CATALYST COMPOSITION COMPRISING SHUTTLING AGENT FOR ETHYLENE MULTI-BLOCK
COPOLYMER FORMATION Cross Reference Statement 5This application claims the benefit of U.S.
Provisional Application No. 60/553,906, filed March 17, 2004, For purposes of United States patent
practice, the contents of this provisional application are herein incorporated by reference. Background
of the Invention toThe present invention relates to compositions for polymerizing one or more
monomers or mixtures of monomers such as ethylene and one or more comonomers, to form an
interpolymer product having unigue physical properties, to a process for preparing such interpolymers,
and to the resulting po|y%%%8%6&5%%ﬁ3?9@$%%@%?%£ﬁ%%ﬁ§& ENG hods of using
these polymers in applicationSTEqUENG NRigUERSMBINAtBNSE Of pRYSIEMN piidpeTties. In still another 15
aspect, the invention relates to the articles prepared from these polymers. The inventive polymers
comprise two or mare diﬁeri&_ _regions or segments (blocks) causing the polymer to possess unique
physical prop%%%%%%ck copolymers and polymeric blends comprising the same are
usefully eriployed inthi pieisatatioltior Solibeasticte &/ sudincaisipnel dirgisafitmyoshEsis Sanditemed
objects by molfings extrusing.onetbes: prasessemenshare Hsefil as camperents goingedients in 20
adhesives, Iamin%%%gmpgrl @F%chpclgngls,ta nd ot eleglgend uses. The resulting products are used in the
manufacture of ¢ omponents for automobi egf Such as profiles, bumpers and trim parts; packaging
materials; electric cable insulation, and other applications. It has long been known that polymers
containing a bipghktypedsifuctireaftan have superior properties compared to random copolymers and

blends. For e'xamp'eqﬁé@ggéapgpam@@agﬁ eralymeagandbutadiens (SBe).and hydrogenated

versions of the same (SEBS) have an excellent combination of heat resistance and elasticity. Other

block copolymBt&tas FIEE TS (e BB AL P BISECEBRARTErS KiB\IR HEBAYRBplastic
elastomers (IPir}hvanierdesingie propaitrespeitiest o therpresdénceepirispfiicbindgsiones)cublocke
segments CO”@%QH&% pbREd: pithekcrysializableor dlassyhlocksn.thesanmes ReIRE Al

temperatures up to the melt temperature or glass transition 30temperature of the hard segments, the
polymers dem8REPETEEIRBISAIRNC SHAPLE &} %ﬁcﬁf’fg%%‘?tfg?ﬁﬁ BYCIraL RS Py MEFY BttBife flowable,
exhibitingthermsppiaticivelkimrioraikntvike mbth tsedrpi dvar ihesblobloeop dlienarsninelnderagtionic
polymerization.ang:sontolladoiagrasical pelymeszation duntertinate - thasgmsthedsakppeparing
block copolymers regulicr’eeset%[u%ggsael m tgg@rcgdo(iiitioergsangj t%?tcgr rﬁmcedsscin and the ggesa gf
monomers that Can bé usefu y employed 35In s ch methods are relative yﬂlrﬁff@ﬂ or exaemrple, in the
anionic polymensftip ottt en@apiepBeiat e ifrfo e A TSty bige kisspdigrnencaemyolymer
chain requires @stiehiapretic-amawt of dnitiaiacand the reswtingpelupershaye extiemsly narrow

molecularweight distribution, MyMn, Brslerabl fiom 1.9 1943 Addifenali, anioic and fiee-radica
processes are relatively oW rdsutting in pOOf process economics. it ould be deswagle to
produce block EHEN e eePRRRTEEINP HERTS LT 6 e 850fiRe PR RE iR R5FE PUISAEBE molecule
is produced fornfach catalyst abinitiatbrimoias uleerlmparditian, it would be highly desirable to produce
block copolymers frop,glefin manamets suif s luvlang-pIoRYIeRs. AndiANeL alhacalelips that are

generally unsuited for use in-anionic or free-radical p%nenzaﬂons. n certain of these polymers, it is
highly desirabl& tREHELTRBRIFAIICOEINE™ GONRET BIo R Sohprisamiinorpieris ki esuch as a
copolymerof etydensmandaiconiSbnmet hedpeciahy amorphous sand (BRES) pelyrmerscedmprising
ethylene and ap, aslefin, baying.3;-aRd-eaneciallyd oMo CaRan.ALOmS . Einallvmifwoud be highly

desirable to be able to use a continuous process for production of block copolymers. Previous
researchers have Seiied L LR PN A SRS g &N S TR BRSSP G HATIR B S e AL SR B E AARE S can be
used to preparevpodyheersshaving so§lllos vty ek diketestr oomeiy sagh eéssing shdmdtansfer

during the polygefizationfar examme.da-consusting thepalymarizaionpresess.initheabsgnce of a

chain transfer agent and %t a ?ufgicient%lo% tem qrat?gre such that chain g;ans{gr g¥§%}1yrdride
elimination’or StHEF GRS tARSTET SRLaSs Y R e h i Ein AT Oh o8 Sien ondlitions, the
sequential additopsofdiffetferroinoasrraeny Ssveaie tolrbsile theforviatiorbefpoly fers haethes

sequences or sggraenis-ofdifferan-nenamek content.Sevaral exanpiesot speh-catalyst

compositions and processes, are reviewed by Coates, Hustad Reinartz in Anaew. Chem., Int. Ed..
P U et R p st B e
sequential moromeraddition artibrdul f58iB pREttE i O P EaeE Polyride chein pererRik catalyst
center, which limiisicatahsst proguctivity izbka artdisiomibar equiremepsiohsalatively loveprecess
temperatures increases the process operating costs, making such processes unsuited for commercial
implementation. Moreover, the catalyst cannot be optimized for formation of each respective polymer
type, and therefore the entire process results in production of polymer blocks or segments of less than
maximal efficiency and/or quality. For example, formation of a certain quantity of prematurely
terminated polymer is generally 30unavoidable, resulting in the forming of blends having inferior
polymer properties. Accordingly, under normal operating conditions, for sequentially prepared block

copolymers having Mw/Mn of 1.5 or greater, the resulting distribution of block lengths is relatively
inhomoadeneniic not a moet nrobable dictribiition Einallvvy cearientialivy nrenared block connolhhymere




For these reasons, it would be highly desirable to provide a process for producing olefin copolymers in
well defined blocks or segments in a process using coordination polymerization catalysts capable of
operation at high catalytic efficiencies. In addition, it would be desirable to provide a process and
resulting block or segmented copolymers wherein insertion of terminal blocks 5or sequencing of blocks
within the polymer can be influenced by appropriate selection of process conditions Finally, it would be
desirable to provide a continuous process for producing multi-block copolymers. The use of certain
metal alkyl compounds and other compounds, such as hydrogen, as chain transfer agents to interrupt
chain growth PFGRTHS B&Wéﬁ?&f‘é‘?’f?&%&%%hﬁﬂﬁ@%ﬁ?rl APBAEHITEH® RIS RABIH 0 employ
such compoundsyespediatly aldthimarmiakyeborpbavidsiasdgavengersionds vegatdlysts:iivglefin
polymerizationg, kxMacromaleculas 331 9192:31:991(2000):the Mse.of gestain Alminuns trialkyl
compounds as,chain transfer agents in comhination with certain paired zirconocene catalyst
compositions FESuREETREIBRBTORyIERe Mixtures containing small quantities of polymer fractions
containing both isotdttievdher deaetichar Seg ek tehier arrkbSRyite haviacromotesylar Rapid
Comm., 22, 952:956{2Q01-and Brasaethiand Ry Macrempleciles S8i3026:3034:(2003)

mixtures of ethylene and 1-hexe [ lymerize -.a similar catalyst compasition containing
ety e e S B B o ar
studies in the TEIGRENE PRGBS GRifoHE BHiRRHY SorrmiikiN Gralve st dIstere e Wier known
polymerization:hehiadgmeanteudeddecoritekpolpmern micrhstiycierentGoueralsivdieschaxe been
performeg) of UG PRMEHEALLDBY,NDG Mo MR ENeR - muan AbsRIana L that, by

combining catalysts which separately give polyethene with different Mw, polyethene with broader and
in some case$BHTBAAMRASUEAH HERSOITEH S (STBA SRS RIfTYS 228 PURMEEE >, Part A: Polvm,
Chem., 38, 1488:di4i324(2000)) ceveloped. aF critbridnvinidgdrgblyelstithblMyW¥D birtodality of polymers

made by dual gipglessits catalysts aseempilifiedhpygthgne/1-hexene copolymerization of the
mixtures Et(Ind)2ZrCIl2/Cp2HfC1 aggaggglnd artC(‘EE:;LZI,CGC constraine 5n%E:Bcj)me&&catalyst) supported

on silica. Reiland ant RAHifERe (SO Chens - 163 "eB e t0 18 QBT E R RRure of
Et-(Ind)2ZrC12ahdtihen hathiste armbgbeincopipmesitaaoietf Stlwehdlaidundiueme.  These
studies do notgantain anvingicationahinterastianbatween dedwo wileseni:sites for example, by
readsotption of a termigated Cehs"éliﬂ %tetqje %Iter a'g\é(leﬂ ita(%.S fSuaf:h rea;%grttsarﬁéecggt n issued, however, for
polymerizatior?%}’llﬁ%ﬁae’ﬁ%.pE?ﬁlen et'al. fj?f v, Ser PArTAMBol N, em.?}f'}”ftﬁ%a 45
(1999), Makro#wl 2:80ha84 4708258y PHOYTYy stiinatopraptive palyraszatordsehoriogéatous binary
zirconocene catalystsd Avbienehaf ispdactic, pelyprepyieneilidr B) datacticpalypeepylenada-PR)itand a
stereoblagk raction (-RERAEE) s oliained wib.a binapcsysiem. comprisina.an dsospecific and an
aspecific’precursor With a borate an BA"as cociatalyst. §y using a %nglnary mixture of 1sospecific
and syndiospeamesT oo EeARY SheBIRE B TS MARIRC Py BrosyIRtR GYPPTISy RdtG e Poifropylene
(s-PP), and a stergeblamedtantiobd(jRPR 42x-PBY @asohtaisies The - xeckanigirefor formation of the

stereoblock fraction wag,propesed oy aiue.Lhg ﬁ@@@g&%m&m&i%ﬁ%@ nRibelyeeR,the two
different catalytic sites. P%byl\a and Fink (Acta Polvm., 50, 77-83 (1999)) used two different 10 types
[

of metallocen&& GESEPEEHELM B HBESHELIRL) BUPIBIRES St P d SR SRy HRopESRY -
polymerizatiornn tdyore fertepithatnithede tertairmtypecsf sitipasuppord;ehaithtansierbetween the
active species in.the gatalyst systemaccureds,antslareohipek BRyvas optainadsLighgy.and
Brintzintzer (Macromol, 3,91 -9%99 Zoo%égive gro osZYd a more dgt |Ie? explanation of how the
transfer of a gFeWRIG PEIMEF CRARTEN SPTERSR PRETAROCBR AT BREIRSME ERUPPREY studied
propene polymeritafionddyctiatady st ivixtUireskobrrsraiffe ditsativa-pircondcinescTha/diffiersht catalysts
Wlir? Eirst studied é_!@élﬁﬂfé%gbﬁ%ﬂﬂ@ Jle«g@er;@aﬁo@%ﬂ@%@mﬁy&%ﬁiﬁﬂ-@@}mﬁéﬂeﬁe@h@nge with r:he
alkylaluminum activator and then pairwise with respect to their capability to produge polymers with a
stereoblotk stiiéta i‘%a.mleh‘éef/’ullgﬁblr‘i%?et Tat ’f%‘i‘r%abtllcﬁ g’f’ SF@&%}BC g%ﬁbo@*ﬁ’?egrré By %ﬁ&%@g ‘of
zirconocene catdlystymathdiferenesisiosseiesivined iscoatrdgask upprarrs fiviaatHoRanery|
exchange between the:4r gatalystgentars.anddhe.dl ceatens eftheicooaialysh:Brusathhand Rytter

then disclosed their own abservations using paired zircgnocene catalysts to_polymerize mixtures of
ety lenel B e T L T B e o ation
activity,incorpavatksh BRESMBHEHIS TATTASHEIyINe M PSR RIFSIRIRY e tIgIRRIFBR h EBcatalyst.
Analysis ef the:feregeing-sesults indicate that Rytter and coworkers likely failed to utilize combinations
of catalyst, cocatalyst, and third components that were capable of readsorption of the 30 polymer
chain from the chain transfer agent onto both of the active catalytic sites, i.e., 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 35to 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 trancfer hetwween the catalvet citec actiiallvy took nlace in the earlier evnerimente <imilar




15is desirable to produce polymers having terminal blocks that are highly crystalline, that are
functionalized or more readily functionalized, or that possess other distinguishing properties. For
example; it is believed that polymers wherein the terminal segments or blocks are crystalline or glassy
possess improved abrasion resistance and thermal properties such as tensile strength, elastic
recovery and compression set. In addition, polymers wherein the blocks having amorphous
20properties are internal or primarily connected between crystalline or glassy blocks, have improved
elastomeric properti ch as imprqved.refractive for nd recovery, particularly at elevated
temperatures. In fig%efbﬁﬁmﬁg%%’%%’f%%; ,Hél%ggﬁ’ ,thié%ai 1\c{}ﬁ%ss }[ﬂrep reof%g”cfgg 1c"flatalyz’ed
living polymerigeribrnssnititsie Eefard P iton reestt OR 2 PHe et caeRlinatiest anred Hetivg
25polymerizatigmimsthispabanieperatiod atifigh ain irangfe doc rlU MindaHeanstisiRS thessalg: ttansfer
mechanism and the exchange of the:growing. RolymeL Lhainhetween the transitign meta) and the

aluminum centers is very fast and reversible, the polymer chains will appear to be growing on the
aluminum tentSreedieR) btsk FEALD REBRBYE GRR Brbulr sy SaenyreE Ehsis growirRsattion on
aluminum... Anattiaotive Bainanifestabodeoftiv sotypeidé ¢chan:growicreactiopridaiRoiaganidistribution
of product molggﬂg@ﬁl\g{@ights, as opposed to the Schulz-Flory distribution that arises when 13-H
transfer accompanies rog)a ation." TQR? eé%shors reIFgrte the results for the catalyzed living
hoinopolymnerization ?%%g%é’%%aﬂsr?ﬁg AT SRESALaHRG EataR SRR el a8 SH AR 2 ER T nMe, , or
Zn(i-Pr),. Homohraptic @8etikyliisfan thiugre boropietin pillikarizanegriesiiinand letid did ot induce
Catalyzedzclhaiélld@m,tktﬁﬁgddﬁhgg GaMenas &ﬁ@%&@@te@giaﬂﬁ@ﬂafmzﬁm%m@wﬁ@mymer haviglg a
narrow molecular weight distribution. .H ver, after analysi time:dependept product distribution,
the authors conciudec °tﬂﬁ§sr%cgiétiaéyr?t€/v13§1\é%o%01 sf%ﬁgoﬁtgfyyéa%mwbp%ﬁ%h%%é%%%.&g@é reference
fails to disclosé e e or s BHHBIE CatA5Ers Pie shibratiersiviticerchnneshintimgagentte make
multi-block 5coppéyrrers«SimilatprocassesiemplayingisiRglereaialsis-havebeenidesarived in USP's
5,210,338, 5,276,220, a1 6,444,867, .onERHISEMOMKEIS: Dave claimed o have formed block

copolymers using a single Ziegler-Natta type catalg:t in multiple reactors arfanged in series, see for
example Usp &3 9 7haeiangrqUp s S8R ditidrar Zfdgiei Nat B assrpidedsses and polymers are
disclosed in USRigctide 97k, 3863 BHOBY 572800 hilkB7#6 Bf &I a8 150334208 boBR:ALd, 1,270,276,
5,270,410; 5,294,581, 23, ApfiRor o0k Ak e SR A 1338 WELASHPER A0 11 and

EP-A-500,530. Despite the advanc,e§ bg/ the foregoing researchers, there remains a need in the art
for a polymeriZ&tiEH S e A e AR B aF ST AR AT b Ee ARECEGSTRAIST S WEHEEHIRF multi-block
copolymers, anchirirdst especially linear multi-block copolymers, in high yield and selectivity.

15Moreovgr, it would be-ggsgirablesdfihese weresrrayided.andmpreved PIRcass. for Rrepardng multi-
block copolymers, es eci?gb)éllinear multi-block cgg\%lymers, of two gr more olefin monomers such as
0

ethylene and one Sr W ﬂ&ﬁro%lérr%%%@hi fe Use B & SRR Qd&7. AFamitioh fH0568Id be
desirable to provigelsnefrativiniprovatpiveesstthenckr sapaieref: preparneumutibisek Eppolymers,
especially linear rauti-Black copalymess, Bavingyaralalirphn aarow melaswlarweightdistribution. 201t
would further be desirable, to provide an improve ?rﬂﬁe‘LSSf r preparing olymers . haying more than
two segments or BTf?él?sr?fﬁrrt ueczi(r)rlﬁ(g{r)(%ﬂ,&itC av@%uﬁanggai esirakﬁaen%(j)eﬁ)r%\g/llléfg a[gfoaé%%asn?orr?ﬁe‘ ifying
combinatidns of cBeAlystScandtéhatn-SRuBAg S ets LASALRE GRPAARIAE Sgrt muttissiociecopolymers.
Even further, it waiild:be desirabienn provitde:a processfomindapendeningrnire ke order of the
various polymer blocks,.especially a process for preparing, olefin block copolymers 25containing
terminal blocks hae\ﬁ?lllép %ﬁcr sfallinit)} a?ld/oer functiongﬁ Fina 3‘/’,“it' W8€|d k%)ééjdeslﬁh e 1o provide an
improved processitprEpakivg:Biyiofat frEdsith e Sifbl < ioRiHBI hrevassincaasntinuous
process, without reguires: seqentiallsidditien ¢iamanomescdtghlyidesirablysauch prexess allows for
independept contrgl gf she, quantity aadios islentity.of the.shullling agenys). andior.catalysts used. 30
Summary of the Invent o According to the present invention there are now provided a composition for
use in the polymefiZ&tiof bt B @tdition polymerizable monomer, preferably two or more addition
polymerizable monomer§hespeciady athylereiand:at ledskhone copddyarier Zebtecorionemer, to form

35a seamented copalymer: (multiRlackcopalymen:.aait.conalymetcontaining thersinswo or more,
preferably three or more segmen in one or more chemical or physical properties

A Is or.plogks differing in F Erhoene fepe et 7
as further disclosed Hef@ih the CSpSSTon Comprising the KRR CIrE Srreactioh pradiet resulting
from comBining: () SmifirStal Nl plalynbdeizationZéatalyst, (1999), Makromol., 30, 3447-3458
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(B) a second olefin polymerization catalyst capable of preparing polymers differing in chemical or
physical properties from the polymer prepared by catalyst (A) under equivalent polymerization
conditions, and (C) a chain shuttling agent; and preferably the admixture or reaction product
resulting from combining: 10(A) a first olefin polymerization catalyst having a high comonomer
incorporation index, (B) a second olefin polymerization catalyst having a comonomer incorporation
index less than 95 percent, preferably less than 90 percent, more preferably less than 25 percent, and

most preferably legsqthan, LO.PEIGRAL gfihe Mana) %@Q%‘%@%@&L‘ﬁ%&?‘dezﬁc%frl%c?éa%’o%[éﬁgﬁfg‘g or (©)a

chain shuttling agent. 15In another embodiment of the invéntion IS provide
selecting an admiktuts™r Cat&ifatE APAREP BT 2indidhain rtiteimg ayentte) capablewst producing
multi-block copolymersiadcdrdiing td-the-mbRntian oespecialyisuchieopelymerscepmpiising ethylene in

polymerized form;.tn aduther arahedimeniahihs ALessOLIDNERSaRDCLe 2 RIovided.g, process for
preparing a 20segmented, copo}y_merén(?{spemally such C(_})golymer comprising etlg ene and optionally
one or mote addi?fﬁ}?rﬁorfi)ﬁér?iz%b’lseo%“d Sinidrs S BTEH & (RYTaME SR pbleds ciRistising
contacting ethylemelandrpistio AdiR).civedstariorecadditiotepolyPietizab e smonidmegother than ethylene
und(;ar additioln po%ﬁwiﬁ@tkgﬂ s@mkt&on&%&@@@@@@%ﬂ%ﬁ%%@%ﬁ%fﬁ%&% reaction
product resulting from combining: 25(A) a first olefin polymerization, catalyst having, a high comonomer
incorporation ind&?poseg(@) léwgec?o% gfghann%eoﬁ/fe é?%l |Blﬁgc§f51§f§%) tél’v\?l‘engt1i ECScHERREY incorporation
index less than 9@3s8YEertcpreferably 1ss tHaroe Bekoant mdsEpréfefablyae ssaiafietpercent of the
monomer incorporalionindex abcatalsstdA): and syndi¢Gramhaipshutiingrnest 30Breferably, the

foregoing process }glg%g tQ%g{ﬂ&fna ?RQJirnH%t’e% %Aytioig%prgc%slg fo% f&rg}ilggsglogﬁc&%gymers,

especially multi-biock coBo ymers, pre erébfy iInear multi- foc copolymers of WO OF more monomers,

more especially &R ETEra DI 2F0V6 RO BTt srikmostiEsperiafrparsh&and a 04.20

a-olefin, using multipleocataly Stetthaha frindapaliiéof dntercomersion (Jap isstheoatasts are

chemically distincf, \ndercopiinuous.saluion.palyuerization, condisons, &H&Pﬂg&ef% '%é‘é'ea”y suited
r thes

for polymerization of mixtures of monomers at high monomer conversions. Unde

polymerization coMdRGHE EMuHNIAE PSP IREChaiTSHTTHIRG RGRTHE tBARE IR DB ebiEs advantaged
compared to chaimigrowsh{ snddifiigitinblock-copotymess, Bepdiialy: iImeasmukidloskscdpdlymers
according to the ipyentiomaradormed i high sfficiencywnin angther,ambodiment of the ipvention there
is provided a segrz}gp?tiad corg]o‘!iy{ne{ gmuilti&l block copolymer), especially such a copolymer comprising
ethylene in polymEri7BH oI, SAEFEO 58T Hiar BmEing tRERsT BT rcdlBrétd?siF three or more
segments differingoinmegmpHbraetesnteit Bridersity oroterratieimicilosphy sicebppsity. Highly

preferablygthe copelymes possesses-asmeleshdaswaightydistinytion.Mwidn.ofilassdhan 3.0,
preferably less than 102.8. Most pr. ferabléi the olg{lners of the invention are eth Ieng multi-block
corm{x ent wnon an eflicl ntg {ymn exchange betwesn tne rcatal‘z'st ceaﬁfe S g thel.
copolymers. Inyetanother embodiment of the inverition, there are provided functionalized
derivatives of the foreg6ingisetfr@ied or multi-block copolymers. In a still further embodiment of the
present invention, there is provided a polymer mixture comprising: (1) an organic or inorganic polymer,
preferably a homopolymey, of eihylene.ox ol aaraeyiene andiara copolymenaf ehvlene or propyiene
and a copolymerizable comonomer, and (2) a multi-block copolymer according to the present invention

or preparéd aceErdRY e e P SSBrmE Prass P vaRtion e Eaesi s e armssdifterdiebmponent
(1) is a matrix gelyseyscomprisiag-high densityrpolyethide nbconisoiactimppbprepyliene:angeomponent

(2) is an elastomeric mulishlack copalymer. In a preferred embodiment, component (2) comprises
occlusions of the matrix 20 po%‘mer formed durii[r‘;%com ounding of com onents\%il) and (2). 25 30
o

The present inventior M58 HPoHEL AR e B b@%lﬁ&bﬁﬂ?ﬁ@cﬁ?%ﬁfg@d Belw e gicsted with
the numbers lct@eBifations 4f Ao pasitiprL.compising e atniixtueecorrgactibnrgroduoh kgsting from
combining; (A) first olefin-polvmerizationcatalyst(B)a segond:@lefinpalymerization catalyst
capable of preparing polymers dlf,fgl’l[’l% ﬂw chlemltgaal or physical properties fgfom the polymer prepared
by catalyst (A) HHOSF BefuiV SrERE O e LA CRUORE Sl toc presonce of mmetiylalutuinum

likely occurred with respect to polymer formed from the catalyst incorporating minimal

comonamer, and thereafter that polymery! exchange with the more open catalytic site followed by
continued polymerization likely occurred, evidence of the reverse flow of polymer ligands appeared

35 to be lacking in the reference. In fact, in a later communication, Rytter, et. al., Polvmer, 45, 7853~
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(C) a chain shuttling agent. 2. A composition according to claim | wherein catalyst (B) has a
comonomer l10incorporation index less than the comonomer incorporation index of catalyst (A). 3.
A composition according to claim 1 wherein the shuttling agent is an aluminum, zinc or gallium
compound containing at least one hydrocarbyl substituent having from | to 12 carbons. 4., A
catalyst composition according to claim 3 wherein the shuttling agent is triethylaluminum or diethylzinc.
155.A composition according to claim 1 wherein catalyst (A) comprises a complex comprising a
transition metal se}ected‘from GrouEsh4-8 o)fflthe Perjodic Table of the Elements and one or more
delocalized, ufSBoAHE I ZRUERY Bolvales Tuévt@ai%sé?see TGRNEE B2 R SHRHBSEh UEBREHG to claim 5
wherein catalyist ¢Xjicoresponts forike fobmarzafirR ¥2m teRird 20WHBEEH70.  Ril is selected from

alkyl, cycloallcyl, hetgroatkyk syslahetergadkyls ande and-ineriivsubstivied derivatives thereof
containing from 1150 30 atoms not counting.hydrogen or a divalent derivative tzlgereof; Tiisa

divalent bridg|Iﬁegtagr%3fj"f)e8?L fom 10 41 Atoms other than hygﬁ%gti‘éons;tgﬁ(asﬁglﬁf Sa %ﬁg% heteroaryl

group corftainffferieams ibasezptint fomitsiaes # dibupareastaly xetissarramentceRuiral or dianionic
ligand group; yrisw:ndmbesdieapdyieh ndicasingdhe nurber-ohauainXagiaups santspective bonds,
optional bonds and electron denative inferagiiong, (g {c‘?rﬁcg?s%?snstﬁgi}? g}ﬁf?érgx?ég?d 3Qlines and arrows

I
respectively. 7.”A composition according to claim 8 wherein catalyst (B corresporﬁ%ls%t e formula:

wherein M2 st Riga BPRSTEFRUTE PEPRTE PER DU st SR alaHme At srrrbawibieten, oxygen
or phosphorusgohtanisgmpio FnsExXansd &on bytrocadinershiycire catbyioxy rédsionecaditives. X" is a
number sglecigd 19 royide charae halanceandJ2-andidarelinkesihy. avidgingligand..; 8. A

process for preparing a multi-block copolymer comprising contacting one or more 10addition

polyrnerizabIeﬂ?‘FfSﬁ%’Fﬁé‘PéhﬁhB?P%&]d’ff% P RNEH, KT OO RS With ™ L8RP S5 HiBF4EEbTing to

claim 1. Gedpariiit Holck Eopblymier somphisinipireislynielizepbomristhyldaesdnch dmemblmore

(c;; Follymerizakakef&qmmmiﬁg aai@@@ﬁghgeﬁﬂmat@im B?@%Hﬁf%&@cﬁé{%%riﬁfwﬁoﬁ?@ meptheE blocks
iffering in comonomer content, crystallinity, densit ing, point or S transition.temperature.

1510. An olefTF R Ul EH AT ot P T Bk S s Se B L A sy, o,

in grams’éubiés cesitivle temroadhieramvinasagicEn Pl et tieavakiabieg soiaspbathte the

relationship:  funclibasbzz2Q0 Z:Sreh ABBBEI iy B4 202 (1) 2o wike BRiftheine pelymer Ihas a Mw/NI,,
from 1.7 1o 3"rémmple}%‘ifb@i&%‘?ﬁ%ﬁt&éﬁgyg@ﬁe@%{ lf@lg '?erMi\{lvz{ sggrggnrtg c%li'gggcéa?é crystalline or
glassy possess improved abrasion resistance and thermal properties such as {ensile strength, elastic
recovery and compression set. In addition, polymers wherein the blocks having amorphous
20 properties are internal or primarily connected between crystalline or glassy blocks, have improved
elastomeric properties, such as improved retractive force and recovery, particularly at elevated
temperaturss.

In JACS, 2004, 126, 16701-10712, Gibson, er al discuss the effects of “catalyzed living

polymerization” on molecular weight distribution. The authors define catalyzed living
25 polymerization in this manner:

. ..1f chain transfer to aluminum constitutes the sole transfer mechanism and the exchange
of the growing polymer chain between the transition metal and the aluminum centers is very fast
and reversible, the potymer chains will appear to be growi11g on the aluminum centers. This can
fhen reasonably be described as a catalyzed chain grbwth reaction on aluminum,.. An attractive

30 manifestation of this type of chain growth reaction is a Poisson distribution of product molecular
weights, as opposed to the Schulz-Flory distribution that arises when B-H transfer accompanies
propagation.”

The authors reported the results for the catalyzed living homopolymerization of ethylene
using an iron containing catalyst in combination with ZnEt;, ZnMe,, or Zn(i-Pr);. Homoleptic

35 alkyls of aluminum, boron, tin, lithium, magnesium and lead did not induce catatyzed chain growth.
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a delta quantity (tallest DSC peak minus tallest CRYSTAF peak) greater than the quantity, y*, defined
by the equation: y* > -0.1299(AH) + 62.81, and a heat of fusion up to 130 J/g, 25wherein the
CRYSTAF peak is determined using at least 5 percent of the cumulative polymer, and if less than 5
percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF temperature is 30C,
and AH is the numerical value of the heat of fusion in J/g. 12. An olefin interpolymer having a
tensile strength above 10 MPa and an elongation at break of at least 600 percent at a crosshead
separation rate of 11 cm/minute. 3013. An olefin interpalymer having a delta quantity (tallest DSC peak
(measured froHF%G&B%ﬁﬁ%ﬂ)°ﬁﬁ?ﬂ%’d&’fé‘fﬂéﬂ&lﬁ:fﬁ%?§ﬁ*ﬂ%°5&3&&'&?‘&5@%5ﬁ%§&%ﬂ6¢§%é’“§f%’f fusion
greater than ofiegibatito. TBGdYg;, wive reiivtieo TRY STAE pe akcindaierinmied tsingatsleast@ggercent of

the cumulativespolymer, aad-fessithananereent:afdhe-Rolyeer haganidentifialle, GRYsd AF peak,
then the CRYSTAF temperature is 30C.. 14. An oJ%fin inter o‘%{mer havir;% Dstoragog modulus
A

ratio, G'(25C)/ B 1T S I 1R B0 ARG R %@Oélo?ﬁbraegs%gln ST BFIREE * 15.An
olefin interpolyserstvzeyin G e r oS SRrEHIBE ST 85 37 hane by altetriickiHg RS raAbE B equal to
or less than 100: s/ 448604R8%7516. An uncrosslinked, elastomeric, olefin interpolymer comprising

in polymerized form gt Igast 0.male SIGERSHIENS AR 3 J9G.compression.seL gl legs than 0
percent. 17. A polymer according to any one of c 6 |’V

_ _ > of claims 9-16, or preparab ellr)uf/ the method of claim
8, containing aSInEREEF SAMME RTERTIRG SEMECTM)ES hisakursdmy OSE s 397048 2adpolymer
according to anyane of tidithe Aieglarfrepasabiecbys ik eibioc 0f ataiabed, ihawhg a
thermomeghanical analysis penatration-depth ofs1amm aba temperaturs ol At least 99C, and a flexural

modulus of from 3 kpsi (20 MP&}) to 13 kpSié%O IVIYa). 19, A polymer according to claim 18 having
a thermomechaniéal®anal/sié Peretation BEpth of i &t ﬁst@rﬁﬁé’?éqtmé'/dfaﬁ‘ﬂ E56t96¢%4nd a
flexural modulus of fribesp8ekpsk(2OMPa)the BB4ahei (8021072 tHEE2OmAIpelymemdocarding to any one
coring (0 K e O P e et it Sl T8 houng A
abrasion resist?ﬁ%%gfuﬁng ToEs S %%?Q?n%% @8%@?@{’8?}{ ssefﬁalﬁ%ég’ rﬁ?gmgse?ﬁ?%%olymer
according!fo aMpoaecniichkantsbe JEairaigifdiratatsie 159 el fTetnpd i ciaires20BrReaving T tabrasion
resistance volwpelossesecal dingdantS@e.4640:0filessdpanR8s einvand havingm sigagesmedulus, G',
such that log (G") is greater than or equal to 0.4 MPa, at a te ature of 100C.. . 23.A polymer
according to cleési%ﬁﬁli%rﬁaa\n/?n%n%ﬁra erggﬁ)%o}rlgg%%éwctgé\/% ?J?Tf]té r%%%{lgﬁgﬁffﬁn% %8%‘&8 ﬁé‘ﬁ’&%? fess than
90 mni3 and hdw#g's ol SielaREPEY SRR TR0l (S o errsri2Smlir BrEGap oy MPa at
a temperature @pdQ0K linear méitidpatyEnLvaeehding torakival? Qhavinglannabragiaikesistance

volume logs aGeQiNg. 0. 4843 of s Mo 30MN3 Anctlang.B.Ai/age MR Bysuch that

log (G') is greaterq[han or equal to 0. a, at a temperature of 1 . A polymer according

to claim 21 haViHe A S8FEE ATRSRETCERBTM I 3584 b Srairng st o rser 46256t fé%s than 90 mm3
and having a sttragenmoduliistiGls stichatixat dod)ch@h) sbugtaatarthanbeaiakin® sdoviia;divinck

temperature of 109G .- £08; MQ?&'MQI:@%E%@M%%&&F&Q|¥%£e§§§9ﬁ9&39¢£9e§{%% Qhglaims
9-16, or preparable by the method of cl 27. A polymer accor%}g% to any one of claims

. i 8! .

9-16, or preparﬁﬂﬁ‘éowlfh‘?ffﬂ‘és[%y%?rﬁ%%f@%e,c@}l%ac?fﬁ?ﬁ%sfﬁfé’ﬁegﬁ?ﬂﬁﬁ? Ae< SPRET the form of a
film, at least onedayerofanimilblayertfimg atheastbméetaydrofmdarmiiiatetimtticie varfidamed article, a
fiber, a nonwoven, falric.,ariiegting-meldedartisie-abiovimelded arlicie, a-Latarnelged-article, or an
adhesive. Brief DescrjEtlon af the Drawings . ) .. .

products 1 & continuous process, without required sequential addition of monomers. Highly

desirably, such process allows for independent control of the quantity and/or identity of the

shuttling agent(s} and/or catalysts used,

30

Summary of the Invention

According to the present invention there are now provided a composition for use in the
polymerization of an addition polymerizable monomer, preferably two or more addition
polymerizable monomers, especially ethylene and at least one copolymerizable comonomer, to form

35 asegmented copolymer (multi-block copelymer}, said copolymer containing therein two or more,
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Figure 1 is a schematic representation of the process of polymer chain shuttling involving two catalyst
sites. Figure 2 shows plots of delta DSC-CRYSTAF as a function of DSC Melt Enthalpy for
Examples 1-19, Comparative polymers A-F, and conventional ethylene/octene copolymers.

Figures 3-27 are DSC heating curves and corresponding CRYSTAF reports for the polymers of
Examples 1-19 and Comparative polymers A-F, including peak temperature assignments and weight
fraction integrations for the areas corresponding to the respective peak temperatures. Figure 28 is
a low resolution micrograph showing crystal structure of various comparative polymers as well as
polymers prear&e by UEs 8F Da RGFaTRSt At RHERPS A i 6 S5enEsesi iRt He invention.
Figure 29 is ahighriessl itiormiiciogiaph showgitheitnorphglogycha:domparativedcsthylene/l-octene
copolymer as gyg&ﬁa&@ggg&rgggﬁi&&q%opolymers prepared according to the invention. Figure
30 depicts 300 percent strain cycle behavigr for samples prepared from the polymer 5of Example 17.
Figure 31 depicts Stfesé HEIAGR BFCrosliRkET Fibers from the polymer of Example 11 and
Comparative G at 218 anet4GQ!=fin pRiguReRB2 wirdy38carebiofyuhtne grolymes difkrberiaverage
molecular weight{iLYin)} as,.adunesieniafnigldfon the-pelymanzations,candusied-in:Examples 27 and 28
respectively. 10!:#-935%?45 igogdglrg h Ko peak melting tempe, arure versus density for multi-block
ethylene/1- octene é‘ézpo?ymers of the invention (line) as well as for typical conventional
ethylene/l-octene coffolyiier fuiiive)2a=i§dre 35 is a graph of storage modulus as a function of
temperature for compafative etyiepeit-actantnansipropylens/ ihylenemagpolymers and for two
ethylenerfzoctene mull plack dasonaimeranidis B ye0en mede.nith dlfeling guantiies.of chain

shuttling agent. Figures 36-49 are DSC heating curves and corresponding CRYSTAF reports for the
polymers of Examplé8/2458P AR ERNTATAARIEE T/t depReh i maltditg paaicteise attire
assignments aha Wepghtirgetitreintégratiars forcthe srwasretnmrdsponding 16 thresrespdctive peak
temperatures-prefeﬂ%ufésﬁgaﬁh@‘ﬁ@d@@@ﬂé delia RRCCRYRAAR As-afunction @) DRC Melt Enthalpy
for polymers of Examples 24, 25, 29-33, Comparative polymers M-P, and conventional
ethylene/octene cop&@ﬁl‘é‘r@fl Shm}“ﬁiéﬁff‘é‘s 51-53 are atomic force microscopic images of microtomed
samples of injection meldédrphabpdescof iftirdoyarodifitd: iSeteactit polyprbpy feneledimesponding to
samples a, b apg;ghot 2bLalles13: eIReriMelNain shulifdS: 84 (8 aRlaiofoetens.content of T REF
fractionated et%l ne/ I-octege cggptpéyng}ertigrggti%rg% I\{ersggél'Rl%F elution tempet{afure.of the fraction for
the polymer of Qgrxﬁfﬁsea and" ‘Cogmi)a{?a Ve r)oi mers £ andF>Ymers Clelra%rrlseu?ﬁg |§"§nﬁlbri of octene
content of TREYrasiohiaied ethylene/ |I-octene copolymer 30fractions versus TREF elution
temperature of the fractipaifer dhs-paiymeraf frxaimple-brand.os compatatiecksDrtailegkigscription of
the Inven%t‘&on tAaJI refelrences to Ime Pi;(iodi Table of the EI% ents herein apall refer to the

Periodic Table eérbmg t%éclgﬁ)é)rﬁrélﬁ%sfsﬁeﬁbahgﬁgc and 2;"31§§ﬁ5‘ﬁ él 1%%/6 %%at%so , lloﬁlcj,yzc‘%?ﬁ?g.rﬂgg, any
references to &l9GHUR BPRE IS SHARBEHF IHE GBS B BibUIPEFeHUBIEH A WTePaRsHdPable of
the Elements usingithe:iy BAGr syaten fosnnvinbetiayigrmipamddnpigsstistatead tadhaiepntsatyy implicit

from the conte>%tl,yglre Ig%;gmgﬁgim&pgﬁrg, c%@g{@g%ggg&%pts are bgsepl on weight_. Fc_)r purposes of
United States patent Eractlce, the contents of any patent, patent application, or publication referenced

Sherein are hereby i PRE OB e e SR e BB P PR equivalent US version thereof is
so incorpmrated by referefice pespeciatlyrinitior espieet itevthe disdl osure i yrthptieitechnigues,
_deflnltlons (to the ext@ntLNOLNCORSE @@h\éﬁ%ﬁ:@éa@ﬁy&'ﬁ_&\ﬂﬁg&f%ﬂ%‘ﬁgﬂ@[Eé&%&@goﬁ%ﬁl%&aic@0W|Edge
in the art. The term "comprising” and derivatives thereof is not intended to_exclude the presence of
10any additiortH cORpEHEM SR B SR 0 RS W TRY BRROTHECEETE I TisEidEet herein, In order
to avoid any doulty:atiacdrmpositions wainted Hetdi thrdugh use of the term "comprising” may include
any additional additive;, adjvant.a-eampound whether polymeric or otherwise, unless stated to the
contrary. In contrast, Ptrle tebrin), "c%nsjrstinv essen "all¥1 of;. exclgdes from the1 scope of any succeeding
recitation’any other CoMBARENT StaF orProtadUTe. excepting thosa THAT Ate Hot 1BeEsehtial to
operability. Thétems bsohsimtingrsfs axetadisaHi-eorisonernStep Sk prbdadtransbtospsEcifically
delineated or liseghJhedern pmorriessstated-0enwise efers dhelistachmenhessiimdividually as
well as in any combination. he term "polymer”. includes both canventional homopolymers, that is,
homogeneousaﬁ%fﬁ?ﬁte?sspﬁcrlgg fed %noerﬁna %@%’g%%g_ﬁ%rﬁéﬁﬁg% %151 %%ﬁé%f%ﬁ%r%agﬁfe%ﬁ%%%ég ly referred
to herein as  intercenversion. That is the catalysts are chemically distinet, Under continuous solution

35  polymerization conditions, the process is ideally suited for polymerization of mixtures of monomers
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interpolymers), meaning polymers prepared by reaction of at least two monomers or otherwise
containing chemically differentiated segments or blocks therein even if formed from a single monomer.
More specifically, the term "polyethylene” includes homopolymers of ethylene and copolymers of
ethylene and one or more C3.8 a-olefins in which ethylene comprises at least 50 mole percent. The
term "crystalline” if employed, refers to a polymer that possesses a first order 25transition or crystalline
melting point{Tig) mendwts rinerditns. diffae tittad sohimehingital ormidirys(B8@jrgriequivatkrttechnique.
The term may,haimsgdinerrhanacabemith e lauy SAPIRY Sialing o dbe, Bimuamerppous” refers to
a polymer lacking a crystallin eItinI%}ﬁtoirg aks detlermined b _differEntiaI scanning calorimetry (DSC)
or equivalent RN L ReTUNLEISER SBSBRTE P ST B e FaH P eto a
polymer 30cefigeising two or more chemically distinct regions or segments (referred to as "blocks")
preferably joined ina JiaaRr sdRBRIthaLis, iABRlYyMescQmRisieg gbb%m&aél%%ﬁ tiglggd. units which
are joined ergilégg-end with res ecgt ‘?G%Igmeri ed eth&{lenic fun%iiona ity', rather than in pendent or

0
grafted fashiol i & Prafen S EnIbbaTnent the BInCHERAFEE 7y %%ﬁglﬁwgp‘?%g}%?’@ﬁ%onomer
incorporateddretsi; teateaisityomie imeuntref repjaeblirityecthonenpstediitentsidéfatitrivatable to a

35polymer of.seeh-eermpasitiondhadyne fedaargaicitasticity dsplacticionsyndigiastig), regio-

regularity or regio-irregularity, the amount of branching, ipcluding long chajn branching or hyper-
oranching, (e M NSRRI o e et h B BT S fod

copolynmiérs afhestiprefratiivefhel sy espol iy pridduse dihyiose qudiriiidadnemeineeraddition, fluxional

catalysts, or anionig,RRiRERZALM RN ITURSIHIREcAPAKRES RF he: inverntianAla&shatacterized by
unique distri%yetifonas of boeth GSJQ/&%?%BR%%%E%SL Plgl or Mw/Mn), block length distribution, and/or
block numbet distrbution caue, in a pre%erred SRbodinient, to the effect of the shuttling agent(s) in
combination with miaaptd! fethpy smbodmmenspibifieratigatwiieriproderedeinr vidsd ntinbioiss pigesss, the
polymers desiabliines3ess Mhitamidotdeid Oy peef araoiblton B da a: speug pretgrably from 1.8 to
2.2, and most grﬁferaberom 1.8 1&%{[. }{Vﬁe%)[r)r?gu ed |arrll batct%/or 10 ?mi-batch rocd? ? the
polymers de&irABIs S 354852 BB Hom L B0 8°g” Brter A i frd i oS B A ST BB rE &S @ rom 1.4 to
2.0, and mostipubifdiatipdpolvierptec1dde to i presairinvenhigplenaymaiddeskdiepolhmpdceseshs a
mﬁlt:-block C@E%%E@ﬁfiﬁ@ml : 111.5i%@ﬁ%ﬂ%@eﬁﬁ@dﬁﬁ@ﬂomﬁﬁmplﬁmﬁ%ﬁ@@ﬁﬁwl S g, wherein
ethylene comprises a pluyality .of the, merized mpnomer units o east one block or segment in
the polymor, KFBASTAL PR LTS8 YR EGERT S Ehbr TRt U e goien, ancl
most preferablycatdecisti®s inclerpisrserrndbdmidnbloukpBase@d)onnptakpotyhmaenyeigivt rificxethylene
multi-blagk copolymers,of ShedreseiunuentionREsierally havepn ethylene content from 25 to 97
percent, more preferably from 40 to 96 percent, even more preferably from 55 to 95 percent, and most
preferably from 65 to 85 percent. 20Because the respective distinguishable segments or blocks
formed from two of more monomers are joined into single polymer chains, the polymer cannot be
completely fractionated using standard selective extraction techniques. For example, polymers
containing regions that are relatively crystalline (high density segments) and regions that are relatively
amorphous (lower density segments) cannot be selectively extracted or fractionated using differing
solventgsin a 25preferred embodiment the quantity of extractable polymer using either a dialkyl ether-
or an alkane- solvent is less than 10 percent, preferably less than 7 parcent, more preferably less than
5 percent and most preferably less than 2 percent of the total polymer weight. In addition, the
multi-block copolymers of the invention desirably possess a PDI fitting a Schutz-Flory distribution
rather than a Poisson distribution. The use of the present polymerization 30process results in a
product having both a polydisperse block distribution as well as a polydisperse distribution of block
sizes. This ultimates in the formation of polymer products having improved and distinguishable
physicafroperties. The theoretical benefits of a polydisperse, block distribution have been previously
modeled and discussed in Potemkin, Physical Review E (1998) 57(6), p. 6902-6912, and Dobrynin, J.
Chem. Phys. (1997) 107(21), p 9234-9238, In a further embodiment, the polymers of the
invention, especially those made in a continuous, solution polymerization reactor, possess a most
probable distribution of block lengths. Most preferred polymers according to the invention are
multi-block copolymers containing 4 or more blocks or segments including terminal blocks. 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, well-mixed reactor, the block lengths of the resulting polymer
prepared using 2 or more catalysts will each conform to a most probable distribution, derived in the
following manner, wherein p is the probability of propagation with respect to block 10sequences from
catalyst i. The theoretical treatment is based on standard assumptions and methods known in the art
and used in predicting the effects of polymerization kinetics on molecular architecture, including the
use of mass action reaction rate expressions that are not affected by chain or block lengths. Such

methods have been previously disclosed in W. H. Ray. J. Macromol. Sci., Rev. Macromol. Chem., C8,
1 (1072 and A E Hamielee and 1l E MacGreaonr "Polvvmer Reactionon 18 Fnaineerinad" K H Reichart



Rp[i] Rt[i]Rs[i][Ci] for each catalysti = {1,2...}, where, 25Rp[i] = Rate of monomer consumption by
catalyst i, (moles/L), Rt[i] = Total rate of chain transfer and termination for catalyst i, (moles/L), Rs[i] =
Rate of chain shuttling with dormant polymer to other catalysts, (moles/U), and [CO= Concentration of
catalyst i (moles/L). Dormant polymer chains refers to polymer chains that are attached to a CSA.
30The overall ingnemer. CORSUAMLON o Nolymerpropagation tate; Rp(l, is,defined using an apparent
rate constanf; kdi -pualtiplied. by adofakmanamer concentration,JM], asfollews: Rp[i] =0 41 [M][Ci] The
total chain transfer rate is given below including values for chain transfer to hydrogen (IT), beta hydride
elimination, and chain transfer to chain shuttling agent (CSA). The reactor residence time is given by 0
and each subscripted k vahf&TE it COmEERE R AT o e ProgridiTeiines Rai[CSAI[Ci) 5For
a dual catalystrsyisiegn, the rate of chain shuttling of polymer between catalysts 1 and 2 is given as

follows: Rs[l] = Rs[2} 7, 0ikailfe@Al R kRAK A2l 1y, I more than 2 catalysts are employed then
added terms and complexity in the theoretical relation for Rs][i] result, but the ultimate conclusion that

the resufting block fERGHF SRR SR Fo oV Sisamesol rrudtegolymek Siffegagigrein with
respect to a chenvigalrghmpeuncdpautite Sssieciitatiy indieatbblyathapatise) théesingideincludes all
isomeric formgand yiaeersaidey sxample, "hexane”, includes all isomers of hexane individually or
collectively). The terms "com oulnd" andt "complex" are used interchangeably herein to refer to
organic-, inorganic ahtCeHiARE et mpounds. The term, 15 "atom" refers to the smallest
constituent of an elément segapiistioniconimgtatezithdtidewheathdy o(Bpidhesamebears a charge or

partial ghargg Qkds-henpdasioanathanatomniie: iRERphats oAy ialgas i n atom other than
carbon or hydrogen. Preferred heteroatom%inclu e F B, S, Si, Sb, Al, Sn, As, Se and

, Cl,Br,N,Q, P, .

Ge. The term, "hydrocarb§I®PRRIEG RIEIZACS (LRt gﬂ?&%’oﬁf’aﬁ%‘?ﬁb%ﬁﬁfﬂyﬁFB@&W‘&W%rbon
atoms, includingbranchagmdunbrdaroh edeastngrdted crbpsatstitent, levdicfpalyeydicabasncyclic
species. Examples jncludg aliois eysinatien-aalenyl. alirdiendrr¥elQakenysqygloal kadienyl-,
aryl-, and alr?/_n I- groups. "Substituted hydrocarbyl” refers to a hydrocarbyl group that is substituted
with one or ST HOHRYEPLYaHIPaEBE ituent groups: The terms, "heteroatom containing hydrocarby!”
or "heteohydrocarbyl refémmgvﬂﬁbzlemcgr@ugs)iﬁaﬁnhibwlat%taa@san@) atopristaectihgizhydrogen or
carbon is pre3gatielaNno iR &5 MALe LAIBRANAIRT 28 0:aNeeal JRFE.ONAFOge B IBIAMS NG ferm

"heterocarbyl" refers to groups contajning one or more carbon atoms and one or more heteroatoms
and no hydrSGBTSEHRE RS BORY'S %Wélgﬁ%%?%8ﬁ%ﬁ%béﬁdi%ﬁﬁv%eteroatom as well as the bonds
between any two héteroatbrsnrrijobecacsiig éostamultiplerciovatemstiidn door vocbrditatingar other
donative bond. Thus, an alltyl group substituted 30with a heterocycloalkyl-, aryl- substituted
heterocycloalkyl-, heteroaryl-, alkyl- substifyte teroaryl-, alkoxy-, aryloxy-, dihydrocarbylboryl-,
dihydrocarbylphosphino-, dihydrocarby QUn\o\-, wi 1ydrocarbyisilyl-, hydrocarbylthio-, or
hydrocarbylseleno- group is within the stope-dfithedterm heteroallcyl. Examples of suitable heteroalkyl
groups include cyanomethyl-, benzoylmethyl-, (2- pyridyl)methyl-, and trifluoromethyl- groups. As
used héfein the terffi®SBmatic’ refers to a polyatomic, cyclic, conjugated ring system containing
(48+2) z-electrons,RiftiereiecB8dsram altelgeyctraiate ihthamitylocuddiactoalhe teyheifisedlyas used herein
with respect 1, a:{ing %St SAURINDGINA QI H W ADIC eYalisings peans, thatwith respect
to at least two rings thereof at least one pair of adjacent atoms is included’in both 5rings. The term
"aryl" refers f@rﬁ’%ﬁ%@%ht aromatic substituent which may be a single aromatic ring or multiple
aromatic rings whichl aredusked: toging préinketfroavate Al okl nkedio aydemmamngroup such as a
methylezFe or ethylgﬁnﬁigg(a'%t h%@@l&g@f&m&%&@@%@ S%nﬁllllilc(;&% ) nyl, naphthyl, anthracenyl, and
biphenyl, among ot ers. "Substitute arylrefers to-an aryl group in which one or more hydrogen
atoms bound to 10¥hyscEERP i P&lfaced by one or more functional groups such as alkyl, substituted
alkyl, cycloallcyl, substitutedsycloaleyl-haietacy loatkylosybstituted heterocycloallcyl, halogen,
alicylhalos (e.g., CFB%i QXQ%%éyﬁ%WM’ﬂQ%Q&Hg%ﬁ&%% Smino,thi (mjr;l)i%;rgﬁc?nd both saturated and

unsaturated cyclic ﬁy rocarbons which are fused to the aromatic ring(s), linked covalently or linked to
a common group sbetasriiPratATIER&nE = BAFR ARG AFrIHere G BT SrRiehBYdHeRiptAEY also be a
15carbeny| améndaanzophenpaeiatnxygen as in diphenylether or nitrogen in diphenylamine. The

term, "comonomer jncorpgratig Lﬂ?&?ﬁcc@é‘?ﬂgf%oo@i%@%ﬁ&@ﬁa%%@?&??&%@%ﬁéﬁ%%t ol %"3}91b b

copolymer prepared under representative ethylene/ comonomer polymerization conditions
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the catalyst under consideration in the absence of other polymerization catalysts, ideally under
steady-state, continuous solution polymerization conditions in a hydrocarbon diluent at 100 C, 4.5
20I\Epa ethylene pressure (reactor pressure), greater than 92 (more preferably greater than 95)
percent ethylene conversion, and greater than 001 percent comonomer conversion. The selection of
metal complexes or catalyst compositions h vilqg the greatest difference in comonomer incorporation
indices results in copolymers from two or mgre momqmegs having the largest difference in block or
segment properties, such as density. In certain,gitetimstances the comonomer incorporation index
may be determined directly, for example by the use 'of \TMR spectroscopic techniques. Often,
however, any diffef&f&&in comonomer incorporation must be indirectly determined. For polymers
formed from multiple monefietsribis sia@ydngsacopsnplisheddy vaniovsieshpigues based on monomer

reactivities. For copolymeys i@@ﬂ%g& W{)%&i‘é?”h%‘tﬁ‘é}%tbéﬂ _alrnqlllati\fg amounts of comonomer and 30
monomer in the copolymer and hence'thé copoi)ymgr composnlor%lgs détermined by relative rates of

reaction’of monomer and %me?ymw}aﬁﬁ%#ﬁﬁéﬂﬁﬁér ratio of comonomer to monomer is
given by I'lcomonon2erP 2is dneRpB+¢ [monomer] poiymer Rpl Here R p2 and ekpi are the rates of

polymerization of comonomer and menemes {oeéx%%% ely %%rg% 52 &and F1 are the mole fractions of each

in the copolymer. Because Ft + .F2 = | we can rearrange this equation to R72F =2)RplRp2
5The individual rates of p%e%ﬁﬁ%ﬂﬁ%ﬁ&ﬁ?&%ﬁ@%nomer are typically complex functions of
temperature, catalyst apehoaarfonpesfetnganomesiconcenlyaio santnithe limtiascommonpmer

concen}Bati0@3&&%&%&%@%&9{&9§nt|;g12£e9ﬁ§%%19153%905%59a1%8n9%&@@§n%%f?ﬁ%“d the

polymer consists of pure monomer. In the limiting case ‘of no monomer in the reactor R pi becomes
zero and F23%81ER¢RSAHRA the cornonomer can polymerize alone). 10For most homogeneous
catalysts the ratio of comaridrivek torrigmemenprithe irgadioritgeiydeteyminasdaok/ teice®@mposition as

determined %8&8{91&%5%19@&%&&%&?EEEHQ@LQQR&'X&H%E%%&%%?Q@J 06 EEUINAG 1

Copolymerization Model. or random cg&g! mers in which the identity of the last monomer

inserted dictSYeg ¥ ST SRMTIH T SEH s ot o O DS P e eSS 8 RER 28N model
is employed. In this d.5moslefiinsesroly:nesetidnssoletsotepee! (Mi@oit, TVIM Hees Celwhieradl't

represents t alyst, Mi L Is.the. rate constant- having the rate equation
o6 10,Ca.1 UL () S0 ThS o OB GL Mo F2dion (o8 N roauaon NG 1 e ety tn
equation: [AFe2¢Y9pskipnmt 1+ [AI2] A simplified equation for cornonomer composition can be derived
as disclosed in Gearge -Onban -P4ireipiés obPuipierizaiiomcbacardufaitinmed abina\Wilay, ansh Sons,

1970, as follows; £2 /1 - £2)2 2(1- f2+ 71/22 (6). 75From this equation the mole fraction of coinonomer

in the polymer is solely dependent on the mole fraction of comonomer in the reaction media and two
temperaiure depentderfttekdtviieratised dnvas s EMIEMHe ikstrtion rate constants as: 7, = 22 (7),
k21 a delta quantity (tallest DSC peak minus tallest CRYSTAF peak) greater than the quantity,

y*, defined by the equation:
y* > -0,1299(AH) + 62,81,
and a heat of fusion up to 130 Vg,

25  wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative polymer, and
if less than 3 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF
temperature is 30°C, and AH is the numerical value of the heat of fusion in J/g.

12, An olefin interpolymer having a tensile strength above 10 MPa and an elongation at
break of at least 600 percent at a crosshead separation rate of 11 cm/minute.

30 13. An olefin interpolymer having a delta quantity (tallest DSC peak (measured from the
baseline) minus tallest CRYSTAF peak) greater than 48°C and a heat of fusion greater than or equal
to 130 J/g, wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifizble CRYSTAF peak, then the
CRYSTAF temperature is 30°C.

gb



Alternatively, in the penultimate copolymerization model, the identities of the last two monomers
inserted in the growing polymer chain dictate the rate of subsequent monomer insertion. The
polymerization reactions are of the form mtmic Mk kik ) mimim,c* (8) 5and the individual rate
equations are: Rpift= kificHM= cj [Mk] (9). The comonomer content can be calculated (again as
disclosed in GeorgeOdianlcSuprarpdsnd. laXog i XordgamheltuX isidefinett@ss 10X¢T] hfZ-and the

reactivity ratigs are detined. aan e S&%gg@;lgﬁggggpzz r, kni For this model as well the

polymer composmon is a function only of temperature dependent react|V|Hy ratios and comonomer

mole fraction in the'redclo o #h PERHETE MG Al AR piletsianMS st Lrstrshitidtansertion
may occur oktinriiie aageadfdle lntehpolpmésiatitaoPanore than two monomers. Reactivity ratios

for use ig the foregwga\maﬂc%ésmﬁxdbaae{&%ﬁseghaﬂ@M@ LinQwa-heeHealinehniauss or

empirically derived from actualggllyymerlzatlon data. Suitable theaoretical techm ues are dlsclosed for

example, in B2E e BHeTiEAPRe Brdtes S tharmasinmirtet %Srﬁﬁldsﬂéia’i‘fﬁ% Prentice-Hall, 1999
and in Redlich- KWWQ-S@&W@R%@)@W&MO@‘: Statapr€hdmicapiepgibianrcSeibndes 1942, pp

1197-1203. @Q;g}{ﬁg{g@ug@é@@@@m%wm 1A RELSEdRg@ssist in deriving reactivity
ratios from experimentally derived %%;;a One ex amE) of such software is As§éen Plus from Aspen

Technology, Inc., TEh CARAEAS SRT-250% PFERIERY B F61Boing
theoretital c@d@@emtltbnsnm@qbﬂssamﬁ%mmm dietinettively be desgrilfed ataaleonypesition for

use in the pqumqqg@};@%ggﬁwgc@rﬁm@gq(@@@y@ﬂnmr@q{%gggmsyjlomers especially ethylene and at
least one copolymerizable gomonomer to form&p %h molecular Welghtbse mented copolymer

(multi-block copolyrhier]® BAHEH BSTHET CSHInm G L6 therareRS BF Moty Va RSER Free or more

segments ordejdicks Idiffe dhgy timperetwe hﬁé?@@h%@?ﬁe&!l@ﬂ Bhywidahpioperiéons fpsi{ed NMBalesed here
in, the comp%@ggp(g@mpgbsmg the admixture or reaction product resulting from combining: (A) a
first olefin polymerlzatlon cat a second o]efln rﬁolymerlzatlon catalyst capable of preparing

polymer differing ift’ cH&eﬁ?lggﬁ Vé‘f‘éé?ﬁ%ﬁlé?ﬁég HBHME SORIFREEBFRAPE BV IERAREA) under

equivalent pejylamrgzatlmasmndﬂmt’asp@ﬂﬂume loé€icaceiiaintsMRMiG¢Pagént dnd Whenéin the: 10rl of the
afirst olefin po'ymeﬁza&%&%@%@w ARG Ohd0s Asasand olelinRomereaign eatayst (1), are

selected such that the ratio(ri,k( ria) undert e polymerization conditions is 0.5 or less, pre grably 0.25
or less, mordydfldlyTiesothasridsa 'still more preferably 0.08 or less, most preferably 0.04 or less.

22. A polymer according to any one of claims 9-16, or preparable by the method of claim
20 8, having an abrasion resistance yolume loss according to ISO 4649 of less than 90 mm® and having
a storage modulus, G’, such that log (G) is greater than or equal to 0.4 MPa, at a temperature of
100°C.

23. A polymer according to claim 18 having an abrasion resistance volume loss according

to ISO 4649 of less than 90 mm’ and having a storage modulus, G’, such that log (G*) is greater
25 than or equal to 0,4 MPa at a temperature of 100°C.

24. A polymer according to claim 20 having an abrasion resistance volume loss according
to 18O 4649 of less than 90 mm’ and having a storage modulus, G’, such that log (G} is greater
than or equal to 0.4 MPa, at a temperature of 100°C.

25. A polymer according to claim 21 having an abrasion resistance volume loss according

30 1o ISO 4649 of less than 90 mm® and having a storage modulus, G°, such that log ((3°) is greater
than or equal to 0.4 MPa, at a temperature of 100°C.

26. A crosslinked derivative of a poljmer according to any one of claims 9-16, or
preparable by the method of claim 8,

27. A polymer according to any one of claims 9-16, or preparable by the method of claim

35 8, ora composition comprising the same in the form of a film, at least one layer of a muitilayer fiim,
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15Additionally, there is now provided a process, preferably a solution process and most preferably a
continuous solution process for use in the polymerization of two or more addition polymerizable
monomers, especially ethylene and at least one copolymerizable, comonomer, to form a high
molecular weight, segnented copolymer (multi-block copolymer), said copolymer containing therein
two or morestpeafiesadiythrda hinnard sedgmetismdeionts diffesngmbrenenfaprioranchrpaieal 200r
physical propepi *ﬁ%&%@ug%m%@ma@mo 1haRPEEE CAMPLsIag the steps of combining two or
more addition polymerizable monomers, especially ethylene’and at least one copolymerizable
comonomer under polymerization conditions with the composition comprising the admixture or reaction
product resulting from combining: (A) a first olefin polymerization catalyst, 25(B) a second olefin
polymerization catalyst capable of preparing polymers differing in chernical or physical properties from
the polymer prepared by catalyst (A) under equivalent polymerization conditions, and (C) a chain
shuttling agent; and recovering the polymer product, wherein: 300f the a first olefin polymerization
catalyst (riA), and ri of the a second olefin polymerization catalyst (rm), are selected such that the ratio
(rim' (-1a) under the polymerization conditions is 0.5 or less, preferably 0.25 or less, more preferably
0.125 or less, still more preferably 0.08 or less, most preferably 0.04 or less. Further there is now
provided a composition for use in the polymerization two or more addition polymerizable monomers
(referred to as monomer and comonomer(s) respectively), especially ethylene and at least one
copolymerizable comonomer, to form a high molecular weight, segmented copolymer (multi-block
copolymer), said copolymer containing therein two or more, preferably three or more segments or
blocks differing in one or more chemical or physical properties as further disclosed here in, the
composition comprising the admixture or reaction product resulting from combining: (A) a first
olefin polymerization catalyst, (B) a second olefin polymerization catalyst capable of preparing
polymers differing in 10chemical or physical properties from the polymer prepared by catalyst (A)
under equivalent polymerization conditions, and (C) a chain shuttling agent; wherein: the
comonomer content in mole percent of the copolymer resulting from the first olefin polymerization
catalyst (F1), and 15the comonomer content in mole percent of the copolymer resulting from the
second olefin polymerization catalyst (F2), are selected such that the ratio (F1/ F2) under the
polymerization conditions is 2 or more, preferably 4 or more, more preferably 10 or more, still more
preferably 15 or more, and most preferably 20 or more. 10Additionally, there is now provided a
process, preferably a solution process, more preferably a continuous solution process for use in the
polymerization of two or more addition polymerizable monomers (referred to as monomer and
comonomer(s) respectively), especially ethylene and at least one copolymerizable comonomer, to
form a high molecular weight, segmented copolymer (multi-block copolymer), said copolymer
containing therein two or more, preferably 25three or more segments or blocks differing in one or more
chemical or physical properties as further disclosed here in, the process comprising the steps of
combining under polymerization conditions: (A) a first olefin polymerization catalyst, (B) a
second olefin polymerization catalyst capable of preparing polymers differing in chemical or physical
properties from the polymer prepared by catalyst (A) under equivalent 30polymerization conditions,
and (C) a chain shuttling agent; wherein: the comonomer content in mole percent of the
copolymer resulting from the first olefin polymerization catalyst (F1), and the comonomer
content in mole percent of the copolymer resulting from the second olefin 35polymerization catalyst
(F2), are selected such that the ratio (f / F2) under the polymerization conditions is 2 or more,
preferably 4 or more, more preferably 10 or more, still more preferably 15 or more, and most
preferably 20 or more, under polymerization conditions, and
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recovering the polymer product. 5 Monomers Suitable monomers for use in preparing the
polymers of the present invention include ethylene and one or more addition polymerizable monomers
other than ethylene. Examples of suitable comonomers include straight-chain or branched a-olefins of
3 to 30, preferably 3 to 20 10carbon atoms, such as propylene; 1-butene, 1-pentene,
3-methyl-l-butene, 1-hexene, 4-methyl-I- pentene, 3-methyl-I-pentene, 1-octane, 1-decene,
1-dodecene, 1-tetradecene, 1-heicadecene, 1- octadecene and 1-eicosene; cyclooletins of 3 to 30,
preferably 3 to 20 carbon atoms, such as cyclopentene, cycloheptene, norbomene,
5-methyl-2-norbomene, tetracyclododecene, and
2-methyll,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene; di- and poly-olefins, such as
butadiene, 15 isoprene, 4-methyl-1,3-pentadiene, 1,3-pentadiene, 1,4-pentadiene, 1,5-hexadiene,
1,4-hexadiene, 1,3-hexadiene, 1,3-octadiene, 1,4-octadiene, 1,5-octadiene, 1,6-octadiene,
1,7- octadlene eth Ildene norbomene vinyl norbomene, dicyclopentadiene, 7-methyl-1,6-octadiene,
4-ethylidene 1AM FHreteh and 5,9-dimethy1-1,4,8-decatriene; aromatic vinyl compounds
such as mono or p@ihgﬁﬂﬂﬁ§ﬁ}@’cﬂf&&ﬁt(mhmhﬂgiﬁbﬂéﬁ’tﬁ¢ prdnethyd stvene cimimethjigtirendng
p- methylstyr%ggcga% %thémethylstyrene o-ethylstyrene, m-ethylstyrene and p-ethvlistyrene), and

t

fractional group- containing derivatives, such as methoxystyrene, ethoxystyrene, vinylbenzoic acid,
methy! V|nyIbenzoa]fég‘\?ﬁ%/?%ﬁ%ﬂc&%@fé‘?ém%m‘%ﬁés6 fentSreLy L Jréne,

divinylbenzeneardplah enylpTonenetive phisnylpropend, mﬁwﬂﬁtyﬂgﬂmﬂwiﬁﬂwﬂﬂm&g-
diflitoroethylene, 1, %{4}'9%@%@%@%&%@%9@%@5&@ éﬁvﬁ*ﬂﬂ%ﬂgpﬁge 25 Chain
e

shuttling agents term, "shuttling agent" refers to a compound or mixture of compounds
employed in Pﬁ%"éﬁﬁﬁ%‘i%ﬂlﬁf HE fie QWE*’ﬁﬁ?fE"ﬁtPBH'%T ﬁ%dﬁﬁb‘i’é‘%ipﬁ%hﬁf%mﬁ&\%eryl exchange
between at |leasgiinmaeiivevertdlirstSitemtodtiiensdta s tadmotactesponding toohepeprtomeyrder the
conditions of 1 %ggupgsjymenzatlon That is, transfer of a polymer fragment occurs both to and from
one or more of e active catalyst sites. In contrast to a shuttling agent, a "chain transfer agent' causes
termination of polyFEFEHI GroWaT St FHrEtReE s ﬂ%‘ﬁ‘é‘gtWé‘ﬂéﬁ&é‘%?ﬁﬁﬁﬁ@%ﬁﬁé‘?ﬂom the
catalyst to thectyansfas agiat.pereferaplyydie shuttbf gaagenthasanadtrityhngdiogRgeBau_.4, of from
0.01 and 100, m Rfﬁ%f eferally fram 0.1 to 10, most preferably from 0.5 to 2.0, and most highly
preferably 35fro to 1.2, wherein RA-Es is the rate of polymeryl transfer from catalyst A active site
to catalyst B active site via the shuttling agent, and Ra.), is the rate of reverse polymeryl transfer, i.e.,
the rate of exchange starting from the catalyst B active site to catalyst A active site via the shuttling
agent. Desirably, the intermediate formed between the shuttling agent and the polymeryl chain is
sufficiently stable that chain termination is relatively rare. Desirably, less than 90 percent, preferably
less than 75 percent, more preferably less than 50 percent and most desirably less than 10 percent of
shuttle-polymervl products are terminated prior to attaining 3 distinguishable polymer segments or
blocks. Ideally, the rate of chain shuttling (defined by the time required to transfer a polymer chain from
a catalyst site to the chain shuttling agent and then back to a catalyst site) is equivalent to or faster
than the rate of polymer termination, even up to 10 or even 100 times faster 10than the rate of polymer
termination. This permits polymer block formation on the same time scale as polymer propagation.

