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CATALYST COWVPOSI TI ON COVPRI SI NG SHUTTLI NG AGENT FOR
ETHYLENE COPCLYMER FORMATI ON Cross Reference Statenent
wabeos/ogppd i cation clains the benefit of U S. PCT/US2005/008916
Provi si onal Application No. 60/553,906, filed March
17, 2004. For purposes of United St at es pat ent
pr act | GRTAL YT EORERI B SRR RANGARANF ADRO"
are herein iIncorporate y reference ackground ©
the I nvention THEHYLEREROROMEMERGIORMABIRS t O
conpositions for polynerizing ethylene, to form an
i nter pol yner product havi ng uni que physica
Cropy RefetendecStatement a pr ocess f or preparing such

|nt , | ymer 0 S
I'n gltr;fgt er%c[;?§i daﬂ{}sdth% E%leftnc{/fen i onVlSrI%agggélc?tbonﬁiqt g@%‘?%ﬁ filed
Mangh il AR 00 B ppmomf Bhnittad Styiqsl pateat pradiise, itieciohtehts of il ipeiisional
nati roperties. In still another
qmﬁ&ggh %t?%q“nmn(gggééy % Rf%es to the articles pr epar ed
fron1these pol ymers. The i nventive polyners conprise

0 r dlfferlng regions or segnments (bl ocks)
Bﬁ%%ﬁ%%néggﬂg—pgg§ner to possess uni que physica
p r oﬂmﬁreﬁﬂ invERB&erelates td coblpogitions @@qiol&lﬂﬁf@m@&ﬂyl&@' B 40
i Sing.the, sa are usefully enployed in

- mtefﬂ%’z‘/ﬂbf 85@5%5%‘?# U YL Pl e O g eSO RSP ch

1ntefpo|ly‘iii§ers s tise rediltthgfpo B HprofjcBC 1§ andyheFBIpeltNBe invention relates to

n or ther cesses, and are useful as
metfiod R e o Bt Pl or i ey 0 comayifdoat aiphysical
promhgsr‘r’ﬁ{ $till dabiaerthSpec iR iDlehin SRk RS artla-lgﬁprélﬁ?édlffdnﬂﬁese polymers.
duct s are used in the manufacture of conponents for

ThelJENeBRAAEREF PSS ¥ BT Adering e aiemoks (Bichaceusing th

polypdest kg sBgs MaqiRMHhdicl f@b&ﬁésr e RI1EbloBS éﬂp@fyfn@ﬁ en@fftﬂymenc
ot her appljcations. |t has | ong been known't
blengs F%%f#sglgé g ATerye i pprerirved jiple sreprration ol s@fdtaewlqsav@ as
mol&iﬂ@§ 08, sieRPAM AR dCORBR bR folithe! é&%@ﬂg R BALY TS @08 are
| ends. For exanple, triblock copol ymers of styrené
useﬁ&hfa? MR IRFNE9E m(ge'éeptsamﬂhﬁwﬂsad@@wa% dolyaeris Wpmsdscand pther end uses.
TheSMRing PR s A \iSedaR trf%)f&%{lﬁa&ﬁlte o@ thfpllioﬂéﬁté i atﬁf)m(l%?l@g such as profiles,
resi stance and el asticit bl ock copolyners are
bumpprs gng Hewrtsmchaeuwmatereénemm ebletinsyiakion apbdtherapplications.
k n 01WHas§§ngt ﬂ%@l{ Mnéﬂﬁt bGlyﬁlex@%&ﬁam?ﬁl a ()i[)@l?—lypg QtYLﬁtquee(ﬁ’tegl %QJ’C superlor

properties due to the presence o

propertipscompirpdtopandete copdyragis andddende clidr expniia trdﬂocéucomermers of
|
styr&{eyaﬁﬁ ﬁlﬁ%&rhgrtfeg?g gpﬁlg%br&}%%%a@& (flgﬁns dJt tﬁeerégrtn% g? Hzlv?é o3 eXcellent
comtbrnaﬁ@u ofihgef reséstgnee andplastiafy. Oftfeer hbpld cczpegfnerstase alsohceown in the art.
Gean% erﬂr?(g%(l‘t J?@gﬁﬂé%m% a§ rlrlgtr?hté Eﬁg{% e?lr%s(f r\%‘g{gﬁzha %sﬂglg? ?rrogemes
due tm@e prsdngs of “softy ewmsmmerlmomegmﬂm@mn@tmgﬂlemé eltlrag crystalhzable
or gﬁls ocdkd 1Y 11 ﬂiﬁ{e%o %l urgte[elﬁ]ggrﬁ{tyeg ul%'@{e%&{ t%l?i%)ergcure or glass transition
trolfe

reer
temperature of the hard segments, the polymers demonstrate elastomeric character. At higher

temperatures, the polymers become flowable, exhibiting thermoplastic behavior. Known methods
of preparing block copolymers include anionic polymerization and controlled free radical
polymerization. Unfortunately, these methods of preparing block copolymers require sequential
monomer addition and batch processing and the types of monomers that can be usefully employed

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

1



10

15

20

25

30

pol yneri zation. Unfortunately, these nethods of

preparing bl ock copolyners require sequential nonomer
wa@ewsni@es and batch processing and the types oPCT/US2005/008916

nmononers that can be usefully enployed in such nethods

are relatively limted. For exanple, in the anionic
bthcﬁéﬂé'T@ e SB’S”W?@ bIDEY 50%5‘1§m@1n gaQH h@?ﬁ@ﬁ&aﬁ%c@%m Qmaﬁénetrw

type bl ock copolyner, each quires
am@tné pEinitisie erd te sspliing poymern we &Kfaﬁrneésn@hﬂtowgnwlecsliﬂr lWIetggt distribution,
feRab\P6m $6%th & B Miaffidhd | EfUARE

dI Sn%’ Ei%bu% I on@rnq t qge El)rﬁe ! eré Wi @r oaﬁlnld fl%% ré’él%a%h}écesses are relatively
Slom9$qlﬁlmalpb9rprmsmpnorla¢ﬁd free-radical processes are

rel I in nom CS.

It %BJJ \ﬁgd% e d& géégl'ler tgg)?cé&u%é B1&kKk ca%oqgrﬁ)%rf Qat q%%%%%l m a process
wherginahore thea bhg/polylh@ftrnqlgulampradq@acbfoe s&h\MIelysﬂon 1mmnt<& nidletnle. In

d uc 0
T I R
crystelding aisl emldrymops bldcicer segients, kﬂomcksmgw mbyomseﬂb&men@wh is generally

unsgl(%ecp for %13% nlomx éee-rlaiﬁ]lgal i l}{merlz %Q%st E‘fﬂag}{f é{: W%ﬁ? g%hlgl%ly desirable to

be agemwmaé b yoxmmmustpmbeisd‘br jtedaciich ﬁmmmntoﬁulﬁbaek tapdiyats.
ol ynerizatio i f wo be highly desirable .
P! Bl Bt e ot sl P piGt ot P etion
cat:dflsti &a bp lussian prepatie pblyhks Gkvitopaibytamiafly “Ho@MVikev structure by
resear ers ed.that certain h ous
supp ST STATT G BLTy el S eep By BRdG LR he o
polphefatien frotesiirthe ftawncd 9f Actaihatahai dgahtlayd add s@ﬁkndn’clii W temperature

Sucggl}ay %}5’?‘{ gﬁ’?%& ﬁ.y B‘Elgj %)gg&}ma'ggll cgftc {9% St etga}ng%rr IlfrH%esgeE % essentially

elifighty@EUh e bR ofiO6R Sthe bdqudnhigl sabisieN 68dilére@ ntdA8inbrs was said to result
nt and at a sufficient] | ow t enperature

0 f1 ransfe g grﬁ qvj
STRANOR AAPOERE AT HHEITETaPes 9y SRR HP FeraMtRAAREY QicEy Several

exaBiplR lof SRAICAalyERBMbEYitidhk AEBFSRTsel Sre SSERRH bR ICb¥tes, Hustad and Reinartz
el i mnated. Under such conditions, the sequenti al

in Aegpy Chgn.olnt. fids A 22A6-22{3MR) & WelkasdB-4-2083 /P 468 i n

f or mad bR eértRPh¥AEAISy1 BAY)IEdsSEM HRBCRHpSiindS, %%%%?dl%éen as chain
di fferent nononer content. Several exanples of such

transfor agapEsto dHeRIS FiaibereWiire olsfin pelymerizations iy well knped ibipe art. In

add@ﬂﬁ&t R $s kobWa k&6 légglcﬁgbr%%ruhgs éﬁeﬂl%%mglﬁ Hilc lcloﬂl%ounds as
41, 2236-2 as’ wel | as US A 200

Scawszs or Ffecifalystym Cé%fm@iymeﬁé'ctﬁans dn RMacromelasalan 43, 9 A9199 (2000)

the Qb ceﬁ&lﬂ'ﬁﬁﬁﬂ% trﬁl-k?hcoﬂﬁoﬁﬁﬁg 5@(91%& traﬂ&eﬁ%@ﬂt@ 1ntcroﬁ’1‘3§1€1§(§n with certain
entstomterrupt chai'n grovvt i n ol In

panf@g ZifpRaOFeNg Chtalyat compogitians kayalied in polyprepydane miytaregeiiainiogismall

qua!nﬁtléssbf 5919% fr&ﬁ@ﬁ@éoﬂ%mﬁ&ﬁ%tlﬁgﬂﬂg gg@atac%% Qﬁéﬁlll ?égjxrbénts In Liu and

al um num al kyl oun as scavengers or as
Rytgas lar P&, 9395620010 prsd Briupseth and Ryter,

Mag{%'gofégﬁ)llag B'l R26- 365% 28?3% ﬁl%%gof(e%ﬁﬁ) % axtlchf’ é‘k%ge gre Rol}ymerlzed bya
certain aumnumtr conpounds as c ain

similggegatadyst epnenpsibion acmt@rmnwrmteﬂty@dmmnmn pladinr wahsfer moh ocene
cat ﬁl U§hs %%% gﬂ &dd%“?@ rl?}s L&Lé cﬁ% JﬂHXIBIQAI’yIEQ‘[gﬁ) cle%’]ceottalyst thatisa
m xtures contai ning’snbll’ ‘quantities

metaHeoné eapsble ofitekatinglp @CB@tdmwrson betwean tan dteeabacmﬂmc fotpas laving

dlffgﬁgﬁﬁ{&raidag%t%l]g@g& ﬁg%%cﬁ as %MB& OrQEJnQ%Vra? osF%r/e%s salq to result in

production of olefin copolymers having a “blocky” structure from propylene




10

15

20

25

30

Macr onol ecul es 36, 3026-3034 (2003) m xtures of
et hyl ene and 1- hexene were polynerized by a simlar
W@ 200840925 conposi ti on contai ni ng tri nmet hyl al unPeIES2005/008916
chain transfer agent. In USP's 6, 380, 341 and
6, 169, 151, use of a "fluxional" netallocene catalyst

thag, j AC$ 2 4.8bk q%%?lel v %QLS%H 2t al cﬁéc%gslt he ef¥ec{§ A J‘cagllyzed living

CONVET Si On é mée wo st’er eol soner
polginérfizatipm gonpodlgendarivedht distribitaoma d“heauﬂsctrs dEfinS uaﬂalyaﬂ 11V1ng

pd%%%%%B%pgnﬁg?&&+V|ty rati os was said to result in

ctron o efin copol yners having a "bl ocky"
st r tictificheinf tramsfeproaynhieume constithREHhe 210 Mmsf&&&phamsm and the exchange

1-107 di.sc ef fects of
of LN e s B e g R PR e Mg g very ot
anddiewdrsiblothe poiym&’ﬁtﬁammtvﬂbﬁ@eﬁ@cf ben@o'&ﬁlg ah yhé%ﬂimhhﬁhh &@iters. This can
t on ha transfer

thef BatdHRhl AR e e el BRI DS aroyth fegftioph 24 attractive

maﬂlfﬂﬂtatlbleoﬁdﬁtshﬁmgﬁ chxiln Erdoertioreition @ afFRisydEdistEbhétion obﬁi)&\@Eﬁholecular
e tran5|é £ gﬁ 1and tg1 al um numcenters is very

We‘lg [§13S QRECSFL PP PHIUE: ¥ PRy AR thatasises yheqiBr i ﬁalﬁ&éa?com@ames

propgeafl6®™ ng on the al umi num centers. This can then

rea nab be descri bed as a catal yzed chain growth

r eai? 1‘8?1 repplieA thespsults forghe %bfza%{w%hmofwa%aﬂ% Af ethylene

usiff ant ifinScobhpaRn dat-SRRIntoAbRWGIN WiaGiH:, ﬁnM@z, & FQ1-8$.0 Momoleptic
di stribution of product nolecular wei as opposed

alkyls, of Humigupy, porows|ty lithiwms magnssivmend i%ti%alpr @é@emelmzeﬁsham growth.

Usih 8a8e8hs REAATRIMUBS iR ﬁaﬂﬂﬁ&ﬁﬁl'o@g polyljga%a%ﬂg BAkSow molecular weight
reported the results for the catalyzed I1Ving

dlSWBH%)O|WPYZ aktqr gpalysis (Efttwrc@p@dg@ pmuthsirpl@lﬁon the authors concluded
thlsCI@ﬂ:tt@h Rafl G n&t Fhyis Eathl zegQH;Hl QI%thPI%a oh R ﬁ@%ﬁgﬁné%@s?to disclose

Zn(i-Pr)2. Honol eptic al kyls of a um num
the tuﬁenOf tWp OhINgTR catplityiidis P%mhlmén Wethd chiinlshutiting agdutdemake multi-block

cop%@&féksy Zﬁﬂll%é@ £ %lgyméjﬁhé'fgc %%m@ébe%ﬁ (c‘l@stcf%ééshg USP’s 5,210,338,

resulted in uction yher having a nar
52ﬁ%@%%ﬁn¢ﬁ4%ﬁ§ﬁ§ht dlstrlbutlon Fbmever after anaIyS|s

f t t .
! VI OB A L1 A b v
type bradlyst g muktiplerre@mra; @rmngedﬁheerree,fsear @nc:anfpbd USP’s 8,970,719 and
4,0%9(3 | %cﬁh&o'ﬁgl i‘i erq\fl tt%lwgseg gho ts?s a(l:lg 1¥Aesart arie c{] sclo&ed in USP’s

i nation W
4,996} SHBACTKS; édp&ﬂﬂrérlsls 76%; mlBQ,EOS};ﬁQ@%&ﬁeé 28070 ¥ 2n@410;

escr i.bed
5281908588158 D045 BEGISRGIAREN, LAALPE 5y 500550
havg ickmmivmsblat randhadefefts oo mhiommmﬂmeﬁrfﬁmsmge mgnoders using,
' rgNatta type i n_nulti .
for ?Jéarﬁgnt 51 §Ia§‘?ir)§ ﬁduén neg ca alir : élgle c%&lésﬁ £agages rr%h E’l "@§f:5“ > during
polBn&¥Btidl Sraing b#a,n@% cﬁﬂﬁs hlgﬂli'lbtanelﬂbﬂl(h)@leﬁ@hﬁdhedﬂa&rteaen dendermeric
sses and

bralgc%gt‘i; ghegnfog gmg.f)gf})fm,gy nglp % ?f tg’fg%@f@% 9%§m6r1zatlon are found in
Chém. R34, 209, 1169 P203,(2000), Macrofiblebdbi C@gﬂﬁﬂl Am@’hvﬁcsm @1906 (2004),

andiRTer g s A0 R B 8

ethylene using certain homogeneous polymerization catalysts such as 1-, and 2- t-

ha\%%granche polymer umts ma a‘t?e prepared from

butyldimethylsiloxy substituted bis(indenyl)zirconium complexes with methylalumoxane

cocatalyst. Examples of this type of polymerization are found in J. Mol. Catal. A: Chemical, 102
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It is known that random defects occur in polyners
prepared from single nononers using, for exanple, N

w@nas@eh425 di i mi ne catal ysts. The catal yst engap@eBUBI905/008916
“chai n wal ki ng" during pol ynerization form ng branched
chai ns, highly branched (hyper-branched), or even

59%@2@1?”%%% éc?og%? & Si!_l ,% @f‘ﬁézﬁs( ézﬁ% h ol el . Bfles? 41%&%;57 64 (2002),

andChgp. Ghem. Soc1.00 7, 6416-941152(0395()2000) Macr onol ecul ar
(e:hgerﬂvﬁ&[eythé‘ aﬁ’c!&( % ﬁl%'f go V\x/ri% r§%2uicg?r§ the(re ema)nb %ee% 1?]’%18 art for a

ere 1S a r anc
polmﬂeyr@lpn preicess thagis cbmbﬁrr(ff [paap&uhg b’lmm lfkb hgﬁotyll’t&rs,J edpegally multi-block

corg_o%rhé’?‘ g %&%%%gﬁ;e%%ﬂﬁ GlR %ﬁhnﬁ -blo &gr%ﬁa)ré,?%l %’1@{1 z{sjf'du a%g sggctivity from a
single’snéqnnnhen yth)/lpnes,dammelm ofthhmlx@sagmtt In additioy itatoukithe alegrable to

o 8 5 TR i g TR GPUA e et
lingat %Hi) bloMacapolyniees v, a r2lhtivebd HarR2m {14 Q8B Iveiglt didibution. It would

L i Tt bt St s e
seghttuavt docky Rubtherhre ool be@saRbRIE pHvidé B Bolesk ﬁiﬂﬁdeﬁﬁfyﬂlg
rocess tnat

coliBtised obghtAlser P BRBUAE Tecn Sonshibre] aias vk pakitipeky
copulyrhdrs. DEvaa lfump,(if WoERd Be de@iﬂ&bld’ﬁﬁ%?ovﬁi&fhﬁﬁéo’éés' f¥r ihddpe@ient control of the

I bl ock in_high yie and selectivit
ordfY e VT PRV RGTATGR ot RYT & @SS T PIF@RREe i bk copolymers
corfifiitiing hdrﬁglaﬁgﬁﬂls ‘halifig Ridhlt bltyht@lﬂlnit}t ant# |ﬂﬂlcﬁﬁlaﬂ@/?foﬁgla@41 14 Slefin
is capa

r Qv de suyc i pr process that
feag?f%p el ltﬁ{ﬂ“?fr b%ﬂ‘@él&%%\{ecta@ BVATER dmpra¥sdaeocsss for nrengeing any of the
forbgditd deBir MdpIARG pYSTRELS in J@ﬁtlﬁ%uﬁpfo%sgthfhgﬁMe Ec[ &‘ﬁ’uentlal addition
nol ecul ar weight distribution, It would furt

of Gt rmgwe @Ov%neﬁ% oliehly dasiraplmiush Bigcsss 6’&%’@@# leqieperrde@tappn&@ of the
quAHBIBOANYIBR ientig \oif B sH&flﬁ hhARs) W oP SATRE Re®! bl OCks.
Furthernore, it would %e desirable to provide a
process for identifying conbinations of catal ysts and
Susbahbreihidnkipg agents capable of making such
mul t1-bl ock copol yners. Even further, it would be
desiAcaBiiineteoths pessei invantion dhessare how pravidede peienesition fir pesl in the
pol?fneltlihﬁoﬂ bekghy1&e tb ﬁﬁm‘é%@étﬁéﬁ%edggb%lﬁg%r (thﬂ%?ck cgﬁ(ﬁﬁﬁér? 4y

process for preparing olefin copoly
@Meﬁ COIHGIng dieigin Yo sinenek Prafervllngires o mort seemetd ¢rrlacys differing in

on@HdhQE clfléﬁﬁ&ﬂ bpﬁl@sic%%r(g;eg% stﬁ%hﬁé}ld?scfgge%fh R 15 qﬁegc%ﬁl Ds1t10

Fi nal | It wo esirable to provide &n ed'
Comrmge fdmrixiyreeqyardciien pragucbiesulting ﬂr@n eqdiimge: deS| r abI e

pol 0 ous process, w thout

r eqﬁﬁ%ﬂﬂé@%ﬁé&&rﬁglﬂéﬁ ‘%l{ayr%yof two of nore nononers.

Hi glBya m@dr@ﬁlrypolmhatpm@etebfst capdbbanef pfeparingrobpercdifi¢ring in

b B RTINS SR04 Ll g e
polmrizati%mnddwnmcor ding to the present i nvent ion there

ar € .y Bi %cg&grfsfa%A? %Wa?a? ]%%Ff 9 rcap%%l% o% Por n{né & branched polymer by

pol yneri zati on
megispd chaie walkingl or lreduioquatlom phinysite fo)x;ne&aibﬁhlc polymer chains, and

(C) a chain shuttling agent.

Preferably the admixture or reaction product results from combining:
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copol ynmer containing therein two or nore, preferably
three or nore segnents or blocks differing in one or
worenos/oeaesi cal or physical properties as furt hBCT/US2005/008916
di scl osed here in, the conposition conprising the
adm xture or reaction product resulting from
co "B%ﬂs@gtoor%éfﬁ? {polyn éﬁ{z%tziﬁn)?c:%ga;}%sp ca zgallé/ SR nznl? ! 2'18 1&1&1% g{g%:a]il%% ?thylene

(B) zatl oh cata
honmp@bmers_rtgqﬂuﬂmplynﬂ'riiaﬁienj ng in chem cal or physical

properties f t he pol yner prepared catal ys

Cinabs kg e B e P SRR R rmi <hatihedigfymer upon
polyonerizafiorciayt méans bf {hain walkiagbadeinsdrpdronadimgtudernat ok fiafc polymer
chaifnort{ﬁ ng a branched pol yner by neans of chain wal ki ng

&% rngi ncorporation of in situ fornmed ol efinic polyner

cha(@)x, chamdhiftfngageinai N shuttling agent. Preferably

t he _adnj.xture or reaction product results fro )

conb OHGE TAodImet pEe pyverion tE‘HF s SR moddpraelyeging an
admd R edd featafysts 04 and B Raddi dhbibh ¥hianivg bant (0)@aablWF fd8ucing multi-block

h‘ormPoI nﬁrs by et hy| ene pol ynerization; (B) a second
CoPQ}Y8¥ %‘6 Ve 1S VPHienc at al yst capable of forning a

br anchRéeth @ @nibbBimeH i FIhdRbtiBhToABd Bbke RYproB@AS PbcesT8f Preparing a

wal ki ng or rel,racorporatl gn of in situ formed olefinic _
segrbtsqlt?%qpo ryal péqﬁ:ass(canpgm%%nﬁc’grrﬁﬁﬂﬂlqnﬁ gn% additionpelymerization
con@ftivhieith & BhassIRAto@pridikke | nvention, there is provided

a nethod for selecti %Pan adm xture of catalysts (A

andtheimigiye erespation pradustreryltng digm compmighabl e of

progacd Mst dIdid poiihREkicnRlyyer s according to the
invention. In a further enbodi ment of the present

i nvEha SePndivke rokymsrigifion sefalstserablesd preppringelymersidiffaring in
cherPRATBIPLGSc A PRLMRE From IR ShIyML PRPSreE BYRHAIT 119 under equivalent

contacting ethylene under "addition pol ynerization
polyapeiretionseadifieah a conposition conprising: the

adnh(bddt Snef Xﬁtﬁgﬁgh?& J%fa?ﬁ?@%)] bEig? l;/’:#%f)l@ gt ifofﬂ?img ggran heg lp:)lymer by

conmbi ni ng: (A irst olefin p rization taly

meapRpf ghagewalkias of wincarpprstigmelin siat foonedea efitli/retyroe shainseansi

Pr eRArd dginRRIUIE Sendi ffering in chemcal or physical
pr oS?rti es fromthe polynmer prepared by catal yst (A)
undBrefesehly. vid fereizoipp pipeess itaket the foroefid cortions:s seltitidnepasdess for

o8 R | f
L
copolymess, ngeg pultipleicatalysth thahars iitcapablsrafidercdneérsion.c Tixo isythecatalysts are
cher%@c%'llg aisti%.d Under continuous solution polymerization conditions, the process is ideally

suited for polymerization of ethylene at high monomer conversions. Under these polymerization
conditions, shuttling from the chain shuttling agent to the catalyst becomes advantaged compared to
chain growth, and multi-block copolymers, especially linear multi-block copolymers according to
the iﬁvention are formed in high efficiency.

In another embodiment of the invention there is provided a high molecular weight,
segmented copolymer (multi-block copolymer) prepared from ethylene, containing therein two or
more, preferably three or more segments differing in density or other chemical or physical property.
Highly preferably the copolymer possesses a molecular weight distribution, Mw/Mn, of less than
3.0, preferably less than 2.8.
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(C a chain shuttling agent. Preferably, the foregoing
process takes the formof a continuous sol ution
w@e@sess2f or form ng bl ock copol yners, especi ab€TUS2005/008916
mul ti - bl ock copol yners, preferably Iinear nulti-Dblock
copolymers, using nultiple catalysts that are
i nc @1{32@ lafotBdr elBb@FeRIDY BlcSih tloﬁr Bte drd ploPBeL R ak&fﬁﬁz%d derivatives of
are c n1call% distinct. Un *cont i nlious sol utl on
thefpyiegoag sozments OIC@WQrbtkPCéMQPOlYIh@S process is ideally
sui fedsifiPfurRQ HiFB
converglongﬂabnde@h%ﬁése %?ﬁ%?%%ggfg%kggh%bilon@ﬂgﬂﬂnﬂmnm
compripingt {1n gn Pregnic ohimorghric polymeat, pefarghlnghonopolyntehef ethylene or of
prop P o AT iRer AN b G RE ALY BRI ALR cBlntmer, and )
a highimdlechlapvkighb pulti/blesiscopolymedicagding td the piesangintveoion ar grepared
acct)ﬁfé I{E]Etg \Elke‘eﬁ)rmoeggl qulJ %rgéegln ﬁyenn!)r(rl:} I%re]todteﬂra };? en%oéill(r%‘lruerﬁtgctromggnent (Disa
matgexi pgkptmer segpumgdglcdqwbypmyetwmb bt }Sdﬁh@E lpOB'plmpjllyﬂiﬁiﬁl)l component (2)
. [r 086 GO0 alen n_two
s o oFRAEH bR B er, o RS Sin SerBnct @ pomerises
ocofisimss pijthe matixhyeilynedn éonmdt Hurdirg qolpsunditlg of t@fhents (1aghR),
preferably the copol ymer possesses a nol ecul ar wei ght
di stribution, MMvh, of less than 3.0, preferably | ess
Britfidesc gptﬁmldﬁtg@raamg ¢ her enbodi nent of the invention,

t here ar vi ded functional.i.zed derlv t|ve of th

for g fgl x ng ? 16 &epberse% OPIOf B‘jle BEqcess 86 a1n F]ﬁlt@ng involving
twesdaitdlyst §itest her enbodi nent of the present |nvent|on,

there is provided a polyner m xture conprising: (1) an

organi c or inorganic polyner, preferably a honopol yner
_De@ﬂaﬁmhmhﬁﬂmxﬁmuﬂﬁg@ﬁapyIene and/ or a copol yner of

ethylen | ene a a ol ymeri zabl e conmononer
oo A5 st BB Bble o Bkt horeibPestiespipahs frsiodic Table
of tB€ BRAEhEpublsHed endEdpsEstted BIMEINE PRES, Bic., RO®P A18H any references to a
t he process of the resent i nventi on.

di I'n
G aB BRSO U PP S GHPBHEHISSed i 1 PR F¥0le of the Blements

usiOthy NBPAC oy for AR oARPS | UMeR AadB WAL 88Rral), implicit from the
i sotactic pol ypropyl ene and conponent (2) is an

COTERES GHEINEY Hhe mt.toll parts IndmsToppieare bpsed an eighte riioggurposes of United
Sta&gﬁﬁgﬁt'}ﬁmlce %@Q@&B bf dnd)pate TPl %ﬁplfé%nuéﬂ ﬂﬁBﬁcaﬂf)n fehfenced

matri x poly formed daring conmpoundi ng of onent s
herfl@)arealmeby29°0r@f4t@fbymé@teppepmutbmr @tirebher the awwa@@ Sgensign thereof is
SO 1ﬁcdr§or§te§ Qﬂ ?éfa'teﬁc(é) &s %ﬁ@%ﬁﬁ%&p@& 19 fhe 1RO 8@3§/ﬁth9tlflc techmques

fp ynmer chain s ut Invol'ving two catalyst sit
de E)éttoé}ﬁ (te gherssicat mmnceﬁswécfnt with apydediitionnprayided kefein)and e@leral
kndwledgB$ MREL#0di ¢ Tabl e of the El ements herein shal

refer to the Perlodlc Tabl e of the El ements, published

and Thoisym | ‘efmusiging?) ardRieripgtves thetepfis notigedled P &oludathy presence of

any'. RbRoEA %gﬁp&%n@ step or procedure, whether or not the same is disclosed herein. In order

to avoid any doubt, all compositions claimed herein through use of the term “comprising” may
include any additional additive, adjuvant, or compound whether polymeric or otherwise, unless
stated to the contrary. In contrast, the term, “consisting essentially of”” excludes from the scope of
any succeeding recitation any other component, step or procedure, excepting those that are not

essential to operability. The term “consisting of” excludes any component, step or procedure not
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Group or Goups shall be to the G oup or G oups

reflected in this Periodic Table of the El enents using
W0 b@souRAC system for nunbering groups. Unl essSPGI/ESmAS/008916

to the contrary, inplicit fromthe context, or

customary in the art, all parts and percents are based
speSific iR} AtheatddQr LR PPRES, éoruﬁhfegsdsta?&%tﬁe?wggtrg@;s to the listed

practice, the contents of arfy patent, pate
mmﬁbﬁﬁN@av@&ﬂyaﬁwdbmﬁhamﬁﬂmﬁmmmgﬂerenced hereln are

her ¢RY tehR S QIRREAL £

t he eq Ui @a? %ﬁ ' vlé&r%)éé |b %tﬁ t %er eo(%fa | fhelod y[nﬁ%btrlat T th%;mégeneous
polygyers preppredh fein aesy;géajnmdn;er vand honobslm(hnttrohdngl@bly referred to herein as

hni gues efinitions

1nteg¢1o§§1118'§)lé f}]ltgarﬁlt &%f}ﬁ%%% éxle e%réc? ?y 1ca %ﬁn of atqecfetftwo n%ongxﬁgr or otherW1se
contirgug clethidadly diffeyentintdd gemnentalor k]nd«mitbﬂg& even if foemalrfrom 4 kiagle

moﬁoﬁ%éepn g)g ggg% Ll@ﬁ%ﬁbt&l@ %}ﬁng‘%cr) Iy tllﬁ% o 1 (:?ude %1?01%0&8133/{1161&,?5 Fthylene and
copgkynwrg’mh,ylege apl or opmomad;u rueqleﬁvds @i which etlhylﬁﬁﬂ coirtpéise3 atiRast 50 mole
e RSRS8O AR RUEL 5 e
trarfsmonpr msfstallgi‘le melying pehu@a)an yetaﬂﬁheﬁlb@mlﬁferaﬂidll scanitiéhg calorimetry
O M por? iR S SR v S G hprzadly h et
“setheoyssiliifel” N fhewse fdmaphoys® 01fefe&9<t6|aqﬂ$&hef' raelﬁhg b&yﬁ@lﬁﬁ)@méﬁmg point.

o o BIGFE ek R TGS o eperi oRg S Su o P
conppieinglvivb bi yore Th@nitAlyistidor1sgisis dﬂgegﬁenﬁX@fdﬂ@Q% z?sn‘]élocks”) preferably

rocedur e not speC| i cal

ent ste
ioing i BSkPfro et i e AP THE Somptimg sy dutheptsfpppits which a
joined Bed-wi-&@, withatpes té PolyMeridel §ﬂ1§l§m€?\méﬁ&§ﬂ1tynﬁ'tﬁé¥ ﬁllldﬁlnl péndent or

S [.I as in_any compination. The term
erofi ahien, TR PO ot 1 QIS GFHOR She dongiy: i armount of
crySeBIge ﬂféQﬂd}%talﬂQE Mﬂ@i‘tﬁlbﬂfaﬁ@% & foll MM rAuch JdHpSsitiN A Bfnount of chain
and cgﬁggyners (i nterchangeably referred to herein as

branjching HHESSBTILY: AR oty BTy PP iFied aFeparthgfiritableitopn olefin
polﬁﬁerabo}r?&%ﬂ td MISck/BOPAIRES oPthe PHiBEIMMiR Ridfie % }zdlﬁh&@produced by
chen1ca differentiated segnents or b herei n
SeQ‘é%ﬁ noniSF #Ricry Biienab sy s, ROHEAES PolBATigation techniques, certain of
?Elblfsb@ el anenttl(thear& a{a@cteﬁ%&’lﬁllﬂiﬂu@ la%trlﬂuﬂ&{s%g Sﬁ'ﬁh Ipoll}]lmer

polyners of ethyl ene and copol yners of

Polmeﬁﬁé (g1 %MVé/N@B ok lerigf disteibutipnygid ot b@plhwmh@edlstrlbutwn due, in
a préferied bﬁ@&luﬁ&n’cl t@ %teﬂ"égt df‘ﬁ{eeshﬁ’tﬁfn%eagént(S)Tilﬂ%oﬁlﬁﬁgﬁon Wlﬁl multiple

crystal line” enpl oyed, refers to
catastss ddere §pe&1ffcplrbs theqrobyaters degirrdily PQ;WS@PDbﬂr% ﬂ It 2-Aepreferably from
1.8fE)ing point (Tm) as determ ned by differential

scanning calorinetry (DSC) or equival ent technique.

TheBeaapsp thwsmtn@s;bsilngmlgbbhemg@mublqm 4re jofred tirge single polymer
chaup% Q{I{é ng(l;lyl or e a}llﬂr%)g ﬁea cogry}%%lg ?{a%og@% P?Q%&g‘nda{des%l%&% te%:tra%tlon
techhigyles. | Edylewankple (pplyhyrmohtammg"rggmm gd: rg]@p@ll}yqutalhne (high density

r [ re che
senggiﬁitg aﬁlg Ir%}cgla ﬁ%’h glgggrlatgfg ?Ah‘g? é(}/gerr(rag (s)egénsentsg(}ann lb},( )selectlvely
extrprted err fdstigngtel using differiag lscpln@mir Ima prederredtelnhvdiingnt tlge quantity of

extr\?\ﬁ%%iﬁﬁ&alylglgmmg%ﬂﬂ& accﬁaql@l %@1 11 Yr g‘l ;Il{(a%%-e 4l Ever?tt %ss%ﬂzimt ) percent, more

preferably less than 5 percent and most preferably less than 2 percent of the total polymer weight.
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joined end-to-end with respect to polynerized

ethylenic functionality, rather than in pendent or
w@e@soed23 ashion. In a preferred enbodi ment, tPEer/bbmokanss6

differ in the density, the amount of crystallinity,

the crystallite size attributable to a polyner of such

CONMBQRItfioR the HRi-BIBRLY o%e RaLR ; {\7 M&gab C); a}P}%sess a PDI fitting a

hom) enei ty, or any ot her C em Ca
Schyizf 6@3’1‘1}5“5’(“{19}1 Brthei Bhag atReissen distebitipnp dhe neerof t}@qmsart@dlymerlzatlon

probe@s Rkf&kn Q%Qiluytqﬁ{fﬁg ggthtagﬁlaﬂ{sk)&g #hdic dlétlri‘lglltlog as ell a2 polydisperse

cop ol yners pro uced nonomer a
dlStflp‘ﬁBGn(ﬂﬁ Bloclewes. Wém@ltlmateamlthﬁﬁoun@mh}bﬁmlymatprmlmﬂs havmg improved

andtcﬁs@lnﬁhgﬂﬁl% h§§541 gl'ogel? tas t"fh% tfPe {Tglr en q{ts ct>th a po]ll %bsggr%e ﬁock

are arac erize y uniq 1 ons
dlstsbllltgmélpquwmy Breyjpusly |1110ylel(3@ajld cbscumﬂ Mll)qteﬂﬂhmdllhvilm gtvew E (1998)

57(&5' ﬁtd9b%’g%1g?%1é%ﬁgﬁfgl?g bﬁ%ﬁ z%gé‘t(ﬁsfwg (f@]'t) bpg 239}?)33@“6

S h uhltal fortlepr sibndifreht, the polymsisrdtliecdnvention) espatitilypfhese made in a

: (ficgall h | . I.rab
conplglsoggéééﬁlﬁﬁ ﬂ@?& %? %tl Jielacctgr 5 ssesfs %e o %/Rr}%k?dé%el%ltlrgg P%lgiock lengths.
Mogt pEsferBdpalysers :hwondegpetﬂeummbrsire mglti-is bektdopo SRR Sining 4 or
mord %Po@l(s ocrléggdn%n% ucrllﬁg telrni?ltglggfcl?/ q<g le pol ymer chains, the

nno racti onat ed usi ng
St aTid:leﬂOVﬂ&g acitlienatieN treantitof tHeeeNing Yemefsas baRXPIMhéoretically

cont ai ni.n ons that are relatively
derlggd )};S/ Irsh @af( e gﬁh%g%g}%py ydQ Blﬁ.é)msgl)t 113/ﬁ5te$ g@lylaﬁcg apddemonstrate that,
esp@;l@y mezh madyeteye ammnhnw sell-niveredt@Sthé MoSERARRY stkhe resultmg
or_fractionated usin

ronP PR SEH § P HaA Y e BRroBh Bt Moot s ution,

derlquhntthetfyllmmg xiahAa] widréin qu Woﬂd&ﬂl%f%kdpa%ﬁloﬁlw‘i’th @ésFé@t to block
is less t ercen

er- .Or - sol vent
scafiS PP y e Gere Al s0R BT ah st <oumptons nd method

knowh &f the ald byt dsed $n prodibting REEFRALof ?Elyh@ﬁzatﬁ@ﬁ RineRRloY %Tecular
tion, the nulti-b copol yners of the

[ .n .ad
ar"‘ﬁﬁ?f@‘& ‘P‘&Hd‘%g;er“éﬁ pl/mass agtiongeagtiprpyate qhﬂ@ﬁws a*.hat are not affected by chain
or bfsek Whgthf:| Sucl nebtisdds hMtHeé}npléﬁB@s@}r ditdied & \WOHsﬁa%nJ Macromol. Sci.,

trlbut on. The use of the present I meri Zation
Rev b £8: 1 H922)506 du Et Herpiglengn cGregor, “Polymer Reaction
Eng[h@ér)d@" SOEI RéichéPala Wi Stisled Eﬁé ‘)I[iat@@r Nﬁhﬂch LR In addition it is assumed
sperse distribution of block’ sizes. Thi

that G&’F‘F%*’teé%e“FW forraed by thewsamsieatslysplormy aeingle binglsc F@T chtalytrigthe fraction
of Sé(ﬁ&f) ; y &Qe@ﬂﬂn 64 {'é QE'UX &I]‘ we?e PRYE ﬁrﬁ@g!er ﬁglf] Emfﬁﬁy re-glﬂk‘gentlng the

etical beneflts of "a pol ydi sperse
numgerqf mogpmeraiity in/le bloek previ ousl y nodel ed and

p. “6805: 651 "and Doby yﬁaﬁﬁf%*ﬂe@%%%%‘ﬁ&?%@%‘ >

10}&21)T_p 9234-9238. Huﬂ%&%§&@%rl p? nent t he
pol ymerdsiof the invention, espée 51?y ki ose made in a

ot DURlRy 1Ok LA B BRG] ind B75] Rhov RRRESRS i
uniqye exfeeage ébbclpblngﬂmng datrdmndn g atngost tleferrad/ efbddihenttke probability of

copol yners containing 4 or nore bl ocks or
mb&%%%%ﬁgkgﬁﬁk udlng term nal bl ocks. The follow ng

nathenatlcal tRp¢dt nent of It|n olLynmers is
badbd Bplil-hietdilet i Rséil 1y[C;] ftor eac{l cata yst 1= 18 3 nieere

Rpli] = Rate of monomer consumption by catalyst i, (moles/L),
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derived paraneters that are believed to apply to the
present invented polyners and denonstrate that,
wespsodEkiy in a steady-state, continuous, wel PETUSEOS/008916
reactor, the block Iengths of the resulting polyner
prepared using 2 or nore catalysts will each conform
to 0StoRAR AR L E; i ' | rd ved. in th
B S T ST L
pr oReiat Reta ofghdin shattheswith dorplaniglolysien tresibe sathiysts) (moles/L), and
cat gdyst_| . e | cal ment i s based on
staﬁ%%rd gg%%ﬁ%?%%ﬁg%gﬁhgﬁé?ﬁ%gﬁiknomn in the art and
us eBoimaniyprodaies tchaigs teffies ©fpblyotes clofnspiodt yreprthchad tanCSA.
Ki nef i I lar _architecture, includi he e, .
of ?}la]ieés@%rgg?} Ogﬁmr%ggoc |n[6pn%°?1 at BOR %rrpé%%aig%hog r?tﬁ’;%’ [g’r 18 d#lsﬂed using an
af fected by chain or block I engths. Such nethods have
appprertratp censfapti ki y naitipdied by atotal mdhorhkr cRagentration MY, anfollows:
Sci.. Rev. Macronol. Chem. C8, 1 (1972) and A E
Ham el ec d g hcG egor, "Polyner Reaction
Engi neer%{ﬂ ) ,e]ﬁ‘?‘ Efd][ggi chert and W GCeisler, Eds.,
HanElertotalhbaindtanso8®: is givembkdow immiuding vakienfos chmirdtrinaget to hydrogen
j : h cat al .0 a
(1 BB SAAHEGE Snd PPl b R AR Font s TR Ractor
residenge time giveh by @yt leach subscgjpteek vhlye Kia[rak constrat.e n is an
i nt eger m Ot RN LY (RePr eserd 1he nunber of
nmononer %ﬁﬁts%ﬂ}‘?ﬁgagﬁb%%ﬂbiﬂ[E%“Eﬁ%ﬁﬁ%% p 11 1 nost
pr ofraleldealdhtslysti dystempthe odte bif dhein shetiislos pdgmar Hetweerr catalysts 1 and 2
. verage block length i-Pi Each catal yst has a
1sg%%£%§%?$$%y of propagation (p,) and forns a pol yner
segnment ReVii=nRs[a] «®ikgiesAwaeAgg[dl.ock | ength and
distributian. l.n a nost preferred. enbodinment, the .
or o e sy Do S RGP 4156y (B an Fobtextyythq hepresca
relafn for RES] result @it theoultimate boraisivh tidt tie rdsuling blolclMltﬁhg‘ﬂi distributions are
i.]l,,= Rate of nonomer consunption by catal yst i,
mo%ﬁ%%é%?ff?ﬁﬁf?ﬁ': Total rate of chain transfer and
t er A3 wsadl heein ath regdedd ty 8 thdmicdl FBhESMY,) unldRs fetifical §ahBeAdd
chai n shut}lin wi th dornmapnt polyper to other )
otherwise, thesingulay psfuees plf isomerip ’{;@15] and vgsg yersh {fPagppRlep fhexane”, includes
all iSciiedd YfHexdne (D@ ky)or cEMEIRRIND). RS MARY “c@ﬁ%&ﬁﬁ” bd RbSiple®” are used
) I r chains that are attached to a CSA. The overal
intefgl Y RS bt S osAn o Ingreapicpnd orggae Al compeunds. The torm,

“atoRP[réfess tb the d@ANSEEorldBiuBG ofh AR Bphrdidt 6r i6AP ShRMhat iKRvhether or
mul tj plsﬁ?lggoa total nonomer concentration, [ M

, as
not ghe srpgRea r gariraljclypreepr ithended foanothreatemy Thgisre f heteroatom”

refefsb 8n MSmPtHeLThal @h®¥h b IGlaHAEN OP RS et B toml ﬁl!CRIdCZ_F, CL Br,N, O, P,
transfer to hydrogen (H2), beta hydride elimnation,

B, Sa it SBH $0 e ettt Ge. clhergmy ammipbets” aefers gempolymaAyckingrpecrystalline
melfi@A§ifdfas determined by differential scanning calorimetry (DSC) or equivalent technique.
The term, “hydrocarbyl” refers to univalent substituents containing only hydrogen and
carbon atoms, including branched or unbranched, saturated or unsaturated, cyclic, polycyclic or
noncyclic species. Examples include alkyl-, cycloalkyl-, alkenyl-, alkadienyl-, cycloalkenyl-,
cycloalkadienyl-, aryl-, and alkynyl- groups. “Substituted hydrocarbyl” refers to a hydrocarbyl
group that is substituted with one or more nonhydrocarbyl substituent groups. The terms,
“heteroatom containing hydrocarbyl” or “heterohydrocarbyl” refer to univalent groups in which at

least one atom other than hyydrogen or carbon is present along with one or more carbon atom and

9
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residence tine is given by q and each subscripted k
value is a rate constant. Ri[i] =g kH2I[H2][C] + q
wo gpipgis2ss q kai [CSA][Q For a dual catal yst SBGI/E83005/008916
the rate of chain shuttling of polyner between
catalysts 1 and 2 is given as foIIows, Rs[l] Rs[2] = q
one %9 n[)r%r?l_é rogen C?%nll’] %th %tzgeefol%%rlb ” & ers to r%u?stcon a}ﬁf’i‘l one %r more
carlioh eoms 1and:¢aie or eiowthemmeftmns no]hytlmgeﬂ itomb UThetH?bﬁd between the carbon

e _concl usi hat e . result Kk Ien
stor e e SRR oSl R bt Mo S % P bSheres iy TAZ b e or
multigle ebvalent idnd bes @eatindtingaor thexrﬂcmaﬂlve(lmt’f@ oTing, arithbﬂ? §up substituted

wity RSPl O S bl it ke e ok substined

heteﬁ)éaym hi&oxy-, h@iéb{}g dlhydf’d‘datlﬁﬂﬁryﬁi-l, thydirﬁdi‘@lﬁ}&pﬁbfspﬂ'il@( ai'il@ydrocarbylammo-
| ecti The terns

wiffpasty 5. oS B hioacen et A TR a Sy s BT 56 0Be g the tem

hetek @ LIG1. gRptes of AIREHIAIREEroaRHICLrOIHS HNR cPAnoBRIHY P LM SoyIntdIRy1-, (2-
referﬁ to the snall est constituent ofy

term_ "ato
pyng}'lgﬂ"é]i‘ﬂl"l"‘ Lflperaaghyr ef9Rsc state, that is, whether or

NotAd iked BAHIE tHR@@MS afb1BARP 8Ferdto }dt&hw Cd}@ﬁcg @orﬁﬁ ated rmg system
bonded to anot her atom__The term "het eroat onf %

contapying {4320 e WIFERN Odf Holiear: SR diyarr epr Liody 18 term “fused”
as uM@f&ﬂ&%sﬂeBﬁb Hﬁﬁésgstergso)ntﬁﬁmg Wo S méte p&yat&mcsbych&lngs means

, . Se and he term "anor phous” refers to
that él“?ildF%Pﬁ% ito 3t Jgagd tw@ riges ];hs;gepg et leapb oRganain o @djlggﬁnh@torag is included in both

ring8l e’tl?ert@?n{]eagyl’bbéféiié fofagh Sivhrht a?&ﬁeﬁi@'sﬂlgstlﬁﬁ 1%1'1191?&15* bd P25 dle aromatic
ui val’'ent technique. The term %1 rocarb

rmgr@éfr@ﬂgﬂet Borpdicypeyikick gisiused degsthsr. dinke walﬁ@%ﬁu ljnked to a common
groJ])ysan&edrln@l%qien@ F Qﬁ’ﬁeﬁé RABRty 'Eﬁ%b’l@é @&r&ﬁﬁ[&c‘rh@@) ficlude phenyl,

unbranched,” saturated or unsaturat ed, cycl
naphibylyanhsagerylomd hipheybl aneongptherses. Exanpl es | ncI ude

al k%lubstmﬁé/ﬁrﬁa l‘éféf‘g ﬁ&gﬁ&lﬁ) 1}1 wh Jﬁ%ﬁfz Slnﬁlll)re ydro%en atc|>ms bound to

cycl oal kenyl -, -, an
any g%/rberplg replasedolsst qnte @t mdrmimjctwalrgnwvs smcérree pkkyl eutatltuted alkyl cycloalkyl,
subﬂ%&%@cgf@fogﬂ( 1 lgelrté}gh%gltso{al?(%l s&bsﬁfﬁgﬁthe{e%tcgﬂ%ﬂtqg,?ﬁg{égn,%[kymgfog (e.g.,

nonhydrocar b dent groups
CF3), hpdrexso amivm pj)@mhédonzilkgxﬁ ymmgc@[d;) yitrd, grd both saturated and unsaturated

cycllﬁﬁld%c%&grv@ﬁ&rapy %use({ﬁ)ftﬁ{ ?]r at??pld%gé& Siked E&Mfégﬂ I 5} 1}"{%&48 a

|'east one at om ot ‘en or car
conproagecmp sadhan g neihyleno pe etbylemomeictyaTbo normhmninamgmguponay also be a

carb%%l%s W&B (gﬁé}loﬁé gr@};%;:rlp as 1};1 ﬁ{peen Pe?l%a? LP% ?E%\él in dlgﬁelﬁf a%mtle

PS con
m) r”ﬁlehetne ftoatchimg mdmd *, mefetsytal the pemerd bomshed Hogynizo m)htalmng segments in
het er.oat o

a po%hmerB R%rgg e d;e::r regreseg%twte eﬁlr}l%g? % NI ion (h()élH]t]B%S lg/ Lle ca aﬁ%st under
conOderarivintin the ebsemeal§ eﬂher pmmemzratlm @y sth, rtmlilyn@dar statijpretnte,
con 119urc])%§ sioYu%imk‘x) 8('?1gjlmerlza’%J on condltﬁ)lnis( }{1 a l%rdlooucgrbon Qﬁuen é{tlﬁﬁi °C, 4.5 MPa reactor
pressure, and greater than 92 percent, preferably greater than 95 percent ethylene conversion. The
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 segment
properties, such as density.

