COMB ARCHITECTURE OLEFIN BLOCK COPOLYMERS CROSS REFERENCE TO RELATED
APPLICATIONS This application claims priority to US Provisional Application Serial No. 61/388191
filed on September 30, 2010, the contents of which are herein incorporated by reference in their
5entirety for the purpg &{;%Jg racti @E@%W%F igﬁgnvention relates to
comb architecture oleérére) g@m@% I [2] Olefin Block
Copolymers (OBC) can exiibit ScuriiueRbaldicd OfRiekibiliBbha 8P LOresiStaNCe-recovery properties. In

particular, the high temperature compression roperties of OBC Wi% ethylen inity are
comparable to 1§§8g]epﬁa{h0&(§%% rfﬁ{:%f%gﬁ% rgwrgtelﬁ%l sglsééﬁ) E%aﬁ %#g\%E%)?%gﬁgg %%and
gasket apMigatione: Bloveever tiwoniehbeod ediiable ¢hémpravectherdieblogye i ¢thesenpblymers for melt
processabilit o{ e>%ruded é)r%‘%eg gaaskets fotams etc. Several options have been explored to improve
meft rheOIdGiEal BRaDBPSFOBES B BARS i hroved use in extruded profile applications, such as
peroxide modification and 13-beam crioi$glinDkivig [$liciNgKIgseEtibed in US Patent No. 7,795,321.
Branching of OBCs hzir?gbeen (%Ijsclgﬁetd irt1 légn?a&?%égﬁlﬁrc% 'gﬁn%gé&g%tiogll}loé %009/0163667. [3]
Comb poly clzrs, in ge ral fave" 1eee"r%eﬁreowouslfy escrived In, for examrﬂg, Métallocene-Based
Branch-Block Thermoplastic Elasib{eksTEOT N IMarKEH BTV ZOM&otomolecules, 2000, 33 (23),
8541-8548, "Characterization. and Modelin og llocene- Based. Bra -Bloclg oRolymers”
Armenag H[.zgekmezi ;le,?%eqog}f) fa(a(é\gl) r%gfgélﬂ S, (2113%( %15[39%8%% ’rﬁ%o é%EeXnt }l}/g %%%,793,
U3 (PateatiNand 1406180, mndeki s P atant ol 4,444 M ZB tempé} dtwwo udahipecscdvantageops tiesprovide
comb argi cture olefin block copolymers 75(C- s) with improved properties.. SUMMARY OF THE
INVEN TR B EoRG e aea R Br r Rb e SRR et O e
the polysuetizatidtvaf amiddittofopptyiierizahieskronppiantpneferBbiy teroiommdrebadititioable to
polymerizable mpnomers, especially ethylene and at least one.copol er'z(gble mongmer, to 30fonn
a seg mé}ﬁ}t%avc??}ggli/‘r”ﬁé{()&% Olgi‘?%{féyck%gﬁ%%srﬁ%l}f “g rgacgsé’%r%ﬁﬁ%rec?hl ecture ,psrgl1 ecs“’o%%%{%%’r
containifigitivesain Sercenrl muienpheferabiy thugerod morepsegmeditsiordbgokd Hiffesing of 6HéCortmore
chemical or physical properties as furthet discl sei herein,.the compaosition.comprising the admixture
orfg;ct%g“ﬁeg Evreegsﬂ ﬁr%a ?(3%%§§rﬁﬁ?n]ilﬁg%pp e 15)%31‘#3 1c?)laesf' ef)% ﬁ%ggﬁ% |gﬁt§)§t§f§g§t}? gge%a yst A,
having ahigh damorochersideanporatiot SSingex land/cHiracteriBethaksipoof Shiftdihgsihatie inventive
Processy; 5Qs%dsﬁcﬁ‘é%‘&%ﬁe&”%‘g‘}ﬁ%ﬁﬁ%ﬂ%’h%‘iﬁ&ﬁb%‘G%Ycﬂ%é'%%'”9 alowcomonoer
incorporation’index and characterized as good shuttling in the inventive process, and (C) a chain
shuttling agigit contaifiingtvinyilyursaturation:d6 iavarstrepenibodinkstobtt enntrentiemhere is

provided g INgihod 06 seleeling pan dmpluTe ol aialvels ) ARCHR) RA.chain. plytting agent (C)
capable Of Producing rmuiti- BIOck copolymers & corcilng {6 the invention, especially Such copolymers
copiprisivigeetimdéneies ptME3zE3 Fos a1 1734R, & flthetembodimehdofdtienpreskistabveation there is
provided,a pracess,for,prcparing o, comb arahiecture,olefin block eopolymer, eapesialysuch
copolymer comprising Befhy?é)ne an oﬁ}f(«%aﬂﬁ one or more addition polymerizable monomers other
than ethiene®s84i@ Pro.desaomipisingicontasting eitylenéoand epiidhadlyddne brtempiecaddition
polymer%zgﬂg%onomers other than ethylene under addition polymerization conditions with a
composition comprising: the admixture or reaction product resulting from combining

[4] It would be advantageous to provide comb architecture olefin block copolymers

25  (C-OBCs) with improved properties.
SUMMARY OF THE INVENTION

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

30  form a segmented copolymer (multi-block copolymer) having a comb architecture, said
copolymer containing therein two or more, preferably three or more segments or blocks differing
in one or more chemical or physical properties as further disclosed herein, the composition
comprising the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst, Catalyst A, having a high comonomer incorporation
35  index and characterized as poor shuttling in the inventive process.

1



(A) a first olefin polymerization catalyst, Catalyst A, having a high cornonomer incorporation index and
characterized as poor shuttling in the inventive process, (B) a second olefin polymerization catalyst,
Catatyst B, having a low comonomer incorporation index and characterized as good shuttling in the
inventive process, and.. (C) a chain shuttling agent containing vinyl ion. bly, the
foregoill HEe R ke AT B Lo e o e el ey mere.
comprising:a saftchackiane dnd huad shuttistatlitie siderchaipsoesingmultiple catalysts that are
incapab@ of iﬁterc%nv?rsion. Tpat [ th?ncatlf%l;%/lsltl%grt% C lgrrpically distinct. Under continuous solution
polymeri glﬁc? LB H%H%g ﬁ%eenpr%oéleglsnls%a]e ly Suted

or polymerization of mixtures of monomers at
high mononggr conveisiansthetnegebatiesent Spdiyrieripstiontoeneditiprs it imglieoniothee eleane

shuitling agent to Catalyst.B become vantaged compared t in.ar

il i e e o R S S
crystallibp side pbigins maycbelicentrole dhinahependamityal [9inchnothay e cdintsitied tibyilevertion,
comb olefin block ?ggrllymers are 30formed having soft backbones and hard or crystalline side chains,
prefera@ W?Hée rocess comprising contacting ethylene and optionally one or more addition
polymerizapfé mononiersfottien trahoginyenefthd preacditiore podynissizasiorotoledinane eoith far
composition comprising: the.admixture.or,reaction product It 5@6?@ : A) g first
olefin p&%%}%588‘8gt%ﬁ%s‘t%&‘&f%ﬁ’/gﬁ& %%%/%n%() (Hh%/é%%oer%ﬁ)gr%%%grsﬁgr%%ﬁ)r tionpg%ﬁ%é%%d
chegactetizéehaspboptstmitlingria chenmvendiiveoprpchsserid@pl: sevomcoiafihcp dipmettizétion etalyst,

e Ee St eomenaer erRoral o6 DK A sharadaliani asdoni i 1 the

inventiVB“[:’E(r:SESe%%,‘gﬁlamg[%ﬁ1 agent-containing vinyl unsaturation. [11] In yet
anotherreabatirserticoftthe mnheetionntiereldréoprovidedianctonalidsth BueiilativesppiHieoforegoing
comb blocnlgggggjymers. [12] in a still further embodiment of the present invention, there is provided
a polymce?‘ﬁ%’l‘ifﬁ‘r‘é‘comprising: (1) an organic or inorganic polymer, preferably a homopolymer of
ethyleneheradbyiromdenecandsorpacciopotyrudingf Bthylermnmopylene and a copolymerizable
coponomer ARd (£ eanb pinds conahime! AGERIING 10,1 RERENIRYRINAN AlcarsRArRgaccording
to the 10process of the‘present invention.1n a des rablé embddiment component (I) is a matrix
polymeriadmprigingahighedentity jpoly ethyliene o tisoractici polyprepylene and component (2) is an

elastomeric comb black copolymer. |n a preferre ' o SOMPISes ageiysions
of the m b& DO ‘3’/1r11r‘?e‘gr)l c%lrn E’ ¥ u?{ﬁzga{é%?npagé%%fn%a%%gr%g%%%%ﬁs%mgg%%@BRIEF ![))%ESCRIPTION
OF THERRAMINGS2d 53t g ged sholisaisdhematictsisawiegssyitdesis and architecture of
C-OBCs.., i1l41Figure 2 shows a comparis f gy of C-OBCs with two comparative OBCs.
[15]Figu§%)? S 83\% rﬁ%olfgga %ﬁgoanstaég a}ﬁc%%ﬁ 51? r%'lét iﬁgkg‘x for comparative OBCs and C-OBCs
20p06]Figuri8l showsRexfersbiondie/iscositpasrademdtiles dheifrenap fifferphb o S YaEL OF EREMple 6.
DESCRIP ION OF EM IMENTS OF TH NTI initionsa -4l Al referencesdo the
Periodic Table of the @%e?n%% s ?@ilr%g Séﬁ(gg er}ét%’ﬂ-lge%%ﬁggggar able of the Elerﬁgents, published and
copyrightedisy GRE Ruisgslel i 299 BroAlss, iapsprélerehives core/ Tiiolip SPT OIS sl He #-the
Group of,GraupeVglieaiad ndis LArRdlf.T asle ahibe Fements i LIRAR RstadiRy
numbering groups. Unless stated to the contrary, impliCit from the context, or customary in the art, all
parts ansipeddentsara baseonieighierof purpoees of mﬁh@@méé%@ﬁ@félﬁféct?ééﬁﬂﬁé}@éﬁtents of
a”gspa‘e%ﬁgﬁﬁéﬁ%%‘m&%faa e ARyRlGaten e arancad Nate . ake Rehy NooRRiIRd by

refeérence in their entirety (or the equivalent US version thereof'is so incorporated by reference)
especiakiylwithpedpoct tortisaidelivsedh syrirrenehdlonkigaps! varessifiois (st ke Bk inicREP
inconsisient it sy, definiions provided heteink ARd GRRSIAIMIRNIRASR RNt (LBl Eha lerm
"comprising- and derivatives thereof is not intended o exclude the 3 presence of any additional
compon%ﬂi@@ﬁ@mwmbywhether or not the same is disclosed h_e_rein. In or_der to avoid any
doub, all cqmpositions,claiped hetsin fipugfiiise s (g cauInrisioe may nalidaany

additional additive, adjuvant, or compound whether polymeric or otherwise, unless stated to the

codfraryfdmeontrastathel tbavk boursisdipuseestiaBlbfcsxdudainfarripaicdpetbs MY SStceeding
recitatiogo%rllgrgmgrcgg{ggg{&e&hﬁgg QIECPB%E%QHTI?’ SHECEPIRGe addition polymerizable monomers

other than ethylene under addition polymerization conditions with a composition comprising:

the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst, Catalyst A, having a high comonomer incorporation
35  index and characterized as poor shuttling in the inventive process,
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5those that are not essential to operability. The term "consisting of' excludes any component, step or
procedure not specifically delineated or listed. The term "or", unless stated otherwise. refers to the
listed members individually as well as in any combination. 1191New comb OBC (C-OBC) architectures
have been found that have very high rheo ratios, ¢ PRk I?&g-cc N Ssanched- QBGSy These
materia@ %\?80§npré)éﬁolﬁ1liﬁcéyt’én}ll %%88 u?%é? e%ttﬂ#r?%gg é%(r)% Ccopo éor%er backbone and h%#gc?)side chains.
The maistialsade prepansztdsingoadsmbinaiontf snyoud smuodissg. podr incorporator catalyst, a poor
shuttling g incorporator catalyst, and a vinyl-containi pﬁ‘[’@ %@#ﬁrlﬁg agent. The inventive
C-OBCs sﬁg\% gener ﬁacr%laclfé%ﬁslﬁ(t:@ngfa@%éogr%naﬁsgoor%%e ve%y |gﬁ r'heology ratios that may
facilitate th¢ld ise in dxtpedecbgrefilmbppiicationStht5[pe1The, thens olyivededrshaiieadsthd

conventional homopalymers, that is, hamogeneo Qlymers prepared from a single monomer, and
cop?olyrrﬂﬁg?g ﬁYg?c ?;%re?%rbel%orlgfe%géb ?Smﬁ%%&%pggéﬂ%e%olymers), meaning polymers prepared by

reaction of fi2past twin metibfuetisornivetwiset odtitainimspehaviosiy diffsean taesdlse grre R o
blocks therein even if. formed from a single. monome r ifj Ralyethyleng:
incIudesm?}ii)%ﬁrgr?f())r[l)lgf)l/“?hn«‘agr's?gK aerfhoyl; ar?écgﬁdn(%%%ga gr@%?%fﬂ%%%ﬁ?ﬁ% %%%Bgﬁ}]’[(ﬁ%C&S Igfolgﬁns in
which etinyépspplaprises atdeasbB0nmodé ghytent of heotsientonydaivns! inesripibeaomderiny a
polymer that posses a first order transition o stalli 1| i determingd;y

CitorenCal S0 b B 8Dy P o
interchamgeatslpivith thesder inVsemicrystalinstatihensraditaam gonesters fdrst s angBiynnet YBkacking a

o g RO R e s e 5 ln

opolyme copolymer” refers to a polymer

comprisitiaytwoedr mord bherkicayl distindore giche sd seyprénts ifetemednena s eeky S ¢referably

e ehearnanel I i ARA RS Mg chamisal X RRAI] 1tz dyricn are

joined end-to-end with respectto po

merized e nic functionality,
fashion. In a preferred embodid&n ' 3 (D A

her than in pendent or grafted
[BHHa AN HNANS )

N¢pe of comonomer incorporated

1 HNOEUE Hiffe

therein, the sity, the amaunt fry I v, the. stalli iz i alymrer of such
co?m%ositior[n,?%fe type églélggrgqéoo s’téac%té%y gg)t%ﬁ??%? %{ﬂ{gﬁgg%%ﬁ%ﬁ%?}gggﬁy or '

regio-irregulddity, the Arpourit sfdranchinganstadihgudng eraiy ancRibg oV Ry perERIRRAIAGY the
homoge%%i&/§ or any other chemical or physical property. Compared to block copolymers of the prior
art, including copolymers produced by sequential monomer addition, fluxional catalysts, or anionic
polymerizatibf] technidisse thehcopotypeérgofatie dneditionoare chelidataized eynniRie disibations of
both polxr%e(ﬁﬁaé@sjspersity (PDI or Mw/Mn), block length distribution, and/or block number
distribution, due, In a preferred embodiment, to the effect of the shuttling agent(s) in combination with
mafiple catflghts. Mofegspedifibaily, axtrani proviseesity acontintisusopiveess dREIsalFHEIE Histrably
possess(l):’r 'g(gro 36'.7 to 3.9, preferably from 1.8 to 2.5, more preferably from 1.8 to 2.2, and most
preferably from 1.8 to 2.1. When produced in a batch or semi-batch process, the polymers desirably
possess PDI from 1.0 toRESGirEe AR MomM B g /8 r& BrefEr oY 8RO to 102.0, and most
prefera%feg {@O%.S4 to 1.8. [22] The term "ethylene multi-block copolymer" means a multi-block
copolynter comprising ethylene and one or more copolymerizable comonomers, wherein ethylene

comprises difllrality dflihefpeiyenetizée Ruishsel amite bhatitmendvrieriorsedmanths the
poumer Brfga%afbél%t 'gﬂl%t $Bmlﬁ,%%fﬁ%@l%mwg%&qu gt least PR.EuolgDerGENt, ARG MASt
pre erab}l)y 155t 8 m a

at least ole percent of said block. Based on fotal polymer weight, the ethylene

multi-bloekeoopslymerswitherfreceri shebhidn hrefaramnonsvewns efgrekipdhteReodicoRRico7
percent [FRCHISIEIRONION AR P, RAIGEN FYRALLARE BIBIRODOAIRIARIDIBLRISRrAN most

preferab?y rom 65 to 85 percent.  [23]'Because the respective distinguishable segments or blocks
formed froplititdrof2terorsariondavstenasey jbirtbel It EiRgTs polRSECEHaMS base Iy RERaNTSt be

