciab g}'a}dﬁﬁt 8 Jtffer Uf¥ference in

are a second generation polymer 1
p"lg‘ﬂﬁ‘p 5%%01131&8?% i Hﬂ%rg’ita‘r@ﬁéZFWem%\}ﬁaﬁ A eRetonp of ﬁ}lﬁf—ﬁﬂiﬁtz@mdmonlg
pol?ﬁél@izlaﬁd)rﬂcﬂﬁn diffefifs RAdtork EOMIOOA A RHEd 186 WK EE b Gt polymer
|n|t|€gp yner segnment is formed thereby forning

segmeRis Qbd 08’@6%1“3)’@@?11 asegmaRaiReE perdent.erystd indy dev%ty, tacticity,
regfoae@lIfRY,-or Siher Jh%x%pﬁp& pﬁf‘slogpéhﬁ%ﬁce%?egﬂﬁﬁgd%hEl?fextgﬁ{jtnh& during
the process are distinguishable because
for‘B@F%?r?éFI}ezgﬁ‘tWIB&P‘éﬂﬁ%ﬁCil"f“@ns in existence at the tine of
f or TR p8ksOdanbB SpdrSSPRGE
di ff erl%ant Sanaal t hg_‘ rc hgf%(r:f1 Hs‘%’ff’r&%@%&é‘gé‘ht%ﬁ‘g‘ge ?eﬁ}age
polwp@;zetrx@ RreRespH dfioy mlutpqnfpglmen@tlpn bimtesp g ig deelratblerm eohplolyng
I
10%'?1?%% ME%EEE(%S Bpioh)é 3%%1 yee a%%ﬁﬁg}r{llvaﬂ? %}n{f n%lﬁl Ut whlcmle polymer is
Sohéakqalexdpreth@;ecdqurrzen@ vngitipes emebweai emxeemh;an@ssuthemw Bxtremely

o 53 AU A SO Gt
eitheisthe mletahg)nuxl)qaroirylmcataiyqb isicaypobilpshisbleis diselgsed it §S0f-5,783,512. A

lnglghtfegsﬁxre J)Q(%e&rlg Qs% ga%rm%u ngag %éﬁega)f(tg% (811 }@gg %@r 8 dO at pressures

or o at Ton g
abogoFifi tai @ﬁsMhac)c Arshury&»yooe;scrypmgy uhte ah R GOdrorMGaag end

temﬁgrgt% ? of ﬁmﬁ‘?ﬁ@ up to a temperature just below the temperature at which the resulting

>

polymer becomes substantially soluble in the inert polymerization medium. Preferred temperatures
in a slurry polymerization are from 30°C, preferably from 60°C up to 115°C, preferably up to
100°C. Pressures typically range from atmospheric (100 kPa) to 500 psi (3.4 MPa).
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preferably many tines, the conononer distribution or

ot her distinguishing property in the resulting bl ocks
wheworesInor e random and approaches a nost pr oPebU82006/003209

di stribution. The grow ng pol yner chains may be

recovered while attached to a chain shuttling agent

and functionalized if desired. Alternatively, the ..

r eslolalliof ghe SorrgaiRg Pragegsen contaepor epsigytially icg%fﬁ’aﬂ“SfPP%Ymeﬂzamn
conhﬂgn@&%br\é{%ra%ﬂl A pIsikd SThefusO bt SubIPPBLY R iz8tbh dohdifighs 2 BEtally

throug use of a proton source or other killing agent.
confbuoup golutien pdymeriEationprocetses, eliravstheuse Pﬁﬂe‘fﬁe}?tr%ﬁc%r fegnperatures

whitR @Rl gme%én%mﬁéﬂ%rﬁﬁcg?fﬂﬁ)getﬁélbﬁicy SdpoyRBRAA hfoh 9Aklds and
according to any suitable polynerization conditions. )
effidibecigr Bothdwmogengeusiand blug-floWayneaeastipyeadipns iy keremployed with the
plroeilsoe ST S P L f%@ﬁss BSdfdfRA rvﬁ?rreéﬁ%i“@ dFRYaiP Bormation
%rrpf OyedW as a separ at B°Charn transter agent Tor
oventilne dxchievade Dgbitablypaitleast some polyuiienig presenk afdhpaint ©f pateyss o
I f desi.red...AUof .t he for. A [ td o
ol SFAES T )55 AR SRR b e o
recfp@ichiding egeayols). of highly preferctiocactor foaameagrain fsfadeaprr tubular reactor.

react or.s accor.di to the invention. A ' L
At BRI S B0, R el SRR EE pr ook
reatB® (OBTR)yBsialiy commedtadoin tsariesmp hoitiple doeesdf a seattor.ci ent | y

hi gh, puri that catal yst deactivation does,. 3

Any Vebietak ool i g PR Y S GIREe B PPy SHEH of e
reqaSitsiaval @iplek sainuBipleabmpRLsced sqivensmuritch thopdlwnérizgpn will be

ith I [ ' '

MR IR R R s T
actRARE S¥8He shaHRRAES nih§ e bEnEHGd vaitetle ¢dtalysh eonpyosisien tither prior to,
_invention, especially in slurry or %as-gggse . d dditional
simpprpety wihios ASer cambipaisn & BrTog R Py Eg g and any addi
reaP@tdigtticat ed, high surface area, netal oxides,

metal | oi d oxides, or mxtures thereof (inte chanaeatbl Y usth

r ef évt pl imey ﬂ??é’f“h?‘ﬁ‘_la&?gé‘?‘?lepﬁ&? ﬁﬁlﬁfl%a“éf%i’t_ é)c?‘ta_ ZApPEdon must be
prdt&gd%?n' o:@y%énc mofturd £ otifd}h SHRITRpoisTRENESRdréFore] thé adlalfst components,

zirconi a, 112&3, al um nosi |1 cates, borosjlicates, )
shutlling sgentiand agtivated caiglystp B de pregyed &Ml s@rgchxﬁ 38 P¥ygen and moisture free

ry &ds asrodgt er m ned by
atnﬁ(l{sﬁeg% g%%%‘?@s@ﬁ% (?IJ)S/’ 1&%?%5 Q{I he ; B. rg.g_T. nmet hod from 10
to MGiGunidhiging arvy ek thersedvepf fhe aWeio, Qs 1S fRpyagryingioyt such a
ver.ag rtiecl i ' ' i+ 0, 2RPITH
ol FERZPERPEe o (R8Pt P LRI b QP scllon
polymeritation nendéivhs diemaonomefs t¢ beepdlymesized ayp intaduogd eessigpously together

.catal yst compositi ' . SRLaX d
wifi e i SRR b a0 SR B s RARR il R ffompose
subsemtiliyoofpicavmete tapethommpitsiny isoment hadiluess ané digjollged polymer. Preferred

so]td{i ? ﬁg uaé ¢‘ﬂﬁ1 ﬁ?cgocg%ﬁ{q% (i)elﬂrl'liﬁtg%}‘leig Fl%?elrog e%rgéig@g"iﬁﬁnl%% sou?ﬁ Eﬁexane or
miktiees af hlkansl asisell i dnyg oenpledy dat nivapmin emplogddsin tiegolymerization.
Extar%gfgg ioqulfllga lg I%E)p rsegcgtgl)é 39([ g i'arr]gtyco?tsﬁjca%%toperating conditions for use therewith,
including the use of multiple loop reactors, operating in series, are found in U.S. Patents 5,977,251,
6,319,989 and 6,683,149.

Catalyst along with cocatalyst and chain shuttling agent are continuously or intermittently
introduced in the reactor liquid phase or any recycled portion thereof at a minimum of one location.

The reactor temperature and pressure may be controlled by adjusting the solvent/monomer ratio, the
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conpositions for use herein are described in

US- A' s- 5,648,310 and 5,672,669. The polynerization is
wale®onetshy carried out as a continuous pol ynmer PCEUBIING/003209

preferably a continuous, solution polynerization, in

whi ch catal yst conponents, shuttling agent(s),

nmononers, and o tlonaILy sol vent, adj uvan

catalyshaddiiiparae, aa wall gobxce Rt DR o ERE LSRR A oRRlyRperization

rateS4QRkrbBA Byand AR of 8RRt aaulg&ﬁ erhd Bty R doaRAt dFtRPGmer product is
conti nuously renoved there from §Vth|n t he scope oF

detarined by the rationfethiigenie comprpmer Brihe feaders pich §§°Iefgfé’a PH
mardiflifing AN 183plectfl Seell RS IR &AHERentsto WMRiIr&R1ok h’ﬁ{e%oﬁrn?er product

intermttent additions of reactants and renoval
molpgudariveight iscorirailed, opiiqpallnby sentrollinggthenpolymerization ‘@rla‘@léﬁ such as the

tem%é}%re PYESmdr lcFReentti6n, QY 67 Ak grepfogﬁ ﬁl%ﬂtﬁoﬁeééiﬂﬁltsﬁ{ﬂ&ﬁr@a%%t as is

ont1 huous. Moreover, as pr VIOUS y explai ned, a
welhinoomen thgagd Befeen at éqmwamms gf thelreagior, a ﬁrf@s@mlén at least one
pro&rsé”‘gfngﬁx%n 1s%rsta9ﬁsn§cf [Qéf&fa ry?&%@e inrfoﬁ%ltl%fw d % %{9@1‘ of two or more

con bet ween at
mormgfmet) dlerdd&atrmp lswnhﬁqrgmp ngcogmhmrcplztattl Ypomoexiting the reactor the

efﬂgentc rsecrontager¥ ﬁﬁl? 5 Qartai‘:lgls? Eﬂ%ggx{t g\gchlag w@tfe? Q?x? gf %ngag&hglr The polymer

sohttxorrmmtlbnabhy hsated) agkthe mtwncrmmductomeemereddwybﬂmg affigasgous
mor&%%e?ﬁl : X}fell as reshd%%llséélgfnt 89?1 uésr:lt:a?] geléigc%léi é)}(e’fssur 12& hfeilecessary, conducting
furtﬂd:rfdfeecrlﬂ[lizaﬁdnnﬁ Sq\ﬂipmannglcﬁ oy mblanlmrig dxtredeyr hw qogtinuous process the

me%&é%@%%eegnqg 8{] tB? %gaﬁy él}%fpreo S e(l; glr egrggc %%g%glgy is Bo Shnilﬁll?tes to 8
houp) biythRefeably fivh [ 0iRessto G:IQjUrsa sol ution pol ymeri zati on
pro honogenepus

SSs |t bl
di ség?fgﬁtij’ﬁgl élﬁ gqrgglé)gn?g&)p rn)c;g{a 12)‘)8 %he‘efﬁrg qutin alqhéﬁﬁlcav reactor with a

mo#kbinkdd atalyist) shif age XSt MPLNES or loﬂlesghdua{t esthbilEdd Uehz&:en dlffermg
pol ynmerjzation condit] ns enp e such F
reigpt HPEPhgPtialBy RNy Py By MEHi oL SR AL o chi shuting

agefii &R?dp%faﬂﬂ @R didbatidr QdhledialuE PoldmBHABE LRSS,

catal yst di spersion where either the netal conplex or

t he Tedsatlvgt sampopifonmpy aliphsriirgpateg pbereplpyed ap 8 Beigegrpepys catalyst
by é&&ﬁné,t@%?é&% cofipdHefth oR BEMEN idrdahie GE&Bari® patididdid dsolid, as

carried out at tenperatures from 1000C to 4000C and at
prepipesiy dipdesedbimagraeredsmbodiggnty phgterogenequg catglyss irigrgged by co-
pre&gﬂd’cﬁg kil i RSmBex éd?lEiﬁé remﬁ@ﬁ ?IQ)@{KQ Bfarfinb i §8Eea B ompound and an

atures of from Q) 0 a tenperature just

actiye hmpgeh eonteinipg pefivaton emec Bpreaptionpeadypttdf a gl ok phb aluminum
cong)%ﬁﬁ)ﬁﬁl an ‘4l moﬂﬁ]&ﬂ t on a ﬁ}%h‘&?lﬂ?ldl p&l&ﬂubxﬁﬁﬁeﬁlyl)borate such as an

neri za I um tenperaturés In
amgbninmgalpof (ﬂﬂmlnomii 5dneraalefbﬁwlphnnsbmslpetpaféfoeqpamyy)bw@mWhen
pre)t)e%cﬁél'“fl? e}o%?%eégsg& u;g)r foﬂg ! ttg eyalPal};s? ﬁoégaggggg 1%{1%@5;%{_}3%'&(1 in a slurry
or { Bs @hd\;@a@lymnnzahbn oAs 'ctm@hﬁ:drlmgtatlwg slprrp pelymerization takes place in liquid
dllucegﬁ F ﬁfcheg{olg% o bﬁ;’r]tpgurc]éaxg lsubsyanf: éﬁgl 1ns§yu%¥?] Ppe%rXIgfgftflezcﬁfUﬁ&rfor slurry
poljpatrysaeen i ahd mﬂnare)lﬁlyﬂr(tolaﬂbbﬁs wﬂsbmhal 3 garbon atoms. If desired, saturated

hydrocarbons such as ethane, propane or butane may be used in whole or part as the diluent. As
with a solution polymerization, the ai-olefin comonomer or a mixture of different o-olefin
monomers may be used in whole or part as the diluent. Most preferably at least a major part of the

diluent comprises the a-olefin monomer or monomers to be polymerized.
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conti nuous, solution polynerization processes, allows
the use of elevated reactor tenperatures which results
w0 poobherseconomni cal producti on of pseudo- bl ock PCT/US2006/003209
copolynmers in high yields and efficiencies. Both
honogeneous and plug-flow type reaction conditions nmay
be enpl oyed with the praviso that a gradient of at .
| ecd® SEE Ty Bedses opta P?lmffl%ﬁlmrp‘éeé%é&lee UBPLPSriAl and resulting
cataby3Bhdd afnRIdiHR ihiPidle Aikteter BB 20 So 200ing\hasle proRsdbly2iRdny 30 Fﬁ'x to 150 pm,
| east sonefpolgner IS present at the point of catalyst
and gpostispisragly TPt R 10PHS Rrefrably forcted HpMHrsROlymeRZas iR processes,
the SIPPOT hiBNhed®h PRI ianyeddr YioRdl i 800t ing $ndPd preRE¥H! fFom 5 pm to 100
(including no recycle). A highly preferred reactor for
nm, pad mogh REpleraply frgm %)_dﬁﬂtﬁ’rsoﬂ’t&lbul ar reactor. Al so suitable
I's &l1Bb$Es Hasd BolyniePlRioh PRIER Tt usERNER hidlshidstdiuhily shhi®ar to known
continuous stirred or back-m xed reactors (CSTR),
proggssel pegl (comepeisiidly e g large seale fos ghe mpnufppiute b pelypropdens; ¢fhidene/ o-
T,
olel?}lgc%éggfners, 4R okl @lleﬁﬁ;?&_m) ﬁﬁé’gla?ﬁnagé ﬁgé’ersﬁgnﬁéyeﬁ can be, for

&%
neous conposition by ad on of the requisite
exapplead! thotypd whicloempiaysta prichandeattp btayedded or zagas Hluidinad bedrps the
. r s ..
polfi G IR YTET bR N prboe RO HE BBz Raction i
carffdieutipsi vegaloytiadrabymlyngrizaiion reagtooeontadng Hduidined ted iofipolymer
ent e i it t aloyst Ry

par HapTR B SRARER M et il Rl RGTREE by BB of
fluidieationrgas.i on Wi th the nononers to be pol yneri zed and

any..additional, reactiagn.diluent. At all times. the

a0 St Pl g R SR 280 s sep S poms bURSienieh o e
polpneized iahd fiso seet adxehept etlentededina o @xpgethe hew b&kantion from the

o B SRR B S0 i S0Pt on,

. knouSik a Relogifyapdicach ane hating £didendiametoptigehc Anidizedbedtatid @herein

free atnosphere, preferably under a dry, .inert .gas
Fine I U RARSOt Bif EVTEB LRl QRO 7 Y Bge g the bed. Tt can
alscSKeQidan@dgebi@o L19\RREIbRto rdditie TRATHe paticleafrbif kHdthoPgHs stream. The
such a pol ymerization process s as follows. In one or
gas jgfhen q%lgﬁll}f racycled e thg Bgf lmrpeﬁ)@s QWL OF EAmRggssor and one or more heat

excRAIgHERS didpdne @Rs Famdichi d7RSlymbigtismNonNers to be _
polxnerlzed are introduced continuously together with
anyAgsiferedimeshod af rerding obthe bifle inpdditionfo thyepofiagprioyifed bifhe cooled

recyc®Aak Q8 o8 AldIRilAidui e i RE BSRoARANEShra N S6ARE bt Yoften
of nononers together with any 'sol vent or diluent and

refegied sxas\aperaie i ercondngingmpdsd The voletile 4iqwid emplguedda thigease can be,

for Q)Ya% RL ALOAMNE iRkt lﬁh?ﬁz ok %m?fé?% &erﬁte@ﬁﬂ?&'a@% Ma\@lgkﬁe%,spreferably 4

such as hexane or m xtures of al kanes, as well "as one

to 6pearbaragorns. In He catsrilatthesnoanperey eomnpmiehiself is a volatile liquid, or can be
r i 3 . . ' . .