By selecting different combinations of catalysts having differing comonomer incorporation rates as well
as differing reactivities, and by pairing various shuttling agents or mixtures of agents with these
catalyst combinations, polymer products having segments of different densities or 15comonomer
concentrations, different block lengths, and different numbers of such segments or blocks in each
copolymer can be prepared. For example, if the activity of the shuttling agent is low relative to the
catalyst polymer chain propagation rate of one or snore of the catalysts, longer block length multi-block
copolymers and polymer blends may be obtained. Contrariwise, if shuttling is very fast relative to
polymer chain propagation, a copolymer having a more random chain structure 20and shorter block
lengths is obtained. An extremely fast shuttling agent may produce a multi-block copolymer having
substantially random copolymer properties. By prope, selection of both catalyst mixture and shuttling
agent, relatively pure block copolymers, copolymers containing relatively large polymer segments or
blocks, and/or blends of the foregoing with various ethylene homopolymers and/or copolymers can be
obtained. 25A suitable composition comprising Catalyst A, Catalyst B, and a chain shuttling agent can
be selected for this invention by the following multi-step procedure specially adapted for block
differentiation based on comonomer incorporation: I. One or more addition polymerizable,
preferably olefin monomers are polymerized using a Beixture comprising a potential catalyst and a
potential chain shuttling agent. This polymerization 30test 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 MwMnNn or PDI meaciired Il The foreanina nolvvmerization and nolvvmer tectinAa are




and/or putative shuttling agents. A suitable composition comprising Catalyst A, Catalyst B, and one
or more chain shuttling agents according to the invention is then selected such that the two catalysts
each undergo chain shuttling with one or more of the chain shuttling agents, and Catalyst A has a
higher.comonomer 15 incorporation index (or is otherwise capable of selectively forming polymer)
compared to Catalyst B under the reaction conditions chosen. Most preferably, at least one of the
chain shuttling agents undergoes polymer transfer in both the forward and reverse directions (as

identified in the foregeing 10$!): with Reth:atalstARN GatalyshBJr-additions dhispfeterable that the
chain shuttlin%élggnt does not reduce the catalyst activity (measured in weight of polymer produced
per weight of é’flée(y"s'i ﬁe? Unit ﬁmefso‘f/eftﬁer cataﬁ/st écomB%?grdn 6} gﬁf\?ﬂy i the ahsence of a
shuttling agent)"8ytiiore than 60 percent, more preferably such catalyst activity is not reduced by more
than 20 percent, andripest preferably catabytstattivity: obakleas:enepafsthecatalystsis pasreased
comparedSto thleﬁg:;%%al%ﬁ activity in the absence of a shuttling agent. Alternatively, it is also possible to
detect desirable catalfyst shuttling agent pairs by 25performing a series of polymerizations under
standard batch reactiof &ondRms Hef i giale) ‘@ﬁ%‘é‘b‘?ﬁr%gbﬁ‘iirﬁﬁ‘@rt%]d@’ér RidtEEnR&T Weights,
PDI and polymet gieddaortips o ctith aiatd0Suitable shuttling agents are characterized by lowering of
the resultant Mn witheut sighificentbroadening afiRR) atdess Qf agtivity radustion wyyigld.or rate). The

foregoing tests are readily adapted to rapid throu%h ut screening technigues using 30automated
reactors and PRt BroBRLRRE RBBITARSH S?Ibblé}ﬁﬁlé? BiBERRAG#TY gﬁfé?@‘ﬁf‘ﬂ? inguishing
properties) For exanipierea hismbapiod potdmidlishatingagent caddidatds cartbeqokestidéstified or
synthesized in,sitkk Ry LAMBINAIRNQfMAFIOUS HEgARAMEL (GCORPOURIS Wt ¥arigKs RN sources
and the compggn? ogfrem(}:rtyi,en product added to a polymerization reaction employing an olefin
polymerization ¢a 5@5? omposition. Several polymerizations are conducted at varying molar ratios of
shuttling agent to cafdlpst A% a grplifUiATretEiReHYe bt asiiiteisie dliempiergterg denscmergitse that
produce a minimuea-PREeidess than 24/ invanablepyvieltkexpeisnenisasidrscebeard abpveemwhile not
significantly adversely affectin tal jvi r ly- improying catalyst activity, as above
describe%g C(I%’glsg%feos?s%b Bﬁ%%g%ﬁ%t %Ecig%){r}{i%ﬁr\%?f%r?ugag %{%r%)c();ffl C%akpl%sl?t% mn”a:ilﬁgﬁ, the term is meant to
refer to a compoundEfﬁfﬁéﬁﬁm@ﬁgﬁ%ﬁ%ﬁ@%éﬁmﬁﬁﬂ%ﬁﬁéﬁ fieB¥FEkOEHS0lymers or
usefully employéthendéEthappalysierzdtiomeentitioht hererrcistlased dinighbik degisalplys multi-block
copolymers hayiig, AR BXErade AR ok lacls.a5-Se0mARts pes aurage FhAIRLAs Asfined as the
average number of blocks of different composition divided by the Mn of the polymer) greater than 3 0
more preferab’ﬁf”@?é%ﬁ‘é?sthan 3 5, even more preferably greater than 4.0, and less than 25,
10preferably less thamigds, sindrevp réferallyiieBs tHANYED 8 mestpréfe raliip (Sesitiah8p® @re formed
according to the;jnventian.siiable-shuitina-agentsiforuseleren NGUAe GrOHR duderta tnt3 metal
compounds or complexes containing at least one C1.20 hydrocarbyl group, preferably hydrocarbyl
substituted alfiRHERT Yallium or zinc compounds containing from 1 to 12 carbons in each hydrocarbyl
group, 15and reactiorigurediicts thereofinitreanpritsamso ireses Piafisrreeity drociabyl igiotips are alkyl
groups, prefergbly.lingararbiapshet @248 siktgeyps, Mastprefgriethshuiting.agentsifosuse in the

present inyent&oglagg triaIIcXI qluminum and dialkyl zinc compounds, especially triethylaluminurn,

o

tri(i-propfﬁ alurﬁln”um,rﬁ?ﬁ%t}ﬁ/ﬁaluminum, tri(n-hexyl)aluminum, tri(n-octyfialuminuna, triethylgallium,

or diethylzinc. Additidrarseitis elshriterigageists kbR reipazetshpratiuctrpoorfiktase formed by
combining therferegring:er ganemetahcampaund. preferably RiaGLiShalkyrabiupianamor di(C1.8) alkyl
zinc compound, especially, triethylaluminum, tri(i-propyl) aluminum, triff-butyhaluminum,
tri(n-hexypalu&%ﬁﬁ%%ﬁ(ﬁéggﬁ%g]a;ﬁ:ﬁhm, or diethylzinc, with less than a stoichiometric quantity
(relative to the numbEEBERYdTEEArbY SERFFST RS E6R IR WIS B 8 Ry HASTE COPRPBIR,
especiallyobis (irimethylatvDernn eptduimkeintethyf isidcxarne; 2r 2bhyptrxysisthypiyridinetor
d!(n-pentypa_rné'ggp%,cgﬁcéig_-butyl)phejnoI, et_hyl(l-naphthyfiarnine, . N _
bis(2,3,6,7-dibenzo-1-azacycloheptaneamine), or 2,6-diphenylphenol. Desirably, sufficient amine or
hydroxyl reagent is used such that one hydrocarbyl group remains per metal atom. The primary
reaction produgts: pédefonegoiniicdmismations most desired for use in the present invention as
shuttling agents are nepeivaluminum dighistrimgthylsidlanige).isprapyialeipinuiceriodic Tabte
30bis(dimethyl(t-but Qsiloxide?ﬁl_grld n- Ct%g,l‘(?%mmu’ g#@{ridin 1-220-5net oxidi%, igoutxlalyminum
bis(dimethyIff-ButnSitGEAR S T BaR AR TR ﬁs{’é?%i imethysihamide) k- SRty FaTn R
di(pyridine-2-methoxide), i-butylaluminum bis(di(n-pengyl)amide), n-octylaluminum
bis(2,6-di-tbutylphenoxide), n-octylaluminum dkethyl(1-naphthypamide), ethylaluminum
bis(tbutyldimethylsiloxide), ethylalumintnn di(bis(trimethylsilyDamide), ethylaluminum bis(2,3,6,7-
35dibenzo-1-azacyclobeptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide),
n-octylaluminum bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-diphenylphenoxide), and ethylzine
(tbutoxide). It will be appreciated by the skilled artisan that a suitable shuttling agent for one

catalyst or catalyst combination may not necessarily be as good or even satisfactory for use with a
diffearent Geatalvet or catalvvet combination  {|ome notential chiittlina acente mav advercelv affect the




is adapted for preparing polymers of the desired composition or type. Both heterogeneous and
homogeneous catalysts may be employed. Examples of heterogeneous catalysts include the well
known Ziegler-Natta compositions, especially Group 4 metal halides supported on Group 2 metal
halides or mixed halides and alkoxides and the well known chromium or vanadium based catalysts.
25Preferably however, for ease of use and for production of narrow molecular weight polymer
segments in solution, the catalysts for use herein are homogeneous catalysts comprising a relatively
pure organomeialfie:compotinad b metatcamplexupspetialy tomppaidsarERRIMIR®aased on
metals selected /1o Fraus EA%0L e haphanideseles.alihe Rergd. Table plde Flements. Itis

preferred that any catalyst employed herein, 1ot significantly detrimentally Affect the 30performance of
the other cataffaEHnelct- I ERHBHIDAS 6 tRE SRR HEGFn BRLAHST TSI By RE EtaldErs reduced
in activity by greatanthap-2fipetceniimore preferailygesatgriiteing] 6r pestentonndertbe! conditions of

Fhe presegt p%é@&?ﬁ%ﬁ&%ﬂy incozp&4%@%;9%@!%?&@%%%&?r&ﬂﬁ%@ﬁ@@am&ﬁjgQ@PQ&P&%M is
incorporation index (Catal)%sé%) include com 'I‘%hes of transition metals selected from Groups 3 to 15 of

the Periodic THHRSBFHHE SBERRENEE BBHTAINIAG OREPST FRoTe USRI EEhEERigEnds or
polyvalent Lewiibase lig&ndsteEranmslasirsiuds: petdivdbees, ihatidwbialtdtend coorstrained
geometry, andpahalentieyrdylamine, or other polychelating base complexes. The complexes are
generically depicted.fy the formula: MKiX"Z-L, or a dimer thereof, wherein M is a metal selected
from Groups 3-15, pre\’et&r"zrintl)lyC ﬁ?ffflﬁ‘foraél)ép{r;%‘?‘e’?éi)elsy%?goaﬁ %Igéﬁgﬁd% é%?ca%gi/e(g]f:opﬁ%se Bfthe Periodic
Table of the Eteyéditonal copniprfahEH EhIPEAES: SECtirericeidha Hrovis Eetieastivrictiel Braized
n-electrons orpaeLMaRElentanmpaiis:thiengh whichitoisbatnd fie: Mimsaignt:ghagmeontaining up to
50 atoms not eounling, HYAIRYEN AATS. ARG, BLMALA.K IoNRSIIAY, 8 ingd dqgether

forming a bridged structure, and further optionally one or more K groups may toZ,to Xorto
both Z 10and S iREsseMEEhtl SaRFECEn FFERc ST8SE D FtaTat SanfsAikdm SR hia6mRg Up to 40
non- hydrogerugtomsedpticnaiooaeyotherore pogroups may deedbeneedptogether ttherebytforming a

divalent ¢ polyyglent AnionicrouRe mf%amag@ﬁ%ﬂmepﬂger%gssnzfsger&mﬁo%a@mgtor more Z
groups may be bonded together thereby forming a moiety that is bo covalengtlébound to M and

15coordinated’RFEHat0Y 4B RIS SEATERHT EARR o¥cUPFAREEFE S TRHHSF: [6HidYAREEdnor ligand of up
to 50 non-hydnogéaratoiivsicdhtainml atileastonkngishared electron pair through which Z is

coordinated to Ic is afinteges im0, (Q:BaX i andaleaesmiamnbiodn20%is & nymberdsam 0 to 3; and

the sum, k+x, is equal to th%formal _oagation statedof M. Suita I% n}?tal coirpxplexe tinclude those
containing froRf L P IEREHUETShiSIRE B 8t AT I GOR §athE R AR By BE Sy (B hisn-cyclic
delocalized 7-bongiednarionratiganel ot rERe Riprasior Slrhemibnn dedgrens ps dhereonjugated or
nonconjugated,gyslic: o ARGy elig-cigne:and:tien v gaupsihatiys grer ESohaairkRengene groups,
phosphole, and arene groups. By the term " Z-bonded” is meant that the ligand group is honded to the
transition metﬂ%?%%t‘%?fﬁgs%f%%a@t‘fbtﬁg rrglmpg?b%% i{%g cfé?oué{ell ég Oﬁfﬁbnéé gg@geg% aélmt%m in the
delocalized 7-PRoRlEd 8 rdai A IR RSty b & SITBSHtpEH Hith Y edicardsettber o te group
consisting of hygegens:halpgenshydrocachyloral obiel acapbiim3Ohydsacasyk sibstiteted heteroatoms
wherein the helaaaion s seitl el ipm aroun LA db.olibs Rarledic dabe.ch e Glgments, and such

hydrocarbyl- su?)stlit%atgfﬁi}erteroatom radicals further substituteéd with a Grpugl 15 or 16 hetero atom
containing mofE8FIA SERIAR B Hore S EER PAUREIS AT TOGRIFR SFi R4(EBd ring system,
including particdbneefullyiteyd Mgenatcdniusbouringfsystemsiyorethayinafonaiametalpoyctewith the

metal. Includeg within the fesm.hydragarbyla e Lo9stiright hranched.and cyclic alkyl radicals,
06.20 aromatic radicals, C7.26 alkyl-substituted argmatic radicals, and C7.20 aryl-substituted allcyl

radicals. Suitable hyaﬁé%§ﬁgﬁbéﬁfﬁt‘é%"’r%?éfo%‘to%&fg [ORReitide IRMEE:2 8R4 ti-substituted
radicals aibboremsilicenygermamnicimprittogatnpheosphonsoroxygerrwhersifibéact af thrsehiydrocarbyl
groups containgfrom 1;i0.20.8.¢arhen atamsykxamples-aciude NNsdisethylamine. pyrrelidinyl,
trimethylsilyl, trimetlayisilyi, tbut Iglmimethgllsi!yl, meth tldii(}'tl §ilxl,1‘triph&nngerm 1, ng i
trimethylgermy PO Sis  ERAM FIeE BFE bR 5 6F 16 Netero atom containing moretias helude amino,
phosphino, alkexirsdkdikylthic: nrefetiesordiiatehtitdings debthefeoimfonexdmpld cammgenghosphide,
alkyleneoxy or;alkyleneihie groupsibendedda.thatransitionmetak orkanthanidemetalicand bonded to
the hydrocarbyl groun, it 10bonded groun, or ydocathyl substituted heteroatom, .. Examples of
suitable a?ﬁioni%c,’ gibgalized thonded groups incfude cycfop ta(ﬁeny(i), n%'aenfl, fi orényl,
tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, pentadienyl, cyclohexadienyl,
dihydroanthracenyl, hexahydroanthracenyl, decahydroanthracenyl groups, phosphole, and
boratabenzyl groups, as well as inertly substituted derivatives thereof, especially 15Co hydrocarbyl-
substituted or tris(Cl.g hydrocarbyl)silyl- substituted derivatives thereof Preferred anionic delocalized
it-bonded groups are cyclopentadienyl, peatamethylcyclopentadienyl, tetramethylcyclopentadienyl,
tetramethylsilylcyclopentadienyl, indenyl, 2,3-dimethylindenyl, fluorenyl, 2-methylindeny1,
2-methyl-4-phenylindenyl, tetrahydrofluorenyl, octahydrofluorenyl, 1- indacenyl, 3-pyrrolidinoinden-I-yl,

2 A-(evvelonentalOnhenanthren-1-vl and tetrabhvdroindenvl 20The horatahenzenvl linaande are anionic



benzene. They are previously known in the art having been described by G. Herberich, et al., in
Organometallics, 14,1, 471-480 (1995). Preferred boratabenzenyl ligands correspond to the formula:
wherein Rl is aninert substituent, preferably selected from the group consisting of hydrogen,
hydrocarbyl, silyl, halo or germyl, said R' having up to 20 atoms not counting hydrogen, and optionally
two adjacent RI groups may be joined together. In complexes involving divalent derivatives of such
delocalized 7-bonded groups one atom thereof is bonded by means of a covalent bond or a covalently
bonded divalesggrounRte-goather aigmiehihacompigctheeionmning a30bridasssysiam.
Phospholes are anionic ligands. Qrus_containim analogues to a cyclopentadienyl group.
They are pre?/}‘ljousr%y Rn%w%o%of‘nggg%%hge%g% b%eem escrit &Sbi/a% ég§/5(($5 %%%Pf’sgwhere
Preferred photiFROTEHyEHES RESFESBHIRS IRk AT e ShierghRelnaBome sttty defined.
Preferred trangititanamatsil, samplexes foivusedereaconmsy anc-to deade nhulai-MiGkXa£,, or a dimer

thereof whereifi M a/G/auRd Beliliion of s ala R caNtalal G arlacallzes selgelipns through

which K is bound to M, said K 10§roup containing up to 5 g atoms not counting hydrogen atoms,

optionally two“l’ftﬁi’aﬂb% LG BEF |ﬁ‘§8bf’68§%e‘?‘f’&r ‘lﬁg‘%ﬁa‘ﬁa’hﬁgadﬁﬂﬁﬁﬁﬁf‘émaWdhﬁﬁfﬁé? ?fﬁlﬁieonally one
K may be boLﬁiﬁdﬁtblg(a@pﬁsxre%wkbmwweﬁceuilsqéemmbvaleﬂﬁqramsgﬂfwﬁmlwmvmgedpnta 40

nhon- hydrogem&t&m%gﬂgm@m%@m&m&a&ws@m Galelec) K[gwese%%@ﬁ@' 4qgether to form
a metallocycle, g i%\_er %y o&go ra ? m]\{ 0‘5% grou%dare bonded together
thereby 15forr%}?ﬁ%péemr8|e covalertly bound 1o oor FHRd RS

independéntlf@ﬁdﬂfe}eem?@ﬁdéﬂgoéméﬁﬁai?ﬁéwgsﬁé’ Ebﬁ@mli@féﬁq@ Bifnkfathofeont Hydrogen atoms

containing at least-paerdpshareteleryondaittbraughiwhich Zsis caordinated to M; k is an integer from
0 to 3; x is an intege fr m Lt‘?hﬁlml@%l‘t?kﬁo@yc &0 from 0.10 3; arlg k:'Ip Ckscum k+x, IS equal to the formal

pledns A mu Ymer o
oxidation state of M re erred complexes include those containing either one or twomlg gro%ps The

latter compIe@@iﬁtﬂﬂﬁ%q%éneﬁ?ﬁ%ﬁm@eﬁzﬁ?iﬁlﬁ?ﬁ&@%’ﬁﬁ TG ey e Regrdib PRFelisrFéd bridging
groups are thasecprespdnaing e thasformistat@RIApcwherein:k: is Siicapmee maRRIURN 2B sor

2scarbons R’ dgpendsolly £achocaulsnte.s udiogenar a.41un seladed./iam syl fydrocarby,

hydrocarbyloxy and combinations thereof, said up 0 carbon or silicon atoms, and e is Ito

to 3
S. Preferably B @i dEnRtly Eawd 8‘&%8‘?‘}@@%‘%‘? Th%‘?ﬂ?’lleberﬁb% %%ﬁF%MI phenyl,
methoxy, ethaxssar piverigpreferably Exampiesiefdthectoniplextstcdniarrsngrive Kefrobipsrare
compounds c@prgsRanding Q. the.30fqrmulay MhereiRios peMelf, HRARILZILEANUM.0EhRfRIUM,

preferably zirconium or hafnium, in the +2 or +4 formal oxidation state; 5R3 in each occurrence
independenty’f&&tected from the group consisting of hydrogen, hydrocarbyl, silyl, germyl, cyano,
halo andzéombinatioRs-tuer dfrespiatiRg andnyhapas 2o ererehidebgtsrmatoms, mrafifaeent R3 groups

together form adivalant-derivative (hat [siadbydrasarbadbinsiiadivi: or agrpnadiyieronpldhereby
forming a fus%(g1£Ln agXSt ggfeghv% exiraction techniques. For exampie, polymers containing regions that are
relatively crystalline {high density segments) and regions that are relatively amorphous (lower
density segments) cannot be selectively extracted or fractionated using differing solvents. Ina
25 preferred embodiment the guantity of extractable polymer using either a dialkyl ether- or an alkane-
solvent is less than 10 percent, preferably less than 7 percent, more preferably less than S percent
and most preferably less than 2 percent of the total polymer weight.
In addition, the multi-block copolymers of the invention desirably possess & PDI fitting a
Schutz-Flory distribution rather than a Poisson distribution. The use of the present pelymerization
30 process results in a product having both a polydisperse block distribution as well as a polvdisperse
distribution of block sizes. This uliimates in the formation of polymer products having improved

and distinguishable physical properties. The theoretical benefits of a pelvdisperse block

distribution have been previously modeled and discussed in Poterkin, Physical Review E (1958)

57(6), p. 6902-6912, and Dobrynin, I, Chem. Phvs. (1997) 107(21), p 9234-9238.

11



X" independently each occurrence is an anionic ligand group of up to 40 non-hydrogen 10atoms, or
two X" groups together form a divalent anionic ligand group of up to 40 non-hydrogen atoms or
together are a conjugated diene having from 4 to 30 non-hydrogen atoms bound by means of
delocalized n-electrons to M, whereupon M is in the +2 formal oxidation state, and R',E and e are as
previously defined. Exemplary bridged ligands containing two n-bonded groups are:
15dimethylbis(cyclopentadienypsilane, dimethylbis(tetramethylcyclopentadienyOsilane,
dimethylbis(2-ethylcyglppentadiendiny@silape,diethwbis(d:hutdeyalopertadien- iyl silane,

2,2-bis(tetramethylcyclopentadienylprapane, dimethylbis(inden-l-yh)silane, . =~ .~
dimethylbis(te(frggﬁllf/ r%slhpzurﬁjﬁ?f(g{gl}fgﬁzéa? ?rﬁ%fh?l&%?_ﬁ%usgraenf)ls-t J é}ﬁ%%eefswmebutm of D%Ofﬂ‘ fengts.
dimethyIbis(tetfaFRIPSHTE RN SREAEL HirTRSHYIBIS{Pu e thyiti-bleshepptithers-aasainisitaer,
20dimethylbisZrmeihiyind enminty hstizine-dinaetidieyclopentadienyl)(fluoren- 1 -ypsilane,
dimethyl(cyclopenta Ey%gg%%@%%g&!ﬁg?gé!f&&“QP%B regulting oli'z{mrs is based on theoretically

dimethyl(cyclopentadienyl)(tetrahydrofluoren-1-y1)silane, (1, 1,2, 2-tetrarnethy)-1, 2-
bis(cyclopentdiiaiITaamsrs P SebRiEeIo RSy D e iy HRtrah et YerpeRtsdiehy)-1-
(fluoren-l-yl)methandy 26PvefdrredaXtogloups, srel setestechfromilayiirit ésnlatpd refcas pydylsityl, germyl,
halohydrocarhy, halgsiyl-silyihydracarhyh.and: 26sinelydrogarby! 9riips, 8L & diaups together

form a divalent derivative ogla cogn'u ated‘gliene _Qrgllse together they form a neutral, n-bonded,
conjugated diéRe’ FITSEHIEIEIES S BrotpY At G o8 Ry GEAPhYICGETIsE. it ' EsEtip AT metal
complexés of thexforegbimyciorintla Daitzistetort izgmethe predentimventiomingiigdesnd methods
bis(cyclopentagdiany@zicaniymdingthykibisieyclopentadisnyeziseanium-cibenzviccular
bis(cyclopentadienyOzirconium methyl bengyl. bis(cyclopentadienylizironiym methyl pheryl
bis(cyclopentad“lelny ﬁfrclitl)nlum?jlp eny ,DE)ls(cyc openta |en§/%\ﬁ Enlun’sl-aﬁyﬁm ot alfected by chain
bis(cyclopentadi@agOsnebniSHhiethyineTioeie  TOBSE jéd pedtadie Al BzirdoMimemelidrichloride,
bis(pentametipdeyrtapentadiaayl)zitconurmdimet syl Hamielec and J. F. MacGregor, “Polymer Reaction
bis(pentgmethyleyclopentadiepylitaniumdimetay!s RisGadeny %ﬁﬁ%ﬁqwﬂdﬁ%na?@%m is assued
indenylfluoren ?zwcpnlumdlmethyl, 15his(indenyezirconiumrnethyl(Z2-(dimethylamino)benz T)
bis(indenyl)zirkBhidirirR R IRTISHY ittt anAdYSifae R Base BiRkmTRe T habsyTaryen
bis(pentamethyleysclepentdtienyDziptenivniigiwibenzig an integer from 1 io infinity representing the
bis(pentamethylcyclopentadienybzirceniyimgdibenzyl,

20bis(pentamethylcyclopentadienyQzirconiummethylmethoxide,
bis(pentamethylcyclopeRtadiERyBzirconiummeBR§IRRIBARYE distribution of biock lengths
bis(meth%ethylcyclo @rga_dignyDzirconiumdim%}gg([irt%i%gggé)g%ﬁlggggtadienyDzirconiumdibenzyl,
bis(t-butylcyclopentadienyBzirconiumdimethyl, ~
25biS(ethyItetramethﬂ&m@@@mmisp%%ﬂ@@@Eﬁa@gﬂ@ﬁwﬁ/ tp) and forms a polymer segment having a
E:ngﬁfgﬂsﬁglp y @g%%g%}g%gg%%ﬁ% I%%l Ilbcleeo%.zzyl'% a most preferred embodiment, the probability of
dimethylsilylbig{@sasisiseritaféryézirconiumdichloride,
dimethylsilyibis(cyclopentadienyl)zitsgniumditnethyl, .
30dimethylsiIyibis(tet?ar::né&ﬂf[j{!dylﬂbberﬂabﬁehyéiita?ém??t(l?ﬁt%“ = {12..}, where,
d!methylativ'b!s(t-butﬂﬁyﬁbrf&@@ﬂ%x%' ISORMBRAICRIQELS 5 (motes),
dimethylsilylbis(n-butylcyclo entadlenégiélrconlumdlchlorlde,

(dimethylsilythis(tetrahi&tRy QR B et Rt AR Bt NTih GB iz,
(dimethylsilyibis(n-bukylic)elBpentadirnsijtitans o dDr2x«di mEthytamithe) berzyk, 8bdiwmbihyis lylb
is(indenyDzirconiumdk-ghloride,, dimathylsilvibisingdanybzirconiumdimethyl,
ciimethylsilylbis(2-methylindehyl ziraniumgim_Fthglll, , )
dimethylsiIylbis(2-m§ﬂ’§’f‘?&36ﬁ§’ SRRy &S SRUMAih &gyt are attached to a CSA.
dimethylsilylbis(2-methylindaty®zircortienrdaidipheniia: Spivptadiioneste, Rplil, is defined using an
5dimethylsilylbis(2-methyl-4-phenylindenyOzirconium (1) 1,4-diphenyl-1,3-butadiene,
dimethylsilylbia§4s5¢6; Zateteakydrdindenislybrinconiumdichioridescentration, [M], as follows:
dimethylsilylbis(4,5,6,7-tetrahydroinden-l-yOzirconiumdimethyl,
dimethylsilylbisffetrahydroinggmyQzircpumilam(1l) 1,4-diphenyl-1,3-butadiene,
dimethylsilylbis(tetrame,thylcyclopentadienypzirconium dimethyl
10dimethylsilylbis(fluorenyl)zirconiumdimethyl, dimethydsilylbis(tetrahydrofluorenyDzirconium
bis(trimethylsilyl), ethylenebis(indenyl)zirconiumdichloride,




ethylenebis(indenyDzirconiumdimethyl, ethylenebis(4,5,6,7-tetrahydroindenyl)zirconiumdichloride,
15ethylenebis(4,5,6,7-tetrahydroindenyDzirconiumdimethyl,
(isopropylidene)(cyclopentadienyl)(fluorenyezirconiumdibenzyl, and
dimethylsilyl(tetramethylcyclopentadienyl)(fluorenyezirconium dimethyl. A further class of metal
complexes utilized in the present invention corresponds to the preceding formula: MIC.ZzXx, or a
dimer thereof, wherein M, K, X, x and z are as previously 213defined, and Z is a substituent of up to 50

.n on-hydrogen atoms'ltﬂea 50%8%?5&%&%@ J&aforngn g 0%%:'1'819 L%lcre va II}QS I}/CIJ' chai Ptgaegse 'eretghzhfrg%%tltuems
include groups containing up to 30 non-hydrégen atoms Comprising at 16ast one aton thatia oxygen,

sulfur, boron of & REATNER & ERRAYT428f thePeRteidorapi BrieErwidrtddirBethrattached to K,
and a differentatoen setedtethtrom thel grdupieonsisiing 0f=2baitkegenstphiosphorus, oxygen or sulfur

that is covalently bonded topl: - ¢ Mm%7ﬁ9$ﬁif&%i|ﬂ&i§h§ glassofferoup 4 metal complexes used
according to the present invention includes "constrained geometry catalysts" corresponding to the

formula: X-Y / M Xx SHErEH <SONT& HEmmilR & SirCamatitin e Pat ARTtrATiAdRE 3, 82 or +4
formal oxidation stateys Kalisva: delocalized, n-bonded ligand group optionally substituted with from 1 to 5
R2 R2 in each occurrence jgdependenthiisseleeted fram,the group consisting of hydrogen,
hydrocarbyl, silyl, geli[%%/l, cyang, h Iotgnd corpbig tions éhéareof, sa%d R.2 having up to 20
non-hydrogen atoms- & AdiARent RS Groupa T0gSthar BT a TvatBhfURRIDSH B R bterencal
hydrocarbadiyresifatipr Selijeraibidiyt Groliprakeratiysiontiridha fersbthgibgosystetndBehctodt isea halo,
hydrocarhyl, hydeosataylexueitstityc group, said group having up to 20 non-hydrogen atoms, or two X
groups together form,a neutral .C5. onjugated diene or a divalent derivatjve thereof; xis 1 or 2; Y is
20-, -5-, -NR"-, -PR"; %%?i%gi?igg?fé%?%‘%%fﬁ%ﬁRQ%I?W%&‘%E BT RERS5IR12, or GeR'2
wherein RefaRR RfeTREMARERIYEE Bl raPRer IR afferce e grdtir seralae e sitpludeydrocarbyl,
hydrocarbyloxyigneeambiaatie nsitieredf psaitkRivhiayinDhtiains30ceahan on SHican BtoMms used

Specific examples of he:foreaaing cRPRIRINEd deamaty Melal.complexgs inglude compounds

corresponding, to the formula: 15 wherein, Ar is an aryl group of from 6 to 30 atoms not tounting
hydrogen:®  R#ThdeBEiadndr e Sebiesta S merdgendas St SMés PR selected
from hydrocarbyl tieikyde dearkydsitgk dripardebdaryigerbvplicd adidesthydtocarbyd oo “heteroatom™

20trihydrocarbylsiloxy.-histirifvarasachyisilvDamipe. dithydracarbybatning, hydrosarhadiyiamino,
hydrocarbylimina di,(h}édrocar%OQDos glno, hydrocarbadiylphosphino, hydrocarbylsulfido,

halo-substituted ﬂy%fr a%ﬁ?’hydrocagr yloxy- substituted hydrocarbyl, trihydrocarbylsilyl- substituted
hydrocarbyl, trinydroGarsyisilOxsireuatistitatéss tyeroearbyipbisint ydnodangydsiijdmimosubstituted
Eygrocargw:, gHgﬁyﬁﬁ@%%m@%ﬁw&iwt&;d;megéapﬁamemyﬂﬁg%&mgfﬁmj@ergy‘éﬁe_*astituted

rocarbyl, di racar sphina- substjtute oc,arbyl, ocarbylenephosphino-
szbstitutec)I/ hy(rj‘?(r)}é af%cyi?%%%%%?%%gfrﬁﬁgu‘f ffjactt)h-(ysﬁk?é itte hég%/’@é@rlq%?g ‘seg%yﬁyﬁ?r%ﬁbmﬁgving up to 40
atoms not coufititriHigdirarien Eoms e bsiRvRalV ribB atiabeho REGroals mayeopified together
forming a polygyahicHkise el biBgh@EouE:; one or more nonhydrocarbyl substituent groups. The terms,

“heteroatom containing hydrocarbyl” or “heterohydrocarbyl” refer to univaient groups in which at

25  least one atom other than hydrogen or carbon is present along with one or more carbon atom and
one or more hydrogen atoms. The term “heterocarbyl” 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 2 single or
multiple covalent bond or a coordinating or other donative bond. Thus, an alkyl group substituted

30 with a heterocycloalkyl-, aryl- substituted heterocyeloalkyl-, heteroaryl-, allcyl- substimted
heteroaryl-, alkoxy-, aryloxy-, dihydrocarbylboryl-, ditiydrocarbyiphosphine-, dihydrocarbylamine-,
trihydrocarbylsilyl-, hydrocarbylthio-, or hydrocarbylseleno- group is within the scope of the term
heteroalkyl. Examples of suitable hetercalkyl groups include cyanomethvl-, benzoyimethyl-, (2-

pyridylimethyl-, and trifluoromethyl- groups.
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M is titanium; 30X" is SiR62, CR62, SiR62SiR62, CR62CR62, CR6=CR6, CR62SiR62, BR6, BR6L", or
GeRt; Y is -0-, -S-, -NR5-, -PR5-; -NR52, or -PR52; R5, independently each occurrence, is
hydrocarbyl, frihydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl, said R6 having up to 20 atoms other
than hydrogen, and optionally two groups or R6 together with Y or Z form a ring system; R6,
independently each occurrence, is hydrogen, or a member selected from hydrocarbyl,
5hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, -NR92, and combinations thereof, said R6
having up to 20 nonthyeirbgesiraioresy dadroptioreddy, twopRPagroitpsyoiRebrniogethenyviibiss forms a

ring system; .,,.4J8 & neviralidiens ovamepedentale.orpalydentate Lawis base optionally. bonded to
Rs, 12.6, or X; 10X is hydrogen, a monovalent anionjc, ligand group having up to 60 atoms not

counting hyd F’&d’éﬁh&w}\%@% rﬁ?%?fﬁ%o3fé“ﬁ)?ﬁ%ﬁ“t%c’é’é?ﬁéﬁﬁ‘é?e%f‘ﬁfﬁﬁﬁ%“ﬁ%%&i”éh? Tig&HaGOup; X is 1
or 2; and z is ©gtivoth2espect to aPpeferrediescdmpsidsbicise foregoirgdretal gomplexrdsdademculistituted at

both the 3- and4- 1hpesitiang-atasyclopsadienybenindepyl GEOURWILRL AMAL GHoWRromaiEXxamples

of the foregoinig metal mplexes include:

c : . .
(3-phenylcycl6p%c?{t313 %%’"%f-flﬁa&liﬁféliﬁilﬁ%%%@ éurﬁ?gé?éﬁtahﬁlétlﬁ%%ﬁﬁ V@f@ﬁ%ﬁﬁeh.nkm 0 & common
(3-phenylcyclejsantadient masdime tykEaa RARTd oFsirarath AR RipM efifétrfy), include phenyl,
(3-phenylcyclepantadieh-Lyd metipHé-pimplamida)silanetitanium 070 1,3-dipheny1-1,3- 20butadiene;
(3-(pyrrol-1-yl)cyclopentadien-LyPdimethvl(tbuviamidelsilanetitanium,dichloride
(3-(pyrro|-1-ypcyc|opeuntadien-1-yOdimethyl%{-?/bé}t/ylamido?silé)net%tan%uml“ |rr%”ee{h§}ﬂms bound to

(3-(pyrroti1-y PRy eioise i saiar e 215G m Sty KE B R e s et el peitted alivl, cycloalkyl,
dipheny1-1,3dtsadieheriocalicyl, heterocycloalkyl, substituted heterocycloalkyl, halogen, alkylhalos (e.g.,
25(3-(1-methypyriok:3:yNaycloneniadienshydimetykibitylamidelsilanetitaniym dighloride,
(3-(1-methylpyrrol-3- pgyclopentabd|en-1-detlhmeth kt-butylamido)silanetitanium dimethyl,

(34 1-methylp T SONES BB RGBT LR B U EE S ANBERAR G -
dipheny1-1,3 butmcianap (@ d-tiphetiyityelopshtatiencikly Doimethyite bniyamido shanstitarum
?ichlgri%% 3?£§rb|6n§iimﬁéayﬁﬁ%&g&ﬁi&i@%w?@m@&?%&& wmﬁlaggpﬂﬁdia&@ﬁ@nﬂém dimethyl,
3,4-diphenylcyclopentadien:|l-yDdimethykt-butylamido)silanetitanium (1) 1,3- pentadiene;
(3-(3-N,N-dimethy|a?rg|en‘85‘6he“ﬁ%hﬁ’%?fé‘l%’p’i*g"r? ‘éﬁ%rﬁ’?f?ﬁ%’*drrﬁ%n Sy??t%eu?ﬁ%(an‘%)ﬁa%rf‘su SRE SR Ehloride,
25(3-(3-N,N-diretbsiebmesphieiyie yersp emate S steret nprcbaniaps doysharnatienditiors Gimethy|,
(3-(3-1,IN-dimgy bylaye )phenydexsiopantadiybdinetidipbutylamics) staned i Wnder
1,4-dipheny1-1,3-butadiene; (3-(4-methoxypheny.1)-4- 1tlQ 11c opent dI; 'Y;l o
-yl)dimethyl(t-%ﬁ?ﬁ'a%%r%%dgsgfaélogs(asr??gtrﬁm |c?$%nc‘f§¥‘°)l chdRiots ‘y%y 2B dilent a 100 °C, 4.
(3-(4-methoicyBREHY FRUPBIERY (EATop RISt far T2{fO Bith dtHiyAG b Ram it SYfair iR AM Lrer &ith ethyl.
(3-4-meithoxy@nmyiﬁ@qﬁmnyhmgﬂmmﬁaﬂtem—ﬁwﬁdEm&bhyi&ﬂﬁy&am&ﬂo)ﬂim&ﬂmﬂiwm(ﬁ)
1'4'd'phe”yl‘Joéﬁgk‘&?g}%&%y@58&99&!1&!@%%&?%!%@8@& %ﬁgf@xﬂf@ :ln comonomer incorperation

-yOdirnethyl(t-butylamido)silanetitanium dichloride, . N ]
10(3-pheny1-BHetFE T toREHELa SR oihTetisy e anicR Shaltetratitrr imtfebignt 3
-phenyl-4-methoxycycpantadieas dytdimethyl(t-butylamido)silanetitaniurn (11) 1,4-

dipheny1:1,3-butadignz{3:RNemyk4: (NN a@ﬁﬁ%ﬁbﬁé‘é@ﬂ%%yﬁl%%@%ﬁ be determined directly,
1-y1)dimethylgt-butylamidg)si1ar1 ium dichloride

or example by tne use of spectroscopic techniques, Often, however, any difference in
comonomer incorporation must be indirectly deterimined. For polymers formed from multiple
monomers this may be accomplished by various technigues based on menomer reactivities.
For capolymers produced by a given catalyst, the relative amounts of comonomer and

30  monomer in the copolymer and hence the copolymer composition is determined by relative rates of
reaction of comonomer and monomer. Mathematically the molar ratio of comonomer to monomer
is given by

N

[comonomer] J _ R;ﬂ (1)
[monome;‘] poiymer Rpl

A_(
\

—_
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15(3-phenyl-4-(N,N-dimethylamino)cyclopentadien-l-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(3-pheny1-4-(1l,N-dimethylamino)cyclopentadien-1-y1)dimethyl(t-butylamido)silanetiranium (11)
1,4-diplienyl-1,3 -hutadiene; 2-methyl-(3,4-di(4-methylphenyl)cyclopentadieyed
ethyl(t-butylamido)silanetitanium 20dichloride, 2-methyl-(3 ,4-di(4-methylphenyl) cyclopentadien- 1
-yl)dimethyl(t-butylamido)silanet tamum dimethyl, 2-methyl-(3 ,4-di(4-methylphenyl)cyclopentadien- |
-yl)dimethyl(t-butylamido)silaneritan um (1) 1 ,4-dipheny1-1,3-butadiene;
25((2,3-dipheny1)-4-4\.Nrdimethylaminoleyclopaoiadien: Ly dimetsbuviamidolsilane,  fitanium
dichloride, ((2,3-dipheny1)24-(N,N-dimethylamino)cyclopentadien-1-yDdimethyl(t-butylamido)silane
titanium dimetiayl A(2;3 -Hiplemnyibpid-{dtNdiniettlykatnino)cyctepapadient, 1 FDdimetby (t-
30butylamido)§ilann%tgt gign&aﬁlcl]}l%64-dipheny1-1,3-butadiene;

(2,3,4-triphenyia-]7§i-rﬁe ylcqyc opentadien-l-yl)dimethyht-butylamido)silanetitanium dichloride,
(2,3,4-tripheny1-5-methylcyclopentadien-l-yg;iignetbij,@t-but damido)silanetitaniutn dirnethyl,
(2,3,4-triphenyl-5-methylcyclopentadien-1-y dim;@yl(kpt;utél mido)silanetftanium (1) 1,4- diph enyl- |
,3-butadiene; 35(3-pheny1-4-methoxycyclopentadien-l-yl)dimethyl(t-butylamido)silanetitanium
dichloride? (3 -phenyiPAPEiAHETE T BBy MRS R BRARTEE) StdhatrBh RamPiethy
(3-pheny1-4-niethioxycfclopertacieniaiyt) dinhethylitbutylemmice)sitepatibamiurin (HY gt as :
dipheny1-1,3-hutadiene; T . . 3
(2 3 ey L D e e S S Sa e e oo e SR S R
5(2,3-diphenyi:ddfn soitypoyciope niadiendnpDdinme thykisthiuiy| s dd)sitenetitaniuin dimethyl,
(2,3-diphenyl-4-(n-butyl lopentadien-1-yl)di hi- lamido)silanetitanium (I1) 1,4-
dlphenyl13l:ﬁﬁt%%%%%gs)%%%gs%e??a%ggé%ﬂ%/%gglgg?ggﬁt;g%%%é?)?%?%%%ﬁ?%%ﬁttl;cj/ amido)silanetitanium
dichlorideg (2,3,4,5-t€trapbe nytioyciopentadiens LyBdimeé thyl¢tbuty tamidojsitanetiteniimmi digpiethyl, and
10(2,3,4,5-tetraphenyicyslopeatadiensky RdimethektQutamidgsianeiamum-0 1 fsrization

diphenyl-1,3-butadiene. Additignal examples . of guitable metal complexes for use as catalyst (A)
herein are polf/c&lie" B ST LERETBS P BHETY T Me Formula: 15where M is titanium in the +2, +3 or
+4 formal oxidation Sterteendom FoFahimge pertishtly ateotits of thrdntmisdmped fiderdaytirocarbylasilyl,

germyl, halide,:Rygpearylexymbysresarisiiowmhvaresabyisiham e dichydiacarbylamino,
hydrocargl)%/lene inoé 1’gii(AE)/drg)lgasrb%@lphos&phino, hydrocarbylene-phosphino, hydrocarbylsulfido,
halo-substitutéd Bytljnrsbcac'r y?l?chy r@car%%xy-substituted hydrocarbyl, silyl-substituted 20hydrocarbyl,
hydrocarbylsiloxy-substituted hydrocarbyj,d’fydmpapbgdsilyjamyr)gispjgstituted hydrocarbyl,
cli(hydrocarbyeamino-substituted hydrocarbyl, hydrocarbyleneamino-substituted hydrocarbyl,
di(hydrocarbyl)phosptiirre-Sulstitutet Bydredetoy, hypreoeetsoytensephaspléjnio Sutrstitatedshydrocarbyl,
or hydrocarbylsulfidg-substituted hydrocarbyl, said R7 group having up to 40 atoms not counting
hydrogen, and' %’b‘fﬁ)tngfﬁ/tet\?v%mctfro more of the fore oing groups may together 25form a divalent
derivative; R8 is a divalent hydrocarbylené; or & bsiti:tmféHMy&ierarbylene group forming a fused

system with the remainder of the metal_ complex, said R8 containing from 1 to 30 atoms not counting

hydroger?  Xa is A RARBRTRIGHEL FBF P GRdr FRSMRGRGRa & BERELak P aTiBtitPAl two electron

pair able to form a coordinate-covalent bondlég_M, daig X' comprising boron, or a member of Group 14

of the Periodic Table of the Elements, and a q@m})ﬂgmg ﬁﬁ?ogen, phosphorus, sulfur or oxygen, X is

a monovalent anionic ligand group having up to 60 atoms exclusive of the class of
A simplified equation for comonomer composition can be derived as disclosed in George

Odian, Principles of Polymerization, Second Edition, John Wiley and Sons, 197¢, as follows:

_ A= AP+-s)A
(- AF 420 iy s

25 From this equation the mole fraction of comonomer in the polymer is solely dependent on

(6.

the mote fraction of comonomer in the reaction medis and twe temperature dependent reactivity

ratios defined in terms of the insertion rate constants as:

ky, ko, ™
;-i S ¥, = — .
ki ’ Ky
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5ligands that are cyclic, delocalized, it-bound ligand groups and optionally two X groups together form
a divalent ligand group; Z independently each occurrence is a neutral ligating compound having up to
20 atoms; x is 0, | or 2; and z is zero or 1. 10Preferred examples of such complexes are
3-phenyl-substituted s-indecenyl complexes corresponding to the formula: 2,3-dimethyl-substituted
s-indecenyl complexes corresponding to the formulas: 150r 2-methyl-substituted indecenyl complexes
corresponding to the formula: Additional examples of metal complexes that are usefully employed

as catalyst (A) accordingsiaiisie, presgphinientioninckide hasecat the:lesmila of e 1.Spegific metal
complexes include:

(8-methylene- T 8 HiSdienzofehiazalon 1oy T R Lty RS RS Ry RS &S titanium
(1) 1,4-dipheny b PEBREAERE (B HeRyEiela"8-dihydrodibenzole,
h)azulen-1-y1)-N-(1,1-dimethylethyegimethyisijanamide 1Qtitaniym (H) 3,3-pentadiene,
(8-methy|ene-1,8-dihydrodibenzo[e,Ii]ézdlen-l-yf)-N-(l,1-dirﬁethyléthylgciimethylsiIanamide titanium
(Tfl) 2-(N,N-dimethylandithe jbérigye! (Banettidemss, 8-dihydrodibenzokklazulen-1-y1)-N-(1
1-dimethylethyl)dimethylsilananaide ti@ni@__g{y)ﬂgigglogigej ] o
15(8-methy|ene-1,8-dihydrodibenzo[e,Iijézulén-l-yl’)-l\f-(l 1-cginﬂ;thy%ethyl)dimethylsilanamide titanium
(IV) dimethyl, ( 8-methydeagorbm8-ciftysirodibenzatedi]@zimen-disyddN(George Odian, Supre.) as:
J-dimethylethyl)dimethylsilanamide titanium (V) dik;e r|
(8-dif|uoromethylene-1,8-dihydrodibenzt.)[e, aZuter -y 5N
titanium (Il) 1,4-dipheny1-1,3-butadien S (g alf Hethylege-18edihydrodibenzole
hlazulen-1-y1)-N-(1,1- dimethylethyl)ditne@hylsiIanapth um (1) 1,3-pentadiene,
(S-difluoromethylene-1,8-dihydrodibenzol[e, h]azuleﬁ‘-"fyz “N-(1, 1- dimethylethyDdimethylsilanamide
titanium (I11) 2-(N,N-disnethydamiggidenzyl, (8-difluoromethylene-1,8-dihydrodibenzo[e, /2]
azulen-1-y1)-N-(1,1- dimethylethyDdimethylsilanapmide titanium (1V) dichloride,
10(8-diflugromethylene-1,8-dihydrodibenzole hjazifes2t-y1);N-(1,1- dimethylethyedimethylsilanamide
titanium (IV) dimethyl, (8-difluoromethylene-1,8-dihydrodibenzo[e,hJazulen-1-y1)-N-(1,1-
dimethylethyDdimethylsilanamide.fitapium (B¢, dibenzyl, 15(8-methylene-1,8-dihydrodiberaole, azul
en-2-y1)-N -(1, | -d irn ethylethyed imethyls ilanam id e tjitanium (11) 1,4-dipheny1-1,3-butadiene,
(8-methylene-1,8-dihydrodibenzole, azulen-2- -Nr@_—;l.&imethylethdeimethylsiIanamide titanium (11)

1,1- dimethylethyDdimethylsilanamide

\/

1,3-pentadiene, 12 2 (1),
— e - Fizy
2 2
o Loy

For this model as wel! the polymer composition is a function only of temperature dependent
reactivity ratios and comonomer mole fraction in the reactor. The same is also true when reverse

15  comonomer Or monomer insertion may occur or in the case of the interpolymerization of more than
tWo mMOnomers.,

Reactivity ratios for use in the foregeing models may be predicted using well known
theoretical technigques or empirically derived from actual polvmerization data. Suitable theoretical
techniques are disclosed, for example, in B. G. Xyle, Chemical and Process Thermodynamics,

20  Third Addition, Prentice-Hall, 1999 and in Rediich-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
of such software is Aspen Plus from Aspen Technology, Inc,, Ten Canal Park, Cambridge, MA
02141-2201 UUSA.

25 Based on the foregoing theoretical considerations, the present invention may alternatively
be described as a composition for use in the polymerization of two or more addition polymerizable
monomers, especially ethylene and at least one copolymerizable comonomer, to form a high

molecular weight, segmented copolymer (multi-biock copolymer), said copolymer containing
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(8-methylene-1,8-dihydrodibenzo[e,h]azulen-2-y1)-N-(1,1-dimethylethyl)di ethylsilande 20titanium (7E)
2-(N,N-dimethylamino)benzyl, (8-methylene-1,8-dihydrodibenzole,171
azulen-2-y1)-N-(1,1-dimethylethyl)dimethyLsilanamide titanium (IV) dichloride,
(8-methylene-1,8-dihydrodibenzo[e, klazulen-2-y1)-N-(1,1-dimethylethyDdimethyLsilanamide titanium
(IV) dimethyl, (8-methylene-1,8-dihydrodibenzole, 11]
azulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide titanium (IV) dibenzyl,
(8-difluoromethyiene~t B-dihydredibenZofe dazw ermdepls) oNb{dsits difnstihytethy Ddimethyisitanamide
titanium (1) 1.4-giphenyk:b3:Dradifniisciosed here in, the composition comprising the admixture or
30(8-difluoromethylene-1,8-dihydrodibenzale,h7azulen-2-y1)-N-(1,1-
dimethylethy AT EISHAIE HERT O L 3. pentadiene,
(8-difluoromethylene 0, 8idihyldfo ditiensiofeipyestileh-2-y1)-N-(1,1-  dimethylethyDdimethylsilanamide
trﬁaniulm (H1) 2'(N,N‘Mﬁlﬁh@%ﬂ)ﬁ?ﬂﬁ%zﬁﬁrﬁﬂiﬁ:&gmmﬁﬂM@Bﬁ:ﬂa&(ﬂz)igyﬂdﬁgé%&!ﬂﬁ@ﬁ@g in
azulen-2-y1)-N-(1,1- 5dimethylet imethylsilanamide titanium (I1V).dichloride,.
(8-difluoromet 1§%ﬁé}ir§9§ﬁ§ﬁgaf Zer%(zgg e},nf?lg?}aﬁrenﬁ{ffﬁf-@ﬁf?ta%ﬁte(t%{/%ﬁoﬁ;{/ﬁcgﬁﬁgﬁ%ylsiIanatnide
titanium (1V) cRRIETSYEISLPRIGIRhEMlylene-1,8-dihydrodibenzo[e hjazulen-2-y1)-N-(1,1-
dimethylethyDdimethy)silsmamise;tigapidtiegs/) dibenzyl, and mixtures thereof, especially 5mixtures of
positional isomers. Elither illustrative examples of metal complexes for use according to the present
invention correspond to the formula: R1IR1 where M is titanium in the +2, 3 or +4 formal oxidation
state; 10%is -NR9- & 202 2 TR SRR GELFBNR SHA e itd Bty drocarbylboryl, or halohydrocarbyl or
up to 10 atoms not coufiting fydrogenn polyRiSzitide pamnidentiy)each occurrence is hydrogen,
Eygrocargy:, _tlrih.\/drogf&@nék%&yég&gk_alxstizima&hﬁgﬁ%ylbgﬁd{&segmyb@ﬁﬁ@;r%héﬁalk@ﬁm?ym@mh@agy,
ydrocarbylsiloxy, rocarbylsilylaminq, rocar mino, rqcarbyleneamino,
iy crocar by RSB, T ER B TERE o SaanthoyH ERTOYIETHRRS Bre: Sapdiithea
hydrocarbyl, hydiseriyibry&abstituted hydrocarbyl, silyl- substituted hydrocarbyl, hydrocarbylsiloxy-
sugst?tut@g Eygrocarhx?a%xﬁnma&%m%ﬂ&m&mmewm' gefrmgmﬁaegﬁtisﬂ(ﬁﬁg&%myf@?inoh
substituted hydrac , hydrocarbyleneaminozsubstituted 'nydrocar i rocar osphino-
Subatiuted hy e By e AR byl
substituted hyRrOBSFF SBRITRFEr GRS AV AT Ut 6 M8 SN SPRUUR TG HY arBgeeTat e End
optionally twoariheisehitiedpregeinegadjaceniit groupsispydegeiBer fam.adivalestdriiative

thereby forming a,safyrated or unsawaied el tng. s 3 divaleplmoisty lacking.in,dglogalized

7-electrons, or sucl:lh_a moiety orgﬂgsm 'one a-bond and a neutral two electron pair able to form a
coordinat8-cofaMHt ORI N 4RI CSMPHLATY BorBA PBF e HeemBERS fits Wi F4BHtREPeriodic
Table of the Hemeniscadidls potomapridingnnitrogen;sphdsphotvisps mlfiint dsasdygen; Xisa

monovalent anjopic ligand.araln MavingitndR-e0: 1R exalusiMe ALibe class el izandsdbatare cyclic

ligand groups bound to M through deIocaIi,ZeUd it-electronsw_or two X groups together are a divalent
anionic ligand YratHr 2t PEHYSTHF "SHtHre SOl F8REE 8% neutral gating compound having up to 20
atoms; x is 0, 1, 2, of43;zdiet 2lé§Opolyhetigghiy prafetably T is =N(CH3), X is halo or hydrocarbyl, x is 2,
X' is dimethylsilane, gis, Q. 2R8RESEHAGEUITENGE IS IVEEBGaT. ra Iy arosathd.s Ryeracarbyloxy,
. : oYY : PEIWOT D! IOHH &
iy drocarby R YOS PHSRRRTING: S yRcARr Ay b aups ket iveiorariy! aroup. or
polymerization conditions, and
(C) a chain shuttling agent; and
recovering the polymer product, wherein:
30 r; of the a first olefin polymerization catalyst {r ), and
ry of the a second olefin pelymerization catalyst (rp),
are selected such that the ratio (714/ 71p) under the polymerization conditions is 4.5 or less,

preferably 0.25 or less, more preferably 0.125 or less, still more preferabiy 0.08 or less, most

preferably 0.04 or less.
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10hydrocarbyleneamino- substituted hydrocarbyl group of up to 20 atoms not counting hydrogen, and
optionally two Rw groups may be joined together. lllustrative metal complexes of the foregoing
formula that may be employed in the practice of the present invention further include the following
compounds: (t-butylami do)dimethyl-[6,7] benzo-{4,5 :2',3 (1 -methylis o indol)- (3 H)-indene-2-ylsil
anetitanium 15(1l) 1,4-dipheny1-1,3-butadiene, (t-butylamido)d imethy146,7Thenzo-[4,5 :2 ',31(1
-methylisoindol)-(3H)-indene-2-yOsilanetitanium (H) 1,3- pentadiene (t-butylam

ido)dimethy146, 7Th iS$.0 inden flan- tlta 1

24N,N- d|methylamlno)‘%%n%%zbg%og&%%%%%%lm Dh 0§“6enz%ég[ﬁ¥ 5)’%21‘701 mi?i o Drgn 2
-methyllsomdoFf’%éHl} Pﬁ&@ﬁﬁzﬁbﬁfﬁ%‘iﬁﬁéﬁg?ﬁwmsmﬁﬁm@“(’tcﬁfﬁﬂﬂ%‘ﬁﬁéﬁfﬁsﬁﬁéﬂ?%[G 7]benzo

-[4,5 ,3 (1 -methydisbindolp(3k)iricener2syh)sitanetitniutn (v eimetiyl 2 high molecular weight,
(t- butylamIdo)dgmggmé'aL%Jdl%@zeau%%am&wmﬁm (3K ndene:ZyQsiianetitarnum 25(1V)

dibenzyl, (t-but I%lmldo)dlmethy146 7]benzo- [14 5: .3 (1 -methyl iso indo 1)- (3H)-indene-2-yl)s
anetitaniurm (I\H%ﬁ‘(ﬂlﬁﬁ@f’ﬁﬁfsﬁ?i‘) ségments or blocks differing in one or more chemical of physical
(cyclohexyiamide)difrethyifaer fireivzel 41512 (e methydis oindolp( 3D trdeme-2r30 ysitanetitanium (H)
1,4-dipheny1-]pl%@g{@gi§mﬁ, f{gm@lhgggmamido)dimethyl [6,7]benzo-[4,5:2',3fl(1-methyl
oinciol)-(3H)-indene- I)§|I nel tanl m(ggu 3 elnt%\dlene (cyclohexylamido)dimethy116,7Then
zo-[4,5 :2 ,31(I-meth omcfofj haene-2- % ﬁaﬁetltanlum (111) 2-(N,N-dimethylamino)benzyl,
(cyclohezylamido)di rﬁ?ét%liﬁ’i%i ?Tﬁé ﬁ%ﬁfﬂ%ﬂ?ﬂ?aﬁﬂﬁf@mﬂ%ﬁm%ﬂ@m@éﬁ@egﬂg in
yl)silanetitaniurndh\Qetlic bigtide, oyatoh exylans idojelin piipaldts ¢ ienzo (i bdeequivalent

'3(1- methylism ég‘(;%l %I—l S (%gg%o%s ypsilanetitanium (1V) dimethyl,

(cyclohexylarni imethyl,[6,7]benzo-[4,5:2',3 1(1-methylisoindol)-(3H)-indene-2- yl)silanetitanium
(1V) dibenzyl, (cycloh&%ﬂéﬁﬁ%ﬁ%‘)‘&?ﬁ%ﬂ%ﬁt g Ppitenzo- [4,5 :2',3 1(1-methylisoindol)-(3H)-indene-2-
yesiianetitanium (1V) bis¢trimetinptsidyd) in mole percent of the copolymer resulting from the first olefin

10(t-butylamid g@gp;%fgy@gg@y@}[gng]benzo [4,5:2',31(1-methylisoindol)-(31-1)-indene-2
yOsnanetltanlum (I 1,4-dipheny1-1,3-butadiene,

(t-butylamiitio)di(p-m ey R E AR A HB RS PSS 31 Pr fRRehmE Sl E G finthsnrl o'efin
yl)silanetitaniumvii)etiB+oe ntediien;),

(t-butylamido)di(p- me&ﬁx@&e&w@ﬁ@d&@&meﬁ@;@ &&Qzﬂé%my&%gﬁg&rQ’éh&ﬂ&%@g-&mm,

15yI)S|Ianet|tan|u (N,N- dlmet n nz

(Cbutylamicto) TR FORERS T8 P o Ve £ RS a5 aeibnss
yOS|Ianetltan|Lﬂiﬂﬁﬂf(i‘li*@t’?llziFél‘h%)ﬂ!ﬁi’t‘ée

(t-butylamiglo)di(p- me&h&lﬂ&iﬁnyﬂx)éﬁ $2benzeddkdidrackid prathlisaindel 3H)n0e8pR-2-
yOsilanetitanium IV%: dim & ’n{ ous s lu‘mon ocess for nse tmu of TS A dmm

20(t- butylamldg (tp metﬁnl enyl 46, Al enzo44,5: f}%lf(pl ﬁ%?ﬂ |50|ndwi5) ?éﬁ?

yesilanetitaniuf? mrmypomcrs (referred to as monomer and comonomer(s) respectively), especlally
(t-butylamido)elifja-mediyk phsiyt)e oo finenzoiddidn am ¢l medny soin dol-(aH wagenewnented
y1)sianetianium, () bisdimalysit), 25 GieLohdmda BelyBhed S L Then=o 14,52

3 '1(ethylisoindol)-(3H)-indene-2-  y)silanetitanium (H) 1,zi-diphenyl-1,3-hutadiehe
(cyc|ohex;ﬁam.%rﬁfu?(wﬁﬁ%fﬁ§r&?ﬁsﬁﬁ A AEREG 0BT %ﬁ%é&ﬁyﬁsa. ey rRRiTR 2 further
yOsilanetitaniudistidy<t, Bapentad ipnes{cycloirng/fasien)di (ombethy phenyd)4t; ZThenzoddd2' ,3 1(1

-m ethylis oind ol)-(3H) g@@g@grzﬁn%@%%t% . (1) 2-(N,N-dimethylamino)benzyl,
(cyclohexylamido)di(p- methylpdhein%/l 416 71benzo- 415 :2' ,31(1-methyliso dol)-(3I-1)- dene-2-
ypsilanetitanium (IV) ﬁl%aﬁ% olefin polvmerization catalyst capable of preparing polymers differing in

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

30 polymerization conditions, and
(C) a chain shuitling agent; wherein:
the comonomer content in mole percent of the copolymer resulting from the first olefin
poivmerization catalyst (F:), and
the comonomer content in mole percent of the copolymer resuliing from the second olefin

35 polymerization catalyst (Fa),

18



(cyclohexylamido)di(p-methylpheny1)-{6,7]benzo-[4,5:2' ,3ylisoindol)-(3H)- ndene-2- yl)silanetitanium
(IV) dimethyl,
(cyclohexylamido)di(p-methylpheny1)46,7Thenzo-[4,5:2',31(1-methylisoindol)-(3H)-indene-2-
yOsilanetitanium (IV) dibenzyl; and (cyclohexylamido)di(p-methylpheny1)46,73benzo-[4,5 :2',3 1(1
-methyliso mdo 1)-(3H)-indene-2- yl)silanetitanium (IV) bis(trimethylsily1). 5lllustrative Group 4 metal
complexes that may be employed in the practice of the present invention further include: (tent-butyl

amido)(1,1 d|methya} %»?bcé&@sulgfﬂgﬂtﬁétww &2) under the polymerization conditions is 2 or more,
hexahydronaphthalenybdimeth IS|Ian%t|tanlumd|met

(tert-butylamiliSTEA7 SHBFEMEIRIES 34 o 1o 2T 4 Blpg preferably 15 or more, and most
Ohexahydronapfittale aYHoimesthypiditanbtieraimndineinghs, and
(tert-butylamido)(tefrasnathy d-pricwelgpentadienyl) dimethylsilanetitanium dibenzyl,
(tert-butylamido)(tetramethyl-p5-cyclopentadienyl)dimethylsilanetitanium dimethyl,
(tert-butylamido)(tetramethyl-p5-cyclopentadieny1)-1,2-ethanediyhitanium dimethyl,
(tert-bntylami§EREEEEMethyl-n5-indenyl)dimethylsilanetitanium dimethyl,
15(tert-butylamido)(tetrairivetioydsnb-ty clopemadiagytidipabthyisitame titasiviny{dH)n include

2-(dimethylangin@lbenzybne or more addition polymenzabie monomers other than ethylene. Example:s of
(tert-butylamidq %?etrameth ﬁ}/clog |en er |methy1 ilanet t?nlumall
I'I;jlgl(}

ds str ain

(tert-butylamidS &t S cycTope eny PRERRY i ﬁ’é’ﬁf)anufrﬁ (Iﬁﬁg%rﬁbg mEtHYIpentadienyl,

20(tert- bLﬁyIaPﬁde@)@@mameﬁhﬁ%%@eiéﬁ@ﬁ&d@ﬁ%mhsﬂ%dﬁeﬁawbﬁﬂ@ﬁ 4-methyl-1-

1,4- diphenylpbfﬁeﬁyt:agmﬁ,ﬁ%ﬁtmwlam&@)(ae&eamqtlay&daéngypt@me&a;ﬁanyé)gmmyhsiIanetitanium

(m 1,3- pentadl ut lamido)(2 A d|m em s netitani S1 4-dipheny1-1,3-
t%ﬁ)u tépu ang )% $OSe: n 1 Ftthr% r}@q ﬂ g% Q{zrﬁ% Z? ﬁgm} aP

butadiene, (ter ami “meth eny dimethylsilanetitaniumni exadl ene
(tert- butylam|M@Wﬁ@%ﬁ?ﬁ’ﬁﬂé?ﬂ}ﬂ%%ﬁ?ﬂ%ﬁéﬁi‘ﬁﬁ’h@rﬂ(’!‘%%gﬁdﬁﬁ@ﬂ%@,@ﬁmﬁﬁ sty
(tert-butylamid@){2-~ mmﬂm&%denyj}dimmgd&tanatﬁa@unm@hé) BORIEREy-olefins, such as butadiene,

30(tert-butylamidol(2-mel et ani 3P _hexadien
(tert- butylbamlcfo?%z% ?Jlmet I|n§)rg %Q%%%m:%@é%%%ugr%ﬁ%%%/%ug %%El}?h%?hff iﬂéh utg iene,

(tert- buty|am|di8){*2X3d&ﬁ?ne}tHwﬁﬁ%ﬁg?r)h‘fﬁ&%‘kﬂ%‘ﬂa}n%ﬁfé?ﬂiﬁﬁ? (ARt T-ostadiene, ethiylidene
(tert-butylamide}@Baimethytirderyt divelivgtsidinetitdmety (1NG-civniitiny K-cthylidene-§-methyl-

(tert-butydam kdOA@éﬁ- Q, @9&@%‘ '@QE@&Q}?'{Q%QX&%@'M% (W, 1@&91%%(&5 such as mono or poly
(tert- butylamldo)§2 ,3- dlmethyllndeﬂxl dlmeth 1silanetitanium (IV) 1,3-butadiene,

(tert-butylomiaByEEaHE VRIS SHTT Y ﬂ%‘ﬁ%ﬁ‘é?n%ﬁn%y&i%eiﬁsp SRS o
5(tert-butylamido®]Ssdimethstinderyb dirdeisieratiartbns (1ynt) e fhretiydal &:8sbutadiene,
(tert- butylami@%mﬁmwﬁi@@ﬁmmﬁl&d@%ﬁmaﬁw%&p@@t@&{%&emd methyl

(tert- butylamldégvg meth Ilnd Qégﬁ E%they Sélanetltanlum V) dimethyl

(tert-butylamidt eﬂ”‘?@?h ime faﬁyettr‘ffa{errﬁ?jtn 0 rgrﬁez¥'3111°roswr o0

10(tert- hutylaﬁ%ﬁd@%@h%ﬁht‘fp}i@mﬁwémyiaﬂm?@ﬁwbﬁtmétﬂﬁwm Yiyichloride, 1,2-
1,4-diphenyl-diBbekadiens : Genthupdamido2-methystird-ahenyindenydimethyisitianetitanium (11)
1,3 -pentadiene, (tert-butylamido)(2-methy1-4-phenylindenyl)dirnethylsilanetitanium (Il) 2,4-hexadiene,
(tert-buty amldo)(tetramethyl -5-cyclopentadienyl)dimethyl-silanetitanium (IV) 151,3-butadiene,
(tert-butylamidig}pebaiEmtrgent 15-cyclopentadienyl)dimethylsetitanium (1V)

2,3-dimethy1-1 3 -butadirre, ‘{rridbtylamida){tetramethy i >oyciopentadienyaedimethydsimehanium
(TY) iboprene, s iAmIdollshamealng: {ychg@p&ratmsw&gmﬁhyé@@@@%@ﬁlmm

1,4-dibenzyl- 1 utaalene tml-butylamido)(tetramet %/I -n5-cj'clopentadienyDdimethylsilanetitanium
() 2,4- |IexadIJ§’Wé‘°twa cata‘wst sites of the catalysts included in the composition under the conditions of the

30  polymerization. That is, transfer of a polymer fragment occurs both to and from one or more of the
active catalyst sites. In contrast to a shutfling 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. Preferably, the shuttling agent has an activity ratio R, p/Rp.s of from €.01 and
108, more preferably from 0.1 to 10, most preferably from 0.5 to 2.0, and most highly preferably

35 from 0.8 to 1.2, wherein Ra.p is the rate of polymeryl transfer from catalyst A active site to catalyst
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(tert-butylamido)(tetramethy1-n5-cyclopentadienyl)dimethyl-silanetitanium (II)
253-methyl-1,3-pentadiene,
(tert-butylamido)(2,4-dimethylpentadien-3-yOdimethylsilanetitaniumdimethy1,
(tert-butylamido)(6,6-dimethylcyclohexadienyl)dimethylsilanetitaniumdimethyl, (tert-butylamido)(1 ,1
-dimethy1-2,3 ,4-,9,1,41,5,6,7,8-hexahydronaphthalen-4- yl)dimethylsilanetitaniumdimethyl,
30(tert-butylamido)( 1 1 ,2,3-tetramethy1-2,3 ,4 ,9,10-b - 1 ,4,5,6,7, 8-hexahydro naphth al en-4-y 1)d
imeth yls 11 agetjtansiuwog dﬁB@EbM&g(@Hr@m&’Miﬁ@ﬁ(é@i{@m%wkﬁ&&yﬁl&pﬁﬂm&%l, methylpheny

silanetitanium gJV,) dimethyl, §rt baafvﬁa%?% do)(t gtfas@e e egst%y gpentadienyl. tiing agent

methylphenyIS| anetitan um eny

1-(tert- butyIarﬂ@@}@(ﬁé@rﬁmtﬁ@%8%%&%ﬁ§%ﬁé%mﬁéﬁmmbmhyl and
1-(tert-butylarsig)=2t(ietsamethyhisteyctapentadiemmpetad. ybtitamimeH ikdsdipheny1-1,3-

Sbutadiene. .. Qb iﬁc}? Inapiesd. - hapdsd-aamplexsruespasiall-hossconainna.olen group 4

metals, will, of cours e apparent to those skilled in the art, and are disclosed amon er paces in:

WO 03/78480p%teéfmggolwe’w?%%dfwwﬁﬁﬁ%fﬁ RS ERRB OBHRE AN RIS PAtents
6,515,155, 6 55@6:%4;36;15@;2%@1&0%@@@5 GR268:44Un 8 B15:868 115 866, 72Q4iraind #05/4%0,993.

Additional examples of.meial complexas that asashuly.cowmlayed.assatal/stih) aegomplexes of

polyvalent Lewis bases, such a com oun%p orresponding to the formula: ThTh i N 'N b (R-b)g -
Xbyb_ (-Rb"), FHREI Ris% a)‘fé"‘”n% QBN & TR S% SRR AR FiFHL Y ﬁ“’beﬁfﬁsff"om hLl 5
15wherein Tb@@&mﬁgm@@m?@p@@fpalbI?@@ma‘mmgwmm Stomdootbreibtriandijdrogdn,  Xb
and Yb are eaghdndepsrdentiy-selected from the group consisting of nitrogen, sulfur, oxygen and

phosphorus; more pE??ngmXthP %grenl% ccm%me?x%rseop ctzgp %'eps’havmo differing comonomer incorporation
rates as well as differing reactivities, and by pairing various shuttling agents or mixtures of agents
with these catalyst combinations, polymer products having segments of different densities or

15  comonomer concentrations, different block lengths, and different numbers of such segments or
blocks in each copolymer can be prepared. For exampis, if the activity of the shuttling agent is low
relative to the catalyst polymer chamn propagation rate of one or more of the catalysts, longer block
length multi-block copolymers and polymer biends may be obtained. Contrariwise, if shuttiing is
very fast relative to polymer chain propegation, a copolymer having a more random chain structure

20  and shorter block lengths is obtained. An exfremely fast shuttling agent may produce 2 multi-block
copolymer having substantially random copolymer properties. By proper selection of both catalyst
mixture and shuttling agent, relatively pure block copelymers, copolymers containing relatively
large polymer segments or blocks, and/cr blends of the foregoing with various ethylene
homopolymers and/or copolymers can be obtained.

25 A suitable composition comprising Catalyst A, Catalyst B, and a chain shuttling agent can
be selected for this invention by the following mulii-step procedure specially adapted for block
differentiation based on comonomer Incorperation:

I. One or more addition polymerizable, preferably olefin monemers are polymerized using
a mixture comprising a potential catalyst and a potential chain shuftling agent. This polymerization

30 test is desirably performed using 2 batch or semi-batch reactar (that is, without resupply of catalyst
or shuttling agent), preferably with relatively constant monomer conceatration, operating under
solution polymerization conditions, typicaily using a molar ratic 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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Rb and R' independently each occurrence are hydrogen or C1,50 hydrocarbyl groups optionally
containing one or more heteroatoms or inertly substituted derivative thereof. Non- 20limiting examples
of suitable Rb and RD groups include alkyl, alkenyl, aryl, aralicyl, (poly)alicylaryl and cycloalky!l
groups, as well as nitrogen, phosphorus, oxygen and halogen substituted derivatives thereof. Specific
examples of suitable Rh and Rb' Isoups include methyl, ethyl, isopropyl, octyl, phenyl,
2,6-dimethylphenyl, 2,6-di(isopropyl)phenyl, 2,4,6-trimethylphenyl, pentafluorophenyl, 3,5-
trifluoromethylphenyir. aneltbepayk mis:kdsn and Midyina matalicelprentsalactetifrepGroups 3 to
15, or the Lanthanlde serles s ofthe Perlodlrco‘%gbgea of the EIementts Pc{efe }/vlylb is a Group 3-13

4 series o VIng arange of viel
metal, more pre erab gf Mb is a G’roup 4-10 met aI {58 a monova ent, divalent, or trivalent anionic

ligand containing frof 1658 & W?%f%@&ﬁr?@Wﬂrﬁﬁéﬁlﬁfml@éyﬁﬁﬁ%éwﬁi &réps include
halide; hydride;dnytieotaiting, a3 8hych deastytoxy bdi( pytroeasdid) amdietor tiydrosarhyleneamido,
di(hydrocarbylphasphide aydrocarbyisufido; hydrac E@é@é@fyié&(&mf%%ﬁ%&%‘a@'%@%

is an

carboxylates. More preferred Lb groups are C1-20 alkyl, C2-20 aral cyI and chloride;

integer from 1%’%%&?@?&‘6@#?&%%3‘6 &Béleﬁfé‘ferﬁﬁﬁ?sﬁ‘(ﬁf?ff"f‘(? b riggrly jhféeaf%ra?“?/\mﬁsﬁﬂ’e value h
X j selected to providestWdrgertsédant eatdSZrlstbinseisrad digand: growEcogroihatedto b, and
containing up @n@&é@%@QE&QH%MWQ(&@%B@GJQH@@%Q QRYRS IRRlde Alehatic.and aromatic
amines, phospprn 5SE rasreg!a%?gr kadienes, and inertly substituted derivatives thereof.
Suitable inert SUDS Ueunffs?rl&hc}(lj’de ogeri, alkoxy, aryloxy; alkoxycarbonyl, aryloxycarbonyl,
di(hydrocdrbyl)aminétapihiarscarbyRsing carier antite Broupslituefersn Zvigroupisinskide
triphenylphosphing, et atydngisaits. pyridine, and 1,4- diphenylbutadiene fis an integer from 1 to 3;
two or three of Th, le anq21 b may be join 5919531 eyraé)r tatal {1‘9 %r%%%grgllerer!mg fructure; his an

integer from 1 to 6, preterably from 1 to 4, more pref nyvy in icates any form of

electronic |nteﬁé@t%ﬁ°°é§ﬁ§éPa1W e ?&?&I@ﬁfﬁéﬁﬂé‘“qmﬁrﬁﬁﬁﬂﬂ%@lé“l%@ﬁ%haa‘rrows signify
coordinate bongs;iana-doitedlines iidicateiogiional dettirehodsalyst A lmong gmbodinent; it is

preferred that R, igva felallvely jovsigsie mgh%raaeeréemer $HaA0IA0nD E*arﬁ SSIPREMENT, most

preferred Rb groups are straight chain alkyl groups, strai cham‘é alkenyl groups branched chain

alkyl groups é?@f’ﬁtﬂ?éeﬁTageg?wgﬁ%?ﬁﬁs??orW%Qif’f%r& Baé’[‘fﬁﬂglr%ﬁﬁ&feﬂ%ﬁ peageialo,
dihydrocarbylamimgyalkoxyorabidrobatipksiyvast betitetededirivativasstiiengbéd Highljopreferred le

groups in this gmhodiMenNEaLe Gis anstraiahtahain Alkyhgreuns. Alie same Hme «ndhis ambodiment
Rb' preferably has reIatrveI high steric. hindrance §.5wrth respect to Yb. Non -limiting examples of

suitable Rb' gr8tipa¥SFHHiS % BB ATESAY RS A Y%e %P ﬁ?emfrd?;c?uﬁ%e%ﬁt‘é’%bogne or more
seconda#g or mlaﬁymaﬁb@)nm@m@@}%%t@i&#d%ﬂ@ﬁ}#daﬂmwﬂaﬁrpﬁamémcar@ﬁﬂdtl@h@@gwybﬂc groups,

organic or inorggf@ig,gli@qmegﬁ,, RO PAGEGI ﬁbéﬁliﬁtg@b{&%ﬁ@ﬂm&lpredﬂay&j@%mmﬂ@Qei@%@xy or

trrhydrocarbylsrl 1subst v tives th f. Prefer roups mnthl embod ment contain
from 3 to 40, mo%rén%srié’e % mye% og ereq Eersfos pre Srabt )grong 6y t%?'ﬁ‘s? ntgtlgountrng

hydrogen and %F@bﬁraﬁ%@é?ec%?éﬁécﬁf&m@@%f%ferred Tb groups are structures corresponding
to the following formma&zﬂld%(lﬁehﬁdﬁdﬁeﬁ%ﬂ(ﬁehd@aﬂé/aaa@ﬁ@ﬁﬁﬁﬁ@ zfefiefzirEN=N,N, Rd(Rah

(RISZ2R\ QRe / C for Rf%qg'les%f]\gc(ﬁ%z%z%mg’s %%epgtd/_gdard 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),

The foregoing tests are readily adapted to rapid throughput screening techiniques using
30 automated reactors and analytic probes and to formation of polymer blocks having different

distinguishing properties. For example, a number of potential shuttling agent candidates can be pre-
identified or synthesized in situ by combination of various organometal compounds with various
proton securces and the compound or reaction product added to a polymerization reaction employing
an olefin polymerization catalyst composition. Several polymerizations are conducted at varying

molar ratios of shuttling agent to catalyst. As a minimum reguirement, suiteble shuttling agents are

L3
A¥)
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,wherein Each Rd is C1_10 hydrocarbyl group, preferably methyl, ethyl, n-propyl, i-propyl, t-butyl,
phenyl, 2,6-dimethylphenyl, benzyl, or tolyl. Each Re is C140 hydrocarbyl, preferably methyl, ethyl,
10n-propyl, i-propyl, t-butyl, phenyl, 2,6-dimethylphenyl, benzyl, or tolyl. In addition, TWO or more Rd
or It! groups, or mixtures of Rd and Re groups may together form a polyvalent derivative of a
hydrocarbyl group, such as, 1,4-butylene, 1,5-pentylene, or a multicyclic, fused ring, polyvalent
hydrocarbyl- or heterohydrocarbyl- group, such as naphthalene-1,8-diyl. Preferred examples of the

foregoing polyyalent Lewis base.commigxesinciude: 43, vanab‘ﬁ‘é'l%{%”a iH260QGeuILEnCe IS

independently selected from the group consisting of hydrogen and 01.50 hy d‘rocarbyl groups optionally
containing oné°8¥niare H%@FB&M’F?@ W?F?éﬁl%ﬁ%lﬁ?f@éﬁﬂé‘i’ﬂ)’é’i’fv%“ﬁ?é?@é?béir”"ﬂE’Fﬂ’{é‘“rcoptlonally, two
adjacent Rd' grolipsantiaizstegebher dowmbaddivalent bridging group; d' is 4; is a Group 4 metal, preferably

titanium or hafnium @oéﬁégm%m&opimwg NipLRd shumlﬁbac@ﬂa fmapgvalentligand of up to
50 atoms not countlng%rgédro Erefe g halide ot 10hy dr(iycarb %{ two Lb' roups together are a

divalent of nelftFarfigaAaPgHd vd ﬁﬁagﬁ"hydl%esg Jagt &épbé RARSRdERE group.