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

determined directly, for example by the use of NMR spectroscopic techniques, since linear, high

10
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with a heterocycloal kyl -, aryl- substituted

het erocycl oal kyl -, heteroaryl-, alkyl- substituted
whedsopreyl -, al koxy-, aryloxy-, dihydrocar byl BOr/ys2005/008916

di hydr ocar byl phosphi no-, di hydrocar byl am no-,

trihydrocarbylsilyl , hydrocarbyl thio-, or

droc Iselen roup .is thin the sc the
denghy pSBYEN ghesnen? ?IYEEJQﬂifdé’é’ bSO TP SR ¥y palking
pob@kﬁﬁ@%mln0|ude cyanonet hyl -, benzoyl net hyl -, (2-
pyridyl)methyl-, and trifluoronethyl - groups. As used
herein the term"aromatic" refers to a pol yatom c,
Morpelsi C, conj ugated ring system containing (4d+2)

~ p-electrons, wherein d is an_integer greater than or
eqUAP Present inveriion resuls by pelugieriztion Qfsitels BpRpNygrteHylene, as

prevﬁ@§]@%§;§laﬁ1@d an hidiflo® YiSit 8R0efRsbd Bl Ad \HilleWartRhn KB fe or more addition
yatom c, cyclic rings neans that with respect to at

PO
POIYF‘t%léatblﬁt %ewfl?%g njap b grgpent slermgéb%mre%?ﬁbv%ﬁamrlzeqwnawr@e@iwamng
ﬁon%@ BRpk 8f th8 Flobtehe ﬁlvblﬁlogoéohoﬂg A9Re obJA¥ SREdBerdh Yk attained. Preferably,
refers to a nonoval ent aromati c substituent which may
howper.ghaspraggniinggnginn takes plagedn the syiptantipl) abseapeqypfeany copenegst, and most
prefwabl? lfhe%?y SItSEHoARNIE Efﬁﬁfoyed ih WO&Q%Q Ieﬁpfehé’ or |inked
to a common group such aS a nethyl ene of ethyl ene
noi ety. Exanples of aromatic ring(s) include phenyl,
Cha[}oRH Y ageAt hracenyl, and biphenyl, among others.
Subst rruted aryl ™ refers to a n aryl group in which
onelhgtermpfshuttlingraggesi redere tosa dsowpatnd @ naintprecefrcbmpounds employed in the

com&?%cﬁlfb@%eﬁbsf?slgtﬁﬁ? tiéﬁ)ﬁlgli i,g U{b%%l% 3p us@é 86&8@3@?%?%%6 between at least

two st/ oathlystlsitesnd tlay @ta)eksaadlided in &ug lggtnpctsutogdmder the conditions of the
pol)En%Ed&'c{tgﬁy ﬁl "ﬂ E‘Xllls'f%rhﬁ %Q@Hﬂer +%l§r¥enp§clc&’§ bgﬁl tg ?‘i}]d grg’ 2)1’16 or fnore of the

actl@mdtab«st Shtes dn Lqplatasdtoarshuwlmagw,ai ‘@Uam yrelhsfzr apeud? @@ms bfmmmatlon of
u e ar Ll s). |Linked

polycl:noer gkram r?wth e mo net(%l pota oneqtﬁ?e tra%sf(er 5%%%‘2113% B%Iylggr féom the catalyst to

the tnatsfey dgenie Rneferablyh‘ghb e]lnﬁtlll’(g a@nyhasﬁh ectlmmmra) R A4 ef from 0.01 and

100 qnore grerftcHXbqu %mal plﬁtg | né? gr#%?bqs I 0 008 igtlgl)éqp agcp D0st hlglilly preferably

frond() B Im‘:‘hy | vﬂmaﬂteRA_E'liﬁhé atdnf polynend tranmgemfmdeoata,lyst afaetiw site to catalyst

the .pe .anche yner. cont ai ni ng segnents i.n.a
B acélgf: ?%EV a %F Shuttling a g élﬁ‘? }&%b s égeerr#zaaﬁ e rsgpﬂlygngwg%rans%er, i.e., the rate
of eﬂdhhlygmfah“tﬁ%tﬁdnﬂthemﬁidiyﬁﬂ BPasgivhyitd theataigbtal yQive sifdhds the shuttling agent.

caonsi deration i absence . of ..ot her lyneri zation .
pes§aits ipc@midies Forgedrren eyt st B RRhEG0L o i
suffRe@ntly statle fat %igﬁ% ﬂéﬂlﬂhi’tﬁ)ﬁ 1§1@meivé1y ﬁaﬁéi Déxirablinyleds @igaa o @earcent,

nt at 4.5 ressure, .

prefarﬁﬁlaﬁw thep Zx%P@‘Ze‘]SéP%TS Rpefer B st i reent A f{l?%&ge%bly less than 10

iperd@ﬁtr o @lﬂitﬂ@ﬁxhylhﬁﬂppr@&ﬁ‘ﬁ/s%@teﬁﬂma@@ﬁﬂéi‘@(l) eedidifg3 afstimRisahble polymer

npl exes ar. cat al yst npo itio hayj ng the great est
Segla?nrt% %rbé%ls% Tagally, the zats Mo F"H& WHag %sﬁeﬁ/ éy ‘i%ﬁ thamr?qu“Bf’ fgcdienster a
polynRp ShaBES atéﬁ‘t\dlyﬁﬂsn*e Retht 3hGe SHuttthd ARhEINE Sndnbakl 10Gleat@lyst site) is
seg nentbgfopertles such as density. The branchin

equivilgetio piosteighapie st efnebaner fogingtieth PR e AP ahiven 30 times faster
tharCl@tafe YipbolihiRBtefiatidh. This permits polymer block formation on the same time scale

as polymer propagation.
By selecting different combinations of catalysts having differing branching indices as well

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

11



10

15

20

25

30

determ ned directly, for exanple by the use of NWR
spectroscopi ¢ techni ques, since |inear, highdensity
w@oiopeedags ene is normal |y produced by cat al ystBCT/081005/008916
are i ncapabl e of chain wal ki ng pol yneri zati on.
Mononers The present invention results by
catafé/st c¥)mo ina 1c)>a/ntse§o&n?efr Hgo uct? l%werw@n%%?’% S bﬁ cF %f?%ntd{%laﬁéﬁlfgtog) Blain%lg}ng
inditdaadifbreht bietk &mpihs,and tififatentoinemioes e @galkits orblocks in each

o E3Rb ot STRRRREY TR R A A e o

cata@@mmeyn&ﬁ‘ chd®pppaxatsi rafe 0 @1et brQfiore 5Othk 0atalysts, 16dper BIb§kEehSh multi-
d. . Preferabl

d herejn, are ain .however, the
block GRelRe i Bl BF qbleiie ARl My vy fst
rela‘@sb:&@ plgmer champr@agam@ riopol i Ravig AhaE %na&h)ehalh etrwﬁlry and

one ed int rocess is eth
shorar| EIOﬁ]Ig ?ﬁggf I8 ohamgg e§¥ gxtrﬂrllgl}f g?ﬁ?ﬁ“ﬁlgﬁ&ﬁ?}t 3y pg)él@?ﬁ a multl-block
copdlﬁﬁ&ﬂﬁvﬁm@ subsRATANS Witdom lcopdlyih el fRopektics O BP QLipEiSseRIBdOY@th catalyst

.in e, conposi tiaon, of t%@ present invention that is
mix |Sléut6wg etk AV EINITRlgk oRelmpgeoBe e sonpinmgelptively
largt ﬁ&wa&tsegiﬁemr@l&ﬁg asd/dr®Rn8f of 16 f&radodl gy\ﬁlﬂﬁvarfeﬁé SEkAhel Jalymers
e conposition under the conditions of the

can B?)?RF‘H% -zation. That is, transfer of a polyner

f r agEAble Q@xﬁbﬁsﬁmﬂQBﬁpﬁsglg@'ﬁqalgritm&?yspB dﬁ@ra%héﬁfl shud@ing agent can

active catalyst sites. I'n contrast to a shuttling
be selgaert for this'igyration by the Efleving gawti:step rasedure gnepialn edagied dgr block
diff R AT b&é@éﬂbr&{cﬁiﬂglﬂad@{‘d anobunts to a one-tinme

transfer of growi ng polyner fromthe catal yst to the

t r dn&fheieng ipenelymepipedtusing b Py cturheoninising ipatgniia) erfelyptagd g potential
chalﬁgﬂdﬂylhé X%eﬁﬁ?’lt TI‘RS x%gfnﬁyrgﬁloﬂo‘té% 1sf Jegﬁlﬁb@y ?e]'t; ﬁﬁgi l}S ’a RhSr seoml -batch

preferab from to 10, nost ably trom0.5
reacfor (thatgs dvqhggttreﬂp@lh of/caatyst ar sél[gttyng chgm) (preg”erpbiy with relatlvely constant

t , .
ethy‘ﬂéﬁ@ Efﬂc@nt%o@ k)éraﬁllkqmﬁ@r s@lu@én le%lgi?ia}élm I:C(D.%Rﬁil? rt}(Jé&@%Slng a molar

cat a StAaCIVE SiIte to ca active s
ratia ¢fsaishyeitio Chay shatfbing ageatiomRBS A0 i1§0© héfterdfomning a sutableggantity of

polﬁ%%Xﬁ@JeXthpB 'i—sqa?r 11?a|:ced U dmc{r; Efa thls%{agN%g)tl er s tpr%ertles

ting he cat. e Sl
(brapgtingiedexi Mav, MaandMWéMmMRIDI)gneagem Desirably, t he

t t .
AP OSSR 90c 00 e
reactlem mneﬁapromnhnga sedsatf polghgrs havieg a Dexge Dfajuélyls arldd9y velven
or eﬁe rC(“Ea]f'yst/ rslputt%];g %%Qtl %BL (?emons atln%]s 1eniiic El?tepg)‘i mer Builsfer both to and

era €ss per cent SITa
fronh ths shuitthiapg a@t pericednteriodd bsrhnupdlyrﬂel psetigsveteydin thie cndmmum RibIds less

tang 5 ey PEpire R oy bR APy s et T AT Bufermpg ffchai

shutﬂhigtli bdctu@ing crd Mned tliéiboltylﬂ& \tvilmcfemupréﬁthblﬂehﬂy&hﬁefaﬂy, ad conversion

a cat ite to.the.c
i ity Most ] SR RN aherd BB Al ingpdhapern as o
func@ighlbFedne&tioh (or polymasgi€d) fithag a tine with b etatifticpigirydi®@en (R?) of greater
n tegﬂi naﬁtiq? evep (f fo 10 or even 100 tines faster
thary Qyap, Prefsably, ergatgsthap i hver termination. This permits
pol stem1-1hlagaken @fried bicor @B drivgors adiitidnbIRRir&@8 bepotential catalysts

and/or putative shuttling agents.

A suitable composition comprising Catalyst A, Catalyst B, and one or more chain shuttling

agents according to the invention is then selected such that the two catalysts each undergo chain
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as pol yner propagation. By selecting different

conbi nations of catalysts having differing branching
w0 pabsoeE2Bs wel | as differing reactivities, anPChys2005/008916

pairing various shuttling agents or m xtures of agents

wi th thesecat al yst conbi nations, polymer products

ment s f different denS|t|es branchij.n
shurf I8, 18 YT 31 fp i SRh SRS il o6 aithe RS (aognated a
catalystnB@ rfsrnafpoBinehhas g Ahiphsr wainchlim@GkdexicOmeae to0Cydall st ﬂiﬁ[nder the
prepared, . For ' tiv

an b X le, if t it t he
reaoi R e MoS R P e A §egone ! G By g s imdergoes
polypt yiasfer dhigitinthp Fdwag ahd Riersead i€ectibnsqBEIdONtif1¥D Iilﬁth@ fForbd¥eng test) with

SR L RS RSB L O U L) 8K CORRLUEEE. s e

reduS@tlktchthl?g abﬁvﬂ?ﬂﬁlyasfu@@ n W@% bf Y6lyher ﬁ@&d&g@ﬁerﬁ)&b@gh@ of catalyst per unit
tlmegf) sagau a _copol ymer. hayi n a nore. random chai n

Y ORI ACiB S Al ahesFRO TS B AAEE) bYaHore than 60

perc8M! mBIRFPkferbBIP buch Bétﬁlgzit |a&g/1t§ S#SHUt réRYedByAHsE hat 20 percent. Highly
mul ti- bl ock, copo havi ng substantially random

des1@8lpyo1;aﬁ}§s,t acﬁwg}j gﬁqti/ &t onwf tbq, %@lys’%@a@@gm}@ﬁcr@@e@) &t the presence of the

chaifi ghIMg heett. Xt Ure and shuttling agent, relatively pure
bl ock copol yners, ynmers containing rel atively

| ar@@rwwg}wﬂs %‘g%ﬁB@ tQfletest desiable spfalystshpitlingggenpairhy

perfOiRiROP Es ¥ Y IMBPpAIAHS 8ENY hEAE sRAHMEBASH ﬁa@&l(ﬁ%ondmons and
obt ai ned. A suitable conposition conprising al yst

meagyringghefpsplingBUmpei @veragezalesuion mezghitSnng @éﬂﬁ@h%ﬁd@e and polymer

ywl@@nj ﬁ&iu%gorf Qfe. Shiadiel sﬂt‘(tﬁﬂl%'aﬁéﬂt@yre tcﬂﬁacfté}lz‘e@m/ ﬂ)gverln%( of the resultant Mn

mul'ti-step procedure specrally adapted f
withgptf signifiqant tapaderringoef $EU oplessnt aﬁ@wm{gedumn yleld orfFpty | ene

S I &r
5 B B ] B SR B i

autopngteg weactorsani @nﬁlxt@svrobres;ardég forranatign tpfemmenré@clssshanglg different
distigglsiglﬁrlgolfro Gkl - P&teﬁgn;flg, Ql%.lf?lger((;tl)})%{en{uﬁ hl}MClﬁlE ggént E%%Hﬂ%g ¥an be pre-
of cata n

or shutt agent fera
identiGpchor Sy@ﬂhyslgacb fsstitahy cmf_ﬁwtlem ef zuiue ntgardmada comp@m@ls Wity various
| 0 a
protﬁlg ?oﬁléceg 91#.#-% (?0%}_[%?4%&2{2&% %ct? g({}%!i t(t:(i1 ym%r IleLéﬁon employing
an ote@amblymeumtmn cBalysd cdmpmSifion. ASd\&ral bdymbmtlanssam tcmkihcﬂed at varying
s .ter

mole%ggm%s o% ¥hu?t$m§agg¥tqefdtalils@ CAl S %‘frtulm%& rte%mremeflt sulgaglgz spﬁltthng agents are

pol son an
thosp flapprotince s n(lhxrrmmdml 1of) lessitlanQ. O ibwyarlvhle y&hd:le)ty!m‘mdbnt@ s &@I:r)bed

abo G ST AU ANelToD o g PR 0 N PP B Bipovine
cﬂah@ﬂ&ﬁyTpan&mdn&gxﬁ€$er|es ?Tlpokgggrs h?vgﬂg ?l{ﬁnge

Aetglets @Y ahhed LR 8 Grie b ARV BE SHEh e s gpesnt o
refebﬁtal’boh@omfddhafc Es&ﬁpdbh&)\fm@feb?irlidﬁlt?ﬂ gﬁ%ﬂy 1c&ﬁ&ﬁéﬂlﬁﬂil§.ﬂa}lc§[sc icdgdymers or

usetpify SOyt i 3R Bettanioy bngtdte Rt losgh bty feSrably, mut
blocRlc8pcyradrk HavigHh atdhae ndmBer oFblrdchﬁdSrFEBg@ents fer a@ag& cham (as defined as

shuttlin cu the M q& I
the gvgrage ﬁ%&r B?@‘P%F 8{)‘{ kfer%‘éta?f’?l&"’sll?% ?"fi?‘?b&g‘ %@E‘?ﬁé}ﬂ%ﬁ’o@ﬁneﬂ 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, more preferably less than 10.0, most preferably less than 8.0 are formed

according to the invention.
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IS increased. Most preferred catal yst/ shuttling agent
pairs are those giving polynmer Mh as a function of

- wWeowsesaedn (or polyner yield) fitting a |ine BET/IS05/008916

statistical precision (R2) of greater than 0.95,

preferably greater than 0.99. Steps I-lare then

carglig & Spa & f

pot Suite O e For e PR BRI B2, 2P P) 03 el Gpmpouncs or
complesed qoatbinéngco fepg on¢ Con hyxinmarhylsgmgp Qa¢fadayly hydxocaDagl ahbyssituted

h h

aluxﬁlﬁurﬁ n% r%:i]nc :Igﬁ‘l (H.lglld] cson a niy Ut S d C?] ??ﬁar%g’nts ?IE: gat%fl ﬂy&}gcarlgyl group,
andcrm:acbrymvchlc‘ealmdneaﬁ with a@mtmhmums hBteffdrieddyiviotnbyd Reoups aseatkgl groups,

prefoerané/l mez%r or %rélé%eé r¢ %lg% &%g: g{ff’ﬁg r}gf(mé?cf sh?t%%}l%,éaegﬁ%tf Me in the
presleat\/lnvegtlal dre glatkyl duminciniand) diatisliesin€ anmpanads, éspedidlyatiytiyla®minum,

g D I R e e

triefhployltien, dridirsisic. iAddibion stitdlefshuttiaigthgaislint RUE1HS @eaction product or

.direc |f|ed|nthefore oi,n e W th
misgist e P el toap 56 glbnaiylsoRaAME Brterand 3 () ally
alurﬁih@tfl er aipt,g) ilh}ﬂtzmb bempduad, Ressbially hﬂld%@flﬁﬂﬁﬂlhmﬂﬁﬁﬁprﬁﬁ}tl) aluminum,

the cat t.activit ured in ht of
iR B b D ek ikt DAL € opAPRY M. ¥itjegs than o
sto1af101ﬁéti1$1@fanﬁ@t(ﬁla}i$é to(teOipdeest h&@rcﬂ@ﬂbyl\/gr&d{os) dF alsB&ndary amine or a
absence of, a tling 3 han 60_percent,

hydptykeoppangd, %fB? lf’éf&@ﬁﬂ@ﬁ&h&% apg, |t\¥’PttY§£ler§ﬂWBfﬂqXé% eed
llydhﬁylﬂﬁhﬁpirm 21@1 patyRiine, ﬂ—ﬁﬁi-ﬁu@ﬁﬁieﬁ@bétﬂyl(lclﬁitpﬁdh)f&{mme

activity of | east one of the catalysts Is actually
bis(ZA&red{osmgo-it ﬁZ%CﬁﬁéolﬁP@gf‘élﬁ%@) 6’F216h‘élpleﬁ}ﬁ‘éﬁp enoh JPgsitpbly, sufficient amine

or h@%ﬁ}tl rea?éﬂt e Rad du¥ieihds one %?/d@c%yﬁ%r&fﬁ%éh'gﬁsepe} heth® Et%ﬁlt The primary
desirable catal yst/shutt agent pairs perform ng

reaciion piofgeds ftheclorpgpiag @%‘F%‘ﬂﬁ@rm‘z%td%ﬁé ffemla%m the presar @vention as

shu@m{g%@erft@ﬁs Blo%}laﬁ&lﬁﬂhﬁ amg{trﬁ{é%ym@ﬁ)%id@;a 1-E%$ylﬁﬁl§{ﬁln{1ﬁ ng

nmoer aver age nol ecul ar Wel g , branth I ng

blS(ﬁméwl(t-laﬁﬂ)sﬁWWdylrf@mlﬁlmmm ahmlqh@yi 2rragthoxidi)i ttaiiladuminum
bls(amhtyla agy%gs{mh Pﬁlﬁylglnﬁﬁﬁﬁltlﬁ{(kl?(ﬁ%metﬂér d4119wﬁ£ n %&F,Iaﬂﬁmnum

resul out S|gn| I cant enin
di(pygdige- éﬁneﬁ@tqdvl -hutylpleppinem Wxdiimpgutel anide), rr-a‘ttblrlurrmtm bis(2,6-di-t-

but}tlﬂ{eﬁ&mleﬁlgl (Sc@y?l{tﬁmﬁ[u% dﬁ(t@t"ﬁglg Ha "ﬁg@ﬁ))uﬁgie gth ﬁﬁnﬁnuna bis(t-

rou Ut SCreeni ng S|ng adt onat e
butyldmetlsdosideh cétmiuminion giGHEnhTIstyD ARty BnEhu bis(2,3.6,7-

dlbéﬁ% Yqﬂc QJ)H% éﬁeaﬁﬁ&ég%gci ?lefl&rﬁi%ﬁﬂ%é&% '7ncﬂyén§§'-:l%?acycloheptanealmde),

propert nunmber 0
n-O@ﬂmlvminumdDIﬁ@leﬁth}%amlﬂﬂoﬁ@ cthplzbe (Z),ﬁdumhemlplfene?dd@r and ethylzinc (t-
butSYJat hesi zed in situ by conbination of various

or ganonet al conpounds with various proton sources and

t helt wdhipoppdcisted betie skided mmadttluztt aaulickbte Shw_tlalg agent for one catalyst or

cata%g* é/om%rrlaa ﬁlg nn({t %?c%%sars bg nP gs i ({1‘ ven sa%faGCtorg Ifor use with a different

nNeri zati i"on.
catamt grrmnalyztaiombmatlcmr eSome pdwnitae shuditling ageptsngpymdi/asely affacothe

1N
per bk P B S N e 43R o0 G B Phpaspgpet
Accpl‘chltgllb(; ﬂleacmmylolﬁﬂmcﬁ%ﬁ)h stﬂﬁthh@mnﬁ dwainabily 3 balanaed rithith€catalytic activity
of tl¥e cal[a‘ijs%)gg leVe Hlt %es?rsed go ?r%gr ptr)opdertles In some embodiments of the invention,

best results may be obtained by use of shuttling agents having a chain shuttling activity (as

measured by a rate of chain transfer) that is less than the maximum possible rate.
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above, while not significantly adversely affecting

catalyst activity, and preferably inproving catalyst
 Waetwswiwgs as_above described. Regardl ess of ther/meonsehsoie

forTidentifying, a priori, a shuttling agent, the term

is nmeant to refer to a conpound that is capabl e of

gggg%{ekﬂ?éﬁ)g?\/ep . ?e? rFﬁd SMuthl(Ijlg g%t/englpggs 5] le:%igﬁjelsg Palt(es of polymer transfer
as vyedll ag ﬂi@rhlélastltmmfcr@fﬁmdmmmGredmeefdanmdaims@tf ohaid terhlir@kiby). Such shutthng

LTSI AT TR T U 11

addgiehj sueldshaﬁlmmexas'esﬂgm pradindin obthe bhm&SdeﬁleIpﬁfyﬁfeElﬂlbck lengths.

n. divi ded Vh . of reater
RS0, OB Gecly Y15 S b O 4TSl e ot
thatphe&ff&b’a‘hal ryolgju&\ab\efght d’falib polykher AIthe lie@rﬁéif k;f IIIiinré?cﬁ thelrf]eby reducing

ess .t han nore prefera ess than
vis B et B B A isoBoit s pors hes
according to the invention. Suitable shuttling agents
Ctfor use herein include Goup 1, 2, 12 or 13 netal
J—%l%ﬁ%ounds or conpl exes containing at | east one Cl-20

h y d$wimBle bytblygﬁ o pse Heref Rt dny ByEF REABDYImISHARDY I0F bktn%sbunds that
al lium or | nc. conpounds cont a| ning from1l

is a{ﬁ‘a@%‘% o1 Py RRHRAZ Pl el %%F@cﬂgm@wl@r% tpe- inth hetereganeeps and

honwgaiidﬁ‘é c&ta‘lﬁ@ﬁﬁh@fbe \einb Ry, PxahsIes &%Ht@fb@ené%’h?f:ﬁ&l?ﬁgmclude the well
droca groups are al kyl groups referab i near
knoﬁ% g‘ié‘ﬁ geomppsigions fapecigly (ﬁiﬁiép 4 Wﬁ%lt jles sé‘PP‘é’E?d on Group 2 metal

hali8xWr Eﬂlﬂ(eﬂglaﬂtﬂa@ Eﬁcﬁalfc&ﬁdeb’ §1ﬁi th@w&lhﬁlo%%ﬁx%ﬂﬁuﬂnr&‘ SitabiRth BE& catalysts.
trial y al um num and ﬁ%’ Zi nc Corrpounds
u

Prefeeabbydionreysy. foF $as¢ stwnglrfpm cin qfinagseve pydlgculer waightpalymer

seghédt in-sBmtivd, bl cHtmyE‘{kI fr ubd ﬁe&@n H@ lﬁaﬁhég%héb% REysts com rlsmg a relatively
tri(n- octy)a um num triethyl [Tum or dieth

purgRrginomstic @@pwalé|0ém§ﬁmoenpﬂeﬁgesa@aﬂvgommmqla er @qmplexes based on
metﬁl@ QT I BFMBS 3-96 o thet MHifniO R oifq){e Bg 1@41“5196 % fle Elements. It

oreg0|ng or ganonet al conpound, erab
is prefegied Hiak gy catalyst smpayed hml@,@@t ggni alasly d@rlmn@bym&m the

peri%ﬁ%gé é‘li thy/ ?thér c%f}w Lﬂh&%&%&&ﬂ&lh&{s OF ghe BFe%Ht J)ol}%lepi%tﬂﬂnbesuably, no

tri(i-butyl)alumnum tr
catadytst i riedgeadyin pefivitirby eneptersharclSgetegitziners praﬁeltahlyl gester thaar] Ogercent

t tive to the nunber of
undﬁltg‘lf %Jc%gfre gﬂt&o&@ do aegléaglglgndar y am ne or a hydroxyl
co nMeﬁah@mp@scpvefor e Ihyrebll as Cetalystet lgludé tophp)lexds méfransition metals
I thyl pyridine
selegtie? H{o% edl’{tg ﬁl@ at?ﬂ X% &Sth!\zp%ﬁ)g% Tag],g Féﬁ? ;E?eﬁ)eén%l o¥ alh, 1g one Of inore
delogtlimgdl, (M-bqnécgmluga,yds)m polyrealent Lew1s base ligands. Examples include metallocene,

half?ﬁ%él%l g‘ﬁ: 60?1th nézﬁn %c?me}gé/gz gé&vacfen% eq/r?(gfg I%‘g]ﬂ? eo% rgﬁhﬁrepo(}}{chelatmg base
comipledesn >ny1|e corapigzes tirei gsnanis @ty depuciad bhatk fanelan WIK,GGAY, biyd dimer thereof,

whedQup remai ns per netal atom The prinmary reaction
products of the foregoing conbi nati ons nost desired

f orMusemetal delvete fremaGrbupsivienjprefarabB3- N tidre preerabfenBsand most

Prefgragl,y%fom%ﬁﬁll%ﬂ]?ﬂog{pggbgr?ﬁf(ﬁ% eI(n(ene%uh%/;/ISI) IS|y: gilmdg;e) and

n o ﬁr)dleﬁdndéﬂtlylémhdjcélﬁiséhbdjils I)ﬂouﬁ cdilfikifXdd8dalized n-electrons or one or

morp eg %;1] ;g%rg %mwg%ci %gés g’?‘t M,I%?(ﬁ(yg% ;[flﬁgéggr?g up to 50 atoms not

coumtin@Giyiilo@dnletd iy, Bptionally two or more K groups may be joined together forming a
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di (pyridi ne-2-net hoxi de), i-butylal um num
bi s(di (n-pentyl)am de), n-octylal um num

whe@§Aa9ed2xli - t but yl phenoxi de), n-octyl al um num PCT/US2005/008916
di (et hyl (I -napht hyl)am de), ethylal um num
bls(tbutyldlnethyIS|IOX|de) et hyl al um num

b 1dge<£ s?;zlg t o I Ir]fTF ftugf( LS| li%lgﬂ ¥,0n8 9L @reﬁ% ﬁl)élgl%gnﬁui{g be %aléﬁld to Z, to X or to both Z

andm:octylalunlnun1b|s(2 3

| ohept
bl S% &}ddIﬁ%inH?}}%(yt %llﬂ g:egﬁ%l 1%%1138&%@'{1 %)n%xﬁglm%%y fxavuygrﬂpncg f[b non-
hyd(o%mﬁatdmg fo@tigHaiin et lnﬁb@ X gionps @iy e bohded t¢dethiet ﬂiéke%@)fomhﬁg a

reciated b e skil.led artisan
divlit o ARG g, b OB £ GEorE 4 ydione or more
Z groopsihdyetei bonddaaygethef théereBedmang b ol tAst igsdtcdifalda§ Bound to M and
atlsfactory for use with a different catal yst or
coodmatad fhereteiy rhi nat i on.  Some potential shuttling agents

mayz advigngakly eahfoegirehdlgs PRI bRl TBRS Baso tiodP ofiid SMHp&o 50 non-
catal ysts and nai be undesirable for use for that

hyd P@%%}Wnagorwéliupg AR SE PGS clptironael fypueh Wélfcft%és ORgingted to M;
shu{ghhngq@gﬁ&50@§§lrably is balanced with the
catal ytic act|V|ty of the catalysts to achieve the
dest a8 pegeyeP 10 bperties. I n sonme enbodi ments of the
I NVERLheRber®R2L 0 I8 Mdt S may be obtai ned by use of
shuttling agents havi ng a chain shuttling activity (as
rre ‘aﬁ@aiﬁy 1gequak ta therformabexidatipapiatef M-t hat is | ess

pr o étrra %EW}%EE@BQA& %sre%g@%lgzg%roﬁll l 3%@@%@% 1omc or neutral

ligafid grio®psy Which ilaf BS Exelic aﬁloﬂ@&dhc@&o&eﬂﬁedﬁ-g&ﬁ@& aﬂlbﬂiaf’tifg@t{d groups.
efficiencies (reduced incidences of chain
Exepglap efzp¢lomponded eteupsiaes tonjuagfecheranepninggted eyelseel non-cyclic diene

and gfqul egg&gg AELRbGS @tﬂo%feﬂ%e&@l? O%Sr%)ﬁﬂshph%ggﬂ ﬁva%ﬁta{ag dgg& €8y the term "

TI- b(&gledﬂ tis mess il ak thic ﬂlgﬁfd@ﬁﬂﬂl@ tid Rdeif to tHe@ragdindn B84l l@%ﬁaﬂhgi‘of electrons
pol ymer bl ock | engths. Hi ghly desirably, chain
ﬁm%hﬂﬂ?ﬂhﬁ&kﬁgﬁﬁﬂ§lmm4h a singl e exchange site are

t that th f.f | .
oo k1 S e Bkt Fincbn Eoph by BroREl TPy TH wit o
raditdl @él&b@d fr&fl tel gﬂglp\éblfs(éﬁﬁg sfthy@iogdnRals @ﬁ,QIyH@BarEMS hblbRydastdrbyl,

con u reduci n t cost.s.
hydGRp t@&?%lm?%ows efEL B bR Frbietrged gfﬂm Gipdrq of te
Peri0dlic TaBIB Nkt E®menfs, 50 5t W@ scahiadt subsiinaciaRicfshtba rradlcals further
i ng polyners of the desired conpasition or ty

sub ik Wik & PEReNa 6t Lo HBRGGEREEESIEY A pediGon@yo pidhore such
radi€ATPMBY RdethdPFaNP RSedfng RRkRS, RARABR YRR & B ﬁydhﬁgénldﬁl@ fused ring

the wel |l known Ziegler-Natta conpositiaons, especiall Y
systegey 9 they sy Brmidnateliosyelapifiube Batab inetydsd pyithingibe sgrm “hydrocarbyl”
are 08, 5@BSht BrafthdLAd Rk dRS! AMSuQ Ikt SRS BARalDE;. ;f/a@h@-subsmuted

known chrom um or vanadi um based catal ysts. Pre

aroifaddirals. pest Coadl-gibstifed ald radielsp Puigal lliYé“r?Célbeh%ibF%%d

hetdiR & HdRAIsSWRINGIR inoRS), ¥iURId tS SEERALE rhdleaUrdbiofN silit &€ germanium,
catal ysts for use herein are honpbgeneous catal ysts$

nitreggRyitiosIhatys ar preeel Wieediy eash pthe h@k?ﬁ%{l gryns coptsmdipay 1 to 20

cartidh afflsd lEerﬁ‘{(@é lﬁé‘lude% ﬂecﬁrh@chﬁllymi‘ﬁg rﬁ%}Hﬂqlzyl QFlmGﬁ'Iﬁglﬁf( GRethylsilyl, t-
based on netals selected from G oups

butyldimethalsildemslydigsbuslsilyl etriplgny igerioyl ?a%tf@edwlaem@yl groups. Examples
of cﬁbﬁ!@ﬁr% hbfero atom containing moieties include amino, phosphino, alkoxy, or alkylthio
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is preferred that any catal yst enpl oyed herein, not
significantly detrinmentally affect the performance of
w0 b@soedes cat al yst under the conditions of theECPUEREF008916
pol ymeri zation. Desirably, no catalyst is reduced in
activity by greater than 25 percent nor e preferably
mmetﬂers %Pgﬁgleﬁto r?é%srzﬁa eﬁg,nl’ft‘or%g a;{l ?der @ﬂ)ggl{n# (e)lgeotﬁ)Zm alkylenethlo
groupabo@ﬂ & t;hs tranﬁltlon adetabler E@lﬁt‘bixﬂdeaﬁetﬁif aridr kﬁﬂ&dttb e hmbairByl group, -

sel ecte 0, 15 of the Periodic Table of
bondqd Brogy g %ﬂ@'ﬂpc%wg&%?tﬁﬂﬁ S or e del ocal i zed,
p- mﬁfé@e of dug@NElsnidtic, BOI SR AL boh 8N SolR SR 1 de gﬁnsiﬁntadlenﬂ

npl es i nclude netall ocene, half-netall ocene,
mden@l@ ﬂmrwl retephylseindanyly tetahadioBhgromiLeastabpdreilupyerahipesadienyl,
cyclogixﬁggrll}g gi;%ﬁ%%htﬁ{ag{}g{j H%éﬁly‘c‘lﬂﬂ?dg dl—%ﬁ@rgmg@éﬁyc‘l ﬁlfps
phos he&ndtbh@ﬁaé@?zy SRPUPE. A ﬁV‘N’l asantlyrstbautugé detinativestthenvof, especially

Cio 1%19&69&)?? fs s ab El gI ﬁl@@b h%i{x(}ctgﬁbg’l‘% e}?-l &Iﬂﬁ%@%%r%at&e? %hﬁx%%q

Prefeﬁbmcsdeldcalmdl eﬂvendéé girbypsaacdyclopeurdiant; gentanahyjeyolop entadienyl,

tetranfk ﬂ@lﬁcsrrc Hengadgegglo%ﬁ?%eé gsﬁsa%lc%ch Cpfzﬁt%(%%}@/o,dlﬁ(geny O%?-dggetlgyhlgdenyl
ﬂuoreg}yb&pled[ylhtl@ﬂl) Zl-gle‘d]pl 4-phbfylatianys tetchydroflutrényl) obiylehdagiorenyl, 1-

e O P 0y T RS, Ty M S

0 pfhedmaitalbynzem hgzrndm&e ankoniy Kgapds wikiyh e bbou rehtiifing andle gues to

benzelng Jghe%% 8‘11%%{}’%18%% aﬁgﬂgféfel ﬁegx\}% %:&%Efﬁb)f(gcl%edgerlc et al., in

Orgarivafetuyiths Olgieln 4 Zt-4808 1 996t Pﬁﬁi&kdd}bomﬁ&beﬁenﬁﬂfg%% cOirQpHf thake
e bonded together thereby forming a divalent or
bl yval ent ani oni ¢ group, and, further optionally, one
or nore X groups and oneror nmoge Z groups nay be
bonded toget her thereby f g a noiety that is both
covalently bound to M and/goopdi natfed thereto; Z
i ndependent|y each oc&vIrFT ncers B neutral, Lewis base
donor ligand of up to 50 newhydrogen atons containi ng
at | east one unshared el ®trongrpair through which Z is
coordinated to M Kk is an integer fromO to 3; x is an
i visgin RY js@minprisepstituent, ipseferabiy Atfested framthe erayp gonsisting of

| 1
hydrotg%lf Il\l/?dfg%airl%‘yg)éflyl 1%1@&}5‘;@}111&9 setelg gs flﬁl{gﬂ@ JQ éb g@hlls Q6 c%\t,uﬂfnﬁ hydrogen,
and optimply Wfq@jaﬁfrnéﬁq &Itoupssn@)! ivined tegsthenile cwnpln@a invalving divalent
derlv%iv oca I Zeg;%mbé(i)‘ﬁ 381181 H?#{'oﬁ% oﬁ? I&Jé)gl& éorfgédlponﬁé{cf:lw ffieans of a covalent
bond or a covalently bonded divalent group to another atom of the complex thereby forming a

form

bridged system.
Phospholes are anionic ligands that are phosphorus containing analogues to a
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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Exenpl ary of such p-bonded groups are conjugated or

nonconj ugated, cyclic or non-cyclic diene and dienyl
w@emap42al | yl groups, boratabenzene groups, pPOEPRIDE)08916

and arene groups. By the term" p-bonded" is neant

that the ligand group is bonded to the transition

metal by a sharing of electrons froma partially

del ocal i zed p-bond. Each tomifh the del ocalized

p- bonded group may i ndepend b e substituted with

a radical selected fromthe  consi sting of

hydr ogen, hal ogen, hydrocarh hal ohydr ocar byl ,

hydr ocar byl - substi tut ed kat'er oat ons wherei n the

heteroatomis selected from G o®) 14-16 of the

Peri odi.c_Table of the FElenents, and such hydrocarbyl -
subterdiyReld 2hedpslt $dineddi cal s further substituted

Wi tiefrréd ®daRitidP metal dfhplit £foPuRherfincdRéspbil 10 shd iy MK, X, Z,, or
In addition two or nore such radicals nmay together

a dimglythersofy Waeiy i ng system including partially or fully
hquqgggahﬁdnkﬂﬁpd ring systens, or they may forma
netallocycle with the netal. Included within the term

" hylél isscgapipydontaiging dejoczlizad malegihans thspugh ehicd Kaia downgddp M said K
gro@%ﬁ%‘!gia f%sinfing ato&s 9&%9&@&% ﬁ‘g{r@&h %ﬁ%rﬁ; gltigr}allg ntwdo I% giodlps may be

ubstituted aronatic radic
joingg tpeetberfornming a rifiged Ksprturea eiidclaither oSisnelhtxne K may be bound to X or Z;
hy A i er. j inel
oS L A RO L il ABE i coms
optighdlly conor myee eand ang ommare Bgeeups piedopled tagsthento fxxpgenetallocycle,

and }@%ﬁ%ﬁ&ﬂggr %gﬂmgzoro 1%@1% )gng:?%? ggrg%ﬁjﬁ g%%%gp are %lee@ 'tc%gth&r tﬁé]flal;y

fornNpe dhioretst thatlisbritinegvaleytty tfunditorMlapd taoidiretddythezétbyy | |
PR T s o 020

hydtagemebdiny tapeniniyg atdgastions nnshx@drpleetsonghir Graugp whichdt is t@ordinated to M;

heHero atonwfon§§i§ing noi eti es include am no,

phosBAP AEELFRBRY° >or ~al kyl t hi onvi eti es or dival ent

deri iah intesr irbreneod;, For exanpl e, am de, phosphi de,

al kyl eneo or vyl enet hi o groups bonded to the

trd% FPP@ﬁrﬁ@?kaérmfgnthanide nmetal, and bonded to

t heth&yahti, ke R1Hsualgd Sefornad okidatide dtagloONpP, Or

hydr ocar byl - substituted heteroatom Exa es of
o bR e o P SRS ST B G Syitoupic Fhater
comfpyesbOipeideilbse Byttaining d @AYding Frbuiokitkimglthe two K groups. Preferred bridging

t et rahydr oi ndenyl, tetrahyd ugrenyl, .. ) )
gmla’étaaaﬁl%* SPTBEg o ﬁiﬁ &oroal @@%W&lewﬁr Bk amppium, tin, or
carﬁgjnm’gﬁg@eﬁd%ﬁt%c@w&crﬂ&%a Eﬂﬂ%éﬁh&ra%ﬁﬁlp )éélecteddfrom silyl, hydrocarbyl,

ec roant hr acenyl grqi xps 1wosphol e, and ,
bRy REEHAPTRBDS et el R SETReiBre pyeutiar siigonggoms, and e s
1 100 bV E® ihdbpERIRhitly QSIPSGLRY isFetlyD eyl bRBAL B3zl tert-butyl,

substituted or tris(Cl-1o hydrocarbyl)silyl-
phegylyaethexyt eboXyeF PRERP¥Yes thereof. Preferred anionic

del peRlpiefme Hrneed c&{tzﬁh‘iﬁ?t\ﬁf € gfXpd RPEMRTARRYFresponding to the

pent anet hyl cycl opent adi enyl,
formggr aret hyl cycl opent adi enyl

tetranet hyl silyl cycl opent adi enyl, indenyl,

2, 3-di net hylindenyl, fluorenyl, 2-nethylindenyl,

2-met hyl - 4-plienylindenyl, tetrahydrofl uorenyl,

oct ahydr of l uorenyl, 1- indacenyl,

3-pyrrolidinoinden-1-yl,

3,4-(cycl openta(/)phenant hren-1-yl, and

t et rahydr oi ndenyl . 18
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The bor at abenzenyl |igands are anionic |igands which

are boron contai ning anal ogues to benzene. They are
w@e@giogndsd y known in the art having been descrpP@BEUSIHY5/008916

G Herberich, et al., in Oganonetallics . 14,1,

471-480 (1995). Preferred boratabenzenyl I|igands

correspond to the fornmula: wherein RL is an inert

substituent, Rfref gpably sel ected fromthe giSup R®

consisting, o P rggen, hydrocarbyl, silyl, 0. .Qr

ger nyl, [ vi'ng up to 20 atons not

hydr ogen, anqyopt nal ly two adj acent gr ¢daps

j oi ned together_, | nMxonpl exes i nvol (RiH)di val ent

derivatives of del ocal i zed p-bonded\ groups

at om t heR& Rded by neans ofa coval ntho ,0r a
coval ently gdi val ent groxip to anoth of

t he conpl ex thereg forxing e bridged syste 3

Phosphol es are anionic ligands tfciat are fHfosphorus
contai ni ng anal ogues to a cycl opent adi enyl group. They
ar ewhareini ously known in the art having been descri bed
by 3 f er. hol
1Y ot A on B0 Su AL Bt LR RORSRUR 42 0r 4
ﬁnpﬁevﬂ@mshwﬁﬂeflned Preferred transition met a

€O ngj 1%%2&1 chl{rregge dmﬁ%%ﬁ{eﬁ’%)? Rl eglec%e%n tom & g g}or"}f cgn%{s{ﬂlé,oq"hﬁdrg gen,
hydmalzblyl,, sikgLi grnwl,gnymop hdo antcbaombmgtlcdn tecaf, iszid & paxaigemtw P son-
hydro&en% %@6’ b aﬁ%ﬁn O3tS grc?ug)u nd t er a % éace{?{lt g%@%ﬁ% g%}gid?]c%arbadlyl
sﬂadll\}xboﬂgegmadly}b gronp)yhé:rebﬂ fommgla fu@a;gl&tnigeystef1m rand ng a bri dged

tr gstur rther op tional ly. one K e, bound
e st S Gp R o e 2 Ab g grogen
aton‘m Ioetvgo }h’agrbqu td:getlieﬂfoﬂtﬁ al’dma}eht}aﬂfoﬁg&igarﬁlt DO, of gp td 4nhlhydrogen
nor e s .are bonde

o PR =P A e Bt H o et Hons bound by means

of doRtd1RBdkelctBe tOM, WREr upsn M i1OIRE+D ForMBl RXidéti6H RMEIndr €
bonded t oget her thereby forn1ng a noiety that is both

cov%bgﬁPﬁﬁmﬁéﬁH@VPBSKﬁﬁﬁﬁ -coordi nated thereto; Z

' nd@)&%{i‘)@a@ﬁ&lﬂge@ ﬁ&ﬁd@&ﬁ%xﬁﬁ@&% nBondedbedtpt &y Lewi s base
donor ['i gan nonhydrogen atonms containi ng

dlma‘ilyllblr?&yﬁlomﬁléadtmslbﬁalﬂmzj d@leéxytbwﬁtr@mﬂrquyhlpm@dlwlb%lhnez i s
dlmgﬂ'l?le tf‘@cﬁﬁgycio%eﬂﬂdl& i §l)§ﬂné AR fblsgi 250 C}tc?op%ntaaﬁeﬂ g %/ﬁglane,

er from 4: z°I's a nu r from and

2 2~b1§ﬁ?tr4mﬁéhquyglom@élenyléprpme fdimettipiibiginderat-ybsilast. at e of M

dimethylbis(tetrahydroinden-1-yl)silane, dimethylbis(fluoren-1-yl)silane,
dimethylbis(tetrahydrofluoren-1-yl)silane, dimethylbis(2-methyl-4-phenylinden-1-yl)-silane,
dimethylbis(2-methylinden-1-yl)silane, dimethyl(cyclopentadienyl)(fluoren-1-yl)silane,
.dimethyl(cyclopentadienyl)(octahydroﬂuoren—1-yl)si1ane,
dimethyl(cyclopentadienyl)(tetrahydrofluoren-1-yl)silane, (1, 1, 2, 2-tetramethy)-1, 2-
bis(cyclopentadienyl)disilane, (1, 2-bis(cyclopentadienyl)ethane, and dimethyl(cyclopentadienyl)-1-
(fluoren-1-yl)methane.

Preferred X” groups are selected from hydride, hydrocarbyl, silyl, germyl, halohydrocarbyl,
halosilyl, silylhydrocarbyl and aminohydrocarbyl groups, or two X groups together form a divalent
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Preferred conpl exes include those containing either
one or two K groups. The |atter conpl exes include

W@ bwseoment ai ni ng a bridgi ng group |inking thePCmOSH05/008916

groups. Preferred bridging groups are those
correspondi ng to the forrrula (ER’ 2)e wherein Eis
ni um rbon dependent | i
ceriviyg € RniRRERons & oy bt O Gt PURBEor g dene.
Mostptekeyied )(l’%gﬁﬁ@@&feb}{ko,hywée&lﬁﬁ@fdﬂw oxy and conbi nati ons
ald R” awog% up tqo 30 c rbon or _silicon
at P eaﬂ e EpIEgUREigFIE aﬂum} fop Berda Hte Ryesent

invenﬁ@piﬁcm@@urrence is nmethyl, ethyl, propyl benzyl ,
tert-butyl, phenyl, met hox ethoxy or phenoxy
ﬁﬁfcé’?e‘&?d@w&)z‘é@ﬁ‘ﬁp’é%y ont ai ni ng two K groups are

bis(cyeRMIpRRANIEERIhRENARALNY t 0 the fornula:wherein: Mis
titanium zirconiumor hafnium preferably zirconium

bis(eystopprgpdigmyRrirqonivheethy bepzyle4 for mal  oxi dation state; R3

bls(cycrbpaﬁsd;e@f;%ohﬁﬁpﬁemﬁgﬁ@sﬂdent ly i's selected fromthe
group consisting o dr ogen, hydrocarbyl, silyl,

blS(G@@PWFdlel’é’i)élff@m“ﬁ’éﬂPée@’ d conbi nations thereof, said R3

bls(cﬁﬁ%btﬁgd&i&l)h@m%& amg,phydr ogen atons, or adj acent R3
gr oups toget er forma dival ent derlvatlve (that is, a

blS(CWWPIﬁ@(h?IW drappivmsiefhyiieglioxisle, ger madi yl  group) t her eby
bls(C}fc Eﬂt&ge ggl%ﬁﬁnfn{eﬁﬂlcﬁ%ﬁhfm and X' independent|y each

urren I's an anronic l'igand group of up to 40
blS(pqmtﬂmeFW&demtadte@W@mcwummewl groups together forma

bls(péiilta‘ﬁ?e't ?/cl eﬁ¥1 tkt&iﬁﬁ}ﬂdlﬁ&ﬂ}ﬂp of up to 40 non-hydrogen

tons "0 are a conj gated di ene having from4
blS(lnﬂ@nyB@lrmmmdmkmgen atonms bound by neans of del ocalized

indeng&ﬂlﬁér%@lﬁ%gﬁmﬁmﬁml}étg‘f"“er eupon Mis in the +2 fornal

I on stat nd R, E and e are as previously
bis(indgfyﬂ)m@@nm&mmﬂpfﬂ(&(@mbﬁmh&gl&d)ﬂeng&hds cont ai ni ng two

bls(mgen&@% ﬁcog H§'%tf1%16§1K¥1a331 enyl ) sil ane,
b1s(tettaltydtdmyiebyl;z(r’c«aﬁmrmnahﬁyintemlsdple nt adi enyl ) si | ane,

Lret et n- 1-yl)silane,
bls(pﬂ" i hﬁ'Y ﬁygb%‘%%dfen% Ztlrc i ‘5&5%@ ten- 1-yl)sil ane,
b1s(pe&1a3&eﬁiy$:@tlepefnmdmhmﬂmmmﬁcpmﬂd| enyl ) pr opane,

de

bisO R P EPRCT B A GO HOERABEEOESS  | ane,
b1s(p@llaﬂfﬁiﬂj&dyblbpe(nfddltﬁylﬁibcoﬂumﬁlétﬁylblﬁﬁl@ie

. dimet hyl bi s(t dro - 1-yl)sil ane,
bls(mat;%@%%fg?@f“z %F‘m&' 1 nden- 1-yl)-sil ane,
bis(btﬁ&lﬁiﬂ@?ﬂisﬁ?)zﬁminhydghﬁéd@m- (%I yl ) si |l ane, sil

) i et cy.C ent adi en uoren- 1-yl)silane,
bls(t‘mqq‘r&%ﬁétﬁ‘if/@}y ‘é‘i‘ﬂ“&‘m dEpEYs( oct ahydr of | uor en-
bis(etﬁyll&éltr)tﬁéthﬂﬁﬁqlopentadleny1)21rcomumdlmethyl

. di rreth ycl o ent adl enyl (tetrahydrofl uoren-1-yl)sila
bis(m, tgylptoigjl clclop/;enta erfl }r en;y 2.
bis(trimethylsilylcyclopentadienyl)zirconinmdibenzyl,

dimethylsilylbis(cyclopentadienyl)zirconiumdichloride,
dimethylsilylbis(cyclopentadienyl)zirconiumdimethyl,
dimethylsilylbis(tetramethylcyclopentadienyl)titanium (I) allyl
dimethylsilylbis(t-butylcyclopentadienyl)zirconiumdichloride,
dimethylsilylbis(n-butylcyclopentadienyl)zirconiumdichloride,
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bi s(cycl opent adi enyl ) di si | ane, (1,

2-bi s(cycl opent adi enyl ) et hane, and
waleeendnsey cycl opent adi enyl ) -1 - (fluoren- 1-yl)PEr/Os2ves5/008916

Preferred X' groups are selected from hydride,

hydrocar byl , silyl, gernyl, hal ohydrocarbyl,
(dlme%gpslslgl'b%{)étrafne 1&&9&&%{&%@%@9 gqtli]tﬁré(ﬁi? f22(]8}l:]rnl)(egl{y(fa{:rr%1r1cg‘ﬁ{elnzyl,
(dlméth\yallﬁbisdﬂmt}\l@hlopmmﬁenal)ﬁt@mpmgﬂ) 2didéthylemino)behs e

er. t.hey form utral, p-bonded, conjugated
‘hm%ﬁﬁﬂémm%wg?wﬁﬁgPsw gﬁﬂng%roups are Cl-20 hydrocar byl
dim@hydsl Bébis(daiyplie®ndindingitial, conplexes of the foregoing
. for a suitaple for use he present invention
aimg Rur S Bl Ry Ery R iRghy5: Foon undi mothyl
dlmahﬁ£1@yrﬁé(mmymipmyha&hylyzﬂmrmmdmaﬁﬂ; yl,
n1neth benzyl ,

¢l ope zi.rcan
dm@&@flmﬁeﬁ% gﬁﬂwﬁl&i gﬂ%nf%lwedﬁ: PhefEt! {’“tifh%ﬁyl
dlméihjﬁ£1E/Y1§i§(9-ﬁﬁﬂiyﬁ4ibﬁd'hyhﬂcléhﬁ§'zﬂ%lﬂlﬂﬁi (I[)rlefn&’lbhenyl 1,3-butadiene,

| opent )titaniumall

dlmﬁbiéilkyyeT(ﬂyééﬂt‘fﬁf&h@ﬁ‘fy}ﬂf‘iﬂ'} aaﬁfcaﬁ%}@fiﬁ@lpﬁ%& hoxi de,
dxm&hﬁélcymi(@s%wtt@@hga%inhaﬂ-[ SDAkATREMESA| or i de,

ent anmet hyl cycl opent adi enyl Z|rcon|und|nethyl
dlmﬁhséfl &rﬁ@%@ﬂgﬂn eylsperniuile hdtdrerdd Sabrdirsehy | |
dlmahﬁ£1lﬂlq§féﬁlaﬂlgth}';1§ﬁmpb‘l{fﬁjdlé‘fﬁlgméomum dimethyl

i nden uorenyI2|rcon|u I et y ,
dimgghsify; ﬁﬂ%ﬂwr?Wﬂ)Fw}WtMJ (2- (di met hyl ani no) benzyl ),

dlm%hy?iéllyﬂqﬁfé%%%l}o“fﬁ&%hﬁ?ﬂl@&% bttt ﬁ;lbl s, vl .