BT A AT Oy A0 ol 50 GEOI AR

cootihgeféast. t The volatile liquid evaporates in the hot fluidized bed to form gas which mixes with

the fluidizing gas. If the volatile liquid is a monomer or comonomer, it will undergo some
polymerization in the bed. The evaporated liquid then emerges from the reactor as part of the hot
recycle gas, and enters the compression/heat exchange part of the recycle loop. The recycle gas is
cooled in the heat exchanger and, if the temperature to which the gas is cooled is below the dew
point, liquid will precipitate from the gas. This liquid is desirably recycled continuously to the

fluidized bed. It is possible to recycle the precipitated liquid to the bed as liquid droplets carried in
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including the use of nultiple | oop reactors, operating
in series, are found in U S. Patents 5,977, 251,
W@ 28890380 and 6, 683, 149. Catal yst al ong w t h PCT/US2006/003209
cocat al yst and chain shuttling agent are continuously
or intermttently introduced in the reactor liquid
phase or any recycled portion thereof at a m ni mum of
the exvgelé gasatréann . Thitepe efarecess is daspréhedtion examplg ipERS8H eUbng,543,399;
S
WC? ﬁég ?g F[‘PA #‘%a dgiy%,?%]n %rﬁaktﬁthg Ere?e@{e& ﬁﬁ{}/oﬁgg%girdmé @b 'llQuld to the
bedieat sleplagate:thle Illsp,ud mektm ecyile gao stheamping tmimﬂliSjamddhectly into the

h
bedngEz&bf}ry Cs%%téfl ngeélh ad 1 h dgtrene%erﬁtgs%n% d?(?%&?%f?tg% u(illl(ﬁ\ggllllh URMbed. This type

of;d@de@srlﬁruﬁeﬂbddynm%/mm@ of ethylene to conmononer in

the re is control : t
oo PRCIE Rl Fapaob ok ub s R bR s B ) e
confti@dik Of sem-oentpabusraaditipn Gﬁiuﬁtysﬂmh@csudlcmracmdlgg, to thsinvention. The

controll ed, i ona ntr ol n
cadSR e o St PSP B potsmersing
smAIPHRAAEY of SBGEMbAidr 8a liqiid iRyt ﬂlhentpfoqxtmddesd gatamnd:dnqmatb

chain shuttling agen

corggt%éﬁppgftec} yst 9%cl?seeér§)8ﬁcied &H o q?gwﬁ%ltpglitlcggas wéll

di f frg& £4) rhé}hs fl):) Bditkd HRREY irHReflAtReRsd W@B@hﬁeh@ﬁom 6f the monomer or
establis referably for use in fornm

mixteisof W%? on g, ﬂblﬁllﬁ%??é“%r?é fplst C?‘H}é"S&Pf"f S@P‘éﬁﬁ‘é@ catalyy

coﬂf)d‘sfti%ﬁ & 1%&&@@&%%& cSHPLIanE withiR @ 1A Staf@p bhfhe polymerization
reactor, luent” is contacted with a_ cat al

reakfidn| is a@eeﬁed W l&é ofyereformedspobaner Bittigles. i s Pfef%*ﬁély similar to the
des@x%!i ﬁ&gﬁxexs Qld%h&lﬁoﬂlﬁ'g 1@p Bé@d}air*lﬂg ‘Qﬁlﬂn@ﬂ gaFdp Ghitkogen R Ydﬂﬁfroducmg
I"ashi ng of

produ I's recovered y gaseous nononer s
thezpgtalyel dompesitians thg monomess gd-any @pheﬂgqs%ﬁéﬂpchalf is dgsiigd tyhave in the

recﬁglg g?s%rgzh 1,808 asla {01068 ERSRdYogef Bﬁ%bfagagfeh'tr & Finert condensable gas

’zation I n equi pnent such as a evolat|I|2|n9
whex bpeyatiag in gas phase emdpmmm,odpr Sherreduchdpetiner iy disihargpdeontmuously

or &elnqtecurg quusTy t?(?ltl dléﬁgecpa%ld\égﬁﬁ in the reactor

n1nutes to 8 hours, and preferably
f r orfihd @asrphas.etpe@etses 1Bodh suitable f theepraciice v’féthgs invehfgon are continuous

prqcF%%q\?lgggQrgwpdy fcr{? ?] Iezcgltltm%ous yplp gfirg?cunks%g ﬂ%%actlgh AnPbtifle reactor

nomner
andfhe Rémovhbsfperdatts ﬁemahe madmen zgeafthe mactes tthekodbly @kﬂéﬁlmg a steady-state

et ween fferi ons..t here
e By Sk B SHCAEDT o PRy R rg gty recoverd
by‘éfd@js{ﬂre sdetilidetl p@sagemtl optond!lpglevastditergpevatatey (dammﬂhazmou) according

or non- adi ab ol condl ions.
oot Siaegmubice R TR b BT Housed Memerisg ay
tmﬁ‘&reﬁm@@é@e&&gﬁ‘dﬁ%u@ peéibrably Sompe@ eS0T, mghré preferabiyufr s V(D?C to
conponents on an inert inorganic or organic
119%¥-ti cul ated solid, as previously disclosed. In a

prefagk lgg %a%'ﬁl%@' PR Bses whiblEdE 5(9:19@191% Q&SJS@ ﬁlttﬁé M@éesé §f t111s mventlon are

prepare ecipitati

CcO
dischoaet in 875 Ratemd;ué,ﬁs&;"f9<)aﬁ543m@3t 5 3%%@@4%,6 %96@%%%%%989
5,461,123; 5,453,471; 5,032,562; 5,028,670; 5,473,028; 5,106,804; 5,556,238; 5,541,270;

5,608,019; and 5,616,661.

As previously mentioned, functionalized derivatives of pseudo-block copolymers are also
included within the present invention. Examples include metallated polymers wherein the metal is

the remnant of the catalyst or chain shuttling agent employed, as well as further derivatives thereof,
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active hydrogen containing activator, especially the
reaction product of a tri (C]-4 alkyl) alum num
wa@eervpause’ and an amoni um salt of a PCT/US2006/003209
hydr oxyaryl tri s(pent af | uorophenyl ) borate, such as an
annnniun1salt of
(4- hydroxy-3,5-ditertiarybutyl phenyl)tris(pentafl uorop
for rxapple e @P@OHW%‘HC‘L}@F" @ ptatiafed polyratrovithge wsyaes sairce and then with

wa‘{’éi‘ E’cpf%ﬁl %qilyﬁl‘aimerﬁmnﬁteﬁ g&%ﬁﬁs tAd&ﬂﬁgﬁ%ﬁﬂ&qg’s 15@Xdebo?eﬁn termjpated

Saty inaslurry or°a gas neriza
Pob’ﬂﬁf pxmed By Brli}’ﬁﬁl(ieaﬁlmmtwsl urry pol ynerization takes

pI aGRchfde b | Elﬂ)gl: {?tla‘ij er&%P toE h% Bol%uer?cg[?rggqct gmtt“}\/%qﬁedreg%(gﬁi terminated

is substantially inso
withghe diainrshyttlinglagend fitier ﬁmntmnshzanen B lrelatmfeb' elgyd The ﬁfe’ﬁﬂﬁtéd polymer

spe\hMeg Rad 111tzmﬂvé %ﬁlgvpn el%gc% reactlgxb SH% %srtﬁ%gts%{%éfé )f)ﬂBaé alkyl-

rocar nons SUC as el nane,
ahnrsetdn, iatkylngrdliven, @lkybanct onakylitaowhi 1 uﬁrrp‘oundéﬁo Rith Bméhe-, hydroxy-, epoxy-,

an® Qtjh&tfhx?c@lo :ﬁ%g Pléan?d po[Py(gxileté P){eolqgcﬁg m%o HE?,\O 5 {?géydm teshniques
thay\m@ Iaéapm:blep“ar tse heretithare desctilvdtin NbISHI, "Orgbehebiliys ialorkSasdynthesis”,

r ent, corrrls e a-olefin

vof, A2 (98 apf g Gor e BRI @Beref%mthser

use in gas phase pol ymeri zati on processes, the support
PolVBLEh/ and resulting catalyst has a nedian particle
*a‘u—g'ﬁé‘tg@!ilifrom 20 to 200 mm nore preferably from 30 nm

t 0 lﬁﬂizﬁ’fmhe@i’ddemﬁced@ r@b@rp@@hl\érsf merHia® pdEIad-RodiQQ pBMers of one or

f for us in slurg)ytp dZP meri zation processes,

m"{“n @ua%%er%%fg reg %W%ﬁﬁedp refpraqdepolimsFreqompTise ip pplymaniged form at
leatt@nd ROnsHRr sETEdi&@l Rdnefhel; ﬂﬂb)ﬁoﬁsfsﬁﬁ%@f e'ﬂ]?le‘h pl%grleﬂyhndaépﬂethyl 1-

ny fromI0O mmto

nmost
PenlEigs go %@f ?eﬁ%’é%lﬁ Y% ﬁielpﬁh’“ﬁfsd’éee‘@?rﬁobﬁn%%‘@ﬂmeﬁleg n miyelerlzed form

eth$MRS brplledd drit-mdthf1l1PenfeRt QAP B&Ccﬁﬁ'ér@tﬁ AUs&otefin co onomer, and

compercially on a | arge scale for the manufact ure of
OPHBRNNONS|SY MeFrerddisipna) penodmesizabiy Q—Pm@nomerp ofujtable spmamhers are selected
fro%gﬁ]kﬂéﬁr@| %Iﬁ%g{}g{%ﬁg §%1fc-ﬁifbﬁ fﬂn@shafegaﬁ?ed Ql{ng/i:ceq%%our% an V1ny11dene
arowe%%ﬂmwamdSy stirred bed or a gas fl uidi zed bed as t he

pol [re he 0

oL IEEFR 04 BOGHIEAR1Ey o F FUBLYSHh LB s,
preferapdsy frorg 101 @W ] QOQ gflo mahutpﬂoinywmrafmably dwomrOe@Ecd 600 g/10 minutes, and

f ¥ articles

espgég% r(%:?llé Gg%fb I SOB yplg r?églgesg gge\s;iga 916 11%VePt§$ gc&}yrB?réfegl }Bzye molecular
weigghtg, Mi. feorni be00g/mele td3,060,F00 @hnaié, pfdmey #raini 1000 grasle tJ 100,000,

mogaﬁefgﬂplke%ﬁld]pb& %/fnloyel ? 566 Oéd;ilagle go%{) yg %Egoggpngﬁo 300,000

g/moteaThe derfsin gﬁhm&lerﬂmh ;todynrmu e frbm ot&ea& 0.99 gic@dgitd @éferably for

he.bed, Th rge sfromthe top of the
etll¥lgl%rpo£talnlnﬁc? °%¥‘.3Ff53"°\¥‘r é\ggg/? 'i‘?g)gﬁl %t ion zone, also
knoWie mdymery e thcintenticetug bd differd@@ad favdigenBiol 38kdom
dj ui di zeq)loced and wherein

copofymers p 1yswaﬁ%pengs o% ponmers and < copolymers prepared via sequential monomer

addition, fluxional catalysts, anionic or cationic living polymerization techniques. The separate
regions or blocks within each polymer contain gradual changes in composition (tapering) rather
than distinct starting and ending points. In addition, several cycles between extremes of polymer
composition, such as multiple gradual changes in comonomer distribution may be present in each

polymer. For example, the comonomer distribution, tacticity, or other property of segments within
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fine particles entrained in the gas stream have an
opportunity to gravitate back into the bed. It can
wabk®e/1os9advant ageous to use a cycl one to r enoRET/US2006/003209
ultra-fine particles fromthe hot gas stream The gas
is then normally recycled to the bed by neans of a
bl ower or conpressor and one or nore heat exchangers
the pplymer impytchide prysrabiimesthetviceme m@tllqurml apherinimatni viithin the same polymer
be@a[u‘é‘ef e 5@19mgfeéxp%nggd aﬁtgé?éﬂt ﬁl%cgss C rElgtlons gur&ggheacggrse Pgltst;goductmn

he cooling pfovid e €00
anfl sregnegts fermad phdsr vartpus @nﬂmollsl'mhlbeldadhed r thevacﬁee &dtalyst are all present in

tll@;y(ﬁﬁﬁé'ratfhé/ 9arf69 Jnh)ﬂga gljicf fied ma z% : eapac{fzﬁféee{))gzﬁg%r%algge cirysaad injty, tacticity,

operation In e conaensi ng nD

or gt Ryeidal Ipmpbm’, slegendieg cmthe lp&,cesfs oonditioarteing vargedy @tedérhBIS polymer is
dr ocar bon

d or._e a saturated h
fofﬁ{l‘ﬁ i reglggéjbtdtge Ie%crtoerfvxé Ie1e r%l} lgllblzt)mte %noneglrebraﬁg Qi G9pRenomey copfent is
vaes eBelr:iuae the Ipelynﬁnmrctsdlﬁvﬂﬁmlﬁﬂ@ BRIk drs@infentsShid few or none of the
bl%ﬁé?ggkﬁi% %Ld or cag condepnsed to provide such
9 Rt L SRS QT SQRRPEHPY T aredptere toras pisud- '?lecliﬁoavlmérs The
resahmg‘pabmeﬂﬂla%q)rﬁ}ﬁbﬁieb Bﬂ)raflﬁletﬁ{g in haBy N6Yedik, théde bf Alié Block

eyapor at es in the hot fl.uidized hed to form gas which
N X{ge i?Hl PHE 24retfp ‘c‘ffci? 8 Rropqriiestof, gurg blogk papelypersy leja final

dlstlﬁgtﬁshliﬁgl’fed’tﬁ’é t0¢ bIGEKIRNFRENts bit thi\pdehd G cgﬁolﬁﬁgf? in one embod1ment
ol.ymeri zation in the bed. The evaporated |iquid the

VgRIOncpay Rershowviy f@&adksfr“%al}:ga it ongfor meee Mtical properties or

me@ﬁﬁeméﬂfkcbv&fﬂe@ loF adjARNIASERS B8Rt A4 %%tly%ﬁ&ﬂ;@ B&%e&ﬂﬂ&ckg Preferred
he recycle | oop. The recycle gas is cooled

pob@g{s haveat éqqétélp mgWCprefpppbly Releast prprgmants fampdaaspridiolg to the present
ingi@dgonl S cool ed is bel ow the dew point, liquid wll
precipitate fromthe gas. This liquid is desirably
rec }QS’F”@EF e i japdpsueopglymer Qfﬁ@ sang mgnoneess wyelnonomer szontent at

eqtﬁ&hff??it @ﬂyﬁalthﬁlt}'; W&iufus &ﬁfl@ﬁl@&tl%{l Ao And & o more dlsgngmshmg

iquid droplets carr| gas sStr
featrpgssinelydiag é?ttep flb@@s)éleatgesets@@eer asbreaasur¢cbby reeaaummt,. lngher TMA

pedé{%aﬁ%ﬁ% erét'urg hlélhei5 %1’1 %ﬁmra\%} %ﬁ!ﬂ%%%gn%g? argdéplg hfsg'her high-temperature

352, 74 A partic erre
tor?l@tly@qlql'ifﬁgﬁs ldﬁémllnf!ﬂh}’dlyn@llt hleCIiaeldallasalysns et ¢o 4 fedom copolymer

corhﬁrﬂﬂig%lﬁa S{ill g'n{ ?18% i nlto%%? %on!ieblg grglgv%g?\t/ 9 bl?lg;pﬁgay?@neé)r more of
the rf%liormmg Whvee horgwmroaisﬁspafmaumrlgl aogidvated tdfpetanes| ioflet dlress relaxation,
This t ess i.s described in
N fgher S “‘X‘Et%z%%*f"g KePEa e See H51rSPHE Ao higher
crysthld;zzg@g (a‘ollldu[f'ldatmﬁ)jteihﬁdam& highea kacaadly Q)ﬁrtictﬂlerlji S\ vA@iperatures),
0np08|t|0n

tin sadt n of cataly

betfa%lé %bggsggn r%51 ancF thxég e 1e ?,ﬁtlv% Ic qb E&frglllylgil %Hg&ﬁ@gapqeo n

may Th:@p(ﬂylb@redctsl&ﬁbly Congprigé &@tﬁbt‘tﬂilﬂlﬁ irltﬁﬁribt@xn ?I%El@?ze lﬁrﬁ%/or composition of

exa po ing a smal|l quantity of olefin
pol e sk pYRes s STl Fhae Turirteibld CRBBHY de o

cat @ﬂiﬁﬁhgﬁl? dpEblt CorIRibhSdcbe dBb RPAE Ex%%n@ﬁ(réhlt&ﬂﬁ' Lre elastomeric

rtic enbedded in glefin P ymer particles as

1nte§%ql§rmers|—ﬁt2e tydngrers2 Solsh gsreeiallypioadeneyandpptipnally one or more diene
moitdnitireli BreRrréRsloleding¥o WHH th%bOMimeHt of B pRRAR MR Lt are designated
by the formula CH,=CHR*, where R* is a linear or branched alkyl group of from 1 to 12 carbon
atoms. Examples of suitable o-olefins include, but are not limited to, propylene, isobutylene, 1-
butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, and 1-octene. A particularly preferred a-olefin is

propylene. The propylene based polymers are generally referred to in the art as EP or EPDM
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m xture of nonomers on the fluidized particles of

catal yst conposition, supported catal yst conposition
woroopneysot yneri zed catal yst conpositi on w t hi nP€TES1e6003209

Start-up of the polynerization reaction is achieved

using a bed of prefornmed polyner particles, which are

preferably simlar to the desired polyner, and

pobyoredk depedinggniwhethbedcdpylyoenried diens tshalsb pess¢nt.g@uditable dienes for use in

ni t.r ogen, pr introduci ng,t.he ca
PRSP oA R RO SRR S Y5 mesonipape, s o
brhr&hdiafhame dydlio- dsremkycydmct dienes e:mymhﬁg fras 436 2@euthons.URlefeAsd dienes

n C fer a or ..an
infydr B g BRE AR et A AR o G ope Bl
cyclonskadisnen mdrﬂ;meyhd&@z-pmdmed ApnlticiRFly pfefdlied altas Sckthylidene-2-

Ogt@ml nuously or sem -continuously fromthe fl uidized
448 desired. The gas phase processes nost suitable

f or Bdagusp ERGidne Cortdinihf bSlyhétY Edtitdi® AltedkaBing Stnkhts! @Mﬁocks containing
processes whi ch ?fOVIde Tor the continuous, suppl

Eryales OF lopes auaptities of he diepe reludineiogs) and a-oledindinglndigg aorteh dhe total

qua@ P YEdierRfan® bW tnfay bk %ah&ela%vﬂhea%ds QP subSBer? bollyR6r propertles That
reactor, thereby providing a stea ty state environment

is, decaprehpiignend @nlefin rronomers s efpisAfally iReoppraigdnto one type of block

of Ift I}@rfer rafleP e hl%f(ﬁ‘ﬁlﬁ/ dr @ﬁlqbthb& tﬁr% \Jiih tﬁgpchyméxtﬁs%sé%é RoteQfficiently
pressure and p i onal evat ed enper at ures

ut'élaw@ﬂ a*ehquuzlaﬂx B¢ 9r0%séeleﬁwlwgofﬂhﬁ n@h@m Cét“é??ﬁ’ﬁ‘it?j gawfrolled. Such
chsYlﬁHkﬁﬁL: kidstorhb}S afd #é Eﬂré@ﬁo@ﬁ& 1afe )t RS Hﬁggﬁgs RlcREfmg Righer

is operated at tenperatures greater t
tepstle steangthlapd petisneleocepverd COC, nore preferably from

700 e

ey et bty b bRRU B RARRAHARRIAGRAIL AL conten
fra §td Wawtentpna dj@l@am@nt fsom ﬂ,tcBH)a)emm; amtl S53e189Bd/or Cs.5 a-olefin content

100 ot b 5 B9l B
in®IpE 61238 leﬂ@ieﬁe,t p?;ogyvgﬁe ﬁd@»@@q’lﬂm@é diaimd Thes iy, ﬂﬁ?p.olyﬁ’ers of the
tlone

| f , .
1119en9 ondlg)alx’ligfl average mbleculfanr%ellgglp f u@éﬂgjo SF?IS%O@ R é)olydlspersny

coporyners are

leqs Itlemél’ﬂ; mlorb\mefenat»lly lesEshanplogsid IaIMddndﬁwmtl@I (MvAL @et4) 125 °C.) from 1 to
25§0| ynmers wherein the netal is the remmant of the
atal yst or chain shuttling agent enployed, as well as
f ur tMexe pMérhMﬁ,tshMﬂS)l}tnin 120§ arf @lyléncanitt:@ froftd® tb 08 pért@@i a diene

pr oduct of a netalla n ox sour
coffct HeR R PP oL et Bomyde SO oL rnhNdiogEt 000 to 250,000,
a ﬂb@d}sﬁa’élty eldil ;5ite B8] anﬁ&aﬂ@neﬁwbd@@lbuf@&n 0b &f1ioD. nge&ma;sreﬁrred
nmer s fornﬁ ‘%)‘ér/@ﬁ ydri de elimnation. Because
in ﬂ?s S propy ele enafcom%ﬁén%?oyr?mgcgrfﬂtw@etlOé&licwt ftpylene,
préfﬁ@bl{'y @RGtcPthah $5 %@Edﬁt &Hil&@ Mdd%ﬁvﬁ@@p&fé%l@ck%@éﬁ%ﬁgﬂnEss than or equal
further functi onal Ization is relatively easy.

e
to -.”f%g ixﬁéitc)&apglpgrassm sﬁ-}@sls than or equal to 50 percent at 23°C.
The polymer may be oil extended with from 5 to 75 percent, preferably from 10 to 60

]

percent, more preferably from 20 to 50 percent, based on total composition weight, of a processing
oil. Suitable oils include any oil that is conventionally used in manufacturing extended EPDM
rubber formulations. Examples include both naphthenic- and paraffinic- oils, with paraffinic oils
being preferred.