GroUD “pref&rani
The polyvalen@%@%@bﬁw‘éeﬁﬁﬁ]é}@é@%@%@lﬂﬁ thedsrienehtriiy htiorrésPiabialfysindllydeGroup 4

metal derivativesk e&mﬁa}%@aﬁmm@a@mm& of Mw@agemmxwaﬁﬂw%h@emmlﬁ
compounds c%res$ond|n gpg) f8{s o!f’lcﬁffélrgnpcgin OS] l%wﬂed‘?v@&ed\/{n Sel Ctecgfrong alkyl,

cycloalkyl, heteroa Wi cyc eteroallcyl aryl, and |nerty substituted derivativés there (%Tr;contalnlng

from 1 to 30 a?&%%?ré@iﬁﬁffﬁblwa?%@ﬁ“&aﬁﬁd%?ﬁ(Héﬁ‘v’f&ﬁ%gﬁ?éer"e%fmﬁ@?' apd lsdithatetit bridging
group of from gderdilyatemsotbandhandiyaroden fpreiera bl dtor2@-sinmssatentsoatbesthan hydrogen,
and most prefgc%p{%{atmgpﬂvé;&l% 0;_20 hydrocarbyl substituted methylene or silane group; and

R12isaC5b_,0 heteroar oup contalnlng Lewis hase functionality, especially a pyridin-2- yl- or
substituted pyrldln 2%y o%ﬁ BRSSP RETVRIRET S ME Ts & BroUp e FSERP PR Srably
hafnium; X1 is@mario ot Elastdisnion &ligent growpr xisahiyripeedrom Qitgiindicating the

number of SUGH, X GHOYRSLARE zinc ARESARIARRALD0NACS atbdlglga%eg@ iHonative-nieractions are

represented bdxh nes, de dott Iln%sé and arrows 1t[)es ectlv%l%g a0 %ferr d comglexeﬁlare those wherein
ligand formatiBh FEETRE HEMRYaTogen SiitiNation from the Arine rﬁ%ﬁﬁ SRS SR SFORY the loss
of one or mor@%@d&tiﬁﬁi&%ﬁ@@ﬁﬁ%@@pé‘cﬁl&ﬂg froin Mas preferckditontleaon dovstiothfrom the Lewis

base fu nCtiOﬂ%Ué%npﬁﬁféﬁl%&@yraﬂxﬁl@@meﬁﬁakaﬂ@&éﬁk@ﬁz@@dﬁ@iﬁp&lﬁﬁa@ﬂ%mﬂhﬁm&hﬁ%@ﬁ
Preferred metal co Ojfp esncorres the fgﬁr}r@y{/ W E(L:*I*relnmlj\ﬂ/l%Ll n X ge and T1 are as
previously deft‘h{e@r BRTE: ﬁ‘i% are h d]%o n, NAIo, o MZI cyc}méilkyl heteroalloyl,

heterocycloalkyrﬂmiwl%wwdgeﬁéﬂwr w&%w%ﬁﬁerﬁéﬂﬁmmfmwgé&wwameﬁms R4,

1215 or 14¢6 graups May-bejoinethiagatherdherebyfasming Juspauingreferivativescandikyl
aluminum or di{C,.g) alkyl zinc compound, especially trethylaluminum, tri(i-propyl) aluminum,
trifi-butyDalominum, tri{n-hexylaluminum, tri(n-octylaluminum, or diethylzinc, with less than a
stoichiometric quantity {relative to the number of hydrocarby! groups} of a secondary amine or a
hydroxyl compound, especially bis(trimethylsityDamine, t-butyl(dimethy!)siloxane, 2-

25 hydroxymethyipyridine, di{n-pentyl)amine, 2,6-di(t-buty])phenol, ethvl(1-naphthylamine,
bis(2,3,6,7-dibenzo-1-azacycloheptaneamine), or 2,5-diphenyiphenol. Desirably, sufficient amine
or hydroxyl reagent is used such that one hydrocarbyl group remains per metal atom. The primary
reaction products of the foregoing combinations most desired for use in the present invention as
shuttling égents ars p-octyialumioum difbis(irimethylsitylamide), i-propyialuminum

30 bis{(dimethyl{t-butyl}siloxide), and n-cctylaluminum di(pyridinyl-2-methoxide), i-butylaluminum
bis{dimethy¥{t-butyl)siloxane), i-butylalumioum bis(di{trimethylsilyDamide), n-octylatuminum
di(pyridine-2-methoxide), i-butyialuminum bis(di(n-pentyljamide), n-cctyialuminum bis(2,6-di-t-
butylphenoxide), n-octylaluminum di(ethyl(l-naphthyl)amide), ethylaluminum bis(t-
butyldimethyisiloxide), ethylaluminum di(bis(trimethylsilylamide), ethylaluminum bis(2,3,6,7-

35 dibenzo-l-azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide),
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bonds, optional bonds and electron pair donative interactions are represented by lines, dotted lines
and arrows respectively. 20More preferred examples of the foregoing metal complexes correspond to
the formula: R17 Nr/ 17N cRa)a , wherein M1, X1, and x' are as previously defined, R13, R4,

R'5 and R16 are as previously defined, preferably R13. R14, and R15 are hydrogen, or allcyl, and
R.16 is 06.22 aryl, most preferably naphthalenyl; R8 independently each occurrence is Ciai alkyl,
and a is 1-5, most preferably Ra in two ortho- positions to the nitrogen is isopropyl or t-butyl; 5R15 and
R18 independentlylenchnoacisidnematehydinged, balo@rn (0s-aifikmthadytionanyl groupzinost
preferably onebgtfﬁ@}S is hydrogen and the other is a 06-20 aryl group, especially 2-isopropyl, phenyl
or a fused polycyclic aryl %roup, most preferably an anthracenyl group, and bonds, optional bonds
and electron pair donatile ﬁﬂ@?%%ﬁ‘isg%% FEPrESER R B find ,b%o‘ﬁlé‘ﬁlﬁﬁé%ﬁ%fﬁréﬂfb%?ﬁééﬁectively.
10Highly preferrelysmetabcamplexesforwserierem as«catadyst (Aktowesponad tattheddimuia:

wherein X each.9eguirenseds halidaio. NoglimsihviariderQr Qldalicylsand preterally each
occurrence X1 is_ methyl; . R5 irldte ende tIX %ach ccurrence Lsfhy rogen, halogen, CI-20 alkyl,
or 06.20 aryl, SFTWE TEAG28&R ﬁ%’eg"r%ﬁ%ssmaia?le joned 16gBtHe e &by ISMIRG A Ahg-and f is 1-5; and
R." independeftiyrebetivobeuntsnceithhyeria gentinakerahdonaply alkyknerO8iRchanpabiitnetiaitijacent RS
grOUICl)S are jloi@edzggg@wsesrtmmiw fw%ﬂﬁ@d@éiﬁge@dﬁféﬂ&é-ﬁx someM@SIdMghty &fﬁ&ﬁ@éﬁz%?raples of
metal complexes for use as, catalyst.(A) according to the present invention.are complexes of the
following form)l%j|?szsr:es\‘/l\l/II ere ‘?’]b?tp%zéic{%@f or %yc 851?(?/? pr‘%’ e‘?aat():@alrrﬁseht%%f?‘f‘s%%ﬁé Jﬁst-butyl or
cyclohexyP antieasused @3 cHagceLiien T Rhees RENRAR Rt mPAmTaRsHEa e alkyl, preferably methyl.
Examples of metal camplekescusedt lhy-emaloyediaspaial ysiA) ihetpRiding 4o thedwasent:biavention

include: [Nég%,gﬂg(aggﬂmﬁm%?@Eﬂ)@ﬁé&@aiQQ&&QaEOiX&Qéﬁgémf@ﬂﬁﬂ?!&ﬂﬁ%ﬁM%.(%'Pclﬂr'é%il%ﬂ%;g

diyl)methane)Thafnium dimethyl, . i . _ _
[N-(2,6-di( 1-maSRtRy IS ety 1 FARra0 Fee Bl B ARD AtHATen 2 Ry 1Y g iR - shurtling. In
diyEmethane) #éiédiniy sucii §hiiNidi rpetksyieniido)r oot Ne(2y 6tel kHsmethndathybphemidiadhidogths.

O-tolyl)(ea-papbﬂgalke@egfgdx,léﬁawsrﬂgm&-agmma@@glbaimuﬁge%um loved due to the fact
[N-(2,6-di(1-methyleth I)p_henyl)am|dog(2h-|s?&rofp){lg1hengll%ga-naph,thalen- -diy1(6-pyridin-
yOmethane)TIq};?f ﬁ}ﬁff ﬁfil'veetﬂw;acularw 1ght of the polymer i reactor is lowered, théreDy reducing

N-(2,6-di(1-methydettiyp frrerariipamice) ¢2ad opreaytpHe msd én o ephivedlent2-diy 1 (6-pyridim
152-diyOmethane)lhafnium di(N,N-dimethylamido);
[N-(2,6-di(1-m%ttg%lesgpyDphenyl)amido)(2-isopropylphenyl)(a—naphthalen-z-diy1(6-pyridin- 2-d
ypmethane)Tha'arrrrﬁm dichloride; EN-(2,6-di( I-methylethyl)phenyliamido)(phenanthr
n-5-y1)(a2faphthalerSgiaNa¢gpytidiizsd Spriensine Arasamnereipicwpiybination of compounds that

is adapted for preparing polymers of the desired composition or type. Both heterogeneous and
homogeneous catalysts may be employed. Examples of heterogeneous catalysts include the well
known Ziegler-Natta compositions, especially Group 4 metal halides supp;arted on Group 2 metal

halides or mixed halides and alkoxides and the well known chromiom or vanadium based catalysts.

[so]
tn

Preferably however, for ease of use and for production of narrow molecular weight polymer
segments in solution, the catalysts for use herein are homogeneous catalysts comprising a relatively
pure organometallic compound or metal complex, especially compounds or complexes based on
metals selscted from Groups 3-10 or the Lanthanide series of the Pericdic Table of the Elements, It
is preferred that any catalyst employed herein, not significantly detrimentally affect the
3¢  performance of the other catalyst under the conditions of the present polymerization. Desirably, no
catalyst is reduced in activity by greater than 25 percent, more preferably greater than 10 percent
under the conditions of the present polymerization,

Metal complexes for use herein having high comonomer incorporation index (Catalyst A)
include complexes of transition metals selected from Groups 3 to 15 of the Periodic Tabls of the

35  Elements containing one or more delocalized, m-bonded ligands or polyvalent Lewis base ligands.
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20[N-(2,6-di(1-methylethyl)phenypamido)(phenanthren-5-y1)(a-naphthalen-2-diy1(6-pyridin-
2-diyl)methane)Thafnium di(N,N-dimethylarnido); and
[N-(2,6-di(1-methylethyl)phenyeamido)(phenantlaren-5-y1)(a-naphthalem2-diy1(6-pyridin2-diyl)metha
ne)]hafnium dichloride. Under the reaction conditions used to prepare the metal complexes used in the
present 25invention, the hydrogen of the 2-position of the a-naphthalene group substituted at the
6-position of the pyridin-2-y1 group is subject to elimination, thereby uniquely forming metal complexes

wherein the melgls.cavalendandecie: yot the:tesullng. anVds, 9iouR, 0k ot 2 position of the
pyridin

anaphthalenyl group, as well as stabilized by coordination to the yl nitrogen atom through the

electron pair GPHE ARBY 8RB AT SO RE A1 CERABIE nictat TOHTPRERESSEr BRIVt EEWis bases for
use herein inciudercoiapdlndg.corraspondingiovtisesformula: T3\ 0/20 0-1\4 -0 Ggwhere: R2is
an aromatic or inertly,substituted-aromaticoseur sentaining fron 21020 Aoms het £auntiag hydrogen,

or a polyvalent derivative thereof, . T3 is a hydrocarbylene or silane group having from I to 20
atoms nOtSCO u‘ﬁﬁ?‘i’éﬁ%g ef%f Periodic a%}v %?y t,u%(l:e 1}/ )

rr(f)ﬂgl%n,oor 5an Inertly su stituted derivative thereof; M3 is a Group 4 metal,
preferably zirconiumiorBafridasly caci@isuamranionirote ctrédivrdishionicligandgaapr preferably a
halide, hydrocarbytes:dihydrogashyl amiglegrehayingswi 1020:A0ms Q! Gounting.hydipgen; g is a
number from | to ?.ig%i%?tirl(? the number of such G groups, c'émdVl%)@bgnd&ane electron donative
interactions arcé)?réﬁ]r"es%n?é” 6yrﬁrie§ emd1 rrows respec‘flve?y.nll-?re eJraIBf’y, %%cﬁeﬁ:éjrrﬁn fexes correspond
to the formulaPoderdE usie eahfurtherpgtiena diveien ¥t Fg oty 8¢ o 2oté: 20%amsindfbtcounting
hydrogengprefagably a substituted or unsubstituted, C3.5 alicylene group; and 15/kr' independently
each occurrence is ap aplene, o an Al arand:sibziiied andsne qroup aliam 6o 40 atoms not

counting hydrogen; M3 is‘a Group 4 metal, preferably hafnium or zirconium; ﬁdepengg_ntly each
occurrence is BHEREFBATEIAOEHAEEY BRERIGRTE G 8RHRT Ot h o PR H st HeTFPY fS™tRdicating the
number of suctivXigreupsyeaoh20eidcrondenativé interdetiinsarerepreSenteds bydanowsnoRreferred
examples of metal complexes.ef fayeaningdermwia. incldeithafallowing cAPRAUDIS: :/¥hgks M3 is Hf
or Zr; Ar4 is C6.20 aryl or inertly substituted derivatives thereof, especially 3.5- 5di(isopropyl)phenyl,
3,5-di(isdﬁutyl?ﬁ?féﬂﬁ%dd‘ilbeéﬁ%-111-pyrrole-1-yl, or anthracen-5-yl, and  T1 independently each
occurrence comprisesisi@s:éalkyehegroupseds@3s ey cloatkyiendgwiigaot dninedfynsubstituted

derivative thergfogen a:dfeddingenendantly:each LEEuranae.is Bydrogem-halq, Lydrasaiyh:
trinydrocarbylsilyl, orktlrsig}fdrocgrrgglsié)gjh%{drocarbyl of up to 50 atoms not counting hydrogen; and 10G,

independently each S6&cHiTEREE 1 Rald of a hydrocarbyl or trihydrocarbylsilyl group of
X 18 an mteger from 1 to 4;
20 z is a number from 0 to 3; and
the sum, k+¥, is equal to the formal oxidation staie of M.
Suitable metal complexes include those containing from 1 to 3 n-bonded anionic or neutral
ligand groups, which may be cyclic or non-cyclic delocalized n-bonded anionic ligand groups.

Exemplary of such m-bonded groups are conjugated or nonconjugated, cyclic or nog-cyelic diene

3
w

and dienyl groups, aliyl groups, boratabenzene groups, phosphole, and arene groups. By the term "
T-bonded" is meant that the ligand group is bonded to the transition metal by a sharing of electrons
from a partially delocalized n-bond.

Fach atom in the delocalized n-bonded group may independently be substituted with a
radical selected from the group consisting of hydrogen, halogen, hyvdrocarbyl, halohydrocarbyl,
30 hydrocarbyl-substituted heteroatoms wherein the hetercatom is selected from Group 14-16 of the
Periodic Table of the Elements, and such hydrocarbyl- substitutad heteroatom radicals further
substituted with & Group 15 or 16 hetero atom containing moiety. In addition two or more such
radicals may together form a fused ring system, including partially or fully hydrogenated fused ring

systems, or they may form a metallocycle with the metal. Included within the ferm “hydrocarbyl”
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up to 20 atoms not counting hydrogen, or 20 groups together are a divalent derivative of the foregoing
hydrocarbyl or trihydrocarbylsilyl groups. Especially preferred are compounds of the formula: R21
wherein Ar4 is 3,5-di(isopropyl)phenyl, 3 ,.5-di(isobutyl)phenyl, dibenzo-1H-pyrrole-1-yl, or
anthracen-5-yl, is hydrogen, halo, or C1_4 alkyl, especially methyl 114 is propan-1,3-diyi or
butan-1,4-diyl, and G is chloro, methyl or benzyl. A most highly preferred metal complex of the
foregoing formula is: The foregoing polyvalent Lewis base complexes are conveniently prepared
by standard metallation and ligand exchange procedures involving a source of the Group 4 metal and
the neutral 1035entTo#al HAHE‘<E0 el ARt HtcA e corpekdadialy also b SrepAHY by means
of an amide eliminationirad hydtosaryiationupriodess siadingsiremidhedeenegpanding:Group 4 metal

tetraamide and g hydrocarbylafing.agent. such.as timethvialuminum: Ofher dechnigues may be used

as well. These complexes are known from the disclosures of, among others, US patents 6,320,005,

6,103,657, WO t938BEPARES BETAETES AR 678’ 64762 SubB0 1 GRS MEHAVIG Hielomonomer
incorporation properiiessai@xaigdck noned. Fedncshporatecimpsituipreparedtofgchaindlefiig.resulting
incidentally dusing theRalymerizatieontbiguah Pdariide slimination-and chain termination,otgrowing

polymer, or othgr' process. The concentration of such Ioigg chain olefins is, ag#(cularly ?nh nced by use
of continuous § e

HGBh B Sy 8 BB e SRS e At High €O SFRIB NS "SR E &AM BthYI8na e8hversions
of 95 percent Grgptesateriimisre 2Opreferdistydt fetisyerdeconiver sionphéiofiplsreent regrdateitnder
such conditiong. & srpalkhut detectabie. quantity ololelia terminaiadRolMnas mayheJeinsarporated
into a grO\{\(/Jingtpo(l%c/‘Ter chairg} CriesﬁlJaL@nggngggt%tL rhrgg;[ion x%f long chain branches, that is, branches of a
carbon length g%:'a”te%T h ’norvvgu]i%”regult rom other doeﬁlﬁe'rately added comonomer. Moreover, such
chains reflect the présendesof stherconoiofriersliprd semmide theaea cticm midapendhatys, the chains
may include S*%’cfén?ﬂ%ﬂﬁbx%y'@%Q@%@&Mh&@%@&%&%ﬂ%ﬁ%@ﬂaﬂ?&ﬁ?ﬁ@&%%ﬂ composition of
the reaction mixture. Long chain branchjp of o!&figl é)ol mers js further described in USP's 5,272,236,
5,278,272, andS BESBI0 11 BHEARHERE S HE TR R Vo B IO SRR BF4HBing i the 5
product is signiicapithesupressbehar efimihatetrAtopetie pibptinged derivittivatheshbitirg iabents that
cause essentivally:ah:oftbe Rohsmekebainsdo e deunipatad withdhechainshuiling.agent, and not by
the formation qf vinyl %roupsdvxfhic c?n_é)e ge'nc%r oratedlto fotn;r{] a Ilon tchalign brapch. In thi
embodiment, the TESURTG poRyMTer BIock 15 |g$ﬁy£r?5%??cfe°§3?nag 8 auvaRTAged propeHies™™
Alternatively, defekmrtiepreferapherbrarcmadyiitdimpamaerbraréming-ryseindused 10in a
parti::ular Eeg m@é}ltl;(gn,tﬂ%&&@ﬁﬁ&&nﬁlmth@lﬁ:ﬁk;qaaagluﬁae@h%ut&ws&@?&pgeﬁﬁml\y&@dﬁogvgn to
result in"chain-walking". in the.resulting.polymer, For ex e, certain ho eneous bridged bis
indenyl- or parﬁigﬁfileﬁé rgé%cr}léét:lenglgcl{??r% 'qé=r¥y‘|‘i?°|r°é° ﬁf&ﬁ@gg%ﬁfg%nd%yclfo%éq fi? éoﬁ%ﬁgé%g at I'. Mol.
Catal A. Ghemical, 162:(098)80:65 Lizatisatipopiy igenss rebidi etulesn 98&ipng BRREBP20or Dias, at
al.. J. Mol. Catadsehemical: p85iRO02n&4 Gdimay heHgeciaipiepaiep@nehed-d5aapolymers from
single monomeys, includin lg igher. transifion I £ ially nickel and palladium
catalysts are a S 5 O%ﬁ%%lhcg’ I‘?e%'?]y 'E?%/éﬂe%%%ﬁhf#%%;}ggIégﬁéﬁe%%g%?gﬁ%%§ep§§§%w%%§glree also
branched) as di&&#aed in Brookhart, at al., J. Am. Chem. Soc., 1995, 117, 64145- 6415. In one
embodiment of the invention, the presence of sudi branching (long chain branching, 201,3-addition, or
hyper-branching) in the polymers of the invention carde confined to only the blocks or segments
resulting from activity of catalyst A. Accordingly;i onexgaﬁlhq@iment of the invention a multi-block
copolymer containing blocks or segments differing presence of such branching in combination
with other segments or blocks substantially lackingisuch*branching (especially high density or highly
crystalline polymer blocks), can be produced from a single 25monomer containing reaction mixture,
that is, wiiout the adtieiGm &f & aeisar &bl aat st CorhisieiiTed fnarire srerrapiyting afspecific
embodiment ofi{he ipventienuamuitblepkcopalynet Commptiting alteraatingtabranghechoethylene
hornopolymer sg 4 nised arancheg polyethylene segrments. espesiaikatyisnelaropyene

copolymer segments, may be prepared from an initial reaction mixture consisting essentially of
ethylene as théuiarishopBlghiszalred HORUITEF e 3 RBLBHER 5F GeH BraMeRimy frf gt
multi-block copelymetsefithelinvention canheddetected by certdimphysical ihrepettiesof the resulting
copolymes, sua%g%ﬁ gss%%ed surface imperfections during melt extrusion (reduced melt fracture),
reduced melting point, Tg, for the amorphous segments compared to a non-branched polymer
segment, and/or the presence of 1,3-addition sequences or hyper-branching as detected by NMR
techniques. The quantity of the foregoing types
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of branching present in the polymers of the invention (as a portion of the blocks or segments
containing the same), is normally in the range from 0.01 to 10 branches per 1,000 carbons.

Suitable metal compounds for use as catalyst (B) include the foregoing metal compounds mentioned
with respect to catalyst (A) as well as other metal compounds, with the proviso, in one 5embodiment of
the invention, that they incorporate comonomer relatively poorly compared to catalyst (A). Accordingly,
in addition to the previously identified metal complexes, the following additional metal complexes may
be utilized. Group 4-10 derivatives.corr 1«‘5’%9?%@9:%0 he formula: 10wherein M2 is a metal of
Groups 4-10 of the Periodic Table of the"elements, Brefgragf)sl rr%oup i me?gﬁls, f\cif)) or Pd(11), most
preferably zircSRRAFHFEI IR0 JER, GRYGRIPERERGSIhES e htairiges dsesibxdbis Walo,
hydrocarbyl, arskipdpocarbyttexyi=tSrisiene phdwnjix Higadauplel-seleetedtapiovide charge balance;
and T2 and N are linked by a bridging ligand. Such &atalysts have been previously disclosed in J.
Am. Chem. Soc., 118, 267-268 (1996), J. Ant. Ghem. Soc. 117, 6414 -6415 (1995), and
Orzanometallics, 16, 1514-1516, (1997), among sr---' disclosures. Preferred examples of the
foregoing metal complexes for use as catalyst (B) ar natic diimine or aromatic dioxyimine
complexes of Group 4 metals, especially zirconigen, corrésponding to the formula: 25wherein; 1)(12,
X2 and T2 are as previously defined; Rd independently e&ich occurrence is hydrogen, halogen, or Re;
and Re ingependent%eacl‘kogs%rig%g%%sj@ g%}m% hydrocarbyl or a heteroatom-, especially a F, N, S or

P- substituted derivatlveéetlﬁereof, more preferably C140 hydrocarbyl or a F or N substituted derivative

thereof, most preferdBRFERVIRIHIRY BFAORRFEH{RT ORA beiperaaryrogdritfotapren) istyisalky!,
(poly)alkylarylz dtraratieydor, whMast preferred examples of the foregoing metal complexes for use as
catalyst (B) are aromatic, dioxyiming.complexes of zirconium, corresponding to the formula: 10wherein;
X' is as previously defined, preferably C140 hydrocarbyl, most preferably methyl or benzyl; and RI' is
methyl, isopropyl, t-ButyR EYERIFERTINE SRR T2 ReaaRsItyeksh aiirh X A tirpdindeyridFev,
2-pyrrolylp N-reetind<dipyinglyh, 12 46i penidemydoidtmstihwitegepipetidenyibui Boenzy brayiotyhy be
2,6-dimethylphenyl perflioraphe Dk &0 diiSeR QR DRRRPYLQL 214 fe &f'm%mnﬁwg-x or ZN€

foregoing complexes for use as catalyst (B) also include certain phosphinimine complexes are
disclosed in EP-A-890551 *YHESEE SifiBeXed EorFBEFHB U R BT DLITRYSTPESNIAMK.) (R)34,
wherein: Ritignallmorcvaterit Xigahdeortworttigroups togethdd argctaivctentadigantygeiferably Rl is
hydrogen or ClaAalkylofpids A fHRUP #RB8T@hd one or more Z groups are bonded together thereby
15 forming a meiety that is both covalently bound to M and coordinated thereto;
Z independently each occurrence is a neutral, Lewis base donor ligand of up to 50 non-
hydrogen atoms containing atf jeast one unshared eiectron pair through which 7 is coordinated to M;
k is an integer from 0 to 3;
x is an integer from 1 to 4;
20 z 1s a number from 0 to 3; and
the sum, k+x, is equal to the formal oxidation state of M.
Preferred complexes include those containing either one or two K groups. Ths latter
complexes include those containing 2 bridging group linking the two XK groups. Preferred bridging

groups are those corresponding to the formula (ER’;). wherein E is silicon, germanium, tin, or

o
h

carbon, R’ independently each occurrence is hydrogen or a group selected from silyl, hydrocarbyl,
hvdrocarbyloxy and combinations thereof, said R’ having up to 30 carbon or silicon atoms, and e is
1 1o 8. Preferably, R’ independently each occurrence is methyl, ethyl, propyl, benzyl, tert-butyl,
phenyl, methoxy, ethoxy or phenoxy.

Examples of the complexes containing two K groups are compounds corresponding fo the

30 formula;



K2 is a group containing delocalized n-electrons through which 1C2 is bound to M, said IC.2 5group
containing up to 50 atoms not counting hydrogen atoms, and fis 1 or 2. The skilled artisan will
appreciate that in other embodiments of the invention, the criterion for selecting a combination of
catalyst (A) and (B) may be any other distinguishing property of the resulting polymer blocks, such as
combinations based on tacticity (isotactic/syndiotactic, 10isotactic/atactic or syndiotactic/atactic),
regio-error content, or combinations thereof. Cocatalvsts Each of the metal complex catalysts (A) and
(B) (also interchangeably referred to herein as procatalysts) may be activated to form the active
catalyst composition by combindtfon with a 15 cocatalyst, preferably a catfon fétiming cocatalyst, a
strong Lewis acid, or a combinatjg reef. In a preferred embodiment, uttling agent is
employed both for purposes‘ofmtling and as the cocatalyst ¢ t of the catalyst
composition. The metal comBFex;§q3§irably are rendered i tive by combination with
a cation forming cocatalyst, such aB‘these previously known in(%ﬁze 3 i

20olefin polymerization compl igible cation forming cocatalysts farRusg‘herein include neutral
Lewis acids, such as C1_30 hydeocarkyl substituted Group 13 compoungs:4 i
tri(hydrocarbyl)aluminum- or tri(hydrocarbyl)boron c&mpounds and halog&fated~{including
perhalogenated) derivatives thereof, having from 1 to 10 carbons in each hydrocarbyl or halogenated
hydrocarbyl group, mare especially perfluorinated tri(aryl)boron compounds, and most 25especially
tris(pentafluoro-phe%l)borane; nonp,olym&;é}g{gcompatible, noncoordinating, ion forming compounds

(including the use of A CHRpETRHE LR S BYIIZiRG Eon dITRSALY™ S5PERIEHy ThEige"6F Ammonium-,

phosphonium&raxd pRireEocerzonium-, silylium- or sulfonium- salts of compatible, noncoordinating
anions, ok ferroceniuhg, leacscei-silveinaaiis oheompatibie; Monsrodinating-anions,and.combinations
of the foregoing catign forming_cocatalysts and.techniques. The 30foregoin cgctivati cocatalysts and
activating tecﬁgcliagdél%’#as\’}g b%geniﬁl%rc \?igé ﬂéfi;llot%dgﬁp r\k/llﬁ%gr%nssﬁkéecrf o} Sa‘)#éire% V%‘éflglt(o:grég]gpci‘é&es for olefin
polymerizatiohgiinagre=foliowing refs ie rigessEmsie farp 03igienis 188 Wr! S-Ndoeh802,
US-A-5,321, 1064i{)SrAebnbdd i 1Bup 86 i30ntA3n S rid i dm 8abd, US-A-5,625,087,
US-A-5,883,204, US)-{A;S 919 gg%, US-A-2.783,512 Wchhgc!%n%%A' and WO 9/4246(;(.) .

T depend occlifrente Y5 4 aniofl up of tp 1o 40 nop-it 11
Combinations of neutral Lewis aci S, especia Iéthe combination ot 4 trlafkyl aluminum %ompound

having fidm | @BseaT B & eRRsHo&REA JPoh 5 Givelestiaioye Hatebignrhydrecartyasostiagsmpound
having from | @20 cashans ir: eachJrydrotarbyt gigdmnes pextialty-tis{pentaiine rophenyiikarane,
e oo i dane. pLauch aeulial Lo Wi agd A eRMT ARolmEs oLaldgmertc alumoxane,
and combinations oﬁ‘aa_l single neutral Lewis acid, especially tris(penta |uorop?1eny Iborane with a
polymeric or oligomériciatifhickareTiasrbe #88eas activating cocatalysts. Preferred molar ratios of
metal complemtris(periaperpphenyik-boraecatimg oxane at@drgousk:del to 1:5:20, more preferably
from 1:1:1.5 tq.1:5:10. Suitable. ' eful as in one embodiment of the
present i%inv%frrﬁ%r?; %55%%’:%’5 %éggé}ggmvvéﬂ?cggé%%%%ﬂgﬁgw jgaﬁ)ggggglgf%}ﬁrﬁg a proton, and a
compatible, nSRSESIGINARR aHilcredRe Geos R dir et israskravative . msaiAean anion or
substance whichigithendeaegdyolootadimatptorthe Grovtpydistetead-tehtdiming precursor complex and
the catalytic dﬁg@gms@%gfgrmﬁm@%% ggey\mmlig‘mkyuwg@lggbggg{ginated to such complexes

. stL 2 g :

thereby remaining sufficiently labile to be displaced by a neutral Lewis base. A 15noncoordinating

anion specificEF TR e Al ARG R HCH SN AN PR EHON G By R B R H#i5n in a cationic
metal complexidetsihottranisfEndm- anlphpsdbstivtpy drifragidvent tiereod tolséidecation thereby

forming neutr%hg&mﬁ{l@g%egg&g&g%}g{&w%}&rgﬁm@iﬁj v_vhich.are not degraded to neutrality when
the initially formed complex de St&rﬁgrmgﬁv&ﬂ? deswe% subsequent

polymerizatior BF GEAY ﬂ%%%“%&%gg)%strg%%% .a:rel?*{rlef%5 P Smions afd T ¢6ntaining a single
coordination dostipteseenndprizintpdeehaigebis(cyclopentadienyl)ethane, and dimethyl(cyclopentadienyl)-1-
{fluorer-1-ylimethane.
23 Preferred X7 groups are selected from hydride, hydrocarbyl, silyl, germyl, halohydrocarbyl,
halosily!, silylhydrocarbyl and aminohydrocarbyl groups, or two X groups together form a divaient

derivative of a conjugated diene or else together they form 2 neutral, n-bonded, conjugated diene.

Most preferrecf X groups are Cae Iydrocarbyl groups.
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bearing metal or metalloid core which anion is capable of balancing the charge of the active catalyst
species (the metal cation) which may be formed when the two components are combined. Also, said
anion should be sufficiently labile to be displaced by olefinic, diolefinic and acetylenically unsaturated
compounds or other neutral Lewis bases such as ethers or nitrides. Suitable metals 25include, but are
not limited to, aluminum, gold and platinum. Suitable metalloids include, but are not limited to, boron,
phosphorus, and silicon. Compounds containing anions which comprise coordination complexes
containing a single metahet Metadioiskaton afe..abeurses Wl knowi.aod. L am. paricularly such
compounds conta%ninglar ingle boron atom in the anion portion, are available commercially.
30Preferably SUCH"CB &5t ysts may be represented by the following general formula: (L*-1-1); (A)gi
wherein: L* is a neutralveomgBdsayaerarpmrdingiaeonjugate Bronsted acid of Lt; 35AB- is a
noncoordinatipgcoBypatiiteapinsdavinga-aharge of g-, and g is an integer from 1 to 3. More

preferabl)éAg-bc rres nds toythe formula; BYPOA]-; wherein: M' is boron or aluminum in the +3 formal
oxidation state and 5 B%lnderégci}ndeont.ly ea%ﬁﬁoccnl%rénce is selected from hydride, dialkylamido, halide,

hydrocarbyl, HHFESEAFBY R GHE 2R atBeTTR el drocarbyl, halosubstituted hydrocarbyloxy, and halo-
substituted silylkycioparbyibrpithicads:émdividing perhalogenated hydrocarbyl- perhalogenated

hydrocarbyloxy;ang perhalpgenategd. siiylnydrocarbyl radicals), said Q having up to 20 carbons with
the proviso that in not moge ti]an one occurrent%e is Q halide. Examples of suitable 10hydrocarbyloxide

Q groups are HSIBSRE M & AL HYR AT M S more preferred embodiment, d is one, that is, the
counter ith hass@singtetriegativecohergestayridiigrab, Activating cocatalysts comprising boron which are

particularly usgiuldnihaRispramntinmal oatalysts ehttisinvention may be represented by the following

general form Ia:(fgL*-ll (8)33 4)-; 15wherein:.L* is as previously defined; B is boron in a formal
oxidation sta’tjg%. ;tzétﬁrlfﬂl1 C%ﬁ%%%&%%ﬁ%f&%@ﬁbyloxy-, fluorinated hydrocarbyl-; fluorinated
hydrocarbylox3s{iefefitiofirrarsmsimstiytirocarbyl- group of up to 20 nonhydrogen atoms, with the

20proviso thatdfenatnoaithanondinetasion is Q hydrocarbyl. Preferred Lewis base salts are
ammonium s I}&m@a%% g{ﬁ%%qm&ﬁp@@@m@%{gmb%%fonta|n|ng one or more 011.24 alkyl groups.

Most preferably, Q is'each occurrence a fluorinated aryl"group, especially, a pentafluorophenyl group.
lllustrative, butHERRHG RRERBRE SRBBR8E tompounds which may be used as an 25activating
cocatalyst in thie(ptepatatidmehtherinproaedicataitysidyOf this invention are tri-substituted ammonium

salts such as:rirnethylammoniup. lelrakisheniatiuararbgnyl) borate, triethylammonium

tetrakis(pentafluorophenyl) borate, tripropylammoniutn tetrakis(pentafluorophenyl) borate,

30tri(n-buty BB B i SRR R RS PRER T B8k ate, tri(sec-butyflammonium
tetralcis(pentdfiviorophehylyboratérdNibdimaimtastiinrahastakis(pentafluorophenyl) borate,

El,N-dilmeEhylqm;#Famlaﬁpug?el%géﬁpﬁwws@gh@m?ﬁ%;@%!\I,N-dirEeEhyéagilinillém yisily)
enzyltris(pentafluorophe orate, 35N,N-dimethylanilinium tetrakis(4-(t-butyldimethylsily1)-2, 3, 5,
6-tetrafluorop ﬁgWﬁ%@%}r&w}Opuntaaxeny?)zxrcommngmé/rlxyl,

bis(butyleyclopentadienylyzirconinmdibenzyl,

bis(t-butyicvelopentadienyDzirconivmdimethyl,

25 bis(ethyltetramethyleyclopentadienyl)zirconiumdimethyl,
bis(methylpropyleyclopentadienyl)zirconiumdibenzyl,
bis(trimethyisilyvievelopentadienyl)zirconiumdibenzyl,
dimethylsilylbis{oyclopentadienyl)zirconinmdichloride,
dimethylsilyibis(cyciopentadﬁenyl)zirconiumdimethyl,

30 dimethylsilylbis(tetramethyleyciopentadienyltitanium (1) allyl
dimethylsilylbis(t-butyicyclopentadienyl)zirconiumdichloride,
dimethylsilylbis(n-butyleyclopentadienyl)zirconiumdichloride,
{(dimethylsilyibis(tetramethylcyclopentadienyDtitanfum{IIT) 2-(dimethylaminoybenzyl,
{dimethylsilyibis{n-butylcyciopentadienylyfitanium{IIT) 2-(dimethylamino)benzyl,

dimethyisiivlbis(indenyl)zirconiumdichlcride,

L
Lh



N,N-dimethylanilinium tetralcis(4-(triisopropylsilyl)-2, 3, 5, 6-tetrafMorophenyl) borate,
N,N-dimethylaniliniutn pentafluorophenoxytris(pentafluorophenyl) borate, N,N-diethylanilinium
tetrakis(pentafluorophenyl) borate, N,N-dimethy1-2,4,6-trirnethylanilinium tetralcis(pentafiuorophenyl)
borate, 5 dimethyloctadecylammonium tetralcis(pentafluorophenyl) borate,
methyldioctadecylammonium tetrakis(pentafluorophenyl) borate, dialkyl ammonium salts such as:
di-(i-propyl)ammonium tetralcis(pentafluorophenyl) borate, methyloctadecylammonium
tetrakis(pentafinedgphghis)erzierdDmetiytactadodecylammonium tetralcis(pentafluorophenyl)
borate, and djgctadeaylprrmonivmdetalcis(pentafitigrgphenyl) borate; tri-substituted phosphoniutn
salts such as: trip enyl hgzsg)hr%n{%m tetrakis(pentaflyorophenyl) borate,
methyldioctadS&/ipi g&ﬁs At et RRIS IR G S pRBIN A ate, and
15tri(2,6-dimeihythheiybgRossidnism terraldistgentifiovadghehyBdborate; di-substituted oxonium salts
suchkf_:IS(: 5 qaghﬁpwl%m?gh@m&&gga@ﬂgymﬁwb@qra@pxﬁ@g%t@yﬁ@fmyl | n;] ’b
tetrakis(pentafluorophe orate, and di(octadecyl)oxonium tetralcis(pentafluorophenyl) borate;
20di-substitut(£1{1n “éllﬁ%l i{Jg}r%(érs”d fs?“geﬁrc ygglégengi(f}-zt%%ﬁ?ls%%ﬁ?ﬁ%dteetralcis(pentafluorophenyl) borate,
and methylcotaeréeyisiilfotturt tefaaparanugisprenyndbesdtd:  Preferred (1_,*-1-fr cations are
methyldioctadeeytiammpniticationssdimetbylostardecyiamsnani s €atiens, and ammonium cations
derived from E?B%%C%%ﬁ&tsr{it@&lﬂMQE&&%@@?QQQ&H&%rin% e%:}f}-ls allcyl groups. Another suitable
t

ion forming, activating cocatalyst comprises a salt of a cationic oxidiz agent and a noncoordinating,
compatibfe arfiBHPESTE e BY IR RSHRIECE%h+)g(Aghh, wherein: 300x13'. isa cationic oxidizing
agent having érchiangéybidrehals @nfintegehfromidntbi SrdmetlAdiiahd g are as previously defined.
Examples of calipnic;xidizing;agenisdnalige; ferrocenium, hydrocarbyl-substituted ferrocenium, Ag.:
orPreferred embodiments of Agl are those alnions previously defined with respect to the Bronsted acid
containing acfVAAY EoRRIRISOUEBEES tetrakis(pentafiuorophenylborate. Another suitable
ion forming, ashivetkas chedttaystdonmprivdsinebmptimidenich is a salt of a carbenium ion and a

noncoorginating,sRmpatble.apiandermesaned Mnhestarpula: [Cf wherein: [C] is a C120 carbenium
ion; and A- is a noncoordinating, compatible.anion.having a charge of-I. A preferred carbenium ion
is the trityl ca{lltsa??f ?ﬁgﬁ%nﬁﬁ %‘fﬁ? rh%%%?l%%.oieﬁi}ﬁ%%%éﬁgﬁﬁﬁ%%Jforming, activating cocatalyst
comprises a c&rpolitd{rhterr iy wsiipatdisiyiiirien Aasecienéasibithating, compatible anion
represented by the formiuka (133044 Convbresaint: Qdd$nGhd Priyer oganiyh @nrdsAvhis astpyeviously
defined. 15Preferred silyliym,salt activating cocatalysts are trimethylsilylium o

tetrakispentafi a%?é%ﬁz%‘)ﬁ'tg%rgg% f?f%’tﬁ’;/ s?ty ?{J m“rtetr’ak%ﬁ%uﬁgf%é%%ﬁgn)zllggfg AN ther substituted
adducts thereBsiyiitng SAEHEEHERY H eViidyetaritemy rs&ssae Mt Xchéh sSoc. Chem.
Comm., 1993ua383-38%,@swell as Lambert, J. B., et al., Orzanometallics, 1994, 13, 2430-2443. The
use of the above silylium, salts asActivalingcQratRNYsts-for adgition palmerizaten.205atasts is
disclosed in US-A-5,625,087.

at least one atom that is oxygen, sulfur, boron or a member of Group 14 of the Pericdic Table of the

Elements directly attached to K, and a different atom, selected from the group consisting of
25 nitrogen, phosphorus, oxygen or sulfur that is covalently bonded to M.
More specifically this class of Group 4 metal compisxes used according to the present

invention includes “constrained geometry catalysts” corresponding to the formula;

XY
4/ /
K'—M X,
wherein:
30 M is titanivm or zirconium, preferably titanium in the +2, +3, or T4 formal oxidation state;

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

groups,



Certain complexes of alcohols, mercaptans, silanois, 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 25alumoxanes, especially methylalumoxane (MAO), triisobutyl
aluminum modified rnethylalumoxane (1).91A0), or isobutylaiumoxane; Lewis acid modified
alumoxanes, especially perhalogenated tri(hydrocarbyl)aluminum- or perhalogenated

tri(hydrocarbyfiboronymgdified alumexanes. having tom e 10.cathans ineach byclgcarbyl or
halogenated hydrocarbyl ?rou , apd mo%{les ecialI)é_tris(pentafluorophqnye,borane modified
alumoxanes. SUERBGEAMKsE SR SYekio %ﬁf’b%efa BiReS ISP atéhits 2176026180, 146,
6,140,521, antiv6:686 879s, or adkceraBs vfion catetiystiooompiising honatooitinating:@nionsagsnherically
referred to as gxpandedaniansyiupiherdisclesed inds Balent6,395,671, may be suitably employed
to activatesthe metal con}Pl%%%lofht %gﬁ%s,lelt ‘Jirg)vgrr%tiqn for o] Sin g)olym rizati n..Cienera,I)Ié/, these
cocatalysts (iIIustrateeécgyt ose Ffa\}//lng imidazo ide, substituted i%lﬁ%f%’l&é?‘f?ﬂlﬁ‘é%ﬁﬁiﬁé substituted
35imidazoliniderberzieridsaalide Mo S grsaidtesise fiztm rreroid & saricprsy sy bedepictizdiens follows:
wherein:  /Lis3.catiQps especially a proton containing cation, and preferably is a trihydrocarbyl
ammonium cation coniaining one or two Cio-40 alk-yl groups, especially a methyldi 5(014.20
alkyDammonium caﬁb‘ﬁ,1 °r4Q3, independently each occurrence, is hydrogen or a halo, hydrocarbyl,
halocarbyl, halohydrdcarbyi - SilyliByedrd€aris, or silyl, (including mono-, di- and tri(hydrocarbyl)sily1)
g_rO(Up of ;ga to 30hatQ$iB1§s @mﬁg,mgimw??emzzmeg,et?b%c%@ﬂ%h&g; @@L}Qg *jﬁheﬁein |
tris(pentaftuorophenyl)borane, or. tris(pentafluoraphenyl)alumane). X es. of these catalyst
activators include trii}%éyd?do%jéa%lffllg ?%“or%ﬁ?nr{egﬁtlsg,ggggo Sia V Fﬁ%szﬁ ﬁ?{gﬁgﬁbs %’f&;ﬁ%%r%cr%% Cﬂilium- salts
of: biS(triSéﬁém%?ﬂbW%Béa ﬁl}ﬁ@g_géﬁ@e’t’{’ having up to 30 carbon or silicon atoms.
bis(tris(pentafluoropgayaberang}s2iindeadimidaretided geometry metal complexes include

bis(tris(pentafl -2- limidazolide,
bis(tris(pentafl%g%%ﬁg%%%g%nwéﬁ?gﬁ%rﬁc%cyI)imidazolide,
bis(tris(pentafluorophenyOborane)-4,5-bis(heptadeg¢ypimidazolide,
bis(tris(pentafluorophenyeborane)imidazoliil’}4 e,
bis(tris(pentafluorophenyl)borane)-2-undecylimigazolinidg®
bis(tris(pentafluorophenyeborane)-2-heptadecytirsigtazqlinide,
20bis(tris(pentafluorophenyl)borane)-4,5-bis(undec g?jdmmwe,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolinide,
bis(tris(pentaflyoraphenyl)borane)-5,6-dimethylbenzimidazolide,
bis(rris(pentafluorophenyl)borane)-5,6-bis(undecypbenzimidazolide,
bis(tris(pentafluoropHEAy G EAE)NATGRZ0RdE, 2oms not counting hydrogen;

bis(tris(pentafluoropté nypaturitane)azs unceeytimidazodighe, Ar, or a group otber than Ar selected from
bis(tris(pentafl manglsdshepiadecyion lighg; b s, 4ty fluorophe,nyl)aluman
e)-4,5-bi s(un%ﬁ%ﬁ%y%d F?eli 8 rns (bp ent?f?g%gr%é% gr%l%%lh%r%gr%é?%i -b is (h ep tadecypimi
dazoide h is (HFS T BRSO “ng& N TGS hArEscer o Damisc, hydrocsroastsamine
bis(tris(pentaflucrophedipgfatuddnéprbyithestirieldudlivdeidadivlphosphine, hydrocarbylsulfido, halo-
bis(tris(pentaflygropiagayhiaiireangieniadecytimidazolnids by, trinydrocarbylsilyl- substituted

0

bis(tris(pentafluorophenypalu ane%-4,5-tgis%n cypimidazolinide,. N .
bis(tris(pentafl]%%8g%£y%§ drrrrr%éarf 1-541,93%% Sgp%ggeggﬁ% |?ﬁ@%ﬁ%ggf‘mcﬂbylmmammo'

Sbis(tris(pentafhieioptidayiemuh e g eceintethyioe Fifritid dlidwcapy, hydrocarbyleneamino-
bis(tris(pentaflugraphenypalvmana)dd eRistunsecyhbenaimigazolidescarbyOther activators include

those described jn PCT. publication WQO,98/Q7515 such as.lris (2,.2", .. ..
2 onaoro By S A L S A kit svbeated S
invention, for sX&RETE RRATIBK AR ES AATTE AR AT RCH AYOTEHT eombmatsTldes o rERsETdle,
10EP-A-0 573320pf4a7 ipublications:Wonad0y 828tk W1 9bk 40464 and US Patents 5,153,157 and
5,453,410. WO 98/0%%%6[@%%’5%3 activating catalyst compounds with perchlorates, periodates and
iodates, including their hydrates. WO 99/18135 desgribes the, use, of grganoboroaltuninum activators.
WO 03/18171 disclosed cifary5Eacttatsi iat ard addbcishr %ﬁﬁégg&i&wtﬂ%aeids. Other
activators or method¥ for@ctivatiig'a-Safaly$kzomptiind are described in for 15example, US Patents
5,849,852, 5,859, 653, 5,869,723, EP-A-615981, and RCT publication WO 98132775. All of the
foregoing catalyst activators as well as any other know activator for transition metal complex catalysts
may be employed alone or in combination according to the present invention, however, for best results
aiumoxane containing cocatalysts are avoided. The molar ratio of catalyst/cocatalyst employed
preferably ranges from 1:10,000 to 100:1, 20more preferably 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

guantity, generally at least 100 times the quantity of metal complex on a molar basis.
Tricelnentafliioronhenvil\borane where 1iced ac an activvatina cocatalvet ic emnloved in 2 molar ratio to



30differentiated polymer chain, 23, attached to the active catalyst site, 21 A chain shuttling agent Cl,
attached to a polymer chain produced by active catalyst B, 14, exchanges its polymer chain, 23, for
the polymer chain, 13, attached to catalyst site A. Additional chain growth under polymerization
conditions causes formation of a multi-block copolymer, 18, attached to active catalyst site A. Similarly,
chain shuttling agent C2, attached to a polymer chain produced by active catalyst site A, 3524,
exchanges its polymer chain, 13, for the polymer chain, 23, attached to catalyst site B. Additional

chain growth under pelymerizationsonditions cayses formation,of amulfi:Rlogk copolymer, 28,

attached to active catalyst site Cg& The %rowip multi-block copolymers are repeatedly exchanged

between activtéﬂggf_ﬁﬁ?ﬁykig#g B CatVST R BY HReBrs BPoR Gt T ayH € e iR irmation of
a block or segrieht whdifferiigqsrtperitsyivhérfever exehangs; to the Sopposite active catalyst site

]g)ccurS- Tlhe gr%in%ﬁqhﬁ%ﬁ&h@ﬁmﬁe@%@i@g@&%@mi@ @H@%B&@éﬁc@e@ﬁd@%@m&%&?%m ;\nd
unctionaljzed if desired. Alternatiyely, esulti olymer may. be recovere scission frgm the
active cataalygf G Céc%rr% fhoex%ﬁ% E%EYO ﬁxg#t?eﬁ%%&@a#%%gemgf{%%ré zs%n&r%%m\é%ngt %ﬁ%ﬁfﬁ%’ SeRt. 1tis
believed (withuingishingCterbdeEsa FRFSUIEN PeiRsglihardRe somposhioreshehe 0% &speetive
segments or bleckstand especially of the end segments of the polymer chains, may be influenced
through selection of proggss.conditions,er.aerrasess:variables. lnhe,nalymers of thenventon,
the nature of the end segments is determined by the relative rates of chain trans er or termination for
the respectivézceﬂ'ajlysts as well as by the relative rates of chain shuttling. Possible chain termination
mechanisms includex butsdrezaotlimitedito; Suhydiggen slinpihationyBthydrogemdsbtransier to
monomer, p-methyl elipipationaid.chaindrapsier dhvdmgen.or atberahain- Jetminating reagent
such as an organosilane or chain functionalizing agent. Accordingly, when a low concentration of chain
shuttling agent is us&d H&FMdrity of polymer chain ends will be generated in the polymerization
reactor by one of the fofegoimig chain termination mechanisms and the relative rates of chain
termination for catalysrA)pad:B)witkletssming dhe.redominant chain.20termingtingmoiety. That is,
the catalysst havin% theffast st g%ta%.gg gggggdger[‘nirggtionﬂvvi I %oduce relatively more chain end
segments in Re frished %8 f/?ner. {RContrast; when a hfgn cofcehtration of chain shuttling agent is
employed, the majofirepittepoRiTiescdt el Frmncrs ksdedor and upon exiting the polymerization
zone are attachoskeybeundrtadbe Chnimshsitingageab) dindattbaseicaaetion conditions, the relative
rates of chain transfer of the polymerizati italysts and.the relative rate of chain shuttling of the two
catalysts prim(gfageﬁygfgﬁlﬁ r?gtsggtlﬁéq?d%%%lﬁ g ﬁtﬁ%ugﬁaa{fﬁ%t%?%ﬁ%ea ﬁar%u%%%}%g catalyst (A) has a faster

f

chain transfer&Reey eYrAeacerdttingy e et OsrirsidBy Pt orty Bt bbrain end segments

will be thase prodeeedibyecatalyst (A). At intermediate concentrations of chain shuttling agent, all three

of the aforementignes! S0factos Are ISMERIRL 0 IRIEMINNGLE.HENRGL e fial polymer block.

The foregoing methodolo?y may be expanded to the analysiS of multi-block polymers having more
than two block sl risRtslig te Rl Broer iy s i Bsirgsuences for these

polymers. For(e&xample - tisindpacnisieré-pl Catetirsis- UytPaanid)Siwithtan chaff)dhtttling agent, for which
each catalyst typemg&g;_gﬁ@,ﬁf&%}type of polymer block, produces a linear block copolymer with
three 35different block types. Fu thermore, if the ratio of th% shuttlin9 rate to the gri%[)a_gation rate for
the thre&catalysfS NSRS tHhe & 8%?@%%‘?’%#%}%8@% 25 BB RRGTHIB hE &S Dlock types will
follow the ordé-32stiylanmotifeybonilptratdwer instanchs b ippéd bivbkstivdiaveaiitte8ktype blocks
than 1-type blocks, AtiagSAHIo 21uRe-placks:. -y iifallows thanameihed-exists.far gontrolling the block
length distribution &),f éhe \{611% us lock types. For example, by selecting catalysts 1, 2, and 3 (wherein
2 and 3 produce sUBstRtiaty e Sae polymer block type), and a chain shuttling agent, and the
shuttling rate félfolishthel ordercatadips ByiRerdslfitipipirontnsianiiaive digittrital distribution of block
lengths made fram;then2ian B-aatalysts) Dueng thapomerization: he seaetion mixture comprising
one or more monamers is 10contacted with t ctivated. catalyst. composition according to any
suitable polyrr‘r?grz}imzc11 ion ‘é%&iﬁ%nﬁ‘é%h %ygsr%?éz%?g %ﬁ}é}?amété%?g%de I%HG%%@ é]"évated temperatures and
pressures. Hydrogétisrtie employed as a chain transfer agent for molecular weight control
according to kpawa fechnigpesrif-desised)Addnatden siyliidmnpamerizatonssiibistingihly desirable that
the monomers and;sglyents employed be of sufficiently high purity that catalyst deactivation does not
occur. Any 15suitable technique for monomer purification such as devolatilization at reduced pressure,
contacting witff roteb 4P GRS Y S HaReE ey SHimahOF R A ioatBr BrtiE oregoing
processes may be employed. The skilled artisan will agpreciate that the ratio of chain shuttling agent
to one or more catalysts and or monomers in the process of the present invention may be varied in
order to produce polymers differing in one or more chemical or physical properties. 20Supports may
be employed in the present invention, especially in slurry or gas-phase polymerizations. Suitable
supports include solid, particulate& high surface area, metal oxides, metalloid oxides, or mixtures
thereof (interchangeably referred to herein as an inorganic oxide). Examples include: talc, silica,

alumina, maznesia, titania, zirconia. Sm03, aluminosilicates, borosilicates, clays, and mixtures thereof.
Cintabhle ciinnorte nreferahlvy have a3 crirface area ac 28 determined by nitrocen noro<imetryv ricina the



30 is readily transported and handled. Suitable methods for spray drying a liquid containing slurry are
well known in the art and usefully employed herein. Preferred techniques for spray drying catalyst
compositions for use herein are described in US-A's-5,648,3 10 and 5,672,669. The
polymerization is desirably carried out as a continuous polymerization, preferably a continuous,
solution polymerization, in which catalyst components, shuttling agent(s), monomers, 25and optionally
solvent, adjuvants, scavengers, and polymerization aids are continuously supplied to the reaction
-zone and polymer B{I}‘%%H’Ct continuously removed there from. Within the scope of the terms
‘continuous” and "contihuously” as used in_this context are those processes in which there are

intermittent adéitioNa SHTeLR TS RRU ST AT 8T Frodtetinst s (4P sPaRrEGHaRintervals, so

that, over time, theMverdibjpnotesshisagidngtantially continuous. The catalyst compositions can be
advantageouw@mm%a]éﬂy@-m&latm@ysﬁ%g&méﬁiho.%&kugwy;%tba@ﬁam?@@mlmwaﬂon process.
For a SO'“—“"“%{#' merization process it is desirable to employ homogeneous dispersions of the
catalyst comp Rtin a liquid diluent in which the polymer is soluble under the polymerization
conditions em@t¢iredirOnehsudhireresssanitizingan elidemuly fitetsiictiosigimilandisgarsthy.agent to

produce such@ hemagepeaus cotalyshdispetsien LQwherareithekihanaeial.complex anthe cocatalyst
is only poorly solulglg Js lgeiusg[?%?bqﬁiaqiglg-k 5,783,512. A solution process to prepare the novel

polymers of the pre’seﬁ% |n\37en‘t|on, especially a continuous solution process is preferably carried out at
a temperature betweerstedAtt PBoGitfore batePatiybiraida siboctianyn 108om@dtd most preferably
between:110Canen2l0G-AkRighcpreasidienrpnassdsusualiyeadtistattitatitenapanatures from 100C to
100C and at piesales AORYE 13R0G0RIE0MEA R AIRESSRIVIGAY Heas,an inert
hydrocarbon diluent and temperatures of from OC up to a temperature just below the temperature at
which the resultingﬁBBW?‘ﬁéf’ Besiss substantially soluble in the inert polymerization medium.
Preferred tem@eratuyes(in -Sluetyy polpmertiationdare fropdiBeGylpreferabijdromr60@iup to 115C,
preferably up to 109G, Rressures typically range from atmospheric (100 kPa) to 500 psi (3.4 MIPa).
20In all of the foregoing processes, continupus or, substantiall ntinyous palymerization conditions
are prefe*llSabIy("’(‘-:7iprli‘fﬂlfﬂiidegj S TRETRY %P%’éﬁ}‘bg?ﬁ%%lﬁ?éﬁ %qélgﬁ%?ﬁghbsufy SBECEIRP SRR Tous, solution
polymerization progestes employing two or more active polymerization catalyst species, allows the
use of ele\éate@l_f,ig@,gpx,@gmmé@{%ﬁgﬁlmya#@&mm&mMﬁg@ﬂﬁmigaﬂm%gﬁi@ﬁ%@gﬁu&g-block or
segmented copolymers in hi [ nd efficiencies. Both 25homogeneous and plug-flow type
reaction condition r%{%'“ ISEE%%%(%%U zjg"’?%’latter conditions are preferred where tapering of the block
composition igdesie.4-di{ Boah rataySictarnsuaiions (M) maduit) ey mdoprdpariea vs a
Homogesneous compasitinn by addition of the requisite metal complexes to a solvent in which the
polymerization will be ¢ p(p#g:te rin a.dilyent compatible with the ultimate reaction. mixture. The
desired coczattgliiﬂs“tlhlrFI Ogac%[ vaﬁ%%gﬁkﬁﬁ%%mﬁﬁ?r%glggzgt rgﬁgll;t ye&%%‘#%?ﬁleldpeﬁﬁﬁ? \e catalyst
composition eitherdgF@sito, simultaneously with, or after combination with the monomers to be
polymerized and.any-addiicnadirepation) diliigriiAtall indscthe irdividnaddpgredientsnas well as any
active catalyst co FEj%ghmygg be.preigcted from oxygen and moisture. Therefore, the catalyst
components, shuttling anent and” activated catalysts must be prepared and stored in an oxygen and
moistureZfree EtmoSpaTE HreferaBR S FRP HEH G EE AR A NS EEH P R initing in any way
the scope of the inventiondomerieans for carrying out such a polymerization process is as follows. In
a stirred-tank feac hé!ﬂﬁ}@-@@,@mﬁﬁ%&%Qﬁiﬂ@&%@ﬁﬁ@i&ﬁ@-ﬂ?}&%ﬁﬁ@»ﬁ&?ﬂ%ﬁb{n@gether with any
solvent or diluent. The reactor contains a liquid phase composed substantially of monomers together
with any solvent or UitEREERE dissolved polymer. Preferred solvents include C4,10 hydrocarbons or
mixtures theredf,Sespecidiy-aidititnsudhmechrxiaprref mixtuisésfalkanes, as well as one or more of

the monamers empipyed.iRdhepabamerization.Lpatalysts-(ikapsk(B) along with conatalyst and chain
shuttling agent_are continuqusly, or 10intermittently introduced. in the reactor liquid.phase or any
reoycled portih RerERT A Ao Ko et o A e R e the
solvent/monorfiet tatip:ethé TamlySaAQHie pate) AWl d5 i bebling bpaieating Gordjackets or both.
The polymerization +ajeis: contpiied: by-ine:rate-of catalyst-adgitianioTieretiyrpertontent of the
polymer product is djel}%rq]'ir}_’@g u@)ﬁ%ﬂg ratio of ethylene to comonomer in the reactor, which is controlled
by 15manipulating the rgsp’ectlve feed rates of these components to the reactor. The polymer product
moleculatiwei§htisrebherstieesy BistRERT By CORPSHFHG SHSF PR MerZEHERVERLBIES such as the
temperature, monomer concentration, or by the previqusly mentioned chain transfer agent, as is well
known in the art. Upon exiting the reactor, the effluent is contacted with a catalyst kill agent such as
water, steam or an alcohol. The polymer solution is optionally heated, and the polymer product 20is
recovered by flashing off gaseous monomers as well as residual solvent or diluent at reduced
pressure, and, if necessary, conducting further devolatilization in equipment such as a devolatilizing
extruder. In a continuous process the mean residence time of the catalyst and polymer in the reactor

generally is from 5 minutes to 8 hours, and preferably from 10 minutes to 6 hours. Alternatively, the
foreanina nolvvmerization mav he carried orit in 2 contintioiie loon reactor O&BwWith or withotit A monomer



prepared by co-precipitating the metal complex and the reaction product of an inert inorganic
35compound and an active hydrogen containing activator, especially the reaction product of a tri (C)-4
alkyl) aluminum compound and an ammonium salt of a hydroxyaryltris(pentafluorophenyl)borate, such
as an-ammonium salt of (4-hydroxy-3,5-ditertiarybutylphenyptris(pentafluorophenyfiborare. When
prepared in heterogeneous or supported form, the catalyst composition may be employed in a slurry or
a gas phase polymerization. As a practical limitation, slurry polymerization takes place in 5liquid

diluents in whigh,the polymetriedpciiaisubsiantialy insaiulei kb igisiakly-heidinent for slurry

polymerization_is one or more Qbyngrocar ons V\éi{}h I%§s than 5 carbon atoms. If desired, saturated
, pr

hydrocarbons ‘SHEFP4s ERTARS “BrSBARE SF DUtANEC Y BE LB HWRSIE DI B4t astthe diluent, As with

a solution polymeriizzitioy; ithewzdksfin comonomer or a mixture of different a-olefin monomers may be
used in whole ok Rat-a5.the - diliepiaMestpreferafbhatigashamaienpar40ef.the; dilsent comprises
the a-olefin m ner or. omers to be pol ized referably for use.in gas phase
polymerizatio ﬁr—g? eéléréyei—s," %ﬁr‘éugéﬁ COE? %ggéer%?géﬂg?gﬂﬁhgu t@i\ﬁf;%%é% émrlﬁ% ialﬁwpgg icle diameter
from 20 to 200%iminkareprefaraifyeRerratmmtsiTsobiki; bantemestpretarabip fflBrh 50 um to 100
um. Preferably for dise-ir;sleusyrqacdysnerization processes, the support has a median particle diameter

from 1 um to 20 4. MOIE. ALCIRIAL 1O BHILIAA00.A 0 AV IRSLAISISIARNY fom 10 um (0 80

ttin. Suitable gas phase polymerization process for use herein are substantially similar to known
processes usét conrarErIl 6P B I & e g RS IS AR AR BT NB Si5ARe 2&thylene/ a-olefin
copolymess, afid etherraledinypolymeisiichieyjdsphalieprocesspivployedcaiibes-for example, of the
type which employﬁp@m@g%&@@gmestirred bed or a gas fluidized bed as the 20polymerization reaction
zone. Preferred is the Ido_rocer wherei ;hegol{xm?rizati?n r%agtion is carried out in a vertical cylindrical
polymerization reactof ¢8MtAIRAGPA HEIAEH Bad of PBR e Bartt S LB ol sF Sispended above a
perforated platelprfiidizetionridetyaifioi tefliididation gas. The gas employed to fluidize the bed
comprises the monomer or monomers to be 2§polymeriz7ed, and also serves as a heat exchange
medium to remove the heat of reaction from the bed, The hot gases emerge from the top of the
reactor, normally via a tranquilization zone, alse

diameter than the fluidized bed and whegei @C

opportunity to gravitate back into the bed. It tan-atseig advantageous to use a cyclone to remove
ultra-fme particles from the hot gas stream. The 30gas>'ts/thbé%"°rz1brmally recycled to the bed by means
of a blower or compressor and one or more heéfexchangers to strip the gas of the heat of

polymerization m@gﬁrg@mgygqg@g cooling of therbeddnRddition to the cooling provided by the

cooled recycle gas, is;to feed.a volatile liguid to .t_r]% ed to provide an evaporative. cooling effect, often
referred to as operaé% mdf § A opene he Vo é’tlfgﬁ?ﬁ%ﬁ%ﬂ Sélﬁ% ‘0%% Elﬁtlfﬁ‘i’s case can be,

fof Ane Condansing moae.
35for examplevaroesidilexinsrtigaiey fopexarmprarysdvrated diftibesaboirnaging 3 to 8, preferably 4
to 6, carbon aigms:tB;tbe-caise, hal the:menprghab ComMonemRnitsalsisidcyplailediguisdsias can be

condensed to 19?5%{;‘%6 a%ulfiecé‘ll}%cliﬂ}%‘é'%yﬁm%d%%%ﬂb%’éﬁb‘%%tﬂ

?g (0 a{{he bed to provide an evaporative
cooling effect. The volatile id evaporates in the hot welzg ed 16 (E)??nsugogsl which mixes with the

fluidizing®§as. et RaURY I MR Sy SorRBHb M b SinderusebiiEtgblymerization in
the bed. The &wamiaiﬁddﬁqwdath&mﬁm'ﬁrg@ssﬁmﬁﬁﬂnﬁifmﬂtﬂr m@aﬁh@feﬂmhﬁﬂ-ﬁ_emymI&ga_s, and
enters the corg%%%%%q_/ Bﬁ@&&%@@ﬂgﬁopﬁ&%@&t}%ﬁ&y ﬁ{%lsj%gﬁayg:lill?d@%@%&@%&_%p‘ﬁ%%lmed in the heat

r
exchanger and; if the tempeérature to 'which the gas is cooled is below the dew point, liquid will
precipitate froft g ALY TR Rebid 1y Heraainy raeyERsgeshhrtiotsR ks HA & iamtiz By B8P iis possible
to recycle the grecipitatechbligiid ipdthesheddasliquity dreplets carfibe finkOitheregycteygasstream. This
type of pracesg,is described, for.example in EP-89691; U.S. 4,543,399; WO-94/25495 and U.S.
5,352,749. A particularly preferred method of rec %Iin%the liquid to the bed is to, se{) rate the liquid
from the recycle gas streafiv afd Pgafgﬁ‘?fg@teﬂ’ﬁsoii%ufdi 1P R TS P b BV TR IS ﬁﬁ%‘fng a method
which generatestfinedroiplets:ofdhecfiguichwithinetecbe . B kisgipe of process isadesctibed in
WO-94/28032 Jathepebgngerization reaction occurring in the gas fluidized bed is catalyzed by the
continuous or semi-continuous addition of catalyst composition according to the invention. The catalyst
composition may be subjected to a prepolymerization step, for example, by polymerizing a small
guantity of olefin monomer in a liquid inert diluent, to provide a catalyst composite comprising
supported catalyst particles embedded in olefin polymer particles as well. 20The polymer is produced
directly in the fluidized bed by polymerization of the mgnomer or mixture of monomers on the fluidized
particles of catalyst composition, supported catalyst composition or prepolymerized catalyst
composition within the bed. Start-up of the polymerization reaction is achieved using a bed of
preformed polymer particles, which are preferably similar to the desired polymer, and conditioning the
bed by drying with inert gas or nitrogen prior to introducing 25the catalyst composition, the monomers
and any other gases which it is desired to have in the recycle gas stream, such as a diluent gas,

hydrogen chain transfer agent, or an inert condensable gas when operating in gas phase condensing
mode The nrodiiced nolvvmer ie diecharaed contintioricehhy or cemi-contintioiricehs from the fhindized bed



As previously mentioned, functionalized derivatives of multi-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, 10for example, the
reaction product of a naetallated polymer with an oxygen source and then with water to form a
hydroxyl terminated polymer. In another embodiment, sufficient air or other quench agent is added to
cleave some or all of the shuttling agent-polymer bonds thereby converting at least a portion of the

}oolym g rbto 1a?)hyd (;qxxi ;@l_grﬁgmﬁdn@ggfmeg .@@@t@%r@@mﬁa@saﬁfé f‘g@ﬂqﬁfm’”ﬁm@% palymers
ormed by 13-hydride elimingtion and ethylenic unsaturation in the, 15resulting po r. In gne
embodiment BT FTH TR R A BIOSE Ser H R Ch i e By RS {roaction
with maleic anfifdHeeogdiciis e ofved & chie tallatBT (SUEH as Wit smrarephlithiur ks agertzsptionally in
the presence of a Lewis: baseyespesially iapnaming, isuich as {eramathyiethylenegiamine), or by
incorporation of a diene or masked olefin in a copolymerization, 20process. After polymerization
invoing a e TR R G B S e rove
thereby expo&ifig adfitrat feaatlFtactionalized remnant. Techniques for funcitionalization of polymers
are well known, andziseiesechforeexarple:ind iS5 b4kidh% andelsewbere nBecausemra;substantial
fraction of the polyrq:qgi% product gxiting the reactor is terminated 25with the chain shuttling agent,
further functionalization is relatively easy. The metallated polymer species can be utilized in well
known chemical reacidfi¥ Stiéh as those suitable for other alkyl-aluminum, allcyl-gallium, alkyl-zinc, or
alkyl-Graup 1 compbuigs:de-fanyieantineh dydiosey-aredepiynvketbsiaytestendmitnie complotizer
functionalized (grminated palymerpsoducts. Examples of suitable reaction techniques that are
adaptabl for use here in are described in Nezishi, "Orgaonmetallics in 300rganic Synthesis", Vol. 1

j g synthesis. Polymer Products
Utilizing the present proces polymers, especially olefin irterpolymers, including 35multi-block

copolymers of one or more o onomers, are readily prepared-Highly desirably, the polymers are
interpolymers comprising in polymerized form ethy st one C3.20 a-olefin comonomer,
and optionally @ ditional copolymeri . Preferred a-olefins are C34
a-olefins. Suitab 5. are selected from efifiS,;and cyclic diolefins,

halogenated vinyl compounds, andyipylidene aromatic comy oungs. " articylarly the present
invented polymers inclutié % EI‘éallov§/ing specific embodimen SF; a‘ﬂrgt}_embodiment, the invention is
an interpolymer having &téast onemaetting:point, T" in degrees Celciut afd tensity; d*, in
grams/cubic centimeter, wherein the numerical values of the variables correspond to the relationship:
T,"> -2002.9 + 453825 (dHpeipizpboiaypd s Het SROHE R RIPoRAMEP 440 TORUAS: from 101.7 to 3.5.
In a second embodiment, the (i:n,vention is an interpolymer havingaat least one melting point, Tm, in
degrees Celcius and density, &*,in grams/cubic centimeter;

variables corre

ﬁﬁ;%(d*)z. 15In a third
embodiment, tk ~ 8 g Mme tin@m/int, T™ in degrees Celcius
and density, d*, in grams/cubic centimeter, wherein the numeyicalyalue 'i(‘Sfﬁéy@r:_iables correspond
to the relationship: > 8§§?9;751:825§3(d*) +1112.8(&)2. In afoyrth embodiment, the invention
comprises an interpolyniet tomprisihg in 20polymerized form ethylene and a 03.8 a-olefin, said
interpolymer having a delta quantity (tate: ak) greater than the

guantity, y*, defined by the equation: > : ation: y* >
-0.1299(Al4) + 64.38, and more preferalb equation: > -0.1299(AH) + 65.95/25at a heat of fusion
up to 130 J/g, wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer tthat is, the PeaReHuSE RS At ie AL S PR eHt Gt R TGIREEB8Rmer), and if less than
5 percent of the polymer has an identifiable CRYSTAE peak, ther the CRYSTAF temperature is 30C,
and AR is the -"B

pealc comprises . C o3 y :
DSC and CRYSTAF cutves foy many:examples of the inventign as well as many-gomparative
polymers Peaks used fo?%@retﬁé 'ng% the delta quantity, y*, ar&@@ntiﬁeg in each figure along with
integrated area under th&"€urve (indicaifig percentage of cumulative poi\ifrﬁ%hﬁﬁ:igqres 2 and 50
shows plotted data for examples of the invention as well as comparative examples. Integrated peak
areas and peak temperatures are calculated by the 35computerized drawing program supplied by the
instrument maker. The diagonal line shown for the 34




random ethylene octene comparative polymers corresponds to the equation y* = -0.1299 OR) + 62.81.
In a fiftth embodiment, the invention is an interpolymer having a tensile strength above 10 MPa,
preferably a tensile strength ? 11 MPa., more preferably a tensile strength? I3MPa and an 5elongation
at break of at least 600 percent, more preferably at least 700 percent, highly preferably at least 800
percent, and most highly preferably at least 900 percent at a crosshead separation rate of 11
cm/minute. In a sixth embodiment, the invention is an interpolymer having a delta quantity (tallest DSC
peak temperature (measuret:-fem-the haseling) st usialest-CRY S FAF-peakitamperature (i.e.,

10highest numerical val  areater t 4 d a.heat of fusion greater than or equal to
accm%%}l% 0 %}_1\? E;s%k"}l{nqur]&& ﬁx%}ucqu E‘\%Qe o%%e;at%rmulla.

