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Provi si onal Application No. 60/949, 670 having attorney
docket nunber 65862, filed on July 13, 2007, which is

herein incorporated by reference in its entirety. This
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nol ecul es of different chemi cal conposition are
covallént | y Bondedniion ralatee tethdererrdolt s inkenprlyi¥rs | e a
wi de vari et ck Jyner architectures are
pd%?qﬁ§mg%“¥a?“gﬁn h%%g%0§ners i nvol ve the coval ent
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[2] Block copolymers comprise sequences ("blocks") of the same monomer unit,
covalently bound to sequences of unlike type. The blocks can be connected in a variety
of ways, such as A—B in diblock and A—B—A triblock structures, where A
represents one block and B represents a different block. In a multi-block copolymer, A
and B can be connected in a number of different ways and be repeated multiply. It may
further comprise additional blocks of different types. Multi-block copolymers can be
either linear multi-block or multi-block star polymers (in which all blocks bond to the

same atom or chemical moiety).

[3] A block copolymer is created when two or more polymer molecules of different
chemical composition are covalently bonded in an end-to-end fashion. While a wide
variety of block copolymer architectures are possible, most block copolymers involve
the covalent bonding of hard plastic blocks, which are substantially crystalline or

glassy, to elastomeric blocks forming thermoplastic elastomers. Other block
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anionically polymerizable monomers. However, ethylene and other a-olefins, such as
propylene, butene, 1-octene, etc., are not directly block polymerizable by anionic

techniques.

It would be useful to produce block copolymers which are based on ethylene and ¢-olefins

and have low crystallinity hard blocks.
SUMMARY OF INVENTION

[6] The invention provides an ethylene/a-olefin interpolymer comprising a hard
segment and a soft segment, wherein the ethylene/a-olefin interpolymer:

[7] (a) has a Mw/Mn from about 1.7 to about 3.5;
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[6] The invention provides an ethylene/ a-olefin

i nterpol yner conprising a hard segnent and a soft
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[7] (a) has a MM Mh from about 1.7 to about 3.5;[8]

(b) has an ethylene content in the hard segnment in the

range of from60 wt%to 95 wt % based on based on total
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0°C and 130°C when fractionated using low temperature TREF,
characterized in that the fraction has a molar comonomer content of at
least 5 percent higher than that of a comparable random ethylene
20 interpolymer fraction eluting between the same temperatures, wherein
said comparable random ethylene interpolymer has the same
comonomer(s) and has a melt index, density, and molar comonomer
content (based on the whole polymer) within 10 percent of that of the
ethylene/a-olefin interpolymer; or
25 v) has a relationship between ethylene content in
wt% and log molecular weight such that a line plotted of ethylene
content vs log molecular weight as measured by GPC-IR has an
absolute slope, m, of equal to or less than 4; and,
(d) has a turbidity measurement of a 1.0 wt% solution of the

30  ethylene/a-olefin interpolymer in oil or a 1.5 wt% solution in dodecane of less

than or equal to that of a comparable copolymer wherein the comparable
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anot her enb nment, the_ethyl ene/a-ol efin inter pol ymer
haReniEneraPEbornFgR X - 4eﬁeriehb5ﬁls>f?g@n6foralsalmnn@pr teggedbout
2000 [ﬂ/] 10 miatoRRr erﬁ%e&, th@ethylene/a olefin interpolymer has a
20  melt index in the range of about 0.1 to about 2000 g/10 minutes, about 2 to
about 1500 g/10 minutes, about 2 to about 1000 g/10 minutes or about 2 to
about 500 g/10 minutes measured according to ASTM D-1238, Condition
190°C/2.16 kg.
[13] Additional aspects of the invention and characteristics and
25  properties of various embodiments of the invention will become apparent with
the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[14] Fig. 1 shows a plot of T;;, vs wt% C, for hard segment majority
copolymers of the invention and for Comparative Examples.
30 [15] Fig. 2 shows a plot of T, vs wt% C; for soft segment majority

copolymers of the invention and for Comparative Examples.
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Addi ti onal aspects of the invention and

characteristics and properties of various enbodi nents

of the invention will becone apparent with the
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pol y ﬁ@ﬂ i zat I'eersflyragr” nearssta polyoned pfepancé by thepplysmegfation of at
0 R R o T e A R BRI e
t oteam b@bymr”mwhph rsagudfllyempiayed di Iiefee t(BIIEOIYIDﬂfIWE)i fims two

\geél*fer%rsft C{ﬁ?n%n}eres;) as wegl?asqﬁe % r’telr‘_p() FglrmeerrJ a(I’Wh th?ls? l(lljsr%a]tl%enépeloyed to

d i iefee tmpolyry@@epafedmnomg)fferdm typksef mmmmmasﬁ eBo
ur or nore t

po ner s nad
B PGB b e AT afpERiRs oY RERones.
15 i nt e[ol ynmemhe genesmlibye/d- Gfeﬁﬁ sntdrPolp@ksy rgaﬁesalmeﬂafsl t8 bélgmers
Z: (g).%llg)%rs]lr%g g?rl]lg]regga@l:a%l aeglein n ha%\l/r{g or?r’no?er: czggorneatgn?s Preferably,
ethylene comprises the majority mole fraction of the whole polymer, i.e., ethylene
comprises at least about 50 mole percent of the whole polymer. More preferably
ethylene comprises at least about 60 mole percent, at least about 70 mole percent, or at
20  least about 80 mole percent, with the substantial remainder of the whole polymer
comprising at least one other comonomer that is preferably an a-olefin having 3 or
more carbon atoms. For many ethylene/propylene copolymers, the preferred
composition comprises an ethylene content in the range of from about 55 wt% to about
75 wt%, preferably in the range of from about 60 wt% to about 73 wt%, based on the
25  weight of the polymer. In some embodiments, the ethylene/a-olefin interpolymers do
not include those produced in low yields or in a minor amount or as a by-product of a
chemical process. While the ethylene/a-olefin interpolymers can be blended with one
or more polymers, the as-produced ethylene/a-olefin interpolymers are substantially
pure and often comprise a major component of the reaction product of a polymerization
30  process.
[20] The ethylene/a-olefin interpolymers comprise ethylene and one or more