Highly desirably a curable EPDM rubber formulation is prepared by incorporation of one or

more curing agents along with conventional accelerators or other adjuvants. Suitable curing agents
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species can be utilized in well known chem ca

reacti ons such as those suitable for other
wa@bdoghedsoam num al kyl -gal l'ium al kyl -zi nc, or PCT/US2006/003209

al kyl -Group 1 conpounds to form am ne-, hydroxy-,

epoxy-, and other functionalized term nated pol yner

products. Exanples of suitable reaction techniques

are siifur baspd Fagmplen of witalle sulfiebased euring agents ippduder bub agg npflimited to,
sulf?legétrgﬁﬂ%ﬂlylth r%%ﬁﬁid@kﬂ/{ﬁﬁ) 'd{be%&@tﬁyl&e&m&ﬂQé&a§u1ﬁde\/®PTT) 2-

1980 and ef standard texts in
meroapgdnm@n@pleu(MBé"ﬁ,dZ-mplgmwl@n@ﬁmmbéq disulfplg |((YWAS). pinsduct s

mer(k’&rﬁé+ﬁﬁgs£&1a&&§tegz&%%gt R R i atOANIBES &), zinc

seu copolyners of one ‘or
dibmmﬁhlmmwéZ@BCardaaenbmdﬂwlynqﬂmpmrt@msulﬁd@wTrTééN—t-

butﬂgen% hiaZol& ? fﬁr%l%fl&ertTB?Ey i fnfxﬁﬁies tQJrggfa r‘ﬁ ng?éd fRPystem includes

noner se rom group consi st
a cazittnatiemef sukfmo pBTead TAKNED 4Desiibly) the foeseoimg @QmMngms yre employed in

amc?u%i?sipt%q%it/) r| Z%erceglp leSrTg tol?lgorhlpotsglog 91' éﬁf—‘r S _conprising

orm ethylere ne or
4- nﬁtpi’qférfeldetaemhen@n@minat ack:ﬁ'dmg tcoﬂhfs edibbdimesnlf the invention may also

ol R SRR RG0SR o Bl TR e

per@dﬁﬂ&ﬂﬁd@éﬁraﬁfy&‘r@ﬁi@l@t@ @eﬁcérﬂ,l‘haﬁhd@ln&cﬁthll’&mpdsyﬁdnl vcmght

ol efins, and cy clic diolef al ogepat ed vi nyl
conpettrel Sapmaions it dmer P Pe SED et Bhserding to the
prefat ¥iEKkiSn Btlutiéariony Gihérigfiedicnts ik ameurﬁs et do notdbexct filozh the

fram Q.01 to 2000 g/ 10 nut es, fro :
PropeS e eGP BL R bt eishla e byt s hefilisd iy getivators
sucBhd Eh1dtim bt BSanc At oL, Shtyadcldy S\ﬁthHbt@arQJacfdQn& ks @Hedddf; fillers and

m nutes. Desirably, the invented rs can, have

reiffpycers sHch as ggéc{ugﬁ s magpgsium carbonatey E)\bcag Ia lgmipym 5111@@@9 Blgeficizers

sucH /am’ihﬂ%yl RleRf2 iR Yxyliic Absk Q&Qle@t/aﬂﬂﬁltse sdf@neks; HARes) Y, pi s,
preferably from 1000 g/ nol e to 500,000 g/nole, and

especially from 1,000 g/nole to 300,000 g/ nole. The
Ap@ﬁ%ﬁ&k%n@ﬁmi@% i nvented polyners can be fromO0.80 to
g preferably for ethyl ene_contai ni ng
pol Fhepadymaroef the BBengios aB hegisefulyrengpiesied in avraichysif eryeational
thex%orll)ii/%ﬁc faﬂH&PBﬁ é}% t(pfrog{cg L&hE Qﬁicfys eiﬁichflcfl bjects com Prlsmg at least

ntiona om copol ymers, physical blends o
onqdiiinylm,wclmsd niyinoleker ddipotrypirisass opsr laysa necrmyifiley rdiuerappig by cast,

blo R c%ﬁder@c]d gr éxltr%}bn Féaﬂ?% ‘S’Pagésseg %cﬁh@ﬁﬁaﬁ‘&clesaﬁ'cﬁ E's'hlﬁo@ Inolded, injection

cationic Prving atron t ni ques
moKlegd it mtmnaflé@ll ammniesocxtrmlslouﬂi §ibas; tahd woeaeh nprevgrearfatsiont Hiepmoplastic

t t
cor%?oglgllow %Oﬁg’f%?% ’Iﬁlﬁ 8rese gn&oxleers I 1gc‘ﬂuc{e b@e%ﬁg *vﬂlg ))tl %ﬁ{aﬁ%l oI' m{henc
pol?ﬁb’r@,r aﬂhltme;sp}eﬁffomﬁg \amts gnitlbm I'mstamfadmm/gsnamomdants stablhzers,
colgrg 6%?61’% %aﬁng‘ﬂ’f gﬁm %D ’E)t% ag glé“{ﬁ:%zel h ege 1cul£]r utility are multi-

component fibers such as core/sheath fibers, havmg an outer surface layer, comprising at least in

part, one or more polymers of the invention.

Fibers that may be prepared from the present polymers or blends include staple fibers, tow,
multicomponent, sheath/core, twisted, and monofilament. Suitable fiber forming processes include
spinbonded, melt blown techniques, as disclosed in U.S. Patents 4,430,563, 4, 663,220, 4,668,566,
and 4,322,027, gel spun fibers as disclosed in U.S. Patent 4,413,110, woven and nonwoven fabrics,

as disclosed in U.S. Patent 3,485,706, or structures made from such fibers, including blends with
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pol yner. For exanple, the conononer distribution,
tacticity, or other property of segnents wthinthe
w@ologirers9ymay cycl e several tines between a maxPOUISZNE003209
m nimum w thin the sanme pol ynmer because the pol ymer
experienced different process conditions during the

CO%LSG of its production and segnents forned under
othex Fbese SUhs @ply et i ar eotians thermedormed artigles extruged shapes, including

pr&fﬂé altiSlonPd calekirRidRS Q:Qfendapedtaptﬁ:lego%ﬁ WEfwn, tiiGed B LAY W5ed yarns or
xima and mnima are characteri ze i hcreased

ﬁbelfsy"gltea}elw nebimprs deggeibpd hergin argralsoupasul fpxhylsq andIcalde oqméing yperations, as
welleR ﬁﬂﬁb&@x@ﬂuﬁh@r \QEIREI?E) gggérltﬁogp aREl fo?lgmg%[ {l(%g articles, including

Preferably, polymer is n regions
the ysg ef ’@JeCW@ﬁlﬁgar’PéWbmldllxgm@n@mﬂombldmgmooessm rfmmrosmons

coﬁﬁxnstn?g%e bRAY g(f(l&xﬁgs ceﬁeﬁs%%%?ormg ur? %encagedeur’t% €8 %ltlc? 185 ﬁ@se previously

tiple blocks or segments, w or "non
meg}p@t@r(l $1sing eonversienal palyolefin giozessiog tecloniqpes whiclh age vielidkylowii 8 those

Skllﬁg% ﬁrtﬁ@gti‘ﬁ’\,@eﬁggﬁ’?? I ock copolyners. The resulting

pol yners €S approximating in many
r es pspessjons fodeaqaéous andndatagodou)apm hlycn’&r ﬁ%xmamdmg PhePe¥_Nt polymers

t f
or ?o‘?lﬂglﬁﬁghs %X&Sr?sgngqg? game EEJO%E rf?#éxle]v,lscgﬁprh tggm?néed Rojyaners can also be

nal

forbiedx,czisdlsolbsedelglﬂ@rﬁam)lmﬁtlcmh&) D&EHXIOSSB ﬂlg&Aﬁ%ﬁﬁﬁS{ 804 THB polymers
e shown to

ma9 Ak %e rosshnﬁgl:l? n {ﬂﬁe | nventi gﬁ
Jr SRy RFARE &MY oSHAnaRs fishas By larropiiesiscirpreapy silane
azide as Uﬁlm&ﬂlﬁﬂgfeclﬁﬁilﬁ The psly & 6tn alb ®6 K&nﬁ@aﬂlp%{odm%@ Nyuch as by

e en blocks. Preferred yners
e R Xty e OF e AP B B4 T 4 Gt OBt s D)
halbgunatish, as@etial fgfohDich® olcE&RMical MY¥ERLigN. Conpared to
om copol yner of the sane nobnomers and npnomer

ar
con?&ﬂiiw%ﬁan glirvARfsepay bergrdidatl i 4y dormylatioepmpuising thegresent

pol@ﬁibt}éﬁSﬁl&b[bfadﬂlheesl1ﬁBllﬁfétﬂ1Eﬁ Rl & QBRI idPERic artlcles 1nclud1ng clays,
di st ngui shing_features, i ncl udi ng better ﬁ)l

talq S IE e AU POt st mgtIspgregri¢ eriinrieanisi fitters, hlplglﬁr@g carbon

fibdr/RilRER Biri Rl ibeR &&mﬁé 8t Mé !
i gk 1S 26h 1St ; en]l%g 3 hsﬁ aﬁg rngf&ﬁ Bhwlﬁlgfeé %gag% At §zed particles,

claysy i s9rforths gk rsa%ll ?iféﬁtné?rml ‘éﬂlllg/paehfﬁlaﬁpman“élehmn jodsiland other
natﬁtﬁﬁirﬁd%&&het@%ﬁﬁlﬁkﬁdmt:ﬁdlﬂg Bt@%grﬁw&psoﬁl:&&ﬁ% hoctﬁm%rﬁftop N9

t he same nononers and ndno cont en I nven
pol ywéble nelimersoieblerdingovién e pelivsers of theovergion ircivde thermoplastic

ancﬁ%gﬁe%%%blgﬁlc mel@%ctldcﬁrg nq{ulrzﬂ sarg hEtYd aﬁ(}fm IS, Exemglaal polymers for

ten‘per at'ur es, OV\Ef st SS re 1 oNn er cr
blepding lgl@lafkmolymrgbeﬁ, (bashn rrnp;mirlm@tfmg phlygﬂ@pylel’ﬁi mcﬂattibgaolypropylene

tadtR3o e ﬂa sl
fl a ( Sng %@?Cg{, Fugdrs{gag n’?&ﬁ %éoy ene chg Iymlp%sg alél‘é?l? types gft po?yethylene,
mcl(upmgﬂligblpr@mrg; flae-rzellioaMaﬁ)EEi Ziegivp Nm*azt LEBRY, metiotedk PE, including
G i r.retractive force, d
e R ORI,
discdwd naIbJSyPaamuqﬁ 545¢088) esmiobu,té,msms 15, 334)00% 15,8605 9% lind 6,448,341,
n f yner bl ocks, whi ch are
e B PSP A i St o
polystyrene ABS, styrene/butadiene block copolymers and hydrogenated derivatives thereof (SBS
and SEBS), and thermoplastic polyurethanes. Homogeneous polymers such as olefin plastomers
and elastomers, ethylene and propylene-based copolymers (for example polymers available under

the trade designation VERSIFY™ available from The Dow Chemical Company and
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O her highly desirable conpositions according to the

present invention are elastoneric interpolyners of
werdwgherse7 a C3-20 a-ol efin, especially propylPeEFUSZENE003209

optionally one or nore diene nononers. Preferred

a-ol efins for use in thi s enbodi nent of the present

SR B AR T L B SRS R

con{pﬁsﬂgﬂﬂ@féﬁaﬂpdlymeﬂs Exanpl es of sui tabl e a-olefins
limted to, yl en

I ng%{ﬁ g?, useﬁ_ or Bﬁ?@ﬁ@mglprﬂcgﬁtsw de rﬁ%gpéﬁ"@ers molded articles, such

as t&ﬁmhhlﬂhanhl'epﬁﬁita Pleanceldids; %Estk@tg @nd Tﬁofi’l@i bifdivay (lldélud1 ng hot melt
referred a-olefin is propyl ene. ropyl ene base

adh ‘16§/ ARk RressTg sefisiiixe %ﬂhF?VfiSbff@FW@aa (m@:lucimg sthne slgstand shagpines); auto
inteEEGIPMRO hd FbSles eRaEHoBO LA o}ﬁ@?&nla%g)lsgdné(;egp ?hgﬁ?&b&ﬁgﬂs for other

di ene i s al so present. Sui use

therpioplagic; m&ﬂ}ﬁésé&}ébﬁsﬁl’&% istphie pylprsomding meother olefinprdymers; coated
a o9

fablgc@ral{o'dﬁ% Eugglg?f/%a%pstﬂ&ﬂhé‘ Q@i ﬁgrs, ﬁ&&'ﬁl eels]ltd g%?]%g&?nl i g’lgglgr@rl]'s, also
knoyn pgpopg P@la"rlb@mgef s Fﬁ@réﬁf@icﬂ@tﬁ:l d| en es i ncl ude

é 21%1%31 1%%21?@%1 egféapégﬂrgﬁeé)%g{qulﬁgu% tgerréxﬁPlaﬁxc compositions comprising a
therwnlhm@xaém plemeragspecily uﬂo;alcmqwlwrcz)yhm, kaod mee;iasiombrlc pseudo-block
Cop(ﬂgl?l% oa?%ﬂergﬁelé YoBtg%: fglgg{élo? %redﬁdﬁgl%lg c %a% e otf I?(yr nmgézgfe)-/s lll glpe particles
havigg hardicrystalline pnstii-arystsigerblatls iothe lﬁirrmaif 8 cO10 rsmaiunam:py soft or
8 S bR R B S B Pt
are ﬁpuamt anﬂyhspérsezﬂi watim the dlaquiotyfneﬂbmy fdvees ﬁr&duecedlriﬂg nfk@ut

comgg%xl?h ?%12 1 lg&gy é ngbé%) F}ﬁ%ﬁﬁlﬁ%}ﬁé Pglllog?ctto result due to the unique

phygpcad ﬁn@pertlbsj ciﬂt]hq&nmlﬂ{bmob OclSpa’ly&id:rd Wﬁé&h éakle Ec)fﬁ)@tlﬁfe pbiyﬁﬁkre@fons such as
her th n| for
the iy 5‘@4%‘%‘%“ PW&O‘BS‘FWE St eviaped s of B P%eHﬁ‘%WP‘F‘SFOPOIYm“ to
self-déseinbie éxditha ﬁﬁltﬁd@@&ﬁﬁﬁﬁﬂdﬂn&mkﬁ&c&r (Sﬁéirinﬁ KorélR @ﬁhﬁg/coﬂfpoﬁlﬂﬁlg are
nmer can be Qhetter controlled. Such crosslinkable

oeliiRy e Sepaed reeiee Al Selipenpie bicsinmsg ekdpon solidifying,

thesPFe@RAE bdcBme obdhsded SiafiemétipahRles biRASH |u€th§ bélgﬂatrﬁatﬁﬂ d
better elastic recovery. Further prefera

ps datiurip desiplie Plradsarghermealastiowelyplegn bieadR{ TR, thermoplastic
elast%fn@b’l!ol@lﬂﬁ (’Fﬂ%)t { @Brnobla&1 vhichisi® (PBNHGEH tstyreﬁlc‘ii) fggﬁr H1OUsEFPE and

fromO percent, and a styréene and g a-ol e
TPV bl Eftslﬁtl’éﬁ?e fprfemeé by eembinipg the dipyentedpssudp- 'dPPktmé/ntems allcludmg

funcyiBhaliBdd &fun§a|ﬂ§at9cptlle\fﬁ§cfves fReRbELHES @Bhyﬁﬁfgﬁe n@ludmg conventional
i nterpolyners of ethylene, prop ne and optionafly a

blockcenpdymene g5beeipliiyan IBFeblonk| OyP@YIBeroﬁfndtOh@Onalb(/enDSSbnklh&vevuasamzmg
agen\fveg%ﬂg Blgg%sec{r@%g dﬁ%%ler L Iy’!ﬁéﬁgﬁlg e'\(ﬁoenteg%gguagbgglgcgpglymers with
a pO}ypl@ﬁ@,raaé onthne&sa ¢rheshinidngor vahehnanmneyn"hv ifczegpdtigt blendMmay be used

in fogrill'hé)a 1M(§ed%g’]e):t, Iu{dooghghaﬁlg cx%?s(?mkmg the resulting molded article. A similar

procedure using different components has been previously disclosed in U.S. Patent 6,797,779.