130 Pam, wherein CRYSTAF peak Is determined using at least 5 percent of the cumulative

polymer (that is, th must represent at least 5 percenyp+te cumulative polymer), and if less than
5 percent of the po as an identifiable CRYSTAF pek\tg% the CRYSTAF temperature is 30C.
More preferably still, | t CRYSTAF peak comprises at1€ast 10 percent of the 15cumulative
polymer. Figuegs, shewihe DSC and GR for ganyexamples of the
invention as well as many.€ompa 'v%é)%l'xmers Peaks used HAting ‘l&he delta quantity, y*, are
identified in each fi nt’egr%nte%" area under t icatipghseetentage of

and 50 the vertical line il es AFt =>130 J/g and the horizontal
line illustrates y* = 48C7 20In &'$eveiis embodiment, the invention is &rdnter@adymer having a storage

modulus ratio, C(25C)/A1(20
and a 70C compressij,?

than 60 percent, downte-a

ly less than 70 percent, especially less
an eighth embodiment, the invention is an

D..Q&-,'Eﬁ?z%th@ﬂa h) big !_:[Elspg strength of equal to or
less than 100 pounds/fgot2 (480¢.Pa),preterably equal to or lgss-than 5 sfft2 (2400 Pa), especially

2 (240 Pg)-ANEE=low as O//BSIA ~Jpd¥ifthembodiment, the

, elastgmens, interpolymer!éising izpelymerized form at least 50 mole
a 70¢ compressian set of 30lessth fperce éHBrgjqrably less than 70
less than 60 pefceht. In a tenth embodiment, the'irvehition is an olefin

e copolymerizable comonomers in
sepnents of two or more polymerized monomer

units differing in chem ar physical properties (blocke!iE!iE polymer), most preferably a multi-block
(

percent ethylene, having
percent, most preferabl

copolymer, saigdles 35int$mesztta%b@g a molecula ich gg&ggﬁzbetween 40C and 130C
when fractionated using TREE!¢ hara%gr'&%? in that sa as a molar comonomer content
higher, preferably at leas @ e ﬁhighLé(r, ore prefergbly 8 @ Yefithigher, than that of a
comparable random ethylereiterpolymer fraction elﬁiﬁﬁ‘\g betweefr'th me temperatures, wherein
said comparable random ethyl€hé intéfpolymer, gomprises the saffigicomanemer(s), and has a melt
index, deﬁsity, 5and molar comonomer content (based on the whole polymer) within 10 percent of that
of the blocked interppgeifesrmpiraterabiyetieMa/Mn of the comparable interpolymer is also within 10
percent of thatsohihs leheckediinterpedyrpl2adiar the)comparable;interpelyeaandas.atetal comonomer
content within 1(%&%%1@13@%{151% tﬁﬂg{l £ ?eQJOCked interpolymer. Comonomer content may be
measured using any suitable tec anu’e, with techniques based 10 on nuclear magnetic resonance
(NM1R) spectrosespicprefeterl-Moreeverfsrisolymersér slsrdy shpbiimmsisiavimdelatively broad
TREE cunves, the:poelyimer desiably-s first fractionated using TREE into fractions each having an
Muted temperalyrc,ange g1 06 onless.Thatis, sasheluted fiscian bana sollection femperature
window of 10C or Ie_gs. Using this technique, said blocked interpolymers have-at least one such
fraction having atﬁgﬁ&%?a%%ﬁﬁﬁ%@WBm‘éﬁlthan a 15corresponding fraction of the comparable
interpolymer. (s-mdargterabbyifodint@epolimitraiol-ethiyisHe, andokitotienbdihelbletkedidierpolymer has
a comonomer capient oA TR fraction eluting between 40 and 130C greater than or equal to the
quantity (- 0.2013) T + 20.07, more preferably greater than or equal to the quantity (-0.2013) T+ 21.07,
where T 1§ the hiBHER VAIGEYSFHR PRobk StIGH temiparatit e sf i  REE R Befg
20compared, meastirsd(if)CimethylFigure 54 graphically depicts the foregoing embodintent of the
invention for blpcked interpolymets el ethylenarnd Jrocteneauherg a.pigtelithaicamanomer content
versus TREE elution ter&gg&a&urelfor several comparable ethylene/l-octene interpolymers (random
copolymers) are it 103 fin r%ﬁ??sénting (- 0.2013) T + 20.07 (solid line). The line for the equation
(-0.2013) T + 21.07 25is depicted by a dotted line. Alse depicted are the comonomer contents for
fractions of several blocked ethylene/l-octene interpolymers of the invention (multi-block copolymers).
All of the blocked interpolymer fractions have significantly higher 1-octene content than either line at
equivalent elution temperatures. This result is characteristic of the multi-block copolymers of the
invention and is believed to be due to the presence of differentiated blocks within the polymer
30chains, having both crystalline and amorphous nature.




Figure 55 graphically displays the TREE curve and comonomer contents of polymer fractions for
Example 5 and comparative F. The peak eluting from 40 TO 130C, preferably from 60C to 95C for
both polymers is fractionated into three parts, each part eluting over a temperature range of less than
10C. Actual data for Example 5 is represented by triangles. The skilled artisan 35will appreciate that
an appropriate calibration curve may be constructed for interpolymers comprising different
comonomers and a line used as a comparison fitted to the TREF values obtained from comparative
interpolymers of the same monomers, preferably random copolymers made using a metallocene or

other homog(%Q_%%u%r%%teafmgnggrg;&%j&;ggﬁbglz%%( azjg}gﬂr“ %I%/)[?\?g Ic“orresponding to the present
.y 3 | !

invention are characterized by a molar comonomer content 'greater than 5the value determined from

the calibration cirpeataie i iRErifsfon e Perafodhersidrdbiediensast 5 percent greater,
more preferalbydtitleast=1Qlpercéntigreaidenzol s, Farcepalytmearsof-ethylene and an a-olefin, the

inventive polymers preferathyRessess.aR Lk aka! least 3:L_p7an{’g&:{ggcpreferably at least 2.0, and most
preferably at least 2.6, up to a mgéiay%rg%){)alue of 5.0, more preferably up to a maximum of 3.5, and

especially up & A HESHRONEEY 2 RE Bk HI&BHG 'SH 3 or less, an ethylene content of at least
50 weight percenipetiglaty hransitivnizesmpletdoien TBDGHESS- thasth:@8@peiierespreferably less than
-30C, and/or eneans.enbyene Tinydr-EheRglymersdnay hedyrther characterized by a
thermomechanical analysis penetration depth of 1 t 8 temperature of at least 90C as well as a
flexural modulusC‘%f E alrf% %’ %)stfe{ Sf@ﬁﬁ’%}i?g tﬁn ﬁgs@gé%ﬁ’gg?.dﬁiﬁ)tematively, the present polymers can
have a thermé&hiégrasieitidanslyeis peheratioflempen-byi-Mfi &t a temperature of at least 104C as
well as a flexuratimanibis Diiakipast-2-qs: (20:MPa) ) igdnygntive interpolymers may be further
charactenzed(g_%iﬁg\(gg%%%eﬁgngﬁg_m gl%ﬁgg)%%%,%(‘R%n;pg%ﬂ%%lﬂgrcent, preferably less than 70

percent, most prefera ss than 60 percent. The inventiv ymers further may be characterized as
having an abrasfbAsBEREReEtr FURRE LY BRIESE HErmad rms. Further, the inventive polymers
can have, alone or 20 in combination with any other properties herein disclosed, a storage modulus,

G', suchithat |aq,(G )i areaier dhan.arequalin.A90 kRa, preferallyaranierhan, ar.equal to 1.0 MPa,
at a temperature of 100C. Moreover, the olefin polymers of the invention possess a relatively fiat
storage modulus & W+t B TR p& P&t h the range from 0 to 100C (illustrated in Figure 35) that
is characteristiéwfthitrok-¢Spdly pnelibeembt hereito-belehe(ln kiiowiyiet i atb tigfitcopotymer,
especially a 25 gepalymey gj_ggmétgg@:and one or more C3.8 aliphatic a-olefins. (By the term "relatively
- flat™ in this context js meant that log, G' (in Pascal creases by less than one grder of magnitude
between 50 and o8& Hré ell%tﬁ/o ié\?\‘?é@h%%ﬁﬁ%@f O if Hf&?ﬁhaﬂ%)ﬂ%%ﬁ%‘%?%ﬁﬁe invention
can havé melttirdax TH) 2-OFNeionety 28008720 minutes, preferably from 0.01 to 1000 gilD minutes,
more preferaly-fean 901, $0:50004/dOminkies..and sspecialyfiom8,05ia-108 aild.minutes. The

30invented poly ners cwﬁi\éﬁ}m%ecular weights, M, from 1,000 gimole to 5,000,000 glmole,
preferably from 1%86 glancle to T 600,000, more preferably from 10,000 emote to 500,000 2/mole, and

especially froff-retmoerey/nicidud ST Bob-dlirsien-THe delisity iprthdthvidirsipsimmerscan be from
0.80 to 0.99 g/em3nandpretarabiy,for ethylene containing polymers from 0.85 stlcm3 to 0.97 g/cm3.
The polumers ot ing,iayenian mahe dferealialed om conyenional,iandam sopglyers. physica
blends of polymers, and block copolymers prepared via s€quential monomer ad ition, fluxional
catalysts, anioni&'8HEadbMARRS polymerization techniques. In particular, compared to a random
copolymer of the same monomers and monomer content at equivalent 5crystallinity or modulus, the

polymers of the inyenfion:iave betgrighen ieakresisianseas measured by melting point, higher

TMA penetration temperature, hlghe_r high-temperature tensile strength, and/or higher
high-temperatur& ToFSoR 1o AE Mo AU AR S ARt inEd By ¥ amiC H&ERanical analysis Compared
to a random cOpdiirmenretyiprisirfgdihel seemichtmers-ant-Mmonbmer content, the inventive polymers
have lower comprgssgioR:setdpaticuay-AlalevataddOtemperatiies, lower stress relaxation, higher

creep resistan e,iitl?i her tear stre , higher bél)o gin resistance, faster setup due to higher
crystallization(gs‘% i&%f@a ff(t)gr%e eer}lli:)p(agr%11 5?8, lﬁ?ﬁﬁﬁ ‘?’?f‘ a%ogfélfy'}(é%{\rfféullérly at elevated temperatures),

better abrasion réisistariiey ighdisfeaenie oreendid Betiey-divaiid fitérdicoeptance. The present
polymers also exhibif-arenigue arystalizatiomand anshing distiipution 15relationship. That is, the
present polymers have a relatively large difference between the tallest peak temperature measured
using CFr%)?STAF%35]{Ir11€a¥’ﬁ51%@31 é%ima%%%%ﬁ%l ﬁ%?%%?f@?k)?fﬁélggge%ially as compared to random
copolymers comprising the same monomers and monemer level or physical blends of polymers, such
as a blend of a high density polymer and a lower density copolymer, at equivalent overall density. It is
believed that this unique feature of the invented polymers is due to 20the unique distribution of the
comonomer in blocks within the polymer backbone. In particular, the polymer desirably comprises
alternating blocks of differing comonomer content (including homopolymers blocks). The polymers
desirably comprise a distribution in number and/or block size of polymer blocks of differing density or

comonorner content, which is a Schultz-Flory type of distribution. In addition, the inventive polymers
alen have 3 nealk meltina noint and crvetallizatinn 28tempeaeratiire nrofile that 1inidrielyvy ie indenendent



in a single reactor (in-reactor blend). Figure 29 contains four high resolution scanning electron
micrographs (100 nm scale), three taken of the above samples of the invented polymers made with
5high, medium and low levels of chain shuttling agent in the reactor, as well as a comparative
photomicrograph of the substantially linear ethylene/ 1-octene copolymer (Affinity TM copolymer of
0.875 g/cm3 density). Comparison of the three photographs of polymers of the invention generally
show a reduction in lamellae thickness and length with increasing levels of chain shuttling agent.

Moreover, thegg_r{gﬁgg%&gg{[w@ggg ,mﬁxﬁ%@gg%{gg]@qgﬁgﬂm%gs to influence the degree 10or level

of blockiness. That is the amount of comonomer and length of each polymer block or segment can be

¢ nome; g
altered by controfRE tHE A ARE SR B EATAR s BN A Whtiitihg agent as well as the temperature of
the polymerizdfigijwanchettyerpdl§diayizadibmardritlblescrAlsurpiising benefit of this phenomenon is the
discovery that as;ihe:desraqinilockingssdsingreased (be.aptical pronRerties.dearstrength, and high

temperatuge recoverél rggtegtiqsisgf ti;]se resulting polymer are 15improved, In particular, haze
decreases while G5t Hear’s rené?ﬁ, and high temperature recovery properties increase as the
average number of bloeks iHuFathe Kiterlin cfansd soBy isete ftingesivatting Bgbnseamd catalyst
combinations having:thereesired chairdransferring ability (high rates of shuttling with low levels of
chain termination) other forms,of pql‘ymer termination are eﬁqgively%uppressed. Accordingly, little if

any 13-hydride elimination i§ obsefved in the polymerization §f 20ethylene/ a-olefin comononier

block reduces the inter ular djlgﬁtive effect on 25crystatithe regighs. This result can be obtained by
choosing chain shuttling dhd catalysts having a -%a idte response to hydrogen or other
chain terminating Fégent secifically, if the cateai)%t which_produces highly crystalline polymer is more
susceptible to chain termiinatigpo(such as by use of hydrggen) than the catalyst responsible for

producing the less cry§t|line polymer segment (such ds through higher comonpmer incorporation,

regio-error, or atactic.palyfperfarmation). them30thedighly, srystalline, polymer segments will
: I ,

preferentially populate the terminal portions of the polymer. Not only are the resulting terminated
groups chstaIIine, th‘fJ“p"%]f“l T@Fr‘rﬁﬁation, the highly crystalline polymer forming catalyst site is once
again available for rélhitiatibncadbpobjiviersforvhdtivrnoEhdyitiallyofonnkaipolyipier ispthereforasanother
highly crystalling polymersegaent. Accordingly, both ends of the resulting multi-block copolymer are
preferentially highly %rlyst IIined " The gbilit}{ of tgeé)resergt multi-block copolymers made from
ethylene and a comonomEP A S T iEaRE (S Fet M Hign TStAg Ye MRS Biberties is
illustrated by referdnestosFigurscSabddemid aagifaphy dfocaystaltindxdreftiriylpsint.as a function of
de;sityd(Q@moawa%%sgmﬁeﬁ)?ﬁtiwr%egﬂ;&&&@?U{:(ayw@%&ﬁmpﬂmgy@ﬁpﬁ%ﬁkgaiﬁCa_mtly
reduced compared ta those .of 5. higher densit -block.c rs according to. the invention
(line), Whereapshyc%}nc\%nr\i%gﬁ" P?g%%d%ompgorﬁ% ﬁ#@@%‘?&‘%ﬁy&?ﬁ 69\/1\?3%( rl\%éffﬁﬁ% Pr? %%I%\(;aer? &tting loss of
peak crystallindhfisitehperathre S idehsityid hediscety’ by@rrebHigRly-deirbre koirmseditions
according to thedpresentinentionasemelastomestsintgpalyness phetbylens a-C8.20a-siefin,
especially propylen d optionally,: [ 10mo rs. Preferred a-olefins for use in this
Cbocment o B e T e e R R ey
or branctéd alR{F BB BFRETRN to S ERr b GRFAEY EXARTBRe BYlstitdh e bsdiatihe ierathel: but are
not limited to, prapyfensrisobutyleneitladutens ol pentedasishexene; dopiethyi-wpentene, @nd
L-octene. A parlisyarly, praferiecke olsin is.prapMene,ThepiRRYiena.asad AQaRL gre generall
referred to in the art as EP or EPDM 15 polymers. Suitable dienes for use in preparing such polymers,
especially mulfFBIER EPBRFTEE PHYATErs include conjugated or non-conjugated, straight or
branched chain-, cycli¢isardpalysychédidneés:edntainiabetrom:-Bao2( carbbas:Rrgferreddienss include
Ld-pentaiens, 4. hexadiend.us elllidens ioarhamens, diycloneniadisne, gydghgxadiene, and

5-butylidene-2-norbomene. A particularly preferred diene is 5-ethylidene-2-norbomene. 20Because the
diene containifIBERASF BT AT FRSFRAITIY R eGAIEHS BiBiodRE BN G MAY G 4terasr lesser
guantities of themhereg(inctgeinghnghejand &-olefityfimcluding none), the total quantity of diene and
a-olefin may be reduced without loss of subsequent polymer properties. That is, because the diene
and a-olefm monomers are preferentially incorporated,into one type of block of the polymer rather than
uniformly or randomly throughout the polymer, they are more efficiently 25 utilized and subsequently
the crosslink density of the polymer can be better controlled. Such crosslinkable elastomers and the
cured products have advantaged properties, including higher tensile strength and better elastic
recovery. Desirably, the polymers of the invention made with two catalysts incorporating differing
guantities of comonomer have a weight ratio of blocks formed thereby from 95:5 to 5:95. The

30elastomeric polymers desirably have an ethylene content of from 20 to 90 percent, a diene content
nffrom 0O 1 t0 10 nercent and an 0o -olefin content of from 10 t0 QO nercent haced on the total weiaht



10being 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 are sulfur based. Examples of suitable sulfur based curing agents include, but
are not limited to, sulfur, tetramethylthiuram disulfide (TM ID), dipentamethylenethiuram tetasulfide
(DPTT), 2- 15mercaptobenzothiazole (MBT), 2-mercoptobenzothiazolate disulfide (MI3TS), zinc-2-
mercaptobenozothiazolate (ZMBT), zinc diethyldithiocarbamatezinc (ZDEC), zinc

dibutyldithiocarbamate (ZDBGhdinemametbvensthitiam etrasufide GG, h-uthenzothiazole-2-

sulfonamide (TBBS), and mixtures thereof A preferred cure system includes a combination of sulfur,
MBT and TMTEBSH A6 the teragBmg dsHgsnihtEare éﬁf?ﬂ%}ﬁféa Tt SHEHOUNE frofP e to 5

percent, basedwttotal cdvgbmsiioniweight spreferred elastomer composition according to this
embodiment of the invgntionitmay-alaedncldge carbaniack: Rrefarahiv ihe.carhondlack.is presentin
the amount of from 1Q t E?Ozperé;%ng, more preferably from 20 to 60 percent, based on total
composition Weight.)%ff’j 1t|br1’aﬂrcbn%ponents of the present formulations usefully employed according to
the 25present inventiéhlinckude various other ingredients in amounts that do not detract from the
properties of the resui{ant sermpasitien=Tlese ingredients incleael, hut are notlimiedita.activators
such as calciyn, of magnesiuin axides [alty.acids. anchas steaic.anid.nd slis ngreal, lers and
reinforcers such as calcium or magnesium carbonate, si |cg, and aluminum silicates; plasticizers such
as dialkyl estdPSOraRAFBERNE SEHLoSHISYrad R EshRrRpeaRA EEEPafid pigments. 30
Applications andriznebilsesnline podlimeddgftherimyentionicandi® usefuemplojredidrageariety of
conventional thermaplastic fabrication pragessgsdg-produce useful articles, including objects

comprising at least one film layer, such as a monolayer film, or at least one layer in a multilayer film
prepared by cast, 3SR E SRR A S Ut P B S e HBRIR G HRiRR 28 e as blow
molded, injectibfiemoicedy eniiotdhibkd attladt dbe $olextiusiongofibérs; and woven or non-woven fabrics.
ThermoplastiG:aampasiions SamrlisiRgthe present pRlvmsss.dnclude lends with.oterpatural or
syntheticlgolyme , aﬁgl,it'ves {%i_rgl‘%rlcing agents, ignition resistant additives, antioxidants, stabilizers,

colorants, extenders; crﬁ?s%%kers, %S\ﬁrig agents, and plasticizers. Of particular utility are multi-

5component flbbrtybautrasmadidrShaathAit és? althinethvbrtaddinfdbenggrer-cbaiprpsiigien least in
part, one or morempolymarsiehthe invention. Fibers that may be prepared from the present

polymers or ble q?,incl % staple fikers, tow, multicomponent _%91%1_/0 re, twisted, and.
omoftament SR 0 b i e B e e St
disclosed in USEEI£4531553:1y 583990%:24,668,566, and 104,322,027, gel spun fibers as disclosed in
USP 4,413,110pwaveraaceanweverdablics? o disalasedinddiS R 348k 406y i stetietures made
from such fibersgigﬁg{gliﬂ}g‘@ends with other fibers, such as polyester, nylon or cotton, thermoformed
articles, extruded shapes, including profile extrusions and co-extrusions, calendared articles, and
drawn, twistedf‘WﬁWiB@é%Wéﬁ% 8RS RS melh' PBRHErdRsG B Irarein arE g ieerul for wire
and cable coatin@\gp&sations, as well as 15in sheet extrusion for vacuum forming operations, and
forming molded:atligles.Reiiengdne.4se. .f,fiBJ'@%@Wﬂ%&d@ipgﬂfm{%ﬂ9?&9%%%&&51[%0m0|ding
processes. Compositions comprising the olefin polymers can also be formed into fabricated articles
such as those previo %‘fi}%entioned using conventional polyolefm processing techniques which are
well known to (tHose skiflediiredhé B lofpoti/ofedis prbcetsihgiRoDiSporsibns-{bdhlagiievus and
non-aqueous) camglsQRe.farmadiusing the present polymers or formulations comprising the same.
Frothed foams comprising the invented polymers can also be formed, as disclosed in PCT application
No. 2004/027593, filed August 25, 2004. The polymers may also be crosslinked by any known means,
such as the usevebperdxide; éleetron beamsilane, -azidendrbmederddslhinkimg technique. The
polymers;gan alsg he.chemicaly medifieehsuchas hyng5grafting (for example by use of maleic
anhydride (MAT-D), silanes, ar..other in ob), h ion, aminati Ilifonation, or other
chemical mod |%Cé?%%erzf.y %gﬁi%ié%%%é%’ ' \E}%‘rﬁ gfﬁgfb?%%ﬁ%géﬁ%a%amn? %r?h%iﬁa%%n comprising the
present polymersDSiseatieaaditvbs iseltdiEfillers, such as organic or inorganic particles, including
clays, talc, titapiumdigxideizaalites. pondered metaly( larganicondopiganiediaess, including carbon
30fibers, silicon ni‘j@,i{?a% J{%{ﬁﬁﬁﬁﬁ'ﬂ&%%ﬁéﬁé@mﬂﬂ%%? or polyester cording, nano-sized particles,
clays, and so forf/h; tachifiers, oil éxtenders, including paraffinic or napthelenic oils; and other natural
and synthetic polymers, including other polymers according to the invention. Suitable polymers for
blending with the polymers of the invention include thggmoplastic and non-thermoplastic polymers
including natural and synthetic polymers. Exemplary polymers for



35blending include polypropylene, (both impact modifying polypropylene, isotactic polypropylene,
atactic polypropylene, and random ethylene/propylene copolymers), various types of polyethylene,
including high pressure, free-radical LDPE, Ziegler Natta LLDPE, metallocene PE, including multiple
reactor PE ("in reactor” blends of Ziegler-Natta PE and metallocene PE, such as products disclosed in
USP's 6,545,088, 6,538,070, 6,566,446, 5,844,045, 5,869,575, and 6,448,341, ethylene- 5vinyl
acetate (EVA), ethylene/ vinyl alcohol copolymers, polystyrene, impact modified polystyrene, ABS,
styrene/butadigng hlack.cappivmers anghivdragenated dedvalives theteof (QR.and SEES), and
thermoplastic polyurethanes. Homogeneous polymers such as olefin plastomers and elastomers,
ethylene and pr iﬁ%ﬁ’é‘i‘ﬁ&%%‘@p‘i&%}ﬂf&% (for example polymers available under the trade
designation VERS\W Y RN Gvaitadiiel ffoibTire-DowW ChénmietlyComga s Sndh¥4SPANWCXTh
10available fromysxxorsMabil oan alsade useful as components in blends comprising the present

polymers. uitable en es for oregoing, products include elastic films and fibers; soft touch
goods, such a qf%}éﬁ’%{rﬁ%%%ézﬁd{%' r?gfbae%%%ﬁgze’ﬁﬁud?é%%ﬁ%gﬁlgt(g)gg BPSfiES adhesives (including
hot melt adhesivessimttiraas e’ séiigitivie adhesives); footwear (including shoe soles and 15shoe

liners); auto interinmpaiisaotprefiess amgpods. (Onth-epen andalosed sad): impact modifiers for
other thermoplazqfsga%l mers, bﬁ@ﬂgﬂl&gﬁw‘w polyethylene, isotactic polypropylene, or other olefin
polymers; coated fabrics; hoses; tubing; weather stripping; capliners; flooring; and viscosity index
modifiers, also known as pour point modifiers, for lubricants. In a highly desired embodiment of the
inventionithermépigstidicpnpesitignsecoipridingal thebrroplastitriaithd @pprerdespncially isotactic
polypropylene, apd.an elastomeric multizhlack eapalymer of ethylene and a copolymerizable

comonomer according to the invention, are uniquely capable of forming core-shell type particles
having hard c&?ﬁﬁﬂﬁ@’%@@@?ﬁ’?—@i’%%ﬁﬂg[B@BWFHQE?&%I Ira e lre Sty daHaEd B <oft or
elastorneric blockbsibntitgiant el arotsddthe occluded domains of hard polymer. These particles are
formed and digpgrsedwithin thesvatdxpoymeniy 93thes foicasdnawred slwing mel eompounding or
blending. This hilgplyl detsrirable\@ﬁ)%pm&%‘ghblelievcﬁg to result due to the unique physical properties
of the multi-block COBBI RS WRILh Srabia compatiBReBlymer regions such as the matrix and higher
comonomer cénentalidsidinarriirdpiond df heewrult-bidek Copelernd se(fastdmble in the melt due

to thermodynamig facesaShearingiaess-during compounding are believed to produce separated

regions of matyix palym circled 30by elastomer, Upon solidifying. .these.regions hecome occluded
elastomer partq';cﬁe Oléy%dg}gelég int %Cﬂ %%gﬁgﬁw&yﬂpgﬁ& g%ﬂggﬁggﬁfgjﬁ%ﬁ%&;ﬁ thermoplastic
polyolefin blends/Pribwy kM epiastieeidstomer blends (TPE), thermoplastic vulcanisites (TPV) and

styrenic polymertiands o R Erasisl hRM bl dsmay e Pre parmekbyieombinisigythe-invented multi-block

polymers, incIud%lgsﬁ%g%%m@{z)%gwﬂsaturated derivatives thereof with an optional rubber,
including conventional block copolymers, especially an SBS block copolymer, and optionally a
crosslinking ofRHGAMTAAS HyBRIBE ehdd are Gendrally SPEpRrSe B BIBRg Heznvented
multi-block copolyimmers:tiritiiven gOly blefnimethgldptionally a crosslinking or vulcanizing agent. The
foregoing blends may be used in forming a molded object, and optionally crosslink-ing the resulting
molded article. A similar 5procedure using different companents has been previously disclosed in USP
6,797,778  (SHiRABRE B ARSI BRICR Cos S RRETE Tor this A ppTeAis P dR Sirib PBSsEss a Mooney
viscosity (ML 144@aR0@n)uin tHelrardgadnpm. 30utedik88, more preferably from 25 to 100, and most
preferably from, 30,1, 8Suifmble-Rolynlefips. gspesiallysinclude lineay arlaw ensitypalyethylene,
polypropylene (inq}}u.(flin .atacti%fislo%g%ti(t:, <%grg_diotactic and impact modified versions 10thereof) and
poly(4-methyl-l-p% ene). Stiftable s frenn?clpo“lymers include polystyrene, rubber modified polystyrene
(HIPS), styrené&fateytonitriid odifoeieia S ANy, iiprer b dificd! Smr(sBsior-AES)ndet-Styrene
maleic anfaydride,copebmerss () Phe blepdsmayibguerepared by mixing or kneading the respective
components at a temperature.around or. abqy melt,poin erature of r hoth.of the
components. Cdvr&ﬁ:g%r?gsafl %ﬁﬁ%@%@lﬁ%}g}%ﬁn ﬁn)e%rstH ?ﬁ%{%ggﬁ%é EB%%}VE)%ng 12552{&%3 %i—%ost
generally above YASl@etigdmmest sietsratsty above 150 C. Typical polymer mixing or kneading
equipment thatdscapahieiab eachingihie desitethterngeatucer aneiieb plastifyingrthesmixture may
be employed. Th?ﬁ&%’ﬁ‘éﬂﬂa@ﬁu@wﬁﬁ) I&H}g&gﬂrs, extruders (both single screw and twin-screw), Banbury
mixers, calenders, and the like. The sequence of mixing and method may depend on the final
composition. A 20combination of Banbury batch mixers and continuous mixers may also be employed,
such as a Banbury mixer followed by a mill mixer folloyed by an extruder. Typically, a TPE or TPV
composition will have a higher loading of cross-linkable polymer (typically the conventional block
copolymer containing unsaturation) compared to IPO compositions. Generally, for TPE and TPV
compositions, the weight ratio of block copolymer to multi-block copolymer maybe from about 2590:10
to 10:90, more preferably from 80:20 to 20:80, and most preferably from 75:25 to 25:75. For TPO
applications, the weight ratio of multi-block copolymer to polyolefin may be from about 49:51 to about

5:95, more preferably from 35:65 to about 10:90. For modified styrenic polymer applications, the
weaeiaht ratio of miilti-block conolvvmer to nolvvolefin mav alen he from ahoirit AO'51 to0 ahoiit 808 mAre



and most preferably from 0 to 50 parts of oil per 100 parts of total polymer are employed. Higher
amounts of oil may tend to improve the processing of the resulting product at the expense of some
physical properties. Additional processing aids include conventional waxes, fatty acid salts, such as
calcium stearate or zinc stearate, (poly)alcohols including glycols, (poly)alcohol ethers, including
5glycol 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 poaymaqgﬁggmm@&@ﬂmm@&133&.9;9!1@;s':aqgéﬂ'ﬂglmﬁko%%ﬂ%ﬁdm@rﬁ-'n_-after
diene rubbers), have lower resistance to UV, ozone, and oxidation, compared to mostly or highly
saturated rubberysl?sl‘}?%gﬂ%ﬁ%g%#g%h%g tires made from compositions containing higher
concentrationépflcliendabaicstruiterohinid) kKhawezo-[4 dot pdateretmionibleiek 3 misrevie rubber

stability, along withanthezereaddiivesandsanti-oxidants. Multi-block copolymers according to the
present invention pogses elée/ﬂlowl vels of uns turatip ind_particular f';\@g)lication asa

iIng.extre n,
protectivessurface IayeF?Ec%[)végt%g&ugégﬁ%ru&ggpo%asr%ﬁ}a’ﬁ% oFWeather resitant film adherad to articles
formed from 1BeowgeFtiBlardiefte elastomer modified polymeric compositions. For conventional
TPO, TPV, ang-# BEvapplicaticassemrbon Hlank-is the @dditive of choice for UV absorption and
stabilizing properties, Representative. examples of carbon blacks include ASTM N110, N121, N220,
N231, N234, N2 ’Zf‘ﬁg%%%"’ﬁé% X g%‘%’%%ék ‘é“ﬁ%%b‘fﬁoﬁez&‘%ssg, N343, N347, N351, N358, N375,
N539, N550, NiZ82uiesdoKich2:] RgBueREEs N7EMNAG2-28N765, N774, N787, N907, N908, N990
and N991s Thesemeaibantiaskadave ieadivie absomtinaskanging from 9 to 145 g/kg and average pore
volumes ranging from 10.t0. 150 cn3/100 g. 'Generally,.smaller.particle sized carbon blacks are
employed, to t‘%’8&@%%‘?8%{@?8%3.&‘ﬁ?&ﬁ“ r%o @?%%ﬁet;n l ¢ unﬁlg% ?Sslh%ﬁtlgaﬁlﬁ%gﬁ%ﬁéhe present multi-block
copolymers afidblendsniferestreguis e earbémpladrlatmstabymaiowihyg. considerable design
freedom to inGlyds alternative-RigMents-QRE-220igNents atalkaViultishieg ticesor tires matching the
color of the vehicle are one possibjlity. Co itions, including thermaoplastic blends according to the
invention may(gﬁ'gu%ﬁ?é?ﬁ% 8% ?%illfén é%%ﬁﬁ%t(ﬂésrg%n?ﬂgf%}% %%89{)\%}10 a rubber chemist of
ordinary skill. Tivetantiozidnéntsmedy be-pHyaientdrordviantsyéulbhedsaiaxyMaterials that come to the
surface and protect#hgRarkfiiem.axy¥gen or ozone or they may be chemical protectors that react with
oxygen or ozone. 30Suitable chemical protectors include styrenated phenols, hutylated octylated
phenol, butylaﬁ@ﬁ"ﬂffﬁﬁﬁ&ﬁ%@ﬁ’fﬁ?lﬁhgﬁ&?pﬁ% lé"ﬁﬁir‘%at ARHRRE B ¥84ction products of
p-cresol and dieydiopentadieretRERD)cpolypheirlic amititxigamtsidwdrggilinone derivatives,
quinoline, diphenylene antigxidants, thioester antioxidants, and blends thereof. Some representative
trade names of such products are WingstayTM S antioxidant, PolystayTM 100 antioxidant, PolystayTM
100 35AZ0antidTdaRt PR SERm 00 é?ﬁ%&?&‘éﬁﬁ%}ﬁ‘&ﬁ%ﬂﬁ%ﬂ&%&ht, WingstayTM LHES
antioxidant, Wingstayfimmid-aatlexidant, Wingstayrm 29 antioxidant, WingstayTM SN-1 antioxidant, and
IrganoxTm anﬂg%_ig%gg,m@)%&ggl ﬂ?%@f&ﬁe&@@i&%}%@ﬁﬂﬁ%&@&ﬁﬂﬂﬁ%?nams used will preferably
be non-staining and non-migratory. For providing additional stability against UV radiation, hindered
amine light stabili]zé’ﬁée’ﬁffiﬁﬂi’S) and UV absorbers may be also used. Suitable examples include
Tinuvirirm 123 efibussilanmid@4mFinduimny SRR Wil Tirmip6 51T indndipmny?02and TinuvinlivE 780
availableffom Ciha.3pgcialty Chemicals, and Chemisorbrm T944, available from Cytex Plastics,
Houston TX, USA. A Lewijs acid m )I/&Pe ditionally included with a HAL.S compound in order to
achieve superf@ﬁ%&%‘%&%ﬁﬂﬁ%@ |§‘Pf§glén g lls_'%ﬁtgaﬁ%‘? tl.’%ﬁ‘&f’if%?‘he compositions, additional
mixing proces§maytherefnjifoyethtonpeevtiisperstsithestintitoxiddhiss-dimitbyiohants, carbon black, TIV
absorbers, and/ogjight.stabilizers to form a masterbatch, and subsequently to form polymer blends
there from. Sujtable crosslinkin ents. (alsq referred. to uring or vulcanizing agents) for use
herein include(Eeﬁiiﬁurtﬂaé@e8?%%&%)?@3%35&%%!? %ﬁgﬁgﬁ% 1g§§§z gbsrsﬁﬁ%ﬁhds Examples of the foregoing
15materiafs aréefobiitiinidr arpeindioting ndoiriasingeudY 3 1g06:55815 051,478, 4,104,210,
4,130,535, 4,202:804:1 A2 % 0Aindt:BA6h 684 ) i, B an oA 882 4,311,628 and 5,248,729.
When sulfur baseﬁjB(_:Clilrirgg) a{g%q‘it)sa e employed, accelerators and cure activators may be used as well.

3-dim DIAdIENE, . . o
Accelerators are (i5ed 16 control the fime and/or temperature required for dynamic vulcanization and to

improve the prépebtieéBithE sy s itReAHRIE  HRIBREBDembodiment, a single accelerator
or primary acceleratgtds used. The primary accelerator(s) may be used in total amounts ranging from
about 0.5 to about 4, preferably about 0.8 to about 1.5, phi, based on total composition weight. In
another embodiment, combinations of a primary and gsecondary accelerator might be used with the
secondary accelerator being used in smaller amounts, such as from about 0.05 to about 3 phi, in order
to activate and to improve the properties of the 25 cured article. Combinations of accelerators
generally produce articles having properties that are somewhat better than those produced by use of a
single accelerator. In addition, delayed action accelerators may be used which are not affected by
normal processing temperatures yet produce a satisfactory cure at ordinary vulcanization

temperatures. Vulcanization retarders might also be used. Suitable types of accelerators that may be
1eced in the nrecent invventinn are amineac 2A0diciilfidece Arianidinece thintireace thiazolae thirirame



(TMPTMA), triallyl cyanurate (TAC), triallyl isocyanurate (TAIC), among others. Use of peroxide
crossfinkers 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 Elastomer", Vol. 74, No
3, July-August 2001. 5When the multi-block copolymer containing composition is at least partially
crosslinlced, the degree of crosslinking may be measured by dissolving the composition in a solvent
for specified duration, and calculating the percent gel or unextractable component. The percent gel

normally incregsesuwiininereasingtrtsstnkitehtaveisi.ranairedantittesmccording to the invention,
the percent 9‘%&%1\%5%&%%d,,étgﬁuﬁﬂ'z@ﬁ!:e?r!ﬁ%%eﬁﬁ?@ié 19.100 mB%ﬁ;?Ei% egrg,'[he multi-block copolymers

of the invention as well as blends thereof possess’improved processability compared to prior art

compositions, B TPieHEmEy & e IiRar T ded s o RER R e P& or blend demonstrates
an improved Stufsneyappéalaphcepespedmiidithen/fotimettintaamoltlechariextéruded article. At the
same time, thﬁﬂgﬁ%@gﬂ@gﬁ{%gﬂg@m&ﬁ RrentunigueliPossess.paproved melt strength
properties, thereby allowing the present multi-block 15copolymers and blends thereof, especially TPO
blends, to be usefalV&HiBISyed in foam and thermoforming applications where melt strength is
currently inadégtidneylamifh@rmaiptiadrndoimstsilidrrctizoonmidy (o thratitemation may also contain
organic or inoyganigdilleraonatharaeditves-sushias. starchntale; Galaim carbonate, glass fibers,
polymeric fibers (includin lon, rayon, cotto lyester,. and.polyaramide), metal fibers, flakes or
particles, expéﬁé&%@%&%%@ﬁ%ﬁ%&iﬂ %%”56%&’%@3’%5’&%%%%@3%&@? as clays, mica, silica, alumina,

aluminosificatésToPuttimdophesprbfadcedmiaihkiseards e bmifpeE, nanoparticles including

nanotubes, wollasiodidegraphiieaaealjtes, and ceramics, such as silicon carbide, silicon nitride or

anias. Silane hased ol ST COUPING AYERIS, RS0 Be. TRl ER{or-Belelfljer bonding. The

thermoplastic compasitions of this invention, including the foregoing blends, may be 25processed by
conventional {iBTdiRE FEEARGRELER I eTS Mok strues i ofogdermoforming, slush
molding, over (aplolingaingsdmaleingnblyviomotdirgyadthether techaietiesukilns, including multi-layer
films, may, be progggj%gwgngaast or tentering processes, including blown film processes. 30Testina
Methods In the foregoing characterizing disclosure and the examples that follow, the following
analytical tecrﬁﬁ&@é@’%@ﬂ{ﬁﬁtﬁ%ﬁ?ﬁﬁéﬁ@ﬁ%ﬁ@&lﬁﬁ%@%ﬁﬁﬂl%@ ) An automated
liquid-handling rohetd&attiped-mithiacheated needle set to 16000 is used to 35add enough
,2,4-trichloroben stabilj 1th, 30 ' r-sample to give a final
concentrationb(g rég%éﬁ%qt%%qrﬁéghyéﬁg\s%%%gqéa%nggiﬁé%%r%%gg%%ﬁ%ﬁ%(g/r?d the samples are heated
to 160C for 2 houfS®f*& heated, orbital-shaker rotating at 250 rpm. The concentrated polymer solution
is then dituteddel-mgémidiging:thenguidmaled-digiid-hpindiing robetiandihaheated needle set to
160C. 5A Symyx fzgg{ge%?iq _§¥§{aecﬁgni§ used to determine the molecular weight data for each sample.

A Gilson 350 pump set at 2.0 mUrnin flow rate is used to pumg’heli_um'-pur ed 1,2- dichlorobenzene
stabilized with(BOCPBBFITERGIHaHFE b I PIFELE tRIbIGg R thrsdepTgariee icrometer (gm) Mixed B
300mm x 7.5mm zelusmaseptaced in series and heated to 160C. A Polymer Labs ELS 1000 Detector is
used with the Evaporator set to 250, the Nebulizer set.to 10165C,and the nitrggen flow rate set to
1.8SLMata pﬁ%%gﬁ?g%?%g%oépslgﬁo%%m%%Pa) Nn%i.g)Thg §§Iyme} sarrﬁples gr% heated to 160C and
each sample injeété‘d’tiﬁtlolé?%af]t’le{ﬁop using the liquid-handling robot and a heated needle. Serial
analysis of theaplymeLsamalesiusing iwodaitchédiloapgdnd-ouedappiagsihjections are used. The
sample data 'S(tggll,%@&?am@g@@éﬁ%@ﬁ%ﬂ@&%Wﬁm@lgml%tmmﬁ%ﬁ are manually integrated

and the molecular weight information reported 15uncorrected against a olystyrene standard
calibration cur(&-butyRDSE Heripg- éﬁb?i%gfﬁéla%ér%&%%eﬁar@ﬁﬁﬁ%ﬁwgﬁlf?ﬁ%eat flow rate (W/g) with
respect to the linegrdpaselineckamamubeiwesyi.-30C and end of melting. The heat of fusion is measured
as the area unger the melti ry: W, - n f i J inear baseline.
Standard(?@Ré#ﬁﬁ%%%%@%%%ﬁgﬁ%%re\tg%%%g&i%ﬁgg’?&%&%&rﬁ%@% %%ag%g%ﬁéation analysis
fractionation (CRY=TE) ersiigeeRYETAF 200 unit commercially available from PolymerChar,
Valencia, SpaifeThesamplesaie-digselvedipedi B irichioropenzens aib60C0.66 mg/mL) for 1 hr
and stabilized at Qm% r. 45 minutes. The sampling temperatures range from 95 to 30C at a cooling
rate of 0.2C/min. An intrared detector is,used to measure the polymer solution concentrations. 25The
cumulative soI%Tebéﬁi%@ﬁ?ﬁéﬁﬁ%ﬁﬁ%ﬁﬂéﬁﬁ%‘ﬂ”%ﬁﬁ@ﬂdﬁ%&@éﬁﬁ%@%lQlfhe temperature is
decreased. The analytical derivative of the cumulative profile reflects the short chain branching
distribution of the polymer. The CRYSTAF peak temperature and area are identified by the peak
analysis module included in the CRYSTAF Software (Version 2001.b, PolyrnerChar, Valencia, Spain).
The 30CRYSTAF peak finding routine identifies a peak temperature as a maximum in the dW/dT and
the area between the largest positive inflections on either side of the identified peak in the derivative
curve. To calculate the CRYSTAF curve, the preferred processing parameters are with a temperature
limit of 70C and with smoothing parameters above the temperature limit of 0.1, and below the
temperature limit of 0.3. 35



DSC Standard Method (Excluding Samples 1-4 and A-C) Differential Scanning Calorimetry results are
determined using a TM model Q1000 DSC equipped with an RCS cooling accessory and an
autosampler. A nitrogen purge gas flow of 50 ml/min is used. The sample is pressed into a thin film
and melted in the press at about 175C and 5then air-cooled to room temperature (25C). 3-10 mg Of
material is then cut into a 6 ram diameter disk, accurately weighed, placed in a light aluminum pan (ca
50 mg), and then crimped shut. The thermal behavior of the sample is investigated with the following
temperature profi1e4_lih§e§q\mE)_I,guisdirglpidly heated to 180C and held isothermal for 3 minutes in order to
remove any previous thermal history. The sample is then cooled to -40C at 10C/min cooling rate and
held at 40C fot-1io8wirieted Preesampid-is-thenrhesated T 1584y Bitdr@@/{. heating rate. The
cooling and secopghhgating curves are recorded. The DSC melting peak is measured as the

maximum in heat f|$’W rate d%\_/éﬁ 2 with rez?pect éﬁ’) the Ici{]ear b selicp drawn between -30C and end of

melting. The hEAT6F FHSioh EEE N e Sy éﬁ%éﬁ.ﬁ&%%%&m%ﬁ?‘%@ and the
end of meitingbusihena linear baseline. 15Abrasion Resistance Abrasion resistance is measured on
compression moldedplaguesaecreingda taEhRe40 . dhaavaragavaligihmeasyements is

reported. Plagques for the test are 6.4 mm tlfl%J nd compression. molded using.a hot press (Carver
Viodel 44005 3R 0L TH Bl e L oo
190 C at 55 pst 3807/48%) W6t B ifithae¥ OJ61oHomal By Y B MP X FA083RNGEEE 2athtithen 2.6 MPa for 3
minutes. Nextithenplagugssare. £ooled il the Pregsuitteranning cag wassr agds3dRadfor 1 minute and
removed for t%giﬁgbggi_PC Method (Excluding Samples 1-4 and A-C) The gel permeation
chromatographic system consists of either a Polymer Laboratories Model PL-210 or a Polymer
Laboratories Model PESSEHEATREE H &%ﬁﬁxiﬁﬁsaﬁi‘at%8@9@%@%&%&%&%&%@éﬁ?erated at
140C. Three Rotyrizetd cilporatdried 0o nuMixedBrooldmpsrerenisertc Thefsoivient is 1,2,4
trichlorobenzene. The samples are prepared at a concentration of Q.1 grams of polymer in 50 milliliters
of solvent containing 200 pp?Bf@utylated hydroxytgfuene BHT)ﬁgamgles are prepared by agitating
lightly for 2 hours|ak360CFhe injé”tﬁbn(gé'yé e usefdigh100 myicroliters and ¢ flow rate is 1.0
ml/minute. 30Calipration of thg GEC column set is perforfed with 21 warrow mblecular weight
distribution polystyrene standarfds with molecular welights ranging fik®im 580 to 8,_{!100,000, arranged in 6
"cocktail" mixtures with at least ébgecade of se]pagiation between inq‘ividzbal molecular weights. The
standards are purchased from Polymer Laboratories (Shropshire, UKS. The polystyrenéestdndards are
prepared at 0.025 grams in 50 millilitars of solvent for molecular weights equal to or 35greater than
1,000,000, and 0.05 mins in 50 mili egi;é]solvgnt for molecular wetghts less than 1,000,000. The
polystyrene standards a(gbgjgisscj&ed at 80 witt gentle @gitatiorfor 30 igmg?’)Tghe narrow standards
mixtures are run first and in order\&tdegefeasing highest molecularyveight component to minimize
degradation. The polystyrene standatfl peak molecular weights are ddnverted to polyethylene
molecular weights using the followingréguation (as described in Williqhsz@gnd Ward, J. Polym. Sci.,
Polvm. Let.. 6.621 (1968)): M -polyethylene = 0.431 (Mpolystyrene). Polyetheylene equivalent
molecular weight calculations are pﬁrformed using Viscotek TriSEC software Version 3.0.
Compression Set Compression set i&Qeasureq ccording to ASTMP%Q%The sample is prepared by
10stacking 25.4 ram digtheter sdund discs?ef(R"2,nun, 20|nyh) andi®.25 ram thickegss until a total
thickness of 12.7 mm jis reached.\Ihedescs are cyt from 12.7 cm x 3.7 %prf compression molded
plaques molded with & hot press untfer the followihg conglitions: zero pidssure for 3 min at 190C,
followed by 86 WIPa for 2 ruin at 19 Q,_lfollowed by pgpling inside the pfehs§ gn(']"[h cold &mning water at
86 MPa. 15Density Samples for density measurement are prepared according to ASTM1D 1928.

Measurements are made-within oneiheut-ef sampleyiessingusing AST MY 92:/Methad:Buer,
Flexural/Secant Modulus/ rage Modulu S@m es are compression m Ide%u ing ASTEMD 1928.
Flexural and 2 percen g%%?r?%ri%?ﬁ%ﬂ ﬂ?%’??%i asgf‘ﬁ?r%ﬁaggén tr}gioﬁrgo% ?&)gsﬁs@f%ﬁ 0. %ﬁolfasﬁfeglrrhodulus is
measured acndreHrARs ASTPIE:SO26 Bt egtitate it tet B ©ptical properties

R® and R” independently each occurrence are hydrogen or C,.s hydrocarbyl groups
optionally containing one or more heteroatoms or inertly substituted derivative thersof. Non-
20 iimiting examples of suitabie R® and R groups include alicyl, alkenyl, aryl, aralicyl, (poly)alicvlary!
and cycloalky] groups, as well as nitrogen, phosphorus, oxygen and halogen substituted derivatives
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Films of 0.4 mm thickness are compression molded using a hot press (Carver Model #4095-
4P12.1001R). The pellets are placed between polytetrafluoroethylene sheets, heated at 190 C at 55
psi (380 ItPa) for 3 min, followed by 1.3 MTa 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. Clarity is measured
using BYK Gardner Haze-gard as specified in ASTM D 1746. 45 gloss is measured using BYK
Gardner Glosgmeter Microgioss-45 @@xﬁ@a@m@dﬂm’@ é&EMzQ;%%m ternabhaze isdneasured

using BYK Gardn r ar hbasleﬁjéo ASTM 3 Pr cedu Mineral il is ap lied to the film
surface to remow elsg:é?gc%% ldté es. g ﬁertlegs fhe?’l—fyg%?aesulgr 3%(? ear

Stress-strain H@Yawwwmh?aﬁeﬁﬂfe?%ﬁ is measured using ASTM D 1708 microtensile specimens.
Samples are stretchgd wth ;an Instron at 500% mitfl at 21C. Tensile strength and elongation at break

are reported flom an AYeade. At BispaelEns AA08% And B0WR HsIaigRlnde delepied from cyclic

loading to 100% and 300% strains USIr:rgH 170 mlcrotens ile specimens with an InstronTm
instrument. TRE"S4inPR R fdRHEEHT r‘éefa‘é& M 367 GommiA- 1 re-ceeadeere Mirdic
experiments dir8@9% amet80C are conducted using an environmental chamber. In the 80 C

experiment, the samplg is,allgwed:ta;equilibraie-for45;mipues AdDS IesHEmParaluts Refore testing.
In the 21 C, 300% strain cyclic 10 e&;epmeg #tge retractive stress at 150% strain from the first

unloading cyc‘f@”@‘f’eé‘éﬁl&‘:’ean areent rec%l\l/%ry OB ST SrY St AKTERF M the first
unloadintp cyctedusimgythe strdirimciibhntkie lvdureturmedrioudhdifademdme D Phespeteent recovery is
defined as: -%/&B%@Mefmaﬁ Edk0Buyioxy, ritiharsads, e sirain takendonayalioleading.aad ; is the
strain where load ret %}g}heaba}%eh %nn&the 1st unloading cycle. Stress relaxation is
measured at 50 percent sﬂr?ﬁln 37 ﬁours dsing an Instronrm instrument equipped with an
environmental chamlbérﬁffmég@arﬂ@% e SnEy RS T8 P x2S TR 2D T 1 Affe reshlitibriting at
37C for 45 min ifdheenviconmesntal-thapihels thegampleavas stretched to 50% strain at 333% min-1.
Stress was recordedz";‘h % 2 uaction.of Hny ﬁJQJr&lﬁatlﬁ%%w’fQ&d%%&&[&ﬁé‘&ﬂ%%%%%’%%%‘ét’ﬂu fter 12 hours

was calculated usin e formu) a’ L -L % Stress Relaxafion=12 x100 Lo where Lo is o d at 50%

strain at 0 tlml%yg’i‘f&ef_l 1Prs&rRg ‘To&’d"’a‘t’f B Ut HRBRU HRFsPhosPhitsisiE fiSfEhed tear
experiments atecatritdddunt gnrsamplesuhaiing dedertsity HEQB3plcbleilessubsingranidastonTM
instrument. The gepMELRY, o %@@%@B@&MQ %%QHQ%Q%Z&”H% 3 H X404 nun with a 2 mm

notch cut into the sample at half the specimen |e e samp Ie IS stretched at 508 mm min-I at 21
C until it breaR4; T‘?{Bcfé@”rl)élﬂ?éréﬁ‘/dlgltéﬁT&i‘fﬁ?édpé%fi%%dée%"ﬂ%ww& RIS IRRHfon curve up to
strain at ¥haxitriayipeidrsArpaverage Of atieasyBupboimens are reported. TMA Thermal Mechanical
Analysis (Penetratiopls'l'gm,@@r@t%%)1i$0(;pnducted on 30rrun diameter x 30 3 3 mm thick, compression
molded discs, formed at 180 0 MPa, moldin ssure for mlnute and then air quenched.
The instrument used{§ & Ialgr%m Néavalfnﬁ(é %‘ge%(g?ﬁlﬁe m?%r ? &Py il %Ie’?mth 1.5 mm
radius tip (P/NtNS15-0416) is applled to the surface of the sample disc W|th 1N force. The temperature
is raised at 5C/min fmm@é@&ﬁmm&a& @wamyamﬂi;s&amcm&meﬁm@ﬂ@s Befunction of

temperaglgre The expwev&*m zgn WX] e?e&romc b} era t%geggagggl%f rr:gméimt gll%o%almp \oe ngs
5Dynamic Mechanical Ana ys |s ‘Mmeasured on compre Ssion molded disks formed in-a hot

press at 180CIEGaPaiple VS PR SSOHHEEInEPRtates CotTetnm Bicpfesis oot nm.
Testing is conghmeted using an ARES controlled strain rheometer (TA instruments) equipped with dual

cantilever fixtures fof 19 torélonb%ampe AL RRLAIRGNE is.RieReed AR awmﬁcgwmeneons

32x12mm. The s mp elis 10 oth end§ between fixtures separate 10nun (grip

separation ALY afnd & ibeeteEtE SCrRt SE TE MD Tt e St SR F bR B E %%ogeﬂ(ee HEPstep). At
each temperaitita:he-dossionmiedulus @ki$ measwhed atiarpsgutartisguenoyiof: 9stddfenthe strain

amplitude being mainfaiped HEIWasHQ. ;@@mmyadalﬁkeggemam%wglmmmgque is sufficient

and that the measurement remains in the linear regime, 15An initial stafic force of 10 g js maintained
(auto-tension PHOEY 6 BrEVENt SRR A Sa AR WhEK IR EEHa NSO DRE PR

consequence gthegrip separation AL increases with the temperature, particularly above the melting or

softening point of theypelymet sample:iT he-tashstops atthesmaximum. temperatire.arwhen the gap

between tahe ﬂ\?\f(}‘hj rxgegple%’? t%t\g"s %%nqﬁglxﬁmg exampies of suitable R™ groups for this embodiment include alkcyl
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Pellet Blocking Strength 20Pellets (150 g) are loaded into a 2" (5 cm) diameter hollow cylinder that is
made of two halves held together by a hose clamp A 2.75 Ib (1.25 kg) load is applied to the pellets in
the cylinder at 45 C for 3 days. After 3 days, the pellets loosely consolidate into a cylindrical shaped
plug. The plug is removed from the form and the pellet blocking force measured by loading the cylinder
of blocked pellets in compression using an InstronTM instrument to measure the 25compressive force
needed to break the cylinder into pellets. Melt Index Melt index, or 12, is measured in accordance with
ASTM D 1238, Gandition 190¢/2:16 kg Meltdadex: ot 110.is.a/50: measuied i aggordance with ASTM
D 1238, Condirtion 1%%%%%) kag AT[?E F §0Ar11al ticaIEFt}gmp,erature rising elutfgn fraéﬁ;tt?o%g%bn (ATREF)
analysis is colttEd PR Pa M S tHE Rtk o HRSEBERTR T S 82768 T T USRTHEStion to be
analyzed is digsbhachijs. ridhidroberizerebaiatiintioved torarirstifizebirisdi otbsinvedritaimimgan inert
support (stainlgss stegkshatk byssiowly tadusingths:tespperatine to 20Gat a-selingyate ¢f 0.1C/min.
The column ig equjpped with an infrared.detector. An ATREF chjrom ogram curve is then generated
by eIuting]S théOélgﬁét’a%fzt&?%g@&g%agﬁﬁ%ea#%nr%nt e To hmrﬁn)g;?%%wafl?/gﬁ]%r%aa%ﬁnﬁ ﬁ'r]é::’(tcteﬂﬁperature of
the eluting solvent (BehioroBEPIZERSY fro#t 20 15 TPORbHS sorasterofdins Gy fediobeRpsdprrdetionation by
TREE Large-scale TREF fractiopation is cagied Ry dissolving,15-20_g of polymer ip 2 liters of
51,2,4-trich|oro?%\eaz_emr]8( aﬁ)ﬁ%?%tgr’in%gcﬁ?ﬁo%gs\ét i@ez&rl?%e solytidh 15 forced by 15 psig
(1001cPa) nitrogen ontoa 3 inch by 4 foot(7.6 cmyx 12 cmy.steel column pac ed with a 60:40 (v:v)
mix of 30-40 mesh (600-425 gm) spherical, technical quality glass beads (available from Potters
Industries, HC 80 Box 20, Beownwbed, TX, 76801) and stainless steel, 0,628" (0.gmm) diameter cut
wire shot (avaiIaBI@ jgrgglggléts, Inc.\qsingd?fgﬁél)?\ive,_&oﬁtﬁ%éﬁnawag% NY, 10 14120). The
column is immerged in a'‘thermally cghtrolledhoil jacket, set initially tQ,160.£. The eglumn is first cooled
ballistically to 125 C, then slow cooled to 20 C at 0.04 C per minute and held for one 807 #resh TCB
is introduced at aboBtBSRhil fin wiitedthe! wrpamatare s irtieastdlat-B:467, Coperimins.
Approxir;latel%hzfmpzmhgﬁlﬁtﬂgm&wm@alnjwmﬁh@%maﬁa&y_g Iﬁ%&ﬁg&g&&ﬂﬂf@ﬁﬁ@t%}éin al6
station, heated fraction collector. The er is.concentrated jn ea ction using a rotary,,
evaporator ur%‘ﬁ*&%éu‘f%@?ﬁ“f 11%? %Xﬁ%%%%t}}yg ﬁ%{hg?é‘ﬂéi%rst.éﬁ 'e%%%l%té?ﬂri’rﬁ%ﬁ rsmoﬂlﬁfi%ns are
allowed to stamd-cverpighitrbiatens elddligléXcEsePhibthaprsiiei torm g rahtatims g @pprox. 300-500 ml of
methanol includingatha firahrise)s Tinediknation, sepdgperormadion 2 pesitian Masuun assisted
filtering station using 5.0 pm oﬁ#gtraf{ju?_roethylergle coat%g fliltel:lpg er 20(available from Osmonics
Inc., Cat* 25%8%%03%%% rated fractiohs are drie oegfﬁightgg %l vacuum oven at 60 C and
weighed on an analjiRéartsatarep tefche RirgrdeRetinge18e NMRS AT kges IncipA® samples are
prepared by adding apprlgximately 3g of a 5Q/50 mixture of tetrﬁ‘;':hloroethane-d2/oﬁhodichlorobenzene
to 0.4 g sample.in a 10 mmNMIR_tube. The samples.are 25digsalved and homogénized by heating
the tube and it contgdqfsNLQlSOC. The Qatd‘?iﬁ ollected usiﬂg:é*&/l E EcipseTM: Hz spectrometer

AE t

4

or a Varian Unity PiusTM 4 specfrometentiriespording tor®13C] resorfance fi¥gtency of -

100.5 MHz. The dsafatis acquired ysi 000 ansients ta fite with a 6 ond gllse repetition
delay. To achievge um -t0 O ' alysis; griultiple datd fileqd a8 added
together. The spettra Widrh; fs 25,0008z 30witA a mini ile size of 32K datd -‘point§. The samples

s o y 1
are analyzed at 130CR|¢H‘ a 10 mm broad %éng probe. The c&ﬁ‘ongmer incorporation js determined
using Randall's triad metkfod (Randall, J.C.;l}]ivls-Rev. Macrom%}l. Chem. Bhys., 029, 201-317 (1989).

Atomic Force 'croscopgg (}FM) ections oIIect d from t ersﬁmple aterial a Leica

UCTTm microtome witht a%C cryo-cha Ber g{@t{ezd at -80 C/.A\Ui@fnien knife fis usedwtor 8ection all

sample material to aithickn ¥sor120 am, Seclﬁons are placed on *eshlm’i/ le micg{surfaces, and
mounted on 5 standardA M spec gta upportEi\ i y&i@ﬁble 'sections
are examined \M h.a,Dl NangS cope™ u’ isModelARM, iA tapping mo ith-ph detection.

Nano-sensor tips a eIgged in all experimefts. Specific Embddiments The’ foIIowiﬁ%ﬁ‘speCific
embodinénts of the invention and combinations thereof are 10especially desirable and hereby
delineated in order to provide detailed disclosure for the appended claims.
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1. A composition comprising the admixture or reaction product resulting from combining. (A) a
first olefin polymerization catalyst, (B) a second olefin polymerization catalyst capable of
preparing polymers differing in 15chemical or physical properties from the polymer prepared by
catalyst (A) under equivalent polymerization conditions, and (C) a chain shuttling agent. la. A
composition comprising the admixture or reaction product resulting from combining: (A) a first olefin
polymerization catalyst having a high comonomer incorporation index, 20(3) a second olefin
polymerization catalyst hgving a comonomey incorporation index less than 95 pergent, preferably less
than 90 percent, more plFPferany Ieﬁgz thaanS percent, gnd m@st preferablysless than 10 percent of the
comonomer indorporation index df ¢a lystNA), and Cf{a hain_shuttling age N,Q\ ethod for
selecting an admixtu e/offég@bas s (A.)/and Mapg hain $huttli gragent 25(C) accopding, to
embodiment I) gr t is/capahle duS ng a Myt k copolymer tagting an olefin
monomer or mixture of moiiomer with sgid agmixtuye under;o R@Iy erizatic n;inditions. 3.
A process for preparinf) a multi-bleck capoly comprising contagting one or Fore-addition
polymerizable monomers under addition polymerization conditions with’a composition 30comprising:
the admixture or reactiopdroduct resulting¥fom combining: (A¥& first olefin polymer Fation catalyst,
(B) a second o:lefiﬂ‘ olyme%izatioqrcl’ﬁ lyst able o preparinlé ﬁplymers’%ﬁﬁering/i chemieal or

t

physical properties N polymer preparesd by catalyst ( )/’uﬁdb?\gb%guiv lent polym i]gia{gon
conditions, and ~ (€)ac Af-shuttli
comprising conta ing g€ or mor [ lymerizable matiomers under ddditidh pdlymerization

3z Process }ﬂ‘prep’ari g a Iti-@e'k copolymer
conditions with@ composition comprising: the admixture or reactign product.r ng frogn combining:
(A) a first olefin polymerizat|8n catalyst having a high comonomer incorporation index, 10(B) a second
olefin polymerization catalyst having a comonomer incarporation index less than 90 percent, breferably
less than 50 percent” PGSt PrefSPab ISEE 1l AN B TR cBPTid LoMER SHREt TResTF6rtion index of
catalyst (A), ahdi(@}reroh@in: Shidnttimgyagrenes optionally conpilti block wopsdisimertapmprisirty in
polymerized fora.pne: Qe a6 addition, lanelyspesizablermonamens! saitheapomekcontaining therein
two or more, pref ralgl dthree or more segments or blocks differing in comonomer content, crystallinity,
tacticity, ifoméiévéer eélft)/,%/ o%mﬁsﬁﬁ?%elting point or glass transition temperature, preferably said copolymer
possessing a molecdldas fveight distribution, Mw/Ivin, of less than 3.0, more preferably less than 2 8 4a.
A multi-block copolymesscamprisingin, palsaskizrd fae-etyleneendrenel onmareraeopolimerizable
comonomers, said copolymer containing therein two or more, preferably three or more segments or
blocks diﬁerinarln tomonomer content, crystallinity, tacticity, homogeneity, density, melting point or
glass transition temperétreosrateraisPe it Spulner B@s@é@%ﬁﬁi%@@ﬁﬂ%ﬂh@ibﬁt‘jﬂi%*'tribution,
Mw/Mia, of lessdhant3i0sraere prefesablydessthadi@Bnt or neutr2iGighnfunctigpalizetidedvative of the

multi-block COQSQA%@%yQJng:er&gg% 4o2ab A fypctionalized derivative of the multi-block copolymer
of embodiment 4a. 7. An olefin interpolymer having at least one melting point, T., in degrees

Celoins and density, & BA GRS/ EUBiRER RRIARETST RHEFdh iR & RGP SHERT UhTcRsS Bt Udtiables
correspond tothepalationshipatives, espdaially i20020Si+ridB3855(E)y - 242 By R(cit)25uastdwvierein the

interpolymer %&%M}’M@m@&%@&%& to the formula:

1
7 N piz
NOOOR
»

11 !
RS N el
MK,

whereain.

RY is selected from alkyl, cycloalkyl, hetercalkyl, cyclohsteroalkyl, aryl, and inertly
substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a divalent
derivative thereof;

20 T' is a divalent bridging group of from 1 to 41 atoms other than hydrogen, preferably 1 to
20 atoms atoms other than hydrogen, and most preferably a mono- or di- Cj.5 hydrocarbyl

substitted methylene or silane group; and
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8. An interpolymer comprising in polymerized form ethylene and a C34 a-olefua having at least one
melting point, Tm, in degrees Celcius and density, d*, in gams/cubic centimeter, wherein the numerical
values of the variables correspond to the relationship: > -2002.9 + 4538.5(d*) - 2422.2(d*)2. 9.A
multi-block copolymer comprising in polymerized form ethylene and one or more copolymerizable
comonomers having at least one melting point, T,", in degrees Celcius and density, d*, in grams/cubic
centimeter wherein the numerical values of the variables correspond to the relationship: 5Tn, >
-2002.9 4538.5(d*) 24222 (8} 2roary! kbuAtoptafin dniekpobinathaving:alawiMoirom-Li4 0 3.5, a
delta quantity (tallest DSC. peak minus tallest CRYSTAE peak) greater than the quantity, y*, defined by
the equation):%‘*gr-s Sb 83@%%&2%0 &g%grgg?ieie‘i‘éeravgg ﬁ)l%: f8§* > -0.1299(M) 4- 64.38, and more
preferably the equalibr ¥ 9%?"1‘?@@(&@3@4&8}5@%‘&% a heat of fusion up to 130 Jig, wherein the
CRYSTAF peak is determingthivsiag:atdedistibrpetcent ghthe cumulative polymer, and  if less than 5
percent of the polymef hag an idepffiable, GRY.S LAF peak. gp%%ﬁtlgiégﬁ%_SMF 15temperature is 30C,
a

and AR is the numerical value of the heat of fusion in Pg. 10a. An interpolymer comprising in
polymerized form etPRIGh&PHAY 2 ¢93° 854 BRSFRD SathtarsotsHoat HaviRG T Hdif Husntitydallest DSC
peak minus talestCRYSTAFppaakly greater than the quantity, y*, defined by the equation: y* >
-0.1299(M) + 6%812,5%J§Atﬁjmﬁgﬁgge%3tmaag%§nf i;@u@%ﬁ% %&ﬁs%aﬁﬁ%g%%%%&%ly Fthe )
equation: y* > -0. +65.95, an eat of fusiop up to , Wherein the _F pea
is determined’ l(j”[s’[frltlh y 5‘1‘51‘3% Ggppa“elzlrgcoé)ﬁlto %afl&12Dgﬁtrtﬁaulf?ﬁfv%%%%ﬁfg?feaar%g% ondt AT ERE Hercent of the
polymerihas &ideritifiablditeR visTraripesicn then iHeleRY STafeswetiperstirels 80G:camd All is the
numerical valyg:of:theiheatiabiusianiin Rohe mekO:Aecmulirhiogksapalymerhayirga.deltaquantity
(tallest DSC %galﬁg]inus tallest CRYSTAF peak) greater than the quantity, y*, defined by the equation:
y* > -0.1299( Il—ﬁf 62.81, preferably the equation: y* > -0.1299(M) + 64.38, and more preferably the
equation: 30y* > -0.1299(AH) + 65.95, and afEat of fgsfon up to 130 Jig, wherein the CRYSTAF peak
is determined using at least 5 percent of the cumylative polymer, and if less than 5 percent of the
polymer has an identifiable CRYSTAF peakythen the CRYSTAF temperature is 30C, and AR is the
numerical value of the heat of fusion in J/g 1. olefin interpolymer having a tensile strength
above 10 MPa, preferably a tensile strg! h\?l;}\hea, more preferably a tensile strength > 13MPa and
an elongation at break of at least 600 percent; yaore-prgiérably at least 700 percent, highly preferably
at least 800 percent, and most highly preferabl)} least 900 percent at a crosshead separation rate of
11 cm/minute. 511a. A multi-block copolymer comptising in pokymeetized form ethylene and one or

more copolymerizahle cemonomegs-hayi pe\;%%isl,ed@%%gth above 10 IvfPa, preferably a tensile
strength > 11 MPa, nlgire}})régerablyéa tensile strength > 13MPa and an elongation at break of at least

600 percéént, more prefetadly 4Fdast? B Ce At higy Prersratniat 1IREeeatt:percent, and most
highly preferabiyratieasikDpercsivt atapcrosshedcdseparatiomratchofridegm/ndincte REQOEY. An olefin
interpolymer havipga g&%@ Auandins{taleskiRStReak-(easkradifrom:hehasgline) minus tallest
CRYSTAF peak) greater than A%?b and qqeat of fusion %reater than or equal to I?EO Jig, wherein the
CRYSTAF peak is d&t&tinTRad tidil Stie 2t 8 p o ST AY thE RIRIK (e TORHEr A less than 5
percent of thelpolyhres hasaanvdentifidiyldyCRYSTAF peak, then the CRYSTAF temperature is 30C.
1512a. Agmulti-block £opalvmes camprisingin paimenzad fenpiethiens 3Rd:008 frmere
copolymerizable comonomers having a delta quantity (tallest DSC peak (measured from the baseline)
minus tallest CRYSTAF peak) greater than 48C %nR heatlor fusion greater than or equal

, Wherem

MY, X! and ¥’ are as previously defined,

46



to 130 J/g, wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the
20CRYSTAF temperature is 30C. 13, An olefin interpolymer having a storage modulus ratio,
G'(25C)/G'(100C), of from 1 to 50, preferably from I to 20, more preferably from Ito 10, and a 70C
compression set of less than 80 percent, preferably less than 70 percent, especially less than 60
percent, down to a compression set of O percent. 2513a. A multi-block copolymer comprising in
polymerized form etRyjl@it Rindio ke ar morevcopeliherizabiécommiomiérambaving astosagemodulus

ratio, G'(25C)/G,(HRGGhaaf from, 1 1R PRRistarably from114g,20, more preferably from 1 to 10, and a
70C compression set of less than 80 percent, preferably less than 70 percent, especially less than 60

percent, down to a ComtBrRESIBh SECOP T PRRSE AR S0 T4 ARS B BRI Habinh B Reat of fusion
of less than 8&13tg ppreferdbipdeserthmi 8CPBRY, andbatpkllet blocking strength of equal to or less than
100 Ibs/fts2 (4800 Pa); preferahiyequalite.ar dess:than HOHhsHted 2400 L3 £sppeiglyeaual to or less

than 5 bs/ft2 (240 Pa), and a5 ou 85 HBSE (O.PR). ., o 148, A MU blogk copOlymer, comprising
in polymerize o 6thylene and one or more cop Fymerlzable Chmondmers having a fheat of fusion
of less than 85 iprprefehsBl) 638 traprBOY Prerdricath St BIstkY strenyii s oo twér less than
100 Ibs/ft2 (4800 Pajsjaeeterably wadalio:prdespihanbO tbsie {2400 Pakpespeciallyirgual to or less
than 5 Ibs/ft2 ég@e% E]%)S, a%@qmor‘éép%&igel@?/fe (0 Pa). 15, An uncrosslinked, elastomeric, olefin
interpolymer comprising in polymerized form at 5least 50 mole percent ethylene, having a 70C
compresdion set of i%§§%§ﬁ%‘€ﬁ)’@?&éﬁ?f“ﬁmr%ﬁ?‘fé§§efﬁéﬁ R RO THOSE PR 4B IS than 60
percent I5a. An uncrosslinked, elastom ulti-block copolymer comprising in polymerized form
at least 50 mole percent ethylene, having axf0C4zompression set of less than 80 percent, preferably
less than 70 percent, most preferably less than 50¢ t=1016. A polymer according to any one of
embodiments 4-15, 4a, 5a, 10a—152§HJé))bH8r prepﬁié by the method of embodiment 3 or 3a
containing a single crystalline melti ng 8E: 17. A polymer according
to any one of embodiments 4-15, 4a, 54,1103 15a:40 % O le by the method of embodiment 3
or 3a having a thermomechanical analysis-glenetratiorn 15deptiof-1-mm at a temperature of at least
90C, preferably a temperature of at leastd00&icand g flexural modulus of from 3 kpsi (20 MPa) to 13
kpsi (90 MPa). 18. A polymer according to embodiment 16 having g thermomechanical analysis
penetration depth of,\ g, b s/pReFAINLS-abatdeast S0aRislaiatly @ IempSIAeaLAL least 100C,
and a flexural modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPaj. 2019. A polymer according to any
one of embodiffeAtEHPE® Aalss2 ™ ha-15a, 10b, or preparable by the method of embodiment 3 or 3a
having an abrasion Esistancnblemedwssaceorivpon 304649 of lded, thah.90rmmBiwo  20. A
polymer gccogging forepabediment.d6:havinaranakiasion 1esistancevolimeg loss according to 1ISO
4649 of less than 90 mm3. 2521 A Eogl%/mer accordéngato§mbodir%ent 1%7 having an abrasion '
resistance volume IGsSSEBIINY BTG ARAG"dF PRSE RS Y58TT3™ 2195327 xepokméF &tording to
embodiment 28 wavifg sprpbrasioredéetstmdeiponfmaiess dreeording 1051SO 4649 of less than 90
rams.  23. A polyneraesoiing:de aaymnaeohembedinenisduibaAaba: d0acloailek
30preparable b%the. maen%londa%f em ocgisrgﬁgg goﬁr 3a higyrmlgasan abrasion resistance volume loss
according to 1S e&%ﬁ§ of less than 60 mma3 and ha ing a storage modulus, G', such that log (G') is

greater than or equal to 0.4 MPa preferably greater than or equa * 0 MPa, at a temperature of
an_aprasion resistance volume loss

100C. 24. A polymer according to embodiment 16 having\a
35according to ISO 46 3

93 greater than or equé 0-4-MTa , preferably greater ¢l

100C. 25. A polymeraé: [ mbodiment 17 hawt
according to ISO 4649 of lesg avi
5greater than Gke
10000.