Comp'etﬁé&é&%&ﬁ%@gﬁﬂe&i%‘a&eitmﬁ{%a%l?&éj\fﬁe%m@%ﬁ%ﬁg}rﬂ%ﬁé-gﬁm&amﬁi&glmmers

containing regions that are relatively crystalline (high density segments) and regions that are relatively
amiérphoublilevier ddpsineebhenantalcdaamipit b wderiveRyaxicienss o halroatta sty differing

solvents, In: a.preferced embqdiment ne Auaniihn el sxreriabie. polymel HsinaHEtier chalky! ether- or

an alkane- solvent is less than 10 percent. preferably less than 7 percent, more,preferablgél}e_ss than 5

percent disdlonuest prefathpliz lesBnisans? fréreisions (e rXIEBIPMARsIBREHENt WBAPARETHEI s
means R)ijdggggragﬁgg Qé’ng?ﬁl RAlmElZatiom b At least two different types of monomers. The

generic term "interpoiymer" includes the term "copolymer" (which is usually emlf?lé)yed to refer to a

polymer preid8ied from vt aIff I emPRBAS NI S WAES BR RE S MERRG AT tWHFHSs usually
employed 10.1REr 49,8 RANMAHPESRASL ORI & diEiRrga! YRaEQIIMeNaREEhe! 1B osed
encompasses polymérs made by polymerizing four or more types of monomers. 1.251The teun comb
architecture" means generally, having an identifiable3backbone or  central polymer chain containing
multiple branching points. The branches may be linear or further 35branched as well.  [26] A

catalyst is a "good shuttler” with a given chain shuttling agent when the catalyst exhibits substantial
ravvarcihle chain trancfar with the chain chiittlina anent diirina chain arowth with the annronriate




101:500. After forming a suitable quantity of polymer, the reaction is terminated by addition of a
catalyst poison and the polymer's properties (Mw, Mn, and Mw/Mn or PDI) measured. The
foregoing polymerization and polymer testing are repeated for several different reaction times,

providing a serjes of polymers havi range of yields and.PD| values. ill. Catalyst/ shuttling agent
pairs diSH%t ’tiﬂ“él‘%riéﬁ/l‘%% t%é]?zﬁgﬁeggo%%%gr@tlr%%sfé Ho At}éei%rértl}&?%g lfﬁgeos%h%ﬁﬁ%rgrlggent are
charactesizagrbyna’polyimeatiseres whkieiontieddinimyuad RRE: s tesstham@ Shetorenpisferalslyiless
than 1.5, and most preferably less than 1.3. Furthermore, if chain shuttling is oc ingethe Aim of the
polymePWﬁf‘fﬁé?egg%,sf)rq’é%%Hﬁhee Wihsa f)l/f:%%n@cs)n\ﬁé?s%ﬁl is ?r?(rzlrsésallusne%fﬁ\s/%siag e\ggrrg C@%%?yst/
shufflingrageit padiscartaihose gieitiggelindaomas hdunatipoahtonve sipno(erd pelyeree ptielg) fitting
a line with a statistical precision (R2) of greater.than 0.95, preferably. greater than 200,99, 71 A
Catalyst 105 B SR & GH0EH THan SHSATD S IHo o Caiar ki d Sy B
pair failsitheoabie testspdsdrespediicaethe tatalysTheakes pofjmetesdtitaeduribhlanged deincreased
MWD in the pres nce%% thexﬁjtentiaﬁ chain ﬂwttlin e}%%r&g (iggltl%ared to polymer made in the absence
of the sHl ﬁ%‘%ﬁ - (at 1ol gl%l%ﬂegu%meve%sn 0 epoli’ymer%’Sis unchanged or reduced with
increasing gpyjversioMNew [28hbEHRM EMndiiiag aeridid pooesshufél g hisoaisd tesoaibedsin tdghExploration
of the Effects of Reversibility in Chain Transfer to,M in Olefin Polymerization”, Phillip.D. Hustad,
Roger LH" ﬂﬁ%éﬁtfﬁcﬁ%ﬁ%\é ﬁﬁ] %E?H%h"a%}“lj?rrﬁ‘élﬁ?ﬁ d?ﬁ%’l@%ze ,wasﬁ t@fﬁllaefl.%&?/reloal’é{r g%}%)nr%toélecules,
2008, 43t(i)4081u4089. I 28Pkhenterimtsofikaakbbad sideahsithal trenbrckbiorecoueprisés a soft
copolymer comprising ethylene and an a-olefin, having an a-olefin content greate tf% 0 mole %,
greater thal §p ?ﬁi%l%}om Sr%?a%e%pt(llfgﬁ%}f BIRo% 158 8%?5883 }ﬁsiofie%%oggi"%%géé%r %%ﬁ 55 mole %.
In one embosirentcihgéysaftixdekbonedoasanna-chefin stottient greate tran GHimel€%) Hbe shackbone
can have an a-glefin con entan 30 mole % to 90 mol%,.from 35 mal% to 9 9 40
mole% 085 ¥ %féo%}eﬁ%&rﬁ%?rﬁ[g% tadnég‘rsﬁ)o W TH E:T%%]}{ol;}hg%{g%éﬁgﬁ% %%%lteﬁ%ﬁ nt”l%é)gﬂrﬁers other
than ethydenedmaydalsodigcgrppiientioan about 5 weight percent, preferably greater than about 8
weight percent, greater than about 10 weight percent, or greater than about 15 wgight percent based
or? e weiéﬁp Lf the p%%‘frﬁeer?r.l It éjlt'.yrrnnglefﬁ Q&Hrﬁsené{%l t%%ng%rﬁﬁgﬁérqﬁgfnggﬁgﬁeﬁ t legtsltcs)ft backbone can
be greatemnibamabeup@Omeightepered ity greateg tharvaboet, 26dveighily percdnticgebaterthén about 30
weight percent, greater than about 35 weight percent, greater than about 40 wei reent, greater
than ab{)#ﬁfg V\t/ge ik(j%rfe *p“e?%é%&‘?"& ?e%%err\é\iu’&ﬁ%aﬁ%fﬁ %‘g%v‘%?lg%?rﬁg ?é%%t? yol;ea?ga%]eﬁ%g%%%out 60 weight
percentmbreraemonothernvdentent maydbehnomaghedifethanBdsdgrupnts G0bvigks floninEwasdio 80

wit%o, frofm 1% ) % to 70 V}’é% from ZOMt% to 60.W1% o]rhfer%n 25Wf[3{gthog%9 wt%)?igggsed on the weight

1 Y 1 P [8] 1! . . .
of the po )%nner. f%‘ﬁ%& &rin “hard or crcilrgtg ine s?ie(l:{eythalnsm}e%rs to blocks of polymerized units in

1@ whicheetopltanemispresty énamdmouny greatef diaheaboud 95aveighrpércentoiidpreferaply
greater than about 98‘Weig{1lt ercent based an.the weight.of, pfé Vg 1(;‘7@&“’@’&9% the
comono?%lgrrl%%en 8Iﬁ]tp(ésoer?ten e%?rggr%%ee S ot né’rt aen?eegtﬂylgje |lnﬁ%?en]l]§a%égs?e c’hai%s iséless than
about 5weight peacentsanespréfistablietessthiamabeur Raliightghencantibaded)on teecweighd bf the
polymer,.In some embodiments, the h ide chains.c ] I O*iﬁ?% jally, 2l Joethylene. The
crystallir(%hef%frglel %:elasﬁ%%n agof)i%gerﬁ?#ijs a{il OURt Of 1 rlgmpgg%’vﬁ?&zq?oé 50 v%;lt% o;‘l#]é polymer, preferably
from 10iwt¥echor3Babtyowitoties peefe t abiyi frystalnwtdsliee 30mwttemofEinFhecferpio conlonuther
neamortionNeX RIS IR G REIGER samaaner eI I A CORRKMEL PrERRIS G Lnder
representativ etﬂyene comonamer poeiymerlzatlon conditions y the catalyst under consideration in
the absence gtotheh20palymerization catalysts, ideally under steady-state, continuous solution

polymerizatipn conditipns.in a hydrocarbon dil £.100 iene pressye, (eacir
pressure), g?e ter thal?]hsﬁe rrﬁlorlélé?écé?ac%l&g r%%éﬁh]g% %%%ﬁ(%ﬁ?oegtéyene conversior% and greater
than 0.0bperceng comonomer denviersipdisTinetseBetiontolgetal coripteste o chtapfst compositions
naving the Qrealesl dllerensmin aamaomer oAl GRS PeHIa 0 RORRHNEISHOMANG or
more m nomergﬁavmg the argest difference in block or segment properties, such as density.
Cathonovhertincorporationi incenchvayhbespete tmirmarnbsrivadi sty teelsrienrso suety. g8t ddaiselosed in
WO2009/000212 £/ onRAgE A, e A NIBUINRRARAE, 5. 2o iGN BSRGIRRINGORRATBIed by
referendé for the p%rposes of US patent practice. The polymers of the invention are prepared using a
"good inconporatitighcatpdysteditheolete rsenitpf theaB0usp ol pesrdsuling fr6Ritad &0 Mshomer
ncomorgliaN e dePh i hanst audaREARoRAING, EIRNELIN, MAlG RRIERBLALIE Copolymes
resulting from the comonomer incorporation index test (F2) such that comonomer incorporation index
ratio ( FsytRR)tisReor mpretqurafaiably Bopritorelisioie Hreferaply eDbsmebRe. HAloe Hraferably 15
or gore SErakly-2Q. 0L aIE: inathabwards, FME2>nprelRiaRln Gl 2samore
prﬁeratﬁ@%%@fié@éfos{stl reg(%%prefetr’ably FI/F%g% gridomgg preferably Fl/oléi Of 221L321As used
herein the term 'aromatic” refers to a polyatomic, cyélic, conjugated ring system containing (46+2)
it-electrons, wherein 6 is an integer greater than or equal to 1. The term "fused" as used herein with

respect to a ring system containing two or more poly:atomic, cyclic rings means that with respect to at
laact hwo rinAace tharenf at laact nne nair 0of adiaceant atnme ic inchided in both rinae The term -arvl"



include ethylene and one or more addition polymerizable monomers other than ethylene. 20Examples
of suitable comonomers include straight-chain or branched u-olefins of 3 to 30, preferably 3 to 20
carbon atoms, such as propylene, 1-butene, | -pentene, 3-methyl-lI-butene, 1- hexene, 4-methyl-I

-pentene. 3-methyl-I -pentene,.1-octene, 1-dec 1-clodecene 1-tetrad.ecene, 1-hexadecene,
1-octad8%°£%t%mé€ ﬂqgﬁ’)%{?égtﬁgf]&?%ﬁ%ﬁé%%} of ﬁt%ﬁé ! 1f))rre%eré%?$ué {& 568Cat oerggaﬁf)orf'fg,cesucﬁ as
cyclopesdgnstizy claliepienead diddmofhedenS-cetlypt2 ararboniepel ytetnazyidtododetgnes. ahe
2-methyl-1,4,5,8-di %hano-lt2,3,4,4 5186t8a.-ocdt§h dron%%gp@eggﬁgi-{ﬁr& poolg-olefins such as
butadiei&PSOBEnE, l—?ﬁgﬁ%ﬁ-’f%%%ﬁ AtEnE T -Blfaurﬂlfgalene, ,'ﬁ- penta |eng, }fglftrexadiene,
1,4-hexpdiediepdr3theRBdienk|vl/Stoctadidnent i -distatiena, ind/@dibdicnembd-ostadiensy, due,

1,7-octadienc, ethylidene norbornene, vinyl narbornene, dicycl ntadiene, 7-methyl-1,6-octacliene,
Rk e A e S v R RN

com pt(r)]u:miﬂmghbas?miﬁclpﬁbjy ‘a'lh@thtﬁusén?id(ineludmg;]sﬁy?mpmmmhp%meiaﬁiabéyzylstyrene,
p-methylstyrene, Q,p-dime rene, 0 ren - styrene a -e r .a

functional j%ﬁlg’%qoﬁpmn} y%%.gaﬁrefera pg ﬁ%lelg?]gb%t 1¥101¥ reF Fla%g F%{omx .%t){oep% a30°

aining derivatives, such as methoxysty-rene, ethoxystyrene, vinylbenzoic acid,
methyl vingthesfeatéy Vioxlbe zyPat.e t&tierhydrbuestyneniestobahi scostpacle ppotiorbstpaneers
divinylbenzene, 3-phen ene, phe ropene, u-methylstyrene, vinylchlori 2-difluaroethylene,
1,2-diCh‘ﬁ:iS?‘&%r%ﬁK/I%(rgses,e ?@%&iﬂ%é&%@%ﬁ?la%f%@?gg?ﬁgb%g{-) I'—f)’romp?erérllg?eg rg#ﬁys fﬁ){ﬁiég’;ﬂr attaents
[35) The teramd stustthnefageizt frefetsttod dompound or mixture of compounds employed in the

compositio ithe present invention that is capable of causing polymeryl exchange between at least
two active E%? lyst sitzzleorkefﬁ% c‘:%tlg%g S%‘{;}ﬁ%@‘&%ﬂc e gglrﬁf)g}s? %%/s aﬁg(lelrg t)ﬁéaoglbnglﬁi%g%?%i the
polymerizatipisidhethiglctransiesef ar polymepiragmeansidecurs bothn¢s anbicimmetndeoe morpoithe
active catalyst sites. In contrast to a shuttling agent; a ‘chain transfer agent causes termination of
polymer"‘éﬁ%i%ﬁtl‘gfo(‘f/vt glca%‘d‘%rﬁ%hzﬁfisrf’oo Aone-time r%‘aaa%s1 earS%(‘) ngerg\%ﬁ]%oﬁof ner ?rlcl)lrr{?1 ﬁ‘%gc[%ltﬂa%st to the
transferpagimbRrefécakilPthe shuttliag.agent tratabiCadtissty fatio R AcBARLB ofdsomddsddbind
100, more preferably from 0.1 te 10, most preferably fro 5 t0 2.0, and.maost highl fi 1I\y from
0.5%0 15 T bR EIS e rate by s oo o e e I N, e
site via thedkutting e ntcand RBeAisithefatebof revemsespoleneogtiarisfem i, [¢HY natecorit,

exchange starting fram the catalyst B active site to catalyst A active site vig.th ttli t.
oAbl D e B T Lo D e T et L fegr
sufficienthyfstable fluat cliain §&nmameation is relatively rare. Desirably, less than 90 percent, preferably
less than 75 percent, fore preferab) J§%§ Hhan29 %‘iggéaqgn%%étb‘?%%%af%%g%@%@vwJ&efce”t of
shuttle-polyieryl prodicts are terminated prlornt% attaining Z("Espd“l‘s‘tlngwé \able polymer segments or
blacks. tdealycthenrateant phiainl shivttingl¢definad:nhéhe timendyuiredaonrabsfamappsfmer chain from
a catalyst site to the 20chain shuttling agent and then back to g catal ite) | ivalent ta or faster
than theisrr%ct{éog tpeglf/lrsﬁré? e%%%rat%n?%l\ygneﬁﬁat%g%%rc %Igéﬁefog:%rr%g%@%é??&%%ﬁe %ate o?l polymer
terminatierioThibgpermitsapickimerybioltiofoinetidemeinythezsamie) timérsgalesdb g apmepprshagation.