Suitable conventional block copolymers for this application desirably possess a Mooney
viscosity (ML 1+4 @ 100°C.) in the range from 10 to 135, more preferably from 25 to 100, and
most preferably from 30 to 80. Suitable polyolefins especially include linear or low density

polyethylene, polypropylene (including atactic, isotactic, syndiotactic and impact modified versions
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More preferably, such polyners have an ethyl ene
content from1l0 to 98 percent, a diene content fromO
w0 e006/1mspTent, an a-ol efn content from2 to 90PERUSENE003209
a Mv from 20,000 to 250,000, a polydispersity from1l.5
to 3.0, and a Mooney viscosity from10 to 100
Especially preferred interpolyners are propyl ene/
thereefh gideredy (-o1s81yl inpegened nYupe pijrepic @abymerst epelyﬁit&e% figbber

mocgg]%% ;@gﬁegn%gﬁﬁ% %glt eﬂEr?% Biile LR meRs BB erﬁsbe%tamemgm (ABS

ng strength | ess than or
orﬁétﬂ)ahd$tme&md@aaahmrlé¢00@01dm%r ession set |less than or

equal

e R e IR
temperatfife qD@Mi@n abovﬂﬁlemlqlfrpeﬁlewaipblytufq Gron@or toth ﬁohﬁp@_rrmemnts For
mosg Irr}u?tﬂagbcﬂ cE) Ocitlgmers, it %ﬁlg%ra% %ﬁ}yb%glg?veﬂé %fc ipllélgs‘f Eén%ka!ﬂ? above 145° C,,
andomvpmferabl}adbbye 15:0@:6 Il‘mpwahpazlpme:tmuxmggr mchdinglephifErRDMhat is capable

of g AR et ST Ay e o Ao P ARRRA CThese
mc]}l?ﬂ@ﬁlﬂrsj’ ledadeld, @hfuyleld st ﬁxﬁél@/scﬁb%ﬂﬂ&hin&cﬁﬁﬁ)l%aﬂblb’b erixers, and
r mu tionis pare by jncorporati

caleﬁlg?ré. Jg%. :?eﬂbengeg nglag 6%4 rﬁayccgeﬁvjéln(inllg fgra compos1?10n. A
confi bR bﬁmﬁbarly?iatcﬁhhﬁarrsd ad Jcbmamms.mlﬁ;u majohleoblfwmm@ed such as a

agent sare_ sul fur S€ esS O ui ta
BapygE o] W@eddaéw n?lﬁ?ﬂf?%éve b v St OPEADY %15{’# g TPV
COllg%ISlth{l will ©ive amBshEybadid gt arvs kb1t belgmériipidhily the conventional block

i pent anet hyl enet hi uram tetrasul fide

com B OB BT EEBIE TR fo ISP OS e s iva b6 B and TPV

corHBcéiﬁhﬁé e v»(el}ﬁiﬁ%}m ozbleace%polﬁﬁérq@péeq&emeamobb@meﬂ sAb@ld be from 90:10
, Zinc eth Id|th| ocar banat ez

0 %utnytednirquablmo Ofo 2GBBeyd magt éﬁﬁ‘irﬁi’hégﬂ?ﬂéﬁétt%?% P&nfor TPO
apﬁh@%tfoﬂ? i of \’chﬁlt QMD -B-f)pseu% biBaK ébb&?ﬁl@lqb Bbl@gl@ﬁ@mayzbe from 49:51 to 5:95,

fanam de BS), and m xtures thereof. A preferred
moa prefershlytieom $5n@5| t9dB90 aFeranasified sivesicarolaisr prlicatigns theyeight ratio

of I:I)sch blg&%'oﬁn??hé? to bclﬂ?olgiﬂ{ RG0S FRPAAND $:93 Hor@ Wfé}?itﬁfi from

n anount s 5 percent, based on t ot al
35:6D1opl®s90t i T rafiod gxhy be smameéfoe ehanging thesiseomisy rioprpbise Varions

comﬁo%? Ll R Q 8{;]1{}, ra%l;gqf?%hmf‘é Rus %tln%qgcllhlﬂl\fe%%ﬂ c‘ﬂ%%‘%g(h@ﬂﬁ@e

ude car era he "car bon
corpineitebyt changitgiibe sivengity ratips cffrtlmnomltueots@@a plepd endlta peppon killed in this
by from 20 to 60 percent, based on total
art naﬁﬁonsuigl%lﬁc Ssaryght Addi ti onal conponent s of the
pregha bleﬁcbmmﬁoatmmmsaylmmhmkaqcesmgIOdy @thstinizeoy, gidmyodessing aids.

Ruf)lﬁaé Pgoaj%g%tgﬂ% Ea\\/lg E%lﬂﬁatm A?‘EM (ejsg%nv r#s%g 'cggijgiﬁfc nagthe{nﬁ or aromatic
proEsRoils hik @l suiifablelfﬁr useSGérernly fromopod 5@ papts, mdta serably 0 to 100 parts,
S_I n

B R
amB&iitESf ALY 185 16 ifprol<tha pilotkssinglofhd fesultinparedilks at ftliel dxpense of some
ph}?s?cal properties. Additional processing aids include conventional waxes, fatty acid salts, such as
calcium stearate or zinc stearate, (poly)alcohols including glycols, (poly)alcohol ethers, including
glycol ethers, (poly)esters, including (poly)glycol esters, and metal salt-, especially Group 1 or 2
metal or zinc-, salt derivatives thereof.

It is known that non-hydrogenated rubbers such as those comprising polymerized forms of

butadiene or isoprene, including block copolymers (here-in-after diene rubbers), have lower
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rei nforcers such as cal ci um or nagnesi um car bonat e,
silica, and alum numsilicates; plasticizers such as
waoelc@bkyls9est ers of di carboxylic acids; anti degPeraf1086/003209
softeners; waxes; and pigments. Applications and End
Lbes The polymers of the invention can be usefully
ed in a variety of conventional thernoplastic
feﬂflsémCP BY drops: e@%@e@élon,@ommﬂmglqa@wnhlgm fahurdtedrubbers. In

apbfk%hbig'sﬂcgl égbt’i’rc%%a%le %@ol&lﬁ&ﬂ%m?&o L SRS hlgl[;' ?nceﬁpratmx%s og 'diene based

such as a nonol ayer eaS
rubhgrs, jt IlstF]éWn fa mmrpcvr efosarbon Wyckga stprovs! robler staia]ﬂgnﬂ@fgezdth anti-ozone

ad@ftlv%‘)g \%vﬁ}tfr?g?% tgo%eh&]&bleglcoc%Sﬁlgﬁ%%e accordgngrqg & ng édventlon possess

ection
extremgély log@eveéyqfnmahgajmn zﬁndlfmdsaartlalllak apphmﬁorois aTootedty¥ St face layer

OSItI S _¢O I Si. he
B KEF RS SRUBESI R o R Pl v g
cogyenti¢rat dienepddstomer m,odlﬁeldipdlyma& comﬁd)slitfdﬁﬁ ci ng agents,
i gni ﬂ()' Ol SF Itlic’e:t oqargste taﬂ’% tljg L gl)éc:ag%g} ?S"‘FHQQ rb?ck is the additive of

stabilrzers,
chbokofvr BY dseptia), and sabilikash.i Rbﬂ&éﬁatn@cexﬁﬁ&fléd dFehrBbn blacks include

NGNS B EATRENE e A1 S 25, 1 s

N34e4¢147] W3 J1aNB58, DI3E5, 0053000550004 263D, Rb4d, @50, matwm N762,

55 B, 90 AP G Ry S onioer e@m@&é&ﬁ{b?orpmns

ra@h@&fdﬁ{ TS glkpiafid Bbragd Peke ROINAES Ja om Pb'td ﬁ@lcﬁﬁf] dPET Generally,
rmn rqfesses i ncl ude spi nbonde melt bl own
Smfl f‘amﬁﬁ“g‘ﬁége ceboy; blackee gmplRyed, i9 themtentieost wnaés@at@@s permpt. For

maﬁﬁ SucBaPplicdic &mgﬁﬁent%%d&b%glg@&)gl}/me&%hd Bk} tﬁér&ﬁ rr%\%lﬂ'é little or no

sclosed in U Patent 4, , woven and nonwoven
carbp plpeks theisby povin seidsrablefisien fisedom odnahg’s aeBsiive pizments or no
pighlehtdaf All. €S made from such fibers, including blends
wi t hot her fibers, such as polyester nyl on or cotton,
t helRPPeYitiR. iaslidies termaglestio likads atsayding,to fhe diveutiangnay also contain

antﬁlBanhﬁt? arfPdnfi l6§id9ﬁ§ th@pfge Elg') (Y}I) h Hﬁ)'b%emﬁﬁlf%pﬁl%r}g i, The anti-

ticles, and drawn, tw ste
qunia’été may b pleysisehpr ?i@‘?tmsh dewy nhedaly d‘taeq:qmeatb ﬁlea;hﬂ"a‘ce and protect

thel{ﬁﬂfﬁ%ln xgéenvﬂr lhor %ﬁh%??ml ? bec&%liﬂca gtgcecorsttlla?reaét e}ﬁx ooly]gggen or ozone.

as in sh extrusi on vacuun1 opera
Suithdp chemiehimyotaesdrd énblusle stysnaed pliends, lbdtytagedtdoedmlq)haiol butylated

ow..nol di ces
dl(lrhgleo %:B%@Rg%n%g%gj %lene mmgsgl ?tprlo{e reca8ﬁ%qrgcfuﬁ8 o{ B-é;resol and
dicptledentadiond (DERTY, mdypherdddio aﬂuﬁoﬁlduhmﬁlctldrdqhimoﬁmw&akﬁ @uinoline,

c t hose. vi ou L tigned usin }
d1pﬂ£nh4/e§%:] %&gﬁ(}g ntg %ﬁoeslteé ]alixthd[})cbde s, @gi lﬁléc[n%]g ; %%reme?eeﬁtwe trade
narggsef mhlprddnctMetV@mg.ha}S’E S&kﬂldxluﬁdt Polydtdyem QOG arf¥oxidant, Pol C?/stayTM 100

po Q HP %bot a ueous

AZ e R P RA0 peitan Bk et B s
antmidyﬂﬁ%ng@faym ﬁmio&idaﬂmWHE‘g@ﬁpm ) aiGotiint, %ﬂ?&tayﬁﬁ ghhieftioxidant,

J GO i ng_the invented pol yners can al so be
and IP6H00 rganox™ anti ox1 ants=” In some applications, the antioxidants and antiozonants used will
preferably be non-staining and non-migratory.

For providing additional stability against UV radiation, hindered amine light stabilizers

(HALS) and UV absorbers may be also used. Suitable examples include Tinuvin™ 123, Tinuvin™

144, Tinuvin™ 622, Tinuvin™ 765, Tinuvin™ 770, and Tinuvin™ 780, available from Ciba

Specialty Chemicals, and Chemisorb™ T944, available from Cytex Plastics, Houston, TX, USA. A
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formed, as disclosed in PCT application No.

2004/ 027593, filed August 25, 2004. The pol yners nay
wW@bk®oe/ 19T r ossl i nked by any known nmeans, such BST/URE06/003209

use of peroxide, electron beam silane, azide, or

ot her cross-1inking technique. The polyners can al so

be chemcally nodified, such as by grafting (for

Legiscaris raaytlye additionsdly insluded with b Vi iSdempouhHiin ordér tanetsve superior
sufhcSai .3 Ui08:A4L01S) parllF6QGPRAL L ON. N mat i on,

f'onat’i on, m cal nodi fication. Additives
an d Exd Fmomsmdl’mnﬂl udkeiolg pmceamylajf lorempll@yed arpre-disperse the

anlﬁ %g?ﬁ:g?' th-lo%cjﬁgntp gt%glﬂﬁla&o a sorber% Ian(}/%rgmrggt S eﬂ)dhzers to ?orm a

, such as’organi c
masteraich) amnd subsequienit}i ta dorod mbsner bRhds, thdré frami um d| oxi de,

£ belEtle 8RR o E | hcipre PR ™ Syt ob R ggent) for use herein
indlideanyr b@iedgiercwnde&)aﬁﬁ srphénoliababedydngousts. BRANEES Fhhe foregoing

i rop R L R i O RS 60 SRt a7,
4 mamdnahen;sas @;2103 308RR 70040, 300684 Abseavd, Syt $82L & 811,628 and

54%8 i ncl udi ng ot her polyners accordlng to the
gé |on Sui tabl e polynmers for blending with the

pol YWEd’nSsuﬂiflr taked chﬂx\/g@d'g%ht@ Bre |eﬁ‘1910?‘é119 a&@@fa@@iﬁ%hie%c%%rs may be
non t ernn | astic polynmers inc udla%?natura
LAt AeehBRtpTTRTeLisedRcARITol iy tists|apfar tempeyptugsy r@%ﬁ@ﬁ fpr dynamic
vulcﬁlﬁialﬂldﬁ aiRDb YiRpre Ry th€ PR perliffithel rBRRME cFRIif4H Bicle. In one
rrlgolypro pyl ene, isotactic polypropylene, atactic

efigRoh P @R CelsitPr PERTRATY BrCPIpTataRn S Ysrch hpe @riary accelerator(s) may be
us&IOR WM AROSts raM@ihd BUS ol4B Qs r@iferag |0Y33[{, hy Elﬁebasém tUQl %posmon

hi gh pressure, free-radical LDPE, egler’ Natta
we ? a1|11|ae%th¢rue@bp@nemn‘e9n1maﬁgnsmépptnpmy an a@chmdagaceelmtor might be

usé’d%% R sec@ﬁcﬁﬂdﬁcéﬂra‘[gf l?egrl g}n‘:i‘llcf gm%mspgfch% ESGN t0 3 phr, in

E, such as products d| ose
orct@r Bstigggandgo momh)e prepem@ ofithg cursq tidle 0GBMbiBaBAY oFaBelerators

ge&?ﬁly%r 41% %f}?les kﬁt(/ grt1¥§ ljﬂXt areas%gite{’%%ﬁ bgéy ﬁ)an tl otsQ érl lpc%{]j by use of

Vi ny cop o yrene,
a S{@l@le)ﬂgw}qr@me In mlonsquryeﬁ edtbu la@dlesaltres inhy)bfkused)whicy aemst affected by

ol p AL AIEABLGALTE MBIy £ Sk ASLE (PR AR ReE R on

Ure aneS. nogeneou
tengpeitnres \flﬂ@fllzﬂthnl rasmdenmnght ahobetsadt Sxmabls typet hﬁfdceﬁhﬁatﬁﬁdhat may

be 8£e8 91%/ h%'pFesen dwentg)ﬁ glroet ! grgeé des(uifo ‘%ﬁ ép?rg;ﬁne@éggluéﬁ lIl'H,?zoles thiurams,

sulfanamidai) dighibcacrmbitee aldowantBhtesriPesddrabl Mipegtimary accelerator is a sulfenamide.
ai | abl e from Exxon can, a

If ausgcé nglacce er%%r%%g,m{ sec %Bll'yé'lﬁ(if er%%rd.bpregb q%b' 3 g}@mﬂ}ngscgﬁfocarbamate

or thixlranivredrspoufrdl i maﬁi@rm@hmgw&s ah@burk RRivhiorsege RBteRfiOFULI ZnO
and |beﬁﬁgﬁnolded articles,. such as

i ncl ude fi
ma 3¢ B Fiethe H TR AP ShReH CHpiBF PAehc ar i Potctv eI e cesespfgmay be
use[drl@ tarhtasation dia&wlmeSuleab&caohgéh@ (jhchﬂE trffﬁétﬁylﬁ%ﬁ&ie\fﬁz&rﬁﬁg (TMPTA),
sure sens

trlrg ]&1 olglap%t@ txalﬁlat @t%e]%te ?Tlﬁg}“ve tna’ﬂ{yécyanurate ({“AC) trlacljlyl i%ocyanurate

(TAIC), among others. Use of peroxide crosslinkers and optional coagents used for partial or
complete dynamic vulcanization are known in the art and disclosed for example in the publication,
"Peroxide Vulcanization of Elastomers", Vol. 74, No 3, July-August 2001.

When the pseudo-block copolymer containing composition is at least partially crosslinked,

the degree of crosslinking may be measured by dissolving the composition in a solvent for specified
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interior parts and profiles; foam goods (both open and

closed cell); inpact nodifiers for other thernoplastic
w@odogrersg7 such as EPDM i sotactic pol ypropyl enBCT/082006/003209

other olefin polyners; coated fabrics; hoses; tubing;

weat her stri pping; cap l'iners; flooring; and viscosity

i ndex nodifiers, also known as gour poi nt nodifiers,

durgtign, audisplpelatineshe nereent g¢ oHingxtepstable ubbervldia PRRSFY: sejmormpally
mcx’ea&\é%ftl'l RRreh ey &E’sﬁinﬁéﬂg' lé?ve@so 'FBP&.Hd RiiStes@RERAihStoBe Rvention, the
her nopl astic matri X yner, ecially isotactic
perq@m gebeayRpt Brelesirablydn B r*’é‘l%??’@ﬁé? ﬂ B5&0Ho- bl ock
co pﬁheywdoﬁﬁ&:@ e 8p I drOorttREin| AU A VAT as BeBds MErdbifloYsess improved
capabl'e of formng core-shell type particles having
pro¢easaliiliey spspared jinprios ert sempasitiops deg, Miinkeligyedeiodowss meffg/iscosity. Thus,
the E }msf?fo Br ﬁ@ﬂ@deﬁfdﬁ!ﬁ%{ég gl‘?ﬁingpé/veﬁ QrkacOhppRhdnk oégﬁé’cia@ly when formed
ocks orn1ng a round t he occl uded domai ns
intogf méldectorsistryded prticlph &¢ giesame ¢ dle paesentfcompesifionf and blends thereof

uméu gﬁ%rss%gsq \l%cfvga Bett F[?en f}gpdg)émglg ::t]l%%%? B{%ﬁél gﬁle g%&ﬁ?seudo—blocl{

COphlyghtsymdl bb;ndsetbéreafmpq@hdy g9 bil@dsaed hegsefiilly emplexed|in fogmennd in
uni h [ ti-block
thermofor]m‘ienrgealpgﬁc\ﬁﬁor%lﬂ%é}ne r@?lt s‘?tre%{s chrb?ntl?r naltdgcﬁrlegu r egi ons
s u cmllmmlhmlc wmnposmoaml:cdnﬁgg ¢ the mmnmrrmay ebotendin organic or
m01§81i11f %ggrg rgh?(;tfxeer%lgclhg?% 51?0{1%8# ?t%ré: g’lu ca][cbuén? ér:ﬁigb %:9 lé/srsT?[)er%,%glylneric
fibemh@adhidivg; fyimcasord tettongpodyesipn uﬁdihoﬂbgraanée)hﬂétalé‘lbed fiiakes or particles,

xBTS BB ot S a PR OB e B DG

aluhobiliches oe hlaﬁﬁr@ﬂﬁfspl@&fs,t daftol Svhfsﬁﬁ'a,&ﬁxfﬂsoﬂl ﬁbdrk] @aphiyioles including
Partlcul esir bIe bl en

nanf"ﬁ‘éigs:aﬁ);m lastonte, g&g %@? 1fes, qst EFefRicy as S'[hﬁ@} %}Bﬁl , Sifipqn nitride or

titath HiRABkasEd & ifer édﬁBﬁﬁg agbite map pbalsd dnﬁpld@ldh € bi%dr Fidler bondmg
(TP and styrenic p nﬁ bl ends. E and TPV bl e ’5@
“EF‘E’EQF‘&OCOBWO%‘&H% ﬁhﬁgmteﬂféonr H’\?‘é‘ g hedereerine Bpiienay be

pro@é%Léﬂ'@%ﬁnveh%ﬂa“ﬂblﬁﬂg ﬁe‘éﬂtﬁ&de@ Bithiag B§kcAbn MPRRExELS6h molding,
derivati ves thereof th an optional rubber, includin

therspiRraring. sHe m@ﬁl@&wverdwﬂlpﬁé?%ﬂ moldings Plop moldine, apEothpigedhniques.

Filth RRUIE mut 0 e Ofitns q{i% YeYproubddds Thdt BKiefBrifl processes, including blown

vul cani zi ng agent. bl'ends are generally prepared
filnpprogisgasdi ng t he i nvent ed pseudo- bl ock copol yners with

a polyolefin, and optionally a crosslinking or

vul cani zi ng agent. The foregoing blends may be used in
Testing Methgds nol ded obj ect, and optionally crossl i nki ng

t Nerd 5 oot RLAGHiRIddbiRe afd B Bahidles a{a%ﬁew Ife following

usi ng di 1 Fer &nt conpo ents een p evi ous
anafjitisdlterhbaiquésrard engloyedt ent 6, 797 779. Suitable

copol ynmers for this application

Smﬂ $%%$$P%g§@%§§¥a Mooney viscosity (M. 1+4 @ 1000C.)

i n Bleachisgdjstributoms 4:© deterntiBs! byreystalljgatafemalpsiy friqtionatb

(CI{S?S'llglg’usf%gg CRYSTAF 200 unit commercially available from PolymerChar, Valencia,
Spain. The samples are dissolved in 1,2,4 trichlorobenzene at 160 °C (0.66 mg/mL) for 1 hr and
stabilized at 95°C for 45 minutes. The sampling temperatures range from 95 to 30 °C at a cooling
rate of 0.2 °C/min. An infrared detector is used to measure the polymer solution concentrations.

