CATALYST COVPCOSI TI' ON COVPRI SI NG SHUTTLI NG AGENT FOR ETHYLENE COPCLYMER
FORMATI ON Cross Reference Statenent This application clains 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
provi'sional application are herein incorporated by reference. Background of
the I nvention 10The present invention relates to conpositions for

pol ymeri zi ng et hyl , orm an interpolymer product having unique

physi cal propertiégggyg%g AHESHONGFOIYPRISANG RHUSUCING aterpebymers, and to
the resulting pol yner prodEItvLENA RIIRGERERRGL e i nvention relates to
net hods of using these polyners in applications requiring unique

conbi nati ons of physical properties. In still another aspect, the invention
rel ates to“ioreRedereice Satsmentepar ed from t hese pol yners. 15The inventive

pol ymers conpri-ggs %0 differi egi ons or segnments (bl ocks)
causing the Ip}glﬂ%rrserp‘?cg %32%3%%6 T ﬁ]éﬂ%hg‘?i“éﬁ?az peoiseion Ness)/SFhE6® filed

mul ti - bl ocK“CoporYifers rardsspof Yuied Bioicbbants:meRBRrd Shibd 48, § Fiofh -
useful ly eippii@y@darjg%rghhﬁcﬁm@rb?g,&%rgﬂc%f solid articles such”as Aol di ngs,
films, sheets, and foaned objects by nol ding, extruding, or other
processes, and are useful as conponents or ingredients in adhesives,

| am nat es Beplgtryne of ©ie Bhenes, and ot her end uses. 20The resulting products
are usgd in the,mnufacture of conponents for autonobiles, such as
profiles, .burrppier S PSR PP s et compoRitiepisiy nvbtreriind ofiyletd, @Cfofd &, cabl e

i nsul at i onfeapidmet ieictapplg vamtié §HSeal bio een_known that polyners
cont ai i Ngn:aHLAGK-LYRS, ‘?tsrfeé(:t ufg of %eﬁaﬁisiltlg @%ﬁ%rs?c}épmﬁﬁrl&%%ﬂ‘i es conpared
to random copol ymers and bl e Rt i Prodickimbh enother dshrco ik ivapioh yuwdsSo Of
styrene afftfti ddriesdes SBBycrandphyaioagraRtiStNES SRS Ol %*Lgsis%”e ( SEBS)
have an exgepbtieNt, 4aGAN: AL, AL 9f. heat, res| st ance and el 2P gt ty. o her
bl ock Igop&h%mers_ are al so known In Weelg1ef to thsntisies prepareddtoprihese pighyEE S
known ‘as PHOBY amerseprpriso et & noRERferhaveri e s b akhe (@5&%%5&5;11%%}?due to

t he presepsign@fto p&ekd uniRs pifkias .].c-hl ock. segnents connecting ard"
either crystallizabl euﬂcl)q‘;a %ﬁ%sstpgg%%:skgg (i n%“ﬁﬁﬁgcﬁﬁﬁpoﬁ’&e?ﬁﬂl?dmeriperrper atures
up to the ne Stco?%rff‘ﬁlgFl%itsﬂ?eeaf?)?se’éllfawlw}wéhsm propcadieniresial dicts ofcn.he hard
segnent s, mbldagep dliyreiess, donasdd 88 = i c.character. At higher

30t enper a&%‘ﬁﬁs’ oLhe egtolggl.mer S bcac}grrstc,\é_%]E ?Oag%% ;ed?udén%h?rl?ﬁl?’i Hyetsrrepifiopt asti c
beha\r/%(r)r - nown Nethod G midhey ep | laveikatesopiimerne bisads,A6d stde caNiQRI C

pol ynét i zHwirenyltmg grodomtaralskasd tf: hagum sl oAl Lzation. Unfortunately,
t hese net grs%dﬁgne aring bl ock copol C%/rneroglg %L%ﬁ?{réﬁg%(&a%snﬁcgﬁs RpHeer
addi tion and batc ﬁg o BESTHE e lectipsade wpulstion ondstser iditatzan be

useful ly emp dikag ling beusiy e pdmas Cntsflitd skt WohRDne Bl KGR € 1
the ani onirgpeRRL ¥oBaked @t}ijalﬁi@m%apo%;n%gseagg bl%xrllgs. For example, tribiock copolymers of

styrene and butadiene (SBS) and hydrogenated versions of the same (SEBS) have an excelient

25 combination of heaf resistance and elasticity. Other block copolymers are also known in the art.
Generally, block copolymers known as thermoplastic elastomers (TPE) have desirable properties
due to the presence of “soft” or elastomeric block segments connecting “hard” either crystailizable
or glassy blocks in the same polymer. At femperatures up to the meit temperature or glass transition
temperature of the hard segments, the polymers demonstrate elastomeric character, At higher

30

temperatures, the polymers become flowable, exhibiting thermoplastic behavicr. Known methods

of preparing block copolymers include anionic polymerization and controlied free radical

polymerization. Unfortunately, these methods of preparing block copolymers require sequential

monomer addition and batch processing and the types of monomers that can ha usefully employed

in such methods ar i i i ioni
ods are relatively limited. For example, in the anionic polymerization of styrene and

1



but adi ene to forma SBS type bl ock copol yner, each polymer chain requires a
stoichionetric anount of initiator and the resulting polyners have
extrenely narrow nol ecul ar wei ght distribution, MV Wnh, preferably from1.0
to 1.3. Additionally, anionic and free-radical processes are relatively
slow," resulting in poor process economcs. 5t would be desirable to
produce bl ock copolyners catalytically, that is, in a process wherein nore
t han one pol yner nolecule is produced for each catalyst or initiator

mol ecul e.  Pradierddi foiron SBE typweiutickolRyrini-Gbypofiesh LRkl £ 1.0 PLAgNGS I L1 - Dl ock

. . quires ometrio
copol yner s havi - hi.ghl y..crystal |l i ne and anor phous &g segnent s,
froma single nﬁgﬂég&% %fﬁ%iﬁ]ég, Bl@i%’ﬂeﬁslﬂ}ml""s“&@ﬁ@ﬁ’aﬁrcw mriswiat welghtdistridggon] N
ani oni ¢ or - dafropdiOymei Addiiamasy, afbmahddreerfai Mol d.pe, hi_ghl
desirabl e 51@9\&%&1115?!}metﬁoéé&eec&og&gti nuous process f éc\ép%rcgﬁgscﬂrglg%%% t he
present_mul ti-bl ock copol yners. " Previous researchers have stated that
certai m honpgenedbid! Bvwssigiditae bofupbloginemnb zath onaigahm), ¥t S iﬁ:@ﬂmﬁﬂ%s used to
prepare pokyuaEs SioRanHh B ghi shROk i "bl.ock-11ke" structure by
suppr essi ng, ﬁihai.n-tr 1ns1‘.§)r3§lélégri ng tlﬂg&gl&ﬁeg%‘r’éﬁcﬁ‘éiﬁlﬂéﬁ,‘” pRaopRalapice o by
conduct i ng™~t K&t iEb St aple doseice multitiéocabaehagrsofvide soadiphit r ansfer
agent and castaliimsuhd iredr@iatd BlodiOW EEIRE! ALY such that chain transfer by
- hydri de gjngt{ﬁieg%iuger}nor. ot he%{re cﬁal n trarﬁs%g?‘*&%?lg%f’é}‘se%g Viewe, which fzpnsrally
el imnated. Under "Sul A Enditeraiisal relyacywgionsn Finally, ickahtdive nighl; dekibhfigrent
mononet’s Wasgbhisai we b contiesub protads foppromiclinbrals pRly IS, havi ng _sequences or
segnents of di fﬁ&goﬁp;es%ﬂgrggarvectotnélﬁnt Several exanpl es of? R cat al yst
conpositions and processes are’fe %%‘aal%@o%%e@s&Comisﬁtald,poiamdriﬁe@mattz in
Angew. - CheRFYST pn.be Bepd fo rinara@8GeR 6iing 200R3ntasy WRlk-iRS shify A aP03/ 0114623,
20The use s@fpraghd daR-dRLa! 4 1 ounds, and ot her conpounds, such as
hydr ogen, as chaél_nat rans‘feFﬁﬁaégghw%rggmﬁ%ﬁ?’z?rreﬁiﬁm%N&Pwdgﬂt@whh in olefin
pol yrer i z EPYBRZaHe Rigders iR Aiewbreiy of hehamritansférneae gdtal Ofutficidattl kAR, L0
enpl oys suelthGIPRUNES st hadel Ymaksm 0 al kyl conpounds, as scavengers
or as cocatal ys s[{i n olﬁ?’%qgol yerrerrni ztgﬁoéﬁt?“frc ﬁxw%ﬂrﬁfa@%ﬁp@g@mg@y
9192- 9199 I%%%tﬁ‘% HEr Ydeeoptitiensr thaseneatial pdditiom of difatektythonGREP ANES! (dgaghal n
transfer agemtsion of peddtsmatih©RqWhich o CREL L ired zirconocene catal yst
conposi ti 9\&?3 [esulted. in pol %/ rop;I gneéj%ln' xs-?.)ﬁrgg%%g%rﬁ?ngf“?ﬁcﬂlbmg'rrﬁ‘f‘ﬂarahuanti ties
of polymer fractions 255t SPR Sﬁ‘gf’“ BaRrjesst Attt deeddy Sbaet HostahaidResa@ment s.
In Liu an@%ﬂh@ﬂﬂﬁr@ﬁ,&%@lﬂmpizgs@@1‘1@9[}@.&20&%-g 6§ (2001) and
Bruasgi h and W%txﬁémfclgx%rﬁ%&gf cﬁcw%es, 36, 3026-3034 16 m xt ures of
ethyl ene and_ 1-hexene wer e pol ynErP2Eds Bif cHieg samppends. cedhal histogeampasint i on
cont ai ni nEEPeieT #AsEth Al infeuit thain gbiah in defBnsyekn 2860t ng&gﬁ%%esarp,bgaw 341 and
6, 169, 151adasiss, 0k x@wnlt) %%l?yn&lcﬁw%eguanldls ocene, catal yst, that 1s a " netall ocene
capabl e of relatively facile CONVErst o BEt R IR2LsH eprmsindsmer i ¢ f or ns
havi ng di TPEPFHY gorsraal ity idoi«dn rotrasxations. i 18 Memnolehesas tighlesd &90031
reactivi ttjfe isatof @St AT SRt bRy 68 Wul raduction of ol efin copol yners
having a " bldockgéD Struct ure l1?}r/_(§_m %ﬁoﬁyal@%ngl.qmns °r agenty ip coplygtion il corizig,
10701 10712%° EHYEH° cEir aprarasiignsrraitalif pgrsomfent btadsya@Mnihk Whig
pol yner i zmbitioi? ofpolynel ReubmomBhighlontissldil Dbt J.Q0, .The. aut hor s define
cat al yzeq{ylﬁgrvmg goﬂ y Ci Z,gti on i% OthiSS Frla%:{]{iteé%j:a%gc chain Segments. In Liu and

, omolecular Rapid Comm., 22, 952-056 {2001) and Bruaseth and Rytter,

Macromolecules, 36, 3026-3034 (2003) mixtures of ethylene and 1-hexene were polymerized by a

similar catalyst composition containing trimethylaluminum chain transfer agent

30 In USP’s 6,380,341 and 6,169,151, use of a “fluxional” metallocene catalyst, that is a

metallocene capable of relatively facile conversion between two stereoisomeric forms having

_i . .

productien of olefin copolymers kaving a “blocky” structure from propylene,



"...if chain transfer to alum num constitutes the sole transfer nechanism
and the exchange 5 of the growi ng polyner chain between the transition
nmetal and the alum numcenters is very fast and reversible, the polyner

chains will appear to be growing on the alum numcenters. This can then
reasonably be described as a catal yzed chain growth reaction on
alumnum.,. An attractive manifestation of this type of chain growh
reaction is a Poisson distribution of product nol ecul ar wei ghts, as

opposed to the Hohdlszadolhony Ghst i Lon that. arises when (3-H transfer
acconpani es 10pr opagat i on.z'}'%' l%(i m‘?%ﬁ%“’&%‘% ﬁ%a?gls?uéf)%? PSR &Mrladlivaef or t he
catal yzed PYNPYHHENERBrRipmitivei diriotiont Hylaethers dsfirgaalzei iR CONt ai Ni ng
cat al yst i poigoshhnatih o ddahidy- ZNEL 2, ZnMe2, or Zn(i-P02. Honol eptic al kyls
of al um num boy OE, tin, lithium magnesiumand |ead did not induce

catal yzed chai n gFSWRTINGET g iemton @nstagesdoowicataysitr mebalshec 6 cpRAGHCE i On
of a pofyneftih@aviving peiynarchewWbEebe eislansMei ght L st hl-ution.. However,

after anal ysis of t %hrée-peper%d.ent‘ product di Stlr?%ébﬂ%?{B%%n@?ﬁeen%ésu}tgﬁ%?\{}gast

concl uded thi's Teact TR RasS #nHEH! 25Peay iopF growineamyhredimgna qvnigrs Wbl can

reacti on. " thitheasoadlsr lereeribal 458 citdydi Seh0s6wh RS Cn Qg OF Eﬁr’a&iv‘éat al ysts
in conbi na&lgﬂﬁﬂ%&nafaﬁisctgﬁ%icpc a@ﬂutrt‘lihpeg agent o make nulti-block copol ymers.
Similar processes enploying sihgle catalyst e asyudion soseitivedecilar USP' s
5, 210, 338, Y52%6; AROscdande Bl BHTistri RQBaNat SfscoVONK S nhaNEElal.aed to have
formedidl ogkpcaRQ-yNers using a single Ziegler-Natta type cata yst in
multiple reactors arranged in series, see for exanple USP' s 3,970,719 and
4,039, 632. Addi tieGREPrs mpegidhe et b basaayp Geies Satopd et R LBy REEL

di scl osed stz USR0S chiaMide G885t 12 c DG i 8,787, , 768; 5,134, 209;
5,229, 477 u5g27o 276, 5. 270_@41%? 5 58%?%%’%{’%%\g?ln%r%“@?)ssfg‘iﬂi%fmand

5, 693, 713, *18% Sf@umungn. prrowspinlithivp, mapesammaE RaAB00; 5B0e c@lztd dbsinkaaun t hat
random def@dissGaes df cdeikalpRhd60M $n REERPESGET o ' mononers using, for
exanpl g, yAimqbqgmlfd%x-di i mé_ge ia%iyt,al Fﬂ_sts. Thefp@g%ll%j}igt% %ﬂ%%‘é’ g’?ﬁcﬁa’“ﬁ%‘gﬁn

wal ki ng" during pof Vet 24t FEn*F 8 HiciiFPaidanerrsuct dhvaibngor, i gitloys donamizhed
(hyper - br &his redijon vos, “evenitencelyTar disin RFARCRES L P Sl et 8. gﬁs%'llo ting
pol ymer. F@@ﬁgl‘} % 8% tml%l sta&/@e cof F)ag] yer | zatign are found In em Rev.,
100, 1169-120 f‘ G003 NBEPBEI ‘SCRIMEIPD B 181 Shutkiing 2wy imsise 20IS;bI8D7- 906,
(2004), 30ardyRirs eSihererocktsed paling sikglovalihatvd RBYdEhALNLRIBNGHAH s pol yMer
units may Decprepd £4idfdsom et hyl ene using certain honbgeneous e

pol yneri zati on catal'ysfs such as 1-, and 2- tbutyldimethyl sil oxy

substifut ed bi SPHET By Rirecbivied i lponfokeoddgockictro ity Ak UREN BB er Natr:

cocat al ystiypeE¥aRBiesuRbictbies L - Y. lzat | re f dinJ. Mt.
Catal . A j%ggﬁ% 710 ,59?’535 ( Sg%)sgr%ﬁ/h%%’ﬁoﬁa‘é%%ﬁje%Segfi’,&y 734622 (1988)
J. Mot, CAtEPO3a-Addfiontl ZigelerNgta basep pBpess @00 polymerelars disdomGhesp’sSoc. , 117,
6414- 6415 4995, 5,080.573; s DeSRITt 81 fshves,aduanges -y e, foreqoing 1 esear chers,
there re IZQES&'Q%EQ“%&P gégoe 9a_rt for a polynerizatidn prGcEssS %Ohat IS
capabl e of “prapariny Bt ock- 15 kad ¢8Rl Ynterviell aa BIRcA-479. 71 mud Bi-A500610.
Scopol¥ners, aﬁrdgmsmﬂeasma@arﬁ&e!f@btslobdﬁeairpomeﬁslpféisglga:{fmlggigggXlg}ﬁorn%rs defa i gh
yield a”df&%l;zﬁﬁ}hé }Qitcu)[dd%{—%l”i‘ma S e noner et hyl ene, ~the use 5f a
shuttling agent. 'In addition it woul'd®FEHésIerEs e chan prlbvs derismich an

i nproved prlsweistietfatmips brepabieing highly @paticd ghydtH bkl 0 6Ky GORANIELS |
especi al | ypghiR : [ | yer havin el atively narrow

mol ecul ar wel ﬁt@i Eaé% %5%%@% .°%?ffé9m%‘&‘lnal%% ﬂ?@ﬁ@’?gﬁﬁm TEH ¢ vngipovi de an
i nproved pREESEY- 1Yk 1 0eBE? (2860) ddgpainoiernisr Eigwisng afFRsiENEN, fon@od Qswa@rent s

O{j b![ G]CCI kS anddctii@e B ﬁseazlsci&omgtqonlg%haﬁgﬁjaﬁcﬂgé peob;[m%r B{it%\rlniag A par'engil:eg %r%lsns For
i denti fying )
ethyl

ene using certain homogeneous polymerization catalysts such as 1-, and 2- t-
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cocatalyst. Examples of this type of polymerization are found in I. Mol Catal. A: Chemical, 162




conbi nati ons of catal ysts and chain shuttling agents capabl e of making such
mul ti-bl ock copol yners. Even further, it would be desirable to provide a
process for independent control of the order of the various pol yner bl ocks,
especially a process for preparing olefin block copol yners contai ni ng
termnal bl ocks having high crystallinity and/or functionality froma
single olefin 15reagent. Finally, it would be desirable to provide an

i nproved process for preparing any of the foregoing desirabl e polyner

product s i rssas¢ontj; Mok ggggge S ui red sequential addition of
two of nore 3y ?s?lrﬁgg%?%%}’c%mﬂéﬂsmﬁ&7 -G4ridigprndent

H g
control of ¥ ﬂ%ﬁ?ﬁ%‘j—ahﬁ%”ﬁﬁ@dﬁ%y of the shuttling agent(s) and/or

catal ysts used. I Accor di to the present
1 e Do et s R i fp o o

i nvention ﬁﬁhgfmgnaae now

pol yneri zatt on ”tff{y‘fe@&r'ntg‘"‘tfsocafat?}erﬁf HeRBiabiete Bkecopiinyereespécraiil tiubbiggk

copol ymér) ,wmnctrsc@@h@mbempuz&aﬂﬂnﬂg—bﬁﬁﬁE eferably three
or nore SeguBRlS,Qfe R O?GI% differi ng i $O®n¥EWIﬂ%[gﬁgD{d ah‘lilgiﬁ ClY fgpr e '
physi cal properties as Rl & Eéi lﬁg@ag fERe i plditioh & vooldpedéstritodto

25conpri si ﬁ@"’{dhél‘:hdafnmwwépmpess Badi da@a{bi@&@%&&mrm{,;ga@g J} m con‘mﬂ} ng:

(A) a firstngl GhkibiRRLYNRLALLN G 'g a second ol efF Rre
pol ymer i za%l on catal yst capable of Fé’ﬁl PW&V%‘PW&W@gHﬁfsﬁénm@; Ii wouttheni cal

or physica Ui eppbls to Prr@‘mietahempg‘keyl meresp & PashRthe RYpoG ALY S % £A) ﬂ%%i

equi vakent smbmmi&/ﬁilﬁm i east..one of cat
apabl 1&9181‘1T lg#%ﬂ%%e é)ég'gtrbéer{% Hlé’fﬂ“ii)?)li’r9‘f?§srf°‘b‘9%ﬁ1%zms of chal n

cat al yst (I%) é}g g
wal ki ng or “PERE PRIy bring phajnphufling agepretbblothiltisGupahyilachai ns, anti

(© a chai cnpsllymteztsJ E@f@g@ﬂtltwoﬁrdejfeggﬂgglyt pt;&,l dm xture.aor $act| on pr oduct

results fr (A a first alpl?cess B IORrRAY Comirel et st al yst
capabl e of orﬂ%ﬁrﬁ Varé‘f“%f’ﬂﬁ‘?’?} b&“%‘fsa@l'aﬁﬁé PEctry Fepepdrat niefroblyakebsoifaye-et hyl ene

pol yner i zaton@iwing terminal bloc(kB)ma;osl@gmrggmpjlng}t brﬁ!/oti"ﬁln)ft%‘ﬁﬁﬂ%?t' on é%tg 1a]j(_s’%/st capabl e

of forp NG Hr %ﬂﬁﬂe‘i{ "f?‘ MiTer % mer i zat %ma% chain
wal ki ng or_rei ncor pdra 'on ST E}pf‘in"fed‘P#%I&foﬁldéfoﬁ?S@fOpmhmgazﬁmlﬁaiens and

(O a chai'frstiss dkails mjjont pmﬁmsammdaeﬁuoamegysmﬁwp;eqya@séqn&,@ﬁt 4@fen there
is provi deguas m&@goﬁﬁerss %151%; Aesxga.b? such process allows for independ '

quantity and/or identity of the shuttling agent(s) and/or catabysts used.

ent control of the

20 Summary of the Invention

According to the present invention there are now provided a composition for use in the
poiymerization of ethylene to form a segmented copolymer (multi-block copolvmer), 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 compesition

25 comprising the admixture or reaction product resulting from combining;

(A) a first olefin polymerization catalyst,

(B) a second olefin polymerization catalyst capable of preparing polymers differing in
chemical or physical properties from the polymer prepared by catalyst (A) under equivalent
polymerization conditions,

30

at least one of catalyst (A) or catalyst (B) being capable of forming a branched polymer by
means of chain walking or reincorporation of in situ formed olefinic polymer chains, and

(C) a chain shuttling agent.

Preferably the admixtare or reaction product resulis from combinine:
o



adm xture of catalysts (A) and (B) and chain shuttling agent (C) capabl e of
produci ng nul ti-block copolyners according to the invention. 10hi a further
enbodi ment of the present invention there is provided a process for
preparing a segnmented copol yner, said process conprising contacting
et hyl ene under addition polymnerization conditions with a conposition
conprising: the adm xture or reaction product resulting fromconbining: (A
a first olefin polynerization catalyst, 15(B) a second ol efin
pol yneri zation qat akyst..capabl e of preparing polynmers differing in chem cal
or physical pr oge%t#re[soz?@é’gnyg ‘ﬁlémﬁ%ﬁ F?@f“ frdiaridernine dugidt ystalipAyhysder
equi val ent *PoPyErdLatetlyivne prididrizaks, at |east one of catalyst (A)
or catalyst (B) (beldlgq8aRab.8 . formng a branched pol ymer by means of
chai n wal kij ng_or r.ei ngor porgt%’fggﬁm%[ Onicﬁtag’ﬁttcﬁ?ag’grﬂﬁﬁﬁnﬁgépiamhed poymareponchai ns,
and 20( Q) Bp ﬁlilﬁtlglhh.ytn@qaps(ﬁ chedierialiing or reincorpdPitehey aldky forhhes fcﬁ% 109
processst akesast i form of a continuous sol ution process for form'ng bl ock
copol yners, especi a LE mul ti-bl ock copolyners, preferably |inear
mul ti-bl ock copOr\BPSshufngsgeyl tiple catal ysts that are incapable of
i nt er conver si onkn afibtaér einSodifien: 6Bk Y&kiS ke mically djstinct. Under
conti nuousadﬁlq;ddf,ei Oggatgogltyggr idzggi on c,o}ncrjl? tlvi %ﬁ %’V dﬁ‘gafﬁgfg%@gse}egnqgagm |y
23suited for 1po VBT AL SRS TR Haidins ey Chepdier poenuRsilees.. Under
t hese pol yiepivzatsiaowerdbendibdeiivesionshut t1ing fromthe chain shuttling agent
to theicatal yst phecane vant aged conpared to chain growh, and
mul ti-bl ock copolymer s%n%glﬁrggﬁ ngl APPEHERERteH tere I proeikedoapatys fersepaegoar di ng
to the i nVEHPPYH @reyvhersaEdricassivbgrisefof dofta g Yyl 1@5@55&%&0 g, diment of

. . . ) . . . Ll Sr1Zat10)
t he |nventcbmhubm»ﬁlalcgmpggg}éhgglggr i gh nol ecul ar wei ght, 0Segmented
copol yrmer (mul t%bclngCk copol yne % prepared from et hyl ene, containing
therein two or PEUXtEe OF Epaien protibmt eenldng fivam eonstegient s differing in density
or other chem O@I)aﬁfstcﬂ%;&o%%&eri_@z{tﬁ{?_@%ﬁ%m Hi ghly preferably the copol yner
possesses a m)l(%ﬁzul ar v%f_ght di stribution, IviwlVin, of less than 3.0,
preferably | essot hiRos offin polymerizationragabyst capriicrre preparhg dblmat digbrit e
I nvent i ongcherhisaler aineiciibapbeedidd /e bbiona! j.2ed i.yatives. of the foregoing
segnment ed gt 4l ti - bl ock copol yners. L fﬁfé&t&sfxs% q‘ﬁ U SR ENbodi nent
of the present |£vent| on, there is provided a polymer m xture conprising:
(1) an organi c abeast prorof aaaivst POl oy BR4Iyst P RkRE alhMe 8 DL r. of ethyl ene
or of propyA@ng ARMQkn orCr%%Qo'r%Jﬁr Og et hf\f 2%9 or p%%er%lg%gﬁagamb
copol yneri zabl e_cormonorner, and {2 a YRS deEicaelymet ghins, amul ti - bl ock
copol yher accordl naivshutthes ggemisent i nvention or prepared according to the
process of the rpi8sSNtnlsNERtd Qoo .2 desi rabl e enbodi ment conponent (1)
is a mtr l%ox g_gl m?ﬁgoﬁpri%ﬁﬁég %esgsﬁ%(ﬁsé%??'ﬁ Dg%?%?lf?w whsopprojesofonct i ¢
pol ypr opyPEREEdH " eH1paIEntsPERly inltaroe cadioney, befsasktlinebhogk,Gapol ymer. In
a pref er redobmied iRl SOMRMREMat (2GR ESes 10occl usi ons of the matrix
pol ymer fgrmed durjng conpoundi ng of ]%:Oor?rﬂpmcg)rcl’elr?%ee co(]ﬁS‘%gﬁ?fﬂtbe catalysts are

cally aisinet. Under continuous selution polymerization conditions, the process is ideally

nz . ) L .
- surted for polymerization of ethylene at high monomer conversions. Under these polymerization

Fa

conditions, shuttling from the chain shuttling agent to the catalyst becomes advantaged compared to

chal:g growth, and multi-block copolymers, especially linear multi-block copolymers according to

the invention are formed in high efficiency.

In another embodiment of the invention there is provided a high molecular weight
3

30 segmented copolymer (multi-block copolymer) prepared from ethylene, containing therein two or

more, preferably three or more segments differing in density or other chermical or physical property

Highly preferably the copolvmer possesses a molecular weight distribution, Mw/Mt, of less than

3.0, preferably less than 2.8,

Ly



Brief Description of the Draw ngs Figure | is a schematic
representation of the process of polynmer chain shuttling involving two
catal yst sites. 15 Detail ed Description of the Invention Al l
references to the Periodic Table of the El enents herein shall refer to the
Periodic Table of the Elenents, published and copyrighted by CRC Press,
Inc., 2003. Also, any references to a G oup or Goups shall be to the G oup
or Goups reflected in this Periodic Table of the El ements 20using the

| UPAC syst em f olin jruirdeikt Siho@iRRBRS me W683, §Lated, Lo fhe contrary, inplicit
fromthe context . or customary in the art ’,ﬁﬁlagﬁ’éorv?igé g‘ﬁ‘&tmﬁ%fz‘éfb‘?ﬁ"%mﬁ?sé’fbased
on wei ght. For %ur“’po’é”éeé’egfm@ itk apabestspat ent practice, the contents of
any patent, pat &rstiffpthecatbiotimentf i pRlsi G 8t bR, el.er d. herei n are hereby
i ncor por at ggmg.ysil%:e(fl)egneorrlca% in their gﬁ%i rety (or the %ﬁiﬁ%‘h’rp@ UE™8t si on

t her eofﬁi s so in oq%por ated by st erenes) refepRls i appopiehoficasipaocd: ot 0 t he

di scl osur ePOPYI8¥ritHetd optipudin ehdse o2b@efibmRiabd PRSPk LNE XL ent not. .

i nconsi st enhigWhdoRe@Mve 8l 1Rl 0ns provi ded her efb%) %ngta geﬁe%%’g?m%%\c}\pédge in
the art. The term "conprisrng” AATHHE Y HE Prest mrstieuf pregarerot

i nt ended t Y EKEE iRfee PRESHI drameent dfversivy. addictirDRAMHEBARBEMHone SHER 1O
procedur e, mwhie bheherQbmPhingbil SATE b1 e{tg}'h&scl osed herein. In order "to avoid
any doubt,. all con%i]osi Bi ons ¢l ai med %erelnﬁOlfﬁ?%‘i?@ﬁ“lﬁ@%wé‘iﬂeﬁlﬁléo%}mnmt{ZJ
"conpri si ng®" REYCS0F AtubieeksAgPIveRli isamefbrreaddibbdivent, caslpsneant) coRfrconpound
whet helt pologhmipisef o ntrhehWinsLiordkdl 835 ShALed: the contrary, 1n contrast,
the term “consisting essentially of’ "éx%ilgulgglsntgg?%’nn%pf”ﬁe@t%bd‘b%@bf any
succeedi n%greci tation any other conponent, step or procedure, excepting

Brigf Senyriptiond ¢ Diradingso oper abi lity. The term "consisting of'

t hose t hat
excl udes any c onent, . st or procedure not specifically delineated or
listed. The tertg%h"‘orﬁ%sﬁiﬁ SR Rener W@PW%%PIP nomst ehatnghittieg fivsitieg
menber s i AP GEEAPbifey. as wel | as in any conbination. The term "pol yrmer",

i ncl udes both conventional honopol ymers, that is, honogeneous pol yners

pr epar ed Erom z si ngl e nmononer, and copol yners (interchangeably referred to
herein as : ) the pmg pol yners prepared by reaction of at | east
two mononers omliakbenws senlRRLAL Myld,sheglcally differentiated segments or
bl ocks thg%ﬁi neven if formed froma s%ﬁ%‘}%enrtrso%{ﬂ?eg ?IFrﬁ%F@t%ed’éﬁPcﬁ lgy, the
term " pol Vet Ry lBINES: PrYishiidad constighs| by RGP o, let.fiybeneisans sop@lymar s of
et hyl ene &nchpen&raps d@ill Be MO IASHL el Lh .81yl en onprises at |east
50 mobe peLEeRt ruphle, t'terlrln "cr g/s,tpa(@a:lalc i ne’ | %@ec%gfhésy%}c{f?ﬁ? g?bger‘rgr%te@legleﬁﬁl ymer
that possesses a i er e_‘B ‘g&pmoering groups. Unless stated to the contrary, implicit from the

coniext, or customary in the art, ali parts and percents are based on weight. For purposes of United

States patent practice, the contents of any patent, patent application, or publication referenced

herein are hereby incorporated by reference in their entirety (or the equivalent US version thereof is

so mcorporated by reference) especially with respect to the disciosure of synthetic techniques

defnitions (to the extent not inconsistent with any definitions provided herein) and general
knowledge in the ar.

23

The term “comprising” and derivatives thereof is not intended to exclude the presence of

any additional component, step or procedure, whether or not the same is disclosed !

herein. In arder
to avold any dou it i rein
¥ doubt, all compositions claimed herein through use of the term “comprising” may

30 include any additional additive, adjuvant, or compound whether polymeric or otherwise, uniess

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

any succeeding recitation any T i3 ace 5
v g 1y other component, step or procedure, excepting those that are not

essential to operability. The term “consisting of” excludes any compoenent, step or procedure nof



10transition or crystalline nmelting point (Tn) as determ ned by
differential scanning calorinetry (DSC) or equivalent technique. The term
may be used interchangeably with the term"semcrystalline”. The term

"anor phous" refers to a polymer lacking a crystalline nelting point. The
term"multi-block copolynmer” or "segnented copolyner"” refers to a pol yner
corrprisi ng two or nore chemcally distinct regions or segnents (referred to
as "blocks") preferably 15joined in a |inear nmanner, that is, a polyner
conpri si ngs;@hﬁmi@aibrwatehérﬁ@trc@nfﬂe%r&do}m ned end-to-end with
respect to pol ymeri zec eth Ien| c functi g%%ﬁ%?éeg&r]%?ﬁéfeg?rﬁ%fh‘?H”‘t‘i?endent or
grafted fas |on fHyidgp ra%?’ F P&y tBBRmARMt , the bl ocks differ in the
density, the anﬁiiﬁrfbrmd‘bolgmﬁstlﬁiﬂtldbmdtlysontv&%eﬁi ze attributable to
a pol ymer ofiStch. P%ﬁ?{% 2:[SI110 the anount of M%E%'OM teIr%aﬂ?i%llfr Bgrosgtrgus
hormogenei ty,” or an‘&?/a rﬁ‘oélgli“e ot dfRpRyress (iprasagenbly atfrel butall @ to an
ol ef I n 208 b Compares ol asicd bopalier 5 0k thDfoRlk Ol o Bliksal ! Ui NG

copol yrrerscogtrgggéccggn 91/ nono uxi onal” cat al ysts, or
ani oni ¢ pol merization t g%%%&t%%ggmms ngoﬁkscfgerflﬁé"eﬁéc 1fy7red owf siphle i nvent i on

are char act®rree gy sngnifiepls. ﬂi@ sty Iﬁgh’Bﬂl}J}ﬁSﬁ”@ﬂcllbi@rﬁ Ikbuﬁpéiyrﬂﬂ of et /yiene e

pol ydi spercepdlyrﬁaﬁ)bfe@{ 1&{%&}{'&1 bl o h. d| tion, and ock
nunber di sterl tljg y U a pre 3egr()r?g%ifins EPHGHEF‘EPR‘H%‘; #iepsdf melt t he
shutt | i ng PE§&ht F45 i "@ﬁﬁﬂiﬂﬁa*f POkl defermub %pqdbfteermﬁisﬁlss}@ﬁ Sirst ch@Jr

speci flitc altrrays;mctzhe cp@rhmﬂaﬁaf ARkt )é ROSSES: m1l.7 to

pr ef er abl )(Da‘s%o(_r;n B ngl I iy cause t?}gﬁggfgremmtl PR T °§1[0F1W51(§3i shabl e
segnents oOr R e PBiREd e "éf’r}’r?ﬁl“éﬁdp%ﬂﬂyhﬁegeablbrmzthﬂm wrhe pol yner

cannot be @emmwrlerrey Theaertn tamaﬁpecd;suemgtogtpa@g@irggc& a%ﬁ;ﬁt]a\{me extr acotr on
t echni ques. Fofy Sii-b %o%émelﬂel gont ai ni ng regi o s t Jt are retdti vel y
crystalline (hi gh ensity 30SEGHERT 85 SSHerned Grretaner traflers 4r epaieheaat i vel y
anor phous “¢RFEE tﬂewsmr?cisegnmymsmcnagmtor SRk 8Ghi N

Ransal 06tte) X BXLLACLGL. A1

fract iLonajde ush Bkathihe" & preferred emb
quantity of extractable pogtgS E%%%fﬁncﬁm ”?"il?e‘ih micyfiyfifispntigediayic Wbrcham al kane-

sol vent i ¥1°8&8d-foream vith repreeicte mi}’mmp@eqbyle;fueﬁlahio){aiiqe&‘ﬁz& ﬁl@rﬂm%a;&ﬁﬁ&@ nt and

most pref @ﬁﬂd‘iﬂﬁz’tsﬂ @S d <1 RELGRD t

addition, the, ”%; "b|%§ﬂ|§nco ol ne]?ts&%%ﬁ%%gﬁg"ﬁ% ‘ﬁ)ﬁ%gﬂé%woé}ﬁ‘l%f possess a

PDI fitting a4 % SRR lea'r‘%ftbrlrablﬁfq opplymr hBguch d:tﬁljbo&iﬂdﬂ%&&@&hnddaf%ﬁéﬁ buti on.

The use oﬁraltchelbpﬂhesca{ugegﬁﬁj/ VARIyIcERE LRI @ LS. LN roduct havi ng
di stribut]on asg\rrﬁye%ﬁafp%gpem o bmﬁ@%% Lgtin

bot h pol.y. p o¢
di str ?ebutl% 0)%% fr‘?“% @8%"“@?%‘?%‘5 o e Prigr e, quhxdrngeozro@mmtpimmfbypol ymer
product s d5aneniig mqmpn@\aéeﬂtltﬁﬁﬁﬁkndiasﬁatal[}gw &Q@l@&@p&?ﬂ(é«‘t!b&%h RLO ert i ‘i The

t heor et i G& RepRS erse bl ock dis utlon fhof
previ ously m)deléljeg gve Fé)ncaﬁés({gleél%eﬂmg&? é’H’R‘i‘erth“lﬁrW%ﬂb(@é‘POﬂReq}ymm E (1998)

57(6), p. PO&@@Q@W@M A Dbbrbyavic fengtd disGlvemdn, RIS biobidAXRY: AR, toPin

9234- 9238, prétbrrén &ikbod; A al rs of the invention
espec] aI I g;t hose nmad leﬁ@l:itntg%%gé %P{he ?im@tﬁ%%sger}%gﬂnﬁf’]?@i}ﬁhﬁ%Wgﬁh’éﬁihzfat| on

react BY¥Es Yo spesdficaliy, @’@@bb@ei@ destinablp posseanPDI frdal DTl 2|98P1 Qfhsiy fQMost
pr ef erred SptoL;mers according to the invention are multi-block copol ymers

containing 4 Q[0 e bl ocks or segrrent s including term nal blocks.
ecause the respective distinguishable segments or blocks are Jjoined into single poiymer

In

chains, the polymer cannot be completely fractionated using standard selective extraction

techniques. For example, polymers containing regions that are relatively crystalline (bigh density

30 segments) and regions that are relatively amorphous (fower density segments) cannot be selectively

extracted or fractionated using differing solvents. In 2 preferred embodiment the quantity of

extractable polymer using either a dialky! ether- or an alkane- solvent is less than 10 percent, more

preferably less than 5 percent and most preferably less than 2 percent of the total polymer weight.



The follow ng mat hematical treatnent of the resulting polyners is based on
theoretically derived paraneters that are believed to apply to the present
i nvented pol ynmers and denonstrate that, especially in a steady-state,

conti nuous, well-m xed reactor, the block |Iengths of the resulting
15pol'ynmer prepared using 2 or nore catalysts will each conformto a nost
probabl e distribution, derived in the follow ng manner, wherein pi is the
probability of propagation with respect to bl ock sequences fromcatal yst i.
The theoretical if {@RbNRRL S n_standard assunptions and met hods
known in thg, rIZL91 ar&dﬁ LEl)sed ‘:‘IE b%?liﬁﬂ%g I'hg ‘?’?ﬂlg TEFTOR estably pesisspre PPE @itinon

ki netics on noretd"sF i ehithecthanad oissacdisidbnignt Tie uds 6r (f prg%%osrﬁ%iiz%ﬂ N
reaction rat®esexpiutessd @8suct Raln; 8L 270 dg{);[r% ted bé. chain 20 or 1ock

| engt hs. S‘&%Pib[ﬁ?t hods .have been previousty P &8 LRt Well py 2 IRAgispdse
Macromol . Sol., Rev. “ReEEsnbls ul%%tﬁ%u,lﬂ@pfﬁ]ﬁf‘(ﬂi%@mﬁﬂﬂoﬂmsﬁavixféaiﬁiipﬁc}v&? and
). F. MicGrefbninatfolysssioRenctiion BOMAREL! MhersS el cher t and W
Cei si er, E%tributldﬁ’ﬁ%%rb enNUDIL Cugly 1 813. In addition’i {* P deesherkt hat

adj acent sgquences of 1 S8a By vaeled g Cstardis Pokokim Buystangheehb ogkg) For
catal yst 17"Phe PPaet end Bbbiseiqueanes pats. tooGLH7H; 5 %iﬁ'}é%rﬁoby Xi[n], where
nis an int egerlnfarﬁg@;h:le&b%djg%g ﬂietgi representing t}]é % nunver of nononer
units in the block. Xi[n] = (1-ny oSt St Bhaurwcgieseeibuthpromacs inkl ock

| engt hs nuffFBIUCLY &dige Pl weteatiergidor Frstescaha: ¥obablRaSsidbuRLLR3RI) 1L {}sOf
propagat i oMoft piefer@Nshifah-N o8- ment havi ng a “uni que aver age
bl ock | engt greglng di gﬁl but i oﬁfﬁg#yntggﬁ“r’r%‘g%nﬁﬁﬁé‘f‘%wléﬁcC@ﬁﬁwrmtagmmr
probabi | ity of “30St TPt eHdipsteneitdl pbdkas: Rpfil P Rp[i] + Rt[i] + Rs[i]
+ [q] Rp[i] = Rat®lokineRaRBEHiGoRns: i cat st i, (moles/L), Rtri]
= Total rafg,9f.chain,transter andh&%ge?r ér’nﬁﬂn%rtlg%ﬁgrlf1 568 X‘E‘éfsd]%toﬂf[h,em@h@ﬂ:es/ L),
Rs[i] = Rate of charn &htff Priery hernly igshamerentpoloymisolimerofh @bmsat.al ¥sts,

- (ol es/ L) ,eseeniglly iGia ead@ones pintiatdud vl al (Y | es/ L :
L0 RS Sl pbIED e merine 1o a con

Dor mants pqloymer ak refers t ol ymer chain
5The overgJI i noprl{%grrer G%%gﬁrrr%?r% alg’fs PYIyerripmosagetst mobabatigribResd i , i S

def i ned usFRYd drbaisferien menst, evheenst @Me prbBiior Bibid.plied by a tatal
NDNOMer  CRaweHES Binl QRiskdd 4, 185521 %ﬁ: R it O:H%L Cg'a%’)ﬂ%%ff%ect to blockp o
total chain transfer rate is given DarOwW FREAER Fepdowlssrumptioos ashadtivds
transfer t&AYHRGEEAdUSEDIR pregeting thy diféctieof@blymbmatidQfendd hal g, transfer to
chai n shuttchieb@rea@eMind &oMeof 1S L£aGLor. 10residence tine I's given by 0 and
each ggbs%l[ il%%id c value I's a rat 120%58&@3? %ﬁ{e.exﬁ?ﬁ"?s thyf apeniopdtfep2] piGithint 0

k[ C] k' Ilt e]'n q Such rnethods have been previously disclosed in W. 1. Ray, J. Macromol. Sci.
ev. Macromol. Chem., C8, 1 ¢ 1972) and A. E. Hamielec and I, F. MacGregor,
Engineering”

R

: “Polymer Reaction
, K.H. Reichert and W, Geisler, Eds., Hanser, Munich, 1983, In addition it is assamed

that adjacent sequences formed by the same catalyst form a single biock. For catalyst i, the fraction
of sequences of length nn is given by X;[n],

25 number of monomer units in the block, -
Xiln] = (1-p) p™*"

I
N = T number average block length

where 1 is an integer from 1 to infinity representing the

most probable distribution of block lengths

Each catalyst has a probability of propagation (p1) and forms a polymer segment having a

unque average biock jength and distribution. In a most preferred embodiment, the probability of
30 propagation is defined ag: '

] Rpfi]
Rpii] + RE[l] + Re[i] = o for cach catalyst | = 11,2...}, where,

B

Rplii = Rate of monomer consumption by catalyst i, (moles/L)



For a dual catalyst system the rate of chain shuttling of polyner between
catalysts 1 and 2 is given as follows: Ag[t] = Rs[2] = 0 Ilcat[CSA] O
1(22.[Cd[C2]. 15If nmore than 2 catal ysts are enployed then added terns and
conplexity in the theoretical relation for Rs[i] result, but the ultinmate
conclusion that the resulting block | ength distributions are nost probable
is unaffected. As used herein with respect to a chem cal conpound, unless
specifically indicated otherw se, the singular includes all isonmeric forns
and vice versa {#0L | e, . "hexape", includes 20all isonmers of hexane

i ndi vi dual |y orﬁ%gl |§§?¥%§§§?m “égfaéﬂdﬁ%m%wb@u??@iwhimanoi@&xp| ex" are used
i nt er changeabl yRhigF diafe of ehaie fletttiteovitr@anit polyhaas gﬁé}icgmg,gg] @n&gsg%n%qet al

conpounds. The [@rm=(?fﬁ&é‘ﬂ%tia{nﬁnff%ﬁys{tﬁ(ar{m}}%ﬂ,sj_ml | est constituent of an

el ement regardl ess of ionic state, S7" whet her or not the sane bears a
charge or part i3I EREYeT Shaipsrefsorioedyne chnot hehreakaiied Hhe sier m

"het er cat ont' r eftebSerdlOn@bmdt SRR ot bon. or hydrogen. Preferred
het eroatonms include: F, O, Br, Np, O?r%%]fg%?}p%?mé}ir?m’é@b’ defiggd usingan S and

Ge. The t . rphous*-refers to a polyner |acking a crystalline nelting

poi nt as ik é?@?%é‘gnsgaﬁg i ¢ Fupafed BY | 'R HRGTORE conteoritmRiM], & DEG)s:or

equi val ent techni que. __ The term "hydrocarbyl" refers to unival ent

substituents cont ai RPig ot MBSIHr ogen and carbon atons, includi ng branched

or unbranched, Tsatouf aked-,0% sat ed. .cyclic, polycyclic or noncyclic

speci es. Eg%nfkpl ﬂ%% i ncl ude ,afleglir%?s,é%;ﬁ/%fj%gl”kdyﬁ%fg Vﬁll“%efﬂrﬁhﬁ‘fl tramsfea i idypeen,

cycl oal keny¥: S3RENe iRy aityehain transidr tq chaindmatligy nmht-(CYE QUPS reamSUbSt i t Ut ed

hydr ociar bytsiden@figess dien 8y BYAK QEREBYLipEH QY ué{}%tr L g, substituted with one or
er

ate o S
nor e nonhydr ocar byl tuent groups. The ns, YLt er 0at om cont ai ni ng

Ubst i p
hydrocar byl " or " he]t{ti‘hjé“h Sredtalldyn @ kalstler 6telOSAINEEl ent groups in which at
| east one at onFotahigsl ctthign shyehi, GG Re Of cHERADAMnk S¢ along with aone or
nore carban,;alkom.angl. one or nore hydrogesn a?%m@ﬁl%%ggﬁ?%&%&“é{ﬁ’éér byl "
refers to groups confaining one or nore carbon atons and one or nore
het er oat ons and no hdrdgeh et iQiiESATEHE,[Dgmd). bet ween the carbon atom and any

het er gat om as wgl.l 1S -t s bet n any two heteroatons, may be a
single or nulti ploee, congtgﬁ?Q%%r?glpg?&%g@o%?%litW&Fi%Wieéﬁh@ﬂhedwae@iWe bond.
Thus, an BFK§H PgRE{ YL bt the utimate Swictusion thaethe feaayie 1Rk kb disBiMions are

substi t ut pek: bebanosyckeald cyl -, heteroaryl -, al kyl - substituted
heteroaryl -, al koxy-, aryloxy-, dihydrocarbylboryl -,
di hydr ocar byl So‘é"f)‘%fe Lwithyrergregiie e sirbyjteaminmound, baiibny eeoiEi oD Yl aRdalel 1-

hydr ocar bythdritisa-the sogulRyEH 0GR D Kb SELEH%: IS thin the scope of the
term het egnlolgolmk | o EXaN %.es of sul fabl e Sﬁg%‘ggfg‘éiﬂﬁaé%\% exﬁ?‘glﬁ’p???aﬁ%r Pefades
cyanomet hyl™=, HIBIT TR R alty o sallegf{yevely The s dompoandtlertdr bl anmiday | -
groups.  mnterchangeably herein to refer to organic-, inorganic- and organometal compounds. The term

€ ] 5
atom” refers to the smallest constituent of an element regardiess of ionic state, that is, whether or

not the same bears a charge or partial charge or is bonded to anotber atom. The term “heteroatomn™

refers to an atom other than carbon or hydrogen. Preferred heteroatoms include: F,CLBr,N, OP

25 B, S, S, 8b, Al Sn, As, Se and Ge. The term “amorphous” refers to a polymer lacking a crystalline

melting point as determined by differential seanning calorimetry (DSC) or equivalent technique,
The term, “hydrocarby!” refers to univalent substituents containing only hydrogen and
carbon atoms, including branched or unbranched, saturated or unsaturated, cyelic, polyeyelic or
noncyclic species, Examples include alkyl-, cycioalkyl-, alkenyl-, alkadienyl-, cycicalkenyl-,
30 cycloalkadienyi-, aryl-, and alkynyi- groups. “Substituted hydrocarby!” refers to a hydrocarbyl
group that is substituted with one or more nonhydrocarbyl substituent groups. The terms,

w ) ..
heteroatom containing hydrocarbyl” or “heterohydrocarbyl” refer to univalent groups in which at

i f f. B v o b 3y
least one atom other than hvdrogen or carbon is present along with one or more carbon atom aad

8



used herein the term"aromatic" refers to a polyatomc, cyclic,
ggﬁjsugat ed ring system containing (46+2) |f-elllectro'r'1$, Wnerglﬂ 8 is \E/ivinth
integer greater than or equal to 1. The term"fused" as use elr_el nri L
respect to a ring systemcontaining two or nore polyatonic, cyclic a?r o
means that with respect to at least two rings thereof, at |east one p

j is i i i . The term"aryl" refers to a
adj acent atons is included in both rings . . .
m)jnoval ent aromatic substituent which may be a single aromatic 15|r| ng or
multiple aromatic rings which are fused together, linked covalently, or

linked to &"CHMRSHYIgEBAP U Che twsm ShareodaytyEnerenrio gl SREnAPLELY mofxanpl es

among_ other o Subrl Lot od sy e AL Weo Rk SRR s en th e of

. "Substituted aryl™ r
?mn?gg h? Ei:] 3&%&1 aﬁgg@%@aﬁﬁw a Heﬁ/as the hgnde batiyem ahs twceimemaﬁﬁwhyamalsﬁagie gpre
functional ngipinsvEdaetbnas: AdokMinatiSHR St ll%g‘)&a{lﬁ)g%/,! '{h %yaglaﬁcg]{%(?% é‘,;‘/‘if'F’rHﬁﬁ vl
205ubstitur“gtg (fgcloa Yl , heterocycl oal kyl , substi tute - cyl,
hal ogen. al éyﬁﬁa?"é’%’“{ﬁglfﬁ? ?"yb#‘é‘ff,m%a?‘f@rﬁyyokaﬁwhd;etm@spmkyjmubsalhkmy, \%n (r:lﬁ
thio, nitr dsteranth-bibh-sataratiaoiangdHasat Qﬁl%r@&r@%fi{c}ép%irnﬂ?fgr ocar {Itgﬂs, i

re fused t9.4h tl & Linals) , linked covalently o Fnkedt8 “E " Cormon
Sroup such g)g a&rn@'ésﬂglgé%émgfbye%(ﬁyPlélﬁgro BEsenoTeaurcs Hifin teiseriob nifhgroup nay

EdrpRing EBagrienobembbphenalis! @buRXygRe cAsombndl BRenYL&Lher,. of
ﬁ: f(r)oggnai py,djﬁ&]ggtw_l g{gitgguor&%wg_ term "branching index"’, réel‘}/er s}nf t he
anc

NG TS i | ymer prepared under
t _br ed polyner conta nlgﬁg segnents in a poly
Pg.rofggéﬁt ative -éf‘lgﬁﬁfi Peleyriardwaid’ orfers ondicliaamse, BycliBng@kal¥s byupder

i Ecnbhirdin t J rization catalysts, ideally
Cinder ot 223?;:‘{2%%?‘%%%??%&%&“2&2%| i ROt o BT sf e b e o
i ar

hydr ocar bofy ‘a7 T8t Vi FesPers 1o Ting SysiPeeTtiziog bo qpmessuiliomad) ehegs 8k @leaishan 92

i o) S 1€ _conver Si . . The
Iy i e LT

. f tal. col ) 0 ( _ _
e e BN TP eShatl ot o arooh o s .
the | atgestingdk ifobipbromatioriig oaihare H26MRRheDHARE Ll L5y, §z]“1‘ﬁlﬂecf‘t% a%&ﬂ%{')%i cing
br anchi ng érg,gesgg £.Qn Relyners flormed from calt al ysts capabl e of “chal . g
may be determ ned frekt’%&r TPEFLRAR EHYPIE0E 2egetiotngancluspet los c opi ¢

t echni quest@P&hyicastirdcenyhand Hiphghy!, ahems bthyrspol yet hyl ennormal |y pr oduced by

catalysts that <augkReaRAhlE, Ofachdl,n nal king pol ymerization.

& or more hydrogen atoms bound to
any carbon is replaced by one or more functional groups such as alkyl, substituted alkyl, cycloaliovl,
20 substifited cycloalkyl, heterocycloallyl, substituted heterocycloalkyi, halogen, alkylhalos (e.g.,
CFs), hydroxy, amino, phosphido, alkoxy, amine, thic, nitro, and both saturated and unsaturated
cyclic hydrocarbons which are fused to the aromatic ring(s), linked covalently or linked to a
common group such as a methylene or ethylene moiety. The common linking group may also be a
carbonyl as in benzophenone or oxygen as in diphenylether or nitrogen in diphenylamine.