I's(t'et rahydroi nden zi rconi umet hyl trlnEthyIS|IyI

ethylsinglfig{ Evdemmisir¢ppiuadid @ﬁtadlenyl)2|rconlunnethylbenzyl
eﬂwﬂhaggﬁﬂ@@ﬁﬁﬁaﬁhgﬁﬁhggﬁntadlenyI)Z|rconlundlbenzyl

entanethylcyclopentadlenyl)2|rcon|unnethylnethOX|
ethy@je@ebls(4 5,6,7-tetrahydroindenyl)zirconiumdichloride,

o T e, T oot aral met hyl |
(lsompsa(lidgmeyﬂcw«meoqaélnmsé)ﬂﬂmnWY))mmoommdﬂpmb engyl
dim&h16iH1 Rt &yﬂrc‘?&b%ﬂt’aéﬁgﬁﬁ)?ﬂ&o}éﬁf)?PcBhMHPdnH&BW y

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

metallocycle with M.

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

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

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

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

XY
S

K1_M Xx

wherein:
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bi s(et hyl t et ranet hyl cycl opent adi enyl ) zi r coni undi et hyl

, bis™ethyl propyl cycl opent adi enyt yzi r coni undi benzyl ,
whe@soeiseet hyl si |l yl cycl opent adi enyl ) zi r coni undP@ETZ2005/008916

di met hyl si | yl bi s(cycl opent adi enyl ) zi rconi undi chl ori de,

dinethylsiIyIbis(cyclopentadienyl)zirconiundinethyl,

l;ﬁg {]t%ﬁlu |o¥ klpéoﬁgjtme pre?e% tlar% nclllr(l) ng UFE a+§| -Mll 1trni1talacl)’]xiiclijartri1011 state;

d i Keis h yélscralllyddbn-@(mdeb lipand gyaip@ptntabg substthied ivith G 1dd & R2
| oride,
gﬁmﬁ1nethyIS|lylb|s(n but yl cycl opent adi enyl ) zi r coni undi ch

| oR7 iol each @dbeneiehad 1ﬁcile|pyﬂd91|1ﬂs( ik @etle;&ogﬁﬁﬁidﬁyihe youp pesikady enkydrbgen,
a e
h-‘/d“’(“sr%ﬂei‘% egie %?né’( %H%W@@@F%Oﬁé At &Y R) bavingn PR 30 yon-

hydro%el( dlome bhgdj RBNRS )gB@IpE olgether form a divalent derivative (that iss, a hydrocarbadiyl

| LS| YL Ehademi) e con el ort de

di exett K)lsl eSlhdlcy ﬂlbdlxﬁéazb}'miyb%barﬁﬂeﬂb’dr)sﬂylrgﬁ%ﬁl ddmrgrmtnwmg up to 20
|neth Ib5§é_ net h phenyl i ndenyl ). zi rconi undi m,
non‘hé(f“i%‘fn tﬁ”;?l PYRSIPEE ¥ I fPé‘PH;FFWF?& EaD f%‘lﬂ%‘iﬁ‘%‘éﬂﬁ?e or a divalent

enyl - 1, 3- but adi ene,
derw%fvr%rg?hegpm | yI bi s(2- net hyl - 4- phenyl i ndenyl ) zi r coni um ()
1 mﬁdmphenyl 1, 3- but adi ene,
Fy §|hﬁib|§§453d6 7-tetrahydroi nden-1-yl)zirconiu
drlde
di Xr’els RiR’s ClRyﬂ, BIRSSIR 'S, (R "CR’ g IARGHYRI, CRHEEY;, br Gd¢R’z | wherminu

i S St ST AP SR 9P PR i 151 hydrocarby

hydrogarlyldxypeine ruylhblndndﬁs Bateaf) sad R, having up to 30 carbon or silicon atoms.

di | b tramet h cIo adi zirconi
i BT, P itels P e S e DY BRPRYS et et e,
compmmmemhykmmﬂmgby&éﬁﬁmnahydrofIuorenyl)2|rcon|um
bi s(trinmethylsilyl),
et hyl enebi s(i ndenyl ) zi r corjfundi chl ori de,
et hyl enebi s(i ndenyl R&i_r coni undi nmet hyl ,
et hyl enebi s(4, 5, 6, 7- tet‘i# drqgndenyl)zirconiundichlor
i de,
et hyl enebi s(4, 5, 6, 7R
I, Xa(/
(|sopropyl|dene)(cyclopenta enyl ) (fd uorenyl ) zi rconi um
wherddh,benzyl, and
d|nethyIS|IyI(tetranethylcyclopentadlenyl)(fluorenyl)z
i rAoh gy IgirerRt i filom o3 etdmsmotdoastingdfydiesenal co rrp | exes
UtR4| 1hc?eﬁgldl31ﬁg; elaﬁT Mc@é&@é 1s|119/Hr%Eérf ap o? 9 %{oﬁﬁgﬁ ? %%tsagcted from
erein

preceai
hydromuby{3 trlmldgrgcaghy@ﬂzl gﬁleggarbrlgaymmlulgalgde hydrocarbyloxy,

trihydrocarbylsiloxy, bis(trihydrocarbylsilyl)amino, di(hydrocarbyl)amino, hydro carbadiylamino,

traRyd s'Bgﬁﬂyl)zirconiundinethy

hydrocarbylimino, di(hydrocarbyl)phosphino, hydrocarbadiylphosphino, hydrocarbylsulfido, halo-
substituted hydrocarbyl, hydrocarbyloxy- substituted hydrocarbyl, trihydrocarbyl silyl- substituted
hydrocarbyl, trihydrocarbylsiloxy- substituted hydrocarbyl, bis(trihydrocarbylsils/1)amino-
substituted hydrocarbyl, di(hydrocarbyl)amino- substituted hydrocarbyl, hydrocaxbyleneamino-
substituted hydrocarbyl, di(hydrocarbyl)phosphino- substituted hydrocarbyl,
hydrocarbylenephosphino- substituted hydrocarbyl, or hydrocarbylsulfido- substituted hydrocarbyl,
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defined, and Z is a substituent of up to 50

non- hydrogen atons that together with K forns a
woredoaldmaeycle with M Preferred Z substit uent SPCTUE200%008916

groups containing up to 30 non-hydrogen atons

conprising at | east one atomthat is oxygen, sulfur,

e Perl odi.c Ta 4
w108 BB TR et o PP rPlch HEmE Sl ont
gro@tsnm/bsgimdt@éthfefmmm@epwapc fossisingterauy; of nitrogen,

olﬁlphor us, oxygen or sul fur that is coval ently bonded
Specifi cally this class of Goup 4 netal
_comp’l e8RS, (RE smé;smﬁg icmézctpéz, CR&-QRC ecsm%ﬂm@mn% BREILY, or GeR®;

ud S oC onetry catal ysts”
'§6ﬁ§1’" %"F%z:/x g K1- MXx wherein: M
| s Rfl, indéieHdenely ea?chbeamﬂehm ispr@bartah tyhydidcami iRl &t t he
i dat on?@tate KL i

trlhﬂéti)catbédsil%l!%&dro%ﬂgg ﬁag (ljlg ﬁ?‘@%‘ﬂ) t& atﬁma Bf[hproth%ﬂ Iry@rogen and optionally

two R Bfdupd sHREdogdtewith 9Tor X fbién Srikisyge@ups, R2 in each
occurrence independently is selected fromthe oup
corldh wdenegdestly ﬁ% CEYERCoN S Iy GesP Y2, m%lilhewel%&é%?m Hydrocarbyl,
hydfoX@BPloxy) 8y, Iﬁﬂ% eRRIARIIRA hh B Bshated avE ofR’, Al dorﬁanﬁﬁﬂé h6reof, said R

up to 20 nonh %en atonms, or adj cent R2
hav%glgqu%)rnopéwﬂqoge AR, é@ﬂoml@pa[l]wéwp\ﬁe gy(o(uﬁ%qrﬁ ogegler with Z forms a
ringydépcar badiyl, siladiyl or germadiyl group) thereby

formngafused ring system each X is a halo s

hy df 5@aenial dieRg ey BenodtEs gr rotydentpts Leyis dass, opg‘enaay gensihto R,
RS, biaving up to 20 non-hydrogen atoms, or two X groups

toget her forma neutral C5.30 conjugated diene or a

di valisdrydroge, awpnpyadent praprigfigang giogp having up:to §0 ptgms gyt counting

hydro%en or N% X grougﬁre JOH%H %g%thef ﬁer@ﬁogmnggdwglent%gglv% %?1613?

R' Xﬁd@péh@éntly each occurrence i s hydrogen or a
nE bected fromsilyl, hydrocarbyl, hydrocarbyl oxy
I nations thereof, said R having up to 30
C arlfrefqrrgd exginples gﬁthaﬁmmmgm cfrhplexss angpsilestitugefd af besh the 3- and 4-

posfn%ﬁsec%' 8&0 eﬁ&ﬁkﬁg gjl‘&%;gﬁg{éﬁ{; gvych p rogﬁ’”m exes | ”C| ude

npoun orres wher ei n, i's
an Eaxayiplegpﬁﬂnp farégofingonetd cvmp@@satcmds not counting

3 -pﬁxgﬁcgfgl%géntadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(3-phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(3-phenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (II) 1,3-diphenyl-1,3-
butadiene;
(3-(pyrrol-1-yl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
(3-(pyrrol-1-ylcyclopentadien-1 -yl)éimethyl(t—butylamido)silanetitanium dimethyl,
(3-(pyrrol-1-yl)cyclopentadien-1-yl))dimethyl(t-butylamido)silanetitanium (II) 1,4~
diphenyl-1,3-butadiene;
(3-(1-methylpyrrol-3-yl)cyclopentadien- 1 -yl)dimethyl(t-butylamido)silanetitanium dichloride,
(3-(1-methylpyrrol-3-yl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dimethyl,
(3-(1-methylpyrrol-3-yl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium (I) 1,4-
diphenyl-1,3-butadiene;
(3,4-diphenylcyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium dichloride,
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R4 i ndependently each occurrence is hydrogen, Ar, or a
group other than Ar sel ected from hydrocarbyl,

wao eoospeiet ar byl silyl, trihydrocarbyl gernyl, haP¢TE$2005/008916
hydr ocar byl oxy, tri hydrocar byl sil oxy,
bis(trihydrocarbylsilyl)anino di (hydrocar byl ) am no,

ca ba | a
6 R R ST Do U b e i spsisto,
@3, 4F¢pireﬁyiaycﬂdpy1htsd1brf-l-gibdlxﬂamb/mtsmmimﬂobtsﬂniehyﬁiﬁmqny hyd |
o arbyloxy substituted hydrocarbyl,
tarbyL silyl- substituted hydrocarbyl,

(3- (B-N N-)dﬂﬁ@h:}&ztdﬁyb)ﬁhé@&yyclo@bthﬁﬁéntluylﬁﬂmbthﬂ(t%ii}ﬂ@xyiho)silanetitanium
b#s@tr'hydrocarbylsiI>/I)an1nosubstituted hydr ocar byl ,
d ocarbyl)anino- substituted hydrocarbyl, hydroca

3 (BMMIM&@D@M@IW&I@ﬂnﬁﬁﬁﬁ-@@'@ﬂiﬂ)&hyl(t-butylamldo)sﬂanetltamum
%?% gocarbyl)phosphlno- substituted hydrocarbyl,
h@ &ar byl enephosphi no- substituted hydrocarbyl, or

3-(BIIN QGAs N AN DRyl o5 Bisehiali k- e@l)bmfw@qablhyﬂam&msﬂaﬁ%tnamum
group haV|ngb§% tg. 40 atons not counting hydrogen

atlbhs4-digheyy Biadiers two adj acent R4 groups may be

(3- (J4ii’rleﬂﬁﬁyﬁh@ﬂﬁf—hﬁfetlﬁylé&ﬂbﬁéﬂta@leﬁl@%ﬁ’ﬁé'tﬁyf(t-ﬁ1&%§1§ﬁ1cfobs'ﬂ9neﬁ’€a9}hﬂn
Mis titanium X 1Is Si 2SiR6 2, CRG6
dichdesds. 2. CR6=CR6, CR6 2Si R6 2, BR6, BR6L", or GeR6 2: Y

(3- (h»?neﬂQXyphel%l) 4-pl’1\l'ﬁ§l'cycloﬂ3 Bﬁdlen-ljyﬁéln%thﬁ/ﬁf butﬁB%d%?sﬂB@tltamum dimethyl,

i ndependent|y each occurrencé, is drocarb
(3- %mﬁthwpwal()ﬁ;ﬂhgql}{l(wclop@)‘tadlen- -yl)dlmethyl t- butylamldo)sﬂanetltamum an

tqunﬂﬁkggqnhmh§h&%lhydrocarbyl said RS having up to
20 atons ot her than ydro gen, and optionally two R5

(-RgPlpsuesioxRE cloperitdiar ety 6 buglangiaisanetitnjurs dishBrie,
B
(5P ibasge loperseiia KyhdmHarIG guhiamds slopetn R 4
aﬁ%h&@ﬂﬁ3ﬁﬁhﬂ%ﬂé thereof, said R6
(3-phenyl-4-(N,N-dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
dichloride,
(3-phenyl-4-(N,N-dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
dimethyl,
(3-phenyl-4-(N,N-dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
(II) 1,4-diphenyl-1,3-butadiene;
2-methyl-(3,4-di(4-methylphenyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
dichloride,
2-methyl-(3,4-di(4-methylphenyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
dimethyl,
2-methyl-(3,4-di(4-methylphenyl)cyclopentadien-1-yl)dimethyl(t-butylamido)silanetitanium
(1) 1,4-diphenyl-1,3-butadiene;
((2,3-diphenyl)-4-(N,N-dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamido)silane
titanium dichloride,
((2,3-diphenyl)-4-(N,N-dimethylamino)cyclopentadien-1-yl)dimethyl(t-butylamido)silane

titanium dimethyl,
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having up to 20 non- hydrogen atons, and optionally,
two R6 groups or R6 together with Z forns a ring
wWEymsem42¥Y is a neutral di ene or a nonodent at ePOF/US2005/008916
pol ydentate Lewi s base optionally bonded to R5, R6, or
X; X is hydrogen, a rmnoval ent ani oni c Iigand group
L o, ha nt n I or two X

((23% Ylelgg)y ékjoddm%lé - mo c?/(h 18?"eg§d¥%r ng a di val ent

Ibga]anhl@bsﬂamltanlmrs(m l,GFdllﬂ),en)dﬂd-]ﬂltadSBn@‘ 1 or 2.

@3y B SR Ro & fisery P SR TR SRR o
2,3 At:‘grrpllmybﬁ-tn&dimy/ylbp@tadieﬂd qﬂl)ﬁime;tjltyd(tl-butwiaﬂlﬁdoasillaﬂh’tlt@hﬁmqhmethyl
2,3 %Q)B%érﬁ% cgglgf o%g%ghn)%dprggﬂ%ll(t %utgglmcﬁ)?sﬂanetl%anmm (ID) 1,4~

HiphknydHl petultadicnt;- butyl am do) sil anetitani um di chl ori de,

phen
i PP Bty |- ot e e e gl e e g lorice
(3—ph61@1ﬂhﬁéi&dx@&ﬁh®ﬂ&£ﬂ1&ﬂl ?lljﬁlmethyl(t-butylamldo)s1lanet1tan1um dimethyl,
hyl si | an?t i.taniu

(3-phin —4&%&5&9{9}{0 qulga(H%{- llélﬁ yl(t(t@ i;l?)élilanetltamum ) 1,4-
BI@ﬁhﬁ}q_ygL&m%adl en- 1- yI ) di met hyl (t - but yl am do) si | anet
tani um di chl or

(2,3- %D‘gﬂnylc%r ‘B&S@W%Iali’eéﬁd‘f“?TY?)SWF&YHVP‘(WM‘BL?\OW%“% Jicheside,
(2,3-di lﬂiﬁ&l@rﬁﬂ)dﬁS@Mbpemadlen- -yl)dlmethyl(t-b lamldo)sﬂanetltamum dimethyl,
rrol-1-yl)cycl opent adi e 'I'fé‘n)% i met hyl (t- but I a
(2.3-4§ g‘i (raml?cv%lﬂwqywlem 14 h!mzpthyar B wiozsﬂsn%lﬁﬁnam
@%hgn};l_lrgegdaallgﬁyr rol -3-yl)cycl opent adi en-

di met h -but yl am do) si | anetitani um di chl ori de,

2,3 ét %-Ie(traﬂheﬁﬁlp qg%aqhgq- ng)g,lm)e@yl&q l@ﬁémlg@)syéemetltamum dichloride,
(2,3,45- Yétr)a%{ J{}Bﬁg;{eﬁ tadibi- Yg%@%ﬂ ﬂlﬁ}ﬁﬁﬁlﬁ%ﬁfﬁn@maﬁhm&é&yl and

rro ent adl en-
R A AR R T LS

qhﬁggl%milﬂ;lm%rgﬁ yt adi ene; (3, 4-di phenyl cycl opent adi en-
)di et hyl (t-butyl ani do) sil anetitani um

d éﬁqhquadj@i of pifelly meipbtoopplaresir eye-as catalyst (A) herein are
- l.amn i lanetitani um di net hyl ,
polyeb I RTER oAt KA oRnE
1-yl )d| met hyl (t - butyl am7do)3| I a;net itanium () 1, 3-
pent adi ene;
(3-(3-N, N-di met hyl am n ( ﬁ ) cycl opent adi en-
1-yl)di methyl (t-b '}) negi t ani um di chl ori de,
(3 (3-N, N-di net hylulg m -* cl opent adi en-
1-yl)dinmethyl (t-butyla O)SI Ia}MXszam um
R7

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(hydrocarbyl)amino,
hydrocarbyleneamino, di(hydrocarbyl)phosphino, hydrocarbylene-phosphino, hydrocarbylsulfido,
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl, silyl-substituted
hydrocarbyl, hydrocarbylsiloxy-substituted hydrocarbyl, hydrocarbylsilylamino-substituted
hydrocarbyl, di(hydrocarbyl)amino-substituted hydrocarbyl, hydrocarbyleneamino-substituted
hydrocarbyl, di(hydrocarbyl)phosphino-substituted hydrocarbyl, hydrocarbylene-phosphino-
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di met hyl ,

(3-(3-N, N-di net hyl am no) phenyl cycl opent adi en-
wda.eespeli4eet hyl (t-butyl am do) sil anetitani um () PCT/US2005/008916

|, 4-di phenyl -1, 3- but adi ene;

(3-(4- met hoxyphenyl ) - 4- nethylcyclopentadien-

sub%@tp%%ﬂe?%%%; Lﬁ r#;?%rbgmulgggn § b(s:t?/tg %d’j} (L]i)y L ﬁauﬁ li-’(b o(Lﬂo ?avmg up to

40 digrhg ot boinying hydileges; dnd optidnb Byiweror diorﬁactﬂﬂgd foregoing groups may together
henyl ) - 4- phenyl cycl opent adi en-
ib”ﬁaﬂp?gg{£¥%¥fft but yl am do) si |l anetitani um ()
1, 4Rtlis pldmieht Hydichibylact- enapstituted hydrocarbylene group forming a fused

Ly kA R LR R R P

coufitdngIidrogbn; 4- net hoxycycl opent adi en-
%3y|§%gh&legagnh1@%1ﬁg;§)y@|})€ Tﬁg gﬂ?}flg%f?ng%'i’lle g-all)r(l}l emddal nrg?trg two electron pair

ablél-to)ﬂ)ﬂiddt ook diydtd-tovalshitoadiodd) sid 2@nehbtiaid BuFdd, br dmémber of Group 14
enyl - 1, 3- but adi ene;

of t](xggeé}?gm abfg o( ﬂ}e Nl erments; qwq agsmc?fggrbsytg] %tﬁc&qfx,é)g}ps&horus sulfur or oxygen;
1- yK)iglh ﬁi%ﬁ(h/)ﬂeﬁtt ankhiigand %‘@!)psﬁalvﬁlg ab kd GUNdtoHR &]dcﬁlﬁklé’ﬁﬂ t€¢lass of
henyl - 4- (N, N- di et hyl am no cyclo&ﬁ;tadlen | -yl)dim
hgaéﬂﬂwﬁgat(atfe wialis delaraiizgds Ft’rba\ii@tll&imfalﬂﬁs@ll tippally two X groups together
frﬁ%dﬂﬁ Viigafa 6Ny di met hyl ami no) cycl opent adi en-1 -yl ) di m
o %ﬂlgﬁtyé nﬁ%o)silanetitaniun1(ll)
1 4Z dqqgh@ﬂ%ﬂ.y_’p,a@ JsQurEelcen g;neutral ligating compound having up to 20 atoms;
2- L-(3,.45di (4- et hyl phenyl ) cycl opent adi en-
1 3?; ’10%%fﬁ?t-butylanido)siIanetitaniun1dich|oride,
2- metstegto-of 3, 4- di (4- met hyl phenyl ) cycl opent adi en-

1 yi’ ﬁéx}gﬁ%ga\ﬁh)(l% ?Eﬁc}{l ?\ﬂkl?}?%%lle 3%;111 ?%:1 ﬁ’&gﬁb{i’@g -1%%% tomplexes

cmnﬁqymﬂmgnmmhﬁkmnhbutylan1do)S|Ianetltanlun1(ll)
1, 4- dlphenyl 1, 3- but adi ene;

-4- (N, N-di net hyl am no) £ythopent adi en- | -
utyI am do)silane tita |chI oride,
-4- (N, N—dlnethylan1np)c,_ opent adi en-

Ci s CHs
. ‘> CH
, '
CH 5 TiCH ) CH3_ Si l/\CH3
3 i l ‘
CH3;> NN cas” Sy
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(2,3"-triphenyl - S-net hyl cycl opent adi en-
1-yl)dinmethyl (t-butylam do)silanetitani umdichloride,
W@ 2003/090425 | phenyl - 5- net hyl cycl opent adi en-1 -yl ) BCTES199$/§08916
-butyl am do) si | aneti tani umdinmethyl, (2,3
, 4- triphenyl 5- nethylcyclopentadien-

i xla Sg/rryub tltgteil: %/Adacengloc)omp e)%epsectorlret:s%gndu ng tg )che formula:
4 met hoxycycl opentadi
I - but yl gyx dq : Jocdi chl ori de,
ms hoxycycl open ; A =]
-bu | am do) si | anetitany u I,

(3- phesmyl - DX Vcl opent adi en-CHs—_ 5i CHj
1-yl )db yI (\L bg‘{ﬁl{l am do) si | anetd:}t?l um\(l) (CH.)
1 Adl phenyl Ydi ene; )

yl)cycl pent adi en-
3}1&“ ﬁ%érntlﬁesm? aix?ﬁ‘%ﬁ’@? fhatriat ysebelly EWPHVWSG?-‘P]J@ (A)
acc(nZhri’g-td iRRaYht-idvehfionibéide) thyke bOhe RiradiaeN-
1-yl) di net hyl (t butyl am do) si | aneti t ani um di met hyl,

Ny aphe Icyclopentadlen gFRet hyl (t - but
CHiTH " @r\/ﬂ Jam di chl oqu Si(CHa)2
tetgphe @,;(gl opent adi en

si |l ane /t/anl uni di net hyl , 1~ NC(CHa)s
, } r aph I\cycl opent adi en- / \
s 1-y nmet hgle?y iyl am do) si | ane | umdny 1, én,

di phep 1, 3-but adi ene. Additi oI exanpl es of
ita taI % catalyst (A)

Mis titaniumi +3 or +4
n_sf@hs R ads eag,
ydri\(de3 hydr ocar\ g'\gerﬁ)ﬁl ,
dr ocarbyL¥&§Hhydr ocg NC(CHjz)s
, ,
m,no, di (hydr 1]
yI enegp m,n% di (hydroc hi Y,

g(g subst i t ut go h ) 2 ,

)a?\l{h YZubst it ut g -)n SI\(CHs)z
QM NRegyHsti tuted

py | ) mito ospﬁy’go subsfl Nyci(,CH")S

éne/phosphi nosubst 't u kydrocanbyl , or

hydr ocar byl $isf | d6Hsubst i, ut ed hydrocarbm , 3,d R7
group having up to 40 atons not counting hydrogen, and

opt S%@idﬁet&l%m@fex&%&u&f the fOf 990| ng groups may
together forma d ent derivative is a divale

(8'lﬁ Ylgeeat: wrhéfﬁ@dlb@?m&%%@ efldrséhNﬁyénd%eélrwl%}ﬁiénﬁmﬁbnamlde
10 fiahfon@n) & 4LdisiRAy1-1,3-butadiene,

(8-methylene-1,8-dihydrodibenzo[e, #]azulen-1-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IT) 1,3-pentadiene,
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systemw th the remainder of the netal conplex, said
R8 containing from1 to 30 atons not counting

whyasogar; Xa is a divalent noiety, or a npi et BCT/US2005/008916
conpri sing one s-bond and a neutral two electron pair
able to forma coordi nate-coval ent bond to M said Xa

-G Ay TBIEED O, MR
hﬁatllrlmggﬂ 2-Phyglheshylaminglpkfak  or oxy_gen; Xis a
(84@%@5?1}4& £8Lin ?@ﬂoﬁﬁ’)hﬁ% Lé}gé‘zﬁlgnﬂr@ %ék%@h%e?hjl)%@%@%iﬁﬁ%ide

usive o
tehivod[V)ztchlomplebound | i gand groups and optionally two

(8- 1%%*:%%91%919 8 E?}?&llog%&#og Ch? z%leg 1 eg)l IQTE{ 1 dmge?l (iiet l%urgétl%y%sﬂanamlde

ependen neutr a
umnpmuﬁﬂhhmmmmg up to 20 atons Xx is 0, 1 or 2 and z

(8- Jgécﬂaﬁgﬁeo rc111 1gﬁoﬁ{bgf etfr@azu gg@ny'l%l 2 g ﬁ%eiltllc let%%:irpme%xy?sﬂanamlde
mnmms(pb}rﬁbemgylt othe fornula: H
2, 3-di net hyl -substituted s-indecenyl conpl exes

corresponding to the formulas: -or
(8-Aflnetiythylsndk 8-idiytiedibsnzo[egeaieyd1 -yt)aNyl, exes

Or [,espo in o t he . f or nul jtio ex Ies of

S et Cetatfiod R B, T e b e aeR ol vt
(8- c(lﬂu)oramaﬁyldlhmgsidmyﬂﬂa,elbpmzegeemzuieﬁn@nmxm14 ncl ude those
Speci fic metal

|
Sl Bt D lanaige HBH Y (Dl perticions.
(8- cﬂifiﬁor_dmbt%iyle?m{ E-ﬂﬂ@@{oﬂtb@i}z’é?etﬂ]i&ﬁ}en-l ;acr? |- E(Nti( 1- 0
A- 0l e SI |1 anam i tani ym
iquar%w@ﬁwﬂhﬁm St e (1) 8-(YeY-ieghylomino)benzy,
(8-dif1Sorebuigieadi, mn@a{o&beﬁﬂo :izﬁlén—l%dCRVN-)(I N-(1

1-di net hy Ieth di net h S|Iana tltanlun1()
dimgthy Eﬂﬁﬁﬁ} % it reine (V) dichlofideir odi benzo[ e, A] azu
(8- dxﬁﬁbrbmyth}leﬁ\é { k-»dh%ﬁx‘oﬂ%%ﬂﬂz\é ]Miehdtﬁmlaﬂ& | anani de

titani um ( i met hyl ami no) benzyl ,
figey %qtlwl)é%eﬂwl%lamnﬁgiﬂ%ﬂ%éWQé[r@etm] azul en-1-yl)-N (I
(8- dlhu&bﬁahﬂxﬁeet b-)dh)ydﬂoﬁﬁkﬁ% eS;quareﬁmﬂﬁNki fani um (1V)

di chl oride, (8-ngethylene- ydro i benzo
ﬂl@leﬂljygzlml)éme lgy_l%;]aylanmde( titanium (IV) dibenzyl,
, 1-di met hyl et hyl ) di net hyl si | anam de
(8-methylene-1,8-dihydrodibenzo[e, #]azulen-2-yl)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IT) 1,4-diphenyl-1,3-butadiene,
(8-methylene-1,8-dihydrodibenzo[e, #]azulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (II) 1,3-pentadiene,
(8-methylene-1,8-dihydrodibenzofe, #]lazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (III) 2-(N,N-dimethylamino)benzyl,
(8-methylene-1,8-dihydrodibenzo[e, Alazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dichloride,
(8-methylene-1,8-dihydrodibenzo[e, #]azulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dimethyl,
(8-methylene-1,8-dihydrodibenzo[ e, #lazulen-2-y1)-N-(1,1-dimethylethyl)dimethylsilanamide
titanium (IV) dibenzyl,
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titanium (1V) dinmethyl, (8-nethylene-
1, 8-di hydr odi benzo [e, h]lazulen-1 yl)-N(1
wQ 1e0diosaehyl et hyl ) di net hyl si |l anam de titani um PCNYS2005/008916
di benzyl, (8-difl uoronethyl ene-
1, 8-di hydrodi benzo[ e,/ ?]azul en- 1-yl)-N- (1, 1-
di net hyl et hyl ) di net hyl si |l anam de titani um ()
|, 4-di phenyl -1, 3- but adi ene, (8-difl uoronethyl ene-
(8- c_hﬂaexdmhgnd}eodil Betn@drc[dd;ehi@hﬂhmlm ZylyNyEN- (1, 1-

% e\ﬁ%y% Methﬁs{%ara%g? }nmm?]@ g,% I tr?yq 1%nllu(t2dlene

I ene
(8- mﬂBGrdmh&lglreﬁﬂﬂJﬁelnIMrddﬁqehio@zkl]hﬂihl-ZLylyN)(iN (1, 1-

| an titanium (I :

g“%%ym%l&ﬁ)r%‘%ﬁgﬁﬁﬁs ‘}SBE a(ﬁ}gsd’e’f‘tﬁ S‘Porret( hgll ene-

(8- dlﬂaexdmbmgntreﬁﬂu Js&imﬁiegleh;}o{@zhybﬁnbél-zl?y%ﬂ)ﬁ N ( 1( |1
SI1 ana e | Tanli um

Ao b iR bra Y Grcibtinghesh 2 o
(8- @1ﬁud$r})ﬁhéﬂhbfl%ﬁc-l 3-dityrirdditledzole, hlazulen-2-y1)-N-(1,1-

an{r?g{h ? %‘ﬂ thIS|Ianamdet|tan|um(IV)

| yllﬁv}lily ethy filanypigr iR PdhY). dichlegidgi hydr odi benzo[ e,
(8- &I}lﬁ@ﬂdfn@ﬂhyleﬁe yI8)ditydfolibknzole, #]azulen-2-yl)-N-(1,1-

j met hyl et hyl ) di net hyl sil anam de titani um (PV)
ainlfélﬁ’ﬁl?yl) methsippraide titapivm GY ydnethd benzo

(8-difudtbgul RAe- 28§dlﬂydf\é'd(b1anzo[e h]azulen-2-y1)—N-(1 1-
1 di net Ieth Iggll neth I'si'l anam de titanium

mft )é'ﬂe&ﬁ/ Wleth}jlﬁ W%‘a a@H@ (l'\()giltpﬁgg)ﬁ,)gné Faxtures ’Shereof, especially

mu&m%s@lﬂ pyfiopdiideanzo [e, h]azulen-2-yl)-N-(1
d| rret hé et hyl ) di rret(HyI silanam de titanium ()

s@ﬁt}/e e((gnp-}gq )me@ql, gamplexes for use according to the present

1nvént§h@b1|?é( bRfoReNBALAa/ 2] azul en-2-yl) - N-(1
-di et hyl et hyl ) di net hyl si | anam de titani um (I H)

2- (N N- di rRéT hyIRam no) benzyl , R? R0

(8- 8- di hydr odi benz19[e Al azul eh-2-yl)- N (1,
| - di i met hyl si | arfa m (1V)

di chl or >|@ 10

(8- net i ihOdl benzo -2-yl)-N- (I
, I -di thlethy)dlmst yIS|Ian I UMX4,V)

RN (1
et hyl ) di met hyl siglen
di f | uor onet hyf ene-
[e, h]Fﬁ ul eng®-yl)-N(1, 1- R
d| nmet'hyl et hyl ) di net hyl si | anam %e titanium ()

2

o R R R 27 €6 A L TOR S 2] azul en- 2-
yl ) TNk (WR1-di At hyl et hyl)

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

R" independently each occurrence is hydrogen, hydrocarbyl, trihydrocarbylsilyl,
tribydrocarbylsilylhydrocarbyl, germyl, halide, hydrocarbyloxy, hydrocarbylsiloxy,
hydrocarbylsilylamino, di(hydrocarbyl)amino, hydroéarbyleneamino, di(hydrocarbyl)phosphino,
hydrocarbylene-phosphino, hydrocarbylsulfido, halo- substituted hydrocarbyl, hydrocarbyloxy-
substituted hydrocarbyl, silyl- substituted hydrocarbyl, hydrocarbylsiloxy- substituted hydrocarbyl,
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di met hyl si |l anam de titanium () 1, 3-pentadi ene,
(8-di fl uoronet hyl ene- 1, 8-di hydrodi benzo| e,
w0 2qoamped4en- 2-yl ) -N-( 1, 1- PCT/US2005/008916
di met hyl et hyl ) di net hyl sil anam de titanium (I)
2- (N, N-dinethylanino)benzyl (8- difluoronethylene-

hydj] qdcarbtykgy d L Odi— §)u 9 eh (fazbuﬁl [kd%dr a%bafyalgnnb-( ﬁuvjtltuted hydrocarbyl,

hydebo@hiymheaﬂﬁno substituted hydrocarbyl di(hydrocarbyl)phosphino- substituted hydrocarbyl,

iy B 1 Gk RSPy S A AT A o rocarts

said RN srathb II(E\hh]ghp to 40 atoms not countlng hydrogen atoms, and optionally two or more of

8-di.fl t.hyl ene- | dro b
the %"J?%ﬂ“é%a r]“):i‘-l rt’FPSID&f}yﬁ%&e f %jvag"lﬂﬁ‘g@[“wl"§ hershy fradne a
satdratb @B whRAtMladM) faleBeiRgy| , and mi xtur es t hereof,

espegial ly mxtures of positional isomers. Further

11 Rt BRishpledngin dplgtalize L BRIGPEREST pish agagiety comprising one

-bé&cF&Hde MR8trd19wb BRcRSEREAblel & MR bl BB dFAfe B SRR E‘oﬂd% M)€aid x°
fornmula: where Mis titaniumin the +2, +3 or +4

confpsisipalbotsni et hesmbes phEeoup T4 pithe Peyirglic Table.ofthe Fgngngs, and also
hSd hydr ocar byl boryl, or
conﬁ%ﬁ%%&%&%%% B?ﬁphéﬁlus sgl%rwlo ggﬁ

] or UE to l at’'ons not countlng
hy dXdg e mone¥alent arderpie hghod fopp badie wcte ¥P riome exdlesive of the class of

oA 850 LA L R AR B X

mgﬁhdnmeammyhﬂmymnhy@mmmgmhyIsiony,

Rgg a%%éjf%t:l?,e%ﬁnﬁﬂmccqggwfﬁ o{é%ﬁ%;ﬁ?\fgp%?mgo%n% havmg up to 20 atoms;
hydx&aanbykmlemﬂhosphlno hydr ocar byl sul fi do, hal o-

substi tuted hydrocarbyl, hydrocarbyl oxysubstituted
hydF&CAPHyI, silyl- substituted hydrocarbyl,

hyd mghay Ihlyfeﬁd'bl}OR j/s-—NS(CEbI§)1; Ktislhis6lor hydrocarbyl, x is 2, X’ is dimethylsilane, z is

TES CIMSCHENTENER LS T TR P——

hydaydir@meémho, cfwimmmmﬁ@n abBiithed sutredaityliEea, or

hycg% Pfg po- sll.}b%ﬂr%% Qe %@%ﬁg@%ﬁ rl‘llﬁs gc? Q(g%%gis IHI E{)J%Bng hydrogen, and

optioWElP&GRA Y krou ngb’w jomad fydindy] fi do- substituted
phydrocarbyF o roup havi ng up to 40 ato

couﬂﬁsﬁﬁwﬁm%ﬁ%‘ﬁpla’éeé the eerp BTN 191 PP GPIRBFgpe practie

of ﬂl@ﬁregé?ﬁ BEGHRE f@@ie@ﬁﬁﬁﬁie &QOIWHWNH&OQH her forma
| ent derivative t a saturated

(t"’tE}FYéaA’@ld?)étI@ah&flﬁ%lﬁ’e?%Or{é 2 2)(3\7/(lsm%’thd}291&9%1}1(3H)rtb‘idé{‘?Z'yl)Sﬂanemam“m

UBQKiﬂﬁh&ﬁlﬁghﬁﬁ@khéed p electrons or such a noiety
npri si ng neutral two el ectron Pair

(bt i) TREY 46 Elbéwer[ﬁét@ d@vaﬁbﬂtsowéﬂb(%mdegf‘a% l)sktanetitanium
b&digenBOr on, or a nmenber of G oup 14 of the

eriodi c Table of the Elements, and als
(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3 ](1-methyllsomdol) (3H) indene-2-yl)silanetitanium

(III) 2-(N,N-dimethylamino)benzyl,
(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-yl)silanetitanium
(IV) dichloride,
(t-butylamido)dimethyl-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-yl)silanetitanium
(IV) dimethyl,
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conprising nitrogen, phosphorus, sulfur or oxygen; X

is a nonoval ent anionic |igand group having up to 60
war@s®omEx| usi ve of the class of |igands that BCEUS2005/008916

cyclic Iigand groups bound toMthrough del ocalized

p-el ectrons or two X groups together are a dival ent

(t-bl.?(glicngmno clljl%ﬂregﬁﬂﬁ,’gg%%ﬁ-&él %}i@ﬁ’? nlﬁr 1Qct>1|rlé/ol) (gﬁ{)]-m%g%ui anlanetltamum

RV)idbethzyll, 2, or 3; and z is 0 or 1 H| ghly preferably

h
(t- b%ylhlﬁ{dﬁ})él € I—E6X7]t>é¢’nzo ?%9 Zg% &H yelgcghé/oycgﬁl) I!riaﬁl& %i%sﬂanetltamum
(hy)disggémsthglsityiir ocar byl , hydr ocar byl oxy,

di hydr ocar byl am no, hydr ocar byl eneam no,
di hydr ocar byl am no- substituted hydrocarbyl group, or

(cycﬂryldX}d)amidmydlmaiﬁMﬂ(]benwaﬁ Itﬂih}( gdletnyﬁfoﬁmagquﬂ{)-@ﬂ@d{al. of
0. at co rogen, and optionally
lgm ﬁgﬁ ‘g’gﬁheﬁ%fjf%lbﬁ‘g@e{oget her. Illustrative
(cydmmllammmlmmgl-[ﬁmﬁehm fo8: B OJ(Dehefi@Tisiddal)(Br-indag-2b e
éed [ nﬁ)ggﬁ t| ce of the present invention
Fanitp &41%8%| owi ng conpounds:
(cyoamlegmamﬁ@mlﬁlle&lgiqumko [465: 7] R D8Rty AsoRidl).(31}Hntlend®t hy |

I)S‘imﬂflﬁﬁ’i‘é‘ﬁ?/ﬁﬁ% ’g‘h‘i‘%&%}%@lg llae%de,t Itanium (I1)

(cyﬂdhe@l‘éﬂﬁcﬂﬁhﬂﬁ@ﬂlﬁm[@@qﬁbﬁko- [465: 715%( Mﬁtl{yﬂso'ﬁldgi) (31} -fobene®t hy|
| s [ ndoI ) (B%dfcﬂlgggf 2- yI )silanetitanium(I1)

(cyc&iahegm&ﬁﬁk@jalﬂh@mﬁﬂ-ﬂaezt]m&o- £5:7 lﬁFMfétﬂyﬂsoﬁldgl) (§3H§ Hobien@BL hy |
i.soi ndol ) - ( in ene2y)S| anetitani um (I

lS'é%eNI@F%ﬂ%ﬁW%) benzyl ,
(°Y&5heﬁmﬁh&mlﬁ%9tﬂ6%m£o-i465 7 1ﬁ$anett{y§soﬁxd%l) (§H fobiede®t hy!

i soindol)-(3 ani um (
s tianan ( dlbenzyh

(cycﬁ&heﬁ%ﬁﬁ'uﬁﬁ&ﬁ%?! [%Eﬁ]ttl-)ﬁko 465 7 lﬁﬁaneg{yﬁso@ldgl) (i?PH Lfnhen®t hyl

soi'nd I% ani um
sd)sﬁﬂél@ﬁyqnu{rm( by(tamﬂtablyléﬂlhet hyl -[ 6, 7] benzo [ 4,5:2",3"]
(I -methylisoindol)-(3H)-indene-2-yl)silanetitani um
(TV) dibenzyl

(t- b‘{tvlalblﬂq)ﬁlémm@yWhﬁB'ﬂ)I‘{ﬁﬂl1{6620754&921 Bl [-methylisoirgol(3)rinddng2-

- netitanium (1V)

%)Ffi t@ﬁ?:lr?le tn?]a'ﬁ)l 41 &‘iﬁ?é?&r 23 %l diehd

(- bl(talyl@idfhémmﬁw@w@ﬂ)ﬁéﬂﬂhﬁhzc[ B,573 Bak-mefhatli®irdo) 3 H)ihdares-

e-2- yl)sil anetltanl um ()

SRRt hespe 2

(t-butylamid o)di(p-methylphenyl)-[6,7]benzo- [4 5:2°,3%](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IIT) 2-(N,N-dimethylamino)benzyl,

(t-butylamid o)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
yhsilanetitanium (IV) dichloride,

(t-butylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3”](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IV) dimethyl,

(t-butylamido)di(p-methylphenyl)-[6,7]benzo-[4,5:2°,3°](1-methylisoindol)-(3H)-indene-2-
ylsilanetitanium (IV) dibenzyl,

(t-butylamid o)di(p-methylphenyl)-[6,7]benzo-[4,5:2’,3”](1-methylisoindol)-(3H)-indene-2-
yDsilanetitanium (IV) bis(trimethylsilyl),
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(cycl ohexyl am do) di et hyl -[ 6, 7] benzo-[4,5:2",3" ] (| -net
hyl i soi ndol ) - (3H) -i ndene-2- yl)silanetitanium ()
wa 2@spemeadi ene, PCT/US2005/008916
(cycl ohexyl am do) di et hyl -[ 6, 7] benzo-[4,5 :2',3
"]1(l-methylisoindol)-(3H)-indene-2- yl)silanetitani um
(H') 2-(N, N-di et hyl am no) benzyl ,
(cycl ohexyl am do) di met hyl -[ 6, 7] benzo-[4,5:2",3" ] (I -
(cyoﬂtyllexﬂﬁ)lhlfdhldl())—lﬁ&hj)lphelﬁﬁl@-l[l@?]ﬂenzw[4 Si2k aﬂ@tmétaﬁisomdc(lj (\ZH)—lndene 2-

hi
?)83 d“%‘ﬂ I g imendr b3Puediend henzo- [ 4, 5:2', 3' 1 (1 - et
(cydithexkyd ainidplijp-rh @ IpliengipNE 7 Benzp[ 3,5 12p a’f]@t-métﬁlﬁisbﬁﬁd(ﬂ] {H)-indene-2-

| met hyl .
?)é sﬁgm%l&osearaﬁ@w [6, 7] benzo-[ 4, 5: 2,3 ] (I - met
(cydihkxiyd e IR i fp=rh i) ph R iGNE 7 [Benzp [ 2,512 aﬂﬁtmétﬂﬁisbﬁﬂdi(ﬂj @H)-indene-2-

TR it O A0V iy Rming b Binzo- [ 4. 5: 2. 3 ] (1 - met

(cyd%l)hkﬂ(q?@thﬁﬁ?iﬁ@p rﬁé‘l{@lrlidﬂ?l@-‘[@ﬂgenz&ﬁl[) Siob @ﬂﬁtlhétﬂﬁiséhﬁll((lj:(ﬁ-l) indene-2-
rlne Sl

Flapgtianmn %/lﬁrlﬁ'iﬁat hyl phenyl ) -[ 6, 7] benzo-[ 4, 5: 2", 3'

(cyc:lc(hlexﬁﬁﬁmébdﬁ %&Hﬁbﬁen{zlz@ 7]%&%@5% 3m1)1§éthﬁﬁ§ha&)a@wmdene-z-
| phen

Y%ll%ﬁf%“&‘l‘ﬁ &%) diredvhet hy| phenyl) [6, 7] benzo-[4,5:2", 3'
(cyc‘]lcﬁlkaxﬂﬁﬁa%bdlﬁa%&ﬂﬁbﬂen&ﬁ—'[a TioBgeNe s 2 354&1)rﬁéthyaﬁ@m&1)a(3mmc1ene-z-

pent adi ene,
ﬂa@&tlgana\m%)éaberﬁ«yhé%yl phenyl )-[ 6, 7] benzo-[4, 5: 2", 3'

(cyc]lc(h'exﬂgﬁlnﬁékk @) Qﬁbﬁen&ﬁ-’[& 7]%3&@[@ 59 3 5]& I)Iﬁéthﬁﬁﬁhﬂélﬁﬁw qﬁdene-}

Flsatiymimm A5) BCRAERROheny | ) - [ 6, 7] benzo- [ 4, 5: 2, 3
]( ( l\%lﬂ&tﬂﬂﬂ(/!e G?&H nﬂm:t)tl &%ﬁexésr{gﬁ%y%e eﬂﬁbl)o%d i [ﬁ%tﬂrécﬁ@é &rﬁxe present

lori
inveitiorhir themine bd: d| ( p- met hyl phenyl)-[ 6, 7] benzo-[4,5: 2", 3'

(tert](.lf@ﬂg%déz({lj{%;c’lcﬁ%ﬂ&ﬂgll_iiﬁﬁh%: | ndeper@- vl)silanetitani um

hexahydrphaphitd syl dipetivets ipnkjitenmtiimefif), 7] benzo-[ 4, 5: 2", 3'
(tert](é»%lalmc{%%( %%Og {ggamgthbglsﬂ,@ngenﬁg G, 7y§ )si | anet it ani um

héxabytlmh@mlﬁmhﬂb<{1ﬁeﬂi}%lts1ﬂla)ﬁbmb1ﬁﬂmﬁn)ne&1@1 7] benzo-[4,5:2', 3
(ter% amlcf] %/(lteltrgr?lletrl]lggn -cy(c%g'e):ntelldli]qu ) dlmethy){slll)arsleltgtaan?uerﬁ ih%eangly l,J m

(tertbéu%(lirhidb"%éﬁﬁhéﬂhkryﬂSloy(:fé}f&lt&liﬂﬁﬂjhlﬁﬁ@@)lﬂieﬁﬁnﬁﬁtMétﬁﬁe nyl

benzo-[4,5 met hyl 1 Soi ndol ) - (3H) - i ndene
(tert lzliylaym)d@i)(reétn@pﬁhwam rqyniopgntqﬂmym Ighethapediyltigani divietile,

AR AR DOk g 45
(tertybutydarhiloytdtiamaihyian (Jyclbp&qkmty Bdiirethlsilane titanium (IT)
2-(dimethylamino)benzyl;

i

(tert-butylamido)(tetramethyl-n’-cyclopentadienyl)dimethylsilanetitanium (III) allyl,
(tert-butylamido)(tetramethyl-n’-cyclopentadienyl)dimethylsilanetitanium (IIT)
2,4-dimethylpentadienyl,
(tert-butylamido)(tetramethyl-n’-cyclopentadienyl)dimethylsilanetitanium (IT)
1,4-diphenyl-1,3-butadiene,
(tert-butylamido)(tetramethyl-n’-cyclopentadienyl)dimethylsilanetitanium (II)
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(cycl ohexyl am do) di (p- net hyl phenyl)-[6, 7] benzo-[4,5: 2’
,3"] (I -nmethylisoindol)-(3H)-indene-2-
wa@ kgosiod@met i t ani um (111) 2- (N, N-di net hyl am no) PErEy1005/008916

(cycl ohexyl am do) di (p-net hyl phenyl)-[6, 7] benzo-[4,5:2
, 3 ](I met hyl i soi ndol ) - (3H) - i ndene- 2-

titanium (FV) dichloride,
¥3fcfl aﬁ%ﬁ(y' am do) di ( p- et hyl phenyl ) -[ 6, 7] benzo-[ 4, 5: 2

(tert Bityl{snidoR @ mythydiodangDdijneth§ sl areritainer 2 1,4-diphenyl-1,3-

lllt)dui" | anetitanium (1V) dinethyl,
% F%?‘Iexyl am do) di ( p- net hyl phenyl )-[6, 7] benzo-[ 4, 5: 2

(tertr tﬁltjlérlntdflimzhn)dtliyﬂilﬁdeﬁh@ﬂ)ﬁﬁne{h?ﬂd)laﬂeﬂfiﬁﬁﬁr @D 2,4-hexadiene,
n / nz
e m yﬁ,aﬁ%&{ Ay R etishiym 5}’ W pigeablfa, 5: 2
b&adléhe met hyI | SOI ndol ) - (3H)-i nden(re] 2.
T R U R R IHARAR/ TS L

nsmwlgylmd)(p,m&ﬂwnwnggalhﬁﬂly@flaﬂehﬁnﬁm@ﬁI 3bi@atd ONn
urther. | ncl ude but

(ert N -G ng s T st V)
bemmmgpp%hﬁm@ﬁ@nyl )d| met hyl si | aneti t ani undi net hyl ,

tert-butylamdo)(l,l,2 3-tetranethyl-2 3,4,9,10-
(terthbultylggn o —} dgmethylmdenyl)dlmethylsﬂanetltamum (IVB

hs@g;@ﬁydr onapht hal enyl ) di met hyl si | anet it ani undi et hyl ,

(tert-butyl am do) (tetramet hyl - h5-cycl opent adi enyl)
(teﬂoh%%éwﬁﬂox%ﬁMfthxlmdplu%dun%@#szganetltalllum (V) dimethy!