copolymerizable a-olefin comonomers in polymerized form, characterized by multiple
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B bl ocks are ran on1y
and "soft" segments. “Hard” segments refer to blocks of polymerized units in which

ethylene is present in an amount in the range of from about 60 wt% to about 95 wt%,
and preferably in the range of from about 70 wt% to about 85 wt%, based on the weight
25  of the polymer. “Soft” segments, on the other hand, refer to blocks of polymerized
units in which the comonomer content (content of monomers other than ethylene) is in
the range of from about 30 wt% to about 80 wt%, preferably in the range of from about
35 wt% to about 80 wt%, based on the weight of the polymer.
[22] The soft segments can often be present in a block interpolymer from
30 about 1 weight percent to about 99 weight percent of the total weight of the block
interpolymer, preferably from about 5 weight percent to about 95 weight percent, from

about 10 weight percent to about 90 weight percent, from about 15 weight percent to
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is sB4d t o Aheterm “Maktigblock copolymer” or “segmented copolymer” refers to a

polymer comprising two or more chemically distinct regions or segments (referred to as
“blocks™) preferably joined in a linear manner, that is, a polymer comprising chemically
25  differentiated units which are joined end-to-end with respect to polymerized ethylenic
functionality, rather than in pendent or grafted fashion. In a preferred embodiment, the
blocks differ in the amount or type of comonomer incorporated therein, the density, the
amount of crystallinity, the crystallite size attributable to a polymer of such
composition, the type or degree of tacticity (isotactic or syndiotactic), regio-regularity
30 or regio-irregularity, the amount of branching, including long chain branching or hyper-
branching, the homogeneity, or any other chemical or physical property. The multi-

block copolymers are characterized by unique distributions of both polydispersity index
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segnent majority when the anmount of hard segnent

present is greater than 40 % and a soft segnent
woregooiys when t he anount of soft segment is | BEEUSI0881069964

60% The soft segnment wei ght percentage and the hard

segnment wei ght percentage can be cal cul ated based on

data obtained from DSC or NVR Such net hods and

cal culations are disclosed in U S. Patent Application

Sﬁ({g’;D? ![b}?’%wl ﬁ&ﬁoﬁgp gldlé lg%i Patg%%%/ Aﬁ]to%:l% ﬁlg%ber istribution due to the

" Biryegieea-dhneaking B pklysise Mo Mﬁ&ﬁﬁa'lly, Whéesto@ed in a

March 15, 2006, in_ the name of Col . P.Sh Laonnj e
P00 Bocesaihe BRI S PPOSO! gl 0 20 prTerabl
TeRtinal8ag &S mbitGprefeiabl§ fbinS € @SUP an@modtyiredrabs from 1.8 to 2.1.
|ncorporated by reference herein inits entiret

5 ThWherprefuced st batgh afsemi-patehrispasyse e nolymesrpoptssuPDI G100

PO} Y PRkfelaPRroRPE S €558 § Sndte biek@ibl P8I .4 (o2 hid @Bst Pleferably
cr stalliné melti ng point (Tm as deterni ned by

¢adéripilét scanning calorimetry (DSC) or equival ent
t e chpisque.  Th@e FIoMifBes eﬁmHﬁ' e nuRbES Qﬁéﬁ%%le}’n W th

the term"semcrystallin The term "anor phous” . .
r edppraximae salys| speardletsaticiheythe vord sibait” oneappeskiniatey’ is used in

10 p° o'ﬂhecﬁ?sn %%Ee?fﬁg‘cgfﬁ%r Yy r%f)fﬁ ﬁ&’cé&' &ﬂ{‘ s %Frfgﬂt oF, sometimes,

imetr tt ec
t e]r(huo Qmpbltcentb Mﬁmkewcop olhryﬂmal ragge Wlslefglwnt brdltd&rmkiynepﬁer

r eI]c it SRd cﬁ scPosec}/ {, atly numqanpfallf’n§n\%thl Ve Pin (E,ms s%eccl: Qag}/% loéle)d. In

ncf e erre
pr@frtmu&bl thte fodibwexg numbexs liithisahe rag e spetiﬁmlly disclaed:

e e TR b b fy i B p L EB o D peent i o

15 pol pdrednt ime@dnehhyé. eisa dettosd 2 pdsraénlt 13yperdead, B@ercéhapdrdent,..., 50
pendent rafted fashian. 8 referred enmbodi nent

th@r‘ﬁﬂ“béirgerg‘?“ftff rPefhNt: he%é’i%ﬁ‘i‘ft ergPha’ BFCHBmSHSIRER: 99

| NSeREeRO oAt EthetdaBl. Nidteoveh anfi BilGéricd) rahdticBARIBIL twdfR numbers as
cgistalllnlty the crystallite size attributable to a

“%#e@H&%“é&ﬁﬁﬁ?ﬁF?%hd“@ﬁ@dtype or degree of
tact [Zﬁ' ty ( Eﬁ&ie@%& Sefd 1n%®n%@&§n'ta‘fﬁmg low crystallinit hard blocks

regi o-fegularrty or regio-irregularity, the anou
20 b r anpblymers than hztmedhlanigoldmksl glacllnaaze mekiing lpoimtmgat(are less than 100°C

er br nchl nej t. ot her
ST Bsp P By TR R T S eSSty A E Sy
c h@é acfoetdnZRebilliyation IoﬂpkﬂynﬂbﬂildfﬂdbldhlpmmQfld/ﬁﬂinl'provmg the
pol Slt lnde PDI bl ock | e
di ?i{“?’ Bgf’f ﬁHWJ ‘E)tP e 0%%'\/'}236‘%% iPfIBd ‘?1Q%SC8EI‘EV to
t h@odifiers, thermoplastlc olefin impact modifiers and compatibilizers, elastomer cross-

25  linking and heat sealing polymers. Applications such as these require polymers with a

low but broad range of temperatures for thermosetting and heat sealing operations.