[36] By selecting different.combinations of catalysts ' iffering ¢ %@&{' GQrRAL tion rates as
well as éfﬁ%rr?né’%ség&‘ﬁﬁ iéise?g#dsgﬁ%%%ﬁgca\l%}?gﬁg g%%%tﬁ%%é%{rﬁ%g S%Pr%?ig%res oa agents with these

catalystdifibigatiovis)tpolyraerghocuictsibading seiymemstof differencidblesivésar somearroiera

concentrati ifferent blaock lengths, .and differ S s.in.each
cg‘gglymdé%lggﬁ%%ﬁr%gr}ea “For %x%?n%lles,qﬁ%{g%%cr}b?%%?ﬁg’ 2 %ﬁ%ﬂg g%%ﬁ% oév&r%%%vrgl%%the

catalystypefyraelydhsintpropagaton aaterokone Grahbréee than Capalysts, dbAger bk engthveigit-block
copolymer d polymer blends may be [ wise, | ingiis,veryf ive to
polymer chi%}ﬂpropagnaﬁl%er? g%%ﬁ%ly?ﬁg?%ga%ﬁg%%%%? %]:ratgr%%\(rynﬁ}: g%r@%#réggﬁrgh aﬁxgr%%g?ﬁ{lgock
lengths ifébtainedAnfextremely fabisbentingtege ﬁmayobmu'béldlﬁdmtﬂmé@kmbmﬁﬁmeﬁéving
S“““”&%%l%ﬂ%@%‘é’%@’@c' IO t%ope%y%c?a%}éi@?ﬂ@@ég%rgk%&%% Rty setalysHoRGE aNd Rhawtting

agent, relatively pure block copolymers, copolymers taining relatively large polymer segments or
blGeks, 85andionblendsipfrd (otagbigisvieH wanipleyethylesieHornopblyraepscantdicepdiyisers can
be 9 obtai Sui li ents | C - IS enic
nsatur o s T T G S et nated
diene otdivinyiphenyleare functionality. Suitable shuttling agents include but are not 5limited to:
vinylmethylzac, (2-prepene-1-y thylzi 9 -2- hylzir - - Izinc,
(3-buten-1-G?rﬁethylz?r§f%%ut%%gz%@n{%e%ﬂ%zi#({Zg%%}ét?l%%g{%?ﬁg éﬁﬁgﬁﬁﬁ&%ga%m il
1,4-diprrsnyri(RodyBier-aipan ERUBHAE AN ARSI, RATTShUtRhRrAIyRs Enp s yiYRshy| zinc,
(7ssctenyhrpethylzing: di(7-octenyl)zinc, diallyizinc, (vinyllethylzinc, (p-vinylbenzyBethylzinc,
(vinyO1-dodecyizinc, (2-propen-1-54)(trimethylsilylmethyl)zinc, (1.4- 10 butylene)di((2-propen-I-yezinc),
5-hexenylzincbromide, (2-propen-1-yOdimethylaluminum, di(2-propen-I-yOaluminumbromide,
di(5-hexenyl)zinc, 5-hexenylethylzinc, and (5-hexenyl)tbutylzinc. Process 11381Preferably, the

inventive process takes the form of a continuous solution process 15for forming block copolymers,
acneciallvy miilti-chlock conolvvmere more ecnaciallyvy ethviene and



a C3,20 olefin or cyclooiefin, and most especially ethylene and a C4.20 a-olefin, using multiple
catalysts that are incapable of interconversion. That is, the catalysts are chemically distinct. Under
continuous solution polymerization conditions, the process is ideally suited for polymerization of
mixtures of monomers at high monomer conversjons. Under these 90polymerization conditions,

shuttling frofffthe chaih HEkhY AgéRP T itcataNitt bEtea Ay ARAYS FETthpRRa s ERiatst

growth, aadunukirbleckisoRobmsisksciespesiatilinear tutiRiogk.e0Rg Yreet S acekaG ta-4heh
invention ,eﬂz'e formed in_high efficiency. Preferably, the &05%?;% Is performed in a single reactor.

Catalysty BEPSHRRIRAB R CRAN SIS FHH 3 & hereirether brivsctEPSsEBiiBing ot B Sihpounds

that is agapted dos pepaing P yepess@fdha gasingdsemposition or type. Both heterogeneous and
homogeneous caé?\(lgsts may be employed, Examplgs of het«farogeneous catalysts include the well
a

known Ziegler-Naths SompEaRiBHY RESBERY GG AN s A AN SiBo R SH BFotS etal
halides orxhixedhatidieg apdalkdxidels aacitheonetidobainsBOcingnuenn dhivaoadikrizhasadscatalysts.

Preferally. DOWEYE . fAE LRSE.Qf 1426 P& cRtlNSsfol e herelias hOmRYeReAUR Saelkting

comprising a relatlveIP/ pure organometallic compound or metal complex, especially compounds or
compleX8EThaBEiert bhift) S iehet A RIGPS SRS B abe L SPRFAHRIEderelBPihe Periodic Table
of the Elemertsaiis prefeised thatany catedystiemployeddarein aolsigoificaniiedetomerstally affect
the performance. of the other catalyst 35under the conditions of the present merization. Desirably,
0 o 1ol U T ) QL Y JE LR S e At o e 20

percent Ringharatetioprlitienis of tpratiseddévit MolyameMzehibno[2DMerabwsthplexes for use herein having

high comonomgr inegspkatio pIRHRX LR SA) IRGl wdacompisxas ofdransition meatalsselested from
Groups 3 to 15 of.éhe Peripodic 5Table of the Elements co tainin%?ne or more delocalized, a-bonded

ligands BPSBVAISHE RIS bR RIS LS E3ehiiies Thetas StANORENS: half-metallocene,
constrained gebmétriplandipuiynvatent maid vlemoineaon otheipohy chelating fhésecc onmpfexbsth The

complexes armarngrically dericled RYMe TRy MK e o8 RMINIRL NGISeH PHEIEIDs ;M Is a
metal selected from GrouPs 3-15, preferably 3-10, more preferably 4-8, and most 10 @gﬂerably Group

4 of the PrSUPTABIRP Bf it AR merid RaHASTERARHAT &4en deduribmeeis: & ghatip uHiasng
delocalizethaneletir omns @hiens RmAord] election pafsathyeughy whiah K ds deune do dMinsaighdd. group
containi 10 2 m unting hydrogen.atoms,. optignally two or more K groups may, be
oined g O e STy St s ey o e of
bound t8 s Xigkid B bbiRT R Xatsiisdlepertiently eactr stvuherbivrisiablowaterst haionic
maiety laxing up to 40 non-hydrogen atoms, optionally one or more X groups may be bonded together

thereby forming a divalent or polyvalent anionic,group, and, further optionally, one or more X groups
and onye orrﬁ] re Z gr%u%ag%ﬁ/lﬁyg %bqﬁ)cﬁgg%ﬁé%@?%éﬁ?%} ?E\) é%efﬂa'ﬂ’ iR %%g/igntﬁl
bound tan¥ dndiZiicagsdinaiechibeaietabdrindspenteatiyeatinDeciirencs,is amnesiillewisvhase
donor ligand of up to 5Q non-h atgms containing, at least one unsharecl electron pair through
whioh 798 EOOHIIRELGE T C A b RIOTS 3 L roPar LG oA O Ktk RO hom o
to 3; andbthel suibt, kadks in aqudldathe fahmshaxiciatigmstaie/of Me hdldAdglitanghsoitablecpiabysts
arSSIhose disglose in U§ Pa en.tﬁ[)g)licatjon Publication No. 2009/0163667 paragraph [0089] to

paragralﬁhuﬂf “h&ti NG rB’é g%%?]r%%é:f)éwgésff}?'pm-poses of US patent practice.
30[421Preff28¢d metakaariplexdmof polyvedenthemisdyasesstodasse as Gatalystplhesaisniochide

Compo%g'gc%so (r)rfeﬁg\cf)er}gfgi%gg itrpsgg{n ggﬁs%?ére tlo' %\/I?:%ag in Olefin Polymerization", Phillip D. Hustad,
Roger L. Kuhiman, Edmund M. Carnahan, Timothy T. Wenzel, and Daniel J. Arriola,
Macromolecules, 2008, 41 (12), 4081-4089.

30 [29] The term “soft backbone™ means that the backbone comprises a soft copolymer
comprising ethylene and an a-olefin, having an a-olefin content greater than 30 mole %, greater
than 35 mole %, greater than 40 mole %, greater than 45 mole % or greater than 55 mole %. In
one embodiment, the soft backbone has an a-olefin content greater than 55 mole%. The
backbone can have an a-olefin content of from 30 mole % to 90 mol%, from 35 mol% to 90

mol%, from 40 mole% to 85 mol% or from 55 mol% to 80 mol%. The comonomer content

(98]
wh

(content of monomers other than ethylene) may also be greater than about 5 weight percent,

6



p/2o0el( Gg where: R2 is an aromatic or inertly substituted aromatic group containing from 5 to 20
atoms not counting hydrogen, or a polyvalent derivative thereof; T3 is a hydrocarbylene or silane
group having from 1 to 20 atoms not counting hydrogen, or an inertly substituted derivative thereof; M3
is a Group 4 metal, preferably zirconium; G is an anionic, neutral or dianionic ligand group;
prefera@lﬂ?%ﬁgimgf%rg@&rﬂb?% D RIS RSEETBY I BFFE G %}qg\t/i!n%%%%%tfﬁrg?gﬁ@rn%te %%%)nting
hydrogenag dsrnumbearfiossrdcto BaiRdicating thechuathiae pb suskr Gigroupscabddifiandshand
electron donative interactions are represented by lines and arrows respectively. [431Preferably, such
compleX8EeBAESHERITR" e 16 AtlIRRHR LPe Carkk?ff?ﬂ'%ﬁg}%iﬁ&wm §Hg[rgea}v§fgﬁieﬁridging
glrlSUp of fianb3to220:lemBRba0 whtingrivaicgen: prefeighiyparstistituie draundubstttited.cB3_6
alkylene group; and Ar2 independently each occurrence is an arylene or an alkyl- or
ary%—sut}%‘?tfﬁ?_l‘étd %Fﬁ@ﬁ@@?&?ﬂ%gpo?ﬁ@%ﬁ%cﬁweﬁgf é%%fhﬁlﬁ%uﬁ%r‘gﬁg% RIS E68LP A'etal,
preferalyozirsoniwmnhGoincaneadertleeach assur@nseiighapaarionid neutnaborianoninligand group;
g is a number from 1 tg 5 indicating th We of such X groups; and.20electr opative interactions
are reprléesgﬁfB@thﬂﬁ\%.sFWg{%H%@ég Pei’%ﬁ#@t%ﬁt%‘g?%;g@%é% o%%%i‘ﬁép‘f(g?rr?ﬁéﬁr{aude the
following-6@mpawreso: 6where W isnd 054 i$6C0. 20%anHaeedner tilyesu bsfitLivé chd exivatives thereof,
especially 3,5-di(isopropyl)phenyl, 3,5-di(isobutyl)phenyl, dibepzo-11-1-pyrrale-1- or anthracen-5-yl,
and 5T4 indéfendent é%‘ﬂrb%ﬁé’ﬁg g Sgé)é%é 6 Eﬁ%ﬂge??ejb é%%gp??ap BEa6atkyiene
groop, oxiasHrektlesehspiuiest dervativentheieafeRRdni ableperidenibhepakaccutdgneteisiiydrogen,
halo, hydrocarbyl, trihydrocarbylsilyl, or trinydrocarbylsilylhydrocarby] of up to 50 atoms.not counting
hydrogeﬁﬁ?%\tr‘?blt&?ﬁé’@ﬂ%ﬁ%&?ﬂ?@&ﬁcg& 8??88? ehg% tgigﬁar%cig%?l'ot[rqr? y%r‘ggé%y%ls}ﬁyi group
of up 1QieRéhatprmsdnteaustirghytiogemas atkeglieupsiioget)dn e hacivatenticdarivatiessof the
¢ a b . : : : :
C‘;ﬁ%‘fgg&%‘*&@@%Q%é%ia%%%gégﬁ%&%V}L?%}_%I%L‘?y DS oAy Rreferred S e Qe WING e
[2'.2"1- 4L R2Rhayelohexane: ki tdiyibisenethytené Hidisthay) 3 bisqidse( 9l bearbazofi@ly BH5-
15methyl-11,1l-bipheny1]-2-01111zircanium dimethylCatalyst 1. Rreferred metal compounds
g FHONEGmbRORER LBF SO AR (RSt B MO €082 10 etal et
correspepdingtoptae-fabmuiam whereino 35 wi% Addsgraetabdf Gooups wiOtoBthePeriodic Table of
i : . o

© e e P o oner ncbsporatio indes PSSR 2 TERB omonomer

incorporated into a copolymer prepared under representative ethylene/ comonomer
polymerization conditions by the catalyst under consideration in the absence of other
20  polymerization catalysts, ideally under steady-state, continuous solution polymerization

conditions in a hydrocarbon diluent at 100 °C, 4.5 MPa ethylene pressure (reactor pressure),

rea
fee ¥

greater than 92 (more preferably greater than 95) percent ethylene conversion, and greater than

0.01 percent comonomer conversion. The selection of metal complexes or catalyst compositions
having the greatest difference in comonomer incorporation indices results in copolymers from

25 two or more monomers having the largest difference in block or segment properties, such as
density. Comonomer incorporation index may be determined by various techniques such as
those disclosed in W02005/090427 Al on page 14, line 25 through page 16, line 24, which is
also hereby incorporated by reference for the purposes of US patent practice. The polymers of
the invention are prepared using a “good incorporating” catalyst with mole percent of the

30 copolymer resulting from the comonomer incorporation index test (F1) and a “poor
incorporating” catalyst with mole percent of the copolymer resulting from the comonomer
incorporation index test (F2) such that comonomer incorporation index ratio (F1/F2) is 2 or
more, preferably 4 or more, more preferably 10 or more, still more preferably 15 or more, and
most preferably 20 or more. In other words, F1/F2>2, preferably F1/F2>4, more preferably

35 F1/F2>10, still more preferably F1/F2>15 and most preferably F1/F2>20.
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T_2 IS a nitrogen, oxygen or phosphorus containing group; 5X2 is halo, hydrocarbyl, or hydrocarbyloxy;
'[IIS one or two; is a number selected to provide charge balance; and 12 and N are linked by a bridging
ligand. Such catalysts have been previously disclosed in J. Am. Chem. Soc., 118, 267-268

10(1996), S, Am. Chem. Soc.. 117, 6414 -6415 (1995), and Organometallics, 16, 1514-1516..(1997),
among othg??disclosd?’éé?se&hg?@féw&ﬁeé%r%ol B tlg%ta?rs &2 agHOI}/ﬁrg%raﬂl%oc chic SS'AFE ar m%c :

mol losures.™ oregoing exes aroma
diimine greiaroatiaislion(iing npnpdroms WhEsoup i4 metatgeegpecaliiaircoaqua tedrréSponding to
the formula: Rd\Rd Re R%lgl / M-XZ% Rd T2 N Re/ 15wherein: M2, X2 and T2 are a(fgg

13 . I
defined 98 inbse iy BEEPoLE ﬁ%sigggtigoW&?ggsgﬁfeﬁlafggéaﬁ?%lﬁﬁg?gﬁ S e p{egr%/él%?lilg each

occurrepggisrials20daydrdaarbiyh esspdreteraeiam-vespegiatheadt, M.least SrerfRirsubstiagted derivative

thereof, more prefergbly. C1.10 hydrogcarbyl or.a F ar N. substituted 20derivative thereof, most
oMtk c dmn ity s bt st i ST
aralkyl. whidWestypsefesadiexammples ofithe foregoingronetat compleiies are tredhaticsdioryimind
complexes of zirconi ,corres}%onding to the fogmula: thglr% : X2 is as pr

( n; viqusly defined,
preferalSRV &Y RS HIBLE BPHEPAR R et B BersA At y%eneF?é s ?ng#}ﬁ% %%ér(()?gyl,
t2-b utyl, %y@zlﬁaﬂmyig(%ydlﬁhﬁxyIp%myathymybtdhﬁnwnazeﬁyu ianethifbyojohaxyh etietlsy 1-2-pyrrolyl,

-piperidenyi -meth‘yé-\ﬁ; [ e(%i)gen l, benzyl, o-tolyi, 2,6-dimethylphenyl, perfluor rl‘%c ny.
2,6-di(isp_pré phenyt, r%?ﬂt - T e¥ﬁ%ﬁf)ﬁwtgnaﬁ.amg%%g(vﬁr}l%géglr%BfeQé)gvlg]gg% %ﬁ éoc%srtain
phasphisimide campekes arecpiactoseddnckR As890681oThese gonmptbxesiborespenthtothsbrmula:
[(R53-P---I1%(‘;ﬁ%<§é%53.0. wherein: Rf is a monovalent ligand or two Rf groups { are a
(o MAHOCISan 0wt s s mensilonlesndr e Bl s ogrlarre
containigig delocalized atelettyans thronigh whiciplidds, htiung terMnsaid K 2igroupd dnthisitgraipdo 50
atoms not counting hydrogen atoms, and f is. 1.or 2. [44]Particularly preferred is,

. nd un velie hy h y
bls-(l-(f-‘mei‘hiﬂ%%%ﬁg FoDet %5?5%})3( ?/?L}ét}éc-"d ﬂf—c l]:’c){llﬁglf Op Bgnaﬁl?ﬁ}{lr%q i r%ﬁg(;?r)ézlrrll i‘fﬁ% %l(l)r\{"laéter?)tllly 8Iatalyst
2. linked to a common group such as a methylene or ethylene moiety. The common linking group