(EC)RHC
20 s



26. A polymer according to embodiment 18 having an abrasion resistance volume loss according to
ISO 4649 of less than 90 mm3.and having a storage modulus, G', such that log (G') is greater than or
equal to 0.4 MIPa , preferably greater than or equal to 1.0 MPa, at a temperature of 10100C. 27. A
polymer according to embodiment 19 having an abrasion resistance volume loss according to ISO
4649 of less than 90 mm3.and having a storage modulus, G', such that log (0') is greater than or equal
to 0.4 Mra , preferably greater than or equal to 1.0 MPa, at a temperature of 100C. 1528. A polymer
according to embodiment, 20;haying-anAhERsien, 1LSISanceYRlUME IRFs1a06a10ing 19 ,RQ,4649 of less
than 90 mna3 1d having a storage modulus, G', such that log (G') is greater than or equal to 0.4 M.Pa

, preferably gféater than or equal to 1.0 MPa, at a temperature of 100C. 29. A polymer according to
embodiment 21 haﬂﬁg@h@maﬁeﬁiréﬁﬁﬁaﬁéedmmh}éam@&m GecdrdimyefoiS0me49 of less than 90

mm3 and having a siprage: BregidusnGlesuchthat dog (O dsoreater thanQragualie Q4dy¥IPa,
preferablg greater than pr.¢ equal to 1.0 MPa, at a temperature of 100C. 30, A polymer according to

embodiment ﬂeﬁai%ﬁacan abrasion resistance volume loss according to 1ISO 4649 of less than 90

mm3.and having a $tofageithoeitsiairsaehandelon i) is- 2B8greaker ifad oregimfto 0.4 IvfPa
preferably gresienthaR-pnaamal a@nat@:LMPa at a temperature of 100C 31. A crosslinked
derivative of a poly drn f embo a,10a-15a, 10b, or
preparable by the fgﬁ%ﬁ %gcf ey lf a. c»%@% cross r%kegégry{/:lgtlve of a polymer
according to QWNP%%KSUB@\T%@P&%@Hﬁ%@@}derlvatrve of a polymer according to embodiment 17. -
34. A crgsslinked dervativaohapobmmernReeadingto-ambodiment 13- 836y Asgrasslinked derivative of
a polymer ac orgirn%to gg}gidr ent 19..36. A crosslinked derivative of a polymer according to
embodiment Crossiinked derivative of a polymer according to embodiment 21. 3538. A
crosslinked derlvatr\ie{ﬁ adyotyrpiBY gt ronermg i Embotirreny ppenyD(c-napigirion-gréigk irikad eterivative
of a polymer a@gy&iﬁgﬂ}@}@ﬁm@ﬁimﬁm}ﬁ;% 40. A crosslinked derivative of a polymer according to
embodiment 24. 41._A ar Ve mer acc 2. A
crosslinked derivative (@f g I'mnerg}r’gacce?dﬁ ?Bn 1& oéfr%roﬁ¥§% E@“ @géé rr?l%en I%ipﬁir/gﬁl&e of a
polymer@cco?cﬁﬁ@%@?ﬁiﬁ’ﬂﬁ%‘éﬁ?ﬁN‘dm%@{%“tq@sslmked derivative of a polymer according to
embodiment 28. 45 D@\-@r%ﬁﬁE}K@Hy@@fj?ll}@ﬂé«f@@fnﬁdaWm@ﬁ@g%l@ﬁéﬁﬂm&%@m&@im%l@pﬂﬁuﬁ
crosslinked dgr& tlv %ﬁ)% (%e drng to embodiment 30. 47. A polymer according to any one
of embodlments % ool a, or 10preparable by the method of embodiment 3 or 3a, or a
composition com prrﬁh@ﬁré‘@%@?ﬁ%@ﬁ%ﬂ#ﬁbﬁé‘ﬁiﬂ?%@ﬁﬁéﬁ@ﬂ%?@fa#%%’é(ﬁerﬁﬁiﬁ% at least
one layer of aplaminated atiglowa doared article, a fiber, a nonwoven fabric, an injection molded
article, a blow mold rtic t ed article, or an 48. AD cording to
embodirfiént 16 or ﬁ@ﬁgpé %ﬁ%ﬁ% %en{?qj% il ?}ﬂm r%é“’r% %ge Séif%? AR ?%@a% ?é orcrie layer of a
multilayer filrg- @rﬂé%b@ﬂﬁmﬁyemﬁéﬂhrﬁmﬁié@aﬁ@ﬂe?@ foamed article, a fiber, a nonwoven fabric, an
injection molded arti[@b@(a% blow-aoidedipticle)axainomalded-anicls . ofAtnadhesiuge-pyridR. A
polymer accoEdc!n t;%arxmergtdllc ora composition comprising the same in the form of a film, at
least one layer 0 mu i it a east one layer of a laminated article, a 20foamed article, a fiber,
a nonwoven fabric, & d#ij EretkspeBRIGHNICIE DRI SRF Bl et ek soterfrip e Erestitle, or an
adhesives i BOuADelymer-ascerding iesamnhadinentiBar-a.compasitionconpsisipgthe same in the
form of a film,hat Iea one Ifi}/erlso;‘u chutl{y e}rlgtrggn t%t rgbast ?”@' erofa I mrnatfzd artrgle .a foamed
article, a fiber' af onwo ric, an inj &ction mol q lEglow mf)i?iee roto-molded
article, or an ddhesies vovaleilonp@Wmépfaémrﬁg%aen%@men@ ot edinpositivA-comprising
the same in thefermepfia-ilp, Atleas eusilkayes obadmulliayeniim:atleasbanalayerola aminated

article, a foamed article, a fiber, a nonwoven fa ric, an injection molded article, a blow molded article,
ticl f ed ti cjmozfig an fab ti |ded articl bl Ided articl
a roto-molded Srticle” e’O0rana he§rve ‘SB052. A polymer according to embodiment 20 or a composition

comprisipgy the sam@ﬁ@iﬁh‘@al suitable metal complexes of polyvalent Lewis bases for use berein include

compounds corresponding to the formuta:
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form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a foamed
article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a roto-molded
article, or an adhesive. 53. A polymer according to embodiment 21 or a composition comprising
the same in the form of a film, at least one layer of a multilar- film, at least one layer of a laminated
article, a foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article,
a roto-molded article, or an adhesive. 54. A polymer according to embodiment 22 or a composition
comprising the same in the form of a film, at least one layer of a multilayer film, at least one layer of a
laminated article, a 5foamed article, a fiber, a rpﬁawoven fabric, an injection molded article, a blow
molded article, a roto-molded article, or an a/dhesiv/g).\ 20 55. A polymer according to embodiment 23
or a composition comprising the same in thgfﬁb\m §6f a}ﬁlm, at least one layer of a multilayer film, at
least one layer of a laminated article, a foaméa‘%ﬂiaé?a fiber, a nonwoven fabric, an injection molded
article, a'blow molded article, a 10roto-molded afiicle, or an, drgesive. 56. A polymer according to
embodiment 24 or a composition comprising the same in the form of a film, at least one layer of a
multilayer film, at ledSt e WERERa RSFHRISERAr ceomefo SrARRICARTTNEITBET [a 28 GHWOPEN fabric, an
injection molded:aiciesadalow melgedeartictsaavsatersanlded article, or an adhesive. 1557. A polymer
according to embodiment; 2z, 1,3 ORROSHIONCOMPIISING. e Same. 18106 form.af A fim,.at Igast one

layer of a multilayer film, af least one layer of a laminated article, a foamed article, a fiber, a nonwoven
fabric, aninjeBti g HOTdSERFIIE EBibiHitided article, a roto-molded article, or an adhesive.
58. A polymer accorihg 4Gembodinbnt:26ablyaicompositizidomprising the same in the 20 form of a

film, at least one layer;of a.miilaxerfilm aahleastont: layer. ofalaminaled arisle.adgamed article, a
fiber, a nonwoyen fabric, an injection molded article, a blow mol egl article, a roto-molded article, or an
adhesive. UG (Kaﬁ%i&?ﬁ’fgl@ gré)é%rh ST b aiiemt 57874 E8M6Sition comprising the same in
the fatin of a film, at $éasnenkeidiet biced mdibyehfimmeledsibriedmyer 6td laminated article, a
25foameg article, a fibgls aoBWOX bR GaRiniaciion-pralded: atticles ablewwmnalded:aticle, a
roto-molded article, grre%nag]dhgl%iye.m ) xeggé Al QAXI%G eal%(%[%rqéng to embodiment 28 or a composition
comprising the samé’in t & form of a |fm, at ledst one ayer ot a multilayer film, at least one layer of a
laminated article, a foamed article, a fiber, a nonwb\ﬁen fabric, an injection molded article, a blow
molded article, a 30rota-molded article, or a /dhe,glve\. 61. A polymer according to embodiment
29 or a composition comprising the same ithe {gsm ofa’film, at least one layer of a multilayer film, at
least one layer of a laminated article, a foart{eal%arﬂglé,/a fiber, a nonwoven fabric, an injection molded
article, a blow molded article, a roto-molded &gticle, dPan adhesive. 62. A polymer according to
embodiment 30 or a composition comprising the same in th& 18 of a film, at least one layer of a
multilayer film, at leabtiomditairet oidifarainatetimmicle; Hfoarnawandisitnafiberca rofwebiven fabric, an
injection moldggaticlesaRigwrmelded anticiew.arkaio-molded article, or an adhesive. 563. A polymer
according,lo embodiment, 31, of & composiian, camprising, he same.nhe, form, of & fl at least one
layer of a multilayer ﬁlrm, atleast one ayer of a laminate al’tl('ﬁ%, a’foamed anic e, aaf%ér, a nonwoven
fabric, an injeétion pidlered it ROBSHIMOHBRISYHPEENe, a roto-molded article, or an adhesive.

64. A polymer accorging iazesabodimeir-a2:-anphempositiraamprising the same in the 10 form of a
fim, at least one layey of 2 uliXeL U, ALIEASLRAZRNCEALA NNAIed AliElgf oamed article, a

fiber, a nonwoven fabric, an injection molded article, a blow molded article, a roto-molded article, or an
adhesive. 65. Aoty EPA R diffy (B ErARRSIN BIR S Frack ShipidtidA‘comprising the same in
the form of a film, at deastoaenlayeof-acinuitiayertimdtdeastone layer of a laminated article, a
15foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive. 66. A polymer according to embodiment 34 or a composition
comprising the same in the form of a film, at least one layer of a multilayer film, at least one layer of a
laminated article, a foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow
molded article, a 20roto-molded article, or an adhesive. 67. A polymer according to embodiment
35 or a composition comprising the same in the form of a film, at least one layer of a multilayer film, at
least one layer of a laminated article, a foamed article, a fiber, a nonwoven fabric, an injection molded
article, a blow molded article, a roto-molded article, or an adhesive. 2568. A polymer according to
embodiment 36 or a composition comprising the same in the form of a film, at least one layer of a
multilayer film, at least one layer of a laminated article, a foamed article, a fiber, a nonwoven fabric, an
injection molded article, a blow molded article, a roto-[polded article, or an adhesive. 69. A
polymer according to embodiment 37 or a composition comprising the same in the 30 form of a film, at
least one layer of a multilayer film, at least one layer of a laminated article, a foamed article, a fiber, a
nonwoven fabric, an injection molded article, a blow molded article, a roto-molded article, or an
adhesive. 70. A polymer according to embodiment 38 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a



foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive. 71. A polymer according to embodiment 39 or a composition
comprising the same in the form of a film, at least one layer of a multilayer film, at least one layer of a
laminated article, a foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow
molded article, a roto-molded article, or an adhesive. 72. A polymer according to embodiment 40
or a composition comprising the same in the form of a film, at least one layer of a multilayer film, at
least one layer of a laminated article, a foa{'ned article, a fiber, a nonwoven fabric, an injection molded
article, a blow M&THE AHER1 BIBtSRRSIGAT SHRiRE Stearradhdane be folswins smmmsrdiccording to
embodiment 41 or a composition comprising the samé’in the gérm of a film, at least one layer of a
multilayer film, at least one layer of a laminated article, 8 foamed article, a fiber, a nonwoven fabric, an
injection molded article, a blow molded article, a goto- c@. article, or an adhesive. 74. A
polymer according to embodiment 42 or a composition comprisingthe same in the form of a film, at
least one layer of a multilayer film, at least one layer ofja laminatéd article, a foamed article, a fiber, a
8, agoto-molded article, or an
position comprising the same in the

adhesive. 75. A polymer according to Vi ‘
form of a film, at least one layer of gzmul 'ilmﬂ at lea oIgg layer of a laminated article, a foamed
article, a fiber, a nonwoven fabric, an injegtior m8|d8d article, a blow molded article, a roto-molded
article, or an adhesive. 76. A polymer accarding to embodiment 44 or a composition comprising
the same in the form of a film, at least ope: layg -
article, a 25foamed article, a fiber, a nonwoven ic, an injection molded article, a blow molded
article, a roto-molded article, or an adhesiv%.121 ./A polymer according to embodiment 45 or a
composition comprising the same in the form of a fiIﬁL at least one layer of a multilayer film, at least
one layer of a laminated Aticlera,fgamed article, a fiber, a nonwoven fabric, an injection molded
article, a blow molded article, a 30roto-molded article, or an adhesive.  78. A polymer according to
embodiment 46 or a CoMpEBiIteh EHPHSHY eSS e ¥5Hh BP4 A4t least one layer of a
multilayerilm dasteasty brierday &t ofiastemitatedyh dicteza idameaed:dritle;, atfiberp &-poawdoven fabric, an
injection molded artigle, @ Rliuw,molgad auticlacAsRigimaolded alicle, ;95@0@@&%2%1@1@579- A

composition accordlorg% to embodlmenfg %6854% Wherelp the shuttling agent is a trinydrocarbyl aluminum-

or dihydrocarb%ff‘?fhc- c::lourlfairf)1 ﬁ‘ﬁb Con aining YoM T16 12 carbons in each hydrocarbyl group.

80. A composition adeorfirrgrdreinbeinterTeroniiivrshshadnttimysiéritiyEtdethysaitrminum or
diethylzinc.  4i8lrA89MPASItIoRASCOrNG T aERROdNaR: i Ofialserein catalyst (A) comprises a
complex comprising a transition. metal selected from Gro 4-8 of the Periodi ble of the Elements
and one or more delg}ég%%c %nbpgﬁ%%(f Tfalgﬁ (:seg?lrélc?ly?\r/s%gyr%?fgwé ?)rz%ﬁ 65%%15%! EONBY A
composition aBB&taeres 8phBRHRERY BLERMEFSiH Sxtay et e Spolsasis tRe 1 0fdrmula; Nt2 \ fr<'
R1 1 1-- MX, vi#hereidy: hvdrocRibi sseleatedftomialkybupycloallcyl, heteroalicyl, cycloheteroallcyl, aryl,
and inertly SUbStitUte&&%{;ﬁ{?ﬂ)’é%&}éh%[&%&%&ﬂmi%fé%&]nlu‘ig; 30 atoms not counting hydrogen or a
divalent 15derivative thereof; T1 is a divalent bridging group of from 1 to 41 atoms other than
hydrogen, preferably 1 to 20 atoms other than hydrogen, andRfost preferably a mono- or di- CI-20
hydrocarbyl substituted methylene or silane group, and Rn is a C5.20 heteroaryl group
containing Lewis base functionality, especially a pytidia I- or substituted pyridin-2-y1 group or a

arrows respectively. 83. A compositionaccordingg @mbadifrient 82 wherein catalyst (B)
corresponds to the formula: wherein 30MZ is gmng

50



X2 is halo, hydrocarbyl, or hydrocarbyloicy; t is one or two; X" is a number selected to provide charge
balance; and T2 and N are linked by a bridging ligand. 584.A process according to embodiment 3 or
3a which is a continuous process. 85. A process according to embodiment 84 which is a solution
process. 86. A process according to embodiment 85 wherein ethylene and one or more
copolymerizable comonomers are polymerized. 87. A process according to embodiment 86
wherein the ethylene conversion in the 10reactor is at least 95 percent. 88. A process according to
embodiment 84 wherein catalys . corresponds to_the formula; wherein: 15R!" is selected from alkyl,
cycloalkyl, heteroallé‘kﬁ',e rgi/nc%hgtgé%%i%ﬁﬁrg? PPRR }in?’é?ﬂff lsﬁbgﬁ%ﬁé\é& ﬁecr!]f@ea Ried TREPEET cBhtaining
from 1 to 30 atoimacapt ¢bunting hydrogen or a divalent derivative thereof; Ti is a divalent bridging
group of from 1 to 4katems-eibemtian-ydwgenspraterlbnlito 20 atoms other than hydrogen,.
and most preferably @Orgozing’fﬁ{iﬁy%rzbql tP;&(_qrgg%[b%‘ggubstituted 20methylene or silane group; and
RI" is a Co heteroaryl group containing Lewis baseé functionality, especially a pyridin-2- yI- or
substituted pyridin-25/F §r8iRh BT tivataRt derivative thereof; Ml is a Group 4 metal, preferably
hafnium; X is an anioniesngpbiabofatianimmcdigaie grorrimedsia mmtietsirom O to 5 indicating the
number of such X' groups; and bonds optienal bonds and electron donative interactions are
ctively. #®9. A process according to embodiment
1 Xi M2 X2,-'t 30wherein M2 is a metal of Groups

; 3y i xygen or phosphorus containing T9111);
X' is halo, hydrocarbyl, or hydrocarbyloxy; t isione or twg is a number selected to provide charge

A multi-block copolymer comprising in

& CO QS]O

relatively flat storage modulus characterized in ¢hat |
Sy

CH;j

The foregoing polyvalent Lewis base complexes are conveniently prepared by standard
metallation and ligand exchange procedures involving a source of the Group 4 metal and the neutral

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

13 Catalysts having high comonomer incorporation properties are also known to reincorporate
in sifu prepared long chain olefins resulting incidentally during the polymerization through f-
hydride elimination and chain termination of growing polymer, or other process. The concentration
of such long chain olefins is particularly enhanced by use of continuous solution polymerization
conditions at high conversions, especially ethylene conversions of 95 percent or greater, more

20 preferably at ethylene conversions of 97 percent or greater. Under such conditions a small but
detectable guantity of olefin terminated polymer may be reincorporated into & growing polymer
chain, resulting i the formation of long chain branchss, that is, branches of a carbon length greater

+han would result from other deliberately added comonomer. Moreover, such chains reflect the



G' (in Pascals) decreases by less than one order of magnitude between 50 and 100C. 1092.A process
according to embodiment 3 or 3a in which the ratio of chain shuttling agent to one or more catalysts
and or monomers is varied in order to produce polymers differing in one or more chemical or physical
properties. 93. A polymer mixture comprising: (1) an organic or inorganic polymer, preferably a
homopolymer of ethylene or propylene and/or a copolymer of ethylene and a copolymerizable
15comonomer, and (2) a polymer according to any one of embodiments 4-15, 4a, 5a, 10a-15a, lob, or

preparable by the method of embodiment.3, of Aveqcr 94 ARCIYTEE MiXtute.According to embodiment

93 wherein co%ponent () I1s an organic therma Iastlc':%%%lzymer. 95. A polymer mixture according to
embodiment FRIRITEREIA X TS S PO B R RERB S SERAMEPST o8 SIHoB SR er mixture
according to embodiméntr8Swizetein towipangit{i)npHighdy isdtabticdoalypropyleties 5,2707B5A
polymer mixtute, aceprding:to: egbodineni-d3 wher iR £AmPaRent(2) ismaR:aiastomate sqpolymer of

ethylene and one or more, co t(1)inneriza le comonomers. 598.A polymfer mixture according to
embodimént FAWHE e HFESRABOREAT (Y 1< ol B At hianecEsh Bl RTer b et Tetis hNg B8 HPhore
copolymerizaiesomorivaiemr of the 98ymepdisarde heixtorénaicdordintptehembotimeri=05 avhearein
component (2),{s:ar8lasteraevis;copelymar ofctbylone andene e-Rere.sepalymerizablens
comonomers. . 100. A polymer mixtyre according to embodiment 96 wherein component (2) is
an 30e|astom((eﬂrliﬂc:’ocd(’j?nl‘n(")[i??(rgnh%Feo‘i‘(i)tea%ﬁWesﬁﬁéz-eismc()jcoﬁei P opgaéb{y%ﬁi}jrﬁgr?zdgﬁ?g %egrﬁi)oﬁ%rrtﬁae&rs. 101. A

polymer mixture accérEimgits RsdeHhartoa israfbiesnijsonem o ar-dlastamadedptlymer of
ethylene and enerarimoiesappalyiiey izakie mm{hfn@Medsﬁoinzﬂag torme afpamjelas conping.aaclusions
of component (1) Iherei, . a0 APOIVMBE MR asgPding fo &M@S&E%&'\éﬁll (&

component (2) is an elastomeric copolymer of ethylene and one or' more copolymerizable
comonomers | %MWW%V&@@%HT%H@%BMé%@%‘f‘ﬁ&%ﬁ?%ﬂs?ﬂé’?eﬁﬁﬁ".’mmm 403. A
polymer mixture, dckbidihg e ethirodan &1t (95XWHérein Sompldinent. (dldsambeldstotsizicépolymer of
ethylene and @ng gf pare;copolmearizable camonomes &ibihe formQfnadiges.conaining.acclusions
of component (1) therei%r. ) ]104. A$O|¥m9{ &niétugeiaccoé[gc%gg to embodima?nt 6 whereinij
componelt (2§ TEAHETASTEPIEEE B8P of ethyians ah I GBS TP eTaBRs =Y
comonomers imidke fof el teks e ortalniigroedulishls Brreoipohehpg e EinbredesoA polymer
mixture accorcipgia.-eAMasinRR} 23nsdeEein CompRReR 42) 1SN elastamerivsopolymeraf ethylene
and one or mogﬁgzopolymerizable comonomers in the form of particles containing occlusions of
component (1) therein, said occlusions being formed upon melt blending of components (1) and (2).
106. A polymer mixtupeicemieiiey oo MbBUiRYeR the RifTered? Cortfemshine ) iazahainbatadtomeric
copolymey; of ethyleng.and i9pe-of-fopkg anpelymerizable camenaness in digiferm ofiparticles
containing occlusions of component (1) therei [ lysigns being formed n melt.blending of
components (I ygﬁ’l&(é_ ?ﬁﬁegmenﬂl%%uﬁ,&nt%%igfn?g{ﬁﬁ,xﬁéi fg?:%o%di%& ?cr? g%%’olai%eeﬁ?Q%gl\?vﬁ%%%ﬁ%omponent
(2) is an elastoWiEHoE s FERMEFTatHISHE HAT Bh Bl A RS S P HET I & e BiF6 A AEREn the form
of 20particles sontainiig eediisionsyof chempamnents(by thedeinyisaid et laditnsbéingdonmed upon melt
blending of corpRanents:h) nk(sieny L0Ra-Rabimes Mbdwc.acordiadla embediment 96 wherein

component (2) is an elastomeric copolymer of ethylene and one or more copolymerizable
comonomers if SR G R RS L BRI in o T EIBHS s PEOH o &RE R TR & *daid occlusions
being formed wponumedt 2Sigténptirierdhc onapprieitstidbp dndnf2 the inkBBoAprotesbdforgraparing a
polymer mixturg, comatising: (L) anArHANCAkINRrganic e ARIASHS oMLk PIRlerably.2
homopolymer of ethylene oraﬁrog¥/lene and{or a.co olymer of etT?r}/Ie e and aco O?rneri%able
comonomer, ait@ () & BISEtOmaric BOMer in the Torm oFf partidles coRtaiNing oteiid

GBS of
component (1) thdieinyishid process Cearpsipgehatob eribiirg Gom poneats R0 oapme(2 fander
shearing gonditiens 80,8540 farsneeslusions:ohicanpenenttlrin dispensed-padigesef somponent (2).
110. The process of caim 109 whereln component (s isolactc pohropylenc . 111, The process
of claim 110 wherein componant (2) Is a copolymer of ethylene and & copolymenzable comonomer.
The skilled artidainsvitcagprednatesdatdme fasmtionharcrodat hersitintdy els-arficddih the absence

of any componegh ke poapingrediast-vhich-hasinai-kegn-specifically diselosetl] 3-addition
sequences or hyper-branching as detected by NMR techniques. The guantity of the foregoing types

n
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Examples The following examples are provided as further illustration of the invention and are not
to be construed as limiting. The term "overnight", if used, refers to a time of approximately 16-18
hours, the term "room temperature”, refers to a temperature of 20-25 C, and the term "mixed alkalies"
refers to a commercially obtained mixture of C6_9 aliphatic hydrocarbons available under the trade
designation Isopar E, from Exxon Mobil Chemicals Inc. In the event the name of a 10compound herein
does not conform to the structural representation thereof, the structural representation shall control.

The synthesis of gl metal complexesandhe:Renaalien.of all sHseping GxPsyimenis were caried

out in a dry nitrogen atmosphere using dry box techniques All solvents used were'HPLC grade and

were dried bef6FiiHjsame). s norRely iR Beransr Srernidtite i empraR b fe e risobutylaluminum
modified 15methylakimgianetdvaitabledsdmmercialyl frofR) MaodN dhbl & CorporationoCaiatdst (Al) is
[N'(216'di(1'm§e§m39£@¥\!')ﬂi} H%@%{@%W&Vé@hﬁ{ygﬁél compounds, with the proviso, in ong
naphthalen-z-%éfi-pyridin- -dig%}m%ai%e)%h\afniurp dimethylﬂ,! prepared according to the teachings of
WO 03/40195 388858 G2t T 7198 SR’ 151459 B4 FifST NS S "0 AW S BAIZ4740. CH(CH3)2
CM NN Hf (Hg@ﬁﬁ‘@@/%@d@@i{g@(}@gﬁéj@m% frevicusly identified metal complexes, the following
[14-(2,6-di(1-mathyiethdipbenypamids)t2-metaylphenyl)(1,2-phenylene-
(6-pyridin-2-diyemethane)]hafnium dimethyl. prepare cording to the teachings of WO 03/40195,
2003US0204017, Uggﬁ’%gﬁf%%aﬂ?sfﬁgﬁyﬁ%%y%%%% and WO 04/24740, CH (H3C)2110 Hf
(1-130)2110 cHs airs 103 Catalyst (43) is-bis[MyN"-(2,4,6-tri(methylphenyl)am
do)ethylenediaminejhafttium dibenzyl. CHKS:ataI SVEAR)-is
bis((2-oxoy1-3-(dibenzo-1H-pyrrole-1-y1)-5-(meth phenyl)-z- 5phenoxymethyl)cyclohexane-1,2-diyl
zirconium (V) diben‘% |, prepared substantially according to the teachings of US-A-2004/0010103.
Catalyst (%1) 1,2-bis-(3,5-di-t-butylphenYlene)(1-(N-(1-methylethypimmino)methyl)(2- Ooxoyl)
zirconium dibenzyl C(CH 3%2@_?@(:@1@5»@ Groups 4-10 of the Periodic Table of the elements, preferably

Group 4 metals, Ni(II) or Pd(II), most preferabiy zirconium;
T* is a nitrogen, oxygen or phosphorus containing group;
X? is halo, hydrocarbyl, or hydrocarbyloxy;

15 t is one or two;
%x” 15 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},
I Am. Chem. Soc., 117, 6414 -6415 {1995), and Oreanometallics, 16, 1514-1516, {19%7), among

20 other disclosures.
Preferred examples of the foregoing metal complexes for use as catatyst (3) are aromatic
diimine or aromatic dioxyimine complexes of Group 4 metals, especially zirconium, corresponding

to the formula:

Mé}{zz \_/
/ \ g
R ™ N= R
/
R

25 wherein;

M?, X2 and T are as previously defined;

53



N O//zrX2 0 N CH(OH3)X=CH2C6H5 (CH3)3 The preparation of catalyst (B1) is conducted as
follows. a) preparation of (1-methvlethyl)(2-hydroxv-3.5-di(t-burvi)ohenvhmetlivlimine
3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine. The solution rapidly turns
bright yellow. After stirring at ambient temperature for 3 hours, volatiles are removed under vacuum to
yield a bright yellow, crystalline solid (97 percent yield). 5b) Preparation of
1.2-bis-(3.5-di-t-butviphenvlene)(1-CN-(1-metlivlethvidmrnino)methyl)(2-oxoyl) zirconium dibenzvl

A solution of (I- metlgégle #Q&é@%{rzgﬁ §H55r29|5t byt&@%%n%/qlnl]rg%?ﬁf(gjﬁ > Mg, 2.2 mmol) in 5 mr, toluene

is slowly added to a solution o tquene The resulting dark
yellow solution is stireerfargerHif SN RS Téntovell tisauPrbeR eI eYsu REPEOd Y feld thé desired
product as a reddish-imiasotidys thecdtalystB2yais]y C, .., hydrocarbyl or a F or N substituted

L.2:bis-(3,5-dsbuaheny se) iz metisieaahend . Inmnaneii) garegaggonium

dibenzyl 15The | pre aration of catalys )|s conducted as ows a) Prenaration o

(1-(2- meﬂwch&l@H&&r%ilﬁgﬂs‘(%%?ﬂ”gl@’ Hi(t-butvilphenvHimine 2-Methylcyclohexylamine (8.44
mL, 64.0 mmol) is digsolvettindeetharob{96 fmicycanditbutyisalicdldebyae 23008y a42.67 mmol) is
added. The reagtion mixture.lsstiied fQr shreahours-apd ihen coplediQ25C for 12 hrs. The resulting
yellow solid precipitate is collected by filtration 20and washed with cold methanol (2 x 15 mL), and
then dried under reduced pressure. The y|eld is 11. 17 g of a yellow sa t-TRINMR is consistent with the

resulting dark yellow solutign i ﬁ
toluene to give a solution I
(t-butylamido)dimethyl(3-N-pyrrolyl-1,2,3;32

‘ @ﬁ(cb is

{a-mindenpk- yeS|Ianet|tan|um dimethyl prepared
substantially according to the techniques of 68,444 (H3C)2SINTi(C H3)2 N C (CH3)3
5Catalyst (C2) is (t-butylamido)di(4-methylphen%%?%%nethyl 1,2,3,3a,7a-mindenr:1- yOsilanetitanium
dimethyl prepared substantially according to the teachings of %3%3 003/004286: Catalyst (C3) is
(t-butylamido)di(4-methylphenyl)(2-methy1-1,2,3,3a,8a-ms-indacen=1- 10yl)silanetitanium dimethyl
prepared substantially according to the teachings of/@S-A-ZOO 2 :

(H;Cls 0 N==

(CHs)s

10 wherein;
X% is as previously defined, preferably Cy.p hydrocarbyl, most preferably methyl or benzyl:
and
R* is methyl, isopropyl, t-butyl, cvclopentyl, cyeiohexyl, 2-methylcyelohexyl, 2.4-
dimethyleyclohexyl, 2-pyrrotyl, N-methyl-2-pyrrolyl, 2-piperidenyl, N-methyl-2-piperidenyl,

(==Y
LN

benzyl, o-tolyl, 2,6-dimethylphenyl, perfluorophenyl, 2,6-di(isopropy)phenyl, or 2.,4,6-
trimethyiphenyl.

The foregoing compiexes for use as catalyst (B) also include certain phospbinimine
complexes are disclosed in EP-A-89058]. These complexes correspond to the formula:

[RY-P=NIMERs.., wherein:
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Catalyst (01) is bis(dimethyldisiloxane)(indene-1 -y1)zirconiurn dichloride available from
Sigma-Aldrich: Cocatalyst 1 A mixture of methyldi(C14.18alkyl)Jammonium salts of
tetrakis(pentafluorophenyeborate (here-in-after armeenium borate), prepared by reaction of a long
5chain trialkylamine (ArmeenTh M2HT, available from Akzo-Nobel, Inc.), HOI and Li[B(C6F5)41,
substantially as disclosed in US? 5,919,9883, Ex. 2. Cocatalyst 2 Mixed C14.18
allryldimethylammonium salt of bis(tris(pentafluorophenyl)- alumane)-2-undecylimidazolide, prepared

according to USP 6 95&670%l VI%E% }Qa%%%f%;glgg A ents yée shu%l\i}qgm% ent% emplo e include
diethylzinc (DEZ, S 11)5, i(I- uylﬁzngﬁc SA : i?ﬁ- xyODBzflnéa(%/%\ , triet Eﬁ%u?ﬁ?n‘ﬁ?n}( A, SA4),

trioctylahunintifr{SAS) Griétlifigallium (SA6), i-butylaluminum bis(dimethyl(t-butyl)siloxane) (SA'7),
i-butylaluminum bis(di@trimetpdsiypamide) (SA8), n-octylaluminum di(pyridine-2-methoxide) (8A9),
bis(noctadecyl)i-but}%ﬁluminum A10). d-butylaluminum bis(di(n-pen am'de%1 1),.n-.,
150ctylaluminum bis 21f6i§f?t%%ﬁtj%igﬁoféoggg{z(éﬁl%E,:crtlr-%létﬁl glllgfr’rhn%?ﬁ?n %i(lét{ft{iﬁ %%Q%ph%ﬂ?/l%mide)
(5A13), ethyl&aHiFiYA BRI ED G IRITBIRGISIOXige LrSR e 26thylgitminum di(bis(trimethylsilypamide)
(SA15), ethylaluminginihist2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA16), n-octylaluminum
bis(2.5,6,7-dibenzo-{;azagyeloepiANeamie) (AL L AIBINEY . wycnton, e eierion
bis(dimethyl(t-butyOsiloxide(SA18), ethylzinc (2,6-%g)henylpheno>_<|de_ (SA19), and ethyjlzmc (t-
20butoxide) (8TAZE) otAmbIES P CEmFArAtitH ARemesdiidra YhyHErimeitrsRpraanef e
PolymerizatiorsGonglitioms: blodRe lywierizatidivstare cord mtedtsiniatighy/ thrdivghiut, parallel
polymerization seagtar. (RRR), a¥alable.fam Sy iechnrlagies.ine. And gleated substantially
according to 'LISP's 6,248,540, 6,030,917, 6,362,309, 6,306,658, and 6,316,663. Ethylene
copolymerizations are conducted at 130C and 200 psi (1.4 W.P.Pa) with ethylene on demand using
1.2 equivalenfsatabysigatalyst 1 based on total catalyst used (I 1 equivalents when MAAO is present). A

series of polymerizatipnsafe sencieisddt.apataiekpiessued eastor(RRIR) crmprised:of48 individual
reactor cells in 8.8 5 anay.hat are ed.wilh a precusiahed glass tybe, The porking volume in each
reactor cell is600 p?. ach cell'is temperature and pressure contro ed With S irring provided 5by
individudF stirAtfg paeiaeder e anuita P §assrd hentimds aietprusisedahatifpitestie PPR unit
and controlled pyrawtomaticivaies: kiquiids eagentsmaieytabotical yasdedfaeackhreasioneeall by
syringes and e&‘é&%@é?&%ﬁﬁbﬁ@&%ﬁﬁ@ie&?a%@ék%%}%ﬁﬁme order of addition is mixed alkanes solvent (4

ml), ethylene, 1-octené comonomer (1 ml), cocatalyst 1 or cocatalyst UMMAQO mixture, shuttling agent,
and catalyst or catalj& FiRtGrEPRHE AR Pix e Bf ot atayE et A At Rrse St e Hiskire of two
catalysts is usetlthemgéagentsiare spremikest: ipraismbl kuiatdinmedrafel ygpriotitGradditiantid the reactor.

When a feagenids omifted A seratmentathe.aRgvs-aier obaddiion is qtherwiss Lakained.
Polymerizations are conducted for a&gf%%rg%\%ely 1-2 minutes, until predetermined ethylene
chi

consumption<-&FE PEISEHEER Riterdt T, W PEATIPRAPE HBET Bnd the glass tubes are
unloaded. Theitubiscarts brewstonre driviGcermihvhedvercermmodngirigd 18 amittahdndriddfor 12 hours at

60 C. The tubgsicRptainingidiiadeolymar ateivaighedand the.gdifferenag hstweanthis weight and the
tare weight givqgwgg%eréeg dield fpolxmer. Result arel%ontai edin Table 1, In Talcxgl:(?S 1 acpd elsewhere

in the applicaﬁ%n? comp rative %%%Su‘r‘%%rs“’ are ?h%?c%?edl %9“%?1 atrsi% | O(’Q)n. ‘E’)‘(Ilanr%up o5 T4 Gemonstrate
the syntBésis oftirdartbieredpolyPhers By ths PrEsere Nt e asreidnsdbythe ftenation of
a very narrow M &ssentiall:nenomedakeppalymernvhendRnd dsupresent srdapinedaksbroad
molecular weight distribution product (a mixture, of separately prodyced polymers) in thgigbsence of

ik, carbond 1

DEZ. Due to the fact ?ha’f %{)tl'éi%ﬂﬂ\?) is known to incorporate more octene %Sé}n ('Qf%lf)af"ltyst (B1), the
different blockSsPEEYBIBEEIEREhe fasertigtolselyerysrthearastmbearstiAtaiEable based on
branching or densityind2dakile:loGat (tAh-at{Bl)iGopailiht ViABshutingechniques. The

30 foregoing activating cocatalysts and activating technigues have been previously taught with respect
to different metal complexes for olefin polymerizations in the following references: EP-A-277,003,
TS-A-5,153,157, US-A-5,064,802, UUS-A-3,321,106, US-A-5,721,185, US-A-5,350,723,
US-A-5,425 872, US-A-3,625,087, US-A-5,883,204, US-A-5,919,983, US-A-5,783,512,
WO 99/15534, and W099/42467.

!
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Ex. (anon (umol) (umol)(umol) agent (umol) Yield (cr) Mn Mw/Mn hexvisl A* 0.06 - 0.0660.3 0.1363
300502 3.32 B* 0.1 0.1100.5 0.1581 36957 1.77 2.5 C* 0.06 0.1 0.1760.8 0.2038 45526 5.3025.51
0.06 0.1

Combinations of neutral Lewts acids, especially the combination of z trialkyl aluminum
compound having from 1 fo 4 carbons in each alkyl group and a halogenated irithydrocarbyl)boron
compound having from 1 to 20 carbons in each hydrocarbyl] group, especially

ris(pentafluorophenyl)borane, further combinations of such neutral Lewis acid mixtures with a

wn

polymeric or cligomeric alimoxane, and combinations of a single neutral Lewls acid, especially

tris(pentafiuorophenyl)borane with a polymeric or oligomeric alumoxane may be used as activating

cocatalysts. Preferred molar ratios of metal complex:iris(pentafiuorophenyl-borane:alumoxans are
from 1:1:1 to 1:5:20, more preferably from 1:1:1.5 to 1:5:10. '
Suitabie ion forming compounds useful as cocatalysts in one embodiment of the present

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

compatible, noncoordinating anion, A”. As used herein, the ferm “noncoordinating® means an anion

or substance which either does not coordinate to the Group 4 metal containing precursor complex
and the catalytic derivative derived there from, or which is only wealkly coordinated to such

complexes thereby remaining sufficiently labile to be displaced by a neutral Lewis base, A

noncoordinating anion specifically refers to an anion which when functioning as a charge balancing

anion in a cationic metal complex does not transfer an anionic substituent or fragment thereof to
said cation thereby forming neutral complexes. “Compatible anions™ are anions which are nat
degraded to neutrality when the initialty formed complex decomposes and are noninterfering with
desired subsequent polymerization or other uses of the complex.

20 Preferred anions are those containing a single coordination compiex comprising a charge-
bearing metal or metalioid core which anion is capable of balancing the charge of the active catalyst
species (the metal cation} which may be formed when the two components are combined. Also,
said anion should be sufficiently labile to be displaced by olefinic, diolefinic and acetylenically
unsaturated compounds or other neutral Lewis bases such as ethers or nitriles. Suitable metals

25 include, but are not limited to, aluminum, gold and platinum. Suitabie metalloids include, but are
not limited to, boron, phosphorus, and silicon. Compounds containing anions which comprise
coordination complexes containing a single metal or metalioid atom are, of course, well known and
many, particularly such compounds containing a single boron atom in the anion portion, are
available commercially.

30 Preferably such cocatalysts may be represented by the foliewing general formula:

(L-Hyg" (A
wherein:
L* is a neutral Lewis base;
(L*.H)T is 2 conjugate Bronsted acid of L*;

AF iz a nonceordinating, compatible anion having a charee of g-, and
o = = 5

(5]
tn
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0.192 DEZ (8.0) 0.1974 28715 1.19 4.8 2 0.06 0.1 0.192 DEZ (80.0) 0.1468 2161 1.12 14.4 30.06 0.1
0.192 TEA (8.0) 0.208 22675 1.71 4.6 4 0.06 0.1 0.192- TEA (80.0) 0.1879 3338 1.54 9.4 1 06 or
higher chain content per 1000 carbons 2 Bimodal molecular weight distribution It may be seen the
polymers produced according to the invention have a relatively narrow

g i5 an integer from 1 to 3.

More preferably A¥ corresponds to the formula: IM'Q.]’;
wherein:

M’ is boron or aluminum in the +3 formal oxidation state; and

5 Q independently each ocourrence is selected from hydride, diaikyiamido, halide,
hydrocarbyl, hydrocarbyloxide, halosubstituted-hydrocarbyl, halosubstituted hydrocarbyioxy, and
halo- substituted silythydrocarbyl radicals (including perhalogenated hydrocarbyl- perhatogenated
hydrocarbyloxy- and perhalogenated silylhydrocarbyl radicals), said Q having up to 20 carbons with
the proviso that in not more than one oceurrence is Q halide. Exampies of suitable

10 hydrocarbyloxide Q groups are disclosed in US-A-5,296,433,

In a more preferred embodiment, d is one, that is, the counter ion has a single negative
charge and 1s A™. Activating cocatalysts comprising boron which are particularly useful n the
preparation of catalysts of this invention may be represeited by the following general formula:

@B (BQY
15 wherein:

L* is as previously defined;

B is boron in a forma!l oxidation state of 3; and

Q is a hydrocarbyi-, hvdrocarbyloxy-, fluorinated hydrocarbyl-, flucrinated
hydrocarbyloxy-, or fluorinated silylhydrocarbyl- group of up io 20 nonhydrogen atoms, with the

20 proviso that in not more than one occasion is Q hydrocarbyl.

Preferred Lewis base salts are ammoniwm salfs, more preferably irialkvlammonium salts
containing one or more Craugp alkyl groups. Most preferably, Q 15 each oceurrence a fluorinated aryt
group, especially, 2 pentafinorophenyl group.

Itustrative, but not limiting, examples of boron compounds which may be used as an

25 activating cocatalyst in the preparation of the im;tiroved catalysts of this invention are
tri-substitated ammonium salts such as:

trimethylammonium tetrakis(pentafivorophenyl) borate,
triethylammonium tetrakis(pentaftuorophenyl) borate,
tripropylammoniumn tetrakis(pentafiucrophenyl) borate,

30 tri{p-butyl)ammonium tetrakis(pentafluorophenyl) borate,
frif sec-butyDammonium tetrakis(pentaflucrophenyl) borate,
N, N-dimpethylanilinium tetrakis{pentafivorophenyi) borate,
N, N-dimethylanilinium n-butyltris(pentafivorophenyl) borate,
N N-dimethylanilinium benzyltris(pentafiuorophenyl) borate,
35 N N-dimethylanilinium tetrakis(4-(t-butyldimethylsilyl}-2, 3, 5, 6-tetrafluorophenyl) borate,
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polydispersity (Mw/Mn) and larger block-copolymer content (trimer, tetramer, or larger) than polymers
prepared in the absence of the shuttling agent. Further characterizing data for the polymers of
Table 1 are determined by reference to the 5figures. More specifically DSC and ATREFF results show
the following: The DSC curve in Figure 3 for the polymer of example 1 shows a 115.7C melting
point (Tin) with a heat of fusion of 158.1 J/g. The corresponding CRYSTAF curve shows the tallest
peak at 34.5C with a peak area of 52.9 percent. The difference between the DSC Tm and the Tcrystaf
is 8|1..2C. ;OEQ@_%% ’wﬁggﬂm&ﬁm_@s@@%ﬁ%ﬁ%ﬂg %mgﬂﬁémgggsmTAé with a 1rf)9.7Ch
melting point | Wi at of fusion o .0 Jig. correspqndin curve shows the
tallest peak alégggﬁ \g)/\}f? nqg\?%‘é% Ten O B7 L e%%%ﬁ%%“?ﬁéfa?ﬁa?g 1‘(D:Cér'gf?ﬁétween the DSC Tin and the
Tcrystaf is 630CdiThel DYE EuREHFigafeSorbethe polfmer of example 3 shows a peak with a
120.7C 15meltingipeinti(Tay-withieyheah offusionglib@ubgTi1eeakEesponding CRYSTAF curve
shows the talé%%&%%c ﬁ%%%&é@ﬁﬁ% %&%&%&%M%@ Wgeﬁ%. The difference between the DSC Tm
6C.”  The DSC or th

and the Tcrystaf 1S"54.6C. ) curve in Figure r the polymer of example 4 shows a peak
with a 104.5C RIS BERE TR WHH S HER BRSIRrL 69747y. The corresponding CRYSTAF
curve shows @i daltestypeak=at806E with a peak area of 18.2 percent. The difference between the

DSC Tm and the Terystahis i drfonium tehBE et FUEYGEIgLWE 22 (comparative A) shows a 90.0C
melting point (Frgy%ith a héat of fusion of 86,7 J/g. The corresponding CRYSTAF curve shows the
C

tallest peak dt 48 BEAM R AHRAR B B S R BEVORRE BO I B these values are consistent with a resin
that is |oWw in 26desityodapadiferencebétseenihe 8@ rhard theé Tcrystaf is 41.8C. The DSC
curve in Figuse,d3:Camparative-BlishonsmadeR8C1meking point (Tm) with a heat of fusion of 237.0

7/9. The corres; LPFEQ@Q@ dCﬁo\g%Iéfmcsg{t\s{gugp%vs the tallest peak at 82.4C with a peak area of 83.7
percent. Both of these values aré consistent with a resin that is high in density. The difference between

the DSC Tm and th&TespdeapsslaruCemiirRe B8 wwhaY i Figtre 24 (Comparative C) shows a
125.3C meltingpainb4hm)wyithsahbgah edftisiormiid.onéig thaearesponding CRYSTAF curve
shows the tallest p i .7 percent.as well as a lower crystalline peak at
52.4 C. tfl'jhe ﬁ%ﬁﬁ%@%&%ﬁé%ﬁ%i%ﬁ@@’%%&?&%%ﬁi Fﬁéa%?esence of a high crystalline and
a low crystallfi&BSRHTE CPRERHET & e Detween the DSC Tm and the Terystaf is 43.5C. Examples
5-19. ComparativesipiEnyGantinuaus SghatiofiPohmeriytion=Catalyst Al/B2 DEZ Continuous
solution polymerizalions ate catied, QAR AeRmPHIsLcoR)rolled autoclave reactor equipped with an

internal stirrer, Purified mixed alkanes solvent IsogarTM E available from 5ExxonMobil., Inc.),

: ; (
ethylene at 2%/GTBLIRGIFEESS KRS8 EAhbPtirogen (where used) are supplied to a 3.8 L
reactor equippedbaithtet jpdlketfortsniparature control and an internal thermocouple. The solvent feed
to the reactor is me@,cegr{gg;%l%m§ﬁm(%mu%p@ﬂ%r@gg,sﬁged diaphragin pump cqntrols the
solvent flow rag%alndt pressur to thﬁe{r ag‘;tcor.aAt thehdls hgelr’ge of the pump, a side stream is taken to
provide flush MBhAFoF Ta CAtal SF S SoRatan iR TR ctS i folines and the reactor agitator. These
flows are measuredtbsfaicrG-vidtioniprass s itierirsariemoortiotiedibys.control valves or by the

manual adjustmentRtacedlevalyes Ehenremaining Solexlis cembinesh with t-0stengiathylene, and
hydroge% (Wg%rgnuse%i%%g I,%Q §PztEe rez&cgoorfo@ mass flow controller is used to deliver hydrogen to the
reactor as needed. 1he teriperature ¥ {h& solvént/monomer solution is controlled by use of a heat
exchanger before efiititig THE PEARIOP TR 2FHEFEAP BREFS Wierbet et brinedwattoridtatcatalyst
component spidtiong aredneteredinshgpiEnpscanddsnassdow meters.and are conThined with the
catalyst flush solvent and introduced into the boE@)m)o(fAt,h)g reactor. The reactor is run liquid-full at 500
psig (3.45 M.Pa) with vigorous stirring. Product is remidved through exit lines at the top of the reactor.
All exit lines ffdfcRe reactor are steam traced and insulated. Polymerization is stopped by the addition
of a smalt amount ofwater 20inte thitexit Hpealongwitheamystabilizers or other additives and passing
the mixture through;a; static. mixer, . The product stream is then heated by passing through a heat
exchanger before deyolatilization. The polymer product is recovered by extrusion using a devolatilizing
extruder and water CootBUSFENETHPEY Bro & Hetails and results are contained in Table 2. Selected
polymer properties &reprbvidbainiiabidi8ng agents include: ferrocenium, hydrocarbyl-substituted

ferrocenium, Ag™ or P, Preferred embodiments of A® are those anions previously defined with
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Flow

respect to the Bronsted acid containing activating cocatalysts, especially
tetrakis{pentafluorophenyijborate.

Another suitable ion forming, activating cocatalyst comprises a compound which is a salt of
a carbenium ion and a noncoordinating, compatible anion represented by the formula:.

[CT A

th

wherein:

[C7" is a C;.p carbenium ion; and

A 1is a noncoordinating, compatible anion having a charge of -1, A preferred carbenium ion
is the trityl cation, that is triphenylmethylinm.

10 A further suiiable ion forming, activating cocatalyst comprises a compound which is a salt
of a silylium ion and a noncoordinating, compatible anion represented by the formula:

(QLSif A"
wherein:

Q‘ is Cy.qp hydrocarbyl, and A’ is as previously defined.

15 Preferred silyliuvm salt activating cocatalysts are trimethylsilylium
tetrakispentafluorophenytvorate, triethylsilylium tetrakispentafluorophenylborate and ether
substituted adducts thereof. Sitylium salts have been previously generically disclosed in 1. Chem
Soc. Chem. Comm., 1993, 383-384, as well as Lambert, J. B, et al., Organometallics, 1594, 13,
2430-2443, The use of the above silylium salts as activating cocatalysts for addition polymerization

20 catalysts is disclosed in US-A-5,625,087.

Certain complexes of alcohols, mercaptans, silanois, and oximes with
tris(pentafluorophenyDborane 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

25  alumoxanes, especially methylalumoxane (MAQ), triisobutyl aluminum modified methylalumoxane
(MMAQO), or isobutylalumoxane; Lewis acid modified alumoxanes, especially perhalogenated
tri(hydrocarbyljaluminum- or perhalogenated trilhydrocarbylboron modified alumoxanes, having
from 1 to 10 carbons in each hydrocarby! or halogenated hydrocarbyl group, and most especially
tris(pentafiuorophenylyborane modified alumoxanes, Such cocatalysts are previously disclosed in

30 US Patents 6,214,760, €,160,146, 6,140,521, and 6,696,379,

A class of cocatalysts comprising non-coordinating anions generically referred to as
expanded anions, further disclosed in US Patent 6,395,671, may be suitably employed to activate
the metal complexes of the present invention for olefin pelymerization., Generally, these cocatalysts
(illustrated by those having imidazolide, substituted imidazolide, imidazolinide, substituted

35  imidazolinide, benzimidazolide, or substituted benzimidazolide anions) may be depicted as follows:
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wherein;

A™ is a cation, especially a proton containing cation, and preferably is a trihydrocarbyl

ammonium catiop contaming one or twe Cioe alkyl groups, especially a methyidi

(Ciao alkyDammonium cation,

Q’, independently each occcurrence, is hiydrogen or a halo, hydrocarbyl, halocarbyl,

halohydrocarbyl, silylbydrocarbyl, or sily}, {including mono-, di- and tri(hydrocarbyl)silyl) group of

up to 30 atoms not counting hydrogen, preferabiy Cyy, alkyl, and

@’ is tris(pentafluorophenyb)borane or tris(pentaflucrophenyl)ahumane).

Examples of these catalyst activators include trihydrocarbylammonium- salts, especially,

methyldi(Cyspp allyl}ammonium- salts of!
bis(tris(pentaflucrophenylyborane)imidazolide,
bis{tris(pentafiuorophenylborane)-2-undecylimidazolide,
bis(ris{pentafluorophenyl)borane}-2-heptadecylimidazolide,
bis(fris(pentafluorophenyhborane)-4,5-bis(umdecylimidazolids,
bis(tris(pentaflucrophenyl)borane)-4,5-bistheptadecyl)imidazolide,
bis{tris{pentafiuorophenyl)borane)imidazolinide,
bis(tris(pentafiucrophenyl)borane)-2-undecylimidazolinide,
bis(iris(pentafinorophenyl)borane)-2-heptadecyiimidazolinids,
bis(iris(pentafluorophenyl)borane)-4,5-bis(undecylimidazolinide,
bis(tris(pentafluorophenyl)borane}-4,5-bis(heptadecyl)imidazolinide,
bis(iris(pentafinorophenylborane}-3,6-dimethvibenzimidazolide,
bis(tris(pentafluoropheny!yborane)-5,6-bis(undecyl)benzimidazolide,
bis{tris(pentafiuorophenylyalumans)imidazolide,
bis(iris(pentafluorophenyDaiumane)-2-vndecylimidazolide,
bis(tris(pentaﬂuo‘mphanyl}aiuma.ne:)-?.-heptadecyl imidazolide,
bis(iris(pentafluorophenylalumane)-4,5-bis(undecylimidazolide,
bis(tris(pentafivorophenyljalumane)-4, 5-bistheptadecyllimidazolide,

bis(tris(pentafluorophenyl)alumaneyimidazolinide,
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bis(tris(pentafluorophenylalumane)-2-undecylimidazolinide,
bis(tris(pentafluorophénylalumane)-2-heptadecylimidazolinide,
bis{frig(pentafluorophenyl)alumane}-4 5-bistundecyi)imidazolinide,
bis(tris(pentafluorophenylalumane)-4,5-bistheptadecylyimidazolinide,
bis(tris(pentafiuorophenyl)atumane)-5,6-dimethyibenzimidazelide, and
bis(tris{pentafiuorophenylalumane)-5,6-bis(undecyl)benzimidazolide.

Other activators include those described in PCT publication WO 98/07515 such as tris (2,
2', 2"-nonafluorobiphenyl)fluoroaluminate. Combinations of activators are also contemplated by
the invention, for example, alumoxanes and jonizing activators in combinations, see for example,
EP-A-0 573120, PCT publications WO 94/07928 and WO 95/14044 and US Patents 5,153,157 and
5:453,410. WO 98/09996 describes activating catalyst compounds with perchlorates, periodates
and iodates, incinding their hydrates. WO 99/18135 describes the use of organoboroaluminum
activators. WO 03/10171 discloses cétalyst activators that are adducts of Bronsted acids with
Lewis acids. Other activators or methods for activating a catalyst compound are described in for
example, US Patents 5,849,852, 5,859, 653, 5,869,723, EP-A-615981, and PCT publication
WQ 98/32775. All of the foregoing catalyst astivators as well as any other know activator for
transition metal complex caialysts may be employed alone or in combination according {0 the
present invention, however, for best results alumoxane containing cocatalysts are avoided.

The moiar ratio of catalyst/cocatalyst emploved preferably ranges from 1:10,000 to 100:1,
more preferably 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 2 molar basis, Tris{pentafluorophenyl)borane, where used as an
aciivating cocatalyst is emploved 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 catalyst A, catalyst B, one or more cocatalysts, and
chain shuttling agent C may be further elucidated by reference to Figure 1, where there are
illustrated activated catalyst site A, 10, which under polymerization conditions forms a polymer
chain, 13, atiached to the active catalyst site, 12, Similarly, active catalyst site B, 20, produces a
differentiated polymer chain, 23, attached to the active catalyst site, 22, A chain shuttling agent Cl,
attached to 2 polymer chain produced by active catalyst B, 14, exchanges its polymer chain, 23, for
the polymer chain, 13, attached to catalyst site A. Additional chain growth under polymerizaticn
conditions causes formation of a mulii-block copolymer, 18, attached to active catalyst site A.
Similarly, chain shuttling agent C2, attached to a polymer chain produced by active catalyst site A,

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

61



0.11-1.5588.510.3257.75 CCCCO0.1430.80.130.170.43,,0.26 419164 89.6 11.1 118.36 CC
CC4.92c.,,u0.1030.40.080.170.32 c, 0.18

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

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

i

opposite active catalyst site ccours. The growing polymer chaing may be recovered while attached
to a chain shuttling agent and functionalized if desired. Alternatively, the resulting polymer may be
recovered by scissicn from the active catalyst site or the shuttling agent, through uss of a proton
source or other killing agent.

1t is believed (without wishing to be bound by such belief), that the composition of the
10 respective segments or blocks, and especially of the end segments of the polymer chains, may be
influenced through selection of process conditions or other process variablies. In the polymers of
the invention, the nature of the end segments is determined by the relative rates of chain transfer or
termination for the respective catalysts as well as by the relative rates of chain shuttling. Possible
chain termipation mechanisms include, but are not limited to, 3-hydrogen elimination, fi-hydrogen
transfer to monomer, B-methyl elimination, and chain transfer to hydrogen or other chain-
terminating reagent such as an organosilane or chain functionalizing agent. Accordingly, when 2
Jow concentration of chain shuttling agent is used, the majority of polymer chain ends wili be
generated in the polymerization reactor by one of the foregoing chain termination mechanisms and
the relative rates of chain termination for catalyst (A} and (B) will determine the predominant chain
20 terminating moiety. That is, the catalyst having the fastest rate of chain termination will produce
relatively more chain end segments in the finished polymer.

In contrast, when a high concentration of chain shuttling agent is employed, the majority of
the polvmer chains within the reacter and upon exiting the polymerization zone are attached or

bound to the chain shuttling agent. Under these reaction conditions, the relative rates of chain

+J
[

transfer of the polymerization catalysts and the relative rate of chain shuttling of the twe catalysts
primarily determines the identity of the chain terminating moiety. If catalyst (A) has a faster chain
transfer and/or chain shuttling rate than catalyst (B), then the majority of the chain end segments
will be those produced by catalyst (A). .

At intermediate concentrations of chain shutiling agent, all three of the aforementioned
30  factors are instrumental in determining the identity of the final polvmer block. The foregoing
methodology may be expanded to the analysis of multi-block potymers having more than two block
types and for controlling the average block lengths and block sequences for these polymers. For
example, using a mixture of catalysts 1, 2, and 3 with a chain shuttling agent, for which each

catalyst type makes a different type of polymer block, produces a linear block copolymer with three

1
(W3

different block types. Furthermore, if the ratio of the shuttling rate to the propagation rate for the
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three catalysts follows the order 1>2>3, then the average block length for the three block types will
follow the order 3>2>1, and there will be fewer instances of 2-type blocks adjacent to 3-type blocks
than 1-type blocks adjacent to 2-type blocks.

Tt follows that a method exists for controlling the block length distribution of the various

5 biock types. For example, by selecting catalysts 1, 2, and 3 (wherein 2 and 3 produce substantially

the same polymer block type), and a chain shuttling agent, and the shuttling rate follows the order 1
> 2> 3, the resulting polymer will have a bimodal distribution of block lengths made from the 2 and
3 catalvsts.

During the polymerization, the reaction mixture comprising one or more monomers is

10 contacted with the activated catalyst composition according to any suitable polymerization
conditions. The process is characterized by use of elevated temperatures and pressures. Hydrogen
may be employed as 2 chain transfer agent for molecular weight control according to known
techniques if desired. As in other similar polymerizations, it is highly desirable that the monomers
and solvents emploved be of sufficiently high purity that catalyst deactivation does not occur. Any

15 suitabje technique for monomer purification such as devoiatilization at reduced pressure, contacting
with molecular steves or high surface area alumina, or a combination of the foregoing processes
may be employed. The skilled artisan will appreciate that the ratio of chain shuttling agent to one
or more catalysts and or monomers in the process of the present invention may be varied in order to
produce polymers differing in one or more chemical or physical properties.

20 Supports may be employed in the present invention, especially in slurry or gas-phase
polymerizations, Suitable supports include solid, particuiated, high surface area, metal oxides,
metalioid oxides, or mixtures thersof (interchangesbly referred fo herein as an inorganic oxide).
Examples include: talc, silica, alumina, magnesia, titania, zirconia, SnyO;, aluminosilicates,
borosilicates, clays, and mixtures thereof, Sultable supports preferably have a surface area as

25 determined by nitrogen porosimetry using the B.E.T, method from 10 to 1000 m*/g, and preferably
from 100 to 600 mzl'g. The average particle size typically is from 0.1 to 500 um, preferably from 1
to 200 wm, more preferably 10 to 100 pm.

In one embodiment of the invention the present catalyst composition and optional support
may be spray dried or otherwise recovered in solid, particulated form to provide & composition that

30 isreadily transported and handled. Suitable methods for spray drying a liquid containing shurry are
well known in the art and usefully employed herein, Preferred techniques for spray drving catalyst
compositions for use herein are described in US-A’s-5,648,310 and 5,672,669,

The polymerization is desirably carried out as a continuous polymerization, preferably a

continuous, solution polymerization, in which catalyst components, shuttling agent(s), monormers,

a2
th

and optionally solvent, adjuvanis, scavengers, and polymerization aids are continuously supplied to
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the reaction zone and potymer product continuously removed the.re from. Within the scope of the
terms “continucus” and “continuousty” as used in this context are those processes in which there
are intsrmittent additions of reactants and removal of products at small regular or irregular intervais,
50 that, over time, the overall process is substantially comtinuous.

The catalyst compositions can be advantageously empioyed in a high pressure, selution,
slurry, or gas phase polymerization process. For a solution polymerization process it is desirable to
employ homogeneous dispersions of the catalyst components in a lquid diluent in which the
polymer is soluble under the polymerization conditions employed. Cne such process utilizing an
extremely fine silica or similar dispersing agent to produce such a homogeneous catalyst dispersion
where either the metal complex or the cocatalyst is only poorly soiuble is disclosed in US-A-
5,783,512, A solution process to prepare the novel polymers of the present invention, sspecially a
continuous solution process is preferably carried out at 2 temperature between 80°C and 250°C,
more preferably between 100°C and 210°C, and most preferably between 110°C and 210°C. A high
pressure process is usually carried out at temperatures from 100°C to 400°C and at pressures above
500 bar (50 MPa). A slurry process typically uses an inert hydrocarbon diluent and teriperatures of
from 0°C up to a temperature just below the temperature at which the resulting polymer becomes
substantially soluble in the inert polymerization medium. Preferred temperatures in 2 slurry
polvmerization 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).

In all of the forsgoing processes, continuous or substantialty continuous polymerization
conditions are preferably employed. The use of such polymerization conditions, especially
continnous, solution polymerization processes employing two or more active polvmerization
catalyst species, allows the use of elevated reactor temperatures which results in the economical
production of multi-block or segmented copolymers in high yields and efficiencies. Both
homogeneous and plug-flow type reaction conditions may be empioyved. The latter conditions are
preferred where tapering of the block composition is desired.

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

At all times, the individual ingredients as well as any active catalyst composition must be

protected from oxygen and moistare. Therefore, the catalyst components, shuttling agent and
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activated catalysts must be prepared and stored in an oxygen and moisture free atmosphere,
preferably a dry, inert gas such as nitrogen.

Without limiting m any way the scope of the invention, one means for carrving out such a
polymerization process is as follows. In a stirred-tank reactor, the monomers to be polymerized are
introduced continuously together with any solvent or diluent. The reactor contains a liquid phase
composed substantially of monomers together with any solvent or diluent and dissolved polymer.
Preferred solvents include Cy.qp hydrocarbons or mixtures thereof, especialiy alkanes such as hexane
or mixtures of alkanes, as well as one or more of the monomers employed in the polymerization.

Catalysts (A) and (B) along with cocatalyst and chain shutiling agent are continuously or
intermittently introduced in the reactor liquid phase or any recycled portion thereof. The reactor
temperature and pressure may be controlled by adjusting the solvent/monomer ratio, the catalyst
addition rate, as well as by cooling or heating coils, jackets or both. The polymerization rate is
controlled by the rate of catalyst addifion. The ethylene content of the polymer product is
determined by the ratio of ethylene to comonomer in the reactor, which is controlied by
manipulating the respective feed rates of these components to the reactor. The polymer product
molecular weight is controlled, optionally, by controliing other polymerization variables such as the
temperature, menomer concentration, or by the previously mentioned chain transfer agent, as is well
known in the art. Upon exiting the reactor, the effluent is contacted with a catalyst kill agent such
as water, steain or an alcohol. The polymer solution is optionally heated, and the polymer product
is recovered by flashing off gaseous monomers as well as residual solvent or diluent at reduced
pressure, and, if necessary, conducting further devolatilization in equipment such as a devolatilizing
extruder. In a continuous process the mean residence time of the catalyst and polymer in the reactor
generally is from 5 minutes to 8 hours, and preferably from 10 minutes to 6 hours.

Alternatively, the foregoing polymerization may be carried out in a continuous ioop reactor
with or without a monomer, catalyst or shutfiing agent gradient established between differing
regions thereof, optionally accompanied by separated addition of catalysts and/or chain transfer
agent, and operating under adiabatic or nor-adiabatic solution polymerization conditiens or
combinations of the foregoing reactor conditions. Examples of suitable loop reactors and a variety
of suitable operating conditions for use therewith are found in USP’s 5,977,251, 6,315,989 and
6,683,149,

Although not as desired, the catalyst composition may also be prepared and employed as a
heterogeneous catalyst by adsorbing the requisite components on an inert inorganic ar organic
particulated solid, as previously disclosed. In an preferred embodiment, a heterogeneous catalyst is
prepared by co-precipitating the metal complex and the reaction product of an inert morganic

cotnpound and an active hydrogen containing activator, especially the reaction product of & tri (Ci.4

6
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alkyl) ajuminum compound and an ammonium salt of a hydroxyaryltris(pentafiuorophenylYborate,
such as an ammonium salt of (4-hydroxy-3,5-ditertiarybutylphenyDuris(pentafluoropheny!)borate.
When prepared in heterogeneous or supported form, the catalyst composition may be employed in &
slurry or a gas phase polymerization. As a practical limitation, slurry polymerization takes place in
5 liquid diluents in whick the polymer product is substantially insoluble. Preferably, the diluent for
slurry polymerization is one or more hydrocarbons with less than 5 carbon 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 polymetization, the ct-olefin comonomer or 2 mixture of different ci-
olefin monomers may be used in whole or part as the diluent. Most preferably at least a major part
10 ofthe diluent comprises the c-olefin monomer or monomers to be polymerized.

Preferably for use In gas phase polymerization processes, the support material and resulting
catalyst has a median particle diameter from 20 to 200 um, more preferably from 30 pm to 150 pm,
and most preferably from 50 pum to 100 um. Preferably for use in slurry polymerization processes,
the support has a median particle diameter from 1 pm to 200 pm, more preferably from 5 um to 100

15 um, and most preferably from 10 pm to 80 pm.

Suitable gas phase polymerization process for use herein are substantially similar to known
processes used commercially on a large scale for the manufacture of polypropylene, ethylene/ a-
olefin copolymers, and other olefin polymers. The gas phase process employed can be, for
example, of the type which employs a mechanically stirred bed or a gas fluidized bed as the

20  polymerization reaction zone. Preferred is the process wherein the polymerization reaction is
carried out in a vertical cylindrical polymerization reactor containing a fluidized bed of polymer
particles supported or suspended above a perforated plate or fluidization grid, by a flow of
fluidization gas,

The gas employed to fluidize the bed comprises the monomer or monomers to be

23 pelymerized, and also serves as a heat exchange medium to remove the heat of reaction from the
bed. The hot gases emerge from the top of the reactor, normally via a tranquilization zone, also
known as a velocity reduction zone, having 2 wider diameter than the fividized bed and wherein
fine particles entrained in the gas stream have an oppertunity to gravitate back into the bed. It can
also be advantageous to use a cyclone to remove ultra-fine particles from the hot gas stream. The

30 gas is then normally recycled to the bed by means of a blower or compressor and one or more heat
exchangers to strip the gas of the heat of polymerization.

A preferred method of cooling of the bed, in addition to the cooling provided by the cooled
recycle gas, is to feed a volatile liquid to the bed to provide an evaporative cooling effect, often

referred to as operation in the condensing mode. The volatile liquid employed in this case can be,

531
n

for example, a volatiie inert liquid, for example, a saturated hydrocarbon having 3 to §, preferably 4
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to 6, carbon atoms. In the case that the monomer or comonomer itself is a volatile liquid, or can be
condensed to provide such a liguid, this can suitably be fed to the bed to provide an evaporative
cooiing effect. The volatile liguid 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 1s below the dew
point, liquid will precipitate from the gas. This liquid is desirably recycled continuously to the
fluidized bed. 1t is possible to recycle the precipitated liquid to the bed as liquid droplets carried in

e recyele gas stream. This type of process is described, for example in EP-89691; 1U.S. 4,543,399,
WO-84/25495 and U.S. 5,352,749, A particularly preferred method of recyeling the liquid to the
bed is to separate the liguid from the recycle gas stream and 1o reinject this Hquid directly into the
bed, preferably using a method which gensrates fine droplets of the liquid within the bed. This type
of process is described in WO-94/28032.

The polymerization reaction occurring in the gas fluidized bed is catalyzed by the
continuous or semi-continuous addition of catalyst composition according to the invention. The
catalyst composition may be subjected to a prepolymerization step, for example, by polymerizing a
small quantity of olefin monomer in a liquid inert diluent, to provide a catalyst composite
comprising supported catalyst particles embedded in olefin polymer particles as well.

The polymer is produced directly in the fluidized bed by polymerization of the monomer or
mixture of monomers on the fluidized particles of catalyst compc;sition, supported catalyst
composition or prepolymerized catalyst composition within the bed. Start-up of the polymerization
reaction is achieved using 2 bed of preformed polymer particles, which are preferably sitnilar to the
desired polymer, and conditioning the bed by drying with inert gas or nitrogen. prior to introducing
the catalyst composition, the monomers and any other gases which it is desired to have in the

ecyele gas stream, such as a diluent gas, hydrogen chain transfer agent, or an inert condensable gas
when operating in gas phase condensing mode. The produced polymer is discharged continuousiy
or semi-continuously from the fluidized bed as desired.