[27] Disclosed herein is an ethylene/a-olefin interpolymer comprising a hard
segment and a soft segment, wherein the ethylene/a-olefin interpolymer:
[28] (a) has a Mw/Mn from about 1.7 to about 3.5;
30 [29] (b) has an ethylene content in the hard segment in the range of from 60

wt% to 95 wt% based on based on total monomer content in hard segment;
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uni que process of making the copolyners. Mre
specifically, when produced in a continuous process,

WO b@pal2yirer s desirably possess PDI from 1.7 tRBCRUS2008/069964
preferably from1l.8 to 2.5, nore preferably from1.8
to 2.2, and nost preferably from1.8 to 2.1. Wen
produced in a batch or sem -batch process, the
pol ymers possess PDI from1.0 to 2.9, preferably from

1.3 to 2.5, ra from1l.4.t
preferably f?onwgphaﬁiy $§%nf§§?nPﬂ“?ﬂEﬁﬁbfP%aﬁﬁgm‘m“
deserhdMingpdint Al'th, if degreds Cethindaho sesnbiek ef d‘ﬂhy’:lérﬁ in Welght
ap roxi mat e val ues, regardl ess her t he wo

S Wé”% CoaBpTBR erifa] Vﬁlg‘ég\g‘ﬂ m @B‘n‘ﬁtg‘t?% Cc?ﬁrespond to
t h@e @Mlolshipthey may vary by 1 percent, 2 percent, 5
percent, or, sonetines, to 20 percent. \Wenever a

5 nuner i cal rang%) \ﬁfﬁn@ﬁémwﬁ frk 2976a%d an upper

limt, Ru, is digggcl %@gha@@ygrﬁ@ﬁMﬁszﬁbh bP@shid 0%,
the range is speC|f|caIIy di scl osed. In particular,

the fol | owi Agesumsapaing prntnTmhia degeseCcAties and an amount
speci fical | ¥t gthyslgﬂe(ﬁ %lgh%&éﬁk tw(t‘%ltz Bhéreln\eﬂkel{u%{eﬁch i's

a variable ranging from1 percent to 100 percent with
a 1 percent vilngsraffianand Wto/cng cokrepond toghe edationship:

percent, 3 per AL ., 50
10 S > Tﬁlﬁgﬁ%@&vw ) %‘&Qjés Dot e

percent, 5 1 percent percent, nt, 96
percent, 97 percéen\, 198hap®temlec11' by zglgavpmg@blntk indgx gt@a@er

percent. Moreover ge, def i
R nunbers agmae?bﬁgg g Utl andanl thwe %?%S uu%}y

di scl osed. M@Y, @rdmydrﬂma/aaewlléf mn | nt er pol yrrers
containing low c I|n| ard blo re nmers
Chat have hard bifokdis hRiodhulefirePh M sBSERiKa:

1sare | emhﬁwmm@@mé}; frérdmeﬁzﬁecpmljgnewerﬁbeﬁa&a{e TREFM hi gh
mel ting gpln L cog ¥ rs in that their Prlnar
use is P 6‘1 the Lragtiop RasH MplaY SARAnOBFiegtent of at
conmpongedsss ﬁéiéﬂn@ﬁlghéfﬂ{a‘ﬁ\(hdﬂ of 4 BenedbiahddnyetBflemOl yrer s
in solvents and oils. Applications include oi

vi scosilRgrPRIEIeF fragtion e{uﬁég heSppaisths (s tenpaatpighaderein

”Dd'f'%ﬁﬁc@ﬂ?m&ﬂgﬁéh&ﬂkhb§ﬁé§Mx&hﬁ§&QH§&m§&ﬁ§S|'nk'ng
and heat sealing polyners. Applications such as these

20 r equi r E€OPONGIARETSS ARG ltaﬁ agneftandenidentipyo il Pelagromgnomer
t enper %Ht@ﬁﬁFIsgﬁi ol h€ WEBES%U&Q) e m@g%rce?l?@ll hADf the

oper ati ons scl os herei n
ethylewénkaWeﬂﬁhnnmﬂebpu*ymer conprising a hard

v) has a relationship between ethylene content in
wt% and log molecular weight such that a line plotted of ethylene
25 content vs log molecular weight as measured by GPC-IR has an
absolute slope, m, of equal to or less than 4; and,

(d) has a turbidity measurement of a 1.0 wt% solution of the
ethylene/a-olefin interpolymer in oil or a 1.5 wt% solution in dodecane of less
than or equal to that of a comparable copolymer wherein the comparable

30  copolymer has the same DSC enthalpy (J/g) at greater than 55 °C within 5 J/g,
preferably £2.5 J/g.



segnent and a soft segnment, wherein the
et hyl ene/ a-olefin interpolyner: [28] (a) has a Mwv Mh

wWo e@as2out 1.7 to about 3.5; [29] (b) has an PCHYEN&069964

0 cono r cOhiosengedienisy

15

20

25

30

content in the hard segnent in the range of from 60
Ww%to 95 wt % based on based on total nononmer content
in hard segnent;(c) (i) has a hard segnent conposition
of at | east 40% at | east one nelting point, Tm in
degr ees CeI mJunt of et héﬁene i n wei ght

per cent , ‘Eﬁthy eé? 81 0 PRl T SR BRVEPRF l%%nyof Tm
and;mruﬁr%nﬁﬁoﬂ:tﬁé nespoRdadid@istikke rel ati onship: 90 0OC > Tm