25 The term, “branching index””, refers to the percent branched polymer containing segments in

a polymer prepared under representative ethylene polymerization conditions by the cataiyst 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 MPa reactor

pressure, and greater than 92 percent, preferably greater than 95 percent ethylene conversion. The
30 selection of metal complexes or catalyst compositions having the greatest difference in branching
indices results in multi-block copolymers having the largest difference in block or segient
properiies, such as density,

The branching index for polymers formed from catalysts capable of chain walking may be

determined directly, for example by the nse of NMR spectroscopic technigu
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Mononmers 5The present invention results by polynerization of a single
nononmer, ethylene, as previously explained. In addition, it is understood
by the skilled artisan that one or nore addition polynerizabl e comononers
may be present during the present polynerization wi thout departing fromthe
scope of the present invention, so long as the objects stated herein are
attai ned. Preferably, however, the present invention takes place in the
substantial absence of any conpnoner, and nost 1Opreferably the only ol efin
nonomner en%JI o%// gl n the process is et hyl ene. Chain shuttling agents The
term "shuttiVRGVHGEHE™ "P@]f‘aé%@(idé%ébﬁmmmﬂ&t@re indapdtie & cbfin eaRpOUNdS

enpl oyed i mitrhezadoenposi ti on of the present invention that is capable of
causi ng pol yneryl exchange between at |east 15two active catal yst sites of
the catal ysts included in the conposition under the conditions of the

pol ymer i zaiemoneersThat is, transfer of a polymer fragment occurs both to and
fromong or nor tiv taI st. sjtes. In contrast to a shuttling
agent, a "chai g% i asr?é‘{‘}g‘?egtg%ﬂemtuﬁs CAISEEFRPRP hatitgnmetonss et shai n gr owt h
and anount&toyslaspineti radditiem ghemdatio gt Dwhagipe BT miLAM L6 Lakal yst to

t he transfgrmagsnt ¢ huttlin nt has an activity ratio
RA. 43/ Ra, Fﬁgf from %HE%%B‘%%]%M M%pr%ggt dg%%% bt E)regeflg‘?i’ﬁﬁ‘?m?t}%P??téouidﬁtpémm nost
pr ef er abl Y FBnicepPest the prseyt inggpgionss jougy rthé gbigrsetesdalaleyt did QMG &réf&aﬂ;y

wher ei N Rkwwékadr, the §e@@tﬁ19§nﬁo1@fakég la¥4 R er from cat al A acti Ve
site tg catre%r%ﬁ B active site \%I a t%éé%ﬁ%%ntaﬁl Ry AgeAE Goé“r%"“{?éﬂ“‘ilgmi‘he rate
of reversé rf‘E‘??}’ly??ﬁ‘rf%‘F‘@F"er‘?mPéoyed e rregees té)fsﬂlteimhange starting fromthe

catal yst B active site to catalyst A active site via the shuttling agent.

Desi rablyﬂhélﬁ'ﬁm&m er n%dl ate formed between the shuttling agent and the

pol yneryl 5Suf fi ci ently stable that chain termnation is
rel atively rar@&he t@esish&tﬁng,azdné’&ﬁeﬁslﬁﬁd\cc&ﬁmmﬁir&aﬁimrelaré‘d}xﬁ;%ﬁﬁk é!m;%)?ﬁzﬁ fdfan 75

per cent , ha ent and nost desira ['ess t han
10 percent op?’s@ﬁp&%f }pésgqt kn%l%m apls 8?5’3? PSRRI st s¥rhpee é@mtﬁftlj agieesai ni ng

3 di st'f ngtireshs! Cétalﬁﬁlsmfﬂls egma iscimctedlni B¢ k@ndoditial tnder tﬁ@&nﬂlﬁ&t@ oPfe Chai n

shut t | i ngpdrdedizngd. lpy; I to transfer ymer chain froma
cat al yst i jtdgé}tzz@ he ¢ Sgﬁﬁg%ﬂ%tat Igﬂﬁlgﬁ%me?t S LT aB%lg 1 PRE of MREY 4 [iES t

site) is FOUGHE "éfsétﬁft I‘t"i’jmﬁlas‘ifoaasihé‘iﬂ%ﬁaw wliehairattaasiof appat yures whehXioaati on,

even up t molkihr Gfairei et anDa:ﬁd B s § dskel
termination, . : pg | yrrer bI!ogﬁ?%%ﬁggl%ﬁnggﬁgy{nﬁrfpmé%%c?t?l%mscal e as

e
pol yner prf op?\]ﬁgf ?‘*8‘% 53 é‘f - BetiHdingieenidee i activiritraliohs, Gfropdtlyst s
havi ngo di fETGemona grebalfzﬁjmﬂ‘tirrn@l kol £68 pRferB! fonf8.5 @l 1.5 Shd NG Yn%\,\? Fﬁ}’e{athbh and

by pairin ents or mxtures of
cat al yst 1g(())my i na ?(‘)Nr%]lgremg%‘ 191%? g&r%ﬁ?ﬁf?@ﬁéﬁ’@ﬁﬁ@%%ﬁéﬂ@ﬁveantffftbeﬂttdm

densiti esB mﬂ"bw@rwhher@utﬂm@dgme apd B J i efe@itt oib%ﬂ@d@ pb@ﬂlgztyht?ansi@z“ g, di.d f.er ent

nunbers ofy SOHE yner. ¢an be prepared. For
exanpl e, | f&%ﬁﬁeke gct i v?glﬁ ﬂw - h'tcé( cn}’et ﬁlteﬁ w%"éﬁ% agtye pifs i e BEiting sgoitt he

cat al yst poFaphe Fhﬂ@ﬁ%ilnﬂdim ﬁplaghitﬂﬁ:wn fhatsietGifiz oRet a8 tnmbgm@;fyi duig icat al ysts,
| ongets bl Qgkich@N@dph (i kil te%hﬂ%#isqggge%@rg SD%Q{%’{IP %sg than Ob le?cre]:gts nmay be

obt ai ned. ntrariwse, if I's-ve P
preferably less than 75 percent more preferably less than 5 0 percent and most desirably less than 10

_percent of shuttle-polymery! 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 caialysf site to the chain shuttling agent and then back tc a cafalyst site) is
30 equtvalent to or faster than the rate of polymer termination, even up to 10 or even 100 times faster
than the rate of polymer terrnination, This permits polymer block formation on the same time scale
as polymer propagation.
By selecting different combinations of catalysts having differing branching indices as we}!

differing reactivities, and by pairing various shuttiing agents or mixtures of agents with these

¥



relative to polyner chain propagation, a copolyner having a nore random
chain structure and shorter block | engths is obtained. An extrenely fast
shuttling agent nmay produce a multi-block copol ynmer having substantially
random copol yrner properties. By proper selection of both catal yst m xture
and shuttling agent, relatively pure bl ock copol ynmers, copolyners
containing relatively 10l arge pol yner segnents or bl ocks, and/or bl ends of
the foregoing with various ethylene polyners can be obtained. A

sui tabl e con i tion conprising Catalyst A Catalyst B, and a chain
shuttling 8§ f"“@gwﬁb 3@8@@61%@“?%?“% seemenieriiftsreobyentities dfrbs}ahﬂwgng

mul i - st epinpieacetiure Lsperiald yoadantatihok dhoskedidher aotiation based on

br anchi ng ne is | ymerized using a mxture conprising a
potenti al E@glgfﬁem m@npéepm%o SRRl R gyt thieishiegtling egent is i rstative to the

pol yrer i zatAtadit moggter tigingpegphgagiul e pﬁnﬁ%rme d}f&hd&ta@vs@ QE&J@; Qgclﬁgrmh T E ch

reactors (t : o ] | Ia t or shuttling agent),
pref er abl ya\%tlt E?c%%st%lgg{mﬁ%ﬁﬁg niay B f’ﬁ%f“g%‘l VHHEERG Eféll‘i‘t%’ﬁg isgperiat i ng under

sol ution pBlareee P%IémfrfGhﬁﬂt:mmmg%iloamsmpdisﬁpmdahhya SR ghdam iR krdeAtd Qg Of

catal yst t@o@dhdiot Shuadt Jdbﬂ&u ag o 1:500. After formng
sui t abl e quzoi ti toéﬁof 25(5 ol r?er%]%mfgg%g)f%sttis%ﬁ I?géagfrétFWr?&id%ﬁWI‘éalﬁflfl on of a

catal yst pGPEYH™ gtsﬁ‘é“a%?l?r‘f@}dﬂ% °q5plo e plopsti¢sh Eameipenglebidex botMiiivh, and

MV Mh or  RBlkjurdmasiftBih agent, relativel Imzre ek Wy neri.zation .and p0| ymer
testing are repeated for severa d| ffer eﬁ%ﬂgg%ac%pgﬁlngm FRSTRIEe SRS ?

series of B8 YEPL S%&’\Wﬁ%’ Oc}‘saﬁ‘tjlé"" Brnds oitpdorgeringPpEh xasibweshylene polymelsi I I
Cat al yst/ «=hbd 4bdineg. agent pal rs denonstrating significant polynmer transfer
both to and 25fr%q?lbtlehc%ms qq aggnt are characterized by a pol yner
series wherein the 10IBIf)'iJm §F el hart-#aht Bt & chiedeitiatslagent @ss t han
1.5, and rﬁﬁge@iec}mﬂé@elmamwnbre&}sm foBwwig &uEMtéphﬁéc@EIr@spebzgll‘qaéﬂt& ﬁbziyigctkl ing is

occurri ng,dlﬂﬁh%n%ge&&?ﬁ%{%ﬂ%ﬁﬂ W Il increase, preferably nearly linearly,
as conversion i s Increase St pref erred catal yst/ shuttl ing agent pairs

are those gi vi hgPtpdsnpienolmerizes ﬂaﬂgm&fﬂllﬁmmfrlsm@méaﬁﬁla()&taﬁﬁf anR QB Vi el d)

fitting achdin@ubdood: Stiad reat er 30than095
pr ef erabI; , é%ierg 3 hém ﬂ%&deﬁﬁlnm%ﬁ% &58{}’1 1% Og?eéi Reh B ¥ PEd-6tE for

one or rmr“él a is’d’ﬁlﬁllomﬁ%f’fli’ﬁlﬁ‘l@fsm%‘ﬁm ﬁlbﬁiémméaﬂgem}ataaalfeysﬁbswmdiaﬁveljow:m ve

shuttli nge&gbﬁﬁﬁnceﬁrﬁxut b@&hﬁg@%pﬁﬁxkbh BiymOaRf t  Latalyst B,
and one agenitsq’agcordllér]ﬁsgéoggitl gflxaﬁlté/ PHREPE t hen

mt}{gt{)}%e a%’??l n &I i ng
sel ected SUCH"f tf’ﬁ% Tngeian Tyl Sde SG%dféﬁff@éﬂf@hﬂalaﬁmt@hmmmtm with one
or noré ofolvhe, thahatios huérhﬂznaﬁgbﬁgﬁﬂbzs ,ofaﬂﬂalﬁ%ﬂﬁ‘o&ﬁa hd'Ge g&&ﬁéryzﬁe&gw gnated
as cataly @Wmd B, %I gﬁ/[ f@ﬁ her branchi hg' 1 nd conpared to
Cat al yst er "The react] ke 9 ea en. Most preferably, at |east
one of the chall‘rif hs fertgofig mgly aigrémt s antholely geasstiphry FRtadd enst&h1 dfdpot h the

forward apgd.l-gViek ntified in oregoing test) with
Sbot h Cat al yst A iﬁmwd{n?%érgp%%ﬁwmgg e i BRe e‘ifty“‘"g 'b‘l%‘?léra%&ﬁﬁi e that the

chai n shuttlin 4gehst/ ﬁ@é@ﬂm@%ﬂt P@déﬁ;@%sh@mga@lf‘ym p(ﬁﬁh&z\ﬁaﬁs}ferﬁ)ﬂiﬁ%&aed in

wei ghs of spe knemRlBE RUNGRC:REG.VE] Ght 9 {.Rer unit of ei t her
cat al yst 1%2&,6“ ed tgééactl vVity in 19 & %mg%%% %ﬁereg%h&fl?‘m“ﬁl fit) by nore

than 60 p {RoreRyPlRraply dsp e et @Wf@mfwb%sl@ssmam Eyﬂhmasret meduced by

nor e t hansi2fiipas &efting, ltﬂegm O the pciyﬁl@%ﬂﬁmr&!ge Ga %&M?ﬁeaﬁﬁ: ltli‘lle\e{tl‘bt/ Ofnve?"t;tlonl east
one of the.cataly sts [ S 8 aI i ncreased in the presence "t he
18 mcreased LOSt preferred cata yst/ shuttling agent pairs are those giving polymer Mn asa

function of conversion (or polymer vield) fitfing a line with a statistical precision (R*) of greater
30 than 0.95, preferably greater than 0.99.
Steps I-IIT are then carried out for sne or more additional pairings of potential catalysts
and/or putative shuttling agents. -
A suitable composition comprising Catalyst A, Catalyst B, and one or more chain shuttiing

Aagents according to the nvention is then selected such that the two catalysts sach underso chain

1z



10chain shuttling agent. Alternatively, it is also possible to detect
desirable catal yst/shuttling agent pairs by performng a series of ethylene
pol ymeri zati ons under standard batch reaction conditions and nmeasuring the
resul ting nunber average nol ecul ar weights, PDI, branching index, and

pol ymer- yield or production rate. Suitable shuttling agents are
characterized by |lowering of the resultant WMr 15w t hout significant
broadeni ng of EDI or loss of activity (reduction in yield or rate).

The forego%mgu sis are readi |y adapted to rapid throughput screening

t echni ques usi g’ d?‘ﬁﬁ?&dﬁﬁﬁéﬁ*ﬁ$§m§ﬁdgaﬁamyiWEObm@baﬁyam@mm@mkmﬁﬁat|on of

nunber of pate W‘”’“g”‘“"m g sgent canaranocARMREL (ol ddheTArea or -

ynt hest zeg t o SRR oA SR 6 Ao tbrganowetig sompotnss L
vari ous Zw#ymeownshun @@Etlalfnﬂwetr&laldaeﬁﬂeldﬁkd"t@hs (S 8611 RA iPHOFY oin ? i 0

pol ymersi zafol0m i 8ac Ll i an ol efin polynerization
conposi tion, ' Sév%ra 8% rlcﬁz{a RS ‘éﬁ’éefér&?%a%{%dw spuittipie @nrrdﬂeapotr atios

of shutt | i'ffjcale pairrctivty dgpstred iASve R THoltaY Hrogbd &m@;ght @ggtgi?g g. ‘5‘“

shuttling iRgeMEnaLe e DI of |ess
vari abl e yi ei?d expérflﬁégﬁﬁgpag%q%%%ggﬁg& E o) eo%qhé‘g AEPOIY ﬁ}?r@ftil@a‘wt ly

adver sel y TEFFERIHeleabi pups patadist 4oibityis narvedupedfyen@bliyn ROREQM, nggnat al yst
activity, d&ﬁrat&bwﬁlyd@&ﬁ{tjrmﬁh t one of tHREQE od for

i dentifyin &u%rl ori. a shuttl ?ﬁr?g? agent , & Es&c?)aaryﬁ?cr%asﬁﬁﬁl *HYEEPERc t 0 a
conmpound t dineae bl e of preparing the presently identified mul ti- bl ock

copol yners or Merhwvéiy 1@@*0@&5&@)1&&6@&561H@§ra9}9chtg?Msl%ﬁt}l]xh%Q%?ﬁondl lons herein
rs

di scl Osedperh”rﬁ{%gXSéé%?of e%bie AP bl ock COpOl A Bver age
nunber of “bl SD %?“%N%W&é@féﬁaﬁqﬁ Paé‘élré@flpm@mdzagnmﬁ he aver age

nunber of mB‘FSB%IP@Sth@f&SUﬁmE;ﬁenlemVemgermasmIalr%%dtsVPﬂeﬁmQﬁm%*&ﬁ‘ieMln&)% "% poI yner)

greater t ,@13 3,040mL reater than . even nore erably
greater than 4.0, BST tlgegl;@gl Qm% A m%e?%?‘?ﬁar“‘ff“l@é’é’ 1eWrais ebthe Wélﬂ@lnt Mn

pr ef efabl WﬂF%%l%ﬁFﬁfaﬁ bygdeying ﬁf)@_ﬂ oploef €mabiviy (te@B@ioh hafelBodar] e forned
according to t’hﬁﬂ) tdsQ0, h ents for use herein

i ncl ude G ou a}ﬂé g 5 erea%&dg&%:%ﬁ% %E%F Epg Fg EShiigss it ng at

| east one® ‘i‘f‘fE f?ﬁ?ﬂ?ﬂ&&daﬁnbw RipRstIp thloamaticalsif polhyehoras oyins Stthsdi t ut ed

al umi num dzgaagduhhjxﬁglﬁdfpeﬂled’l@ CRBRAUNGSES m.L.t0 12 carbons in each
hydrocarb gé) up d reacti o% proﬁuc'?:g%gtﬂ%&em[r&g%1 {t@gaﬁmc ‘%éﬁt(%"aél ﬁP’E?e
Preferr ed r o&arhs @ﬁmﬁjr%ﬂf’fsby SPBOImAtRY pT Wreu B ganBpetelfcempdiings Witheaiuor

br anc?ed, pr@@n &ua:lekz;nld tlgrcmﬂmnd M&Eﬁcﬁﬁ)ﬁfnﬁfo{ a%@edsrb QF&}&%&%@%%%%%OE 81%%}“56 in the

pr esent i al um num an
especi al | d}% '?Errﬁ}l é’tg ﬁm tmn G&ttg}ﬁ%% X?ni‘ﬁoflfm’b %&E{ﬁ}ﬂabpoéwfﬁ’ﬁ?ﬁﬁlem arg qun(itsc%dglut ydryiag uni num
tri (n- hexyBeirais ntﬁiwtﬂmg bifenite mztiysDatmﬁhum relafiirdleBy L@bik SHRinPloents are

di et hyl ziRg. nAAdLS 8. Shu ents include the reaction
product or mﬂré&@%ﬁ% ﬁg%ﬁ S’ls‘c%inlélJ "’f% yéﬁ%?%ﬁ’@’“é?%éﬁ@éb%ﬂ conpound,

pr ef er abl%°%: W‘Fliec’@l31%)ﬁcﬁltlk9¢ve$@ahﬁfrﬁxmmmtﬁyst alitr K g @bdisbl ;llﬂ viepound,

especisal leyalkykiabliy| 8 hodhd Md@ped 11 (1 -propyl) alum num tri ut yl') al um num
tri(n-hexyl)alum num tri(n- octd);gal um num or diethyl zi nc with |l ess than a

st oi chi onet ri CEEUFE PEYe ’(“f"@dé?“ tifyiye Iﬁerzmmammgagay:dmemhbylh%@f@ups) of a
secondar yefa‘m) B oo that dremayie of g@@m ?é%%glc%hj edmut r| met gél si | yDam ne,

t-butyl (dit sj | net hyl pyridirte, OfIﬁCOB TP ne,
2, 6-di(t- bu ﬁ@#o“\”ggg‘teﬁffp"(‘imﬁéﬁﬁ Fﬂfrﬁhﬂ@m thDlGSBd Highly desirably, multi-

biock copolymers having an average number of blocks or segments per average chain (as defined as

30 the average number of blocks of different composition divided by the Mn of the polymer) greater

than 3.0 more preferably greater than 3.5, even more preferably greater than 4.0, and less than 25
preferably less than 15, mors preferably less than 1 0.0, most preferabiy less than §.0 are formed
according to the invention.



15bi s(2, 3, 6, 7-di benzo- 1- azacyclohept aneam ne), or 2, 6-di phenyl phenol .
Desirably, sufficient am ne or hydroxyl reagent is used such that one

hydr ocar byl group remains per nmetal atom The primary reaction products of
the foregoing conbinati ons nost desired for use in the present invention as
shuttling agents are n-octylal um numdi (his(trinethylsilyDam de),

i - propyl al um num bi s(di met hyl (t-butyl)siloxide), and n-oetylal um num

di (pyridinyl-2-nethoxide), i- butyI al um num

20bi s(di et hyl ( i -butylalum num

bi s(di (trimet hﬁs. ﬂl’igﬁl‘l&ﬁ“‘ ""%3“92 " S Rerea mﬁuﬁaﬁ?wcpyrwmen@azmhmmm)

i -butyl al uﬁ‘?@ﬂlﬁ#ﬁ’(ﬂos‘f@dmg ﬁt—lﬁeﬁmhaydil)aalmddﬂrbyirbr@@i VB 4 ML bt suibst jed

bi s(2, 6-di at,mwlﬁmgﬁ%%%ec)m ‘ﬂ’ Ct t gp num d| et h I (1- na%/ f?llfhh m de),

et hyl al uni num bi s(t buty PhyT ST Singaion Jef%ﬂ?lcé‘lba%”hﬁﬂ?hhydrocarbyl group,

di (bi s(tri FREUHGTE FyimEnieredt, Wliéta hxy:toalsmrfnm LEFﬁa}Ei‘z&( Bideockrnyl zroups are aticyl groups,

di benzos 1- gzagygliahept W&l um.nu

bi s(2, 3, 6, )& bgnzo bzaéxg%m %fmg‘é’ ((}jsefmf‘ﬁ??%{’?ﬂagf’% rPssunthe

bi s(di met h%fﬁs(e’t“ ”b"u’ﬂtﬂ?’f“?@lulmé‘ i/"d‘émm‘é{t N}F‘Idzalmzm c&ﬂﬁhup&wﬁyédﬂwﬂ%{%}mmﬁ?jd

et hyl zi nc T('!fl-Prd;mf)@MﬂnﬁiEﬂl tri(i-butyDaldntindM, reclate the skille

artisan tt}%ﬂ g, SHi t Jé% 37;‘5 ty? ag (ltaﬂfl] nq}f Q ounmemucnidtuétd)?g‘)t(mﬂ}’mﬁé‘?al yst

conbi nati on may not “rede: ri'*fj?t‘cﬁlé %l’é‘a@%)@dﬂfomm aveningiadd 8§ ﬁ:ﬁctt@h)émfmﬁ otlSe

with a di fIfi@W@ffbm&abﬁi%h@ﬁhe@%@%&}%&%f@h%?‘;}xd rf§ %tt % %?tali‘P’f/h?t tli gg
Qr mance one or” sts an

agent sjgmay,j, Ly af ¢t .l t he 30
may beu}unda(iag?rtﬁqw‘%i @b ]IL??I f Ofnpf)"l*flgt esP%@@ﬁlﬁgyiﬁmlﬂum@mm]glaljamlﬁu

activity dff(lt"lﬂféi)félhmﬂmslﬁuﬁlt*dyl)adgmagﬁ,nﬁ(rd&sﬂ}aﬁﬁluﬁml r @é}hﬁﬂﬁce%twliesbmana

cat al yti ¢ sagdnioWel-) to.achi eve desired po
propertie o r? gorrgﬁ)afm{yI?‘E}a{rir‘\i%\t h¥ FIERe rﬁj\r/"éﬁ’?’l’fbﬁoupﬂé%ﬁ S%@ﬁiﬂmamlm abe
obt ai ned EW R Cﬁpﬂm%quqaﬁgbﬁgmfylsﬁaNmmga abcﬂamlﬁetﬁmb%hhng_ activity (as

i S U LT R i M e
possess t hésbl’ﬁ Yhdbize- éla@gycé??w%f‘%@b « Edndiplenylaisnue Dlesimsly! ﬁﬁi&'ﬁngﬂﬁﬁé
transfer efjdeieneieas isusadusa: bR 460G n termnati .
shuttling, gt(ien mdlr;rg@/ ggﬁuseaq in gleggced}%égﬁ%g%{}%gs I%et%ﬁ@mst?[nth Prn&rgﬁl eve
the desired degree TP PR Ao A Ondaest Hesired @ueﬂqnsﬂhelprtebanﬂgv@gemss resul t
in pr oductiilu@hnﬂgerttsrme shoylileshup 085 Rhe Ry IREd) ; g,gﬁ)gnge% hs. Highly

desi r abl yy;.&hai: tlln ent thasm le’e Ssite are enpl oyed
due to the @aotﬂ}lﬁ e ?@é’t?‘%’éﬂ F@EG[(@W% I-grethotidp Heuptiiymieam i n t he

react 8 i Eisthméwéﬁbut}ﬂhmby Iwbﬁgieﬁnmimgm\bz§alq&ntaﬂﬁyi@iyl)kﬁﬁe{ gact QN mxture and

consequeng Hggg_gegggx f Cat al sts JOSUi tabl e catal ysts for
use herei glhlwgcll ude any @gﬁpﬁ&&ﬁ% or' CZ%"%SWI Idﬁ)ﬁnéﬁfﬁlﬁ]éﬁ’mhzﬁaﬁ-drt

adapt ed f B Pieapate: ﬁg’%@i‘lw??msh(eﬂlylfIh@phhhsi)amﬁde),csﬁmsmﬁm@&s@r type. Both

het er ogenﬁwﬁn@mﬁ iQ OUSin Gk d .Exanpl es of

het er ogeneous Eat al ﬁ?g&?ﬁcl ude t dé%q%i ;E %lgmml%)é’ally NG ¥s@aPposi ti ons,
especi al | ¥ EF O~ “PatEAncaTdds). destyelppam éﬁ(idr;ﬁ,’(—)hbu@oinampcé):lahnb@ﬂldagmg) or

m xedzhal - ete;galamﬂmabk@xme@@ﬁt-@ AdX e V&) IKJ'(? i um based
cat al yst drf ef erably howevg‘rzbs1 for ea}Jsze %qumgnp e?od‘ffpiara‘b‘gﬁ@ﬁ%{t'of

narr ow rm ecu ar weight polyner segnents in solution, the catalysts for use

herein are hodogéneawssceat a) $16 kst QAL t%b{h%uﬁabﬁees'hﬁiﬁlg g%e\ﬁt RS LSS BP S Bl exes

or ganomnetaf or. et al npl e especi a
based on rrea%ygt%g&g]@ 91 necesg@%%p%‘ ggocfi@r ¥gu ﬁaﬁ%aCECé:thhaﬂWd‘éa aghffires of t he

Peri odi c “Falypter éﬁtﬂXSh@nEhleﬂmnﬂsme pettentisi smtﬁfng bEaE nlh lveABY &AL @l.yst enpl oyed

her eimn, trorslaBRIF b ean enta ct_the 90pefformance of the
ot her ca'?glmsta1 under t{?éﬁéé%%%&tl ons’ o ‘Yntd% g’?é@é‘?ﬁf"%ﬂ‘tﬁﬁ?qfﬁf{@ﬂ lon.

Desi r abl j““?f%‘“%‘éit% etityjos the giircbuting gt tiamr:tbw byalglapl &l mt Baly @3 percent

nore pr efoefnabi»faay&@rtg@&eeg, &Q@é& | .C r the conditions of the present
pol ymer i Y gg%ggglxe% Q’%eg%r% ugneSo T& FBP G RS {151 TP8Rt9R, | ncl ude

conpl ex eées(gf%‘pfsé’ﬁ% P ?tﬁfﬁneﬁéf s’ Suttidgtaadtf rome GeotpsuBideacthByofs t he Periodic
Tabl e of stchercilbe rent & ceantakmh Bg: PR iy APE i possible rate.
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i zed, x-bonded |igands or polyvalent Lewi s base |igands. Exanples
?ﬁgftgganetallocene, half-getallocene, constrai ned geonetry, and pol yval ent
pyridyl am ne, or other polychelating base conpl exes. The conpl exes aLe
generi-cally depicted by the formula: MKkX, (Zz, or a diner thereof, E[EIH
Mis a netal selected from G oups 3-15, preferably 3-10, nore preferab y
4-8, and nost 30preferably G oup 4 of the Periodic Table of the El enents;

i ch occurrence is a group containing delocalized
o entronat ) oo irs through which Kis bound to M

r nore electron pa
s K group cortar e R Fid et Sl el tinstoccconie Rightaiogom sato s
Optlonal|ymﬁﬁbaﬁﬁeWEMEH#m@¢©ﬂb&mﬁaymhﬂmﬂQkﬁ@ﬂm&ﬁgﬁhﬂﬁﬁmﬁ@%ﬂﬁnﬁh,sh ldged

oups nay be dn Z,
fo X or 16" %*Sf‘ﬁw‘ﬂ“m”ﬁ L R A R e e AR

nonoval ent®dibe, 6‘H1h§h“ﬁ%11%1g9ntmwtmgpru®cﬁm ﬁﬁzembmﬁ;@ﬁm@eﬁo@ﬁ@%ck%trﬂ}g)nal ly
one or5nnnﬁ@%ygﬁ@g@gmgg%hgﬁmg%ﬁg t%ggg&@)kh%peneQX 1 ng a ?Flvalent or
ponvaIent ani opi ¢ group urther © flonﬁffy’ oHEP O @ e igfoups and
one or 8Ubsmﬂﬁvabﬁﬁéﬁﬁﬁ@@mmGQENWé¢m@henebymﬁﬁnﬁhagxahﬁBhEty t hat

is both CmsaiSBjﬂbﬂ e 1laﬂiﬁﬂldnlixﬁ1rd\ﬂn§@Q}S&}QQ&Q&%& Q a}}egﬂnggom Z i nd6pendent Iy each
occurrence is a neutral, Lew s base donor to 50 non- ]
hydr ogen at ons contalnlng at | east one unshared electron pair through whic

from

Z is coordembsted to M 10k is an integer fromO to 3; x is an integer

| to 4; z is aS&H?E%tM romo 1o .3 o2 d the sun31k+x nnﬁgual to t?e f or mal

oxi dation state o I\/l[;‘ & PaBE e F R g TOMEPER08EY rfemiEatiantig senemyndsthaii ng

froml tolsﬁd%ﬁ%‘(fM@aalmR@bmrsafthaéastrécsdorrq:&m@ébﬂﬁjzgﬁlrBb@%ga&@ﬁnﬁg\g% tenrerp ary
on ni onic |igand grou

e B S or ROy s Ry o e el

non- cycl|@Wﬂ%%ﬁﬁ“@#ﬁﬁ%W@WVkmg&@apébCébhyhmgﬂmwpﬁmsﬁ@&&ﬂ&ﬁ@ﬁ&@ﬂ?mgﬂoups

phosphol epaliafithr 800 8aIGEOMB StoBYes bLD8LS 4 M % fhrgnﬂl% %rﬁ’é‘?%dWQ’alﬁfedéﬂagiﬁﬁé gﬁs

o] onded to the transition ne
:‘ Ir g?nng gag ‘%e’éﬂ% 3“’3%‘[@6 A 1ep55 &bUs7 G RrProdROEREh natowrmpinctﬂdn eveldel atakdr zed

7-bonded groems imByuiidAdOPeRMRR YR FURS deﬁdé&%gusv%aga%/s% comprising a relatively
pure organometallic compound or metal complex, especially compounds or complexes based on
metals selected from Groups 3-10 or the Lanthanide series of the Periodic Table of the Elements. It
is preferred that any catalyst employed hetsin, not significantly detrimentally affect the
26 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 hercin as Catalyst A include complexes of transition metals
selected from Groups 3 fo 15 of the Periodic Table of the Elements containing one or more
25 delocalized, m-bonded lgands or polyvaient Lewis base ligands. Examples include metaliocene,
half-metallocene, constrained geometry, and polyvalent pyridylamine, or other polychelating base
complexes The complexes are generically depicted by the formuler: ME X Z,, or a dirner thereof,
wherein
M 1s a metal selected from Groups 3-15, preferably 3-10, more preferably 4-8, and most
30 preferably Group 4 of the Periodic Table of the Elements;
K independently each occurrence is a group containing delocalized n-electrons or one or
more electron. pairs through which K is bound to M, said K. group containing up to 50 atoms not

counting hydrogen atoms, optionally two or more K groups may be joined together forming a



radi cal selected fromthe group consisting of hydrogen, hal ogen,

hydr ocar byl , hal ohydrocar byl , hydrocarbyl -substituted heteroatons wherein
the neteroatomis selected from G oup 14-16 of the Periodic Table of the

El ements, and such hydrocarbyl - substituted heteroatomradicals further
substituted wwth a Group 15 or 16 hetero atom containing noiety. In
addition two or nore such 25radicals may together forma fused ring system
including partially or fully hydrogenated fused ring systens, or they may
forma net%_l.c{p(? cle with the netal. Included within the term "hydrocarbyl"
are C1"20 $tiH %W}“%ﬁn&ﬁl&ﬁ@“dﬁpawdw@:m woraFleydups ae ieaband 96,20y 85 QB i

radi cal s, @@-*20 allcyl-substituted aromatic radicals, and 07.20

aryl -substitut e)gh%L IéXCL {iadi cal s. Suitable hydrocarbyl -substituted

het er oat orrrlp é adi ¢ HCPTWENGE SrBsLce isgiroongpiert. rpiogiy otehyt hutving up adicaabs of
boron, si | héwa gensremiontty o0 kbl 008Mins RROS n.wherein each of
t he hydy ocay.layl qu)rﬂgfyﬁéltgnqr}ltwai ns f‘(;%%f _t0_92%%g%&§%g%ﬁlgf§1§g8 %:%[Les i nol ude
N, N- di met hyl ar ni Ro, pyrr ol di A S EFEhatipsAls; ang pr may Ketrnyps sid ot or more
tbutyl di HyPRsinay b bavdecydethion therddy foysiglayilojert ﬂlﬁtﬁ%ﬂ}yclogﬁ'éﬁw bou@1d and

trimet hyl gepayhe@igdRs. Exanples of Goup 15 or 16 hetet atom corIY{ aining
noi eti es include am no, phosphino, al koxy, or alkylthio noi eti es or

di val ent deri v&tiP{raddenigcebpecutare iex aerplak Lewinbaie donphRsphbeS, 1, 3h kyl eneoxy or
al kyl enet hiyéroghothas cBoNseda: it if1ion netal or. Lant hanide netal, and
bonded to the hédr ocar byl Egr ouplg%%%%%gﬁf %Hémé’?%u ?uglb?’ﬁlﬁl;grlbﬁ“&FWF&d to M;
substituted hetdtBatEH Tex #ples of suitable anionic, delocalized n-bonded
groups i ncl ude xeymliapeni-adi eyl , 5i ndenyl, fluorenyl, tetrahydroindenyl,
tetrahydrof| uog:c,asna]yniuin oct ﬁ{bydr'ofl uorenyl, pentadi enyl, cycl ohexadi enyl,

di hydr oant hr acenyl, EXSRVAP &dht hr acenyl, decahydroant hracenyl groups,
phosphol e, andtiyewmatkabanayi! tQhopm] oddwelde 88y Nertly substituted

derivatives thegr.eof ecially C140 hydrocarbyl- substituted or tris(Cki o
hydr ocar byf I si %F“&e én&%i%wlm%ae? fi9rg ePRiRng frem ¢ of 3 Pbefide! maichia o 204

del oca¥ i z#ghnil trob@neRieh GEOMRS ARG YEOREN,AdI 2Ny e ©

pent arret hyl cycl opent adi enyl ?% 10t et r%ﬁe?ﬁgﬁag%gﬁ%%ﬁgﬁﬁog’ﬁﬁ@d groups.

tetranet hé’i‘eéripll"iﬁl’ wyeibeplemedramar copingtentk nodogugdicart byl dendeRye g luorenyl,

2- et hyl i ndenyl) crdpd Bl =4 indenyl ., . tetrahydrofl uorenyl,

oct ahydr of | ut or"e_grrlyf), ﬁ&ﬁ%ﬁ%ﬁ@ffr{z&@g&uﬁ BIT“?SH]?%FW&EW?I%EWPS,‘ y the term "

3, 4- (cycl Bpered(Optrantithe iensdionb is banidd teahs ABYBEOLA UM s5arkS s clectrons

bor at abenzgny arhélg%ggg are an%oni c ligands which are boron Containing

anal ogues t o banzene rRay %% previously known in the art having been

descritbed by Gachiesher iebiooslzedt-bonddd allics. 14,1, 471-480

(1995). Preferred horatabenzenyl Ti g%%%ag%{rhgé%oeﬁ%y%%s’{bﬁt@t%?fﬁ%?a:
radical seiected from the group consisting of hydrogen, halogen, hydrocarksyl, halohydrocarbyl,
hydrocarbyl-substituted heteroatoms wherein the heteroatom is selected from Group 14-16 of the

Periodic Table of the Elements, and such hydrocarbyl- substituied heteroatom radicals further

substituted with a Group 15 or 16 heterc atom contajning moiety. In addition two or more such

25 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 term “hydrocarbyl”
are Cyoq straight, branched and oyelic alkyi radicals, Cqp aromatic radicals, Cq.pp alkyl-substituted
aromatic radicals, and Co.g aryl-substituted alicyl radicals. Suitable hydrocarbyl-substituted
beteroatom radicals include mono-, di- and tri-substituted radicals of boron, silicon, germanium,

30

nitrogen, phosphorus or oxygen whersin each of the hydrocarbyl groups containg from 1 to 20
carbon atoms. Examples include N,N-dimethylamino, pyrrolidi
butyldimethylsityl, methyldi(t-butylsilyl, triphenylgermyl,
of Group 15 or 16 heterg

nyl, timethylsilyl, triethyisilyl +
and trimethylgermyl groups. Examples

atomn confaining moiefies include amino, phosphino, alkoxy, or alkylthio
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R R wherein Ris an inert substituent, preferably selected fromthe group
consi sting of hydrogen, hydrocarbyl, silyl, halo or gernmyl, said Rl having
up to 20 atons not counting hydrogen, 20and optionally tw adjacent R
groups. may be joined together. In conplexes involving dival ent derivatives
of such del ocalized n-bonded groups one atomthereof is bonded by neans of
a coval ent bond or a covalently bonded dival ent group to anot her atom of

t he conpl ex thereby form ng a bridged system Phospholes are anionic

| i gands tHaeHr € phuspherEs heort Bimingpanai@gues e, Bg2acHe b%%@%%%@”w
group. TheypdaddRieit QUSHY, n-i.n.the art hayi been descri bed by WO
98/50392, and el se\/\here.“Panjé%g\er]%(ﬁgt B%“é%’p‘ﬁ%‘iﬂeanﬁi\éaﬁ%%@ e ieebridrew. *he

for mul a: PPNGhEPE): B IRdropasbshsuiptitaprdeitastgef i ned. Preferred transition
met al conpl exgsifaL HMegphereln o1 respond the formula: MK X, Z,, or a

di mer _t her eof ; lerein: SMElﬁ%gx ’a(tj% %Cgﬁzﬁgfgﬁﬂ‘%eﬁlgfoups icludeeyeigpegtadfienyip

cont af ni fijeteloeani.zauhidteinbet terornsdbhisough ovhilyahfliorksy Boupe, 1,0 M said K
group Cobseaihfafgn iRk @omBy-ab counting hydrogen atons, optionally two
K groups rra% be j oi ﬁ%dot oget ﬁére%%&?ﬁoﬁng Hﬁceﬁgli’ %gﬁg‘gf"?ﬂl}fé‘tewlé?m@ﬁd furt her
opt i onal PRPSURE: 8¢ herpiabrazp g a5 0vol wincZiy }beiach! e enERE i Qiampnoval ent,
ani oni ¢ @} BlidyochdVil 88stitBedt® oA, NOR _at.ons Oopt i onal one or nore
X and ong {)r%dn”ragre, K j%ro,ups argl&oﬁldgﬁg{bggglphg?bs?%fe?%‘?IW&WWB‘F‘&P-ocycl e, and
further optT oA GheleE Thepdsd xrenme axgvEclementplieeyl, Begimpoyabfedoonsed

t ogetthertetrhetobycibenndiagl eriRiiel ¥isihalpds.9h,; nt | ound to M and
coor di naﬁ&gﬁntih%ne,&lol' £} nde er?ggnt'lé%@egéha oc%lh?g%%gg’gi%lsm%lyﬁ% Wal, Lew s
base donor {r'g 4R 8]31‘1 ﬂﬁ’ ,ganeg@kéh%gny indenyl, tetrahydrofluorenyl, octahydrofiiworenyl, 1-

indacenyl, 3-pyrrolidinoinden-1-yl, 3,4-(cyclopenta(Dyphenanthren-1-y1, and tetrahydroin denyl.
The boratabenzenyl ligands are anionic ligands which are boron containing analoygues to
benzene. They are previously known in the art having been described by G. Herberich, et al. in

15 Organometallics, 14,1, 471-480 (19953, Preferred boratabenzeny! ligands correspond to
formula:

the

R ¢

. 1. . R
wherein R’ is an inert substituent:, preferably selected from the group consisting of

hydrogen, hydrocarbyl, silyl, halo or gerrmyl, said R* having up o 20 atoms not counting hydrogen,

20 and optionally two adjacent R? groups may be joined together. In complexes mvolving divalent
derivatives of such delocalized n-bonded groups one atom thereof is bonded by means of a covalent
bond or a covalently bonded divalent gro'up to another atom of the complex thereby formuing a
bridged system.
Phospholes are anionic ligands that are phosphorus containing analogues to 2
25

cyclopentadienyl group. They are previously known in the art having been described by WO

98/50392, and elsewhere. Preferred phosphole ligands correspond to the formula:
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hydr ogen atons containing at | east one unshared el ectron pair through which
Zis coordinated to M 15k is an integer fromO to 3; x is an integer from
Ito 4; z is a nunber fromO to 3; and the sum k+x, is equal to the fornmal
oxi dation state of M Preferred conpl exes include those containing either
one or two K groups. The |atter 20conpl exes include those containing a
bridging group linking the two K groups. Preferred bridging groups are

t hose corresponding to the formula (ER 2)., wherein Eis silicon,

germani um tin; or carbon, R independentdiy each occurrence is hydrogen or
a group selected fromsilyl, hydrocarbyl , hydrocarbyl oxy and conbi nations
thereof, said R having up to 30 carb r silicon atons, and e is

Ito 8. Preferably, R independently e ccurrence is nmethyl, ethyl,
propyl, benzyl, tert-butyl, 25pheny] hoxy, ethoxy or phenoxy.

Exanpl es of the conpl exes cont ai ni#g two K groups are conpounds
corresponding to the formula: wherein: Mis titanium zirconium or
haf ni um pref e‘f’@b@l“&ﬁzwﬂ@m’ﬂ%m%ﬂﬁnmf nium in the +2 or +4 formal oxidation
state; 5R3 |n 18861 QGEHoh §REE: IS .sel d.fromthe group
consi sti n tH%dro en, hydr ocdg{rbggfﬁ&dﬁ%%%{m germyre toé&afﬁwul%éﬂ%%

conbi natl Emt el d R3 having up to 20 non- hydrogen atoms, or

adj acent R3 grmuaps:xrb@gi&h&mgr forma divalent derivative (that is, a

hydr ocar badinK %1 or gernmadiyl gr ougrzJ thereby formng a fused ring
system and fs g?”p'f BEEsGerbrsA eeledrorderawaherii K s bamdanionickl i gand
group of grpurteontdifinnane Yy SH0YRMA cAlBBy dRberl MR, ether forma

di val ent @{%L%%%EHO%M %&jo of u@g 0 nor?ﬁn agggﬁ{)%lg%n%s%al) [feoget her
are a conjugated di ene Fﬁ%ﬁf‘?%rfha& f‘BthQ"O’PWUWﬁﬁdg@rbeéﬁbmo Kourmd by
means of del ocataizedurme IEGmﬁMSeﬁf@.nMncm}%mguMol4§ nbr(‘h%ﬂfb e Aol Mel

oxi daigl orb Lakh gf e as vi ously definé ‘Exenpl ary
bri dged pﬁ dsgmgg%tq {éllgr}ﬁ aﬁg{)% "‘“"rebo%fa‘ép&i% B% togptaer to form a metallocycle,

di met hyl b'ﬁn @‘E@@{}Bﬁﬁ’@ﬁ[ﬁ’a@iﬁ ety Zizhdme,or more Z groups are bonded together thereby

di met hyl bbsfitathaaehh
di met hyl bi s( Zg%eltﬁé;fcyg %ﬁﬁéﬁ? gﬁﬂg%u ?Wz& ?COO%i‘ﬁa‘Ed thereto;

di met hyl bi s( 24 Zndgeep RO each premr et @nnqutray Oeswik Benedonor ligand of up to 50 nonm

2, 2-bi soapﬁragmtahmls&%&ilﬁ%@k@s@b A et h i nde 1) si | ane,
di met, Eyl bi s(tgt ragh nden- 1- %?Iﬁgggé&ﬁﬁeg V] Bhwﬂlﬁggcé‘?f 3t§ﬁgq I%”Iane,

di met hyl bi s(t F‘ 9%, 0Fen- 1 -ypsi | ane,
di met hy1bi s( mehlﬁyégemcmhemyll;l nden- | -3/0-siiane,

20di net hyl bi s Csi | ane,
di net hyl (cycl '((f')pent ada{gﬁr;l}ﬂg‘i’ HiéPLn- 1- ypsi | ane,

di net hyl (cyclépem. ammu@l(mmmmeﬂatwmaofm yGsi | ane,

di met hyl (cycl drofluoren Csil a 1, 1, 2,
o oty amet ) PR e R B Rl g o onpe. T e

2-bi f cy E%iﬁ“éﬁ‘t igelbde mypk9 @pﬁam 2 beidgoairomtiinying Y edcap eRtadipenyd) sdiaging

groups are those corresponding to the formula (ER’ 2): wherein E is silicon, germanium, fin, or

carbon, R’ independently each oceurTence is hydrogen or a group selected from silyl, hydrocarbyl

hydrocarbyloxy and combinations thereof, said R’ having ap to 30 carbon or silicon atoms, and e is

1 to 8, Preferably, R’ independently each occurrence is methyl, ethyl, propyl, benzyl, tert-burtyl,
25 phenyl, methoxy, ethoxy or phenoxy.

Examples of the complexes containing two K groups are compounds corresponding to the
formula;

18



(fluoren-1-yOret hane. 25Preferred X' groups are selected from hydri de;
hydr ocar byl , silyl, gernyl, hal ohydrocarbyl, halosilyl, silylhydrocarbyl
and am nohydrocar byl groups, or two X' groups together forma dival ent
derivative of a conjugated diemor else together they forma neutral

n- bonded, conjugated di ene. Mst preferred X' groups are C no hydrocar byl
groups. Exanples of netal conplexes of the foregoing fornula s itabLe for
use in the present invention include: '

bi s(cycl opent adi enybzi r goni updi et hyl , bis(cyclopentqgjen%pzirconium

di henzyl, bis(cycl opent agi Qzi rconi um nmet hyl henzyl®; )

bi s(cycl opent adi enyl¥i ‘met hyl phenyl, 3

bi s(cycl opent adi enyezi r coni i phenyl , P
10bis(cyclopentadienybtﬁtapi |1yl R R

bi s(cycl opent adi enyezi r cQni thyl nmet hoxi de, = 2 E‘ X7,

bi s(cycl opent adi enyR¥i t hyl chl ori de, \,

bi s(pent anet hyl cycl opeptadr epybzi r coni undi net hyl ,

bi srpent anet hyl cycl opent adi enyQt i t ani wadi et hyl , 5

15bi s(i ndenybzi r coni undi et hyl , indenyl fluorenyl zir rnet hyl ,

bis(indenybzir%onlqnnethyl(z-(dinethylar no) benzyl ),

bi s(i ndenyQzi r'€6H immet hyl tri met hyl silyi,

bi s(t et rahydr ovindem@y, zk@amiswraehiom | d-Lba80 b, . in the -2 or -

20bis(penkg&&ghxﬁgg&&gpentadienyCZiﬁ%oniu%netﬁy+%£%¥???”nﬂm‘Eor’4
bi s(pent anet Y£qyc opént adi enybzi r coni undi benzyl, .

b S{pent et /¥ eyotopent oty Ok I Y BB s o,

i s(pent g Vil 10R | enybzi rconi unt net hyl chl oride, '
bisonethy?ﬁihyﬁgfc*&%e #3;?gﬁ¥(?F?8@ﬂwﬁﬂﬂﬁﬁﬁﬁﬁ§P¥dR{mwmgmﬁoZDnmv
§5b|( s( Eu.tiyf@%ll%mra@ F@nﬁmmgmﬁbﬁﬂﬁy%em derivative (that is, a hydrocarbadiyl

i s(t- butsyhdy 6} QRENE Yz, i met ’
bi s(et hyl t et rapet hylsgglgﬁfgppnt ggf’?‘@%@%ﬁ?%&%%ﬁ#&i ik hyl |
bi s(met hyl pro |”@}§Eﬁ|n€ﬁ§€h taaPenytres ¥ eomiadishenzyty of up to 40 non-hydrogen
bi s( twi metdny) & inkykcyel0peBhadh ey aiLCARLINE henzy!
30dineth%£§gly%qgség%cLopentadjenybfi[co%#ﬁ%%@éﬁ?%?%%&ﬁ4%PW%H&PH$WS
st cycl opé iOfris gr togetiet arg 3 poninoated diane: Haviaa H71 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

ilylb

R’. E and ¢ are as previously defined.
Exemplary bridged ligands containing two #-bonded groups are:

135 dimethylbis(cyc[opentadienyl)silane, dimethy}bis(teu*amethylcycIopentadienyl}si]ane,
ciimethylbis(z—ethyicyclopentadien—i«yi)silane, dimethylbis(2-t~butylcyciopentadien—I -yi)silane,

| 2,Z—bis(tetrame‘shy[cyclopentadienyi)propane, dimethylbis(inden-1 ~vlisilane,
dimethylbis(tetrahydroinden-i-yl)silane, dimnethylbis(fluoren-1-ylsilane,
dimethylbis(tetrahydmﬁuoren—1»y})silane, dimethylbis(2~methyi—4—phenylinden~1 -yl)-silane,

20 Fiimethyibis(.? -methylinden-1-yDsilane, dimethyl(cyclopentadienyl)(ﬂuoren—l-yl)silane,
dime‘chyl(cyolopentadienylj(octai1ydroﬂuorez1~1 -yhsilane,
dimsthyl(cyciopentadienyi)(tetrahydroﬂuoren-1-yI)siIane, (1, 1, 2, 2-tetramethy}-1, 2-
bis(cyclopentadienyl)disilane, {1, Z-bis(cyclopentadienyl)ethane, and dimethyl(cyciopentadienyl)-i-
(fiuoren-1-yymethane.