(tert(-ﬁu@ﬁimhl‘&(y k %&@lﬁﬁgﬁaﬂ)ﬁﬁﬁétm&ranetltamum (IV) dibenzyl

ent adi eny l'anetitani um di met hyl ,

(tertchu&l@m@gs)(g,pw@byl(ngml)gm gilanetitanium (IV) 1,3-butadiene,
(terttb'inﬁmid‘agg Bl wdznﬁydanewm&émﬁh&ﬁ ISR R

tert-butyl am do) (t et'ranet
m—mﬂylm@ﬁw)3dilln@,tbﬂyﬂdgwl)éﬁ@ftﬂil}tlsahnfmmnmlwéﬁ)ﬂﬁ diphenyl-

gtgq;u{ac}péﬁgyl ani do) (t et ranet hyl -

5-cycl opent adi enyl ) di net hyl sil ane titanium (1)
(tertﬁ:u(c;darngip}(%myﬂm(jmh@yjethyls1lanet1tan1um (II) 1,3-pentadiene,

(erf b ‘J‘mP’%( %%@W%rfn%%%ﬁﬂeﬂ agim (YL dmetyl by an iy

(tert(hu@rl@miﬁm(%nmwim)@ybdlmﬁwtsﬂgdetltamum (IV) dibenzyl,

(te%%ﬁyﬁ%% d%Rg %e%%?%ér)g?hﬁyﬂéﬁ {hy%ﬁz?l}elu{aglwmu(ﬁ} (1)
Qﬂehmhdwltrm—amadia)e(t et ranet hyl -

(tert%tb?ujp_ﬁy dﬁg eﬁlyiﬁfﬁ%r?ﬁ Gengpgl {hy%ﬁane anlumu(ﬁs Q% -pentadiene,

(tert(liu@rlamtdm(¥-|nmﬂlyd1-9)p(1ényﬂmdamyl)dhyieﬂlylsﬂaneutammn (II) 2,4-hexadiene,

(tertl‘%uiﬁ%m grtal?adthglnxl-c)ygl%gglttaq}/enyf)élmet 1yf tan s11anet1tan1um av)
(IBEHutadiHmbyl am do) ( 2- net hyl i ndenyl ) di net hyl si | aneti t ani

(tert—but3gle)1m%Oﬁ(tegrgglgtlel{)ly't% —cycl%pentadlenyl)dlmethylsﬂanetltamum awv)
2,3-dimethyl-1,3-butadiene,

(tert-butylamido)(tetramethyl-n’-cyclopentadienyl)dimethylsilanetitanium (IV)
isoprene,

(tert-butylamido)(tetramethyl-n’-cyclopentadienyl)dimethyl-  silanetitanium (II)
1,4-dibenzyl-1,3-butadiene,

(tert-butylamido)(tetramethyl-n’-cyclopentadienyl)dimethylsilanetitanium (II)
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but adi ene,
(tert-butyl am do) (2- et hyl i ndenyl ) di net hyl si | aneti t ani
wa@p00§p9@23t- hexadi ene, PCT/US2005/008916
(tert-butylam do) (2-net hyli ndenyl ) di net hyl sil anetit ani
um (I'V) 2,3-dinethyl-I,3- butadi ene,
(2t4_r}(i}§1:éjr}eyl am do) (2- net hyl i ndenyl ) di net hyl si | aneti t ani
ui'nelle I'sopr ene,
(ter¢-bugylamidu)(ietrandtild)f *2yolpdiyddisngBamnelhgi- ne tdieitdhametm) t ani

mﬁ(’l Y% 1, 3- hut adi ene,

?f% 1) GeReplafieRfo) ( 2, 3- di met hyl i ndenyl ) di net hyl si | anet |

(tert-lamj/lMﬁﬂg()j(ﬁli)r-dﬁl_aeglﬁbgﬁ%dﬁ%‘l!&-ill)ftmlbt!lﬂl&lgﬁﬁlﬁfﬂﬁ%iumdinheﬂ}yl,_ | _

(ter{-&ﬁ{l%ﬁd%}t(%/,5)-%Pngeg&l&?@héx;dri‘glgfl)(¥irr1|etli]1yles,iqg/ne)[italnirlrlgltdin%/eﬂ?}ll, anet!

(tert-buyihmiab ¥ | AmhAN)102 B9 dbNEL MYl MRk )atindBlthML =4 | anet i
tanium (1V) di met hyl

@%)@Plethbf@ﬂ%qeﬁmﬁa@}déé?tmldi net hyl i ndenyl ) di net hyl si | anet i
K 2 o P 20 O T TR e
yDdimgthylsilageeignimd@aistityhdi ene, _ _ _ _
(ter%%ﬁl%@ﬁ%%i{%%@%tﬁ g%]\isgcg?léﬁegl?ﬁse% f ﬁaﬂﬁmén}gfla%gttitgl}{ih% d’\%n eti

@inemtltyd,but yl am do) (2, 3-di et hyl i ndenyl ) di net hyl si | anet

I 1, 4-di gh |- 1, 3. -bhutadi ' N
o RG2S Hee I B PP PARAD ¢ an
upr-diphedyl3; Peidadiecne,

(tert-butylatnido)(2-inethylindenyl)dinethylsilanetita
1-(tﬁ?—h\ﬁ;yl€1p\¢f> ~&iGsEam, yl-n -cyclopéntadienyl)éthanediyltitanium (IV)

Gttty RH4 Y| am do) (2- net hyl i ndenyl ) di met hyl si | aneti t ani

um (I'V) di benzyl, s
1-(trt-buytylaiyigdoy P-4liiranegthol-nrestyblp pentadismphsthanadightjthy idin(8) h¢-diphenyl-1,3-
butRgLi tanium () 1, 4-diphenyl - 1, 3-butadiene,

(tert-butyl am do) ( 2- et hyl - 4- phenyl i ndenyl ) di net hyl si |

anePtheradelogalized, mib@ulpéennadéen@specially those containing other Group 4 metals,
w1lléllr)]fgt:troﬁrtsé,)l %IE ﬁ}%ﬁ%{%ﬂj@% tﬁ_gﬁggglgix lenntfe%? EJ?,%HX L}erh‘i's%f&éd) a%llorr@%[i%rl Iﬁ!ac!es in:
WQQ3é18¢ 30 WG D318483) W@ 02/82E0hWIO-02/02577, US 2003/0004286 and US

- | j j | 5rnS) L '
ral S Bt P T o SOELLBILA. (50, e
>AHWI9ycl opent adi enyl ) di net hyl si | anetitanium (1V) 2,3
i ?;&f%itg%%lgﬁxéfﬁlﬁé% UE ]t%gtltaf%?%tl%)eﬁ that are usefully employed as catalyst (A) are
contplexesyfipolyesiera fiewisyiapal] sveh hydamipoamiicbiresponting tb e formula:
I SOprene,

T° T
PLLL'% ! .‘_rr" i
R")g—X° rQ{*’—(R")g R —x° %:;Yb—(Rb)g
M . %“Mb
| .
Lbh : , O Il_lbh be !

; preferably
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(tert-butyl am do) (tetranethyl -

h5- cycl opent adi enyl ) di net hyl - silanetitani um ()
wdaebsdodaehzyl - 1, 3- but adi ene, PCT/US2005/008916

(tert-butyl am do) (tetranethyl -

h5- cycl opent adi enyl ) di net hyl si | aneti tani um

() 2, 4- hexadi ene, (tert but yl am do) (t etranet hyl -

h5- cyclopentadJBnyI)dlnEthyI S|Ianet|taﬂ1un1()

3- et hyl ent

(tert(%agyrain do) ( 4—&Rnﬁt hy|@ebgadx8n 3- y|¥drﬂiat)gy| s

i | anetitani untingy hyI N
(tert-butylanidé§(6 6- d|nethylcyclohexadanyl)dlnethyl

si | aneti t ani undijivet hy! |

(tert-butyl am doj{1, 1-di methyl-2,3 , 4,09, 1 2 ’

10-h-1,4,5,6, 7, 8- hexahydronaphthalen 4-

yl) rrethylsH”d’netltanlu i met hyl ,

(te but yl Vﬂdo\(l {tetrapet hyl - 23’4\9\10 ,
&5, 6 Kos- heegwydﬁBng ht hal R — x? Y2 ®RY),

yI) |methyls\r\La titaniundi et hyl N /

(tent- butylan1ﬂ© (tetrametihyl - h5- cyclopenhﬁdienyl
wethylphenyIS|Ianet|tan|u (I\O di met hyl, [y b
(tert-butyl am do¥Tt et ranet hy®t hs- cycl opent &di-&fy!
nethylphenyIS|Ianetltanlun1(
1, zpylmr%g niy |2 bridgingygroyn Rspferably containing 2 or more atoms other than hydrogen,
|- (kepb o H%@ﬁh&t‘ﬁ%n&n(l? SLIERNEL WY the group consisting of mtro en, sulfur,
h5- cgclopentadlenyl et hanedi yltitanirum (I'V) di %
oxygan@n{l phasaharuss et Peafeerbly- bptly Xeand drerdwiirogen,
h5- 1{%9!1 RPERIBLIaERY/ J=th B !
| phenyl e@ X)Ib l,zlit ad%lgx‘gﬁéé ard H}Id?%]e{x‘ E_)Tllcéa%so hydrocalbbyl groups
opﬁwﬁm é@nt@l@mﬁ p@@snor@bﬁem@ms yr whokysulstiftied derivefive thvegof. Non-
hmlﬁgjﬁgglﬁleggf s@tkgolea ir@i :Mdafr{]‘g fgro‘ﬁgyi%?lgcé aggyel %ﬁl?e%ngle QlIy%S %ll{)b Qgtﬁy)alkylaryl
and pycdepdie/] groupswe vl a7 8aigezen \WhoBH 8 AB3gen\ Al @@b@@@mb)s,tmm derivatives

) M 4 o
o SERTE R 0PI S S 055, i B o
phely.266diABthylphenyl, 2,6400is @98y )pbichiyt, Rdfatrineltyinbeed, whtafte¢raphenyl, 3,5-
jusefully enployed as catalyst (A)
t“ﬂgggagﬁﬂg%m&pgkugﬁﬁﬁlyvalent Lew s bases, such as
congisQrd$; correspondlng to the fornula
o e AN A TRk ARy 39 8B BT G g e
Peri¥dic anlde efibé Eleﬁldﬁtﬁlehtéﬁ‘rﬁﬁly, Mtk e CGiregp ZT-lZDIiIBlhh enogy [oeifprably M® is a
sting of nitrogen, sulfur, oxygen and phosphorus;
(h°W%?ib %Perably both Xb and Yb are nitrogen,
L" is a monovalent, divalent, or trivalent anionic ligand containing from 1 to 50 atoms, not

counting hydrogen. Examples of suitable Lb groups include halide; hydride; hydrocarbyl,
hydrocarbyloxy; di(hydrocarbyl)amido, hydrocarbyleneamido, dithydrocarbyl)phosphido;
hydrocarbylsulfido; hydrocarbyloxy, trithydrocarbylsilyl)alkyl; and carboxylates. More preferred
L groups are Cj. alkyl, Cy5 aralkyl, and chloride;

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

Z" is a neutral ligand group coordinated to M®, and containing up to 50 atoms not counting

hydrogen Preferred Z° groups include aliphatic and aromatic amines, phosphines, and ethers,
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Rb and Rb' independently each occurrence are hydrogen
or Cl.50 hydrocarbyl groups optionally containing one
wo@roosoE2het eroatons or inertly substituted dePCTES1008008916
thereof. Nonlimting exanples of suitable Rb and Rb'
groups include al kyl, alkenyl aryl, aral kyl,
alkelgeg llya)d%nlés\/ | aci;) 1%1%1%16 q)gtc %%Qg &Vﬁ%ﬁlﬁfggfg gSélﬁSbg%\ﬁ%{'tis?%{iglants include
halogém‘ alk@tyl, m@k)xjf,hﬂifoﬁyxfarboﬁﬂemﬂylbk)ccaﬁbmﬂp bighkydedcatbiyhhuatnke RD

trl(hgc{g?%?ﬁpyl)ﬁﬁ\@g 111t§ﬂg§r%ﬁ%§.e§m {yf%%éﬁ%%oggsl i’nclhgeo@i%ﬁgrgfkp’hosphine,
tetraRydbefdiaf] mﬂﬂﬁpaﬂd)lmhﬁﬂ)élnylbﬂacﬁeﬁet ri met hyl phenyl ,
pe Et af l.uor oghen% . - trifluoronethyl phenyl, and
R intgeqrdrog hjo 1 l\/b is a netallic el ement sel ected
f r omd 6F thitdef 3°, RO 2R Qiay béRilcltb falitr GLfosR bisRgle®r ntulidle ring
Periodic Table of the Elements. Preferably, M is a
SUUREB p 3-13 netal, nore preferably M is a Group 4-10

methad an fmkgbiSirdin mléﬁblféi‘ﬁﬁly fréthVedoan hord%fref%fabw&lm to 3;
ani oni c_ | |%and containing froml fo 50 at ons,

couMtt nigdirgfer By darm o eleptnisiniractiops eapacially Bogfi@aswr covalent bonds,
1ncldd | okl 8p18 Bbidd Sirrdi dih B cookiifht8 BaidaYdnd dBMSH 1B ifA¥a®Optional double
di hydr ocar byl ) am do, hydrocar byl eneani do,
bondgj (hydr ocar byl ) phosphi do: hydr ocar byl sul fi do;

hy g eicePdnkboaehs, itif hrefaned AeEroyve kditvbB116¥ sieri@ Bfhdrance with respect
car boxyl at es. Nbre pref erred Lb groups are C1-20

to X I giis e@ndzm%rWSkaeﬂa%B RARBY 78 étralght chaim plkylaregpes straight chain

alkeﬂyrl gmu%s tbPan@hedQﬁﬁB @ﬂ(?l%é(upg (Vﬁ&b]-n {h@ cﬂ)sesmrdﬁchﬂ{gegoﬁ{t ?sbc{t Yeast 3 atoms
from and | or 2, wth the value

remayed BomSK)- tuzsf 11@#)@ dﬁhﬁ@wﬂafﬂ@@n% aillegy or tr%drpgarbylﬁbu sybgtituted
derl\lah%qgergcﬁo Wgh@fﬁ%féfr@@k‘e oﬁpg nMﬂns af d‘ﬁﬁé}ltt Qllerélrggtréi 1ttcHa1n alkyl
atonms not~ counting hydrogen Pre erred Zb groups
groupfhcl ude al i phatic and aromatic am nes, phosphi nes, and
et Dehify AR Sm Rl %Sﬂﬁjd t i
delrkl vatslqv es t hg reo gﬁ?%g I j:g}lgfr?gr%? I%E%sl,%tﬁtg%g rlé hustt&g hindrance
withjrespead deYh aNogmiting Beanples oﬁﬂyﬂabkyR gn[okp»@cmmﬁy)kﬁment include alkyl
I
or al?é’rnlxlk sﬁ%ﬁ%ﬁ%}% ong |01( {‘ng s 8 Q’? %aa%osn. ceB ers céycload<yl aryl,
alkagh agpmp or ammhm:dleetdrwqyplimwppnh@sprhc ma,noﬂgatic ahgcmmemlﬁ:moannerlc or
cycligé{' 'm%'i Il,gd h%n dtll\:l}%if'ocgrlb hrr%gl\él agf# tﬁ%gérq@drocarbﬁgﬁ% sluf)]st%gec{ derivatives
thergofii Preteried @é’t drarps urothfs@rrWDQmsmtnginamfromﬁ ltd 4({Dln®re plmfprably from 3 to
30, a%l Enl“(l)cg pl“xl‘gnttegl;ag{}pflfoe 2 ?oa 0 a e ?11{9%20&91} ng%ydlﬁ%ell_l are b ncM J o8 cychc
anyExﬁmpm of prefeed T cgmlms htetseuaates oorrespaEag ta Itlieyfollowmg formulas:
coordlnate ordcovalent bonds, including multiple
R\bonds @®DpwBIsi gni f yROORY] nat e bQR‘E)s @ﬁg dot t ed R,
Icnesc(ndl cat e Optiggnal doubte—gé o o
7 N . 7 N, S N, / N,

Rd (Re)2 (Rd)2 (Re)2 Rd RC Rd R®
\C—Sn/ \P—C/ \C _P/( s \C—- /

Z N ., < N,z \,or/c\

, Wherein
Each R? is Cy.10 hydrocarbyl group, preferably methyl, ethyl, n-propyl, i-propyl, t-butyl,

Pphenyl, 2,6-dimethylphenyl, benzyl, or tolyl. Eachh R® is Cy.1o hydrocarbyl, preferably methyl, ethyl,

n-propyl, i-propyl, t-butyl, phenyl, 2,6-dimethylphenyl, benzyl, or tolyl. In addition, two or more R¢
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bonds. In one enbodinent, it is preferred that Rb have
relatively low steric hindrance with respect t o Xb.
wo pooshd@E2enbodi ment, nost preferred Rb groups BCEUS2005/008916
strai ght chain al kyl groups, straight chain al kenyl
groups, branched chain al kyl groups wherein the
orff?fbﬁrﬁssb: RIERGERE aﬁ)cpkﬁ%rgr ocn?%{yb{c/) G rt]‘Mo ﬁ(ﬂfvareﬁr@er%gme of a
hydroearhyldrawagublyss L.k phtyknbdtS-pentydehedera nnatityels, ftlsreérrmgipolyvalent
u hi phodi.pent are C1-8
hyaf o) BR300 BB MR TERIETL 20 O S
e mbitrefierreddxaiRples qfithd foregbiny philgealerd ILaWIS\kmkeycomwdxesmelruH@
hindrance with respect to Yb. Non-linting exanpl es
sui t abR® Ro’ groups fBr this enbodi ht i ncl ude al k

or alge yl groups c i ni ng-one ory re se ondaryl\pr
t er tN=&a ry\carb n ceNter 34)40 oal kyE al karylﬂ/
ic h )

al i phat i M8 ar omaf i it i gro &1%, o ganic or
J5=53 14 ol i gop ROl yneri |cgro
, i Nydroca Am no, al

] ar byl W subsiitu ' QVGS

Prefpégred Rob'> groupd,in this enbo"

nt contain f]qum 3

to 40, re preferabl rfrom3 to 30 rand nost
prefer Iy fr 4 to p2Q atons_not coqn i ng hydrogen I
and ar ranched or_qayclic. anpl es Q\ prefgrred TN
groups ale, structu Bs dar gfLes ondi g to evfal | owi/ng

rul as: Mvrlhe ei % C1-LQ_hydr carzoyl S

v abfly meth tHhgl " opyl,

, 6- di| e phez oRyI

Sy €4 | hydroca by]., pr fera 1et hyT, ethyl

5 n- prdpyl , i-propyl Xda-butyl,” pheny}¢
2,6-dinethy|pheny|, benzyl, or tolyl. In addition, two
or norgd Rdor Re grougs, or m xturesgof Rd and Re grqﬂps

her yval entgdderi vati ve of- & /
as, (1, 4- Yl gne,

1, 57 pent Y g Mogyal i c fusé Mg
al egt hype or “Het dr gcar By|ge
apht pal ene - di yl exanpl es

. &
I ng yeal ent, Lewi s bgge c ex=~sin'ude7R
vvherei n RQeach occurrenge IS |nd2{gende:§d1y sel ec?ded -
fromthe group consisting of hydrogen, and Cl1- 50 ¢
hydr ocrt byl grogips optionally contaifing one or mnre*}
&t er oat-ons, nerri\/]l subs |tuted grivativ

W Or fEth ~opt|i onal t W& acent Rd > N= 4
e 1

b‘ﬂOp ther for/ME>d vaI nt br l\d’g-lng roug;
R RIA/mstaIR y titapi
hafner or a oup/ 10 |net al | preferab y N orPq;
is a nongyal e and—af up™~to 50 at not
hydr ogen, pr ef erably halide:or or

wherein R? each occurrence is independently selected from the group consisting of
hydrogen and Cj.s5o hydrocarbyl groups optionally containing one or more heteroatoms, or inertly
substituted derivative thereof, or further optionally, two adjacent R* groups may together form a
10 divalent bridging group;
d’ is 4;

37



10

15

20

25

hydrocarbyl, or two Lb groups together are a dival ent
or neutral ligand group, preferably a C2-50
whyasoeredyl ene, hydrocarbadiyl or di ene grouppPCTs2005/008916
pol yval ent Lewi s base conpl exes for use in the present
i nventi on especially include Goup 4 netal
[M’;igadr %1%?%?1“ ?n%ga?? %‘érf'ﬂyly l{]? %%nhuorphg@gla\r/;t X%o fO 1aeta1 preferably Ni
orPtdorrespondi ng to the fornul a: vvherel n:. RI1 is sel ect ed

ar y 15 alfﬁl nb\lg]agr ll ando to@ﬁt 0@1%318{ o\l;%t nig&C ?9?&%%&)&%%'& Ih’alide or
hydummam m twg g rgmmps’l_togethé}&reeat divedent 6 neaival i dand) gloyplrppeferabigra C,.s,
I ocaré le £ td gcgrbl% f \ae thereof; T1 is a dival ent
YIRSy %rr 287 Y°CAT £°P® 4 1 atons ot her than

hydr l&gﬁ@valpﬂtéfe@is&hk@/coﬁlpteﬁesaﬂr Wk OiMhe peadTR ibiehition dspaiully include
er ab

hydr o nost
Grof e sy P reree el BBy T o e g e
hetdriazylicmpovnls cfrefiRhéin@ e thd fogh@p cont ai ni ng Lewi s base
functionality, especially a pyridin-2- yl- or
substituted pyridin-2-yll"group or a dival ent
derivative thereof; |s R”Group 4 metal, preferably
haf nium X1 is an RM o neutral or di ani oni ¢ l i gand
group; X' is a nunber f%%@ to 5 indicating the
nunber .of such X 1 groups; and bonds, optional bonds
and" B4Rt r on donative interactions are represented by
I | NRYS is seleétb@ ot ialkOB cRIANST, hEWRalkGIS HRhkiedaVleyl, REBS BH fiRskly

npl exes, are those wherein_ligand formation results
Sub?“rt‘&ﬁc} frrirtigethersr soniaunede | et Aunsaol feuning hpdrggry or a divalent
derl@ﬁt\,le(ﬂ{&éoky fromthe | oss of one or nore additional

roups, espeC| ally fromRl2 . In addition, electron
d 0 nEtlF BAveleRibridsiaz gewp of foas btor 4iramstlz thap hydraspi patfergbly 1 to

20 zﬁ&nsealt&ﬁg St tid 'h&drogé'noyﬂdmt ﬁgféhtblyoarlﬁénos el ol onﬁy&ﬂacérbﬁ

netal center. Preferred netal conplexes correspond
substieted wethylpne or sijgrecem avl X1, x', RL 1 and T1 are as

pr ex® Qust.y, lge%frb %oug%gntalnﬁéiew&gse%gztﬁgh re%pecmllyla pyridin-2-

hydr ogen,” hal o, or an al kyl'; cycl oal kyl, heteroal ky
yl- W@@W&Y@é‘ﬂlt@yﬂ groapwr a digplengidegyyatiyg hefgobf up to 20

atopis NQroGPARELD grehy i PaeRumOr adj acent R13 , Ri4,
ls roﬁp e 32&] o}nﬁed toget her thereby

gr oups
f or?ﬁ lﬁgn ﬁIU@TEQj nplftwgomémlw ligred growpid bonds, opti onal
bongs @ﬂﬂnl% E&B 08 5 ﬁiﬂfdatn‘ijgotﬂ@hﬁr}ﬁ?er bFLE! 3O LIRS 26 €

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

lines and arrows respectively.

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

formula:
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dotted lines and arrows respectively. Mre preferred
exanpl es of the foregoing netal conpl exes correspond

w0 eoosl4bdDrnul a: , wherein ML, X1, and x' are BGI/US2005/008916

previously defined, RL3 , R14, R15 and R16 are as
previously defined, preferably R13 , R14, and R15 are
hydr ogen, or Cl.4 aIkyI and 6 is C- 20 aryl, nost
preferably naphthalenyn13Ra iRdependent |y each
occurrence is Cl.4 al kyl, ais 1-5, nost
preferably Ra in two githo- pysitipns to the nitrogen
i's isopropyl or t-butyl; RR18 i ndependent |y
each occurrence ar g, Wydro hal ogen, or a Cuo al kyl
or aryl group, mo8t Norefefably gne of R17 and R18 is
hydr ogen and t he ot her i%ﬁ;ﬂ-c}é 20 aryl group,

especially 2-isopropyl, nyl or a fused polycyclic
aryI group, nost prefera yxan anthhﬂ&ﬁmyl group, and

ptjen ponds and ron pair donative
|nter b% 45 ?%ﬁ%%g%ﬂ?@&e dines, dotted Iines

an dR‘é,rRlbwés and Reané hy/m g¢n, hidogbtlayt afkyk Eﬁﬂdaﬂ@'l IRtedalkyl,

e b Gl o e B Shelil SR ol est 0,
R" b R gioups dyst @igbided topsthddthefebilideiting faved nﬁg @érwa@bésy affach

i ndependently each

gg g‘lf?:n{ig Egtgoniz%b%éwﬁgtromrdi@%aﬁwe BiRsAckPRs Are repyresented by lines,

(bﬂn&ﬂ@ﬁyhdaﬁwwﬂﬁ%@aaﬂhgcent Rf groups are joined together

thereby formn rin and f is 1-5; and Rc

i nd%‘ﬁ@r?&%ﬂﬁdfnga@ﬁ %ﬁoegweempe q?w}eé@séﬁrreﬁ%ﬂnég%?be frmula:
.20 al kyl, or Cg.2oaryl, or two adjacent Rc groups are

joined together t her eby _fiprii\ng ring, and c is 1-5.
Most hi ghly preferregge npl e nmet al conpl exes for
use as catal yst (A) accgsdin heﬁggesent i nvention

are conpl exes he fp* oW mu : wherein RX is
Cl1-4 al kyl or Kyl , pre bly net hyl,

i sopropyl, t- o C hékyl' apd X1 each
occurrence is halid&)aN, h#grﬁﬁfﬁyﬂ%n1do or Cl-4

al kyl , preferably nethyl anpl es of netal conpl exes
useful ly enpl oyed as cata@éﬁ% (A) accor dipgeiuo the
present, |nvent|on i ncl ude:

[ N-¥12 26 W aet PpYigesiydefisereny| ) ani do) (o- tol yl ) (a- naph

fj h %]té R'2 R Mk RE- Ry i HéRodly deinkl) (ratRap R R3F RLYRYS are hydrogen, or
|

Crapgtiyl, @‘23/% & Celoo Frk MpStrdigrablymehiiplpadi do) (o-t ol yl ) (a- nap

ht hgd 1§&pgndghtw daBr PLirech 15%1_4 alkyl, and a is 1-5, most preferably R* in two

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

R"” and R"® independently each occurrence are hydrogen, halogen, or a Cy.y alkyl or aryl

group, most preferably one of R!” and R'® is hydrogen and the other is a Cq.5 aryl group, especially

2-isopropyl, phenyl or a fused polycyclic aryl group, most preferably an anthracenyl group, and

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

dotted lines and arrows respectively.

Highly preferred metal complexes for use herein as catalyst (A) correspond to the formula:
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di yl ) met hane) ] haf ni um di (N, N- di et hyl am do) ;
[N-(2, 6-di (1-nmethyl ethyl)phenyl)am cio)(

W®@2310809142% a- napht hal en- 2-di yl (6- pyri di n- 2- PCT/US2005/008916
di yl ) met hane) ] haf ni um di chl ori de;
[N-(2,6-di(l-nmethylethyl)phenyl)amn cio)(2-isopropyl phe

nyl ) ( a-napht hal en- 2- diy\( 6- pyri di n-
2-di yl ) nmet hane) ] haf hi net hyl ;
[N-(2,6-di(I-methylet g [ ) ani i <do) (2-i sopropyl ph
enyl ) (a-naphtlial en-2-diy E-% '
2-di yl) met hane ] t hyl anxi do) ;
[N—(g,é di (I- )¢Q€1§ ohenyﬁy j |<|¥mxg |soéropylph
enyl ) ( a-napht hal ep 6-99rid
2-di yl ) met hane)] ha dlchH |
[N-(2, 6-di(]-nethyl ) phenyl ) am < (phenant hr en- 5-
yl ) ( a-napht hal en- ZI@¢&H@6 px ! pdi n-
2-di yl ) met hane) ] haf ni um di net hyl ;

N- n r
I[ ) ( lgereﬁ% %Lé%aﬁg%uﬂéﬁcgmf h é(p WM%’A&WI%&& %p el ?ﬁlg;l Sl p?eﬁérably

%wm@muwﬂmqﬁfhamﬁm%hanlun1d|(N N- di net hyl am i do); and
N- £ | | <
£/| ) "flﬁcggg{%lg%y@ lﬁ&elﬂ?é %Bg(ﬁggeai) lﬁﬁngelg QZ) S aﬂ%’ﬂ %mdg 20 aryl or two
adjagerd iRygr)mpstakmel)eql hngﬁimnhed@bwlfd)ronngbermgmwefns tigandeact i on
d
fgre][g’l 15& §Qn Hi@ﬁe%%l%?ccgrrene? jsdy rnb%atéo Cig all?y; qu:e arzgl Or two
adjaoénttRF geups an@ jplirtel &lgether tlgarehy;folsruitgsa mtg,mlﬁbb atl-5 he 6- pos

ol 1 o i Brr e e ot ool et st Qosrigh assegding o e
memﬁﬂﬂ@mﬁmthecmmﬁaksoﬁm@ﬁMaWﬁgﬁhmmbﬁnded to both the
resulting am de group and to the 2-position of the
<xnapht hal enyl group, as well as stab
coordi nation to the pyridinyl nitroge
t he el-e on pair of the nitrog
deri gorresponding to t
is a of C}oups 4-10 of t
el enent s, Q
pref“ 3
ahgﬁﬁképhc Us CORt
oca{pyybxy one or t
sq fed to ovid af ge bal a i ,
[ adffidging i gand. Suc (ésts have beel
5cl osed in J.anAm oc X'18, 267-268
(1996), ,
wherein R* is Cy4 alkyl or cycloalkyl, preferably methyl, isopropyl, t-butyl or cyclohexyl;

G oup 4-10

and
X! each occurrence is halide, N,N-dimethylamido, or Cy4 alkyl, preferably methyl.
Examples of metal complexes usefully employed as catalyst (A) according to the present
invention include:
[N-(2,6-di(1-methylethyl)phenyl)amido)(o-tolyl)(o-naphthalen-2-diyl(6-pyridin-2-
diyl)methane)]hafnium dimethyl;
[N-(2,6-di(1-methylethyl)phenyl)amido)(o-tolyl)(a-naphthalen-2-diyl( 6-pyridin-2-
diyl)methane)hafnium di(N,N-dimethylamido);
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J. Am Chem Soc . 117, 6414 -6415 (1995), and

Organonetal lics. 16, 1514-1516, (1997), anong ot her
waele@sheses es. Exanpl es of the foregoi ng netal PONPFBRESN8916

i nclude aromatic diimne or aronmatic di oxyi m ne

conpl exes of Group 4 netals, especially zirconium

b Gt ey i o e M egeRbetlel 5 doupvnidin

diy)n@iuE)IRMAGen dihioyiek;0gen, hal ogen, or Re; and Re
|nd§§endentl each occurrence is Cl-20 hydrocar by

GG e BB BT CEisprom e e oA ai(6-pyridin-

2(hwgg&hﬁgﬁm%ﬁugnﬁﬁggﬁ, nore preferably Cl-10 hydrocar byl
or N substituted derivative thereof, nost

pr[éYF(érGacbd1yn%thsﬂgthyl)pd1¢razl)klyil@nﬁ%@@rmwlphepxlb(ptmayhthalen-Z -diyl(6-pyridin-
I gﬂpg , cycl oal kyl,
2 dlyl?rhaﬁgrggT#X}lary ﬁg#ﬁ% {h}é Most pr ef erred exanpl es
of [Nt(@¢5- Cfl(dFm@@lﬂml)mer&'l)amm@(bxmomﬂlﬁleaymmmﬁhalena diyl(6-pyridin-
es of zirconium corresponding to
2dwﬁﬂﬂﬁ¥gﬁ%ﬁﬁg@ﬁﬁgkgﬁﬁ X2 is as previously defined,
pref@readit 1ymétyldtyljpyeltyDaai diyjl phenantiv&i-5-ph @k ﬁp&tﬁhhlyn-miﬁml-pyridin-

and is methyl, isopropyl, t-butyl,
2dW§?@fﬂﬁéﬁ??W %ﬁﬂhexyl 2- net hyl cycl ohexyl, 2, 4-

di [ﬁﬁ(@"&ydlg}&ﬁétm&ﬁ}mphel%d)%fd& phbnantirées- PM{G—@Hpﬂﬂﬁﬁl@l@-héﬂhyl@-pyrldm-

eride i enzyl ,

d
2- dlylémftmrwlhafwu@ Wﬂﬁmﬂp%@hwognagg . 32¥ophenyl
2 [@J‘ (?'6(d1§1%ﬁ!tﬁ’}@éfh?lﬁ)‘ﬂ%bhnu@&)(p%mﬁnﬁﬁeﬁ LELRL ﬁ%hﬂﬂgﬁﬁ‘i ldiy1(6-pyridin-

or egol ng conpl exés ncl ude ceértai
}deMngﬁMhﬁkmmn@mhmﬁplexes di scl osed in EP-A- 89058 1.

T : f

O AR RO PR e o B s
inventipry dredwd:rogstmmf thfZ-g]stuiqp of hege hipdthatane gobiup abtetitited iagthn d:position of
the p)ﬁ%s n—f—yfabl B is subJ i t%ye 1{118% jagih t[ﬁ?r%i)gyalglg%{ulée@a]{gﬂfr{%ﬁé% %e% gollj"rpplg&es wherein

grou
the mptakik e@\fa[eﬁt‘l\)‘sbdnhécbﬂdg)bfh thdre€ HltiKZ ainfleREdipdind & thd 2-paditibnkd the o

napht {lgrﬁi gr%% ::11? é'g]# flsssta%ﬂ&e(? % 5(9 g\%}}ﬁ]ﬁnﬁ ntgltthegqgfglgg%ﬂgtrg%‘g %‘Fo%qetﬂrough the

electrﬁﬁ)ﬁm@m@ésm@égep@{owal ent Lewi s bases for use herein

i ncl ud
Group E 10 derivatives corresponding to the formula:

[ N

< M? X2y
2

L

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

wherein

Group 4 metals, Ni(I) or Pd(II), most preferably zirconium;
T? is a nitrogen, oxygen or phosphorus containing group;
X2 is halo, hydrocarbyl, or hs/drocarbyloxy;
t is one or two;
x” is a number selected to provide charge balance;

and T2 and N are linked by a bridging ligand.
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conmpounds corresponding to the fornula: , where: Ris

an aromatic or inertly substituted aromatic group
weosaraehg from5 to 20 atons not counti ng hyPEDUS2905/008916

or a polyvalent derivative thereof;T3 is a

hydr ocar byl ene or silane group having from1l to 20

S 5, D SPUDLACH LRl ADSSRDY B85 s

1. Azi. Chemi Som, 017, bafan641H (1955),sand Qrganometaltics, hig U ¥4al 5164(1997), among
thGﬁgkgﬂéc | i gand group; preferably a halide,
%y&rocafﬁyl or di hydrocar byl am de group having up to

20 Btaoipies obthe Coregriingngetiiycdmplges indpde sromatitidiingine b1 demakico
. 5.indicatin e nynber of such.G groups; and bonds.
s aiogilyRE pERRIPA of P i fhne Sl e PP g 2l Tt
lines and arrows respectively. Prgherably,d such
conpl exes correspond to the fornul'a whefein: T3 is a

di val ent bridging gredp of fRom 2 tg—=268<atons not
counting hydrogen, prekerably sub ‘ediﬁg
unsubstituted, &3, g oup) A

i ndependently eac ocvurrenC@[ygzan ene or an

al kyl - or aryl-s fut ed arxlene 0 Qf from6 to
20 atonms notr%o drgenmy=B/i s a oup 4 netal,
pref erably hafni i rconi ym G i ndependently each
occurrence i s an g ic, ngéltral or dianionic |igand
group; g is a npéber fiegm 1 to 5 indicating the nunber
of such X groups; and el ectron donative interactions
arew%ggﬁesented by arrows. Preferred exanples of netal
conpl exes of foregoing fornula include the follow ng
comdaufidsd T svhes pretiBushsdefihedyr Zr; Ar4 is C6-20 aryl or

i negd. [ Jer | ' of neespecial ly
o ok s BB Lh BBl Y i, G SR e
10 di bRhindepkideptfy sach ecchirrgrice iso:alntdicabgror 5 hytbroatamel edpecially a F, N, S
R L (T N M A —
derl'!vatbilettlieyeo@uinlist pléﬁtt‘fdf ey, difedlt}ilanﬁpdidﬂﬁ't, gmolym’piric}enyl, perfluorophenyl,
n pen ac currence 1 s nydrogen, al 0,

°y°4?§@§‘o§’é’r%§a3‘|t"}%¥fP’ha;’f%}g@c arbylsilyl, or

t r i Mystpodardiyekahplyd dfyich forgsiby metaf cotplekes dpdaramatitsdingimine

count i hydrogen; apd G, independently each
15 conplext eeamye REFBOBEO AP byl or
trihydrocarbylsilyl group of up to 20 atoggcegy,

counting hydrogen, or 2 G groups together/are a
di val ent derivative of the R

—N O
/
71X,
A\
H3C)3 0 1/\1

,or
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foregoi ng hydrocarbyl or trihydrocarbylsilyl groups.

Especially preferred are conpounds of the fornula:
wob@sew2Ar4 i s 3,5-di (i sopropyl) phenyl PCT/US2005/008916

3, 5-di (i sobutyl)phenyl, dibenzo-|H pyrrole-1-yl, or

anthracen-5-yl, R2 1 is hydrogen, halo, or Cl- alkyl,

especially nmethyl T4 is propan-1|, 3-

butan-1,4-diyl, and Gis chloro, ng %#)br benzyl .

Addi tional netal conplexes Rfe those—ei~the foregoing

fornmul a: The foregoing pol¥§élent ew s byse conpl exes

are conveniently prepa GG and
ource of the
funciional |igand
source(§¢@ g may al so be
prepared b el i m nation and

hydr ocar byl ati on\progess stariei ng fromthe

correspondi ng G oup 4\netal tetraam de and a

hydr ocar byl ati ng agent,@%ﬁbh as trinethylal um num

O her techniques may be used as well. These conpl exes

ardekgBwn from the di scl osures of anong ot hers, US

pak eHonBPdPH, pRfek hyd: 38842 BrefdBly methyl or benzyl;

Darashis ,‘qan ickiten, pRibd O3y }%ﬁi o conpounds
and for use as catalyst (B) include the foregoing netal

COPPRUARS LITER 9N R Buld, LRIDERACGEIoh Gy 2S Blotes (g 2.0

wel | “as ot her ound ﬁE_rowso ,

dimethyiexelohgxsyiy 2—pyrrplylonhYb 'PI';S"FOI&lt 2—!31@9@461% meﬂpé?mrpaﬁéﬁlyl
benzy?o-tb ,@,&&Iﬁﬂe&yi&h@}i}? WerflnBlopRL{ 1086 df@é&ﬁlrc}ﬁ/f)ﬁhéﬁ Y b4, @' gh

conononer | ncorporation properties are al'so known
trimethgipherk-porate in situ prepared long chain ol efins

r I 1o r

t et O AR AU ol it PRk TR o ek @ liscloged in EP-A-
8905%f '@lpmomglep@ﬂ oprrespondio thet foerulpr ocess. The

G uch long chain olefins is
(R arﬁéﬁnﬁ§%$VH%% g%ced by use of continuous sol ution
pok ysmmpma/aleoﬂlgamhqh tvo R groats tbgethar e svdivaent higand, preferably Riis
et hyl ene conversions of 95 percent or
hydro éPO alk%ﬁre preferably at ethylene conversions of 97

pdﬂaemﬁmmp4gn@ﬁ1er Under such conditions a small but

oSG0 MR ] A A 0550 BB s

group[lfoﬁtdirﬁ%dlpttb ab ateins bt doiitiig Aadregbnpdg@ehd chai ns are
ﬁ?ﬁ&% normally as a result of |3 - hydride
i0

resulting in the formation of long chain

br,aatﬁthﬁﬁl sulitbnﬂte mlefal cdMpXeEPoBlalent CawbDOPast£RY L [BFeadintlde
than result fron1the mononer itself. Long chain

compgynds epresponsfnedP il I yners is further descri bed
i nUSP's 5,272,236, 5,278,272, and
5,665, 800. Alternatively, & d nmore preferably,
branchi ng, i ncluding pev— ggmchlng, is induced in a
particul ar segnent of24 3pr ent multi-block
copol ymers by the use © | p&ific catalysts known to

Gg

, where:
R* is an aromatic or inertly substituted aromatic group containing from 5 to 20 atoms not

counting hydrogen, or a polyvalent derivative thereof;
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result in"chain-wal king" in the resulting polyner.
Preferred catal ysts are those based on the higher
wao cansdieHN nmetal conpl exes, especial |y ni ckel PErs2005/008916
pal | adium dii mi nes. In one enbodi ment of the
i nvention, the presence of such branching (long chain
br ' i L r._h: r-hr hi in.t ]
po it Btroch iSRS RlcBia R o B8 Wil ol B oo, o
an irigckubstonted depimetitestheresful ti ng from activity of catal yst
B. rdi j ne.e dinment .of the invention a
nur¢$§%f%§ﬁg%%ﬁﬁ$ﬁﬁ%ﬁgggﬁgﬁPﬁPﬁb&b‘8%ks or segnents
di f@ éranragioniv, tduealpr dimeiogie ligdndpuaip; freferablyi aiglide) hydrocarbyl or
. conbi nation w th .ot he egnents or..bl.ocks
ainsgisabRRiidbry iRt Heo2QER B rREoRI NS WESELE a1y ni gn
densis bywmberttrayhl 1 Cinyisitiag temdmpel of swh (biroogesnd can be

Pnr ﬁ:g)ggs:gndteaeg{pof gosnla i Llﬁsrg?tpogggrre é%gqré%r%%ﬁ)ygl%eggr?dcz}rrlo% respectively.
del prbfefablyebueh actasickes oot to thelfghl: preferably, in a
speci fic enbodi nent of the invention, a nmulti-Dblock
copol yrmer conpri sing aLLef%@;ing unbranched, ethyl ene
honopol ymer segnents &nd byanched pol yet hyl ene
segnents, especially/éfhylg e/pfopyl ene copol yner
segnents, nmay be prepare ®man initial reaction
m xture consi sting ess tfélbg]of et hyl ene as the
addi ti on pol yneri zabl e nomer. TWeerPhesence of such
branching in the multi-bl ock copol yners of the
i nvert # Bialentbridging gioar pidEPnhy toidratarsnop pRpatipglhydrogen, preferably a
subRRREStunSbs@utel S s aR§Ihd drbih; 6ROl yners, such as
reduced surface inperfections during nelt extrusion
( r e Elgrsndentlyrenchcqeayreonce i appylsne ofeanllyl opgiyhiubstifyed arylene
grodpQf flolifs RMIRARUS SRR HydroggPared to a non-branched
pol yper segnent, and/or the presence of 1,3-addition
s ed{leﬁ@é’gom 4 mgigb prefyraicmifrpm a5 zirepises ed by NWVR
tech md_gﬁﬁlﬁenﬂ;@@ch%aﬁk‘ngé/is o aﬁi&ﬁ"c, LOLBIG Jhidny _mpéroup;
branching présent in the polyners of the invention (as
a pokeingmbyfirqnhbtos ipdiRaing thegwmbernrnf suchahgraips #gl t he
sa j y .01 to 10
brgﬁ%ﬁggﬁ%ggpgﬁ%%%nggﬂggﬁgggﬁﬁgg%%??%%n to the
Prpfeered exrsipjesiof mmtal dompiexesetf doregirgplonds influde ths éollawing compounds :
catalyst (A), the follow ng netal cgnmpounds or inertly
coordi nated derivatives theffeaf arB especially suited
for use as catal yst (B): racempe—€thyl ene bisindenyl
conpl exes of G oup 4 netahs '-A @ al®dy Zr, and
inertly substituted derivatives I such as 1-,
or 2- t-butyldinethylsil oxy- '
bi s(i ndenyl) zircopi um conpl &x 35~ sclgsed in
Macr onol ecul es 33 ; R
et hyl enebi s(4, 5, 6, 7- ahyMr@ \- i ndeqyl ) zirconi um
conpl exes, racefic(q }izi rconi um
conpl exes, and neta exes of the formul a:where M
is a nmetal of Gou pr ef erably G oups 8-10,
most preferably N o r RA, RB and Rc are unival ent
or neutral substitBe ARl so may be j oi ned
together to formone or
and R*!