> 4. 127! ) 244.76; or (ii) has a hard segnent
COHpo S Tan 40% at | east one nelting
poi nFSO] m rIﬁe Qtﬁ%l@ﬁ‘e@& oﬁ?In%t&%ol?ﬂl@rs%@ecﬁﬂ@%t)dlﬁl%nts of the
et hyl ene in wei ght percent, , Wherein the

nuiesnitien (alspapfigered ofas Timventide mt%v@zmero O elgwﬁue PAymere)

E ?%Ql%gﬂrl.?g g‘tﬁ%l@ne a%g OQCC: OI'> Jr %)ﬁy&&zz%l%o omo%gé]iergﬁi or

characteri ze aver age
g rmymerizech fmmzehamcandedm hdtiplb blmtkslor@egmmsa)f ned ecub@r

ht distribution at.er than, about
g iRl e Rk i ERLESE T sdeRin 0
arﬁdteﬁﬁ)ﬂ)}@@r)l,\lbmferﬁb’ljaﬁtﬂuﬂlﬂﬁlbﬂdcdp@]yﬁ@r | ow t enper at ur e
TREF haracteri zed i.n tha cti o has a .
g{n E]@i; mebsrpé)lssefsrﬁa I fitting
t hagchaftz-Blogpdpabaingathando Blikiyh @REibuidne e lyptdymers are
fraction eluting between the sanme tenperatures,

whigrthsrsharagterized ﬁi)%?r"%l bothy aypalysfispersh plogk disribptignyod g e r

hasol{ e AR BAIR GHRICk Size P PR&SsstheMahdst pfdgSbfe distribution of
density, and nol ar conmononer content (based on the

whlpek IpRstpmbraferygdmyli-blask seipabepers e thasg portsFinipgé or more blocks

et &%l&ﬁﬂéﬂtﬁn&hﬁﬁ% RrhRLASIARL Y WBfe pr%ragﬁf) th@ @épd'l‘ymers include at
rel ationshi p bet ween et hyl ene cont ent
least 5, 10 or 20 blocks or segments including terminal blocks

[32] In one aspect, the ethylene/a-olefin interpolymers have a molecular
fraction which elutes between 0 °C and 130 °C when fractionated using Temperature
Rising Elution Fractionation (“TREF”), characterized in that said fraction has a molar
comonomer content higher, preferably at least 5 percent higher, more preferably at least
10 percent higher, than that of a comparable random ethylene interpolymer fraction
eluting between the same temperatures, wherein the comparable random ethylene
interpolymer contains the same comonomer(s), and has a melt index, density, and
molar comonomer content (based on the whole polymer) within 10 percent of that of
the block interpolymer. Preferably, the Mw/Mn of the comparable interpolymer is also
within 10 percent of that of the block interpolymer and/or the comparable interpolymer
has a total comonomer content within 10 weight percent of that of the block
interpolymer.

[33] Comonomer content may be measured using any suitable technique,
with techniques based on nuclear magnetic resonance (“NMR”) spectroscopy preferred.
Moreover, for polymers or blends of polymers having relatively broad TREF curves,
the polymer desirably is first fractionated using TREF into fractions each having an
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wt % and | og nol ecul ar wei ght such that a line plotted
of ethylene content vs |og nol ecul ar wei ght as

wore@sit2ds by GPC-1 R has an absol ute sl ope, m PET/EI$/069964
to or less than 4; and, (d) has a turbidity
measurenent of a 1.0 wt % sol ution of the
ethyl ene/a-olefin interpolynmer in oil or a 1.5 wt%
solution in dodecane of |l ess than or equal to that of

ar abl e r,-wher ei he conparabl e .
c o%‘&?@}?glrp ﬁ‘glge { fgfg@vec Iﬁé%sse nﬂﬁg S VCIQ glﬁtﬁﬁj ?rﬁftloélrhé%\% ggllection
t htﬁﬂllpé’étu%ﬁm\mlmv? bN1B°Cldrgess. pUaﬁg ﬂ@kﬁlﬁlﬁ]u5 sdidghlddR@nterpolymers
et ene/ a- ol ef | I nt ner can nave one or a
c otﬁ% P AQPIsbRPCoTCh E%CUQB g%/‘Pngc Bigh mgl3r Spingromer content tan a
Et bylegidadiag Ga&fonrf tHetcempahmpBitspd3@er. The

et hyl ene/ a-ol efin interpol ynmers used in enbodi nents of
> t he [V ent i HhaneHies ssPEEf ¢ H¥ENtVE Pakymer i gB Alefig gnterpolymer,

feRBlyYISRY, nsﬁé eth{18NEHI A€ oPRbYTBE Ol mEPAABIE S onomers in
et ylene an one of nore cop og¥ner|zable a-olefin

c orriyiesTEed form. deragieardiyanylapleplogkii acttdeasttag bigeks) or
%ﬁl@ﬂt? oibtlwg% o p(ﬁ}%géfﬁg(ﬁ ﬁloﬂ(gmérVﬁQu@&lffgf%gem Qﬁérﬂlgﬁrok 5&@10311

mer units differing in chemcal or physical
prypeartidséblo¢hsd dekrpplimer) podsy pesferablpp efubii-blotlycopolymer, said block

10 %i}u%e}‘p:o n(Pecf a\ﬁf? 9 Fé’aﬂ?ﬂut n[)ggllt alﬁolécgggfrg{qﬁgﬁvﬁfgﬂgﬁltes Bagzeen