25 Preferred X7 groups are selected from hydride, hydrocarbyl, silyi, germyl, halohydrocarbyl,

halosilvi, silylhydrocarbyl and aminohydrocarby] groups, or two X groups together form a divalent



di met hyl si |l yl bi s(tetranethyl cycl opentadi enylnitanium (ill) allyl
di met hyl si | yl bi sb-but yl cycl opent adi enybzi rconi undi chl oride, d inethyls I
ylb is (n- b uty lcyclopentad ienyl) zircon iumdich | orni e, (d m
ethyls |y 1 bi s(tetranethylcycl opentad ienyptita niu (I1l) 2 -(d
i rnet hyl am no) benzy 1, (dinmethyl silyl bis(n-butylcycl opentadi enyptitaniun(M
2- (di rnet hyl am no) benzyl, di nethyl silylbis(indenyQzirconiundi chl oride,
di met hyl si | yi bi s(i ndenypzi r coni undi net hyl ,
i et by Uy oiospembetiy dmalenyuisnoniu T NGLEK. r bonied cousncd dine

i met hyl gidky : -A- nyli ndenypzi r coni undi et hyl",
di net hyl si |‘§/i’:rbgfl§e%§€ %:“Eyyﬁlr? ﬁ‘d@ﬂg@%ﬂ%%‘fﬁl 1, 4- di phenyl - 1, 3- but adi ene,
di naet hyl si | yPBimsepoimestd gomplxgive fiy iraghery D0 QRbslO¥d hikd in the present
1, 4- di phanyliodisdrnbut adi ene
di met hyl si Iyl bi s(4,5, 6, 7-tetrahydroi ndell-1-y1l)zirconiundichloride,
10di et hyl si | §iBicspaiagiepyizirsoaiupdimpethyioi nden- 1- yDzi r coni undi net hyl |
di met hy 1ss(byidpbisddicey i-abyrelinodnedgny Dzi r coni un( 11)
1, 4-di pl 615”%? 1.3 bLﬁzadi ene, )
di met hyl st Tyl BT STEEY FERBHY PS¢ PBBEnt adi enypzi rconi um di net hyl
di met hylSityplobersaiieud oy bz naonpuspgi met hyl -
di met hylisi oyl bi s(. ahydr gl uorenyQzi rconi um bi s(irylsilyl),
15et hyl ebr?lge(‘l[#lsoplnﬁ %%%%‘f‘)ré%’ LS ol o i de, -
et hyl%endfi(@tiopattadiph titammoriliyndi net hyl
et hyl enghy ; i ndenyDzi r coni undi chl ori de,

.(%ﬂpgltag!ﬁ%ﬂt @%o%ﬁzﬁ%fng{holmetgoxaéle

et hyl engbis(4,5,6, 7-tetra I'ndeényzi r coni undi net hyl ,
(i sopr OEWWBI@PF@W@WW@WW@WM&@H uor enyDzi r coni undi benzyl, and

20di net mysl(;&hdambnﬁyl@krogémﬁtdm{ﬁ%wn%g% i enyl) (fl uorenyQzirconiumdinethyl. A
further .class of nmetal conplexes utilrZed in the present invention

cor r es pCRPEMPRRyClpidirltanismdmeayl. M CZ, X, " or a di mer thereof, wherein
M K5 Xpisgindengd)zircaahghdagerr,evi ously defined, and Z is a substituent of up to
50 non- f[ydr 9%]%Qenaltziorrs. t hat together with K forns a netallocycle with M

75Preferred 2 SubstiPUeNEE™Incl ude groups containing up to 30 non-hydrogen

atoms cbnfirdesiingoaumineisk 2-pie:tiot@motdeaiyi s oxygen, sul fur, boron or a

menber gf/; 53 o he.Periqdic Table of the Elenents directly attached
to K, anlgl(lae%?)?ygenﬁiélﬁl%mg}?%ﬁe g«%ﬁ}gtt ed fromthe group consisting of nitrogen,

phosphoPiséerebsdpeiaindrirgulufurhyatetiysigoval ent |y bonded to M .
Mor @0 S psigpkidisiale chyélmeﬁta&grﬁéﬁﬁgﬁgn%&ﬁ'qb4 tal conpl exes used according to

the pr egient 30i nvention incl constrai ned geonetry catal ysts"
cor r es pORargRaty oy HerepiadipyDarcodumdbenzl - M Xx

bis(pentamethylcyc}opentadienyl)zircouiummetllyimethoxids,
bis(pentameﬂiylcyclopentadieny})zirconimnmethyichioride,
bis{methy}ethylcyclepeﬁtadienyi)zirconiumdirnethy],

25 bis(butylcyclopentadieny})zirconiumdibenzyl,
bis(t~buty}cyclopentadienyi)zirconiumdimethyi,
bis(ethyltetramethylcyciopentadienyl)zirconiumdimethyl,
bis(methylpropyicyclop entadienyl)zirconiumdibenzyl,
bis(trimethylsilyIcycIopentadienyl)zirconiumdibenzyi,

30 dimethylsilylbis{cyclopentadienyl)zirconiumdichi oride,
dimethyisilylbis( cyclopentadienyl)zirconiumdimetliyl,
dimethylsilylbis(tetramethyleyelopentadienyDtitanium (HEI) ally!
dimethylsilylbis(t~butyEcyc1opam‘adienyl}zirconiamdichloride,

dimethylsilylbis(n-butyleve lopentadienyDzirconiumdichl oride,

20



ini  Mis titaniumor zirconium preferably titaniumin the +2, +3, or
me; glr Ral oxidation state; Kl is a delocalized, a-bonded |igand group
optionally substituted with froml to 5 R2 groups, ~R2 in each
occurrence independently is selected fromthe group consisting of hydrogen,
hydriocarbyl, silyl, gernyl, cyan, halo and conbi nations thereof said R2
having up to 20 non-hydrogen atoms, or adjacent R2 groups together forma
dival ent derivative (that is a hydrocarbadiyl, siladiyl or gernadiyl group)
thereby f GHRTthGsalbistgmaethyinglogystienyltitanium(IT) 2-(_ea@hlymm;n§)lbgn\ﬁ)lgl Oh ‘o 20
hydr ocar il BRA UK BBy SEAHD, ARL ALoUB 2V g, up

non- hydr ogen at ofns, groua C5..30

' Hcermdiberd, vat i f: xis 1lor 2, Yis
conj ugat e “&@H’éﬂ%‘?m%}dw%ﬁémn?@@@ed%vat| ve thereof; s
R 28I R 20 o oy e iy S 2 R dependent |y each occurr ence

e Z_, W L

iCsRI hydt og%ﬂ]a%yi%%?%ﬁﬁm%l@ﬁ%]t}%Oifﬂl‘i’éﬂﬁléﬁh}’iyI . hydrocarbyl, " 15hydr ocar byl oxy
St Tic examlon of Lhe T or i PR ot ry motal conpl exes
isggf:J]:jlecc%ﬁ%gﬁ:s\i?zbisg%’t”%tggﬁg%ﬂ&%ﬁ%&‘g“f’ﬁéﬁﬂj’é*i*yhﬂlﬁd%ﬂmdmﬁer ein, 20Ar is an aryl
o cCUt anee. L5 by s paan A oy eonnd: iy 2883 bl oo ed Trom
each ocCUineRaa ity Er aen, AL, Or ‘ | .
hydr ocar lt)fgl , Hflrl}%ys r’ddare%%ysﬁofly?n, Hzifrﬁ?g%cg@f%gﬁz?gggyk | 2?: i gg,m_ i,
hydr otar m@kxl?ﬂy@a(m@?mwwmgmmlym_ ;@ﬁcﬁxﬁetgm, o Iiy . noy :
i (hydr o B B B L et S5t ot r byl sul 11 do,
ﬁ:an( gydrzggfﬁfrﬁ%t%/ﬁ%igibé@&g%ﬁhﬂw gitadichyitirsoawbyibesyt substituted hydrocarbyl,
tri hydr ocabdyisiviokl fuosapidohitbathhydr ocaL blyl ¥ tri |m _a%g; Sgg Ib%/Lts Ie :joxy-
substi tutded hydr ocar byl . bi s(trihydrocarbylsilyea
hydr ocar ByFE 11@%?8? @f%&‘/‘?‘?‘éyrlﬁiﬂwm%ll}b%ﬁf@@viéwihydrocar byl , _
hydr déur ilyeneadintagiasdnhiidtced iy dr ocar byi , di (hydrocar byephosphi no-

. N : byl |
substi t ut hydrocar.byl , . hydrqcar byl enephosphi no- substituted hydrocar
or hydroc?%?%ﬁ{jés& %Hgg%wél%%ﬁegﬁ’ﬁed hydr ocar byl ,

ethylenebis(4,5,6,7—tetrahydroindenyl)zirconiumdichlorida,
ethylenebis(éi,5,6,7-tetrah.ydr0indenyl)zirconiumdimethyi,
(isopropylidene)(cyclopentadienyl)(ﬂuorenyl)zirccniumdibenzyl, and
20 dimethylsily1(tetramethyicyc1oper;tadienyi)(ﬂuorenyl)zirconium dimethyl,
A further class of metal complexes utilized in the present invention corresponds to the
preceding formula: MKZ,X,, or a dimer thereof, wherein M, K, X, x and z are as previously

defined, and Z is a substituent of up to 50 non-hydrogen atorms that together with K forms &
metallocycle with M.

b2
th

Preferred Z substituents include groups containing up to 30 non-hydrogen atoms comprising
at least one atom that is oxygen, sulfur, boron or a member of Group 14 of the Periodic Table of the
Elements directly attached to K, and a different atom, selected from the group consisting of
nitrogen, phosphorus, oxygen or sulfur that is covalently bonded to M.

More specificaily this class of Group 4 metal complexes used according to the present

3¢ invention includes “constrained geometrv catalysts” corresponding to the formula:

Xy
e

K'— M X,

whersin:



said R group having up to 40 atons not counting hydrogen atons, and
optionally two adjacent R4 groups nmay be joined together formng a

pol ycyclic fused ring group; Mis titanium X is SiR62, CR62,
Si R61Si R62, OR62CR62, CR6=CR6, CR62Si R62, BR6, BR6L", or GeR61; 5Y is -a-,
-s-, -NR5-, -PR5-; -NR, or -PR-52; R5, independently each

occurrence, is hydrocarbyl, trihydrocarbylsilyl, or
tri hydrocarbyl silyl hydrocarbyl, said R5 having up to 20 atons ot her than

hydrogen, andoptiatpalof yirctnion, Bﬁeﬁgﬂ{w@@m% iiRBe 1098t NQE ci, th .Y da%r Z forma

o P L Ty o ety A T A IO S
al kyl , h&°8genat ed aryl, -NR52 and conbi nations thereof, said R6 having up
to 20 non- hydrOgensataiEce 3@51;%9&%&3,019&4130 by gpm&@egﬁﬁ@gggn‘ggg*gﬁ Logether with

Z forgns g}fdr nggj éste
pol ydent HETE evbagwylofyprohad iny chomidaibnt bR, saﬁ@. h@ingXap 2% s hydrogen,

a nonovaheinte eﬁﬂbxﬁﬁbx&djab@ﬁl‘@%&! OLR-R Y ) at oms _not counting
hydr ogeng;. 0L, & %0 X, gr oups, ar egj o?ened to%eatﬂ%iéﬂrﬂ dteﬁveaihéao(y}m?‘o“r ﬁi‘YfﬁD%rhﬂfihvial ent
|'i gand grou )% & )fher% orniteg fgsed gingyyysigm, Preferred

exanpl es of tdaéﬂﬁ@raélgimm@ro@ha,lh GOLR) Sr bstituted at both the 3-
and 4- 20p0$ibiQ ’Elm?for%vo%y(:l 0 eﬁt%\dl gqr?;{ S%E/Fgmgld S%{dgrou BYREERTa? Ar group.
Exanpl es of "the for€&goin P"é‘k%%e“irﬁ(ﬂsudeﬂnﬁ(ggted dlene or a divalent

- phehy| dgcvaipentadi en- | -de| rret hyht - but yl am do) si | anetitani um di chl ori de,

( 3- phenyl cycl Lopent, adi en-1-yQdi net hyl (t-butylam do)silanetitaniul dinethyl,
(3- phenyl cycl opent “adi en- 1- yEdi net hykt - but ylam do) si lanetit ani umil, 3-di phenyl
-1, 3- 25but adi ere; -S¢ K pyPrQland - yl ) cycl opent adi en-1-y

di met hht - I t Rm L anet it anjumdichl oride,
%3| (pyrrol -1 X;té%éylgf ope ‘)h?R gg%’ c& 8§@dﬁm?ﬁyf?ﬁ-@ﬁfzﬂ%ﬁﬁﬁo)@eﬂeﬁnet| t ani um

di ner hyl , R’ independently each occurrence is hydrogen or a group selected from silyl, hydrocarbyl,

15 hydrocarbyloxy and combinations thereof, said R’ having up to 30 carbon or silicon atoms

Specific examples of the foregoing constrained geometry metal complexess include
compounds corresponding to the formula:

M),
|y MOZ)

wherein,

20 Ar is an aryl group of from 6 to 30 atoms not counting hydrogen:

4. . N
R" independently each occurrence is bydrogen, Ar, or a group other than Ar selected from

hydrocarbyl, trihydrocarbylsilyl, triftydrocarbylgermy!, halide, hydrocarbyloxy,

trihydrocarbylsiloxy, bis(trihydrocarbylsilylamino, difhydrocarbyl)aming, fiydros carbadiylamino,

| hydrocarbylimine, di(hydrocarbyl)phosphino, hydrocarbadiylphosphino, hydrocarbylsulfido, halo-

25 substituted lydrocarbyl, hydrocarbyloxy- substituted hydrocarbyl, trihydrocarbyl silyl- substituted
hydrocarbyl, trihydrocarbylsiloxy- substituted hydrocarbyl, bis(trihydrocarbylsiiyi)amino~
substituted hydrocarbyl, di(hydrocarbyl)amino- substituted hydrocarbyl, hydrocazxbylencamino-
substituted hydrocarbyl, di( hydrocarbylyphosphine- substituted hydrocarbyl,

hydrocarbylenephosphino- substituted hydrocarbyl, or hydrocarbylsulfido- substi tuted hydrocarbyl

22



(3-(pyrrol-1-yl)cycl opent adi en- 1-yl ) ) di met hykt - but yl am do) si 1lanetitani um
(11) 1,4- diphenyl-1, 3-butadi ene;

30(3-(1-net hyl pyrrol -3-y0Ocycl opent adi en- 1- yQdi net hyl (t - but ylam do)sil anetit
ani um. di chl ori de,

(3- (1-net hyl pyrrol -3-yl)cycl opent adi en- 1- yQdi net hykt - but ylami do) si | anetitan
iul dinmethyl, _

(3-(1- et hyl pyrrol -3-ypcycl opent adi en- 1- yQdi net hykt - but yl am do) si | anetitan

l],l- )md( N % ) 1 544 R diophieming x 10340 latﬁ:ﬁfld}t?ﬁl&hné %&dfbﬁlgh @W!&&%ﬁﬁéﬁ&e@}o% 1,8N: pe
i me ariet taniu dichlarid

4- di phe%gj}océ}::bf %%@@tng(g?o meimrm’ﬁﬁfiﬂ@{“ﬁ’ﬁlﬁ fu35( P8 &RFR0) si | anet i t ani um
d| met h3d, M is titanium;
(3, 4-di phenyl C e i § ih but yl Q) si |l anetitanium (11)
1,3 - pent adi ethL AR %@dﬁgéﬂxﬁﬁ- gﬁﬁe%(,#z{: EL )g%ﬁeﬁ%?%i o‘ﬁ&?@gdl en-
1-yl)dirnetliyYEto “btﬁ‘yNBm"l Bo)-¥RiametB’t, um 5di chl ori de,

(3-(3- N, N-di matfhm MR INLGY, e )
- yDdi et héﬂh%{; Lg m d% sj | aﬁlleﬁ‘a%mq %Jﬂign% %ﬁb¥l iy fydrqegrbylsilyl, or
-(3-N, N-di %ﬁrl ?’f)‘ﬁ’é%lsélg} 8| %@ﬁﬂam 2@@0&13 other than hydrogen, and optionally

-yOd|tnetMIR(S‘gmbmtoykaﬂgdﬂ@mﬁharang(@,ﬁlalﬁmggstlegl 1, 4- di phenyl- 1, 3- but adi ene;
to(3-(4-net ho>%¥ ff%/ Qﬂ t hylcyclopellitadi en- 1
“yl ) di met hyl (tBUEYTAH Y 838 PPARELs t HR PR et Rt iected from hydrocarbyl,

( 3- (41%retrgsoyqobrdary. sjidis lpﬁtgﬁ;aﬂeﬂylﬂtﬂlplpﬁigé@%@%fl Nll 2, and combinations thereof, said R¢

-yDdi net |Ianct|t di
- Z met ho%g%’%%@#)bw]&rﬂ{g%% a0 aﬂd %}”ﬂe Gﬁ 2roups OF(R together with Z forms a

- yDdi met H{eEYsisByt yI ani do) si I anet | r an| um (1) 1,4-diphenyl-1, 3-butadiene;
o e (1Bt BRIk ORSIRAM ELE: oo ows s xtgepd nbent adh on
1 -yl)di % (t-butylarniclo)silanetitani umdi nmethyl, (3
|- ggg[lllys él. a;'rl ITEt HQ%M@M%g@@g?B@g]eﬁ@nm&c 11 grlg{’lgaﬁa@}ﬁlg (1%} tobé'b%xg)ln% ri?otq:g nth
- pheny1- Al c%] Rgeg{._oa%‘wé}r ﬁﬂ??@ﬁf%@?ﬁfﬂggﬁ@mr&% f@}f{uq‘, a divalent ligand group;
-yl ) dirnet hyl ¢is-lbubydnam do) sil e ani um
zis 0, T or2.
Preferred examples of the foregoing metal complexes are substituted at both the 3- and 4-
20 positions of a cyclopentadienyl or indenyl group with an Ar group,
Examples of the foregoing metal complexes include:
3 —pheuyicyclopentadien—}.—yi)dimethyi(t-butylamido)sﬂanetitanium dickloride,
{3-phenyleyclopentadien-1 ~yDdimethyl(t-butylamido)silanetitanium dimethyl,
(3-phenyicyclopentadien-1 ~yhdimethyl{t-butylamido)silanetitanium (II) 1,3-diphenyl-13-

25 butadiene;

(3-(pyrrol-1-yljeyclopentadien-1 —yl)dimeth}il(t-butylamido)siianetitanium dichloride,

(3~(pyrrol—1~y1)cyclopentadien—1-yl)gﬁmethyl(t-butylamido)silanetitanium dimethyl,

(3-(pyrrol-1-yljeyelopentadien- 1-yD)dimethyl{t-butylamido)silanetitanium (1) 1,4~
diphenyl-1,3-butadiene;

30 (3~(l-methylpyrrol-3 -yl)cyclopentadien~1—yl)dimethyl(t—butylamido)silanetitanium dichloride,
(3-(1-methylipyrrol-3 -yi)cyclopentadien~1-yI)dimethyl(t—butylamido)silanetitanium dimethyl,
(3-(1-methyipyrrol-3 -yl)cyclopentadien-l—yl)dimethyl(t—butylamido)sﬂanef:itamum (I} 1,4~

diphenyl-1,3-butadiene;

(3.4-diphenyleyclopentadien-1 <yl }dimethyi( t-butylamido)sitanetitanium dichioride,
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90di chl ori de, (3-phenyl-4-(N, N-di met hyl am no)cyc |opentad ien- 1

-yDdi net hyl (t-butyl am do) si |l anetitani um di net hyl ,

(3- pheny1-4- (N, N-di et hyl arni no) cyclopentadien- | -yl)d

net hyl.(t-butyl am do)silanetit um (11) 1,4-diphenyl-1, 3-butadi ene; 252

-met hyl - (3, 4-di (4- net hyl phenyl ) cycl opent adi en- 1

-yl )dinet hyl (t-butylam do)silanetita u dichloride,

2-met hyl - (3, 4-di (4-tnet hylphenyl) eyclopent adi en- 1-ypd

et gyl( (t- ﬁ?gvmamkmmma mdagaﬂ@m eliRhD gﬂan%mm Faffehy! - (3 sil aneti
[ ent adi e i me y an1 o) si |l ane

e YR 9@% %gﬁ{%cﬂe%pl }g dlrlbe&'t gt(ﬁ%;gm 0)

I, um 30(11) 1 -ciip leauehtanmm {If) 1,3-
((2,3-di pheny’fﬁl‘?ﬂ‘heﬂﬁ\l N- di et hyl am no) cycl opent adi en- 1
- yOdi met hyi-(st Rutidegdng i chl
((2, 3- ? phei(’lylél 4- (t N, N%?)Fﬁn{élt”ﬁﬂ? aﬂje” ﬁlg ?Y%P‘&Hamﬂdo)swyfaamum
met hyl €t - but Y&A%0) si | ane titani um di met hyI
((2, 3- di phieaywaNdigdyntimthyd /¢ ien: 1d| met hyl (t -
butyl ani do) si,1a etl t ani ud?rllﬁ(w y@%eﬂg%i&yﬁg%ﬂ% 1?1@ bB’ﬁ %“et“dmum
(2,3,4-tri ph&RG1Y's. met hyl cycl opent adi eO I -Ad| net hyl (t- butyI anmi do) sil anetita
ni

um di chle@iNs; dln(cﬁly&m%opphbrgh‘@ayﬂcnt@méfﬁi ?ch!nﬁé/t%%@ﬂ&P}a%ddoﬁﬂamtltamum

-yl ) di met hyl b i lanetitani um di
5(2,3,4-tri p&@n 4% o 1%‘{? %\‘?E’P%pent adi en- 1 - yedi net hyl (t - butyl ami do) si | anet i

tani uif ( 1(:@)(4”111621@{3@11prl}éngeﬂ}yicyaepebtad‘rﬁdi -V IR Béthyl(t-butylamido
(3- phenyl giés m‘ghoxycycl opent adi en-1 - yDdi net hy1(t-but y%
dlchlorlde

(3- phenyl CA*mstrazieyi opemioadsremadionyl-JIslimetnybic 12 BMb AR A S i)a081 | t ani um

di met hyl , (3-4-methoRypheny!)-4-phenyicyel
_pheny1- 4 ne hox%pc?gl)o ent ac |c§%ean ip| defatﬁwtff?/ﬁﬁ?‘iﬁ%fﬁ‘ieﬂmiﬂl(ﬁhet| t ani um

(1) 1,4- 104iPmesRyLLY %@%@Fam ene;

2, 3-Ui phe K- Explo i 11- | d | t
53 ot b S A R AT 0

-yl)dir ne? ﬁyﬁn( "g’ﬁfﬁ‘%%?”ﬁ{oa%‘)‘@fq‘éﬁ’@?@@éﬁi tehtyétiomid castiladtitanium dimethy?,
(2,3-di pNé»mehymx(aahdxmwlﬁﬁaaeddaﬂe%awﬁﬂulbu%m B%Rh R Yy] gmi do) sil aneti ta

nium (11) 1,4- 3- but adi ene;
15(2, 3, 4, 5- te%rgt’!’ﬁgﬁou Iédlopent adi en-1-yl11di net hyl (t-butyl arni do) si lanetita

nium di c m’ Gzi’ﬁl‘lfi(%‘1 (1‘* N-dlmethylammo)cyclopentamen- 1-yl)dimethyl(t- -butylamido)silanetitanium
20 dichloride,

silanetitanium
am J&S SI'l anetitani um

{3 -pheny}—4-(N,N~dimei‘hyiamino)cycIopentadien~1—yl)dimethyl(t-butyiamido)silanetitanium

dimethyi,
(3-phenyl-4-(N ;N-dimethylamino)cyclopentadien-1 ~yhdimethyl(t-
{I) 1,4-dipheny!-1,3-butadiene;

butylamido)silanetitanium

25 Z-methyi-(3 ;4-dif4-methylphenyleyclopentadien-1 -yDdimethyl(t-butylamido)siianetitanium

dichloride,

Z-methyl-(3 s4-di(4-methyiphenyleyeiopentadien- -yDdimethyl(t-butylamido)silanetitanium

dimethyl,
2-methyi-(3,4-di (4-methylphenylicyclopentadien-1 “yhdimethyl(+-butylamido)silanetitanium
30 (1) 1,4-diphenyl-1,3-butadiene:
((2,3-diphenyl)-4-(N N- -dimethylamino)cyciopentadien.- 1~vl)dunethyl(t»butyiam1do)s11:—111&

titanium dichloride,

({2,3-diphenyl)-4-(N,N -dimethylamino)cyclopentadien-1 -ylydimethyl(t-butylamido)silane
titanium dimethyl,
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(2, 3,4,5-tetraphenyl cycl opent adi en-1 -yGdi net hyl (t-butyl am do) si | anetitani um
di net hyl, and

(2, 3,4,5-tetraphenyl cycl opent adi en- 1- yQdi et hyl (t - butyl am do) si | aneti tani um
(1r).-1,4- diphenyl-1, 3-butadi ene. Addi ti onal exanpl es of

suitabl e netal conplexes for use as catalyst (A) herein are 20pol ycyclic

conpl exes corresponding to the fornula: R7 MX X% ." R7 where Mis titanium

in the +2, +3 or +4 formal oxidation state; R7 i ndependently each

occurrenc,(é??lélpfsziwﬂél\: dnyaﬂimaﬂobwlﬂopeﬁtaliﬁéﬂm iy D8I 8 hal i de, hydr ocar byl oxy,
c

hydrocar byl siy ¥y | am no, d| (hydrocar byl ) am no,
25hydr ocar byl gnean%io%hgne%flﬁm@i ’Z}V‘iﬁﬁﬁc}’é‘&ﬁeﬁ% hydr ocar byl ene- phosphi no,

hydr ocar 69 P4 ﬂIIIHhP’@YéID“nﬁﬁlb/byémsadlﬁid@)&)ﬂzﬂi&dﬁ(@ﬁ@ﬁ&ﬁhm)qﬂanetitam ichloride,

hydr ocar anb; il substitute rocar byl ,
h))i ir ocar Ey b @)ﬁypglirg/hi ?Jﬂeg ?fcfc@atpk%%egg ~YC)C %}Fe’ggﬁ bLXylamzdo)sﬂaneummum dn):{zethyi Y
hydr ocar ‘y? & rpaypxgh?ﬁ@mgiqmmmeed StythredyErbysliamido)silanetitanium (I 1,4~

di (hydrocar bygntaymi noussbst i t Ot ed hydrocar byl
hyci rocarp I en eam no- substituted hydrocar byl ,

di (hydr o&a 1?93( BBt HeRcsadiet |-vhdiadb i tnpleabylignchyduoarrlbydene- phosphi no-

subst i tu{bﬁzewdrmakﬁy&mpeﬁgrad By dy1ReaLRY L gubstituted hydrocarbyl,
said 12: 39;5i1% : gtonsmhdété{%%%%?hn tarﬂ?’Balé}}‘? and opt i onal | y

two or }5&5—4_%%10&?%5’8%@%% 8ﬁﬁ§gﬂiﬂﬁ(§'bwﬂgélﬁh)éﬁanﬁmﬁm(lﬂlmal ent
deri \}%tl ve, dR@enyslabdhdialeent hydrocar byl ene- or substituted hydrocarbyl ene

f oy f d f th t al I d
128 cont B e Db b Dt G e oyt lorde, X 1 & 5

di val ent¢ r?’o‘?‘%‘{eyﬂ 46?!-‘3%’%9191@wta@@lﬁpyi)rsmétgylmayammygqm@ﬂgmgm '&Eﬁ&h%?' t Wo

| ect ifhe 1 a | ent. bond t
oI | o b e T R S o s eiiatite (st e of 1t he

El ement s, HIHL"&P’JSJ@E‘ E‘Bﬁ*ﬁiﬁﬁ"iﬂ»m ng nitrogen, phosphorus, sulfur or oxygen; 10

Xis & munovia-eRbhamic nthd § n excl usi ve of
mp 5} %Fﬁ (LGOS Wém QT)SIE‘&%P% %ﬂﬁ‘ﬁ'ﬂh"l i gand groups

t he cl as ﬂf tet'aga%l at are cyclic,

and opt i onal’ A éﬂp ey d@)ét“?fé}yi&@mﬁmd@sﬂmétammﬂ tigangd. geoup; Z

i ndependé,ﬁﬂbsteterahﬂnyleméﬂtﬂnﬁa SRinRHRH ik SRR R GOFROYND having up to
20 at oms; Xdlfnl%&ﬂ)q 1 3]1Ju9acne and

Additional examples of suitable metal complexes for use as catalyst (A) herein are

20 polycyclic complexes corresponding to the formula:

where M is titanium in the +2, +3 or +4 formal oxidation state;
R’ independently each occurrence is hydride, hydrocarbyl, silyl, germyl, halide,
hydrocarbyloxy, hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbybamino,

25 hydrocarbyleneamino, di(hydrocarbyl}phosphino, hydrocarbylene-phosphino, hydrocarbyisulfido,
halo-substitated hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl, silyl-substituted
hydrocarby!, hydrocarbylsiloxy-substituted 'hydrocarbyl, hydrocarbylsilylamino-substituted
hiydrocarbyl, dithydrocarbylamino-substituted hydrocarbyl, hydrocarbyleneamino-substituted
hydrocarbyl, di(hydrocarbyl)phosphino-substituted hydrocarbyl, hydrocarbylene-phosphino-

25



15z is zero or I, Preferred exanpl es of such conplexes are _
3-phenyl -substituted s-indecenyl conplexes corresponding to the fornula:
2, 3-dimethyl -substituted s-indecenyl conplexes corresponding to the
formul as: 200" 88. or 2-nethyl-substituted s-indecenyl conplexes
corresponding to the formula: ¢, 3 CH3Si CR3 NC ( CH3) 3 Addi t i onal
exanpl es of netal conplexes that are usefully enployed as catalyst (A
according to the present invention include those of the formula:

substituted hydrocarbyl, or hydrocarbylsulfido-substituted hydrocarbyl, said R” group having up to

40 atoms not counting hydroger, and optionally two or more of the foregoing groups may together
form a divalent derivative;

R’ is a divalent hydrocarbylene- or substituted hydrocarbylene group forming a fused

L

system with the remainder of the metal compiex, said R containing from 1 to 30 atoms not
counting hydrogen; '
X" is a divalent moiety, or a moiety comprising one c-bond and a neutral two electron pair
able to form a coordinate-covalent bond to M, said X comprising boron, or a member of Group 14
of the Periodic Table of the Elements, and also comprising nitrogen, phosphorus, sulfur or oxygen;
10 X is a monovalent anionic ligand group having up to 60 atoms exclusive of the clags of
ligands that are cyclic, delocalized, n-bound ligand groups and optionally two X groups together
form a divalent ligand group;
Z independently each occurrence is a neutral ligating compound baving up 1o 20 atoms;
X180, ! or2; and
5 Z i3 zero or L.
Preferred examples of such complexes are 3-phenyl-substituted s-mdecenyl complexes

corresponding to the formula:

@) ©
SCCRRRS G

T
i TJ.CI-zsiz CHa I /\
7 CH3> \f E CHan

3

N"‘CH)

cH
CH

’

2,3~dimethy1—subst1mted s-indecenyl complexes corresponding to the formulas:

CHq
CE
Den o -
. ‘ \T’Jf.[%\
Y T::_CEM)Q CH3>SJ'. J CH,
] -
0837 ~ CEZ Sy

N

AN



Specific netal conplexes include

(8- et hyl ene- 1, 8-di hydr odi benzo[ phi azul en-1-y1)-N- (1, 1-di met hyl et hyDdi net hy
| silanam de 10titanium (11) ‘1., 4-di phenyl-1, 3-but adi elle,

(8- net hyi enerl, 8-di hydrodi benzo[e, h]Jazulen- | -yl1)-N- (1,1 -dinethyl et hyDdi
ethylsilanam de titanium (11) I, 3-pentadi ene, (8-nethylene-I ,

8-di lydr odi benzo ie, hi azulen-1 -yl)-N (1,1 -dinethyl ethypd

i methylsilanam de titanium (DI) 2-(N, N-di rret hylam no) benzyl, (S-nethylene-4

, 8-di hydr odi bengof g4 1l 1- d imethylethyl) d imethyls
Hal | am de t| t ani umﬁk o qQ%ﬁI&gep S'rmaaceg‘;’l(’gl ¥%9¢r@ﬁ@nﬂ1ngmtwﬁm i benzof e,

azul -yl)- yI ethyl)d etnyisilan~ide titanium (TV) dinethyl,
(8- rrethyle rodlb enzo ; eQ- ck., y1)-N-(1,1-dim
et hyl et hyDd , anani de titanik SNZY b=

10(8-difl uororreth Iene 1, 8+di @gdrodl benzo[ & hi 7§ /;;ﬂ;,;y\l) N-(1,1-

di net hyl et hyDdi net Zﬁl’shan m de titanium (11 ¥, 4sdi p enyl dy.3- but adi ene,
(8-difluoronet hyl 1 8%@&@ odi benzo[ e, hJazut'en-t« ,J,):HN- (1,1-

di met hyl et hyl ) di met hyl si | anam oie titanium (I T) 1, 3-pent Gl éne

(8- di f1 uor omet hyddeaal kxnglishy SEQdih zul

15di met hyl &Eg}#‘% di tﬁ'?trh%l s}?lél anam de ?il@t%%ﬁlln%% eﬁnl)v emglc‘yed as catalyst (A)

2- (1N, N- di et 53 lédii\gﬂltmn include those of the formula

(8-di f1 uor onet hy-ene- 1, 8- di hydr odi benzo[ e, hj azul en-1-y1)-N-(1, 1-

di met hyl et hyD yIS|Ianamdet|tan|um(I chl ori de,

(8-difluoroneth 1, 8-di hydr odi benzo [e, len-1-yl)-N(1,1-

di et hyl et Ianamdetltanlum(l f et hyl ,
20(8-diflu : Sdﬂfm)gdr odi benzgHs-h B (1, 1-
di rrethylethyl) tltanlum(T '.E IQCN‘)
(8- et hyl ene- § on—b'énz Fa I ] azul en- =N ( 1\1- ;&yl et hyl ) di net
hyl si I anam de ani um (}/I')\ 1, 4-di phenyl 1 r adl ene Gt
CH{ " CHy CH/ .
2 54

_SE(CHa)z CHahrmmm —-Si{CHky
NC{CHS)S \NC{CHS)B
CH—‘—CH T
CH+—CH

{
C5H5HC C HCgH; - CSHEHC// \C HCsHs
HaC Q —Si(CHy)
\ o \ Si{CHgz)z
T/NC(CHa)a \NC(CH )
/ \ HC Q T' ”
CH C ‘
3 H3 rand CHQ/ \CH3

Specific metal complexes mclude:
(8-methyiene-1, §-dihydrodibenzo[e, Alazulen-1 ~yI-N-(1, 1-dimethylethy])dimethylsilanamide
10 titanium (I0) 1,4-diphenyl-1,3-butadiene,

{8-methylene-1, 8~dihydrodibenzole, Alazunien-1 =y D-N-(1,1-dimethyleth; yhdimethylsilanamide

titanium (1) 1,3-pentadiene,
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25(8- et hyl ene-1, 8- di hydr odi benzo[ e, h] azul en-2-y1)-N- (1, 1-di net hyl et hyl ) di m
ethylsilanam de titanium (I1) 1, 3-pent adi ene,

(8- net hyl ene- 1, 8- di hydr odi benzol e, hl azul en-2-y1)-N (1, 1-di net hyl et hyl ) di r ne
thyl silanam de titanium (111) 2-(NTN-di met hyl am no) benzyl ,

(8- net hyl.ene- 1, 8-di hydr odi benzo[ e, 17]

azul en-2-3(1) - N-(l 1-di net hyl et hyl ) di net hyl si |l anam de 30titani um (1V)

di chl ori de,

(8- net hyl enemlsnPredih nz hj u en- 1) N- (1, 1-di net hyl et hyl ) di net
hyl si | anani dg} tl?t& anll %Hr#%q = ﬁ,‘é@fﬁ 1311" -YI)“N{I 1- methyleigly])dnnethy]s;lanamzde

(8- nethylene“?ﬂgmdﬂh?dﬂ@ﬁﬁ%@hzb@ephbaymIen 2-y1)-N-(1,1-dinmethylethyl)di e

| E il 1 5 n- _
adi £ uor ong) "”"@%"Eém Ry AF A b2 i ey

di met hyl et hy H9I§b°§ﬁanlde tltanlun1(ll) 1, 4- dlphenyl 1, 3- but adi ene,

(8-difl&or mmg&@n@- diflsaBriche Y,
’ dlanazﬁ?%équﬁgﬁihh1 ?W%hTﬁéﬁH@WPﬁﬁF@Wéi

5di r net hyl et t.h
(8- dlfluorong%ﬁ Té édT%gghlhydrodlbenzole hi azul en-2-y1)-N-(1, 1-

di met hyl et ﬁylhéthtllm{lmdﬁwioam&fﬂaﬁ%é fitaniaim.( ;| yl am o) benzyl
(8-d ifluorongt mﬁlﬁﬂ in 8-d |hydrgd|beng ﬁj‘&%$%?gﬁgbmftV%q’ﬁﬂTE 1-
dlnethylethyl)d né y gt anani de titanium (no dichloride, 10(8-d

i fluoronet hyl ene-1, 8- d|hydrodibenzofe azulen-2-y1)-N (1, 1-

di met hyd et ReeSu N tit 1 \)__di met hyl
(é”ﬁ.f}fuﬁrdéﬁf?!hg%% L E ARl il i 2 v (1,1

di met hyl et hyi% fW)‘iﬂqﬂa’ﬁﬁéﬁmﬂé titﬂllmairmwm-ﬁip}@nydl DeRzYlLe, and m xtures

t her eof , espﬂﬁbﬁhkmwﬂigtyeﬁtggib rs. 15Further illustrative
§r foe Oié}%’lcco 3’#?39 o"the present invention

g)(;?g!sgzngf tJTE ?f%éeﬁyg}dmﬂ%é?slswa%‘q§ [fanivm (II) 1,3-pentadiene,
(8-difluoromethylene-1,8- ~dihydrodibenzofe, Klazulen-1 L-yD-N-(1,1-
15 dimethylethyl)dimethylsilanamide titanium (HT) Z-G\T,N—dimethylamino)benzyl,
(8-difluoromethylene-1 -8-dihydrodibenzole, tazulen-1 “yD-N-(1,1-
dimethylethyl)dimethylsilanamide titanium (IV) dichloride,
{8-difluoromethylene-1 ,8-dihydrodibenzofe, Alazulen-1 -yh-N-(1,1-
dimethylethyl)dimethylsilanamide titaninm (IV) dimethyl,
28 (8-difivoromethylene-1,8-dihydrodibenzo fe, lazulen-1-y1)-N-(1,1-
dimethylethyl)dimethylsilanamide titaninm (IV) dibenzy]l,

{8-methylene-1,8-dihydrodibenzo {e.Alazulen-2-y1)-N-(1,1
titanium (1) 1, 4-diphenyl-1,3-butadiene,
25 (8-methylene-1,Sndihydmdibenzo[e,h}azulen-’z-y}}nNu
titanivm (If) 1,3-pentadiene,

~dimethylethyl)dimethyisilanamide
L, I-dimethylethyl)dimethyisilanamide

{8-methylene-1, 8-dihydrodibenzo[z, #jazulen-2 -yD-N-(1,1 -dimethylethyldimethylsiianamide
titanium (II) 2-(N N-dimethylamino)benzy!,

(8-methylene-1,8-dihydrodibenzo (e Alazulen-2-y1)-N-(1, l-dimethylethyl)dimethylsilanamide
30 titanium (IV) dichioride,

(8-methviene-1, 8-dihydrodibenzofe, k) azulen-2-y1}-N-(1,1 -dimethylethyl)dimethyisilanamide
titanium (IV) dimethyl,

(8-methylene-1,8-dihydrodib enzofe, Alazulen-2-y1)-N-(1,1 ~dimethylethylidimethyisilanamide
titanium (V) dibenzyl,
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i i i i | oxidation

i -4-7 where Mis titaniumin the +2, +3 or +4 fornma
ggt (rar?(x_zl_zi;( -NR9- or -0-; 20R9 is hydrocarbyl, silyl, gennyl, .
di h d}ocarbylboryl or hal ohydrocarbyl or up to 10 atons not counting
hyd?/o.gen' R i ndependent|y each occurrence is hydrogen, hydrocarbyl,
trihydroéarbylsilyl, tri hydrocarbyl silyihydrocarbyl, gernyl, halide,
hydr ocar byl oxy, hydrocar byl sil oxy, hydrocarbyl shyl am no, .
di (hydrocar byl 5am’ no, hydrocarbyl eneam no, di (hydrocarbyfl phosphi no,
25hydr ocar byl ene- phosphi no, hydrocarbyisul fido, halo- substituted
~hydrocar byl,, .. cirocarb¥loxy- substituted hydrocarbyl, silyl- substituted
hydr ocar by I(g‘d‘ﬂéﬁ?%?%‘@%ﬁ Srdigsdpdivaupistiauedtyhyunocar byl , .
nycr oar by > iyl s SRS D6 By Oy oar by ) art -

[ ar - ;o
Z'Ul()?lt :1I£ lcj)f:S&B@égkgceg{lf?%%;’Sﬁﬁé‘g&f’ﬂ?éﬁh}f%lﬁ%%wum hydr ocar byl enephosphi no-
S:Jbs%/i taut ed ﬂiyld?h@etajﬂh]éﬁhathﬁﬁiaﬁhmﬂdem%&hﬁy{I%ll,leﬂe%Q(ﬁerﬁﬁ53'; :)tg g; egt'gxrfrgr ogﬁ(rj byl ,

i j . ons not counti ng ,
galt idoEaEI ?;@ﬁﬂo&%ﬁeﬁ%}ﬁggﬁ%ﬁ %8‘%%‘?‘3681aﬁﬁer’a?d}’%r5éht1* RE groups may toget her
fgr m a di val @methdehibdatdtiesitdedebyanfuar mlmz@\;,ag,;eg{ymﬂgg)bgf unsaturated fused
i ng; i I i Lacking, i el ocalized 7-e Zgétrons, or such a
m .ngi Xgol@ﬁ@%}iéﬁmgﬁ%h%ggg%%%oe{%é’z%{e’%]gﬁ‘?er‘%l'ﬂ%“wlfé1 ectron pair able to form
e : Y N : » . s - .
gmcoo?/di ngPéi“E,‘?}@ P ilangmidle tivamiuch (XV) Gaipise,Si ng boron, or a nenmber of

Croup b4 o duterinid € BN Gk bR FLSTRAL Ay, pnd ol so Tocomprising,
ni trogen, ;

| fur or ox .
| i gand gr 05Bﬁfﬁg&?‘gﬁ@?ﬁﬁ%hé@%%ﬁiﬁ%@mﬂ‘@siﬁv@mf the class of ligands t h?t
are cycli dsﬁiﬂyamdletgﬁembpﬁ&bi@yﬁmiﬁegzol}é,Ajgiu%ggd)%_?oﬁaI ized 7-electrons or two

. j val ent ani onic |i'gand’ group;
X groups togeth %’ﬁetha}‘rf)gzmaethgfls;{anann%e titanium (1V) dibenzyl, and mixtures thereof, especially

mixtures of positional isomers.

15 Further illustrative examples of metal complexes for use according to the present
invention correspond to the formula:
}310 R10 , RP  gio
R1G
R10
- MXZ,
o P
R10
or R
s R0
)
where M is titanium in the +2, +3 or +4 formal oxidation state;
T is ~NR- or -0
20

R’ is hydrocarbyl, siiyl, germyl, dihydrocarbylboryl, or halehydrocarbyl or up to 10 atoms
not counting hydrogen;

RY independently each occurrence is hydrogen, hydrocarbyl, trifydrocarbylsiiyl,
trihydrocarbylsilyliydrocarbyl, germyl, halide, hydrocarbyloxy, hydrocarbyisitoxy,
hydrocarbylsilylamino, di(hydrocarbylyamino, hydroc;arbyleneamino, di{hydrocarbylyphosphino,
25 hydrocarbylene-phosphino, hydrocarbylsulfide, halo- substituted hydrocarbyl, hydrocarbyioxy-

substituted hydrocarbyl, sityl- substituted Irydrocarbyl, hydrocarbylsiloxy- substitated hydrocarbyi,
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Z independently each occurrence is a neutral |igating conpound having u o]

pt
20 atoms; 15x is O, 1, 2, or 3; and z is O or 1. H ghly preferably T
is =mcEr3), Xis halo or hydrocarbyl, x is 2, X is dinmethylsilane, z is O
and RE each occurrence is hydrogen, a hydrocarbyl, hydrocarbyl oxy,

di hydrocar byl am no, hydrocar byl eneam no, di hydrocarbyl am no- substituted
hydr ocar byl group, or 20hydrocar byl eneam no- substituted hydrocarbyl group
of up to 20 atonms not counting hydrogen, and optionally two R o groups nay

be joined t0g ust tal conpl exes of the foregoing fotinula
t hat may bepeg&lgbysnﬁmnmtsﬁes"%” egélﬁ’ggcé‘%éﬁ dErqsraxiemting: mpsinttedG dfounbher

i ncl ude théy¢@mﬂ6%mwgmwﬁwbmﬂmdgwéﬁ@ﬂ@UHX%@HhQ@}ﬂﬁﬁﬁ%hM%ﬁ%n&&@ﬁﬂﬁmmﬁwﬁ 2

"JO -neth netitani um 2
1, 4-di phenﬁ%_dr%@%b@%géﬂms@% ')S“t!’sg‘g’%gﬁydzmg%l or hydrocarbylsulfido- substztuted hydrocarbyl,

(t-but yl antdb-dieree hayineug mT‘f‘fEﬂﬂWﬂ[Oﬂcnﬁntﬁw}@dr()g’len%hﬁydn& sRioR@OL)s {3t indene- 2
-ypS|IaﬂetmE&ﬁb e adjadeht 210 w

(t-butyl anj ogﬁ E% |c16%7j enzo- ﬁﬁggﬁﬁgﬁ%fﬂ%%P%VF?ﬁ8?WH%P¥”€%¥D i ndene- 2
-341) si | aneat & ‘?%’Pﬁawfﬁf@ fefef g2 (N, N- di met hyl ani no) benzyl

20f2t yg:lt lygra]-gt ?%‘“\‘rl]l:s Eﬁ%myﬂtn{OWIlmgxpdﬁ{oéal%gn e%ct(fans of sucxlalnggt!yggg}!ﬁzsm(g%g -1 nden

(4- but yl an¥ A8 FPHRAPRRLIE Slpttrarmpeipalieto Sorpt 4 @oidinamebiadt o8O0, said x

311) 4ndeneridn brl, BNehéhiRN b A able
|)m(st hy) ot % fpﬁ mﬁpﬁ\oo]f i mm@jﬂbl (OfmS%}IF‘ﬁfﬁ%mid)al °(3 111)-in
dene- 2 yl3 Prgiig %ﬁ%ﬁﬁﬁ%?%@mﬂ$ﬁﬂﬁévwxﬂﬁﬂ
0-butyl ai ni o) df estuivydden?drhenztinlddeSp Koy o1 BBLOML LaRLARh) (31571 - ndlene
-2-yGsiii rfﬁrm?dgltﬂ%rg 3\JQ10 Bgan group m}é to M t%ro)ugh delocalized n-electrons or two X groups

together are a divalent anionic ligand group;

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

i5 xis 0. 1, 2, or 3; and

zisOor 1.

Highly preferably T is =N{CHa:}, ¥ is halo or hydrocarbyl, x is 2, X is dimethylsilane, z is
0, and R* each occurrence is hydrogen, a hydrocarby!, hydrocarbyioxy, dihydrocarbyvlamine
hydrocarbyiensamino, diliydrocarbylamino- substituted hydrocarby! group, or

2¢  hydrocarbyleneamino- substituted hydrocarbyl group of up to 20 atorms not counting hydrogen, and
optionally two R groups may be joined together.

IMustrative metal complexes of the foregoing formula that may be employed in the practice
of the present invention further inchude the following compounds:
(t—butylamido)dimethyl—[ﬁ,7}be:nzo-{4,5 273711 -methyIisoindol}-(3H)—indene—2—yI)silanetitanimn

25 (1) 1,4~diphenyl-1,3-butadiene,
(t-butylamido)dimethyl-[6,7]benzo-[4.5:2* Kiale! -methylisoindol)-(3H)-indene-2-yl)silanetitaniom
(I) 1,3-pentadiene,
(t-butylamido)dimethyl-[6,7Tbenzo-[4,5:2 "3’ J(I-methylisoindol)-(3 H)-indene-2-vl)silanetitaniwm
(1) 2~(N .N-dimethylamino)benzyl,
3¢ (t-butylamido)dimethyl-[6,7]benzo-[4,5:2° 3 “J(1-methylisoindol)-(3 H)-indene-2-yl)silanetitanium
{IV} dichloride,

(t-butylamido)dimethyl-[6, 7 benzo-[4,5; 23K z~m6myhsoin&01)-(3H}-.indene—2~y1)si:’ianetitanium
(IV} dimethyl,

30



cycl ohexylam do) di net hyl- 16, 71benzo-[4,5: 23 1(1
hyl i soi ndol )-(314)-i ndene-2- yesilanotitanium (11)
di phenyl- 1, 3- but adi ene, (cycl ohexylam do)di net hyl-16, 7Thenzo-14, 5: 2

, 3-met hyl i soi ndol ) - (31-0-i ndene-2- yGsilanetitanium (1) 1, 3-pentadi ene,
O(Cyclohexylainido)dinethy146,71benzo-[4,5 2", 310
-nmet hyl i soi ndol ) - (3H)-i ndene-2- yl)silanetitanium (B)
2- (N, N-di net hyl am no) benzy1,

cycl ohexyis: 310- net hyl i soi ndol 3H) -i nden
((3 )2/ yOsi ?/!aﬁﬁﬂd?]? ’?g’?%iw\g F;L]g %rk gég‘l—m“th}%lsomdo D-(3H)- m)c/iane 2 yl)m]dnetZtan(mml_l)
(cycloheltyli% %ﬁnnthyl 16, 71benzO [4,5:23

L et st 0y 1 BB AT (M S

(cycl ohexyl thy
e- 2- yCEiIa%gh% é WY eI di benzyl, (cycl ohexylani do)di met hyl[ 6, 71benzo44,
5:2" ,31(1 - nethyI|30|ndoI) (311)-indene 2- yGsil anetitanium (1V)

bi s(trimet, 1 do) di t hyl pheny1) - {6, 7Th 14,5 : 2
Igg( e gt Oﬂ’ ‘o’Mil %ﬂ‘i’gim(@%%lb[gﬁéﬁwg]éﬁg o 5@@%5%%9&1; %)Lnnax{m(em) onee

é E)l ?I lphenyl’i%éia’@tbﬂﬂkﬁdﬂéﬂ&—dlphcriy -1,3- butatji-lgne 145 3 1(1

ut yl ami enzo-
-net hyl | soﬁﬁdol}x% ( E;M ﬁﬂﬁk rﬂ% I?y?lg? ?a%{ F‘F'éﬁﬁ‘ﬁ%ﬁi‘@} 43)‘0 indgeefent adi ene,
25( t - but y 1addie)edigyyomed iptnetiaday) ) - 16, 7Thel 1120-[ 4, 5: 2', 31( 1- et hy1i soi ndo
1) - (3Hp- i ndepRxAnnmy, N, N—dlnethylanlno)benzyl
(t-butyl ani d&%x %;Ib ér%%&?ﬁpﬁéeﬂg%? E‘{nﬁirh%@%‘e%(ﬁm‘)@d@r/é%(n dene-2-
1- met hyl i sof ehey-gime(p@iniraptetit,ani um (1V) dichl ori de,

| - but y 1amdyclodeditbapiddtinath ,l-The
g(l ne¥hy|?§d%§gém{ﬁ?i %:ﬁﬁﬁgﬁé&gﬁt30ﬁﬂ?§ Lﬁk?m?ﬁﬁ?éhwé?ﬁ¥ di met hy1,
0- butylan1d%§ %‘ @% ﬁ?lGllJbenzo 14,5:2',31(1-nmet hylisoindol)- (311

)-i ndene- @yclmlémwejdnﬁﬁmi—m]lﬁém\;@- sdidpanzyl,
(1 buyl am g s e by 45 ARty e,
soi ndol ) - é ene- {y T&hetitanium (1V) bis(trinethylallyl),
cyclohexylam1do)d1methy i-[6,7)benzo-[4,5:27.3° }(1-methyhsomdol)~(3ﬂ) indene-2-
yDsilanetitanium (IV) dibenzyl,

5 (
- et
1, 4-

(cyclohexylamido)dimethyl-[6,7{benzo- 4,5:2°,3'%1 -methylisoindo)-(3H)-indene-2-
vDsilanetitanium (FV) bis(trimethylsilyl},

(t—butylamid_o)di(p—methylphenyl)—[6,7]benzo-{4,5 :27,37}(1methylisoindo D-(3H)-indene-2-
yhsilanetitanium (1) 1,4-dipheny}-1,3-butadiene,
(tnbutyiamido)di(pumethylphehyi)m[é,7] benzo-[4,5:2°,3 “1(t-methylisoindol-(3H)-indene-2-
vhsilanetitanium (1) 1,3-pentadiene,
25 (t~butylamido)di(p~methy1phenyl}—{6,7]behzo—[fé,s 127,37} 1~methylisoindol)-(3 H)-indene-2-
‘yhsilanetitanium (I0T) 2-(N,N-dimethylamino)benzyl,
(t-butyiamido)di(p-methylphenyl){G,ﬂbenzo—[4,5 :27.37)(1-methylisoindol)-(3H)-indene-2-
ylsilanetitanium (IV) dichloride,
(t~butylamido}di(p~methylphenyi)~[6,7]benzo-[4,5 2’3 "1(1-methylisoindol)~(3H)-indene-2-
30 ylsilanetitanium (IV) dimethyl,
(t—butylamido}di(p-methylphenyl)-[6, Tlbenzo-[4,5:2°,37](1 -methylisoindol)-(3H)-indene-2-
ylsilanetitanium (IV) dibenzyl,
{t-butylamido)di{p-methylphenyl)-[6 . 7Jbenzo-[4,5:27 37](1 -methylisoindol)-(3H~indene-2-
vDsilanetitanium (IV) bis(irimethylsityl),



(cycl ohexyl am do) di ( p- met hyl phenyl) 46, 71benzo-[4,5:2',3 1( 1 -nethyliso
indo I) -(3H)-indene-2- yl)silanetitanium (I1) 1,4-di phenyl-1, 3-butadi ene,
(cycl ohexyl at ni do) di (p- et hyl pheny1) 46, 71ben70-[4, 5: 2", 3
"1(1l-inethylisoindol) -(3H)-inciene-2- yGsilanetitaniurn ea)
|, 3-pent adi ene, (cycl ohexylam do)di ( p-nethyl pll enyl) 46, 7] benzo-14,5:2"',3
rl(l nmet hy soi ndol) -(3H)-indene-2- ypsilanetitanium (l11)
2- (N, N-di net hyl am no) benzyl ,
(cycl ohexyl am do) di (p- rret hylphenyl) 16, 7Thenzo-[4,5:2',3
"1(1- et hylisoindol) - H) - i ndene-2- yGsil ancti tani um (1'V) dichloride,

1( cycl ohex@?v%%fr%wﬂ@é%mwpmmmbe{n@o VA $re nzipr b fisdindod-(3 H)- o2

3(1-nmet hyl i neletidnind - |Ianet|tan|urn(l\/) di e
(cycl ohex g??jrsu do) di (p %ﬁ%%e g 3% "3benzo-[4, 5:2', 3 JO -me

yl i soi ndol ‘¥ 10("%*?1‘”)‘11199?@&1@@*2&119%319 G.ﬁi@mm B ajm}(ikﬁq/c)hﬂisdamgykm) Bide.o.-

(cycl ohexyla_ym}hﬁﬁéﬁmﬁ@n@tﬂwgegagi@yg) [ 6, 7] benzo-[ 4, 5:
](1- rrethy 'nQd 5 (% g dene- 2- 15yI)S|Ianet|tan| um(I\/)
bis(tri n‘et ﬁy ida)di{p-m *hfffPl}eagi &537&&60@ GSE0p 14 -meidiboigonl Iexesnd-hat  may be

e nmpl oyed i nri)szkaeequmamﬁ (mreooi- cﬁlﬂ@hﬂd}ﬁﬁ Génmnventl on further include:

tert-but 9 0- 1,4,5 ,6,7, 8-
Eleighydlrjoﬁgy%ﬁh%g? &“&Jeﬁn%%%’ﬁﬁ% *16?%?#?4& ? d@gwmxsc@@péﬁﬁ) -itpiabeyt-ami do) (

1, 1,2,3 -tét)wan@ttwan @y BdicHo®iel1, 4,5,6,7, 8-

hexahyd LRLD Lty t

('? )é?t yblrj'? $§gﬁ1ﬁé§gi)a(ﬁ{%{)(} %met y*?&] r?yi} @r}gﬁflﬁo é#nglé(lqeé??ﬁyﬁlsoﬂidﬁ%{mwﬁet%etl t ani um
di benzyl ,  (YeFpapinua@y uépehst r anet hyl -

~cycl o t
(tort °Eﬁ?5‘i@a“’@?§%}ﬁ%§ sl mwg;%gggfgg%gmw%@w@

iyltitani urrV um (@Y bibenpitapt ani do) (t et r amet hyl - n5
-ind Od (ayedblieyyisink t thyl -115
el ottt o N

-cyclq enta s'ﬁ %{1 |Ianteht|tan|um

(tert uty| {8t ?(’HW 78D (tert - butyl ani do) (tetranet hyl - n5-
cycl opent adi en&'l@slmmtdﬁxy}hﬁn @ BedcimpBRtsWRAt (ol bd endidy¥

cycl opent gdienyiinbBL hyl.si | aneti tanlsum (5%) eznﬂJ ’ %I%%eﬁy?cgceen%ﬂh&pmw

(tert-butylarmido)(1,1 ~dimethyl-2,3,4,9,10-1-1,4,5,6,7,8-
hexahydronaphthalenyl)dimethyisilaneti’taniumdimethyl,
20 (tert-butylarmido)(1,1,2,3-tetramethyl-2,3,4,9,1 0-n-1,4,5,6,7,8-
hexahydmnaphthaienyi)dimethylsiianetitaniumdhnethyl,
(tert-butytarnido)(tetrametiryl-n° -cyelopentadienyl) dimethylsiianetitanium dibenzyi,
(tert—butyiamido)(tetramethyl—n5~cyciopentadienyl)dimethyisiianeﬁtauium dimethyl,
(terthbutylamido)(teiramethyl-n5-cycl<)pentadieny1)-i,2-»ethanediyltitanium dimethyl,
25 (teri-butylamido)(tetramethyl-n S-ind@nyl)dimethyisilmwtitanium dimethyi,
(tert-butylamido)(tetramethryl-n’ -cyclopentadienyl)dimethyisilane titanium uh
2-(dimethylamino)benzyl;
(tert-butylamido)(tetramethyl-n’ ~cyclopentadienyl)dimethyisitanetitanium (HL aliyl,
(tert-butylarnido)(tetramethyl-n’-cycl opentadienyldimethylsilanstitaniym (11
30 2,4-dimethylpentadieny!,
(tert-butylarnido)(tetramethyi-n 5-cyciopentadienyi)dimethyisiianetitanium (If)
Ld-diphenyl-1,3-butadiene,

(tert-butylamido ) tetramethyl-n -cyclopentadi enylydimethylsilanetitanium (I1)
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(tert-butylarni do)(tetramethyl-115- cycl opentadi enyl)d ethylsilanetitani um
(11) 1,4-dip henyl- 1,3 -b utadi ene,

(tert-butylarni do)(tetramethyl-n5-cycl opentadi enyi)di net hylsilanetitani 11m
1, 3-pent adi ene, (tert-butylam do)(2-nmethyl ndenyl)dinmethylsilanetit um(I1l)
1, 4-di'phenyl-1, 3- but adi ene,

(tert-butyl am do) (2-net hyl i ndenyl ) di rnet hyl si-l anetitanium (I1)

2, 4- hexadi ene, (tert-butylam do)(2-nmethyli ndenyl)di nethyl si lanetitaniurn
(rv) 2,3-di ”Q=t32¥§*'35¢n%' but adi ene,

(tert-butyl am do ? -nmet hyl i ndeny11di net hyl si | anetitanium (1V) isoprene,

(t er t - but Yt hhde)ifoCrediwihiandatipdibdinpidaylsi iBnatddani ym (1V)

1, 3- but adi eneytadiene ’

(tert-butyl am do) (2, 3-di 1f | et hyli ndeny11di met hy1si 1anetitani um (V)

102, 3- di néfHPWTRIBdGmeadiséingeny dimethylsifanetitanium (11) 2,4-hexadione

(tert-but yleabugQ)(id) 3=t i & ) di.ret hyl si | anetitanium (1V) isoprene
(tert-butyl a%it %8%.%2) 3. ch{r%%%ﬁl?%gﬁ%%ﬁwﬁg%uW%ﬁ"I:%ﬁlfgl?iiht’idiraﬁ"um (1V) di net hyl
(tert-butyla 2, 3-di et hyl i ndenyDdi net hyl si |l anetitani nm (1V) di benzyl
15(t er t - bifteyt-baryiachidof(2-nBtrdiikmRb )k, 1.dj.met hyl.sii anetitani um (1V)

1, 3- but adigne, l(a}n?ﬁzb“%}gl- m%)g) (%?%{f?&%g%ln%l(l d&RY12di et hylsi | anetit ani um
(1ry 1,3- Iigent AU EKg)@-metytindenyl)dimethylsilanetitanium (TV) 1,3-butadiene,

(tert - but yeahittleln(d@)(33 dimrtyliydehyismpbldiamianhshhanet i tani um (11)

1, 4- di;phenylm_gimghgﬁtg?itg e,

(tert-butgtl am do)z - e lhy i mdenyl ) di net hyl si 1lanetitanium (I1)

1, 3-penta F%hléyla@@exéﬁJdmmwxhcamlme@gamehwmq%r}yedi net hyl sil anetitani um
(1'V) di et hyibprehd €rt - but yl am do) (2- met hyl i ndenyQdi net hyl sil anetitani um (1V)
di benzyl , étert- but yl am do) (2- met hy1- 4- phenyl i ndenyl ) di net byl si | anetitani um
(11) 1, 4- dFpPEHPUORZ Bdimg iy rflewsldimethysilanetitanium (1V) dimethy!