R21

where M® is Hf or Zr;
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c is a nunber chosen to bal ance the charge of the

nmetal conplex. Preferred exanples of the foregoing
woredoalomehpl exes for use as catal ysts (B) are PORPS20nEa08916

corresponding to the formula: ,or wherein M is Pd or

Ni . Cocat al ysts Each of the netal con‘pl ex catalysts

B al r rred.tq_.herein
sy s o e O PR Bt v
dl(lsolabgs}'l){ﬁbn}&];drﬁadl&sdbu@t)p]tmylcd)lbhizlal—]—@mrow-l j/lhoramthracen- -yl, and

ferably t. at
ot TRl B G REy E5  Fe G oalltene
groupfc&faﬁﬁr[eet@z wbhindeddsivativelierstut t | i ng agent i s enpl oyed

oS of cha| huttl i n nd as, the .
o oo inre PR RER ot i b o B QB Bk 4 tsocastylsiyL or
mhyﬂﬁicalbyﬁmﬁmdeoeeﬁaymlprt@m atorfl§ ot CORGAE ﬁyhl@gah ahytically

act b ation with a catio
t‘%%‘é‘?emg;%&ﬂ‘ euTeRgsis hlp eyt BY%?%’?‘WL%VV%@X‘*FPCPH%‘S% group of
up tcf 20’ atbiSnoMcbibhtitss BytRogn, JFRIRLrofds@bdeeP S YRk lcAR et i@Hfive of the
npl exes. Suitable cation form ng cocatal ysts for use

foregfé‘?t‘:’eli‘yrﬁlr‘?cﬁr@VILRﬂé”lﬁ’é{ﬂ"i‘rﬁ}’lmi_yéﬁﬂoélpsac| ds, such as Ci
3ohpécnia hRidrred WRSdohlpbiRf o O EPmA3: conpounds,
especially tri(hydrocarbyl)al um num or
tri (hydrocar byl )boron conpounds anRi2 hal ogenat ed
(i ncl udi ngper hal ogenat ed) deri ves thereof, having
from1l to 10 carbons in eagh ocarbyl or
hal ogenat ed |iydrocarbyl "groupra_mre especially
perfluorinated tri(aryl)boron £omgounds, and nost

nonpol yneri c, conpati bl e, nopcoory y ng, ion form ng
conpounds (i ncl udi ng_t he us @i\ s
oxidi zing conditio espedi af the use of
amoni um, phospho oxoéni um, carboni um,
silylium or sul fon'um sal®s of conpatible,

noncoor di nati ng ani ons, »et{ferrocenium, |ead- or
' nggtoor di nati ng ani ons;
e\f-ayegoi ng cation form ng

silver salts of conpat
and conbi nations of th
cocat al ysts and tech{;{a es. The foregoing activating
cocatal ysts and activating techni ques have been
previ ously taught with respect to different netal
c oreestie 8r*ioF, 5-al(Bbpropy)phanyt Bjszdtisodbus])phenylhdibdnad-I Byiyirgle- 1-yl, or
r ef ere pces EP- A- 277,003, US-A-5, 153, 157,

anthgeen 5064, 802, US- A-5, 321, 106, US-A-5, 721, 185,
US- H*‘&h@&@ge?@ﬁalo ldSCArzEkyl%ps%B mefhyA- 5, 625, 087,

5, 883, 20 - 9,983, US-A-5,783,512, WO
99/14%5%%{81"““%31‘?/\][%%’}1 é?‘giylcﬂ’ﬁlbl nati ons of neutral
Levd & cAlokd]mett§biieehalll y the conbination ofa trialkyl
al @ um conpound. havi n to.4 carbons in each

tgqnslaﬁet%lﬁamaleﬁf‘é@ffﬁ 9?59@@@%9 TPERESPERYY by ) bor on
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conmpound having from1 to 20 carbons in each
i ydrocarbyl group, especially
wao piosppEes af | uor ophenyl ) borane, further conbi NECT/OS0D608916
such neutral Lewis acid mxtures with a polyneric or
ol i goneri c al unoxane, and conbi nati ons of a single
neutral Lewis acid, e cially
tris(pentafl uoropheny/) brrane mﬁtg a polynmeric or
ol i goneri c al unoxane \\ray Me used §3activating

cocatal ysts. Preferred | ar os of net al
conpl ex: tris(pentaf!l ug o ane: al unbxane are
from1:1:1 to 1:5: 20, efsyably from1l:1:1.5 to

1:5:10. SU|tabIe i on for ' conmpounds useful as
present 1 nvention
aci d capabl e of
e,” noncoor di nati ng
anion, A . As used m " noncoor di nati ng"
means an ani on or ¥ Nei t her does not
coordinate to the G oup_4/metal _cgntai ning precursor

conpl ex and the cat al f"\:erl atj ve derived there
" )NCOOI‘dI nated to such

conprise a cation whic
donati ng a proton,

from or which is onl
conpl exes thereby rema g surfgiently labile to be
di spl aced by a neutcHl Lewi s Kase.) A noncoordi nating
ani on specifically refers to a i on whi ch when
functioning as a charge bal ancing anion in a cationic

ot SRR S R A AL 80 SLADLE B b MePs
metallagon argll liggohexcksngs probc(dowp atvbhirg agnironsf thea@wup i inefrband the neutral
polyﬁ%h?nal Féa%d (91}1‘06 3195 1t‘i:3 i e om %}Eeg mat Xlsc\)l\ge %{epeare% by means of an

npose
amidenadiniimdtion ﬁmf hydg)cwbylatmiasweex:btatjhgm ﬂntcombwmrgl Graip ©mmetal
tetraa%deoagel(rfgé% rgca%l?yg tm% %en{: % 81Feéh %&?nrnéﬁnqc @ﬁ}s {E]:Shn?qrugs may be

used asongblr Imeﬁgompbmrameﬁn lfmgl tl’mdlailose)fes Bﬁhlﬁbﬂgljth‘brs; WiSeratents

6320805 1 AB Wb AL W BLuEh AR LRl BayRhar g of the

b eSufitalslem@taiviredpotids forge MMREGH) $nchide the Q‘dﬁl‘bgﬁ@metal com.pounds

a ion .sh Id b fICI ntI bi .
ment G131 REmoRyP TT e ar S e pmiwndy pifbereo thatthey
resultUm ﬁﬁlhhﬂoﬁhtcﬁ'ﬁt le@ﬂmm@gerex{anai- BEkong) ﬁigltnrlﬂinch-eflﬁtrﬁatlbﬂls ez
su as ethers or nitriles 4|ta e.netals 1nclu
UF T TS P ePBERPTST ISP BHUATOREHS e FopPaYs Rfihcorporate

in sitfprepaadd 1eng@Hail d1€Ting Seshlfifg dRentBIUL dudin @ the Pblymiefiatieslthtchgh p-
on, pho orus, .and sjlicon. Conpounds contajning
hydridh R e ChaBpiTnalioR Bl o WMa PP IBHCTe BfSicE REgess. The concentration

of sudhQb p2dhBin ¥k s ﬁlp@ﬂic@mnse&@hn&a birBieadf béttidudils @MiddrEpolydieri zation
course, well known and many, particularly such

condifips b high SonVERsIoas. KFRTEally @hﬁﬂ@}eé%‘@rws at %ﬂﬁerq?n&qﬁéreaﬁra drore

prefefdBfytat &RyleR BnRYsdbids APY Ep G TG dedatth| WndePhiRh @bRiidhs 8 Hakl 1 but
cocatalysts may be represented by the follow ng

detectjg]ﬁ APatity erq.lﬁﬁnéern')(lq_afeedmb/mr Ry b«wﬁ@p@pwated into a growing polymer

chain, provided that vinyl terminated polymer chains are present, normally as a result of 3-hydride

elimination, resulting in the formation of long chain branches, that is, branches of a carbox length
greater than result from the monomer itself. Long chain branching of olefin polymers is further

described in USP’s 5,272,236, 5,278,272, and 5,665,800.
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L* is a neutral Lewis base; (L*-H)+ is a conjugate
Bronsted acid of L*; Ae is a noncoordinating,
W@ oovpai4kd e ani on having a charge of g-, and g PGI/ES2005/008916
integer fromlto 3. Mire preferably As corresponds to
the fornmul a: [I\/[LQ4] ; vvhereln is boron or alum num
eac%f]egl’l&%ilﬁlre éncen’lOII'eS pre ra%c’yf r&n a&g&hﬁ@ ggéoer—graﬁcﬁ rl]lldg,els induced in a
partitiuélr kegimeni afohe ﬂné’denﬁmltl-by)dk apalyhits, byhll)ﬁjrsé) efgpbyifioatdlests known to
hal 0 ubst t. ut.ed car bst
res R cr R Bt TS ey bisad e bigher
transisich matabcdnpiedes) dipegialberitiel ageanddacn lsnmdmsg ar byl -

g |e |r @%lﬂg gﬁg@d&%d h %gg}%gtﬁbﬁ)t%( érgegg% rh% 81'3 1:8116gd2(‘(}5121111 branching,

1,3-addifian) 6r Hypblhbrhrfbﬁm@)’ ﬂi\ﬂheﬁ‘qibl}txﬁwd ofitle 1ﬂ(tHnt1&Déaﬁ bk BFined R only the

R AR T ———
invddBofa ﬁl,uﬁﬁﬁoék&%poI&ﬂeﬁoﬂiﬁfnﬁlg%!&fcﬁdrrsané’hngQﬂérﬁi%'iﬁ the Preséhoe of such
one, .that .is, the counter ion_ has Si ngl e negative

brancfiing d.comphingtign with ok SegiaentTy b&sls%ﬁuaf%{a y lflelﬁg& fush hggnching
(esﬂé@iﬁ@ﬁhlﬁf‘ﬂ H&ERitPErhidY &by Gl JoWymés Blbbis), ichn Eéﬁﬁocﬁfcgcpﬁ&ﬁta'sﬁgle

catalysts of this invention may be represented
m‘”’coﬁl?r FRAAIRNR Fractiga muirtyre, ‘fhéfrlwl%iou'f(ﬂte*a-dribtm{l B%‘elwlbefmb/raéﬁ?ﬂ

comlenothér. #BHN FéfepibS), ¥h eﬁs%gdlﬁ@gmbo@mheﬁt mrlé)iﬂvén@ioﬁ‘ al@Block copolymer
oxi dat | on state of 3; is a hydrocar byl -

comypyiging aligrjing wyhranched, @hylﬁ%a f@ﬂlowglmmercsam& and foragefier pakyettiylene
seghI%Hs, @ﬁf’éﬁ@%}b &K}Menegy%pyielné‘ %ﬂoﬂiﬁfe@é@fgﬁﬁhﬁty lnlibXICi)E 9&251@3 from an initial

roup o nonhydr o e proviso
reacg Amiytpre ﬁg}@swﬁ@g essertigly efrrehyy &gg asthe p‘ddltg)n@olymerlzable monomer. The

pres@f&r 14 Q@t,rhmﬂncﬁﬁg {&he 1%91’[1"@881{%0 r§@1j tf1§1n%n@io§mldggbted by

salts, nore re er ab étrla anmoni um sal
certaig miios! prgpqm@ of therresubiing gopolyiners, kyeh agredugsd surm@stmperfectmns

durlﬂé ﬁfeﬁ reﬂt%s}’on (Qdﬁ%g ftri*ra% Z frf(ﬁl@&iemﬁ‘tnﬁ %{t 'g%tf&%eaaq%rphous

group, especia a pent uor o
Segmmt%mnpatqd\t@a néyypragebed palyrer |S¢gylen‘e readig ﬂeasprga‘enwoxf @s3-addition

BB W T 0000 L Ry o s s

of bwplahglaltesenbﬁl thepodymans/efithe ioventiore(as p persioisf the bloed or segments
con?eﬂ{ﬁ?ékggg { ac%rﬁlgl‘l\&hop e'er% ygie ﬁ%glt J] y | 2 ranghes per 1,000 carbons.

In addition to the previously identified metal complexes for use as catalyst (A), the

following metal compounds or inertly coordinated derivatives thereof are especially suited for use
as catalyst (B): racemic ethylene bisindenyl complexes of Group 4 metals, especially Zr, and inertly
substituted derivatives thereof, such as 1-, or 2- t-butyldimethylsiloxy- substituted ethylene
bis(indenyl) zirconium complexes, as disclosed in Macromolecules 33, 9200-9204 (2000),

ethylenebis(4,5,6,7-tetrahydro-1-indenyl) zirconium- complexes, racemic ethylene

bis(indenyl)zirconium complexes, and metal complexes of the formula:



triethylammoni umtetraki s(pentafl uorophenyl) borate,
tripropyl ammoni um t etraki s(pent af | uorophenyl ) borate,

wao eoofmnodaes yl ) anmoni um t et r aki s( pent af | uor ophenpd§/US2005/008916
borate, tri(sec-butyl)anmoni um
t et r aki s(pent af | uor ophenyl ) borat e,

BI ’d»izl}l-]g?elel}r}? Hgﬁil-‘%ﬁlr?lélfi%g%\ ﬁ:fe Itpr Iﬁkﬁ§ P}?oq}psa |180 ; (g)s?preg‘gab}y Ni or Pd;
N-FAURY hikd RS4rp aiitvalédt uokcapiienbstijucht®vtiéh also may be joined together to
N, N-di e %W%éanlI|n|un1benzy|tr|s(pentafluorophenyl)

form gjisioz more qiyalprt SYRSTMSATRAN i ni um

t ik akinfiket Dﬂ&selbtétaélaﬂéerfﬁé $I#e8 loF thb hrethl cotmpléx.
6-tetrafl uorophenyl) borate, N, N-dinethylanilinium
g{r?fgl;gq:dse(x&m(ﬂle? pf @%E’F%WE g}e}ai,pc)mpiexe%for Bse as catalysts (B) are

comp@lnﬂl@&fr@fslgdﬁ@f %@J‘@l@%raﬂul‘ﬁor ate, N, N-di methylanilinium

pent af | uor ophenoxytri s(pent af | uorophenyl ) borate,

N, N-di eth A t et r aki s( pent af | uor ophenyl)

bor at e,
N, N- di net

r|nethylanlI|n|qﬂ}etra%hs(pentaflu

@ d|nEthonctadecyIa:§EE¥;
A CH(CH;»»
af | orop enyl )
M»I@ 1ty f S
' ' 3 %uo&oph d::)
agr & i

tetrakn&@pﬂotafluomﬂamgnyl) borauECbHc CH(CH;),
met hyl oct adodecyl anmoni um tet r aki s(pent af | uor ophenyl ) *

borate, a di_pefadecyl ammoni um
ophenyl ) borate; tri-substituted
Ry s/such as: triphenyl phosphoni um
tetraki s(pe @ orophenyl) borate, CH CH,
eyt oct ajecyl phos@h@sz;Jmmgc)zHc H CH(CHz ),

t et raki|s( pent/af N\uor ophenyl’) bor at ¢
tri(2,.6 pethyl hosphoni
tetrg | uor yl) borp

tetrak §)oentafluorop‘ényl)mboraté 2

gg§§%é?gﬁﬁiﬁigﬁgnlun1tetrak|s(pentafluorophenyl)

stifuted sul foniumsalts such as
di(o tonI)squonlun1tetrak|s(pentafluorophenyl)
CocaBREART € and mnet hyl cot adecyl sul f oni um
akls(pentafluorophenyl) bor at e.
Each of the metal complex catalysts (A) and (B) (also interchangeably referred to herein as

procatalysts) may be activated to form the active catalyst composition by combination with a
cocatalyst, preferably a cation forming cocatalyst, a strong Lewis acid, or a combination thereof. In
a preferred embodiment, the shuttling agent is employed both for purposes of chain shuttling and as
the cocatalyst component of the catalyst composition.

The metal complexes desirably are rendered catalytically active by combination with a
cation forming cocatalyst, such as those previously known in the art for use with Group 4- metal
olefin polymerization complexes. Suitable cation forming cocatalysts for use herein include neutral
Lewis acids, such as Cj.3¢ hydrocarbyl substituted Group 13 compounds, especially

tri(hydrocarbyl)aluminum- or tri(hydrocarbyl)boron compounds and halogenated (including
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Preferred (L*-H)+ cations are

nmet hyl di oct adecyl anmoni uni cati ons,
waleseninsbdct adecyl anmoni um cati ons, and anmmoDni BET/US2005/008916

cations derived fromm xtures of trial kyl am nes

contai ning one or 2 Cl Igalkyl groups. Another
perl‘?’ii'é) ée?:mxg d'e%tltlé%rtﬁgr&g ha@lﬁ% !fr&%tll 8 gO gﬁ'?&‘}salll ga%ﬁ hﬁﬂ&BFby?gr

a cationic oxi

halmmicrbln)cﬂrwaltbv}rgqupc mnpaespebiaﬁy aenﬂumnnaep trdswt)b@dn tympotveds, and most
espéc%lg}{hg(ﬁel&gaaﬁg% }%%ﬁo‘ b))rahe nollgPo?ymerlc coHlPatlthe nonco})rdma{megg lon forming
confpoOllds_’(nt:hd@g theenide ¢!fg;u&m3bng>om‘rde um}}ar prigizinguwehditicie) espedally the use of

catignic o n nts include: .
s B Pl o e ARG B wMPOE o sppetive
nonovor@inatihg aBioas, er feﬁdc@[ﬂm;dlbm ot slvexf sal@ﬁofa:bmpithﬂls ﬁorﬁﬁci)raiﬂsnng
revious o the Bron
o B Rl URF P gy S s aah A it e
fme_tgéh@&kM&(@@ﬂicﬁtﬁﬂykt@ﬁmlp:h&ﬂyihé ’Q@l{rﬁcﬁtﬁs hah Ot dnegreédtistyaddigBt with respect

. AN orm,ng, .acti Va cocat a r.ses
to QE R e PR £ QeGP it Rk S feag: EP-A-277.003,
US26A¢ M1 3, UIA-0.964,80NMPBIA-HBE, Fia] US-ALEPIIER3NUSA-NY50l 128,

Uspoh PR, WS 2P0 Bhur ks Aoty B8 AT o B 2

“Khﬂwlﬁ@4amﬂWW®g%Mﬂﬁ7 1. A preferred carbeniunrion is
the tr ion, that js triphenyl nmethy

f ur Chabidim BbaS PRI (Fgpecaty it é’t"i‘lﬂ@att"&é’é? gray@r aluminum
confRUR havaig fﬁ)nﬁpmﬂﬂnmle% Al§/1 groﬁﬁhﬂd dHal etddtti{hydtot By 1)boron

and a noncoordi nati ng, ati bl e anion represented by
conyiund lypipgTipm { o 0gppans | ot dydrocaryl geoup, especially
trls% nthROEHREATEMhe, fRMEr AnibinafnsRir SYdhQeStaY Lgﬁfs L&1§ hixtures with 2
referred eryIrunrsaIt activating cocatal ysts are
polymperiger 19Yipgparigialumenans: andieps pigptioas plrotiegdheswpldsivat asid, especially
tristpbht@EbEbsHeh bt S RH & %@Mr LU RRAGRXLRAUR A u?é?ldds actlvatmg

et her substituted adduc thereof. Silylitumsalts have
cocgalypts pPrslarist grolpr piaeefinesigl compipxs ristrsatafligroghenytierane:alumoxane are

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 a cation which is a Bronsted acid capable of donating a proton, and a
compatible, noncoordinating anion, A". As used herein, the term “noncoordinating“ means an anion
or substance which either does not coordinate to the Group 4 metal containing precursor complex
and the catalytic derivative derived there from, or which is only weakly coordinated to such
complexes thereby remaining sufficiently labile to be displaced by a neutral Lewis base. A
noncoordinating anion specifically refers to an anion which when functioning as a charge balancing
anion in a cationic metal complex does not transfer an anionic substituent or fragment thereof to
said cation thereby forming neutral complexes. “Compatible anions™ are anions which are not
degraded to neutrality when the initially formed complex decomposes and are noninterfering with
desired subsequent polymerization or other uses of the complex.

Preferred anions are those containing a single coordination complex comprising a charge-
bearing metal or metalloid core which anion is capable of balancing the charge of the active catalyst

species (the metal cation) which may be formed when the two components are combined. Also,
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Soc. Chem Comm, 1993, 383-384, as well as Lanbert,

J. B., et al., Crganonetalllcs , 1994, 13, 2430- 2443.
wab@sose2df the above silyliumsalts as acti vap€Tiys2005/008916

cocatal ysts for addition polynerization catalysts is

di scl osed in US-A-5,625,087. Certain conplexes of

saldta amosn(sg%ﬁ;l ég(?lgnﬁﬁ'ga%ylf ?(b a@whac%% @n f %c g?)?e mic, e\l}g acetylenically
unsaim]tamld)csmpamtls viadtiodr sevaatllavey bdses suslesh efeesair ditfilgs t Suitable metals

ST N T T TN e SR

not Lisktedx, Bortin, phsphons; landlsliqaal ompiihdOsonelinigdi®onk &vhich comprise

R R R N LA T s oo

marnf parﬁanatwduai EUMPOAURE corltiMing a Siapld bbRE afolneid til TR paARE, are
eC|aII erhalogenated tri (hydrocarbyl)al um num or
mmg ed tri (hydrocarbyl )boron nodified
al Um&%b%ssuciﬂ adthfafsth hﬁ%éreb&seh%d@ﬁlﬁqﬁﬁo\kﬁg a6l formula:
hydrocarbyl or hal ogenated, hydrocarbyl group, and nost
especial ly trls(pentaflud oﬁﬁeﬁ@?)borane nodi fi ed
whediimoxanes. Such cocatal ysts are previously discl osed
in US Patents 6,214,760, 6,160, 146, 6, 140,521, and
6, 6@%“§7§mmﬂL€W§§§“of cocat al ysts conpri si ng
non; qggﬁq nerically referred to as
exng a%g%lggﬁﬁﬂmﬁﬁﬁa ng%losed in US Patent
6, 385 jGifoncomdindiing Swoiripatitlle/andomiavipe d chavgeasfigh, wad e t he
| e es]pf the present invention for olefin
poI%ﬁ@Pﬂ%%?fﬁﬂ eraIIy, t hese cocatal ysts
(1 | Mosd prefertlylyf donegendsay the dormiiacl M@l j;de, substituted
h|mdazoI|de i m dazol i nide, substituted i m dazoli nide,
B€Azi ni dazol i de, or substituted benzini dazolide
anlnnﬁmoﬂmwrhﬁnﬂﬁﬁhﬁﬂ&dﬁ&&mﬁ@bﬁ@%ﬁhsﬁ&immherein: Ais

A G R N S e L

hydmaﬂaal nydrgcawwoxﬁxre Iﬁa\MBu@tiﬁt’ceQinyHibﬂtrbg[lﬁmﬁbstiﬁﬁdﬂ&@li@béryylaxy, and

neth 4- [.) anmoni um cat i on, ,
halg- iy Ci fs%?é 1%@6‘@6@@3& ng pg %%P%%wdwarsﬂﬁ Brjalogenated
hydl‘dbdib@fb&ffih)ﬁh peﬂﬁ&bé&&é@éﬂylhyb@hﬁbﬁﬂdﬁcﬁ&@) Ryid.Q havmg up to 20 carbons with

silyl hydrocarbyl, or silyl, (including nmno- and
the prov AT Bt w{e)téfm e yccgvatfs ISoQ hyjjslet EX%’EPI%WS ﬁ%‘taH]Gt
hydEsaiblyioR e h{?b@g% diRIBéEh AL Y-5Cb6 283 .al kyl , and Q@ is

tris(pentafl uorophenyl)borane or

t r i Y(gorecre arafcitd spRetrte] i Rph &)t isghe ppimiss ioghag pgagle negative
chafdlafl A, %ﬁ‘&a‘ﬁﬂ% @Jcﬁtaly@@l: 1s¥n5|bhmrv@1%raﬁ?/[§aﬁmﬂ& W8Btul in the

y

salts, especially, methyldi(C 14.20 alk anmmoni um
prepgggtion ‘of catalysts of this invention may be represented by the following general formula:

of : bls(trls(pentafluoropheq%k) )|n1dazollde
bi s(tris(pentafluorophenyl)borane)- Z- undecyl i ni dazol i d
whegein:

L* is as previously defined;

B is boron in a formal oxidation state of 3; and

Q is a hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-, fluorinated
hydrocarbyloxy-, or fluorinated silylhydrocarbyl- group of up to 20 nonhydrogen atoms, with the

proviso that in not more than one occasion is Q hydrocarbyl.
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bi s(tri s(pentafl uorophenyl)borane)-2-heptadecyl i m dazo
l'i de,
whe®snei4gy pent af | uor ophenyl ) bor ane) - 4, 5- bi s( UNPETYEI0051008916
dazol i de,
bis(tris(pentafluorophenyl)borane)-4 5- bi s( hept adecyl)

oi 5L LR L ST USR ERgPY BB APy Hlammonium sats
contang(1g onesyr pem¢ @i Loadityd gloepsy IN[dsoprafeeply2Qunehelt ydcurrerda 2 Glubfinated aryl

gro%p sfqeﬂalsl a%]'lloﬁ%qh(g%gﬁ%}lp') bor ane) - 2- hept adecyl i m dazo

| | nIlliet;ratlve but not limiting, examples of boron compounds which may be used as an
actigl%‘tgﬁt G%Iﬁe} %lg% t?le pr%ga{rg on ol}¥he mblgrroeed c)atalysts o?thls lnye%telgx}/ al)e hm
trl-mbs(ttlﬂed sifipeniualshitssuapizenyl ) bor ane) - 4, 5- bi s( hept adecyl )

b| sg{‘?‘??]%y(l?i’é‘ﬂ?%'fl? Rl ReniiversherbPostes . di et hyl benzi mi

trleﬂ@lﬁaﬁinhcdlﬁlm tetrakls(pentaﬂuorophenyl) borate,

trlqu L Sg eig%r 18(3312310 ugrec)gyeln)}ll) g(:r)rgtge) 5, 6-bi s(undecyl ) ben

tri(@ bty irh MM R katfak i QeRRIRAPERILTRARE) | M dazol i de,

bi s(tris(pentafl uorophenyl)al umane) - 2- undecyl i m dazol i
trl(ﬁaé-butyl)ammomum tetrakis(pentafludrophenyl) borate,

mhaﬁ{em{wa&lﬂmnﬁ athHapaRITRBphNY BBAR) - 2- hept adecyl i m daz

N}{sf‘%lteflryll%lclw abryBrspmetreaicandheRe4, 5- bi s(undecyl )im

N,N-8a7yl8inium benzyltrls(pentafluorophenyl) borate,
bi s(tris(pentaf uorotp | inane) - 4, 5- bi s( hept adecy|
N.N- Fhmegafmmw tetrakis(4-( butyldlmethylsﬂyl) 2,3, 5, 6-tetrafluorophenyl) borate,

N }hﬂﬁ(&l{ﬂaﬁlﬁgﬁnﬁ é&hl&igtﬁ Qﬁﬁ%ﬁ%})%ﬁ%@ &) ig %t%@ﬂobﬁk!n% borate
bi s(tris(pentafl uorophe e)-2-undecyl | n dazol i
N.Nyfligeetbylanilinium pentafluorophenoxytris(pentafluorophenyl) borate,

N I\hhﬁﬁﬁ/faﬁlﬁﬁlpﬁ%ﬁlgﬂlHﬁ’éil%?lngﬂz%llle%ﬁ') ysmae) - 2- hept adecyl i m daz
N T‘bﬁsf(etﬂr}'il@(4Mmfmboﬂmpm?¢lqsmenﬁﬂmwmnﬂ) brirgi¢.undecyl )i m

dllTL gz t J?aihéu %glr%ogﬁnbtgtr%pﬁ%e %“"“’ t}%%% Or?(t,e’s- bi s( hept adecyl
methyldicgtadedylaningmjum tetrakls(pentaﬂuorophenyl) borate,
diaﬁ%&?&ﬁxﬁé@&&@ﬂ&%ﬁ&%r ophenyl ) al umane) - 5, 6- di net hyl benzi m

bi sf& GHsz(pplémmaémumtqmpheﬂpyﬂtafhiomphm))b@ra&— bi s(undecyl ) be
[ lvatq yude those
metggfocta&i%:g i o%]ﬁ@?etrckﬁﬁ(ﬁae%a uoro 15@91‘3?51 5 such as tris
meth@loc@tiqdedylarmoo@fih ttamrabllsqppxhtﬁhyokc)phényb roomke, Aadnat e.
nations o tor so contenpl ated by
aiog R AR, S U B R b RS oo and i oni o1 g
trl—msmmmﬂphﬁph(mlmsm&s Blﬂ:hlamns see for exanple, EP-A-O
573 0, ,PCT publicati 0 8 andWD 95/ 14044
and™ e‘iye\?hé’ﬁlf‘@“‘gmf%‘? i %ﬁg‘“%ﬁ @é) PIBS W0 98/ 09996
me«ﬂgslﬁrctaidaﬁ/llmomhvmtmm@raka(pahtymtorcqmefg&bmme ahd h
ncludlng their

rchi erl odates.a
wich Gy Rt SustuB e R L
dl-snbgamedbsxdnainummmagt ivators. WD 03/10171 di scl oses
catap;gst activators. tha ar ucts of Bronsted acids

enyloxonium tetrakis(pentafluoroph enycf) orate,
di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate, and

di(octadecyl)oxonium tetrakis(pentafluorophenyl) borate;
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Lewi s acids. O her activators or nethods for
activating a catal yst conpound are described in for
wex@sph@2s US Patents 5,849,852, 5,859, 653, 5,BERUSA85/008916
EP- A- 615981, and PCT publication WO 98/ 32775. AUof the
foregoing catal yst activators as well as any other
dl-éxm%@&gam&{s ifichaasition metal complex catalysts
oye one or in comnbination according to
t he dpi@é@glgﬁulfpm@rt@tr@ts(pehteﬂmmhen}ﬂbborda@sand results
are avoi ded. The
meﬂ%f& Fs.“g@‘g#“ﬁg%}aggﬂ?& %ﬁ%’g‘!ﬁ%}y sbt0 agrrpl oyed preferably
ran g’@errqddm*-ﬁ)‘mtl@mm methﬁlﬂxoﬂztadmlamnmnmme:aﬂdaisy f r om

dlrrkltlg/%%@adg§rlélngvméﬂﬁurg§%} & %elél‘lgj?r%l%‘g gat;é)ﬁs ée&vec? %{)rp r1.’|1thures of trialkyl
ammes:amaduylsg pnac:rze&‘mlsa}}tgbgroupsl ar ge quant | ty gener ally
east uantit net al ona .. .

ot A58 4 R af Y ahe oty FuRars kel gt gpidicing
ageatargna rwatoordinating, @apatitad yhdn refrenfel Oy 6@ fd)rﬂlu&. nmol ar

ratio to the netal conple OQL {[Jg_sm 0.5:1 to 10:1, nore

preferably from1:1 to 6: referably from1l:1 to
wh&eih The remai ning activating cocatalysts are

| oyed.in a QXI el y .equi nol ar quantity
’&H%X%Fgfc%ﬁﬁ%‘l‘ge%ge& \é‘n%?n'g?égf§ t: the invention
errph@ymgtegatfmlxysto%anccat alyst B, one or nore
cocgtal Xsts and, chai nﬁrg_guttl ing agent C may be
f ur Chéd gPRffcas iy B geingtler ence to Figure 1, where

t heEgara;sles ofl daﬁléiﬁcf i@ dehid ddcAfle CRtrdeNBin, @d?@caﬁyl—&l@stltuted
meri zation condltl ons forms a po

whi ¢ch under
fermonepiym, ‘{11% Orzfi%t alFrdred smppdiments pha” i thepgaons preioudlp defined with

resgaictiiol tBe Bbnsta& hdiy Eontaitind %ﬁbatﬁ@‘i:@ca%lys‘%oes &anlg uces a
differentiated pol %/mer chai n, 23, attached to the

tetraldip(pergatitioroph ?%‘tl)bgﬁaee 22. A chain shuttli ng agent d,
at t aGb@er fuRatle RAl YR, Qaﬁ'hﬂﬂlgﬂz()%aﬂfs@ Soris@Gt do\’rg)ound which is a salt of
catal yst B, 14, exchanges its polyner chain 3, for
a carpenivsp foprARgl a @RRgoRrdinglng, serppasiRle@nion rqpaqsmtgﬂshy the foamyla:
Addi tional chain growh undgs+pel ymeri zation
conditions causes formation of a multi-block
whesgigol ymer, 18, attached to active catalyst site A
Si nté]aquclzgggbéﬁlﬁyghtcé yng agent C2, attached to a
pol ymer chain_produce nby active catalyst site A 24,
exc haligawn¢qordipasing.reempatibid anjonigying e chargeenf pbo| 4 pesferred carbenium ion
lyst site B. Additional
i tﬁﬁcatrg%v&hglgﬁyﬂ%ﬂlﬁfqﬁ%ﬁat| on conditions causes
f or Aefivithar switable i farning] astikatiop pesaiptyet conPlses acomphred whsh is a salt
of £ h {5 1%@'&%1%‘100%&&11%‘(1& cIItﬂE L%‘Mo‘ﬂ ellited E?rt?ng ormula'
copolyners are repeate an e tvvee
catal yst A and active catal S‘il)B by neans of shuttl ing
wh&?x ent Cresulting in formation of a block or segment
differing properties whenever exchange to the
opp &S ist@.alostdracerbyhtuad 4/t asgirevdowlyclefised. The gr owi ng
pol y. be .recover ed ched to a
(:halwr;é%sr Ig? *’ﬂﬁn %aa?vatm %?c?ta{l{% 6 ﬁrérfl&}zlgsdfy??md esi red.
tetrﬂlhspemaﬂummldieyxylboﬂa‘e ﬂrle&u]sﬂylmgl tpmmpaﬁaﬂmmpbmﬁbemamﬂedler
site

subs‘r%tu? g rat?dsuc%r%here %nb{lﬂﬁlglﬁcﬁl VoS e1n pa borusl?r gweggﬂlryccgs%gﬁed in J. Chem

SoxChen. (lkcninhl m@3a@té;n3&4 as well as Lambert 1. B., et al., Organometallics, 1994, 13,

52



10

15

20

25

It is believed (without wishing to be bound by such

belief), that the conposition of the respective
w@e@seues or bl ocks, and especially of the endPGEUN®NG/G08916

of the polymer chains, may be influenced through

sel ection of process conditions or other process
243% gfl}b’:a b{‘hgfus? h@tht%?l}g)vg %%séltﬁoag a%tgvt%gpgr:%/o%a aly% 0{ tﬁcgd?tion polymerization

catallygtsdt div€loded iieGS--5,625087. t r ansf er or tern1nat|on for

the .respective cata ts as wel | the relative
r at SAY} CPIgSS gi?ﬂi‘i(\lhﬁﬁﬁem%ﬁz)aﬁ%sﬁwﬁcﬂél HREMi nat i on
trls(liiaﬁmrdir@lﬁ‘énylmﬁfaud e alRukffedti®e Euddlyst hdtivhteh ah@®maPbdnydd agefling to

elimnpation, ogen tra sfer r, b-methyl
the pieset PXETHOR: Sg%% ﬂ?ﬂs TP sﬁ B ﬁ%@?%%@a- or ot her
c E aSlﬁfafBIerEbmtlh@&)déﬁ%@ Hdr @&Edﬁe&ﬁ&ls@glcﬂﬂ@@flﬁﬁéﬂc&iﬁ 8ligimeric
chal n uncti on 1.zl Nng ag nt Ccordai.n
A s S MR ) )i ity ﬁﬁm?/ @mu@e%lﬁeﬂl Cpmghtahumorane

MN[RD? rdrﬁébb@lfylaﬁﬂo&kﬂiﬁ{ L6WRIafid e FieWhlumoRfieg @fREBIESEMHabgenated

énerlzatlon react or b{ one of the foregolng
trl(laﬂgch g orPeradasstrtet i (bydrgearid bprop arqdifts ﬁB‘f"@§a"6fa having

frork 136 10 t£68Hs MR Ry drarty bt a¥opbnatehydidarb@)erotb, dnd most especially
detern1ne t he predom nant chain term nating noi et
trisCprigietlyosophemd) berpa mpdified alymaypnesh Suph secaiatysts Ate@rasfoulydisplosed in
US PREA B2l 4 960, Wiikb,154,8d46.821, eﬁ&é 968379, mor e chain end
segnents in the finished polymer. In contrast, when a
hi gh clsheleireatalystoepuaRisiE apeaskdinating ﬁ@l%ﬁg@ﬁ%ﬂca@/ referred to as
exp%@h 915{1%95 filrf€r MBIQEH YU S)f’at«t:rn ® 399 kylnﬁfay 6o ﬁhtgﬁy \éfnf)l'a&é%l to activate
the reactor and upon exiting th polynerlzatlon zone
the getal eanpperie df e prsedmh thvensiop fier Oéquumlygwumtm ngengtpdlpit these cocatalysts
(111&3&9@& b% H’l%§ aR/fﬁ%(ﬁ%nidgﬁblﬁQ Q?Es‘ﬁh@é&%mx&a?&d% elln"fﬁaké'iﬁucfeastugﬁt&gd
chai n ran 0 meri zat1on catal ysts and
imidagbbinile; benzanidaplide Iwasubs%mtsrti benzngd@mhder@mwbn@aheaﬂws@é as follows:
primarily detern1nes t he |dent|ty of the chain
tern1nat|n@ noiety. If cata st (A) has a faster(%haln

tra fer a d/or hai n huttllng rgte than atalyst
) R orl B i[n enqs\*s |{|L
Ug Rose uce 5T [\f i nt nedl Q
n

congentr cha sh ag@ﬂt
t he af 3enen bned fact ? nstrunental |n
detern1n|ng t he |dent|ty of the ?|nal pol ymer
The foregoi ng net hodol ogy may be expanded to e 3
anal ysis of multi-block polynmers having nore than t Ko
bl ock types and for controlling the average bl ock
T8yt hs and bl ock sequences for these pol yners. For
exaapliea cMﬁinD@pébldny)ﬁIpﬂdStEn edntaiifihpdayist, and preferabByriela Biltltobarbyl
a chain. shuttli, ent, for i ch each, a type
RGBS HGH LR OB SE B 5 GIY P SERiI e AR
«leamgthh@ﬁ&n@ﬁpmlyner with three different bl ock
pe Furthernore, if the i o of e shuttli ra
o o CndndsPEREEN F6h O3 FTENF s ke e %AWP%*@YA Thocibsi

haldﬁlﬁldh{éﬁﬁay{ B@yll@rdetﬁ:arbiP 3Py, tlhaﬁdlhgﬁoﬁdtedlagﬁ tthodkcak g meit) group of
for e hr ee

types ollf he order 3>2>1,
up Lo ateres ot GRUNHng BYdRaRAPref ﬁ’gﬂf’]ﬁ&@sauﬁ aC type bl ocks
adj ag ?sﬁhs(fpgntgﬁlfoyd%ﬁelwl)ﬁﬁﬁﬁe $rhadqipehtdrpRpinghXemad). acent

to 2-type bl ocks.
Examples of these catalyst activators include trihydrocarbylammonium- salts, especially,

3

wh

methyldi(C14.90 alkyl)ammonium- salts of:
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It follows that a nethod exists for controlling the
bl ock I ength distribution of the various bl ock types.
wo-o00se%Eepl e, by selecting catalysts 1, 2, andpPGI/US2005/008916
(wherein 2 and 3 produce substantially the sane
pol ynmer bl ock type), and a chain shuttling agent, and
the shuttli |l ows.the.order 1 > 2 > 3, the
reslﬁff{gmr%en&gﬁi%%‘?gé "‘Q(I)? a ﬁ?)’é&aéaﬁfﬂodal di stribution of
bls(hisqﬁﬁtallﬂamgpllre&aymaﬁlaleﬁ B-ﬁlmldcbﬁ!mﬂaﬂﬂide 3 catal ysts. During
ol yneri zati on e reacti xture conprisin
bis R R BP LR s akm 8Bt act ed w th the
bls(afstpe\ﬁ&ﬂa&opmlgi)ycﬁiney-oﬂmurtdeeﬂ)uamamlde ng to any
syi t abl e?lg nﬁr i zatian . conditiqns process is

bis AP PTG TRy ot s and

bls(ﬁﬁs@ﬁwﬁa&opwﬁn&ga{é)lmz&ﬁuwI oyed as a chain
transfer agent for nol ecul ar weight control according

bisris(pentafiHotorkamy i) fundeeylipidgzolipide, ot her simil ar

bls@@(y&ﬁmha@bh&pﬁborade)aSheawela_l/mnﬂ@z%hma@I e that the
mononer s and sol vents enp ‘i‘//‘ N be of sufficiently high
g}t 1

bis(igpenipfluprephenybbryney- 4éé%ﬁ£t“i BidazpdiBidenot occur.

bls(ﬁ@(ﬁéﬁtatfﬁbﬂoshén%m}a&w 5f19§(11 eBimiBMblifiigat i on such as
volatilization at reduce Bressure contactlng W th

bls(lﬁféﬁ(@%ltﬂf]&?m@heéwlé%or@wb SKrdmeiyipenzineidagplide: al uni na, or a

bis n[h@lhb&[ll_ é?lgzl)ﬂé}%lef) QAR EARRES ARY be
he"skilled artisan W ll appreciate that the

r at blé(y @#(p@tﬁpéluﬁm@hwt)ﬂlmgnea@m*ﬂzolﬂds one or nore
blsgf‘s'(génifa%ﬂllsr YallmBRISIEGS, ylifidhfapr ocess of the

?Von be Varied in order to produce
blS@m(MO@phmDaln@anqﬁdwetadﬁcyhmdembﬂ\%m cal or physical
el n the present

blsﬁf&{l}sgge%tatdugx%ph ggﬁg&%nfe) Wbl&l,l@deg{/qﬁllnfrﬁxg)gigé 'phase
bis(bas(gemtaiiupmphanybaluBanic)-distds(eptpplosstanidmolidde sol i d,

: i ' I f. £a, nmetal oxides,
b1S@@{(éﬁnfagilug}og%nagggg%I?el)llrl}ljf“?at%gl#@g ‘thereof (inter changeabl y
b1s(rtm‘(mﬁkdotophmt)dumaﬁéaamdmybmgiamlmldex| de). Exanples
blS(;[rIS ]%enga%uo %Le?&g’lhrlnl 3 Q-haegtl'cjl{itc]cg 1d%ﬂ@'§§' Iogl | It Icgtaglsa
b1s(cnl1ﬂy8¢afb10ﬂbph@n)yt)alumsnebhélﬁlﬁsiﬁnde&d)lmabtoémslﬁ,p ports

. pr.ef er apl av ABmS e m.ned by
blsﬁﬁ‘%??e&éagﬁm&égﬂ%l aner) Glgi%r%sg(ﬁ?pn% ?)Il—_m ) lnltdﬁ’od from 10
b1s([tﬂ)s(ﬂ@mmnﬂ)bgenyamldmpﬁeeﬁﬂ@hb&ly]ﬂobr&ﬂ‘]uﬂl%hdeo agD0 n2/g. The

SIZ I ca Is.fro 1 to 500 mMm
blsg‘ilsz h?elfmxa‘be ?t%ﬁ?ﬁw y ?bgnzb‘}lgf‘mﬂ g%l y 10 to 100
nmm  Oklier aﬂﬁlaﬁmﬁdudﬁﬁése@éschhﬁi iin PCE r;mblwaudsxhwqmm 4 such as tris (2,
at al

st conposition and optional Sup
P Batl o GRB O ios e, BemPionr AR slert T alaapoibated by
thefiBfefidQ fd? reQe\'ﬁlIﬂe aBun€XARN Shd ioﬁﬂmtgﬁé‘ﬁvatoﬁs ih e&dbihations, see for example,

ee SR e S Lo Lo § IR i SRR 1517

5,45h181 0 rWOoBthousedddtings &cf’fﬁ/bﬁigaﬁtaﬁ}@f ®@hipourlds &fite peieBllorates, periodates
t echni gues. for spra Lti

rying. catal conposjtions far .
and it pioaing e Boeiaeb D P E25 Redtihesdienbs stprgborostuminum
actRa®rs2 WO D3/10MEl AIINEEEH AT hdatos tIEhe Srie hadtcls of BFdnk@addd with

as a continuous polynerization, preferably a
Lewis acids. Other activators or methods for activating a catalyst compound are described in for

example, US Patents 5,849,852, 5,859, 653, 5,869,723, EP-A-615981, and PCT publication

‘WO 98/32775. All of the foregoing catalyst activators as well as any other know activator for
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conti nuous, solution polynerization, in which catalyst
conponents, shuttling agent(s), nononers, and
wo@piosomekd y sol vent, adjuvants, scavengers, anpiCT/US2005/008916
pol ymeri zation aids are continuously supplied to the
reaction zone and pol yner product continuously renoved

n.the ,sco % 0
tran§1t1 an mg%l% ?C;Erﬁ}%xucs a)l/ystsargayubsee B‘R)?OHC ?]lone og (1)1}1 1nagiP1é a(icHrlgh és[o the
prespm:anme]s howewsln fohbdstuesudts ah:moxme&bmtammg nbcamli;dtstarmsldeﬁ

f ant d |
T Era R of G o RS PR g Tt L o o 100
morppadasisly fiomslifEDan 1 0:a) thyst ﬁl@fﬁrabﬂw@cuﬁ 1:10bretoqalt. a&lyﬁibxane when used

by 1%%221%%}} %cl’ug% %g%?ﬁ:%fﬁ}%t glg Xé?qg)/ye%glg ag%é/qugp ?—l 2 neralfy at Feast 1961 times the
qual’@ﬁ},/y)ﬂﬁlétazahﬁm i D618 6basts 0 H‘rlﬁpaﬁiﬂhbtcﬁﬂenygbgtﬁf&[ Whét L as an

rocess desirable to e €0
st 3G 6P QTS SGmPHED o AP SETE BripmER| SHPRG! [Pg i to 10:, more
prefd‘hbl&eﬁ’ﬁm 19 t9Bi1GHost prefepMlyR®h 11150 SA| TR RrlaBGkeY actiftling cocatalysts are
i on condlilons enpl oyed. One such process

yner I Z
genfiﬁ%‘.h/ PIPIRYP aiaa AR PFBALE quqnwéargmﬂéyawﬂ} the mefaf cgmplex.

di spRY Srb&tgs AABMnvéRioR eRPIHGRs SMEIst, BARDES) SRS more cocatalysts, and
catal yst di fgg(alr sion where elther the netal conpl ex or

chaip ﬁsu%lgtgéﬁa}t ay ke fyrhsy epsidateq by sifsnce tq Keyp écwlafg%faeﬁe e
illusW@te-acBval@@Daiydt sitd A5 Qb Uk kS uiIEOsaSerizRidRABRBfGhs tf(l)’}ﬁls a polymer

novel polgmers of the present jnvention, especial

chaipoht.ftbes todhy wive ﬁatﬂméé% 42; Sinplady.aptaysi C?tab’étr%“P @dﬂg @foduces 2
diff@énGatd SFEMRRA CHiR, BELURRRA 18 B Gc@REaraBO A e, 290 MEhain shuttling agent C1,
preferably between 1000C and 2100C, "and nost
atta%l?éft@ P abllygﬂelbfélamé?ﬂuﬂ@b@caﬁ@ca@im@ l4pexsigfigpt bsralyneer chain, 23, for
the Iﬂflgﬁ@ﬁ&ains 1HSHahby toc\tﬁfa[}}s?&e QU A Ritidn&INRGH %Pd’wtﬁ Sndef Qcm/merlzatmn
0C to 4000C and at pressures above 500 bar

condigdgys canses [fermatjopeiaals-bigeliceralyner e aftaghed;tp é‘ﬁtVe catalyst site A.
Slmhéﬁq&' Qhi&ih Qﬁﬁtlﬂé Lié@lp 52 aa@tgcﬂe@ @f}%ﬂdﬂ&%ﬁalﬁ’ Eroﬁﬁ&%mg 0&ivd Qath?st site A,

enper ature ) ust bel erature at
24, ¢>@élanges ifg) pcpiwmwﬁéﬂmbb?e écrrélse ol ghetin, 2P fgﬁa@@ﬁ amatalyShSIterPe

Add'lt ai ol % % ol ﬁ%nﬁ@&ét}bﬁ{‘c?f&%ng S%Lfégs o e i5h gﬁ%ﬁlﬁl?lrﬂl&k

urry yneri zation are from
00p<8 ,ap, atieched 5Cactiye edtelysilsityB.ubhe growmgmltl-bioelsmpplamers are

repe%’%%kp%ﬁh%{lg&? ﬁfn a%?qlea(%] Hi%%gg Z&é% %cﬁlé/é' ga?eggsg g)sbggﬁeaésoc% sﬂlﬂling agent C
resulmrgd inffomasionof shlbekt @rsegradnt gf cﬁffmligmm@ntiepwhwéariezdtahgmo the
condi t.i on

opp031 S argré\rfei czaaatl soﬁtegog:(ﬁ%ﬂ '?l?e n% ll?lg Bg% <iha1nC Onf E% rlj:(c)%v%lue‘a while attached
to ash)ixmtshuttimg tagqumd mad:tlommthd dclesisds Aﬁaqnhmw:lmgletr%oltmg polymer may be
recov?]re% S/CSE‘JS \{oen ev i e 4 1};6:(%1%: ?yst § eto{fl l‘éf’ y ge\?\li‘ ‘thrP]ugrh USc ?ﬂ a s‘pro’con
sounce]otbﬁenelonmgﬁgemal pr opluct ! on of mul t | - bI ock or
Eg?ﬁ?%eﬁg\éeéﬁgghéquﬁ%ngr}a glg gﬁr)]u Ibgllygc breg g)j %I Celcoenqgosﬁlon of the
respeCtiv ste'gmétﬁs orelodhe, aﬁmai;payiekﬂy of Theendatdo@dnts@d thélpblyﬁt&ﬁclﬁ[rs may be
ref ere taperin t he ock co

G S e o Pt Bapistr £ G AT to|o) Pl Paggner of
the ihﬁzéﬂt&kﬁﬁdle Astuse d’i'@lliﬁ)éjlﬁl?.eg)ﬁbﬁtsd@dmﬁﬁmﬁed oR tlié)telalﬁidlrhtbmf cbdin transfer or
terr%i!ﬂ%ti%:&ﬂ&l?% Iﬁtsgeé:gs%?]at%‘ﬁtﬁn?s XI as b§1 %ea Igt?ve\{'stest 0 cpail\{\,glllu%tﬂng. Possible

chain termination mechanisms include, but are not limited to, B-hydrogen elimination, 3-hydrogen

transfer to monomer, B-methyl elimination, and chain transfer to hydrogen or other chain-
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conducted or in a diluent conpatible with the ultimte
reaction m xture. The desired cocatal yst or activator
wa@easode2shuttl i ng agent may be conbi ned with PEEUS2005/008916
catal yst conposition either prior to, sinultaneously
with, or after conbination with the nononers to be
olvperi [ L I e
terlrglilaltﬁé% rea nééﬁglfcﬁqg aggﬁévl?ogg{%ﬂe oi(t) :c]]lgarme I en%!il%sgdd\%eliﬁ thcorﬁ%ly, when a
low aatcentention béithadt shothineoeeti imrsem_tbet migerifyrod pelginecthhinends will be

generzl(tgg mnche Pcﬂymerhzaﬁ?l} reactorq)e Soe %f‘ Elg forg%%m\g §1§18¥erxtntlnaf10n IPechamsms and
the mmt/e hi&s [of elpdr tedmaatcbnsibmamﬂyst @)and Bygd rdeiaminasrthe gtedairmnant chain

R S DO O
relaﬁfﬁlﬁﬂgﬂrel(ﬂziz;l;llfegﬁsdgﬁﬁigg ;rfs the fiﬁﬁhd’d}{jol)gleﬁut such a
DO Pt Cnb T o BB irlioR o b Biehs B pmpippd, dip medority of

the ﬁﬂﬁnér%ﬁlﬁﬂw&&lﬂ t1g0BAdtdTAad Shon dxBE tHeaiolymekitatibnyosay/atathed or
' The reacﬁ,@r contains a |

bougpbe SRl T et arr oMb Haf PR g chain

tranSfe yand pcﬂym&izlaﬁ@matamtt it HRatMed rie by sin shitafeeT dRdwo catalysts
solv nts.incluyde C4 o édrocarbons or m

prmﬁq@f qrmng:g ﬂ@d 1Wf T nderminating moiefy. ){gﬁaéal)bsg (A) has a faster chain

tranﬁmel?(iddy(ﬁ $h&th sllfﬁtthiﬂ%&‘ﬁa thaﬁca\fﬂ&silt (BYSther e @faj oy Cgf tﬁkf cHaﬁi%n? sejgments
omers enployed in the polynerization. talysts (A
Wﬂlé’ﬁﬂho(sB)’méP%?ﬂé’y\Rﬁtﬁb(S dB¢atal yst and chain shuttling

ageM inffRedi Edrﬁé&ﬁf&ﬁbﬂs STchdifd Elﬁn&[{hg zlg%ﬂﬁ lethlrJétdf ﬂﬂ%ﬁﬁﬁndnﬂoned
the reactor |iquid phase or any

factpij@peggtitunpriol m@&@f@mlqgéhia@rﬂgt% Plahe el s?lé@gwl%ckné“ye fgegoing

metﬁ&ﬁi(ﬁﬁ |n{a§‘i>e Q)(pa%géd'@ teNBalyie oﬁrﬁﬁlﬁﬂa‘lﬂcfk PORRRRMaliag nbre thdd@wo block
catalyst "addition rate as wel | by cooling or

typsead fosgoueiliing the axckase §logk leaétilhandﬂl@kﬁ%ﬂuywéﬁ foF &lepeonplymers. For

exaﬁl ﬁeeus'lr% aclﬂﬁHrQJ)i} S it Beanﬁ @tvﬁth%fchglﬁtsﬂtﬁﬁg a@é;lg igbl wHeh each