Mers possess a
SC(B?(EI atnd -1310°6r(l§,7utdvlﬁlbuu Cbuwtlogl andiehgratingamiiedrdfrsgons),

d| uti.on, The copqlyners are further. c %ract ed
arac CrizZea, 1n Iﬁlt Sald 613. a comon cr C(f(ntedlt e%tlm c 1n a—re
as  Rav] ng d% sperse on and a

p odpydnsp@lysﬂled leatanddmlutsmg fa foll wiltlohdf mamﬁmnﬂﬁw HM) area

pos a nost probabl e distributjon of block
CSREon B ST RlagP RO Poro B Eot B oPrsPird Ry dogse
15 C %&@hﬂhl@l@r An@e prebdr &bl htAek6 1 Ofer&AOMEIN Shan Bt b BGmparable
term nal bl ocks. Mre ref am

t he copol yners
| Mo aylegeagipoler ot B HREOTE B Sxpanded

| NgshdgCh 0D whi @hMhIA HaxiBl DEHEWHS Ziea b QRRONAFREEH saill B&mparable
et hyl ene/ a-ol efin_interpol yners have a nol ecul ar

f rr&e@%ﬁhwedﬁte@aou@*&é hisehadls comoremeits) ambhas e mygkdpdex.

f r @qtikyonat Iﬁglaf"e%nﬂﬁo%%r%ﬁfeﬁtt BhLdBh ﬁie%oﬁ ﬁbtl}l'rﬁ’é?) w1th1n 10 percent
Fracti'onation ("TREF"), characterized in aid

20 f refchqt @hthy Rlpckedipiegpolymer. Preferably, the Mw/Mn of the comparable

interpolymer is also within 10 percent of that of the blocked interpolymer and/or the
comparable interpolymer has a total comonomer content within 10 weight percent of
that of the blocked interpolymer. The full width/half maximum (FWHM) calculation is
based on the ratio of methyl to methylene response area [CH3/CH;] from the ATREF

25  infra-red detector, wherein the tallest (highest) peak is identified from the base line, and
then the FWHM area is determined. For a distribution measured using an ATREF
peak, the FWHM area is defined as the area under the curve between T; and T,, where
T, and T, are points determined, to the left and right of the ATREF peak, by dividing
the peak height by two, and then drawing a line horizontal to the base line, that

30  intersects the left and right portions of the ATREF curve. A calibration curve for
comonomer content is made using random ethylene/a-olefin copolymers, plotting

comonomer content from NMR versus FWHM area ratio of the TREF peak. For this
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conmononer content higher, preferably at least 5
percent higher, nore preferably at |east 10 percent
woe@ber2213 han that of a conparabl e random et hyPE&HES2008/069964

i nterpolymer fraction eluting between the sane
tenperatures, wherein the conparabl e random et hyl ene
i nterpol yner contains the sane conononer(s), and has a
nelt index, density, and nolar cononomer content

t hat

based he whol. I . i t of
S LA R
t hi@te€8tTPEHe@bmendnidr @bt YAEREF ekl & Ghevih tdntite Jddyiparcaebd

of t hat e bl ock. i nterpol ymer and/ e
co‘iLF;S%P%HG%Y F%‘tr&‘%‘tﬁ irsplityagon e?)é’EVBt“éng EBI%’%\Q@IC“I:Y&HF@M@HC
wtrbuﬂatlaftﬂwgntofﬂ@nmpe@ﬁ that of the block

i nt eg{ml ymsin%(%]ﬁS Conononer content may be neasured

5 usi n§%Any s joB t¢ BeRheGeprechiapdh PioaeHR ¢ietdeh Aeeld B

nual&fike PRGNEE kcfn BbEHARBREL by NYRS) mSRAAAIHOSE ORYacteristics. In
preferred.” Moreover, for polynmers or blends of

poPngifaRest, H@vnwgtlveen%xm%ﬂ 3n Pefgagtenrbmes yrgfergbly cpaprising
POlTEle & Shd &lhdte bépoﬁynte?&a&é é&ﬁdngﬂéfsqg poAS PGl R,

into fracti ons each havi ng anel ut ed tenper at ure range
of chagc@@zeadrby nagdgple Plogks dr segnacatsiof el pradort palytienrediaenoger

10 CQ&AH@‘&H&%H%I R At éjrrpgtr aEBI% biBLs (%ﬁ)cf?&i lﬁ{eﬂJa Lng

this tec sal terpolynmers at east
on@esubdly a‘malotblcmk chpnlymgr andtlolgﬁentemll)amer bwnmgm)meteoular

c ofn ac%on W, €S or regg’ ggﬁ) q wﬁen %clt]lonatecf1 usm TR

arab e |n erpo yner. n anotner as e
I rmemmbme, Chﬂl’a(;tﬁﬁred Itrsthatnsaldl fefciion lnarstaemqulcymenqmer content hlgher

pref I ene one of

copor© Vﬁ@ ?I¥ k’é‘ﬁt é’eECS r“ior? Bref%t Py ?gﬁﬁqor 25 percent
15 Chapiae ! tRin (ARGS BYormpdriblPta@ddth emkﬂsne( Inteepalyrﬁetr flac@st elhtivg

bl ocks) or segnents of two, or yneri zed nononer

u nl?ett‘geeé‘lttﬁ BPP YRR R Mgt Bid CﬁFW%'{O 2Rl Ira“tﬁlP‘éE‘t?élIythnés

( bth&@ﬂﬁ)@}dndrﬁblﬁp@éé!s WRfithe cdmsoneF(&f ﬁe@mbyy i@ishd dabrebl 0Ck
copol y sal d bl ock interpol havi ng a peak (but

n o‘ton}%gftnerés)n%‘ldéd%ﬂltdfld% HOPit ﬁ9<¥ RRTRE FrrangssCcapEsnidasd on the
00\%@}8901}1%9? GrithBuio ﬁé‘lrcteﬁ'tQ}f that 6t th@ﬁlt)bl&g 11?5&?619&1& S}qlai%tabﬂfgthe

i ndi vi dual racti ons characteri zed hat said
20 pelMi/Mp Q& thg C@@WN@WCYE@W@M alees withig t18 gretggnt IOﬁfhtahofrﬂ@ﬁtblocked