(tert - but grérabicdanidd Rl hy RSN n di.metl%l si | aneti t ani uni, 3- pent adi
ene, g;(tﬁglg_gu%%é%il %xm do) ( 2 met i ty%e%?%ﬁ%%gﬂ‘ﬁﬂé Fi&atet hyl si | aneti t ani um
(1) 2, 4-1exad g? (2.3-dimethylindenylydimethyisitanetitanimg (IV) 1,3-butadiene,

(t ert - but§eriamidodifd)e ¥ dimehibnlenk b 8meNslonent.adi ﬁﬂyﬂg). Eg?lﬁln Tet hyl - silaneti tani um
(1V) (teﬂ-butylamido)(2,3~dimethyiindenyl)dimethyisiianetitanium (I

L,3-butadijene,

1,4-diphenyi-

(tert—buty]amido)(z-methyimdenyI)dimethylsilanetitanium {(II) 1,3-pentadiene
20 (teﬂmbutylamido)(Z-methylindenyl)dimethyisiianetitanium (IV) dimethyl
(tert—butylamido){z-methyimdenyl)dimethylsilaneﬁtanium (IV) dibenzyl,
(tert—butylamid0)(Z-methy,!-4-phenyiindenyl)dimethylsilanetitauium (I
1,4-diphenyl-1,3-butadiene,
(tert~butyiamido)(2-methyl-4-phenylindenyl)dimethyisiianetitanium (I} 1,3-pentadiene
25 (tert~buryiamido)(2—metl;yl-4~phenyﬁndenyf}dimethylsﬂanetitanium (II} 2,4-hexadiene
(tert-butylamido)(tetramethyi—n ’ -cyciopentadienyl)dimethyl- silanetitanium (IV)
1,3-butadiene,
(tert-»butyiamido)(tetramethyl-n : -cyciopentadienyl)dimethylsilanetitanium (IV)
2,3-dimethyl-1,3-butadiene,
30 (tert~butyiamido)(tetrametilyi~115-cyc1opentadienyl)dimethylsilanetitanium (IV)
isoprene,
tert-butylamido)(tetramethyl-r 5—cyciopentadieny§)dimeti:yi— silanetitanium (1F)
1 4-dibenzyl-1,3-butadiene, ’

(tert-butv e do VWesmmnmm it and mo T o 13 :
{tert-butylamidoj(tstramethyl -Cyclopentadienyljdimetiiyisilanetitaniom (1

33



1, 3-but adi ene, (tert- b utylam doXtetranethyl-15-cyc |lop entad tenypd
imethyls Ilanetitanium (1V) 2,3-dinethyl-1, 3-but adi ene,

30(tert-butyiam do)(tetranethyl -bs-cycl opent adi enyCQdi net hyl si | anetitani um
(1'V) .isoprene,

(terit-butylarnido)(tetraldethyl-b5-cyclopentadi enyl)dinethyl-silinmetitani um
(11) 1, 4-di benzyl-1, 3-but adi ene,

-butyl am do) (tetramet hyl -i f-cycl opent adi enyDdi ntetl ayi sil anetitanm

2, 4- hexadi eNe, ;¢ s ‘

(tert-butyl art asFtBEr amet hyl - ns- cycl opent adi enyl ) di r net hyl - si | anet i t ani um
3- net hyl - 1{8+-pertaidi)@aemetief o Bblil.a0 -dineth .

yl pent adi en- %—_%E%j'_met h%.%dsi j?aﬁlﬁlectyi t*aniagl%ﬁ%%w& , sinettanium @ .

Cert - butyl gr nliy11 0 yz 6, 641 IfBY-hy| cycl ohexadi enyl ) ci i met hyi si | aneti t ani undi met h
yl, ('t er kblUert-pitdmido) (415 detic ipRikA1EA 3 2113 irfy P 5 :

7, 8- hexghy?g@a%g?%%%g-ﬁéﬁ :‘yOdL{’HEt h.)%l )si 1 gﬁfg?%{egﬁﬁéﬁgiﬁlﬁ%@ﬁyl ,

(tert-butyl am do) (1, A0 L S Hat gyt agmeivisilgnetignipmdingnsy, 6, 7, 8- hexahydr ona
pht hal en- 4cters7w1%@q}@nsjﬁh®imm3t@)imwj‘%%,hMl}exahvdronaphthaIen.—éi—

10(tert-but yk%ﬁ@i&l&&%ﬁ{aﬁ%ﬂﬁ%' s-cycl opent adi enyl

met hyl phenyl sl'l anetitaniu i met hyl,
(tert - but yleamugmidogd ,ﬁéﬁétmahyi-as,aygbapgm,s,@,clv,aelméhlyamnaghmamz;,
ne,

met hyl phenyjaghdidREIEAARLUHA 1, 4- di phenyl- 1, 3- buf adi
1-(tert-butyl arﬁi -t2- % tet %Jgﬂet hyl-r 15-cycl opent adi enypet hanedi yl titani um

do
(1Vv) 154 r@ﬁﬁﬂﬁ%ﬁ?&iwﬁmﬁhﬂ—ns-oycicpentadienyl methylphenylsilanetitanium (IV) -
14tert - butyl amg@) - 2- (tetrarnet hyl - bs-cycl opent adi enyf | et%nedi yhtitani (11)
1, 4-di phenyl- 1, 3- but adi ene, ; O her del ocalized, it-bonded conpl exes,
especi al | yeFRgEmidgemmlyg MOt iv@peGrdup! HetiRpiah@siladtbdainnQin) COUr se, be
apparent to fhesgngkiidhedi,p the art, and are disclosed anbng other places

I Nn: .
1-(tart~butylamldo)~2—(tetramethyl-n5-cycIopentadieny})ethanediy}titanium (V)
15 dimethyl, and
1—(tert—butyiamido)-z-(tetramethyl—'r}5—cyclopentadienyl)ethanediyi—titanium (ID) 1,4-diphenyl-1,3-
butadiene. ,
Other delocalized, n-bonded complexes, especially those containing other Group 4 metals
will, of course, be apparent to those skilled in the art, and are disclosed among other places in:
20 WO 03/78480, WO 03/78483, WO 02/926 10, WO 02/02577, TS 2003/0004286 and TIS
Patents 6,515,155, 6,555,634, 6,150,297, 6,034,022, 6,268,444, 6,015,868, 5.866.704. and
5,470,993, ' |

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

complexes of polyvaient Lewis bases, such as compounds corrssponding fo the formula:

b s ‘%'LI« " —I ,&5;{0
R —x° Ye-®Y), ®®), —xb %H"”Yig___ ®,
%H"”be!& .J u,,% bﬁ:;r &
I j M :
ns LY or ibh 7, ]

; preferably



20 WD 03/78480, WD 03/78483, WO 02/92610, WO 02/ 02577, US 2003/2004286 and
US Patents 6,515, 155, 6,555,634, 6,150,297, 6,034,022, 6,268, 44 ; Ca
6, 015, 868, 5, 866, 704, and 5, 470, 993. Addi ti onal exanplef o] nefa
cbnplexes that are usefully enployed as catalyst (A) are conp e?es oI .
pol yval ent Lewi s bases, such as conpounds corresponding to the g(ﬂg_ai(Rn)
TbTb (Rb)g b (R b'(Rb)gxbbb )g Lb L h ; preferably TbTh / Ng, i g!

X ,bbb" )g Na Nib/\k, Lbhl T b f

b
N /’
®")y—— % ///S{b__cgp)g \\\\S{iﬁ-gﬁ?)g
\*hﬁ \& e
I{Jbgir 5 :{!_, bh’ be
Th b
7N, f /E ~ -
R — %" Pral” | R, —x v,
X f | \Mb/
Ly 2 L | )
Lpy , Or Lbh'wI be

wherein T'isa bridging group, preferably containing 2 or more atoms other than hydrogen,

X® and Y® are each independently selected from the group consisting of nitrogen, suifur,
oxygen and phosphorus; more preferably both X° and v° are nitrogen,

5 R" and RY’ independently each occurrence are hydrogen or Cy o hydrocarbyl groups
optionally containing one or more heteroatoms or inerily substituted derivative thereof. Nop-
limiting examples of suitable R® and R® groups melude alkyl, alkenyl, aryl, aralkyl, (poly)alkyiaryl
and cycloalkyl groups, as well as nitrogen, phosphorus, oxygen and halogen substituted derivatives
therecf. Specific exampies of suitable Rb and Rb® groups include methyl, ethyl, isopropyl, octyl,

10 phenyl, 2,6-dimethyiphenyl, 2,6- ~di{ 1sopropyDphenyl, 2,4 O-irimethylphenyl, pentafluorophenyl, 3,5-
trifluoromethyiphenyl, and benzyl;

gisOorI;

M? i5 & metallic element selected from Groups 3 to 15, or the Lanthanide series of the
Periodic Table of the Elements. Preferably, M® is a Group 3-13 metal, more preferably M” is a

15 Group 4-10 metal;

LPisa monovalent, divalent, or trivalent anionic ligand containing from 1 to 50 atoms, not
counting hydrogen. Examples of suitable L groups include halide; hydride; hydrocarbyl,
hydrocarbyloxy; di(hydrocarbyDamide, hydrocarbyleneamido, di(hydrocarbyljphosphido;
hydrocarbyisulfido; hydrocarbyloxy, m(hydrocarbylsﬂyl)alkyl and carboxylates. More preferred

0 LP groups are Cya alkyl, Cr.p0 arallcyl, and chioride;

h is an integer from 1 to 6, preferably from 1 to 4, more preferably from ! fo 3, and j is 1 or
2, with the value b x ] selected to provide charge balance;

Z’ is aneutral figand group ceordinated to M® and contaming up to 50 atoms not counting

hydrogen Preferred 7° groups inchude aliphatic and aromeatic amines, phosphines, and ethers,

&3]
LA



[/ (Ro/g - Xbyb_ (RL31)g NA, / ivp | b_  (Rb)ig - Xb, Yo 2, Ob7b f

wherein Tbh is a
t han hydr ogen,

consisting of n
Xb and Yb are n

i dgi a i ni t her
bridgin roup, preferably containing 2 or nore atons o
Xb ang Yg gre each independently selected fromthe group
itrogen, sulfur, oxygen and phosphorus; nore preferably both
Itrogen, 5Rb and Rb i ndependently each occurrence are

hydr ogen or C _so hydrocarbyl groups optionally containing one or nore

het er oat ons or

inertly substituted derivative thereof. Non- a exanpl es
i ncl ude al kyl, al kenyl, aryl, aral kyl,

?LOF;;E?F%gﬁg%yﬁﬂ%ﬁ”sﬁ?@%%% E UPOIHYatiys thegsof. Bl foeo genttupiosqier us,

i ; 1y vden,i RS olN ek B al: i£1c exanpl es of
g)ljiytgggl gngg?;:;&qw;m;ﬁ)gﬁﬁii uﬁ}ga\/}r}?ﬁg}w:e}}?%ﬁg ??%gﬁ%fﬁéi antyl, 10 I
phenyl , 2, 6- di rre%gﬁ'ﬁlgﬁienyl},“f%@di (YLETr o PP e triphengip Stg»hmenet hyl phenyl ,

pent af | uoFBfFAekgfran pysding pidf!l4uiphomditubyiicplaeny| , and benzyl ;

5 fis ap integer from 1 to 3;

is 0O or 1;

two or three of T°, R® and R® may be joined together to form a single or multiple ring

structure,

b is an integer from 1 to 6, preferably froma 1 to 4, more preferably from 1 to 3;

~weindicates any form of electronic Interaction, especially coordinate or covalent bonds,

10 incleding multiple bonds, arrows signify coordinate bonds, and dotted lines indicate optional double

bonds,

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

15

20

o X°. In this embodiment, most preferred R growps are straight chain alkyl groups, straight chain
alkenyl groups, branched chain alkyt groups wherein the closest branching point is at least 3 atoms
removed from X°, and halo, dihydrocarbylamino, alkoxy or trihydrocarbyisilyi substituted
clerivatives thereof. Highly preferred R® groups in this embodiment are C, 4 straight chain alkyl
Sroups.

At the same time, in this embodiment R preferably has relatively high steric hindrance
~with respect to Y. Non-[imiting examples of suitable R®’ groups for this embodiment include alky!
or alkenyl groups containing one or more secondary or tertiary carbon centers, cycloalkyl, arvi,
alkaryl, aliphatic or aromatic heterooyclic groups, organic or inorganic oligomeric, polymeric or
<yelic groups, and halo, dihydrocarbyiamine, alkoxy or trihydrocarbylsilyl substituted derivatives
thereof. Preferred RY groups in this embodiment contain from 3 to 40, more preferably from 3 to
30, and most preferably from 4 to 20 atoms not counting hydrogen and are branched or cyelic.

Examples of preferred T" groups are structures corresponding to the following formulas:

R(%\ /(Rc):z Ra‘i\ . LR, Rd\ p (R, (Rd)z\ LR,
¢

—C C—8i

G
2 N, 7 N & N / AN
[ d e
M ™ SRR, S
; 7 N o N Lor & AN

, wherein
Bach RY is €y hydrocarbyl group, preferably methyl, ethyl, n-propyl, i-propyl, t-butyl

Phenyl, 2,6-dimethylphenyl, benzyl, or tolyl. Eacli R®is Cyq hydrocarbyl, preferably methyl, ethyl,

xr-propyl, -propyl, t-butvi, phenyi, 2,6-dimethyiphenyl, benzyl or tolyl. In addition, two or more R?
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M is a netallic elenent selected fromGoups 3 to 15, or the Lanthanide
series of the Periodic Table of the Elenents. Preferably, M) is a
G oup 3-13 netal, nore preferably Mo is a 15G oup 4-10 netal; Lb is a
monoval ent, divalent, or trivalent anionic ligand containing from1 to 50
atonms, not counting hydrogen. Exanples of suitable Lb groups include
hal i de; hydri de; - hydrocarbyl, hydrocarbyl oxy; di (hydrocarbyl)arnido,
hydr ocar byi eneam do, di (hydrocarbyl) phosphi do; hydrocar byl sul fi do;
hydr ocar by).%¥,. 4. i rocarb i lybal kyl ; and carboxyl ates. Mre preferred
spLb groups agléJLIIS Jﬁlrgﬁ%?r@iﬁdd};‘% @%@g‘fpéﬂ%}/lt?ge%}ﬁro&’éw Bty @kent derivative bfa 1S an
T e e s S0 b hple, IDRGIE1BE 96BN bLOMY L0

¢ byl d : " . :
Zb i's a neutral %iéanﬁmgrbupggg o?ugi#%%téégd‘al’}&g%d{e‘l 1d¥'cont ai ning up to 50
atoms not countfHgTHyemplgent Ry fpfeeinmm LZb logr Iaashabnohip@esahdppiiat i ¢ and
aromati ¢ am nes, phosphi nes, and ethers, al kenes, al kadi enes, and inertly
substituted derivatives thereof ®uitabl e inertRsubstituents ikclude
hal ogen, al koxy, ary!oxy, alk rbonyT, aréljlé ear bgnyl , N
di (hydr ocarlbyhaj _ne\i*N}b.ig hydr oCaryQsi 1y1, T %r‘i,l gr olips. rbeglerred Zb

. [J
e 3

Fahydr of ura blﬁiyridin, angM L',

1, 4- di phenyl epe; f|i ne eger f _ ; | or three of
Th, le and (R J be j oi oget her to { a si gc!'e]o tiplerding
structure; an ifteger frgm I fo 6, eferably fern 4, re

o

preferably from?¥ to 3; ‘ -wi n- Fndi cat es any f Bram of electronic
interaction, espedially coordin& e or coval ent Bbonds, 10i ncl udfng multiple
bonds, arr¢ws si gtp\fiﬁy coor di nat onds,[and dot\frt d l'ings indigatie optional

doubl e bonds. 1 n one @nbadi pent|, it
relatively|low st er i¥°Hi hdr adce wilYiH ¢ spec
nost preferrgd Ro_gfioups

5 pleferred that R have
"knl thi g enbdhi Hent,

aiight chain
al kenyl gr br adchedL ai n/ al yl grjo ereirmt h stcjbménchi ng
point is at- Neast 3-atons g fr hal o, dr ocatbyl ani no,

al koxysor tri hyﬁﬁ'ocar byl'si | le substituted d&#vatives’ ther dof Hi ghly

preferred Rb groups in this enbodi nent are Cl..8 straight chain al kyl

gr oups. ~ AR'the sane timg, in this enbgdi nent Rb' preferably has

relativel y;hi'gh sfieric hi-mélrance—with +redpect /to Yb Nogtlimiting exanpl es

of suitable RbY=gr f i !
g

Qups_fior t ~gnbodii ment | ude al kyl
groups cont ai niing oﬁenlbr nmor e secjpridary or/ter iy, ¢carban ce ers,
cycl oal kyl [R°afyR, _af kar yré—aRphat i ¢ gr¢ tiL het e i c4grodps,
organi c or| inorgani ¢ ol ilgoneri/c,” pol ymeric |4 Cc. groups; Yand hal o,
di hydr ocar byl aff no—al koxy ok’ t rithydr ecar byd si Ly Xsubst i tait edideYi vati ves
thereof. Preferred Rb' ‘groups in this enbodiment contain from3 to 40, nore
preferably from 3;t0 30, and mpst preferably from4 to 20 atopgs not

counting @grogen; and arerfyranched or cyclic. | - [ _
N\i-in /N ! ‘ ' N’:’N IE N"/’-N\
, MUY, MPLY, ’ /& ML, | MYLY,
RN /4‘ = N/ | RE— \N/ L N//
g == -j2 o ===

] s or

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

10 divalent bridging group;

d’ is 4;
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25Exanpl es of preferred Th groups are structures corresponding to the

i : -SiC-CG c-¢' / \ RINz
IlwnfomNm.RNC@ZH%Mﬂ\J&ﬂZGE Si F
;ge)g (1?52 \Dd A...AiRe C-5SnP- (Re)2 RINN(RS3 C -1)7C -C /f\//<"\

v i i i _i o hydrocar byl
< ---/\ or /7 *\\ , Wherein Each Rd is G _io
gl . : - - -butyl, phenyl,
, preferably nethyl, ethyl, n-propyl, |\propyl, t
grg9gingthylphengl, benzyl, or tolyl. Each R is Chtohydroca[byl,
p}eferably nmet hyl , ethyl, h-propyl, i-propyl, t-butyl, phenyl,

2,6-dinethy|phepML (ggyz |, or tolyl. Lb addition, two or nore Rd or

groups, or m xt Ur és’

It PrHE Y Biggsn maleftioget-hefoformmaa pekaval ent

Re

derivativecofd;a hydrocarbyl group, such as, 1,4-butylene, 1,5-pentylene,

a multicyclic, fwus

al ent hydrocarbyl - or heterohydrocarbyl -

ing,. .pol _ ( _
group, such as nap%ﬁﬁ%ﬁ%%%9%?§¥éwyp§oﬁ@@?%ﬁF@Wﬂﬁyﬁﬂbhﬁsgmﬁmmhﬁhﬁﬂéeg0|ng
pOvaélenthﬂ@%ﬁ@ﬂbagﬁlﬁbﬂphmkgﬂh&m&hud@hn@ﬁnmﬂmiﬁg%@@&ﬁﬁgﬁﬁgﬂﬁégg}ﬂ i ogen
occurreBCehyﬁmkﬁﬂﬁﬂqggﬁagﬁﬁé§§%ﬁ%éeﬂ fromthe group consisting o y g

and Cl_50 hydrocarbyl" group

adj acent

is a Goup_4 netal, /
pr ef er abl y R O4Ph T omdrprrseaen

hydr ogen,

16

20

i [ a._10di val ent bridgi ng group; d
N 'fiﬁ AN PP

preferably halide or 7!
/N/ “Ru
RIL-\ '1‘{1
MY %

wherein;

R is selected from alkyl, cycloatkyl, heteroalkyl, cycloheteroaliyl, aryl, and inertly
substituted derivatives thereof containing from 1 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, preferabiy 1 to
20 atoms atoms other than hydrogen, and most preferably a mono- or di- C, hydrocarbyl
substituted methylene or silane group; and

R isaCsy hetercary! group containing Lewis base fimctionality, especially a pyridin-2-
vl or substimited pyridin-2-yi group or a divalent derivative thereof;

Misa Group 4 metal, preferably hafnium:

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

x" is a number from 0 to 5 indicating the number of guch 3¢ groups; and

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

Preferred complexes are those whersin ligand formation results from hydrogen elimination
from the amine group and optionally from the loss of one or more additional groups, espectally
from R, In addition, electron donation from the Lewis base functionality, preferably an electron

pair, provides additional stability to the meta} center. Preferred metal complexes correspond to the
formula:
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or inertly Supsyat lewitherd cpmplowe fdrherie ek predint kAl R0 ALAALLY it\évo4

G40 netal ,
toiedrprdianf up to 50 atoms not counting



hydrocarbyl, or two Lb' groups together are a divalent or neutral |igand
group, preferably a C2-50 hydrocar byl ene, hydrocarbadiyi or diene group.
The pol yval ent Lewi s base conpl exes for use in the present invention
especi-al |y include Goup 4 netal derivatives, especially hafnium
derivatives of hydrocarbyl am ne substituted heteroaryl conpounds
corresponding to the formula: Ti N 12 R Rn- \ (1 M X 10wherein: Ru
is selected fromal kyl, cycl oal kyl, heteroal kyl, cycl oheteroal kyl, aryl,
and inertly substituted derivatives thereof containing from1l to 30 atons
not counting hydrogen or a dival eptl der g¥ative thereof; T is a

di val ent bridging group of from1l to,_41/ atons ot her than hydrogen,
preferably I to 1520 atons atons._otler than,hydrogen, and nost preferably a
nono- or di- Cl1_20 hydrocarbyly;ﬁ i Rnet hyl ene or silane group; and

Ru is a C5_20 heteroaryl groyp.contdintng Lewi s base functionality,
especially a pyridin-2- yl- or Swhsfituted pyridin-2-yl group or a dival ent
derivative thereof; ML is a G oup L et aEr, preferably hafnium 20X1. is an
anioni ¢, neutral or dianionic |igamigroup, x' is a nunber fromO to 5

i ndi cating the nunber of such X1 groups; and .Wwherein ponds, optional bonds
and el ectron doflaXi veRri mtET aetd: pRSo@AkQRAr esented by lines, dotted |ines
and arrows res kvely., Rreferred c | exes are those wherein |igand

f or mati on resu??2&P&gﬁ%ﬁ&dﬁgﬁgﬁﬂgwﬁﬁ@ggﬁF6%“9%Fbéhﬂt%%ﬂﬁﬁﬁhe group and’

opt i onal | yeRograidehiel, drplse sof! gome ofup (a1 Roraddi dobRBR hy QLRS- aaSpeR P Y from

R12. in addiig0ny6l S5 i fromthe Lew s hase functionality,
preferably an elec ro%lSgg?gﬂ%%%$ﬁ%§?y§ﬁﬁwg%8%§Ww§?%ﬁﬂ??%?“%o the meta
center. Prefer Pgyssaiogpl b@@‘#ﬁn@ﬁ@gomfrm&ﬁm&eﬁ&idﬂh&e represenied by lines,

dotted lines and arrows respectively.

More preferred examples of the foregoing meta) compieﬁes correspond to the formula:

13 RH

, wherein
1 1 3 :
10 M, X, and x° are as previously defined,

RE RM, R and R* are as previously defined, preferably Ru, R and RY are hydrogen, or
Cry alkyi, and R' is Copp aryl, most preferably naphthalenvl;
R* independently each occurrence is G4 alkyl, and a is 1-5, most preferably R” in two

ortho- positions to the nitrogen is isopropyl or t~butyl;

pa—y
Ln

R and R'® independently each occurrence are hydrogen, halogen, or a Cy 4 alkyl or aryl
group, most preferably one of R and R¥¥ is hydrogen and the other is a Cg.yp aryl group, especially
Z-isopropyl, phenyl or a fused pelycyelic ary! group, most preferably an anthraceny! group, and

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

dotted lines and arrows respectively.

20 Highly preferred metal complexes for use herein as catalyst {A) correspond to the formula:
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f or mul a: , Wherein ML, X1,12.11 and Tl are as previously defined, R13,

0, 1155 and R16 are hydrogen, halo, or an al kyl, cycloal kyl, heteroal kyl,

het erocycl oal I cyl, aryl, or silyi group of up to 20 atons not counting

hydr ogen, or adjacent 1213, R14, 5R15 or R16 groups may be joined together
thereby fornming fused ring derivatives, and bonds, optional bonds and
el ectron pair donative interactions are represented by |ines, dotted |ines
and arrows respectively. Mre preferred exanpl es of the foregoing netal

conpl exes correspond to the for : RN RI5 , wherein 10X1, and x' are
as previously defined, R s, tt. and R16 are as
previ ously defined, preferably and R15 are hydrogen, or Cl-4

napht hal enyi ; 112
nd a |s -5, nost preferably

al kyl, and R16 is C5.20 aryl, nost er
|ndependently each occurrenge,is Cl. férﬁiﬁfx
R in tw orthe- positions to the nmtrog oftapyl or t-butyl;

R17 and R13 i ndependently eac urr are ogen, hal ogen, or a Cl1-20
al kyl or aryl group, nost preferabhly o “0+~+i&§§ﬂand Rig is hydrogen and
the other is a C6_20 aryl group, :§106CI Iy 2-isopropyl, phenyl or a fused
pol ycyclic aryl group, nost preferably5am ant hracenyl group, and

bonds, optional bonds and el ectron pair donative interactions are
represented by“PPﬁégi3%%9?%@“¥?%é@ﬂaﬁﬁﬁewnﬁmsmméspe@pmu@ﬁmndﬁﬁkk@gly

pref er r ed emdtoadurenB Pl @x@syf;or use herein as catalyst (A) correspond to the
f or mul a:

I .
R independently cach cceurrence is hydrogen, halogen, Cy.p0 alkyl, or Caap aryl, or two

5  adjacent RY groups are joined fogether thereby forming a ring, and T'is 1-5; and

R’ independently each occurrence is hydrogen, halogen, Cy.5 alkyl, or Csap aryl, or two

adjacent R® groups are joined together thereby forming a ring, and ¢ is 1-5.

Most highly preferred examples of metal complexes for use as catalyst {A) according to the

present inventior: are complexes of the following formulas:

(FzChHHC
O T

(H;CpHC

X'

10

wherein R" is C;4 alkyl or cycioalkyl, preferably methyl, isopropyl, t-butyl or ayclohexyl;
and

X' each occurrence is halide, N,N-dimethylamido, or ¢4 alkyl, preferably methyl,

- Examples of metal complexes usefully employed as catalyst (A) according to the present
15 invention mclude: |

IN-(2,6-di{1 -methylethyl}phenyl)amide}(o-tolyl)(cr—naphthaien@»diyi( 6-pyridin-2-
divDimethane)Thafnium dimethyl;

[N-(Z,6~di(1-methylethyl)phenyl)amido)( o-toIyl)(d»naphthaien—Z—diyl(6—pyridin—2-
divhmethane))hafnium di(N Nedimethylamido);
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wherein Xl each occurrence is halide, N, Ndiinethylanjdo, or 01.4 alkyl,
and preferably each occurrence Xl is nethyl; Rf i ndependently
each occurrence is hydrogen, hal ogen, C .20 al kyl, or C6-20 aryl, or two
5adj acent Rf groups are joined together thereby formng aring, and f is

1-5; ‘and 11," independently each occurrence is hydrogen, hal ogen,
01.20 alkyl, or 06_20 aryl, or tw adjacent 12 groups are joined together
thereby formng a ring, and ¢ is 1-5. Most highly preferred exanpl es

of nmetal conplexes for use as catalyst (A) according to the present

i nvention are [Eorpridkasthyeiyipbent ik Saidvgoll domepasalen-2-dinliepeian-d-r i s Cm

al kyl or @yshaghd)pyhu-igigrabl y methyl, isopropyl, t-butyl or cyclohexyl;
and Xl each occurrence is halide, 1\r, N-di methyl am do, or 01_4 alkyl,
preferably neth-6-dil-methylethylphengeamep 3 isgpropnizhy i o npiheees-2usefoublryin.

enpl oyed B&iyGadiahy) il daeear ding to the present 15invention include:

[ 1c- (2, 6-di (1-net hyl et hyppl i enyl )am do) (o-tol y1) (a-napht hal en-2-di y1(6-p
idin-2- di ycni[gf(%gﬂléyq‘tﬁ%}flﬁpﬂmlﬂfﬂ)ﬁ?@pﬁy](g—130propylphenyl)(m—naphthalen-E—diy](G—pyridin,—
EN- (2, 6- di-@ibnetiahyieinbiyd gigl v-anynyaai@dg) (o-tol y1) (a- napht hal en. - 2-di y1( 6- pyr
id-2- diybnet ).J, haf pi.um di (N, N- di net hyl am do) ;
[N (2, 6-di (1- &g?ﬂ;g'ﬁfé{]ﬁ?}%iﬁ}l?/émﬂﬂyfmfi‘a)(%1sopmpyiphenyl)(wnaphﬂmien—z-diyl{6~pyridm-
o- t ot yl ) (Cadiylapditabdyhfimtidioyidd; 6- pyri di n- 2- di yi ) net hane)j haf ni um
di chl ori de; : . ,
[N (2, 6-di (1- ARtHSTET AT SRR B Do) eratesr Py preElep Calivigmhtrhiaten- 2- di
y 1( 6-yr i2diiyiZnadiayd) Inkinmtohidherg); Thaf ni um di net hyl ; [N-(2,6-di( |
- met hyl et hyl m -l sopropyl. phenyl ) (anapht hal en- 2-di y1(6- pyri di n2-
diyl) xet haﬁei ?ﬁﬁ%@%ﬂ%ﬁ%%ﬁy@p&nﬁ%pﬁ%)gﬂ\@%@éﬂ-s«yﬁ)(a-naphﬂmen-z,dgyl&.p(yriﬂ
[ N- (2, 6- drdibumétalyThetbimpbighehyipattiidejdo2-sng opr opyl phenyl ) (a- napht hal en- 2-d
yl (6-pyridi n2di-yd).pme hafi.num. di chl ori de; o -
[N-(2, 6-di (1- @t@/ﬁ%%@f %@?ﬁf@ﬁ%ﬁ%}%‘“ ‘é‘ﬂ SRR e eler-3 A onisicen- 2- di y
1( 6- pyr i didwipRidpebeinetkigheyidhaf i ti um di met hyl ;
{N-(256-di (1-omihyl.eL.bypRl 1.do) ( phenant h{ﬂ%l’]- - 1% a- napht hal en-2-diyl
(6-pyrid 2-diyl)nethane) Tﬁﬂgﬁﬁ%{ﬁﬁq@&?’(%ﬁ%fe et ?P‘%%B ﬂ,g‘ I ffypresent

mvention, the hydrogen of the 2-position of thie c-naphthalene group substituted at the é-position of

the pyridin-2-yl group is subject to eiimination, thereby uniquely forming metal complexes wherein

the metal is covalently bonded to both the resulting amide group and to the 2-posiiion of the o~

naphthalenyl group, as well as stabilized by c oordination to the pytidinyl nitrogen atom throuigh the

20 electron pair of the nitrogen atom.

Group 4-10 derivatives corresponding to the formula:

N .
( M 32
™ 4

| M is a metal of Groups 4-10 of the Periodic Table of the elements, preferably
25 Group 4 metals, Ni(Il) or PA(Il), most preferably zirconium;

wherein

Tisa nifrogen, oxygen or phosphorus containing group;
X? is halo, hydrocarbyl, or hx/drocarbylioxy;

t iz one or two;

x” 1s a number selected to provide charge balance;

30 and T° and N ars linked by a bridging ligand.
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[N-(2,6-di (1-net hyl et hyl ) phenypandcl o) (phenant hr en-5-y1) (a- napht hal en-2-diy
1(6-p d 1- 2-diyl)nethane)jhaftniumdichloride. 15Under the reaction
conditions used to prepare the nmetal conplexes used in the present

i nvention, the hydrogen of the 2-position of the a-naphthal ene group
substituted at the 6-position of the pyridin-2-yl1 group is subject to
elimnation, thereby uniquely form ng netal conpl exes wherein t he net al
is covalently bonded to both the resulting am de group and to the

2- position of t@gig? ph%hatenyl rougd‘as wel | as stabilized by

coordi nation to ThE PYFIaEHST R TRIY Srciars il Ancdyp tde I Yo &8 ( B\Spai r of
the nitrogénuatiom. SG.0UP 641404 deTIMAkIV@Sa0OERLBEP 0N NY st ({obg fanpul a:
-IM2X2X, , oifler s WRELET N 1\42 is a metal of G oups 4-10 of
the Periodic Table of the elenents, preferably 25G oup 4 netals, N (Il) or
Pdal ), nost pr &iemplpi of theifpregprigumefal Tdnilseqintiiderabgan dixyge Bro@kihosphor us
cont ai 4 NQg;eFaPs LS R 4 0 .or. hydrocarbyl oxy, t is one or
two; x" is a %ﬁb%%?é%ggt@le%pt g% %{Sbﬁ\%?er glmcl lg’(rarélgmbcaof“ésﬁ%néifn%ﬁfbiﬁ%{ﬂ”“fﬁa‘and N are
| i nked by a bridging |ligand. Such catal yst s¢have keen previously discl osed
inJ, Am Chem Soc., 118, 267-2?8 (1998), 3.\Am Chem Soc., 117, 6414
-6415 (1995), and OrganonetalliB: 167/ 316,-3(1997), anong ot her

di scl osures. Exanpl gg of the figregain cenpl exes include
aromatic diimne or aromatic, di oxyi m re 4qnp Of oup 4 netal s,
especial ly zirconium corres | ng thQ. formtd: RJRd  wherein;
d
R T Ny R
Re/

wherein;

M, X2 and T are as previously defined;

R” independently each cccurrence is hydrogen, halogen, or R®; and

i R’ independently each occurrence is Cy.a bydrocarbyl or a heteroatom-, especially a F, N, &

or P- substituted derivative thereof, more preferably Cip hydrocarby] or a F or N substituted
derivative thereof, most preferably alkyl, dialkylaminoalkyl, pyrrolyl, piperidenyi, perfiuorophenyi,
cycloalkyl, (polylalkylaryl, or aralicyl,

Most preferred exampies of the foregoing metal complexes are aromatic dioxyimine

15 complexes of zirconium, cotresponding o the formula:

(CHs);
R®
/
—N. O
X/
7,
/¥
(30 O }\?m (CHs)
R®
(CHs)s

, O



M2, X and rE2 are as previously defined; Rd independently each occurrence
i s hydrogen, hal ogen, or Re; and 10Re independently each occurrence is
Cl..20 hydrocarbyl or a heteroatom, especially a F, N, S or P- substituted
derivative thereof, nore preferably Cl140 hydrocarbyl or a F or N
substituted derivative thereof, nost preferably al kyl, dialkylam noallcyl,
pyrrolyl, piperidenyl, perfluorophenyl, cycloal kyl, (poly)alkylaryl, or
araLkyl . Most preferred exanples of the foregoing neta

conpl exes are aromatic clioxyim ne IScoanexes of zirconium correspondi ng
to the fornmula: C(CH3)3 wherein; X2 is a&{p#&w ously defined,

preferably Cl140 hydrocarbyl npst prefafébly or benzyl; and 5R' is
nmet hyl , isopropyl, t-butyl, cyclopenbﬁl I 2-nethy|cyc|oi|exy|,
2, 4- dinethyl cycl ohexyl, 2-pyrro ¥ (yCﬁgg-piperideryl,

N net hyl - 2- pi peri denyl, benzyl | phenyl ,

per fl uorophenyl, 2,6-di(is rop\l)phen or /. A,.- tri met hyl phenyl .

The foregoing conuﬁbﬁﬁﬁhal oin ceq¢ﬁmwfphosph|nanine conpl exes

di scl osed in EP-A- 10890581, e conpl/exes correspond to the fornula:

[ (1253-P=NIM K. 2) (Re) 3. 1, n: R° Re is a nonoval ent |igand or two
Regr oups together are a dival ent &ﬁg?nd preferably Re is hydrogen or Cl.4
alkyl; Mis a Goup 4 netal,

wherein;

X is as previously defined, preferably C; 44 hydrocarbyl . most preferably methyl or benzyl; |

and
5 R is methyl, isopropyl, t-butyl, cyclopentyl, cyclohexvE, 2Z-methyleyclohexyl, 2.4~

dimethylcyclohexyl, 2-pyrrolyl, N-methyl-Z-pyrrolyl, Z-piperideriyl, N -methyl-2-piperidenyl,
benzyl, o-tolyl, 2,6-dimethylpheny!, perfluorophenyl, 2.6-di(isopsropylphenyl, or 2,4,6-
trimethyiphenyl.

The foregoing complexes also include certain phosphini¥nine complexes disclosed in EP-A-

10 890581. These complexes correspond to the formuia:

[(Ra-P=NIMEH(R)., wherein:

RYis a monovalent ligand or two RY groups together are & divalent Hgand, preferably Rf is
hydrogen or C;.4 alkyl;

M is a Group 4 metal,

15 K is a group containing delocalized n-etectrons througly. which X2 is bound to M, said K*
group containing up to 50 atoms not counting hydrogen atoms, a.nd

fislor2.

Additional suitable metal complexes of polyvalent Lewi s bases for use herein inchude

compounds corresponding to the formula:

T3

20\ 5 }{20
o_M
|

Go
20 e , wWhere:

0 p : : Il . s n
R™ is an aromatic or inertly substituted aromatic gronp contamming from 5 to 20 atoms not

counting hydrogen, or a polyvalent derivative thereof;
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151(2 is a group containing delocalized it-electrons through_ which K2 is
bound to M said 1(2 group containing up to 50 atons not counting hydrogen
atons, andf is 1 or 2. Addi ti onal suitable netal conpl exes of
pol yval ent Lewi s bases for use herein include conmpounds corresponding to
the formula: , where: R2 is an aromatic or inertly substituted
aromati c group containing from5 to 20 atons not counting hydrogen, or a
pol yval ent derivative thereof; T3 is a hyrirocarbyl ene or sline
group having frgm1l to 20 atons not counting hydrogen, or an inertly
substituted deri VAtVVE A &nesfslangopszav@: Gup Yo fbtiahs nprefeiabhysd d-coni um
or haf ni umn inertly sGhaifited @At NheorN€Ut ral or dianionic |igand group;
preferably a h%!ﬁi.lde _h%grocgar_b | or iihydrocarhyiam de group having up to
20 atons not counti AG hy B BgRRegY Aeoniurgrdrdrivhy om 1t o 5 i ndicating the
number of such (Gs gr oinps; rand cbandsianglac! Is@ﬂgrag?raqlgmégwhgggaﬁ%ﬁ&tI ons are
represent qquyg%c#g@%%g%du rr.ows rrgtf ectively, Preferably, such conpl exes
correspond to the formula:  wher el ot qouttyedydragent bri dgi ng group of
from2 to 20 agorsumbt foountiSngidygtiegamberpr f-g Gabhy:.and0 substituted or
unsubsti t ut ed, . (R : »and Ar2 independently each occurrence
is an aryl ene 89%3%%6%&2%{)%? zlﬁatvg{n%gf&gypwrgﬁeé’mé%%g’y SPGB tegreivelit ons!  not
counting hydr o§&frabjyBsucs camrdyxen porraspame kaths fopmefier abl y haf ni um or  zi r coni um
15G i ndependently each occurrence i s, an anionic, neutral or dianionic
|l inand group; g is a nunber fro j{ﬁa(}S i ndi cating the nunber of such X
groups; and el ectron donative ig-gafti\onzs are represented by arrows.
MG,
Ny Nd
, Wherein:

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

substituted or unsubstituted, Cs.5 alkylene group; and

Ar* independently each occurrence is an arylene or an alkyl- or aryl-substituted arylene
group of from 6 to 20 atoms not comiting hydrogen;

M isa Group 4 metal, preferably hafnium or ziveonium;

G independently each occurrence is an anionic, neutral or dianionic ligénd group;

g is a number from 1 to 5 indicating the number of such X groups; and

electron donative interactions are represented by arrows.

Preferred examples of metal complexes of foregoing formula include the following compounds :

R.?.l R21

20 where M° is Ff or V4
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Preferred exanples of netal conplexes of foregoing fornmula include the
foll ow ng conpounds : R21IR21 20where M3 is EH or Zr; As | is C6.20 aryl
or inertly substituted derivatives thereof especially 3, 5-

di (i sopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibenzo-lapyrrole-1-yl, or

ant hracen-S-y[, and T4 independently each occurrence conprises a
C3.6 al kyl ene group, a C3.6 cycl oal kyl ene group, or an inertly substituted
derivative thereof; R21 i ndependently each occurrence is

hydr ogen, hal o, hydrocarbyl tri hydrocarbylsilyl, or
trlhydrocarbyléiﬁyaé @CHP@WFﬂ&ﬂﬁﬁabhﬁ®M5@s@&ﬁﬂﬂ&xﬂmhuﬁ©ﬂnting hydr ogen; and
G indepep 4 ;Bﬁ&@QQp ydr.ocar

trlhydrocagﬁﬁ%éyﬁ rouéﬁH&)%gr?ﬁl%e dgg&gﬁgr rr?gt1 ﬁWEﬁZH%QﬁFﬁben or 2 G
groups toget hef & eée e‘ﬂfiy\‘?%h@h%“rfd@? PpErisese @f altkivﬂenefgncn@gmgmgycwmm@n&ar byl or
tr|hydrocgmgybsﬁh&hhgﬁg@g&@c@ggﬁgﬁﬁégkly preferred are conpounds of the
formul a wherein Ard is 3, $-di(isopropyl)phenyl.

3, 5-di (’ i sobut yIF) BresAerthisepeprgrepeq is Wr%@}a éalirfy’ﬁmb@fwhézrﬁtmp@c@miﬁ- yl, R1is
hydr ogen, trfh&&r@;mb@l‘sﬂ}@iydé}c%iﬁ)bk ip @S@@t@xhﬁhdt)éoz%@]_éh\}dﬁjgaf gpan-1,3-diyl or

butan-1, 4-diyl, ,and G i hl or benzyl. Addi ti onal neta
conpl exes are ?H%fgm'?ﬁf %’PgwgaﬁFﬁédP8¥ﬁUF&wmbﬂOf“mwmmmb%ﬂwiWmmof

up to 20 atoms not counting hydrogen, or 2 G groups together are a divalent derivative of the
foregoing hydrocarbyl or trihydrocarbylsilyl groups,

10 Especially preferred are compounds of the formula:

wherein Ar’ is 3,5-di{isopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibenzo-1H-pyrrole-1-yl, or
anthracen-3-vi,
R* is hydrogen, halo, or Cy.4 alkyl, especially methyl
15 T* is propan-1,3-diyl or butan-1,4-diy], and
G is chloro, methyl or benzyl.