The cumulative soluble concentration is measured as the polymer crystallizes while the temperature
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nost preferably from30 to 80. Suitable polyolefins

especially include |inear or |ow density pol yethyl ene,
w@odogpospyl ene (including atactic, isotactic, PCT/US2006/003209

syndiotactic and inpact nodified versionsthereof) and

pol y(4-nmet hyl -1-pentene). Suitable styrenic polyners

i ncl ude pol ystyrene, rubber nodified polystyrene )
is d¢dribaB®). ST taypalpive] derivgtiveef the pmréuletafﬁ@rqf%#eﬂeqt fiphorteclipip banching

dm%ﬂ?%qno?ﬂszN¥%ﬁBS or AES) and styrene naleic anhydrlde

€ bl ends may be prepared by m xing or
kn eﬁibh OR)Y STAF pekpeueraige ehgesrrenidentified y theppak anplypigmodule

._Aaroun t I ;
mcﬁg‘i‘ﬁ %feo(g ?@%ﬁ%onen@és ?Or%gtf%%ﬁa{# ﬁ&fm%mg The
CRYSPAF yaﬂ:rfmdutghb\ﬁmb ddyptifiatapesk temperigercab o wexit@o i@the dWyIT and the
are%g e alt{}%]'a |p9ﬁé¢351ﬂ$§?h?{las%% el eﬁrtglg iroﬁtglg {e%ﬁ&% n%@;?(vﬁ t}ile?cgrlvatwe
curv® capable of reachi ng the desired tenperatures and

nelt pl ifying the mxture may be enpl oyed. These
DSFﬁ%WU§€gﬁ$ kneaders, extruders (both single screw

and Dﬁffdrartﬁpwmﬁmg Bﬂmbmmy 183uke s demdnmaismgddmg moweglooo DSC
sequence of m xing and netho

on
caUgENB IR B SO BTN BH PP BB R y B P RS Mg 5
ml/aR s B0 Uishe BAnKRE & phddyedaits @ tlb@ﬁﬁﬂﬂidﬁﬂ@tﬁd intH€ pregssut &75°C and then

Banbury m xer followed b ol
airsqaled fgapom tPIpPREYS (25 °Q)- Wkl mpisglis ﬁ&&é‘i“t PO ciffrer st is
acctﬂt?a‘(e?y @felghé?ihﬁﬂ plaG&tih B8 alehiem@6$ pad (8K &bﬂn@) Wwigitly 38en crlmped shut. The
ypi cal’l he

conventi onal bl gck cop mer cont
el el MRS SUTIDA DO TP DR s GBS Gerdr % sample
is r%ﬁgﬁlg-ﬂgge@ﬁq 80T NVarf HRRAS et For 3thBuLInGider foa%mﬁvdl&cny previous

copol ynmer to pseudo- bl ock copol yner shoul o
thefma] iistgy.1Bhe semplg-inthen epofed t%ﬁ@?%%tdef)%‘/mfl} @ﬁ%lwa%‘n? g‘gd at -40°C for

3 n.?lg 80,1y @@Qné‘? %tthé?lr}fégt@& fAhlsY of LOMP @ik DedtRg ZRe. PR coEﬁHg and second
B appl

ications, the weight ratio of pseudo-bl ock
1mﬂmgomyﬁeneﬁnmp@1yolefn1nay be from49:51 to 5:95, nore

prehgr %bym{lﬁ%egéls%agﬁ ed e 1 ax m MR ARk W/ 1€hkrespect to

polyner a e welg rati o of pseu
theclinpart basetine ﬂmwp@bwexeﬁp fC pryend D Ecbioe.{ Tioheap! Griomipmessired as the

aremgés the éﬁeﬁtnggrecglfr\%rbe o¥n 13008, Cﬁﬂlg 2od &F ncin lem-FrQ ‘ﬁnéa@kés@ﬁ’ne

y changl ng the viscosit I os of
AbradidipRéesistanponent s. There is considerable literat ure

illustrating.techni ques

co ntﬁsbﬁﬁﬂ?ve%vangﬁ g r{l(}:] 25, sure n com‘lﬁ%gsg%{l Qldéd;[? @Q@&?ordﬁg to ISO 4649.
The @gidetvdRB b3 lmfeasarehieeus ik rapmitedi Eiequsesnf G&inhi thigk pre comprsssion molded

art ma su T nd C [ S
uswﬁ9 he&@a%ﬁar&y%\é@&%@é&%ﬂ%ﬁ& C e%searre 81“&93)(3‘&)691{]
po%ftéﬁﬁﬁﬁ&bémyl&ie@ﬁeetﬁh@hﬂrat mooces s plsg (38!0|k§a)tfal\/.bmm, Edlotved by 1.3 MPa

STM deS|gnaé nd P { i C.
for3 @ig Rl 1?3],% E{@’g%%r ngin, %%até g ti tnlgths F%og‘?dt in prefjsg \évrch running cold water
at C8NEFAtol Ymiis.om O to 150 parts, nore preferably O to

100 parts,

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
compartments are operated at 140 °C. Three Polymer Laboratories 10-micron Mixed-B columns are
wsed. 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
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and nost preferably fromO to 50 parts of oil per 100
parts of total polyner are enployed. Hi gher anmounts of
wordoerrens9T end to i nprove the processing of thePCT/US2006/003209
resulting product at the expense of sone physica
properties. Additional processing aids include
conventional waxes, fatty acid salts, such as calcium

(BHED e Saranles ase prepaved bst %&atmgélght@p@r %@uwﬁép §- iThe injeftipg volume used
is 19(1) 90%1§er Qrﬂ]ﬁh%/h@xlv%i’gﬁll oShinghSe. | nCl Ud' ng gl ycol

esters, including ( éﬁ gl ycol esters,
a n dCdéxraion obtht GPCawpiewisa ik yer@ﬂ@@qullh napropypelpculsr weight
dlstrll)lgt?oi;} )pg@/glg}eeﬁ‘g ?t!lﬂdi\é?% %tgﬁl%otlégg%ﬁ%léhti {18 1gg ?gﬁp\@r@? go:"bﬁioo 000, arranged
in Gpiangamlr’ m:eureﬁ withet ledst bdecadti e nepacition bapeariadividwal lmspthcmlgr weights.
Thei s&}\}g?rld %ﬁgg@ {"r(gm %Qﬁfme&a%ora%éﬁ% S@J‘b%c} Pfgﬁ Si"h r%?ég/ rene
staxtd@rdﬁﬁ&tpqupaﬁﬂ ath0.0p 8l gramssain G0 atilbititersuif balvent fdr mo@pllar weitlitoemal to or

e A TS SHR SCARGFbSE7 BB AR R

1,000)000( [Thé pblgstaanidxmditiank disslvedpr §VE Wltlbgbﬁﬂe @mﬁnd fiot 3 minutes.
al o with anti-ozone ad ves, or nt oXi

T BB 0T PeP S BT BUEHD P olecular welght

conhpdvEtd AMiies S@platiod ITHEPblysty o slta&l\ﬂﬁﬂ?eﬂcf molecular welghts are

con e e B b BB Ly ecRod i vt
and WHIANRPEE, 8&i., WERINES:., 66621 $1988Y): M, M, 200 8ABIM,Qyyren).
articles formed from conventi onal i ene el asto

mod PPyebeyisaP FREYAlt BiglepYa eish ealouiationt ap Pefqimy 6 iipgeViscotek
TrifE€ $&Bard Viksiod B, and TPE applications, carbon bl ack

I's the additive of choice for UV absorption and
Compa¢spion et | on. Represent ative exanpl es of carbon

bl a%ﬁl }egk%nusgﬁs ﬁ‘éIMéxlacélonm LASTMBEY5. IMRe3sam 1€N2§14 ared by

R293 B N326. N330, MB32, N339
sta@@xgﬂS mﬁlammgounmgl}sgs of&@ggm Nz, am%(g%s mmg@knemml a total
! & Bn molded
iR oL RBb riaba Re g S R o A2 T omih S8
plagies arobded evith arhahg*pssgmﬂqr(ﬂm fgllqvungmd@xpksg ZP) Qreagyl@(fag%mm at 190°C,
Qre. v [ 3

o SRELR} PR Bt A0 I SIS gyt i
watenptl 80y)MRh. t 0 t he extent cost consi der ations permt.
DeFO many such applications the present pseudo-bl ock

YPol yners and bl ends thereof require little or no

car Densitylimaburerhdne axebyndabﬂed)wcnlglrxg(m&SEMrlaM% ddesygpments are made

t | ude. al t. t
il e RO it PG SR AR 7, REFRLS, 26, T2 Bl Snas

Fl&QeSdéang Moduluse i nventi on may al so contain

anti -ozonants and, anti - gxi.dan I,

O biSaRs e e e AT D §0os° T PN A et scoant
mddeli PRYShaMd QAL tAASEMINTID. as waxy material s that

cone to the surface and %r ot ect
Optical properties, tensile, hysteresis, and tear

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.
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the part from oxygen or ozone or they may be chemni cal
protectors that react with oxygen or ozone. Suitable

W@ b@ileeb7 prot ectors i ncl ude styrenated phenol BCT/US2006/003209
butyl at ed octyl ated phenol, butyl ated
di (di met hyl benzyl ) phenol, p- phenyl enedi am nes,

but
di C%lc g%ﬁ%a%gg&e {ﬁ%&(%%% (}ner aze}%ern oars gpeglrfla ? o&??&g,}&* %746
hy 56 gloissis neasiendivsiag; B\Y&Gardmﬂr ﬂiﬂﬂssrﬂﬁc;r Micpiainy 4321 specified in

t dants, thioester antioxidants, and bl ends
Asﬁﬂﬂg%slg Sone representative trade nanes of such

pr daiteotabhae & nviangel @itEBYK SamnériHxt-gat basePoh RSTRYID 1003

ST R A
ant Stm{s-siam behdiords tustyidl @nsbﬁ@n@%rb@wl@aWTM D 1708 microtensile

W ngstay(t tioxjdapt, Wngstay(tmnm, 29
specliho SPTEIL o WAHGEH St Enproisn 4 Shs R BRHLC. Bl strongth and
elongmgﬁrwm(eamre aapbitadtcha i SerabdlofSOIFBCIABRL | cations, the
antl ﬁ%l(b/ g&d antjozonants used wll prefer abI y be

nort B R LS Ae GBIt §om Fistie Jopdive i 199% and 300% strains

acccﬂﬁidg fd &S‘EM 51 78R inlithtaf I@&é&mﬁﬁstljﬂh{eﬁta‘ih@&a&r@% is MaAGEHE qnlgaded at
ht stabilizers (HALS) and UV absorbers ma

267 a/f %181 ufe cyclsh pt 2Bt e Cestis spneaments af 109% apl §ORG aig pwwgdausmg an
envitdnMédiaNéHatberl 4dthe $b AU Ui akibBa:, tﬁg gdln_})]-é i9 Hl‘l’dv&kﬁttg%ciuﬁ%?ate for 45

Tinuvin(tm 770, and Tinuvin , aval l rom
minytesy thefedt feapesaturheatore sskng. dm e@h &6 390V as{reimcyatg44periment, the
L.
et o Pl 5 e SRR ok Rl iEeer G by fora
exp%mﬁawrmcaﬂqqlamdd@m ﬂi@ﬁestml@d@gwcgleusl@ths strafiraat evhiphathe toyd returned
to th%%aé%' l&gl ?ﬁ@&réeﬁt chémgpéﬁe?ﬂgd ?s 051, 681. For sone

conposi tions, m Xi'ng process may be

enpl oyed to pre-disperse the antie oxi dants,
anti - ozonant s, carbg/‘f&iﬂoé(é‘r?}’ U@‘—aﬁ% PBers, and/ or

l'ight stabilizers to forma mast/er bat ch, and

su %ﬁ% ﬁttfxé/stxléfﬂltnl{%{l %rg,gcl:l%q&ardm?la ﬁﬁ]gqs 1th gt{a%l g[l%rg]the load returns to

Sui t abl e cross ents sO referre
ﬂlehﬁ@ﬁllnngumgthmlsbmnadmggy@@ent s) for use herein include

sul §tllé£s rgﬁéa(?%gn( 1s%{ag\§écpz§ 5? %g'rg?n’t stiin B tgi%r’} n'gtf r llk}jpgrs élFlgg an Instron™

conpounds of egol ng
instrﬁlmgmt@qiuppetdfvethamtenwrdnniemdl dhgmber. DhSganRagedmiety was 76 mm x 25 mm x

04 1?1; %%{’eg%gﬁhb%tgg % 3§5§ for%S %}51% inérges énvﬁbég%ﬂtai g;lgambgr éf%algglg was

stretdhed 1d 5®B2 Stramat 333248n” 72&res§/%&"reéblﬂdlefdla5 a D@SEsh TiilePor 12 hours. The
d.cure activators

t
rere RS S ed RL oo rEr B P R T cont 1 ol

thetlrre and/or te erature re q]qufor dynami c
vul cani zati on ando®%e ﬁﬁf‘@f@@o’tﬁ etdd es of the
resul ting cross-linked article. ®one enbodi nent, a

wheRIINH e A28 & BVALQM £ 0 tiRk! aH@LM 136}ﬁ&ﬁ:5@£t%b %Erclarﬁ stisf gfter-EE Bours.
pri rrarly accel erator(s) be
Tensile notched tear experiments are carrled out on samples having a density of 0.88 g/cc or

less using an Instron™ instrument. The geometry consists of a gauge 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.
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used in total amounts ranging fromO0.5 to 4,
preferably 0.8 to 1.5, phr, based on total conposition
wowiogho1s91 n anot her enbodi nent, conbi nati ons OPCHUS2006/003209
primary and a secondary accel erator m ght be used with
t he secondary accel erator being used in smaller
anounts, such as from0.05 to 3 phr, in order to
tivate and to i nprove the properties of the cured

ar t imHefinal VRARINRAL A@a@%lsqg coﬁﬁ&c@éd%rn%bﬁ!&ﬁcg 0§34 Yim V\%uc{( compression

produce articles having properties are sone
mq},@ldtd@cs,tfqafqu ehl$eeC @ldd@ Pling gesgwfe far § iniigked and then air quenched.

Th@%?rhﬁ&ﬁ‘ix&fd i \/\%1 Oflipfh@ Bvail % ﬂXr?xq’gﬁ%n-tlcﬁler al%cﬁ?l fedt aeg pc%crfe with 1.5

be used ére not a
mipy r@e@élm(f‘@f Nieh?pﬂéﬂ atisrppyed/otthqrudfececd ﬂ& ss@ple :dfsawitb W force. The
3
3 28 B Db BB s e e g os o
funcligresf tethipaguel Ehatxpesméry amdsn?ﬂl;tn the prishe tlad penéthieedr8Gamb the sample.
ikpvention are am nes, disulfides, guanidines,
i oureas, thiazoles, thiuranms, sulfenam des,

dit mymmaicmmﬂal Analyska(DIMIAY & feastiFedfod b&?b&ssmﬁlhxﬁ)lded disks formed in
| a seco

a he{cpre S g@g¢ e{ @rlﬂ:&agéeslsPrﬁZor | %ﬁtgg% tlg%lcvga[tgrcg?ls(} injthe press at 90°C /
migpr 'Eésen@i@ Icyndacigd asinginRESIddnttoI@atria iikdnetePITA Mbtn®Ms) equipped

rocesslng ai ds and cure activators
W@§§n§cggqg?gEWP@sgﬁﬁﬂmﬂhﬁﬁfﬁo may al so be used. Wen
per oxi.siemiprmaelisprisicd dn@gR it Sba L RTons 89z P&, Vﬂkgﬁrﬁple is
nts may be used in conbination therewith

°13§B?‘1C %@P ee%‘&é‘meg fixyess sieparated; bye Py (etip peppratien AL) and subjected to
sudcéss i terlpdfaBird R -ﬁ%}n 166°b'¥@§60ﬁb %4@( pﬁgﬁﬁu At each QFE& ature the torsion

trimethacrylate (TMPTMA), triallyl rate
moghylpg (3] ?Imeia%‘é‘?;d)ﬂé Alngplar fraoap@y of adsds. fbc Hewnsamnl%@e(bbmg maintained
betRBELX1 P&céﬁ'ﬁ DRB4 ﬁeﬂ&ﬁﬂ' t§ R tﬁﬁttﬁeocg'xghe £@eRLS anhlﬁ%gthe ¢ measurement
partial or conplete dynam ¢ vul cani zation are Knho
rﬂWﬁ@lﬁﬂﬁlﬁﬁ@r%@@%losed for exanple in the publlcatlon
" Perspthidl r
su o AR s BAY e Bl B R o B g s i e
sampdmwhbdnrthergabappo®in brars. i4s aatondegaste, }ﬂ&rgrﬂpabﬂayatlon AL increases with

R R S R e S
stofpsat tlgpmnﬁum thpeatureoot, whai the @ap Batlvadnitgridithes Rehe£6¥ mae!

r inextractabl e rubber. The percent gel normally
Pd&ﬁgﬁmggggg&fYﬁ i ncreasing crosslinking |levels. For

cur Eeneaar(u 50:@)&@ eaka it g’ @Q;nt) Rendetty BAlowOSdindd? ¢haPR ﬁ&@@ bf two
hal @g |s deS|rabIé g the range from5 to 10
%é g ?ge st efamp 6k 5B Py foad israpplisd to ﬂW@ﬁlﬂqtsolﬁ the

cyliager\aeh 3 °Cafor B |dEﬂd &ft@hﬁﬂ%@ﬂh@ﬁbﬂ%@ Soosd T BERYIRAte into a cylindrical shaped
sapi lity conpare ior art compositions,

roce r
plug‘ i'tlg i Lemppyed o dhe fon ‘I“b"\ﬁg‘? Peigh Hloaling derse mgasurpth by loading the

cythHk& of BIPIR ipklléMlinRbmpre &R @ﬁ?@ﬁ‘ﬁﬁﬁ@ﬂm SnsBBmbTRS QYRGre the
surfac pear ance, especially when forned into a

COWP(S‘FSG‘@%I?%?G nesqed figiigalethe pydinger HA@ pelists. same tinme, the
MeRP@5FdHieONPOSi tions and bl ends thereof uniquely

possess inproved nelt strength properties, thereby

al | Msit ﬁgmf e GYIER)And Medtdudts. dyllo ete measured in accordance with ASTM

D1238, Condition 190°C/2.16 kg.
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copol ynmers and bl ends thereof, especially TPO bl ends,

to be usefully enployed in foamand in thernoformng
wWa@ppeileEdT ons where nelt strength is current!| yPCT/US2006/003209

i nadequat e. Thernopl astic conpositions according to

the invention may al so contain organic or inorganic

fillers or other additives such as starch, talc,
AERBEE| um carbonate, glass fibers, polyneric fibers