The’ et hyl ene content of t | ynmer product

catalystiepe makasadliffsrent rﬁ:@eroép@lwmelf blwhw@wes 2 bineap blevkoieaelyper with three
AifbAG NIGRGLRE, FifHefiork St ??z}t{?@f Itl{%(éhwmg‘?:ﬁé fb%h@ﬁﬂoﬁ&aﬁcﬂlerate for the

respecti Ve f rates o ese conpone
three eatelysts follphve tlpcqr@em:}PZﬁ ten ¢he averegchlockriengdli Hhtheitiyee block types will

o1& Bl oghér%g2>lo Qﬁd @1@@'%}1 be l?é(ve? {aﬁ&g l)f ﬁ]g/ QBQ@ES adj acent to 3-type blocks
pol'ymeri zati én vari abl es suc t he tgrrpera tu
thambyprblockoaiasetitatype blagks.by t he previ ously msnt i oned
ch ait Bo1 ORN% Ql’?aft gh}}%ﬁx%g %;(I’Sts K coﬁiﬁéﬁﬁllééf ’EP%< ﬁgwle%l%h hﬁ&xb@ﬁ dir of the various

U on ex € reactor uent cont acte
block tmhasa Fominpbt b>ksiele|ctnmmlysmc B, aad 3\fmherein 2sné 3 prodnceznbstantially

the salmgeortbq(ri)]ymer-gpocllgég) %r “ dUC lmlu%cl’lhgfg goégr?ggld%%%ljghr% th ?oqlip}?vs the order 1

>2 g»ab EhelI$uitmgqmb/n$r wil hayk b bagodakdistdision Qﬁblveiﬂlengjhs made from the 2 and
ag ent at reduced pressure, and, if necessary,
?Jctl ng further devolatilization in equi pment such
as Burtheyihk ablnyinerzz:angn el reardien mittnre gompuidingthe wenqren tetespolymerized

is C{’ﬂ%d%g‘glglgg tévﬁlg"lg‘l thlab/st COOf (r)sé I,irc])e %c?ncgrn u%’?o an?’%l%éé%ﬁ (}X)Igg‘rerl&ﬁlon
condfiidng) rﬁfeﬁlﬁ‘@d@bsyls f:]iaﬁaﬁtelﬂemi)mm efeclbwted throparaures and pressures. Hydrogen
ternativel

may. be em ayeéllﬁs a\é{j]anégarg%e? Fle%lgtpggrr gegblx]?\geég %tfnllt(r)oq acco}{dmg%o known

techniques if desired. As in other similar polymerizations, it is highly desirable that the monomers

and solvents employed be of sufficiently high purity that catalyst deactivation does not occur. Any
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with or without a nononer, catalyst or shuttling agent

gradi ent established between differing regions
wo baseefs25 opti onal | y acconpani ed by separat ed Bcitius100$1008916

of catalysts and/or chain transfer agent, and

operati ng under adi abatic or non-adi abatic sol ution
suit?ﬂ«L, }ée'g%f‘%‘%qpérg%g’ gn%]rd Iultrl dc(:) rt]f%n (s)l.gch abev%%ggggﬁ aé)r%ﬁh{chtiprgssure contacting
with ooculgatyer or lagld smfava:trbzeilymmﬁ @ ai cbﬁbin@tldiﬂﬁl’c}&ttbfégomg processes

n f or r e th ar ou
maf BOSGR0 ThE YSt ARl Shh bhedite B8 e oT e sptting agent to one
or k@s k:a[‘tﬂylsts dnb ©ramdndhngstin the Pp@ssstolf e pi@yntahvestidemHrRRanA&tkn order to
nd = |l o %F as .a heter ogeneou cat al %/st by. adsor bi ng
profit pp 'é%ﬁ%} F ISR RYC B ypic lﬁa@gém ‘c or

O rg 81i]jp6rt$1ﬁi[yt be élhp‘ibﬁ!ﬂl ift eHel p@esexﬁSm&ﬁt@(Mi edpstiMiytih Skak9 %Egas—phase
err het er ogeneous Cata

potyrRer R L PR dndlsalid RO Aot SO nakpides

methiidid bEiae! oramixpiresiteieof(int@thanB@bly rbRREIRAHefeirt AR MoREhnic oxide).
ctive P dr ogen contajl ning activator,

B SRLEF i % AN RSHBTR, o, S, Arpingicpes

borédiliates WiHys; @A Mikiilred Agkradih. ml%'sh'?‘ﬁoﬁ@ bief@4blPhave a surface area as
hydr oxyaryl tri s(pentaf | uorophenyl’) borate, such as an
detetinifsA Py R gAN PQypsimetry using the B.E.T. method from 10 to 1000 m /g, and preferably

frmﬁ 4o0m6b00%/ =3, ﬁleqlvérgéetﬂa?tfd@s%eythﬂm? é %r!)l{l 'Osi(tg 864 e&l &Qféx%gly from 1

henyl ) borate. \Wen prepared er ogeneous or
to 280 gpomeredrafenakly t0He 16deml yst conposition may be

e rminqylg gmbd'&lﬁeﬁ\‘d df rtﬁe%n%u@rf %??regmﬁzﬁﬁlgﬁ Ic ds ti%ﬁtahcﬁgjtloﬁﬁ support

a practical limtation y polynerization
mayhbegsperyidried eropether el regomiersd inrsoliipetiictiated painytmprovsle@dumposition that

is réaﬁllfﬁl éc?{%& %gP thndl&is %Iuﬁptllgmetjﬁg ffglr g)p%%dr%&lgg g{ﬂh& gorbammg slurry are

for s merization I's one
welhkuown|ieths att had uSefeliyr dmpioyatl bewin. [Preferesi tecéldl,quemfbuspmehiymg catalyst

i may be
con R A IR Rt B RO P A5 RRRRS et 2By or
us eTlilqvoga@rlphmvels pcﬁluyhle carziad bwnas progmssepolynieazaiopoeftrably a

has a nedi
con éﬁ% tsgle Ll%ah!)xg glbw c%slyséc cgtpg?neptg,bs%atﬁ%lllrg) 8%?%@ Womers
andtoptldlﬁﬂy m‘l‘xen‘a rudjuvmst‘s smveiﬁ@rahﬂcypdlymﬁzaﬂmmﬁﬂstafb cb@finussly supplied to
Preferabl use in slurr ati.on

the E)eractlon zgrées H)oliymer rod ct, antl XH%E %ﬁ@r atf-fre (f’rogl (}V%{h&scope of the
ternfis-“oontibuons? trod 2@ﬁtlﬂﬂﬂusl§¥’bﬁﬂsﬁd mftkis atityxt bfelosb prodesse 111 Gzﬁlch there
f er abl from to 80 U|t

e Tk B S O e g o et
so tBath/teﬂnhe &ie|CyVeSdlll’prbc&l§s it mﬁsﬁfiﬁm#ymb@tﬁrﬁﬁﬁﬁs used f

on a la scale for the ur e o

ool Ve BpPisharPee iy Br S6nGecobt BBlsbrHereh rare, olution,
slurg, bﬁgas phaé pﬂyﬂ&h}di’f&;ﬁ%mc&he FeessoniiRs poRmeE£%i5n FidBdsoO i @flesirable to
for exa f the ty eV\/nlch(f npl oys a, .

e ey TSPt e S PRe IS I A b et svhiriahe
polﬁﬁﬂr)(sf@l’ub?e&hdéﬂhé Balg k@A EPERitIBLEERFIERA. Ohe bitE pRICBERSESzing an

Q| ization reaction is carried out |n

exframelg?w éliwa %y%lmﬂﬁrrf{l%?awwas%mrs%ﬂcp StPhradgErgimeous catalyst dispersion
wh&@©aitat ik RgtaP chhplied bziBe chrardiyef is BRY YO®ly soluble is disclosed in US-A-

5,783,512. A solution process to prepare the novel polymers of the present invention, especially a
continuous solution process is preferably carried out at a temperature between 80°C and 250°C,

more preferably between 100°C and 210°C, and most preferably between 110°C and 210°C. A high
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particles supported or suspended above a perforated

plate or fluidization grid, by a flow of fluidization
w@2®5/09es gas enpl oyed to fluidize the bed conpeT/E8R05/008916

t he nononer or nononers to be polynerized, and al so

serves as a heat exchange nmediumto renove the heat of

fr th o h

pres%u%éapr%%e%?ﬁ usl%ﬁg C S‘IGE %ﬁto art rélrﬁeﬁ%resg@&r? ??(gﬁq{j ?ﬁﬂ) EZZ éx%q]gtltqprgssures above
500 ba’rr(éQ MZRhl A bdrmmwprc&sssaypl@lllg obdsyn nreduwﬂnooarbmommenthaad 'temgaeratures of
fron%ao Wup%o a?em}?ﬁ msp ge'fow Ee tgmé'leﬁa e a Lwiig I‘rjtejlg reslg]ly\‘ﬁ% pollg{mer becomes
substfnpialiyt sahllbteyln the 1gerap01y1ﬁérlzab«amhedlmhoPtelﬁreb ednperdtureﬂn a slurry

pols o PR R e PEEr R T AR T o RS PR S 198
Preskred thgicallyaangalitom steoyshlesd (100 kPi)ao Bﬂiﬂpsﬁ)yj 4®may o f a

bl qwe onpressor and one or t exchan

0o TEEH piihe RO BPertin RRMOR oo SR T e GHe ROt Rerization
condifi&ts afelpeéferably RAthloEd.COR wsB gf Qich pbigmbethtioh Bordetiding, Ieﬁp’écibn)y

t he coQ Iln rovided by the cqoled recycl e gas, to
continyghp. SNsPdp PR RIOcE7t HEPIBURE Y9 GIBUY B pobmerization
cataeﬂtaspaﬁ@; ALORs %ﬁd@e <13) elg‘ﬁzfc@ﬁ%act&ft%@%re[lt_ﬁ%%m'eﬂ retsﬁxtsalﬁ the economical

operatlo n the condenpsi ng node e.Vvo e lig
produgtign gf aplt- F#O%lh?rsseg'a%e oo fymerssip pigh yigldsiand e %Jw%?l%& Lf% ﬂ
hom'og&l%us'ah& phughflohoiypEreadtivh @oncﬁtlcﬁl@?ﬂé& 3t eflplayslr. ogB e conditions are

havi ng to 8, Flﬁweferabl 4 t , carbon atons. In the
Pfef%‘é“é‘é’v}teff‘atﬁpetﬂl‘iéo PlRek CBmPOSS&%Wéﬁ%E? ‘itself is a

vol Eﬂtﬁ tRall sk BBMShsitRhs CAhnh EB HANARINREFArddQs RhONMbEResiH ¢Bmposition by
| this can SU|tabI%ﬁbe fed to the bed to provide
addl&ﬂn @Vher?ﬂalﬁlr%efebmn agsetvent T whigh (thetpolanarizafigngvill be
confi:eR 6f ﬁltae(ﬁlul‘:rﬁ ct)ﬂl?ame with Hie%'ltﬁ@ﬂe Q@gloh%&ﬁfem '[gl@%eéﬁ'aﬂ G&atalyst or
m xes wWth |2|n gas the volatil %
actiyator gnghihg g]ppét,hng) RSN BT bergqmbqlqd Wl'q the catalest @@ng@m@n el her prior to,
srmlﬂﬁhé/oﬂ?lgl 'v@tﬂt orQfel BorkihifutidR QWth-{ltfeemﬁ'}()ﬂﬁfért@tb@ gol Bited aﬁthﬁﬂl additional
ener fromthe reactor as part of the recycl e
rﬁm@@smlaﬁ@ enters the conpression/heat exchange part of
th CAt'a8 S qhel 8Rid -ghﬁgrreﬁﬁﬂtg Ia?wgl"ii% dn§ eralel cgf\%h}sﬂ:o gsmon must be
heat ex anger andl e tenperatlre to I ch
protecier fram oxygeeehd wolsero\Whetedoredhe @@alm comppogeritel Skmttlmg agent and
I I
actr%e?f/cc 8@@%&1&1{ l{eﬂ:(&oéjalr]e[% agltﬁgto%' 'Erlh ?xr Islalﬁz %1&1 1‘@01%@1% 1 lgjm}{osphere
mﬁﬁebem@henwagpe@ymwenwwemprecupltated liquid to the bed
as y
Thi \éf ?(wrt)gm%{ng@ cg)ges 8{]1:11% ngeﬁtg)gl &lé))?%e%§$ for Ee{l%g out such a
polynteri8B®8 prockis B as4£o_54\8s 39 @ stinyd-Qdit RBA85 t}am@bnun@rs to be polymerized are
intr?sdélg’%lsdg qogti'llgl'oFsrAll}é %%Egllarlc \g{ﬂ?%{y%/%gé%&g I&{llgegl% gﬁgegg%;coq tcont%uHs a liquid phase
comipbsg isubsfanmnytolﬁ endanemyG tegetaswish meaamivamtcbrtdduerm amj dissplved polymer.

Pre%&%cﬁs&hje% :ng: eCﬁgotrhla% ocarﬁ;grhstor} g‘?’g‘% °5 1rsereef8 re?q%cr{ifl}llj S1 can%s such as hexane
or mlikﬁﬂe's of etlhaereéo esdweIl'laa; snetof perodf the nosssers anplewedrin theqbo]uymenzanon

¢ neC BT P OD e T oE oL ) e SR i ousty o
intefmittS@Iyi inteoaiéddrin dhesreatistiliquiophade o aﬁ;aﬂey)&ﬂedqmﬁpmshdre@ NThe reactor

accordi to the jhve
temperature ang gr

essure may be conprgfle%%'y a-gﬁlgting the solvent/monomer ratio, the catalyst
addition rate, as well as by cooling or heating coils, jackets or both. The polymerization rate is

controlled by the rate of catalyst addition. The ethylene content of the polymer product is
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catal yst conposition may be subjected to a

prepol ynerization step, for exanple, by polynerizing a
wapmbloogemntity of olefin nmonomer in a |iquid PEEDS2005/008916

diluent, to provide a catal yst conposite conprising

supported catalyst particles enbedded in olefin

o MR BRSPSl B B8 POREAE

mamqmﬂecomg the@@spmtwb tied rafoés dfm]ﬁﬁsmmoonéntt toghd teudtoli. Zbe polymer product

T IR T M TR S T S

temp\iritMennbﬁDﬁlebeﬁxcerfﬁtaﬂﬁﬁ ot Dy ¢He pidviouplg Inyeite brnedahif fransfer agent, as is well

ac s ac i eved u ed .of refor d | vner
kuoyf e R bR ro et the SRGMS horPiefean s bihs il agent such
as watk,)st@in, or anslcstondilid PoRinig sblhﬁmble dpﬂi)c)haﬂy Méafd, Mdtthe paMahér product

as or r.o rior to introd n e cat al
s e gy s o e oo aawallge Bk paeuer fiieatetryduced
preskisre,dA8,| if Rdeds@ry@M@uctifg Fltthef @IVEIEza08S uﬁfqﬁ@ﬂféht s?abl?!i\s aﬂﬁavolatlhzmg
a_di| uent gas, hydrogen chajn transfer a

extrpder,y I aSOREENESBOEPsy e mes FPstipeedimery thera ga;p@ gﬂa@gymer in the reactor

gen&rAIRGIE RSN ABRES 1o STRRrPLRAMERALBAMIES mifutddits 6 Ratged
continuously or sem -continuously fromthe fluidjzed

bed* &éﬂ%@liv’r%foresﬁ@g galymsHzion gy be sxeigd piydt 2 sentinpgyisdoop reactor

wittf &rwﬂhbﬁt Aol %at@lfysttolﬂ 5ButiifAY 8 t S dBhtes@BINhEAbRNSen differing

processes whi ch provide for t conti nuous supply of
regipRdbareiti PUpERLHESATBARIE] B sepgMEP GdEinR O s randAFCIpigiransfer
ageﬁteefﬁ@\()ﬁérat‘ﬂ{ghlﬁﬁ%'dfé‘)aﬁlcf& 28h-biiSbatie G ARRE i-8fiorl d¥Bditions or

react or ereby providing a steady-state environnent
comgmations ofythie feregsind weadiqr conditipisa Expppley offaitefle loppreactors and a variety
of sﬁl%féto‘ﬁératlfg QHEbSs Bf Re rtﬁ@llg\*/lltlyaré ?&JBH ﬁ{@gP Ry 99%BOE 83§ 5@9 and

reduced pressure and optionally elevated tenperatures
6.688dé%ol at i | i zation) according to known techni ques.

Ty pAlﬁﬁ)lu%y not ta?@esfrl:d" b 'céfé sp&ﬁin %&tl&bﬁla §o 9 & ﬁﬁ%ﬁl@loyed asa

i's oper nper at Ures greater
hetepcrgef@rlawa}ysrc bmdse@mg thmremnﬁmommn@tmrmnqbinyrgame 0T organic

s

paﬂ%?ggdgglbdl %%8%1*)%5}&&&%2@%& In%fél pgé?%r(r:éezi;%'fbgflﬁ{eﬁp gigt%t?bgm ﬁéqcatalyst is
prefared bylice-preoip@atingthé jBSetPlatompes and {Hs883cHO0 prodyd 4BauB@ext inorganic

confofBind 818 (0o 330081 S50 Bhp AR .

alky®), #hbBin @8 8ompnubd AndPamn3or6O8 4l & a lydobxBarglits(Ghtfludophenyl)borate,

suc £sev Iao u%ln%:{lw sggpof ccjlfoxy;t‘pg Eift o grg/t!)uﬁlpheéaglétrlvﬁ)tte%tgﬁuC{r?Pehenyl)borate
thﬁr}ﬂfslfarﬁtd in hatenopdmeous oEmmnohersfolrm,cthu ck&alyﬂbahbc&iteﬂ may be employed in a

surB L e A i (4 e SR BRI By A A ep s place i
liqufddilubiers indetichviae ngmeﬁﬂn@dLeofs subisemtisiaingilehle. t IreferabBC the diluent for

slurgrrpg )%ljrr?télﬁgc{ﬂn?%&%to? mogjlet he% carb)éns w1tt\1/\16tsshthgnn5 gaégo% atorgs(.) UI!E‘ geesired,
saturated hydrocarbons such as ethane, propane or butane may be used in whole or part as the
diluent.

Preferably for use in gas phase polymerization processes, the support material and resulting
catalyst has a median particle diameter from 20 to 200 pm, more preferably from 30 pm to 150 pm,

and most preferably from 50 pm to 100 pm. Preferably for use in slurry polymerization processes,
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water to forma hydroxyl term nated polyner. In
anot her enbodi nent, sufficient air or other quench
W@ o®an9i485 added to cl eave sonme or all of the sket/Ub100§008916
agent - pol yner bonds thereby convertingat |east a
porti on of the pol yrrer to a hydroxyl term nat ed

Addi t | f
the fge B eRPhEHTRS FRGEPPES Ha ot A s Rer ey B cm to 100
pm, lam;mbstrpadfer@lﬂy frnmtlb(iirrft6$0|pm ng polyner. In one
Bt tion t - bl
oot e BB A PRy PP AT Bh P BAE ORI S 0 Known
proddgskeised adrieltialigornd 1atgte 3caﬂmﬁdt thal et factufed fadolypldp9Tend, thetene/ o-

s wi.ith an ent tlonaII in th
olefig,conolymers, (ﬂng a‘flf%reqkﬁ 2@%@&? alvas Pigoers g lqged %aagﬁ» for
exar@le to&"tﬂeaﬂﬁt\fllﬂd:lﬁﬁﬁp%yﬁ Eﬁ@blﬁﬁlc&l@ stirfeIRA bl 88 ffuddized bed as the

functjonalization o ¥rrers are. wel | known, . and
polmegea}twgéﬁcv%kmé&; Fréeqlﬁ hogpasssyhergis ghe pofyncsizatiapieaction is

carrB@ GAUA @ vartiSal RSliAREAl BblymedstibOFeabior Edh@ailiRk X MBIdiZed bed of polymer
product exiting the reactqor is term nated wth the

Parttsﬁa SPPeFiert <tr|SPW@nda@ abave aperfersiad platrRedluiizatios grid. dw 3 fgow of
fluidighioh kel y easy. The netal | ated pol yner species can be
utilized in well _known chem cal reactions such as
t ho9¥ aveeRiBYee f ridist e Pedioryprisps it MARYMEI K ICNETAFT FURA
polyﬁ{ekx!éd' &hdWlso Rfvedshbat Gk HdRoeIn SRR AWRADVE thehhtBr RALRB from the
roxy-, epoxy-, ketone-, ester-, nitrile-, and other

bed ﬁhﬁ:ltqt B#ras powep fram e fer  dhepericfiere rorpr by wigegrangsiligasipie sone, also
kno®h a§zy{151@cj?tl_y ?ed'u@tﬁﬁtzb@q hémlg&e&aﬁlgt@lt th& Be 0 RIABLLaddWherein

use here in are desérib n NTegi shi,
fine'peytiges prrtemingH [in e gasﬁtr@nglsaw en FWparesy to"grawigte, bagk ipathobed. It can
also(btlz %Mta ahd toolIsQQEyc?Jn@ RARLEvd & %‘1146?&91{(:& ﬁgﬁeché‘fl%‘% ggs &n. The

organi c synt esis. Polyner Product lzing t
gas prikesaermalygeeysisd toﬁbfvleeld by aepreecp s, blpwier|on dompressar atid-dnp ociore heat
é?i%'?ﬁ{ ot e Atk LY pdifRBLAG, H ghly desirably,

exc}&ﬁg @Sg%rehn ero %(ﬁ ﬁ‘E‘ré,1 conp r|S|ng in

pol 4 m;fquzeé thethod pf @phiyg @”rﬂee bef.anni additioh écths cerfling @rpvisiet by the cooled

r i R CA A
recyg{é%rag%g tg férfé%?@%'fel 1?18&{ e g%tgtpg :c'i]% %n va (grgﬂﬁ &aeri} ﬁtéoften
referred toias bbe)@tlionomrhe Icgmlemsinguﬁocbh @he Nvle’nlenlqmdmldyedi ingthis dase can be,
for %xlamgésa VO %tﬁg }ngt{t L%uug f? xamp C,%raseanggtc?e] h oJroc%lrtben%ﬁ elplé 5 ?ot § preferably 4
to 6cqaytmhaldmsnén ta dasatha’r ﬁnh OISonkEA b r:anoﬁblner ps@&e :] crela'ofe liguigdhor can be
rentiate n E ter r th
00119er1]1§/eedﬁ? P%)r\]/ld{é‘ gllg]c%b lélqm %%s cfn § elBlyqa % cp to t e'l‘%ééo BioyY dle an evaporative
cooh:ntg’e\ffest dde lelaﬂlle tiguid\dtapbiatentn the Ihetr ﬂlﬁdllm'ddﬁ:ﬂdo fona | ggd whiah mixes with
thefl 81 % eslf val tgle 1Var L o5 % ono t 1ﬁ some
e, sl o nSBR e G Rstme & T vasree

polypriyatiingn the ®Ed r'Ee |eyap|ﬁfhﬁeﬁlﬂﬁlﬁ1dahéleahergés ffousthe feadfor 3@t of the hot
recy%{e%ag ran(!i eenstesrs thae réomprgs%}o% 1%at%)(()cr1]1ta§1gé pa g}aﬂtle I!egyc_le lco:cl;{)z._ The recycle gas is
cooled in the heat exchanger and, if the temperature to which the gas is cooled is below the dew
point, liquid will precipitate from the gas. This liquid is desirably recycled continuously to the
fluidized bed. It is possible to recycle the precipitated liquid to the bed as liquid droplets carried in
the recycle gas stream. This type of process is described, for example in EP-89691; U.S. 4,543,399;
WO0-94/25495 and U.S. 5,352,749. A particularly 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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Copol ynmer segnents) of at |east 50 wei ght percent,
preferably at |east 90 percent, a glass transition

wao eospesEeure, Tg, of |ess than -250C, nore prePEr/aRi0gs/008916
| ess than -300C, and/or one and only one Tm
Addi tionally, the polynmers of the invention can have a

bed gﬁ!ai%ra‘blg%ﬁég ?, ln%tho% '{x@[laa %ex%%é%gingﬁx%gﬂgé &Pt 1@1&1}{& %'\’thm the bed. This type

rom m nu
of ppacefséy debtriped moWOR402808% 500 g/ 10m nut es, and

es pﬁ%l & é)n’%é C?'igﬁ}egctgo:li otcéhréh? mn %{EJ%TDI ec lﬁeﬁ%ed {:S)ec%i%[y e’p(i %{/&he

the | REr's Can have
confimpns dr s@tﬁﬂcogtmmulue additidh, of) 003 13D Corgyp waidicen, acpmérhg tcaﬂhb yovemtmm The

cataé%p (9 /O%TH @B%&BQ%}%&F océ)l pre%ﬁl&lnglg %aégo%gfe]%y%%f p eé’ggg%ymerizing a
smag/qnmitmy dzf@les“mﬁndheme]gm adikpeid inErelildarnstotprovdde 4 dualysnvenioside

con RGBS oy B B SR L0

0. 9Fhegolyn3r islpbidecedetirecttylie theflRiitrt Hed by pelymeriRyiobef the monomer or

red using t S, t o, i ence the degree or
iR B PrmgR s e B B TRIer & Ry ShRSRRe SR e et
con@ﬂdtuhﬁﬁ@tdpol@fneﬁﬂﬂ hat_ﬁ@ht}éﬂmposbioﬁ(i)kttﬁﬁ tlﬁ@)@dl[’eﬂhrt-@lﬁ df e polymerization

red by cont n ratlo an e of c
reagt R YA PInE AL PO PIRRS el SR A Bl DY Rlilar to the
desipsl Q()lﬁifet 2ad tditioning tHRBEby @iny WEh Aak ng;rbr vidols@Dp1@§ to Atroducing
sur.pri sing. benefit of this phenonenon.is the dlscover

the El{ " SPRORGOM i TBeRoBErS NG B RS 83945 ViLr s detired frfve i the

recy@Rida€ @tleal] VPR d @Rentlg@R hydbdef R traﬁﬁgr aﬁbﬁhor an inert condensable gas
tel’rperature recove propertles of the resul tln

whegSPyiRiEe 18 s RbasseaTds gsing RO%arkor eipdaped nokyrer ifsifedagecontinuousty

or sWhi-doBtiglodsly fr¥m thePRlidisddrRMad ddsir@nd hi gh tenperature
recovery propertl es increase as the aver age nunber of

bl oblesas phasigogsstey mept spifpblecartbe pragtige afdhis Byvpipn are continuous

proceBdat tvhich rofe ?Jr&he%?o%nﬁﬁﬁ@u}fﬁg opl%gpﬂaﬁl@kd t‘HQ ool {(‘)Qe b#\8e reactor
desired chain transferrin (high rates of

ty
and ghe reinpyahef RRpdusts [fiom th%xmt@n éepne@ﬁ menreﬁ@@rmhﬁaby Bify idingesteady-state

envh k@t &f thORLYBBEa1d i kY r%ﬁblpﬂ)né 5§th%fr£a%ﬁ;r| P‘I%Liﬁ(cts are readily recovered
suppressed. Accordingly, little if any b-hydride

by expeseriaradaeedipsesg endvaptionaly @lnéatep!oﬂeymtiﬁtuzat(ﬂqynlatlhzaﬂon) according
to kﬁ&&xpfemnmest GF)?QQ Y, e é%ﬁ be(?@[qhé E J{) r&de operated at

crystalline b S are |g ly, or~s ntia
tempeyapree grehtyr, thin Y08E prefoeblydwei ¢¥GC e 110°€, mprelmefbmhlg fema745C to
11Ol;)(nl:anchl ng. Another surprising benefit of the invention

i'S that polynmers wherein chain ends are highly

cr yBitaaiples bgas ahasb 9rosﬁls@®tmohedreyadppﬁp&rfeﬂ1se nthe prokcéxs 0f this

imGBPY e AR LSRR 00 D S, SHaM L gl saosonn
et oLl e ﬂ’mg”m’@%ﬁi“?“;%ﬁff"‘?ﬂ San be obtaimed by
535@;?§§s£$ﬁé[°5§;a*{“ﬁ%ﬁ§?ﬂ-i ng agents and catal ysts havi ng

an AppeapisiyahentiorsDans®nbizehidvagess Fmudi-bREk edpaiyihels are also

inc rd?ﬂ{l]lg{,%ﬂgrg%eglte ﬁ%%ﬂpgp cit e%?t{c’%g %%algﬁpgrpgf vlvléerem the metal is

the SSRRIRE tHalcBtalyst of BiddiMshuRliny Agat ePMPlyBHGE WaH abFuriisedeibatives thereof,

for ?%glrpﬁ:e g)ree}:wpéc})crug}fg‘ %%%lt%glﬁtg {)eglgg%%%t lal? O)Eyogcran oru?c%%%d rilen with

water to form a hydroxyl terminated polymer. In another embodiment, sufficient air or other

quench agent is added to cleave some or all of the shuttling agent-polymer bonds thereby converting
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(such as through chain wal king or 1ong chain branched
pol ymer formation), then the highly crystalline
w@ologneu2segnents Wl |l preferentially popul at eP€T18S2005/008916
term nal portions of the polyner. Not only are the
resulting term nated groups crystalline, but upon
tlé@tr Rtin! 02 fhe pbietHoQ 1% y
AT B gl AL O YRR L
olef@;f te@@;n@twb}polyﬂmrm@tm@rby Piydrifg¢liniisdtioy afdetipdenio mhsatmeatidngn the
di anot her highly crystalline pol ynmer segnent.
”S'm§§%88%g|y, both ends of the resulting nulti-block
c oploloperembeginen picthe meerttion ItHeyndiﬁi-glmbly capbgystea lrrlaiyrbe functionalized by
e f rese
maléﬂgb &ﬂe?&%ll W&Poy eﬂ; aﬁ]ﬁlgdr% o}; it ?qolv? rét51 6I}eéa§1e on | ? rjilvlé a5 w%h an alkyl
hﬂuumcrbaﬂet, oEiionadlysn tee lpearsencn gf aaﬂ¢vembz$e iespeaiatiyi ah amiideasuct as

tetrﬁﬁ)etth §ﬁ¥1§1%hla1§1{r1%es Lock ngues ) L cf onaﬁ% ‘c1t01(1j gf pr > u'e%%_ge Vﬁed][ known, and

dxsdlosnd foe exanple 1a¢ISP\5a46;4§85Land1ela@vheal ci um or magne3| um

OoXI att tearic.acid.and salts

e BB SRed Rl pabnre AR, e e Pase iy orminated
withothe nlessi slmth@dgemamﬂherfmdcuaahzemﬁd isatldfiVendis$) Th€@mb@Bated polymer
R STErER T PR
alurdip (o j aﬂ@tl-lg.llﬁﬁmﬁa’l]ldfl-aﬂd, dd&&ﬂ Gfvap P bR t6Foitn @mlne- hydroxy-, epoxy-,

i nvention usef ul | oyed i vari ety of
KeIqEn GUSTe PORET St pied st eynaiegiho Gmep Protudig o Bxapples of suitable
readﬂbﬂ chdEiEques &faﬂéxe @dabtaﬁleﬁf& usé Hé}é @ s@iice ﬁiﬁe@l@lﬂ?’@r@dﬁﬁmtalhcs in
as a nonol ayer

such

Orgalfw F%@@ﬁsls 1a*§‘g] 2. 1450y, apd pifer sgAdrrdstip ﬁF%%PQF‘é@“WDd organic
synthasd. , blomn cal endered, or extrusion coating

processes; nDIded articles, such as bl ow nol ded,

i njection nolded, or rotonolded articles; extrusions;
PolfhddPE®iuc@nd woven or non-woven fabrics. Thernopl astic

conposi tions conprising the present polyners, include

bl e‘ﬁfdlsﬂ% the,Prefepigirogess Bpval Pebymess; ickdinganyliiibjerkicapolymers, are readily
preﬁ%é' HiMAP deslraly] ftl{érp%l)ﬂgarﬁﬂceﬁﬁe?pol}}n%é édrrﬁ’bﬁsﬂhgsih ﬁ!ﬁl?ﬁ“:rlzed form

ditives ant|OX|dants stabili zers, colorants,

eth}é%@@ér@a@g@m@r@ segments éh@;factmze@\bsn@e AtgEanee;of harpgr-branching and other
Seglggr@ssgﬂhqéth}e&;.stalge ﬂ%ﬂfe{hkﬁﬁé. ar utility are multiconponent
bers such” as coreé/sheath fibers, having an outer

s y r Figcnltizipek copebymsrsi of thegnventionsas believedgabe chayagerized by the

RS f RfAfeY t
r BRI ERGE s VY AEA AL TR0 morns
natuse. affieeprdspise o§such diterantitted Worky onibe interpdimadrh /of hednvention can be

l,

wm%*%%ésgggﬁlnc u e%g | E@§%EE%Phﬁﬁp%ﬁﬁ&fﬁﬁﬁgh%g§?¥m1
techaggjuel. scl osed in USP S 4 430, 563, 4, 663, 220,

I4;1 61%@55%99&5%%0(%81%&@ bp t%z invglglon Slgl%rsls {ndg%r %oﬁlservgl %1e 1nventlve

woven an nonwov
polydieseproforadlyi posseSR [8at4# Bysid®f 130 J/sorrlesst anregyl etwdnemfenuthat is ~CHa-
er

CH%gﬁ/glg{ Afglgl%rg?’),olf %t;}{:agﬂédg\?elg‘! s%rggnt ptr?]fh ral())l Oral’?té 3% bnt ] élass
trangikioi ¢ohpek agirea e of lekmhzimaﬁ"ﬁlgmpm@iaféreblg ety than 93’0§Ca1md/or one and only
cIo extrusi ons, calendared articles, and drawn,

Wi sted, or crlnped yarns or flbers

Addltlonally, the polymers of the invention can have a melt index, I,, from 0.01 to 2000

one

g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably from 0.01 to 500 g/10
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The new pol yners descri bed herein are al so useful for

W re and cabl e coating operations, as well as in sheet
wexaosgi4eh for vacuum form ng operati ons, and POF/DHE2005/008916

nol ded articles, including the use of injection

mol di ng, bl ow nol di ng process, or rotonDIdlng

mm&gso (a:ne eisssescha\lllg?{g%g(ﬁ b lzztgﬂﬂg [Hgl{éllt Bgs1 &Qshttlpl rx}(lgﬁ{:cf Bcgglré%rg Qan have
molwutar wbghts,dvlc,rfrcmsl L00logmolp toeig()(lﬁwﬂb g/nmies; tprecﬁenaidy frsnmg)OO g/mole to

1 008 %Q?f enc{rclf SrE%r %r 1ﬁ6dg é/ Sc{(ep 6% égb@g/{nﬂe gp%?laﬁ@ from 10,000
g/mge o300 p/nplo CHeslemsdry oﬂihs m@erﬁedqm,yn(ebmm bafumdus0 @rob9 g/cm’

and Brg?eyéﬁ&rgogtfg’lfcan Elj{@?%’?? % %F%é{n@htgrbg’z i esjfe:m)t hed

f o avisrecv@Alid lﬁesregt Iiolmqelrmgznie @ebpped YRy BcibiguestoSofltdce the degree

e R e T SR

segnidn® Ehn?% aﬁél@@ BY bdhlﬁe}lln@me&ldiﬁb Shdﬂ@)pﬁ oﬂal%&il\}&ts agdl ﬂ{dmttﬁﬁg bt as well as
use o roxi de, el ectron eam silane, i r. .

the (gt 4. Hofyﬂﬂlﬁﬁ“’tle"eﬁ AihefROlYmeRZAL v %@fﬁé &:shthgjeing benefit of

this pﬁenememnqa{hke YisBB@yf th&ds ths UedtecdF bloy¥BIn@ is iRGedséd) Ehe optical
exanpl e by use of mal ei c anhydride (MAH), silanes, or

PrORSEtifricd pisfngiy gy eheTPerHRe aRFaTRAY PORCTHSRI e PRfDE polymer are

impvéd. QR BhrtiBilar, Pze AbNEHsesGNBB ARy, B bh iR ah ORigh Rdeickdte $ecovery
and adjuvants nmay be included 1n any formnul ation

ProRegifp s thfervpresrimbepf ity i theqeimes inereatss By yelgeting shuttling

agerdtOlad@rykd dol‘n%fnﬁtlorﬁs Wahin@ e Qésg%é&Iananbﬁ@hg 88ilify (high rates of
particles, including c tal c, carbon bl ack,

Shuttl}ngémihdw davelkiof @lamzté@mﬂe@ othse s afpabates fesmingtigm e effectively
sup;QEssécp Qﬁ(&% kgLl liRRifSon ';3&911&&%[1&11&%@19 Bbézeh}%@ linsthe pblyhfeAtion

nitrid per's, steel wre or nesh y on or

accqging @sth%mvmsaom ang therregying pryatallipabloghs |aeeshlgttbr ayyibsieatialyo
com%f%{etbh hnet,a@%'ssfebs%{gshttlgobrjno?&%@ﬂgﬁf)éncﬂlr@:l udi ng paraffnic

hel'eni ¢ oi | her natural and synthetic
pol Wres Sllrpmlll&hhnﬂ@ Oﬁthlq @Welﬁmmyﬁ%ﬁt@h/@@@r‘weﬁgn ¢lenin prds are highly
I
o) G5t AP B o b D gy o
pol}fmn thahiermippeawith o guoirpgheey Wodkmedugel thgmrean@lpcalllar dilgtive effect on
crys]cf‘a)ﬁﬂfer}(g%&% H‘Bls)fggﬁft Zan @%%FBJ ?hy ctf%%}ﬁ%@{ ath sh dﬁ ?trtht%laggﬁjtg ] catalysts

pol ypr opyl ene I mpac
havipg Ialy grp@cp]yia’@rrggponsgm bsiragen proithep p]gquﬂeemgatmgtag@nta Specifically, if the

cata! 88 W 15&2@%&;0@? hlgﬁn cxalgta[fglg g‘ r}l{pﬂ r%/ ﬁsrc?pl%%ie%g Chai teérlnli]néltion (such as

ene I NC
by use gﬁ1yprogs®m1u@ thd cagedyst Esbonﬂble ﬁﬁ’)@&du@ng@lh dass imdtalhing p&)PRer segment

tallo udi n react o
(sucgeé% gltr%u 111 wEl'kmgfozli kk%l}ciwcp mer rma{lo ,F%%ne J%l]lg hr:g']:J’ly
crystallide palyner oghients wdll pnefemea:llyl popWBPtle tﬁ’nﬁihﬂip(@ﬁ&s of the polymer. Not
46, 5 842%045

onlyg%rgf ﬁ’g :r%,s&%’ng g@tr 20 Ggﬁ g{})’tlﬂiﬁrysé ealf% u}aqgsg)?ﬂn?agltoﬁyﬁenlng}ﬂy crystalline

polyied ‘jdrmaigaﬁial}ist 410 odnyg Eriga, avﬁmby&ﬁ‘bryrbﬁnatxon dffgﬂblinemfﬁfnfatletd The

YR NTETON T T T T

bot}arﬂﬂs bhhe fH@ﬂ]tlﬁ@ﬁlulltl-lﬂﬁdk)CUpcﬁjrﬂibﬁi aesprefbdemgg hgblysnpodlipner s
S olefln astoners asto S | ene ,an
o oo EreL B R HOPB R GRANBED Por G orRE o the

pres@ifihveatibeintindevariobeother ingredients in amounts that do not detract from the

properties of the resultant composition. These ingredients include, but are not limited to, activators

63



10

15

20

25

30

trade designation VERSIFY(tm available from The Dow

Chem cal Conpany and VI STAMAXX(tm available from
wezoosiaks | can al so be useful as conmponents i PCDUS2VAT008916

conprising the present polyners. Suitable end uses for

the foregoing products include elastic filnms and
suclI é,s gfacl:gup ?@%%gngsﬁﬂlﬁ g;flgeg ?aqtgr a01§§1§.1§h gsf] S ta(r)lot (Pld b rcP sans %l];ﬁrceac%% glglers and
rem(qrms wdh agcatrm merhztgn@sdiime&lrhcmsteaanld;amldamunmm gligitdsj platlclzers

h
ucl?gjs cﬁzﬁiﬁg}ﬁ %Sc'tzl's OE 8 Sérté‘&lyﬁc egmcps antlflge §t5>,?s§fti§}%gs Wa)fegaaﬁ@ agn{%ﬁs

(bot h open and cl osed ceII) |npact nodi fiers for

ther th | astic pol yners such as high density
Am%%&&@%ﬁﬁféJ&ﬁLTsotactlc pol ypropyl ene, or other ol efin

pol ?lmq:rog/,mecﬂﬁtﬂ&dmfeaﬁdm @8 pe iede Smplbykbll ing vaﬂwﬁbﬁtﬁﬁventlon al

S AT T T
one lfili 1dyeR Bich.as b Modolhye@hilny, oflgtSéasshe @IYOOH a AR layek fildfrepared by cast,

i nv thernD | astic co 03| conpris
o S s 1 SR SO BPS M 5GBTS it gy Pelded. infection
molp&d, MMOQﬂ)Hl(%ﬂartlc&@'CExﬁﬁblcﬁlkﬁ&feﬁnﬁfdl woved bit donBV 6l fabrics. Thermoplastic
mer of, %%glen nd a copgb%nerlzable conpnomner

°°ma8§ CH@PRJ%H& TEHYRIOIST, nglude bidgodihpthes papiabor gynthetic

polyn¥id hiliti€ee) 8michd ageitth) Gerd@Inl bkt RS adiiies) inhﬁgr &hnts, stabilizers,
crystalljne or sem - crystalllne bl ocks in_ the form of

colofarfy pendsrs gartiEE HYlowBERsErs. BdRttreT Obpagiqr utility are multi-
con‘fp@l:ieﬁﬂ HBer@such BEédre/shB4R ﬁB&s %Hﬁn%ﬁf%u‘t@ SEIEREBIAS c&ﬁprﬁﬁé dt least in

nmer. These particles are forned and di spersed
Partmﬁ"’cerﬂrﬁmf%é’l}‘l%‘tr??f%hep‘aYegﬁﬁ%fr by the forces incurred

durgip&s il hayrmReand 'ﬁ'&gl the ].I)r@sleﬁfwﬁ&rs (;l;mle%dﬂngl'ﬂhé’ staplehﬁbers tow,

desi rabl e nor phol ogy ieved to result due

mulg?ﬂnmggerp*ﬁ}zgqﬂélaqle W@@@rapfl @gn@flalp% Pritaple ;ﬁ@prd‘@knmg processes include
spm%@tﬂﬁh}’rﬂ@f HoWh E@l%uﬁf@@gg &s&&g@ﬁtU@ £4, @fd B, 66? QQ(P 1968,566, and

such the matri x and hi gher conobnonmér cont ent

4 32@L0&§{39hmupcﬁbﬁré gt Geplosed inlHE 4IBtliL0.brayekandopoigraedabries, as
dlscﬁﬁw uﬁ%@és@ OB rbétsﬁllﬁ:td'lrgsl ntnadg lﬁ%m gcﬂ m&m&maﬁgbﬁggsqﬁlﬁﬁéthel fibers,

Shearing forcées during conpoun Ing aré
suclhgscglbcetess aylan ot astior, dgrraefermstl artintes,i extrpdst ghapes, érvbiding pecifile
| )
o L0 A L U S R B«
Themwmo}yme@edesqrrbgd ar¢iy ard @bsp peeifihl dorbyyieervad c@deecoatlng operat1ons as well as
I n
in sﬁe{%ﬁé}%ﬁl@?% vgc gﬁ)x f{l% ﬁ%%pgraﬁéﬁh%lﬁlfgr;f%molﬁ%lg Artic SI ﬁj&iﬁg the use of
inje¢ticAviolding lmvymg}dmg ppsksge rotbineldig pro'EEEEesa lﬂd)m“p@é\ﬁldais emllsrlsmg the
ol 35, SRl SRTRL LB MBI SR s B
pre\dcarslmetmmmd ttshng nwkntwnaltpoamleﬁp prooessing tegloligres wihith btgdverlfknown to
ners, especially an SBS bl ock
& crosslinking or
vu | IDap‘ﬂrﬂDm;g[ba:g eapteousﬁﬁﬂldﬁi-mudms)acraﬁ age hefoaMéqfuqn’fgeth)afreidnt polymers

or f01¥r|u|?at g ci,orr]r%rltml?lg thg 5%1? r?e%}le 8a1%s‘, Ogné)f‘lflﬂ%&l% 1nv%nteg polymerg can also be
form{ddl, ﬁ‘s&i‘ﬂcldsé\@md@ﬁl’ﬁpphc’ﬁhﬁl Narequdavgod Eéﬂdd@gmi)%moms’ﬁfé pdlymers

may also be crosslinked by any known means, such as the use of peroxide, electron beam, silane,

thoss SQIYIF tPe ath of po a/oreﬁg ﬁ%?(%:SXl

azide, or other cross-linking technique. The polymers can also be chemically modified, such as by
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form ng a nol ded object, and optionally crosslinking

the resulting nolded article. A simlar procedure
wa@giongowdes f erent conponents has been previ ousl BPCT/US2005/008916

di scl osed in USP 6, 797, 779. Suitable conventiona

bl ock copolynmers for this application desirably

PRGN YRR K iAo Byl [
halcmaulatim,gtmimﬁeﬁ,enﬁ‘mia;ioﬁ pomtha@he:rmamodﬁ‘wambl e

I I
pO X&Jé ﬁ sgﬂ?]de %?L%%ﬁy pra %@ ngl?]lgel'l (1|n ﬁn ﬁgﬁlﬁat%é 818P“Séngn[ﬁe p%sent

polylw!; a$1t11lab:lp a@tm&d;s ofchudt fillergrachi a3peg@hic I'(lif)ﬁllblfglilﬁd pat'&ﬂss twBiding clays,

talc (iar ononfl%:k gg?nurpr% Fhlség(%ﬁ, l:géés % \Tc{}ge ﬂeéaﬁg orgfnaﬁ) Br 1Porﬁ%}m ?li’eé%l
1nclpdlhg sdrydreﬁlﬁrs( H1%)mtr16¢ filseds) eteel GHFinel od RiekH, htlc&y(]zmpﬁ bylpEsEes cording,

nan%g z'g\c? %arécﬂ%syg?,xs %1% E{%ﬁyw@flgérs {?rl(é ES& ﬁ;aipg %égl:fl?ll]ceor napthelenic

oilsparelpmalice dattil atid>snibetid rpolfyﬁheﬁﬂlhﬂgdmil 6thérgRpaRis aderding to the invention.
yr.e ar ound above t

ts at er at, 0
b0l TEIAE EiRpRP At e R b ISRt e Uit B Germoplasti
andmoA-tidBbplaRtit poldhers lﬁmﬁﬂﬁh@ InytoRM Snd sith&ictpRVRRFAEMEEP 1 polymers for

b b [ | b 145 C d t
oSBT RS o e e G Fbyen
atadﬁB @a@bﬂ’(bgyl%wmﬂrf@lﬂloni eﬁl@ﬂenb@r ﬂ@ﬁ&ﬂo@o@ﬁe{sﬁ aﬁlﬂuﬂ@péshﬁ’ polyethylene
g 8tenperatures an astlfy t he mixture

1ncl TRy gae-raqlﬁélslé)PEn gleglgglelﬁqtq I|,ISD Qagqege PE, including

mulﬁiile b % QEQ b@leﬁctﬁll”rb%ln@s &%@%r%@ca l)Waﬂd ﬁ&ﬁlﬁl&ne Iﬁaﬂlél’l fa¥ products
m Xer s cal enders

sk S SR RSt Oy S0 e VA 1 AP S5 A8, 5, cthylene
vinyd a6 (N4 ), Qtﬁyl@ﬁe/ Bﬁ?lbdll’crollolléaﬁdlﬂnéﬁ )f)%lﬁwﬁﬂéj 1rﬁ15’a@l hEHBBolystyrene,

m xers may_ al so enpl oye such as a Banbury m xer
AB?mbrr@w@étasgﬁneablﬁ@lq qowlwa@rﬁ arpddmdmge@tqéyhavﬁt@s@ttm@fé fSBS and SEBS),

andTlYeli’lnSﬁll:lJtllé ol@uryﬁgnég r H-(l;lﬁy eﬁQ(lllQ ‘Iﬂél'ylnlal@ By ag l)lel:‘lfl‘llﬁstﬁlnélh glllle r
| oad |ngw@ Cross-| |nkab (typi call

elasgppye n%ﬂndmml@e@:baspﬁzmplym@m(&r nxwlqmbmemaawa@iﬁ) under the
trad® qerg;gﬁaﬁgh VERIIEOE QRRsié HbARGe D%rzﬁ{eﬂléagﬁzmléghy JIﬁEf@@sleAxxm

ositions, the weight ratio o copol ymer
avaﬂ@lmﬁ@m xmné@dbﬂ@@p@wbmlsefnw lsempenghits ibldends o@nprGing the present
polylerg0, nore preferably from 80:20 to 20:80, and nost
pref&ably from 75:25 to 25:75. For TPO applications,
t heSwitablglend nses fop theffonegding prdustsknadwsisslagtiredilos and fibers; soft touch

l.yal
B0 SL1, T AR MARRHL 45, b BRI B
(111051;1d}41$mt welp @dhy:ﬂeqs aaql)pﬂessgatspms[tsze atllhaewwé; fgdstt;veareﬁinplodlog shoe soles and
| f] b
shogtlllflr %& %ﬁf%?}ga S S u}§roélg§ gc?anl/ 1 good og i) othfngg% %nld cl)ofsefcg cel ll:g ém%qgt
modifiera Iﬁcu@theﬂ_ﬂle@@)plaMOﬂﬁItqrmclnu}lnglsieohmb'dtlmlyna; tsaiagpm g
pob%pgg’p Yeng Co?%lhe crle g po?ymer coate% fV HosHos SC&QBg ecﬁgllhel str1 epém}go cap liners;

i dera Gre T ustra I ng
ﬂoomingﬁgld Ng;cdisi'tg umbzamemﬁem,taﬂsowbwn lmypoﬂhmlg:lmb@ﬁehsefor lubr1cants

per Bl e it Corit gy bR Rednoplr SmBicly ororsing =
theritoplablicanaliric pmzmm espedidlyrimyactopdlpiropynecas si Elgstcﬁhdrﬁ: multi-block
copgly%%l' ofC ?ene hncfe‘ a copglryl%ce:r?z% le cgmonocrlﬁer according to the invention, are uniquely

capable of forming core-shell type particles having hard crystalline or semi-crystalline blocks in the

form of a core surrounded by soft or elastomeric blocks forming a “shell” around the occluded

65



10

15

20

25

30

Rubber processing oils have a certain ASTM

desi gnations and paraff nic, napthenic or aronmatic
wEe@sesE2di | s are all suitable for use. Gener abdTHUS20051008916