Additional metal complexes are those of the foregoing formula:



The foregoing polyvalent Lewi s base conpl exes are conveniently prepared by
standard netall ation and |igand exchange procedures involving a source of
the Goup 4 netal and tie neutral polyfunctional |igand source. In
addition, the conplexes may al so be prepared by neans of an 5am de

el imnation and hydrocarbyl ati on process starting fromthe correspondi ng

G oup 4 rnetal tetraam de and a hydrocarbyl ati ng agent, such as
trinmethylai um num O her techniques may be used as well. These conpl exes
are 'nmown fromthe disclosures or; anong others, US paterats 6, 320, 005,

6, 103, 657, WO 02/ 38628, WD 03/40 and US 04/0220050. Suitable neta
conpounds for use as catal yst ( | ude t@gkforegoing nmet al cor nf pounds
10nenti oned with respect to cata (A _as’ well as other netal conpounds,
wWith the proviso, , that they result;in {EB tion of at |east sone

hyper branch- or long chain branch- for Cat al ysts havi ng hi gh
conononer incorporation propertifgs are SO, known to reincorporate in situ
prepared | ong chain olefins restl tipg i itally during the _

pol ymeri zation througli [3- hydr ehﬁyi g and chain termnation o
growi ng pol yner, or other prog B hey n yation 15.0f such long chain
olefins is particularly enha . onti nuous sol ution

pol ymeri zati on conditions at , especially ethyl ene
conversions of 95 percent or grea noxe _preferably at ethylene
conversions of 97 percent or grea Under: such conditions a small but
detectabl e quantity of olefin te (et pol ymer may be reincorporated into
a growi ng pol yner chain, provided i term nated polyner chains are
present, normally as a result @fs ;3-hydr\de Oelimnation, resulting in the
formation of |ong chain branches, that i ranches of a carbon | ength
greater than result fromthe nononer itself. Long chain branching of olefin

pol yners is fGh@hegmmeaﬁwhhﬁdﬁ%ﬁbusanhﬁmés&Z&m@é@mﬂfm%&ﬁw%@%ﬁ and
Y,

5, 665, 80Q,ctaiias : rnati vel and.nore preferab brahching, including
hyper - br all'le(t:ahflthoél and Ih allén%ﬁ%a%ﬂe I?I?lce%dr%é?vto I8 5P FRE OB e anst i@ amttral

mul ti - bl GeRTESoL Jiersr souyye. fihvalditise tiofeompleat fintai & AlpStEbkRAAMNE 9, T esul t

i n" chai NaMae KinB8atioh Bnd LESHlL] er. Preferred,. catal ysts are those
based on the higher r%ﬁ?i t'?}grtl&!rlr@t céﬁ??%%% freoineté? cogEFaRiag ¢yt wr#l and

pal | adi uffi"aiFf #E& hyropagspiletinsrAgendisnains tifiettyhbmiinme tithe Rehilidues presence of

such br anehiangel( 068 chakRs BE ARRING thd sdzaddi Li.on hyger - br anching) in
i be con ioﬁg%;ciﬁomgiﬁ%%‘?ﬁgﬁ@ﬁ% or

t he poly f e_lnvention can

segnentsg$é§%$t@hg‘¥h SEE5005 W0 8486 g 58 0460220¢00r di ngl y, in one

enbodi ment  of Suitesic maMBREpORISME b ek Gope) Ling bl ocks or

segng@tsngkﬂ%&&%%g_igtihe Eyegence %f'sﬁ%% braﬁ%ﬂ?%é%&%£%%%%P%§P?%n Wi th

other segnents or BIret K BHFSfARTHI 9t sryreweh Yo arohiving , G gspeci al | y

hi gh densistiyn drmiioghl 3 [esysshabipbbendobyo®s chhh 86kS) fors@b, be produced from a

si ngl e nmonomeg,Gon &g;@gl&)action mxture, that is, wthout the addition
ed ~

{ ,
. onome 1 :
of a deliberaf el v a T Incorporgtlon properties are also known to remecorporate

i sity prepared long chain olefins resulting incidentally during the polymerization through 5
f=4

hydride elimination and chain termination of growing polymer, or other process. The con<entration
15 of such long chain olefins is particuiarly enhanced by use of continuous solution polymeri zation
conditions at high conversions, especially ethylene conversions of 95 percent or greater,.more
preferably at ethylene conversions of 97 percent or greater. Under such conditions a smal T but
detectable quantity of olefin terminated polymer may be reincorporated {nto a growing po lymer
chain, provided that viny! terminated polymer chains are present, normally as a result of B-hydride
20 elimination, resulting in the formation of Jong chain branches, that is, branches of a carbox iength

greater than result from the monomer itself. Long chain branching of olefin polymers is farther

described in USP’s 5,272,236, 5,278,272, and 5,665,800.
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conononer. H ghly preferably, in a specific enbodi nent of the invention, a
mul ti-bl ock copol yner conprising alternating unbranched, ethyl ene

honopol ynmer segnents and branched pol yet hyl ene segnents, especially

et hyl ene/ propyl ene copol yner segnents, may be prepared froman initial
15reaction m xture consisting essentially of ethylene as the addition

pol yneri zabl e nononer. The presence of such branching in the nulti-block
copolynmers of the invention can be detected by certain physical properties
of the resulting copol yners, such as reduced surface inperfections during
melt extrusion gh@@m@d&mw rﬁrp%rabwh&)uchmgduﬁﬁgmmﬁle{ br@&hf?@'ngnduclcgn for the

anor phous §@@m@§m&gm§g gt 0o segnent, for the
presence of 1,3-addition }gogetgnﬁlgﬂnggé; CgP{g nm yt T‘é?ﬁeliﬁpi‘@“‘%ét’-‘ﬁ@ﬁ E‘W’@do by NWVR

t echni ques™™ 8 Haweliipg e pyetiorobyot. nlgefblquesmryf;zs be anedtaRg oRLLSLN: 1N the

pol yners oﬁantsxhenméme&h;bi%sé E 9&%‘1&1'39 he..bl ocks or segnents
containjng the el Iy ¢ ﬂ%ﬁ%dai%\mgu 6 0.01 to 10 branches per

1, 000 car bons. 1?1 ém’f"{“’in‘f%"%%a ‘WF@“?P{ é‘f?lpmpwf Sutéﬁﬁranﬁhx@ﬂdﬂr@t:@hn &Qﬁmvexes for
use as cat al-yliicpAy hyﬁehmﬁcmb@ozwhegomfggr@bftﬁeqm%&%%% LechBght S di nat ed

CRe T
derivativeg,dher speci al | uited for use 25as cat B):
racem c ethyl ene @%? Srnde ul m&‘bﬂ’?ﬂT‘é)@i eatyyst By deerdinghpinadng em‘iesipzemt dliley Zr, and

inertly s u@@pﬁqure&dﬂ—w@m cwaﬁjrmee Sont*d’lﬁxﬁg&ﬁ&ks éildé?éﬁlneﬁt% d;ﬁcrm S t‘n% fresenoe of such

t - butyl di r’@gnlaiy InlcQ% At ed e bl s(i ndeny
conpl exes, ldé scl o%léat cerr ONDf ?beé%cp bstagSipity. l@i‘@‘& S‘(Cﬂ@@ﬁf)hmg

et hyl efiebi 55(3?91%13’6‘18?ﬁ?i’é*[f}r%hggéhy@rystiﬁm Imlismybl)ackzj E@Qa@lp%ﬁﬁce@{f}&ﬁ ?%%51 racemc

t hyl b R fe ; mpl th
ot a, BAraamAEL ED) HIAO L Xy A TR 8RR b y éoups

8-10, most™ PrefEt dBpYY Nplemhly.pez specific embodimapt cREaeamlnﬁba,& 2 LN 1 TRVE=V St =Yak A

neutral sebspristigent:sainpbeicial, S8y BYLRE dl f orm one or nore
dival ent g se t uen dcis a nuO T %m%?tg %aﬁﬁl}? D‘fiﬁ“éhy(lﬁ’i‘érge of

the netal “p“‘&‘%’ Eﬂﬁ’gﬂefw@?eél? Feg! Vé&%ﬁ%?f@& wiy telpeephrod Bgohngidaet al
conpl éxes r@fﬂ@fmms@maswxsaﬁr@legssﬁt&nﬁ B)etileBe GUNALNLS % E;?%Fond' ng. ?Q the
\

formul a: el Pd .o 0, Cocatal vsts conpl ex
cat al yst slM(aA)ngéanayé?% i ed FW%} FOIFR AYEABET of & éwersian ean bh dvteriiad bas

certain physical pronertleq of the resulting conolymers such as reduced 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 presencs of 1,3-addition
20 sequences or hyper-branching as detected by NMR techniques. The guantity of the foregoing types
of branching present in the polymers of the invention (as a portion of the blocks or segiments
containing the same), is normally in the rangs from 0.01 to 10 branches per 1,000 carbons.
In addition to the previously identified metal complexes for use as catalyst (A), the
following metal compounds or inertty coordinated derivatives thereof are especially suited for use
25 ascatalyst (B): racemic ethylene bisindenyl complexes of Group 4 metals, especially Zr, and inertly
substituted derivatives thereof, such as I-, or2- t~butyiciimethylsﬂoxy— substituted ethylene

bis(indenyl) zirconium complexes, as disclosed in Macromoiecules 33, 6200-9204 (2000)

ethylenebis(éi,s,6,’?-tatrahydro~«I—indenyl) zirconivm- complexes, racemic ethylene

bis(indenylyzirconium complexes, and metal complexes of the formula:

i i

RB/N\ MV/ N\\RB

J
30 RS,
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procatal ysts) may be activated to formthe active catal yst conposition by
conbination wi-th a cocatal yst, preferably a cation form ng cocatal yst, a
strong Lewis acid, or a conbination thereof. In 15a preferred enbodi nent,
the shuttling agent is enployed both for purposes of chain shuttling and as
t he ‘cocatal yst conponent of the catal yst conposition. The net al

conpl exes desirably are rendered catalytically active by conbination % th
a cation form ng cocatal yst, such as those previously known in the art for
use with G oup 4- netal olefin polynerization conplexes. Suitable cation
form ng cocat allysts if ohetisechasel n, hhclude: nental ewi s acids, such as
01, 30 hydr ocarr,hy'r_a sgﬁsti t ut qd %?(ou_pgj 13 c%%g%gﬁgs@ %%g@%%ﬁ@l Qr%ﬁ’

tri (hydrocar byHal ufi nufif "gv*¢F frieiet SR sy postehelomydandsd e thatcogenat ed
(i ncl udi rgm perhabedenat: edytider asdat i ves t hereof, having fromlIto 10 carbons
in each hydro r nat ed hydraocar byl group, nore especially

per f | uori nat egq{%}{%ggf g}#%g}%@%ﬁ%ﬁ%&efg It RSpeci al |y

tri s(pent af | uSrebrphenypblboitanersaameol yomgeiee for ﬁ@rwaettéimssﬁa) Honcoor di nati ng,
ion for m.pgy&aRenRds ok AehULiNg.. t he use of such conpounds under oxidizing
condi tions), especially the use of amonium, phosphonium, oxonium,
carbonium, silylium 111‘ gni um salts of conpatible, noncoordinating
ani ons, or ferroceni =@ or silver salts of conpatible,

noncoor di nati ng ani ons Ahd=%onbi nati ons of the foregoi ng cation formng
cocatal ysts and techni g The foregoing acti i ocat al ysts and
activating techiifies haveibeen (Fréwi olsEyHE augh th respaot to different
met al conpl exes faor_ol efi n ol yderi zations jin

EP- A- 277, 003, 10 A°5, MBS, S- A- 5, 0648 . 1086,
US- A-5, 721, 185, 5350572 - A-5, 426, 87 | 087,
US- A- 5, 883, 204, 919,9 -A-5, 78351R,  WD'H9//155 and

W)99/ 42467. pecially the

al um num conmpound having from1 to 4 carbons in
“ogenated tri (hydrocar byl ) boron 15conpound havi ng
@ hydr ocar byl group, especially

tris(pentafl uoropheny‘l porarie, further conbi naé}jsons &f such neutral Lew s

from1l to 20 carbon

acid m xturesth a po ric olig ric al xg@né, and conbi nations of

a single neut(rEé )‘ ew s /acivd, es@gfé%%)él I %I‘%{%t peﬁg‘r‘?uor opffehyk) bor ane with

a polyneric or oligonex C/Wne may be usedias /\m:tivti ng cocatal ysts.
i t

i nat i of€8#2 neutral EEWES aci dsCH@S
conmbi nation of a trialkyl
each al kyl group and

Preferred nol ar off ne @ M’

conpl exari s(pen orfophenyl|: ne: al u cay’ e 20f @ :1:1 to 1:5: 20,
nore preferably f 3@?21{@11. 5t 5:10. R 'Ct able’j/0 for m ng conpounds
useful as cocatal ysts in one odi neat  of " t pr esentifent i on conprise a

cati on whi ch Jisred: Br@ngheg aci d capabl e of donating a proton, and a
conpati bl e, noncoordi nating anion, N. As used herein, the term.
"noncoordi nati ng" nmeans an ani on or substance which either does not
coor di nateeathipsts he Group 4 netal containing precursor conplex 25and the
catal ytic derﬁ'agiatfilve d ril\éid t here fron@ or which is only weakly

coor di nat ed t 8 5ULH EENHIERESRKET O §d Ehisaiivieoipagerbly ioémed i habinle to be
di spl acedbdyivasimeyibe alivhiein Sorhaisectivi cRIRE QO SHsMidt biQARLAN wpegi fical Iy
refers tCQG&%SFQ!‘e%%bYEWaic%i hen fcun(f‘agi_toni ng as a charge bal ancing anion in a
cationic metal conplex does not Y ransf SFOUEncHhromios? embeesiandnrecbrinf r agnent
t herléof atrefaedddmbalihan tiehbntébyadorinduipyeebitl Rt pEHeR @X0%: shuQAPAkib! e

_an! O!’IS" ﬁ?é’c%ca@ﬂﬂ/s@%pmnﬁgt roﬁtaﬁ%tcoé%gggr{ aded to DeUt rali .ty V\:hf,‘l’] the .
initially fornmed conpl ex deconposes and are noninterfering with desired
subsequent pdPyREricoapksn desiratt Herndssdoapltitalp ac ot @abination witlPs ef er r ed

ani ons as@ntrhese GBI Richgs oss bRab lnatd 0 X conprising a

char ge- bearing net al of et al I__.o%)d Q{%lrjg&%?léﬂ%air{l%%&? @%gﬁﬁ%g‘g}%‘?ﬁi bal anci ng
t he ch aIQ6 o BV PH EAuaR P RIeRest ﬁql‘{%% cation forming cocatalysts for use herein incluide neutral

20 Lewis acids, such as Cy.3 hydrocarby! substituted Group 13 compounds, especially

tri{iydrocarbybhatuminum- or irifhydrocarbylboron compounds and halogenated (inciuding
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species (the metal cation) which may be formed when the two cgnpgnen};cgée
conbi ned. Also, said anion should be sufficiently labile to be Ifﬁ

by Manic, dioiefinic and acetylenically unsaturated conpoundslor_o Ie&e
neutral Lewi s bases such as ethers or nitrites. Suitable netals Influ'dé
but ‘are not linited to, alum num gold and platinum Suitable netgb 0|unds
include, but are not limted to, boron, phosphorus, and silicon. rrpoin S
cont ai ni ng ani ons whi ch conpri se coordinati on conpl exes contai ni ng aIZrIg
nmetal or netalloid atomare, of course, well known and nany, partlcuare y
such conpoB%H%wﬁﬁﬁﬁ%ﬂ%wmgmam@umgbemhﬁm@nmaMQﬁmmﬂIﬁaﬁﬂﬁﬁhﬁﬁﬁﬁ%{t'0”

be Tepresented by
| abl e gospIERs: Jidoy: e cat al ysts _may
? \ﬁgl fol l ovmﬁ Oﬂa?et%ei?a ar%ylrf)%it %%ﬁ%e‘"i“‘ V)pe&?ﬁfnai MWQ?OFPH cpRpquydsn amigust al

Lewi s bas eespbf by iWW@ﬂlé?r@ﬁﬁ]llﬂ@m@, Brprighed, amipdtzlﬂﬁ nclncoordmaﬁgé Jcl)nsfoﬁnmrr

di nékipdehds GRITRER KR L. AR ABYE DGR G 9 2
Pg?gggi :‘pomplg?tdggz%'e H}ISQ'II\/bre{3 préferrpﬁg} %ln Corre %p(%ﬂl&g‘ ¥y efpﬁ%‘alﬂcjtiﬂ?rﬂﬁ élf

: lof @iasib,on st at e;
MQ Tr? whSFERe YUY GAMEE- %Hﬁl@hdiumwmmnmt hesuilf&ut[rmrc;m
gndQ/Q i ndependetitdiyz each oefeﬁweﬁ@@cs%ad-%z §%&%&9&%c£rﬁ§t Lo ydr i dﬁgu di al kyl am do,

0%08 = yI
hal i de, hy; h @ | oxi de, hal osubstit
hal osubst i ?1 L'(ta gﬁ ?Eyocfirbbné% ﬁg‘% ng%ﬂ%hfa%% %ﬁ@wataanﬁ@dm;uw Iy dr ocar byl

radi cal s (fplf‘?ECPimCFI@prgﬁdﬂ&bi@@s&iﬁ&iﬁd&txﬁiy%Qﬁtﬁfepwvu bddf Fu@ %Qﬁﬂéﬁf\m respec

hyd Irca Chavi ng
o 0 e R O GOt Rt oo A tine Henme= bocuTnence. |5 O
hgl i de'’ Btinptiesiaf. @ﬁﬁtébﬂ@%%r@@,mhyﬂ@m-@t& RIIEQURS: -85 R ﬁgscl osed in

- A- I ef odi nent is one, that
S i he oS T Ug;éu%szssloﬁ'é{%g%ﬁgeggggjl veﬁ% ﬁ(’jri) - HAd-T %g%@l =Activating

he c n
chat al yst é?ﬁﬁﬂsﬁ“ﬁ ®8t8t67whi ch are particularly useful in the

preparation of Cembihiyst s n@lﬁtraﬁjﬂz'w% éci'aél @%&Iﬁ%ﬂ@éﬁm@mwon RE ae tsrzea vl a urr?mung he

mul a: (L*
foll ow ng . eg]o%gu? Lav)ifn%%rom 104 garbons in each alkyl group and a halogenated tri(hydrocarbyTjboron

I35 compound having from 1 to 20 carbons in each hydrocarbyl group, especially
tris(pentafiuorophenyl)borans, further combinations of such neutral Lewis acid mixtures with 2
polymeric or oligomeric alumoxane, and combinations of a single neutral Lewis acid, especially
tris(pentafinorophenyl}borane with a polymeric or oligomeric alumoxane may be used as activating
cocatalysts. Preferred molar ratios of metal complex:iris(pentafluorophenyl-borane:alumoxane are

20 from 1:1:1 to 1:5:20, more preferably from 1:1:1.5 to 1:5:10.
Suitable ion forming compounds useful as cocatalysts in one embodiment of the present
invention comprise 2 cation which is a Bronsted acid capable of denating a proton, and a
compatible, noncoordinating anion, A" As used herein, the term “noncoordinating® means an anion
or substance which either does not coordinate to the Group 4 metal containing precursor complex
25 and the catalytic derivative derived there from, or which is only weakly coordinated to such
complexes thereby remaining sufficienily labile to be displaced by a neutral Lewis base. A
noncoordinating anion specificaliy 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 not
30 degraded to neutrality when the itially formed complex. decomposes and are noninterfering with
desired subsequent polymerization or other uses of the complex.
Preferred anions are those containing a single coordination complex comprising a charge-
bearing metal or metalloid core whick 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,
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L* is as previously defined; 30B is boron in a formal oxidation state of 3;
and Qis a hydrocarbyl -, hydrocarbyl oxy-, fluorinated hydrocarbyl -,
fluorinated hydrocarbyl oxy-, or fluorinated silythydrocarbyl- group of up
to 20-nonhycirogen atons, with the proviso that in not nore than one
occasion is Q hydrocarbyl. Preferred Lew s base salts are ammoni um
salts, nore preferably triallcylamoniurn salts containing one or nore
012-40 al kyl groups. Mst preferably, Qis each occurrence a fluorinated
aryl group, especially, a pentafl uorophenyl group.

| 11 ust r at %€ anipyghopigtoe piffiientn ghilax anpib@sce0 by Qe d e RIMO WS Wi G, My be
used as amphagiikyvatd L. the preparation of the inproved

catal ysts .of this i 39%&%?3%&?‘;%&%1 r};%‘%% St iputc% & a&r?ﬁﬁlﬁﬁ?fmsg’&}bf%“@é%h as:

tri met hyl AP Ahie BY ERES o pimmiai, g ophenitan. Boralkeetdisiiehnydasyari um
tetral ci s(pelhiadldonephenyhorDak ey () pmonium

t et r aki,s( pen{l.af | uor o hgﬁ ?6; “bor at E‘?""‘Hg"?’?%‘%@ %%JO?‘ {/&ﬁlglm%lﬁ?slf‘ﬁl%m comprise

tetraki's(pen B0 SPBpREN (AT IS gngle 51y seeetBligidyatonaarrrofiaunse, well known and

tetr ak! s( WEHIG@ﬁﬁiuﬂﬂrﬁﬁbﬁfmlﬂ)ﬂo@woaﬁt@minyathy_e @‘&EQML@H}{ fklé i ortion, are
tetraki s(pentat L{}t{?re%gmnyl ) borate, N,N-dinmethylaniliniu ’
n-butyltris(penta uoré/phenyl ) borate, N, N-dinethylanilinium

benzyl t ri s( pentafdmbbrogheradiystshoy as epredabdNy the AR AW 3Rckd Ri- .
tetrakis(4-(t-butyldinethyl5ilyl )-2( *_% f 0-tetraf Fuor ophenyl) borate,

N, N-ditnet hyl aniliniumtetral ci s(4- {“t ik ropyl sily0-2, 3, 5,

6-t et raf | 38F8Pheny0 borate, N, N-di met hyl anili ni um

pent af | uor ophenexyt.eis{ pant gkd. uor ophenyl) borate, N, N-diethylanilinium

t et raki s( pent af | uor ophenyl) borate, N, N-di nethyl-2,4,6-trinethylanilinium

t etral ci s( pent &ftHSiophenydd Bbordtead 0f 29 di net hyl oct adecyl anmoni um

tetraki s( pent aftuaraphe I%mb met hyl.di oct adecyl amroni um
t et raki s( pent af | uornophe;nel}é’fl "b%%%%@ie SR o042 AisoNiatfSal t s such as:

di - (i - propyl ) adfrdnintasetietr biedi s( pent al | uor ophenyl ) bor at e,
met hykoct adecyl @il held@bthd (PaOk L;Q;W?—I enyl ) borate,
25i net hyl oct adodecyl anmoni um tetral ci s(peritatifuorophenyl) borate, and
y wherein: y P P y
M’ 1s boron or aluminum in the +3 formal oxidation state; and
Q independently each occurrence is selected from hydride, dialkylamido, halide,
hydrocarbyl, hydrocarbyloxide, halosubstituted-hydrocarbyl, halosubstituted hydrocarbyloxy, and
20 halo- substituted silylhydrocarbyl radicals {including perhalogenated hydrocarbyl- perhalogenated
hydrocarbyloxy- and perhalogenated silylhydrocarbyl radicals), said Q'having up to 20 carbons with
the proviso that in not more than one occurrence is Q halide. Examples of suitable
hydrocarbyloxide Q groups are discicsed in US-A-5,296,433.

In & more preferred embodiment, d is one, that s, the counter ion has a single negative

25 charge and is A" Activating cocatalysts comprising boron which are particuiarly useful in the
preparation of catalysts of this invention may be represented by the following general formula:
LB (BQY;
wherein:
L* is as previougly defined;
30 B is boron in a formal oxidation state of 3; and

Q 1s a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-, flvorinated

hydrocarbyloxy-, or fluorinated silylhydrocarbyl- group of up to 20'110nhydro gen atoms, with the

proviso that in not more than one oceasion is hydrocarbyl.
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di omadecyl ammoni um t et r aki s( pent af | uor ophenyl ) borate; tri-substituted
phosphoni um salts such as: tripheuyl phosphoni umtetrakis(pentafl uorophenyl)
bor at e, nmet hyl di oct adecyl phosphoni um t et r aki s( pent af | uor ophenyl )
borate, and 30tri (2, 6-di nmet hyl phenyl ) phosphoni um

t et raki s(pent af | uorophenyl) borate; di-substituted oxoniumsalts such as:

di phenyl oxoni um t etraki s(pent al | uorophenyl) borate, di (o-tolyfloxonium
tetral ci s(pentafl uorophenyl) borate, and cli (octadecyl)oxoni um

t et raki s(pent af | uorophenyl) borate; di-substituted sulfoniumsalts such
as: di (o-t ol yosUFeHiieimtteteralkias(spentiiieropbe il of @& RyiuAnsh; )

met hyl eot acheaytifbné @hdiOT L SLIIKI, ép tafl uo Qenyo “bor%(%_ ium salig, oo
(L-Hy 1 cations are methyl 'ﬁi oct a(gj dwasnﬂ%ﬁf‘%ﬁ? At §eefhgeurrence a fluorinated ary]

cl i met hyl o%rf"ﬁ’d8%%‘%%@?9%%?%@‘?H?and ammoni um cati ons deri ved

fronmi xt ures ofltistrtak] fuyhot ANIAE S Bk Py ne ar 2 Cl4-is all<Yl groups.
activati ng Iét}gcggahtp%‘fi@%‘f%ﬁtbﬁﬁyr‘?eé‘é@ 23383l t of a

Anot her; SUA'CL- %lnecc!o(%aq fort{r»i n%ﬁ ; . ;
cationi c oxidizrng aésér‘ﬁ ! a&‘“%‘ﬁ@@d’ﬁlﬂﬁoﬁ@t@m{)ﬁt@oﬁt@aﬁnvmt@n aBi on represented
by the fortmgliztitufedxdbi)ight Aik s)cl'ss: 10where 02'4 is a cationic oxidizing agent

havi ng a charge,; -1 his an.integer fromlto 3; and At- and g are as
previously defi Iﬁ[g%l}ﬁa&%oﬁbulmetgﬂ%fstpégﬁfg’ﬁmpﬁa%&i"é‘f—’«fz»i ng agents i ncl ude-

f enoceni urfiethijammaminnbyiais (st itoprayll Bfeer oceni um Agl or Pb+2. Preferred

embodi MentuSpofyiAGdon Al GedQ I on viously defined with respect to the
Bronsted agi géycont ai ni ng a t%ftgﬁ;lﬁoﬁ%n@gg%@él ysts, especially
|

t et r akl st FAATAPDYIPrSHREsTIGenatierophenyl) boldaot her suitabl e ion form ng,

activati n@iieﬁqﬂab@laﬂ{r%&ni&@ﬁ%ﬂig%ﬁe%taﬁmgﬁ)g?@ﬁ%gm%’\ehi ch is a salt of a carbenium
e

ion and a coardi nati ng, conpati ion represented by the fornmula: 20
Nr}e-gzme y?amhmum te alds(pglptaﬂuomphenyl) borate, P B

N N-dimethylanilinium n—hutyltris(pentaﬂuorophenyl) borate,

N, N-dimethylanilinium benzyitris(pentaﬂuorophenyl} borate,

N.N-dimethylanilinium tetrakis(4~(triisopr0pylsiiyi)—2, 3.5, 6-tetraffuorophenyl) horate,
N, N-dimethylanilinium pentaﬂuorophenoxytris(pentaﬂuoro;ahenyl) borate,

15 N.N-dimethyisniliniom tetrakis(4-(i-butyldimethylsilyl)-2, 3 5, b-tetrafluorophenyl) borate

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

20 dimethyloctadecylammonium tetrakis(pentafluorophenyt) borate,
methyldioctadecylammonium tetrakis(pentafiuorophenyl) borate,
dialky! ammoninm salts such as:

di~(i-propyDammonium tetrakis(pentafluorophenyl) borate,
methyloctadecylammonium tetrakis(pentafiuorophenyl) borate,

25 methyloctadodecylammonium tetrakis(pentafiuorophenyl) borate, and
dioctadecylammonium tstrakis(pentafiuorophenyl) borate;
tri-substituted phosphonium salts such as:

triphenylphosphonium tetrakis{pentafiuorophenyl) borate,
methyldiociadecylphosphonium tetrakis(pentafiuoropheny!) borate, and

30 .‘cri(2,6—dimethyiphcnyl}phasphonium tetrakis(pentafluoropheny!) horate;
di-substituted oxoninm salts such as:

diphenyloxonium tetrakis(pentafluorophenyl) borate,
di{o-tolyDoxonium tetrakis(pentafluorophenyl) borate, and

TGN S L A P ~ « P
di{octadecyl)oxonium tetrakis{penfauuompﬂenyl) borate:
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[C]. Al wherein: [C]4 is a C;-20 carbeniumion; and Al is a

noncoor di nati ng, conpatible anion having a charge of-i. A preferred
carbeniumion is the trityl cation, that is triphenylinethylium 25A
further suitable ion formng, activating cocatal yst conprises a conpound
which is a salt of a silylitimion and a noncoordi nati ng, conpatible anion
represented by the formula: (QL3S0+A: wherein: QL is Cl1.10 hydrocarbyl, and
.A. is as previously defined. 30Preferred silyliumsalt activating

cocat al yst &.saf@nteil-fRhL Sl yLi um tetraici spentafl uor ophenyl borate,
triethylsilyliumtetralti spen%‘aaf‘l uor ophenyl borate and et her substituted
~adduct ther eof %ﬁ“‘r’:?ﬁ”i)%uifﬁﬂi%Feﬂrski#ﬁfamfeﬁltstee;ﬁheﬂsn;ﬂabi;@ég§Il,dy generically discl osed
in S Chem&bGootb Mt EaHM. 3-384, ‘as well as Lanbert, S. B., et
al ., Oganonetagfj'bt%s, ;9%4,??%?@%%58@53%@5%% use of the above stlylium
salts as activatTHEFICOCH aryet ge mobyldddiaticonmpoliymediozat i on catal ysts is

di scl osed dinethiSecAmib;y@dbnddBa: cations, and Lain conpl exes of al cohols, :

mer capt ans, .silanol.s, and oxi mes. Wit h tr”?‘nzfaﬁlé)% %BY%‘&DB’ﬂﬂéWVﬁbﬁridMé are al so
ef fective catalyst 4ct¥vat ors *&Hdmeay be used according to 5the present

i nvention. Suchicboatiadbisbisionisy, SR8 WS A5, 296, 433. Suitable
activati ngtgé%l@é&itaﬂoéfﬂfdi For gse% rein al %(t)ébi&r]% tde %%ﬁ?ﬂfﬁﬁﬁtlen%pmwﬁgmeri c
al unoxanes, especially nethy{&F BRI/ bitthd fosmbut vl al um num nodi fi ed
met | ayl al unoxane (Amm), or isobutyl @:tnpxape; Lewi s acid nodified

al unoxanesynegspeci al |y perhal ogenated tri (hydrocarbyl)al ut ni num or

per hal ogenat ed t i (hydrocarbyl)boron nodifi ed ai unoxanes, having 10 from1
to 10 carbons P gt ryertiandngént brvidial dgesedred hydr ocar byl group, and
nmost especi al | yistah kgdRemdAt LUOLpPhenypbor ane nodified al unbxanes. Such
cocatal ysts ar €. pr eviously disclosed in US Patents 6,214, 760, 6, 160, 146,

6, 140, 521, and”62E96r3¥grovipugy defisehf cocat ai ysts conpri si ng

non- coor di nat i Bgmars Gf't&ti@ﬁ@@ﬁdiﬁ[ﬁél algéﬁtsr ﬁél@&er %groéegiu%,shydmcarby!—substimtﬁd

15 ferrocenium. Ag™ *2 prs ; -
STUUTL, Ag™ or Pb™. Preferred embodiments of A% are those anions previously defined with

respect to the Bronsted acid containing activating cocatalysts, especialiv
tetrakis(pentatiuorophenyl)borate.

Another suitable ion forming, aciivating cocatalyst comprises a compound which is a salt of

a carbenium ion and a noncoordinating, compatible anion represented by the formula:
20
[ C]+ A.
wheretn:
[CI" is a C).49 carbenium fon: and
A’ Is a noncoordinating, compatibie anion having a charge of -1, A preferred carbenium ion
1s the tritvi cation, that is triphenylmethylivm.

25 A further suitable jon forming, activating cocatalyst comprises a compound which is a salt
of a silylium ion and a noncoordinating, compatible anion represented by the formulz:
QLS A
wherein:
Q' is Cyye hydrocarbyl, and A” is as presviously defined.
30 Preferred silviium salt activating cocatalysts are trimethylsityiium

tetrakispentafiuorophenylborate, triethylsilyliurn tetrakispentafluorophenylbvorate and ether

substitited adduets therent  Silul: slis have i iousi
adducts thereof. Silviium salis have beeg previcusly generically disclosed in J, Chem

Soc. Chem. Comnm., 1903, 383-384, as well ag Lambert, J. B, et al.

Organometallics, 1994, 13,



expanded ani ons, further disclosed in US Patent 6,395,671, may be suitably
enpl oyed to activate the netal conplexes of the present invention for

ol efin polynerization. Generally, these cocataiysts (illustrated by those
havi ng i m dazol i de, substituted im dazolide, imdazolinide, substituted

i m dazol i ni de, benzim dazolide, or substituted benzi m dazolide anions) may
be depicted as foll ows: wherein: 20 20is a cation, especially a proton
contai ning cation, and preferably is a trihydrocarbyl amronium cation

cont ai ni ng e or two C10.40 al kyl groups, especially a methyldi (Cl4-20
al i cyDamm‘?ﬁﬁ Eatitphse of P abavn diypen dantds yoieah. c@ﬁﬁw&tﬁﬁﬂ%&;ndﬁg%}g@}r gen or a
hal o, hydrmsbyidlqchﬂﬁﬁ@&mb 625,087, hakthydrocar byl | 'yl hydr carb

silyl, (incl udl(ﬂ%iam)no - ‘and. tri (hydrocarbylisilyl) group of 25up to
30 atoms not coUREIRGIHFHEF @déﬁ?hﬂifyrf@f%pm sila@ils, Eﬁ):lcadukf;ﬂwmhand Q@ is
tris(pent atfris(m@nﬁbzhﬁpbehwmﬁhaél@e RES SefeSi r.ophenyeal umane)

Exanpl es of,. %x@%ﬁﬁnmé act i vat or s‘%ear%%%gécfgt.\fagophaild %F‘{a).% a“rgffﬁ/"f"&?‘r?r‘ﬁ%ﬁbum
salts, espec Cfnhéf“‘ c("@iaivsﬁsé‘éﬂq&ﬂlqsméﬁr%w%sﬁams of :

bi s(tris(pent aﬁthmmyg Jobaitiigared) e a0l Aisd & cinge palym CFMC or oligomeric

ns(tris e Jﬁmx Qrane ecyl i m dazol
Ib| sgt r: sg Bﬁtﬁlﬁ(}g{%:‘ 5%%%% en ori ane%’ %hﬁsé%)t 5’%/]5@{%‘9}’1 h*rzﬂa%ﬂl,ﬂ;lo’hqddleémeﬁwialumexane
bis(tri fterﬁ"%\ﬁ‘*f‘ mﬁ’émﬂhsl)?bmri@)wmcﬁ mcsﬁammymg Les, enate
Sbi S(1ri s(:peniatkiironhenyd,! ggglg% Do zl %P Caes hm"of ot
Dol BgIHPY

bi s(trjs(pentafluorophenyl)bora ron mo 1ﬁ9da‘umoxanes havmg
bi s(t i s(peht hTPlBGWB‘ME’eﬁ%@}@y@fﬂaﬂwﬁthalwgdm@dlhyﬁmaﬂﬁngﬁpnm%mt especially

bis(tris( mpm@am@@ﬂ%mﬁ%@ﬁ% a%mlaﬁﬁxteg%ﬁzg%%og i%?sfﬁ?%%g%%smd@@osed in

bis(tris n borane) 4,5

10b|(s(t rl(g)(%pnﬁ;eaﬁ6 B %?% ﬁi * »t%llﬁﬁa)%l)’mdésﬁ“%ﬁehept adecyl )i m dazol i ni de,
bis(tris entaWaimr henyedh e6mi eim 2od o tirdBL; SRzl m. dazoli d

bi sgtrl sgggﬂ%@e a&%ﬁ:gg gni}e‘g o?ig b bgﬂéﬁggé{égcyﬁ en2|¥ﬁe£F§"f€ ‘iade

bi s(tris(pentafluorop &hy BaPUfdh %Ffﬁ?‘ﬂéééﬁ demay be suitably employed 1o activate
bi s(t ¢ s( Peretd quﬁ@tpfhémelp)eaérmh‘ﬁml)an Borunde oyl dazade,. .

15bi s(tri slpeabat! Mok 2- he tadecyllm Yo7 e cocatalysts
bis(tris( gent af | Eoé;{g%%gﬁ%lq% E%EOHH é]ﬂ’sdmf)e W@%@Hﬁewﬂkwﬂdiambﬂtmd

bi s(tri s( PEftaridtobuphétydahioname)d] Benbinsd:hapat 2666V 229 198 r0vs:

bi s(tris(pentafl uorophenyl)al umane)i m dazol i ni de,
bi s(tris(pentaf) uoroﬁlenyealur nane) - 2atindecyl i m dazol i ni d@3

A*"’"%z— Né\w-cﬂ A*‘LEQZHN%N-Q‘; A [Q” N@N -Q*
QsHQs : QsH ;9 Q J ’
2 Q 2

J

3 3
Q Q

wherein:
20 A" s & cation, especially a proton containing cation, and preferably is a trihydrocarbyl

ammonium cation containing one or two Cio-a0 alkyl groups, especially & methyldi

{Craz0 alicylammonium cation,

", independently each oceurrence, is hydrogen or 2 haio, hydrocarbyl, halocarbyl

halohydrocarbyl, silythydrocarbyl, or silyl, (including mono-, di- and trifiiydrocarbyl)silyl) group of

25 )

up to 30 atoms not counting hydrogen, preferably €, alleyl, and
Q gt ::rpenmﬂuorghhgnvﬂhcrapp or Trlsfpmﬂtaflu{)rnnhmny}\aiulnar\m\
u}'.
Examples of these catalyst activators inciude tiftydrocarbylammonium- saits especially
. ’ ‘ ‘ o » El
methyldi{C .00 allyDammonium- salts of:
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20bi sari s(pent af | uor ophenypal umane) - 2- hept adecyl i m dazol i ni de,

bi s(tris(pentafl uorophenypai umane) - 4, 5- bi s(undecypi m dazol i ni de,

bi s(tri s(pentafl uorophenypal unane) - 4, 5- bi s( hept adecyl )i m dazol i ni de,

bi s(tris(pentafl uorophenyl)al umane) -5, 6-di net hylbenzi m dazol i de, and

bi sttri s(pentafl uorophenypal umane) -5, 6- bi s(undecyl ) benzi m dazol i de. 25O her

activators include those described in PCT publication WO 98/07515 such as

tris (2, 2', 2"-nonafl uorobi phenyl)fl uoroal um nate. Conbi nati ons of

activators are also contenplated by the invention, for exanple, alunbxanes

and ionizi ng acbswatersiicbpe@ibialiions,gge for exanple, EP-A-0 573120,

POT publ i cggj&g& %94/1107?%8 a_gg WD 95/ 14044 and US Patents 5, 153, 157 and

5,453, 4)0. WO 98/ 09908 "deSey s "AErTRRitizaiecat al yst conpounds wi t h

per chl or at E§{iyesmiageratrdenyBband)-b-adaides idiaedudi ng their hydrates. WO

99/ 18135 des@kd; 1 . nobor oal um num activators. WO 03/10171

di scl oses ,aét%alu%g%ﬂ%%ﬁ“v t%géryéne%fg"t%m e admifctdidsf 13ronsted acids with

Lewi s ati d8“(elirapiupeepicratbrraecpt. S ethodsecfiphidastiyat i ng a catal yst compound

are descri bie@isgnh®forop8% nmr&emﬁ%gigm s 5,849,852, 5,859, 653, 5,869, 723,

EP- A- 615981, and PgT publication ' 8/ 32775. All of the foregoing

catal yst altiVHBriomehyuores - rdentingdaziingw acti vator for transition

net al conpbisixiseebafiusihBenyBor26)- LARLAYSH 208407 i n conbination according

to the pregenf ielgt\a/&ntigcn,lbhomever _for best results al unoxane contai ning

cocat al ysts AP ToFRETY Dborane)4ppBisiypdeqy Dimigedobniod, cat al yst / cocat al yst

enpl oyEY ptpl.@{fréfmm:h@aom@h@g]sboia’nem,ibil;@e}:QQQCgﬁo)QﬂiA&Qﬁr&dc nore preferably from

1: 5000 to @igﬁéépeﬁgﬁ%roﬁﬁe%%@go?blg}' %r.om 1:.1000 to 11’ Al unpxane, when used by

itself as an activating COCaral yEfimehybenmiaglisd i n | arge quantity,

gener al | y Wi(Tisogeluppbany hpsme Feo-tis@mtccfipefmiiBbal. conplex on a nol ar

basis. Tris(pendiat rane, .where used as an activating

encat al yst._ i s, enﬁlg%gﬁ?%gﬁa%lﬁ%ﬁ%a?egﬁlyz?i@% he nmetal conplex of fromO0.5:1

to 10: 1, rOVESEPEHRPRBpyhaiummd:2iudeybmbiannat preferably from1:1 to 5: 1.

The remai niistgs@eddMalhingy1Gaeahal .are generally enployed in

appr oxi natbtaasl%ié %m)l %r g%%anti?fyl\%ﬁt%ﬁ%y]ﬁ%l%{ﬁ conpl ex. 10The process of

the i nventtoh® % GSerRge tugiaptd. Spbis(ermleanlyrsitazBideone or nore cocat al'ysts,

and chai n bsfwit(péritafigoragienhaOmany-4enf Lt el uci.dated by reference to

Figure 1, bm%(ge there arga'll | ustr at é_d ‘péq‘tget%lsd\)/%{ldeéﬁphg%t alyst site A, 10, which

under pol yneri atr on %ﬂy] WS eptaids. pol ymer chain, 13, attached to the

active cataltyspentifltgppitdyabivmhd)ardnyscyidslib¥esgat al yst site B, 20, produces a

di f f epent ipak; |n, . attached to the active catalyst site, 22.

A chain shﬁgtfﬁfﬁ‘giﬂﬁf;@]‘?% f!umf%eﬁ?t @ﬁ%ﬂyl%daéoiﬁlﬁilesyrrer chai n produced by

active. c&iSHTSBEMAGORhendRhanyes-idmdpahyimEighai N, 23, for the pol yner

chain, 13pisalidPabefotReSAhALYSS 4SIL8 A Additional chain growth under

pol yner i zgt ?%52(' condiI?Ii Gns cau é’? Dfsgk}eﬁ%f‘?c AOERZO4MES ¢ - bl ock copol ymer, 18,

attached PHUAECRIRAEECRbgWsmagel-6, 6Alim@hytichankiycli@haign shuttling agent 02,

attached bi(ugs(RalayiRspne AL NmB 24 U cti.ve catalyst site A 24,

exchapges its égl%gerp %ﬁ?i n Mlé%%%ﬁmtgﬁ%gbﬁﬁwwﬁé%ai n, 23, attached to

catal st site BTCJGRATRYHdsIthosh deseribgd vt publiveiern WPOIORART Ik 2@k ofis gondi ti ons

causes f of mdtriceafivofobiahdilftdordalu@tkarC 0 : attached to active

catalyst gite B, The rowing multi-bl O%EMEE%E% %%%"Ptgrsaafaeals}gé%%ﬁ%ﬁi’@yexchanged

bet ween aéé:a ve cat alyEtPia 2 BREAnEt Y eizingeglvirets iBcdmpinntanseobr hmpit] | ng

agent C rBY%uHt F7¢R0 PCT prbiiadtion ol 04276 506Kyl o5 5 e8HIEN differi

properti es shapevel og@wshiange; Lo L h$ 0 E)osi te thl v_ecli gg{% [%T’%réilgga‘lﬁlccur S.

The growi ng pol yner  chai ns may be '8t EArphnievigt resblvetks. 28tigiaas chai n

shut t1% n ’gg‘@lﬁesza@?ﬁldfliﬁﬁ@irihmﬁaﬂ@iz‘ﬁﬂ 99/!‘1811;6&1:55;&1;(45théh@a%&"ﬂx%&ﬂo\éfrhéiamiﬁﬁﬁ resul ting

pol ymer r@vdaes eea¥aged Mlo&%}cﬁ?&»&” fromthe active catalyst site or the
ap

- actvat o of PO
shuttli ng ea yent, through use o I‘Oi %Hrs that are adducts of Bronsted acids with

Lewls acids, Other aclivators or methods for activating a catalyst compound are described in for
example, US Patents 5,849,852, 5.859, 653, 5,865,723, EP-A-615981, and PCT publicatioy
WO BB/32775. All of the Toregoing catalyst activators as well as any other know actrvator for
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source or other killing agent. It is believed (wthout wi shing to be
bound by such belief), that the conposition of the respective segnents or
bl ocks, and especially of the end segnments of the polynmer chains, nay be 30
i nfluenced t hrough sel ection of process conditions or other process
variables. In the polyners of the invention, the nature of the end segnents
is determned by the relative rates of chain transfer or term nation for
the respective catalysts as well as by the relative rates of chain
shuttling. Possible, chain term nation mechanisns include, but are not
limted to™fPORaEGEEAIE i Trariyon emplohyidicog enint.6amnsdef acfc&dﬁ%{bqg@r,

13-tri et hyhresedd iffenadd Bdyevan,: chal. 0t Lanster . to.hydrogen or other chain-
terminating reagent such as an oﬁgénégﬁ?}ﬁlﬁ%mg? "io?ﬁ%ﬁﬁé‘fei%%éﬁ ng agent.
Accordingly, whel B4 Giocs rredrtperielon cobloptiairsesbiutdnbds Rgmagenbo oS gsed, t he
maj ority oforpotejumEly £ Ho@NdSeWihds: RE&AeDeLAl Qi L he pol ymerization
reactor. by, ong.of the for e?oi,n ,chgipg 'Energ‘i r?glt |'1g}rqb {r?r}éclhfﬂ?g‘é AR
relative rates of "CRAFA"E BFHIFLLT Briopet indaentupstty.(w)eraind: €)1 00itkiks det er mi ne
t he predorfisrdiny oChad nobgiEbmahbiRGafiDi sihenttidhodssmynbdif. Galal YSt, havi ng t he
f ast est r%@vagpr&g[g}g Sermnation will. produce relatively nore ¢hain end
segments in the fini Shed porymer:, Mo rtoto jig megheqmpist of fmens:a thl gh more
concent r atTénall fiehdi Ifo $Hutdst prafgrablg @nt: 1i: Stoanp QY %@lmkn%%ct%%rchéak’m%s ocne

pol ymer chains isWint-hi0; £,h ¢cLor_and upon exiting the polymrerization zone
are attached or ng}r}\’d to?%r%gﬁc. gieﬁmﬁsl?i‘ﬁt uf"iﬂ‘r%w%@ﬁf‘{mm@é%mt hese reaction
condi tions, t hellf 81058t 9ehe mvesiontmmdyaicrcatal@ta, 2RsKE R, Of of A6k BLMIRE 1,581 1 On
cat al yst s causddiang Qbatd M8, KeahehePLuGial Leling of the two catalysts
primarily .@{)%fetr mi nes t he i%denti t}/ of thgyzﬁérrflceftogigﬁirﬁbt“ihﬁét%aé“‘t y. If

catal yst (R HES RS PEFYS AR 1 ¢ PARE Reder prihioizatih abnditsfibislsiangiskat € t han
catal yst BYy 1Gheacihe thajdid tyanef st he. ehain. o n i1l be those
produced ggfe%%tﬁ%ley%ﬁﬁ). AL nt({ebr nedi at e coin%gﬁi r%ﬁc%rggsﬁ%se 0%’@50$W5§huttl i ng
agent, all three of° FH& K orerfifiron &l nresarbpisiare 4 nstrsmsng atent O

det er ¥ ni Ackdtetoiaghelvnkt grainfbrdched bnzale polyrer 14@&@%5351-1?@01 18 g,lga%ii BY ...

met hodol ogy ,hRY,.P8..EX to the analysjs of multi-block polyrérs having
nore than tﬁoq%%ieoc]ﬁgf %gtga %gerﬁi(}e f aota:]ysé%tﬁ%? dhdtipgRichn sowihagdr biloekizmengt hs and
bl ock seqE@AEESs pasres firagionys k ymaiigock Borolyex ANPARchedl Bl B e Baclll, X LW £ Of

cat al yst sshiiady, AR s3ehd D hal uttlin ent, for which each catal yst
type makeg, a d?ffergnt t“yﬁ“"’g'of ’%&fﬁ%ﬁ%ﬁ}‘% ?%}%&‘El& Y &UVE prearst Bedie k

copol ymer ZCITRaREsE BePRRT Phask & Atforsharokyney petn, 2Futdchernsgys: 4 ot he ratio of
the shut t hidigosatigit Qodiends 0Pagation oat Lsdshe Lhree catalysts follows
the order 1>2>3, %hen t he a\igr Ztg_e bl ogk%tgbﬁlgg?aﬁmﬁsg’rrm?tﬁ@Ofﬁ?’g&bﬁﬂ%ck types
will fol | SRPYRE" SfqEpchsdpestivesageistle W drovies helielock asbianeescof 2-t ype

bl ocks adjeaeenty ¢xonBeddtpavdh atkscdNans dad xpe hl.ocks, Adiacent to 2-type

bl 0CKS,  ecutiine in forkhiid-Ol gyvs,t_hat a met hod exi Sts f%&“éc%sn@b‘ﬁ‘%%@%e?tﬁg bl ock
length di'striBution or T REGAP BHesKiEeRs pppatcs whorevexamplee o by sel ecting
cat al yst sorposi, acayvdaBiviwhesein. Zhanevid; piasticeisulstant .8 e, 5a

pol ymey black. L YRR)in, Qgggtaﬁ %Q@'mrllmxfs_héj%tl LN erilt,, gmd tﬁ?%ﬁﬁ%l‘taﬁa%ﬁé?at e
follows the order 1 ° 2 SegMEHEags desirg %%W»Wewsulmmwmmmm|

di st ri but™EHeIsH dhrdtsken emghhistinedelybirstavt hesiduanded:, 0aliah ¥slo$ s pHEI NG the
pol yneri z@gxic@amtggp@cﬂﬁl%’%gdt_on m xture conprising the nononer to be

pol ymeri zed

It is believed {without wishing to be bound by such belief), that the composition of the

respective segments or blocks, and especially of the end segments of the poiymer chains, may be
inflvennced through selection of process conditions or other process variables. In the palymers of

the invention, the nature of the end segments 1s determined by the relative rates of chain transfer or

. PO AN b, et oo i e f'r e x] Sy S
LeTIRELion 161 ine respective catalysts as well as by (he reiative rates of chain shuttiing. Possibie

chain termination mechanisms include, but are not Fmited 1o, B-hydrogen elimination B-hydrogen

frangfer 1o TRETET. Derr ety al it it e 1o - P
transier 1o mopomer, (-methyl elimination, and chain wransfer wo nydrogen or other chain-

A
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30is contacted with the activated catal yst conposition according to any
sui tabl e pol ynerization conditions. The process is characterized by use of
el evated tenperatures and pressures. Hydrogen nay be enployed as a chain
transfer agent for nolecul ar weight control according to known techniques
if desired. As in other sinilar polynerizations, it is highly desirable
that the nononers and solvents enpl oyed be of sufficiently high purity that
catal yst deactivation does not occur. Any sui tabl e techni que for nononer
purification such as devol atilization at reduced pressure, contacting with
nol ecul ar - s4:@4.8%,.9L. Bl 90, area a na, or a conbination of the

f or egoi ng 1:ocessesagmgy 12.1‘5’ng Toyed: °fh ‘“g}?l“""rifoéﬂmé’tgtag%lhnﬁwrmngiap&pree@| ate
that the r&t O oPIERdIchinmeilingeagentedtoe Baieri0be MR- Salalyst$ ,and or
NMDNONET S |mﬁeﬁ&dm{ﬁa§ S92l d)Ce.RE AR vent i on be varied in order to
5pr oduce ﬁg ¥{ger§rd|? fering in one. g’% GHAG%rTFé’ﬁ*r(?ga}/tSFm‘ﬁﬂq%Wé%mm@p@rt| es.
Supports nay BE BTGy 8E fﬁ“?%é@nﬁ%?é@m&mw@chm}m dﬁﬁxﬁﬁi@h@b}aﬁoﬂnﬁaﬁ LiuLTy or
gas- phase tp@hxynrﬁlrwlnm&&y oMt is, eﬁ@bét% {HQFH% particul ated,
high surfage are mbm met.al oxi des, talTold oxi %%Pcﬂ%l? %ﬁ“ﬁﬁ”ﬁ? &l prdirceof
(inter changeabl Yy PEFaPt & Sf%nﬁ}‘irél‘lbt?‘nmééheérﬁ’ometr gani ¢ oxi de). Exarrpl es

i nclude: talc, Iswbmraa whdnliIi @ oncBRGNES b, I‘t"&ﬁz@t‘ﬂh@aa i i g, .St

al uni nosi |t519?$1§‘1§ kRO Qs hicates clays, and mxt e LSRR SF T ok
supports prefera AV ST A ‘?PB&“&%"%@?@Wﬁrﬁ@wnbwcme{mmm

por osi net r%“ﬁ%‘i"ﬁ@e qhhle sPrttinT 2genme Uhdrd ik 50 ckibn §@di000m0RY 2 ve &@Q?fpch?f er abl y
from 100 t:0:m600MR/ BivimtRS:AYE e size typically romoO

500 pm pref erabl nygr%nm g %Eﬂgggaﬁ)aame reﬁ%“’f)faéefcér"%‘} S?“tif@gpémi@@ Qmiya;tbn one
embodi nentprﬁ‘fa*‘"’mf@tqfﬂ\?%ﬁf‘? @Pﬂf@‘riéﬂprc@slemeatx@Imtﬁdr} Q@Mﬂ(@h% ae}‘&@ex QR onal
suppor t %&nﬁf&yanb@raﬂﬁﬁs}imﬂ{ ee L ot recovered in sol

particul ate &rmto pr ovi éllg a cgﬁpo ?{(}%dr%ih B RSy gty B4 |°Pi}ﬂ‘€1%dd‘ﬁ§ﬁ‘f@?5t ed and
handl ed. SULCABICE HRPRHHY FBPstébray drying a |iquid containing slurry are

wel I known in tﬁheuta-m‘edzaﬂadodé&ﬁfaﬁﬂnl: Mf&%'s&%&quﬁeﬁehpnueEE§L Jsed techniques

for spra t comositions for tse herern UYETFHIOBE
R B D e BRI

inl | TS-A s BH G 9PREY 5bihy fred! polamirdivck sdeé&isgcﬁtgl y carried

out as a é@ﬂﬂtﬂﬁﬁgmusamleymmdzfaﬁw &falysiPlohekiatdc¥ pdiyad! Ff?e%w%% u,[fg tion
pol yner i Z%ﬁﬂe@ﬁhd fb%o%&lﬁ& eaverayesnioc:?g nent S ! ShUt t % noners,
and opti onal I% sol vent, uvant ?1‘ %‘Q%WDWPW@?P{ZHDQI‘QI‘FO&I ds are
cont i nuouST s

B uivoe @frmtaimsat i 00 32808 AN sl BEn: RLAAHG! eaQP”t i nuously
nd

rem)ved t BehRst bfp Mak ot et erns, "conti nuous’

" cont i_nuoys| E%/S fr%pg used in t HIE 6%%83 &ioc‘eprf’%?él EBF%@E’%@@OWm\mﬁth her e
are inter eé‘h‘i’k’%éﬁatsl Biitogforey @é@tréawtcg tiznbbrtliepovab ﬂx@l}:roﬁéeﬁ%!ﬁ%@ @ipesmal |
regul ar omre@rdaﬁguds%ﬂolw@h%r y@} S0-298 e overall process
i's substaptj aI dy ogt % ) gtﬁeemgé %‘13%\{0“m“gﬁ%‘iﬁg}"tﬂ?rﬁ%@mé&’?%‘édl
advant ageous ?’r%lr - F“Hi BeryiY e s stresss SfGHupe thmks il 1 3 he P@gs phase
pol yner i zézh owpplbmmjac&@fo ZAy®olddkd on pol ynerization process it is

desirable to e eous spersions of the catalyst conmponents in a
liquid dil uent@éﬁg%ﬁ?’cgogﬁtg dp“éi%%%‘rcoritgoi%lfwl@klﬁrmaéﬁlstdhmqwlf mmozlatl on

condi £ on®lodripieoy Bat. ex@mele, Sy ediecQeRSSts Ul 1 hied RGRR 308X ogucﬂ

Iyst L
or sim | ak.di 3Rk roduce. such a honogeneols catalyst:
di sper si onevxlner e eletpﬁler § eg hE AP EBHBIRE 2258k 2pckae %@aﬂgaﬂt%ﬂw@mwﬂq 1poor |y

sol ubl e iB2diPstEaseidng mlww;maﬁmdal&sﬁmﬁmo@mom 10683 $ali Qs §RALE; L he
novel polypense0f the present invention, especially a continuous so ‘uti on
process is preferably carried out at a tenperature between 80C and 250C,

mor e pr ef er abl Y BE el Egeton e 1@t 0@, miame: cvostisipsef KsaRkyto BeLyeeRi-d10C and
210C. 30A hk gntacted with the activated catal

nﬁ silica

Vst composition according to any suitabie polymerization

conditions. The process is characterized by use of elevated temperatures and pressures. Hvdrogen

Imay be employed as a chain transfer agent for molecular weight control according to known

techniques if desired, As in other similar polymerizations, it is highly desirable that fhe MONoMmers

and solvents employed be of sufficientlv high purity that catalyst deactivation does not ocour. Any
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pressure process is usually carried out at tenperatures from 10000 to 400C
and at pressures above 500 bar (50 MPa). A slurry process typically uses
an inert hydrocarbon diluent and tenperatures of fromOC up to a
tenperature just below the tenperature at which the resulting polyner
becones: substantially soluble in the inert polynerization nedium Preferred
tenperatures in a slurry 5polynerization are from 30C, preferably from 60C
up to 115C, preferably up to 100C. Pressures typically range from -

at nospheric (100 kPa) to 500 psi (3.4 lvilPa). In all of the
foregoing p sses, continuous or substantially continuous polynerization
condi tions %%gbqep?egwgf‘l%%ﬁ TORMPHT Sy tionfachssalcofiatéinain RObBRIrZatd O eactine
condi ti ons,wélsrpeleéuath«y«escomigmm,are%@iu%ﬁao&-apc%h%%gﬁénzgihig n processes -

enpl oyi ng tyg or, npre active pol ﬁrre_ri zation 10catalys 8%0%?1'0@%%% t he
use of elevated T eaiact or 'Y %ﬂ@eélra&ts T B4 appceRte fhasilib tago bivhbih €heGONGRH Al
product i on Gf"Fiutatayshirdek nonoseyren eekSORUWIBLS J.0.high yiel.ds and

ef fi ci enci egoqBOtfhNAmRASHEoUS and pl Eg fl OW%%JZ fdr‘f%]a!’t?fl I%(%hg‘c‘iﬁlﬁ ¥ PORSE may
be enpl oyed. The latter condil tiond aFe Prarerpaer wiversest aperi ng of the

bl ock conposi ti oWPICEs Heshy @ehioyed in the dBedeht iﬁx&h@dﬂ&&&&?ﬂ%@&?ﬁs g(mA and (B)
may be prepanatriagead HeaD S. . Copposi.tion by addition of ¢ requisite
netal conpl exﬁ:ﬂéé to a soI_v%%Pﬁ%% ﬁ%\}%ﬁ%o hPaINSY R Pigk arfasmared. mbtabeideonduct ed
or in a di I'TiNeCEHatrimprarsiticreof feerianpmbleciteact LoBn B KLt Lxi. 108, desi r ed
cocat al yst fonmpiedihatait Qiic afikka! DenisNhLldN9; 4980t Ry bﬁ, conbi ned w th the
cat al yst, cqjg;%gﬁi atti on either prior trof’ Si <’;’tne(5)f3l‘§1§}1 P Hpmmpticats er

conbi nation W tH PRE WS “yiperend. potaplrevireedereidbia byv-adeibi goal reaction
di | uent. 20AEmehdd bt hiregn doheinepdLybdnak 4 ient s, well as any active
cat al yst cmol%moiﬁ%mﬁyustr, be e?gt ected frg%{eﬁ‘%grgfﬁﬁgﬁodw"p‘rﬁ%%@%pw diefore,
the catal yst conponent's, “ShUfteT Mg g vredly sdtom/iat edot ak alyshisy pyst  be
prepar ed af¥tior, edreiprfamipxygan and noi sture free atnosphere, preferably a
dry, inert gas nitrogen. Without Iimting in any way the scope of
the invention, gtbgb?@%%%n Tn%?ggealp\‘%\{‘?fbtﬁﬁﬂies%i@ﬁi?at PHperitionerd opebiaDpRI0Cess
is as flol | BDe Py drisior priedvitardovereditsod, P RITORPD $od e REL DAL YIELY 2ed
are i ntroducedii¢entihn | ¥ diQ98L NS, Wit h gcgy sol vent "or di aRS oA

react or cont!@' ns a |iquid phase “compos&d™s SErahEviaE pjiowd coveinomehsy teget her
with any s8FVENRF? SR ansriteiaticenditysbhared. RefeyePkenRLEM 8§80 S QL YENLS

i ncl ude CAcchbohiyels 0% asehens: QF sl et S Lher epf., . especi al I'y al'kafies such as
hexane or m xtures of al kanes, as welT ‘as one~of *HorE266%t he mononer s

enpl oyed in t he' BEPYREFEHS ¥ Grrirap cartiet et yrot@nitndpusaolmbBrial, 8HaGith

cocat aFy st ccanmhogh) adlintios hidilyinkdi R oG8 ntinuously or intermttently

i ntroduced,j;n the reactor || %ui d phaskgé&%ﬁgﬁypgg@’c*éﬁméi’ﬁﬁflfi(%ﬁnctﬂﬁlé?réof . The
r eact or tegpep ature and arﬁit’ué’g bV TR S d eemnerbhtiedhido yreadh tnSdus B Gudohél 1o

sol vent / mofibivettiop aink agd ridhenee atodbdy séntiaaidish QML | .as by cooling or
heat i ng C%ﬂnﬁ,‘°c&é%%§%{gﬂmgg},h- The Ql_ﬁreri zact?{?l%ﬁﬁrg%’t %ﬁklglt%eosﬁ?pl%(?ﬁg‘éd by
the rate of catalyst addition. “rheEtHyl BHeous eettosoprotekes pothjmterspr oduct

is are mtermittent additions of reactants and removal of products at small regular or irrecular mtervals
&= s

75 s it 12 &1 :
25 50 that, over time, the overall process is substantially continuous.