éi)ryzléll;ég}ma%egl%ﬁe?ﬁure ? @%g Bl’utl&n ftra}cﬁ t18n @ﬁg%%fq uHYSéssls conducted

aceordiam theih¢ methad deseribed il USaPaent 4,ﬁ983831h dthe 8ofosition to be analyzed is
al umi._na,

dlsg (/Qplﬂ%&l%r #%’ﬁe Qvd ﬁ*ouwxmg tr? S &ﬁ’g @gﬁzli alélgo ?o&mmg an inert support

um nosi
(stamlegs@qeg sho)dory Islomw 1 nebmmsg, tharampgratiiel t6 R@C htaGhbblgligtte of 0.1 °C/min.

e ton'te r aphite, olites, and
TR iR VBRSSP o it e e
genqratahb)adutlrﬁl thagrestdibised (ﬂol@meﬁﬂaiﬁﬁre foaiipé bdlﬁkm@gﬁﬂéﬁlyﬁi?e)‘easmg the

w&hm gﬁg‘g ed fogt %%)g; filler bondlngb .
LS S (righigrrbepzeng)from 200 d 40 ‘ﬁara"e of 1.5 °C/min.
|nclud|ng t he foregO|ng bl ends, may be processed by
spSoRVEN kpnal nol di ng techni ques such as injection
—Qﬁﬁhé%%%—¥§%$usion nmol di ng, thernoformng, slush
ol dithe Gollodwigy spBdAiclértibdink N BRI the HRleAtiditind %rf?l‘ﬁ/nﬂﬁhéj’ﬂh&gof are
and her tec Films, including nulti-Ilayer

ues,
esperialhy 35%‘3}6 q]ﬁfeg}ﬂ delingated;in oxder togrovi eéﬁilﬁqh@ls‘ﬁ@meefglsfés appended
cmhmcludlng bl own film processes. Testing Methods In the
foregO|ng characterizing disclosure and the exanpl es
t hat!" f ol [oRiocashEr ths|pelyierigtiamel ope ot mpretaddition pplemserizalde monomers,

preEFIP KRS nRre AR g%ﬁﬁ%le%@ﬁgrs Bgs?élﬁjlbr tylene and at least one

di stributions are determ ned by crys
copphmeyizatie eqmpnomens propYIpne(aaRSTFnevepalgmerizdiRy STUFRORBE) or 4-methyl-

1 ﬁéﬁ‘t’eﬁe AQAPRLSE bid Ao}ﬂolﬁe@ﬂléaglg leSmddoiT g OF VTR %pﬂmer foraprhsmg multiple

Va enci a, S ain sanpl es are I ssolv
regiqns ehicemee pidifferentiaicl 5OlY0E c(o@xpeﬁtmmrmn)peﬁms efpehiallpregions

corﬁﬁl?slﬂigl dlﬁ"& %Bmgrlﬁ)%r in%&r rgg&% 1Hcl1l Osa&.?ro%ess coqp grﬂflg &orpagfllég an

rrperat ures range
adcbiﬁm@o?yn@r e mmnpmm br laIXBnie ofst@omers under lana’dort lymaiEatiof conditions

s IR T T T IO
shugttiyg ageht, said provdss b@ng ¢iErat:1ermad ibafermetion dackasd st of tiezrowing

o RN EF P e e
forped yitkin at [Fhse s@RchﬂmFrem&Ig pbBhpeira thbnficall dr piyeidalBf dstin ulshable

i deptifi by the peak. anal ysis nodul e |ncluded in t
AP e O .
polMatrézed f@m eBiyding hnd a&Polymerizable comonomer, propylene and at least one

copolymerizable comonomer, or 4-methyl-1-pentene and at least one copolymerizable comonomer,
said copolymer comprising two or more intramolecular regions or segments comprising differing
chemical or physical properties, especially regions or segments of differentiated comonomer
incorporation. Highly preferably the copolymer possesses a molecular weight distribution, Mw/Mn,
of less than 3.0, preferably less than 2.8.

3. A polymer mixture comprising: (1) an organic or inorganic polymer, preferably a

homopolymer of ethylene and/or a copolymer of ethylene and a copolymerizable comonomer, and
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CRYSTAF peak finding routine identifies a peak
tenperature as a maximumin the dWdT and the area
wheiwaersot he | argest positive inflections on ePCTE82006/003209
side of the identified peak in the derivative curve.
DSC Standard Method Differential Scanning Calorinetry
results are determ ned using a TAI nodel Q OO0 DSC
2 emnobg@aawrtdmgéwhﬂws% BIVPTHIGn QE et arcufige ffhe process of the
A nitrogen purge gas flow of 50 mM/mn is
res%}sﬁte ﬁnfﬁi nple is pressed into a thin film and
mel 4.ed i ptd\TeSS peeosdingto empetigentd gvherpiththa patalys gprayisepa metal
Q0 . 10 ng of material in the
Con}ﬁp?exco’tr%gprﬁ%?gggqﬁ%fé&% ter disk is accurately wei ghed
and placed in an alum num foif!pan (ca 50 ng) which is
then crinped shut. The themral. bRWaw or of the sanple
is investigated with the f1ol\1\ov(ng tenperature
profile. The sanple is rgpl‘di MIXe;at ed to 1800C and
hel d i sothermal for 3 minutes in order to renove any
pr ewhaeis: t hermal history. The sanple is then cooled to

m4g tﬁ: &8s atele%.tggf Tom allin %%vél@%ﬁﬁié %%ﬁ%g)a{ﬁgld tﬁl(l_)o%iﬁga%(@? gr?l, LS ingnly

subﬁﬁ@émléhvah&atheﬁgf tamtaininglfien ¢ o3 ( aignsund comtionilydnesan pragdivalent
curves are recorded. The DSC nelting peak is neasured
der‘é(gt“feﬁée #ixi mum in heat flowrate (Wg) with respect to
t hetl i agdkichieERking @raip afiorh & toveleatom BS6th&@haarhydepeh, pleferably 1 to

20 %Fﬂxaépth?rﬁléanﬂgfh{gg%% Ig{ﬂn{)/sgSi o zel,]rgoelg)gg% d ash{/cﬁoca%l){ sub?tituted
mefi®@letd J}gﬂmlgﬁg;pgaddl near baseline. Abrasi on Resi st ance
rasion reS|stance i s neasured.on c sion
pl a&u d%2 Gee B‘?tfﬂoﬁéj greun cepfaged-e W-Fﬁ@ Ao t 1t¥,£FR?§1ah¥ gyrldln-Z-

yl- BERB QR Rlin-Syf 809 d Jr@@waﬁa’hﬁﬁbiﬁz&w@fheﬁaoﬂ mm t hick are
conpr.essi on nol ded usi ng. a.  hot press (Carver Model

#40 J%W@Eiﬂ)etal'ﬂ‘i@erﬁ%‘b’lh%f?@mare pl aced between

pol xt %tahaﬁlloha@r&ﬁ&m!r elaﬁoﬁbﬁg; nd grdigat ed at 190 OC at 55
psi (380 kPa) fo |l owed by 1.3 MPa for 3

mi nx’ iaAgunbesfrom %towPadlﬁaéwg hepppbergh ﬁltch% PP A s
coo L&Q_{s ' cﬁn&ﬂ@b(ﬂfd@ & é’fécﬁgn Héiﬁﬂi/é"igte{%@ﬁ&hs‘éﬁatr@ﬁres%hte& bylindsadotted
for he gel perneation
llneshn@nlmvzﬁgﬁ@pﬁlVGIYsyst em consists of either a Polyner

Labgr at or eg@agzg(l)rd ngcg&go_?gﬁneﬂt PRINER theledRRE AR RS a metal

Model PL- Instru col unm and carouse

complex correspondmg to the formula:
N
( M2 X2x”
2
"%

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;
X2 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.
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conpartnments are operated at 140 OC. Three Pol yner

Laboratories 10-m cron M xed-B colums are used. The
waodosamts9Ts 1,2,4 trichl orobenzene. The sanpl eBCHIS2006/003209

prepared at a concentration of 0.1 grams of polyner in

50 mlliliters of solvent containing 200 ppm of

buty atﬁg cWdr 0Xx th| uene(BHT). Sanples are prepared by

agi tAeEkYed FHRe Il prpareciatgpfithe igyentigrieelosedh berpi may b practiced in
the/Abs¢HIB o £k @omSondRAvHIE a8 hbttheérSspadiflcailp @isb by rate is

1.0 M/ mnute. Calibration of tphe GPC colum set is

performed with 2 1 narrow nol ecul ar wei ght
Exdinffe§ | buti on pol ystyrene standards w th nol ecul ar

wel ghts ranging from580 to 8,400,000, arranged in 6

" coclioe dpljowing sxpmplesargpronided as furker ilkstgation @Ethe fnvention and are not to
be SERALEAT s Wit hRghpligal; ' -

P O e g % oty 1615
hoyrsithoiseh i ‘foem tesrferatiia refers ot tymperatustofi ROAST BS, aad ¢he term “mixed
oMRREP S et B 0 e o ghont Satable nder
the]trade Gesi@@tiondsepaOl () Frogy Brxen Mob Chernichls Irict & the ofensié Wamd of a

ul ar ights l.ess th 1, 000,.000. T
R IR Ll o et S A
repgesathigonastyalt @miroln The synBisisofall &tal copleRerand e prpadasOst all
' ru i.rst and, in order of decreasi

L R R L ——
soldegy wdd tvee HPLTgadeohy skisrdeiBe€ bt Aiade. peak nol ecul ar

wei re converted to pol yet hyl ene nol ecul ar

wei 3@@‘@5@?"6 fotnFPéhtIfe&n?eé‘wlqﬂﬁﬂ%%Faﬁ frippbpiylalppinyn medified n
met¥yldhingiXanedveildby ddmméroial fFHo A k230 oble ERpdtRRonLl L - . 6,

621 (1968)): . oi@yet_h])ell ene = 0.43 | (M pol ystyrene).

Pol yetHEf( HéSNEﬁ Qi Wﬁthhlﬁﬂhélém?wl)awedog(ﬂtlsqpmwmhq;yl)@ns
na}ﬂftlﬁlldﬁ%cﬁi?ﬂérﬁﬂidﬂﬁi-aﬂl)h{%ﬁ&‘l%ﬁgfni-[l'fﬂ @E&hﬁ?g&%&e&y&gﬁk Hthe teachings

ressi on Setggc%r{\?r ession set” | asure

3.0. Co

of E’&%ﬁ/ﬁq@g 2083 UR92RA0H7 1H&903Axfiled May pr2dphaed WY 04/24740.
stacki ng 25.4 nm di anet ound discs of 3.2 mm 2.0
mm and 0.25 mm t hi ckn cH b ot al thi ckness of
12.7 mmis reached. The cs are_cut from12.7 cm X

12.7 cm conpressi on nol ded \gk d. wth a hot

press under the fE®FHE ng dondiXi pressure
for 3 min at 1900C fgitoned by 86 2 2 mn at
1900C, followed by c g i hgde t ess with cold

runni ng water at 86 M Deg t\y Dens

are conduct ed accor dis§2tl6 ABTMH 1928. Measurenents

are made within one hour of sanple pressing using ASTM

D79 Satalyst (A igN-(2,6-di(1-methylethyl)phenyl)amido)(2-methylphenyl)(1,2-phenylene-

(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared according to the teachings of WO
03/40195, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO 04/24740.

@—cm
@womg SNy
O
HIf
/\

(H3C)2HC CH3 CH3
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FI exural / Secant Mbdul us Sanpl es are conpressi on nol ded

using ASTM D 1928. Flexural and 2 percent secant
wo@dal1015aT e neasured according to ASTM D- 790. Epr/uszi6/003209

properties, tensile, hysteresis, and tear Filnms of 0.4

mm t hi ckness are conpression nol ded using a hot press

(Carver Model #4095- 4PR1001R). The pellets are placed

b et Grtolys{@i3Y isdisPaN’ ’&@,ééttn@eéw@hsw@emsiomﬂéf@e‘aalame]hg@lum
dib @I 55 psi (380 kPa) for 3 mn, followed by 1.3 MPa

?5¥ 3 mn, and then 2.6 MPa for 3 min. The filmis

t hen cooled in the pr h ning cold water at

1.3 MPa for 1 min. The c ssion nolded filnms are

used for optical , tensile behavior,
recovery, and str ss r Iax tion.Clarity is measur ed
usi ng BYK Gar dner fazesgar &tas Sp(é%{&&%dﬁl n ASTM D

1746. 45 gl oss |s neas %d Hﬁlng
d ossneter M crog{oss specified in ASTM D- 2457
Internal haze is

ng BYK Gardner Haze-gard
based on ASTM D 1003 Pro\> e A Mneral oil is
applied to the fil m&rTa o renove surface

scr at ches. Stress strain beha®#r in uniaxial tension

S e R T R e i !

5  phedbxyZell§Ocyclehasdnk @ 2stiyleirginium (V) dibenyhpiepaedsubiiamsally agoerding to

parte r age of 5 specinens. 100% and 300%
ﬂwpﬁ%@%&%gLE”ggbggyﬁyﬁﬁhed fromcyclic | oading to 100%
and 300% strains agegrding to ASTM D 28 with an

Instron(tm) instrg . The sample ip aded and
unl oaded at 267 % ‘ 3
experinments at 300% a

as

envi ronnent al chanber e “xperlnent t he
sanple is allomed/ eﬁ@@&ﬂbrgﬂﬁcﬁﬁr i nutes at the
test tenper atiyce @-est) ( Ci5, 300%
strain cyclic expe tfe bve/ stress at
150% strain fromthe 4t “@nhpdding/cycl e is
recorded. Percent recg for al peri nents are
calculated fromthe f unl oadi cle using the

strain at which the load returned to the base |ine.

Thi ggﬁﬂfs@ U5)ieGaMEmetiytetit e 1-0:891-3Sdi(i-bilyl)ieeyd immine) zZrconium
X e
dibenzyl.

C(CHz);
CH(CH3)3

C(CHzs);
ZI'X2
(H3C)s
CH(CH3)2 X=CH,CH;
(CHs)s _

The preparation of catalyst (A5) is conducted as follows.
a) Preparation of (1-methylethyl)(2-hydroxy-3.5-di(t-butyl)phenyDimine

3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine. The solution

10

rapidly turns bright yellow. After stirring at ambient temperature for 3 hours, volatiles are removed

15  under vacuum to yield a bright yellow, crystalline solid (97 percent yield).
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where f is the strain taken for cyclic |oading and es

is the strain where the load returns to the baseline
waleoengisbhe 1st unl oadi ng cycle. Stress rel axaP€DNS1086/003209
nmeasured at 50 percent strain-and 37 OC for 12 hours
using an Instron(tm instrument equipped with an
enV| ronrrent al charr‘oerl The auebgelometr [ \Was 76 mMm X

in A@au@&vafr )l %ﬁig O;Ezna;amyqs stch@ bﬁ@nﬁ{eﬁylmﬁwse&g hetmmol) in

to 50/ostra|n at Was recor
5 mbgeleenednslofly ailded t9 eﬁolm@nwétZK@HzPhMS%ﬁéénk mgpp @) mL foluene.

The r@éuﬂﬁ%tdh%eﬂ&;v Slution 19&&’1"63 ch@ﬁ nﬁﬁ‘l We‘?ﬁ s ‘flenlrtﬁfle@gncfepx%%wed pressure

L -L %tress Relaxation =- wher e

to yielbthp desitedprodasa yeddish-brown selidae and Ln is the | oad at

50 fsh f

oxp TP HER A 1L L @Bk Aoty LPRRIS s STtk ESimmino)
zircdeinmidibenzifi 0. 88 g/ cc or | ess using an Instron(tm

instrunment. The geonetry congi sts of a gauge section

of 76 mMmmx 13 mmx 0.4 aZC@@ﬁ)gotch cut into

the sanple at half the specipen |length. The sanple is

stretched at 508 nm nf#®1 af 2 1 oZun\il it breaks.

The tear energy is cal cylaied @ >

stressel ongation curve /5
An average of at | eg spep\ ns/are reported. TMA
Ther mal MeqHaOL@ ISNdUCt ed on 30mMm
diameter x 3.3 mm [
formed at 1800C and a noldi N§ pressure for

* instrument used is
kin-Elmer. In the
tes P/ N N519- 0416
i‘bepqrﬂgaaaq 6 ° %attal}éS%f‘%g(I:SeCOIé e gogﬁ‘ﬁlé e d| sc W t h I?\I

a) Pleﬁaralon'ﬂﬁ €l-©

fure SR e F%W[ﬁ%ﬁ%? 8#2 AR i N ap——

t-bt@ylﬁimealhﬂ@d@(anﬁt) gad2e6Y rmol) isntdedt ﬁ‘ﬁe ﬂaaﬁtmhmmt[ﬂ‘dl% ﬂ@m:d idorahree hours

e P ISL . (U 5, MRSt O SO 3510y rcion

andpyRB&IULith ol mEhafoNQ@LEE AlglaridRéh dﬁﬁﬂ @fide€ fudh@d presulrd) €The yield is

ress at 900C /. _min. . Testing i duct ed, usi n
11. CEHPY 5P dHé‘Wﬁulﬁwc"Pﬂ%‘tg‘ré‘t‘%rﬂle(‘l%ﬂrqdﬁ%‘tc\“ﬁﬁfé ﬁ?ﬂg’jt“fe of isomers.
b) Pl%'zir_@lﬁlﬁcbf\bist(lﬂ (Siathyeadblick @Yty Sloy-BS-di(EBut IhehyN
testing. Ad 5mm pl aque is pressed and cut in a bar of

impipeigiseqniyma dibenzybnm  The sanple i s
A solution of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-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(CH,Ph), (5.28 g, 11.6 mmol) in

a TMA 7, brand avai l abI e from Pe

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.
Catalyst (A7) is (t-butylamido)dimethyl(3-N-pyrrolyl-1,2,3,3a,7a-n-inden-1-

yl)silanetitanium dimethyl prepared substantially according to the techniques of U.S.