O to 150 parts, nore preferably O to 100 parts, and

nost preferably fromO to 50 parts of oil per 100

domgmf ofsharc{ ]Eglflr%ear THesn‘ég%cles %re foerrqlgé NG dd 1] ersedggr1 ﬁltnh% H‘IX po?ymer by

process

the fbﬁ:ssJinburmg dpmmgimelt cmpohiﬁhngomﬁmﬂmg oThis hlghely [dbsymble alorphology is
[0OCeS

t d
behe%gﬁg%’:frﬁi tgcﬁla opfge }%Iélgue 1&1&3& PIOR? es ltt?al %té h]g)ﬁf( é)olerrqeas Vﬂﬂ%h enable
compatidie ol yEned Fegiing Suchta® the ada@rix dpd dalgwr&bmoﬁmha cormait eldittrgeric regions

R TRV TR TR D —

forcéﬂ’ﬁﬂlrlﬁgbcahpcﬁlﬁdhhg are Qsllb@é‘d ta|pkc)du@’ @pkﬁ?at&d ﬁgloﬁ’s d’f&ﬁa&ﬁx plilymer encircled

i nc-, ivatives.th
by oy T AR UEer oS GEfmseetiiisd AaSOmp g g encased inthe
polypR} mawiki zed fornms of butadi ene or isoprene, including
bl Qck, copol re in-after die bber s have
| overtichiay dfrable bfe Bie th mﬁf@m&frb fin Et.%tl%dﬁf’g)}; Sepaonigptic
elastofheNMBIShds Y TPE), iheGlplastrfulbanicd (TRNDRRAE Styrehi? pdRRlet B18idsOMBE and
such as tires made from caonpositions containing

h
TPVclaﬂ@é Y R iRETrereg by gprabiaing %é%VGPtG%B‘éF’Sbloqktpo ygleksnwﬁhg 5

funckiBRMEROS A SatE N D v RS kheledt WIRAOM R0k AIMBEr, HbRBInk tdnventional
alon? with anti-ozone additives and anti-oxidants.

blockigpRalumsirs erpogiafboiy HY dlockepebimfigandptienally pFrosdipking or vulcanizing

agedt "YBO bleAls RO §§n%§4§151 Bt p&¥d b EBEding tANMnl &¥eRInSul@block copolymers with a
unsaturation, find particular application as a

polyglegipeand jopongiy ¢ ar@éshnlawr Yuicanigiag ageab ebbe foregoingdylends may be used in
fornlan?%"ill haiaed %bj@urt a\ﬁ’ﬁ %f)ﬁlﬁiﬁll}r &8dsBhiany thé f'ekmuﬁqﬂ(ﬂﬂcﬁﬂarﬁcl@ A similar

cles forned from conventional diene el astoner

procedhitt psiegidiffeteyirompencatsipbiaden prstisusiyéipcleseth melﬁﬁﬂ O 773PO,
TP u1t§l§19c Of Ent Qll vl ? ﬁlﬁi}\ %Sﬂﬁ%rb B At de§1refbﬁepossess :b Mooney

Itrve 0|ce or tlon and stabiliz
Vlscwmﬁm it 1P@e"§r)es thatrange fremelﬁécnb%eswl@mreéqﬂlﬂm froi|24 ¢k £00, and

o Q5T AT B R gl e

polykiB5lene, phEBE®pyIbBATIcINEZ2taciis HOtactis §RdioMetdand NB AR mp@ﬁ@i versions
. 0
ool o o o B B0
modifiigiohgtyfaue GIPS). otyie/agylegitriln corelysreagBANDrebbhetibel SAN (ABS
OI'AE%??TII enemalg(gal(ﬂl ér%& %Egl%xé 9 g. Generally,smaller

e Sl ze S are enployed, to the
extﬁmtblendsmaycmbptmddiyl NORBE peknwhng tE@respeam;e ®upbnents at a
i cat i sent mul t i

tempzﬁo gﬂﬁrg grqqu ns’z%:)b]E()vee %lg lljlﬂle i gmlnt tteltnpeeratgrre o% ((Z))necoarlr gﬁ%rcglﬁlgonents For
most hmltﬁtmyk abgotymeny thiommpatan@inhay belelsivgn3d® @eﬂsﬂgmaally above 145° C.,

ncu t hY nts or .no mepts at all .
and el B Rasb Y. PirhaEPoidedinigs PHECRa Sy et s copabl
of réaeliih@ the dagied @dﬁlﬂ)emﬁ_ﬁr& dnil Infett plast@inp @ intiktoranay leepthyely These
.t astic cordin t.he iny
el S TR Geaters STeRRo DB Bt BT o Ea PR aprecalenders
and KiRAIMS. The seqtendder mﬁkh@mldi ethbd mayldepaddponske fihal cobly@sition. A

nti oz i cal protectant uch as X

b b Pe b ReR o oyt FOE SN TP gt empityed Sich as

Banbury mixer followed by a mill mixer followed by an extruder. Typically, a TPE or TPV

composition will have a higher loading of cross-linkable polymer (typically the conventional block
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the part from oxygen or ozone or they may be chemni cal
protectors that react with oxygen or ozone. Suitable
W@ b@sioerbs prot ectors include styrenated phenol BCT/US2005/008916
butyl at ed octyl ated phenol, butyl ated
di (di et hyl benzyl ) phenol, p-phenyl enedi arri nes,
' ct - C
copolgxlﬂgxyéoﬁ{ope &Btlrz]i‘g&]() %%E%}Je:d t%g?§ Fc):ﬁrélﬁ Ii?’ogs anis %r)a(tlll for TPE and TPV
comphsitiorsgthe wetght o pitdddk\eemslyntpu kauabitirbdgck dophismgt maﬁae from about
n i dant s pes X1 dant nd, .bl.ends . ]
90: IO%Htlb% morg%referabq T estgﬁ? Org\?eg%t? dléosﬁ%rﬁ%ggtgy frgﬂlgﬁ.% to 25:75. For
TPO pyphidativhs, tlareeiht ngotodyruttihlodh capdly et t6l polyoldhanysthaf{oimdbout 49:51

oA RS o AL L

appli@libihs) thie theiight ratib pOmtiBH] dci)opdtinger adpditéfiamby also be from about 49:51

o 303 P R S b OB 2 v s v

the vibdogiyaxios Ghthevirio@xXdodpbiicats. THers QBdnSEpAbIES ditdrBS illisheting
d antj-ozonants used wll preferably

techn%@g%héia?lgi?%aﬁé)ﬂ%ﬁ aorﬁlélﬁlt}my 51%%1}%} he p&osﬁy&l}:}oal fe,l'@le constituents of
a blerﬁaautalpemi skelledlh thiid &t g adonsitt iftMécésady.at i on, hi nder ed
am _ne ght stabilizers (HALS). and WV absor bers may be

al S hh@)é&omeﬁﬁﬂf% may é@&%l’r@%‘?ﬂf"ﬂﬁ:‘l’llﬁd@asﬁ? AERYS Ad Ppeesding aids.
Rubbdi Iﬁb’délssﬂl(é (H)S hlée"a ceipchlﬁ WOTM &d¥)gnfiRds anli an Y B{ct Mptﬂeﬁé, or aromatic

Ti nuvi n( and. Ti nuvi n(tm avai [ abl e from
procegs kg a%Hugﬁhlyf%H@nC@a?rgﬂy fsmao @155&1@6% Beeisprefeably 0 to 100 parts,
and n¥BrbRRLE ffJnQU’toQ&Otp%ﬁs B et ﬁﬁ)-pah@@ﬁ%ﬁfbg%me%er}{@lo ed. Higher
Lewi s _acid may be ad |t|onao¥|ncluded with a L§
amoug’s ¢heth gy f91d &t mprove dheaserrsing o5 thsaesibing atieduatat thpurappisy of some
phys@zﬁ p@p@ﬁie? S&(ﬂilﬂl&af'ﬁ&e@sn%sﬂd&%dg cQﬁveM] %%0%9 @8 Salts, such as

ti onal m Xi ng process nm

calcubrr &tefmltg pefisestedie, émly)alswoéﬁamlgdm%girqolsoémzmtcghol@ﬁxetsomcludmg
h i Loz
glycog!:tﬁrrgrg t(g‘ g?ﬁ%% %gﬁc[u?gs (ggfgéﬁ}gglnésfe% ctmdsi‘%%? rsn Ia:gto %gﬁcfaﬁ b?&.? lor2
metakon aing-, perticderivativies thireef. cr ossl i nkl ng agents (also
r I i
o SO 5 A g SB00, B gl s s
butadpf-he aovisprrersaiwelddiog hivoly prpSlymess dlrpé-wsafiof dithe rlszbple}g biyegower

s R LT, o S BB e B mp 5 S e o

applichtipQsuel0ds, tirds mm,fmgqompm Gminidg Riglgr2d@centraflons, B8R ne based
rubbe?’s %%%kn%%v% t@ﬂquﬁ%ox%éS m%%r? bla }%g\lzef i) ?E’a%?ht% Iion g?{ith anti-ozone

agents are enp oyecf, accel er ators and cure &ctivarors
addltwewanldenﬁu-smdar&ss Maeltitblockeomllygueat @eerdmp &) uhs:qﬂeﬁmt igeemtiviopossessing
extremgpl cl:%v&ﬁ e%/%lla Qg lé]n%egcﬁrt & {)Hé ghd L alr'lr{:l)ci}léar f'eli%ﬁcgtleon aé?‘ tprgt)éctbvfe s%nﬁ'%ce layer
(coatgde scualxtrudag ot tmmtédl) nk‘&ehﬂar temsﬂaﬁ ﬁlﬂnradlmneei tendrtdenfented ffom
conventmlgalgle e erat or..0 LB DRy ace | erator is used. The

preary accé‘i’%rrél%g )p Pf%’y cUSY "™ tot al ampunt s

r afgicogyehitianal BROIPW) afd TRE apphititiors, capbeaifitalaelbisyheadaditive of choice
for UYCaBa iR B Ak Pt AHE-= BUNOT AP IR Cpoh ks include

ASTMerma,erzinNZZO 308 DA 282,608 ME99; STTSIING 26N BDE 362, (NB 39,
N343 ﬂg fﬁ@?[‘%’s’% FFRENEI PRk, REED Y645 §Bab NS IRINGRS, N754, N762,

N765,N774,N787,N907, N908, N990 and N991. These carbon blacks have iodine absorptions

ranging from 9 to 145 g/kg and average pore volumes ranging from L0 to 150 cm’/100 g. Generally,
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such as from about 0.05 to about 3 phr, in order to
activate and to inprove the properties of the cured
w@eaosopmE2s Conbi nati ons of accel erators gener al PEI/US2005/008916
produce articles having prop erties that are sonewhat
better than those produced by use of a single
Smaﬁr‘%}%g%g eﬁsézgcr(ij ba\lll\‘lhtlg]nclﬁgcgl? ztérle %r%?log?edlr lgogtﬁeg %j(%%li[/ E(gsg (r:orarrlgiﬁgrlat%nggagr{n?t For
manpy sechepplicagodsehp@esebtimdti-blogle topolyadtscaad alesds thabaetqniry little or no

di . I i.zati. t at e
e s 90 e KSR e BB v i o o
pignhenpess aldf Maticialed tigds of tired inathingthe belotisfakb veliclde Ple@ssitility.

It EY ntpi@giglor?s: ﬁ]lcgla%lg géi'mcg | Séﬁlcl‘r lgllhxgdes %’gﬁﬁ)?(ﬁ@tiggl!feggée’nﬁon may also contain
anti@izérfahie ©AHMBRARE titdd Gre XAGW TR 8bbel iR ek aDbinadyRRIl. The anti-

rimary accelerator is sul fenam de, |If a secon
OZO‘E’GEé’i‘aé)r/bﬁtpg}‘S“iagprﬂ?@@i?ts i‘ﬁ@ a%%%’@r’f‘&"é?%??s hat sprap E’ttg‘? S“irgce and protect
the pHirEkéhh 8B8lekn 8r R dr@hieRhay Bt EUnAER pROBIRAE tBat@éact Withi6xFBRn or ozone.
npound. Certain processing ai cure activa

.CcO ) . ds and tors
Suitghle phegdcal profficioes aelrde etz eraraly: Rndyeheetylgediphoppiehytylated
di(dRESU bRy I PRREE, ﬁsglﬁelnﬂne@ﬁi_ﬁﬁte%, @Eﬁatétﬁ@éttioﬁ Ero@@c% Pt PdsSl and

. or co%gent S mai: e used in conbination therewith. =
dlcyS{fl’.ané 1eéleé]8g5]8 pglyplﬁecrl{j:.d]éltlp?qdhlgi, ﬁWreql%?%lﬁ Spfévatives, quinoline,
dipHehiy18fer ntici@antsT MREAD anfiédidmRtsDM I RHOMBREE. Some representative trade

trirnethacrylate (TMPTMA), triall X}I@t c%/anurate TA
2y

, L e (TAQ),

names ozl progucticye Winegier ™ Sratieyidank ko "hifl0gntiqyidantyPolystay™: 100
AZ RRIQLAEP Y 233% bikBEiSxi@ne WiRkdfmal, L0RGERE SviHgeH™ OALS

partial or” conplete dynam c vulcani zation are known in
antigsigangy W ingsiey H isenios dat. EwnEwARP antionidanie Wingstey Wai-bpntioxidant,
and Iit@@l{oglm ARioVidhgani, z@hd %li&i‘tioﬂ, ﬁl%_taﬁt'itgﬁilcllanté/ﬁd'antq-%zonm% ed will

JuLg,- August 2001. Wien the multi-bl ock copolymner
prefershly & npingfaisngpod hanioigratesy.at | east partially

cr . . . o

O LA RS SRSl SRS AR ity gt
(HAd (50 end V¥ dbspolreat ingyrbe aksn dsadlalSoitdbi éxagplehimclyde Tontinge23 gFinuvin™

144 YRR BCH3 bfiﬁ%\%)ﬁp]gﬂeﬂﬁuvinm H1EShE %Ehvigﬁl 72{69{mg’l§/from Ciba
Siin S. or

increases Wwth increasing cros Ing | eve
SpecialtyeChearitals babCleogortdl 1§44, evdilable ifroweCitéxoflastich dlopgencBXIUSA. A

el .content .i.s desirably.in range f. tg. .
LSt R gl Rl R Yok RIS PR Rt b Bpperr
surfae quelity, aslisblosxlds USRéj06h68lpossess i nproved
processabi lity. .conpared to prior art ¢o | tions,..
cue o R PR sy bibers ey BB R fgperse the
antitoy@latepiSizériaots, arboh blacld Udeatoorbérs,and/or Bght stajplimved form a

rface ear ance,. especi al en fornmed into a

masfle o BRI DEE T P bigho R SR T e e

pr eSstable caRyidking hgens (dscrettred dsastchéngaafvulsmizjngdggnts) for use herein
. SS i nproved nelt stre h propertie t here .
ine SR et Bed piERTE ool “BBEh I eakh Sl fhrpgoine
matéddy 20 founé ip@e hidlincyudiipGh DSEROR 758 @13 bR806s5818,051,478, 4,104,210,

l.o in n [ .0l i i.ONs

TRE ke R IRt S s e L kR

conpsi $ulfanbasad ORing bitgtstate dniptoyied)\bedtldrors ABY ciid Sivators may be
useg gsnvE/e i nAc%glg%PolrsC arg {wed to control the time and/or temperature required for dynamic

vulcanization and to improve the properties of the resulting cross-linked article. In one

embodiment, a single accelerator or primary accelerator is used. The primary accelerator(s) may be
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inorganic fillers or other additives such as starch,
talc, calciumcarbonate, glass fib>ers, polyneric
wo pisn04¢3 ncl udi ng nyl on, rayon, cotton, polyeRBCEUS208510D8916
pol yaram de), netal fibers, flakes or
particles expandabl e | ayered silicates, phosphates or
o ol . i .
s SAGRCARLES o BoBoSh i B Bk a4 Ao 5. i
basedwinitstistompodtidanbeaight.l nenstherrvaiboiateht, Cnstanatioed did ipl‘igqary and a
anot upe | | ast raphite, zeolites
seconliy SR aHigH OB gyt LAy el AR tebt DI Sanetigramouns,
such 4si ffoaat@at 0.63 toabeut B@B@dl dler@d N ate @ﬁtpﬂolulﬁﬁoa@tﬁﬂﬁﬁ[j'é&%s of the

b fill bondi
curedgﬁg:?@@g{% seg afqer%gf‘télg{%ﬂy %)q?fi\gcrelaﬁgzgqs pfi\grﬁ; prop ertles that are

somewh4t Ibeihr Bi@n tiose ﬁ@d@g@bw@e BF e EiflSle adtBMraRR. Y QAGHESAL1BYd action
convent i onal | di ng t c nlques such as injection

accelqrP Ry, °° USAtrTHE BHOGBIRRHPY "OHRA RECETRE HPe@ih yet produce a

satisfABRrél o at &&1@6?; Rilc&hiza@lon teH@&fa{ure@T) dlicRizatioh Qtrddd Hilkt also be
and other tec ques. Filns, including nmulti-Iayer

used. juitable typgs ofiggeefsy %%ra thatmey betised indhe presspidRYeAHONA B REBYNeES,

dlsulﬁiﬁ§ uhMiGihatdinReiral, isofek | (A RNR CRESRShidel SftthloBALMRIEAQ 8%d xanthates.
E%e f oregoi ng characteri zi ng di sclosure and the

Prefel@k‘é{nﬁ? eYmarp gecefeitordng swlfsaantide. | 15 assrgndarasigraioeigused, the secondary
acceldrSS M RIpFHAR So1 A BuBIO¥iBbcarBhAREAF thivfrimY’ @Jﬁ%&)ﬂh@ td@thin processing

Branching distributions are determ ned

aids apd gure a¢tivitpgaseirasateanis/acidand ZaO i b@mlse(dcﬁ%?srmﬁl)om@q Paged
curm%o ¥%ec2 ) a&ﬁht‘brs%? U&E%E&é ﬁHf B{e U@l RRbRafidnMRrewith. Suitable

Val enci a al n. he sanples are
coageatsslscéwéremﬁhqulp@pmettmeemtg (’HﬂBﬁéh trémethylalpoome tiyrgghacrylate

TW_;II%/&A% allgrlcl:gan’lurané( §15ﬁﬁllsohﬁ%gra t(Tgx 5&9&1%%%‘&%5' nUEeegf peroxide

! sarrp! gte tures range rom
crosslgnkefsiang optipnel codgedts Bssdrfvrrpartmhon qofnpleteedinafaic eehc@nzatmmeklnown in

the ar} 81 lsécf:fol: g@m@fg iy HE Hhuti aﬁ'& %r&g&c\%ﬁéaﬁlﬁgﬁ gx%g;ﬂl %%gmer" Vol

cunu atlve SO e concentration i's neasure
WthélymEAummygmalllzes while the tenperature is

p?‘%g‘f@g gl'u TIHS kacrcl?tki&ér cghtfllqﬁlﬁ cXﬁ%%s?’tg)ﬁg%?t%%st pglll!ﬁﬂy%tr(')s\sﬁnked,

shor
the d@r@tqf plbsstlmbng mrb.y bdmegyuey h}e(hssoT\h@ Mp@ﬁtip@ml@ solvent for specified

duratlon r%%lceircz?lguliatlng%]egpelac{e]rgtlagﬁ?rr e)gi%?%a] I&%%%)?%?_I Z??E rcent gel normally
mcrea(s&‘,éewﬂh more@di} drosklinkRgl lgvelsr Enaeured\Vatidesaicaordifipia |t1re) 1t1v76111tnaon the

perce{(&R e%efg'conﬁa Ps %eSIra 1I}T@9ran ?Tfr?rﬁ% t(t)g t | £ ?S a peak

eratur eLé and the area
ber hmeﬁntn-nbh)ek tapobyarts dideiitivetior amfvileﬁ(ats bleids thdleof pbdssss improved
the.identifi ed t ve cu

proceRigb bl TR nelows Sy i B Bpong s
the ccmﬁfoaiﬂieii e iendelembiisiratas frcimpesvad sirtacé appedraeb, eéfdofallgnehen formed
into a\é\ﬁ?glge or € tﬁgl @%ﬁ gl\%r 3 1te ?%ﬁﬁ)tgggglf?r}}ég%ﬁ:ﬁg? %ﬁtl%%sj %‘% ’uerqgls thereof
uniquely possess improved melt strength properties, thereby allowing the present multi-block
copolymers and blends thereof, especially TPO blends, to be usefully employed in foam and
thermoforming applications where melt strength is currently inadequate.

Thermoplastic compositions according to the invention may also contain organic or

inorganic fillers or other additives such as starch, talc, calcium carbonate, glass fib ers, polymeric

fibers (including nylon, rayon, cotton, polyester, and polyaramide), metal fibers, fl akes or particles,
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DSC Standard Method Differential Scanning Calorinetry
results are determ ned using a TAl nodel Q OO0 DSC
weeuwsppres wit h an RCS cool i ng accessory and anPCT/US2005/008916
aut osanpler. A nitrogen purge gas flow of 50 mM/mn is
used. The sanple is pressed into a thin fi I m and
' . e out. 1750C and th
exparlbib Bl fiped B br AoRilheed fordts 85, 8T g atumine,
alumimggikgates lor algminophosphates; aartton whisBersropdbafiedre Inahwhrtlcles including

nano@gecsu\gv?ﬁa% O}{lée\l\gﬁgfr‘; ?ec %GO’P S Cill’lg ﬁerflmlcsrﬁlégltaﬁ g@%]l Cag)écglwlﬂbclog aﬁnde or
t‘ltanmSh Sils@Enpkel ors)thenmﬁhng@bxﬁdmmy alko teheenplaykd fonbetgr- filler bonding.

o e i RS rhefieat R AEEnSon el e forgiger begd. may be
procelssemby eomvaptiqnalandldiug teblrequen buchiasinfeciion nibleing,aafta€ioh $nolding,
400C 10C mn.cooling rate and held .
theref o p g N onslling e o Pv L e frehmiaues.
Fllmslﬁﬁluﬂﬁgaiultiﬁtﬁérrﬁlﬂﬁs i dk ipRguded by cast bttt gl pagtedfdd, including blown
fil second heating curves are recorded. The DSC nel ting
' ESRSFs neasured as the maxi mumin heat flow rate
(Wg) with respect to the linear baseline drawn
TestieMe@eds - 3C0C and end of nelting. The heat of fusion
is nmeasured as the area under the nelting curve
beliRiEiresges ehasttrrihg displasust anddhe sxagPlasihaigoleoy ; the dpllowing

analyti@awéchxﬂguesékreﬁfplo%ﬂ Resi stance Abrasion resistance is
asured on conpreSS|on nol ded pl aques according to

Stanqayh CRVSTAR Nethoder age val ue of 3 neasurenents is
r el@l‘aﬁéh%é d1§?§1ﬁﬂ1€§ssaré @Jterh%d%ﬁ $lysi@fiBatbn ?na{%stﬂc%gm

npr essi on nol usi n press (Carver

(CRY;&SATMSH&;%@M&TAF murp@on@tesma}y@vglahbé@lm%ﬁmchar Valencia,
Spain? 0[|h¥ Eﬁﬁgﬁl@suréjﬂgsg%@w £ig trﬁlﬂﬁ)%bém efﬂ@ﬁtl @@’CE&) i&%@/ﬁ%ﬁ) ?({‘r 15@ and

psi m nut es,
stabiligeh @Itt9ésc fog48 ntllﬁéw Thesaympding tﬂmpgramrqs Bangs fromé’ittot}ﬁ)éc at a cooling

rate of b@sﬁ'}ﬁlﬁl %@mﬁ%h ﬁ%eét& &%d & rﬁéﬁur@”t}}egﬁ%\}#égéo Rl % %)g{;?nﬁrélﬁons.

ter at mnute and r
The OGB@‘&WEQ febthleTonceytitiopdy mresstiied ps thé p@wa@r(w@rsalﬁitzb&:‘&dljds ttlemampel ature

is dec‘f‘@a@ecd aﬁ’le?ﬁhlt (%ﬁ(fatf% Ept!hg %Lg&tﬁg %‘2_ ?iiez%hg&s the {EhLeun‘T‘_ ranching

ol yme oratories Ins urren
dlstrlblaiounﬁthamdlymalr ousel conpartnents are operated at 140

O he-laﬁ Iﬁp%s K C?mp#%gl?s O}doarréaea% 1%enfp1§<? 5)9{1‘16 pea)l(c ama?ysm module

umms are vent
lncludlqdumthle@%fﬁ&m\feﬁmaﬂ(&esmb%b a’pb'npr@pa Neténah Spain). The

t ion
CRY%X‘Q ?{M( Fhélg rautin me (c)lsrétln S a 8eatk(%em eraterE B IB%X rﬁnglp 1rb J{li/ﬁl‘g{dérdalld the
area deaeu Xl}etlmigesepﬁn(vBhﬁDectlcﬁiabp Exdeer aﬂeoﬂlhee]rlartﬁﬂd b@ak in the derivative
agII altln hour.s I nj ect.jon
curve,, 1o ca cula ?,Hr\é 8 elpfeé?rée gﬁo&eslswg piaralgﬁelfs 18 le1§1 a
temp&atﬁrerﬁrdlmfmo_t(éandﬁiaﬂi safoathingipainetelenbtFEh €@ mperBtus e limitsof 0.1, and
belov&Pt%g Qe%{‘pgg%l*miélpt oizo.}. narrow nol ecul ar vei ght
DSC Standard Method
Differential Scanning Calorimetry results are determined using a TAI model Q1000 DSC
equipped with an RCS cooling accessory and an autosampler. A nitrogen purge gas flow of 50

ml/min is used. The sample is pressed into a thin film and melted in the press at about 175°C and

then air-cooled to room temperature (25°C). 3-10 mg Of material is then cut into a 6 mm diameter
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di stribution polystyrene standards with nol ecul ar
wei ghts ranging from580 to 8,400,000, arranged in 6

w0 c@ske@Eed " m xtures with at | east a decade ofPCT/US2005/008916
separati on between individual nolecular weights. The
standards are purchased from Pol ymer Laboratori es

(sShr QR e U r ene st re.
dlSk accur I(}!VJI e8 %%qu in a n@?alx m rPIaP e%? 8{11\1}gendtshut. The
therfnak behmii@mﬁ ﬂ&rsampzlle g;shtl&smtm|w1ﬂ1(1h®follgwmgtearpetahaﬂ profile. The sample

is rapid(i) I%F’I%P ggd 6% (q \%éc} lbe%{ got eimg fgﬁgﬂnnfteﬁﬁbl IS% cr> ?e,‘a%)&e gl%/' p\{gvugus
thermal histbryr & hesaﬁi{p&nld drefl Sodlddeto d(SS at MEd/nﬁﬁ c&DAEran 4dd held at -40°C for

s RS SR B b2 R AL, RS cn

heaﬂiﬂgginﬁ&ﬁaxﬁeéceﬁludiar wei ght conponent to mnimze

The oI st st andar.d, peak nol ar
g@}?&igda?@@ Séa"yaflag% ﬁ%wwwglﬂén gt Byl 8% Wil tespect to
the ligdanaséline dfmlnl Hé’wi/dé@ -30eUaid cad of ASltiAke SHel oA S FuRiowid lhieaaﬁfsd as the
an rd, .J. Polvm SclL Polvm Let.. 6, 621 &1968
areaﬂ?a?réﬁf‘eméﬁ%ﬁ #5vq Rey5er-3PSt girdiegnd obBielfweHes & faear bisdline."
Ab,aguﬁna&,gg{.cemal ecul ar wei ght cal cul ati ons are perforned
using Vi scatek Tri SEC software Versjon 3.0.
ConpPrade) igristasce nsnped ) Gynpesseion moldediplaquss asserdinedp Ry 4649.
Thetaoer quOB%}easﬂ%eﬁ@mesortea pra@lie@m%e%tﬁmﬂnﬂlgm@@mﬂi

i amet er round discs of m 0. 25 mm
CompISSRHBEed 1R gt Pt e Mkd?éé@%ﬂl’w legpellets are placed
betwRR OISR raffdfocHly RS SIRES, Hobtbd ht' I@U“’é 255 ;%{Tmo {#a) for@Mhinutes,

conpr essi on nol ded pl agues nol ded with hot "press

FolGHA ¢ YA 61 B svinsler, ph i QMBS T i e it Boplntocs are cooled in
the ?Peﬂ vith rln%;pgc;zokf Q\lcltlepci@@ <) 1\??1’1¥a @91 Maasd 2 ra'ncme@ f(ﬁttesgn?é) 0C,

py” cooling inside the press wth cold running
GPQVM%!*O(ht 86 MPa. Density Sanples for density
m%rg@@%eaﬁﬁﬁ clﬂ[n‘ﬁ%@ér\%ﬁg{uﬁéliﬁtgﬁl%b o & eﬁ?&'ﬁ(‘ﬂ& e?ﬁaboratories

Measurenents are made” one our
Modggl BEQil fhgr m%qlﬁgerA@’frm@‘ﬂ@Z\/bdvbPh@aO Bstrumenk (Fhel coBawand carousel

m%qgérgss e ?%eglt%%é? I\l/lMg @ee%@eg ?g zﬁmgeg rz’[B g@?@{e’ %ﬂxed—B columns are

useds eQwrsplvend dul, 2.4 ai@lmmaawne dllecewmples avg prepar@dativl cDaceg@ation of 0.1

I
AT ORI S P AFIAE Brgyns
(BHA). Bampés ade ptemdtw aghaimg @glabefocbhqmwg p&a. Mk dgattiosyakgne used
is 16b 1Pt ch)tlixgerrse acl tﬂﬁ C?Eqdlsv? g?nl/rrﬁld{lg? 5- 4PR1001R). The

s are ween ‘ytetrafl uoroet hyl ene
S h e@tlbratibe of thd GHC ctROnBE mperﬁﬁnqzdswul( BBlrkRaoléantar Feight

dist*q%ﬁfogg??l&%t?r\éﬁ%sé?r%ﬁ%% \:?’vlitggl%lef:ﬁertr v:\-}eigrjflitsr1 I’anga}lqg fr(t)nqggo go' 8?40%80, arranged

in 6 “cocktail” mixtures with at least a decade of separation between individual molecular weights.
The standards are purchased from Polymer Laboratories (Shropshire, UK). The polystyrene
standards are prepared at 0.025 grams in 50 milliliters of solvent for molecular weights equal to or
greater than 1,000,000, and 0.05 grams in 50 milliliters of solvent for molecular weights less than
1,000,000. The polystyrene standards are dissolved at 80°C with gentle agitation for 30 minutes.
The narrow standards mixtures are run first and in order of decreasing highest molecular weight

component to minimize degradation. The polystyrene standard peak molecular weights are
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then cooled in the press with running cold water at

1.3 MPa for 1 mn. The conpression nolded filns are
wais@d/odm@es opti cal neasurenents, tensile behavi PCT/US2005/008916

recovery, and stress relaxation. Clarity is neasured

usi ng BYK Gardner Haze-gard as specified in ASTM D

conv#ﬂ@o é? l@l%@ﬁxo‘le%rl%&%&? hé‘%n&ﬁ&@a&a% %ﬁaﬁﬂdﬁcxélﬁqg_/m Williams

OSS Crogl oss peC|

and Wardak RelymhSci ePolym neet 56168 (1l9§8)) gMBRMm&%FF Qmélr(Mlg&agz,ale)g ard
baﬁcﬁ?et%gf e'ﬁ‘c?’ %21&41\]:3) eilif)lgé)gleglrl %?eg calculatlons &L ﬁér?ormed using Viscotek

app m sur o f'eno
TrISKE:$czftV<am%erSIbm&han| cal Pr opertl es - TenS| | e,
CombNS L&l and Tear Stress-strain behavior in
om essnon

ni-axi a tenS| on is neasured using ASTM D 1708
m Compressiinset 1$1nmumm AordGap ASTIVAD 895t Tiet ameld ivpréfaralby
r.on t 500 OC. Te str.ength d
sackigf e 2P Blmaee bl s et Gamy P A U B Kol

thlcksqsesﬂ‘ mm@ﬁ%mmﬁ@ﬂ% hiystek@s157 bs xdetMnMdﬁ@ebsilbloﬂiblded

plaus aldiy wiBt bildrisSoieis e RO e PR mim 20 190°C,

folloxlvd?ttsliyr 6P for Then SAOPICE fdlBwe@BEEB AN Ehsido 1HR pELswal colduniing
8 %/l[ffor 3 cycles at 2 10C. Cyclic experinments at

waterzh §6MPdd 800C are conducted using an environnent al

Densﬁparrber In the 80 OC experinent, the sanple |s

dto eﬁgwhbrate for 45 minutes at the t
STt BRI PR R greppiyd pegerding o ééTNélad%%tM%ﬁswemems
are nﬁ&&wﬁn SxPIRSut HEAknplephBsih sﬁ CAS ™G DS’DQ ed&h@t B.150%
rain fromthe first un ing cycle is recorded.

Flex‘F‘éV%‘?;‘?ﬁl‘ Madwysd Stprags Magyl “iexperl nments are cal cul at ed

f r ompidi&rd dohiptesybdl Rab iz LBV @551%9 FREursitdndb Perddnt secant
which the load returned to the base |ine. The percent

moduligegpeasyrefl accgidingfe S DRR cRigrage rodulusys meﬁuaedfaccmém@o ASTMC
D 5084-01 & dghifaledth@hMqieaken for cyclic loading and es is

the strain where the load returns to the baseline
Optiepl propgriigse 1st unl oadi ng cycle. Stress relaxation is

MERRHY G AhmIPRcREECEN ontds@bRmBlaga ddn LG JJ %{esﬁ%a%%del #4095-

using an Instron(tn 1 nstrunent equi ppe
APRIGAR Y Ghereeiistlaraieast betweepo et aguorgetbyietersheatm beakd abt0CC at 55

psi (3?6 kpﬁfgr 3Omﬂ’1 fyﬁbw&{ l;glﬁf A 'f«])r 3%i"ﬁt Anlaghe%t 631\/]§a qug m‘h@ ng?]é’e]f dlm is

e envi ronrrent rrber t he sanpl e was Sstret
then gagled(0/shs press Witkarun@B@ eldrivatet at 1. Meﬁx lupeis. Theongedsiosmalded

films aHﬂfsEd ﬂ).p ﬁtfca#rh%ur%@é%sl ?enpigal“”eﬁavm;l;hr%ccﬁrgférégﬁt str§sts rgac‘)%tlon

rel axati o durs was cal cu
f o€hnityds me@Bured 9singBY KxGardnynHaze- gardaswpd:@idemASTM D 1746.
45° gloss is measured using BYK Gardner Glossmeter Microgloss 45° as specified in
ASTM D-2457

Internal haze is measured using BYK Gardner Haze-gard based on ASTM D 1003

Procedure A. Mineral oil is applied to the film surface to remove surface scratches.
Mechanical Properties - Tensile, Hysteresis, and Tear

Stress-strain behavior in uniaxial tension is measured using ASTM D 1708 microtensile
specimens. Samples are stretched with an Instron at 500 % min™ at 21°C. Tensile strength and

elongation at break are reported from an average of 5 specimens.
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where LO is the load at 50%strain at O tine and L 2
is the load at 50 percent strain after 12 hours.
waemsipmE2not ched tear experinents are carried PCE/US2IV05/008916
sanpl es having a density of 0.88 g/cc or |ess using an
Instron(tm instrunment. The geonetry consists of a
gaugee st . X X W, t 2 0 .
ot e 108 el Hacherhe T b S Pocke fad ot tins
usingheS B il 78 nscretensle speeineat with 8n nstron™ Instrtimént.] The samiplel is loaded
i.t.hreak he fear, ener J .culated a a
and, Hniga crl‘%?aﬁ 2673%1%1131 s g "o écg?sl ag% L glsj r@gfl%%{p?rgn%’ttsraz?h&/gfmd’ 80°C are
condectédnsinglao atkiroAmedylehagieer.Ofn thd 80 Wasberdnapeled SABRPR igdlBDwed to

TVA T Me ' | Anal [ P t] .
RS L T B S OB LU
expefimelk, theerpdtes siranatsDAedaid fisasthe fiet wschdil c3BBCedridd. Percent

L L R R AT
the &4d irdt@tetoftliebis ek IThe pérbdiirecovehyis Ubmell @5t , a probe
wth 1.5 mmradius tip (P/N N519-0416) is applied to
t he surface of the §Q§Bk ':nyWthi force. The
tenperature is rai sed” at m ngfrom 250C. The probe
penetration distance is neasured’as a function of
te ﬁwﬁérabtufj te stfdie takéﬂpi@? ERBO Ioaidiﬁgi s BAhd dﬁainm'lﬁbiﬁth@ Rad feturns to
enetrated 1 into the sanple. DMA Dynam ¢ Mechani ca
me%ﬁ?ﬁ?%‘%m%ﬁﬁﬂghP@mﬁ@%§ﬁ?ed on conpressi on nol ded di sks
f or pRés teldkaorl i@ meuRASt £ pet@d&amtand 07 MPeor PP 8&EHiEnd M Instron™
m nutes and then water cooled in the press at 900C /

. 5
ISHHIRENL QudRPPe Y1t &n enyifaReee chasiting Hit sAreRgeuBsb s 78 ghm X 25 mm x

0.4 $dok. 2A ferleG@APREIRT at 6 TR fon 83 MR MeShvifitieRRESaMbdrNthe sddple was
cantil ever fixtures for torsion testin

. Al5

strelgﬂhgtilq@é Ol‘%sstrﬁ}néaé 33y g]llful. Sfessiwas secpeded afa %pﬁi@ﬁ of @ﬁmgnfor 12 hours. The
peréAX Sl ReladdiRn 2860l wab SdIREA.AlsileAd Yos bet ween

fixtures separated by 10nn1(gr|pése%arat|on DL) and

subj ected to succ ] er at be elst from-1000C

to 2000C (5C per %?%%%?Réé egﬁm—teqpefgpére t he

torsion nodulus G is neasured at an angul ar frequency
wher L4 B threddddsat S0Nestrsin pb fimeansl L is dlee 1oasl ah §0 peatant stiapreafier 12 hours.

bet . .

ot ST BBl AOf i REFAET of QBB HSB0d et o8 o

less wsinghe Iisirn@drinstegiente Thé\geoneity carsiststofit gangh sectien of 761fmgr 13 mm x

0.4 'min Wtk Qtz%'nﬂ ﬁﬁcﬂ é\# %n% Eh% S ath&%)e st gcirgénel\ér?gihg. "ﬁ"lle%%%plle "X stretched
the sanple en er mal expansi on "OCcurs. a

at 508 neenirdnt2l, °Q il gbigks dbatat érerzyil calaubtitelas g anatunddrhie stress-

t epperat ur articularl bove t he [t Qr.
elou P i o i B e p e ndd “uiSp bR 1mE rpoy pigpored
TMVet the naxinumtenperature or when the gap between the

fi X&“ngr%gl I\rdgc%%rlﬁgzﬁ A%glygml)eﬁ&ll'altice)ﬁ TeBnlll%?a%LIlrQ)gis csgnrdgcntg({ (g]n 30mm diameter x

3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa molding pressure for 5

minutes and then air quenched. The instrument used is a TMA 7, brand available from Perkin-
Elmer. In the test, a probe with 1.5 mm radius tip (P/N N5 19-0416) is applied to the surface of the
sample disc with IN force. The temperature is raised at 5°C/min from 25°C. The probe penetration
distance is measured as a function of temperature. The experiment ends when the probe has

penetrated 1 mm into the sample.
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Pellets (150 g) are loaded into a 2" (5 cm dianeter
hol I ow cylinder that is nade of two hal ves held
wao oendaes by a hose clanp. A 2.75 I b (1.25 kg)PeDHES2005008916
applied to the pellets in the cylinder at 45 0C for 3
days. After 3 days, the pellets |oosely consolidate
into a cylindrical shaped plug. The plug is renoved
MAfrom the formand the pellet blocking force neasured
byDymaedk Mgctlahieala%dalyﬂid éIDMAI) islmheanketonpeirpetssion molded disks formed #in
a hot Pﬁrs'g)at?&)%lrcgaé ébj W lée?slgurela P d&ets n?l% d QZ%attehcooied 14} tha gress at%0°C /
min. Tagting pEedolnd\lcsad udiak tin l‘\lli(ﬂ*ﬁ)coﬂ%llléd $tﬁdﬂheorﬂerl(”2A instruments) equipped
. sur.ed i anc th ASTM D 1238, Condition
with %gﬁnégi%rfxam Cfl\/g‘itf’rso gﬁs%ng or 110 i s al so measured in
acA arsganglequa i ﬁres%SiT MdRudiad 3Bar dirakinkiond32kINi 1 Th& gample is

ATREF tical eratu S|n el ution
Clamneﬁa&qt@nﬁf?e %stﬁvei "?Seaﬁatﬁ@@r Ld (iprvoRreston Al et Phiggted to
succebdivd B8 eﬁ‘ﬁhﬁ@f&pﬂﬁ‘&ﬁr ideedtd Z@O‘Uﬂ%"é pdr%ph) 8/1‘[ ealrlh@mperature the torsiom
03|t|on to be analyzed is dissol ved

modu&t}sr@ HY BFBBEA LS G He fgﬁquaf 0gad/s ey S§1a1n1 a?@hrtﬂe heing maintained
betwééﬁ lo Llrﬁ'ér&%@ 4 ket Aedse itlat B RRQIelis k@b hRSHasth&Bbasurement
S ot}l y slowy reducing the tenperature to 2Q0C at a
remaigg g t %bﬂ%ﬁegm@f 0.1C/ mn. The columm is equipped with
anah BikA5e6: SRLRE1E % is rﬂamﬁxéf&!igmsmn%ﬁmgéﬁ%ﬁu&m §laé1§1n the
then generated by eluting the crystallized pol
samplegyhsh éhefma] ipkpangion agcyren Ay calisequeyce; the gupsipagtioh mcreases with

| )

v cHBERSREE g 05 L AL e ARG e e
stops Bt the miainani iompdygtuPRERhemihg gapdetivaen ﬂﬁéﬁum%reaqhmﬁt hign

' [ di ssol ving 15-20 g of polyner in 2
Pe"e* ?iogl?iéé gﬁgﬁgé 4-trichl orobenzene (TCB) by stirring for

4 Pedlatsg 19t g) 8800:Ced Fitea oS ym diagieteuidlion dylindeothetid mage af two
halveg ?nelzlg to%%t@lgr l%/ ose lgmg ?13 2n79 ﬂ; @ gg}l\}:ogﬁg g&%ﬁé i%@l?b@l\%zs ignﬂ;(e
cylmdr& a0 A0fon® é:kys( ﬁtﬁﬁr APdys, n']n@peﬁgh E)Dised:jad:qnsctlielaﬂamilto alcylindrical shaped.
plug P doslﬁ\!ls mOV?S_%P q@ Xav?ajllldlt alplo\il‘al\ﬁvl\)gooc ing ceenr?gagbrfsl b%loadmg the
cylmtﬁr af blbded pslteteih copr@B®h ubig Fdmtrahi™a mstrmnerrt tt mudsure tighot

compy N T R T4 e SRS AIB e of um 1 5 f mer sed i n

Meltanddxer mal |y controlled oil jacket, set initially to

The ourmlsflrst cool.ed C
ocefFingir Gl B 1?8%26‘%&9&\’@%%@% Congfigh Pt CR.16 ke
Melt a6, rd)etlﬁjlsfaﬁ;f) nRARIrdAqH hecofdh®ss RvithGB TNV Di 125 8,athagRidn 390°C/10 ke,
about 65 m/nin while the tenperature is increased at
ATREF167 0C per ninute. Approxinmately 2000 ml portions of

el Aﬁa{lyuéart@ﬁbérmremsﬂ@amm #ectibRfelon CATREAP) A69si6 BlcbRiked.
in a 16 station, heated fraction collector. The

accorg B aribe medhod drctidiBUSE 4745 88 e 8mpoBion e bgialyzed is dissolved

in trichlorobenzene and allowed to crystallize in a column containing an inert support (stainless

steel shot) by slowly reducing the temperature to 20°C at a cooling rate of 0.1°C/min. The columm.
is equipped with an infrared detector. An ATREF chromatogram curve is then generated by elutimg
the crystallized polymer sample from the column by slowly increasing the temperature of the

eluting solvent (trichlorobenzene) from 20 to 120°C at a rate of 1.5°C/min.
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rotary evaporator until about 50 to 100 ml of the

pol ynmer solution remains. The concentrated sol utions
wae®@sadd4sewved to stand overni ght before addi ng BR/ESH05/008916

met hanol, filtering, and rinsing (approx. 300-500 m

of methanol including the final rinse). The filtration

Polyﬁn%??rdc%oﬂﬁﬂn%ynﬁgﬂpn a 3 position vacuum assi st ed
[tering station using 5.0 mm pol ytetrafl uoroethyl ene

C OEEI‘EEZ’ g%ll\l/%P%%F ﬁ?o@i@ﬁ%&ﬁ‘ys%bllrir%g tlbg gfcs r acﬁ%ﬁ; gfpé) er I In 2 liters of

1.2, 4dvuiellorobamzened TeByhystitring S drhonts 260500C Ermpoheng Iseldthmns fomced by 15
psig @@@?cﬂ)'n?t?d_[gh@ Q:lltgggqnclﬂ% Qrfgotg’ﬂg Elg‘?(r 2}3;51% tgég%?:ﬂ%ﬁ%%aoﬁi%with 2 60:40

e sanples are prepare
(v:v) app po30-Homedhy( 6@y 25funy spiGHie, tndhntcallrcpaalit& glass beads (available from

rou SRR € 90 2L AL AL BPIESAR 15, By Gy

diameinldcuhmgleqn(mdabbwfohmaeuetsgmrﬁé Ihdﬂsmalahdvd Nerth Goiis@ahda, NY,

1412@0 Ighg leﬁylﬁj-@m%? nsa tggro laheCt rolleq? 01&%@(&}; %ﬁm‘[ﬁl}yttg/ 160 °C. The

colurfai ué‘(rstw))oldcomlcaikyee ﬂiﬁo‘i@etmn slowcabdslecsfmmodcrago 0o °<apélr31§$nute and
ais

held ﬁog ?ﬁe&% ?[l Olfﬂ)r ? r ansllse1 n O%uc é rap%)be?f‘g@ﬁ](rgmvwgﬁ the t%mgeé?:t%ﬁés increased

at 0.19{I°Eperrejmatel t i on del ay To achi eve m ni num
signal -to-noise for quantitative analysis, multiple
d aApprbkimaEI)aI(mO ad gediotsad ehgfromlthe pfepéﬁ'@tw‘e&fRBH @lubhniaSe collected

ina taglon he %racthgn gﬂgefzggguﬂqe e y%g%{.s é%lci%}];]trag %115 e ptgc;é]g}sfng a
rotarjoasradorpfoﬁ bﬁll aB'dSl& 5€¢ @O0 @1Tef the ﬁ@l@ﬁﬁ%ﬁl‘hbﬁ) ferdagnsd Q‘hﬁfsdﬁbeﬁhﬁdted
J Rev

t Randal |
solutl%%?rg ﬂﬁ?awe étﬁ{?d A a g% exges%we%hfgﬁgﬁlte'&p&ﬁpg rinsing

(apprEﬂBO& 500 il 6B epIhol yﬁEle@ﬁh@ lﬁhéll'iﬁls@r Q’h@ﬁitﬂaﬁéﬁ &6 it f)&fﬂlltngdaon a3
errate%d)’giI u5|n a Leica m crotone with a

POS“‘ﬁ&ng B-2cHsRbRYer YR &P “t“élilngé 0 P%P?Jﬁeﬁ@ua’foa%l?ae fefl §ltpicpaper

(avallaBle drohDOﬁﬁcﬁﬁdsGﬁb akt# BAWH75BL Thd @trate® frdctiod &K A8SSovehnight in 2
tions are placed on freshly cl eaved m ca

vacui, AL S0 P e YOG BTGt o RERTSBE G B fret

3 Nj#gporg'dl sks with a double carbon tape. The sections
c ned with a DI NanoScope |V(tnm) Ml ti-NMbde

.t h phase detection. Nano-sensor
S&WB eﬁlg]g rrg’gg}’ aﬁﬂg@pp%yﬂagely g @ 50{50 mExE A et s
tetrac]ihﬁoeﬂ&héﬂ%tﬂ@)dﬁ:ﬂl@ﬁ‘dbfeﬂz@ne&ﬂb adi ARPlesn 10 LBENMRMER ITRB samples are
conbi nations thereof are espeC|aII£ desi rabl e and

dlSSOﬁS‘? alhoqmoerHerdtbe deatine e duie apd itheapantido i Tagdata is collected
usmgdil JROLOEH T QVONTAL sRPRANES dr £ V& Unid, PLATE 260AISS §p‘e9cﬁ)meter
%ISIH the adm xture or reaction product resutlng
corre oG Bty revgrangenfyeqgercy p5100q My nTb%‘sja%ﬂé peapited wiing 400
transiefts @ér)éﬁia file with a 6 second pulse repetition delay. To achieve minimum signal-to-noise
for quantitative analysis, multiple data files are added together. The spectral width is 25,000 Hz
with a minimum file size of 32K data points. The samples are analyzed at 130 °C in a 10 mm broadt
band probe. The comonomer incorporation is determined using Randall's triad method (Randall,

J.C.; IMS-Rev. Macromol. Chem. Phys., C29, 201-317 (1989).
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(B) a second ol efin polynerization catal yst capabl e of

preparing polynmers differing in chem cal or physical
w@e@pesdees fromthe pol yner prepared by cat al BEI/USAP5/008916

under equi val ent polynerization conditions, at |east

one of catalyst (A) or catalyst (B) being capable of

AtJn‘PiE@oP&lﬁic%s%w Iymsr by nmeans of chain wal ki ng
or relncorporation of in situ fornmed ol efinic polymer

ch a'Sébctpon@zﬁg célfekted ﬁ%ﬂx‘r’m&a E}étn]i érﬁgusﬂ%eﬂelca%c mlcrotome with a FC

conposi tion CO%I S1 ng m Xt ur reac

crygrelerher opesyied ati-$y°G: r}bdmmgmdjﬂmﬁe mrgsed tA)sthlofl al s&mpd)é wéiterial to a
thidRAds¥ GFPOZ&& ' % ted &?ﬂ?gﬁ%i cle%(z n%rcm e and9n0u¥1ted on
crystalline et om)po Mer s f‘ﬁ &te

starslgtdg¥li SP@FﬂmmetélB)lpmr@@?ks Wdh 9 H@iblmapl@inyzmer Ta@debtiohs are examined
w1th1‘; Q?ﬁ lI\Mu?@ScB l"‘?\/llﬁ&l\f[o%e IR 11 ta?;glr?%]\,;?g WI%O%'%&E ete P 10n. Nano-sensor

ol yneri zation by neans
tipsragg weod ipdl experiments. i n sSi t u for med ol efinic pol yner
chains, and (C) a chain shuttling agent. 3. A process

&@Eﬁlﬁjﬁm@ﬂmﬁg a high nol ecul ar weight, nulti-Dblock

copol ymer conprising contacting ethyl ene under _
addThé oyl ypesificzatbiodiments nihe invergioniahdiccnbianipashdrédiare

esp%cgérg deg’h{%ﬂ: anll ﬂgre%g%glméalfledqn %&frr tg %?c%v?c%t e%}rl%d? cﬁ%‘iosure for the appended

I'ting from<c .
claipe] ynmerization catalyst, (B) a second ol efin

SIO:‘ ¥g$|rcﬁ %sn‘ijonhc%at I‘alél t‘ﬁe g F-l’ﬁi%lfe oglre ﬁ%lp(gpc{ Ictgrg @qﬁﬁm{f‘r{]@)mbmmg
pol wbmrﬁrpﬁrcéﬁ‘mrm@/nbynmmhahtylsit (A) under equival ent
?I(/_)\l) rarsle:cga;:ogle?}fl P? I 5 I éa&ai)ﬁiﬁpgﬁ % Rrgé]a?ﬁlggolégérgldlyffermg in

cheinlcahmhﬁgmm bydp'aﬁlesbﬁ‘orﬁﬁﬁ pSlymikr SrbRirddl ByeatilyBd A inder equivalent
ncor %h%;ﬂl on of in situ forned ol efinic pol yner

pmynﬁerlzatlo ?IEJ a chain shuttling agent. 4. A process

f or atpéaépc&feloﬂ gatﬂyshl (Q}brmh@ﬁlQBﬁEelﬂgﬁia § o of Tdtdif zbér%hed polymer by
risin cti n ene un

me R G R iR DGRt R e e 2o BB o
conf@)iaschaig shitiligg aghai. xt ure or reaction product

resul fromcomhining: (A a first olefin

pol #/Jnéf? BESHR CORPAIGEDS %délﬁé%lre@r FRCHBRIP G tasuingtitopn combining:

cr y@t)&l ﬂr’strlﬂ%fﬁtﬂaléhféﬂ@atilaﬂ BRI ¥4Pable BY folh MY b 881y crystalline ethylene

ri.zation; (B) a second olefin polymeriZation
h"“@QP%(WESt yEHilen BOlYRenzatiof ng a br anched pol ymer upon

(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.