The catalyst compositions can be advantageously employed in a high pressure, solution
b4 tl

slu izati i
rry, or gas phase polymerization process. For a solution polymerization process it 1s desirable fo

employ homogeneous dispersions of the catalyst components in a liquid difvent in which the

polymer is soluble under the polymerization conditions empioyed. One such process wufilizing an

30 extr v & il imi i I i
emely fme silica or stmilar dispersing agent o produce such a homogeneous catalyst disparsion

where either the metal complex ot the cocatalyst is only poorly soiubie is disclosed in US-A-

z el ) 3
5,783,512, A solution process to prepare the novel polymers of the present invention, especially a

COMLNLGUS selution process is preferably carried our at a temperature between 80°C and 250°0
i Lo O o - ! Sy

more preforably betwes °C 16 i bly i
P v be ; 1 100°C and 210°C, and most preferably between 110°C and 210°C. 4 high
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determ ned by the ratio of ethylene to conononer in the reactor, which is
controll ed by mani pulating the respective feed rates of these conponents to
the reactor. The pol yner product nol ecul ar weight is controlled,.
optionally, by controlling other polynerization variables such as the
tenperature, nononer concentration., or by the previously nmentioned chain
transfer agent, as is well 5known in the an. Upon exiting the reactor, the
~effluent is contacted with a catalyst kill agent such as water, steamor an
al cohol . The polynmer solution is optionally heated, and the pol ymer product
is recovered by flashing off gaseous nononers as well as residual solvent
or diluent AFSTEdureedisprelsmrasd @ne enifanegessaryec CORgUCing furt her

atpressures aboye
n a

devol ati | i zabi &(so Braful BIENSUGH a5 a devol ati | i zi ng extruder),
continuous process the nean rrgs?!3 ﬁ%@yﬁfeﬁ%’}Wnﬁ‘%o‘iﬁﬁioéldQWTaa@mmpmwf in

the reactor "t¥Je B'AP FYPPPraureinfb o thrasratos & Windss reaithepEGEERARLY, T rom
10 m nutes twshnthdtkobbieA hemBabhVekyandedf Qr €991 0g, pol yneri zati on may be
carried gut Ln qfqggginuoEsolo%gy§é5%€oP&V}gh%%E{Q%F%%ﬁ¥M§mﬁﬁﬁ8ﬁﬁw,

catal yst ~or "SHUL £ 1 h AGBAP “gat arly feae ABLius e dl Betpmerenbidin fanicng T egi ons
thereof , opticonal tyic2ie coppant eshohsapas alpd Rdditi 9pnQf catal ysts and/ or
chain transfer agenis:and &ggrg%%gg under adi abatic or fion-adiabatic

sol ution pol ynerizati on conartrons 6 IBYs AbTureetishs catintonepchoregdbng

react or contfPffieHere PEkap wwiakd sTitabbieudlQopmaatih b &pt I{_x,j/et y of
sui t abl e opemaiuotgsec@bslhdih QRS 4Qr, > theremith are found in USP s

5, 977, 251, %@19’ 989 o }l6, 683,015’5‘}.‘!%%155%{5’6%%‘% OT JROTR|@iy Ry metifgEoT at al yst
conposi t1 on“IaY" “Bi°ES eV Ihepsaticwtd rampt oypdaass ahichet ek AURNROUS,Gat al yst
by adsor bi ngrodubipnioeguliisice o€ RRRORENLSH 1A plA&Ed 4l ,N0rgani ¢ or organic
particul ateg solid m%shggﬁviousléfdiggﬁgged.g#ﬁw%ﬁaﬁr% gFEy Btbodi nent, a
het er ogeneous Cat Al ¥str {ed o8 BRHF EobiPeigs mseip emalovalg Tehietmednaliogorm| ex
and the reattifend were tpetnz of thamldeb eimtposifie igaRicq conpound and an active

hydr ogen cont ai 39,26k .. especially the reaction product of a rri
(C1_4 allcyl). al unmi %u%téécl) O%ﬁfr? (%‘23” dé%h BT EA s &b ¢ hepogapeous composition by

hydr oxy&r yl EHfQypése A siropoplrenyleyd or atodentdn hicR the 3B AR UM 52l t  Of

(4- hydr oxy-cBaducsd dr@f 4 diRey bihydRReNY Grig{Rent af | uor ophenypborate. 95Wen

pr epar ed inc@pge&§%§n§o¥s orysupporg%&mﬁ%gﬁfé?ﬁ%n%ﬁwg1?@?h%%ﬁﬁﬁ§?Wﬂ@h may
be enpl oyed TR & §MirPylies 280 gAY Ysikemsiengdoriftey dapditst @mpodonainRk Ak ke al

l'i mi tati on,sinsiitrepyiypolhysrafizahbRRid k@ Shdh @68, d gui d dil uents in which
the pol ymer product is substantially i nsol ubl &, %#%@%?5%%@?”%%&aﬂ¥*ﬂ@nt f or
slurryzﬁolynerlza 1on is one or nore hydrocarbons with Il ess than 5 carbon
atons. f desi r &l toes et digliony] diepaiRnib @NGelSHGhy ASHEL ane or butane
may be usegdidNagk Son R0l LR . odi ,IpuenCB.B_y v J&%{Qg‘%@g’?éﬁ% g euse in
gas phase po| ynerization processes, the SFABEFricomaeEsrEshuttingagessud t i ng

cat al yst ha¥VARHBHYER yEbE Preperedimivptesnin 1 @mrnt 0oRR0 L ILE. Pr ef erabl y
from 30 gnpﬁ&mi@ngnhw@@gsgg§%I@ﬂﬁ&@rabIy from50 p.mto 100 gm Preferably
for use in slur@%hfo%%?ﬁrjzation processes, the support has a nedian
particle di amet 8"V OHIEE {5. 3% P8y Poeronme! thrgnenpore ber abhyfof 200 Bol Ry L0 100
um ands nostlyiperedien alokass & EORSILRs. UM b9 B0 H M acor Sui t abl e gas phase
pol yner i Za%gﬂlcgrcgl%%ﬁgus}‘ or use hiclargi n are s_ualg?sot’aﬂﬁettfl(g’lclnf/“%ol PPEPeZ5d fRown
processes used commerclal 1% oh"a" MEryEersdtigettof b hetaemufaativsie pofe

pol ypr opy| emeressésivythmigy of monomers together with any solvent or diluent and dissolved polymer,

Preferred solvents include Cayp hydrocarbons or mixtures thereof, especially alkanes such as hexane

or muxtures of alkanes, as well as one or more of the monomers eruployed in the polymerization

30 Catalysts (A? and (B) along with cocatalyst and chain shuttling agent are

continuousty or
iase or any recycled portion thereof. The reactor
temperature and pressure may be controlled by adjusting the solvent/monomer ratio. the

addition rate, as well as by cooling or heating coils

intermittently introduced in the reactor liquid pi

catalyst
, jackets or both. The polymerization rate is

- controlled by the rate of catalyst addition. The ethylene content of the polymer product is
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50l efin copol yners, and other olefin polyners. The gas phase process

enpl oyed can be, for exanple, of the type which enploys a nechanically
stirred bed or a gas fluidized bed as the polynerization reaction zone.
Preferred is the process wherein the polynerization reaction is carried out
in avertical cylindrical polynerization reactor containing a fluidized bed
of polynmer particles supported or suspended above a perforated plate or
fluidization grid, by a flow of 10fluidization gas The gas enpl oyed
to fluidize the bed conprises the nonomer or nonomers to be polynerized,
and al so serves as a heat exchange nmediumto renove the heat of reaction
fromthe bedkaﬁ@ﬁﬁwﬁWQa@eéaﬂﬂe@g&n&h@&h&h@ﬂ&?£m8£“Eh%ﬁfeac normal |y

or
via a tranquidnipaghi . also known as a veloci'ty ré GRS one, havi ng
a w der diamet epfl t ﬁg(a%% r_t&%%%%v i %F%‘?%‘“’%%‘O’%%a CAMRPrH e dkareacts. Therpelypar prbaikes
entrai ned i MPYffalagdehsi F@’érﬁi*mwéiﬂmiﬂydppmm‘rmnﬂgtMhérgolgﬁlméia&o@ggﬂ%% \C I§u41nt o the
bed. It cantamﬁﬂmﬂem&QM@n&ﬁ&%%&%HRQ'K%%i@m&%gLone“tb remove ultra-fing
particles, f@ggnhggﬁhot as stream The gas 1&Y PalrIAbFEItysisraycled wtib t he
bed by means of a blo cmﬁ?“%%ﬁﬁ?@§§@ﬁwaﬁﬁﬂmmEummmﬁDWQhb&ﬁ&w?ﬁﬁgéﬁgﬁ&§ to
strip the gaswots fihe cheaticdab Iab YRk 28k . pr.eferred method of cooling
of the bed,igéh&gggng%%h%qthe cool i ng pﬁgef%@39%5*%ﬁgt836#@&5@5%9e9@1e
gas, is to ;eed argqg? 156 1 TP PEmER @S heltastresidrbssivee oatiiemapREaLd Ve
cool i ng ef f @EfSureofng dnepeseey, cediudtiog ASthOPRN &kt 105 ondensi mode. The
vol atile |1 auidetil @Gtk b 8. gase: can be. o U RS et
liquid, for exaqPJe, a saturated hydr OCATOHRASVEReptdyst od §plypeeh eadbyr 4 t 0
6, carbon affE.Y FHOFHEBHSEO § hats. teraonbiBomOn eARRRORESJ tSel f is a

vol atil e |iquid, ARsmacadn, BR 60 .0.provide such a liquid, this can

sui tably be“&gg‘%%o&hgmhed tOQ%§§§§g%#%ﬁg%$aH%F?FF@@mﬁ%bwmﬁgmé¢mg@@gmﬁhe
volatile Iiquid evapsrPeact @epier syfting aenticraittnbedblined @hmgasehi ch m xes
Wi th the fl Bdhzthagtgasoohly dcb@nmpi@bdss defarkib Olliafiol S 8, MDNOMEr  Or Cconpnoner,

it will und%ﬁgqmﬁgﬁgﬁﬂpaxgpéﬁégkkgn}:n?thég%%g?hiﬂgﬂgﬁgﬁ%ﬁﬁfgﬂnFﬁﬁﬁid t hen
emerges fromthe reactor as part “ofrHerbpgsolugeypihanayagion anditent @r s t he
conpreséion%ﬁ@é%mﬁiﬁﬁhﬁﬁﬁgﬁagmmnimmh&kmeqﬁﬁkﬁhkQQQﬁdih&m&EQXEJ% gas.is

cool ed in tdreuieRbpLA RN RHon AN s, dif L 0B LEMPerature 1o w ch TREVHEE i s
cooled is 3@ Qﬁ/%he dew 30poi nt, Trqurd d FIpiedsips £.8@5t rertPObeangas. Thi s
liquid is desr ) |y recycled continuously to the fluidized bed. It is
possi bl e to recygdhegh he apa@ctPit akgd, Liguid to the b
carried in fhe é’g%%’!"%y%%s i|£dst ream E.Q’srg%%gn of” %foo%gé?W%aﬁmW%@é? for
exanplﬁyjn EP—% FIRYEDY HASBRBE B9 gequinly gUPRBAGE AN thetitBreakic 35@edA9. A
parti cutlar |Birtispletberotiéds pretibet, dflofRC Vichd e iauid to the bed is to
separate thephi.ati 4. fL.omihe r I{(]La?‘%l/((;:(lj e gas‘ stlrrréggegbgﬂ%ﬁ%’oa hﬁeﬁ%f‘?@ﬁ FRIVEHN i quid
directly into the bed, pt &f erapl y R Ty dheferchoprohicoti agiame mateasic f | ne
dropl et’s of“BRRE fidap ebtink Exvirvget derabe actFhics, el Ohhe REQERSRaIS pfieSL] Ded 11
y[)94128032&yﬁﬂ@m995¥&§&h§@&ﬁ%9ﬁ&%%ﬁ&k%qhﬁC%grr|ng in the"gas fiuf'drzed bed
is catal yzed by the continuous or Sem -¢ontiHyeaedHePaiadnorofheadibatayst
conposi ti oﬁ“"éégﬁlra&w&%alﬁ Rel4ibplrentd. oriterTmuB okl Ysipe Ashll 8N, qBy be
subj ect?ed tOreapppe4aal yRBbdAML 9y r, ex le, by polymerizing a snal
quantity OEM%%&QLﬁ mono % in a ﬁ%%ﬁ?ﬁ%ﬁ%é??a%g%ﬁ?ﬁ??%PB“ﬁ?é@ﬂ@@%ﬁd@ataIyst
conposi te (i:'O b 4ri i1y SUPPBITEHC disal Rastiop dimithiirinesurg o ehd@tkibita@ds gk |
pol ymer pafigiiedibsntais wkthlthe potymer prddiR: 2 QMR duced directly in the
fluidized by Qﬁwﬂﬂki%EEkFQ&jon?gf t he nnno%gkﬁgguﬁ$xfﬁ%3ﬂ6ﬁ“ K& s on
the fluidized particles or Cal®af yerecusmsagintssethan & oppanted. takbakyst
10conposi t FIREt vprepsiny preh hedbasabalpyistor 6@ARAS] ik QR W \I«ﬁ?}]enortpgg bed.

Start-up ofiidlre pol ymerization reaction is achieved using a e ‘0t

pr ef or med polyggr particles, which are preferably simlar to the desired
pol yner, and corftePoHi e it e Pheepeymeiaiimgpraetshy, 10 @dbord@SieQf] il HLAGEN
prior to ietaethiCh MGian particie diameter from 20 to 200 pm, more i

and most preferably from 50 wm to 100 um. Prefe

bed as |iquid droplets

preferably from 30 wm to 150 fLm,

rably for use i slurry poiymerization processes,



the catal yst conposition, the nonomers and any ot her gases which it is
desired to have in the recycle gas stream such as a diluent gas, hydrogen
chain transfer agent, or an inert condensabl e gas 15when operating in gas
phase..condensi ng node. The produced pol yner is discharged continuously or
sem -conti nuously fromthe fluidized bed as desired. The gas phase
processes nost 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 renoval of products fromthe reaction
zone of the reactor, thereby providing a steady-state 20environnent on the
Macr o scale*WﬁmmW§hﬂ@ﬁ@@h@mmzﬁm@mmﬁﬁmheyw@a@&QmMmEthHQQ§3QQ%D&%3gA%XOO

recovered bmmgéggﬁggﬁﬁggmggqu@gnggﬁﬁ§ure and optionally elevate
tenperatures (devol atilization) according to known techni ques. Typically,

the fluidized bed“BPeERerhgssopubeiopprces foiwse bpds at edsaitide BRELAL WES

greater thamd@G:s ypriebenabhy hhomb0% FPx oore . preferably from 70C to
110C. 25§xag%&ggoof %a hase ggg%esseg %%%% u??ef§8§%ﬁ§%ﬁ§D?6WYﬁ§%uin t he
t

S
process of thi's TRVERTT BhOUF &lett Bdrese d e rteus apatrentssmplby 588y 39 0o
4,543,399; B85, TN tyh, A3, Bdys AnAQHiAR2 gmé,d%%r%%% ﬁé@éegg)bb%%ge
5,453, 471 50032:50%:.50028,500;.,9, 413,028, 5, 106, 803 b 5567258
5,541, 270; 5, 608, 019: and b, 616 B61.° PRSP HEE IR o PrirRdriGRiE reaction is
functi onal i ZEHURF invaritive syloricabotinetiatakraapoloyamhs « ALRiAh 58 30k pgL uded

within the paaseploRYERLIOR L83, 408! ude al'] ated pol ymers wherein
Ihe.rgﬁnant 0 ?%%%%EPEIgs%B%PP%WEﬁﬁ&§ﬁﬁ??F?ﬁ@aé@@ﬁf enpl oyed,

t he netqh ig
as wel | '8s FUPEALP Efferivati ves t hereof, for exanple, the reaction product

of a netallated piodgn@iipioved B 8010y 98N SRVEGS AR Lhen with water to forma
another§%h%odi%en€%m§ﬁF?F%F%%? Sir or other

hydroxyl term e lymer. | _

quench agen%ﬁkg %ggggﬁ%%S%Y%évgmgﬁﬁﬁmﬁF“&FF”@Wrﬁﬁéﬁﬁhmpﬂbfwgﬁagénmﬂ@olyner

bonds t her eby dbnire zrves @terde Gas theaom el it @f nokiy RAI AR it Qi ZJg%{Q%QgW'
e

term nated RELYIEL voi it | examples . include olefin termna pol yners
formed by p-hydr| de el !F?]B_{ﬁ‘"‘g?“?‘c‘?‘ﬁe’ g%‘” EECRTT SHme e g fgidizehbadrand weerries ul t i ng
D s s e dbrel ot AT bruapts O f Sudflh btk ol

copol yrmer @y fedfunedohopal.iz Y, . AN (reaction with maleie

anhydri de o&ﬁitg e uﬁialentf,ﬁﬁgtéiIatigﬁ&%gﬁy%ﬂﬁgs&ﬁ?ﬂwgﬁt%¥ﬁ%ﬁWLﬂ?ﬁhium
reagent, optT & ﬁ“ﬁ‘gm’f Y (e ep Frdlelhfe & Bpang of eWiowebasenprespend ald oy man wadri ne,
such as t et =amethybetiyl-eaediamtae)polachnigyes for functionalization of

polymers are wel) kno and.di scl gsed for exanple in US? 5,543,458, and
el sewher e. flx prez%rr\é@xhetmq of cooling of the bed, in addition to the cooling provided by the cocled

20 recycle gas, is to feed a volatile liguid to the bed to provide an evaporative cooling effect, often
referred to as opetation in the condensing mode. The volatile liquid employed in this case can be,
for example, a volatile inert liguid, for example, a saturated hydrocarbon having 3 10 §, prsferabl}; 4
to 6, carbon atoms. In the case that the monotmer ot comonomer itself Is a volatile liguid, or can be
condensed to provide such a liquid, this can sujtably be fed to the bed to provide an evaporative

25 cooling effect. The volatile liquid evaporates in the hot fluidized bed to form gas which mixes with
the fiuidizing gas. If the volatile liquid is 2 monomer or comonomer, it will undergo some
polymerization in the bed. The evaporated Iiquid then emerges from the reactor as part of the hot
recycle gas, and enters the compression/heat exchange part of the recycie ioop. The recycle gas is
coaled in the heat exchanger and, if the temperature to which the gas is cooled is below the dew

30 point, liquid will precipitate from the gas. This liquid is desirably recycied continuously to the
fluidized bed. It is possible to recycle the precipitated liquid to the bed as Hquid dropiets carried in
the recycle gas stream. This fype of process is described, for example in EP-89691: 1.8, 4,543.,3 99,
WO-84/25495 and U.S. 5,352,749, A particuiarly preferred method of recycling the liquid to the

bed is to separate the liquid from the recycle gas stream and to reinject this liquid directly into the
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Because a substantial fraction of the polyneric product exiting the reactor

is termnated 10with the chain shuttling agent, further functionalLization

is relatively easy. The netal | ated pol ynmer species can be utilized in well

known.-chem cal reactions such as those suitable for other alkyl-alum num

al kyl'-gal i um al kyl -zinc, or alkyl-Goup 1 conpounds to foam am ne-,

hydr oxy-, epoxy-, ketone-, ester-, nitrile-, and other functionalized

term nated pol yner products. Exanples of suitable reaction techniques that

are adaptable for use here in are described in Negishi, "Orgaonnetallics in

15O0rganic Synthesis”, Vol. | and 2, (1980), and other standard texts in

organonetalIb%imﬁ@mﬁrgammmu$ymWhasgﬁwmaﬂﬁ%mgﬁﬂ&gQﬂgghgd‘V&mjmeb g il |2|ng
yner

the present preGesSS.q4 QQ al I including nul ti copol'y are
readily 20pre|§g(r%ed - % mﬁ%ﬁé}rﬁg y, the polyners are interpol Yners

conprising in pol K)ﬁé@ Y‘Eeé’éaﬁ%remuen hycheingin thmgak mlglcmale@S&@s SkalpRIBEAL S

characteri Zedmbi)hc)tzm eﬁﬁ@&%ﬁ'&ﬁ o BQ/ LmRka and ot her. segments of
highly crystalli ne g(él yet hyl ene. . &% -:axlroyEN ndﬁﬁiﬂ%?@%‘?“ﬁ%eﬁm

i nvention ar @ Hal e ’6‘%‘@ S‘é%%??eéé{t @F?@é@“ebgatmh@teprrmm;ﬁe @k polymerizing a
di fferent i atedlihotksf sbididachd e @muwmﬁ £0akNS o havi.ng, both crystalline

and anor pho sence of such differentiated bIBERE in the
i nt er pol yne;{%mgﬁgﬂ‘tﬂgﬁg plorr%é\;éentglly%ﬁare Eﬁéeqdﬁ%’ﬁt" 1 ragveyr Ranicdrses FREF el uti on

curves as wel | asl“h;a\rrcm@ﬁlaxsmodmemfecm BEAATuiRA 3kY bt R SERNLAME Sronomer or

I n the vari opgnededigent, vent unl ess ‘i ndi cated ot herw se,
the inventive Sol yIMer s prg era&B 5 i:bolscg:’tsa %smﬁfyﬁ‘é‘%’t’t‘m’B‘fm@uWSW%W@B@ f/g or

| ess, an'et WWB?%IOEBWT%EWEWW%@ co@ppsitio BEHAP@E ydaiesta&agfmﬂ{e%hyﬁfmﬁ&en' east

50 wei ght peéabedsmsacﬁreea‘d%ﬁ 3d8f prbBARE p ass_transition
tenperature,, la%lan ite) rm?egrgt?g%er aeblwmcihg"%sp’ffﬁ‘é‘hys%’@“oﬁﬁd/ or

one and onl y' on i pcflf”ﬁer ‘Eﬁnfhf‘?i’r‘l% thg bed by @rvise ifbrapest aﬁ ortriifepgempemtd BRodan: have
1000 o1 10 mhautes. omeo pr el Stably. from b Oi Fo aebr EAER I ARG 1
es pec?al ly fr g%g%asé‘%g{p %7hf5t %f %Kﬁ’@s"“ s FrRostT @g“n’ft preniipvientdzdsaie byener s
can havenolv@euprerativgp ghytmiase Mndénsxognnddeo 08e Ghdiire® pdipnd i 00QnA00: AL L

preferably fof @mit800:0949B Ll 0 re preferably from 10000 g/ nol e
to 500, 000 gAnoIIe ar?d yespeC| g?‘f}m r%?nc%ﬁu ggo g/ nole, to 300,000 g/ noie.

The density of tHh f& Saﬁ?}ﬁﬂ%e%lﬂgﬂﬁ%w@b@é@rtb@rémmmﬁhﬁﬁvaﬁloﬁa&%oﬁhﬁ&ﬁ and

preferably fpﬁnli:es&ish&}ﬂcEﬁx@vﬁ@ﬂahﬁb EHonSL Qs,‘% §Sed L0, 0,82 af B 1 gl cnB.
Mor eover, the, present pol ymer s ° %!éig ar eéa%%]s? hg e é%ﬁ?%ﬁfgéhetrﬁwmf
i nfl uence t ﬁ% g Tem@"é’* o procl cts from the reactzon zone of the reactor, the:reby providing a steady-state

H
20 environment on the macro scale in the reaction zone of the reactor. Products are readilv 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
temperatures greater than 50°C, preferably from 60°C to 118°C, more preferably from 70°C to
110°C,

Exampies of gas phase processesi‘ 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 5.405.622
5,462,999, 5,461,123; 5,453,471, 5,032 -362; 5,028,670; 5,473,028; 5,106,804, 5,556,238;'
5,541,270, 5,608,019; and 5,616,661,

As previously mentioned, functionalized derivatives of multi-block copolymers are also
30 included within the present invention. Examples include metallated polymers wherein the metal s

the remnant of the catalyst or chain shuttling agent employed, as well as further derivatives thereof,
for exampie, the reaction product of 2 metallated polymer with an oxygen source and then with |
water to form a hydroxyl terminated polymer. In another embodiment, sufficient air or other

uench agent is added to o 2 i i
q z to cieave some or all of the shuttling agent-polymer bonds thereby converting
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or | evel of biociciness. That is the anobunt of branching and | ength of each

pol ymer - bl ock or segnent can be altered by controlling the ratio and type '

of catalysts and shuttling agent as well as the tenperature of the

pol yneri zati on, and other polynerization variables. A surprising benefit of

10t hi's ‘phenonenon is the discovery that as the degree of bl ockiness is

i ncreased, the optical properties, tear strength, and high tenperature

recovery properties of the resulting polymer are inproved. In particular,

haze decreases while clarity, tear strength, and high tenperature recovery

properties increase as the average nunber of blocks in the polyner :

i ncreases. BY¥b1 weton A pime ondvagehtesniane! atat ysd dieanhihatiions,havi ng

the desired oeRAicAnibd@sfBks kRgeddis hgabaLes,9f 15shuttling with |ow

level s of chain teLvrri %tyiﬁlon) other ny E(i)%ldr%(semg% Q%% aﬁ%%ﬁ?’é’f’ H?‘Sﬁ%ﬁ‘ip‘a‘rf“glf‘ee

effectively suppri&s8d. Accordingly, little if any 3-hydride elimnation is

observed in the pohymenimaiioon: A6&ALMLOGukibIdNeolNEN .90 ,20d the,

resul ting c%ggt%klxje@g bli%cngae.ﬂa%g dh.| hlLy, or substantialfy conp?elt%ci’iy,

| i near, possessl né I Te o7 ¥8H‘g‘”d‘ﬁﬁ?%"aﬁﬁ“’éirfé%4[h@9n Anebtaheith sualioyli i ng

benefit of tifidmiragenidvtmalisintihatespol o HRKciswher 8hiaghah lngnds,ar e hi ghly

90crystal | i peasaR i858t 8611 els ed. Ln certain applications,

reduci ng thg, reﬁlﬁ}gta?%ieﬁ%&gﬁ%&?'K%Ic%q%ﬁ%%?r%%&m?wﬁmf‘ 8{ HETREE Wl ERosm. asdor phous

bl ock r educ&&PHE] Fiap s (68 Jl 474 4h indeisvencef f ect on crystal | ine regions.

This result can heawebi abfed.Buachensi i AN agents and

catal yst;s hayi pg_an ropriate resppﬁr}g%éﬁ%%?ﬁ)ﬁgggﬁ%nﬁ %‘rgm(%%?{ésrte%‘ﬁﬁ?tﬁl

terminating agents 3%8@8$ SRR Bpftiopgiizatiog isaieipivelivas e T redlaespdigh! v

crystal | i nesnootsyamlre tiizetir eslISUS ek bl Qede Qs Biith Bs &L @ugmeifgnotﬁggf as 25by
u e

use of hydrggen).. t.han alyst r onsi bl e for producing ess
crystalline pol y%@ggggmn%h{l% élﬂééﬁr a&lg’ﬁf%ﬁ’r‘% GAPRYARTSHO %a'ﬁ‘kmwgwbrdrfbmgmmai n
br anched pofsfarer esteor Haid and ot frertidnkipedriegithytedaoy st albine. PRINIR L SEURENT S
wi Il pref er eidibadediviqRRi AL 81508 inal portions. t he pol'ymer. Not only
are the {es$lat i n% ter m nat ed agr ofj%gﬂsg}rlffg na"{% éeﬁggeiﬁ?&?ﬁf&h (gé‘“l"ﬁinﬁ’éﬁ%ﬁ, t he
hi ghl'y ¢t ystEFYS HaBEET yYRbr! a6dfrfi 488, edtostiey sandsidtatsinsoraaaencagiand avaiid abl e
for reinitisbhen of polyner formation. The 30initially fornmed polyner is

t herefore another highly crystalline polyner segnent. Accordingly, both
ends of the resulting nmulti-Dblock copolyner are preferentially highly
cryst al | i neBolymer Produciddi ti onal conponents of the present fornulations
useful |y enpl oyegl: i to the present i nvention include various ot her
ingredients in ann%%]‘%qtgé &h%% P65 Veﬁ%ﬁ?‘ﬁﬂ’ “F?“SW%E“H@'%‘P@W@?Q‘Y%& ofe redddy
resul t afft CBWFESI HigondesTivgs the prignedireintspdinetudapris indbOniobd ki ted to,
activat ors ethy®hs RavdS b&RkLCr WHHOL j xide: fatty acids such as
stearic acid and fal ts t he'Fge%lf ;ts #E%QP%%%% g?rgsleﬁ?eﬁgaﬁgeé‘b%’ﬂféwgé%d g&f7ci um or
magnesi um CEPBOR St RertsTYSde peldhyigeuni num sil i cates; pl asticizers such as

di al kyl esters Ohe dulgalbiospbiiGera lSav et AOQAdANLS; hgrggtérigg [ She WAXes; and
The pol yners of the i

. . . t =
pignents. Applications .anddD[lE d Uses . Venti®h can be
usef ul enpi%gyeae TR VQ%‘?“ WHARRIARS Aliost iseiperensh asttltnd b rinoabown
proc fe$|§é8| tesuigr 6&;&;7;361@ of uth cafffrérﬁih@cs‘:;clpdmﬁwlth@'ﬂnﬁgno?%x%%ﬁm%%{og si.ng. at | east
one filml ayess. SUGHASrar RNl aver :X/h ,glﬁ%at east one layer Iin a
nul tilayer film p%jep%r ed E)e/ cast, bt & g}% H o PBE Stangrd esedftigadi on coat i ng
processes; SBiiged articles, such as bl ow nol ded" injection
In the various embodiments of the invention, unless indicated otherwise, the inventive

polymers preferably possess a heat of fusion of 130 I/ g or less, an ethylene content (that is —CH,-

30 CHypolymer segments) of at ieast 50 weight percent, preferably at least 90 percent, 2 glass
transition temperature, T, of less than -25°C, more preferably less than -30°C, and/or one and oniy
one T, .

Additionally, the polymers of the invention can have a melt index, I, from §.01 to 2000

/10 minutes, preferably from 0.01 to 1000 /10 minutes, more preferably from 6.01 to 500 o/10

62



10nol ded, or rotonol ded articles; extrusions; fibers; and woven or
non-woven fabrics. Thernoplastic conpositions conprising the present
pol ymers, include blends with other natural or synthetic polyners,
addi tives, reinforcing agents, ignition resistant additives, antioxidants,
stabi‘lizers, colorants, extenders, crossiinkers, blow ng agents, and

pl asticizers. O particular utility are nulti-conponent fibers such as

core/ sheath fibers, having an outer surface |layer, conprising at |least in
15part, one or nore polynmers of the invention. Fi bers that may be
prepared fromthe present polyners or blends include staple fibers, tow,

mul t i conpon@Uies sheerrialinfem (iR )0 andenODlkhdi AR MveS fRARE %@n g\ire

form ng procer&ss Wik UEe sSRI I o] t echni ques,” as di scl osed
' UsP's 4, 450 ged 0 R D50 B8R TRe oDk i T w5t Torgurd Spale i ber s
as di scl osed" {0 gpreapraipndly fiom 140 eimolerel SHsIMpinene, habsiesy fsm 20discl osed
in USP 3, 4858060 30006 ket UEES R d8hS §, Db bers, 1ncluding bl ends
with other fibers,  such as p%layeft?er, n%ﬁ%ﬁgg&n%%ﬁngﬁ?m?ﬁegtﬂﬁf)f}'g‘r’ﬁ‘/é?Ef?
articles, extruded shapudeneonding gmers GPmI0es ey tsl- Gresmand co- ext r usi ons,
cal endared arti cVeseveartie posanmiyntewinsy O€lprefiedtinTREM MAITH; G{ue,ﬁcie%%rd%bre;rhe new
pol ymers deg§gLy.Ped i BeLel nrhgrigth?[ﬂgo% t%gglf ul for wre and cable coati ng-
operations, as well as in sheet &xfrusisiicegrd aghehirrsharmmsgblogerat i ons,
and f or mi ng*HBrEeR Papldrel ksontiotiot bidinngatdgeus exafs5l B0l 00,00k G ng, bl ow
nmol di ng pr oGesHhper@lre bOHO i ng: pr ..conposi tions conprising the

pol yners, of . t hgp present Pﬂ%lgérﬁ%? 18%1) a%ﬁoﬁ@egﬁggn%ga Br' a(@i%i:'rﬁ* FUPABrs keaelEg!
articles sulhPEECPHISE B Bty avfiavieonelblassingy isiamientdhobsalcapol yol ef i n
processi ng fraetizs, Guaesredth, Gl B eElatb-LR00EA-, se,skilled in the art of
pol yol efin iﬂzﬁ%@&?%ﬁ ng...Di zl%er S| 0%1% bot h aqtﬁgggrggsfﬁawﬁ€8%5%%5%33§)3r%an al so
be formed using the’prese cBETSrE PRileRtsiy: foat et Rotishdonpritsk ngotde same.
Frot hed f odif#ctishipricst agtht herapmueht ethip@k RS $oie@Pingksg. %"y%}%&[@%g‘ﬁ%g

di scl osed iReRGhLaaRpld caty; . 2004/ 027593, filed August The
pol ymers. may. al o beJ’cr osﬁ?ﬁ%@ﬁmﬁ%gﬁm &r8e 2befitirighgatehe’ use of

peroxi d&, SFELPEFit badests of diaingimainaiag) ey fons of hetmeeEassibi Bki-pg.Lechni que.

The pol ynersspreadahs@rdaais neriGa) d,ﬂ&% b such grafting (for
exanpl e by use..of g%[ eic anhgdr i“d%%}( ﬁ/ARlL%Eng??nalﬁgbssfm%srmg’%% FZ10F ng
agent), hal’ogenat T B MVEHORLET Bhresdine Foratitobiocke pre bighigror sfterntcaly
nodi fi cat i epmpléiedg itoen s @iethzaigte Wy andsg ARY bR&Hifac! uded in any formulation
conprising the prese ol ynmers., Sui tabl e additives include fillers, such
as organic or i%é‘?‘g%%.&%’q%“ }%“Fe&%%fé},‘e TR U Ay relvayts whstimthain oars bemnidhack,
titani uth dicoxities cap dobddcwly powderie craRiaphiati Dk, §akise @ ro] AL g&mﬁg Oﬁi bers,
r S

i ncl udi ng eakReNLf kb Swes Skl J itride fibers, steel wire or , and
nyl on or pg]l ISfes,ter cording, ﬁ%ﬁ%y SIS EE IR dedtrermoleayia dilyiivs eSlsctfoor t h;

tackifiers® Selingtegiansd dpis respleeh Belidtagep By etfobiiug c(haiﬁéhuﬂﬁr@a@ﬁh@ﬂ!d%aﬁiy’sé; and

ot her nat ubalingimdpHyHaRebd6rsPRINYIBL Sor HHAE i.ng.other polyners according to
t he invent im%. Suil t abl. e SI?I Srrer)sm%glrorbl en%ﬁz{%gtewmta VaRE *p Pﬁ%%ydfmﬁ he

i nvention FASTLGEE W@???B%Iﬁ Y FEteliparndy s i-rdie sueplidst deipehyimmis wehudi ng
nat ur al25andy ssgnf hatdeen) ek YHrR E:Slyst EXRSM ALY pﬁ@iﬂdﬁ%ﬁeﬁesﬁ Qrgfstallinc polymer segment
{such as through chain walking or long chain branched polymer formation}, then the highly
crystalline polymer segments will preferentialiy populate the terminal portions of the polymer. Nat
only are the resulting terminated groups crystalline, but upon termination, the highiy crystaliine
| polymer forming cataltyst site is once again available for reinitiation of polymer formation. The
30 imitially formed polymer is therefore another highly crystalline polymer segment. Accordingly,
both ends of the resulting multi-block copolymer are preferentialiy highly crystaliine.
Additional components of the present formulations usefully employed according to the
present invention include various other ingredients in amounts that do not dgewact from the

properties of the resultant composition. These ingredients include, but are not Timited to, activators
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bl endi ng i ncl ude pol ypropyl ene, (both inpact nodifying pol ypropyl ene,

i sotactic polypropylene, atactic polypropylene, and random

et hyl ene/ propyl ene copol yners), various types of polyethylene, including
hi gh pressure, free-radical LDPE, Ziegler Natta LLDPE, netall ocene PE,
including nmultiple reactor PE ("in reactor"” blends of Ziegler-Natta PE and
netal | ocene PE, such as products 15di sclosed in USP' s 6, 545, 088,

6, 538, 070, 6, 566, 446, 5, 844,045, 5,869,575, and 6, 448, 341, ethyl ene- vinyl
acetate (EVA), ethylene/ vinyl alcohol copolyners, polystyrene, inpact
nodi fi ed pol ystyrene, ABS, styrene/butadi ene bl ock copolyners and

hydr ogenat edsugfersi W@PﬁWE&a@lmﬁ}ﬁ&ﬂ&y (19B3aB %é@éa}pc anéj 1d 3%%1[5 %Fagi? ih’&rq and

pol yur et hanessJimm ners such as
el ast oners, ejfnhyl engﬁg%%%%}ng%"? enerpEY ‘Efla&oii’éﬂaywéﬁ@m@m@rsxlemasmhﬂ:mfsyrrer S

avai |l abl e un%f%%astd%'ywetsroé@i@rmmcgmat Nl MERSE R FX&enex@V@Axk%QX}d%wﬁ{ om The Dow

Chem cal Conpany and VI STAMAXXni m avai | abl e from ExxonM ¢an al'so be

useful as_co nents in bl ends conprising the present polyners. -
Sui t abl e “eno&%@%@é—’f—éﬂéﬁh?é—sﬁ%’” d Iseor egoi ng pr oduct s include elastic films and
fibers; soft toudhegoaassoridGh @Sy L98L hg ndl es. and appl i ance

handl es; gastgegx%ﬁ? lasncfﬁmf' | es: adhesj ves @Pﬂe Phy Y ORPtTie S| ves and
pressure sensi Ve adheds Vé’%ﬁ“eSSﬂSWW@%m@ﬁlh@tmm mgumjﬁﬁkﬁﬁpz‘aﬁgét}%

liners); autwe fim @raronchpas i‘n&m&xﬂd i, @f 4t18:85 onb QWIrngﬁglﬁlager%m i aé%d %Pd cl osed

cell'); i npaddiswipdi f t thernoplastic p
density §0I yeqt hyl e%]lg&él srg'?%ucsg Coam SR BT S Hy Fetied ‘”B‘l"lesoﬁt“h}eﬁts béﬂverhqrirdnglnyemms

coated by S Hosue Sy SO L oo RIS, AT o0
S o

| ubricants. 0 I n g’lf 51 éﬁésg?nr %g\)mn%m Reet Iﬁﬁ’f"‘ﬂﬂ treeriopBhtrisrEetic

t her nopl ast | c e “t’ﬁszdﬁ O BT ignfica I‘tﬂqzmntmipiua@t dnGoTRdnts] s}sabi?{%}/s”er

especially |cslo:taat&tmnchﬁl cy@mﬁ@é'rlq @B@meﬁ@ﬁtsa&d% AL 'fC rru%tl i

copol ymer o copol ymer i zabl e “conononer "AcE Fﬁillﬁgalfe@”thhe
i nventi on, fé?‘gﬁc’g%‘lfﬁg‘% A as fﬁ 1%% Yo TR cBFeuLire ldvet youerigiar id ke havi ng

har d crylét aPFmﬁée@womﬂymmysmainwnﬁ@ bl ocks in the form of a core
surrounded by sofie 9. bl.ocks form ng a "shell" around the

occl uded dorrfu ns of t%ag% gﬂ@ Ed%om'flﬁég%se’ﬁ&f’wfé‘? gvloadpingladerstaple Sitdrsdiosper sed
within the HEEFPRBHIL ;?heéi"h/cbf? tiresd fopd Desfildenr Seithb Bk T8m{TE) Hroc@é%‘épg‘éﬂﬂlé ng or
bl endi ng. Thiisbobdeghthst HiQsi gk e ved to result due to the
uni que physi,g @W@r%fertl es of Sgp&&r&tg%@%?ﬁosgk%g{%é y P52 4R 8- it e
conpatibl e poryiere %’Q’i‘g}r’%ﬁ‘%ﬁ’éﬂ"s&@nt‘fﬁB%@ﬁim(wamdmm:@h%vegﬁﬂmaoﬁﬁf cont ent
el ast ongf i cdsdgieonsISHS 4af, 76dhe sttnbdsthhogk Fioh9, senbl e in the
mel t due togthermpdynamc forces. “Shear | ng gl%gr%%%ﬁn ludm Elee% lfﬂ’ilh‘? rar e
bel i eved to produce separat &d°F gﬁ?@ﬁ%“‘%@%%ﬂ%@élﬂwmm@m@ngmbﬁ% by

el ast omer . ©URoBehd ei-hyrivigs. chibgised segbORs dhz%%m@c& ,gﬁlgg 5 el ast g%rg .
hds are

particles eng3dsedoivReLheE trix articul arl apl &
t her mopl astj ¢ poﬁ?g& ef i ncrgglé%%gm ?n?% use{uhg e stbi ﬁ‘c"%‘@@loa@”{ﬁ@narasb%énﬂs

(TPE), t her Bopich&ireonar wanbsrmas opFRidns, aﬁtdfosﬁlyg Othida ARRkeY rmﬁudmggﬂg'% e of PE
and TPVz2bl emd,sﬂdmlydcb@g’ piwmrdgg hy. ¢ the invented nulti-

pol ymers, including functional Frzed ggglﬁgr%nsoé PAt &8 d P TR Y esmpRigina et wi t h
an opt i onal Py UBHET, Bpﬁ%?”tj&""?’?‘@%ﬁﬁ?ﬂém‘lf@mﬁ iny] fe@ka@@@ﬂ&l%@ﬁ&mﬁ%§@em ally an
SBS bl ock cwmcbtywememumﬁdumtcb@&ﬁi b p @y QERSSIcL ani zi ng agent .
TPO bl ends @re gane ?ﬁl aX {) F}pﬁgea p I en ﬁg&{ﬁ%{el&}n&; “Esn‘%’ i FurH E‘lﬂ“ﬁéck
copol ymers with a V81 PRI AWt i onal 'y a crosslinki ng or

vul cani zi ng agerﬁBpeflﬁlmeS fboﬂheg(abngndﬂo&mda&oﬁ@yaplago g@ﬁgnédn,s gp{h%

obj ect, 3(&“%@&%&8% cgmﬁfsﬁgﬁl LAkl Bg,tL g resul ting pmﬂn%sl m | ar
procedure usi ng different tomponent s h §mb%°é‘i4i’“ﬁ?5’e% ﬁu@lt%ﬁpeﬁ‘@@‘ﬁ@sledsqm USP

6, 797, 779. ormed, as dSEﬂP%eaBIIP@T@@Pﬁvetrm?\br%]M/bm%ﬁce@p@ggéngr geoﬁoq hel FU i Simers

a Ilcatlon Mo, SCosSi t @10(C.) 1 n the
rgﬁge from ﬁ@ei%rbaglg%hﬂn%? gyea%?e{@oer a%?rﬁy?u\ré%aﬁqﬁlféw Pt%cpgf%‘d - §ifefron b“a(‘"ﬂ S)ﬂa“e
azide, or other cross- imhmc technique, The polvmers can alsa be chemically modified, such as by
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20nmost preferably from 30 to 80. Suitable polyolefins especially include
linear or |ow density pol yethyl ene, polypropylene (including atactic,

i sotactic, syndiotactic and inpact nodified versions thereof) and

pol y(4-net hyl - 1- pentene). Suitable styrenic polyners include polystyrene,
rubber nodified polystyrene (H PS), styrene/acrylonitrile copolynmers (SAN),
rubber nodified SAN (ABS or AES) and styrene nal ei c anhydri de copol yners.
25The bl ends may be prepared by m xing or kneading the respective
conponents at a tenperature around or above the nelt point tenperature of
one or both of the conmponents. For nost nultiblock copolyners, this

t enper at ur e HEJHE" asovie b180 oOngleinpsbdre Nera), |sYar8D OVfhel hatiily; age@Nd MOST
preferably aheve.da0&in Dk kneadi ng equi prrent that is
capabl e of reaghl ng the d esﬁ%gaég?eoyggggrrag%ﬁ%29‘3%8‘3%1t pl astifying the

m xture may be erpfiyreand é%%lbﬁ@lﬂud@ deIfsrmulaﬁ@afdﬁbﬁsmc&%t}ﬁgggrs (both
single screwo@mdrst Wx%@ﬁjﬁ&%smcﬁiﬁwﬂ%&%m calenders, .and the like. The
sequence sof , g}! ngb%ngtnet od n(g dep enh)g%rﬁanﬁc T a?lcgwﬁiﬁslfl? P Slans,

conbi nation 0 Gy "BATR ezre%[“?aﬂl?fwé?f?ﬁmﬁeﬂ@wgm XBD@gmfoadsSO be

enpl oyed, suetndas cabBdivbursiicod xekie figkl avediby: xﬁasﬁnqllld ny'fgn)s)?f; yeg) T e nd by an
ext ruder . T$%0@6&¥M10%3IF53 QL ‘gl%;ﬂcogpoa tion will have o hi GRer fg’adl ng of
cross-|inkabl e pol yner i cal Iy T Re Ié%h%‘éﬁ?‘?“&ﬁ&l‘““b‘l‘i@ékafafémperlIyinféclemc

cont ai ni ng GAS &l 198 2elonphstedoly e T PO CORPOS ﬁolyﬂﬁﬁﬂucﬁﬁiﬁ&@hﬂ, YvediQL, TPE

and TPV conposi t 5@Rse pdilter¥8l SBiile o¢ rrer to mul ti-block
copol yngr maype from about. 90 10 %t&gw%&iymmmkth g TR HegRAPBEHS20 t o

20: 80, and ’i"“51?¢§‘F°§P§HIP§?‘YF]F%%#§*H%&YW®1 az@wﬂﬁlend:notymmmmlabqat}h@fgsm t he
wei ght rati blemfmg’mdhtdhphﬂzﬁ@ﬂeﬁ@@ﬁﬂtﬁ/ﬁktﬁx@dl gxggigg,f %}J‘mr{g (o€ | bout 49:51
0 abo