SRRSO SRRl ol el AP i
c ohbwoghtpersomitod Hat ¢fi ththelocked indfreplaipeyy at | east 5
[36] In some embodiments, the ethylene/o-olefin interpolymers additionally
have a Tm in the range of from -25 °C to 100 °C, preferably from 30 °C to 80 °C, and
25  more preferably from 35 °C to 75 °C . In some embodiments, they may also have a Tm
in the range of from 15 °C to 50 °C, from 30 °C to 45 °C or from 35 °C to 40°C. In
some embodiments, the interpolymers have a Tm that is less than that of a comparable
random copolymer with same weight percent comonomer within 10%. In addition, in
some embodiments the end of melting occurs at less than 100 °C, preferably in the
30  range of from 85 °C to 95 °C.
[37] In one aspect of the invention, the ethylene/c-olefin interpolymers have

a hard segment majority and have a melting temperature that is greater than that of a
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percent higher, nore preferably at | east 10 percent
hi gher, than that of a conparabl e random et hyl ene

WO poeop2iymer peak at the same el ution tenper abCF/ES2081069964

10

expanded using a full wdth/half maxi rum (FWHV area

cal cul ati on, wherein said conparabl e random et hyl ene

i nterpol yner has the same conononer(s) and has a nelt

i ndex, density, and nolar connnoner content (based on

t he whol e pol yner) withi ercent of that of _the

ol DERGGTAE BT gty ie Dr aiouB §PoE L K R B e

C ORRAToRRPs hdVe @PRbaEIRAt hoddySAd WAV el t@ﬁf)&@tme tRt is less
that of the bl ocked interpolymer and/or e conparabl e

i D&t 81 §f eprerRgnding igpdgm WSfrer cont ent wi thin 10
\_?_ﬁ'egrj per centy ffer leﬂ@ctt oPIhetlﬁl)%ntlanoﬁllé% lyleﬂtt,/ﬁro%:f nyl%fpolymers

wi dt h/ hal f “maxi mum ( culation I s
bazed a@nbltimemraat 0 wt%fsolnmmgﬂ thEt @hﬁetehyblefrmemteelspﬂn@en oil or a

ar

S S E PhES R CLQTh ARGARER o Moo LSt EBleRlioppopymer

t hevhasie dam&entegatdd DB@renthlaQy M—]Mba‘i’eeﬂ)ouﬁw’@t\atmlh 51@@ that is
di stri ured usin

i Pk e b TR RO IR0 o <BEF fipetil e

beihwemiyniets afitbe th¥entioh@ie stidh atebidizy @4tas Jead thirs1.5 NTU and a

de m to the I [ of the ATREF peak,

bylggéi\‘?’iltg‘iﬁ%att%‘?‘teﬁm ﬁtépg?ﬁfes%ﬂl}‘g‘f é\ﬂ/ and then drawi ng a

linerdygriz 0'ﬁl@Ethﬁ/l@net/&-%lelﬁﬁgfﬁerkblﬁ}ﬁlerstﬂa@é a feliiBfishB Bewdehe

left and right portions of the ATREF curve. A

c atthdenstang lpeduelcalar ieighbynsh S1tbt livcanetadiof phylengieontpsf vigog

r %&9&1@&%& Q@Iln@asﬁ‘llegiaﬂf @P@q&q{axgﬁﬁl%olu&' s%ﬂe' #%f equal to or less
conononer content from NVR versus FWHM area ratio of

t hibammREFhepatgkpolymesis efihaspradfentinyengomalshigaye an Resolute slope, m, that

> CoL P03, ok OETRAER kiU SO G

20

25

30

of witlne 20tk erféreldy pothinrd 0 %c aml dpere qbeetferalvty mettiinbyy 5 %.

e S BBt Rl

petake af 3%dgrdiil PSIMELhAIPY {X0) tabeveBOCCRASPESALS RIS J/g have an
pro erties descrjbed herein, the inventive pol

>dnap idesplay Bertigy vairh eBreshspeen defiGang 10t Vhen

C h@dcachsd &ingOREH 1Hc1@1lﬂ@nt§%ﬁﬁ§étenz‘éﬁl fh thit\kgiatria¥@onak ¥ WRlar
is an olefin |nterpolyner referably conprising

et IBABCLLRF B faShsT. m%f?réblwgkew FEPICSH B S8 el BIPEIIRAEF8LY; 4 least

o]y '1@@0%%@5 F&Eéﬁt hizR&! @Gk ﬁ{ai @feadco%aﬁyﬂetrérﬂbﬁ cBlyppks or
Seg ﬁEﬂtS of WO Or nore po ynerlze nononer
1nterpolymer fraction eluting between the same temperatures, wherein said comparable

random ethylene interpolymer comprises the same comonomer(s), preferably it is the
same comonomer(s), and a melt index, density, and molar comonomer content (based
on the whole polymer) within 10 percent of that of the blocked interpolymer; and, a
room temperature turbidity of a 1 wt% solution of inventive polymer in oil (Exxon
FN1365 100LP Base Oil) of less than 10 NTU, preferably less than 5 NTU, most
preferably less than 3 NTU.
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units differing in chem cal or physical properties

(bl ocked interpolyner), nost preferably a nmulti-block
weopolynes , said bl ock interpolynmer having a nRCBEUS1088/069964

fracti on which elutes between 00C and 1300C, when

fracti onated using TREF increnments, characterized in

that said fraction has a nol ar conononer content

hi gher, preferably at |east 5 percent higher, nore

pr east 10, 15. 20 or 25 e
P RS RRER etk Pomoaaibes Siwesipat MshiufoR T aeartid e
\er1 actdign el aheé &gncbﬁhiﬁﬁﬁﬂnﬁobﬁoﬁ afnte 11"|REE Peaktdih 88 mleasured using
N sai an et ene int ol ymer
Wp‘?ﬁ dpig-pe é‘et§%P @ %g?g r Eﬁaéf Q? lemsiay gP*ﬁ“ is the
S&ﬁﬁp@@ﬂﬂ@@ﬂﬁﬂ&@&ﬂbﬁﬁd a nmelt |ndex density, and
mol ar conononer content (based on the whol e pol yner)

Swithi$110 pdheesmpgritiphmpdgrof thdlesrigeR &auPPRISYIBRA yer .