The gas phase processes most suitable for the practice of this invention are continuous
processes which provide for the continuous supply of reactants to the reaction zone of the reactor
and the removal of products from the reaction zone of the reactor, thereby providing a steady-state
snvironment on the macro scale in the reaction zone of the reactor. Products are readily recovered
by exposure to reduced pressure and optionally elevated temperatures (devolatilization) according

to known techniques. Typically, the fluidized bed of the gas phase process is operated at
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temperatures greater than 50°C, preferably from 60°C to 110°C, more preferably from 70°C to
110°C,

Examples of gas phase processes which are adaptable for use in the process of this
invention are disclosed In US Patents: 4,588,790; 4,543 399; 5,352,749, 5,436,304; 5,403,922;
5,462,899 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.

T

As previously mentioned, functionalized derivatives of multi-block copolymers are also
inciuded within the present invention. Examples include meta.llatcd polymers wherein the metal is
the remnant of the catatyst or chain shuitling agent emploved, as well as further derivatives thereof,

10 for example, the reaction product of a metallated polymer with an oxygen source and then with
water to form a hydroxyl terminated polymer. In another embodiment, sufficient air or other
quench agent is added to cleave some or al) of the shuttling agent-polymer bonds thereby converting
at least a portion of the polymer to a hydroxyl terminated polymer. Additional examples include
olefin terminated polymers formed by fFhydride elimination and ethylenic unsaturation in the

15 resulfing polymer,

In one embodiment of the invention the multi-block copolymer may be functionalized by
maleation (reaction with maleic anbydride or its equivalent}, metallation {such as with an alicyl

. lithium reagent, optionally i the presence of a Lewis base, especially an amine, such as
tetramethylethylenediamine), or by incorporation of a diene or masked olefin in a copolymerization

20 process. After polymerization involving a masked olefin, the masking group, for example a
trihydrocarbylsilane, may be removed thereby exposing a more readily functionalized remnant.
Techniques for functionalization of pelymers are well known, and disclesed for example in usp
5,543,458, and elsewhere.

Because a substaniial fraction of the polymeric product exiting the reactor is {erminated

25 with the chain shuttiing agent, further functionalization is relatively easy. The metallated polvmer
species cat be utilized in well known chemical reactions such as those suitable for other atkyl-
atuminum, aliyl-gallinm, alkyli-zinc, or alkyl-Group | compounds to form amine-, hydrexy-, epoxy-,
ketone, ester, nitrile, and other functionalized terminated polymer products. Examples of suitable
reaction technigues that are adaptable for use here in are described in Negishi, "Orgaonmetallics in

30 QOrganic Synthesis™, Vol. | and 2, (1980), and other standard texts in organometallic and organic

synthesis.

Polvmer Products

Utilizing the present process, novel polymers, especially olefin interpolymers, including
35  muiti-block copolymers of one or more olefin monomers, are readily prepared. Highly desirably,
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0.32CCc12271.10.06 CC"CC 0.09 1743 0.08 367 1.16 90.74 8.4 106.0 * Comparative, not an
example of the invention standard cm3/min
2.[N-(2,6-di(1-methylethyfiphenyfiamido)(2-isopropylphenyl)(a-naPlithalen-2-diyi(6-Pyridin-2-diyfimetha
neAhaftilum dimethyl bis-(1-(2-methylcyclohexyl)ethyl)(2-oxoy1-3,5-di(t-butyl)phenyl)Ummino)
zirconium dihenzyl 4. molar ratio in reactor 5. polymer production rate 6. percent ethylene conversion
in reactor 7 efficiency, kg polyiner/g M where g 11.4 g 11f+ g Zr Table] Ex. 1)* Density tgent3) 12 110

110/12 Mw (ﬁ/etBQi})ncrs are interpolymers comprising in polymerized form ethyviene and at least one Cagp o-
olefin comonomer, and optionally one or more additional copolymerizable comonomers. Preferred
a-olefins are Cyp n-olefins. Suitable comonomers are selected from diolefins, cvelic olefing, and

cvelic diolefins, halogenated vinyl compounds, and vinylidene aromatic compounds. More

i

particularly the present invented polymers include the following specific embodiments,
in a first embodiment, the invention is an interpolymer having at least one melting point,

T, 10 degrees Celoius and density, d¥, in grams/cubic centimeter, wherein the numerical values of

the variables correspond to the relationship:

T, > -2002.9 + 4538.5(d%) — 2422 2(d*¥, and wherein the interpofymer has a My/M, from

16 1.7t03.5.

In a second embodiment, the inveption is an interpolymer having at least one melting point,
Ta In dég:*ees Celeius and density, d*, in Igramsf cubic centimeter, wherein the numerical values of
the variables correspond to the relationship:

Tw> -6288.1 + 13141(d%) - 6720.3(d*)".

15 In a third embodiment, the invention is an interpolymer having at least one melting peint,
Tm, in degrees Celcius and density, d*, in grams/cubic centimeter, wherein the numerical values of
the variables correspond to the relationship:

Tw> 858.01 — 1825.3(d*) + 1112.8(d* ).
In a fourth embodiment, the inveution comprises an interpolymer comprising in

20 potymerized form ethylene and a Cs.p o-olefin, said interpolymer having a delta quantity (tallest

DSC peak minus tallest CRYSTAF peak) greater than the quantity, y*, defined by the equation:

v¥ > -0.1299(AH) + 62.81, preferably the equation:
v* > -0.1299(AH) + 64 .38, and more preferably the eqguation:
y* > 0.1299(AH) + 65.95,

3
tn

at a heat of fusion up to 130 J/g, wherein the CRYSTAF peak is determined using at least 5
percent of the cumulative polymer (that is, the peak must represent at least 5 percent of the
cumulative polymer), and if less than 5 percent of the polymer has an identifiable CRYSTAF peal,
then the CRYSTAF temperature is 30°C, and AH is the numerical value of the heat of fusion in J/g.
More preferably still, the highest CRYSTAF peak comprises at isast 10 percent of the cumulative
3¢ polymer. Figures 3-27 and 36-49 show the DSC and CRYSTAF curves for many examples of the
imvention as well as many comparative polymers Peaksused for caloulating the delta quantity, y*,
are identified in each figure along with integrated area under the curve (indicating percentage of
cumulative polymer). Figures 2 and 50 shows plotted data for examples of the invention as well as
comparative examples. Integraied peak areas and peak temperatures are calcutated by the

35  computerized drawing program supplied by the instrument maker. The diagonal line shown for the
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random ethylene octene comparative polymers corresponds to the equation y* = -0.1299 (AH) +
62.81.

In a fifth embodiment, the invention is an interpolymer having a tensile strength above 10
MPs, preferably a tensile sirength > 11 MPa, more preferably a fensile strength > 13MPa and an
elongation at break of at least 600 percent, more preferably at Jeast 700 percent, highly preferably at
least 800 percent, and most highly preferably at least 900 percent at a crosshead separation rate of
11 em/mivute.

In a sixth embodiment, the invention is an Interpolymer having a delta quantity (tallest DSC
peak temperature {measured from the baselire) minus tallest CRYSTAF peak temperature (i.e.,
highest numerical value of dW/dT)) greater than 48°C and a heat of fusion greater than or equal to
130 J/gm, wherein the CRYSTAF peak is deterrnined using at least 5 percent of the cumulative
polymer {that is, the pealt must represent at least 5 percent of the cumulative polymer), and if less
than 5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF temperature
1s 30°C. More preferably still, the highest CRY STAF peak comprises at least 10 percent of the
cumulative potymer. Figures 3-27 and 36-49 show the DSC and CRYSTAF curves for many

examples of the invention as well as many comparative polymers Peaks used for calculating the

delta quantity, v*, are identified in each figure along with integrated area under the curve
(indicating percentage of cumulative polymer). In Figures 2 and 50 the vertical line illustrates AH =
130 J/g and the horizontal line illustrates y* = 48°C.

In a seventh embodiment, the invention is an interpolymer having a storage modulus ratio,
G(25°C)/G’(100°C), of from 1 to 5, preferably from ! to 20, more preferably from 1 to 10, and a
70°C compression set of less than 80 percah‘z, preferably less than 70 percent, especially less than
60 percent, down to a compression set of § percent.

In an eighth embodiment, the invention is an interpolymer having & heat of fusion of less
than 85 J/g and a pellet blocking strength of equal to or less than 100 pounds/foot” (4800 Pa),
preferably equal to or less than 50 Ibs/ft* (2400 Pa), especially equal to or less than 5 ths/ff (240
Fa), and as jow as 0 [bs/ft’ (0 Pa).

In z ninth embodiment, the invention is a uncrosslinked, elastomeric, interpolymer
comprising in polymerized form at least 50 mole percent sthylene, having a 70°C compression set of
less than 80 percent, preferably less than 70 percent, most preferably less than 60 percent.

I a tenth embodiment, the invention is an olefin interpolymer, preferably comprising
ethylene and cne or mors copolymerizable comonomers in polymerized form, characterized by
multiple blocks or segments of two or more polymerized monomer units differing in chemical or
physical properties (blocked interpolymer), most preferably a multi-block copolymer, said block

interpolymer having a molecuiar fraction which elutes between 40°C and 130°C when fractionated
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using TREF, characterized in that said fraction has a molar comonomer content higher, preferably at
least 5 percent higher, more preferably at least 10 percent higher, than that of a comparable random
ethylene interpolymer fraction eluting between the same temperatures, wherein said comparable
random ethylens interpolymer comprises the saine comonomer{s), and has a melt index, density,
and molar comonomer content (based on the whole polymer) within 10 percent of that of the
biocked interpelymer. Preferably, the Mw/Mn of the comparable interpolymer is also within 10
percent of that of the blocked interpolymer and/or the comparable interpolymer has a total
comonomer content within 10 weight percent of that of the blocked interpolymer.

Comonomer content may be measured using any suitable technique, with techniques based
on nuclear magnetic resonance (NMR) spectroscopy preferred. Moreover, for polvmers or blends
of polymers having relatively broad TRET curves, the polyrer desirably is first fractionated using
TREF inte fractions each having an eluied temperature range of 10°C or less, That is, each eluted
fraction has a collection temperature window of 10°C or less. Using this technique, said blocked
interpolymers have at {east one such fraction having a higher molar comonomer content than a
corresponding fraction of the comparable interpolymer.

Preferably, for interpolymers of ethylene and 1-octene, the blocked interpolymer has a
comonomer content of the TREF fraction eluting between 40 and 130°C greater than or equal {o the
quantity {- 0.2013) T+ 20.07, more preferably greater than or equal to the quantity (-0.2013) T+
21.07, where T is the numerical value of the peak elution temperature of the TREF fraction being
compared, measured in °C.

Figure 54 graphically depicts the foregoing embodiment of the invention for blocked
interpolymers of ethylene and 1-octene where 2 plot of the comonomer content versus TREF elution
temperature for several comparable ethylene/1-octene interpolymers (random copolymers) are fit to
a line representing (~ 0.2013) T + 20.07 (solid line). The line for the equation (- 0.2013) T + 21.07
is depicted by a dotted line. Also depicted are the comonomer contents for fractions of several
blocked ethylene/1-octene interpolymers of the invention {multi-block copolymers). All of the
blocked interpolymer fractions have significantly higher 1-octene content than either line at
equiifalant elution temperatures, This result s characteristic of the mulii~block copolymers of the
invention and is believed to be due to the presence of differentiated blocks within the polymer
chains, having both crystalline and amorphous nature.

Figure 55 graphically displays the TREF curve and comonomer contents of polymer
fractions for Example 5 and comparative ¥, The peak eluting from 40 to 130°C, preferably from
60°C to 95°C for both polymers is fractionated into three parts, each part eluting over a temiperature
range of less than 10°C. Actual data for Example 5 is represented by triangles. The skilled artisan

wilt appreciate that an appropriate calibration curve may be constructed for interpolymers
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comprising different comonomers and a line used as a comparison fitted to the TREF values
obtained from comparative interpolymers of the sarme monomers, preferably random copolymers
made using 2 metallocene or other homogeneons catalyst composition. Blocked interpolymers
corresponding to the present invention are characterized by a molar comonomer content greater than
5 the value determined from the calibration curve at the same TREF elution temperzturs, preferably at
least 5 percent greater, more preferably at least 10 percent greater.
For copolymers of .ethylene and an g-olefin, the inventive polymers preferably possess a
PDI of at least 1.7, more preferably at least 2.0, and most preferably at least 2.6, up to a maximum
value of 5.0, more preferabiy up to 2 maximum of 3.5, and especially up to 2 maximmum of 2.7, a
10 A heat of fusion of 80 J/¢ or less, an ethylene content of at least 50 weight percent, & glass transition
temperature, T,, of less than -25°C, more preferably less than -30°C, and/cr one and only one Ty,
The polymers may be further characterized by a thermomechanical analysis penetration
depth of 1 mm at & temperature of at least 90°C as well as a flexural modulus of from 3 kpsi (20
MPa) to 13 kpsi (90 MPa). Alternatively, the present polymers can have a thermomechanical
analysis penetration depth of 1 mum af & temperature of at least 104°C as well as a flexural moduius
of at least 3 kpsi (20 MPa). The inventive interpolymers may be further characterized as having a
70°C compression set of less than 80 percent, preferably less than 70 percent, most preferably less
than 60 percent. The inventive polymers further inay be characterized as having an abrasion
resistance (or volume loss) of less than 90 mm’. ‘ Further, the inventive polvmers can have, alone or
20 incombination with any other properties herein disclosed, a storage modulus, (', such that log (G”)
is greater than or equal to 400 kPa, preferably greater than or equalto 1.0 MPa, at a temperature of
100°C. Moreover, the olefin polymers of the invention possess a relatively flat storage modulus as
a function of temperature in the range from 0 to 100°C {illustrated in Figure 35) that is characteristic
of block copolymers, and here-to-before unknown for an all olefin copotymer, especially a

copolymer of ethylene and one or more Cys aliphatic a-olefins. (By the term “relatively flat” in this

{30
Lo

context is meant that log G' (in Pascals) decreases by less than one order of magnitude between 50
and 100°C, preferably between 0 and 100°C). Additionally, the polymers of the invention can have
a-melt index, L, from 0.01 to 2000 g/10 minutes, preferably from .01 to 1600 g/10 mimutes, more
preferably from 0.01 to 500 g/10 minutes, and especially from 0.01 to 100 g/10 minutes. The

50 invented polymers can have molecular weights, M, from 1,000 g/mole to 5,000,000 g/mole,
preferably from 1000 g/mole to 1,000,000, more preferably from 10,000 g/mole to 500,000 g/mole,
and especially from 10,000 g/mole to 300,000 g/mole. The density of the invented polymers can be
from 0.80 to 0.99 g/em’® and preferably for ethylene containing polymers from 0.85 g/ om® to 0.97

olom’.
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The polymers of the invention may be differentiated from conventional, random
copolymers, physical biends of polymers, and block copolymers prepared via sequential monomer
addition, fluxional catalysts, anionic or catienic living polymerization techniques. In particular,

compared to a random copolymer of the same monomers and monomer content at equivalzant

L

crystallinity or modutus, the polymers of the invention have better {higher) heat resistance as
measured by melting point, kigher TMA penetration temperature, higher high-temperature tensile
strength, and/or higher high-temperature torsion storage modulus as determined by dynamic
mechanical analysis. Compared to a random copolymer comprising the same monomers and
monomer content, the inventive polymers have lower compression set, particularly at elevated

10 temperatures, lower stress relaxation, higher creep resistance, higher tear strength, higher blocking
resistance, faster setup due to higher crystallization (solidification) temperature, higher recaovery
(particularly at elevated temperatures), betier abrasion resistance, higher retractive force, and better
oil and filler acceptance,

The present polymers also exhibif 2 unique crystallization and branching distribution
relationship. That 1s, the present polymers have a relatively large difference between the tallest
peak teroperature measured using CRYSTAF and DSC as a function of heat of fusion, especially as
compared to random copolymers comprising the same monomers and monormner isve! or physical
blends of polymers, such as a blend of a high density polymer and a lower density copelymer, at
equivalent overall density. It is believed that this unique feature of the invented polymers is due to
20  the unique distribution of the comonomer in blocks within the polymer backbone. In particuiar, the
polymer desirably comprises alternating blocks of differing comonomer content (including
homopolvmers blocks). The polymers desirably comprise a distribution it number and/or black
size of polymer blocks of differing density or comonomer content, which is a Schultz-Flory type of

distribution. In addition, the inventive polymers also have a peak melting point and crystallization

v
Ln

temperature profile that, uniquely, is independent of polymer density/modutus morphology. Ina
preferred embodiment, the microcrystalline order of the polymers demonstrates characteristic
spherulites and lamellae that are distinguishable from random or block copolymers, even at PDI
values that are less than 1.7, or even less fhar 1.5, down to less than 1.3. The unique crystalline
morphology of the invented polymers is believed to result in good barrier properties due to

30 increased tortuosity of the crystalline morphology, which makes the polymers suitable for use in
sasketing and sealing applications, such as bottle cap liners and films for produce, meat, and food
packaging. Figure 28 contains low resolution optical micrographs of pressed films showing the
microerystaliine structure of three muifi-block copolymers of the present invention (all having about
0.88 density) but made with differing levels of chain shuttling agent showing varied spherulitic

35 structure as well as three comparative polymers, a substantially linear ethylene/ 1-octene copolymer
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(Affinity™ copolvmer of 0.875 glem’ density, available from The Dow Chemical Company), a
linear polyethylene having density of 0.94 g/em®, and a polyethylene blend made with dual catalysts
in 2 single reactor (in-reacter blend). Figure 29 contains four high resolution scanning electron
micrographs (100 nm scale), three taken of the above samples of the invented polymers made with
high, medium and low levels of chain shuttling agent in the reactor, as well as a comparative
photomicrograph of the substantially linear ethylene/ [-octene copolymer (Affinity™ copolymer of
0.875 g/em’ density). Comparison of the three photographs of polymers of the invention generally
show a reduction in lameliae thickness and length with increasing leveis of chain shuttling agent.
Moreover, the present poiymers may be prepared using technlgues to influence the degree
or level of blockiness. That is the amount of comonomer and length of each polvmer block or
segment can be altered by controlling the rafio and type of catalysts and shuttling agent as well as
the temperature of the polymerization, and other polymerization vartables. A surprising benefit of
this phenomenon is the discovery that as the degree of blockiness is increased, the optical
properties, tear strength, and high temperature recovery properties of the resulting polymer are
improved. In particular, haze decreases while clarity, tear strength, and high temperature recovery
properties increase as the average number of blocks in the polymer increases. By selecting shuttling
agents and catalyst combinations having the desired chain transferring ability (high rates of
shuttling with low levels of chain termination) other forms of polymer termination are effectively
suppressed. Accordingly, little if any f-hydride elimination is observed in the pofymerization of
ethylene/ ¢-olefin comonomer mixtures according to the invention, and the resulting crystalline
blocks are highly, or substantially compietely, linear, possessing little or no long chain branching.
Another surprising benefit of the invention is that polymers wherein chain ends are highly
crystalline can be selectively prepared. In elastomer applications, reducing the relative quantity of
polymer that terminates with an amorphous biock reduces the intermoiecular difutive effect on
crystaliine regions. This result can be obtained by choosing chain shuttling agents and catalysts
having an appropriate response to hydrogen or other chain terminating agents. Specifically, if the
catalyst which produces highty crystalline polymer is more susceptible to chain termination (such as
by use of hydrogen) than the catalyst respoasible for producing the less crystalline polymer segment
(such as through higher comonomer incorporation, regio-error, or atactic polymer formation), then
the highly crystalline polymer segments will prefersntially populate the terminal portions of the
polymer. Not only are the resulting terminated groups crystalline, but upon termination, the highly
crystaliine polymer forming catalyst site is once again available for reinitiation of polvmer
formation. The initially formed polymer is therefore another highly crystalline polymer segment.

Accordingly, both ends of the resuliing multi-block copolymer are preferentially highly crystalline.
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The abitity of the present muiti-block copolymers made from ethylene and a comonomer
such as ]-octene to retain high melting temperature properties is illustrated by reference to Figure
34, which is a graph of crystalline melting point as a function of density (cornonomer content). At
lower densities, crystalline melt temperatures are not significantly reduced compared to those of

5 higher density multi-block copolymers according to the invention {line}, whereas conventional

random copolymers typically follow a well known curve reflecting loss of peak crystalline melt
femperature as density is reduced.

Other highly desirable compositions according to the present invention are elastomeric
interpolymers of ethylene, a Cs.p0 t-olefin, especially propylene, and optionally one or more diene

10 monomers. Preferred a-olefins for use in this embodiment of the present invention 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 suitzbie a-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 w-olefin is
propyiene. The propylene based polymers are generally referred to in the art as EP or EPDM

15  polymers. Suitable dienes for use in preparing such polymers, especially multi-biock EPDM type
polymers include conjugated or non-conjugated, straight or branched chain-, eyelic- or pelyeyclic-
dienes containing from 4 to 20 carbons. Preferred dienes include 1,4-pentadiene, 1,4-hexadiene, 5-
ethylidene-2-norbornene, dicyclopentadiene, cyclobexadiene, and S-butylidene-2-norbornene. A
particularly preferred diene is 5-ethylidene-2-norbornene.

20 Because the diene containing pelymers contain alternating segments or biecks containing
greater or lesser quantities of the diene (including none) and g-olefin {including none), the total
guantity of diene and c-olefin may be reduced without loss of subsequent polymer properties. That
is, because the diene and o-olefin monomers are preferentially incorporated into one type of block
of the polymer rather than uniformty or randomiy throughout the polymer, they are more efficiently

25 utilized and subsequently the crosslink density of the polymer can be better controlled, Such
crosslinkable elastomers and the cured products have advantaged properties, including higher
tensile strength and better ¢lastic recovery.

Desirably, the polymers of the Invention made with two catalysts incorperating differing
quantities of comenomer have a weight ratio of blocks formed thereby from 95:5 10 5:95. The

50  elastomeric polymers desirably have an ethylene content of from 20 to 90 percent, 2 diene content
of from 0.1 to 10 percent, and an o-olefin content of from 10 to 87 percent, based on the total
weight of the polymer. Further preferably, the multi-block elastomeric polymers of this
embodiment of the invention have an ethylene content of from 60 to 80 percent, a diene content of
from 0.1 to 10 percent, and an a-olefin content of from 10 to 40 percent, based on the total weight

35  ofthe polymer. Preferred polymers are high molecular weight polymers, having 2 weight average
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molecutar weight (Mw) from 10,000 to abowt 2,500,000, preferably from 26,000 to 500,000, more
preferably from 20,000 to 350,000, and a polydispersity less than 3.5, more preferably less than 3.0,
and 2 Mooney viscosity (ML (1+4) 125°C.) from 1 to 250,
More preferably, such polymers have an ethylenelcontent from 65 1o 75 percent, a diene
5 content from 0 to 6 percent, and an a-olefin content from 20 to 35 percent.

The polymer may be oil extended with from 5 to about 75 percent, preferably from 10 to 60
percent, more preferably from 20 to 50 percent, based on total composition weiglt, of 2 processing
oil. Suitable oils include any oil that is conventionally used in mamifacturing extended EPDM
rubber formulations. Examples include both naphthenic- and paraffinic- oils, with paraffinic oils

16 being preferred.

Highly desirably a curable EPDM rubber formulation is prepared by incorparation of one or
more curing agents along with conventional accelerators or other adjuvants. Suitable curing agents
are sulfur based. Examples of suitable sulfur based curing agents inciude, but are not limited to,
sulfur, tetramethylthivram disulfide (TMTD), dipentamethylenethiuram tetrasulfide (DPTT), 2-

15 mercaptobenzothiazole (MBT), 2-mercaptobenzothiazolate disulfide (MBTS), zinc-2-
mercaptobenozothiazolaie (ZMBT), zinc diethyldithiocarbamatezine (ZDEC), zinc
dibutyidithiocerbamate (ZDBC), dipentamethylenethivram tetrasulfide (DPTT), N-t-
hutytbenzothiazole-2- sulfanamide (TBBS), and mixtures thereof. A preferred cure system includes
a combination of sulfur, MBT and TMTD. Desirably-, the foregoing components are employed in

20 amounts from 0.1 to 5 percent, based on total composition weight.

A preferred elastomer composition according to this emboediment of the invention may also
include carbon black. Preferably, the carbon black is present in the amount of from 106 to §0
percent, more preferably from 26 to 60 percent, based on total composition weight.

Additional components of the present formulations useftlly employed according to the

25  present invention include various other ingredients in amounts that do not detract from the
properties of the resultant composition, These ingredients include, but are not limited to, activators
such as calcinm or magnesium oxide; fatty acids such as stearic acid and salts thereof; fillers and
reinforcers such as calcium or magnesium carbonate, silica, and aluminum silicates; plasticizers

such as dialkyl esters of dicarboxylic acids, antidegradants; softeners; waxes; and pigments.

30
Applications and End Uses
The polymers of the invention can be useful employed in a variety of conventional
thermoplastic fabrication processes to produce useful articles, including objects comprising at least
one film layer, such as a monolayer film, or af feast one laver in 2 multitayer film prepared by cast,
35 blown, calendered, or extrusion coating processes; molded articles, such as blow molded, injection
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76,800 39,400 1.9 169 125 112 80 45 88 The resulting polymers are tested by DSC and ATREFF
as with previous examples. Results are as follows: The DSC curve in Figure 7 (polymer of example
5) shows a peak with a 119.6 C melting point (Tm) with a heat of fusion of 60.0 J/g. The corresponding
CRYSTAF curve shows the tallest 5peak at 47.6C with a peak area of 59.5 percent. The delta
between the DSC Tm and the Tcrystaf is 72.0C. The DSC curve in Figure 8 (polymer of example
6) shows a peak with a 115.2 C melting point (Tm) with a heat of fusion of 60.4 Pg. The corresponding

CRYSTAF Cmeeahewe&h@s&aalaﬁtce@a&tagﬂ)ﬂ@ﬁwmﬁd W@%@%M @ﬁr@@nth&%ﬁeﬁ@ between
the DSC Tm and the Tcrgstaf iIs 1071.0C, The D % [ve, in F| T&a #zmer ?f example 7)

shows a peal AT E TS V3R MEltin rf)‘q’()elnr%C th-aheat u%t?osr}wd & 25HEShonding
CRYSTAF c@N@@H@Wé%ﬁé&éﬂé&%@%@ﬁﬂ%Q@Wﬂﬁ%%éa‘f@é’f@a é‘ft@@i@laﬁer@eiwilzﬂﬁe delta between

the DSC Tm angathe kensiaf is#2nikG: 15 The oGt cunmpinstigre li@}(ﬁﬁlﬂ:ﬂﬂﬂﬁmtea@@ﬁﬁlﬁ— 8) shows a
peak with a 1235, ¢ malting. Bpint (LI W h%—@ Lol UPIoNLL.0%3 fd, TR Cottespanding CRYSTAF

curve shows the tallest peak at 80.1C with a pea area of 12.7 percent. The c etween the DSC
Tm and the TEXySRaLISAS BEYTHE DS &Y ‘?Wé"i’n Figure 11 (polymer of example 9) shows a peak with
a 124.6 C melting 20tpsitiaf Tng) bwithrarhidatofitusionobéBbeRgr TheicorespontdnGhE&RYSTAF curve

shows the tallgst ﬁg&@ﬁ@&%&e&@ aReakptea Afde) RergantThs dsl ms%@@c Tm and
the Tcrystaf is 43.8 The DSC curve in

gure 12 #%)[ymeroof examg ) shows a peak with a
115.6 C meltfﬁﬁ%’ﬂ?ﬂﬁi’(ﬁ% QAT SRS RISBHST 60 T Bg° THE eSrrésh n@ﬁ’gé’éﬁ‘?ééfﬁﬁfi curve
shows the taHe@ﬁ@Bh@wmm@%awmﬁG@ageaMﬁeé‘bﬁﬂzm pereemtd Thevdeitddetveen the DSC Tm
and the Tcrygiafiiged 4 1Sp 3,453 NEsDLP Gerlding m&%iwe Aéh(agéymﬁamu@@@aﬁiewmﬁlapﬁ&@, peak with

all36C meltl@t% % 2 es% rg) )éywth a eat f rl;gG lon ¢ 2159 ;es (rgr’g%pf)f?"r@%gr@{STAF curve

shows the tafiés CWith 4 p piea area o percen 'the DSC Tm and
the Tcrystaf |§XQEF7@I1§L@d co-S T PYSCAUREI BRI S bty fdtesf exampte EP)sshdhara peak with a
113.2 C melting Q&hﬁo@}ﬂa}s\/ﬂm@eﬁ&eﬁ Hision oAl BRgrlhe contesponRdipgGRY ST eurve

shows nQ peak equal to or rv ¥ Tor : 0 calc isiherefore set at
R L e e

(polymer of e’%&ﬁﬁ’ﬁl‘é%‘%é%& FPEHE HRIFS PR ABRIHBR R Ot (FATIPSHEPY RBPETHES6N of 49.4
Jig. The corresfinnding-cRYSTA Fectinved Sitoviubritwcthlieistepeak at B3:8 @ vidihiampealkarea of 7.7

percent. The&ﬁi&%&@%@&@ theReé Hnand.h gﬁ\é%%@%%i BIhe RRG:CURdFigure 16

(polymer of example 14) shows a peak with a 120.8 C melting point (Tm) with a heat of fusion of 127.9
Jig. The corrégﬁéﬁﬂ#?&f‘ A% curve shows the tallest peak at 72.9 C with a peak area of 92.2
percent2The delta BtpeeerntiecB3@:dms and thedlierystafis 4y 8CrTkeuD8Cheprvaeinmelgures 17

(polymer of e&ﬂ%?&'ﬁa%@ﬂ%%ﬁ&x@ﬁ@@ﬁ&ﬁh Bolokd B dnMmeting:H0 nemmxigapowm@z@&sers@ws'on of

36.2 J/g. The corre ondjing CRY AF curve sh Il ak a th a eak area of 9.8
percent. The G&it& bagt%se({ao i B n%caé{ﬁe% gﬁﬂéﬁr}//gétz s’%}“gg SERESH Figure 18

(polymer of exarie EGYSHoWIZPRERDPNT BSE1s BB thEltHep p@mrcmn)%ﬁfhcatﬁém eitdirsion of 44.9

l/g. The correspanding & BY-STARguwRighowsdhe ialiostdoneal a4t Cwitnaippak ampa of 65.0
percent.,}'sl'he de ga b(etween tpaebDSC m and III;] 1er

ng (for example by Use of maisic an Ssﬁanes or other grafuing agent),
halogenation, amination, sulfonation, or other chemical modification.

Additives and adjuvants may be included in any formulation comprising the present
polymers. Suitable additives inciude fillers, such as organic or inorganic particles, including clays,
tale, titanium dioxide, zeolites, powdered metals, organic or inerganic fibers, including carbon

30 fibers, silicon nitride fibers, stee! wire or mesh, and nylen or polyester cording, nano-sized particles,
clays, and so forth; tackifiers, oil extenders, including paraffinic or napthelenic oils; and other
natural and synthetic polymers, including other polymers according to the mveniion.

Suitable polymers for blending with the polymers of the invention include thermoplastic

and non-thermoplastic polymers including natural and synthetic polymers. Exemplary polymers for

35 blending include polypropylene, (both impact modifying pelypropylene, isotactic polypropylene,
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The DSC curve in Figure 19 (polymer of example 17) shows a peak with a 116.0 C melting point (Tm)
with a heat of fusion of 47.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at 43.1 C
with a peak area of 56.8 percent. The delta between the DSC Tm and the Tcrystaf 20is 72.9C. The
DSC curve in Figure 20 (polymer of example 18) shows a peak with a 120.5 C melting point (Tm) with
a heat of fusion of 141.8 J/g. The corresponding CRYSTAF curve shows the tallest peak at 70.0 C with
a peak area of 94.0 percent. The delta between the DSC Tm and the Tcrystaf is 50.5 C. 25The DSC
curve in Figure 21 (polymer of example 19) shows a peak with a 124.8 C meltin int (Tin) with a
neat of fusior B ST e e e D R EN 20 C with
peak area of 8P HErEEh e THE BT Wé@%th@%@@w bhBRReretsear B myudin¥he DSC curve
in Figure 25 (eamparaiie B) showstaPealdwiilTagd-3eariting peaint-30ETrn) with-a heakef fusion of
31.6 Jig. The gorgspanding ERYSEARsH sbannpoReakdualdaand.ahoye 30C, ol of these

values are consistent with a resin that is low in density. The delfa between the DSC Tm gnd the
Terystaf i§ 7.38Y1 2Ry SE CHiReIn Bititeh 26 (R RpEralive By ShowR s pediishin aes4% C
melting point £R%)swith<bhedtof fusionmofyiize. 8uS g, ddmmod dgpondnthCRYSTAR CGBRESshows the

tallest peak %Z%%agjmj@g%%ake@es@s.oﬁ&ﬁggeega&e,%im;bsqua@é@fypﬁ%@éﬁ gRnsistent with a resin
that is high inFﬁensity. he delta betw enh}t)he SCTm arrzrgo the Tclrg/st?f Is 44.6C. The DSC curve in

Figure 27 (co aﬁ?fﬁ?f\sfeeﬁflgﬁeoavl\l/spéoﬁgg Swith s PO BT IR ROIRT (FR Wit hEEbFfusion of 90.4
J/g. The corrésgondiitgaER YEFAEC eishisisththeailest Pealicd4rpoC andt g Pt 8ped of 19.5
percent.{Fhe separatisnhetveendhe.iwnpeakenis cosisteatwilhithesprasense of batha high
crystalline andgefl IovvS crystalline polymer. The delta between the DSC Tin and the Tcrystaf is 47.2C.
Physical Propperfgln‘?:e'sting 10Polymer samples are evaluated for physical properties such as high
temperature resistaffé&aptoperiies ladbefersrceaBIviACtepErin rate shh§opaIrettiR¥eking strength,
high temperateisencyeyydiighite npératui gonpreksions setsendastoragemadelbissratio,

0125C)/0'(100G) 2eval 8l rﬁ&ﬂ%@!ﬁ@l%@%@;m?egﬁmgﬁe@(%g')?%%gr i heestz.Somagative G*is
a substantially linear ethylene/1-octene cop%?/mer (AFFINITYTm KC88520, avdilable from The Dow

15Chemical CBIRHEHSY, B MITERH0ES EPE I 81 ABnserit (RO Shen ARA G AFE AP SHHTIRITE/ 1-octene
copolymer (AERBINIFYDhHEG 20yt pdiien fromch re ipie@ireubaliCemparyyiComparative | is a

substantially lipgar ethylene/i-ociens SoRRXMSLLATBILY: Pl840 availahle.from Fhe Dow,.Chemical
Company), Comparative | is a hydro elaf%ted slgyrlene/butadiene/st rene triplock copolymer (KratonTm
01655 A SRR NS TS O R 2 Ao N oML Anizate (TP
polyolefm blend contairsldisperdentitibrsin of Brosskinkettcimstoarer coRestfis areqreseated in Table

4. Tabled High-Temperatues MashanigatRiopsties fexpiMAnamaoensttationd @hRaletBlocking
Strength Ib/ft%glélg@?ngo(gSC / G'(I}

ethviene a cp 29 c%?)olymerizabie comonomer accarding fo the invention, are uniguely
capable of forming core-shell type particles having hard crystalline or semi-crystalline blocks in the
form of a core surrounded by soft or elastomeric blocks formiing a “shell” around the occluded
domains of hard polymer. These particles are formed and dispersed within the matrix polymer by

the forces incurred during melt compounding or blending. This highly desirable morphology is

j=
th

believed to result dus to the unique physical properties of the multi-block copolymers which enable
compatible polymer regions such as tﬁe matrix and higher comonomer content elastomeric regions
of the multi-block copolymer to self-assemble in the melt due to thermodynamic forces. Shearing
forces during compounding are believed to produce separated regions of matrix polymer encircled
30 by elastomer. Upon solidifving, these regions become occluded elastomer particles encased in the
polymer matrix.
Particularly desirable blends are thermoplastic polyolefin blends (TPO), thermopiastic
elastomer blends (TPE), thermoplastic vulcanisites (TPV) and styrenic polymer blends. TPE and
TPV blends may be prepared by combining the invented muiti-block polymers, inciuding

35  functionalized or unsaturated derivatives thereof with an optional rubber, including conventional
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block copoiymers, especially an SBS block copolymer, and oiptiimal’iy a crosslinking or vaicanizing
agent. TPO blends are generally prepared by blending the invented multi-block copolymers with a
polyolefin, and optionally a crosslinking or vuicanizing agent. The foregoing blends may be used in
forming a molded object, and optionally crossiinking the resulting moided article, A similar
procedure using different components has been previously disclosed in USP 6,757,779,

Suitable conventional block copolymers for this application desirably possess a2 Mooney
viscosity (ML 1+4 @ 100°C.) in the rapge from 10 o 135, more preferably from 25 to 100, and
most preferably from 30 to 80. Suitable polyolefins especially include linear or low density
polyethyiene, polypropylene (including atactic, isotactic, syndiotactic and impact modified versions
thereof) and poly(4-methyl-1-pentene}. Suitable styrenic polymers include polystyrene, rubber
modified polystyrene (FIPS), styrene/acrylonitrile copolymers (SAN), rubber modified SAN (ABS
or AES) and styrene maleic anhydride copotymers.

The biends may be prepared by mixing or kneading the respective components at a
temperature around or ebove the melt point temperature of one or both of the components. For
most multiblock copolymers, this temperature may be above 130° C., most generally above 145° C.,
and most preferably above 150° C. Typical polymer mixing or kneading equipment that is capable
of reaching the desired temperatures and meit plastifying the mixture may be employed. These
inclnde mills, kneaders, extruders (both singie screw and twin-screw), Banbury mixers, calenders,
and the like. The sequence of mixing and method may depend on the final composition. A
combination of Banbury batch mixers and continuous mixers may also be emploved, such as a
Banbury mixer followed by a mill mixer followed by an extruder. Typically, a TPE or TPV
composition will have a higher loading of cross-linkable polymer (typically the conventional block
copolymer containing unsaturation) compared to TPO compositions, Generzliy, for TPE and TPV
compositions, the weight ratio of block copolymer to multi-block copolymer maybe from about
90:10 to 10:50, more preferably from 80:20 to 20:80, and most preferably from 735:25 to 25:75. For
TPO applications, the weight ratic of muiti-block copoiymer to polyolefin may be from about 49:51
to about 5:95, more preferably from 35:65 to about 10:90. For modified styrenic pelymer
applications, the weight ratio of multi-block copolymer to polyolefin may also be from about 49:51
to about 5:93, more preferably from 33:65 to about 10:90. The ratios may be changed by changing
the viscosity ratios of the various components. There is considerable literature iliustrating
techniques for changing the phase continuity by changing the viscosity ratios of the constituents of
a blend and a person skilied in this art may consult if necessary.

The blend compositions may contain processing oils, plasticizers, and processing aids.
Rubber processing oils have a certain ASTM designation and paraffinic, napthenic or aromatic

pracess oils are all suitable for nse. Generally from {0 to 150 parts, more preferably 0 to 100 parts,
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and most preferably from 0 to 50 parts of oil per 100 parts of total polymer are employed. Higher
amounts of oil may tend {o improve the processing of the resulting product at the expense of some
physical properties. Additional processing aids Include conventional waxes, fatty acid salts, such as
calcium stearate or zinc stearate, (poly)aleohols including giycols, (poly)aleohol ethers, including

5 glycol ethers, (poly)esters, including (poly)giycol esters, and metal salt-, especially Group ] or 2
metal or zine-, 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
resistance to UV, ozone, and oxidation, compared to mostly or highly saturated rubbers. In’

10 applications such as tires made from compositions containing higher concentrations of diene based
rubbers, it is known to incorporate carbon black to improve rubber stability, along with anti-ozone
additives and anti-oxidants. Multi-block copolymers according to the present invention possessing
extremnely low levels of unsaturation, find particular application as a protective surface layer
{(coated, coextruded or faminated) or weather resistant film adhered to articles formed from

15 conventional diene elastomer modified polymeric compositions.

For conventional TPO, TPV, and TPE applications, carbon black is the additive of choice
for UV absorption and stabilizing properties. Representative examples of carbon blacks include
ASTM N110, N121, N226, N231, N234, N242, N293, N299, 8315, N326, N330, M332, N339,
N343, N347, N351, N358, N375, N539, N55C, N582, N630, N642, N650, N683, N754, N762,

20 N765, N774,N787, NO07, N908, N990 and N991. These carbon biacks have iodine absorptions
ranging from 9 to 145 g/kg and average pore volumes ranging from 10 to 150 cm’/100 g. .Generally,
smaller particle sized carbon blacks are employed, to the extent cost considerations permit. For
many such applications the present multi-block copolymers and biends thereof require little or no
carbon black, thereby aliowing considerable design freedom to include alternative pigments or no

25  pigments at all. Multi-hued tires or tires matching the color of the vehicle are one possibility.

Compositions, inciuding thermoplastic biends according to the invention may also contain
anti-ozonants or anti-oxidants that are known to 2 rubber chemist of ordinary skill. The anti-
ezonants may be physical protectants such as waxy materials that come to the surface and protect
the part from oxygen or ozone or they may be chemical protectors that react with oxygen or ozoze.

30 Suitable chiemical protectors include styrenated phencls, butylated octylated phenol, butylated
di( dimethyibenzyl} phenal, p-phenylenediamines, butylated reaction products of p-cresol and
dicyclopentadiene (DCPD), polyphenolic anitioxidants, hydroquinone derivatives, quinoline,
diphenylene antioxidants, thioester antioxidants, and blends thereof. Some representative trade
names of such products are Wingstay™ S antioxidant, Polystay™ 100 antioxidant, Polystay™ 100

35  AZ antioxidant, Polystay™ 200 antioxidant, Wingstay™ L antioxidant, Wingstay™ LHLS
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antioxidant, Wingstay™ K antioxidant, Wingstay™ 29 antioxidant, Wingstay™ SN-1 antioxidant,
and Irganox™ antioxidants. In some applications, the anti-oxidants and anti-ozonants used will
preferably be non-staining and non-migratory.

For providing additional stability against 1V radiation, hindered amine light stabilizers
(HALS) and UV absorbers may be also used. Suifable 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
Lewis actd may be additionally included with a HALS compound in order to achieve superior
surface quality, as disclosed in USP 6,051,681,

For some compositions, additional mixing process may be employed to pre-disperse the
anti-oxidants, anti-ozonants, carbon black, UV absorbers, and/or light stabilizers to form a
masterbatch, and subsequently to form pelymer blends there from.

Suitable crosslinking agents (also referred to as curing or vulcanizing agents) for use hersin
include sulfur based, peroxide based, or phenolic based compounds. Examples of the foregoing
materials are found in the art, including in USP’s: 3,758,643, 3,806,558, 5,051,478, 4,104,210,
4,130,535, 4,202,801, 4,271,049, 4,340,684, 4,250,273, 4,927,882, 4,311,628 and 5,248,729,

When sulfur based curing agents are employed, accelerators and eure activators may be
used as well. Accelerators are used to control the time and/or temperature required for ﬁynamjc
vilcanization and to improve the properties of the resulting cross-linked article. In one
embodiment, & single accelerator or primary accelerator is used. The primary accelerator(s) may be
used in total amounts ranging from about 0.5 to about 4, preferably about 0.8 to about 1.5, phr,
based on total composition weight. In another embodiment, combinations of a primary and a
secondary acceleraior might be used with the secondary accelerator being used in smaller amounts,
such as from about 0.05 to about 3 phr, in order to activate and to improve the proﬁerties of the

cured article. Combinations of accelerators generally produce articles having properties that are

ssomewhat better than those produced by use of a single accelerator. In addition, delayed action

accelerators may be used which are not affected by normal processing temperatures vet produce a
satisfactory cure at ordinary vilcanization temperatures, Vulcanization retarders might also be
used. Suitable types of accelerators that may be used in the present invention are amines,
disulfides, guanidines, thioureas, thiazoles, thiurams, sulfenamides, dithiocarbamates and xanthates.
Preferably, the primary accelerator is a sulfenamide. If a second accelerator is used, the secondary
accelerator is preferably a guanidine, dithiocarbarnate or thiuram compound. Certain processing
aids and cure activators such as stearic acid and ZrO may aiso be used. When peroxide based
curing agents are used, co-activators or coagents may be used in combination therewith. Suitable

coagents include trimethylolpropane triacrylate (TMPTA), trimethylolpropane trimethacrylate
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107 - 5 Failed 100 K*F152 - 3 40 In Table 4, Comparative F (which is a physical blend of the two
polymers resulting from 5simultaneous polymerizations using catalyst Al and Bl) has a 1 mm
penetration temperature of about 70C, while Examples 5-9 have a 1 min penetration temperature of
100C or greater. Further, examples 10-19 all have a 1 ram penetration temperature of greater than
85C, with most having 1 nun TNLA temperature of greater than 90C or even greater than 100C. This
shows that the novel polymers have better dimensional stability at higher temperatures compared to a

physical blend-AApIRAIRING LG UM EAL PERSLIAR. 8 LY LA amperate, of about

107C, but it has very poor (high temperature /0C) compression sét of about 100 percgﬁt and it also
failed to recoVeis{EXTRAR SFOREY! AR bR (RITE (A E B ST CY S06F Pl ifedafi-reiveRy . Thus the
exemplified polymers disles inguetombinatidbnacbpripesties Unkvadaile @Raisnsoméstommercially
available, high perfosmancehespioplastic elastomers. 15Similarly, Table 4 shows a low (good)
storage modulus ra‘tﬂi@, Gé%ZS %/gljr(OOC), for the invented polymers of 6 or less, whereas a physical
blend (Comparative FYhas B ot age RS diiS FafE e G EHS H a8 SHROTEAL SEENE %8 polymer
(Comparativér&ieafesirhiifens dinkisityrhnbeanstorag by diothiting faticcmnoorderiot nebgnitidepgrdater (89). It

is desirable thattbe sterageumedislisratioef 2 pRitrackbe RselRss talasRessiblge21al polymers

will be reIativeIL); unaffetgted bgé.temge{a}g{e ar]d flgbricat dargrliicles made frgm such plollymers can be
esﬁes Wi mlgra ﬁ crossimking levels. For Cﬁl’& icles acc]gcir no {ot 2 Hven H) the ..
usefully empfgye over a broadtemperature range. This feature of low $torage modulus ratio and

temperature RSTFEHRHEHES S petrrbilidripireata fiprefsdMdressiiications such as in pressure sensitive
adhesivesformulations.muiti hekdataiimdabiehd ialsotdemonstratel that thefolymessaithednvention

possess impioyed pellet blacklng sirengin i Rarticular. BXxemple hanaLRllthlocking sirength of O

MPa, meaning it is fre€ flowing under the conditions tested, compared to Comparatives F and G which
show considdraBIBISISERIRY PR aRE SHRsH G R T BO AERC e ARSI SRR TOIBdRIMwts having
10large blockingastredgtbrsesamdeé suitin produeteltimpitg prestickingdeigethexd iponi stosage or
shipping, resylting i, RQak DO RIORRMIES roper it IIRBPSalHEE A 4L GRMPIRSRIQN Set for the
invented polymers Is ge[%«}rlal %ood,fmeaniﬂglg%&g{allé Iesg, thaﬂﬂ? out 80 percent, preferably less
than abdtit 76°BEYEERT BNT SRPSETEIR (FBEHHAR Bbott B0 parce Rt Th cBRIREE BotRBa tives F, G, H
and J all havtrartg@rroempmissionssdte1bust 300 g isehtr @iy rrigivaim possible value, indicating no

recovery). Good high Jerppesaiure.sempiessiansel(avivnsen aakwyesis espesially needed for

_applications such as gaskets Wing 1};’-‘4,§J0ﬁ es -rig S| anq the Iikg. Tabl mbiegﬁt Tgnrrgperature

Mechanical PTo Fei fe%?ﬁri cﬁ%’t)t(m odulus W ?’5) ensife Modu ﬁsca(iyﬁngse %sg g oS poiym
fibers (including nylon, rayon, cotton, polyester, and polyaramide), metal fibers, flakes or particies,
20 expandable layered silicates, phospbates or carbonates, such as clays, mica, silica, alumina,
aluminosilicates or atuminophosphates, carbon whiskers, carbon fibers, nanoparticles including
nanotubes, woilastonite, graphite, zeolites, and ceramics, such as silicon carbide, silicon niitride or
titanias. Silane based or other coupling agents may also be employed for better filler bonding.
The thermoplastic compositions of this invention, inqiuding the foregoing blends, may be
25 processed by conventional molding techniques such as injection molding, extrusion molding,
thermoforming, slush molding, over meiding, insert mo tding, blow molding, and other techniques.

Films, including multi-layer films, may be produced by cast or tentering processes, including blown

film processss.

30 Testing Methods
In the foregoing characterizing disclosure and the examples that follow, the following
analytical techniques are employed:
GPC Method for Samples 1-4 and A-C
An automated liguid-handling robot equipped with 2 heated needle set to 160°C is nsed o

add enough 1.2,4-trichlorobenzene stabilized with 300 ppm Iono! to each dried pelymer sample to

L3
i
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Strength (MPa)1 Elonga tion at Break' (%) ' Tensile Strength (MPa) Elongation at Break (%) Abrasion:
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Strain Recovery 21C (percent) 83 Retractive Stress at 150 % Strain

give a final concentration of 30 mg/mi.. A small glass stir rod is piaced into each tube and the
samples are heated to 160°C for 2 hours on a heated, orbital-shaker rotating at 250 rpm. The
concentrated polymer solution is then diluted to 1 mg/ml using the automated liquid-handling robot
and the heated needle set to 160°C.

3 A Symyx Rapid GPC system is used to determine the molecular weight data for each
sample. A Gilson 350 pump set at 2.0 m¥/min flow rate is used to pump helivm-purged 1,2-
dichlorobenzene stabilized with 300 ppm Ienol as the mobile phase through three Plgsl 10
micrometer (um) Mixed B 300mm x 7.3mm columns placed in series and heated to 160°C. A
Polvmer Labs ELS 1000 Detector is used with the Evaporator set to 250°C, the Nebulizer set to

10 165°C, and the nitrogen flow rate set to 1.8 SLM at a pressure of 60-80 psi (400-600 kkPa) N,. The
polymer samples are beated to 160°C and each sample injected into a 250 wl loop using the liquid-
handling robot énd a heated needle. Seriz! analysis of the polymer sampies using two switched
loops and overlapping injections are used. The sample data is collected and analyzed using Symyx
Epoch™ software, Peaks are manually integrated and the molecular weight information reported

15  uncorrected against a polystyrene standard calibration curve,

The DSC melting psak is measured as the maximum in heat flow rate (W/g) with respect to
the linear bassline drawn between -30°C and end of melting. The heat of fusion is measured as the
area under the melting curve between -30°C and the end of melting using a linear basslins.
Standard CRYSTAF Method '

20 Branching distributions are determined by crystallization analysis fractionation
(CRYSTAF) using a 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 br 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.

25  The cumulative soluble concentration is measured as the polymer erystaliizes while the temperature
is decreased. The analytical derivative of the cumulative profiie reflects the short chain branching
distribution of the polymer.

The CRYSTAF peak temperature and area are identified by the peak analysis module
incliuded in the CRYSTAF Software (Version 2001 b, PolymerChar, Valencia, Spain). The

30 CRYSTAF peak finding routine identifies a peak temperature as a maximum in the dW/dT and the
area between the largest positive inflections on either side of the identified peak in the derivative
curve. To calculate the CRYSTAF curve, the preferred processing parameters are with a
temmperature iimit of 70°C and with smoothing parameters above the temperature limit of 0.1, and
below the temperature limit of 0.3.

35
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DSC Standard Method (Excluding Samples 1-4 and A-C)

Differential Scanning Calorimetry results are determined using a TAI mode! Q1000 DSC
equipped with an RCS cooling accessory and an autosampler. A nitrogen purge gas flow of 50
ml/min is used. The sample is pressed into a thin film and melted in the press at about 175°C and
then air-cooled to room temperature (25°C), 3—1Q mg Of material is then cut into 2 6 mm diameter
disk, accurately weighed, placed in a light aluminum pan (ca 50 mg), and then crimped shut. The
thermal behavior of the sample is investigated with the following temperature profile. The sample
is rapidty heated to 180°C and held isothermal for 3 minutes in order to remove any previous
therma! history. The sample is then cooled to -40°C at 10°C/min cooling rate and held at -40°C for
3 minutes. The sample is then heated to 150 °C at 10°C/min. heating rate. The cooling and second
heating curves are recorded.

The DSC melting peak is measured as the maximum in heat flow rate (W/g) with respect to
the linear baseline drawn between -30°C and end of melting. The heat of fusion is measured as the
area under the melting curve between -30°C and the end of melting using a linear baseline.
Abrasion Resistance

Abrasion resistance is measured on compression molded plaques according to ISQ 4649,
The average value of 3 measurements is reported. Plagues for the test are 6.4 mm thick and
compression molded using a hot press (Carver Model #4095-4PR1001R). The pellets are placed
between polytetrafluorcethylens sheets, heated at 190 °C at 53 psi (380 kPa) for 3 minutes,
foliowed by 1.3 MPa for 3 minutes, and then 2.6 MPa for 3 minutes. Next the plagues are cooled in
the press with rurning cold water at [.3 MPa for | minute and removed for testing.

GPC Method (Excluding Samples 1-4 and A-C)

The gel permeation chromatographic system consists of either a Polymer Laboratories -
Mode! 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
used. The solvent is 1,2,4 irichlorobenzene. The samples are prepared at a concentration of 0.1
grams of polymer in 50 milliliters of solvent containing 200 ppm of butylated hydroxytoluene
(RHT). Samples are prepared by agitating lightly for 2 hours at 160°C. The injection volume used
iz 100 microliters and the flow rate is 1.0 ml/minute.

Calibration of the GPC column set is performed with 21 narrow molecular weight
distribution polystyrene standards with molecular weights ranging from 580 to 8,400,000, arranged
in § “cocktail” mixtures with at least a decade of separation between individual molecular weights.
The standards are purchased from Polymer Laboratories (Shropshire, UK). The polystyrene
standards are prepared at 0.025 grams in 50 milliliters of solvent for molecular weights equal to or

greater than 1,000,000, and 0.05 grams in 50 milliliters of solvent for molecular weights less than
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1,000,000. The polystyrene standards are dissolved at 80°C with gentle agitation for 30 minutes.
The narrow standards mixtures are run first and in order of decreasing highest molecular weight
component to minimize degradation. The polystyrene standard peak molecular weights are
converted to polyethylene molecular weights using the following equation (as described in Williams

5 and Ward, . Polym. Sci.. Polvm. Let.. 6, 621 (1968)): Mqiyethyiene = 0431 (M potyeryrene)-

Polyetheylene equivalent molecuiar weight calculations are performed using Viscotek
TriSEC software Version 3.0,
Compression Set
Compression set 1s measured according to ASTM D 395, The sample is prepared by
10 stacking 25.4 mm diameter round discs of 3.2 mm, 2.0 mm, and .25 mm thickness unti] a total
thickness of 12.7 mm is reached. The discs are cut from 12.7 cm x 12.7 cm compression molded
plagues molded with a hot press under the following conditions: zero pressure for 3 min at 190°C,
followed by 86 MPa for 2 min at 190°C, followed by cooling inside the press with cold running
water at 86 MPa.
15 Density
Samples for density measurement are prepared according to ASTM D 1928, Meaasurements
are made within one hour of sample pressing using ASTM D792, Method B.
Flexural/Secant Modulus/ Storage Modulus
Samples are compression molded using ASTM D 1928, Fiexural and 2 percent secant
20 moduli are measured according to ASTM D-790. Storage modulus is measured according to ASTM
D 5026-01 or equivalent technique,
Optical properties
Films of 0.4 mm thickness are compression moided using 2 hot press (Carver Model #4095~
4PR1001IR). The pellets are placed between polytetrafluoroethylene sheets, heated at 190 °C at 55
pst (380 kPa) for 3 min, followed by 1.3 MPa for 3 min, and then 2.6 MPa for 3 min. The film is

|3
th

then cooled in the press with running cold water at 1.3 MPa for 1 min. The compression moided
flims are used for optical measurements, tensile behavior, recovery, and stress relaxation.
Clarity is measured using BYK Gardner Haze-gard as specified in ASTM D 1746,
45° gloss is measured using BYK Gardner Glossmeter Microgloss 437 ag specified in
30 ASTM D-2457
Internal haze is measured using BYK Gardner Haze-gard based on ASTM D 1003

Procedure A. Mineral oil is applied to the film surface to remove surface scratches.
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. Mechanical Properties - Tensile, Hysteresis, and Tear

Stress-strain behavior in uniaxial tension is measured using ASTM D 1708 microtensile
specimens. Samples are stretched with an Instron at 500 % min™ at 21°C. Tensile strength and
elongation at break are reported from an average of 5 spscimens.

100% and 300% Hysteresis is determined from eyclic loading to 100% and 300% shrains
using ASTM D 1708 microtensite specimens with an Instron™ instrument. The sample is loaded
and unloaded at 267 % min” for 3 cycles at 21°C. Cyclic experiments at 300% and 80°C are
conducted using an environmental chamber. In the 80 °C experiment, the samptle is allowed to
equilibrate for 45 miputes at the test temperature befors testing. In the 21 °C, 300% strain cyclic
experiment, the retractive stress at 150% strain from the first unloading cycle is recorded. Percent
recovery for all experiments are calculated from the first unloading cycle using the strain at which

the load returned to the base line. The percent recovery is defined as:

g Sf &y
“sRecovery = x 100
g
S

where s; is the sirain taken for cyclic loading and g, is the strain where the load retumns fo
the baseline during the 1% unloading cycle.

Stress relaxation is measured at 50 percent strain and 37 °C for 12 hours using an Instron™
instriment equipped with an environmental chamber. The gauge geometry was 76 mm x 25 mm x
0.4 mm. After equilibrating at 37°C for 45 min in the environmental chamber, the sample was
stretched to 50% strain at 333% min™. Stress was recorded as a function of time for 12 hours. The
percent stress relaxation after 12 hours was calculated using the formula:

%% Stress Relaxation = -LL:ML—l?mx 100
0
where Ly is the load at 50% strain at O time and L., is the load at 50 percent strain after 12 hours.

Tensile notched tear experiments are carried out on samples having a density of 0.88 g/cc or
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 unti! it breaks. The tear energy is calculated as the area under the stress-
glongation curve up 1o strain at maximum load. An average of at least 3 specimens are reported.
TMA

Thermal Mechanical Analysis (Penetration Temperature) is conducted on 30mun diarneter x
3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa molding pressure for 5
minutes and then air quenched. The instrument used is a TMA 7, brand available from Perkin-

Elmer. Inthe test, a probe with 1.5 mum radius tip (P/NN519-0416) is applied to the surface of the
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sampie disc with 1N force. The temperature is raised at 5°C/min from 25°C. The probe penetration
distance is measured as a function of temperature. The experiment ends when the probe has
penetrated 1 mm into the sampie.

DMA

Dvnamic Mechanical Aualysis {DMA) is measured on compression molded disks formed in
a hot press at 180°C at 10 MPa pressure for 5 minutes and then water cooled in the press at 90°C/
min. Testing is conducted using an ARES controlled strain rheometer (TA instruments) equipped
with dual cantilever fixtures for torsion testing.

A 1.5mm plague is pressed and cut in a bar of dimensions 32x12mm. The sample is
clamped at both ends between fixtares separated by 10mm (grip separation AL} and subjected to
successive temperature steps from -100°C to 200°C (5°C per step). At each temperature the torsion
modulus G’ is measured at an angular frequency of 10 rad/s, the strain amplitude being maintained
between (.1 percent and 4 percent to ensure that the torgue is sufficient and that the measurement
remains in the linear regime.

An initial static foree of 10 g is maintained (auto-tension mode) 1o prevent siack in the
sample when thermal expansion occurs. As a consequence, the grip separation AL increases with
the temperature, particularly above the melting or softening point of the polymer sample. The test
stops at the maxirpum temperature or when the gap between the fixtures reaches 65 mm.

Pellet Blocking Strength

Pellets {150 g) are loaded into & 27 (5 cm) diameter hollow cjfiinder that is made of two
halves heild together by a hose clamp. A 2.75 1b (1.25 kg) load is applied to the pellets in the
cylinder at 45 °C for 3 days. After 3 days, the pellets Joosely consolidate into a cylindrical shapad
plug. The plug is removed from the form and the pellet blocking force measured by loading the
cylinder of blocked pellets in compression using an Instron™ instrument to measure the
compressive force needed to break the cylinder inte pellets.

Melt Index _

Melt index, ot I, is measured in accordance with ASTM D 1238, Condition 190°C/2.16 kg,
Melt index, or Ii; is also measured in accordance with ASTM D 1238, Condition 190°C/16 ke.
ATREF

Analytical temperature rising elution fractionation (ATREF) analysis is conducted
according to the method described in USP 4,798,081, The composition to be analyzed is dissolved
in trichlorobenzene and allowed to crystallize in a column containing an inert support {stainless
steel shot) by slowly reducing the temperature to 20°C at a cooling rate of 0.1°C/min. The column

is equipped with an infrared detector. An ATREF chromatogram curve is then generated by eluting
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the crystallized polymer sample from the column by siowly increasing the temperature of the
eluting solvent (trichlorobenzerne) from 20 to 120°C at a rate of 1.5°C/min.

Polymer Fractionation by TREF

Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer in 2 liters of
1,2 4-trichlorobenzene (TCB)by stirring for 4 hours at 160°C. The polymer solution is forced by 13
psig (100 kPa) nitrogen onte a 3 inch by 4 foot (7.6 cm x 12 cm) steel column packed with a 60:40
(v:v) mix of 36-40 mesh (600-425 pm) spherical, technical quality glass beads {available from
Potters Industries, HC 30 Box 20, Browawood, T, 76801} and stainless steel, 0.028” (G.7mm)
dameter cut wire shot (available form Pellets, Inc. 63 Industrial Drive, North Tonawanda, NY,
14120}, The column is immersed in a thermally controlled oil jacket, set initially to 160 °C. The
column is first cooled ballistically to 125 °C, then slow cooled to 20 °C at 0.04 °C per minute and
held for one hour. Fresh TCB is introduced at about 65 ml/min while the temperature is increased

at (.167 °C per minute,

Approximately 2000 mi portions of eluant from the preparative TREF colurnn are collected
in a 16 station, heated fraction collector. The polymer is concentrated in each fraction using a
rotary evaporator until about 50 to 100 mi of the poiyrﬁer solution remains, The concentrated
solutions afe allowed to stand overnight before adding excess methanol, filtering, and zl*insing
(approx. 300-500 ml of methano! including the final rinse). The filtration step is performed on a3
position vacuum assisted filtering station using 5.0 um polytetrafluoroethylene coated filter paper
(available from Osmonics Inc., Cat# Z30WP04750). The filirated fractions are dried overnight ip a

vacuum ovea at 60 °C and weighed on ar analytical balance before further testing.
BC NMR Analysis

The samples are prepared by adding approximately 3g of a 50/50 mixture of
tetrachioroethane-d*/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube. The samples are
dissolved and homogenized by heating the tube and its contents to 150°C. The data is collected
using a JEOL Eclipse™ 400MHz spectrometer or a Varian Unity Plus™ 400MHz spectrometer,
correspoﬁd'mg 1o a P*C resonance frequency of 100.5 MHz. The data is acquired using 4000
transients per data fite with a 6 second pulse repetition delay. To achieve minimum signal-to-noise
for quantitative analysis, multiple data files are added together. The speciral width is 25,000 Hz
with & mintmum file size of 32K data points. The samples are analyzed at 130 °C in a 10 mm broad
band probe. The comonomer incorporation is determined using Randall's triad method (Randall,

1,C. IviS-Rev. Macromol. Chem. Phys., C29, 201-317 (1989).

88



.---15181412 1127 10 1573 20748983 77014 -16 M 2320 - 12968 88 83 1040 13

10

15

20

23

Atomic Force Microscopy (AFM)

Sections are coliected from the sample material using a Leica UCT™ microtome with a FC
cryo-chamber operated at -80 °C. A diamond knife is used to section ali sample material to 2
thickness of 120 nm. Sections are placed on freshly cleaved mica surfaces, and mounted on

standard AFM specimen metal support disks with a double carbon tape. The sections are examined

* with a DI NanoScope TV™ Multi-Mode AFM, in tapping mode with phase detection. Nano-sensor

tips are used in all experiments.

Specific Embodiments

The following specific embodiments of the invention and combinations thereof are
especially desirable and hereby delineated in order to provide detailed disclosure for the appended
claims. _

1. A composition comprising the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst,

(B) a second olafin polymerization catalyst capable of preparing polymers differing in
chemical or physical properties from the polymer prepared by catalyst (A) under equivalent
polymerization conditions, and '

(C} 2 chain shuttiing agent.

la. A composition comprising the admixture or reaction product resulting from combining:

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

(B) a second olefin polymerization catalyst having a comonomer incorporation index less
than 95 percent, preferably less than 90 percent, more preferably less than 25 percent, and most
preferably less than 10 percent of the comonomer incorporation index of catalyst (A), and

(C) & chain shuttling agent.

2. A method for selecting an admixture of catalysts (A) and (B) and chain shuitling agent
{C) according to embodiment 1} or 1a) that is capable of producing a multi-block copolymer by
contacting an olefin monomer or mixture of monomers with said admixture under olefin
polymerization conditions.

3. A process for preparing a multi-block copolymer comprising contacting one or more
addition polymerizable monomers under addition polymerization conditions with a composition
comprising

the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst,
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(B) a second olefin polymerization catalyst capable of preparing polymers differing in
chemicai or physical properties from the polymer 'prepared by catalyst (A) under equivalent
polymerization conditions, and

(C) a chain shuttling agent.

3a. A process for preparing 2 multi-biock copolymer comprising contacting ore or more
addition polymerizable monomers under additionx polymerization conditions with a comnposition
comprising:

the admixture or reaction product resulting from combining:

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

(B) 2 second olefin polymerization catatyst having comonomer incorporation indey less
than 90 percent, preferably less than 50 percent, most preferably less than 5 percent of the
comonomer incorporation index of catalyst (A), and

(C) a chain shuttling agent.

4. A mulii-block copolymer comprising in polymerized form one or more addition
polymerizable monomers, said copolymer containing therein two or more, preferably three or more
segments or blocks differing in comonomer content, crystallinity, tacticity, homogeneity, density,
melting point or glass transition temperature, preferably said copolymer posgessing a molecular
weight distribution, Mw/Mu, of less than 3.0, more preferably less than 2.8.

4a. A multi-block copolymer comprising in polymerized form ethvlene and one or more
copolymérizab%e comonomers, said copolymer containing therein two or more, preferably three or
more segments or blocks differing in comonomer content, crystallinity, tacticity, homogeneity,
density, meiting point or glass transition temperature, preferably said copolymer possessing a
molecular weight distribution, Mw/Mn, of less than 3.0, more preferably less than 2.8,

5. A functionalized derivative of the multi-block copolymer of embodiment 4

6. A functionalized derivative of the mulii-block copolymer of embodiment 4a.

7. Anolefin interpolymer having at least one melting point, Ty, in degrees Celeius and
density, d*, in grams/cubic centimeter, wherein the numerical values of the variables correspond to
the relationship:

T, > -2002.5 - 4538.5(d%) — 2422.2(d%)*, and wherein the mterpolymer has a M,/M, from

1.7te 3.5,

8 An interpolymer comprising in polymerized form ethylene and a Cs.s c-olefin having at
least one melting point, Ty, in degress Celotus and density, d*, in grams/cubic centimeter, wherein
the numerical values of the variables correspond to the relationship:

T, > -2002.9 + 4538.5(d%) — 2422.2(d%)%.

g0 '
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9. A multi-block copolymer comprising in polymerized form ethylene and one or more
copolymerizable comonomers having at least one melting point, Ty, in degrees Celcius and density,
&*, in grams/cubic centimeter wherein the numnerical values of the variables correspond o the
relationship:

Tw>-2002.9 + 4538.5(d%) — 2422 2(d* Y.

16, An olefin interpolymer having & Mw/Mn from 1.7 to0 3.5,

a delta quantity (tailest DSC peak minus tallest CRYSTAF peak) greater than the quantity,
v*, defined by the equation: ‘

v¥* > -0.1209(AH) + 62 .81, preferably the equatton:

y* > -0.1299(AH) + 64.38, and more preferably the equation:

y* > -0.1299(AH) + 65.95,

and z heat of fusion up to 130 J/g,
wherein the CRYSTAF peal: is determined using at least 5 percent of the cunmulative polymer, and
if less than 5 percent of the polymer has an identifiable CRYSTATF peak, then the CRYSTAF
temperature is 30°C, and AH is the numerical value of the heat of fusion in J/g.

102. An interpolymer comprising in polymerized form ethylene and a Cy ¢ a-olefin, said
interpolymer having a delta quantity (tallest DSC peak minus tallest CRYSTAT peak) greater than
the quantity, v¥, defmed by the equation:

y* > 0 1299AH) + 62.81, preferably the equation:

y* > -0.1299{AH) + 6438, and more preferably the equation:

v* > -0.1209(AH) + 65 95,

and a heat of fusion up to 130 J/g,
wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative polymer, and
if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF
temperature is 30°C, and AH is the numerical vaiue of the heat of fusion in J/g.

10b. A multi-block copolymer having a delta quantity (tallest DSC peak minus taiiest
CRYSTAF peak) greater than the guantity, y*, defined by the equation:

y* > -0.1299(AH) -+ 62.81, preferably the equation:

v* > -0,1299(AH) + 64.38, and more preferably the equation:

¥ > -0.1299(AH) + 63.95,

and a heat of fusion up to 130 I/g,
wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative polymer, and
if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF

temperature s 30°C, and AH is the numerical value of the heat of fusion in J/g,
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o 11. An olefin interpolymer having a tensile strength above 10 MPa, preferably a tensile
strength > 11 MPa, more preferably a tensile strength > 13MPa and an efongation at break of at
least 600 percent, more preferably at least 700 percent, highly preferably at least 800 percent, and
most highly preferably at least 900 percent at 2 crosshead separation rate of 11 cm/minute.

Tia. A multi-block copolymer comprising in polymerized form ethylene and one or more
copolymerizable comonomers having & tensile strength above 10 MPa, preferably a tensile strength
2 11 MPa, more preferably a tensiie strength > 13MPa and an elongation at break of at least 600
percent, more preferably at least 700 percent, highly preferably at least 800 percent, and most
highly preferably at least 900 percent at a crosshead separation rate of 11 cm/minute.

12. An olefin interpolymer having a delta quantity (tallest DSC peak (measured from the
baseline) minus tallest CRYSTAF peak) greater than 48°C and a heat of fusion greater than or equal
to 130 J/g, wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the
CRYSTAF temperature is 30°C.

12a. A multi-block copolymer comprising in polymerized form ethviene and one or more
copolymerizable comonomers having a delta quantity (.taliest DSC peak (measured from the
baselins) minus tallest CRYSTAF peak) greater than 48°C and a heat of fusion greater than or equal
to 130 J/g, wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peals, then the
CRYSTAF temperature is 30°C.

13. An olefin interpolymer having a storage modulus ratio, G*(25°C)Y/G(180°C), of from 1
to 50, preferably from 1 to 20, more preferably from 1 to 10, and a 70°C compression set of less
than 80 percent, preferably less than 70 percent, especially less than 60 percent, down 1o a
compression set of (f perceat.

13a. A multi-biock copolymer comprising in polymerized form ethylene and one or more
copolymerizable comonomers having a storage modulus ratio, G'(25°C)/G’(100°C), of from 1 fo 56,
preferably from 1 to 20, more preferably from 1 to 10, and & 70°C compression set of less than 80
percent, preferably less than 70 percent, especially less than 60 percent, down to a compression set
of 0 percent,

14. An olefin interpolymer having a heat of fusion of less than 85 J/g, preferably iess than
$0 J/g, and a pellet blocking strength of equal to or less than 100 tbs/ft’ (4800 Pa), preferably equal
to or less than 50 1bs/ft? (2400 Pa), especially equal to or iess than 5 Tos/ft* {240 Pa), and as low as 0
Ibs/ft? (0 Pa).

14a. A multi-bleck copolymer comprising in polymerized form ethylene and one or more

copolymerizable comonomers having a heat of fusion of less than 85 J/g, preferably less than 80
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| Tested at 51 cm/minute 2' measured at 38C for 12 hours Table 5 shows results for mechanical
properties for the new polymers as well as for various comparison polymers at ambient temperatures.
It may be seen that the present polymers have very good abrasion resistance when tested according
to ISO.4649, generally showing a volume loss of less than about 90 Ind, preferably less than about 80
mm3, and especially less than about 50 rnm3. 5In this test, higher numbers indicate higher volume
loss and consequently lower abrasion resistance. Tear strength as measured by tensile notched
tear strength of the invented polymers is generally 1000 mJ or higher, as shown in Table 5. Tear

sctrength ftqr the;}@yﬁiatggenglum@aéhgg &f%temﬁl&f% é@%{;aﬂhdo@:rr]b@/w?mm I?'.th?;l?eﬁ%ggeqt}gi o
omparative polymer ratlly ear Str S No nigne . aple o alsO sNoOwsS
W RASI ARG a0 (e N S0 A el

that the polymers Of the inventiori have better r Stress a cent Y Pd8MBhstrated by
higher refractiv@yffe@é?\?hlues) than some of the comparative samples. Comparative Examples F, G
and H have refractive stressunekieiiatsibfpereeint GtfainerdiQkPaapdebs, ivpilenhe daveriad

polymers h;\Eve IAG s leaaNRINER At 20 PRIESILIARQLAAP KRR K, bhig aplafg about

11001cPa (Ex. 17). Polymers havin her than 150 pereeht 15 refractive stress values would be

g
quite useful for a8t ZDPHEEHIRE! BRHAY Bsdre MSE a8 fabrics, especially nonwoven fabrics.
Other applications inclide Aliaperstipgtdneasamemeaidabiakrnemtwaisivamtiap plisdtiorszs€uciras tabs

and elastic banglgy, a; 1k allepialso.shewsithahsiass Teleyation (a0 Rerse AlgttainisRlso improved
(less) for the inver}te lg]?elgé%%s]@s compar drggérfg{yq§§%%e60Cgr@e%] rative G. Lower stress relaxation
: Tl

3
means 20that the Bgly & retains'its force better in applications such as diapers and other gannents

where retéfition of elabfic/hPepErieseidsiEligtRT P EFBRIE I Bl  tétn perdiités ielésired. Optical
Testing Table &RplysviebOptieatiBiapesiiesiiaa: ndesaabiiazia { pereenty Gty tprigesihd & oSS
(percent) F* 84%%&%&%@)}735@ 51372606 336953728

17. A polymer according to any one of embodiments 4-13, 4a, 5a, 10a-15a, 10b, or

preparable by the method of embodiment 3 or 3a having 2 thermomechanical analysis penetration
15 depth of I mum at a temperature of at leas: 90°C, preferably a temperature of at feast 100°C, and a
flexural modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPa}.