5to about 5 r pm 35: 65 t t‘“ﬂe di*t | ed
styrenic polat;%élcrp g&%%fypm A%t HEPTGREerE ePPmes), vaslors sk mtdolyetﬁgnaiqmer to

pol yoi ef i rt Inchgipe iilgismesglee fﬁre@mdabldLIIPE%e@& Nafla BOIORH m?ta!?cﬁcne@rxﬁni&fmegi erably
from 35: 65 LRuBROULI:S) n e_chapnged by changing the
vi scosi t ¥ r a |ngs of "t he vaaralg-gﬁsﬂeg%s D?%Ir?éiﬁtléa%a’Fﬁé‘?cbm‘?tfgloﬁfiﬁ‘ﬁgﬁ d@%habpleducts
literatdre FPYiRred naSPEE-5¢2088ns, €ﬁ§é’§0 6066, 45angi4rgs 5369, Phase sQ9N 41 N idn DY
changi ng thelianﬁ@eﬁ(]EVM),léﬁ RS Lhe & ents of. 10a blend and a person
skilled 1n n%%/ C%nsuvf; it necg‘&z&&ELEIJ Dhifres, WP mogifgs Ry lystyrene,
conposi ti ons ' W&%{hﬁt T PPocERdrHE B leﬂrogpmaaﬂﬁtdpmams SierealiBB PEAGESS),NG ai ds
Rubber pr ocessiangopdistepoladats:. Cﬁé&@bﬂ%o&%l%@%%ﬁcﬁ@féiéﬁ ?ast%:rﬁgrs raffinic,
napt heni c Oélas?Jn%FEaettﬂ ?engrq%c?ss oils are all suitab or nerally from
0 to 150 parts, & PF &F SrEBIV- s Hsorehe 3ﬁaf°f§mahaomg‘s a\pﬂ@feemadnhys front 0
to 50 patt stk d@ﬁlgﬂatpeNﬁmaﬂaﬂabﬁn‘oﬁﬂnamoﬁ@ihyﬁﬁﬂ c@ﬁl W

e resul ting product

amounts of  QidiaeiBn iR R processi ng
at the expenge of sore ph yélc%g{ls%\érggsﬁgl?? QEPOnRYHe eB‘?fameﬁ‘?sﬁ’éé@é’F%@“al ds

i ncl ude corféftfonal waxes, fatty acid salts, such as cal cium stearate or
zinc stear ate dumke)éh@hs@%ﬂhsfd lbgi B “a] cohol et hers,

i ncl udi ng gI et hers é} pol ééékt%élrgllo |tr?c Cyuﬁgdamf 34 tot® é@‘ﬁlérs and :
netal salt- ° s%‘é%?%‘?qﬂybf e‘faﬁﬁraﬁﬁuaﬁ@tiwd%rgazkemnd; prefibs acrdaiuevatl ves

t her eof2s 20ftluiing ki own sdnbigies awbraym@&@tﬂehms&ég)bkb%%aﬁ%om s L hos

hoe soles an
conpri si ng ed. forms o ene or isoprene, 1 NGt 8685‘ BFbck
copol yners %ﬁe%gg a[% ey p&fte?"idém?-‘?%% s g0od{ Bt onep psrelaseisic)t amee to UV,

ozone, and I@@ﬁlﬁfwtfpmfher tbgmpaimd pbiomETDSLl 3 b cBlsaPhoinmSREL[ALED rubbers. In
appl i cati ong; RS ggige& Rmkl.0Nt itions containing higher
concent r at p%r@ g?e G ene” bag. Brﬂecfmsm fﬂf”}gf z‘oﬁ?ﬁé‘{}&ﬁ‘gt‘ﬁe&f}}ﬁéﬁfpﬁ@ﬁaﬁﬁ@i%if bon

bl ack to i ryPERee 2 kyispRsiY @f‘%ﬁqdﬁﬁ%ﬁ; alg| kpovep: anipbily pammou&zeanar #badgitives and
anti - oxdodanft . MJ&{I{lgIﬂ;bcl Q6K GORCLYAENS resent invention
possessing extr % Low | evel s of Jnsslgt&gt?{%% %%Gpsﬂfsm °8mB‘§F‘PFSc°G¥“5?S‘““ a

appl i cat i on" AL B CRAINRE T SRoFAlb IS agemolyprp st cind eoextamsdesyuianidaani nat ed)
or weat her commthyfendmad&@n}e&niaa brhdnShESc {08 rom.conventi gnal
di ene el astomer podifi C%g %’P i c CONpOSi ti ONs. 1@2&%(%(@\:};8% areﬁ’?ﬂ“##o W/,
and VE applications, Tarb FERIEhAYRg byl gt op ferdfyoitgliane blocks in the

formofa
core surrouﬂded by soft or elastameric blocks forming a “shell” around the oceluded
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30 for UV absorption and stabilizing properties. Representative exanpl es of
carbon bl acks include AM N110, N121, N220, N231, N234, N242, N293, N299,
3315, 2\1326, N330, M332, N339, N343, N347, N351, N358, N375, N539, N550,
N582, -N630, N642, /"-16.50, N6$3, N754, N762, N765, N774, N787, N907, NI08,
N990 "and N991. These carbon bl acks have iodi ne absorptions ranging from?9
to 145 g/ kg and average pore volunes ranging from10 to 150 cnB/100 g.
Generally, smaller particle sized carbon bl acks are enployed, to the
extent cost considerations permt. For many such appli.cations the present
nul ti-block copolynmers and bl ends thereof require little or no carbon
bl ack, ther ebylaw bidwid pgyoon Shaepatie adesh@Nadir @SN LR 4G ude Q%que?%nat ive
pi gent s or (Ao RLANERL Sdhe AL cophil b2 hugd L1 res or tires matchi iy the
color of the vehicle are one possibiis f”;}? ending. Thigygivdssiblymeerphoirel irdi ng
t her nopl ast i CHBFEHeRsu s &t @ woaue ohybie propureintdr e mERYLIBHS O BRREAch enable
ant i - ozonantsmpsibRRb X LA0L S, Lhat A 1own to a rubber chemist o
ordinary skil {h ETE_&) ant i ozonant s nan;/g{)uganiéﬁl é\%}é:g PSR HAPEBHEHEEP wWaxy
material s t IFAP® BYePIEh ctmbmet e paicieseahlg iptho melt Buctth@efaritnakicOsPQX RGRAOF
ozone or théycaay-ifieoahenditadre RliokemledSed Lea6 Lth.oxygen or ozone.
Suitable ! Ct?:g%%% rp‘{JOtnesCltc%gzsni ncl udé3 st ?ﬁ%%léattegg‘% né\ré:%rfm!s%r,ix% gpeagie
octyl ated phendl . butyi'at sa gk @frE HEtHyroes 25A0ehHestaier particies encased in the
p- phenyl enedplamenessix but yl at ed reaction products of p-cresol and
di cycl opent adi ene,{ LRD)qs; enolic anitioxidants, hydroqui none
derivatiyves,  quinoll ne? %Sfrglﬂ%a}ﬁ% Seaﬁeeéhgﬁo?g‘%ic(ﬁ% piglin b[“ﬂ‘i%@%@éi‘h@‘amﬁi%&ﬁ dants,
and bl ends FHEPRGDENGERREE)r Gpmerestit uidavieis (ERIS antumesmiOfol et OfkicsS ar e
W ngst ayTM Seaiblen@xhala0torephiod ¥shayiiM: 40Qantd Qxi dant . Pol yst aym 100 ‘AZ
ant i oxi dant . Poi ést@/TM 200 an}f%oqxi dant, W%‘ig‘g‘?{égf% ﬁoét‘ﬁ‘fefso’ﬁlaé?& , W ngstaym
LFI LS 15ant i SXTGARES MRS SPakyes Herepkidean optiotingistajnfibizfccandsiiond dant -
W ngst ay TM 8Neclt capoiyhoX ieghatibily 20983 ble@Gaae e 30k L2%5 431 Ln some. .
appli cati ong,..t hecaticoxidants and anti -ozronanlﬁ?é ufggé%\sfﬁh}l}%mfrré}ﬂ@?’%w be
non- st ai ni ng” and non-m grat or y.> e Y PEing fhg v anterguediot copelymst abh ki t y
agai nst 'OV peitilefis w6 ortvieaiteredsiakibne vuicghiingahi Tﬂemg&%h@m%‘g Q%Mm
absorbers maymbe. abiio: 4sed i xanpl.es include TinuvinTm 123,
Ti nuvi nm 2014r4n, g%’i nuvi,ér%?n 6%“2&%“%%"???%‘@%&’? rPPHRR AR 2Pl AgEilaTi nuvi nm
780, avai | aBP&IFP GG BaemSpeetontntsratvenpreadsly danicseCharsrsorh T, T944,
avai | abl e from Gyfide Endsitibabolodd@bRlyRars (6 milnficfo L8 s, aci d may be
addi tional I y, incl @e}g 4&3 @ua _H(,}A\I_{Sbb(?g?r%i)sun&n%} ?F%g?aﬁcénr&ts L PRISEY & 1\g‘ii’ﬁ’lé*'ri or
surface qual Tty i el *ugHTEn 0, 18R more preferably frdE0LS SANE and
conposi 2P ongst ackhrdbiycduad 300 30. NGt 0L RSB AAPYLBRIEINLQ ore-di sperse the
25ant i - oXi déﬁ%ﬁ}yie%’%ﬁj&- or%orlla%g{).s,l car bon bl ack, lﬁ} abs%@%&?@f}w%%“&%%r i ght
stabilizers to Porma nastar BALENE “ArY: SHrse Gusinectc 1d itmermagdles mesiotr] ends
SRR iy sy g v g A
vu i ZhPs b . i.n.l.nclu ul.fu XI :
or phenolic baéggﬁconp%u(%%lﬁ’ %a%i?%%m%lectoﬁogyl?%sr(é@g?’ RPsrEcEiPaPANEABS f ound
in the art, ‘et #fi SHEP P maigispabydrideomb@edd3, 3, 806, 55E, 5, 051, 478,
4,104, 210, 304, 180 bbddmA b OpBRby nfhil/ok 49, . 4. 340, 684, 4, 250, 273,
4,927,882, 4, 311 628 and 5,%’3, 729 V\%%ﬁé%ﬁf‘feﬁ?veﬁdé%%&“ésﬁ?ng agent s
are enpl oyedPPATHE PRI %G RROVE HIY Met PNt srnevar i snamyoth ef ths@ehpasnise Fbr.
Accel er at or sesameltibisectob@lyB@s) tiObmiehfurd nBPo-aABd 9o-LeNRELALULE 4 equjLed for
dynami c V“'%ﬁ@ic%t%trif%‘ma&% tgoi ove the properties of “the resufting”
cross-linked arti cle Y wobne” enbodIHreRYmeEmiEng g keeadie efunrmnshat gy capsblaar y
accel er at or ofirgchisetdtlc deFing! tBnhenmIrys sBCEal BEaT0k (R )mifRY rRebe entb8Bds 1 Lot al
anmount ss¢ angiifg f:10m.a00Ut bout 4 referably about "0.8 to abcout
1.5, pin, based on tof al ’c}gglﬂ%#l&'h%ﬁg‘ﬁéﬁr%?ngwlﬁscﬁgt b FrETRECTS,
conbi nat i on@< G ke phlie Aetaense armixias s otitdmyy dooelcetiating cightiopesused with
t he secondafoybaeedloeBM0F hek RGed S8 i Sal:l upts, such as from about
0.05 to about. 3 E’hr;’ ) Mr; order t 8 act Fvataeﬂglﬁﬁ?{%aggﬁ%rg%%qyﬁ‘gS‘ﬁﬁéb%rti es of
the cured arti &l 8= COHBYHAY POHSmEE it by 2itsirwteydiverdly] y THr @dBse articl es
havi ng pr opempbssn vilabavar Bighemenhad: ReL Ak Nkt RS ALodussd Dy use of a
single accelerator. In addition, delayed action accel erators nay Be used
whi ch are not affected by normal proceggi ng tenperatures yet produce a
satisfactory cure at ordinary vul cani zati on tenperatures. Vul cani zation
retarders mght also be used. Suitable types of accelerators that nmay be
used in the present invention are am nes, 10disulfides, guanidines,
t hi oureas, thiazoles, thiuranms, sulfenam des, dithiocarbamates and
xant hat es.



i i i If a second
h rimary accelerator is a sulfenarnide. o
;)Lg];?;?gltg’r itseuged t%e secondary-accel erator is pref erag: ésaaggaglu(rjlene,
- - ! - - SSI ng
di thi ocarbarnate or thiuram conpound. Certai nI progg L og. men por ol G
activators such as stearin acid and ZnO may al so . ° axt d
uri - coagents may be use
based curing agents are used, co-activators orI e e T o ot oot e
ination ther-with. Suitable 1$coagents. i ncl ude
f?ir?llczp;l';?e (TMPTA), trinethyl o: plro_pane tri :gteteh?'(lz',rb\?/lc:?t eagr;l)-nMgP-(l)-"[vﬁ)e’rs. e
triallyl cyanurate (TAC), triallyl isocyanu . among ot he Sonml ot e
of peroxi depelesshinkel 8,:a0d: QP Qrae‘%]toc'gggg nt Ss;'g%g dlc%g%@ \t 1 T8Kampl'& i n t he
dynanmi ¢ vul cani.zation are known I n the art “aHy C
Ul cat | G0 BaP e SrAbanivRa Hoiob: Elnas boaRbHoy M maytdolnde
publ i cat i off P DAl e it i ol yner cont ai ni ng comnposition
July, sy aa0tssonihencie, eyl 55 SppYTEL SETL S 1. CORCs)
i - I ! ! - - -
Irr;aghr LgaEI;P aa%rgfsi‘flé‘%l l%t&g‘g"?@lst%ﬁﬁ%ﬂfﬁﬂsﬁ{ PO Ob yeinbicfiDfa s PEGT Lt g}:lfgﬁtl ogl,
and cal’cultationg:theoparaenly g&h 3045 tyfl%}élté/ﬁ(?%d&%%gg (g% g&g&%im%g%ege;?“ L gs
[ | increasing . c ( IS r _ar
nccor di g T T Ra A B “EHE: o el vt sugesicabbjui<i e
e oo phprer i L BE il oK D S b e ot
; " [ ved ) . ~conyp
't Compog T one "HHes R RO SRR 1965 4 GuRrinet Rewiusvisieye: Thus, [ he
conposi t i SHTBTBFE Aemgenbaptrabesuarby maﬁ@yccaﬂ% ﬁkab&i?f%é‘%g’%%:cgﬁ@%% W i
e d gl _e{&&dsk&ﬂ%@éﬁl&ﬁg %F%%egn%teirgé%{”gﬂgi qﬁel y poésess i mproved nelt
itions - (
Strength proper b ges PREFESY b FeniimyothenprizsenicnaUlb veLagK, 30copol ymer s
onq Ther dsuﬁﬂaeﬁ;e&fgsmga;?fpg;g% :@I{'\énrbsém\-:-m er eéegg&?%mg% E%éj %g’?%ﬁ:s g%ﬂﬁ‘%leflg%p Wziaﬁfad equat e
1. ! 10 | . .
?’Rgr H;Slr gg{”?’%p%lgs%ﬁ% IIPSPF%%&%%%&EH?TH@ frem € bel 5P mmnﬁomrﬁa’jbtlﬁbgéﬁzm;@t a;tl gin
br gani ¢ o#edinmt mediably fiiotl 0as S0 Qs HtRSE- ARt é‘f‘?cﬁa@%fy?nc?%e%?l ren, Ak
cal ci um carhonatg; 9l ass fibers, polyneric fibers (inctu ; dy :
cot t oﬁd pol yest eyt B ﬁ%fr?é?vﬁ%ed’g"f?mﬁﬁpaﬁmfeFIBWDS);rod@?(q:aaﬁcéapsln_ea d:@yﬁf 3m’ o
si | i cat esPhypibSpsherties Adritiomi BroResiRSids SidGae g&l‘f&dﬁ%ﬁg?ggggp try E?%% ‘!ha t%i’%%rﬁ% ,
anopar T o o e e e ir-Ehs e tgn wphisecmalivess: and
- net u : i . .
L I R e e
or Ot et seaunk g, A9RBLaIRY o0 be enployed Tor better BITEY Sonding.,
| astic 'conpositl _ i on, _ -
grgn;“s%er rrrrgs g Tis %’etgé)éwwmé@ﬁ%wbbmnmch acthai a@lp@ﬁgpbgﬁ,@ﬁ%ﬁagﬁﬁég@wer
ol di ng. psert aaalng. bl on mo o e O TR g ut BT e,
|mr)113 F :J glg héégg}’%uﬁ%r% t-olr{];ii gIFGQ‘?L?ﬁEO}g‘?VgES’r;P b@%%éd@@eﬂiy loyhighgrs taraniel QIMbEE | Iﬁgg ]P :‘) ;)g mois ﬁ; :
i ncl udi ngedilceimes fichmy @EM%S@Qcorﬂ;@siﬂf@z%tdlogtgin{}gg{égegzclopcg\r}vtraﬁtcaﬂsle&fdéqng Bt gg
anal v 1 ol ey e R EERSS eGPt S e Ry STARS Mibitodic s one
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additives and anti-oxidants. Maulti-block copolymers according to th e present invention possessing

extremely low levels of unsaturation, find particul

ar apphication as & protective surface layer

(coated, coextruded or laminated) or weather resistant fiim adhered o articles formed from

conventional diene elastomer modified polymeric compositions,

For conventional TPO, TPV, and TPE applications, carbon black is the additive of choice
tor UV absorption and stabilizing properties. Representative examp Xes of carbon blacks includs
ASTM NI10, N121, N220, N2

30

31, N234, N242, N293, N299, §3 15, IN326, N330, M332, N339,
N343, N347, N351, N358, N373, N539, N550, 582, N630, N642, IN650, N683, N754, N762,
NT765, NT774, NT787, N9GT, N90S, NOGG and NOS1. These carbon b

acks have iodine absorptions
ranging from 9 to 145 g/kg and averags

pore volumes ranging from L0 to 150 e’/ 100 g. Generaliy,
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15Branching distributions are determ ned by crystallization analysis
fractionation (CRYSTAF) using a CRYSTAF 200 unit commercially avail able
fromllol ytnearchar Val encia, Spain. The sanples are dissolved in 1,2,4

trichl orobenzene at 160C (0.66 nmgnnlL) for 1 hr and stabilized at 95C for 45
m nutes. The sanpling tenperatures range from95 Mo 30C at a cooling rate
of 0.2Cmn. An infrared detector is used to neasure the polyner solution
concentrations. 20The curul ati ve sol uble concentration is neasured as the
pol ymer crystallizes while the tenperature is decreased. The anal ytical

deri vat i ve 8" REMCUIIT ST W& Rt skicrsioped bt stdrhesshasiderabaigbr agchi ng

di stri buti cnvofuct ieli@abyMRresent multi-bictNe LA ak tenperature and area
are identi f%ﬁoq by tthe§er?§e@l§‘\ganal ySi s Onodaplgeﬁxiérfc’%@% “ IR PHE RS AR S0f t war e
(Versi-on 26017 b “BoISHerchar: covsieeht s egpsio) o ifinde 25r@RYSTARpeal: T i ndi ng
routine | deuteks ssilalpeaked rpenal iienAs (8 B INTLL LS. SWAT, and the
area between the |argest. positive inflectijons on either side o he

i dentified peak I'n the deri Vat| Ve rtiry Biendtaccenig i e evetiien CRYSHABuEUr Ve,

the pref er FEHOGIPBEES witirmy doss GrBtdnewaion: MitNchan &QTPREAL S HLI@JB of 70C and
W th smotbﬁa&fmﬁr}aﬂg@g 1) the tenperature l'imt of 0 and bel ow t he

t enper at ur T mt of (fg §.lp30&%§[&gu§gﬁsn N na%é‘%ﬁﬁ@&‘ Befebe frfaed eoSemamei ng

Cal ori nmet rg‘ﬁ Pastire eugrmer gene pribayety bs Fingpial frékeiart 0eaka Q08 RIC, gyl pped

Wi th an RCSiitpRkhdG:R668589 Y@ a2 ler. A nitrogen purge gas flow
of 50 njinn.is f ed.’ The sanpl egirs pr éeggig%?tﬁ%‘dﬁmf“ﬁﬁeap’fein?ln]iué}ﬁ‘”élﬂdnel ted in
the press attBEB(raPPeeonshgrhfghncdiominesdiratitd ceartoomrdiemperadibamnd 250) . 3- 10
ng O mat edib@iopbradidne (DRI, doRbi@ndiGnBkidh AR B uinSKs accur at el y wei ghed,
placed in g light aluninumpan (ca 50 ) ‘ng}tr?d q?‘ﬁeﬁ%gl}l‘i’aﬁﬁees’d’-u?ﬁﬁ’fef The
thermal behavior of the %5?‘% & PEORIGRE IR gigrds dhevof Hoomseertakiliomb nagie

t enper at ureauss of subheprodiibie ars AN @y M naptighy pheated, @%&é&&uﬁ . held

i sot her mal 4% Qfio3iak: gt y'irao(pa(n%er. tog remove any previous thermal hi'story.
The sanple i s then cooled t0 - Oeeaty MIBERN - ToeTiy WiateyAndiel d at - 40C
for 3 M nATEEH I &VingrisplVel imsiotitren Wieatet: 15anlbiE, MndQGRRLN,. ;heating rare.
The cool i ngdapshosBcAREhsat g, CULYES,are. recorded. . The DSC mel ting
peak is measured as the maxi num#h %Z%l%”’ tﬁ?%l\%@?‘gf%s NG -0t sespBct to the
|inear basBFFARY 8 MkrFadrasedrr-Be@oand end of inciting. The heat of fusion
i's measured as Hobgroviding &de@ndd REEHr LG B LG, cur ve between -30C and the
end of meltin H%’gilsLE‘g a | inear basellne. ggg&rggé:‘r{%lﬁer?%él?lget FACEPABI ST on

resi stance™ s r BB BB AES $ie6nS Hishld edmpleaigdied: Biowaird i 18g Thevik B8O 4649,
The avr age4Vahwe™o 6223 THeasH76I e HuSin 6 7 ER0 riGfy mHlsa far the test are
6.4 rumt@gl} 1%%1131%0%” eg&i on hlqged usi,ng a hot pr egﬂé"%fa@gr“\? r"Nodel

#4095- 4PRI0011?. ) A& PPEr1BEe ar L7% Resbdon e Ponet HafloudKoeshyh ene
sheets, hédatétkorimay90atGitatalSFopsid RAOHKPA)onfBnd 3 SOUS By L0f0l | OVed by
1.3 M)a fs@l&“acg qmliﬂygsecﬁs'clogéa% &g'{eg(}a%gl MPa for 3 mnutes. Next F e p! agues
are cooled in the press V\_nth ruiini’ng cold water at 1.3 MPa for 1 m nute and
rerr:)ved for t §§Pi T@?.Cﬁm%ﬁﬁom Hﬁiiﬁﬁb@cgeh:_aﬁ&rdﬂiﬁﬁiy%@% E&%%g@g Talely gplhi C
Syst ems COongdi-skiganef al ts & woer Qratories. Mbdel PL-210 or a Pol yner
Laborat ori es Nbdel - PL-220 i hstr dgr%’nltm %ﬁsé}mc%’laﬁﬁﬁﬁ%t@é{}zﬁﬁ?@m&

masterbatch, and subsequently to form polymer blends there from.

Suitable crosslinking agents (also referred to as curing or vulcanizing agents) for use herein

mclude sulfur based, peroxide based, or phenolic based corxpounds. Examples of the foregoine
= g

materials are found in the art, including in USP's: 3,758,643, 3,806,558, 5,051,478, 4,104,210

30 4,130,535, 4,202,801, 4,271,049, 4,340,684, 4,250,275, 4,927,882, 4,311,628 and §,2~‘4~8‘7;7.9. |

When sulfur based curing agents are employed, accelerators and curs activators may be

used as well. Accelerators are used to control the time and/or temperature required for dvnamic
vulcanization and to improve the properties of the resulting cross-linked article, In one V

embodimeant, a smale accelerator or primary accelerator is used. The primarv accelerator{s) mav be
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20conmpartnents are operated at 140 C. Three Pol ymer Laboratories 10-m cron
M xed-B colums are used. The solvent is 1,2,4 trichlorobenzene. The

sanpl es are prepared at a concentration of 0.1 grams of polyner in 50
mlliliters of solvent containing 200 ppm of buty/ated hydroxytol uene
(BHT) ‘Sanpl es are prepared by agitating lightly for 2 hours at 160C. The
injection volune used is 100 mcroliters and the flowrate is 1.0

m /mnute. 25Calibration of the GPO colum s. is performed with 21
narr ow ITD{:sﬁﬁthaﬂEu MBkrgn Ho SR AU ban, ene Qar ds with nolecul ar
vei ghts ran f.rom 580 {0 8,400, 000&%‘§1¥ran ‘H’“‘% * EbWRAT FrPB xt ur es

with at | &% on O STIRPE IR W%‘éﬁa?‘dthf?ﬂhﬂlbmmn chmuoihatiogiudh prmlgcasliar wei ght's.
The standancdmmrae:mwoﬁﬂﬂ@ﬁﬁﬂ ufdt O BRI Y AREar-L-2R ries (Shropshire, UK). The
pol ystyrepg, gst[aOma ﬁog\lg repared at 0. 025 ég%%%ltr?gbeimﬁ“ée “h?‘inglﬁi PRI, of

sol vent for feetf s Pgligreet i agivagougrampere fitmno&1000 400, and

0. 05 gfran@lﬂdnt B0 ﬁpdﬁrmdmﬁse;r‘mc@f&mﬁﬁl et el n%qéglng\;m 2%5 hts | ess t han

Tties thaf ar
1, 000, 000, The( P indar ds are di ssol ved Wt h gt e
agi tation for 3 QJ#%M%% wﬁ’%‘% nar oWt SPaH daelrEt ﬂﬁéﬁ‘é@ éebéquwnncﬁm rst and

in order GfeigEer élalswenlgedmimhelsinonﬁfeeiedﬂnﬁﬁorma|pg;11tfss§19fgg@z}g[gxtestvgt Im)dy n ze

degr adat i @fksactRe. ROk Y8 CTATCI eak |l ecular wei ght's ‘are convert ed
to pol yet h%/inene ol ecui}%{? V\Belug @sﬁq% RGThe “CBTFO0 TG e dathionso(as

descri bedSfn SRiRviefpes ofgprglevgrgithatimay P@bsed Bcthe pr%h&menﬁaﬁare,ar@nggﬂ (1968)):

Mpoi yet hyhﬁlﬁd@s éu.aa[a@,{pg YShdMe@)hotes hi P h e ui val ent nol ecul ar

wei ght cg) culations are Operf(;lr med’ fjlsulrarﬁngs |f§%%\§% c%l @% W AR B TST si on

3.0. sConprea¥y:dif rampry acceleratcpispipléasnion & esecpsd awedsubedsaaced Goftgato ASTM D

395. The agza:mﬁtcg i ;sefmtep:ag;ﬁﬁtdiay d&ﬁla&lﬂaﬂﬁt %51;141 ter round djscs of 3.2

ram 2.0 ‘Hﬁ‘“ﬂfﬁ‘ Qi8I Lhi ckness unt | | i ”@} t] ﬁllrr%k FEFRCEB™E 1 i s

reached. T iscs are 3“6&“??25?‘11““‘ s t%ﬁé)rﬁl% 3152 by ugshy Bormressiconsanl ded

pl aques rlintadenyi ahisal, hetctipress wRges mhhe Js&i 1&@%}519@8 %jnpngm zer (9)00
1

pressure..f :
fol | owed cbﬁrggélg}‘% herhloropdd “’acr%l%t\é\FMﬁA i Wtwateéwaoralm»% VPa.
Densi ty TMSas) é@vefngrratedéﬁ@] tryd ﬁmsymﬁﬁme nrAm ), Q,g@ﬁ&dﬁﬁ,[ﬁsed[;%%(} gi:rg;dgcg to

ASTM | D 1928nkMNeas gﬁ@g& n one hour of sanp ressi ng
usi ng ASTM 13792, &I\i/glt hod B %’F‘Ea ?Ié ‘8%‘%@%8%%@%@%}3@@%&1@ us

Sanpl es HFé™ 8%?"@%@@‘6@‘%@1@@dﬁwblwgmﬁs*ﬁwmiﬂ@2/’81cmﬁiaemala£d?ﬂzr'2 rcent
vBE
secant nbdwoi3, anesmaspgied according to ASTM 13-790. Storage modul us is
LAl
nmeasyy ed accol{yd ﬂg to1 ASTWE D 5026-01 or equival ent technique. Optical
pr opertl es 20 BBl tRRP Y RP RIS SS syreposiBmpis eSsisanrtianl dediugéng a hot

press ( ChreviegreaviidedslikddQ}Ioey be measured by dissolving the composition in a soiwent for specified

duration, and calculating the percent gel or unextractable component. The percent gel normally

mcreases with increasing crosslinking levels. For cured articies according to the imvention, the
el

percent gel content is desirably in the range from 5 to 100 percent,

The mulii-block copelymers of the invention as well as blends thereof possess improved

processability compared to prior art compositions, due, it is believed, to lower mett viscosity. Thus
ty. ,

the composition or biend demonstrates an improved surface appearance, especially” when formed

into a molded or extruded article. At the same timne, the present compositions and blends thereof
uniquely possess improved melt strength properties, thereby allowing the present multi-block
30 copoiymers and biends thereof, especially TPO blends, to be usefully employed in foam and
thermoforming applications where meit strength is currently inadequate.
Thermoplastic compositions according to the invention may also contain Grganic or
morganic fillers or other additives such as starch, tale, calcinm carbonate, glass fibrers, polvimeric

fibers (including nyion. ravon, cotton, polvester, and polvaramide), metal fibers, fl akes or particlas
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4PK1001R). The pellets are placed between pol ytenafl uoroet hyl ene sheets,
heated at 190 C at 55 psi (380 1cPa) for 3 mm followed by 1.3 MPa for 3
mn, and then 2.6 MPa for 3 min. The filmis then cooled in the press with
running cold water at 1.3 MPa for 1 min. The conpression nolded filns are
used (for optical mnmeasurenments, tensile behavior, recovery, and stress

rel axation. 25C arity is neasured using BYK Gardner Haze-gard as specified
in ASTM 3 1746. 45 gl oss is nmeasured using BYK Gardner d ossneter

| YI'i crogl Q843 Lfied in ASTM. 13- 2457 I nternal haze is

neasur ed us??ﬁg{%@e%g%ﬁe?’p] nga-“g’é{"rﬁl“ﬁﬁ‘%@a S§ SASTVDIE0 6 cPrabeadur e A.

M neral oif™F¥sifiss pedupiporhbehdds] bt fhaees, orb eV EnatliAGE; SGhAaL ches.
30Mechani ealotBs0paLih88. 5 Lhe, steresis, and Tear, L ¥
Stress-strain hehavior f%"a%ﬁig]%&%hgefﬂ aF%%?FBW’is‘é“hﬁé%giﬁ’l“éﬁb@ﬁ igpoASTNED 1708

m cr ot ensi 8% pdiRiciatd or Sharprueincreaistnetichednsdh BnchBSEEON, -%5moo A nin'
at 21C: Tensi | ersterangishe andoghpngati an. at, break are reported from an
average of 5 speci ne%g @d&i} 110(_)%i);;'a%%%%ﬁ%}ﬁ%’ftet?‘e@fegoﬁ“g bifagerni ied from
cyclic | oading Lo T5tYs Hh 3o S5 % Bt fsh esivivgicASEMIfD, aﬂﬁ&oaw;@%gensi | e
speci nens ‘hwintofpraing |shsk moRHE) dvaistdidBRLer: HBRLS AR, €.4:S, | 0aded and unl oaded
at 267% Ml f QL3 CYChes, at. 21C. d:JC[}{/Q(%:I iC %-‘Elg‘é“ﬁ rreninglldlgf" ag‘g@%"’éﬁﬁf’%@'are
conduct ed _using an- envi FonMEREE D8 HATHsS by st arirate80s @ @x periniTedhy bibhe
sanpl e i st iresgeses t o equilibrate for 45 minutes at the test tenperature
beforggtesting. in the 21 C, 300% strain cyclic experinent, the retractive
stress at 1daQ%stdain fromthe first unloading cycle is recorded. Percent
recovery for all "experinments are calculated fromthe first unloading cycle

usi ng the st r dffiredtreseinecharedteizibp diskiset-uno ed ek 12D | L DR 1101 Per cent

recovery imsiydef ief@fudSie smpiRegOVery = | ts> 100 1Owhere sl I'S the strain
t aken for,c%/clic | oadi n_g and s, is the strain where the load returns to the
basel i ne qaﬁ‘bc{{ﬁéfé hegadi ng cycl e. Stress relaxation is nmeasured

at 501ipercent BidcRhddigRbuidds fo §Rmi si.n n.lnsu' onTM i nstrunent
equi pped @PE’QT&E envlr%nrgent al cn%&rﬁg)jeéy. hdl a%adlg‘égﬁ‘ésdﬁétﬂi‘f’%ﬁ“ﬁ&s 76 mm x 25
dim x 0.4 Fum APTEPE BGHIETHF AV il carns7ialy oriiatt fﬂiinﬂPd%ylﬁzeIrhEar,eﬂM&{cﬁgnem al
chanber, rhe. Sanphpenasdilbstd Bt ehadmtGon0%, st/ ai 333%mrjl. Stress was
recor ded @g;g. WACLIQN Of L e, for 12 hour%iégi'llﬁgd&ﬁg%%né‘%m Pfq?”'ejs%r ‘?‘I“QI axati on
after 12 hours was cal cdi at&d " tisFRY™ E REnresiHed rense SSoF es30°Ret atdonnz Lc
-x100 . LO*AERECMID Asinfhed loatr Btusdd @Yorsistaimn Ry %jﬂ and L12 is the |oad
at  5020perGe Bmddh Al dofilenmmcN QUIS. Tensil e notched tear experents are
carried out on sanples having a dersity B relyeg wiselizemigpl tessmustmg an
| nst r onTrif {RSHEd nEsEnalTise! dgBoiiet afyheconsixsteSrdic RAGAHLEN SECLLiP PraBly S TUM X
L ¢ Ching
13 mMm X distribution of the volymer.

The CRYSTAF peak temperature and area are identified by the peak araalysis module
mcluded in the CRYSTAF Software {Version 2001.b, PoiymerChar, Vaiencie, Spain). The
CRYSTAF peak

]
tr

finding routine identifies a peak temperature as a maximum it the dW/dT and the

arez between the largest posttive inflections an either side of the identified peaks in the derivative

curve, To caleulate the CRYSTAF curve, the preferred processing parameters zre with a

terperature limit of 70°C and with smoothing parameters above the temperatur-e limit 0f 0.1, and

below the temperature limit of 6.5,

30 DSC Standard Method

Differential Scanning Calorimetry results are determined using a TAI nnode] 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
o + e, i = v £ T
then air-cooled to room temperature (25°Cy. 3-10 mg Of material is then cut w0 2 6 mm diameter
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mmwith a 2 mnotch cut into the sanple at half the specinen | ength. The
sanple is stretched at 508 mMmm mi s4 at 21 C until it breaks. The tear energy
is calculated as the area under the stress-elongation curve up to strain at
maxi mum | oad. An average of at |east 3 specinens are reported. TMA
25Thermal Mechani cal Analysis (Penetration Tenperature) is conducted on
30mm di aneter x 3.3 nmmthick, conpression nolded discs, forned at 180C and
10 MPa nol ding pressure for 5 mnutes and then air quenched. The .i nstrunent
used is a dibPackuraRFanRghavald.ahl e, Perkin-ELner. In the test, a probe
wWith 1.5 mmradius ti & (bia‘lileﬁglg"‘f%&%%mf‘? PRLIST Pl Btthrs csmpedate. Gfe t he
sanpl e di s¢F ‘P‘?“‘I‘VNTP%P%%@PWPFQD‘WW&‘&IMM fblowia te@ekrabre SGEE Mnd LOM. 25C.
The probe penetyiatibon 180dia8 RNGE S MRESULE. 85 glfuncti on of tenperature.
The experigent, ends %e‘n the probe has penetrat & 1°AMIYR Y FeOUsanpl e.
DVA ﬁ;nam Co VB TR ANTRYEY ahrpd ios 40TV 01 mimeasitie ede @1 16RANYESS) 0N

nmol ded “di skinfigs. Mihd sdmpicds ot hepees S sado 18009, at . 10 MP essure for S

m nutes angd.then.vwater cooled in the press@/git%'I ' 8%5’81 = ‘ﬁlah&g}ﬁ'%agf‘?%uis@om
conduct ed usi ﬁ%@agséliﬁcis} controlled strain rheometer (TA instrunents)

equi pped wit h ddaPSeanling sealets nicistotl RSe ik i@l is | iRg.. . A 1.5mm
plaque is i BR8eARdi Sl R askar of dimensi ong%ggi‘ﬁgawcﬁh“élﬂlsrm”é is

cl anped at both ends between fixt Ul ed - cEFatefredyatiotfumon (sgreapresiepas at i on
AL) and sufijdetete relisgecedsivve 4 Eipet ﬁieliﬁcﬁefsﬁsﬁﬁhf% wfih OMi100GEO 200C (5C
per step).adisi@AcRisleaperature the torsion_ nodulus 0' I's neasured at an
angul ar freque of 10 rad/s, the strain anplitude being nmaintained

10bet ween 0.1 %g’%/aél@%’?mﬁﬁﬁ&&ﬂﬁ@p@ém coropreneu meldtdfiqubhR o4 @htiigsh 358uf f i ci ent
and that tlheaveaswWiemeNinedsGRRLRSs fchorldde o r.regine. “An initial
static forge of. 10 g#as nai_ nt ai ned’ (gtfgﬁ%qgegg{fréhﬁ t%ﬁﬂ%?'4ﬁ‘8“}5‘?°§@%ht slack in
t he sanpl g when °f HEFRBI 82 AT viragedifiede! #495-4PRION SR e peicts bRSiGL P

separ at i ofetAken mitealesei kit shddisthohiBdTRE A t-HIL ¢ i.cul arl y. above the

mel ting ok,saLi &M NgpPQl DL of the oI%rrer gg%lpg%ﬁéf}hkéa{@%{ P8tops at the
maxi mum t enper at'ure or when E“‘ﬁé"“ﬁ%\%% Ml dn 3 thentdsi XexrtesplageachesoBbin nm

Pel | et Bl BERIuy™StresigtchldPele gtiS NMLS0: g)nitan Raded fhﬂ%sgmﬁ 2" (5 cra)

di aneter heldqawsey!inder that is nade of two halves held Together by a hose
clanp. A 2.75|b (1.25 kg) load is applied to the pellets in the

cylinder at 45 Fgrrmpaipyesonapgrarhicalyveaysonstsher pakd o e@ggb%taﬁmggnsol i date
into a cyMoadmicab oshapad: 1.2 : ) is renpved fromthe form and

t he p?{! l et bl ocking force negrgdag%éw%%??lgg VARG UPRE C8A solerndtartbdcked

pel lefs if Hé“&%ﬁ‘?‘g% T U RNGY dn Tors PebmEn ibostorisn®nhictod MBASHE Bt D8.

conpr essi wed.f Giecoivareeded: dichidsRaknd N&CYLNIRN,J, 0L 0, pel | ets. Melt | ndex

Dreparec at'z concentration of (.1

grams of polymer in 50 milliliters of solvent containing 200 ppm of butyiated hydroxytoluene

HT). S s s agitating H
(BHT). Samples are prepared by agitating lightly for 2 hours at 160°C. The injection volume used

is 100 microliters and the flow rate is 1.0 ml/minute,

12
ih

Calibration of the GPC cohmr set i performed with 21 narrow moiecular weight

distribution polystyrene standards with molecular welghts ranging from: 580 to 8,400,000 arranged

: 173 110 i [ X - .
In 6 “cocktail” mixtures with at least a decade of separation between individual molecular weights
ghis,

‘Ihe standards are purchased from Polymer Laboratories (Shropshire, UK). The polystyrene

standards are prepared at 0.025 grams in 50 milliliters of solvent for molecular weights equal to or

30 greater than 1,000,000, and 0.05 grams in 30 milliliters of solvent for molecular weiglits fess than
fe)

1,000,000, The polystyrene standards are dissolved at 80°C with gentle agitation for 30 minutes

1€ Narry Sta}]d rdq 11’1',, } £ Tirst i A it o
LG Iras are run rrg Id n " i ing hi i i 1
E 1 W d IXT el £ F a7 i u.\de’ o1 daer SafIne hiEh@SL ﬂlOiC nlar VVBEQI iy

cormponent to minimize degradation. The polystyrene standard peak molecular weights are
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Melt index, or "2, is measured in accordance with ASTM D 1238, Condition
190C/ 2. 16 kg. Melt index, or 140 is also neasured in accordance with ASTM D
1238, Condition 190010 kg ATREF Anal ytical tenperature rising elution
fractionation (ATRBF) analysis is conducted according to the method
described in US? 4,798,081. The conposition to be analyzed is dissolved in
trichl orobenzene and allowed to crystallize in a colunmm containing an inert
support (stainless 30steel shot) by slowy reducing the tenperature to 20C
at a cool icagefat 4 o gmn. The colum_ is equipped with an infrared
detector. An AT}REBBI(’: ﬁ@ioﬁ grr‘h%%cr”éahi"‘&la?%“’??sﬂwt_fﬁjé(h%éweawé@ doserieddut Wgart=he
crystalIif@ﬁ“ﬁﬁ%9ﬁﬁﬁméﬁhﬁméﬂLLﬁ@ﬁMﬂh&QG@huﬂMWQMMsbggﬁm%increasing t he

slvstyrenc)

tenperat ure of pbhenel-ttdnguSelyent. .C(trikchl arobenzene) from20 to 120C at a
rate of 1.5 Pol,é;}rrer Fr ac{ﬁfiaé%vg Fbcﬁ{“"“g]f}m?ﬁﬁrﬁ periormed usirgr\geosical e TREF

gégitt.‘
fracti onatT o i*Y™C4r YF¥H 38y di ssol ving 15-20 g of polymer in 2 liters of
1, 2, 4-tri chkorabengene (TCB)b3r stirring for 4 hours at 160C. The pol ymer
solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot
(7.6 cm x ;921 cnfm%r‘fsé%‘i‘ 5€ Iafnaﬁﬁreéaw@dim £-H D65 ATnd s idWrpaRfi 530- 40 mesh
(600- 425 edcingphe mincdibmerd @ehniicalbr quakl t ,heads, .(avail able from
Potters | pgysi, %g?q HO, 30 Box, 20, Br OM\Q%SI’J&’ é’%fé‘,""’?‘%@?ﬁ NIERIEE T ess
steel , 0.01%8" % ;.d ﬁéf‘“ﬁ eFiedliies &ff ¢ riemét.7 cavaizl 7abl @mbermRaldet s, | nc.
63 | ndust PP@ies PeidsdeyitiNdnt tesT aramaa thdow Y condidd,20), col um i s i pmersed in
a t heramal foyow QN s@hire ¢, ghn&qg%gtm set Tnitialljﬁ?%g%gﬁ? fn¥ﬁ§%8%53ﬁn is
first cooled ballistically to 125 LD fodippiside B etkstwith20id@uaitn: 0. 04 C per
mi nut e and®0h& 4% or one hour. Fresh TCB is introduced at about 65 m hnin
whi | e t hep&eiperature is increased at 0.16700 per mnute. , Approximately
2000 M portions of eluant fromthe preparative TREF colum are collected
in a 16 stati o PHERE ¥4 Mearanvice ravted pccorling (pAKYIES 14§, g@&g@g&%gted in
0

each fract mﬁdmmgmahduf)&f%ﬁﬁpi@y@ﬂgzrg@E'n?éAé‘l‘d\yf%29%‘%%08 0 to 100 m the

pol yngr ' r Ins. _The concentrate S s are allowed to stand
overnigh?ﬂ%e %&%mggggﬁgm%§@§§§Bﬁ@?ﬂﬁnol, filtering, and rinsing (approx.

300-500 m of Seepthemolombredddidgdbhe: 4ipab 6l he filtration step is
perforneqmggﬁgﬁgmﬁgﬁgg&ggmy %§£ﬂ¥?§§%5ted ﬁ?%?gﬁ%ﬁﬁlé%éﬁ%ﬁﬁha%?%g.. 5.0 um
pol yt et raf | uor oet hyl ene coat e el PARETmiaipaid rmisbecfroniQsmeeTgs | nc. .
Ca tu+ ZS0WBOATBONuIvEmetetlinique.at ed fractions are dried overnight in a vacuum
oven at Qgﬂggiyy%égﬁsghed on an anal yti cal bal ance before further testing.

20 1 NI VIR Anal ysi s _ The sanpl es are prepared by addi ng

appr 6xi mat el yF é@s S0 thicB s o tampeesgibn molded using a hot press (Carver Model #4095-

t et r achl arrathanendghes bl odiahi ne to 0 .4 g sanple in a 10 mm NWR
tube. The A agi, di gg%%%@%ﬁ%%%%‘ﬁ’é%@&ae *'Lg?ﬁﬂﬁé%qdﬁ@i%ﬁé atjibe and

: les
its cont Esﬁ@%‘tqﬁgf%fé@m»fﬁl@wa%ml-? §1Pe i Sect. et thai NGVP2 IEQmECT|.pSeTM 400VHz
spect r onéEe oot ity ards it Wi BHH§1?4499h9%¢ hectrometer, .25correspondi ng
to a 13Cgresonance frequenc &%F 100, 5 Mz, - Izlﬁﬁtng?mﬁﬁﬁﬂpﬁ@Hhﬁsing 4000

optical measurements, tensile behaviar, recovery, and stress relaxation

25 Clarity is measured using BYE. Gardner Haze-gard as specified in ASTM D 1746,

45° gloss is measured using BYK Gardner Glossmeter Microgloss 45°
ASTM D3-2457

a5 specified in

Internal haze is measured using BYK Gardner Hazeu.gard based on ASTM D 1003

Procedure A. Mineral ol is applied to the film surface to remove surface scratches

30 Mechanical Praperties - Tensile, Hysteresis, and Tear

g AS MD 1 DO miIc SISH

specimens. Samples are tched wi 5 in’! i
T p stretched with an Instron at 500 % min! at 21°C. Tensile strength and

elongation at break are reported from an average of 5 specimens



transients per data file with a 6 second pul se repetition delay. To achi eve
m ni mum si gnal -t o-noi se for quantitative analysis, nultiple data files are
added together. The spectral width is 25,000 Hz with a mnimumfile size of
32K data points. The sanples are analyzed at 130 Cin a 10 nm broad_ band
probe. The conmononer incorporation is determ ned using Randall's triad

met hod (Randall, 30LC ; |IMs-Rev. Macronmol. Chem Phys., 029, 201-317(1939)
At om ¢ Force M croscopy (AFM Sections are collected fromthe sanple

material using kel Cab, ! mewth a PC cryo-chanber operated at
80 C. A dianpond ichife |}%J;L“’g15 1td{%mgne“ "B Cé’FlIa @%‘%IWT@FIﬁ%I%E@ua

t hi ckness B8 Mt 7Beveieictnsle ane@npmsaﬁémmoxnn bresidymsed eaneach i ¢ @oﬁ%{ et

and mount egkdfioaleandar o AR Wi s SRECLITE ort disks wth a double
carbon tape. The sections ar eje‘f}am ne% @Xcﬂ”exﬁgﬂﬁﬁg@db@dlgﬂ}fﬁ\ﬂr%I ti-Mde

AFI VI, in TEPIHEHodE™ ot svebere fretht BOM. cxiNaines eRSOnpit isBBodig, used i n

al | exp@rlﬂ&nm&wﬁpemﬁ&@ aaﬂ@gglt%@&. v HERE. £.QLL.owing, specifi c_enbodi ment s
of the invention nbi nations thereof are j}IOJensi-'fSem alieﬁ’“(fé@ 'FEFe and

her eby del i eerg eg%l% retr%“r%@?“?%“ﬁ@dﬁ‘% et & fetudiadob osiriercbodedt Inac@ppended

cl ai ns. 1. refoveyipel edpbimentomialcsiag frbh e aﬂﬁh&%&ﬁuﬁ; Rhie LSRG S%ngr odyc

resul ting £t BQ&Q&{MQA@EP ase(I l) first olefin meri /2t on »‘f‘”§) (B) a
second ol efin polynerization ¢ eﬁevg‘?r‘i?a‘ﬁéb‘fgévfé’ﬁ ¥ epari ng poI yNners
differing in 15chem cal or phySI cal propg;ibes fromthe polynmer prepared by
catal yst (A) under equival ent ﬁ&%ﬂ‘?’éﬁ‘f’iyfaﬁ*oﬁ—xzb}@dltlons at | east one of
catal yst (A) or catalyst (B) being capabl & of forning a branched pol ymer by

means f chal n wabkiing: off SAGLRAL ALLAN.A | efinic
pol ymer chains ©) & chain scﬁ&t tring ag J %less{mmw S AR
basd[mn ciurm e 1™ unloadmg cycle.

Stress relaxation is measured at 50 percent strain and 37 °C for 12 hours using an Instron™
nstrument equipped with an environmental chamber. The gange 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
15 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 calcylated using the formuja;

% Stress Relaxation = —I—f-g-iél %100

4
where Ly is the load at 50% strain at 0 time and L;, is the load at 50 percent strain after 12 hours.
Tensile notched tear experiments are carried out on samples having a density of 0.88 gec or

20 less using an Instron™ instrument. The geometry consists of a gauge section of 76 mm ¥ 13 mm x

(-4 mm with 22 mm notch cut into the sample at half the specimen length. The sample is stretched

at 508 mm min™ at 21 °C until it breaks. The tear energy 1s calculated as the area under the stress-

elongation curve up to strain at maximum load. An average of at

TVIA

least 3 specimens are reported.

25 Thermal Mechanical Anaiysis (Penetration Temperaturs) is conducted on 30mm diameter x
3.5 mm thick, compression molded dises, formed at 180°C and 10 MPa molding pressure for 5
minutes and then air quenched. The instrument used is 2 TMA 7, brand available from Perkin-
Elmer. in the test, 2 probe with 1.5 mm radius tip (P/N'N519-04 16) 13 applied to the surface of the
sample disc with 1N force. The temperature is raised at 5°C/min from 25°C. The probe penatration

30 distance is measured as z funcrion of temperature. The experiment ends when the probe has

penetrated 1 mm into the sample.



202. A conposition conprising the adm xture or reaction product resulting
from conbi ni ng: (A a first olefin polynerization catal yst capable
of formng a highly crystalline ethyl ene honopol yners by et hyl ene

pol yneri zati on; (B) a second olefin polymnerization catal yst capable
of form ng a branched pol ynmer upon pol ynmeri zati on by neans of chain
wal king or reincorporation of in situ formed olefinic polynmer 25chains, and
(C© a chain shuttling agent. 3. A process for preparing a high nol ecul ar
wei ght, nuhid - bl ock copol yner conprising contacting ethylene under addition
pol ymeri zation conditions with a conposition conprising: the adm xture or
re?Ct ion prod Lﬂéffllaﬁlg;lé\(ﬁffcp@pf@i Al mmim@?m@%ﬁ&%mﬁfegﬁoﬂ §1Bid9c! cﬂglés Bormed %n

pol yner i zakd:eRsat @by st 10 MiB)p efi ol ymeri zation catalys

capabl e of pr@e aring pol neréégsél?ef' @p‘.%ﬁ‘glﬁs ﬁ“c{(;thgr}‘?‘i”%"él“’o&d ity steesat SP¥dpert i es
from t he Pot Qﬁ%ns ﬁrcgfﬁgwf By e 4RE} sparollR) stundisomesUiry ahse iheRO L YIRS, zat i on
condi ti onsith duat cahelast fianes Of wedh akst (A) or catalyst (B) being capable of
formng a bragylled p(PI érter_ bgpeﬁrrrlean_s of chain wal king or reincorporation of
in situ fornmed of 8PP PSS BHdirasr cafithe( @ns axe brain Tedhwinbleiing agent .

4. A procesged arbopreafaicivrgn Bxuhbghh.Rk egul i ght, .. ti-bl ock copol yner
conpri si ng.contact iel[gignee% hg% ene uoﬁbder %ggioﬁno(%ﬁ%%%r%gggbﬂ%%?%?ti ons
with a conposition conprrsi My 't frée dinft Grrer oeo)r soeti mnpeprodustortiesul ting
f rom contiaiting G’ is measured (@i agguidr frSduer@), ef i o-RR! Mg@{aln%g%tgge Lat al ﬁat.me%apabl e

of f oM n@n@ehi 9hL.y. talline ethyl ene i nmopol yner eteﬁlyllgln}-f‘l
pol ymeri zat i,gnd;} B yng&?@?m%ﬁ%éﬂé%ﬂr? B/af)?l?ftf’rﬂ”ep‘éls‘gfﬁﬁ?fﬁ grtthan e cmbmtopste capabl e

of form AFEHE dKdiaedregoleymer upon 10pol ymeri zati on by neans of chain

wal ki ng or reiRGRkRALAL fR8 oof J; Lty rimed ol efinic polynmer chains, and
(O a chain shuttling agent. élpm?m%m%‘? &N‘}ﬁfﬂstofl%P%H@l’@féﬁéiayih@rtbff ormed from

a react i GHHY XEUY BB TERastitgcEs Sentialehyenal tethylanRioass iDe addiLi on

pol yner i ziahkmnrBie WBficuiS Rl 8o ARALYAEL . cant ai ning therein two or nore,
15preferably thr ee,rpglricur[rl)'%r%‘ea %eg{%ng’lrﬁﬁgg%‘kS‘%ﬁ‘“’%&%ﬂf&i%?%?qlwfwm divefisng i ndex,

sai d 'CopSPYHi e ERESPREF A A vderhagameivglet tdifkinfes RuiieOss mMV W n, of | ess
t han 3. O0PelmBeocRingfaeahhy | ess than 2. 8.

Pellets (150 g} are loaded into a 2” (5 °m} diameter hollow cylinder that is made of two

halves held together by a hose clamp. A2.751b (1.25 kg) load is applied to the pelleis in the

cvlinder at 45 °C for 3 days. After 3 days, the pellets loosely consolidate into a cylindrical shaped
20 plug. The plug is removed from the form and the pellet biocking force measured by loading the

cylinder of blocked pellets in compression using an Instron™ instriment to meastire the

compressive force needed to break the cylinder into peliets,

Melt Index

Melt index, or I, is measured in accordance with ASTM D 1238, Condition 190°C/2.16 ke
. 2.16kg.