15 may also be a carbonyl as in benzophenone or oxygen as in diphenylether or nitrogen in
diphenylamine.
Monomers
134] Suitable monomers for use in preparing the polymers of the present invention
include ethylene and one or more addition polymetizable monomers other than ethylene.
20 Examples of suitable comonomers include straight-chain or branched a-olefins of 3 to 30,
preferably 3 to 20 carbon atoms, such as propylene, 1-butene, I-pentene. 3-methyl-1-butene, 1-

hexene

=3

4-methyl-1-pentene, 3-methyl-1-pentene, 1-octene, 1-decene. 1-dodecene, 1-tetradecene,
1-hexadecene, 1-octadecene and 1-eicosene; cycloolefins of 3 to 30, preferably 3 to 20 carbon
atoms, such as cyclopentene, cycloheptene, norbornene, 5-methyl-2-norbornene,

tetracyclododecene, and 2-methyl-1.4,5.8-dimethano-1,2.3.4.4a,5 .8.8a-octahydronaphthalene; di-

o9
(V4]

and poly-olefins, such as butadiene, isoprene, 4-methyl-1,3-pentadiene, 1,3-pentadiene, 1.4-
pentadiene, 1,5-hexadiene. 1,4-hexadiene. 1.3-hexadiene, 1.3-octadiene, 1.,4-octadiene, 1,5-
octadiene, 1,6-octadiene, 1,7-octadiene, ethylidene norbornene, vinyl norbornene.
dicyclopentadiene, 7-methyl-1,6-octadiene, 4-ethylidene-§-methyl-1 ,7-nonadiene, and 5.9-

30  dimethyl-1,4.8-decatriene; aromatic vinyl compounds such as mono or poly alkylstyrenes
(including styrene, o-methylstyrene, m-methylstyrene, p-methylstyrene, o,p-dimethylstyrene, o-
ethylstyrene, m-ethylstyrene and p-ethylstyrene). and functional group-containing derivatives,
such as methoxystyrene, ethoxystyrene, vinylbenzoic acid, methyl vinylbenzoate, vinylbenzy!
acetate. hydroxystyrene, o-chlorostyrene, p-chlorostyrene, divinylbenzene, 3-phenylpropene, 4-

35  phenylpropene, a-methylstyrene, vinylchloride, 1.2-difluoroethylene, 1.2-dichloroethylene,

8



tBu Bu O/l 1/ tBu tBu Polymers [45]The inventive comb olefin block copolymers have an architecture
as shown in the schematic of Figure 1.  The polymers can have rheology ratios greater than 26,
preferably greater than 30 and more preferably greater than 33. Preferably the polymers have
_theoloe?y Er%ios in té&i range of fram %f.? t91801, renferably from 30 to 75, most preferably from 33 to
70. The PBYHERS G RavE fotec Ui WaIGAEE! M Hom 1,000 i/mole to 5,000.000 g/mole, preferably
from 100R-girgialeliadlage000, more preferably from 10,000 gimole to 500,000 10g/mole, and
especially from 10,0 /moie ta 300,000 g/mole. The density of the inventiv QQ elsGan be from
0.80 to O.Qéércm3 a?&%?%%aé}ﬁyi;ﬁh&ﬁg ertlerg%eﬁ ;]Ll%lzh(éoﬁn y%né}rgrfrnol%%g%gf&%m to 0.97 glcma3. In
certain emplodimantse themgessitnefftihe pteydensieolefinipolimepshangesiomn D@B0yD.925 g/cm3
or 0.867 to 0.91Q g/cm3. dditionally, the comp olefi %Igck C lymers ¢ ﬂl%"@ %Iittf'&qlex, 12,
from Oﬁicl%a%?)%%%%h%éy %Pe? }rllgﬁlyc/aﬁaoﬁsm%}beft%f O‘@ﬁ%p??srﬁ?ﬁl}lt%%?more p(r)e rably from 0.01
to 500 gil@mikuwesdiandsesitaeiatiyfrenzdh ta hO0 g/tonnimmuies pir weetairngndo dieaeritdothe
C-OBCs have.a melt index, 12, from 0.01 to /10 minutes, from Q. it/ (%ﬂpi utes,; from 1 to 30
/10 mif#8¢ FUROPES %‘ﬂ?{[%@rgfﬁﬁt%%mé? r%?];]gf(ﬁ?ﬁl 61 ng?%yt?fa]fﬁmu%gs?kf?ﬁc%g%aaﬂ% erhgodimlents, the
melt indexnfoetheeGrQBGsdsctaitatininetes] Brgtl chatingtes tbrab dit® mitsltes OROADH GAH6HS ahd

End-Uses 1461The polymers.of the.invention can be useful loyed.i i tional
thermostastit’ ity Xﬁ?gg Ir%i}é%(s:%tg os\{p?r% lfctéaﬁlgeefru?%%{(ilé%eln{: u i’ntgg;% o%%%{gg} go%%f}?gil\é%%t least
one filmulaery suvh Rs @Ruonaiden o, endl (Sastaretaferlty ot layet filmqaparedy cast,
blown, calendered, or extrusion cqating processes; ed grtj .sych G Aninjection
o R b R S e SR
compositigRscomprisiagythe presentipoly mreasy snBladevoleitd siwitte sthigtinargeniopsyithetic the
polymers, additives, reinforcing a e t§,.i nition resistant additives: antoxi ibzers, calorants,
extenders” ¢l rs?sﬂ?ﬁ?(“e?&%%%ﬁgaa%g”g%fsl{gaih% %fgts%igl%zeeﬁé?a&?%g{%%ciﬁrﬂ §%|%%$ Ez;Ltréz,>dt?nlt“ﬁgljgi-comp’)vonent
fibers sychaas core/sheathifiberstieslinglarn cuter. shidsiceblay 8¢ B0conydirintpanhedsttiigsartione or
more polymers of the invention, F47 |Fibers.that.may he pr esentPolymers.or
blénds i?‘%fﬁ@g%?%fg ?’l%\cling? %erneﬁ ticom Bc%is'use% HT% %QYh%ﬁ%{ﬁs%@gﬁﬁﬁd%}oﬁoﬁément. TSu}iﬁiable
fiber forping pracessesdsicibae Xppmbended;fmait blowrtecAninerssnasndisciostdai USH $w 30,563,

4, 663,220, 4,668,566, and.4,322,027, gel spyn fiber isglosed | 18040 and
nonwovan e %.GdS ehidseh %ngﬁqﬁ%@%%o%r} sozi%gﬁ?egsﬁ r%%g}ee %%iﬁggf%ﬁs%%ing
blends witbrathertfibirs 3siistinasipoipésterynydosegmenttosr, therimofderidd Hiticks oeshitidled shapes,

including prafile extrusions and.co-extrusions, calendared articlas, . N fwisted, Qrgrimped
yarns org}ﬁ%g? Pfﬁ%‘ﬁ&?%“ oﬁ}?ﬁé?‘se g %1r‘ib8eg) ﬁ‘e"r%‘iﬁ?%%) ﬁﬁ)ﬂ%gs%ﬁggo\)%{ ?ewandg)cgable coatin
opmlatimilﬁzhu&llﬁagsdgesh ?ed éxinusiok tlﬁg)watshmﬁﬁm}ﬂm@iﬁé@idﬂﬁéﬁﬁ%t?ﬁﬁ&@Gﬁfﬁ@ d
articles, including the use of injection in moldi 1otoMlding: RLASESSESH.
Compoé)lf)lgV e&g%rﬁ%%%?ﬁﬁ%%v%l?e%tgoqur%re?% éla!;b\gls}o é%%g;%ggaﬁfﬁ%e%%ri%d S?alrt.icles such aé those
pgeviou%mmﬁmuimgIb%k?ﬁmaﬁbp@ky@l@fﬂ&tpﬁd@@ﬁﬁ@ﬁ@ig@gm mﬂ@i@%@%@gwell known to)
those skilled,in the art 0 olefinprocessing. S {ho HeAY Sfagueous
can also be??o med ué%ﬁg%ﬁ%tbn é%fnp?rfgﬁgﬁﬁé%%c?r o@rﬁﬁ%%%s com[%fi{ging th%same. Frothed foams
ggg%zmggugefmml ' tet&mwnbzlr;échffﬁlsa 1?@1@;41@ iwd, @l disciosing Wﬁgz%j ﬁ;ﬁﬁe@iéam@.or i
4/027593, filed August 4. The po : rossl pQWnN Mmeans, suc
as"[%e ursnéxgi}fﬁ%rogx%g%glglgégg}ﬁ Sggrartf, Iﬁﬁgﬁ%x,gggl{?@}%)r’/ @éﬁg}pﬁgss-linking tec ni%ue. The polymers
can alsaitféechencaiticmodifiedneucit asrioyrgratiting, (fifasanbielbiznadofpdadtitcwmmydiie MAL),

20silanes, or ther arafing 29804, hAlRAsRTAN AR aion Bt atiars. anpiher ahempicaly of

the shuttling agent is low relative to the catalyst polymer chain propagation rate of one or more

of the catalysts, longer block length multi-block copolymers and polymer blends may be

30 obtained. Contrariwise, if shuttling is very fast relative to polymer chain propagation, a
copolymer having a more random chain structure and shorter block lengths is obtained. An
extremely fast shuttling agent may produce a multi-block copolymer having substantially random
copolymer properties. By proper selection of both catalyst mixture and shuttling agent. relatively
pure block copolymers, copolymers containing relatively large polymer segments or blocks,

35 and/or blends of the foregoing with various ethylene homopolymers and/or copolymers can be
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modification. 1491Additives and adjuvants may be included in any folinulation comprising the present
polymers. Suitable additives include fillers, such as organic or inorganic particles, including clays, talc,
titanium dioxide, zeolites, powdered metals, organic or inorganic fibers, including carbon fibers, silicon
nitride fibers, steel wire or mesh, and nylon or polyester cording, nano-sized particles, clays, and so
forth; taf?,lPéﬁi‘@F‘Q'oil extenders, including paraffinic or napthelenic oils; and other natural and synthetic
polymers, ipeiuding othes prelymensaceiding dntke inveniiat. ¢bojGiitatle pohymesnpfethilending with
the polymers of the invention include 30thermoplastic.and non-thermoplastic otlé/dners including
natural ¥H SAHAB RS ERS E%lr?ﬁ)lﬁ}%}e‘béglﬂﬁgf’éﬁg‘f %I%W&Wg ?Hé?u eCB%]l)}ga

topyIene. (both impact
modifyiggrpelyrreawane: saiasctishpelypiepylenenaliactic paiyhrahyleie, ardtrandoni: but are not
ethylene/propylene copolymers), various types of pglyethylene, including high press free-radical
LD%E, 2@&@%5&%&%@&9@&%&%—& B EYF&’@F&K&%@ {%%%82% qﬁﬂ%ﬁ%&ﬁ%lﬁ%ﬁ%ﬁ?ﬁlﬁple |
Eﬁactorﬁﬁrﬁﬂy)fﬁgfgg@%ﬁmmd%pﬁal%gieidx@ttgdd@ﬁgegoggg%iﬁggzsigﬁ @5@;?1587 | Z%kge 6, 5,844,045
omogeneous) PE, such as products disclo in LISP's 6,545,088, : 446, 5,844,045,
5,869,W@%M@}Eﬁs}s‘ﬂ}@tﬁ%ﬁé‘rﬁﬂvﬁr r%jé%@%é{l}m?%ﬁ{gﬁg%le VT A185ho ?:Vg SSmers,
polystyrgneiHeapashieodifiadpolystycanenABS|zstyrelicidtadiéminblaiikl sbpalyrmens laettyl zinc,

hydrogenated derivatives thereof (S nd SEBS), and thermoplastic polyurethanes. Homogeneous
polymef8 B& %ﬁ@fﬁ?’ﬁ%&%ﬂé?ﬁi@ é%ﬁg%%%%é'g{ﬂ}i}?é‘r%-ﬁg S8 oﬂé%rﬁnﬁle %2)‘?§/rrlﬁé§’§§/ailable
under thedrree)desigpatien-ARDINIEY ThaehiEAGhTMavaiablefrdry TheBbwaliemical
Companyié;'and )prd\yl‘ﬂ?p?baﬁg?%g)ol mer gor ex le pal mers e&/af'lable u ctﬁlrthe traﬂg
designdt 71?7%%1%\?’%&?%%‘?@%#%%& [ 8&?@%@%%‘5%%%‘1 Ry r%%l%n;aA AR available

from ExxeiMplil can also be useful as components in blends comprising the present 10polymers.
[51] Suitable end uses for the foregoing products include elastic films and fibers; soft touch goods,
such as#9585%rush handles and appliance handles; gaskets and profiles; adhesives (including hot
melt adhesjgg$ and presiustlisenisitivecadhe pivesys flaktwear fincludingshvescieslandshoediners);
auto interior parts ﬁ]d Iggprofilels; foam ood%époth o%?n ?nd cl?srgdrscell :riGme%acti% e giflﬁ%rlse faor other
thérmopstiETBBISAOr SRR R RSNy JBI EERU ISR & RO ALHE HoRISropviane: oF othier Sstin
polymets{coataefabrics: loses: tuhingowestheiastyippinigncapdinéts; floofirfg). anthyisudsiplendex
modifiers, also known as pour point modifiers, for lubricants. _ [52] In a highly desired embodiment of
the invefit %ﬁéﬁ?fo%?aﬁ%%%&%&%ﬁi‘gﬁ%o%?ﬁ%ﬂ%ing f?thséiﬁﬁ%ﬁ £ |8t%aé?r§l%%f§r%ﬁ r%éss%écc?ially
isotactiq pebpropylenes askddmealastomericionuttslotincapolymersefiettisdnewt docopolymerizable
comonomer according Qg) the invention, are uqng!ggegl c%pablerofofnc%rer?sip(%gogﬁghre fype particles
having RRFITRTEEIfRE bFLSHE ) sTRANEBIS s R N ISF of 3 Core sufrounded by soft or
eiastomgsigrhlacks:forouingiworishelili@ion i thehoedluided widmaingcof ettt polymerbddueses particles are
formed and dispersed within the matrix polymer by the forces incurred duri It co ing,or
plending IS TEh R HES AT ONAIO0) T BURU 5 188U B 10 e LN PRy GIGel
propertiespof the mutidalbak copelynensiwhich fenableicdngpatitile polyniar fegpstisa phaas the matrix
and higher comonomer content elastomeric regions of the multi-block copolymer to self-assemble in
the melpaffg%et%él?r% QA ces. Shearing forces during compounding are believed to produce
separatedugagions of matrix polymer encircled by elastomer. Upon solidifying, these regions 30become

ocgluded elggtomer particles encased in the polymer matrix. ~ [53] Particularly desirable blends are
th@r%moplas@’csg%)oiyole 'Hlﬁa[lglr?o%aial%%),fj%8?&%ﬁé§tf8%va%1§t%e$&bqlélﬁgg ?ﬁ%ﬁ%%l%%%é%stic '
vuicanizates iR tandssiveenid folymnenbiendsyREsaridiERsbiehdsmay enpreparedibyticombining

the invented comb multi-block polymers, including functionalized or unsatu ivatives thereof
with an g%tﬁﬁ?%nﬁ%ﬁeaﬁ%%?ﬁ%?g&%& %So%é%rﬁ%sn%’?&%%l%lé})oc}ifﬁﬁe}% %?[%C%Ee%g%%{%%ck
copolymeraiaed opfiofhathe avt8 ierosslinkigigreNvticanizing dgentsPROUbhds are menellydgsepared
by blending the invented multi-block.copolymers wit olyolefin,.and optj linking or
vulcanizii 853 ©F é%uo?m%r&erl?ﬁ?b %lrlldegs r%}%} gd&%?ﬁf? g)rér%a?n'\é) )ggr%%?ggg%gb?é%ﬁiﬁéﬁptionalIy
crosslinkingitheniesuitingdimoldededrticlely A sifite progddurevasifer differehtsothpoa@hrsiiderbsen
previously disclosed in USP 6,797,779. 1541Suitable,conventional Yy '
applicat'Tl‘%‘)grlie egfre;%r/n nggg%%sé: Wé%srgseyc/ov%%%sé&? ?l\ﬁ"ﬂaﬁfil(% Lﬁéo%rg%}%%ﬁ%%ﬁ%n%geg{ f?gf r‘%ﬁiﬁtﬁo 135,
more preferakhynfdoy 2510ci00, andpmosipreferablyfeo e 36! ton80¢8li telbigcg dipoicfmewspedially
include linear or lgw density polyethylene,. 0 ne-(i in e, isatactic, syndigtactic and
impact f.lbrﬁ%g e a&é&%i%%%%ﬁ%@%% an dﬁ%?éﬁ%n%%?ﬁ?%%é%ﬁe .%%%%%ﬁgt%&g%gymgs include
poIystyrenmlwhbhemindﬂd&digniﬁs@n‘éﬁédﬁm}aﬁw%@l&hmrﬁm‘%‘@@p@I@/ﬁq@@(@&wﬁlbﬁbber

nd Shaene.s Pfiv'%ﬁ%%dfﬁgsﬁ%slyﬁg%aﬂgéﬁ;m%&és@flsd&ﬁ%be

mggified SdAI_\I ABS or .AES%f%

33 er the. conditions o

prepareanoy mixing or kneading die respective components at d temperature around or above the melt
point temperature of one or both of the componentstor 15most multiblock copolymers, this
temperature may be above 130 C., most generally above 145 C., and most preferably above 150 C.