Patent 6,268,444
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cl anped at both ends between fixtures separated by
10mm (grip separation DL) and subjected to successive
W0 eooproEdUr e steps from -1000C to 2000C (5C pePCHUBNG6/003209
At each tenperature the torsion nodulus G is neasured
at an angul ar frequency of 10 rad/s, the strain
anpl i tude bei ng nai ntai ned between 0.1 percent and 4
percent to ensure that thg I8 sufficient and
; in the/dinear reginme. An
/% mai nt ai ned
(auto-tension node) to prev\ slack in the sanple
when thermal expansi onge consequence, the
grip separation DL |ncg€ége§~mfﬁﬁﬂghe t enper at ur e,
particul arly above the nelti or softening point of
t he pol yner sanple. The test caiigps at t he maxi num
tenperature or when the gap betmeen the fixtures
D8 A (B BB B0 Sl f .
yDeNdnptiterdvnm dinethyil prepardésubstantistly hesbrding t the deatlngestof 1S-4y20@3/004286:
hose clamp. A 2.75 1b ( 1.25 kg) load is applied to
the pellets in the cylinder g 4% 0C for 3 days. After
3 days, the pelletsHimose (-ﬂ date into a
cylindrical shaped plug S WA\ s renoved fromthe
formand the pellet bloskizg force\ neHsured by | oadi ng
the cylinder of blocked p %§\I@TM@H@TGSSIOH usi ng
an Instron(tm instrunmen mea¥ure the conpressive
force needed to break th i ndér_into pellets. Melt
Properties Melt Flow FR) GdBRel t i ndex, or 12,
are neasured in accordance wi th ASTM D1238, Condi ti on
1|90t%a¥al}s? K9 t1%%?1&%)M%4-&@ﬂhylbﬁ&?§(Z%é%ﬁﬁ 10 §3an£91-n % -indacen-1-
el ution fractionation sis i's conducte
yDaibemefitanipg dinepthoh grepgred sta@@ély M@ﬂimgﬁo the geaclppgsey {US-A-2003/004286:
4,798, 081. The conposition be anal yzed is dissol ved
in trichlorobenzene and al pd_to crystallize in a
columm containing an inert 3@ppolt (stainless stee

shot) by slow y redddéing e

cooling rate of 0.1 C/

an infrared detector. AMAFRER, gramcurve is
t hen generated by el uting %sﬂgpﬁﬁzed pol yner
sanple fromthe colum b i ncreasing the
tenperature of the eIutiﬁZizglve g: trichl orobenzene)

from20 to 120 OC at azcate of 1. mn. Specific
Enbodi ment s ’

Catalyst (A10) is bis(dimethyldisiloxane)(indene-1-yl)zirconium dichloride available from

A

(H3C)281 ZrCl,

5

83

Sigma-Aldrich:



10

15

20

25

30

The foll ow ng specific enbodi nents of the invention

and conbi nati ons thereof are especially desirable and
whesehy15gel i neated in order to provide detai | ePICT/US2006/003209

di scl osure for the appended clains. 1. A process for

t he polynerization of one or nore addition

pol yneri zabl e nononers, preferably two or nore

addi €gcatalysvl Yiomiitera bf methyid()(ﬁerss kybspaaiiah kaltsef hy | e n e

bl
B B3 R VTR0 SR RIS B
chin eixtlkydmind ¢Aryma¢nd¥ e/mﬂd aedilable &8in Akae-NobgOiny )aIG1 2801 BB(CFs)d],

o f.0 onprising nultiple
s R e R NS BB R e 2 e polyner
co n'mh?clafall)@ﬂz CMIXFH op! %faﬂkyﬁﬁmetﬁﬁ&ﬁl@lblﬂhﬂﬂéalf ﬁgils@ﬂﬁiﬁ(pentaﬂuorophenyl)
differin omer i ncorporation | nd
SR PR BN s e ST RE 910 e 6. D 16
pol ySHukdiA2RbentsTNe BRfi1iNg aé&t&%ﬁlﬁl%yéﬁfmmmﬁﬁmmz SALD), dii-

|
oo (LR GUIeRUGE (BRD). GUPIap Iy A, SR, GHociatuminum (3A5),

mﬁ@d@llgylﬁ&m (MO e&tyﬁtmeaﬁﬂisﬂaxﬁb@t%alﬁtmhﬁﬂ(sn@) agent,
process ern haracterized formati on of at

b1q(@g§met§wl)§fm Fyéame@urp @$W1(Zcpyglqygnﬁh@@)n-octylalummum
(saby, Bﬁ{)ﬁd&ald@éyﬁﬂbﬁ&l%ﬁﬁﬁm{: ndby Ig@é&f(nﬁ&ﬁﬁ ff’&glsBMRyla{lmmu?q (SALL),

nor e or segnents torne ast

bla(%érdrts@ﬁylphmgxmpvmwmw Eném: digl -nqphthb/l)@hxl@mda]nroytylalummum
(sﬂh%t 151_5(%‘!1@1'8 s118x 8&11{151%11{1591' (QR‘M)%S rﬂléhgfsﬁg@il%ﬁ@émyl-

ecl al sSuc yner corrprl
alvoginym E34ahp), dir€2, 31@& ddveowzﬂcyﬁmexmblvléetmhtmnmmr(%w) bis(2,3,6,7-

AR A GO Shn b T h i (A7) LR AAT S TR R
alupgnwn 6?199118) eﬁwl(d&dquethnowmm(sslQ)ganﬂwﬁltht-bmmyezmc (SA20).
i ntranol ecul ar regi ons or segnents conpri sing
differing chem cal or physical properties, especially
Mlﬁjghmmnmalkel BélyderiAtore@dndaioed conmononer

oo BB ek e e B dich eyl PBRe! B wprizaion reacor
(PPR)saildderfiddn Symyrtedhaciafiby Iceam dpbrated 2ubStantiully AcqdediygMeru.s. Patents

o B ORI cBhaR, cabhshat! §thotar bRy dRebaegpnsre

coiduprRt YT °ofan<esmpsh €930 kPA)Gvith cBRAL YilBdmhanad hblﬁg C.O BRIt of
accor resent i nvent.ion

2 mar t he
cowaq%f ?ab%ﬁﬁ@af ety é‘setdo%tsﬁg ﬁﬂ? BeEe 5o e GoPesiiyin o parallel
prdsfrERhHONPPR) cothphit T8 uﬂmwaﬂﬂewortc@usem‘@@dd m&ty tHat are fitted with a
wherei n the catal yst conprises a netal

prq:w?lglgélrg(lﬁqmuh@ The wasking yolpme i eagiyepcdqrgell is 6n80 pL. Each cell is

temperature and pressure controlled with stirring provided by individual stirring paddles. The

monomer gas and quench gas (air) 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 order of addition is mixed alkanes solvent (4 ml), ethylene,
I-octene comonomer (143 mg), 0.419 wmol cocatalyst, shuttling agent in the indicated amounts, and
finally, 0.3495 umol catalyst A3. After quenching, the reactors are cooled and the glass tubes are
unloaded. The tubes are transferred to a centrifuge/vacuum drying unit, and dried for 12 hours at 60
°C. The tubes containing dried polymer are weighed and the difference between this weight and the

tare weight gives the net yield of polymer. Results are contained in Table 1.
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R11 is selected fromal kyl, cycloal kyl, heteroal kyl,

cycl oheteroal kyl, aryl, and inertly substituted
walessuetspves thereof containing fromlto 30 at POEURING003209

counting hydrogen or a divalent derivative thereof; T1

is a divalent bridging group of froml to 4 1 atons

ot her than hydrogen, preferably 1 to 20 atons ot her

t han hydrogen, and nost preferably a nono- or di- Cl o
Catg%%/rﬁﬁﬁfi@AgeﬁP@ééc‘t&vaﬁ%omﬂ hyl ene or silane group; and

Z0heteroaryl group containing Lew s base

f undseriss af pthylened ks@temea:rqbynealﬂmwm Hp ﬁQ@UCt%? usingdiffering monomer

conyB5hs dnlf toﬁéjotﬁxr[) Egt%ﬁha?- ci¥hn &Bﬂ?lﬂ]% a@ént@ t-%t%llﬁ nﬁaﬁ{ylsﬂoxydl sopropyl)

derivative IS a prefera %
aluthinfimi(T8A, BansiAsF)and disthyhrins, (DBZ.,LRunall -6y rusiap deiferseqing gytgoughput

polﬂﬁ%%gﬁoﬁ?chhfﬂcﬁ ’Q%r}ps%[tl % §)8 rétageo e glﬂ‘gd ﬁ?“oﬁ%l&%lght (Mw and

rou opt 1 onal bonds
MnpuxingeGRC t Paydispersity Index aPmIeMard‘ﬂn)om gal‘all?éedrfepmh polywer. Mpsults are
mbl'n§ ,ngptted lines and arrows respectively. 4. A
g‘s accordlng to enbodi nent 1 wherein the catal yst
conprises a netal conplex corresponding to the
formula: wherein M is a netal of Groups 4-10 of the
Periodic Table of the elenents; T2 is a nitrogen,
oxygen or phosphorus containing group; X2 is halo,
hydrocar byl , or hydrocarbyloxy; t is one or two; x" is
a nunber selected to provide charge bal ance; and T2
and N are linked by a bridging |igand. The skill ed
artisan will appreciate that the invention disclosed
herein may be practiced in the absence of any
conmponent whi ch has not been specifically disclosed.
Exanpl es The foll owi ng exanpl es are provided as
further illustration of the invention and are not to
be construed as linmting. The term"overnight", if
used, refers to a tine of approximately 16-18 hours,
the term"roomtenperature”, refers to a tenperature
of 20-25 C, and the term " m xed
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al kanes" refers to a comercially obtained m xture of

C6-9 aliphatic hydrocarbons avail abl e under the trade
wale®ogosbi on | sopar E(r), from Exxon Mobil CheP€T/EER06/003209

Inc. In the event the nane of a conmpound herei n does

not conformto the structural representation thereof,

the structural representation shall control. The

synthesis of all netal conpﬂbweé and the preparation

of all e ri S r il t a dry
n|trogeﬁigt%gggggﬁngS|gg%; mS é%ﬁﬁ%ﬁg@ a

sol vent sgused wgje HPLG, (gde Rq,yere égl d bgfore
their usge. MVAOs efers jgb%g met unng e, a
triisobubylalun1 un1nDd by % e aVvdl |l abl e
commerciglly frE%1Akzo B@éf ﬁggéatl %0 i t

(Al) is '

[ N-(2, 6=<H ~~r-*w . ;---— - phen
yl)( a

napht hal én- 2- di 3% ( 6- rq(B‘.S% 2 3 et r?éﬁ hal‘?ﬁ um
dlﬁethyl prepagég agZd%H1 y1é te&%H? gs b#6 WO
03/ 40195% 2003Ud8d204017:1 LESN ab?&izg 01221397“ | ey 2,
2003, and WO 04/34740. 0SRAI ysioI8%0) 33,715 123

[N (2, 6-8i (1- met¥yl et h;ﬂ%7é%eny111)=%ﬂ&1 do) 322207et hyl- Bheny! )
( 1, 2- phenyl ene- (6-pyridin-2-diyl)nmethane)] haf ni um

3 e S5 O s SOOI s

My cog}par pRlymeryinghacssried Adt T@qgl)dlqages that DEZ is an effective chain
shlﬁﬂhﬁé &%I u‘%fdelzthg ﬁ(?l)c/ﬁtfohi ﬁﬁ%&lﬂ:ﬁkﬁ%ﬁt&&%e‘?& %JSRyL g&egolymers prepared

in fbiegiteqewmlly alogp] istyeirbatsh daphugrfion] tepd reackor; 15a¢nmndny¢ $3phee an active
catﬁﬂ?’lét)sﬂgfo a@ﬁgﬁ%y H?Iteg)ﬁ! s)efé%ﬂ g&%% {;'I?di+cins eg 1all %‘%{085 f,lﬁ:gmpassmg

benzyl, prepare cor
dif; %@‘Pﬂ ip g@n@ﬁer@smpn@@@ o Q1 DBerefond @nymte p()l%(ﬁ])er preducts having

| 7362
mu(t%’lesbzlléérkcs: gﬁ%eg%glﬁ%. E%%‘]u)gé-[%?ogﬁ_g%ogr ersg‘r %ese #er%%{)@?%&fxpected to
POSSRS PTQPsrtlem@hmdﬂiegi pas blook d:apmsfmea)an@dletﬁlignﬁhzitﬂmfr@ﬁ those of random
= drox 3 5-di (" t-butyl)phenyl)imne
°°‘;§’,hy§§% &%él"glta%% My?%?rﬁ e (3.00 g) is added to 10
mL of isopropylam ne. The solution rapidly turns

Calfi| tg ltlt%{el kme/%t ﬁfter tlrrlng at anbi ent” tenperature
renoved under vacuumto

yi elTtle pretivistdisgleskd gl thesugBia bbliyneriaabi hnlBéndes §BRhntially
Tep %%?A usZnIg \)ﬁg?lﬁygtg{yﬁ%cwta&%%ané pejentiaf shugling agpwn iy Iprerpssure is

increaged 2o Z00GR1 (um MPQG mwﬂ 5 %r&@dldﬂs a@be@brmed. The resultin ethylene/1-octene
neth Iet%y 5-di (t-butyl) rhenyl")imne
cop 61§rsrfﬁ tesfedfo poly(g}eﬂgqq ugtign Ktosanpaced detgtes gbtgined from

a C(ﬁm{loUﬁdnigl’MﬂAZI {n@h‘pegbﬁ t‘ﬁe 6@ g Bhent] The BIPLImPoSitia afdthen selected
uene
baseé) on a combination of greatest molecular weight (Mn) reduction, greatest reduction in PDI, and

least reduction (or actual increase) in polymerization rate. Selected combinations showing the best

results (ranked by Mn reduction) are presented in Table 2.
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The resulting dark yellow solution is stirred for 30
mn. Solvent is renoved under reduced pressure to
wQe@bdotshe desired product as a reddi sh-brown BCI/U82006/003209

Catal yst (A6) is
bi s-(1-(2-nmethyl cycl ohexyl)ethyl) (2-oxoyl-3,5-di(t-but
yl ) phenyl )i nm no) zirconium di benzyl The preparation
of catal yst (A6) is conduct®ablels foll ows. a)
rRunt' e R ing Agens | ;Rt?laﬁlxeMy 4 Belative DI |, Relativg rato
L RS AL A VAR A Y CTNY X NP R
enil Vi nfhe 2 Mot BV evel bhexyd-0h; g aR8% g4 o 133
rranI is dissol v i vd_dit 0.57
hiiyllsal§ calldeny®®!3 10 00 g 04> g7 1)093s added PR8
rénctli oA2mi Xt ur eSAY stitred 987 thrkee hdliBls _and thed.18
cool ed A6 -25 OCSRor 12| hrs.0.d3he resul tio®p yvel ljlow 9.74
safii d preeci pitat 8ABs coll ect@sg by fjltratoion and 1.15
wagshed w t h|col dsawt hanol (208015 nlL), angk ther driaedgs
upgier] reduced pressure. [The gl d 15 11.11p4 g of|a 1.43
yelTow sol1d. IHSNYWR 1S|[conspgient Wth gdE desSiredqel
prodUcCt @s g m XEAE Of |1 SONgEs. h)| PrepagsAati of of ¢34
EX\?' = (ch: eyt §[X§d OeXyt)eg @g/i T 2F oxoyd g23, o~ dI (T~ o]
(IS il eyt ShGeyt) et hyd ; 72 ool 311253.‘ e owtr 228
hé,,,'!)i r-ReH{/~ 634 2302 oY 0 Bog 0% ol ydne L Q91
QKW\MI \/ adde(_l to 22Sol utilon—of-2Zr ( CHaPh) 121 28 111&7
& o= TN T O <
L) in 600 m lene. 0. g/  gw 212
Q?ﬂ’luti on islstir?al forl1 holfat 26 0Cl-Yhe sdlutiddb
i %vigill ut'ed flurt h®AlZith| 680 #F0+t ol upne tld7ive l|a 097
swiiitli on* havi ng &A8oncentrat98h of D, 0Q7EH M t al Wbl
(AK) |i sSAS SA2 0.29 0.92 0.71
(txxbut yl<am do) di sethyl (3-N-pgsvol yl 1, 2,8978a, 7a- 0.93
hxkinden-4yl ) sil aastitani um glexet hy] pr apes ed 0.93
syhstlant¢ al Iy acgarsdi ng|[to theotechni quesipf U|[S 1.19
FaGETT g,GAbt Z24S I{LOBTE Catghyst (8] Tgoy 0.67
L}E}g‘l‘at :‘Z‘ c}\lll U U) :UI ‘SK6“BL II) I !.JIICbIgj J \ L' IBLLIZ 9'4’ ,nfl, f f '6
ciodans -2l a0S8 ot ng o Ll cadhs rgel B | 006
usvinloo@l) 0qa2865A i alysr (X84 g | L0 1.14
(TWiim tyl ‘an do) di 2410vpt hy| nhe®d9) (2- et hy]I-l-q 2 3 3a 87
hevdii | ndaten-| yl ) S45] anef | t anfin di npt hyl1.% eparled  0.72
sabstlant T al Ily” ac®stali nglto t#82t eachi ngsl- 2.62

U_S- A- _2003/ 004286: Catal yst (AIO is
bi's r%} IHXJ tgl I) %I)%Zsla?gb Ic%%m%ﬂlgtl(lnl&l% éaﬂlfr;]s?%gf s llin)§ g@eni m&y be

di chl’ori de avai
selndted. Ut 8 tobe dm}ﬂihmeyllthut pﬁerdm ce&dlks]/lsl)tmhlmpageuimommaéomﬁnay in

trakjs ﬂ&ﬁ%%? yor he éora@ ere-| er
ti Mn
dlf[gelr% 8‘}#’% 5 D¢ %e) ecte%ﬁ)gsrsag)rérel Q%ve ela ({%we suc}% as malxnnum reduction in
or improvement in production rate coupled with more modest Mn reduction. Addltlonally, the
above results are based on a batch reactor, whereas in practice, the effect, if any, of using
continuous polymerization conditions must also be considered in selecting the final combination of

catalysts and shuttling agent(s).

Continuous Solution Polymerization Reactions

Polymer samples according to the invention and comparative polymer examples are

prepared in a solution loop reactor using mixed alkanes solvent. Propylene, ethylene, hydrogen,
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chain trial kylam ne (Arneen(tm MHT, available from
Akzo- Nobel, Inc.), HO and Li[B(C 6Fs)4],
wgadvstienspi al |y as disclosed in U S. Patent 5, 98C1/88806/003209
Ex. 2. Cocatalyst 2 Mxed Ci 4-18 al kyl di net hyl ammoni um
salt of bis(tris(pentafluorophenyl)-
al umane) - 2-undecyl i m dazol i de, prepared according to
caiglyst paplsigerind golpmer, a6 dissofued intthe soBisut during gaemgkymeszaﬁbe process.