18. A polymer accerding to embodiment 16 having a thermomechanical analysis
penetration depth of 1 mm at a temperature of at least 90°C, preferably a temperature of at least
100°C, and a flexural modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPa).

20 19. A polymer according to any one of embodiments 4-15, 4a, Sa, 10a-15a, 10b, or
preparable by the method of embodiment 3 or 3a having an abrasion resistance volume loss
according to ISO 4649 of less than 90 mm’.

20. A polymer according to embodiment 16 having an abrasion resistance volume loss
according to ISO 4649 of less than 90 mm’,

25 21. A polymer according to embodiment 17 having an abrasion resistance volume loss
according to ISO 4649 of less than 90 mm’,

22. A polymer according to embodiment 18 having an abrasion resistance volume loss
according to ISO 4649 of less than 90 mm’,

23. A polymer according to any one of embodiments 4-15, 4a, 5a, 10a-15a, 100, or

30  preparable by the method of embodiment 3 or 32 having an abrasion resistance volume foss
according to ISO 4649 of ess than 90 mm’ .and having a storage modulus, &, such that log (G} s
greater than or equal to 0.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
100°C.

24. A polymer according to embodiment 16 having an abrasion resistance volume loss

35 according to ISO 4649 of less than 90 mu.and having a storage modulus, G°, such that log (G*) is
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greater than or equal to 0.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
160°C.
235. A polymer according to embodiment 17 having an abrasion resistance volume loss

according to ISO 4649 of Iess than 90 mm’.and having a storage modulus, G°, such that log (G™) is

N

greater than or equal to 0.4 MPa , preferably greater than or edual to 1.0 MPa, at a temperature of

100°C.

26. A polymer according to embodiment 18 having an abrasion resistance volume loss
scecording o ISC 4649 of less than 90 mm’.and having a storage modulus, G°, such that log (G} is
greater than or equal to (.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
10 100°C.

27. A polymer according to embodiment 19 having an abrasion resistance voiume loss
according to ISO 4645 of less than 90 mm’.and having a storage modulus, G°, such that log (G") 15
greater than or equal to 0.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
100°C,

15 28. A polymer sccording to embodiment 20 haviﬁg an abrasion resistance volume loss
according to ISO 4645 of less than 90 mm’.and having a storage modulus, G°, such that log (G") is
greater than or equal to 0.4 MPa , preferably greater than or équal to 1.0 MPa, at a temperature of
100°C.

20. A polymer according to embodiment 21 having an abrasion resistance volume 10s3

20 according to ISO 4649 of Jess than 90 mm’.and having a storage médulus, (3, such that leg (G") is
greater than or equal to 0.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
100°C.,

30, A polymer according to embodiment 22 having an abrasior resistance volume loss
according to IS0 4649 of Jess than 90 mm’.and having a storage modulus, °, such that log (G') is

25  greater than or equal to 0.4 MPa , preferably greater than or equal to 1.0 MPa, at a temperature of
100°C.,

31. A crosslinked derivative of a polymer according to any one of embodiments 4-15, 4a,
3a, 10a-15a, 10b, or preparable by the method of embodiment 3 or 3a.

32. A crosslinked derivative of 2 polymer according to embodiment 16,

30 33. A crosslinked derivative of a polymer according to embodiment 17,

34, A crosslinked derivative of a polymer éccording to embodiment 18.

35. A crossiinked derivative of a polymer according to embodiment 19.

36. A crossiinked derivative of a polymer according to embodiment 20,

37. A crosslinked derivative of a polytner according fo embodiment 21.

35 38. A crosslinked derivative of 2 polymer according to embodiment 22.
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651729736618 61226019 741152 0*5 7356 H* 12 76 59 11* 20 75 59 The optical
properties reported in Table 6 are based on compression molded films substantially lacking in
orientation. Optical properties of the polymers may be varied over wide ranges, due to variation in
crystallite size, resulting from variation in the quantity of chain shuttling agent employed in the
polymerization. Extractions of Multi-Block Copolymers 10Extraction studies of the polymers of
examples 5, 7 and Comparative E are conducted. In the experiments, the polymer sample is weighed
into a glass fritted extraction thimble and fitted into a Kumagawa type extractor. The extractor with

sample is purged with AifFEERRR A 506212 PSR HSATRPEL kTS ¢hzrgedwith 350 m1_, of diethyl
ether. The flask is thenAitiessioltideiextiaciof.z bhgmethetis heatednvbilembeiryg stirred. Time is noted

when the ether begins o candanse.ngihe dathimble, ang the extraghion s allowed to proceed under

nitrogen for 24 hours(j At this time, heating is stopped and the solution is allowed to cool. Any ether
remaining in the extActOP RS VBN AT AR YRR B R haSR 8 e Paporated under vacuum at
ambient temperaturés . ahdrehdiresiultnpsalids assper gedrdiewithmbitidgen 2Any residue is transferred

to a weighed bottle wsing.sleeRsSsING WasHES.0bhaxana e comhingd hexane washes are then
evaporated with angguej{ pggg?’ggaq purge. ggpatho ree;sidljcg .rieg un e&.vacy#;n overnight at 40C. Any
remaining ether in the éxtractor 1s p‘(ﬂgea thy With T r%“be?l}n % K's8Cohd ctean round bottom flask
charged with 350 mitof'tascatiei s frerrésrenere dreculingieter i hietsRine is heated to reflux with

stirring and maintained abseftex fan2dnheussyaiiess embodiments 4-15, 4a, 52, 10a-15a, 10b, or

16 preparabic by the method of embodiment 2 or 32, or a composition comprising the same in the form
of a film, at least one layer of a multilayer film, at least one layer of a [aminated article, a foamed
article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a roto-molded
article, or an adhesive.

48. A polymer according to embodiment 16 or a composition comprising the same in the

15 form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, z blow molded article, a
roto-molded articte, or an adhesive.

49, A polymer according to embodiment [ 7 or a composition comprising the same in the
form of a film, at leasi one layer of a multilayer film, at least one laver of a laminated article, a

26 foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive. '

50. A polymer according to embodiment 18 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, 2 fiber, a nonwoven fabric, an injection molded articie, a blow molded article, a

25 roto-molded article, or an adhesive.

51. A polymer according to embodiment 19 or a composition comprising the same in the
form of a film, at least one lzyer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive,

30 52. A polymer according to embodiment 20 or a composition comprising the same in the
form of & film, at least one layer of a multilayer film, at least one laver of a laminated ariicle, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive.

53. A polymer according to embodiment 21 or a composition comprising the same in the

22
h

form of a fiim, at laast one layer of a multilayer film, at least one layer of a laminated article, 2
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5hexane is first noticed condensing into the thimble. Heating is then stopped and the flask is allowed
to cool, Any hexane remaining in the extractor is transferred back to the flask. The hexane is removed
by evaporation under vacuum at ambient temperature, and any residue remaining in the flask is

- transferred to a weighed bottle using successive hexane washes. The hexane in the flask is
evaporated by a nitrogen purge, and the residue is vacuum dried overnight at 40C. 10The polymer
sample remaining in the thimble after the extractions is transferred from the thimble to a weighed bottle

and vacuum dried oveligig;%llgat 40C. Results are cantained in Table, 7, Hrf\ble 7 ggm.le, wt. ,.... ether
e A0 e

. X e le,
soluble il) ethg?ué%illﬁ%’l% érten CEhexane molesoluble I'?gﬁlé’n %Cie%ﬁg Soluble’ @l rcear{f)cfi’samole ercentl

residue Cg niotereelehirSinth H*H9897- 0.063 5.69 12.20.245 22.35 13.6 6 Ex. 5 1.006 0.041 4.08
-0.040 " 54. A polymer according to embodiment 22 or 2 composition comprising the same in the

form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
5 foamed article, 2 fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-rnolded article, or an adhesive.
53. A polymer according to embodiment 23 or 2 composition comprising the same in the
form of a film, at least one layer of a multilayer filem, at least one laver of a laminated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, a blow molded article, 2
1¢  roto-molded article, or an adhesive,
56. A polymer according to embodiment 24 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, 2
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-moided article, or an adhesive,

15 57. A polymer according to embodiment 25 or 2 composition comprising the same in the
form of 2 film, at least one layer of a multilayer film, at least one laver of a laminated article, a
foamed article, a fibet, a nonwoven fabric, an injection molded article, a blow molded article, 2
roto-molded article, or an adhesive.

58. A polymer according to embodiment 26 or 2 composition comprising the same in the

20 form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded articie, a blow molded arficle, a
roto-molded article, or an adhesive,

59. A polymer according to embodiment 27 or a composition comprising the same in the
form of a film, at least one layer of 2 multilaver film, at least one layer of a laminated article, a

25 foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded ariicle, or an adhesive.

60. A polymer according to embodiment 28 or & composition comprising the same in the
form: of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a biow molded article, a

30  roto-molded article, or an adhesive,

61. A polymer according to embodiment 29 or 2 composition comprising the same in the
form of a filin, at teast one layer of a multilayer film, at least one laver of a laminated article, a
foamed article, 2 fiber, a nonwoven fabric, an injection molded article, a blow molded article, a

roto-rnolded article, or an adhesive.
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3.9814.211.6, Ex. 71.092 0.0171.59 13.30.012 1.10 11.7 9.9 Determined by 13C NMR 15Article
Fabrication and Testing Fibers Polymer samples from Example 11, Example 17 and Comparative G
are spun into a multifilament bundle of 24 fibers with round cross-sections in a fiber spinning line
(Fourne) equipped with twenty four 25x1 nun spinnerets a spin head temperature of 260 C, a melt
Y(temperature of 302C and a winder speed of 70 mimin. Other spinning conditions are listed in Table
8. The denier of the resulting bundle is approximately 95 to 100 denier (g/9000 in), Table 8 Pump Size
(cm'/rev) 1.12 Pumg) Sgeegdfngggm) 10 §tcre n Size, mesh umgs 5 (45121 Extruder Discharge Pressure
(MPa) 2 The fibér8°are Cr5seiinked By passhg s fimes tirotigh an Sfechor B iniiRg
crossliniting Zsmaéhifleropérestiey davarrbicetlor bezim dosagewi 3R 1edy  paissted whirdeaztotal dosage
level of 192 KGy..Betweenmach passvthabbers afracsledites i, a nickhadeasiiehighavior of the
resulting uncrrgsgrlrilgl?%g %@%ﬁiec(r)gs%ii%e%g fibers is measured according to RISPA Test Methods for Bare
Elastic Yarns, 8hap &r 8- fensife roperties using Option C clamps and Option A test speed. Tenacity

r
and elongation at bfal R SFeeTIRbIA WPUEFagR! oF 5 repRedtiDhembire dverrieHgvior of the
crosslinked fibersdis:dlsa Measuwied:=usinh.BISEAT édtViethodsHorBace ElastieddamsiCGhapter 7:

viscoelastic Rroperties, Pragedure Anheredhe fiser iisyslisaly Joadedyin 300 pergentstrain. The
percent permanent Geloinaton s glcylated

64, A polymer according fo embodiment 32 or a composition comprising the same in the
10 form of a film, at least one layer of a muitilayer film, at least one layer of 2 laminated article, a
foamed article, a fiber, & nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive.
65. A polymer according to embodiment 33 or a composition comprising the same in the
form of a film, at least one layer of a multitayer film, at least one layer of a laminated article, a
15  foamed article, 2 fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive.
66. A polymer according to embodiment 34 or & composition comprising the same in the
form of & film, at least one layer of a multitayer film, af least one layer of a lamninated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, 2 blow molded article, a
20  roto-molded article, or an adhesive.
67. A polymer according to embodiment 35 or a composition comprising the same in the
form of a film, at least ene layer of 2 multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, a blow molded article, a

roto-molded article, or an adhbesive.

)
U

68. A polymer according to embodiment 36 or a composition comprising the same in the
form of a film, at least one layer of 2 muttilayer film, at least one layer of a laminated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, a blow molded article, a
roto~-molded article, or an adhesive,

69. A polymer according to embodiment 37 or a2 composition comprising the same in the
30 form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection moelded article, z blow molded article, a
roto-molded article, or an adhesive.

70. A polymer according to embodiment 38 or a composition comprising the same in the

form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
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5at the beginning of the 6th cycle as specified in the test method. Results of 300 percent strain cycle
behavior for fibers prepared from the polymer of Example 17 are shown in Figure 30. Stress
relaxation of crosslinked fibers is measured from 10 percent strain at alternating temperatures of 21 C
and 40 C. In the experiment, 13 loops of the bundle fibers with a circumference of 324 mm are
mounted to an Instron test machine by 2 hooks resulting in a gauge 10length of 162 ram. The sample
is stretched to 10 percent strain at a rate of 100 percent elongation/minute at 21 C and then held for 10
minutes. The subsequent thermal treatment is: 10 minutes at 40 C in a water bath, 10 minutes at 21 C
in air, 10 minUeget 40€ ifRavaRImBate! Bpdc1T mirtieserlodd etiplai Pieniiedertidnsfer the
sample betwegm-thewvaterdath andibheair cooling chamber is 6 seconds. During the entire process,
the load is monitored,, The percent load the load at.35 minutes and the load at 45
minutes is calculatejijs!ig‘n% tﬂge%g%hﬁ?llanglﬁgggi&g%g%@ = 45mil gSlgk)ol%gcgngﬁgﬁﬁzhgsmﬁen’gr%gsIinked
Crosslinked EfohgfatitE BISATANDRIPEAASHETBETCEHE- TertRir b Brebk TreRachy St Braak
Deformation |keadd fxciégi/fenietofpercefit){gidenteripasteitiripereant) Ghagerditl 3.7 720 5.0
669 1334 | G*

roto-molded article, or an adhesive.
72. A polymer according to embodiment 40 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a' laminated article, a
foamed article, a fiber, 2 nonwoven fabric, an injection melded article, a blow molded article, a
10 roto-molded article, or an adhesive,
73. A polymer according to embodiment 41 or a composition comprising the same in the
form of a film, at least one layer of 2 multilayer film, at least one layer of a laminated article, a

foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow roolded article, a

roto-molded article, or an adhesive.

p—
w

74. A polymer according to embodiment 42 or a composition cemprising the same in the
form of a film, at least cne layer of a multilayver film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoves fabric, an injection molded article, a blow molded article, a
roto-molded article, or an adhesive. '
75. A polymer according to embodiment 43 or 2 composition comprising the same in the
2¢  form of a film, at least one layer of a multilayer. film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, z blow molded article, a
rote-molded article, or an adhesive,
76. A polymer according to embodiment 44 or a composition comprising the same in the
form of & film, at least one layer of a muitilayer film, at least one layer of a laminated article, a
25  foamed article, 2 fiber, a nonwoven fabric, an injection molded article, a blow molded article, a
roto-molided article, or an adhesive.
77. A polymer according to embodiment 45 or a composition comprising the same in the
form of & film, at least one laver of a muliilayer filin, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injecticn molded article, 2 blow molded article, 2
30 roto-molded article, or an adhesive.
78. A polymer according to embodiment 46 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a

roto-molded article, or an adhesive.
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16.4423 7.7 382 13725 In fibers prepared from both Example 11 and comparative G, crosslinking
results in an increase in tenacity with some loss of elongation. Both examples show similar permanent
deformation of approximately 135 percent. In Figure 31, Example 11 displays lower stress 25
relaxation than comparative G as well as being less temperature sensitive. The percent load change
between 40C (35min) and 21C (35min) are listed in Table 9. The fiber prepared from Example 11
polymer shows only 4 percent change in load whereas the fiber of Comparative G displays 25 percent
change. Low temperature sensitivity in stress relaxation is important in maintaining long shelf life of

fiber bobbins. High EmpEPRRREISRANTRARER sbeimamiatios ehf el HEmsire I defects during

storage in a nahyélinate! emntiroledsitdige fheilitpas thedibarcaltematatyralaxesandeconstticts due to

temperature fwglt(g@{_mggms can lead to problems such as poor fiber unwinding behavior and fiber

breaks in subsequent downstream \g)rocgssing of the fiber. Foams Samples of polymers (Ex. 5 and
|

a "ommercially avaifthié SRYREHSH Iy IERE (A CoRBITHEr, Bl hs A5 BB AINg 18 percent
acetate ahd havinga2umistmndéxtbsizaitable from DuPont Inc., Comparative L,) are melt compounded

with an azide blowing agept.(hd-30cansazadicasbanamide blowing agentavailable.fram, Uniroyal,

Inc.), zinc oxide, stearic acid, and a peroxide cross-linking age i-tert butyl peroxy isopropyl
benzene perocffaé,” B BEEERCAC ?3%P%nm§;%:sae?gc§;§é}?% 8‘%&%%;8)% ﬁ%ﬁ%ﬁﬁ%e?%&ﬁ%‘é%@ailable from
Azo Nobel, Inéiymsstn préssioti Frptdeditie:pladorshHeatiowed isadsg havis Coesudding Condition:
Roll mill @ 130C 10gmin, compdMiaidingcantkfoamibigcantlitionrshests from dheselhailh are preheated

to 90C iq an vr%%fqr 15 minutes, then fed to a mold preheated to 180C, pressed (mechanical lock)

and cured at this 1%'temperature for 10 minutes. Upon removal, samples are allowed to expand.
Formulation details (parts by weight) are contained ip‘Il'*a\bIe 10. Table 10 component Comparative Ex.
5L* 100 0 Example 5 0 1100 peroxide 1.6 2 stealrliEJKCid’Qldzo.Z Zn0O

R =

MY

wherein:
RY is selectad from alkyl, cycloalkyl, heteroalkyl, cyclohetercalkyl, aryl, and inertly
substitoted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a divalent
15 derivative thereof;
T! is a divalent bridging group of from 1 to 41 atoms other than hydrogen, preferably I to
20 atoms other than hydrogen, and most preferably a mono- or di- Cy.p hydrocarbyl substituted
methylene or silane group; and .
R is a Csy heteroary! group containing Lewis base functionality, especially a pyridin-2-
20 yl- or substituted pyridin-2-y! group or a divalent derivative thereof;
- M’ is a Group 4 metal, preferably hafnium;
X' is an anionic, neutral or dianionic ligand group;
X’ is a numher from 0 to 5 indicating the mumber of such X' groups; and
bonds, optional bonds and electron donative interactions are represented by lines, dotted
25  bines and arrows respectively.

83. A composition according to embodiment 82 wherein catalyst (B) corresponds to the

N
K jMz sz”
2
LR

30 M is a metal of Groups 4-10 of the Periodic Table of the elements;

formuia:

wherein

T° is a nitrogen, oxygen or phosphorus containing group;
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2 2 azide 131.3 Property testing on the resulting foam strands is conducted in the following
“manner: Foam density is measured according to ASTM 792, abrasion resistance is measured
according to ISO 4649, shrinkage is measured at room temperature after subjecting the sample to 70C
for 40 minutes according to SATRA PM70, compression set is measured at room temperature after 1.5
and 24 hours of subjecting a sample to a temperature of 50C for 6 hours according to ISO 815, Shore
A hardness is measured according to ISO 868, split tear is measured according to SATR_A TM65
standards, and tensile strength and elongation are measured according DEC 53504. Results are
reported in Table 11. Tablédlk:Riopettiesrof crogshinketiioams Density kg/m3 Abrasion nual3 |
Percentl Percent Set Shrim@ggelétla,g(m hr) Hardness shore A Split tear Mum Tensile Il strength |
Elongation MT's.!percent L* 371 30 66d( l)r63 4.25 3.7412851 Ex. 5 353 392 1.1132.5 (27)

isa num er se ectc ovide charge balance;

and T° and N are linked by a bridging ligand.

5 84, A process according to embodiment 3 or 3a which is a continunous process.
83, A process according to embodiment 84 which is a solution process.
86. A process according to embodiment 85 wherein ethylene and one or more

copolymerizable comonomers are polymerized.
§7. A process according to embodiment 86 wherein the ethylene conversion in the
16 reactor is at least 95 percent.
88. A process according fo embodiment 84 wherein catalyst (A) corresponds to the
formula:
i

T~ 12
;

R Mﬁ;{ .
wherein: ‘

15 R is selected from alkyl, cycloalkyl, heteroa]lcyl, cycioheteroalkyl, aryl, and inertly
substituted derivatives thereof containing from I to 30 atoms not counting hydrogen or a divalent
derivative thereof,

T! is a divalent bridging group of from 1 to 41 atoms other than hydrogen, preferably 1 to
20 atoms other than hydrogen, and most preferably a mono- or di- C;.40 hydrocarbyl substituted
26  methylene or silane group; and
R™ is a Cs.z0 heteroary! group containing Lewis base functionality, especially a pyridin-2-
vl- or substituted pyridin-2-yl group or a divalent derivative thereof;
M’ is a Group 4 metal, preferably hafnium;

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

2
s

%’ is a number from 0 to 3 indicating the number of such X' groups; and
bonds, optional bonds and slectron donative interactions are represented by lines, dotied
lines and arrows respectivaly,

89. A process according to smbodiment 88 wherein catalyst (B) corresponds to the formula:

N.Q
(3
T 74

M? is a metal of Groups 4-16 of the Periodic Table of the elements;

30 wherein
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50 4.81 3.21400I1 The results of table 11 show that the thermal and mechanical properties of the
crosslinked foam prepared from example 7 are better than those of the similarly prepared foam made
from Comparative L. In particular, the foam prepared from Example 7 has lower shrinkage, lower
compression set, and higher split tear and elongation than the comparative foam. These properties
5make the polymers of the invention well suited for use in many high performance foam applications,
such as shoe soles, flooring, and construction materials. Crosslinked Films using Electron Beam

Compression molded filmsrpgsOA.&nm thickness are rosslinktg.d ,upder nitrogen atmosphere 10 using
an electron beam radiation croasg’nn?%?ﬁ’goﬁr%?n(gt%r?éﬁn{i’c%s, ggnﬁééf){)@A total electron beam dosage of

22.4 Mrad is applied using’a Sdfleshyfimoiases trimggthderaiectronic beam at 3.2 Mrad per pass. All
examples showed a gel levalhetween 75 and 90 percent as insured according to ASTM D-2765. The
mechanical properties of tgeiisrradia%eegsfillmtg are rsu%StalQatxiael,lgalllarr]:gﬁeCted by crosslinking. Although the

. . . a \J i : )
inventive and comparative exampies exhibit sl ffar Uitimate properties, 15the inventive examples

exhibit higher percent recoVry, ¥4 e rkefye Srdsineiserdiaxation than the comparative samples.
Results are provideddn Tablenli2-bleblekdrRrepasirmotalestienbe amnciagsinkedfilms Example Gel
Content (percg Qﬁ&éﬁ%&@%@rﬁ%ﬁ&&wpa) Elongation at Break (percent) 300% Strain Recovery (%) (21
C) Refractive S ressg?t 150% Strain gl(Pa) Stress Relaxation at 50% Strain (%) 5 75

An olefin. polymer having a relatively flat storage modulus characterized in that log
(" {in Pascals) decreases by less than one order of magnitude between 50 and 100°C,

10 92, A process according to embodiment 3 cr 3a in which the ratio of chain shuitiing
agent {0 one or more catalysts and or monomers is varied in order to produce polymers differing in
one or more chemical or physical properties. |

93, A polymer mixture comprising: (1) an organic or inorganic polymer, preferably a
homopolymer of ethylene or propylene and/or a copolymer of ethylene and z copolymerizable

15 comonomer, and (2} a polymer according to any one of embodiments 4-15, 4a, 5a, 10a-15a, 10b, or
preparable by the method of embodiment 3 or 3a.

94, A polymer mixture according to embodiment 93 wherein component (1) is an
organic thermoplastic polymer.
0s. A polynmter mixture according to embodiment 94 wherein component (1) is a

20  propylens homopolymer.

96, A potymer mixture according to embodiment 95 wherein component (1) is highiy
isotactic polypropylene. '

97. A polymer mixture according to embodiment 93 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers.

25 98, A polymer mixture according to embodiment 94 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers.

96, A polymer mixture according to embocﬁmant 95 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers.
100. A polymer mixture according to embodiment 96 wherein component (2) is an

30 elastomeric copolymer of ethyiene and one or more copolymerizable comonomers.

101. A polymer mixturs according to embediment 93 wherein component (2} is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of

particles containing occlusions of component (1) therein.
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102. A polymer mixture according to embodiment 94 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing occlusions of component (1) therein,

103. A polymer mixture according to embodiment 95 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizabie comonomers in the form of
particles containing occlusions of component {1) therein.

104. A polymer mixture according to embodiment 96 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing occlusions of component (1) therein.

105. A polymer mixture according to embodiment 93 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing ccclusions of component (1) thersin, said occlusions being formed upou melt
blending of components (1) and {2).

106. A polymer mixture according to embodiment 94 whersin component (2} is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing occlusions of component (1) therein, said occlusions being formed upon melt
blending of components (1) and (2).

107. A polymer mixture according to embodiment 95 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing occiusions of component (1) therein, said occlusions being formed upon melt
blending of components (1) and (2.

108. A polymer mixture according to embodiment 96 wherein component (2) is an
elastomeric copolymer of ethylene and one or more copolymerizable comonomers in the form of
particles containing occlusions of component (1) therein, said occlusions being formed upon melt
biending of components (1) and {2).

109. A process for preparing a polymer mixture comprising: (1) an organic er inorganic
thermoplastic polymer, preferably a homopolymer of ethylene or propylene and/or a copolymer of
ethvlene and a copolymerizable comonomer, and (2} an elastomeric polymer in the form of particles
containing ocelusions of component (1) therein, said process comprising melt blending components
(1) and (2) under shearing conditions so as to form ccclusions of component (1} in dispersed
particles of component (2},

110.  The process of claim 109 wherein component (1) is isotactic pelypropylene.

111.  The process of claim 110 wherein component (2) is a copolymer of ethylene and a

copelymerizable comanomer.
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59 316 Polypropylene angact Modification 20A series of impact modified isotactic polypropylene
blends containing 20 percent by weight ethylene/octene elastomer are prepared on a Haake
compounder supplied with a Leistritz 18 mm twin screw extruder (L/D = 30), a K.-TRON K2VT20 twin
screw auger feeder, two refrigerated water circulation bath quench tanks, and a Berlyn PEL-2 4 blade
strand chopper. The polypropylene used in all blends is PP-314-02Z hPP, available from The Dow
Chemical Co. having 25a MFR of 2 dg/min measured according to ASTM D1238 (230C, 2.16 kg).

A water circulator is attached to the jacket of the feed throat of the extruder and set at 20C. to keep the
polymer from meltingrafiél et Ty THE2ReEd ki B4t torriavesira giictesribiist reey Bhavestiraddst at 120,
165, 190, 23Quadne-2230€smespectivel\srebhe iextdide rdiehissebab2806:cPridhtsistR4edextrusion a lid
supplied with a nitrogen line is placed on top of the feed hopper. The transition area from the feeder
discharge to the extruder feed throat cone is sealed with heavy aluminum foil. The extruder is
preheated, cAHBRRBY, and run empty for several minutes with nitrogen flowing throughout the system
to purge it of oxygefAhThiee kicgramiesamptesdy beiniblr BlaritedrareiBprapairetaby dvamd tumbling the

combined compepgnis in ARIastiehagRrerR:eNTUSIQR, refc/iSEHRRN BIRldRGkiasthars @re prepared
from polymer samples angd tested for 23C n9tched Izod i”Q,PaSE Zaocgg)ggina% J ASTM D-2§6 and flexural
¥ I

modulus accdriifig T A& TRID TG TRiEctiSh MofiRg Conditions ate as Tollowa “THE <amples are
injection moldddrat srefreitte rpperaird oo e mbaele tifte ol BRtsy drosabonpsialRBIMVIPEY pressure,
hold time of 12.366ai-3408 RSki22 Midmx Sprassue) anchiafialieycle fimeaf 28 seeairds. Component
detalls and results a?[cfhgr%ﬂfginserq mezﬁglg %%&994&%%&»9@40&%%'@%%0 % %%mépga ent 23C Notched
Izod ft-IbS./inCRT(NY Elextral Modulus Icpsi (M;Pa) a Ex. b 7.0 (3.7) 124?8 EYD EX. 8 9.6 (5.1) 145
(1000) c 6.4 (33_54}511312'0693@@1} control. The synthesis of all metal complexes and the preparation of all

screening experiments were carried out in a dry nitrogen atmosphere using dry box techniques. All
solvents used were HPLC grade and were dried before their use.
MMAO refers to modified methylalumoxane, a triisobutylaluminum modified
15 methylalumoxane available commercially from Akzo-Noble Corporation.
Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)}2-isopropyiphenyl)(ai-
naphthalen-2-diyl(6-pyridin-2-diy[jmethane)lhafnium dimethyl, prepared accerding to the teachings
S of WO 03/40195, 2003180204017, USSN 10/425,024, filed May 2, 2003, and WO 04/24740,

@CH(CHs)z
cLopc SN O
O

ECRHC  Ch, Cm,

20 Catalyst (A2} is [N-(2,6-di( 1-methylethyl)phenyllamido){2-methylphenyl)(1,2-phenylene-
(6-pyridin-2-diylymethane)]hafnium dimethyl, prepared according to the teachings of WO
03/401935, 2003050204017, USSN 10/429,024, filed May 2, 2003, and WO 04/24740,

@opte N

O 1O

E;ChHC £, CH,
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d* 6.5 (3.5) 139 (958) Comparative, not an example of the Invention A_FFINITYTh EG8100:
0.87 g/cms, 1 W10 min (12), available from The Dow Chemical Co. 152 ENGAGETh VP8770: 0.885
gicm3, 1 g/10 min (12), available from The Dow Chemical Co. The results of Table 13 indicate that
the multiblock copolymers of the invention are highly effective as impact modifiers when blended with
isotactic polypropylene. Surprisingly, sample a made with the polymer of Example 5 made with a
higher ratio of chain shuttling agent/ total catalyst 20resulting in a greater number of blocks per
polymer molecule (a more "blocky" olymer) shows even lower modulus and impact strength than
sample b, which is &ostintded Rk the pof ridkptisdahsprd sodhidhyieeisagBrieRy™ polymer. This
observation iagkeaies that the level of blockiness, as controlled by the amount of chain shuttling agent,
in the multi-block copolymers of the mventtgra can strongtg affect the stiffness/toughness balance of
polymer blends. Additional evidence of the dif n polymer blend properties is apparent from a
comparison of Figures 51-53, which are-a @;ICI’OSCODIC images of osmium tetroxide stained
microtomed samples of injection mola%ed/rﬁtm a and d, respectively. In the micrographs, the dark
areas are the ethylene/octene copolymerel m&Fwhile the.lighjerareas are the propylene
homopolymers matrix. It can be seen from the | mlcmg;aphs that the multi-block 30copolymers made
with low CSA to catalyst molar ratios "Bioekiness" copolymers) surprisingly produce core-shell
morphology in the blends (Figure 51). High CS multi-block copolymers (Figure 52) exhibit
domains of apparently solid elastomer sirffifar in\appearance to the results obtained using conventional
ethylene/octene impact modifiers (Figure 53). The“alivantages of having the unique morphology

shown in Figure 51 {qephudedsiubherraesphotegyiaaiudeercelen: stibuassiiapghness balance, high
impact effrcre owe t 50fr. %4 rio achre ven hness her brush resistance
(lower tendeﬁ’cff\étD Pmtre sgn \X/#f%eeﬁilar?%i e%@“é’? ut r%%tl ég 6 %%é]t mer f(sg régdlly varied
by controllingthé&asiag it ot clti&ioRs'pPésent. This aIIows greater ablllty to match the refractive
index of the elastomer with the matrix potymer, resultlng in blends-exhibiting a better balance of optical
clarity, stiffness, toughness and brush iti blends (that is, blends comprising

10lower blockiness multi-block copoly rtion temperature, improved

morphological stability (retention of polyme} tiple processing steps). Previously,
such properties were only obtainable i itiona components such as three
component blends of elastomer :high-{ plypropylene. 15Prenarat|on

film line. Polymer samples are melted in a pugh a ring die, expanded with air,
cooled, and slit into bi-directional oriented fikms. Film formi nditions are provided in Table 14:
20Table 14 Blown Film Conditions: SampIeI*Ex. 14 Zonel,C 176 176 Zone 2,C 206 204 Zone 3,C 216
204

C-€0)

Catalyst (B1) 1,2-bis-(3,5-di-t-butylphenylene){1 -(N-(1-methylethyl)immino)methyl)(2-

10 oxoyl) zirconium dibenzyl .

C(CHy)s
CH{CH3)3
C(CHy)s
ZX'XZ
{(HaCls
CH(CH3)7 X=CHyCels
(CHzh

The preparation of catalyst (B1) is conducted as follows.

aration of (1-meathylethyl¥2-hvdroxv-3.5-dift-butvDiphenvlimathvlimine

104



Zone 4,C 216 210 Screen ChangerC 221 210 AdapterC 232 210 Die 1,C 232 210 Die 2,C 732 210
Screw Speed rpm 48.3 49.2 Melt Temp,C 234 234 Extruder Power Consumption Amps 12 9 Pressure

(MPa) 9600 7600 Nip Speed M/sec 4.4 5.2 Air Blower M'/minute 0.8 0.7 Film Thickness mm 0.05 -0.06
0.04 - 0.05

3,5-Di-t-butyisalicylaidehyde (3.00 g) is added to 10 mL of isopropylamine. The solution
rapidly turns bright yellow. After stirring at ambient temperature for 3 hours, volatiles are removed

under vacuum to yield a bright vellow, erystalline solid (97 percent yield).

3 b Prapar&tio_n of 1.2-bis-{3.5-di-t-butviphenviene) ] -(N-{1-methvlethvhimminoymethv{2-oxovl)

zirconium dibenzyl

A solution of (1-methylethy){2-hydroxy-3,5-di(t-butyDphenyDimine (605 mg, 2.2 mmol) in
5 ml toluene is slowly added to a solution of Zr{CH,Ph)s (500 mg, 1.1 mmol) in 50 mL toluene.
The resulting dark yellow solution is stirred for 30 min. Solvent is removed under reduced pressure

10 tovield the desired product as 2 reddish-brown solid.

Catalyst (B2) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(2-methyleyclohexyl)-

immino)methyl}(2-oxoyl) zirconium dibenzyl

C(CH)3
H:C
=N O C(CH
%/ (CHz)h
71Xz
(H:0) O/ ‘L\N'—
3l cH,
X=CH,C¢H,
(CHz)
15 The preparation of catalyst (B2) is conducted as follows.

a) Prepararion of (1-(2-methvicvclohexyDethv(2-oxoyl-3 5-di(t-butvl)phenvllimine

2-Methyleyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in methanol (90 ml), and di-
t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is stirred for three hours
and then cooled to -25°C for 12 hrs. The resulting vellow solid precipitate is coliected by filtration

20  and washed with cold methanol (2 x 15 mL.), and then dried under reduced pressure. The yield is

11.17 g of a yellow solid. 'H NMR is consistent with the desired product as a mixture of isomers.

b) Preparation of bis-{1-{2-methvicycichexvhethviW2-oxoyl-3.5-dilt-butvliphensli

imminozirconium dibenzy]

25 A solution of (1-(2-methvicyclohexylethyl){2-oxoyl-3,5-di{t-butyl}phenyDimine (7.63 g,
23.2 mmol) in 200 mL toluene is slowly added to a solution of Zr(CH;Ph)s (5.28 g, 11.6 mmol) in
600 mL toluene. The resulting dark vellow 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.
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Samples of the resulting films are tested for normalized film tear resistance in cross direction (CD) and
machine direction (NT) according to ASTM D1922; blocking properties according to ASTM D3354-96;
and coefficient of friction (COP), according to ASTM D1894-01. 25Results are contained in Table 15.
Table 15 Blown Film Properties Normalized | CD Tear Normalized MD Tear  Density M[ g/0.001 in
0/0.001 in CD/ Blockage Kinetic Static | polymer g/cirr dg/min (kg/m) (k8/119) MD gICOP COP Ex. 14
0.912 2.6 668 (1700) 468 (1200)

Catalyst (C1) is (i-butvlamido)dimethyl(3 -N-pyrrolyl-1,2,3,32,7a-1-inden-1-
vl)silanetitanium dimethyl prepared substantially according to the techniques of USP 6,268 ,444:

HCRSE Tx(CHm

C(CHy);

5 Catalyst (C2) is (t-butylamido)di(4-methviphenyl)(2-methyl-1,2,3,32, 7a-n-inden-1-
ylisilanetitanium dimethyl prepared substantially according to the teachings of US-A-2003/004286:

H;C
U S
S TiCHs),
S
C(CHz )

Catalyst (C3) is (t-butylamido)di{4-methylphenyl){(2-methyl-1,2.3,3a,8a-n-s-indacen-1-

HaC

10 yhsilanetitanium dimethy! prepared substantially according to the teachings of US-A-2003/004286:

1,C

Catalyst (D1) is bis(dimethyldisiloxane){indene-1-yl)zirconium dichloride available from

Sigma-Aldrich:
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1.43 60i1.9 3.7 Cutup, ' 0.909 1.0 480 (1200) 291 (700) 1.65 90 2.5 5.2 i 1. Affi ity TM Ph 1840, ava
table from The Dow Chemical Company The film prepared from the polymer of example 15 shows
both higher CD and MD tear than 5 the film made from Comparative | polymer. Additionally, it exhibits
a more balanced tear (smaller CD/MD ratio) than the comparative film. Both the blocking force and
COP for the film made from example 14 are lower than those for Comparative I. This combination of
film properties indicates that films made from multi-block copolymers according to the invention have
greater tear resistance and higher blocking resistance than films made from conventional
ethylene/octene copolymers. 10 Preparation of Oil Extended Polymer Blends Compounded blends
are prepared at 190C in a preheated Haake Rhe®mixi#n. 600 mixer of 69 ml volume. The rotors are
turned at a drive speed of 50 rpm while the polymer ded and worked into a melt. By monitoring
the torque of the mixer, melting is verified. Once mgling of the 15polymer is accomplished, a paraffinic
oil (RENOILTM 625, available from Renke&ggll,sgrfc.) is adgled by syringe to the molten polymer. Once
oil addition had been completed the ram seal is lowered on to the melt and mixing continued for 15
minutes. Total mass of oil and polymer is 55 grams Qtors are then stopped, the bowl opened and
the resulting blend removed, flattened and cooled in ajpg \ . 70Blended and unblended polymers are
compression molded into 5" x 5" x 0.125" (125 x 12 { m) plagues on a laminating press under the
following conditions: 1) 3 minutes no pressure at 190C 2 minutes at ram force 30,000 pounds (133
kN) at 190C, and then 3) 3 minutes at 25C at ram force 30,000 pounds (13 IcN), The resulting
plaques are measured for Shore A hardness with a hand held durometer and for heat resistance
(TMA). Reported hafglaessresults ae-theaueaas,of aunastiemeyigalrl and 5 second durations
made at ranq:grrgig igga n rtcb% E{) 6}59#%% face. %rsglts are r%por%e din Talalg 16. t.‘l’ab%e }61 Properties
p ofe ATMAEX. 1774108 Tornp, [rLe oY reaction ot 2 long

I
of oil extende pof’ Eis sampre
5 chain trialkyiamine (Armeen™ MZHT, available from Akzo-Nobel, Inc.}, HCI and LifB(CsFs)g],

substantially as disclogsed in USP 5,919,9883, Ex. 2,

Cocatalyst 2 Mixed Cjs.s allyldimethylammonium salt of bis(tris(pentafiuorophenyl}-
alumane)-2-undecylimidazolide, prepared according to USP 6,395,671, Ex. 16.

10 Shuttling Agents The shuithng agents employed include diethylzine (DEZ, SA1), di(i-
butyl)zine (SA:Z), di(n-hexylzine (SA3), triethylaluminum (TEA, SA4), trioctylaluminum (SAS),
triethylgallium (SA6), -burylaluminum bis{dimethyl(t-butyl)siloxane) (SA7), i-butylaluminum
bis(di(trimetirylsilyamide) (SAS). p-octylaluminum di(pyridine-2-methoxide) (SA9), bis(n-
actadecyl)i-butylaluminum (SA10), i-butylaluminum bis(di(n-pentylamide) (SAT1), n-

15 octylaluminum bis(2,6-di-t-butylphenoxide) (§A12), n-octylaluminum di(ethyl(1-naphthyamide)
(SA13), ethylaluminum bis(t-butyldimethyisiloxide) (SA14), ethylaluminum
di{bis(trimethylsityl)amide) (SA15), ethylaiuminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide)
(SA16), n-octylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA17), p-octylaluminum
bis(dimethyi{t-butyl)siloxide(SA18), ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzine (i-

20 butoxide) (SA20).

Exemples 1-4, Comparative A-C

General High Throughput Paralle]l Polymerization Conditions
Polymerizations are conducted using a high throughput, parallel polymerization reactor
25 (PPR) available from Symyx technologies, Inc. and operated substantially according to USP’s
6,248,540, 6,030,917, 6,362,309, 6,306,658, and 6,316,663, Ethylene copolymerizations are

conducted at 136°C and 200 psi (1.4 MPa) with ethvlene on demand using 1.2 equivalents of
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76 68 70 percent Example 17 / 30 percent Oil 55 86 60 percent Comp.H* 740 percent Oil 52 48 ' An
elastomeric, substantially linear ethylene/ -octene copolymer, AFFLNITYTm EG8100, available from
The Dow Chemical Company 5The results of Table 16 indicate that the inventive polymer has similar
Shore A hardness as the comparative polymer but shows about 40C higher TMA temperature.
Surprisingly, the 30 weight percent oil extended polymer has a similar Shore A hardness to the 40
percent oil filled comparative polymer but has more than 30C higher TMA temperature. This result
demonstrates that the polymer of Example 17 exhibits higher oil acceptance and better retention of
thermal and 10RIEkfiahfEstRD i EEdeES Hesqr rearata nbertdhed streseeny Pmiteriperature, and
tensile strengthigesripaied ie thedomipatgtiveldippahymetadisFedmbbnatien df4ddwdnadsdaess and high

TMA temperature is biseful in fany, spft.alastamer égm,a%%ﬁg@ SHehas sqltyguehmalded articles and

pressure sensitive adhesive applications. 15Example 20 Method for Selecting Catalyst Al Shuttling
Agent Pair A SafiiCdf BitARHEY Baoetehé 85\5019?&@&2%&%@1&%%%&&é%sagiﬁg witafifg
catalyst/ shuttlingdagént sticlag pafids: afitk menomercanl/@rsicngas Bheptodatadystinptoyedin all

polymerizationsis, ¢ asatalysh e akheAesuiing ﬂg&ymeggea{seam?@%HE@@%E@%%QH&%&A«%% (Mw and
Mn) using GPO. Po%d%%é[sélt Index PDI Mw/Mn is cal Iated for each mer. Results 20are
Ot

tabulated in TAGHE T4 é?f“?frlf (RS 32 BRI 3D RIS 6% étt’gﬁéi SeEF18%e data with a
R2 value of 0s9Bnt (4 mi) s Iresietiorrversed ébmammgt@bgtdsg whattimse i iehangeduwith mixed
alkanes (2. 70@&0&@"@4&1%@5@@%@6&&@&%&@@5& (BWhéuM Rawithr elbyigne: Qeatene dQe uL), and
then a mfxture of cocatal éy 559'\@ in @Igﬁeﬂnﬁeﬂ,{ Oarlogemgl}_{ gZOﬂrgu%%%g lng]inet§x %lnc go umol) is added
25 via syringe. a?ai}ysr{V ml\ﬂ in"tolu 100 |rnﬂ_ mnol) was a (ﬂ;l% syringe. After 15
seconds, the Pe&BEBEP réeqﬁéﬁﬁ%hé%yaafa%ﬁﬁa#ﬁ BPites B Grisurpscheiramee diaddiNatile
components remeviedmindansm@imeRaljmmerield: 00838 g ol A560iMNE:8,267; PDI = 1.76.

i) A 6-mL reaglionyesselagaiaining aiass.dalinsert isshagedwithmixed allalss 20 (270 m) and
then pressurlfed to 110 psi O 77 MPa) with e'k;l?/ ene. Octene (100 uL), and then a mixture of

cocatalyst (4.5°MM HEBRERS, @i@ﬁﬁﬂ’lﬁ”% it §ﬁﬂrﬁf@mﬁ5ﬁ?&€(fﬁﬁﬁﬁﬁ@l§e@aﬁ8‘ﬂé&%¥syrlnge
Catalyst {A) (3%, sl drictoforerieddrd 00, 350twhaoipwasadied Mo ayringe:=literagdlisgeconds, the

reaction is qug@f%&%s*e%xt@%'%wé J@&J he @mlua%gﬁeéﬁq@%@ﬁﬁd mwgﬂlﬁeggﬁmnems removed

under vacuum, Polyme 1.71. i) A 6-mL

reaction vessé‘i’rﬁi‘)‘ﬁ?gﬁ’ﬁﬁy@b}f él%sT\?Péff r@gﬁ‘?&‘”&ﬁ%@’é&%ﬂﬂ%ﬁ %&aﬁ%fﬁaé%’f@"?mwﬁs &4fd then
pressurized tandit&rqasiy( AstdMRAY with ethylene. Octene (100 uL), and then a mixture of cocatalyst

(4.2 mM in toluene, £, 10010k.4420. Himal) and.dirthylzinc.(1 9ol is added M&%%Q@@Iyst (A)
(3.5 mM in tolueng, 0.10 nmoiJ) was addegd%sgrm e, After 51 s, the reaction is

350
quenchetf by ?(féﬂﬂffﬁegfbéfg ﬂ{g‘ﬁl‘é‘é‘s’ ihSert 18 femoved a‘f’?ﬁﬁl %fﬂ%n%l F‘éﬁﬁ%%d under
vacuum. PolyhiZr yistdentGrH360repdvviraad 0158 Riay peiclt 2 P73 uiRD pradet 1a®mmre ofiBppuBiaL reaction

vessel contal@mg;@egm&ae@ aam@&&ba&gagmmma@kﬁa@@a@ymmLu)saﬂsmmefn pressurized to

110 psi (0.77 MPa) W'the}Q ne. Oc (s%gﬁu ’%ceimn méxgtére %gc ta sﬁ 4.2 niM in
toluene, 0. 100" 43 nmog |et yr]azi“nc bumo IS a via syringe. ata GA) (3.5ml)/1in

toluene, O. 10@%@8@9%@65‘%@&&6@85%@%%%@%@? E%@‘@é@bﬁ%iﬁhe reaction is quenched by
addition gf CO. The glass insert is removed and vatakilecomponents removed under vacuum. Polymer

yield = 0.1748 g. Mwy- @ﬁ? tl\dﬂ) %,%t]aleﬁQb_ 2,0Qu: . v) A 6-mL reaction vessel containing a

glass vial insert is.ch WI engllllggneér(aﬁggg;,lt)ﬁ%tlg-%pg@ss%zeq\@g,gvﬂp RSIAD.77 MPa)
with ethylene. Og;ene 100 uL), and thess@ 20omixture of cocatalysk§4.20a3vt in tokgene, 0.100 mL, 420

nmol) and diethyfzinc (10 umolyis addedivia syringe Catalyst (A).(3:5 nmidbaT tolueaze, 0.200 mL, 350
nmol) was added Via s§fifige. Afiter 298 Siécond$, the reaction istgiighch&d 2y addiﬁon of €0. The
glass insert is removed-4nd volﬁﬂle coQﬁB%nents ren%%(ﬂgtﬁ’hdep\l’%%ur%wﬁ’%lyniéﬁyleldmo 2191 g.

Mw = 33,777; Mrg= 180%(?1 PDf< 1.88:35vi) A 6- mE> [%}1 vESEE %fg ingd plass Vjal insert is
3
charged with mlxgd al s (2. q mL)Oq@g then pressul q3 0 }1Qjsi ; %’@fwnhge hylene.
Octene (100 uL), aIn@t @m&ggﬁ&p&@tﬁy@&&% in toluene 0. 100 mL, 420 nmol) and
diethylzinc (10 lime @@d&iﬁwl@oswmggngmwhm) (3.5 mM in toluene, 0.100 mL 350 nmol) was
added via syringe. After 1201 seconds, the reaction is quenched by addition of CO. The glass insert is
removed and volatile 30components removed under vacuum. Polymer yield -= 0.2681 g. Mw = 46,539;

Mn = 24,426; PDI -= 1.91.
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Table 17 Run Polymerization Time (sec) Yield (g) Mn Mw PD 15 0.0938 8267 14560 1.76 ii 30 0.1173
9774 16677 1.711ii 51 0.1360 12773 20557 1.61 iv 98 0.1748 13161 26379 2.00 v 291 0.2191 ,18201

18

15

20

25

30

It may be seen the polymers produced according to the invention have a relatively narrow '
polydispersity (Mw/Mn) and larger biock-copolymer content (trimer, tetramer, or larger) than
polymers prepared in the absence of the shuitling agent.

Further characterizing data for the polymers of Table 1 are determined by reference o the
figures. More specifically DSC and ATREFF results show the following:

The DSC curve in Figure 3 for the polymer of exampie 1 shows & 115.7°C melting point
(Tm) with a heat of fusion of 158.1 J/g. The corresponding CRYSTAF curve shows the tallest peak
at 34.5°C with a peak area of 52.9 percent. The difference between the DSC Tm and the Terysiaf is
81.2°C.

The DSC curve in Figure 4 for the polymer of example Z shows a peak with a 109.7°C
melting point (Tm) with a heat of fusion of 214.0 J/g. The corresponding CRY STAF curve shows
the tallest peak at 46.2°C with a peak area of 57.0 percent. The difference between the DSC Tm
and the Terystafis 63.5°C,

The DSC curve in Figure 5 for the polymer of exampie 3 shows a peak with a 120.7°C
melting point (Tm) with a heat of fusion of 160.1 J/g. The comresponding CRYSTAF curve shows
the tallest peak at 66.1°C with a peak area of 71.8 percent. The difference between the DSC Tm
and the Teorystafis 54.6°C.

The DSC curve mn Figure 6 for the polymer of example 4 'shows a peak with a 104.5°C
melting poiat (Tm) with a heat of fusion of 170.7 J/g. The corresponding CRYSTAF curve shows
the tallest peak at 30 °C with a peak area of 18.2 percent. The difference between the DSC Tm and
the Terystaf is 74.5°C.

The DSC curve in Figure 22 (comparative A) shows a 90.0°C melting point (Tm) with a
heat of fusion of 86.7 J/g. The corresponding CRYSTAF curve shows the tallest peak at 48.5°C
with a peak area 0f 29.4 percent. Both of these values are consistent with a resin that is low in
density. The difference between the DSC Tm and the Terystaf is 41.8°C.

The DSC curve in Figure 23 (Comparative B} shows a 129.8°C melting point (Tm) with a
heat of fusion of 237.0 J/g. The corresponding CRYSTAY curve shows the tallest pealk at 82.4°C
with a peak area of 83.7 percent. Both of these values are consistent with a resin that is high in
density. The difference between the DSC Tm and the Torystaf is 47.4°C,

The DSC curve in Figure 24 (Con;parative C) shows a 125.3°C melting point (Tm) with a
heat of fusion of 143.0 J/g. The corresponlding CRYSTAF curve shows the taltest peak at 1.8 °C
with a peak area of 34.7 percent as well as a lower crystalline peak at 52.4 °C. The separation
between the two peaks is consistent with the presence of a high crystalline and a low crystalline

polymer. The difference between the DSC Tm and the Terystaf is 43.5°C.
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33777 1.86 vi 1201 0.2681 24426 46539 1.91 These results demonstrate that chain shuttling behavior
(both forward and reverse pelymeryl exchange) between Catalyst (A) and diethylzine chain shuttling
agent occurs during 5polymerization due to the fact that Mn of the resulting polymer increases linearly
with polymer yield, while the PDT remains less than or equal to two for all polymerizations. Example
21 Method for Selecting Catalyst B2/ Shuttling Agent Pair A series of ethylene/ 1-octene
polymerizations are conducted using differing catalyst/ 10shuttling agent molar ratios and monomer
conversions with cocatalyst 2. The resulting polymers are measured for molecular weight (Mw and Mn)
using GPC. Polydispersity Index (PDT MW/Mn) is calculated for each polymer Results are tabulated
in Table 18 afidapinteH iih CipnacadR:s [P sifif-8 5.4 ith=& R2 value of
0.995. ). A 6-mL re@%ﬁ%&e%@dte@@mma@im wéluasaztﬂsa%a@@d wﬂ{aome@takwes 15 (2.334

mL) and then ressgrézeg to.11 é%f §“g Q.77 MPQQH\%th eth%le e, Qctene %OO ulj“)]::a 11a £n.a mixture of
cocatalyst (1. in f%‘i'uene 419 nmol) an yizine ( rﬁ 5T) is added via syringe.

Catalyst B2) @wmwm%m ehders 2%23,7%“@%%#%%%@1@{1&@6% %@ﬁm@@q&#@hfa ggconds, the
reaction is queecﬁ@déay@dﬁmofmfdaéaufﬁm gldssjinsertisisainovact andryolatile eomponents removed
under vacuurg, Eolymer y‘ﬁn'QsEh%nQ%%g@ﬂM%act&*@%ﬁeMc&@%%s?&lw <SR A varithb 6-mL

reaction vesse contalnlng a glass vial insert is charged with mixed all:ones (2.334 mL), and then

pressurized td%ﬁ&ﬁ%?ﬂ?’?ﬁ%ﬁté?ﬁ%e%ﬂﬁ’cféﬁé’(‘iﬁﬁﬁf)e SIRPIFERCR fﬁﬁf@sfslfadéecatalyst
(1.8 m1V1 in télbepen) 283 nrkand 10aenod) ramddd Rably ime {G0hsrrat)is addedadb syringei€atalyst

(B2) (1. fihancli\/l g&gegziay@m@r%%?%%@&@e@meuwm\a@ﬁﬂa&t?,@otlﬁﬁt%&ﬁ%%v%s}@% thg rer:ljctlon
is quenched by addition o insert is remov olatjle ¢ onents removed under
vacuum. PolyfEFYI& Pt G@T S(?L []]ustl:?e 5%? f}}e D, %dpremmf”ﬂ"éomrﬁ reaction
vessel contalmNgranlglﬂeslﬂilabnmmihymarge’dWWﬁmM@H@a#@‘{i?Qmﬂm r9acapid thepspressurized
to 110 psi (0. h%vlyolaE’a)eMmse&nyL&lﬂesr@ﬁdmgal(B@ﬁ)euke)aam hena 30mikipeaefcaemalyst (1.8 mM in
toluene, 0.233 mL 419 nmol nddet o ad ed_via.syringe. Catalyst (B 5mMin
toluene, 0.233M m?flﬁﬁﬁoﬁjmrosl%lvﬁgg adc %ﬁa 5% ?ﬁ%}g Atzr g coér?dtgs%t % ?lggc:%tforgaié%u%e)lﬁ%hed by
addition ©f cetrwgm@%e@weir@ﬁfmd \m%lﬁféce&?fﬁﬁﬁfeﬁfgfweéwaﬁdéf%ewﬁ Polymer

yield = 0.107 L@ MW Fodban840; Mtz d0,9i4dd Wil the kadySifthh Gineht eraciienivessabecmntaining a
glass vial insertJs ¢ Chgﬁg%gagw hfﬁé&%ﬁéﬂ?ﬁ@ﬁ%@% mkdo3ng ?29»&@?%4@}&&&9@ 0.77

MPa) with ethﬁene ctene (200 uL), and then a mixture of cocata yst (1.8 mM in toluene, 0.233 ml,

419 nmol) ané’rdﬁ’éfﬁgﬂiﬁ‘i@‘(wkﬁﬂiéﬁ)%ta’d%"d DR g reseayst (’E’é}”(lisgr?ﬁﬁ\ﬂlﬁf"tﬁl‘féﬁ% 0.233 mL,
350 nmol) was@asdededians yinged Aftenié3secindsptbttretheidditisrpienchdd-hyuadditerrof CO. The

glass '”%%” Is;remaued fm,daxgia& I Mﬂ%@@éﬁgmﬁdﬁdny hdepMacHHNRAReEMeld = 0.1365 g.
Mw = 21,664; Mn = 12,577; PDI = 1.72. {%% mL reaction vc%ssel con mmﬁaﬁa&%lass vial insert is

charged with ﬁ‘ﬁﬁk‘éﬁ‘%ﬂ%aﬁ@é”(‘f%iﬁfﬁﬁﬁaﬁ? OreBATHESH 1821 FO B P07 78 j with ethylene.
Octene (200 ukjp@ritiztien & mpqwmree\catakys%\(erﬁ Pri Vi tiouesies, 0498 8atiizing pmAsORANd
diethylzinc (1Q,imebhisiaddadLomirsyange Gatalys! {B2){bamvhiniolene. Q233ymk: 350 nmol)
was added via syringe. After %7(13 e%dnds the reaction is quenched by addition of CO. The glass
insert is remoVEAARG USETIAEoMP8REents removed under vacuum. Polymer yield = 0.1829 g. Mw =
25,221; Mn = 16,245; PDI = 1.55. vi) A 6-mL reaction vessel containing a glass vial insert is
charged with mixed alkanes 20 (2.334 mL), and then pressurized to 110 psi (0.77 MPa.) with ethylene.
Octene (200 uL), and then a mixture of cocatalyst (1.8 mM in toluene, 0.233 mL 419 nmol) and
diethylzinc (10 umol) is added via syringe. Catalyst (B2) (1.5 mM in toluene, 0.233 ml, 350 nmol) was
added via syringe. After 282 seconds, the reaction is quenched by addition of CO. The glass insert is
removed and volatile components removed under vacuum. Polymer yield = 0.2566 g. Mw = 35,012;
Mn = 23,376; PDI 25=1.50. Table 18
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Run Polymerization Time (sec) Yield CO Mn Mw PDI i 18 0.0542 5281 7626 1.44 ii 39 0.0769 7523 10501 1.40 iii 59 0.1071 10971 15840 1.44 iv
103 0.1365 12577 21664 1,72 v 173 0.1829 16245 25221

Table 2
Cat CatAl Cat B2 DEZ DEZ Cocat Cocat Poly
, Cellis  Solv. H, T A1>  Flow B2 Flow Cone Flow Cone. Flow [CoHl/ Rate® Conv  Solids
Ex. kg/hr kg/hr scem' °C  ppm  kefhw  ppm  kefhr %  kgfhr  ppm  ke/hr TDEZ)  kefhr  %° % 1
D 163 127 2990 120 1422 014 - - 0.19 032 820 0.17 536 1.81 8838 112 952
E* « 9.5 5.00 * - - 109 010 019 * 1743 040 485 1.47 899 11.3 1268
F* * 113 2516 “ 1.7 006 308 006 - - “ 0.11 - 1.55 885 103 2579
5 « «“ - “ “ 0.14 308 613 017 043 “ 0.26 4i9 1.64 896 1.1 1183
& * “ 4.92 « ¢ 010 304 008 017 032 «“ 0.18 570 1.65 8§93 it.p 1729
7 «“ “« 21.70 « « 0.07 308 006 Q.17 0325 “ 0.13 718 1.60 8§92 106 2441
8 i « 36.90 “ * 0.06 " “ “ 0.10 “ 0.12 1778 .62 900 108 2611
9 * e 78.43 «“ « “ « « «“ 0.04 b «“ 4596 1.63 9032 10.8 2679
10 « b .00 123 Tl 0.12 303 014 034 ©®19 1743 008 415 b7 9031 1Lt 1311
3 e “ = 120 711 0.16 “ 0.17 080 015 1743 010 249 .68 8956 111 10086
12 5 = « 121 711 0.15 “ 0.07 * 0.09 1743 0.07 396 170 9002 113 1370
i3 “ “ “ 122 711 0.12 “ 0.06 * 0.05 1743 (.05 653 1.69 8964 112 1619
- 14 « « 120 711 0.05 029 “ 010 1743 010 395 141 8942 93 1M1
- 5 245 “ * “ 71.1 0.14 « 0.17 ¥ 014 1743 0.09 282 [.80 8933 113 1213
16 * * “ 122 711 0.10 « (.13 “ 0.07 1743 007 485 1.78 9011 112 1597
17 “ “ “ 121 711 0.10 N 0.14 * 0.08 1743 “ 506 175 8908 11.0 1556
18 0.69 « “ 121 711 “ “ 0.22 “ 011 1743 010 331 1.25  8$9.93 8.8 90.2
19 032 < “ 122 711 0.06 « b ¢ 009 1743 008 367 116 9074 84 1060
* Comparative, not an example of the invention
' standard cm*/min
% [N-(2,6-dif 1-methylethyl)phenyDamido)(2-isopropylpheny[)(o-naphthalen-2-diyl(6-pyridin-2-d iyDmethiane}hafnivm dimethyl
* bis-(1-(Z-methylcyclohexyl)ethyl}(2-oxoyl-3,5-di(t-butyl)phenyl)immino) zirconium dibenzyl
- molar ratio in reactor
% polymer production rate
S percent ethylene conversion in reactor
7

efficiency, kg polymer/g M where g M = g Hf + g Zr



1.55 vi 282 0.2566 23376 35012 1.50 These results demonstrate that chain shuttling behavior (both forward and reverse polymeryl exchange)
between Catalyst (B2) and diethylzinc chain shuttling agent occurs du polymerization due to the fact that Mn of the resulting polymer increases
linearly with polymer yield, while the PDI remains less than two, and usually less than 1 5 for all polymerizations. Example 22 Combinatorial -
Screening of Catalyst( Shuttling Agent pairs 5The reaction conditions of Examples 1-4 are substantially repeated using various catalysts, cocatalyst |
and potential shuttling agents. Over 500 reactions are performed. The resulting ethyleneil-octene copolymers are tested for Mn and PDI and polymer
production rate compared to rates obtained from a control using IVEMAO in place of the shuttling agent. The best compositions are then selected
based on a combination of greatest molecular weight (Mn) reductiB?R}%?’eatest 10reduction in PDI, and least reduction (or actual increase) in

polymerizationrateSetectedcombinatipns-shiowing the best resuttsi nh&&' by reduction)rare prcaent?ig_iﬁqfab}e&&%m&ﬂ
Shuttling Agemt Rela}ﬁié{lgnylr IRelative PIN Relatiyg rate A}S5A7 0.07 10 8§u1-_i-§1 [ %S ]18c Tervsiar | Texysmar | CRYSTAT Peak
Ex. (g/mzli i, o | Ll | (glmel} | (g/mol) | Mw/Mu gy | (°C) C) | (°C) (°C) Area (percent)
DE | 0.8627 1.5 10.0 | 6.5 ] 110,000 | 55,800 2.0 32 37 45 30 7 99
E* | 09378 1 7.0 | 390 [ 56 | 65000 | 33300 | 20 183 | 124 | 113 79 45 95
F* | 08895 | 09 | 125 | 134 ] 137,300 | 9,980 | 13.8 90 125 | 1 | 78 | 47 20
5 1 0.8786 | 1.5 | 9.8 | 6.7 | 104,600 | 53200 | 2.0 55 120 | 101 48 72 60
6 0.8785 1.1 7.5 6.5 109600 | 53300 2.1 55 115 94 44 71 63
7 1 08825 7 1.0} 72 | 7.1 | 118500 | 53,100 2.2 69 121 103 49 72 29
8§ | 08828 | 09 | 68 | 7.7 | 129,000 | 40,100 | 32 68 124 | 106 80 | 43 13
9 0.8836 111 97 | 81 129600 | 28700 4.5 74 125 169 81 44 6
10 | 0.8784 1.2 7.5 6.5 | 113,100 § 58,200 1.9 54 116 92 41 75 52 -
11§ 08818 | 90 | 592 | 6.5 [ 66200 | 36500 ; 1.8 63 114 { 93 40 74 25
12| 08700 | 2.1 | 132 | 6.4 | 101,500 | 55,100 | 138 40 113 | 30 30 83 91
— | 13| 08718 | 0.7 4.4 6.5 | 132,100 | 63,600 2.1 42 114 80 30 81 8
o |14 ] 09116 | 2.6 | 156 | 6.0 | 81,900 | 43,600 | 1.9 123 121 | 106 73 48 92
15 | 0.8719 60 | 416 | 69 79.900 | 48,100 2.0 33 114 91 32 82 10 -
16 | 0.8758 | 0.5 | 3.4 | 7.1 | 148,500 | 74,900 | 2.0 43 117 | 96 48 69 65
17 | 08757 | 1.7 | 113 | 6.8 | 107,500 | 54,000 | 2.0 43 116 | 96 43 73 57 |
18 | 09192 | 4.1 | 249 | 6.1 | 72,000 | 37,900 1.9 136 120 | 106 70 50 94
19 1 0.9344 34 | 203 | 6.0 76,800 | 39400 1.9 169 125 112 80 45 83

Run Catalyst



0.85 0.57 iii cc SA150.19 0.93 6.29 iv A2 SA19 0.27 0.73 0.18 v A3 5A2 0.29 0,80 9.74 vi " SA8 0.38
F1.01 1.15 vii SA7 0.6011.06 1.38 viii " SA1 1

The resulting polymers are tested by DSC and ATREFF as with previous examples.
Results are as follows:

The DSC curve in Figure 7 (polymer of example 5) shows a peak with 2 119.6 °C melting
point (Tm) with a heat of fusion of 60.0 J/g. The corresponding CRYSTAF curve shows the tallest

5 peak at 47.6°C with a peak area of 59.5 percent. The delta between the DSC Tm and the Terystaf is
72.0°C.

The DSC curve in Figure § (polymer of example 6) shows a peak with a 115.2 °C melting
point (Tm) with a heat of fusion of 60.4 I/g. The corresponding CRYSTAT curve shows the tallest
peak at 44.2°C with a peak area of 62.7 percent. The delta between the DSC Tm and the Terystaf is

¢ 71.0°C.

The DSC curve in Figure 9 (polymer of example 7) shows & peak with 2 121.3 °C melting
point with a heat of fusion of 69.1 J/g. The corresponding CRYSTAF curve shows the tallest peak
2t 49.2°C with a peak area of 29.4 percent. The delta between the DSC Tm and the Terystaf is
72.1°C. |

15 The DSC curve in Figure 10 (polymer of example 8) shows a peak with a 123.5 °C melting
point {Tm) with a heat of fusion of 67.9 J/g. The corresponding CRYSTAF curve shows the tailest
peak at 80.1°C with a peak area of 12.7 percent. The delta between the DSC Tm and the Torystaf is
43.4°C. '

The DSC curve in Figure 11 (polymer of exampie 9) shows a peak with 2 124.6 °C melting

20 point (Tm) with a heat of fusion of 73.5 J/g. The corresponding CRYSTAF curve shows the tallest

peak at 80.8°C with a peak area of 16.0 percent. The delta between the DSC Tm and the Terystaf is
43.8°C.

The DSC curve in Figure 12 (polymer of example 10) shows a peak with a 115.6 °C meliing
point (Tm) with a heat of fusion of 60.7 J/g. The corresponding CRYSTAF curve shows the tallest

25 peak at 40.9°C with a peak area of 52.4 percent. The delta between the DSC Tm and the Terystaf is
74.7°C,

The DSC curve in Figure 13 (polymer of exampie 11) shows a peak with 2 113.6 °C melting
point (Tm) with a heat of fusion of 70.4 F/g. The corresponding CRYSTAF curve shows the tallest
peak at 39.6°C with a peak arsa of 25.2 percent. The delta between the DSC Tm and the Terystaf is

30 74.1°C.

The DSC curve in Figare 14 (polymer of exampie 12) shows a peak with 2 113.2 °C melting
point (Tm) with a heat of fusion 0£48.9 J/g. The corresponding CRY STAF curve shows ne peak
squal 1o or above 30 °C. (Terystaf for purposes of further caleulation is therefore set at 30°C). The
deltz between the DSC Tm and the Terystaf is 83.2°C.

113



0.651.04 1.43 ix " 5A3 0.65 0.86 4.61 x SA17 0.66 10.95 ‘6.36 xi " 5A20 0.68 F0.82 4.37 xii B1 SA9
0.52 1.12 2.32 xiii ,, SA7 0.53 1.07 0.91 xiv

The DSC curve in Figure 15 (polymer of example 13) shows 2 peak with a [14.4 °C melting
point (Tm) with a heat of fusion of 49.4 I/g. The corresponding CRYSTAY curve shows the tallest
peai at 33.8 °C with 2 peak area of 7.7 percent. The delta between the DSC Tm and the Terystaf is
84.4°C.

5 The DSC curve in Figure 16 (polymer of example 14) shows a peak with a 120.8 °C meliing
point {Tm) with a heat of fusion of 127.9 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 72.9 °C with a peak area of $2.2 percent. The delta between the DSC Tm and the
Terystaf is 47.9°C.
The DSC curve in Figure 17 (polymer of example 15) shows a peak with a 114.3 °C melting
10 point (Tm) with a beat of fusion of 36.2 J/g. The corresponding CRYSTAF curve shows the tailest
peak at 32.3 °C with a peak area of 9.8 percent. The delta between the DSC Tm and the Terystaf is
§2.0°C.

The DSC curve in Figure 18 (polymer of example 16) shows a peak with a 116.6 °C melting

point {Tm) with a heat of fusion of 44.9 J/g. The corresponding CRY STAF curve shows the tallest
15 peak at 48.0 °C with a peak area of 63.0 percent. The delta between the DSC Tm and the Torystaf is
68.6°C.

The DSC curve in Figure 19 {polymer of example 17) shows a peak with 2 116.0 °C melting
point (Tm) with a heat of fusion of 47.0 J/g. The corresponding CRYSTAF curve shows the tallest
peak at 43.1 °C with 2 peak area of 56.8 :percem‘. The delta between the DSC Tm and the Terystaf

20 is72.9°C.

The DSC curve in Figure 20 (potymer of example 18) shows a peak with a 120.5 °C melting
point (Tm) with a heat of fusion of 141.8 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 70.0 °C with a peak area of 94.0 percent. The delta between the DSC Tm and the
Terystafis 50.5 °C.

S
Ui

The DSC curve in Figure 21 (polymer of example 19) shows a peak with 2 124.8 *C melting
point {Tm) with a heat of fusion of 174.8 I/g. The corresponding CRYSTAF curve shows the
tallest peak at 79.9 °C with a peal area of 87.9 percent. The delta between the DSC Tm and the
Terystaf is 45.0 °C.

The DSC curve in Figure 25 (comparative 1)) shows a peak with a 37.3°C melting point
30 (Tm) with a heat of fusion 0f 31.6 J/g. The corresponding CRYSTAFT curve shows no peak equal fo
and above 30°C. Both of these values are consistent with a resin that is low in density. The delta
between the DSC Tm and the Terystafis 7.3°C.

The DSC curve in Figure 26 (comparative E) shows a peak with a 124.0 °C meiting point

(Tm) with a heat of fusion of 179.3 J/g. The corresponding CRYSTATF curve shows the tallest peak
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SA11 0.59 1.11 F2.47 xv " SA14 0.69 F1.07 2.12 xvi " SA18 0.69 1.10 3.16 vii " SAI2 0.70 F1.07 0.97
xviii , SA5 0.93 F0.95 0.81 xix CI15A20.29 0.92 0.71 xx F5A130.59

at 79.3°C with a peak arez of Y4.6 percent. Both of these values are consistent with a resin that is
high in density. The delta between the DSC Tm and the Terystaf is 44.6°C,
The DSC curve in Figure 27 (comparative F) shows a peak with a 124.8 °C melting point
(Tm) with a heat of fusion of 90.4 J/g. The corresponding CRYSTAF curve shows the taliest peak
5 at77.6°C with a peak area of 19.5 percent. The separation between the two peaks is consistent with
the presence of both a high crystalline and a low crystalline polymer. The delta between the DSC
Tm and the Terystaf is 47.2°C,

Physical Property Testing

16 Polymer samples are evaluated for physical properties such as high temperafure resistance
properties, as evidenced by TMA temperature testing, pellet blocking strength, high temperature
recovery, high temperature compression set and storage modulus ratio, G'(25°C)/G’(100°C),
Several commercially available polymers are included in the tests: Comparative G* is 2
substantially linear ethylene/1-octene copolymer (AFFINITY™ KCB8852G, available from The Dow

15  Chemical Company), Comparative H* is an elastomeric, substantially linsar ethylene/ 1-octene
copolymer (AFFINITY ™ EG8100, available from The Dow Chemical Company), Comparative [ is
a substantially linear ethylene/l-octene copolymer (Affinity PL1844, available from The Dow
Chemical Company), Comparative J is a hydrogenated styrene/butadiene/styrene triblock
copolymer (Kraton™ G1652, available from KRATON Polymers), Comparative K is a

20 thermoplastic vulanizate (TPV, a polyolefin blend containing dispersed therein a crosslinked

elastomer). Results are presented in Table 4.
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0.97 0.93 xxi 1 5A30.63 F0.95 0.93 ocii 18A5 0.79 1.10 1.19 xxiii C2ISA130.83 0.92 0.67
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0.77 xviii SA50.74 1.01

Tabie 4 High Temperature Mechanical Properties

TMA-imm | Pellet Blocking I 300 % Strain | Compression
penetraticn | Strength G*(25°CY | Recovery (80°C) Set (76°C)
Ex. C) W/ (kPa) G’(100°C) (percent) (percent)
| D* 51 - 9 Failed -
E* 130 - 18 ! - -
F* 70 141 (6.8) 9 Failed 100
5 104 0 (0) 6 81 49
6 110 - 5 - 52
|7 113 . 4 84 43
| 8 111 . e 4 Failed 4]
5 97 - 4 - 66
10 108 - 3 { 81 55
11 100 - 8 i - 68
12 88 - 8 i - 79
13 95 | - 6 84 71
14 125 - 7 - -
15 96 - 5 - 58
16 113 - 4 - 42
17 108 0(0) 4 82 47
18 125 - 10 - -
19 133 - 9 - -
G* 75 463 (22.2) 89 Failed 100
H* 70 213.(10.2) 29 Failed 100
* 111 - 11 - ; -
T* 107 - 3 Failed 100
K* 152 | - 3 - 40

In Table 4, Comparative F {(which is a physical blend of the two polymers resulting from
5  simultaneous pelymerizations using catalyst A1 and B1) has 2 1 mm penetration temperzature of
about 70°C, while Examples 5-9 have a | mm penetration temperature of 100°C or greater. Further,
examples 10-19 all have 2 | mm penetration temperature of greater than 85°C, with most having 1
mm TMA temperaturs of greater than 90°C or sven greater than 100°C. This shows that the novet
polymers have better dimensional stability at higher temperatures compared to a physical blend.