Typical polymer mixing or kneading equipment that is capable of reaching the desired temperatures
and mealt nlacticatina the miviiire mav be emnlovved Thece inchiide mille kneadare eviriidare (hoth



30to about 10:90. The ratios may be changed by changing the viscosity ratios of the various
components. There is considerable literature illustrating techniques for changing the phase continuity
by changing the viscosity ratios of the constituents of a blend and a person skilled in this art may
consult if necessayy. 1561 The blend compositions may.contain processing oils, plasticizers, and
processiiPHtST I%ﬁﬁ FSPSERE Y% "%%J%f%%S%Sfﬁwgﬁﬁlpgz%ﬁa%%éﬁ? §ﬁ00 %%‘?‘Iaa |lﬁf’c?£r?tél5thenic or
19 aropriepiggestaistaie all suitable for use. Generally from 0 to 150 parts, more preferably O to
100 parts, and most preferably from 0.to 50 parts qf oil per. 100 parts of tatal polymer are, employed.
Higher amdtifts of Oiﬁ%e?é ES’?FH 6%\}18etﬁgrﬁ%%ggg}ﬁ%ﬂé}xtﬁin}gg%%rgl%cr%p@uC té(%r%ﬁre%gfépense of
some physigBlspropertiade Acditienal processiong aicdalinatide:ddnveartinngls\waxds, ftiyeddidisdits, such

as calcium stearate or zinc stearate, (poly)alcohols including glycol oly)alcohol ethers, including
glycol ei‘f?@r‘g,Q(%ﬁ?/)‘ﬁ?fg?gqﬁ&ﬁ@?ﬂ&lépﬁg)%ﬁ%8fee§?£?§%é??§’r%é8?§%ﬁ%geaggéé’l%lﬁfll YEGBLEPS metal
or zinc-paadtifderdativesihses oh{huidil isdaiawenthataifomdwyidsogenatedtrabibérsesuchrasaindse

comprising polymerized forms of butadiene or isoprene, inclu?ling bl?gk co o{ mers (here-in- fter
diene r ACH ARSI DI 858 ?{C%OTES ?}?%i)%ﬁgs,‘ea%odn@x%‘aﬁon, Compared 1d m Sﬂ?’b"r%%my
saturategpuhbes: fieapphaddiovE sich, as trésinatierbefmdampositions containing higher

concentrations of diene basged ruhbers, it is. known to incorporate carbon blgck to improve rubber
stability ISR YIH SHTCESORER RN%SSJéL%I’ Bﬁ%\éé%%%ﬁfgbo omb %ﬁf%{%@%’%b%%ﬁ%’g}s according to
the(preseefdrmeniinoposseshingeeixiianialyidav fevelsmtunsaturation, find particular application as a
ISprotective surface layer %glzoated‘, coextruded or Iaminateg) or Vﬁe%agﬁer esistant film adhered to
articles TorMEaRIRTCORIEMIEREIEIERHE 418U YR G oS AR tISh e T e Y Methods

GPC Methashihrigelpenmeatiom chiomatagramicsyste magnsisiaiatgithet@ibelymemaaboratories
Model 20 PL-210 or a Polymer Laboratories Model PL-220 instrument. The column and carousel
comparfiAieHiS SRy GRErata R 1A RIS SHIENT SBBIR SRR T HcT RIS S BB fins are
used. The salventisde trichiaobenzaney The sampler areupepaesaicauedreentation o 0.1 grams
of polymer in 50 milliliters of solvent containing 200 ppm of butylated hydroxytoluene (BHT). Samples
ar %reﬁ’&ﬁ@c@@%ﬁ%ﬂng lightly for 2 hours at 160 'C. The injection volume used is 100 microliters and

thelﬂOW{}@&ﬁi&%in%dﬁthgé@éﬂ%CCLl@éﬂbéaﬁ @ﬁr@fré@@@ﬁ?&f@ﬂilmﬁisl&ﬁjﬂ@eff@ﬁ@&d witha2ilnairewn
molecular weight distribution polystyrene standards with molecular weights.ranging from 580 to
8,400,089 & SRY LAY & RESEIFE i FrES AT g? |‘é%%‘ler§ Hé%%lh% §¥G§ fg%ﬁ‘%%té)é%]keﬂ%&ﬁ/idual
moleculgs nveightisaibe StaadardsamuichaseshirornRalymerd dhesaies sl (Glropshire, UK). 30The
polystyrene standards are prepared a# 9"'%'55 rams in 50 milliliters of téspplve tfoFr ole%Jlarl\\ﬁvei hts
equal to2BT TR AP AISBE0SEEIAME S 05 IGFAHNE BB FMITTALS B SofSRERIP SIS WaTShts
less) thapodA0Q,L@AAKdae; polystyrene standards are dissolved at 80C with gentle agitation for 30
minutes. The narrow stanf%ards mixtures are rug firstand in (c)irder éxf de riflasint Ségx?esnthmc?‘lecular
weight coMPERRaNER AR Qe BB GPSR LB AL -JoIy At Pav e SN éﬁ%‘ﬁé) K 18dI8FWEGRE re
convertaghipspelyeinyene meleaulanvweights tsing ther followingleguatisréasdilesedibed/in Williams
and Ward. J. Pokm. Sci., Po'yin. Let 6.621 (1968)): Mpolyethylene = 0.431(M poi ystyrene)
Polyeth%é%@iéafﬁ%%ém%@cﬁlar weight calculations are performed using Viscotek TriSEC software
Version:3i0aSiangdardiGiR YSJ AF Method - Branching distributions are determined by crystallization
analysis f,ractionagiqn (CRYSTAFAéJSing a CRYSTAL 200 unit commercially available from
PalymerChAMNARSHAETSpHin A2 samples are dissolved in 1,2,4 trichlorobenzene at 160 C (0.66
mg/mL)far shiar rad stabilized &t9%:Gioo4hlatinutese Dha/sampling temperatures range from 95 to 30

C at a cooling rate of 0.2 10kV/min. An infrared detector is used {o ure th lymer solution
concentratigf%&. The c%f%ﬁﬂéﬁ LBiaBIR ¢ ??é’éﬁt?gﬁg%o?g Fﬁ%%%ﬁ?ééﬂ géﬁﬁ?ea%g%y%grﬁ g%%squllizes while
the temperitueds Necosrseol sBloe apatydieahdotsativerafsheshinoditivapediiieseffectsdtiéshort
chain branching distribution of é? olymer. The CRYSTAF peak temperature and area are identified
by the p@g‘?f%ﬂ‘fﬁlg‘%@%‘&iﬁ%% c MAHETRYSTAF Software (Version 2001.b, PolymerChar,
Valencia, Spain). ThereRY HTApeakdfipiding tdyiihevidentifiesia ipeak fenupe mat(keadssa mbsienum in
the dW/dT curve and the area between the largest positive inflections on either side of the identified
peak in the Wi RATHDEY R/%Qﬁec?%%{fgmgtteo%‘ @W@I’AF curve, the preferred processing parameters
are with a temperature limit of 70 'V and with smoothing parameters above the temperature limit of
200.1, and below the temperature limit of 0.3. DSC Standard Method 1581Differential Scanning
Caiorimetry results are dete 11;1:led using a TAlI model Q1000 DSC equipped with an RCS cooling
accessory and an autosampier. A nitrogen purge gas
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flow of 50 mE/min is used. The sample is pressed into a thin film and melted in the press at 95about
175 C and then air-cooled to room temperature (25 'C.). 3-10 mg of material is then cut into a 6 mm
diameter disk, accurately weighed, placed in a light aluminum pan (ca 50 mg), and then crimped shut.
The thermal behavior of the sample is investigated with the following temperature profile. The sample
is rapidly heated to 180 C.' and held isotherm/aﬂ?or 3 minutes in order to remove any previous thermal
history. The sample is then cooled to -40 Cgit 10¢imin30cooling rate and held at -40 C for 3 minutes.
The sample is then heated to 150 'C at 1%%@]gﬂin3 egting rate. The cooling and second heating curves
are recorded. The DSC melting peak is m@addiredChs the maximum in heat flow rate (VV/g) with
respect to the linear baseline drawn between -é‘gc and end of melting. The heat of fusion is measured
as the area under the melting curve between -30C and th&k#el of melting using a linear baseline.
Density  Samples, fq) SRASINCBPARMAIIENL AR RIGORIEN 2CORUDAUMAR b 928 Mesufaments
are made within one hour of sample pressing using ASTM D792, Method B. Melt Index Melt index,
or 12, ismessgredinguserdanely vagnASTIVRDVE 2B8edondition 190C/2.16 kg. Melt index, or 110 is
also measuredin agGRIARNGH WIRABIM 1123 s nd o ORCHA dlsth ADRER ARAINIERD cer
temperature rising elution fractionation (ATREF) analysis is conducted according to the method
destribed in BSM Y sPO8 08It iVide ther@fle, T.R.; Knobeloch, D.C.; Peat, 101.R.; Determination of
Branching Distl(;p%i8@&5’9%%@}%%%&%%@0Iymers, J. Polym. Sci., 20, 441-455 (1982),
which are incorporated by reference herein in their entirety. The composition to be analyzed is
dissolved in tri€hlersbenoaise andraligvaenionieydeanty 81 a: coripRPEOARARRTY Y TREM Rudort
(stainlesg;steel SARN.BY. Blouwly feuaRg e BMRSIAMES 0.29:% Alasealing rate of 0.1 C/min. The
column is equipped with an infrared detector. An 15 ATREF chromatogram curve is then generated by
eluting the crystaslizetrpotyiiemshinpidniiinetite e Rpmbeyosionly theresrihgthe temperature of the
elyting solvent(frichigrabenzene) fram, 20,10, 1306842 Fak-Qlrked G/mifsMeltRhealoayMeihag
1591Small angle oscillatory shear (melt DMS) were performed using a TA instruments 20ARES
equipped wi#d25 mmipefeislyplatel compleasisogepPtde TnoOHMEbetween sample loading and
beginning of the test was set to 5 mm for all samples. The experiments were performed at 190C over a
frequency range of 0.1 to 100 radis. The strain amplitude was adjusted based upon the response of
the samples between 1 and 3%. The stre/sgswgsp nse was analyzed in lelins of amplitude and phase,
from which the storage modulus (0'), Ios&s»modlhlﬁé%goﬁf dynamic viscosity II* and tan(5) were
calculated EXAMPLES Catalysts [60]Catalyst ITs _/
[21,2"1-4(1R,2R)-cyclohexane-1,2-diylbis(nféthylens) This(ouy)This(3-
(9H-carbazol-9-y1)-5-methyl-[1,1l-biphenyl]-2-oBlzirconium dimethyl, ¢_f& Me Me 1611Catalyst 2 is
bis-(1-(2-methyléyeotioxyd)ethsititnexnyar b it btaydibtienyeirimingyizEdokiaectimetfyrBuaBu

[62fCatalyst 3 is N2, dimethyiethyDphsoyampidgy2-isopropylphenyl)(2,-

~

15 Ar? independently each occurrence is an arylene or an alkyl- or aryl-substituted arylene
group of from 6 to 20 atoms not counting hydrogen;
M? is a Group 4 metal, preferably zirconium;
G independently each occurrence is an anionic, neutral or dianionic ligand group:
g is a number from 1 to 5 indicating the number of such X groups; and
20 electron donative interactions are represented by arrows.

Preferred examples of metal complexes of foregoing formula inciude the following compounds :
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naphthalen-2-diy1(6-pyridin-2-diyOmethane) Thafnium dimethyl, prepared according to the teachings
of WO 03/40195, 2003US0204017, USSN 10/429,024, Tiled May 2, 2003, and WO 04(24740, C H(C
H3)2 CH--/ (H3C)21-jc/ NNffr< (H:C)2HC c1-13 CH: 10Catalyst 3 is a good shuttler and good
incorporator and was used for some comparative examples, CSAs DEZ - ciiethylzine ~ DOTNZ
tbiscDoetenylizi [63]Synthesis of his(7-octenyl)zin€by horafie-mediated hydrozincation 15In a
giovebox under a dry nitrogen atmosphere, triethylbor .62 , 6.3 mmol) was weighed into a small

glass vial with a PTFE-coated stirhar and a PTEE-Hné <@s Batane-dimethylsulfide complex (0.30 mL,
3.2 mmol) was added dropwise directly to the stirring Thersblution was stirred for 90 minutes at
octadiene (5.7 mL, 38 mmol) and cooled
adieps. The resulting solution was

liq placed under reduced pressure until

\]PQI d,to-40Q C. Diethylzinc (2.3 g, 19 mmol)

The'® vial§ were removed from the freezer and
After about 30 minutes. solids had not formed, but
the solution became black colored. TRE soluiomwas stirred overnight at ambient temperature. The
volatiles were removed under reducedpres { ‘; . ﬁl‘épproximately 1 mL remained, the colorless
solution was isolated by filtration through a dispesable 0.45 micron PTFE syringe frit. The colorless
liguid product was placed under reduced pt&ssurerfdr several hours. Total yield: 0.55 g, 20%. 'H and
13C NMR spectra were recorded in toluene-d8. Approximately 8 mol% of the solution was diethylzinc.
Co-Catalystshere M°all @f;the following examples and counter examples the co-catalyst used was

bis(hydrogenated. 10 tallow alkylymethyl ammonium.tetrakis(pentafluorephen r mpRrative
Examples é\i(‘:*z artd %ﬁa%b‘f‘gysn@ %E{%%igrﬁgﬂ\é%gigsc?gﬁ %rggoeus es% ﬁtﬁﬁ%%ﬁ%%ﬁ%&%s%%’carried
out in a corpputen eanirdlietkavltotibae ceHétoy eqieiiped aithiamistetnal.stider and a single baffle.
Purified mixed alkalies solvent (IsoparTM E available from ExxonMobil, Inc.), ethyjshe 4t.0.0856
lbs/hour 15(0. gﬁ?é? noﬁirﬁaftbaonc&%%?gﬁ%?r%%rﬁsﬁp%l%é?fﬁ%%.fBeLgfgggtgrc%)’qéugpeém v\ﬁ?h aejacket for
temperaturgroaptrel anthatl jyriebrattldrdeacatipethAtbdiuid components, solvent, 1-octene, catalysts,

co-catalyst, and chain shuttling.agents are fed into the reactor wit inge; S| S flow
controller i sé@?g %‘éjls?\r/lﬁly &t y egr?gutlbret%%e rleszagt((igrr(? & H’é@gd%gt\ééi&rﬁ%g{;gﬁm%%@}ntﬁﬁthe bottom of
the reactor wiaytivocdif ¢isdeth vidrecrebetor isprunJigatickfa et B0 pEidh {810 KAMPE) with vigorous

stirring while the, product is removed through.an exit line.at th .Eg% reactor T[g[eog it ipe from the
reactor is eéb’tlﬁ%%?ﬁ/néjeerg! rsced and insu g%e%%%ﬁfrﬁéﬁ%%%%%%%h ed by %Sé qﬁié\%f a small
amount of walér anchpronamalintothéexdtline aloggowithtstabilizers addvaldditilersy Polywicihsamples
are collecte inoo e ns and.dried.in a te rature. r W y&g&g& %@ﬂ@@&ﬁw 10
hours with a%g) ﬁ%ﬁ‘f%%ﬁ%&%ﬁé@é’%&ﬁgg %ar&%%ﬁfgé gi%%&(i ;\({)%%ss aBta for each run are givgén in
Tables 1-2.mRmaductgiéta: for the polymers produced are summarized in Tables 3-4. Example 6 and

V-I- 4

df
to -40 'C. The borane mixture was agided sloyly to %e(;o
: §S

as c

diethylzinc was added slowly to the coldrless liqui

Comparative ples C3-C8 1651 Continuous solution polymerizations is carried out in a computer
controlled ay @ act in gd with an internal stirrer. Purified mixed alkanes solvent (IsoparTM
E 30 available f DotonMobiininc:), ethylene, 1-octene, and hydrogen (where used) are supplied to

a 3.8 L reacto

€ uippeﬁzwith a jacket for temperature control and an internal thermocouple. The

is measured by a mass-flow controller. A variable speed diaphragm pump
controls the solveptflow rate-agdd pressure to the reactor. At the discharge of the pump. a side stream
is taken to provisziv;\w‘ @ the catalyst and cocatalyst 1 injection lines and the 35reactor
agitator. These flows a easured by Micro-Motion mass flow meters and controlled by control
valves or by the manual adjustment of needle valves. The remaining solvent is combined with
1-octene, ethyteng( and hydregan (where usieth and fied docthisl seastohi ASriaEs dowaortrollesis used
to deliver hydrogen to the reactor as needed. The temperature of the solvent/monomer solution is
congrolled bydigelqf a bisiphexehangbi heiarrenieriagtheCeaalotorl 5This stream enters the bottom of

the reactor. The catalyst component solutions are metered using
Preferred metal compounds having a low comonomer incorporation index

(Catalyst B) include Group 4-10 metal derivatives corresponding to the formula:

N ) ol
=7
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pumps and mass flow meters and are combined with the catalyst flush solvent and introduced into the
bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45 MPa) with vigorous stirring.
Product is removed through exit lines at the top of the reactor. All exit lines from the reactor are steam
traced and insulated. Polymerization is stopped by the addition of a small 10amount of water into the
exit line along Whﬁf%iﬁy stabilizers or other additives and passing the mixture through a static mixer.