Fo‘i"lg &%kﬁe‘l@lﬁ%ﬁg t?)netﬂplza(?%i%i%s@ﬁlgy?gio a?etd h%l't{t]er EESZe‘sultmg polymer

exyl Zihe (
is sqpm@teﬁ yiow thevalient {yTBshinS Addevolatilization, I0ﬁth1a wolmentn TI®ABYqvered

ool R PO SR it g syl i gy operating

subjitanfidlly aceondimg iy ths telaghn)grofﬂcﬁ) Pﬁa’mm 535614003, 91m0 51 SA8 6 34,097.

dl ( gl}]e?%'lé{lél%y c’gi}lfe)f] 91[?¥%ac or? %}onﬁwﬁs{%% %gi?oop of high pressure piping such
as Ia|3§ (15 ¢m) iandtsy Qcaa’ltﬂhaﬁ(] cadibn bty pipereippad (Wathl a clieulation pump, 32,

Wi roP bt A ) hE BREGT ST R BT g trough the piping

anB as(tiatbdiheat eichaighy) B lam(%))ﬁﬂckw Inadet) 3% %Hbtﬁﬁe“ﬂsaiﬁfg elements, 38a, 38b
m

[ I (trimethylsi.l ethlalumn
ango ¢ o bR PRk S R EBEA - P AT BIeGhA Rionomer(s) and
op(@Allﬁ hydrbgeﬁ( 2, &r@;ﬂcﬂoﬁi bb@&l}@ﬁ@@%ﬁhﬁ&ﬁ?ﬁ&m tocatalyst and optionally chain

%r %n oct.yl a{oum num (
tragsiEn AgP APy B (o Bifeten) %f.moamlysap reyelpe BTG sRlFsnE Samgyising unreacted
mdHo¥? drZoRosinkine By Sﬁbfglg c?rb% RO outl @D, serves as a port for removal
et hyl Et but oxy)2| nc 0 neral H gh Through pu{)
of Phgrrégctos pontrits e i 12@9?%%@%@}1@1%% ity aynebinies ECP\SRISZOAP (ot
sh&O)d Udeeskititil tRrefetdt. SityhddiORBHRL frof @f&l&gs %!)lvent and unreacted
pol'ymeri zation reactor” (PPR) available from Symyx
mQnapRKS A @@ resgvery ge. Berpverpdprasassiscdepband inteagtpdmonomer is reinjected
1ntg(ﬂ%(6}g§:g(ﬁ‘o gt 1§1Qts@2%r SEQ)tr ﬁﬁoﬁalgn iR %&y&égmo .ﬁg’c%ot%]tz provide ratios of
re@eﬁséwn@mrﬂhﬁlp m\csmms’efr% ha%t’pt%?d at 130 0C and 80 psi
(55
o TRy . 64 00 RO LM om0
reagton dre vAriesktip |cppgte@1ihopmgg1ngrs|cgmen’rm’q@nsacpr@ra;lmdl,o@ todomer agd comonomer
Wlﬂlﬁ{jﬁ% It g!:to rqulZsZ £cﬁ?n[t %Zﬁgtltaeﬁshéf ﬂ;@gju%&%g{s (3 glgmqni;]gdrta% reactor feed splits,
chfriginged Imn@meranqbpcenmmegmﬁdtugi pm;rﬁs ambmono'ﬁ’(ee cmeﬂmong For example
SRS 40 52 SRl SRS R SRl o
crqatecsvpadaie:lreggons oﬁﬂxﬁferdlgabncsmratmnng“ tlﬁl:atd/d In@momdre.e THEMHEUTRI of recycled
as .and .quenc r are Lunbed.ditectly into e
i oBit i MR P b Ubres P e e gt mgifipe e
maneagd bdrsondmer molaoikiic ﬂéak ;he &njdﬁdn béintAc reas! B cefiih lexfYiments,
and the res ir solvent is nmixed al kanes,

nges
redifed e o rae Yed RIS PHCiR U ARSI Fihylene
1nlﬁ>iﬂ6)§érﬁﬂ§3thﬂ,m@1€d 1etieregspspnoner (143 ng), 0.419 mol

coczi,to l)é%(t)m shuttling agent in the indicated anounts,

and parative examples, 110 chain shuttling agent is employed in combination with a
poorly mixed reactor to create blends of polymers having higher and lower crystallinity contents.
For the examples according to the invention, a chain shuttling agent is added. The chain shuttling
agent creates a fraction of polymer molecules containing segments of polymer made in both
ethylene rich and ethylene poor regions of the reactor. In one embodiment of the invention, the

chain shuttling agent is injected near to the point of lowest ethylene concentration, thereby resulting
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finally, 0.3495 mmol catal yst A3. After quenching, the
reactors are cooled and the gl ass tubes are unl oaded.
wab@etiotses are transferred to a centrifuge/ vaceamus2006/003209
drying unit, and dried for 12 hours at 60 OC. The
tubes containing dried polynmer are wei ghed and the
di fference between this weight and the tare wei ght
in th¢ yedSratibreoftadtighyt ﬁindermﬁticp[ﬂfynbmer iRevhidhtthe daim endindoaiprisshigher

erry e e engPr Sl AR et AT R SOl

ExaﬁﬂﬂébulCG @dm\psmm]al eﬁkaﬂﬁﬁlesmxm nmononer conversi ons and one
otential chai.n shuttl
0 b nied HA B RO U A A5 Ceien avhvyitidie obive
reagen and B&dﬂ:ﬁﬁiﬁ Eédta;(]ysﬁAl I(']daEaZalydel]JMalh-sﬁ)tthng agang Str?h €DEZ),
or egai ng hi t hroughput pol yner i zation tec
POlYRErZEU FIPHE Sol {Prrbr SadPT srEES R B 6 MR st dolvent fow, 1003

poMﬁb/ﬁé;\Ir (L(Mg&@dprwﬁ%leﬂé%ﬂ@rﬁcm Potend b&@tﬁfnSdehs{ty! ndes® (656 kg/M>),
( PDI =MN_Mh cal cul ated for each pol yner. Results

an‘bﬁeécepfaiﬁhﬁsalﬁ EHcion 19 gprcent1 Addtienal praggss @Sfﬂk?éfesqs Sotlopisy
Yi elcdmMatiR/ AToTHe Matd: & ¥R urM%1Walﬁh@§hﬁe&5i%teﬁgéth% @ehctor at one
159,079 3.11 B 5 1 0.086 455,178 103,781 4.39 C 7
poigt. Mpchamchutilivg 2g@t s Emppysh 4R § prycayt %MGIEEGHWF%@“%’ gthylene
0. 235
copbsafey b phfect pivlfly Pl 09 19s kbtuafely adhth, > 1338 2
52 @xoagel.1¢hanshuyligngrent szg ig mwd@seqmsthi EPa'EW’()Wlll?f lwaaining the

P ol B Gt 35 AR TR e
dismangzinweg bwkogen hddifba. yﬁhe r@ulping,)d:sﬁoe@ ydrofisof ﬂwéeeldétr@ana exhlblts a
R
weight afdﬁldiﬁnata/produnainnlesﬂm’(WdIghn gdmgtenthe preskce ofseme fraction of

(po%g? %%1%; gpre]:(sngso 1f1r} élt}egrgacQor ‘%ng 1n?i¥:atlong gg%\@el% aﬁ%ﬁttl-il;lgpﬁ &c%m@% in the
reas@f - batch or plug rom;type reactor, in a nanner to

ex p%%{gnr?lg 2.a E‘Lé r\égction conditions of Example 1 are altered by reducing the flow of chain
shuttling agent until a product having a melt flow rate of 8 dg/min is obtained.

Example 3. The reaction conditions of Example 2 are altered by reducing the pumping rate
to maximize the ethylene gradient in the reactor while still ensuring that the reactor contents
remained soluble in the diluent. The other flows are maintained as in example 2. The resulting
polymer has a measured MFR of approximately 5.

Example 4. The reaction conditions of Example 3 are altered by increasing the flow of
chain shuttling agent until a product having a measured melt flow rate of approximately 8 is again
obtained.

Example 5. The reaction conditions of Example 4 are altered by increasing the ethylene
flow to produce a target polymer comprising approximately 15 percent polymerized ethylene. The
chain shuttle agent flow is maintained at the same level but the hydrogen flow to the reactor is
increased in order to maintain a product having approximately 8§ MFR.

Example 6. The reaction conditions of Example 5 are altered by increasing ethylene flow

thereby producing a product having an ethylene content of approximately 20 percent.
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catalyst site to at least two different sets of
reaction conditions, especially conditions

wenwonpEssi ng di fferences in nononer/ conononer PECEUBI®06/003209
woul d t herefore generate polynmer products having
mul ti pl e bl ocks or segnents (pseudo-bl ock copolyners).
These pol yners woul d be expected to possess properties
r eseslpdritiye [BUrkhe bdactidn aditibnsrof Esangriel6 elie aiteradjby sbymitigahe flow of

fromthose of. random.cqpol rs o imlar gross .
chagAPOOTRAEST 6] BRESS READAIRER OV RHO v AGR A LorRigs e 2 MFR
of d¥toRfshtely § BEmAT. While tiginyidhSal BB Rdle bortdnt bfT0qseteput

pol ymeri zation conditions are substantially repeated

usi ng various catal ysts, cocatalyst 1, and potentia

shuttling agents. Ethylene pressure is increased to

200 psi (1.4 MPa). Over 500 reactions are perforned.

The resulting ethylene/l -octene copolyners are tested

for Mh and PDI and pol ynmer production rate conpared to

rates obtained froma control using MVAO in pl ace of
the shuttling agent. The best conpositions are then
sel ect ed based on a conbi nati on of greatest nolecul ar
wei ght (M) reduction, greatest reduction in PD, and
| east reduction (or actual increase) in polynerization
rate. Sel ected conbi nati ons showi ng the best results

(ranked by M reduction) are presented in Table

2. Table 2 By reference to Table 2 a suitable

conmbi nations of catalyst and shuttling agent may be

selected. It is to be enphasized that preferred

catal yst/shuttling agent conbinations nmay in different

enbodi nents, be sel ected based on a desired objective,

such as maxi mum reduction in M or inprovenent in
production rate coupled with nore nodest M reduction.

Additionally, the above results are based on a batch

reactor, whereas in practice, the effect, if any, of

usi ng conti nuous pol ynerization conditions nust also
be considered in selecting the final conbination of
catal ysts and shuttling agent(s). Continuous Sol ution

Pol yneri zati on Reactions Pol yner sanples according to

the invention and conparative pol ynmer exanples are

prepared in a solution | oop reactor using m xed

al kanes sol vent. Propyl ene, ethylene,

hydr ogen, cat al yst package, and pol yner are di ssol ved

in the solvent during the polynerization process.

Foll ow ng the polynerization, the catal yst systemis

deactivated with water. The resulting polyner is

separated fromthe solvent by flashing, or

devol atilization, of the solvent. The recovered

sol vent/ propyl ene m xture is condensed, purified, and

recycled to the reactor, operating
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Table 3 Process Conditions

substantially according to the teachings of U S.
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agent creates a fraction of polyner nol ecul es
contai ni ng segnents of polynmer nade in both ethyl ene

WO 2@h/1e0507 et hyl ene poor regions of the reactorPCT/HNSHNE003209
enbodi ment of the invention, the chain shuttling agent
is injected near to the point of |owest ethylene
concentration, thereb resu %%Fneratlon of a

tin
hi gher concentration W 58Pbﬁ§?8Wﬁm 'The chain

en@is conpii se hi gheasCTEpst Al hidinky (! ow et hyl ené
cont eft ) p@llamge(%) Res@gs A SR (981 dethrity) | TalbseS 3haré
ang—5  Exanpr g5 1-6. Gnparati ye exanp167 | Ar3811 1.2
Exanptgs—t=6—andconpgpat i ye eXgnpl ¢ FuANth BT (€ 0.1923
Caiz! o) h—the—f gt o My 1h CATETH 48T 3209 | 0,2588
;O".:}f :32./{;. F\Zg? Y L,uu,a_ﬁ Qy?ivh72%6|ald1ﬁbln,-
cdct ol A e a5 ey U345 1105035 07 0568
fl QW ‘ﬁﬂﬂ_’ I h l EE bnllﬁ }:9.2;9:(5, \,Qﬂ ﬂg
conver $i of_ 680 per cent63 solluti dé- demoa‘?{ﬁ 215bff0fz;68
(656 KBY MY}, &hd percedt solid33in dda7Pby 09@ 0.3781
percent. Additional process details are as foll ows:
Conparative A The reactor is configured with all the
ethyl ene entering the reactor at one point. No chain
shuttling agent is enployed. An 8 percent ethyl ene
content propyl ene/ ethylene copolyner is prepared
having a nelt flow rate of approximately 8 dg/ mn.
Exanple 1. Chain shuttling agent SAl is introduced
into the reactor while maintaining the reactor at a
constant | og(viscosity) the same as for the 8MFR resin
produced in Conparative A and di scontinui ng hydrogen
addition. The resulting resin, on hydrolysis of the
feed stream exhibits a MFR of approximately 14. The
di screpancy between neasured reactor viscosity or
nol ecul ar wei ght and ulti mate product nol ecul ar wei ght
i ndi cates the presence of sone fraction of
(pol ymer) 2Zn species in the reactor, thereby
i ndicating that chain shuttling is occurring in the
reactor. Exanple 2. The reaction conditions of Exanple
1 are altered by reducing the flow of chain shuttling
agent until a product having a nelt flowrate of 8
dg/mn is obtained. Exanple 3. The reaction conditions
of Exanple 2 are altered by reducing the punping rate
to maxi m ze the ethylene gradient in the reactor while
still ensuring that the reactor contents renai ned
soluble in the diluent. The other flows are maintained
as in exanple 2. The resulting polynmer has a neasured
MFR of approximately 5. Exanple 4. The reaction
conditions of Exanple 3 are altered by increasing the
fl ow of
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chain shuttling agent until a product having a

nmeasured nelt flow rate of approximately 8 is again
wobdoaiimser Exanpl e 5. The reaction conditions BET/US2006/003209

Exanple 4 are altered by increasing the ethylene flow

to produce a target polyner conprising approximtely
15 Ebé—@éﬁ{ pol yneri zed ethyl ene. The chain shuttle

agept fl Q}%rd)o%ssr@l‘ ¢ pdixastizafion JTBnSeRork fddonPelynichiable monomers
hydrogen flow to the reactor is increased in order to

to fammt mecpiolymar pprendising TNl gsiapsAr s5ameRts dpynpdiffprntiatsdaobmer
confposilibs dr ?)%Eﬁti@? 80P Qé}ﬁ‘prﬁfng %&?eﬁ@ilng a a@ﬁtﬁ)n%tyﬁfeﬁgab%onomer
I'ncreasi ng hyl ene fl ow thereb ucin product

or hixtrirmef lmnowwméqﬂ@d%m mlﬁme@lﬁat@p ﬁ?]&kﬁm&w ¥ gposition comprising at

leaﬁgﬁ&afﬁ% é@m&f dnvc‘?ita I@@ca{agﬁlﬁhﬂ QRnLR Elﬁ'tthhé)f%%ntogald process being

are altere ysto the flow™o© aln
chasmqmtzded yforampsinn ofat deastrsome althe gowww@mr ¢haigunder difigeantiated

proé%s/s ?ﬁgn%ﬂ% V\ﬁ | L1%h %%P&Joyo';[?l{ormgdkg Or s%ﬁ&{%: R REmQPREEX htg?agggcc))}ﬁe &f the

e naintai ning an et ene content
respléing priymerald chedichilyourabgsi@in dlstmgmhalﬂfeed split
t op,bot t f Lo h
i nj C te d %inasel%(ﬁ b?(%cﬁ c%)ooyfme? Cglﬁl(g: F:Sﬁ‘lg V@%&e?ﬂt&%ke‘%ﬁ]ﬁr reg1ons or
segifiexs mir&pr(sb@tdlﬂimmg lahdjmcé)l or flgkicd pdopl@@ieyamirpoﬁdq;smg@aholecular weight

. er o)) PoI ymer Optical PropertiesCLAIME:
dls?‘.bu O%W@s @ &%ol ymeri zation of one or nore

addsti on Ap;ﬁilm mmaﬂalcempninil@mr) an tigaiio omerguuqapﬂlynm and (2) a
t
CORIRE AT B B SRR OB EF GHES BPospt G iles.

S al d. pro @B%Sce@@zﬂiﬁérﬁﬁlg el giont wigskdin the amalgsidbinpidges a metal complex
yneriza nonmer or m xture of nonomers under

COTéWB?IXdi“&HOB’SI Y zati on conditions with a conposition

conprising at |east one ol efinipol yneri zation

catal yst, a cocatal yst and g-chaipzshuttling agent,

sai d process being charact ?rl\zeﬁ' y formation of at

| east sonme of the grow n@{ pok. 1xcha| ns under

differentiated process conditions such that two or

nor blegeks or segnments fornmed within at | east sorre of

t he resultln pol ymer are chemcally or si ca 2/

di s& nigsalestesirom albyl, oycloalkyldhsigspalipi C&Jﬁ%ﬂtwﬁlf L5 ahd inerty
sulss BRIl 841 HivE S WRer 88t (.‘ngiﬁlﬁl F%&aﬂg b6 idlnd hotf BEhtRHB hy@bgen or a divalent

segnents conpri si ng ering chem cal or physi cal
depyagipetheiee’ and posseSS| ng a mol ecul ar wei ght

di Sty ol B0 bxlsv(gl'%]lgggro@; of fRRS1 b2 BtoRrs YtheStharthyId bRk eferably 1 to

m xture conpri an org ani c or inorganic
20 ptoing wther thammblydigen.znd o198/ pyfrf@rﬂblae ewnet 9 gi-Coactydioparpyl sybstituted

me!ﬁgy?egg qulaﬁ‘é:%%ﬁ"aﬂcg to the process of claiml. 4. A

SS acc to claim1 wherein the catalyst
co r‘rﬁi’l isasam he;@tcaryl eonp F@aining Lewis base functionality, especially a pyridin-2-

yl- or substituted pyridin-2-yl group or a divalent derivative thereof;

M is a Group 4 metal, preferably hafnjum;

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
lines and arrows respectively.

5. A process according to claim 1 wherein the catalyst comprises a metal complex

corresponding to the formula:
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corresponding to the formula: T1 K > R MLX1 . wherein:
R11 is selected fromal kyl, cycloal kyl, heteroal kyl,
wey@bobsper oal kyl , aryl, and inertly substit utPdI/US2006/003209
derivatives thereof containing from1l to 30 atons not
counting hydrogen or a d&y ent derivative thereof; T1
is a divalent bridging/gro from1l to 4 1 atons
ot her than hydrogen, (}fer ka”to 20 atoms ot her
t han hydrogen, and no E? grably a nono- or di-
Cl. Zohydrocarbyl substituted nethylene or silane
group; and R12 is a C - O heteroaryl group containing
Lewi s bais®R isfaumatiliof Gadupt ¥-10 eSthe BeriridicyTahley thiegiometts; y| -
or subst jI':tiléIt el rogé/r i())gi nﬁ gr- Ios rr%ggon a{‘inil‘%l %rl Mp@l ent
derivat i ve fRErEGY PN P ] oup e P,’preferably
5 haf ni um X3k hals, lydreambginomhydivearbylaty; or  di ani oni ¢ | i gand
group; X .is a nunmber fromO to 5 indicating the
number ofS8UEH ™4 groups; and bonds, optional bonds
and el ect’rioa nd@baisélveed thpaivhle chagsbatanes;r epr esent ed by
lines, dottegd ljnes.and arro respectively. 5. A
process %f@c’%laﬂﬁliﬁé‘retlﬁﬁﬁgg‘f ‘hﬁ;ri gngdie the catal yst
]‘30 ner : S eih peudBbikk W@Xa@&{dfr@?@ﬂﬂiﬂi Népripdising e} polﬁmerized form at
ormul a:wherein M is a netal of G oups 4-10 of .the
10 leaspgh HipAomeTsRfelsd fom e eBpRTRBRFHnE Ofﬁthiy@‘e%PWP?}]%eg"’é’ﬂ,4'methyl'l'
penf¥¥.gen or phosphorus containing group; X2 is halo,
hydrocar byl , or hydrocarbyloxy; t is one or two; x" is
a nunber selected to provide charge bal ance; and T2
andN are linked by a bridging ligand. 6. A
pseudo- bl ock copol ymer according to claim2 conprising
in polynerized format |east one nononer selected from
the group consisting of ethylene, propylene and
4- met hyl - | pent ene.
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