10 Comparative J (a commercial SEBS) has 2 good 1 mm TMA temperature of about 107°C, but it has
very poor (high temperature 70°C) compression set of about 100 percent and it also failed to recover
(sample broke) during a high temperature (80°C) 300 percent strain recovery. Thus the exemplified
polymers have a unique combination of properties unavailable even in some commercially
available, high performance thermoplastic elastomers.

15 Similarty, Table 4 shows a low (good) storage modulus ratio, G'(25°C)/G*(100°C}, for the
invented polymers of 6 or less, whereas a physical blend (Comparative F) has a storage moduius

ratio of ¢ and a random ethylene/octene copolymer (Comparative G) of similar density has a storage
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0.72 S.A16F0.82 F1,05 2.62 By reference to Table 19, suitable combinations of catalyst and
shuttling agent may be selected. It is to be emphasized that preferred catalyst/shuttling agent
combinations, in different embodiments, may be selected based on a desired objective, such as
maximum reduction in Mn or improvement in production rate coupled with more modest Mn reduction.
Additionally, the above 5results are based on a single catalyst/shuttling agent combination, whereas in
practice, the effect, if any, of the presence of one or more additional catalysts or use of continuous
polymerization conitio_ns mudst aj!so be considered in ?el%ctin 2 t%otr&bination of catalysts and shuttling
agent(s). ExaMSiE 3 R HiSRaliZ e ML Braek Copdlyhis Formation 1044 TeHtsf18°Harged with
600 rnl of drypeleosybresiated e xaimesahi- 40 peprofdisthpe zitnt sty Wedtew dby1I00Bhder nitrogen.

The reactor is,faenpiassuizre +add G-psishéd JhiRad-nith sihyiens, Mprixture &f.10-pm of catalyst (Al),
10 umole of catalyst (B1), and.50.micromoles of IVIMAO is then injected inta the reactor and ethylene
fed on demanrar?g”f%%%ﬁgg? elg})ﬁséf%t‘ériépa%?éﬁoﬁ%erﬁr?&fé%rﬁoea?g%r_{l& ﬁashfﬁel_ﬁd\? N ‘g"&"a@ﬁsd cooled to
ambient tempei@fitelEnrBLIRyEF A ATROTEA S ZOMRERES ST vilhsrotdhpgme with
nitrogen, a stream of ik intradcedsintenthedaettorm of faerractotmionldtun andthamesuting slurry

stirred an addjtign Lo >2ggtion: yis.t d or, stifred with
water anl s o NG TE %%%g%:ojﬁﬁ P b in 1 s
P

ifiNMIR analy&i§ eyt BRASF <1 bf PORIHI & SiERETT I E i Ehths to
hydroxyl-terminatédrafiabtrends . Hydknp os24: 28rEthrderialde Buiesieo@an ofmigrizatianing

Continugys sgjution.polymesizations-are: Gaprrd.outiglawing e procstiiie descrbed above for
Examples 5-19 with the flo,llowing iﬁceptions, tpte comonomer used in all examples is 1- butene and for
Examples 25 SRR & e and MABE 8P H5 ar ratio) is used as the chain 25shuttling agent
(OSA). Process detdiigtermipresutes @Ye contairiaien peT b beligvantedayp lvasesrethatiii@arixture of chain
shgttling aﬁe%amyg@ghmggmma&u ﬁopeﬁea@@Eammmmhilﬁaﬁim&waﬂeﬁe@armg .
substantially similar pro s (density = 0.88,-12 = 2). Select [ properties are provided in
Tabioe 210 B e o e R S e
polymer 6f exaimplezacsHBir e Rakaritis 1elue ol atnsdrimg PETt it hhiddespaision of 44.1 Jig.
The corresponéifigessBiY Stk cuneecshansdhe dalestipesdat M26pEcwithsaprak gree0f 48.4 percent.
The differencqvggﬁw §&I}geopr§&"gm abdithe Terystafis 72.3 C. The DSC curve in Figure 37 for the
polymer of example 25 shows a peak with a 114.5 C melting point with a heat of fusion of 41.5/g. The
corresponding CRYSTAF curve shows the tallest peak at 41.0 C with a peak area of 24.2 percent. The
difference between the DSC Tm and the Tcrystaf is 73.5 C. The DSC curve in Figure 38 for the
polymer of example 26 shows a peak with a 116.7C melting point with a heat of fusion of 45.7 Jig. The
corresponding CRYSTAF curve shows the 5tallest peak at 40.2C with a peak area of 6.1 percent. The
difference between the DSC Tm and the Tcrystaf is 76.5 C. The DSC curve in Figure 39 for the
polymer of example 27 shows a peak with a 118.4C melting point with a heat of fusion of 47.1 J/g. The
corresponding CRYSTAF curve shows the tallest peak at 40.2C with a peak area of 6.1 percent. The
difference between the DSC Tm and the 10Tcrystaf is 79.8 C. The DSC curve in Figure 40 for the
polymer of example 28 shows a peak with a 121.3 C melting point with a heat of fusion of 143.4 Jig.
The corresponding CRYSTAF curve shows the tallest peak at 74.4C with a peak area of 96.6 percent.
The difference between the DSC Tm and the Tcrystaf is 46.9 C. 15 'fable 20 Process Conditions
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Al2 Al Cat. 132 CSA CSA Cocat Cocat Poly CIHs SOIV. 112 T Cone Flow B2' Flow Cone Flow Conc. Flow IC2114.1/ Rate.' Cony Solids
Ex.___| g/chr kgibt-

Table 5 Ambient Teraperature Mechanical Properties

Elonga Tensile | 100% -| 300%
tion Abrasion: Notched | Strain Strain | Retractive Stress
Flex | Tensile | Tensile at Tensile |Elongation] Volume | Tear | Recovery | Recovery [Stress at 150] Compression |Relaxation

Modufus| Modulus | Strength | Break' |Strength | atBreak | Loss |Strength| 21°C 21°C Yo Strain Set 21°C at 50 %

Ex! (MPa) | (MPa) | (MPa)' | (%) | (MPa) (%) | (wr’) i (m]) |(percent) | (percent) | (kPa) | (Percent) | Strain’
D12 5 - -~ | 10 1074 - - 91 | 83 760 - -
B 395 589 - 31 1029 - - - - - - -
P51 | 4s | - - 12 824 93 339 78 65 00 | @ -
5§30 24 14 951 16 | 1116 48 . &7 74 790 14 33
6] 33 29 1. - 14 1 o3 - - 1 - 75 1 861 13 -
7 44 | 37 15 846 14 854 19 - | s | 810 20 -
g8t 4t | 35 [ 13 | 785 14 810 45 461 82 | 74 760 | 22 -
9| 43 | 38 - 12 823 - - - - - 25 -
10f 23 23 - - 14 902 - - 86 75 860 12 -
i1] 30 26 - 16 1090 | - | 976 89 66 510 | 14 30
12| 20 17 12 961 13 | 931 - 1247 91 75 700 17 -
— {137 16 M| - - 13 814 - 691 o1 - . 21 -
o |14] 212 160 ~ - - |39 1 o887 - - - - - - _
15] 18 14 12 1127 10| 157 - 2074 89 | 83 | 70 14 -
16] 23 20 . - 12 98 | - - 88 83 1040 13 -
7] 20 18 . - 13 |- 1252 - | 1274 13 83 920 4 -
i8] 323 239 | - - 30 808 | - - - - - - _
19 706 483 - - 36 871 | - - - - - N :
Gt 15 15 - - 17 1000 1 746 86 53 110 27 50
HY 16 | 15 - - 15 0 829 | - 569 87 60 380 23 -
*I 210 147 - - 12 697 - - - - - - -
Fl - - - - 32 609 - - 93 96 1900 25 -

El , |

{K* - - - - - - | - - - - 1 - 30 -

" Tested at 51 CI}IJITIIII{EC
% measured at 38°C for 12 hours



seem' C ppm I_s_Whr ppm kg/hr % i kg/hr _gpm kg/hr JPEZI6 kg,/hr %' % E1114 24 2.04 9.55 0 120
95.08 0.11 41.02 0.05 0.92 0.07 1452 0.06 373 1.61 90.6 12.3172.525C, CC

10

15

20

Table 5 shows results for mechanical properties for the new polymers as well as for various
comparison polymers at ambient tem;ﬁeratures. It may be seen that the present polymers have very
good abrasion resistance when tested according to ISO 4649, generally showing a volume loss of
less than about 90 mm®, preferably less than about 80 mm®, and especially less than about 50 mu’.
In this test, higher numbers indicate higher volume loss and consequently lower abrasion resistance.

Tear strength as measured by tensile notched tear strength of the invented polymers is
generally 1000 mJ or higher, as shown in Table 5. Tear strength for the invented polymers can be
as high as 3000 mJ, or even as high as 5000 mJ, Comparative polymers generally have tear
strengths no higher than 750 mJ.

Table 5 also shows that the polymers of the invention have better retractive stress at 150
percent strain (demonstrated by higher retractive stress values) than some of the comparative
samples. Comparative Examples F, G and H have retractive stress value at 150 percent strain of
400 XPa or less, while the invented polymers have retractive stress values at 150 percent strain of
500 kPa (Ex. 11) to as high as about 1100 kPa (Ex. 17). Polymers having higher than 150 percent
retractive stress values would be quite useful for elastic applications, such as elastic fibers and
fabrics, especially nonwoven fabrics. Other applications include diaper, hygiene, and medical
garment waistband applications, such as tabs and elastic bands.

Table 5 also shows that stress relaxation (at 50 percent strain) is also improved (less) for the
invented polymers as compared to, for example, Comparative G. Lower stress relaxation means
that the polymer retains its force better in applications such as diapers and other garments where

retention of elastic properties over long time periods at body temperatures is desired.
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CC CC00.07 0.040.9250.08 " 0.08 440 1.74 89.513.2134.7 26 ,, 11.36 6.43 " " 0.06 " 0.08 0.924
0.04"0.058591.7289.911.6 234.027011.361. 4.3 3

Optical Testing
Table 6 Polymer Optical Properties

Ex. | Internal Haze (percent) ! Clarity {percent) 45° Gloss (percent)
r* 84 - 22 49
G* 5 73 56
5 13 72 60
6 33 6o 53
7 28 37 59
8 20 65 62
9 o1 38 40
10 15 73 | 67
11 i3 ‘ 69 67
|12 8 _ 75 72
13 7 74 6o
14 50 15 62
15 11 74 66
16 36 70 635
17 25 73 66
1§ | 61 22 60
1o | 74 11 52
G* S 73 56
H* 12 76 59
I* 20 | 73 59

The optica! properties reported in Tabie 6 are based on compression molded films
5  substantiaily lacking in orientation. Optical properties of the polymers may be varied over wide
. ’ . . . . 13 L] “u 3
ranges, due to variation in crystallite size, resulting from variation in the guantity of chain shuftling

agent employed in the polymerization.

Extractions of Multi-Block Copolvimers

10 Extraction studies of the polymers of examples 5, 7 and Comparative E ars conducted. In
the experiments, the polymer sample is weighed into a glass fritted extraction thimble and fitted into
z Kumagawa type extractor. The extractor with sampis is purged with nitrogen, and a 500mL round
bottom flask is charged with 350 ml of diethy! ether. The flask is then fitted to the extractor. The
eﬂaer is heated while being stirred. Time is noted when the ether begins to condense into the

15 thimble, and the extraction is allowed to proceed under nitrogen for 24 hours. At this time, heating
is stopped and the solution is atlowed to cool. Any ether remaining in the extractor is returned to
the flask. The ether in the flask is evaporated under vacuum at ambient temperature, and the
resulting solids are purged dry with nitrogen. Any residue is transferred to a weighed bottle using

successive washes of hexane. The combined hexane washes are then evaporated with another
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E'CC 0.070.924 cc 0.057601.7691.1 11.9 256.2 28 0.82 11.36 0 C4 te " 018 0.895 0.10 1662
0.06 310 1.30 90.5 9.4 137.2 1 standard crni/m in 2.
[N-(2,6-41(1-methylethyfiphenyllamiisopropylphenyl)(a-naphthalen-2-diy1(6-pyridin-2-diyl)methanefilia
rnium dimethyl 3. bis-(142-methylcyclobexyfiethyl)(2-oxoy1-3,5-di(t-butyl)phenylfimmino) zirconium
dibenzyl 4- the CSA was DEZ without added MAO 5. the CSA was a mixture of DEZ and MAO in a
99:1 molar ratio

nitrogen purge, and the residue dried under vacuum overnight at 40°C. Any remaining ether in the
extractor is purged dry with nitrogen.
A second clean round bottom flask charged with 350 mL of hexane 15 then connected to the
extractor. The hexane is heated to reflux with stirring and maintained at reflux for 24 hours after
5 hexane is first noficed condeﬁsing into the thimbie. Heating is then stopped and the flask is allowed
to cool, Anyhexane remaining in the extractor is transferred back to the flask. The hexane is
removed by evaporation under vactum at ambient temperature, and any residue remaining in the
flagk is transferred to a weighed bottle using successive hexane washes. The hexane in the flask 1s
evaporated by a nitrogen purge, and the residue is vacuum dried overnight at 40°C.
10 The polymer sample remaining in the thimble after the extractions is transferred from the

thimbie to a weighed bottle and vacuum dried overnight at 40°C. Results are contained in Table 7.

Table 7
ether | ether ‘ Cs hexane | hexane | Cs residue
wt. | soluble | soluble mole soluble | soluble mole C; mole
Sample {(g) {2 {percent) f percent’ (2) (percent) | percent’ | percent’
Comp. F*¥ | 1.097 | 0.063 560 1 122 10245 | 2235 | 136 65 |
BEx.5 | 1.006 | 0.04] 508 | - 0.040 398 | 142 11.6 |
Ex.7 | 1.092) 0.017 | 139 | 133 | 0012 | 110 | 117 9.9 |

' Determined by “C NMR

15 Article Fabrication and Testing

Fibers
Polymer samples from Example 11, Example 17 and Comparative G are spun into a

multifilament bundie of 24 fibers with round cross-sections in a fiber spinning line (Fourne)

equipped with twenty four 25x] mm spinnerets a spin head temperature of 260 °C, a melt

temperature of 302°C and a winder speed of 70 m/min. Other spinning conditions are listed in

Table 8. The denier of the resulting bundle is approxirnateiy 95 to 100 denier (g/9000 m},
Table 8

[-Pump Size {cm’/rev)

| Pump Speed (rpm)

rScreen Size, mesh (um)

[ Extruder Discharge Pressure (MPa)

The fibers are crosslinked by passing six times through an electron beaming crosstinldang
25  machine operating at an electron beam dosage of 32 KGy/ pass, giving a total dosage level of 192
K(y. Between each pass, the fibers are cooled to -10 °C.
The tensile behavior of the resulting uncrossiinked and crosslinked fibers ts measured

according to BISFA Test Methods for Bare Elastic Yarns, Chapter 6: Tensile Properties using
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6. molar ratio in reactor 7. polymer production rate 8. percent ethylene conversion in reactor 9.
efficiency, kg polymer/g M where g M =g lIf -1- g Zr Table 21 Physical Property Testing Ex . _ Density
(g/cm4) 12 110 110/12 Mw (ghnol) Mn (g/mol) Mw/Mn Heat of Fusion (J/g) Du CC) Tc CC)
TCRYSTAF CC) TI11- TcRysrm: CC) CRYSTAF Peak Area (percent) 24 0.8802 2.0 12.8 6.3 92100
44300 2.1 44

Option C clamps and Option A test speed. Tenacity and elongation &t break are reported from an
average of 5 replications. The recovery behavior of the crosshinked fibers is alse measured using
BISFA Test Methods for Bare Elastic Yarns, Chapter 7: Viscoelastic Properties Procedure A where
the fiber is cyclically ioaded to 300 percent strain. The percent permanent deformation is calculated
5 atthe beginning of the 6% cycle as specified in the test method. Results of 300 percent strain cycle
behavior for fibers prepared from the polymer of Example 17 are shown in Figure 30.
Stress relaxation of crosslinked fibers is measured from 10 percent strain at atternating

temperatures of 21 °C and 40 °C. In the experiment, 13 loops of the bundle fibers with a
circumference of 324 mm are mounted to an Instron test machine by 2 hooks resulting in a gauge

10 length of 162 mm. The sample is stretched to 10 percent strain at a rate of 100 percent
elongation/minute at 21 °C and then held for 10 minutes. The subsequent thermal treatment is; 10
minntes at 40 °C in a water bath, 10 minutes at 21 °C in air, 10 minutes at 40 °C in a water bath,
and 10 minutes at 21 °C in air. The time to transfer the sample between the water bath and the air
cooling chamber is 6 seconds. During the entire process, the load is monitored, The percent load

15 change from the load at 35 minutes and the load at 45 minutes is caloulated using the fofmula: ’

L{t = 35min)— L(z = 45 min)

% load change = L(f 35 o0i)
f = 35 min

where L{t=35 min) and L{t=45 mir) are loads at 35 minutes and 45 minutes, corresponding
te the middle periods of the last 40 °C water bath and 21 °C air exposures, respectively. Results are

shown in Figure 31. Fiber properties are also tabulated in Tabie 9.

20 Tabie 9 Fiber Properties
Unerossiinked Crosslinked J
Elongation Eiongation | Permanent i Percent
Tenacity at Break | Tenacity af Break | Deformation \ Toad
| Ex. | (gf/denier) | (percent) | (gf/denier) | (percent) fpercent) | Change
L3r 37 T 720 5.0 669 | 133 | 4
G| 64 1 423 7.7 | 382 [ 137 .25

In fibers prepared from both Example 11 and comparative G, crosslinking resuits in an
increase in tenacity with some loss of elongation. Both examples show similar permanent
deformation of approximately 135 percent. In Figure 31, Example 11 displays lower stress

25  relaxation than comparative G as well as being less temperature sensitive. The percent load change
between 40°C (35min) and 21°C (35min) are listed in Table 9, The fiber preparad from Example
11 polymer shows only 4 percent change in load whereas the fiber of Comparative G displays 25
percent change. L.ow temperature sensitivity in stress relaxation is important in maintaining long
shelf iife of fiber bobbins. High temperature sensitivity in stress relaxation can lead to bobbin

30  defects during storage in a non-climate controlled siorage facility as the fiber alternately relaxes and
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11594 43 72 48 25 0.8792 1.4 9.4 6.5 97700 48000 2.0 41 .._ 1149341732426 0.8796 _1.49.3
6.5 108400 55000 2.0 45117 _98 40 77 6 27 _

consiricts due to temperature fluctuations. This can lead to probiems such as poor fiber unwinding

behavior and fiber breaks in subsequent downstream processing of the fiber.

Foams

th

Sampies of polymers (EX. 5 and a commercially available ethylens/ vinylacetate copolymer,
Elvax™ 460, containing 18 percent acetate and having 2 melt index, available from DuPont Inc.,
Comparative L) are melt compounded with an azide blowing agent {AZ130, an azodicarbonamide
blowing agent available from Uniroyal, Inc.), zinc oxide, stearic acid, and a peroxide cross-linking
agent {di-tert butyl peroxy isopropyl benzene peroxide, 40 percent active on silica carrier,

10 Perkadox™ 1440 peroxide, available from Azo Nobel, Inc.) compressicn molded inte plagues and
allowed to expand.
Compounding Condition: Roll mili @ 130°C 10 min,
Molding and Foaming Condition: Sheets from the roll mill are prebeated to 90°C in an oven
for 15 minutes, then fed to & mold preheated to 180°C, pressed (mechanical jock) and cured at this
15 temperature for 10 minutes. Upon removal, samples are allowed to expand. Formulation details

(parts by weight) are contained in Table 10.

Table 10
component Comparative Ex. 5
L* 160 0
Example 5 0 100
peroxide 1.6 2
stearic acid 0.2 0.2
Zn( 2 2
azide 13 1.3

Property testing on the resulting foam strands is conducted in the following manner:

Foam density is measured according to ASTM 792, abrasion resistance is measured according to

20 ISO 4649, shrinkage is measured at room temperature after subjecting the sample to 70°C for 40
minutes according to SATRA PM70, compression set is measured at room temperature after 1.5 and
24 hours of subjecting a sample to 2 temperature of 50°C for 6 hours according {0 ISO 815, Shore A
hardness is measured according to ISO 868, splif tear is measured according to SATRA TM65
standards, and tensile sirength and elongation are measured according DIN 53504, Results are

25  reported in Table 11,

Table 11: Properties of crosslinked foams

4 { | Split | Tensile |

Density | Abrasion| Percent | Percent Set | Hardness| tear |strepgth|Elongation

kg/m’ % mm° | Shrinkage | 1.5 hr (24 hr) | shore A | N/mm | MPa percent |
L* | 371 | 300 3.25 66 (66) 63 425 | 374 285 |
Ex.5 | 353 | 32 111 32.5 27) 50 | 481 1 321 400
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0.88150.9 6.5 6.9121800 57300 2.1 48 118 99 39 80 6 28 0.9192 1.1 6.7 6.1 103500 54500 1.9 140
121 108 74 47 97 Table 22 Ethylene-Butene Copolymer High Temperature Mechanical Properties EX.
G'(25C)/ G' (100C) 300 % Strain Recovery (80C) (percent) Compression Set (70C) (percent) 24

The results of table 11 show that the thermal and mechanical properties of the crosslinked
foam prepared from exampie 7 are better than those of the similarly prepared foam made from
Comparative L. In particular, the foam prepared from Exampie 7 has lower shrinkage, lower
compression set, and higher split tear and clongation than the comparative foam. These properties

5 make the polvmers of the invention well suited for use in many high performance foam

applications, such as shoe soles, flooring, and construction materials.

Crosslinked Films using Electron Beam
Compression molded films of 0.4 mm thickness are crosslinked under nitrogen atmosphere

16 using an electron beam radiation crosslinking unit (Sterigenics, San Diego). A total electron beam

dosage of 22.4 Mrad is applied using a series of 7 passes through an electronic beam at 3.2 Mrad

per pass. All examples showed a gel level between 75 and 90 percent as measured according to

ASTM D-2765. The mechanical p;operties of the irradiated films are substantially unaffectad by

crogslinking, Although the inventive and comparative examples exhibit similar ultimate properties,
15 the inventive examples exhibit higher percent recovery, retractive strass and stress relaxation than

the comparative samples. Results are provided in Table 12.

Table 12: Properties of electron beam crosshinked films

20

I Retractive Stress
P (el Stress at | Elongation | 300% Strain Stress at Relaxation
Content | Break at Break Recovery ;| 1509% Strain at 50%
Example | (perceat) | (MPa) (percent) (%) (21 °C) {kPa) Strain {%)
5 75 16 864 | 75 15 28
12 83 12 720 80 §19 .
13 87 14 734 77 852 -
16 87 5 471 84 1063 -
17 82 15 822 83 1010 -
G* 78 15 739 55 186 30
H* 83 16 738 59 316 -

Polvnronvlene Impact Modification

A series of impact modified isotactic polypropylene blends containing 20 percent by weight
ethylene/octene slastomer are prepared on a Haake compounder supplied with a Leistritz 18 mm
twin screw extruder (L/D = 30), a K-TRON K2VT20 twin screw auger feeder, two refrigerated
water circuiation bath quench tanks, and & Berlyn PEL-2 4 blade strand chopper. The
polypropylene used in al} blends is PP-314-02Z hPP, available from The Dow Chemical Co. having
a MFR of 2 dg/min measured according 1o ASTM D1238 (230°C, 2,16 kg).

A water circulator is attached to the jacket of the feed throat of the extruder and set at 20°C,
to keep the polymer from melting and bridging the feed throat. The extruder temperature zones are

set at 120, 165, 190, 230, and 230°C, respectively. The extruder die is set at 230°C. Prior to
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5.3 Failed 48 25 4.6 Failed 46 26 3.2 Failed 43 27 3.2 Failed 44 28 8.6 - Table 23 Ethylene-Butene
Copolymer Ambient Temperature Mechanical Properties  Tensile 300%li Notched Strain |

1¢

20

2
Ln

30

extrusion a lid supplied with a nitrogen line is placed on top of the feed hopper. The transition area
from the feeder discharge to the extruder feed throat cone is sealed with heavy aluminum foil. The
extruder is preheated, calibrated, and run empty for several minutes with nitrogen flowing
throughout the systern to purge it of oxygen. Three kilogram samples to be melt blended are
prepared by hand tumbling the combined components in a plastic bag prior to extrusion.

Injection molded test bars are prepared from polymer samples and tested for 23°C notched
Izod impact according to ASTM D-256 and flexural modulus according to ASTM D-790. Injection
Molding Conditions are as follows. The samples are injection molded at 2 melt femperature of
243°C, pack time of 6.7 sec at 3400 psi (23 MPa) pressure, hold time of 12 sec at 3400 psi (23 MPa)
pressure, and total cycle time of 28 seconds. Component details and results are contained in Table

13,

Table 13
Sample % Elastomer 23°C Notched Izod . Flexural Modulus |
; Component ft.-1bs./inch (M) kpsi (MPa)
1 2 Bx. 5 | 7.0 (3.7) | 124 (855)
| b Ex. 8 | 9.6 (5.1) 145 (1000)
c H' 6.4 (3.4) 1320910
a* L 6.5 (3.5) 139 (958)

" Comparative, not an example of the invention
L AFFINITY™ EG8100: 0.87 g/om’, 1 /10 min (2), available from The Dow Chemical Co.
- ENGAGE™ VPg877¢: 0.885 g/em’, 1 ¢/10 min (I12), availabie from The Dow Chemical Co.

The results of Table 13 indicate that the multiblock copolymers of the invention are highly
effective as impact modifiers when blended with isotactic polypropylene. Surprisingly, sample a
made with the polymer of Example 5 made with a higher ratio of chain shuttling agent/ total catalyst
resulting in a greater number of blocks per polymer molecule (2 more “blocky™ polymer) shows
even lower modulus and impact strength than sample b, which is compounded with the polymer of
Example 8, which is a less “blocky” polymer. This observation indicates that the leve! of
blockiness, as controiled by the amount of chain shuttling agent, in the multi-block copolymers of
the invention can strongly affect the stiffness/toughness balance of polymer blends.

Additional evidence of the difference in polymer blend properties is apparent from a
comparison of Figures 51-53, which are atomic force microscopic images of esmium tetroxide
stained microtomed samples of injection molded plaques b, a and d, respectively. In the
micrographs, the dark areas are the ethylene/octene copolymer elastomer while the lighter areas are
the propylene lﬁomopolymers matrix. It can be seen from the micrographs that the multi-block
copolymers made with low CSA 1o catalyst molar ratios (low “blockiness” copolymers) surprisingly

produce core-shell morphology in the blends (Figure 51). High CSA ratio multi-block copoltymers
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Stress Flex Tensile Tensile Elong. Tear Recovery Refractive Compress. Relaxation Mod. Mod. Stren.
at Break Strength 21C Stress at 150 Set 21C at 50% EL (v1Pa) (Ivl:Pa) (10:Pa) (%)(m.T) (percent) A
Strain (kPa) (Percent) Strain 24 28 19 11.1 1619730 8411014 19

(Figure 52) exhibit domains of apparently solid elastomer similar in appearance to the resuits
obtained using conventicnal ethylens/octene impact modifiers (Figure 53).
The advantages of having the unique morphology shown in Figure 51 {occluded rubber
morphology) include: excelient stiffness/toughness balance, high impact efficiency (lower amount
5 of rubber to achieve a given toughness) and higher brush resistance (lower tendency for stress
whitening). Moreover, the refractive index of the elastomer is readily varied by controlling the
amount of occlusions present. This allows greater ability to match the refractive index of the
elastomer with the matrix polymer, resulting in blends exhibiting a better balance of optical clarity,
stiffness, toughness and brush resistance. Addifionally, such blends (that is, blencis comprising
10 lower blockiness multi-block copolymers) exhibit higher heat distortion temperature, improved
morphelogical stability (retention of poiymer properties after multiple processing steps).
Previously, such properties were only obtainable in blend comprising additional components, such

as three component blends of elastomer, high density polyethylene and isotactic polypropyiene,

15 Preparstion of Blown Film Samples

. Sampies of a multi-block copolymer (Example 14) and a convention ethylene/octene
copolymer (Comparative I) are formed into single layer films using a laberatory blown film line.
Polymer samples are melted in an extruder, passed through a ring die, expanded with air, cooled,

and slit into bi-directional oriented films. Film forming conditions are provided in Table 14:

20 Table 14 Blown Film Conditions:

Sample I* Ex. 14

Zonel,°C 176 176

Zone 2.°C 206 204

Zone 3,°C 216 204

Zone 4,°C 216 210

Screen Changer*C 221 210

. Adapter®C 232 210

Die 1,°C 232 210

Die 2,°C 232 210

Secrew Speed rpm 48.3 49.2

Melt Temp,”C 234 234

Extruder Power Consumption Amps 12 9

Pressure (MPa) 5600 7600

Nip Speed M/sec 4.4 52

Air Blower M'/minute 0.8 0.7

Film Thickness mm 0.05-0.06 0.04 — 0.065

Samples of the resulting films are tested for normalized film tear resistance in cross
direction (CD) and machine direction (MD) accarding to ASTM D1922; blocking properties
according to ASTM D3354-96; and coefficient of friction (COF), according to ASTM D1894-01.

25 Results are contained in Table 15,
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85F973F5 28 334 232 34.3 980350 - -, 5Table 24 Ethylene-Butene Copolymer Optical Properties
IEX. :

Table 15 Blown Fiim Properties
Normalized | Normalized [ l )l

!
| CD Tear | MD Tear \ | |
Density | MI | /0.001in | £/0.001im | CD/ | Blockage | Kinetic | Static |
polymer | g/em’ | de/min (kg/m) (kg/m) MD g | CQOF CQF I
Ex. 14 | 0912 | 256 | 668(1700) | 468 (1200) | 1.43 60 | 19 3.7 |

a

C‘I’Ep' | 0.909 ] 1.0 | 480(1200) | 291(700) | 165 | 90 2.5 5.2 ]
i [ ! ]

b Affinity ™ PL 1 840, available from The Dow Chemical Company

The film prepared from the polymer of example 15 shows both higher CD and MD tear than

s the fiim made from Comparative [ polymer. Additionaily, it exhibits a more balanced tear (smaller
CD/MD ratio) than the comparative film. Both the blocking force and COF for the film made from
example 14 are lower than those for Comparative 1. This combination of film properties indicates
that films made from multi-black copolymers according to the invention have greater tear resistance
and higher blocking resistance than films made from conventional ethylene/octene copolyrmers.

10

Preparation of Qil Extended Polvmer Blends

Compounded blends are prepared at 190°C in a preheated Haake Rheomix™ 600 mixer of
69 ml volume, The rotors are turned at a drive speed of 50 rpm while the polymer is added and
worked info 2 melt. By monitoring the torque of the mixer, melting ig verified. Once melting of the
15  polymer is accomplished, a paraffinic oil (RENOIL™ 625, available from Renkert Oil, Inc.) is
added by syringe to the molten polymer. Once oil addition had been completed the ram seal is
lowered on to the melt and mixing continued for 15 minutes. Total mass of oil and polymer is 55
grams. The rotors are then stopped, the bowl opened and the resulting blend removed, flattened and
cooled in a press.
20 Blended and unblended polymers are compression molded into 5" x 5" x 0.125" (125 % 125
x 3 mm) plaques on a laminating press under the following conditions:
1) 3 minutes no pressure at 190°C,
2) 2 minutes at ram foree 30,000 pounds (133 IN) at 190°C, and then
3) 3 minutes at 25°C at ram force 30,000 pounds (13 kN).
25 The resulting plaques are measured for Shore A hardness with a hand held durometer and
for heat resistance (TMA). Reported hardness results are the average of 5 measurements at 1 and 5

second durations made at random points on the plagque surface. Results are reported in Table 16.

127



Internal Haze (percent) Clarity (percent) 45 Gloss (percent) 24 33 73 42 25 33 72 44 26 34 74 50 27
17 7561 28 62 64 50 Examples 29-33. Comparatives M-P The reaction conditions of Examples
1-4 are substantially repeated to prepare copolymers of ethylene and a variety of aliphatic
comonomers (1-hexene, 1-octene, 1-decane, 1,5-11exadiene, 10and 4-methyl-1-pentene). The chain
shuttling agent used is trioctylaluminuni (SA5). MAO is substituted for the CSA for comparatives M-P.
Process details are recited ih=Fabl&525 7 Polymver propetties:arel gontained in Table 26. Table 25

Process Data Ex. Gomenomer Cumga.?h p(‘Tth (Ah-Cat031) ’m"gﬁﬁg@@ol CGM {#mo') MNIAO
Ex. 17 74 108
Comp. H*' 76 68
70 percent Example 17 / 30 percent Oil 55 86
60 percent Comp H* / 40 percent Oil 52 48

10

13

20

23

30

I An elastomeric, substantially linear ethylene/ 1-octene copolyimer,
AFFINITY™ EG8100, available from The Dow Chemical Company

The results of Table 16 indicate that the inventive polymer has similar Shore A hardness as
the comparative polymer but shows about 40°C higher TMA temperature. Surprisingly, the 30
weight percent oil extended polymer has a similar Shore A hardness to the 40 percent oil filled
comparative polymer but has more than 30°C higher TMA temperature. This result demonstrates
that the polymer of Example 17 exhibits higher oil acceptance and better retention of thermal and
mechanical properties such as heat resistance as measured by TMA temperature, and tensile
strength compared to the comparative H polymer. This combination of low hardness and high TMA
temperature is useful in many soft elastomer applications such as soft touch molded articles and

pressure sensitive adhesive applications.

Example 20 Method for Selecting Catalyst A/ Shuttling Agent Pair
A series of ethylene/ 1-octene copolymerizations are conducted using differing catalyst/

shuttling agent molar ratios and monomer conversions. The cocatalyst employed in all

polymerizations is Cocatalyst 2. The resulting polymers are measured for molecular weight (Mw
and Mn) using GPC. Polydispersity Index (PDI=Mw/Mn) is calculated for each polymer, Resulis
are tabulated in Table 17 and plotted in Figure 32. In Figure 32, the line is statistical fit to the data
with a R? value of 0.961.

i), A 6-ml reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.70 mL) and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (160 uL), and then a
mixture of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmo}) and diethylzine (10 umol) is added
via syringe. Catalyst (A) (3.5 mM in toluene, 0.100 mi, 350 nmol) was added via syringe. After
15 seconds, the reaction is guenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer yield = 00938 g. Mw = 14,560; Mn = §,267, PDI =
1.76.

i} A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.70 mL) and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene {100 ul.), and then a
mixture of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmot) and diethylzinc (10 umol) is added
via syringe. Catalyst (A) (3.5 mM in toluene, 0.100 mL, 350 nmol) was added via syringe. After
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(urnol) SA1 (umol) Yield (IL) Lgal? 4* 1-octene 3140.060.10 0.192 0.8 0.1894 29 1-octene 314
0.06 0.10 0.192 10 0.2765 N* 1-decerie 379 0.06 0.10 0.192 0.8 0.2208

30 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatiie
components removed under vacuum. Polymer yield = 0.1173 g. Mw = 16,677, Mn = §,774; PDI=
1.71.
i) A 6-mL reaction vessel contairing a glass vial insert is charged with mixed alkanes

5 {2.70 mL) and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (100 ul.), and then a
mixture of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmol) and diethylzine (10 umol) is added
via syringe. Catalyst (A) (3.5 mM in toiuene, 0,300 mL, 350 nmol) was added via syrings. After
51 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer vield = 0.1360 g Mw = 20,557; Mn = 12,773; PDI

1 =16l

iv) A 6-ml reaction vesse! containing a glass vial insert is charged with mixed alkanes
(2.70 mL) and then pressurized to 110 pst (0.77 MPa) with ethylene. Octene (100 uL), and then a
mixture of cocatalyst (4.2 mM in toluene, 0.100 mi, 420 nmol) and diethylzine {10 umol) is added
via syfinge. Catalyst (A) (3.5 mM in toluere, 0.100 mL, 350 nmol) was added via syringe. After

15 98 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components removed under vacuum. Polymer yield = 0.1748 g. Mw = 26,379; Mn = 13,161; PDI
= 2.00.

v) A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.70 mL) and then prassurized to 110 psi {0.77 MPa) with ethylene. Octene (100 ul.), and then a

20  mixture of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmol) and diethylzinc (10 umol) is added
via syringe. Catalyst (A) (3.5 mM in toluene, 0.100 mL, 350 nmol) was added via syringe. After
291 seconds, the reaction is quenched by addition of CO. The glass inset? is removed and volatile
components removed under vacuum. Polymer yield = 0.2191 g. Mw =33,777; Mn = 18,201; PDI
=1.86.

25 vi) A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.7¢ mL) and then pressurized to 110 psi (6.77 MPa) with ethylens. Octene (100 uL), and then a
mixture of cocatalyst (4.2 mM in toluene, 0.100 mL, 420 nmol) and diethylzine (10 umol) is added
via syringe. Catalyst (A) (3.5 mM in tolvene, 0.100 mL, 350 nmol) was added via syringe. After
1201 seconds, the reaction is guenched by addition of CO. The glass insert is removed and volatile

30  components removed under vacuum, Polymer yield = 0.2681 g. Mw = 46,539; Mn = 24,426; PDI
=191,
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30 1-decene 379 0.06 0.10 0.192 10 0.2474 0* 1-hexene 250 0.06 0.10 0.192 0.8 0.1695 31
1-hexene 250 0.06 0.10 0.192 10 0.2497 32 1,5-hexadiene 237 0.06 0.10 0.192 10 0.2965 P*

Table 17
Polymerization Yield
Run Time (sec) () Mn Mw DI
i 15 0.0538 8267 14360 1.76
i 30 0.1173 8774 16677 1.71
yeil 51 (.1360 12773 20357 1.61
iv 03 0.1748 13161 26379 2.00
v 291 02191 . 18201 33777 1.86
Vi 1201 0.2681 24426 46539 1.91

These results demonsirate that chain shuttling behavior (both forward and reverse
poiymery! exchange) between Catalyst (A) and diethylzine chain shutiling agent occurs during
5 polymerization due to the fact that Mn of the resulting polymer increases linearly with polymer

yield, while the PDI remains less than or equal to two for all polymerizations.

Example 21 Method for Selecting Catalyst B2/ Shuttling Agent Pair

A series of ethylene/ 1-octene polymerizations are conducted using differing catalyst/

10 shuttling agent molar ratios and monomer conversions with cocatalyst 2. The resulting polymers
are measured for molecular weight (Mw and Mn) using GPC. Polydispersity Index (PDE=Mw/Mn)
is calculated for each polymer. Resuits are tabulated in Table 18 and plotted in Figure 33. In
Figure 33, the line is statistical fit to the data with a R? value of 0.995.

i). A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes

15 (2.334 mL) and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (200 ul.), and thena
mixture of cocatalyst (1.8 mM in toluene, 0.233 mI, 419 nmol) and diethylzinc (10 umol) is added
via syringe. Catalyst (B2} (1.5 mM in toluene, 0.233 ml., 350 nmol} was added via syringe. After
18 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile
components rernoved under vacuum. Polymer vield = 0.0542 g. Mw = 7,626; Ma = 5,281; PDI =

20 144,

iiy A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.334 mL), and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (200 uL), and then a
mixture of cocatalyst (1.8 mM in foluene, 0.233 mL, 419 nmol) and diethylzinc (10 umol) is added
via syringe. Catalyst (B2) (1.5 mM in toluene, 0.233 mL, 350 nmol) was added via syringe. After

39 seconds, the reaction is quenched by addition of CO. The glass ingert is removed and volatile

-2
Ly

components removed under vacuum. Polymer vield = 0.0769 g. Mw =10.501; Mn = 7,523; PDI =
1.44.

iiiy A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
(2.334 mL), and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (200 ul.), and then a

30  mixture of cocatalyst (1.8 mM in toluene, 0.233 ml., 419 nmot) and diethyizinc (10 umol) is added
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4-methyl-1-pentene 253 0.06 0.10 0.192 0.8 0.1276 33 4-methyl4-pentene 253 0.06 0.10 0.192 10
0.2267 Thermal properties of the resulting polymers are as follows: The DSC curve in Figure 41 for
the polymer of example 29 shows a peak with a 121.6 C 5 melting point with a heat of fusion of 138.7
Pg. The corresponding CRYSTAF curve shows the tallest peak at 61.0C with a peak area of 17.8
percent. The difference between the DSC Tm and the Tcrystaf is 60.6 C. The DSC curve in Figure
42 for the polymer of example :‘%g)lg\;how apeak with a 123.3 C m?lting point with a heat of fusion of
146.3 .Tlg. THeESFeshBANhT CRY Sﬁl\zﬁl5ﬂf\7@esﬂ'8ﬁﬁs%e3f8fﬁﬂggtvﬁéﬁ%’éq BB B ERith ' peak area of
25.4 percentSEhevdiffererrsetibe ivpiertihé D SEiTyn afffdCth &L elystafsist I ginCred anddaBISC curve hi
Figure 43 fog the Relwnel.of axampledk showis.apaak-witha 12067 Cimeltingnointyyithaheat of
fusion of 160.3 J/g. The corresponding CRYSTAF curve shows the tallest peak at 52.3 C with a peak
area of 95.1 p fcent. The difference between the DSC Tm and 15the Tcrystaf is 68.4C. The DSC
curve insFigure 44 for thePolyraetiorERhiAPRIEE slabwsvildeskt Withaaeidwit aive kg point with a
heat of fusion 05488)2.Rondhesarespondingi@RY STARGu vesbaws thadaltestiipeak ak64.1 C with a

peak area of 95.2 percent. T. hgiﬁg{%qgglggtwggnn@e C Tmangd Tcrystaf is.58.7 C, 20The
DSC curve in |g§r0e ﬁ%n'qg]ryﬁ{ggga/mer of example Sﬁ%/lvns? %eaﬁ%ﬁﬁ%g}&g@ me ﬁ%dg point with

a heat of fusigreBiey7 Gtagt oY IR HETFRFCRYSTAR TR S Hatedrhvianedtsse diigt 64.1 C
with a peak atea-cés, hpenicent islduendiffé ryndéithetwben. tibRBE hinrancthecletystal:ids6.7 C.

The DSE ?ugxﬁganEA@%ﬁA@J%&Q%gwm ehLRkEPRRARHVENE shows apeatwithha 425§ 25C
melting point with a heat of fusion of 112.3 Jig. The corresponding CRYSTAF curve shows the tallest

peak at 78.9C!ith a peak area of 36.1 percent. The difference between the DSC Tm and the Tcrystaf
is 43.0 C. The D SG-ctirvednoRigpard dpforitise polymel iofconraratireiimshowgaspeak with a
(llost poak ot 30,0 AL pat aten o 60,7 hercert Tho iorence. besoen ine BaC pm and the.
allest peak at 30.0 C with a rea of 69. cent. The difference, betwe e and the
Tcry, sE[)af is BFPEee S%tea\l;(esﬁ(??ggﬁ%ﬁ%t Iéler?g’tg%gt%g'%ﬂggj%P ﬁrﬁg cr:%%h&;&rlﬁ |\(/?e&]é1§<n§%1pslzé |dse 55and is
much lafger thawritgs ifntieax Snptas in toluppre BREuelirrpiy it a89oYitrerper/ mdkof
comparative10% shows, apeakivith qudil:6 & mekingapont Mth-akheataifusion-0bl84athg. The

corresponding GRYRI AL cHneahownhesalest pepkal B O a;asakares oL A9 dhpercent. The

difference betwee Tm and the Tcrystafis 41.5 C. 1GThe DSC’curve in Figuré 49 for the
polymer of corparative P* shows a peak with a 121.9

vi} A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes
20 {2.334 mL), and then pressurized to 110 psi (0.77 MPa) with ethylene. Octene (200 uL), and thena
mixture of cocatalyst (1.8 mM in toluene, 0.233 mT, 419 nmol) and disthylzine (10 umol) is added
via syringe. Catalyst (B2) (1.5 mM in toluene, 0.233 mL, 350 nmol) was added via syringe. After
282 seconds, the reaction is quenched by addition of CO. The glass insert is removed and volatile

components removed under vacuum. Polymer yield = 0.2566 g. Mw = 35,012; Mn = 23,376, PDI

25 =1.50.
Table 18
Polymerization Yield
Run Time (sec) {z) Mn Mw PDI
i 18 0.0542 5281 7626 1.44
i 39 0.0769 7523 10501 1.40
jii 59 0.1071 10971 13840 1.44
v 103 0.1363 12577 21664 1.72
v 173 (.1829 16245 25221 1.55
Vi 282 0.2566 23376 35012 1.50

These results demonstrate that chain shuttling behavior (both forward and reverse

polymery! exchange) between Catalyst (B2) and diethylzine chain shuttling agent oceurs during
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C melting point with a heat of fusion of 148.2 Pg. The corresponding CRYSTAF curve shows the
tallest peak at 82,800 with a peak area of 33.3 percent. The difference between the DSC Tm and the
Tcrystaf is 39.1 C. Figure 50 is a plot of the difference in peak DSC Tm - peak CRYSTAF
Temperature as a 15function of DSC Melt Enthalpy for Examples 24, 25, 29-33, Comparative
polymers M-P, and commercially obtained ethylene/octene copolymers. Table 26 Polymer Physical
Properties Ex. Cornonomer CSA Pol3/merryse Mw (a/mol) 398,900 Mn (g/mol) 24,400 2 F All (11/,)
112 T", (C1A2@nFcA@ldd08 FORYVET NG €O 7N TnORNMSTRR{E) UBaGrystapfreakr Area
(percent) 3@M§,]®9§;Qﬁ¥@ﬂl%gms less than two, and usually less than 1.5 for all polymerizations.

Example 22 Combinatorial Screening of Catalyst/ Shutilins Agent pairs

5 The reaction conditions of Examples 1-4 are substantially repeated using various catalysts, -
cocatalyst 1 and potential shuttling agents. Over 500 reactions are performed. The resulting
ethylene/1-octene copolymers are tested for Min and PDT and polymer production rate compared to
rates obtained from a control using MMAO in place of the shuttling agent. The best compositions
are then selected based on a combination of greatest molecular weight (Mn) reduction, greatest

10 reduction in PDI, and least reduction {or actual increase) i polymerization rate. Selected

combinations showing the best results {ranked by Mn reduction) are presented in Table 19.

Table 19

! Run | Catalyst | Shuttling Agent Relative Mn Relative PDI Relative rate
i Al SA7 0.07 0.88 1.33
i “ SAS 0.18 0.85 0.57
ii g SAlS 0.19 0.93 6.29
v A2 SA19 0.27 0.73 0.18
v A3 SA2 0.29 0,80 974
vi “ SAS 0.38 1.01 1.15
vii “ SA7 0.60 1.06 1.38
viii “ SA1l 0.65 1.04 1.43
ix “ SA3 0.65 0.86 4.61
x | - SAL7 0.66 0.95 6.36
xi |- SA20 0.68 0.82 437
xii BI SA9 0.52 1.12 | 2.32
xiii | © SA7 .53 1.07 0.91
xiv : SAll 0.59 1.11 247
XV « SAl4 0.69 1.07 2.12
xvi b “ SA18 0.69 1.10 3.16
xvii | © SA12 (.70 1.07 0.97
xvid | “ SAS (.93 , 0.95 0.81 {
xi% Cl SAZ | 0.29 0.92 0.71
XX “ SA13 { 0.5 - 0.97 0.93
i SA3 | 0.63 0.95 0.93
] * SAS 1 0.79 1.10 1.19
*%xii 2 SAIL3 ; 0.83 0.52 0.67
axiv C3 SA6 | 0.63 0.96 (.66
XV “ SA7 ¢.74 1.13 0.96
xvi D1 SAl4 (.54 1.10 1.14
xvii « SA10 0.59 1.10 0.77
xviit SA3 0.74 1.01 0.72

| xix “ SA16 0.82 f 1.05 2.62

p—
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29 1-octene SA5 multi-block 28 600 9,280 3.1 139 122 109 61 61 18 N* 1-decene - blend 414,400
27,600 15.0 86 122 108 80 42 24 30 1-decene SA5

By reference to Table 19, suitable combinations of catalyst and shuttling agent may be
selected. It is to be emphasized that preferred catalyst/shuitling agent combinations, in different
embodiments, may be selected based on a desired objective, such as maximum reduction in Mn or
improvement in production rate coupled with more modest M reduction. Additionally, the above

5 . resuits are based on a single catalyst/shuttling agent combination, whereas in practice, the effect, if
any, of the presence of one or more additional catalysts or use of continuous polymerization

conditions must alsc be considered in selecting a combination of catalysts and shuttling agent(s).

Example 23 Functionalized Multi-block Copolymer Formation

10 A 1L reactor is charged with 600 mL of dry, deoxygenated hexane and 40 mmol of diethy!
zinc and heated to 100°C under nitrogen. The reactor is then pressurized to 10 psi (70 kPa) with
ethylene. A mixture of 10 um of catalyst (A1}, 10 pmole of catalyst (B1), and 50 micromoles of
MMAQ is then injected into the reactor and ethylene fed on demand to maintain 10 psi (70 kPa) for
4( minutes. The reactor is then vented and cooled to ambient temperature and purged with nitrogen

15 for 20 minutes, While vigorously purging with nitrogen, & stream of air is ixfroduced into the
bottom of the reactor for 1 hour and the resulting slurry stirred an additional hour, The reaction
product slurry is then removed from the reactor, stirred with water and dried to give 25.5 g of
polymer. GPC analysis reveals Mw = 1271, Mn = 1018, Mw/Mn = 125, "H NMR analysis reveals

27 percent conversion of possible zinc-terminated chain ends to hydroxyl-terminated chain ends.

Examples 24-28 Ethvlene/] -Butene Copolvmerization
Continuous solution polymerizations are carried out following the procedure described
above for Examples 5-19 with the following exceptions, the comonomer used in all examples is 1-
butene and for Examples 25 a mixture of DEZ and MAO (99:1 molar ratio) is used as the chain
25  shuttling agent {CSA). Process details and results are contained in Table 19, It may be seen that
the mixture of chain shuttling agents results in approximately 40 percent improvement in efficiency
while preparing substantially similar products (density = (.88, I2 = 2}. Selected polymer properties
are provided in Tables 21-24. Polymer thermal properties are as foliows:
The DSC curve in Figure 36 for the polymer of example 24 shows a peak with a 114.9 °C
30 melting point with a heat of fusion of 4413 g. The corresponding CRYSTAF curve shows the
tallest peak at 42.6 °C with a peak area of 48.4 percent, The difference betweer. the DSC Tm and
the Terystaf 1s 72.3 °C.
The DSC curve in Figure 37 for the pelymer of example 25 shows & peak with a 114.5 °C

melting point with 2 heat of fusion of 41.5 /g. The corresponding CRYSTAF curve shows the
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multi-block 26,200 8,030 3.3 146 123 113 51 73 25 0* 1-hexene blend 368,100 23,400 15.7 135 123
108 81 42 40 31 1-hexene SAS multi-block 26,200 8,130 3.2 160 121 109 52 68 95 32

16

15

tallest peak at 41.0 °C with a peak arez of 24.2 percent. The difference between the DSC Tm and
the Terystafis 73.5 °C.

The DSC curve in Figure 38 for the polymer of example 26 shows a peak with a 116.7 °C
melting point with a heat of fusion 0f 45.7 ¥/g. The corresponding CRYSTAF curve shows the
taliest peak at 40.2 °C with a peak area of 6.1 percent. The difference between the DSC Tm and the
Terystaf is 76.5 °C.

The DSC curve in Figure 39 for the polymer of example 27 shows a peak with a 118.4°C
melting point with a heat of fusion of 47.1 ¥/g. The corresponding CRYSTAF curve shows the
tallest peak at 40.2 °C with a peak area of 6.1 percent, The difference between the DSC Tm and the
Terystaf 15 79.8 °C. |

The DSC curve in Figure 40 for the polymer of example 28 shows a peak with 2 121.3 °C
melting point with a heat of fusion of 143.4 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 74.4 °C with a peak area 0f 96.6 percent. The difference between the DSC Tm and
the Torystaf is 46.9 °C.
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1,5-hexadiene SA5 multi-block 29,000 9,860 2.9 183 123 111 64 59 95 P* 4-methyl-1-pentene - blend 412,800 25,900 29,500 7,450 14.0 3.5 148
178 122 121 110 110 83 64 39 57 33 96 33 4-metlayl-1-pentene SA5 multi-block

Table 20 Process Conditions

Al* Al Cat. B2  CSA CSA Cocat Cocal Poly

CsHg  Solv. i, T  Conc Flow B2® Tlow Conc Flow Conc. Flow [CoH4) Rate’ Conv  Solids
Ex. kg kghr scem' °C ppm  keg/hr  ppm  kgfr %  ke/hr ppm kg [DEZ] ker % % Bt
24 204 955 0 120 9508 (.11 4102 005 092° 007 1452 006 373 161 90.6 123 1725

5 « « <« 007 % 004 092° 008 < 008 440 174 895 132 1347
26 « 1136 643 “ “ 0.06 « 0.08 092" 0.04 « 0.05 859 172 889 116 2340
27 * 1136 1433 “ “ * * 0.07 092 “ “ 0.05 760 176 911 119 2562
28 082 1136 0 * « ¥ ¢ 0.8 089 010 1662 006 310 130 905 94 1372
U standard em’/min
2 [N-(2,6-di(1-metlrylethylDphenyl)amido)(2-isopropyiphenyl }(a-naphthalen-2-diyl(6-pyridin-2-diyl)methaue)hafiom dimethyl
% bis-(1-(2-methyleyclohexylethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)immino) zirconium dibenzyl
- the CSA was DEZ without added MAO
* the CSA was a mixture of DEZ and MAO in a 99:1 molar ratio
5 molar ratio in reactor
" polymer production rate
— % percent ethylene conversion in reactor
o % efficiency, kg polymer/g M where gM =g HI + g Zr

Table 21 Physical Property Testing

Density Mw Mn Heat of Te | Teaverar | Tm- Topysrar CRYSTAF
x. {g/cm™) ¥} 110 110712 | (g/mol) | (¢/mel} | Mw/Mn | Fusion (Ifg}) | Tm(°C) | {°C) (°C) °C) Peak Area (percent)
24 | ossoz | 2.0 | 128 | 63 | 92100 | 44300 | 2.1 44 115 | 94 43 72 48
25 | 08792 |14 | 94 | 65 | 97700 | 48000 2.0 4 | 14 | 93 41 73 4
76 | 08796 | 14 | 93 | 65 1108400 [ 55000 { 2.0 . 45 4 117 | 98 40 71 6
27| 08815 | 0.9 | 65 1 69 | 121800 | 57300 2.1 48 | 118 | 99 39 80 6
|28 | 09192 | 1t | 67 | 61 | 103500 | 54500 1.9 140 121 | 108 | 74 47 97




*Comparative, not an example of the invention Examples 34-36, Comparatives 0-S The reaction
conditions of Examples 1-4 are substantially repeated to prepare copolymers of ethylene and a variety
of aromatic and cycloaliphatic comonomers (styrene, cyclopentene, and bicyclo[2.2.1]hept-2-ene
(norbomene)). The chain shuttling agent used is diethylzinc (SA1). SMMAO is substituted for the CSA
for comparatives Q-S. Polymerization details are provided in Table 27. Polymer properties are

contained in Table 28f Tg%e&gyﬁg%%ne t;:;\O 1@}(1 %?%bv 35S mre gmo ﬁ a@mr gomon Cat. (Al) Cat

(B1) (umol)(umol) Carat 1.Qunadl) g%fr umol)(urno Sl styrene
G (25°C)/ 300 % Stram Compression Set {70°C)
Ex. | G°(100°C) | Recovery (80°C) (percent) {percent)
24 53 Failed 48
25 4.8 Failed 46
26 3.2 Falled 43
271 32 | Failed 44
28] 86 | - - |

Table 23 Ethyiens-Butene Copolymer Ambient Temperature Mechanica! Properties

Tensile 300 %
Noiched Strain Stress
Flex |Tensile|Tensile! Elong. Tear Recovery | Retractive | Compress. | Relaxation
Mod. | Mod.  Stren. | at Break | Strength 21°C Stessat 150 | Set21°C at 50 %
Ex.| (MPa) ] (MPa) | (MPa) {%a) {mJ) {percent) % Strain (kPa) (Percent) Strain

24| 28 15 11.1 1619 730 84 i0i4 19 32
251 28 20 117 1617 720 85 1011 10 -
26| 26 18 11.6 1658 970 85 965 20 -

27] 29 21 13.0 1452 | 1060 85 973 5 -
287 334 | 232 | 343 980 | 350 - -

3 Table 24 Ethylene-Butene Copolymer Optical Properties
Ex. | Inmternal Haze (percent) Clarity (percent)  45° Gloss {percent)
24 | 33 73 42
25 33 72 44
26 34 74 50
27 17 75 61
28 62 64 : 50

Examples 29-33, Comparatives M-P

The reaction conditions of Examples 1-4 are substantially repeated to prepare copolymers
of ethylene and a variety of aliphatic comonomers (1-hexene, I-octene, I-decane, 1,5-hexadiene,
10 and 4-methyl-1-pentene). The chain shuttling agent used is trioctylaluminum (SAS). MAO is
substituted for the CSA for comparatives M-P. Process details are recited in Table 25, Polymer

properties are contained in Table 26.
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styrene cyclopentene cyclopentene bicyclo[2.2.1]hept-2-ene bicyclo[2.2.1Thept-2-ene (4) (e)
0.1892 0.1702 0.2099 0.1652 0.1626 0.1354 2310.300.30 231<4 177." 177,4 33344 333 3.0- 10 3.0-
10 3.0- 10 Table 28 Polymer Physical Properties Heat of

Table 25 Process Data

Ex. Comonomer Comon Cat. (A1) Cat(B1} Cocat? MMAO SAl  Yield
(pl)  (umol) (wmol) (umol) (umol) (umol) (&)
M* }-octene 314 0.06 0.10 0.192 0.8 - 0.1894
29 1-octene 314 0.06 0.10 0.192 - 10 0.2765
N* i-decene 375 0.06 0.10 6.192 0.8 - 0.2208
30 I-decene 379 0.06 0.10 0.192 - 10 0.2474
O* 1-hexene 250 0.06 0.190 0.192 0.8 - 0.1693
31 I-hexens 256 0.06 0.10 0.192 - 10 (.2497
32 1,5-hexadiene 237 0.06 0.1¢ 0162 - 10 0.2965
P*  4emethyl-l-pentene 253 0.06 0.16 0.192 0.8 - 0.1276
33 4-methyl-l-pentene 253 006 0.0 0192 - 10 02267

Thermal properties of the resulting polymers are as follows:
The DSC curve in Figure 41 for the polymer of example 29 shows a peak with 2 121.6 °C
5  melting point with a heat of fusion of 138.7 I/g. The corresponding CRYSTAF curve shows the
tallest peak at 61.0 °C with a peak area of 17.8 percent. The difference between the DSC Tm and
the Terystaf is 60.6 °C.

The DSC curve in Figure 42 for the polymer of example 30 shows a peak with a 123.3 °C
melting point with & heat of fusion of 146.3 J/g. The corresponding CRYSTAF curve shows the

10 tallest peak at 50.6 °C with a peak area of 25.4 percent. The difference berween the DSC Tm and
the Terystafis 72.7 °C.

The DSC curve in Figure 43 for the polymer of example 31 shows a peak with a 120.7 °C
melting point with a heat of fusion of 160.3 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 52.3 °C with a peak area of 95.1 percent. The difference between the DSC Tm and

15 the Terystafis 68.4 °C.

The DSC curve in Figure 44 for the polymer of example 32 shows a peak with 2 122,9 °C
melting point with a heat of fusion of 183.2 J/g, The corresponding CRYSTAF curve shows the
tallest peak at 64.1 °C with a peak area of 95.2 percent. The difference between the DSC Tm and
the Terystafis 58.7 °C.

20 The DSC curve in Figure 45 for the polymer of example 33 shows a peak with 2 126.8 °C
| melting point with 2 heat of fusion of 177.9 J/g. The corresponding CRYSTAF curve shows the
taliest peak at 64.1 °C with a peak area of 95.7 percent. The difference between the DSC Tm and
the Terystafis 56.7 °C.

The DSC curve in Figure 46 for the polymer of comparative M* shows a peak with a 121.9

25 °C melting point with a heat of fusion 0f 112.3 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 78.9 °C with 2 peak area of 36.1 percent. The difference between the DSC Tm and
the Torystaf is 43.0 °C,
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f,,,- CRYSTAF Polymer Mw Mn Fusion T10 Tc TCRYSTAF TCRYSTAF Peak Area Ex. Comonomer

CSA Ty' pe ("pipaolL (gmol) Mw/Mn (Jig) CC" (C) (C) cC) (percent) Q* styrene blend 111,500 35,900
3.11

The DSC curve in Figure 47 for the polymer of comparative N* shows a peak with a 121.7
°C melting point with a heat of fusion of 85.5 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 30.0 °C with a peak area of 69.7 percent. The difference between the DSC Tm and
the Terystaf is 91.7 °C. However, it should be noted the M../M, for this comparative example s I3

5 and i$ much larger than the inventive examples.

The DSC curve i Figure 48 for the polymer of comparative O% shows a peak with 2 122.6
°C melting point with a heat of fusion of 134.9 J/g. The corresponding CRYSTAF curve shows the
iallest peak at 81.1 °C with a peak area of 40.4 percent. The difference between the DSC Tm and
the Terystaf is 41.5 °C.

10 The DSC curve in Figure 49 for the polymer of comparative P* shows a peal witha 121.9
°C melting point with a heat of fusion of 148.2 ¥g. The corresponding CRYSTAF curve shows the
tallest peak at 82,8 °C with a peak area of 33.3 percent. The difference between the DSC Tm and

s the Terystaf is 39.1 °C.

Figure 50 is a plot of the difference in peak DSC Tm — peak CRYSTAF Temperature a5 a

15 function of DSC Melt Enthalpy for Examples 24, 25, 20-33, Comparative polymers M-P, and

commercially obtained ethylene/ociene copolymers.



133117 104 73 44 97 multi-

6t

Table 26 Polymer Physical Properties

34 styrene SA1 block 15,200 11,700 1.30 187 123 114 69 54 95 cyclopentene blend 129,300

*Comparative, not an example of the invention

- Crystaf
Mw Mn Mw/ AH Ta Te | Tervstar | Tw-Terysar | Peak Area
Ex. Comonomer CSA | PolymerType | (g/mol) | {(g/mol) Mn Jigy [T O O {°C) (percent) |
M* l-octene - blend 398,900 | 24,400 16.3 ii2 122 | 108 79 43 36
29 L-octene SAS5 | multiblock | 28,600 | 9280 | 3.1 | 139 | 122 | 109 | - 61 61 18
N* l-decene - blend 414,400 | 27,600 15.0 86 122 | 108 80 42 24
30 1-decene SAS | multi-block | 26,200 8,030 33 | 146 123 | 113 51 73 25
Q* I-hexene - blend 368,100 | 23,400 15.7 135 123 | 108 ] 42 40
31 1-bexene SAS5 | muiti-block | 26,200 8,130 32 160 121 | 109 52 68 95
32 1,5-hexadiene SAS5 | multi-block | 29,000 9.860 2.9 183 123 | 111 64 59 a5
" P* | 4-methyl-I-pentene | - blend 412,800 | 29,500 | 14.0 | 148 [i22 [ 110 | 83 39 33
| 33 4~methyl-1-peutéﬁe SAS5 | multi-block | 25,900 7,450 3.5 178 121 | 110 64 57 ug



17,600 7.35193 128 11582 47 86 multi- 35 cyclopentene SAI block 13,600 9,660 1.41 231
130 119 81 50 84 S* bicyclo12.2.1Thest-2-ene

oy

Examples 34-36. Comparatives Q-5

The reaction conditions of Examples 1-4 are substantially repeated to prepare copolymers
of ethylene and a variety of aromatic and cycloaliphatic comonomers (styrene, cyclopentene, and
bicyclo[2.2.1Thept-2-ene (norbornene)). The chain shuttling agent used is diethylzine (SA1).
MMAO is substituted for the CSA for comparatives Q-S. Polymerization details are provided in
Table 27. Polymer properties are contained in Table 28.

Table 27 Process Data

Comonomer Comon Cat. (Al) Car(BI) Cocatl MMAO SAl Yield
Ex (ul)  (smoly  {(umol} (pmol) (umol} {umol ()
QF styrene 231 0.30 0.30 0,72 3.0 - 0.1892
34 styrene 231 “ “ “ - 10 0.1702
R* cyclopentene 177 “ “ “ 3.0 - 0.2099
35 cyclopentene 177 « « - 10 0.1652
S*  bicyclof2.2.1]hept-2-ene 333 “ “ « 3.0 - 0.1626
36 bicyclo[2.2.1Thept-2-ene 333 “ “ « - 10 0.1354
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blend 680,300 120,200 5.66 80 81 92 - - multi- 36 bicyclo[2.2.11hept-2-e e SA1 block 15,700 9,560 1.64 138 109 97 30 79 21

Table 28 Polymer Physical Properties

Heat of Tw- | CRYSTAF
Polymer Iviw Mn Fusion | T, T. | Tervsrar | Tervsrar | Peak Area
Ex. Comonomnier CSA{ Type (g/mol) | (g/mob) | Mw/Mn | (J/g) | (°C) | (°C) (°C) (°C) {percent)
* styrene - blend 111,500 | 35,900 3.11 133 17 | 104 73 44 97
' multi-
34 styrene SAl block 15,200 11,700 1.30 187 123 1 114 69 54 95
R* cyclopentene - blend 129,300 | 17,600 | 735 193 128 | 115 82 47 86
multi-
35 cyclopentene SAlL block 13,600 9,660 141 231 130 119 81 30 84
3* bicycioﬁ.li]he;jt—%ene - blend 680,300 1 120,200 5.66 50 31 92 - - -
muiti- :
36 | bicyclo[2.2.1]hept-2-ene | SAL block 15,700 9,560 1.64 138 108 | 97 30 79 21

*Comparative, not an example of the invention
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*Comparative, not an example of the invention Claims 1.A multi-block copolymer comprising in
polymerized form ethylene and one or more copolymerizable comonomers, said block copolymer
having both a polydisperse block distribution and a polydisperse distribution of block sizes. 5 2.A
multi-block copolymer according to claim 1, said copolymer containing therein two or more segments
or blocks differing in comonomer content, crystallinity, density, melting point or glass transition
temperature. 3. A multi-block copolymer according to claim 1 or 2, wherein the copolymerizable
comonomers comprise at least one Cs-Czo, preferably C3-C8, al10 olefin comonomer. 4. A
multi-block copolymer according to any one of the preceding claims, having at least one melting point
Tm in degrees Celcius and density, d*, in grams/cubic centimetre, wherein the numerical values of the
variables correspond to the relationship: 15T,,, > -2002.9 + 4538.5(d*) - 2422.2(&)2, and wherein the
interpolymer has a Mw/Mn from 1.7 to 3.3. 5. A multi-block copolymer according to any one of the
preceding claims, haying a tensile strength above 10 MPa and an elongation at break of at least 600
percent at a crosshead separation rate of 11 cm/Miftte. 20 6.A multi-block copolymer according to
any one of the preceding claims, having a storage modulus ratio, G'(25*C1)/GI(100C) of from 1 to 50
and a 70C compression set of less than 80 percent. 7. A multi-block copolymer according to any one
of the preceding &laims, havind 2 HeAP 3 HRIGT &t 18C Bt 88 DRl A ef SRR EBIERIng strength of
25equal to or lessithanekB01bs/ e (4808 Pa) e 8o Bomuttisbl sekidopdiymeivacedraing: to any one of the
preceding claimsyng y@@rpﬁ%@@%@JQ&E@{R@&@@Q@%%&%@M pRlyperized inpm at least 50 mole
percent ethylene, having a 70 C compression set of less than 80 percent. 9.A multi-block copolymer
according to any BHE of the preceding claims, containing a single crystalline melting point (Pm) as
measured byDSE. 516 Awiitilisle ekrebpetyrrerrdotoit g to lanyidnerol ther prewedimg claims, having
a thermomechanigalanalysis peretatiomdeptheld amalatempaiaire.airkieast 90 C, and a

flexural modulus of fI‘OH] t)ﬂtlo 13 kpsi {90 MPa multi-block copolymer according

sta It (:!I’k(‘nz‘i .M FZ),Q oipt or glasg trangitio 1‘;611'161\361* ture

3
to any one of theG|CIJ~:F'eceér|lrl1‘E ’C alms“f'fe) having an aﬁrasmn resistance voiUme loss according to ISO
4649 of less than390 mins:ifisbigclrfahplsivekacepdipamisrciieoiding telededin 48, having a storage
modulus, G', suchothatlee {5 )kiscgiaaigkihameredualdad.d MPa, ataderaperature @f 100 C. 16 13.

An olefin int%po%@%{ anViQQI{J‘ %\/IwiMn from 1.7 to 3.5, a delta quantity (tallest DSC peak minus tallest
CRYSTAF peak) greater fhan the guantity, y*, defined by the equation: y* > -0.1299(AH) + 62.81, and

a heat of fusion up to ¥3E°9i§; BervHIBIHSCRYST KPR peakeis dbtariada U8igat least 5 percent of
the cumulative polyrmer aandsf lessibianSpercentofithepolymershas asHdentifiable CRYSTAF peak,

inen the CRYSTAE Jemperaluge .30 Yo AlLs e qumeical e gl heat of fusion n Jig. 14

An olefin interpolymer having a delta quantity (tallest DSC peak 25 (measured from the baseline)
minus tallest CRYSTAR PR EKSGreatévnthr48 C and a heat of fusion greater than or equal to 130 Jig,
wherein the GRYSTAF peak is-gateinminaatusitiy-atieast 8 pexeantiefthe taumulative polymer, and if

less than 5 percept of the Rolymerfias 2 identifiable CRYSTAF peak, then the CRYSTAF

temperature is 30 C. " 15. A crosslinked derivative of a polymer according to any one of the preceding
claims. 16. A cofpositibFbHibHSiRPALEBI HEPHRRbFIRMY (e BREGF tHEHFEBdiIng claims in the
form of a film, at leastone:layersofeaghuitiaselfiif 2at8 leasbogdlayef ofaklafminated article, a
foamed article, adijpes,.an0nwWQyen fabric. aniniectiensmolded aticle, a blow molded article, a
roto-molded article, or gn a?h%?ive. , . .
20 6. multi-block eopolymer according to any one of the preceding claims,
having a storage modulus ratio, G(25°CYE(100°C) of from 1 to 50 and & 70 °C
comprassion set of less than 80 percent.
7. A multi-block copolymer according to any one of the preceding claims,
having a heat of fusion of iess than 85 J/g and a pellet blocking strength of
25  equal to or less than 100 The/ft2 (4800 Pa}.
8. A multi-Block copolymer gecording to any one of the preceding claims,

heing uncrosslinked, elastomeric, and comprising in polymerized form at least

142



10

16

20

B0 mole percent ethylene, having a 70 C compression set of less than 80
percent,
9, A multi-block copolymer aceording tc any one of the preceding claims,
containing a single crystalline melting point (I'm) as measured by DSC,
10. A multi-block copolymer according to any one of the preceding claims,
having a thermomechanical analysis penetration depth of 1 mm at a
temperature of at least 80 C, and a flexural modulus of from 3 kpsi (20 MPa} to
18 kpsi (90 MPa).
11, A multi-block copolymer according to any one of the preceding claims,
having an abrasion resistance volume loss according to ISO 4649 of less than
80 min 3.
12, A multi-block copolymer according to claim 10, having a storage
modulus, G, such that log (G is greater than or equal to 0.4 MPa, at a
temperature of 100 C.
13, An olefin interpolymer having a Mw/Mn from 1.7 to 3.5, a delta quantity
{tallest DSC peak minus tallest CRYSTAF peak) greater than the quantity, ¥%,
defined by the equation:

y* > -0.1299(AH) + 62.81,

and a heat of fusion up to 130 J/g,
wherein the CRYSTAF peak is determined uging at least 5 percent of the
cumulative polymer, and if less than 5 percent of the polymer has an
identifiable CRYSTAT peak, then the CRYSTAF temperature is 30 °C, and AH
is the numerical value of the heat of fugion in J/g,
14, An olefin interpolymer having a delta quantity (tallest DSC peak
(measured from the baseline) minus tallest CRYSTAF peak) greater than 48 °C
and a heat of fusion greater than or equal to 130 J/g, wherein the CRYSTAF
peak is determined using at least 5 percent of the cumulative polymer, and if
lesg than & percent of the polymer has an identifiable CRYSTAF peak, then the
CRYSTAY temperature is 30 °C.
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15. A crosslinked derivative of a polymer according £o any ohe of the
preceding claims.

16. A composition comprising a polymer according to any one of the
preceding claims in the form of a film, at least one layer of 2 multilayer film, at
least one layer of a laminated article, a foamed article, a fiber, a nonwoven

fabric, an injection molded article, a blow molded article, a roto-molded article,

or an adhesive,
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