The product stream is\thenhaatad by Rapsing theedehre heat exmangealcketaients walattizstion. The

polymer product is recovered by extrusion using a &volatilizing extruder and water cooled pelletizer.

Proces<HaeR hrekdh Nl Rrardidehinrpabreeferably isgiiiiBata for the polymers produced are
summarized in Tableg 34 Lakamparatbe Bf%@gfﬁ&as@drgaig;ﬁfglgsugl are INFUSETM 9000,

9500, and 9100 olefin block copolwrs, respectively, and are commercially available from The Dow

Chémical Co. Select profidtl et HsIcasRY bl MEOs ¥ fiiharized in Tables 3-4. | re; to: V) et CC
cee COCC tn rit) V-, ¢GCaeleié? C7j " ein E.CJCCtotoNO ct X 00 in

X7 is'a number selected to provide charge balance;
and T7 and N are linked by a bridging ligand.
Such catalysts have been previously disclosed in J. Am. Chem. Soc., 118, 267-268
10 (1996), J. Am. Chem. Soc., 117, 6414 -6415 (1995), and Organometallics, 16, 1514-1516,

(1997), among other disclosures.
Preferred examples of the foregoing metal complexes are aromatic diimine or aromatic

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

15 wherein;
Mz, X? and T are as previously defined;
RY independently each occurrence is hydrogen. halogen, or R®; and
R® independently each occurrence is Cj.p9 hydrocarbyl or a heteroatom-, especially a I, N,
S or P- substituted derivative thereof, more preferably C;.;o hydrocarbyl or a F or N substituted
20  derivative thereof, most preferably alkyl, dialkylaminoalkyl, pyrrolyl, piperidenyl,
perfluorophenyl, cycloalkyl, (poly)alkylaryl, or aralkyl.
Most preferred examples of the foregoing metal complexes are aromatic dioxyimine

complexes of zirconium, corresponding to the formula:

14
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(CH3)

(H3C);C O N—/ C(CHsz)3

,or

/
—N O C(CHa)s

A\

ZI‘XZ
/)
O N/
/,
Re
(CH3)s

(H3C)sC

wherein;

X? is as previously defined, preferably C,.;o hydrocarbyl, most preferably methyl or
benzyl; and

R is methyl, isopropyl. t-butyl, cyclopentyl, cyclobexyl, 2-methyleyclohexyl, 2,4-
dimethylcyclohexyl, 2-pyrrolyl, N-methyl-2-pyrrolyl, 2-piperidenyl, N-methyl-2-piperidenyl,
benzyl, o-tolyl, 2,6-dimethylphenyl, perfluorophenyl, 2,6-di(isopropyl)phenyl, or 2.4,6-
trimethylphenyl.

The foregoing complexes also include certain phosphinimine complexes are disclosed in
EP-A-890581. These complexes correspond to the formula: [(Rf>3-P:N]fM(K2>(Rf>3_f§ wherein:

R’ is a monovalent ligand or two R’ groups together are a divalent ligand, preferably R is
hydrogen or C;_4 alkyl;

M is a Group 4 metal,

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

fis 1 or2.

[44] Particularly preferred is bis-(I-(2-methylcyclohexyl)ethyl)(2-oxoyi-3,5-di(t-

butyl)phenyl)immino) zirconium dimethyl, Catalyst 2.
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Polymers

,tr, V; Cl

[45] The inventive comb olefin block copolymers have an architecture as shown 1in the

schematic of Figure 1.

5 The polymers can have rheology ratios greater than 26, preferably greater than 30 and more

preferably greater than 33. Preferably the polymers have rheology ratios in the range of from

25.7 to 80, preferably from 30 to 75, most preferably from 33 to 70.

The polymers can have molecular weights, My, from 1,000 g/mole to 5,000,000 g/mole,

preferably from 1000 g/mole to 1,000,000, more preferably from 10,000 g/mole to 500,000

10 g/mole, and especially from 10,000 g/mole to 300,000 g/mole. The density of the inventive

polymers can be from 0.80 to 0.99 g/cm3 and preferably for ethylene containing polymers from

0.85 g/em’ t0 0.97 g/em’. In certain embodiments, the density of the ethylene/a-olefin polymers

ranges from 0.860 to 0.925 g/em® or 0.867 to 0.910 glem’.

Additionally. the comb olefin block copolymers can have a melt index. I, from 0.01 to 2000

15 ¢/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably from 0.01 to 500 g/10

minutes, and especially from 0.01 to 100 g/10 minutes. In certain embodiments, the C-OBCs

have a melt index, I, from 0.01 to 10 g/10 minutes, from 0.5 to 50 g/10 minutes, from 1 to 30

2/10 minutes, from 1 to 6 g/10 minutes or from 0.3 to 10 g/10 minutes. In certain embodiments,

the melt index for the C-OBCs is 1g/10 minutes, 3 g/10 minutes or 5 g/10 minutes.
20 Applications and End-Uses

[46] The polymers of the invention can be useful employed in a variety of conventional

thermoplastic fabrication processes to produce useful articles, including objects comprising at

least one film layer, such as a monolayer film, or at least one layer in a multilayer film prepared

by cast, blown, calendered, or extrusion coating processes; molded articles, such as blow molded,

25 injection molded, or rotomolded articles; extrusions; fibers; and woven or non-woven fabrics.

Thermoplastic compositions comprising the present polymers, include blends with other natural

or synthetic polymers, additives, reinforcing agents, ignition resistant additives, antioxidants,

stabilizers, colorants, extenders, crosslinkers, blowing agents, and plasticizers. Of particular

utility are multi-component fibers such as core/sheath fibers, having an outer surface layer,

30  comprising at least in part, one or more polymers of the invention.
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471 Fibers that may be prepared from the present polymers or blends include staple
fibers, tow, multicomponent, sheath/core, twisted, and monofilament. Suitable fiber forming
processes include spunbonded, melt blown techniques, as disclosed in USP’s 4,430,563, 4,
663,220, 4,668,566, and 4,322,027, gel spun fibers as disclosed in USP 4,413,110, woven and
nonwoven fabrics, as disclosed in USP 3,485.706, or structures made from such fibers, including
blends with other fibers, such as polyester, nylon or cotton, thermoformed articles, extruded
shapes. including profile extrusions and co-extrusions, calendared articles, and drawn, twisted, or
crimped yarns or fibers. The new polymers described herein are also useful for wire and cable
coating operations, as well as in sheet extrusion for vacuum forming operations, and forming
molded articles, including the use of injection molding, blow molding process, or rotomolding
processes. Compositions comprising the olefin polymers can also be formed into fabricated
articles such as those previously mentioned using conventional polyolefin processing techniques
which are well known to those skilled in the art of polyolefin processing.

[48] Dispersions (both aqueous and non-aqueous) can also be formed using the present
polymers or formulations comprising the same. Frothed foams comprising the invented
polymers can also be formed, as disclosed in PCT application No. 2004/027593, filed August 25,
2004. The polymers may also be crosslinked by any known means, such as the use of peroxide,
electron beam, silane, azide, or other cross-linking technique. The polymers can also be
chemically modified, such as by grafting (for example by use of maleic anhydride (MAH),
silanes, or other grafting agent), halogenation, amination, sulfonation, or other chemical
modification.

[491] Additives and adjuvants may be included in any formulation comprising the
present polymers. Suitable additives include fillers, such as organic or inorganic particles,
including clays, talc, titanium dioxide. zeolites, powdered metals, organic or inorganic fibers,
including carbon fibers, silicon nitride fibers, steel wire or mesh. and nylon or polyester cording,
nano-sized particles, clays. and so forth; tackifiers, oil extenders, including paraffinic or
napthelenic oils; and other natural and synthetic polymers, including other polymers according to
the invention.

[50}] Suitable polymers for blending with the polymers of the invention include
thermoplastic and non-thermoplastic polymers including natural and synthetic polymers.
Exemplary polymers for blending include polypropylene, (both impact modifying polypropylene,
isotactic polypropylene, atactic polypropylene, and random ethylene/propylene copolymers).
various types of polyethylene, including high pressure, free-radical LDPE, Ziegler-Natta
(heterogeneous) LLDPE, metallocene (homogeneous) PE, including multiple reactor PE (“in
reactor” blends of Ziegler-Natta (heterogeneous) PE and metallocene (homogeneous) PE. such as

17
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products disclosed in USP’s 6,545,088, 6,538,070, 6,566,446, 5,844,045, 5,869,575, and
6,448,341, ethylene-vinyl acetate (EVA), ethylene/ vinyl alcohol copolymers, polystyrene,
impact modified polystyrene, ABS, styrene/butadiene block copolymers and hydrogenated
derivatives thereof (SBS and SEBS), and thermoplastic polyurethanes. Homogeneous polymers
5 such as olefin plastomers and elastomers, ethylene-based (for example polymers available under
the trade designation AFFINITY™ or ENGAGE™ available from The Dow Chemical
Company) and propylene-based copolymers (for example polymers available under the trade
designation VERSIFY™ available from The Dow Chemical Company and VISTAMAXX™
available from ExxonMobil can also be useful as components in blends comprising the present
10 polymers.

[51}] Suitable end uses for the foregoing products include elastic films and fibers; soft
touch goods, such as tooth brush handles and appliance handles; gaskets and profiles; adhesives
(including hot melt adhesives and pressure sensitive adhesives); footwear (including shoe soles
and shoe liners); auto interior parts and profiles; foam goods (both open and closed cell); impact

15  modifiers for other thermoplastic polymers such as high density polyethylene, isotactic
polypropylene, or other olefin polymers; coated fabrics; hoses; tubing; weather stripping: cap
liners; flooring; and viscosity index modifiers, also known as pour point modifiers, for lubricants.

[52] In a highly desired embodiment of the invention thermoplastic compositions
comprising a thermoplastic matrix polymer, especially isotactic polypropylene, and an

20  elastomeric multi-block copolymer of ethylene and a copolymerizable comonomer 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 domains of hard polymer. These particles are formed and dispersed

within the matrix polymer by the forces incurred during melt compounding or blending. This

|3
wn

highly desirable morphology is believed to result due to the unique physical properties of the
multi-block copolymers which enable compatible polymer regions such as the matrix and higher
comonomer content elastomeric regions of the multi-block copolymer to self-assemble in the
melt due to thermodynamic forces. Shearing forces during compounding are believed to produce
separated regions of matrix polymer encircled by elastomer. Upon solidifying, these regions

30  become occluded elastomer particles encased in the polymer matrix.

[53] Particularly desirable blends are thermoplastic polyolefin blends (TPO).
thermoplastic elastomer blends (TPE), thermoplastic vulcanizates (TPV) and styrenic polymer
blends. TPE and TPV blends may be prepared by combining the invented comb multi-block
polymers, including functionalized or unsaturated derivatives thereof with an optional rubber,

35 including conventional block copolymers, especially an SBS block copolymer, and optionally a
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crosslinking or vulcanizing agent. TPO blends are generally prepared by blending the invented
multi-block copolymers with a polyolefin, and optionally a crosslinking or vulcanizing agent.
The foregoing blends may be used in forming a molded object, and optionally crosslinking the
resulting molded article. A similar procedure using different components has been previously
disclosed in USP 6,797,779.

[54] Suitable conventional block copolymers for this application desirably possess a
Mooney viscosity (ML 1+4 @ 100°C.) in the range from 10 to 135, more preferably from 25 to
100, and most preferably from 30 to 80. Suitable polyolefins especially include linear or low
density polyethylene, polypropylene (including atactic, isotactic, syndiotactic and impact
modified versions thereof) and poly(4-methyl-1-pentene). Suitable styrenic polymers include
polystyrene, rubber modified polystyrene (HIPS), styrene/acrylonitrile copolymers (SAN),
rubber modified SAN (ABS or AES) and styrene maleic anhydride copolymers.

[55] The blends may be prepared by mixing or kneading the respective components at
a temperature around or above the melt point temperature of one or both of the components. For
most multiblock copolymers, this temperature may be above 130° C., most generally above 145°
C., and most preferably above 150° C. Typical polymer mixing or kneading equipment that is
capable of reaching the desired temperatures and melt plasticating the mixture may be employed.
These include mills, kneaders, extruders (both single screw and twin-screw), Banbury mixers,
calendars. and the like. The sequence of mixing and method may depend on the final
composition. A combination of Banbury batch mixers and continuous mixers may also be
employed, such as a Banbury mixer followed by a mill mixer followed by an extruder.
Typically, a TPE or TPV composition will have a higher loading of cross-linkable polymer
(typically the conventional block copolymer containing unsaturation) compared to TPO
compositions. Generally, for TPE and TPV compositions, the weight ratio of block copolymer to
multi-block copolymer maybe from about 90:10 to 10:90, more preferably from 80:20 to 20:80,
and most preferably from 75:25 to 25:75. For TPO applications, the weight ratio of multi-block
copolymer to polyolefin may be from about 49:51 to about 5:95, more preferably from 35:65 to
about 10:90. For modified styrenic polymer applications, the weight ratio of multi-block
copolymer to polyolefin may also be from about 49:51 to about 5:95, more preferably from 35:65
to about 10:90. The ratios may be changed by changing the viscosity ratios of the various
components. There is considerable literature illustrating techniques for changing the phase
continuity by changing the viscosity ratios of the constituents of a blend and a person skilled in
this art may consult if necessary.

[56] The blend compositions may contain processing oils, plasticizers, and processing
aids. Rubber processing oils have a certain ASTM designation and paraffinic. napthenic or
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aromatic process oils are all suitable for use. Generally from 0 to 150 parts, more preferably 0 to
100 parts, and most preferably from 0 to 50 parts of oil per 100 parts of total polymer are
employed. Higher amounts of oil may tend to improve the processing of the resulting product at
the expense of some physical properties. Additional processing aids include conventional waxes,
fatty acid salts, such as calcium stearate or zinc stearate, (poly)alcohols including glycols,
(poly)alcohol ethers, including glycol ethers, (poly)esters, including (poly)glycol esters, and
metal salt-, especially Group 1 or 2 metal or zinc-, salt derivatives thereof.

[57] It is known that non-hydrogenated rubbers such as those comprising polymerized
forms of butadiene or isoprene, including block copolymers (here-in-after diene rubbers), have
lower resistance to UV, ozone, and oxidation, compared to mostly or highly saturated rubbers. In
applications such as tires made from compositions containing higher concentrations of diene
based rubbers, it is known to incorporate carbon black to improve rubber stability, along with
anti-ozone additives and anti-oxidants. Comb multi-block copolymers according to the present
invention possessing extremely low levels of unsaturation, find particular application as a
protective surface layer (coated, coextruded or laminated) or weather resistant film adhered to
articles formed from conventional diene elastomer modified polymeric compositions.

Testing Methods
GPC Method

The gel permeation chromatographic system consists of either a Polymer Laboratories Model

PL-210 or a Polymer Laboratories Model PL-220 instrument. The column and carousel
compartments are operated at 140 °C. Three Polymer Laboratories 10-micron Mixed-B columns
are used. The solvent is 1,2.4 trichlorobenzene. The samples are prepared at a concentration of
0.1 grams of polymer in 50 milliliters of solvent containing 200 ppm of butylated hydroxytoluene
(BHT). Samples are prepared by agitating lightly for 2 hours at 160 °C. The injection volume
used is 100 microliters and the flow rate is 1.0 mL/minute.