PratanRReN: seﬁs*a?& AY) My &ﬁnﬂoﬁﬁo&&ﬂ&ﬁ%@m)%dt BEa1R@ hMP&RY band
is also wth 0 percent of that of the bl ocked

i nnEpRsl firpet inghedegipn phE00GRPAsMAbI Ehg measyisBeytfeRsohdaiecss the
t

t %’gt hgf@ o%o%g gﬁ Iﬁ%tpggﬁgfgb yv%hégipdd’&%ﬁgﬁiatég% &R Pb1yRfer

e n@@d@nnemrg,n solh@ore)mﬂﬂylb greepapodiedn sangon deeqiothy methyl (CHs)

addij.t i I . - .
10 1 O%b\%dé?)? glre é);élé@%\éﬁrhg aﬁleh%g&%%m%?g% cg%})f)sgtg%ln S}%\rgle&%ﬁ &vided
prlaf the abhwrefmemmi@al AT & sEHitDE to the momolmcena hroelit nfétlnbs
1r1rrae¥ |po rsngﬁl;]l%@e 10N %—E] B%estghr%fa Esgcnr% 6 8/1 Tﬁ%ﬂ% @ ne alpha—
soﬁaheﬂboﬁnmenmﬁkahe i nt er pol yners have a Tm t hat |s
| ess an that . of arable r ner. Wt
sl ot Thepdess BB A TR GO ot PR halha
15 | ncoﬁ@e[ﬁ&a@cmxmﬂzmtcsmbbﬁmﬁﬂ@}gf s1g1ﬁn fekPasOShY Sutddl pbleSer
h n. 100 O(%z r ef er abl ? % %5 of from85 0OC to
wieg HesFEN proghis A8 FPFr %’F’Cl i1f, galibRAFIQR £, Creatg! by measuring

et Ay hieR etid-oP e fAH), tb THE FRPLYMRESWRPMRWA DdRoRoHEG@ORBit
majority and have a nelting tenperature that is
gr

Efapbly Rgasuraddry NYIRAJGE F%W RYE§4 AN ERPD PSP 2
I n%(ﬁ‘};}ﬁ’érr&% b@@sﬁﬁl‘ﬁkd b& Qﬁpl BQ We§&¥8fend éﬁ!lﬁfai_l('}h of the ratio of the areas
i nt er pol yners have t segnent mpjority and have a
20 mrefior rhﬁgn Eiysé CHls aliiCbCHh@@pqnge i areg fdin (HhitHogprsps comonomer
cold gondlng random copol ynmer. [38] In another aspect

A noa
of tﬁé I nvention, the ethylene/ a-olefin interpolyners
[44] The area of the peaks can be calculated using a full width/half maximum

(FWHM) calculation after applying the appropriate baselines to integrate the individual
signal responses from the TREF chromatogram. The full width/half maximum

25  calculation is based on the ratio of methyl to methylene response area [CH3/CH;] from
the ATREF infra-red detector, wherein the tallest (highest) peak is identified from the
base line, and then the FWHM area is determined. For a distribution measured using
an ATREF peak, the FWHM area is defined as the area under the curve between T1
and T2, where T1 and T2 are points determined, to the left and right of the ATREF

30  peak, by dividing the peak height by two, and then drawing a line horizontal to the base
line, that intersects the left and right portions of the ATREF curve.
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have a turbidity in a 1.0 wt % sol ution of the

ethylene/ a-olefin interpolyner in oil or a 1.5 wt%
watgvinm i n dodecane as conpared to that of aPCHOMYAS/069964

or a blend of polyners having the sane integrated DSC

ent hal py (J/g) above about 55 0OCwithin 5 J/g, that is

| ess than or equal to the conparative polyners within

10% In sone aspects, t he interpol YyIer s of the

|nve§{§|on h e cha ur ‘i?ﬁlt hat is | ess
d Rl e nb S S5t B adigher
t heoftedt df/@lyn[eﬁﬁh t}ﬁheTREhyhmeﬁ ngett@lded, impriidtipdd, Ridki ey that of

ha el ati onshi p .betwee th Ie e and cuI
&E@/@T@% SRt A %?W‘i"?ﬁ‘éfvl\ﬁleg’t’]‘tf ?eé‘?fﬁfﬁ é&?é‘g%&r}g‘t

| ogaiel EsiAledd.; $RitBNtines, “maawMt Bﬁ’ge@ﬁ&ﬂeﬁh&iﬂﬁlr@ﬁhtography
absol ute sl ope, m_of equal to or |ess than 4.