3. A process for preparing a high molecular weight, multi-block copolymer comprising
contacting ethylene under addition polymerization conditions with a composition comprising:

the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst,

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

polymerization conditions,
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pol yneri zati on by neans of chain wal ki ng or

reincorporation of in situ fornmed ol efinic polyner
web@sng42iaand (C) a chain shuttling agent. 5. APCT/US2005/008916

mul ti-block copolynmer formed froma reaction mxture

consi sting essentially of ethyl ene as the addition

oly | r msr c ta| ni
et AR AR IO s 6 PERIATBE SPB Llgra mmes
megps pf ahelosvadking @rrﬁmg)rporaﬂumaiﬁ a:hsmug"onmd ebeﬁms ablgmenghainy,ma
pos @%Cﬂgg Leg Itar wei ght distribution, Mwv M, of
S B r

| es an preferably less than 2.8. 6. A
nmul t4. Aslptﬂ@kSSEQmmép}nm’ a ligh me]iclﬂﬁtﬁﬁﬁlg’-ht medE-biodlNcdPbX/indf €mprising

en |1y.of eth . as e additjon
COﬁtg%}ﬁlﬁgEhyﬁ]e%g ?l: errn%énddfa r;}gl}gréﬁrxa tl'f%ﬁ th ﬁf’%}PPﬂSﬁ’Qn comprising:
t he rthq: adpiwmraor retien prpdiet et g/frdnh Ecﬁlﬂ)nﬂﬁg nore segnents

o RSt a0 S g ey
homopcslgmsn b}@t}@lmlpelgzmleﬁ:raumi ght distribution, Mwm MW, of
| ess nore preferably less than 2.8. 8. A
t undP) B aSerS AaAHBIFpGiRUS G Ebthl ¢1lomiAbrershe patener upon
polymesizytionrdy nhnsotlonalh Welking obreintorpratibh 611 Sl foﬂﬁéﬁ%leﬁmc polymer
derlv tive of a polymer according to any one of
’&‘?msnts 5-7. 10. A crosslinked derivative of a

poI xm&a chdi€ Huftiingadem. enbodi ment 8. 11. A pol yner
accq one of enbodiments 5-7, or preparable
by t%é& H’g{thb‘a&o PRiREfeRSdrom preaction grixture copiag essetially of
ethg AP bd the B@ilﬁé’lﬁp&ﬁﬁ@lz&lﬂe #BfonieR rsmd‘ét)pﬁylﬁér cmtalﬁ‘lhg hieast two or more,
mul til aye | 'm at |'east one Tayer of

fi
Pr‘% ‘?}?haiﬁ‘a% dnAP Ff?g&e%ts Ohglf’% FEEPriag i kepnehing indpp apid C@polymer
poSFORMR\AaR0IE AT WeighBdisthiDhtRmt M‘@WMHQJf 420hat §.bGh&e g%ﬁ (i%\iess than 2.8.

rmlded article, a roto- mol d article, or an
12. %A %@P&}h@?ekaf@e@mwrfgrmeé fmmqmm mixgure consisting essentially of

ethG RAP ASthb h&ﬂtl&ﬂf@ﬁﬁéﬁ% ﬁl@lﬁ)nﬁe@ rggid c@po };}[Fe t;(gi{tamnﬁéth%{elﬂ ABor more,

at | east one layer of a | ayer
Prfergily thiee of meiprpasments malrlmke riéferlag mdamblina mdmm e, a

fiber, v,
3 ble,ro VI\? %Fglgg@cacs ?lgrliig{a'cgorcglo?to' &Hbg%éﬂg Fls% aallr’lsle&lla%’welght

disgmtey. WawAMn, OAlepﬁlthﬁaQ, lmemethra’mg’ less tl@rr@cﬁdl rrent 9 or a
CONMROH Hn%ngﬁigg rdlﬁ%} Pge 5#{& @Fﬁ)ldcﬁ é Fyn(e?r one ?i’f embnhlments 5-

at | east one er o ayer eas
7.1 ayer of a |aninated artlcle a foamsd artlcle a

flbr, nrmd rticle
@o VLe %Bflgﬂ%g\aﬁ?{}vafgﬁg 51} a apolﬁ?er 215501e ciwngloeem Qrdug%lt s 3-7.
adhé§4 »&ecrOSEaneAdprmayweqf aapotymedaqqgrdmg tceerhimdmmns 10 or

a C q'irpgsﬂotl§n93? agc%p&?ﬁ% t%l @ons o% emiBot 1%1611ts § J;' O Prep?ﬁibclg{py the method of

["feast
emb@hm@nt@rm 4 aweqonrpbsraoﬂ @mpnahgtlle aanbd ia Itl& foﬂn of a film, at least one layer of

a multilayer film, at least one layer of a laminated article, a foamed article, a fiber, a nonwoven
fabric, an injection molded article, a blow molded article, a roto-molded article, or an adhesive.
12. A polymer according to embodiment 8 or a composition comprising the same in the
form of a film, at least one layer of a multilayer film, at least one layer of a laminated article, a
foamed article, a fiber, a nonwoven fabric, an injection molded article, a blow molded article, a

roto-molded article, or an adhesive.
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foaned article, a fiber, a nonwoven fabric, an
injection nolded article, a blow nolded article, a

wO0 oi0s/0maksled article, or an adhesive. 15. A copr@DBER100D008916
according to enbodinment 1 or 2 wherein the shuttling
agent is a trihydrocarbyl alum num or dihydrocar byl

R TR N
forre wb o fiimpean teadtDneviageraif a niultdayehfilnt, lat 18gst agpdgfer bfa laminated article, a

triethyl aLum numor diethylzinc. 17 C it .
foatged SR S0, AT sadiics e adhis il Pt m e artcle, o
rotcmbjded s€isleporcnnrphReconpri sing a transition netal

selected from G aoups 4-8 of the Periodi.¢c Table of the .

ET ok oG BsEE o e LS SO RRee o e i the
forflof P @il vl le@stlond ¥brsof B afilhye AME St ledsBoneAayed BNOGIntHaRA article, a

C or.d]iﬁg%ﬁt o enbodi nent . 17 wherei n cat al,){s

a t (A )
foarugd priglohidRers pRanpavendrbriss ap Iifpunanqidedeyte agbﬁoa raplfedprticle, 2

rotd-mee@ hikiyle, orGGlRalky!l , heteroal kyl, cycl oheteroal kyl,
and i nertl substituted derivatives thereof

aryl efLly su 3 : 3 .
cont i HieAPestam e dngty cmbagepidtor 2othsahge i agrasnigs a
h9drdEMBY1 QRmimheh df@fh%y&l%cetrm E86f compdurddTomtaling Ho8N1 to 12 carbons in each
ridging group of from1 to 4 1 atons other than

tri
hydggrartal@qub-pref erably 1 to 20 atons ot her than

hy di ©9& RompistidiResor@hEloBBlihet 1BRMRreiPthe SHuttlifiglagd is
hydrocar byl substituted nethyl ene or silane group; and

triefRyalynginym e distyRiseer oaryl group containing Lew s base

fungyi R%@lhié&ﬂtion,eﬁ&ﬁ&ihg{ol SYnbBdiRMhd 1d3r|§'xgliere¥r} éata?ﬁt (A) comprises a

substituted pyridin-2-yl group or a divalen

comuey GPAPYIiag £ fransiirm mail splected figmp Gpougs frdtohthe Ppriedie Fablig of the
. . L . | A P :
Bl ai S gl AP Son PR o R CUATLAM £l 88K
nu mbg r A gpmpepitipn)¢caydingiosmbaditionrid svhersin ¢atatet (ADendespard to the
ﬁxfbﬁptron donative interactions are represented by
Ines, dotted lines and arrows respectively. 19. A
conposi tion according to enbodinent 18 wherein
catal yst (B) corresponds toNthegdenul a: wherein M2 is
a metal of Groups 4-10 oﬁg(hé\F??fodic Tabl e of the
el erents; 7 T MXy

wherein:

RY 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, preferably 1 to
20 atoms other than hydrogen, and most preferably a mono- or di- C;,, hydrocarbyl substituted
methylene or silane group; and

R' is a Cs. heteroaryl group containing Lewis base functionality, especially a pyridin-2-
yl- or substituted pyridin-2-yl group or a divalent derivative thereof;

M’ is a Group 4 metal, preferably hafnium;

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

x’ is a number from 0 to 5 indicating the number of such X' groups; and
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T2 is a nitrogen, oxygen or phosphorus contai ning

group; X2 is hal o, hydrocarbyl, or hydrocarbyl oxy; t
WO 20060020425 two; X" is a nunber selected to proRCTHES2005/008916

charge bal ance; and T2 and N are |linked by a bridging

l'igand. 20. A process according to enbodinent 3 or 4

e SRR BN S BEGSEve frconhPFea b s doved
lingsrand eggws 28nectivety.ocess accordi ng to enbodi nent 2 1

R L e e e
formkar ei n the et hyl ene conversion in the reactor is at

| east 95 percent. 23. A process according to

enbodi nent 20 wherein Mlyst (A) corresponds to the

formula: T1L R 11 11 CF/ - IM=¥LV1 wherein: RI1 is

sel ected from al kyl, cyklpakfyl, heteroalkyl,

cycl oheteroal kyl, aryl, and i'nertly substituted

der Whareinves t hereof containing from1 to 30 atons not

counti ng nm: i ' i 5 11

T3 i valrant Ape abrein TR Pl bl ub DERER.

ot her t hdh isnmiirogpanoxypenedrghesphgrus cantrirdf sowpss ot her

t han hydregen, a nmono- or di-
Cl- 20 hyé?ocar%?&agﬁgsgf$3$%§&%§@%?1ene or silane
group; arids ®e2rive;a C5- 20 heteroaryl group contai ning

Lew s bage isféjlgﬁﬁﬂep&%cjtehgo oviE Slal le'b%lagcep.yr i din-2- yl -
or substituted pyridin- -§I group” or a dival ent
deri vat i ed Therddbhre Mbkédsbya tEdemp ligandet al , preferably
haf g u IS . ani oni neutral..or. di anioni ¢ |igand
or ool Bpréstsd SodlinB Rl EMSmdPY bl Bl BliBigproce
nunBeér Agfrossrcttcotding taenimdingnt (bwiidsis asplitienabeekonds
lan d 29 .l ggntr{)ct%gs qa%gcg}"ﬁlllnlg oeenllb%tdlenge%g ill \9 1e§‘eir? gt%yl%r? crog\%%}(t)neigl tl?cy reactor is at
I nes, 0 e
least 92 percent.
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
formula:
1
R'L N\ f/ 1
-MXy
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, preferably 1 to
20 atoms other than hydrogen, and most preferably a mono- or di- C;.59 hydrocarbyl substituted
methylene or silane group; and

R is a Cs.y heteroaryl group containing Lewis base functionality, especially a pyridin-2-

yl- or substituted pyridin-2-yl group or a divalent derivative thereof;
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lines and arrows respectively. 24. A process according
to enbodi nent 23 wherein catalyst (B) corresponds to

wo b@sooueal a: wherein M2 is a nmetal of G oups BEEW0SWH5/008916
the Periodic Table of the elenments; T2 is a nitrogen,
oxygen or phosphorus containing group; X2 is halo,
Ny ANEGRE By, Pholll BlRCAIPHAIRY: U 1S one or twoi X
a nunber selecte 0 provide charge bal ance; and T2
and N isgneaniianig eehittay ordidmioniigiigand griogand. 25. A process
accqsdi rat| P of
cha%ng alrwlgﬁbg{ ﬁ%mgg%mﬁcaﬁo%?ﬁw ﬁxﬁ%{)%ﬁglg%(a%r SRS and or
o n bmedss optionsidhondschni lectrahedonstive prtaraksioes pe kqpmsen-:ted by lines, dotted

g, or nore chem cal or physi cal
hngsland%{r?&gmpefgv A pol ymer m xture conprising: (1) an

org azm & wocesacgdingto pobodirdent 2pwhdrein adihlyst @B honepohdste the formula:
of ethyl ene or propyl ene and/ or a copol yner of

et hyl ene and a copoly e conononer, and (2) a
g one
h

i s

pol ymer according to o Xfgbodi rrents 5-7, or

prepar abl e by the net nbodl ment 3 or 4. 27. A

poI ynmer m xture accordi ng to Enbodi nent 26 wherein
®it (1) is an organic thernoplastic polymer. 28.

A pol y menym Xtk £ oPGFoQtRéjJL 8ot Be ﬁ&mfé'ﬂﬁl@tof £ he @' n

conponent (1) is an ethylene or propylene ormpo ymers
or a copdl’ yhenitrageneeiygeeoreohospbions @Biading gbatn. 29. A

pol ymer '&’%EH&@ HGCOAHING K E’roé‘a%@&iéﬁ,nem 27 wherein

conponent (2) i's"an elastomeric Yl ene pol ymer. The
skilled ddtonemntwi:l |. appreci ate that the invention

di scl OSeq(”hsle?dnﬁbeF?éfecPe%ItQB Ghib Gt tiah (e absence of

any conponent, step or Ien has not been
speci fi cainfl §* didd¢ hrsdinlledbyzaipldeing Tikandf ol | owi ng exan‘pl es

ar e ,grov Iz@?l%%&g clcgcﬁ S e}nu()]d’l I%(I:nr tor 28 L w v9h1c11 ﬁlaﬁ ratlto 0 nham srfmtthng

and "are no be construe
agehbtpemrioghubte, catafystssiedi or mexfoaress it vnrad ini m‘éerocﬁ produce polymers differing in

appr hours the term "room
Fm (E’rpmorecfé"a al%r%hé'fma r?pertlestenperature of 20-25 0C, and”

t h e 258 r mA palyael maiktoaaneaip 1Blﬁ§ Qlﬁanto@gaalc(m) mﬁsm‘aﬁic@)bly)her preferably a

roR GRS TRl S o neraB G S QBRI B pponmeriztl
cothormmebaxd () bipolyineChenidirgl ts adyname of émbiddEnedtseial, ol fipdiabI€by the
meﬁlfod 3t embodiment 3 or 4.

27. A polymer mixture according to embodiment 26 wherein component (1) is an
organic thermoplastic polymer.

28. A polymer mixture according to embodiment 27 wherein component (1) is an
ethylene or propylene homopolymers or a copolymer of ethylene and a Cs_g a-olefin.

29. A polymer mixture according to embodiment 27 wherein component (2) is an
elastomeric ethylene polymer.

The skilled artisan will appreciate that the invention disclosed herein may be practiced in

the absence of any component, step or ingredient which has not been specifically disclosed.
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conmpound herein does not conformto the structura

representation thereof, the structural representation
w@b@abiment rol . The synthesis of all netal conpdEKER05/008916

and the preparation of all screening experinents were

carried out in a dry nitrogen atnosphere using dry box

%eqhnlques Al solvents used were HPLC grade and were

*d before their use. MMAO refers to nodified
met lﬁyd% ﬁilluwmg&nanplas dre priogiddalHs fhireet Niustthtiofnofthé ineehtion and are not to

be cegstrl}/ed 45 [ HiTE lnggg{lg fé:?}jl%t &%m?%h ?m?i {@?ﬁﬂé%ﬁlﬁ?% FB%&%l%%lyel 6-18
houdd ﬂﬁtthyﬂ “ro&?ﬁte&ip&ﬁﬁuré Blefers :a tAhRPRGE A 2LLDC |aﬁtgth§ ﬁbrﬁl Fihixed
eachgn s of thngggggcular Chemi stry and P

alkenS A{er 15 G omigTFialy QRN AP G o o By p@roons vailable under

the &Ed@ddﬁﬁghﬁioﬁqcfsdpér ES &bk xkedebil Ransisdld Bic.Ofn the event the name of a
tehﬂgﬁis pentafluorophenyl)borate (here-in-after

compo reitdBe et eopforprie thapertysyl rersesertpiinn theree), thesieictural
rep@BeitAioh khal JoUirAMTAE sylnfNe Y8 S Hill idkal M&Eglexe@\éﬁ& e p}eﬁargtﬁdﬁrﬂf all
Akzo- Nobel, Inc.), HCO and Li , substanti all
scregRIng xR SRE WerP 43isdmubing, dgay OgeEﬂtmozp eBhieping|drnpx techniques. All
soh/é%rmts&l wa@ rehotddde ragd Aaentiss Rk axgdsar e diethyl zinc
(DEZ trloc%y al um num (TOA) Ceneral High
Thr ﬂ}tefepatp a1odified psthyliimoxane; ohiiobvliahindme modified

metRPh MRk ARBR Bhfhef MY ¥ohEM M}g cg%qkur& [bnt Nroughput,,
paral | el polynerization“reactor (PPR) “aval f'abl e from

Sy n(}ﬂtabéé(ﬁfﬂdIlsdgq?(elﬂenﬂl)mconalnddlmpféﬂat ed substantially
acceggle%g(ﬁlanSP s 6, 248, 540, 6, 030,917, 6, 362, 309,

6, 306 d 6,316, 663. Polynerlzatlons are
conducted at 12Q0C usi ngCh; 2 i;val ents of cocatal yst
1 based on total loyst ed Thed%§ rizations
areconducted in a ﬁ tallel sure actor (PPR)

Ilsin a6 x 8
d gl ass tube.
is 6000 niL.

conpri sed of 48 indi yidua N[ea or
array that are fitt-gizz h gPpre-
The wor ki ng vol une CH; eaggo
Each cell is tenperaty nd pre controlled with
stirring provided by |ﬁ§@©idual % 1 ng paddl es. The
preqaﬁedoqgﬁ;ﬁdl%a§ %n ﬂe&ol‘genc ? [¥'%ﬁarsgq!]% regll] Qr dgbquw 15‘1 ct J (20%51)0 205 8907-

Jy autoftat + €

906Li qui d reagents are robotically added to each reactor

cel rin es an ser oi.r solvent is mxed

al kéﬁfe%alygﬁ A dyisuie fneﬂ’a&{ ot A IROR ORI A s
tetreﬂﬁﬁép’eﬁhﬂiﬂu(n%pmn)yl)b@htb Yﬁe@dﬁﬁraﬁ&%ﬁiﬁﬁﬁlﬁﬁboraﬁﬁ ﬁiebiré(ﬂ%/ 1@8i0h of a long

an e reac

| uenchln
oha e Eoink imren R e SR B sh i, FGHBAL JBGF L
sub@diftially andik@sse@ th TP 59 BLIBRSE |Efxuﬂe/ vacuum drying unit,
and_dried for 12 hours at 60 OC. The tubes contalnlng

dr i RPtmeAssptsathe %‘iﬂﬁﬁé‘&enésrfd‘lpﬂ%@d g ffetlpydaincd DB #den
trioctylaluminum (TOA)

General High Throughput Parallel Polymerization Conditions

Polymerizations are conducted using a high throughput, parallel polymerization reactor
(PPR) available from Symyx technologies, Inc. and operated substantially according to USP’s
6,248,540, 6,030,917, 6,362,309, 6,306,658, and 6,316,663. Polymerizations are conducted at

120°C using 1.2 equivalents of cocatalyst 1 based on total catalyst used. The polymerizations are
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this weight and the tare wei ght gives the net yield of

pol yner. Exanple 1 A 6-nL reaction vessel containing a
w@bk@smooseml insert is charged with m xed al kaneGT/{S208988916

m.), and then pressurized to 200 psi ( 1.4 MPa) with

et hyl ene. Cocatalyst 1 ( 1.23 mMin toluene, 0.205 ni,
co&u@t%d m@fﬁralﬁ:‘ﬂ eg% réa%toq’ (f(’?(}i) é:Ban‘?JeH' 6N% m@vﬁgﬁ régctor Qelé ina6x8§

nmol ) are sequentla y a a syringe. A mxture o

arrgythal aye fitte] with a preryighad glessielre The wmmrtgLvolumon eavh Irdactaneell is 6000

B
pLS IyEﬁél}:I]'cgeélrfM Y [)e}a%g%@%geesggﬁg Sn% dg\m%esqacﬂ? i rr]é\ﬁdseﬂ%g%gh%hl%l stirring
padiljesaditie moonmclfgamd qibehghass plumbet directdy intorthe/BRR ammitland controlled
by\éotlor%t %1(%:%11\(1:6% 1q61 nt 3 eﬁtg ?r%\f ORcagg/er V gga;g:r]aeﬁcggxé cel eqaly s¥rmges and the
reselﬁmir adlnemds mixgd silRamey| Hie drdes ef 4dditien @sfmgrbajkambi folwehi@anl), ethylene,

co%lial.f}?fg emsﬁ;ggl?r’\%n%g%t,g{%% g:/a[teggsg kgrg%lgrécsglétgl ZC?g ﬂtfgrezﬁ;gﬂ?? %g icooled and the

glakofutienes ufloaded Tile tubks 2 tranEferedatt d cdiftifufe?vaouunViiyihg unit, and dried

for&%gl%g{;reaf{ ﬁ(gdégo 16% g?l‘galg];‘lrg lel%ﬁ %e?ga%%{ég %Hlﬁ)é]tﬁ%dlfference between
thil %igamcl t16b tAR welight 306 theRt Yied pBlymE L0 MM i n t ol uene,
.20 m., 2.0 mmol) is added via syringe. After 1200
seconds the reaction is quenched by addition of CO
Exdfifled Iass insert is renoved and vol atile corrponents
renoved under vacuum GPC analysis shows PDl <
Conpaf#ili fpactian xesgelspnipigingpistss Vialdusert ichareed with gm@d alkanes (3.295
ngl :ﬁfﬁlsth &ﬂlttssﬂlﬁk%@ fd2009siqnaNGLH with lethy 18he %C%%P q3.26 %ﬂ\g%toluene

, hen pressurized to 200 psi a) wth

0. 2@@ mll 258 purchend BEf4R.5m\iin B0 A0 tnbl Q& Hwol) greze@ientially added via

g AT Rbuke 871 ' !
R
tolcqlea(P yEmE., 2D u(nbl)@s a’dﬁbd via swingenafter(200sepdnds, TOremntioh s quenched by
adcﬁp gn (%l(g(lg n%é r@{lﬁs IHSEIQ %glaoxgg a%(% v, la %%omporéegl]g'st%fa%%velﬁ u1196r vacuum. GPC
ana:]wmlbwslPDy<ad)d|ti on of CO The glass insert is

renoved and vol atil e conponents renoved under vacuum

GPC anal ysis shows PDI > 2.0. Exanples 1-2 denonstrate
Exdple@ynt hesi s of |inear bl ock copolynmers by the

pres |nv ntlon as _evidenced .by the for Lon.of
Der v i G oo SR RGP S h RS 4 ORpaM b ¢ 296
mIDEanO]ien'lfﬂksﬂlr&e@ te00 ki (2240VIP) bivifdigllene DCOREhIYID! €IC28 @K in toluene,
lon_prodyct (a mxture of linear and

024 éﬁ@%gﬁ'uﬁ{ﬂﬁﬁ# It"f)qu@é Y1 ey %790 Mite O-apEehcEe Bavatially added

viaGhahge. Sihitchre Bﬂca@ﬂﬁﬂhlgfi@mﬁﬂbh&’rﬁ: #lo mDUR)Otn%otl)rhﬁdB@QIOmM in
t hat Cat al st (Al roduces polf\{msr chains with
tolpgnes Q2GmL, BP ﬁﬁ)@ﬁ,lq@?ied via syringe. A

addition of CO. The glass insert is removed and volatile components removed under vacuum. GPC

er 1200 seconds, the reaction is quenched by

analysis shows PDI <2.0.

Comparative A

A 6-mL reaction vessel containing a glass vial insert is charged with mixed alkanes (3.292
mL), and then pressurized to 200 psi (1.4 MPa) with ethylene. Cocatalyst 1 (1.23 mM in toluene,
0.205 mL, 2.52 mmol) and MMAO (50 mM in toluene, 0.210 mL, 10.5 mmol) are sequentially
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characteristics than Catalyst (Bl), the different

bl ocks or segnents of the resulting nulti-block
weopslges s are di stingui shabl e based on brancPtCTyS2005/008916

frequency. Continuous Sol ution Pol ynerization

Conti nuous sol ution polynerizations are carried out in

add@d CRTPRIL! A%&Hr%f' c%%% “(‘1 @Yx%/{ ;i(@%ﬁl%{?e{; 0! n@ WP ﬁ’ﬁﬂnﬁ%ﬁ dhd B1 (10

an internal stirrer es $0

mM indokyeire; 4§ ME, 3.0 aihadbis @dcferi i sBsingsn Mo 1200 seronds, the reaction is
I d suppl i to a

e g A OO0 Y TR W Ee B B Bl Bl Shed uncer
vacgent GBC aaplglsiashomaPBEn8I0. t her nocoupl e. The sol vent feed

to the reactor is nmeasured by a nmass-flow controller.

A vari abl e speed di aphragm punp controls the sol vent

f | oxamgjtles lah delmns‘s@@lﬁle Sl/lljhdsh ef liwachlock copdlytbre by the present invention

o S REAI T lonbtB B Py Py T G BB opapmer wren
DEZ of #OA is prelsemm agl eahflniodah ebroaelamﬂ@nlaagelghtt&ntmbu'ﬁbeﬁnachﬁdt @Bixture of
hnear al}drg‘.} H%LF ol e¥ha/netnF Bcf))lyr\rllgrlsi/lg S S f W et ﬁLﬁﬁmg agent (comparative
A). a]dpmtthmﬁatt th)‘:ft Caebdl (A 1y pdod@ss po’l}ﬂﬁer I‘clﬁiﬁi \ﬂlltlﬂ@ff&@ht\lﬂ:ﬁkhlh§

conbi ned. wi th.e e..and hydrogen (where use
chaf SRR ol b} (. R B HGT Fferb b i S gty lock
copdBirewearre HiyiiitenyRabld asédd bramhbingfre@@ndieeded. The
tenperature of the solvent/nmononer solution is
controll ed by use of a heat exchanger before entering
Corith@oseShitidh Polbafigitioh ur e of the reactor is maintai ned
eratyre, typjcally between 70 -

at he.desired te
PG B EPGH UG TBORUBIOBFI £ RaPRagcpBRed goclave

reaﬁaﬁ Ruipptd WONROMGHtal &Rter! PR Aifd ATRLAIQOIvEE (196U P ailable from
and n'ﬁss fl W meters and are conbined with the

c.psle W“%&PQ/’@H’FO?&H Gher e secenrplipdde & B8 Lysactes gauipped

Wltﬁ)ﬁ Jetcla& foi@a@p&iiture Ebfrdl @RFAnQhteindl théthobduglél dhblkdivedt fee® the reactor
3.45 MPa) wth wgorous stirring. Product is

is “}eéﬂ’ﬁ By & WS@IE@W exirqller.j faariable sperd diappragin pupR cpnseedsthe sotvent flow

ratefnll peaskure td tHERadtbOMRIidBAES &fthe%'uﬁl 5 SaMtHAGEA@N provide
i nsul ated. Polymnerization is stop y the addition

flushonys doriie coiahistid <oPStHBEL dAnipaHED h@qs@n@bmreamh egitgiopnghese flows are

medMifell b3 WicDINBidnl BRE oW meRi Rl cafditd l‘_{}e nﬁ'@ldva%ss‘@ﬂ 9he manual
the mxture through a static m xer. The product sfream

adjysgmen ghngedlgtvalipy Thasumaigng sehisugh comlyesswithetndmg end hydrogen
(WIQFef RES aﬁ@ Yéal t&tte! réa%ﬁﬁ | B Phass Gy &B'trxm? is &E?gﬂféhvér ﬁ&dro%ea to the

recover ed éﬁextru3|on using a devolatilizing e
reagipicpsgedsd. Ebpotemperplare @ﬁheféwentmom@as@hl@ﬁn tsenpellad by ese of a heat

%@eﬁmg@ﬁteﬁ%}g&r&&@ 'T@?lp@htﬁrel'b‘cf‘ag rbdicf %e[n%am&haq the desired
conposi tion or densit I'ymer segnent or bl ock
tempergi: Gpidally mbﬁnd&t—all SE, Tlem@bhm mofens thechottpinefithefreactor. The

S, 1
Ok AT L5 ] FAANE B T i it
the Safilysftilush tﬂlmk@doutrqdmesil mtg tleibatiem ofjibe yestthy| ’Eweeaatmd is run liquid-

fullk?ﬁ e&?gd(é’o 91‘3' Q\)ﬁ!h% F ﬁ% p[;r&ﬂlléf 1%? c%(reg &u% Ieg 9111%3'9 Gt the top

corr Re o
of thensagtor. ofll @hidlms &b 1t1tel reew@pr agstwm(t@@)andddeldted MBolpmeization is

stopg)gﬁl ‘62 Eh%l 208 {1%;]1’? o esgrgl I%angl%ta& wgltlgte 1ngoetl§e ex?tqme %Yo%g W%X any stabilizers or

other addltlves and passing the mixture through a static mixer. The product stream is then heated
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catal ysts. The overall conposition of the polyner,

nmeani ng the anount of |inear and branched
w@oiogerdags ene, is controlled by nodifying eitheeT/Ukm®05/008916

catalyst feed ratio or the reactor tenperature or

nmonomer concentration. Hydrogen and/or DEZ is used to

I I ' f th oly . n r.ogen

oy ERORE Hra IR a3t Bl Bt vt B TR o R Bl G A8 cre
extpisiod weing e devolitiiphgagxtivderagdd watnteetd lpalietizei ght and

co it istributions., This capolyner,.blend,can be ..
coparatagtispEihis it n8 s eecBy R RTINS BROLER Pompsiton o
denisity oftbe polymerGogment srelyck prdtimted Dy £adhscataBet] edablingmrb&@tibdéf polymer

wei ght . cant.r ol he ymer di.spl. arro . .
seefiEnd 00 pERS sRyhe Do BRBR AR Byl Bt Ghlyranching or deniey.
Suitabledhilstke bdmmising lineanpblybthyib@clid pahyhee polydihgedeRue B pré@uced by

ol r sanpl.es fromthe above continyous solytjo i
wor RS TES s S APTS eor SORHIP o Ao P L BUEH B LihiaRips agon
(D@mm Méxﬁtﬂeﬁ&)ﬁﬁgkiaﬁ ish‘%uﬂ&d@ﬂf]iﬁ desaed légel@y aﬂjﬂht&l% thY feeds of the

i ne or anched. et ene pol yners or exanpl e,
catgfy i e e E PR TR PLS RS, BB e amoqat o JPHs b branched
polipthylddd, iseomailiad by RodiBaid difer thedatBfst REDRIH BOhS FdaBeMperature or

hi gh tenperature recovery, high tenperature )

mo (aﬁfﬁrcggcg %wge{—ly%m%pnélp%pb]agz Boges t somtead fn@%ecular weight of the polymer.
Whieh (¥dr6gen Gldnd @sdd fof edmtral dbf nRfecABhWEYRJthe Modfbt BArVEEblay bimodal
nF05|t|on the inventive CQﬁflyners can al so dlspla)'/)y

0 . NE1 Ve )

mofgcy] 'GHeiEiPRq sRrosifiprdistiibytions. THiis Goralyaer blgpdgpn beseparated
tecRdi@RS béth@bn1y BFABY lobd KilleliGn th¥hd.NCIdVerseld3IMfen DI &kd For molecular

-400C. CLAIM5: 1. A conposition conph|5|q? the
weighfrRoptrefy e gppobyance fisplavshaBav alecelanveighi gnd samposition distributions
conSiRERI Wit PmukifPlodk pbiyfef. ol efin pol ymeri zation catal yst,

(B) .a second olefin polymerization catal yst capabl e of

pr epBe inMeptiye PYhBerSamples pm iy abovechetiiuew sobition pglwherigation
pro@édgf%etfah ldRplad F&gﬂat Q8aRel YRlctePERR ?Jleﬁ%e Wcoﬁ‘%gﬂg%'é%xg%ﬂes or linear or

under equi val ent polynerization condition
brapghed gfhyleng polymagrs. (ERy expmple high yestoeaiye tssistanpe peqpatiies apgvidenced by
N D e Ri PR, MBS A SN RNTIE) Biperar
congiessien setan stoi@ge mo@usirptics BRI/ 18¢7ENtcan @l befachieved. At a given

| | [ .

oot Al PR SR 00 AT R athd ROk SORN: Bl T and afow
glagsdtapsitien tempéramreg g, atithskm 2 dpHb6| anddig $90%G.ng a highly

crystalline ethyl ene honopol yners by et hyl ene

pol yneri zation; (B) a second ol efin polynerization

catal yst capable of form ng a branched pol ymer upon

pol ymeri zati on by neans of chain wal ki ng or

reincorporation of in situ flormed ol efinic polyner

chai ns, and
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(C© a chain shuttling agent. 3. A process for
preparing a high nol ecul ar wei ght, nulti-Dbl ock
W@ owslgwes conpri sing contacting ethyl ene undePCT/US2005/008916

addi ti on pol ymeri zation conditions with a conposition

5ing: the adm xture or reaction product
resuf t io L. ' . o
00l ;ﬁneAr P(%Ié}%({sfgigh gcglgﬁg}sﬂfg?l% a(lB at@ §£e fé:gﬁfgn *ogpél:tﬁesultmg from combining;:
pol ﬂmﬁlﬁmlp’@m@m@zy@n cetaysibl e of preparing pol ymers

d' f 3 e{ &g?ﬂg%ée?{eﬁ?%ﬁhza?{or seg%{l%(t%?dablg P El%gz{r n%@;a{yﬁlggdhﬁe%ng in

chqyow pepliysisalippepediontipmitimolynzet ptepasd b}ocmalxst (ADamddrpguivalent
O, (B) being capable of formng a
po%&%%%%@%a%ﬁk%%% by neans of chai n wal ki ng or
r ei atleash onedficanlysti(A) or c&talylat (Bc) bemgicaphtdé Dﬁﬁonmp@h Yraeched polymer by
megln%f cﬁaem g{] ﬂlng%} eﬁ'lchﬂjgll‘a 1Pn 0 1 artu trvc:)gne%%? mj mﬁo Pﬁa?r%egn
copQCym@munmmnngsgmg_contactlng ethylene under o
22:}1'6: :Agclz%n 051 %19 crolmé?hgllg(lo@re élgmlx t : (grgr?a}cﬁﬂ% nglazﬁ ge{s‘rﬁgl?gl 1Ir<|)n(1) gombining:
resgAja figt élbmmizmdﬁ@a‘cabf&)caﬁabld d’fS'dirnmiﬁ highly crystalline ethylene
caf al . capable of formng a highly
horg?%?i‘fnéﬁrf % th}g?qué’ﬂlgxﬁa 'Mpol yner by et hyl ene
pol yRet sezaidi obetin p(oB')neﬂzeﬁﬁﬁ odtalya |c&fabh op folriyiiiig fai bzt hedipolymer upon
cat al abI n br anche
polﬁlgrasﬁgéplil E%IP s gg}mwexgaﬁlgn%?rqelﬁcéqrhorMn ?Hgsﬂarformed oggmc polymer
chdi®l fgior poration of in situ fornmed ol efinic pol ymer
chak andhﬁg%ga chain shuttling agent.5 . A

&*b“?h&l?ks a5HEr formed froma reaction mxture

c o n Si 9t pro@seHs fidpdrink bhighfmaddchmt REightaukitBok@dhdIydd comprising
ymeri zabl e nononer, said_cop ol¥ner contalnlng

COTF??é‘P% pibylenginger adgitian pelymeiratonsontiFigRsth qompptitie Goppprising:

br alﬂfel‘ddﬂﬂxtm@@ﬁ?éactﬁﬂlpﬁbdﬁ&ﬁ&hhfﬂ?froﬂ%ﬁuﬁﬁﬁigng a mol ecul ar
?ht di stribution less than 3.0. 6 . A

ﬂ‘*)%ﬁﬁE‘Re@bW%’é?“W‘ﬁ{é’at froma reaction mxture

C oNgB 4 4B&hdITRPolydlelivatidh catalflt X8RS BRpdrlg pBERletsidfering in
pol ynmeri zabl e nmononer, said copol ymer contai ni ng

chenpes! oF physise) Porperis &owdlgrofmer EWP‘B”Ffb@k%ataéDfsf f@@lﬁ@ efiyjvalent

polpfeieaRbRordRdex- 7 - A multi-block copolyner according
o claim6 possessing a nol ecul ar wei ght di stribution,

M/ Rhleass pnq dsatalypidh) o @talgt (B) peingispeble plformiaga branched polymer by
me%rdf VRLih %Qlkglfg of F&%emﬁbﬁa&lopeﬂﬁ &uPﬁH{?édeﬁfm&};olﬁﬁB{ clUifs, Sd

clains 5-
(C)a cham shuttling agent.

4. A process for preparing a high molecular weight, multi-block copolymer comprising
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 situ formed olefinic polymer
chains, and

(C) a chain shuttling agent.
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9 . Acrosslinked derivative of a polyner according to

any one of clainms 5-7. 1 0. A crosslinked derivative
w@boos/opakymer according to claim8. 1 1. A pol ReEUS2005/008916

according to any one of clainms 5-7, or preparable by

t heS mAtihvgt-bddck eppeilymeg fermed frogra xaaqtiemp@gvm censisting essentially of
ethﬁ 3 tﬁé aﬂﬂlttolﬂgo%@tﬁﬁbﬁ IB&%{J ?rsﬁ]d(a%p e'r cgﬂtalﬁﬁl l[h%%ﬁlttw or more

one ayer o ayer east one ayer 0
segments i h]aclgdilféqrinlgdli branchirfedadrxdsagt dopelymer msfesdgra malecular weight

dlStHQ‘F%&l\dlﬁ’g}’ Ffl%sstfi‘a[?ls‘@l ection nolded article, a blow

roto-nol ded article, or an adhesi ve.
12. 6AApolh1§dfmcmkaopIrbymhrrfg’nted fioled leadBion mixure @mwng essemtially of

ethﬁe rrp l Itﬁe apcﬁltf,on go%eflzab élcbneo]me? A %{)p()ﬁlymer £o tamln {herem tgvlp or more

a er o ayer east one a er
segxaeﬂtam hlaclesoﬂlﬁerhNgmh br,ancamfgladmd article, a fiber,

I rti
ol Godl AP ETReS ot G el e aoeesszﬂg%éﬁdlzca}%&e\“é&
distfiButich, pov/Mrebf leeabindi.ong to claim9 or a con‘posn tion

o8 aapSighited A Felivk Artie miiPh ek oSholmpeT e & ong B iggms 7.

a l QmArtﬁtbsSIinlaﬂ derdative of o godyieal aétfofdnig ic] ,an}aorfelolﬁelfaxmsa 7.

nony\wov br| an.in ect on ed arth e, a blow
ot TR brasm ke terP R oy Bt Bepreeds B & adhos: ve.
14 1A AGoies aaamafgdb agly 612 ofRin® 519 o@preparﬁmapjaﬁlb tniemlad of claim 3
Or4 gaprlsm thesnemtheformofafllm at

| eas
PRRRASTOR campriTitg thesaste ip ifefpryef 4 fms it la%feonﬁé?yaofafmultﬂayer

ﬁlmaaﬂ 1283t Rdad &S‘er&if b |la€illnﬁatecﬁarf1&§ r@[@alﬁéd drﬁdl@ a fibef, | h ﬁ&fwov@n fabrlc an
nonwoven bric an i nj eCtI on nol articl e,

injegfgnygldgd Pﬁﬁeleea blgwmalded pgicie r%tPﬂOéqeé artigle, %rrfméswéa?ve

15. 18 AQIB@Rk hécBRIimGSE @lathh BGr & SorfdoBitith gon%rlsﬂlg\ﬂtb%ﬁﬁb th the form of a
the shuttling agent is a trihy drocarb% al um num or
g

filmy Pﬂﬁa%taa%\}am of 2|nwéulaxeé e dhlpag ORt By siiohd lamirsedprticle, g foamed article,

a filbeR P RGSWdvEn 8BEE A YE @R rRYded AFtRIPa bIbG mddAAMRRS b Fdt@Molded article,
according to cl'aim 15 wherein the shuttling agent 'S

or ap adlR@SNA al urmi num or di et hyl zi nc. 17. A conposi tion

ac C95 dANG1ynRr gécacmglto Qlaird 9 WL E&thids #idh 8dnYitsingMe same in the form of a
onpri ses ‘a conpl ex conprising a transition netal

ﬁlms, & leastone fayerrat @nuipayen fign.of leafienplayyrofp lanmgideartisie, p figamed article,
a filker SUESHwoveR oAl &in %edﬁaﬁ o F’d%h 9&%&&, £ ?lgw oRIRQARARE, b kA3BIRIed article,

or’ polyvalent Lew s base |igands A composrtion
Oraa@éde\rmg to claim17 wherei n catal yst (A) corresponds

cy C? ﬁf’y g%cgm%rtgyﬁlm ?é' g g%lg&f ﬁhopfrlgﬁg’dﬁlsMe iy the form of a

filmi, pidiep$tyneg labert o mudidlayte filny,ai leae:t)nt laperobh lmmﬂteﬂl afiiqley a foamed article,
a ﬁlger %gnv&oqreﬁ)’ Pabﬁ& %mnj DQfon SR 'aﬂglehy 910&9&&@% rt%led 5¥d’% $ilded article,

or an adhesive.

15. A composition according to claim 1 or 2 wherein the shuttling agent is a trihydrocarbyl
aluminum- 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

diethylzinc.
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derivative thereof; Tl is a divalent bridging group of

froml to 4 1 atons other than hydrogen; and R12 is a
w@2002des er oaryl group contai ning Lewi s base PCT/US2005/008916

functionality; ML is a Goup 4 netal; X1 is an

ani ldniAcgompesitionedccading kcaghiioni @ 2| wigesitcajelpspA) sompirisessa complex
comg)Hé‘{H el t_rinrsfgig}l %e!a?se?ec{eﬁ qgo&a(t}rlo{l]}% 4t-§]§f tﬂyﬁpﬁ dicof ab?eucg]chg%lements and one

rod%s, an onds, opti onal bonds and el ectron

or nchonddll acakizeil Nt tlemdat ligands caapelyvagt Eseinbad ligandsi nes, dot t ed

o A R ok TR e ot
to the fornmula: XV wherein Mpis a netal of G oups

4-10 of the Periodic Tabl enof thegizel enents; T2 is a

ni trogen, oxygen or phospRorys 4#ontai ning group; X2 is

hal o, hydrocarbyl, or h)@lr‘oearmﬁxﬂ}pxy; t is one or two;

X" is a nunber selected to provide charge bal ance; and

T2 wigkiy are |inked by a bridging Iigand. 20. A

progess according to claim3 or whjch is. a .

Conits Ragadegyon e Seoali helubaid. SelditardySh orvdiaad ferty
substutshdegiRatives thers6f ddhiaMihgFfoAC EHIB0 aotns nfdt PEIALIAS Bydrogen or a divalent

according to claim2 1 wherein ethylene conversion in
derivgfye fhergobor is at | east 92 percent. 22. A process

accprigh figalbm bEl@hdrddp WTRMEl  41neonstdiérenm 1ar¢ged;ahon

in the reactor 1s at Ieast,9i ercent.23. A process

accor Hi ﬂr@-zetf&te&ragﬂ O CoteriEe e@ﬁtbaﬁ%}gflctm&h%or r esponds

t 0 MhR afGrbupl Retaherein: Rp is sel ected from al kyl,

cycl oal kyl , heteroal kyl, cycloheteroal kyl, aryl, and

i neXtif §o PG pevieber drRvansligepd & otber eof ~ cont ai ni ng

f r omidla funb3Prréth 013 5 RAicafBAd hiiBbePYEHICH &I oRupd bl val ent
derivative thereof; Tl is a divalent bri ggl ng grou

; di v ! ) of
f r dhpnds, pefiomalibopdsing elsetrardopsiys iHgraTtioge Are rapTeseRied by Bingg, dotted
lineCRado NSt &pRALYY). group containing Lew s base

functionality, ‘especially a pyridin-2-
19. A composition according to claim 18 wherein catalyst (B) corresponds to the formula:

N
( M? X2,
2
=7
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;
t is one or two;
x” is a number selected to provide charge balance;
and T* and N are linked by a bridging ligand.
20. A process according to claim 3 or 4 which is a continuous process.
21. A process according to claim 20 which is a solution process.
22. A process according to claim 21 wherein ethylene conversion in the reactor is at least
92 percent. A
22. A process according to claim 22 wherein the ethylene conversion in the reactor is at

least 95 percent.
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yl - or substituted pyridin-2-yl group or a dival ent

derivative thereof; ML is a Goup 4 netal; X1 is an
w@piosndw@2s neutral or dianionic |igand group; XPCI/BESA05/008916

nunber fromO to 5 indicating the nunber of such X1

gr oéps; Artotssagsordiopta caial20 vdiectsn eatalyst (Apdoresponds to the formula:

donative interactions are repr?sent ed by lines, dotted

lines and arrows respectivel y 24..,A process accor di ng

to claim 23 wherein catal )/R:orresponds to the

formula: wherein M2 is aRl \2\4 1 Goups 4-10 of the

Peri odi c Tabl e of the el enent Xis a ni trogen,

oXygaleQl Phosphorus containing group; X2 is halo,

hydrocarbyl or hydrocarbyloxy; t is one or two; X" is

a_ nBifteseléstt domediyl, cygoabis, dretemlaﬂq@,esyblahmeﬂkylaaﬁﬂl il inertly
subgt@:gtgglg?ravgm ésrt]l é:(i)f D e11n11t1)g£ ﬁ(%‘g t(g\%q mts Hgt (i,og{ltllrtg 1@’#”@?}5?&? divalent
deréfhiu'netthcrreq;f agent to one or m)re catal ysts and or

jed in roduc

O
di f ?er |aﬁilva?eﬁt %rh &g e" OHBP F‘tOH’P ﬁﬁﬁ@lﬁ%gﬂrogen and
pr OBE rig a @520 hﬁ&oanﬁl gmllp)mmﬁmﬁ‘ig)ﬂewtfba&@ l’(ﬁxlbtlé‘ﬂaﬁgf, es(p&)l&l% pyridin-2-

0, ni c 2

¥k grcsg'gslr%ﬁﬁeég)p)fﬂg ‘“‘%3‘61%%“@ ng‘l d%’fﬂg 1tﬁj§“%at*?’ %ﬁreo& epar abl e by

t heMhist hGebuph nekatti m 3 or 4. 27. A polymer mixture

accgrding to. claj n conponent (1) is an

or ganisgngﬂ@‘ﬁ’dﬁflgég]f’f @alﬁ?ﬂlﬁlﬁ%’ﬂ E’é’“&r’g pol ymer mi xture

accerislh ngmbe fidhao 1f)15217d1<vak1@g @b lﬂurﬁl@émﬂ@ﬁ‘dhtxl(gﬁl:éuplssalﬁn

eth ne Qr opyl en pol ymers qr a copol yner

et h@?@ﬁ@?ﬂ?{&% “@fx EFCB? n‘?%at%meﬁeca@rwpmwww lines, dotted
lined @fdArebiwdGedpectivbigi m 27 vvher e| n conmponent (2) is an

el astoperic ethyl ene
ZQ)A{ process acco¥ ing to claim 313 wherein catalyst (B) corresponds to the formula:

[ N

( M Xy
2

e

M? is a metal of Groups 4-10 of the Periodic Table of the elements;

wherein

TZ is a nitrogen, oxygen or phosphorus containing group;
X? is halo, hydrocarbyl, or hydrocarbyloxy;

t is one or two;

x” is a number selected to provide charge balance;

and T and N are linked by a bridging ligand.

25. 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.

26. A polymer mixture comprising: (1) an organic or inorganic polymer, and (2) a
polymer according to any one of claims 5-7, or preparable by the method of claim 3 or 4.

27. A polymer mixture according to claim 26 wherein component (1) is an organic

thermoplastic polymer.
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28. A polymer mixture according to claim 27 wherein component (1) is an ethylene or
propylene homopolymers or a copolymer of ethylene and a Cs.g o-olefin.
29. A polymer mixture according to claim 27 wherein component (2) is an elastomeric

ethylene polymer.
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