Calibration of the GPC column set is performed with 21 narrow molecular weight
distribution polystyrene standards with molecular weights ranging from 580 to 8,400,000,
arranged in 6 “cocktail” mixtures with at least a decade of separation between individual
molecular weights. The standards are purchased from Polymer Laboratories (Shropshire, UK).
The polystyrene standards are prepared at 0.025 grams in 50 milliliters of solvent for molecular
weights equal to or 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 converted to polyethylene molecular weights using the

20
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following equation (as described in Williams and Ward, J. Polym. Sci.. Polym. Let., 6, 621
(1 968)) Mpoiyethylene =0.431 (Mpolystyrene)-

Polyethylene equivalent molecular weight calculations are performed using Viscotek TriSEC

software Version 3.0.
Standard CRYSTAF Method

Branching distributions are determined by crystallization analysis fractionation (CRYSTAF)
using a CRYSTAF 200 unit commercially available from PolymerChar, Valencia, Spain. The
samples are dissolved in 1,2.4 trichlorobenzene at 160 °C (0.66 mg/mL) for 1 hr and stabilized at
95 °C for 45 minutes. The sampling temperatures range from 95 to 30 °C at a cooling rate of 0.2
°C/min. An infrared detector is used to measure the polymer solution concentrations. The
cumulative soluble concentration is measured as the polymer crystallizes while the temperature is
decreased. The analytical derivative of the cumulative profile reflects the short chain branching
distribution of the polymer.

The CRYSTAF peak temperature and area are identified by the peak analysis module
included in the CRYSTAF Software (Version 2001.b, PolymerChar, Valencia, Spain). The
CRYSTAF peak finding routine identifies a peak temperature as a maximum in the dW/dT curve
and the area between the largest positive inflections on either side of the identified peak in the
derivative curve. To calculate the CRYSTAF curve, the preferred processing parameters are
with a temperature limit of 70 °C and with smoothing parameters above the temperature limit of
0.1, and below the temperature limit of 0.3.

DSC Standard Method

[58] 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 disk, accurately weighed, placed in a light aluminum pan (ca 50 mg), and
then crimped shut. The thermal behavior of the sample is investigated with the following
temperature profile. The sample is rapidly heated to 180 °C and held isothermal for 3 minutes in
order to remove any previous thermal history. The sample is then cooled to -40 °C at 10°C/min
cooling rate and held at -40 °C for 3 minutes. The sample is then heated to 150 °C at 10°C/min.
heating rate. The cooling and second heating curves are recorded.

The DSC melting peak is measured as the maximum in heat flow rate (W/g) with respect to
the linear baseline drawn between -30°C and end of melting. The heat of fusion is measured as

the area under the melting curve between -30°C and the end of melting using a linear baseline.
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Mw/Mn Zn Tm AHf Cryst. glee) (dg/min) (g/mol) (ppm) (C) (Jig) (%) C 1 DEZ 0.878 1.18 14 118,250
3.15 266 122 66 35 C2 DEZ 0.876 0.82 16 133,570 2.97 230 122 61 32 C3
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Density

Samples for density measurement are prepared according to ASTM D 1928. Measurements
are made within one hour of sample pressing using ASTM D792, Method B.
Melt Index

Melt index, or I, is measured in accordance with ASTM D 1238, Condition 190°C/2.16 kg.
Melt index, or I is also measured in accordance with ASTM D 1238, Condition 190°C/10 kg.
ATREF

Analytical temperature rising elution fractionation (ATREF) analysis is conducted according
to the method described in USP 4,798,081 and Wilde, L.; Ryle, T.R.; Knobeloch, D.C.; Peat,
1.R.: Determination of Branching Distributions in Polyethylene and Ethylene Copolymers. J.
Polym. Sci., 20, 441-455 (1982), which are incorporated by reference herein in their entirety.
The composition to be analyzed is dissolved in trichlorobenzene and allowed to crystallize in a
column containing an inert support (stainless steel shot) by slowly reducing the temperature to 20
°C at a cooling rate of 0.1 °C/min. The column is equipped with an infrared detector. An
ATREF chromatogram curve is then generated by eluting 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.
Melt Rheology Method

[59] Small angle oscillatory shear (melt DMS) were performed using a TA Instruments
ARES equipped with 25 mm paraliel plates under a nitrogen purge. The time between sample
loading and beginning of the test was set to 5 min for all samples. The experiments were
performed at 190°C over a frequency range of 0.1 to 100 rad/s. The strain amplitude was adjusted
based upon the response of the samples between 1 and 3%. The stress response was analyZéd in
terms of amplitude and phase, from which the storage modulus (G’), loss modulus (G”), dynamic
viscosity n* and tan(6) were calculated.

EXAMPLES
Catalysts

[60] Catalyst 1 1s [2',2"'—(((1R,2R)—cyclohexane-1,2-diylbis(methylene))bis(oxy))bis(S-

(9H-carbazol-9-yl)-5-methyl-[ 1,1'-biphenyl}-2-ol)}zirconium dimethyl.

Me Me
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DEZ 0.870 0.15 8.0 147,790 2.40 136 - C4 DOTNZ 0.871 0.18 11.2 156,050 2.40 127 - - C5 DOINZ
0.8801.90 10.1 164,600 2.31 288 - - C6 DOTNZ 0.871 0.69 12.0

[61] Catalyst 2 is bis-(I-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-
butyl)phenyl)immino) zirconium dimethyl
tBu
tBuﬁ{

? K

RO
tBu

tBu
5 [62] Catalyst 3 is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylphenyl)(o-

naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared according to the
teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO
04/24740,

(H3CHC S \}\ / @
O w10
Hf
\

(H;CpHC . CH,

QCH(CHs)z

10 Catalyst 3 is a good shuttler and good incorporator and was used for some comparative examples.
CSAs
DEZ - diethylzinc

NN SN TN N R

n

DOTNZ
(bis{7-octenylizinc)

163] Synthesis of bis(7-octenyl)zinc by borane-mediated hydrozincation
15  Ina glovebox under a dry nitrogen atmosphere, triethylborane (0.62 g, 6.3 mmol) was weighed
into a small glass vial with a PTFE-coated stirbar and a PTFE-lined cap. Borane-dimethylsulfide
complex (0.30 mL. 3.2 mmol) was added dropwise directly to the stirring liquid. The solution
was stirred for 90 minutes at ambient temperature. To a separate glass jar was added 1.7-
octadiene (5.7 mL, 38 mmol) and cooled to —40 °C. The borane mixture was added slowly to the
20  1.7-octadiene. The resulting solution was stirred overnight at ambient temperature. The colorless
liquid was placed under reduced pressure until approximately 1.4 g of liquid remained. The

liquid was cooled to —40 °C. Diethylzinc (2.3 g. 19 mmol) was weighed into a separate vial and



128,080 2.62 214 - C7 DOTNZ 0.877 0.11 12.0 169,090 2.45 138 - - C8 DOTNZ 0.889 0.25 10.0
127,140 2.47124 C9 0.877 0.56 8.78 131,300 3.20146

cooled to —40 °C. The 2 vials were removed from the freezer and diethylzinc was added slowly to
the colorless liquid. After about 30 minutes, solids had not formed, but the solution became black
colored. The solution was stirred overnight at ambient temperature. The volatiles were removed
under reduced pressure. When approximately 1 mL remained, the colorless solution was isolated
5 by filtration through a disposable 0.45 micron PTFE syringe frit. The colorless liquid product
was placed under reduced pressure for several hours. Total yield: 0.55 g, 20%. 'H and *C NMR
spectra were recorded in toluene-ds. Approximately 8 mol% of the solution was diethylzinc.
Co-Catalysts
In all of the following examples and counter examples the co-catalyst used was bis(hydrogenated
10 tallow alkyl)methyl ammonium tetrakis(pentafluorophenyl)borate.

Comparative Examples C1-C2 and Examples 3 - 5

[64] Small scale continuous solution polymerizations are carried out in a computer
controlled autoclave reactor equipped with an internal stirrer and a single baffle. Purified mixed
alkanes solvent (Isopar™ E available from ExxonMobil, Inc.), ethylene at 0.0856 lbs/hour

15 (0.0388 kg/hour), 1-and octene are supplied to a 0.10 L reactor equipped with a jacket for
temperature control and an internal thermocouple. All liquid components, solvent, 1-octene,
catalysts, co-catalyst, and chain shuttling agents are fed into the reactor with syringe pumps. A
mass flow controller is used to deliver ethylene to the reactor. The feed streams are introduced
into the bottom of the reactor via two dip tubes. The reactor is run liquid-full at 450 psig (3.1

20  MPa) with vigorous stirring while the product is removed through an exit line at the top of the
reactor. The exit line from the reactor is electrically heat traced and insulated. Polymerization 1s
stopped by the addition of a small amount of water and propanol into the exit line along with
stabilizers and additives. Polymer samples are collected in open pans and dried in a temperature

ramped vacuum oven for approximately 10 hours with a final high temperature set point of 140 -

150 °C. Process data for each run are given in Tables 1-2. Product data for the polymers

N
h

produced are summarized in Tables 3-4.

Example 6 and Comparative Examples C3-C8

[65] Continuous solution polymerizations is carried out in a computer controlled
autoclave reactor equipped with an internal stirrer. Purified mixed alkanes solvent (Isopar™ E
30  available from ExxonMobil, Inc.), ethylene, 1-octene, and hydrogen (where used) are supplied to
a 3.8 L reactor equipped with a jacket for temperature control and an internal thermocouple. The
solvent feed to the reactor is measured by a mass-flow controlier. A variable speed diaphragm
pump controls the solvent flow rate and pressure to the reactor. At the discharge of the pump, a
side stream is taken to provide flush flows for the catalyst and cocatalyst 1 injection lines and the
35  reactor agitator. These flows are measured by Micro-Motion mass flow meters and controlied by

24



C10, 0.878 5.37 7.44 82.600 2.30 184 C1.1 0.877 0.94 8.31 123800 3.96150 DOTNZ 0.896
0.81 24.0 139,290 3.39 140 118 58 30 DOTNZ 0.887 1.04

10

15

control valves or by the manual adjustment of needle valves. The remaining solvent is combined
with 1-octene, ethylene, and hydrogen (where used) and fed to the reactor. A mass flow
controller is used to deliver hydrogen to the reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the reactor.
This stream enters the bottom of the reactor. The catalyst component solutions are metered using
pumps and mass flow meters and are combined with the catalyst flush solvent and introduced
into the bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45 MPa) with vigorous
stirring. Product is removed through exit lines at the top of the reactor. All exit lines from the
reactor are steam traced and insulated. Polymerization is stopped by the addition of a small
amount of water into the exit line along with any stabilizers or other additives and passing the
mixture through a static mixer. The product stream is then heated by passing through a heat
exchanger before devolatilization. The polymer product is recovered by extrusion using a
devolatilizing extruder and water cooled pelietizer. Process data for each run are given in Tables
1-2. . Product data for the polymers produced are summarized in Tables 3-4.
Comparative Products C9-C1]

[66] C9-C11 are INFUSE™ 9000, 9500, and 9100 olefin block copolymers,

respectively, and are commercially available from The Dow Chemical Co. Select product data

for the polymers are summarized in Tables 3-4.

25
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Fraction Solubles Eta (V0.1) Eta (V1) Rheoiogy ratio

el 698 00170 689 ¢l % ¥8°TC 91'¢C LE] 9
0100 oy 9000 [1c 0cl 0 Yo L6V0°0 11£0°0 ¢
81070 11c 8500°0 [1¢ 01 0 0S¥°0 1290°0 88¢0°0 1%
L1070 11c 8¢00°0 11¢C 0c¢l 0 0s¥0 129070 88¢0°0 13
8C 1Y [@ay 0LT1°0 $Y 0cl1 1T 6801 6L66°0 S6L0°1 8J
8T 1y [da 0561°0 §¢ 0l ¢ ol BRI 6860 LD
8T 1Y ¥Z0 19¢1°0 801 0cl ¢l e ol 6869°C €S0l 90
8T IV 610 sl o L61 0cl 9¢ 6801 L8161 88C'1 .
8T 1y L1°0 S061°0 SS 0cl L e ol (€44 Pre6 0 129
8C 1y §C0 86600 ¢S 0cl (¢ 6801 1¢€671 667670 )
800°0 I 8,000 78 0cl 0 050 1790°0 88¢0°0 (@8]
800°0 1C LLOOO v8 0cCl 0 050 129070 88¢0°0 [19)
/3 /3y
MO[] widd IY/8Y MO[,] wdd MO widd Do WIS 1y/3y /3 Y3y

cIsffee)  gIshere) gishleied g asdee) 1IsAfeie) [ see) L ‘H A0S D THO X

"BjBP 883304 ] 9fge |,




LT

44900 2970 15.1 C4 -

001 S 98 €1 99°0 €C0 00¢1 016070 cvee ZN1Od 9
9 101 16 ¥50°0 9 +010°0 01¢8 S610°0 68 ZNLOA S
81 §Tl 6 0L0°0 b1 $610°0 SOIY 619070 LYT ZNLOd t
8Ll L1l 16 §90°0 Tl vLI00 SOTY 619070 L¥1 ZN.LOd ¢
091 I'6 88 vl 70 SIET0 12s 86600 1L11 ZNLOd 8D
001 I'e L8 8¢T'1 70 €1€T0 1cs 866070 L1l ZNL1Od LD
0zl L€l 16 170°C Sl 86600 2661 892T0 vl ZNLOd 9D
0 8°CI 06 0981 81 €rOT°0 6£9¢ 19€1°0 [16€ ZNLOd $D
001 06 98 62Tl 70 Te1T0 1CS 8660°0 [L11 ZNLOU %)
01¢C €6 L8 0LT'1 0 £v01°0 12 €v01°0 09711 Z4d €0
6'8L L1 16 $90°0 81 £900°0 750 180070 6€81 740 140}
0708 L1 16 $90°0 1'C £900°0 T80t 16000 6£81 74d 1D

(/3 0001« /3y wdd /3y wdd

% 2 ABY TQENUQ MO[ ] ouo)) MOJ ] U0
3/3 74 spijos AUOD) Ajod /IvsDl 18900 18000 VSD VSO VA) xXgq

(C) (%) (C) (%) (%) (Pa s) (Pas) (VO.1) Cl 94.7 72.7 - 26.9 12878 6248 2.06 C2 94.7 70.7 29.1

185988177 2.27 C3 - -

(PONUIU0d) BIBP $SI0UJ 7 d[qe L




44500 2220 20.0 C5  58208446.89 HC6 17170 119614A C7 - - - 68340 2666 25.6 C8 - -

Table 3. Product data.

Run | CSA Density | I, i/l | Mw Mw/Mn | Zn Tm | AHf | Cryst.
(g/ec) | (dg/min) (g/mol) (ppm) | (°C) | (J/g) | (%)

Ci | DEZ 0.878 1.18 14 118,250 | 3.15 266 122 166 | 35

C2 | DEZ 0.876 | 0.82 16 133,570 | 2.97 230 122 |61 32

C3 | DEZ 0.870 | 0.15 8.0 147,790 | 2.40 136 - - -

C4 | DOTNZ | 0.871 0.18 11.2 | 156,050 | 2.40 127 - - -

C5 | DOTNZ | 0.880 1.90 10.1 | 164,600 | 2.31 288 - - -
C6 | DOTNZ | 0.871 0.69 12.0 | 128,080 | 2.62 214 - - -

C7 | DOTNZ | 0.877 |0.11 12.0 | 169,090 | 2.45 138 - - -
C8 | DOTNZ | 0.889 |0.25 10.0 | 127,140 | 2.47 124 - - -
C9 0.877 | 0.56 8.78 | 131,300 | 3.20 146
C10 0.878 5.37 7.44 | 82,600 |2.30 184
Cl1 0.877 | 0.94 8.31 | 123800 | 3.96 150

L

DOTNZ | 0.896 | 0.81 24.0 | 139,290 | 3.39 140 118 |58 30
4 DOTNZ | 0.887 1.04 36.0 | 154,100 | 3.78 131 118 | 60 32
DOTNZ | 0.887 1.02 19.0 | 106,600 | 3.89 535 118 | 44 23
6 DOTNZ | 0.876 | 0.26 19.0 | 131890 | 3.16 227 123 163 22

wh




354407312 15.3 C9

166001800 19.22 C10
-28.3- -491.0 66.0 - 34.0 46830761.161.53

Table 4. Product data.