Melt index, ar 1) is also measured in accordance with ASTM D 1238, Condition 190°C/10 kg
ATREFR i

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 aliowed to crystallize in & column contaiming an inert support {stainiess

30 steel shat) | i e I
shat) by slowly reducing the temperature to 20°C at a cooling rate of ¢.1°C/min. The columm

1s equipped with an infrared detector. An ATREF chromatogram curve is then generated bv elutirne
- p=g

+ talis - o ey £ :
the crystallized polymer sample Som the colump by slowly increasing the temperature of the
o perature of the

eluting solvent (irichlorobenzene) from 20 to 120°C ar a rate of 1.5°C/min
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6. A nulti-block copolynmer formed froma reaction m xture consisting
essentially of ethylene as the addition polynerizable nononer, said

copol ymer containing therein two or nore, preferably three or nore segnents
or blocks differing in branching index. 207. A multi-block copol yner

accordi ng to enbodi nent 6 possessing a nol ecul ar wei ght distribution,

MV WMn, of less than 3 0, nore preferably less than 2.8. 8. A functionalized
derivative of the multi-block copol yner of any one of enbodinents 5- 9. A
crossl i nkethggsinatdo¥SiQf, apppl ymer according to any one of enbodi nents
5-7. 2510, A crosslinked derivative of a polyner according to enbodi nent 8.
11. A polyner aceeLethirG a0y, .. . epbodi nents 5-7, or preparable by the
met hod of | _odL}%@t 3 ar 4%%?Egg%ccg%(§{s$’tqméﬁv%%hgp?q S¢irpglytolein $ dinges den t he
faun of a i hRMSPCTEEelOhey Taipsiordfacarnmli siotaygy pobynleMoidhy G381, ,One | ayer
of a | ani maethoarhiten aud oangdyantd ¢Le. a L \b?r, a nonwoven fapbrrc; an

i nj ecticon ’W%%dﬂ% cle, bl ow nol ded art’ ¢18Y Steel colupu pskefedthardvisel e, or
an adhesi ve.’ 302" IB%FW@#%%@WFW tedmnbodinents Balx&ERIQSI ti on
conpri si ngotdeingemes.iHC HhexRorsnafwos, fHk Mgt | gast one | ayer of “a

mul ti | ayeliafedoMu o [Sh%gsaga.lobge I a%/e{r of a |aninated ar t e &2850 reaned
article, a fiber. a nonwovan PEbFsss ag. Prip@etrinopriveoNaed @asdd.gl &y bl ow

mol ded_ar t+Pe, Tha colonpisiminged iar hirhie, oGt AANSS Y€iii o<, 43~ A pol ymer
accor di Ngcdiome Fd bomRRAt R A, %nggot i tion co;rdprl &1 N LG4RS Mhe he form
of a {fi rg,d%I | east one Fayer 6F & 'RETEPY&yded i 24 i atdtodlce astmigneadsayer of
a | ani hat &d° & PRccions. Faesh TEB metivoaindeil ela@youtstBgE whis Qopygyen fabric, an

i nj ect i onatroléded parriigt e, a bl ow nol ded article, a roto- m)etl"I & AT cl e, or
an adhesi ve. 14. A polynmer according to enbodi nent 10 or a

conposi ti on coAprb:Shely S 18 86ModsAs of a fil at | east one |ayer
of a multjlayer film ﬁ%%tl eagfmone %1%%%{5‘1% PIIPRH ot it whmbeteaoliaed f oaned
article, a fiber. & RSMABVRRIEYST iTee Pelnmenij entdinomedmledtiaidieke, a bl ow
nol ded ar®iae! @vap@ateront-ayol ded 186 ki &g, hesive. _15, A conposition
accor di n%oiﬁo&@@éﬂo&@ﬂo o Pr 2 ghgr ei npf%‘%@g 1% TG ad@ntongeytraed

10t ri hydr ocar bgl al um num . or g W@Fecﬁf%ﬂ%wcezﬁn:ﬂthanmoﬂmuﬂdnc@&ﬁhﬁi ning from
1to 12 <aABHON O4-H0 erd ofmbtiaivioodrdoygthe G Rnse). The ﬁm.aﬁgthepAi\S conposi tion
accor di NGk radi ,ggglglrcdﬁlﬁrig\p%&%lgsit h%e shuttling agent i PP RYE &l ut ni num
or diethyl zi C L7 KTCompEsT f FERO B Rgiondyier eabbdiapat: 1 or 2
wher ei n CAPAISEOY Rymeripr Sod ZA0NBEGMDI axc SOARL 510 @ LLANSLLLOD Mot a

sel ect ed vhaom Se0MBE °d i Whent N\ £GHARAL S, Jabl e, of the e

al'balance before further testing,

20 "¢ NMR Analysis

The sampies are prepared by adding approximately 3g of a 50/50 mixture of

tetrachloroethane-d*orthedichiorobenzene to 0.4 g sample in a 10 mm NMR. tube. The samples are

. fube and its contents to 150°C. The data is collected
using a JEOL Eclipse™ 400MHz spectrometer or 4 Varian Unity Plus™ 400Nz, spectromeier

. e o 13
25 corresponding to a “C resonance frequency of 1 06.5

dissotved and homogenized by heating the

MHz. The data is acquired using 4000

transi . .
ransients per data file with a 6 second puise repetition delay. To achieve minimum signal-to-noise

for quantitative analysis, multiple data files are added together. The spectral width is 25.000 H

! s ‘ T \ 7
with a minimum 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 (Randali

36 J.C. JMS-Rev, Macromol, Chen. Phys., C29,201.317 ( 1989).



El ements and one or nore del ocalized, z-bonded |igands or polyvalent Lew s
base |i gands. 18. A conposition according to enbodi nent 17 wherein
catal yst (A) corresponds to the formul a: 20wherein: Et is selected from
al kyl.,. cycloallcyl, heteroal kyl, cycloheteroallcyl, aryl, and inertly
substituted derivatives thereof containing from1l to 30 atons not counting
hydr ogen or a divalent derivative thereof; Ti is a divalent bridging group
of from1l to 41 atons other than hydrogen, preferably 1 to 2520 atons ot her
t han hydr ogeomicanecpmsios@pefamabl y a mono- or di- 01.20 hydrocar byl
substituted nethyl ene or silane group; and 12.12 is a C5-20
het er oaryl grouﬁmmgnm&umﬂ@QMEﬁMﬁﬁmQ@§§nﬁ@ﬂﬁh&gﬂ? JFLJ§R%C'8||Y a pyridin-»
en eri

yl- or substit, ! rou va VATTHE PHer Bof ; W
is a Goup 4 rreﬂ%ngjgr %{a{e&ﬂ & 8% (Si %‘gfjﬁ‘i“ﬁ 3o yerd isseptipnatiisonilanat@auinal  or

di ani oni ¢ FW%&W&IC’@%G@ Swtiomsar@la&wﬁmfesﬁif QHAde £iQa Suded g& cat I(_)u%%{t he nunber of

such X' 5 9r edRs:d A0dspecimer ] g opt.ion bonds an Yonati ve
interactions. are reéjrese}l[tnméq ﬁﬂmm‘WﬂﬁﬁﬁPgﬂ“FWHé@Paﬁﬁﬂa%mmmsemmmﬁmd

respect i vel'J" & PgNag %@ﬁﬁB@ﬂﬁﬁ@ﬁﬁﬁteﬁwdmmgpmgn@ﬂ@@ﬁiﬁﬁg&méémwhﬁggggmggta'ySt
(B) correspondsutonthechangy a2 N2 x2,,, T2

Specific Embodiments

The following specific embodiments of the invention and combinations thereof are

10 especially desirable and hereby delineated in order to provide detailed disciosure for the

claims,

appended

1. A composition comprising the admisxiure or reaction product resulting from combining:
(A) a first olefin polymerization catatvst,
(B) a second olefin polymerization catalyst capable of preparing polymers differing in
15 chemical or physical proverties from the polymer prepared by catalyst {A) under eguivalent
polymerization conditions,
at least one of catabyst (A) or catalyst {(B) being capable of forming a branched polymer by
means of chain walking or reincorporation of in stty formed olefinic polymer chaing, and

{C) a chain shuttling agent.

20 2. iti isi i i
A composition comprising the admixture or reaction product resulting from combining:

{A) & first olefin polymerization catalyst capable of forming a highly crysmﬁine ethylene
homopolymers by ethylene polymerization;
(B} 2 second olefin polymerization catalyst capable of forming a branched polymer upon

polymerization by means of chain walking or reincorporation of in situ formed olefinic polymer
25 chaing, and

{C) a chain shuttling agent.
3. A process for preparing a high molecular weight, multi-biock copolymer comprising
contacting ethylene under addition polymerization condmons with a composition comprising:
the admixture or reaction product resulting from combining:
30 {(A) a first olefin polyvmerization 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 equivaien:

polymerization conditions,
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wherein M is a netal of Goups 4-10 of the Periodic Table of the el enents;
T2 is a nitrogen, oxygen or phosphorus containing group; X is halo

hydr ocaf oyl , or hycirocarbyioxy; 10t is one or two;, X" is a nunber selected
to provi de charge balance; and T2 and N are |linked by a bridging |igand.
20. ‘A process according to enbodi nent 3 or 4 which is a continuous process.
21. A process according to enbodi ment 20 which is a solution process. 1522.
A process according to enbodi ment 21 wherein ethyl ene conversion in the

reactor is at | esasts &2 PRGN or camivst (BB PIOCESS according to
enbodi ment 22 wherein the ethyﬁgﬁgag%ﬁvigﬁ%ﬁﬁ8¥ﬁ“gﬂﬁmpéééP@W8¢gﬂapwweast 95

per cent . . f”9@%?%@3@%“@@6@@Hﬁﬁ@ﬁu@b@nﬁo&ﬁmﬁp@wa@cmﬁﬁg%hn cat al yst
(A) corresponds{®achiies2@fiorgui:a:  wherein: R2l is selected from al kyl,

cycloaNyl, hetegpoal kyl . .cycl oheteroal lcyl, aryl, and inertly
substi t ut ed derﬁvgyﬁ%%§I?ﬁg?@BFa A PgleAtiprg it mutti-bioci30p Ak eRBorL:igoUNt | Ng

hydr ogen OFO@@ﬁW&%MémﬁU@ﬁdaﬁkMﬁﬁMMﬁﬁhﬁ@&%&Eﬁklgwk§a§P9£¥alent bri dgi ng

group of from 14t 9s4L. at ot her. than hydrogen, preteraply™ #5920 at ons
other than hydrogen —an 9%%gpu6?@%%?3%?%”%“M&Wﬁﬂwﬁ di - C1_20 hydrocar byl

Subst it Ut ed et HYREWE 6F: o) ety aingubicof rmins gl 91,8 62120

het er oar y| n@iuiRme el bG8, 5 pase thnctionalir, especia
ridi n-230substituted pyridin-2-yI group or a dival ent derivative thereof;
Py | By, -y
asecond clefin polymerization catalyst capable of forming a branched pelymer upon

10 polymerization by means of chain walking or reincorporation of in sity formed olefinic polymer
chaing, and

(C) a chain shuttiing agent.

5. A multi-block copolymer formed from a reaction mixtiure consisting essentially of
ethylene as the addition polymerizabic monomer, said copolymer containing therein two (;r mors
15 preferably three or more segments or biocks differing in branching index; said copolymer i

possessing a molecular weight distribution, Mw/Mn, of less than 3.0, more preferably less than 2.8,
6. A multi-block copolymer formed from a reaction mixture consisting essentially of
ethylene as the addition polymerizable monomer, said copolymer containing therein two c;r more
preferably three or more segments or blocks differing in branching index. |
20 7. A multi-block copolymer according to embodiment 6 possessing a moiecular weight
distribution, Mw/Mz, of less than 3.0, more preferably less than 2.8,

8. A functionalized derivative of the multi-biock copoiymer of anv ane of embodiments 3-

=1

9. A crosslinked derivative of apolymer according to any one of embodiments 5-7
25 10. A crosslinked derivative of a poiymer according to embodiment §,

11. A polymer according to any one of embodiments 3-7, or preparable by the method of
embodiment 3 or 4, or a compaosition comprising the same in the form of & fitm, at least one laver of
amultilayer film, at least one fayer of a laminated article, a foamed article, a fiber, a nonwove;
fabric, an injection molded arttele, a blow molded article, a roto-molded article, or an adhesive

30 12. A polymer according to embodiment § or a composition comprising the same in the
form of & film, at least one tayer of a multilaver film, at ieast one layer of z jaminated articie, a
foamed article, a fiber, 2 nonwoven fabric, an injection molded article, a blow molded afﬁclﬂ; a

: 1 tticls, 2

v

rato-molded article, or an adhesive,



M5 is a Goup 4 netal, preferably hafnium X is an anionic, neutral or

di anionic ligand group; x' is a nunber fromO to 5 indicating the nunber of
such X groups; and bonds, optional bonds and el ectron donative
interactions are represented by lines, dotted |lines and arrows
respectively. 24. A process according to enbodi nent 23 wherei n catal yst
(B) corresponds to the forrmula: 17- N A4-2 X2,. Y- T2 wherein

M is a nmetal of Groups 4-10 of the Periodic Table of the elenment 10T2 is a
ni trogen, oxygem: of ,ahas 1S inin roup; . X2 i s hal o, hydrocarbyl,
or hydrocar byl oxy; t u?gég“%g%%ut?%%ﬁ@?xg?% HIAUTSR FOrger e thsgatoinprrovi de
char ge bal éﬂ’i%é’f aé%‘ﬁ’?‘“b‘ﬁﬁ e e muitirvediby at@edordnd gl @f d 1t 808d aricle, » 25 A
process acotamdi agelt,@ REDOIBN: i3 andpiioi g Lhe ratio of chain
shuttling agent to one or nore catrigldffé?lg&é}ﬁ%m%fed%ﬁ%%&?’?@ﬁ&iﬁé‘fti%ai n order
to produce poryHerEHr Pf &ralfigene or more chenical or physical properties.

26. A pol ymer mixtAuseyreoaRbidisRiGmtokiluedM (98, ¢,..aL. I norgani c pol ymer,

pr ef er abl yfog;}.n herepolyIer. gg et h%lnen_e or pr(][)p?llll;Hl %ggghcafng?g% ‘BoOFOrYher of
ethyl ene and a copol yheri'z&Bi ¢ tBHbtgRiI: A ifdsieny i pol ymencagear.di ng t o
any one of foentiodiigie atigers: pwoven fHoERAR 2R b@ioRMoline, et Jﬂ&gwg{f enbodj nent 3 or

4. roto-lnoxé‘ed&glcymmqhgg%iyge according to enbodi nent WHEY & h
conponent (1) is an ofganic theérnoplastic polynmer. 28. A polyner mxture

according to enffodi RERLSIHPT aheingitnectompoment: Z(\{fl)ereiinsth@éﬁutﬂing agent is a

16 trihydrocarbyl aluminum- or diliydrocarbyl zine- compound containing from'] to 12 carbons in each

hydrocarbyl group.

18. A composition according to embodimest 15 wherein the shutfiing ageni is

triethylalurninum or diethy)zinc.

-~ tel . 4 .
17. A composition according to embodiment 1 or 2 wherein catalyst (A) comprises a

15 complex comprising a transition metal selected from Groups 4-8 of the Periodic Table of the

Hlements and one or more delocalized, mbonded ligands or polyvalent Lewis base ligands

18 A composition according to embodiment 17 wherein catalyst (A) corrssponds to the

Tormula:
il BN 12
4
rl \ ‘f{'l
My
20 wherein:

o :
R" 1s selected from alicyl, cycloalkyl, heteroalkyl, cycloheteroalicyl, aryl, and inertly

substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a divalent
= b

derivative thereof:

T" is 2 divalent bridging group of from 1 to 41 atoms other than hydrogen, preferably 1 to

25 20 atoms other than hyvdrogen, and mest vreferably a mono- or di- Ciao hydrocarby! substituted

methylene or silane group; and

2.~ o .
R™ is a Cs.0 heteroaryl group contamning Lewis base functionality, especially a pyridin-2-

yl- or substituted pyridin-2-yl group or a divalent derivative theregf:
1. - ~
M is a Group 4 metal, preferably hafnium;
- ~r1 s s e T .
30 <. 1§ an anionic, neutral or dianionic ligand group;

“

fj 1 56 } 1
¥ 1s anumber from 0 to 5 indicating the number of sych X groups; and
S i)



25et hyl ene or propyl ene honopoi yners or a copol ymer of ethylene and a Cm
a-olefin. 99. A polyner m xture accordi ng to enbodi nent 27 wherei n conponent
(2) is an elastoneric ethylene polynmer. The skilled artisan will appreciate
that .t he invention disclosed herein may be practiced in the absence of any
conponent, step or ingredient which has not been specifically disclosed. 30
xammi es The followi ng exanples are provided as further illustration
of the invention and are not to be construed as limting. The term
"overnight", if d, refers t time of approximtely 16-18 hours, the
term"room t errpeblré)gci%iﬁp(iél"pl(,ieaq rel ”e%‘lg 6?68“%? OB PG ES o r02sRBedQy iamdddiae -t er m
"nmi xed al kal'fest apreferesgettveia commerci al |y obtai ned mixture of C6.9
al i phati c hydrocar Al nder .t he trade designation |sopar E(r),
fron1Exxon‘Nbbi“@Cﬁgﬁ§%§¥§h%%gkgfﬁa?ﬁ@d@V@H%“&ﬁ@mﬁgﬂ%“é$ﬁ@”émmwgaﬁ&>herein
does not cORF8¥m to the structural representation thereof, the structural
representation shall control. The synthesis of all netal conplexes and the
preparation of all screening!e%p Inments were carried out in a dry
ecﬁiﬁﬁhéﬁmAll 10sol vents used were HPLC
grade and were dried before theier 7 M MAO refers to nodified
met hyl ai unoxane ywhged,r i i sobutyl al um num nodi fi ed net hyl al unoxane avail abl e
comercially from Akzo- Nobl e Corporation. Catalyst (Al) is
bi sOndenyl gi r coni wn Ui FethAl of @atridyigtof (EIP}ridds. T aBk6Chi é);xﬁents]é
15(H3C) 21- 10CH( C113) 2 ipr gpase I t he .t eachi ngs of Macronol ecul ar
bos dmg%e%% %ié)ggmgjg%qmmmg B%pcat al yst 1 A mixture

Chem stry and Physic Q.F%Og%%, ‘
of methyl di (G a-rs al'ky P afioRidnm: sebtdsocsbyieset r aki s( pent af | uor ophenyCObor at e
(here-ith-after anneeniumobeycat e), prepared by reaction of a long

ni trogen atnosphere using dry boxiit (

X" 1s a number selected to provide charge balance;
and T° and N are linked by a bridging ligand.
20. A process according to embodiment 3 or 4 which is a continuous process.

1” 2?-- A o = " 1 5‘ Ve € reac 5a

least 92 percent.

27 o irper t : " : ‘
22. A process according to embodiment 22 wherein the ethylene conversion in the reactor

is at least 95 percent.

23. A process according to embodiment 20 wherein catalyst (A) corresponds to the
20 formula:
i
T
N7 Rlz
Rt \ ‘f, 1
=My
wherein:

11
R is selected from alkyl, cycloalkyl, hetercalkyl, cycloheteroalkyl, aryi, and inerthy

substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a divalent

b
ih

derivative thereof;

I . s
T" is a divalent bridging group of from 1 to 41 afoms other than hydrogen, preferably 1 to
20 atoms other than hydrogen, and most preferably a mono- or di- Cy.p0 hvdrocarbyl substituted

methylene or silane group; and

R is a Csy heteroaryl group contaming Lewis base functionality, especially a pyridin-2-

30 wi- or subsiituted pyridin-2-vi group or a divalent derivative thereof;
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20chain trial kyl am ne (ArneenTM 421-1T, avail able from Mao- Nobel, Inc.),

HCI and Li[B(C8E5)4], substantially as disclosed in IJSP 5,919, 9883, Ex. 2,
Shuttling Agents The shuttling agents enployed are diet ylzinc (DEZ) and, .
trioctylalum num (TOA) General H gh Throughput Parallel Polynerization

Condi ti ons Pol ynmeri zati ons are conducted using a high throughput,
paral l el polynerization reactor (PPR) available from Synyx technol ogi es,
Inc. and operated substantially according to LISP's 6,248,540, 6,030,917,

6, 362, 309, 6, 306,658::-and 316 ..Rol ynmerizations are conducted at 120C
using 1.2 equival.ents "0115]_ g%?égjg@%?yﬂmﬁlé%‘ed on total catalyst used. The

pol yneri zati ons “areé® aiggndeted dumiaicpamal drelp: pr essure reactor (PPR)
conprised of 48: pdinvhskabraaetQt..6elts, in a , array that are fitted
with a pre-weighed, gl ass. t ube. IiI'rftgtgecm%v\%r ?Ihdé]“t’%‘i’f?ff’ﬁé’j?arg’@’%ﬁnq eactor cell is
6000 p.L. Each é’a‘r‘ﬁ&q%pgeﬂ%‘%ﬁ&é&‘r%ilfiﬁ}e%tmaﬁanqmmoaamme@ue@tgdwgngs, Stdofri g
provi ded byimknaii wirdwatbspsdiivelr i ng paddl es. The nononer gas and quench gas are
pl unbed directl &i}gtl%cgg'be PPR unit and controlled by automatic val ves.

Li qui d reagents”ar e FPEB0REMeY° FHgdaer3adetrir @abtoi) cetcpohs (SHE ingas and
the reservoir solvent is mxed al E\ﬁs. The order of addition is m xed

al kalies solvent (4 ne, ethylene, | yst, shuttling agent, and

catal yst. After quenching with CDEt he adt:ors are cool ed and the gl ass
tubes are unl oaded. The tubes are“irlansfierred to a centrifuge/ vacuum dryi ng
unit, and driedwhereafor 12 hours at 60 C. The tubes containing dried

pol ymer are wei ghed l%nsdsatnp%ald% ference between 10thi.s weight and the tare
wei ght gives the net' yi &Id of" YEIKF " of e Bpfiyidic Table of the eledesis; ML T eact i on
vessel 1‘go-nt ai ni ng a Yliessitrvgeal oxygser fhdsmmoehas @8t Wi, Lh,. M xed al kal i es (3.295
nB), and then pressug; si, (1.4 .MPa) W th éthylene. Cocatal yst
1(1.23 nftvl in tol uuﬁeﬁiﬁgﬁég&%%%ygfrhy 2PYIgb5t ) and DEZ (2.5 mMin tol uene,
0.200 nit 0 5 grail)t*gmeoseipuentially added via syringe. A mxture of
catalyst Al (1.0 nmMrRsd v .00 nnol) and Bl (10 niNl in
toluene, 0.20 M, 2 O j}ﬂ;%ﬁ?ﬁgg,&g@%ﬁgrg dﬁic%ar%“ﬁaﬂaﬁ“geé. After 1200 seconds, the
reaction is quenched™by Hddi ¥r bikedpy OBideiFadieaidass i nsert is removed and

vol ati 1% conporsnt s A genved-aadet Ma6 . anal ysis _shows P1)1 <2.0. 20
Exarple 2 .. A 6-inL reacti %n vesﬁ%ﬁté%ﬁ?gf V%I?‘}éﬁ%m@? Y<chaysiyitlinensert is
charged wi th m X&d" BPR&FFEES {4 2 g6nqmegs i variahis arirem po@ssinZedifem200 psi
(1.4 WMPa) werhmethydméneor jhogad ploy&tes1(1. 23 inlvf in toluene, 0205 nL, 2.52
lmo!) and TOA £:2.5 nMi n_t oltuene, 0.200 m., 0.5 gnol) are sequentially
added 25vi a syringe. A-MxtUre® SFRSPE (s opganic pr Donghlii mitet, pefessids 10 t nL,
100 nnol ) HAMPBING petlte of propbsento: aQomEh offinZend i JB. ). 4.5, added via
syringe. Albthonde2 QR é@gg&ﬁgﬂ ag%gd.r qgcti on | s qu,encheg dby %ci}éf? tion of CO.
The glass insert is femoved and vol atil%8® BSHPoRERRE 7 errpreedaiindehe vacuum
GPO anal ySTeiogpbsmbopment 2gr 49, 30Conpar ati ve A, - A 6-nL reaction
vessel containizng asVasseVindlarl t . 1s _charged with m xed al kanes (3.292
m L), and then pres II% i'zedfn'?J 0 réz%%&gigsur{{O(Q?T%ﬂg‘ﬁn%ftgg)‘mﬁe’flﬁo%ﬂ%wélﬁéian

O ocat al ySTEC IO PRAS RPDEFuene, 0.205 nl, 2 52 mol) and M YLAO (50 nMin

toluene, 0.210281, A@G@Hﬁﬂﬁix}ur@iﬁoﬁiﬁé}]{&%ﬂ{b&&%g% 27 wherein compon

ent {1)is an

25 ethylene or propyiene homopoiymers or a copolymer of ethyiene and a Cis o-olefin
" . . .
29, A polymer mixture according to embodiment 27 wherein component (2) is an
elastomeric ethylene polymer,
The skilled artisan will appreciate that the myvention disciosed hersin mav be practiced in
the absence of any component, step or mgredient which has not been specifically disclosed.
30 |



added via syringe. A mxture of catalysts Al (1.0 mAft in toluene, 0.10
traL, 100 lunch and B1 (10 irMd in toluene, 0.20 nL, 2 O mml) is added via
syringe. After 1200 seconds, the reaction is quenched by addition of CO
The gl ass insert is renoved and volatile eoni ponents renoved under vacuum
GPC anal ysis shows EDI > 2.0. Exanpl es 1-2 denonstrate the synthesis
of linear block copolynmers by the present invention as evidenced by the
formation of a very narrow MAD, essentially nononodal copol ymer when DEZ or
TOA is pr esfgif%?_l%gd a binodal, broad nol ecul ar wei ght distribution product
(a m xture ol ﬁ&eg;gl agmd branched pol yet hyl ene polynmers) in the absence of
a chain shuttli Age &fentog ¢oompanabioViged M e 0.f P fact that Catal yst
(Al') produgessRRIMRE: gllagal ﬂ%setvz\ﬁ th differ ent%ﬁ%‘%@ N J%glaévglﬁlg%ﬁ@ré}l‘%?qté(‘s t han
Catal yst (Bl), the ditterent Br'oRiEIEs - dassteistess toh timhef apmeilbiong 615

mul ti - bl ockOEd Pt tyreireorarapditst ], ngui 5 hakke RAs 608 -branghing. f r eguency.
Cont i nueus .St i.2n tEQ'cééEﬁér&gzdﬁtoibP” .15Cont i nuous sol ution p yHEFT zat i ons
are carried out in a computer "ContTolFEd ditsoainkye vérawtbon: maiitibppedewi t h an
i nternal SRS eSiptipn fseehr F ieu Eakkiadets] Sah¥@Rtnd PAPALH By 3L, abl e from
Exxonl vl obkdmpolitChe}ein &chYd:€ drogen (where used) are supplied to a
3.8 L reactor e%ui pped with&gmfng‘g%%%m élfagfeé’ BiaPp el g stpttumhd  an

i nternal thBFIBESHPIE! coel Sor vatesifodetl ntoo! tdpidkeast BE pksrBASHIEd DY a
mass- f | ow sontingbipefimeds ¥at bali8uSPEL laphra unp control s the sol vent
flow 2Qratg and press to the reagiﬂ%rn. (%\tg ”fhﬁgs%% Fgeopecktigepuid, a
side stream o takent B Fre&isdebwshdionsst he catal yst and cocat al yst
1 injection |ingdsmeitrhe d@art 86tALihatQL - T | ows are. neasured by

M cr o- Mbt i Q8 MBS Sed é)gyfaia?eers and %pntroa:al’e?ér];g%%@% FOP RPAF8s or by the
manual adj ustnent of needl e VEFEY fophékreNelint mporsobvent is conbined with
et hyl ene and hyéragertaiwhers@dusbtomns dfnegh,t 0 the reactor. A mass flow
control ler is usgd.d Beﬁ,iver hydrogen to the 25reactor as needed. The
tenperature of the solvent/nmononer solution is controlled by use of a heat
exchanger before entering the reactmy. Tepperature of the reactor is

mai nt ai ned at the desired tqg%gg@ture t ypi cal between 70- 170 'C. This
streamenters the bottom of the reactgr.\The ¢ %P)glst conmponent sol utions
are netered using punps and ma | oW. meter s d are conbined with the
catal yst flush sol vent and intfyodufed Fhto ottom of the reactor. The
reactor is run liquid-full at gi-g (1.4 W th vigorous stirring.
Product is removed through exitgldpes at t p of the reactor. Al exit
lines fromthe reactor are steamtraced an | ated. Pol ynerization is

st opped byrepdred mdetiing ontho feading M@ o3RRI water Ji.nto the exit |ine along
with any sgabilizers or ot her@ad(mnggﬁ@’@%?@@ﬂmugh a
static m xer. The product streamis then heated by passing through a heat
exchanger bef ofecadyss il at imfiitaatd ey ldThg,  POLYRBLoRLOUE], i S recovered by
ext r usi ongeb i Ll zing extruder and water cool ed pelletizer.

The reactor . tsggeng&;ﬁ g?’é?@%‘??&’la%ﬁ%ﬁ%}ah%‘”&ﬁ%ﬁtufﬂawm rgraedisgebction cforibiol  t he
conpo ?tiﬁﬁmd?lai_ Fape %i’@fe@lfﬁwml ayattﬁblefﬁgm&bmﬁez,%&,%ﬁ:;%ﬁﬂﬁl%&d}?% each
cat al yst, sieRafiiing BQdUCH bRP 5 9fo f20! yner segnents or ocks _6nﬁ he two
catal ysts that_are distingui sﬁ‘abfe based on branching or density. Suitable
bl ocks conpri sTHEPE Agets %6? yatiing bene candyhiranchrd-Robygthy| ene can be
produced tyctachingminngoishe correct ethyl ene concentration, catalyst ratios,
and anount of chain shuttling agent (DEZ) added. Monomer conversion is
regul ated at the desired |l evel by adjusting the feeds of the catalysts. The
over all cenmpebiiich Ohrcofhrihie:rmel PoyRE -8R AG L he amount of |inear and
branched 10poly, ;@ngeg is controlled b{ modi fying either the catalyst
feed ratio or the reactor t SNy 4tk d gt tivprioneradonosmtiatiboracidly dr ogen
ra].l’]g/ or DI%PR@V@E@G frogn mm@hﬁomieeﬁid{c & o E@{@ubﬁi&ti&lﬂ%w%gi%ﬂglb-rgg%men
ydrogen ¢al19Rg; is%3458d k01160 0 ecul ar wei ght, e product can

di spl ay hi nodal %gzﬁﬁg@% %‘{?fg’(gé{shﬂldc%%ééi'tl?oé?ﬁ“eéﬁﬁ%miazbut}ﬂ@ntsd afThi s

copol ymer*bl-&A#s earanesiseps caratisih pastee oh rid wesyc QEITORL Yo used by, L hose
skilled in the art. Conversely, when DEZ is used for nolecular
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15wei ght control, the copol ynmer displays narrow nol ecul ar wei ght and
conposition distributions consistent wwth a nmulti-block polynmer. The

i nventive polyner sanples fromthe above continuous sol ution polynerization
procedure can display several enhanced characteristics relative to

conpar ative exanples or linear or branched ethyl ene polynmers. For exanpl e,
hi gh tenperature resistance properties, as evidenced by 20 Thrift
tenperature testing, pellet blocking strength, high tenperature recovery,

hi gh tenpercahwmdmmmﬂsméaﬁr&%teamist QLAade; rmdul.us, rati o, eizsocyov
000c), can gl| .be achldevﬁg&d At .a given Cc}b}?rgo(m |31r‘%mah?li§c‘i“}?v&%iﬁﬁ%6 X8
i's

copol yrmers ‘¢an AR ‘ayrea” e’I’*le”h{jfh‘”i?‘f‘“'é [Feien gt wirpier wiuareen edbl Reac@Eblids doBW

gl ass transilt iForh ¢ npensbaileand bebssu doR o3B3 386 « MCSLLP
CLAIMB: 1A conpposition conprising the ad dm xt ur eﬁa}orcLed éélfc%“’éqo‘? 2piigtEct
resul ting from conbi ARy & que‘]fﬁfaqé‘r? Plegted givestly bt YRteniizat cemopat al yst

(B) a s écorid “obafi cn/dpf@st Vi rﬂ.’@feﬂrﬁﬂe ﬁ}@bﬁéa‘ﬂ? baaeeR @Q ?edng L%E %p Q‘%rgngﬂség%@y mer S

differing in.che erties fromthe pol'y ed by
catal yst (A) eund%‘?@qﬁ%&% %% “es ‘ygiéf*%p%faﬂt*fhbw e B tiepssolvent (4 myt ethyd@st one

of catal ysf“@ﬁ)yswhu@hmeaagmm(@)m&semrf@rqa@amoemgafcd % 00,8 DIBRE NS, PO yrer

by means ofjaghabdd aMah ol g ra |on of in situ forne i
pol ymer chalans and eu{b@é ;{}%831109 P PHEER Rt e wiih acatrad yst (A)

cor r espond dorda h?tﬁéﬁi‘ﬁar ullz: mbev\mtaelmg drid pﬁalﬁmﬁ@ﬂe%fgﬁ@ afnﬁ Q{Qd@fel@ﬁl - berween

cycl oalikyl thihedigh @l &Y e We¥G! ShELE l, a and inertly substituted
derivatives ther eof corﬁeal ni nggvfﬁhogﬁg? %XD@B %om; not counting hydrogen or

a divalent derivative thereof; Tl is a divalent bridging group of from1l to
41 atons obkerpld han hydrogen; and R12 is a C5_20 heteroaryl group
containing Lew s base functionality, ML is a Group 4 metal; X1 is an

ani oni c, neutra r?af gt Bfﬁfegcqnfa SRS ip; insert is charged with mixed alkanes (3.295

ml.}, and then pressurized tc 200 pst (L4 MPa) with sthylene, Cocatalyst 1 {(1.23 mM in toluens,
5 0.205 mL, 2.52 umol) and DEZ (2.5 mM in tojuene, 0.200 ml, 0.5 pmol) are seguentially added via

syringe. A mixture of catalyst A1 (1.0 mM in toluene, 0.10 mL, 100 nmol) and B1 (10 mM in

toluene, 0.20 m¥L, 2.0 pumol) is added via syringe. After 1200 seconds, the reaction is quenched by

addition of CO. The glass insert is removed and volatile componants removed under vacuum. GPO
analysis shows PDI <2 0,
26

Example 2

A 6-ml. reaction vessel containing a glass vial insert is charged with mixed alkcanes {3.296
mL.). and then pressurized to 200 psi (1.4 MPa) with ethyiene. Cocatalyst I (1.23 mM in toluene
0.205 mL, 2.52 pmol) and TOA (2.5 mM in toluene, 0.200 mL, 0.5 pmol) are sequentialiy added

[Se]
th

via syringe. A mixture of catalyst Al (1.0 i in toluene, 0.10 mL, 100 nmol) and B1 (10 mM in
toluene, .26 mL., 2.0 pmol) is added via syringe, After 1200 seconds, the reaction is quenched } by

addition of CO. The glass insert is removed and vaiatile components removed under vacuum, GPC

analysis shows PDI < 2.6

30 Comparafive A
A 6-mL reaction vessel containing & glass vial insert is charged with mixed alkanes (3.292

Th st $h oys mgee overpad ta1 T
mil.}, and then pressurized to 208 psi (1.4 MPa) with ciflyiene. Cocatalyst | {1.23 mM in toluens
.y § LV

o]

205 mL, 2.52 mmol} and MMAO (50 mM in totuene, 0.210 ml, 10.5 mmol) are sequentially
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X" is a nunber fromO to 5 indicating the nunber of such Xl groups; and
bonds, optional bonds and el ectron donative interactions are represented by
lines, dotted lines and arrows respectively. 2. A conposition conprising

the .adm xture or reaction product resulting from conbining: (A a
first-olefin polynerization catal yst capable of formng a highly
crystalline ethyl ene honopol yrners by ethyl ene polynerizati on; (B) a

second ol efin polynerization catal yst capable of form ng a branched pol yner
upon ‘pol yneRkz3Li.00,.0Y, IR f. chain wal king or reincorporation of in situ
formed ol efi r?i_ c pqgjlalgrré m‘éﬁ%?ﬂgﬁmgﬁtam (ng‘w{ eyoleeng Hal s KOt thdingd agent |
wher ei n caf™Y ysipgna) 0¥ onk edpondsis boiet 1 sfroeauh B 1208E LN, R

Rl .is
sel ected f pogkkyligitY eteal ¥yl i..heteroal kyl . cycl ohet er(’)afﬁeﬁﬁcngryl , and
inertly substitut %d der i vat i vesgiats}qlgl%eétol raél}?}ﬁ/etddii“?\i"?fémf PoRpcIents genBOecatnges Not

counti ng hy¥idfertorielsigripar BRE> @éri vati ve thereof; T1 is a dival ent
bridging group of from1 to 41 atons other than hydrogen; and MCSLLP R12
is a C5.20 hete;oarél‘ ,group containing Lewis base functionality, ML is a
Group 4 netal; g‘ffmip ¢ an “BRTeTCie Retierad! loear dicaniconiyet bg@B B @ROMR 1S a
nunber from Qidepedby theloeationgr 4he, AHFDeFwES 2G4, gr oups: and bonds,
ac H&J{f% ar m?@g‘r”@%‘@ﬁ?é’é}efby li nes,

optional bgp .electron donative interactions are
dotted Ii ne.s?grnﬁ&gﬁp (]5%/5\/6_%11tt ?rgsapbé%?qaa@b’f"?? moleour walghrdbwaingiof podiprepatinge a hi gh
nol ecul ar ki brapiskd dollsthgTke BOPSY Fethe SQGRL biS) G SRR Cater'equ ot h%'tl ene

under addi ki ot i.ZaLion conditions with a conposition conptisfng: the
admi xt ure o}r %hgg%?%ﬁ&h% ggllulg/%l é@é’ PR GOF PP BT irdiffggent branching (A) a fir st

ol ef i n pol SHRFFDHEES by (talsat G4t the different $iB)s acssgﬁ&;&%f%e%shiﬂnép@m{_@%&i zation
cat al yst C@pap;bagggdﬁﬁ@g@ggbgg,a&%%%{%ngiﬁg ering in chemcal or physical
properties fromthe pol'yner prepared by-catalyst (A) under equival ent

pol yneri zati on conditions, at | east one of catalyst (A) or catal yst
(B) bei ng Capabhesofich 0shag.@br anched pol yner by neans of chain wal ki ng
or reincorpor a_td'aon of in situ fornmed ol efinic polymer chains, and (O

a chain shutt | i RG HgE Pl ROPEIH gt AF S strieg A)t it DrareBRORBGolld aichenf of mul a:

reactor equipped with an internal stirrer. Purified mixed alkanes solvent (Isopar™ E available from

Exxoniobil, Inc.), ethylene, and Irydrogen (where used) are supplied 1o a 3.8 L reactor equipped

with a jacket for temperature contro! and an internal thermocoupie. The solvent feed to the reacior
is measured by a mass-fiow controller. A variable speed diaphragm pump controls the solvent flow

20 rafe and pressure to the reactor. At the discharge of the pump, = side stream is taken to provide
fiush flows for the catalyst and cocatalyst 1 injection lines énd the r&éctor agitator. These flows are

measured by Micro-Motion mass flow meters and controlisd by control valves or by the manual
adjustment of needle valves. The remaining solvent is combined with ethyiene and hydrogen
{where used) and fed to the reactor. A mass flow contrelier is used to deliver hydrogen toh;che

25 reactor as needed. The temperature of the solvent/monomer solution is controlled by use of a heat
exchanger before entering the reactor. Temperature of the reactor is meaintained at tlvle destred
temperature, typically between 70 — 170 °C. This stream enters the bottom of the reactor. The
catalyst compenent solutions are metered using pumps and mass flow meters and are combined with
the catalyst fiush solvent and introduced into the botiom of the reactor. The reactor is run itgquid-

30 full at 500 psig (3.45 MPa) with vigorous stitring. Product is removed through exit lines at the top
of the reactor. All exit lines from the reactor are steam traced and insulated. Polymerization is
stopped by the addition of 2 small amount of water into the exit line along with a;w stabilizers or

other additives and passing the mixture througls 2 static mixer. The product stream is then heated



wher ei n: 12'1 is selected fromal kyl, cycloal kyl, heteroal kyl,

cycl oheteroal kyl, aryl, and inertly substituted derivatives thereof
containing from1l to 30 atons not counting hydrogen or a dival ent
derivative thereof; Tl is a divalent bridging group of froml to 41 atons
ot her ‘than hydrogen; and R12 is a C5_20 heteroaryl group containing Lew s
base functionality; IVI1is a Goup 4 netal; Xl is an anionic, neutral or
dianionic ligand group; x' is a nunber fromO to 5 indicating the nunber of
such X1 gr apd )ti onal bonds and el ectron donative
interacti o%gl?’ggf’g %ﬁg)u’i’hegéeﬁf)exﬁhdﬁ}%m g{)?fégs“’ﬁbﬁﬂ%‘ﬂ‘ | Teshvandrainn owscovered by
respect i velSytrusion ugng dﬁdepwlade:sg cfiomerphiePREd BPePpdii-gh, Mol ecul ar wei ght,

mul ti-bl ock cop . contacting ethylene under addition

pol yneri zati on gg%c@iﬁei on g Ir{u%h'ﬂa“181(130”“" %“’l“i’fi“%"f'f‘oél@ﬁ@p‘fs%@ ﬁ@ﬂmitfhfecoadmlmmme or
reaction prodics: thaslymer srgmen: eirhl@bmuwuemgy each catalyst AdabBnd ;!r&ﬁfmﬂ L&D

pol ymarhzat%c@jameaat}ﬁioygsﬁ@rg@@ap(l,e,mg);s aﬁ,(psqm Ilt hl Y Cryst al 't ne ?%y ene
honopol yner, % fgg gl ene pol yner| Zat o guis a%f Feducuighiog efdensity.

pol yreri za g bl W@P“%%Fd%ﬂféfﬂwﬂ“ﬁ@m mdrbgmahd@rpaneﬂaﬁd]emm BRI MR RD

pol yner i zatqummn@yhem&nasst ien B S, ki re| cor ion of in situ
formed ol eEMFE \GaRol yrer %l;lal ns, I\/L%Lfﬂgg% ’%‘g?%%‘é’ﬁﬁf’dﬂfqlﬁgr?@m&gent
wherein cataryat ? OROBIF EWEBHES f‘*é”i%tP@tﬂ@rdFmWé leve \HmeafjeﬂtxngthRfeadq drgnesel ect ed
from al kyl saiyel Gad deytali chﬁﬁtﬁﬁi@ﬁbﬂ@ﬂdmyﬁﬁﬁlﬂ@ﬂﬁlﬁﬁgﬂc@fg o R {%ﬁgmﬁ inertly

substi tut eghidariya greof . contai ni ng fromlto ¥ count i ng
hydr ogen of A gll éatlse%t%%erl YR FHiEr B faaivpt fopdragio o tikak@nt hpbdiging gr oup

of from | WFgnomer %matmhéwdrbgmnndﬁy @EHMed @@Qn@l&oie&ia@wgﬁm%%h eteroaryl
group cont @ingi Bgrdg@zvéﬁo?xe %%é&:i fforu&')g*}roll 1n molecu%r WEIghtl 3.2 Joup 4

the product can display mmodai
molecular weight and composition distributions. This copolymer blend can be separated by

techniques commonly used by those skilled in the art. Conversely

15 weight control,

when DEZ is used for molecuiar
the copolymer displays nerrow molecutar weight and composition
consistent with a multi-block polymer.

digtributions

The mventive polymer samples from the above continuous selution polymerization

racedurs can di = 1 15t iati
p isplay several enhanced characteristios reiative o comparative sxamples or linear or

branched ethylene polymers. For exampie, high temperature resistance Dproperties, as evidenced by

2
20 'TMA temperature testing, petiet blocking strength, high temperature recovery, high temperature

compressmn set and storage modulus ratio, G° {(25°CYG’(100°C), can all be achisved. Ata given

composition, the inventive copolymers can also display a high meliing te mperature, Tm, and  low

glass transition temperature, Tg, with Tm > 135°C, and Tg < -40°C



X is an anion c¢, neutral or dianionic ligand group; X' is a nunber fromO
to 5 indicating the nunber of such X1 groups; and bonds, optional bonds and
el ectron donative interactions are represented by |ines, dot}eg 4 nes and
arrows respectively. 5. A nmulti-block copolyner forned froma reaction
m xturera@psi sting essentially of ethylene as the addition polynerizable

nmononer, said copol ynmer contaijni thereln t WO or bl ocks
differing in BrameRiingcoRaERe e Ay EE oI He nmﬁgéﬁgggﬁﬁémggﬂgﬁ&%ﬁ1ar wei ght
di stributi gu,a iMbbivi p@fmdriessn thamt,3. 0. 6, A mul ti-block copol yner fow ed

froma r ea&%)é%%{gﬁ%%ﬁéﬁ" rp%lggn%gzsa gr} c!a grst c%fa%ﬂ:to'fgrl é] %Lolﬁﬁ&y&ﬁé}ﬁlg%ciﬁﬁﬁa@gd' tion

pol ymeri za copo cont erein two or nore
segnenpmmmﬂpbbamkﬂkd1méEﬁﬁmgpwnH@ﬂHW@Wwﬁ@Aﬁﬁé€%¢ﬂvmﬂmp¢qu¥mﬁ?6E§m@ﬁpolyner

accor di ng tqeggé gggpc@fag&%ﬁﬁa%@gﬁ ere 18 GAphiRE ofw@m@t 1ishddipBig kY mMWolvh,  of

| ess than unctionalized derjvative of the nmulti-block copol yner
of any clemevadfingdragippsrrguton of in siu KryedtleiRcRYEET 1988 *0E of a pol ymer

accordi ng {© ,afn MRl ¥inBBinBaufyst 1) colespinas &l thasdelider i vat i ve of a

pol ymer according to claim8. 11. A polyner according to any one of clains
5-7, or preparable by the method of cIa|n13 or 4, or a conposition
conprising the sane in the form of T at Ieast one | ayer of a
multilayer film at |east one |aye ?gém Kl ami nated article, a foamed
article, a fiber, a nonwoven fabrﬁbww xﬂ@jectlon nol ded article, a bl ow
nol ded article, a roto-nolded article, or an adhesive. 12. A polyner
according to claim8 or a conposition conprising the sanme in the formof a
film at |ebstinone |ayer of a nultilayer film at |east one |ayer of a

| 'am nated grtig ds g@lad Bord QWCE%EE},’] %let@noaiﬁylf dy@l@lﬁ&ter@aﬂ@p Bﬁwuﬂﬂn&ﬁ-@i’dbﬁhmt@m
e

i njection nol arti cl ow nol artkcle éP % qg d w g}lcle or
an adhdsivetees ‘@QEOfAOIﬁﬁivlyﬁwﬁ?m éé‘b%?ra&nﬁém‘t GUErg W‘@e‘b?r RS GE Fit R hpri si ng
the sane '@‘&H@w&&ﬁﬁhﬂﬁnﬁy&@bﬂﬁmauuLﬂaﬁmm@mewhaM@mngﬁ.aﬁnultlIayer film at
| east one Igyer of a lamnated article foamed article, a fiber, a
18 a Cs.z0 heteroaryl group contaming Lew:s ’base functionality,
M'isa Group 4 metal;
X' is an anionic, neutral or dianionic ligand group;
x' is a number from 0 to 5 indicating the number of such X! groups; and
bonds, optional bonds and electron donative interactions are represented by lines, dotted lines and
arrows respectively.
2. A composition comprising the admixture or reaction product resulting from combining:
(A) a first olefin polymerization catalyst capable of forming a highly crystalline ethylene
homopolymers by ethylene polymerization;
(B) a second olefin polymerization catalyst capable of forming a branched polymer upon
polymerization by means of chain walking or reincorporation of in situ formed olefinic polymer chains,
and

(C) a chain shuttling agent, wherein catalyst {A) corresponds to the formula:

wherein:
R s selected from alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, and inertly substituted

derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a divalent derivative thereof;

T' is a divalent bridging group of from 1 to 41 atoms other than hydrogen; and
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MCSLLP nonwoven fabric, an injection nolded article, a blow nolded article
a roto-nolded article, or an adhesive. 14. A polyner according to 1
claim 10 or a conposition conprising the sane in the form of gi bm at

| east one layer of a multilayer film at |east one layer of g’aclahlnnated
article, a "‘2‘2?{‘@5 L, ﬁsﬁér&a‘}};gmuﬁccfdtalﬁﬁl{gLeansrb@g%wﬂrfhah@br| c, an injection nol ded
article, a nol ded article, a roto-nolded article, or an adhesive.

15. A conp%ll‘tfi@iﬁu%’é?f?ldl ng to claiml or 2 wherein the shuttling agent is
a trihydr OﬁiaEsQMIam&héJmu&Hlmrdaﬁmﬁibhgadrig@af,byl zi nc- conpound contai ni ng from

1to 12 carbonsm A conposition
according 35 T i%na}r?gxg‘%?‘? e{? uCth éoﬁlpsllg%d tri e'[rﬁyl al um num or

di et hyl zi n®onds, optlonal]]ﬁndsAzl@dmOSﬂQnﬂm naggc(glp@|arﬁgeprgsee$@_b}fﬁn|es Wi &ngs 2edat al yst
(B) corres rgsrllnd to the formula: wherein N2 is a netal of G oups 4-10 of
t he Pefi'd Ta 7 of the elenents; T2 is a nitrogen, oxygen or phosphorus
cont al ni ng 39r dumocesKBoripsphriiea highyrnlesEar AN TH- PO CERR R FORASE | s one or

%Iﬁacﬁn £ ured a%@ﬂ]@zﬁp&ﬁneﬁ&@%h El:ﬁldﬁb@rv@ﬁ alkehpharn candisthez and N are
I [ nked ri'dgi ng rocess according to claim3 or 4

which is aﬂ@éﬁﬁx?ﬂf’dhéﬂaﬁ%@@ég"tresum“g frofgc" ""Pfocess according to claim 18
which is a(ﬁﬁ&fuitloféﬂnpcﬂgaﬁ@ﬁ&mcataiyst 20. A process according to claim19

wherei n et Iene sion i.n th

21. A procé&dd S&“@B‘g&fﬁx‘g yf“écm%ﬁmgn Cat%{ er el fﬁlle”t?aﬁl% 8&%{1}?{&6%}2& g%ﬁ{i/ g}r%gllgcglnml n the
r eact orphys&amopbmass&owﬁe peyro@ ptepared by catalygt, (A)ﬁculé?!r@é@%eﬂéﬁ‘éwfﬂizﬁ@n fondeas m 3
wherein c at g ea\étson e gth)ataE'Qt ( A?&Qgﬂgf}§ (épgehg %a;;agé %ﬁmng a branched polymer by means of

chain walking or reincorporation of in situ formed olefinic polymer chains, and

(C) a chain shuttling agent, wherein catalyst (A) corresponds to the formula:

3
o )
A

i 'l\"a. 7 4
A TL

wherein:
R is selected from alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, and inertly substituted

derivatives thereof containing from 1 to 30 atoms not counting hydrogen or a divalent derivative thereof;

T' is a divalent bridging group of from 1 to 41 atoms other than hydrogen; and

R'? is a Cs.o0 heteroaryl group containing Lewis base functionality;

M’ is a Group 4 metal;

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

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

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

4. A process for preparing a high molecular weight, mulii-block copolymer COmMprising
contacting ethylene under addition polymerization conditions with a composition comprising:

the admixture or reaction product resulting from combining;

(A) a first olefin polymerization catalyst capable of forming a highly crystalline ethylene
homopolymer by ethylene polymerization,

(B) a second olefin polymerization catalyst capable of forming a branched polymer upon

polymerization by means of chain walking or reincorporation of in site formed olefinic polymer chains,
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wherein M2 is a nmetal of Goups 4-10 of the Periodic Table of the el enents;
T2 is a nitrogen, oxygen or phosphorus containing group; X2 is halo,
hydrocarbyl, or hydrocarbyloxy; t is one or two; MCSLLP x" is a nunber

sel ected to provide charge bal ance; and T2 and N are |inkedpaysapbridgi ng

Lkgﬁgd % . 23. A process according toclaim3 or 4 in which the ratio of
shu I ng agent to one or at al sts n nononers | ' '
order to p@BéG%@’%BWVﬁﬁ$§i8?@?8Fmﬁ Cﬁﬁ@ W@?%b Wi cal or Lﬁygﬁggfd "
properties. A pol yner nlxture conprising: (1) an organic or
I norgani ¢ pol yner, and (2) a polyner Qccordlng to any one of clainms 5-7, or
preparabl e by the nethod of claim3x6r % 25. A polymer mxture
according to claim 24 wherein conﬁagég% (1) is an organic thernoplastic
pol ymer. 26. A polynmer mixture éﬁ?dng to claim25 wherein conponent
(1) is an ethylene or propyl ene honopol yners or a copol yner of ethyl ene and
a Cn1a-o|ef§? 27. A pol yner nixture according to claim25 wherein
conmponent ? I's an el asto enc ethy

is selected from alkyl, cycloalkyi, heteroali(yl cyclol}/eteroaikyl aryl, and inertly substituted

derivatives thereof containing from 1 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; and
R'? is a Cs.5; heteroaryl group containing Lewis base functionality;
M’ is a Group 4 metal;
X' is an anionic, neutral or dianionic ligand group;
x' is a number from 0 to 5 indicating the number of such X! groups; and

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

arrows respectively.

5. A multi-block copolymer formed from a reaction mixture consisting essentiaily of ethylene as
the addition polymerizable monomer, said copolymer containing therein two or more segments or blocks
differing in branching index, said copolymer possessing a molecular weight distribution, Mw/Mn, of less
than 3.0.

6. A multi-block copolymer formed from a reaction mixture consisting essentially of ethylene as
the addition polymerizable monomer, said copolymer containing therein two or more segments or blocks
differing in branching index. _

7. A multi-block copolymer according to claim 6 possessing a molecular weight distribution,
Mw/Mz, of less than 3.0.

8. A functionalized derivative of the multi-block copolymer of any one of claims 5-7.

9. A crosslinked derivative of a polymer according to any one of claims 5-7.

10. A crosslinked derivative of a polymer according to claim 8.

11. A polymer according to any one of claims 5-7, or preparable by the methoed of claim 3 or 4, or
a composition comprising the same in the form of a film, at icast one layer of a multilayer film, at least one
tayer 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.

12, A polymer according to claim & or a composition comprising the same in the form of a film, at
ieast 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.

13. A polymer according to claim 9 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
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nonwoven fabric, an injection molded article, a blow moided article, a toto-molded article, or an adhesive.
14. A polymer according to claim 10 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-molided article, or an adhesive.
15. A composition according to claim 1 or 2 wherein the shuttling agent is a trihydrocarbyl
alaminum- or dihydrocarbyl zinc- compound containing from 1 to 12 carbons in each hydrocarbyl group.

16. A composition according to claim 15 wherein the shuttling agent is triethylaluminum or

diethylzine.

17. A composition according to claim 1 wherein catalyst (B) corresponds to the formula:

P .
( Y
i o -"“jlp
R i

wherein

M- is a metal of Groups 4-10 of the Periodic Table of the elements;

T? is a nitrogen, oxygen or phosphorus containing group;

X is halo, hydrocarbyl, or hydrocarbyloxy;

1 is one or two;

x" is a number selected to provide charge balance;

and T? and N are linked by a bridging ligand.

18. A process according to claim 3 or 4 which is a continuous process.
19. A process according to claim 18 which is a solution process.

20. A process according to claim 19 wherein ethylene conversion in the reactor 1s at least 92

percent.
21. A process according to claim 20 wherein the ethylene conversion in the reactor is at least 95

percent.

22. - A process according to claim 3 wherein catalyst (B) corresponds to the formula:

wherein

M? is a metal of Groups 4-10 of the Periodic Table of the elements;
T2 is a nitrogen, oxygen or phosphorus containing group;

X* is halo, hydrocarbyl, or hydrocarbyloxy;

t is one or two;
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x" 18 a number selected to provide charge balance;

and T? and N are linked by a bridging ligand.

23. A process according to claim 3 or 4 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.
24, A polymer mixture comprising: (1) an organic or inorganic potymer, and (2) a polymer
according to any one of claims 5-7, or preparable by the method of claim 3 or 4.

25. A polymer mixture according to claim 24 wherein component (1) is an organic thermoplastic
polymer. '

26. A polymer mixture accordmg to claim 25 wherein component (1) is an ethylene or propylene

homopolymers or a copolymer of ethylene and a Cy4 a-olefin.
27. A polymer mixture according to claim 25 wherein component (2) is an elastomeric ethylene

polymer,
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