1520 650 2.32 C11 95201230 7.72 3 90.671.7

TREF TREF Eta Eta Rheology
Run | peak 1 | Fraction | peak 2 | Fraction Solubleé (V0.1) | (V1) | ratio

CC) | (%) G (%) (%) (Pas) | (Pas) | (VO.1)
Ct | 947 72.7 - - 26.9 12878 | 6248 | 2.06
C2 947 70.7 - - 29.1 18598 | 8177 | 2.27
C3 |- - - - - 44900 | 2970 | 15.1
C4 |- - - - - 44500 | 2220 | 20.0
Cs |- - - - - 5820 | 844 |6.89
Co |- - - - - 17170 | 1196 | 14.4
Cc7 |- - - - - 68340 | 2666 | 25.6
c8 |- - - - - 35440 | 2312 | 153
C9 16600 | 1800 | 9.22
C10 1520 | 650 |2.32
Cl11 9520 | 1230 | 7.72
3 90.6 71.7 - - 28.3 - - -
4 91.0 66.0 - - 34.0 46830 | 761.1 | 61.53
5 87.1 87.5 - - 12.5 23726 | 517.0 | 45.90
6 96.1 21.4 89.6 34.5 441 42040 | 1271 | 33.8

167] Inventive polymers 4-6 prepared using catalyst 1 (a good incorporating, poor

shuttling catalyst), catalyst 2 (a poor incorporating, good shuttling catalyst) and DOTNZ (a

5 shuttling agent with vinyl unsaturation) show unexpectedly high rheology ratios and relatively
narrow MWDs (<4). Samples prepared with the same catalyst mixture (catalyst 1 and catalyst 2)
and DEZ (a shuttling agent without vinyl unsaturation) did not show these high rheology ratios
(C1-C2). Polymers C3-C8 prepared with catalyst 3 (a good incorporating, good shuttling
catalyst), catalyst 2 (a poor incorporating, good shuttling catalyst) and DOTNZ (a shuttling agent

10 with vinyl unsaturation) did not show unexpectedly high rheology ratios, although they were

higher than those measured for C9-C11, which are OBCs with little long chain branching.

[68] Figure 2 shows a comparison of the melt rheology of Examples 4 and 5 with that
of Comparatives 3 and 4. These results demonstrate that the Example polymers have
significantly more sheer thinning than the Comparatives. Catalyst 1 (good incorporator and poor

15 shuttler) was used for Examples 4 and 5 as compared to catalyst 3 (good incorporator and good

shuttler) for Comparative 3 and 4.



87.187.3 12.523726i517.0 45.90 96.1 21.4 89.6 34.544.1 429401271 33.8 [67]Inventive polymers
4-6 prepared using catalyst 1 (a good incorporating, poor shuttling catalyst), catalyst 2 (a poor
incorporating, good shuttling catalyst) and DOTNZ shuttling agent with vinyl unsaturation) show
unexpectedly high rheology ratios and relatively narrow MWDs (<4). Samples prepared with the same
catalyst mixé9le (catafysshoamdedianist 2)rbeel ME 72t shathng g tvathedevinframeigsrintfon) did
not shouieandid o R, E@Jé%%? NG RANRATSGRE PreniRdi il aalallati3 daaeod
incorporating, good shuttling catalyst), catalyst? (a poor incorporating, good shuttling catalyst) and
DOINZ thehettimgaesant sOugithoviniiampigtiisiandcovd ot Shalhvamamp osayosrh e sredritios,

although they.were higher ihan theremeasiried fonGShiededy WhishargOBEs with little long chain

branching. [681Figure 2'shows a comparison of the melt Theology of Examples 4 and 5 with that of

Comparativd8l3 and 4n Phesabssimsiethdisstseainatthse Exat ProOBRT S R Sy ARSIy more
sheer thinging {han w&&?ﬂpﬂﬁﬂc‘!ﬁ%&@tﬁ siLdapRd HarRaraiomandipagishashuttler) was used for

Examples 4 and’5 as compared to catalyst 3 (good incorporator and good shuttler) for Comparative 3
and 4. [69]As shown in Figure 3, rheologyRatio-i! & 7h&ibn 6PmBZindex. Examples 3-6 show

unexpectedly;high theglagy ralieahgiven seliindexisielionedthat this dsidusstaathelr cleaner

comb structure. Example 6 is made with a small amount of hydrogen that results in formation of hard
segmenthectogarerial B & néepréernf makiadiéh Besca dr n BREENBEEAEIBIHE invention

thg polyolefin compositions have a theolo%{@tigg(@ié\?zgium@qg of melt index (12) according to the
following relationship: RR > -11.726Ln(12) + 36.872 [71]In another embodiment of the invention the
polyolefin cBFpositiora hetenather grabrsiireatinf (RRPAEM paEEAHLRRIE FaRe IDF e ding to the

following (EBIORRPIORT R L2AHDAL Z2GRTFHR velaname oborment o the inventor

the olefin block copolymer (OBC) compositions have a rheology ratio (RR) as a function of melt index
(12) acctrdingne thlstieneling relationship: RR> -11.726Ln(12) -r 36.872 [731In yet another
embodiment of the invention the olefin blogigconelymer {IBC) sompositions have a theology ratio
(RR) as a function of melt index (12) according to the following relationship: RR > -8.727Ln§g|:2) +
221045 [74]1HY strain-Haygerindeheonpeminta et ErsiBRarinachsiQ tFarRO s rreRo W ReE (GRS )

compositions have a rheology ratio (RR) as a function of melt index (I,) according to the
following relationship:
RR > -8.727Ln(1,) + 22.045
[74] The strain-hardening shown in the extensional viscosity traces for Ex. 6 in Figure

20 4 indicates that the sample has multiple branches, i.e. a comb-like structure. A single long-chain

branch typically produces a lower extent of strain hardening. The dependence of strain

hardening as a function of strain rate is also different, as single-branched chains normally show

no or very low strain hardening at high strain rates and relatively strong strain hardening at low

strain rates. In the curves for Ex. 6, the extent of strain hardening is similar across the measured

|\
wh

strain rate range, indicating that the branches are across the whole MW range and not only in the

high MW portion.
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204 indicates that the sample has multiple branches, i.e. a comb-like structure. A single long-chain
branch typically produces a lower extent of strain hardening. The dependence of strain hardening as a
function of strain rate is also different, as single-branched chains nolinall>,7 show no or very low strain
hardening at high strain rates and relatively strong strain hardening at low strain rates. In the curves
for Ex. 6, the extent of strain hardening is similar across the measured 25strain rate range, indicating
that theWraddhes are across the whole MW range and not only in the high MW portion. CLAIMS 1. A
composjtion campYisig e aANRIRe RIIRRGHOBKALHER ERIINAG SiamEOMmbINaibAha: first olefin

polymerization catalyst, Catalyst A, having a high comonomer incorporation index, Fl; (B) a second
olefin polyhadiisaabniaplyReiCaty<tas Ky irjasw cBATEHorTE R UHBRIEH HTEXESBNd, (c) a
chajn shuitling-agent containing vinyl unsaturation;  wherein FI/F2 >2 and Catalyst A is a poor
shuttler and Catalyst B is a good shuttler. 102. The composition of Claim | wherein Catalyst A
corresptiftia secems! fIRGIRY Yorpaimiiom gasvloen Casaly sk he Vsl eM CeRy OoRfiarE INCOTRB 3E
aromatig,qr.inerly, sybstituted aromatic group containing from 5 to 20 atoms not counting hydrogen, or
a polyvalent derivative thereof: T3 is a hydrocarbylene or silane group having from to 20 atoms
not couféing ﬂWfb‘é@ﬁﬂm&gﬁﬁtiﬁéﬁW@%Wéﬂ‘%\ﬂ%ﬁ% thereof; M3 is a Group 4 metal; G is an

anionic,.peutral of gianionin igand 9reupa $i Anumberfiamdiie Bindicasingthetmmber of such G

groups; and  bonds and electron donative interactions are represented b{ lines and arrows
redPectivelVhanamposiHerer CatalystBesidspahds doctiecronsming RFtia e BWStein M2 is a

metal of Groups 4-10 of the Periodic Table of the; elements; T- is a nitrogen, oxygen or phosphorus
containing group; X2 is halo, hydrocarbyl, or hy r\qgannyloxy; tis one or two: 'is a number selected to
provide charge balance; and T2 and N are finked,by g bridging ligand. The composition of Claim |
wherein the chain shuttling agent is selecu{tff the group 30consisting of vinylmethylzinc,

(2-propene-1-yOmethylzinc, (2-buten-2-yl)m@t ylzinC, (2-buten- 3-yemethylzinc,
(3-buten-1-yl)methylzinc, (1-butene-2-yl)rnethyizinc, (1,3:%%ggei:ene-l-
R? is an aromatic or inertly substituted aromatic group containing from 5 to 20 atoms not
counting hydrogen, or a polyvalent derivative thereof;
T is a hydrocarbylene or silane group having from 1 to 20 atoms not counting hydrogen,
15  or an inertly substituted derivative thereof;
M is a Group 4 metal;
G is an anionic, neutral or dianionic ligand group;
g is a number from 1 to 5 indicating the number of such G groups; and
bonds and electron donative interactions are represented by lines and arrows respectively; and,

20 wherein Catalyst B corresponds to the following formula:

N -
( M2 X
2
T 7,

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

wherein

T is a nitrogen, oxygen or phosphorus containing group;
25 X is halo, hydrocarbyl, or hydrocarbyloxy;
t 1S one or two,
x” is a number selected to provide charge balance;
and T? and N are linked by a bridging ligand.
3. The composition of Claim 1 wherein the chain shuttling agent is selected from the group

30  consisting of vinylmethylzinc, (2-propene-1-yl)methylzinc, (2-buten-2-yl)methylzinc, (2-buten-

31



yOmethylzinc; 1,4-diphenyl-(1,2,3,4-114-1,3-butadiene)benzylzinc, di(3-buten-1-yezinc,
(pvinylbenzyl)methyl zinc, (7-octenyOmethylzinc di(7-octenyOzinc, diallylzinc, (vinyOethylzinc,
(p-vinylbenzypethyl zinc, (vinyl)l-dodecylzine, (2-propen-l-y1)(trimetlayisilylmethyOzinc, (1,4-
butylene)di((2-propen-1-yezinck 5-hexenyizincbromide, (2-propen-|-yedimethylalyminum,
di(2-propehmefadripsiddniyiernldd) B EIHE NNy O PHENS HiE L inc,-and’ -lﬁ%?(e{:i]yOtbuty|zinc.
4. A progess RN ARPaING sheal architecturs -plafin Slegheaepolynei Gopisinglnantacting ethylene
and optionally one or more addition poI)QmerizabJe monomers cﬁth,er t&ar} efhylen,e,unﬁebrmlrc%addition
polymetiZatBFNESHEEONS 1ith & CHTBESmGH G Ot AR oY P SH DY SHUCA P ulting

from compRininGedA) RdiaE RN R ROlymesizatonratalysh featalysi dintauingiglhigh dorenamer
incorporation index, Fl; (B) a second olefin polymerization catalyst, Catal %ﬁ*ﬂ?{ having a low
comondiel SRt RtorF L Sind&ings e %@%%lgﬁdﬁﬁ%’%ﬁﬁ}fé&cﬁé éf‘lh‘ Saturation;

whereinfriERorRand GatasbAisaReQusBulieEas, GatalysiBris algesdshutiles-HexEhe process of
Claim 4 wherein Catalyst A corresponds to the following formula: 1\ 0 20 23.j'R Dzo 3112'0-44 -0 G,
where: baigbinc. is an aromatic or inertly substituted aromatic group containing from 5 to 20 atoms

not COUHJ.“UQFK}}S@E@Q%}, REfaRalyyianbeesivative theegnf block Tapsmhydraspryieneotsitage group

having from | to 20 atoms not counting hydrogen, or an inertly substituted &erivative thireof' %A\A Is a

Group £ oy apbRienH BLIPRre ANERSR AR EUR AR OB P AL RIS i iCating

thecnumbarRfrspel B areuRs: antdikends.and elaaientienaivgrisiegactions are represented by lines
and arrows respectively; and, wherein Catalyst B corresponds to the following formula: N M2 X2x- 002

ThereinMATSRET IEESTIbRIAYE! 5P IHE R HBH SLBIEBE the elements; T2 is a nitrogen, oxygen
or phosphpsus-GOsERIAIPEI grauRiaXenis halesthydrasarbylhevinydrandrylaxyobidsionemrttionx” is a
number.sglectpeg to provide charge balance; and T2 and N are linked by a bridging ligand.

index, F1;

(B) a second olefin polymerization catalyst, Catalyst B, having a low comonomer incorporation

15  index, F2; and,
(C) a chain shuttling agent containing vinyl unsaturation;
wherein F1/F2 >2 and Catalyst A is a poor shuttler and Catalyst B is a good shuttler.

5. The process of Claim 4 wherein Catalyst A corresponds to the following formula:

, Where:
20 R? is an aromatic or inertly substituted aromatic group containing from 5 to 20 atoms not
counting hydrogen, or a polyvalent derivative thereof;
T is a hydrocarbylene or silane group having from 1 to 20 atoms not counting hydrogen,
or an inertly substituted derivative thereof;
M is a Group 4 metal;
25 G is an anionic, neutral or dianionic ligand group:
g is a number from 1 to 5 indicating the number of such G groups; and
bonds and electron donative interactions are represented by lines and arrows respectively; and,

wherein Catalyst B corresponds to the following formula:

(e
T 7,



6. The process of Claim 4 wherein the chain shuttling- agent is selected from the group consisting of
vinylmethylzinc, (2-propene-1-ylimethylzind (2-buten-2-yl)methylzinc, (2-buten-3- 10yl)methylzinc,
(3-buten- | -yl)methylzinc, (1-butene-2-yemethylzinc, (1,3-butadiene-1- yemethylzinc,
1,4-diphenyl1-(i,2,3,4414-1,3-butadiene)benzylzine, di(3-buten-1-yl)zinc (pvinylbenzyl)methyl zinc,
(7_—octenyl)meff'i§)Fiﬁ%€, di(7-octenyl)zinc, diallylzinc, (vinypethylzinc, (p-vinylbenzyl)ethylzinc,
(vinyl)l-dodecylzinc, Rrpropen-ay bi(trimaihylsity bnetbyorintc (Labtehiftytertdaief(@:propen- | -yOzinc),
5-hexenylzincbromide, (2-propen-1-y1 )dimethyl aluminum, 15dj(2-propen-1-yl)aluminumbromide,
di(5-hexenyllzinc,, 5-HeXxeAVBIRGEANT G @-ﬁ%‘?@%‘f—sﬁﬂﬂ}?ﬁm & #'X'"®omb olefin block copolymer
comprising a soil backBeng.and haist anetystaliiaersideythains wherein the olefin block copolymer has
a rheology ratio in the range of from 25.7 to 80. 8. The comb olefin block copolymer of Claim 7
having a melt index, 1% %IV P01 to 2000 20g/10 min. 9. The comb olefin block copolymer of
Claim 7 having side chajng prgseatiaanqiotekitamde vilmte 50 wt%, based on the weight of the
polymer. 10. The comb olefin block copalymer of Claim 7 wherein the backbone has an u-olefin

content of greafét Thans\viie {86 Rion WadeaoHs weight of the polymer.

6. The process of Claim 4 wherein the chain shuttling agent is selected from the group consisting

of vinylmethylzine, (2-propene-1-yl)methylzinc, (2-buten-2-yl)methylzinc, (2-buten-3-

bt
e

yl)methylzinc, (3-buten-1-yl)methylzine, (1-butene-2-yl)methylzine, (1.3 -butadiene-1-
yDmethylzinc, 1.4-diphenyl-(1.2,3 ,4-n*-1.3-butadiene)benzylzinc, di(3-buten-1-yl)zinc, (p-
vinylbenzyl)methyl zinc, (7-octenyl)methylzinc, di(7-octenyl)zinc, diallylzinc, (vinyl)ethylzinc,
(p-vinylbenzyl)ethylzinc, (vinyl)1-dodecylzine, (2-propen-1 -yD)(trimethylsitylmethyl)zinc, (1.4~
butylene)di((2-propen-1-yl)zinc), 5-hexenylzincbromide, (2-propen-1 -yl)dimethylaluminum,
15 di(2-propen-1-yhaluminumbromide, di(5-hexenyl)zinc, 5-hexenylethylzine, and (5-hexenyl)t-
butylzinc.
7. A comb olefin block copolymer comprising a soft backbone and hard or crystalline side
chains wherein the olefin block copolymer has a rheology ratio in the range of from 25.7 to 80.
8. The comb olefin block copolymer of Claim 7 having a melt index, I, of from 0.01 to 2000
20 /10 min.
9. The comb olefin block copolymer of Claim 7 having side chains present in an amount of from
5 wt% to 50 wt%. based on the weight of the polymer.
10. The comb olefin block copolymer of Claim 7 wherein the backbone has an o-olefin content

of greater than 5 wt% to 90 wt% based on the weight of the polymer.

(F8)
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