5 i NFXFBOTIPHOFE u&ferftdrﬁee%wé@@ﬁ1f0r|CH%réﬁ%rﬂ7@HOIa?f§&lﬁfaleea%?ﬁ
a b]%i’j!/dl'éfﬁl SbOPBersMPolyatic 'h@atér%%cﬁe}ﬂ@@aﬂd@fgmfe%nga( beNds, 93-

W{ﬁ))o' ynmers with thé sane total % per cent
&

I:@p@ DeglpurigrspP Qo%@fleg d-abSyiehik. nQ%%yuaaﬂOWﬁh?én
Prgh b AR nYicidddtdles iR UhylefO] -oldfin@BFIIRO dlifEdLe Qk1utibE
inventlpng 1Ct te eteSI eng/ a- 8 enl n&? nt er 5H§neers ualve
amhrmzé%raﬂedmmrﬁn trivzsfqyn ipfrdrgd SmUNﬁeO@GSBC HRIBRL", Paymer
gr r R J

10 g%fﬁ oﬁt 17 bg hu(!tf 2@1%2‘%[6\?\%2%})%%3 Pef(;il}ggél%% n\%ﬁl Hleﬁ entirety.
f r act46dnat edh obemegnboRERnisntbe ervemivs ethnyhat/aeﬂeélmumenqbo]ymer is
::,]h talélr%%h%erdfer 21%1%.%‘?1‘9 er[?oclk 1n(§'er:D %ﬁb éV?lceE? &%Etecﬁg‘& z%ro and up to
pr aboet athnd aaltlolleﬁﬂﬂtwelght dﬂsﬁnbutzdh of,,/M5 gpearet énh abtbuy hér The
than that o arabl e .random h ene jnt, ner
f FRBrED Aog P Mo UBaH ¢ e MR Sy L3P Tor B8f of

15 Whig pblpmsmﬁtlemw@allepfepﬁm TRHEP/k @ 090 Hne 1 PEICY WRE an
cglggrrlses tr{:: same cononomer(s), preferably it is the

r(s), and a nelt index density, and
nol ar conononer content (b d vvhole pol ymer)
within 10 percent of that of t bf otked i nt er pol yner;
and, a WiRANBH RIRESISdkUnExtbF dié (1 A6 ofthd inVéfkbys elhyileh@fLolefin
of inventive polynmer in oil éExxon FN1365 | OOLP Base
O Inferpodymes ©8tatnRe i PrepaRFriye TBF fadanishe weightasgsnseaiipe i*
20 rmﬁ,gctlgﬁefer ably less than NTU. ATREF Peak Conononer
Conposi tion Measuremnment by Infra-Red Detector [41] The

conoftiker c&apwsh polymeigtactipe BY REtefipedily engiof B tyve Adlomdng
uséqﬂgtlons (both of which give the same BI value):

_UT -UTyy o LnPy —LnPy

ST, -1T,, LnP, - LnP,,
where Ty is the preparative ATREF elution temperature for the i fraction
25 (preferably expressed in Kelvin), Py is the ethylene mole fraction for the i fraction,
which can be measured by NMR or IR as described above. Pup is the ethylene mole
fraction of the whole ethylene/a-olefin interpolymer (before fractionation), which also
can be measured by NMR or [R. T, and P, are the ATREF elution temperature and the
ethylene mole fraction for pure “hard segments™ (which refer to the crystalline

30  segments of the interpolymer). As a first order approximation, the T4 and P4 values are
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an R4 infra-red detector avail able from Pol yner Char,

Val encia, Spain (http://ww. pol ynerchar.com'). [42]
wab@o/benmposi ti on node" of the detector is equP@pES2008/069964
with a nmeasurenment sensor (CH2) and conposition sensor
(CH3) that are fixed narrow band infra-red filters in
the region of 2800-3000 cm 1 . The neasurenent sensor

detects the rret hyl ene (CH2) carbons on the polyner

(whi ch rel ates t nce tr

oLt G en g B it e R L P SR e s Be
nmethiayd segﬁsﬁé” ¢ AotRsaiRble! Fer qatdulaeiis. peffogmedtiefeeiyal, iCFU2°K, P,
rati o of the conposition signal (CH3) divided by the
me'dsur enent signal (CH2) is sensitive to the cononomer

cont e8] of trheisMRASUREH teplepsfiRé fdr A refAbhitdopsly@ercbfittesame
response is calibrated with known ethyl ene al phaol efin

5 copaInpRErn tddiuiag 8 ethyleng mekdragineditor. Tureidn bs etlewliiechirom

anthé\}gﬂlgg,lﬂgne%lggtment provi des both a concentration
(CH2) and conposition (CH3) signal response of the

el uted polymer during the T¥Eces8. A pol ymer
speci f i cal é&ﬁﬁ&ré B GARaRE whlcRRLEG: RYerfRiS B%’r N BrdtfdR using a
e CH3 to CH2 h known

area ratio of for polynmers w
c omortghrel known trandpm(egryddne p@;blllyynfn‘e disthpeld bb pothil/Rpt o Fieed may
co I I
10 o oTRO BT RERT Rl B RN PR RO 1Y e R0 o0
r actailibrao'bn turee witlets pbkymet tvenpopidpy pidin@kesCH8 adsndin Chifhilar
nono

CRPRRES: gt 2Pt e Rl a R DI et
usthe galﬂ:raftmh kcurwe dtdbtaln&ﬂffrormmmmdl&ﬂﬁk/pwetgat @aogeat duoineffect
ft { i t

R P R O R

15 ChyasmtegoRdwing Reatlordtip:wi dt h/ hal f maxi mum cal cul ati on
is based on the ratio of net E%/% to rretg% ene response
area [CH3/CH2] fromt h&? RTREE BHT vt tector,

wher ei nryf, et ARESterhfr@ie $6n)a RERK éopolydRAbH th §3ﬁhef rom

the base line, and then the FWHM area i s det erm ned.
Fotompogifian #Mddiaving an pwxlsng wale feptry of EXATREW&@&RICHW% from

EVi'f‘anf @@fgé $ pdebined2s,J RenABAAMNRL frhdi8n $8Ha\8ndom
etween
20  copolymer of the same composition and having an ATREF temperature of Tx, which

can be calculated from Ln Pxo = o/Tx + P.

[49] Once the block index (BI) for each preparative TREF fraction is
obtained, the weight average block index, ABI, for the whole polymer can be
calculated. In some embodiments, ABI is greater than zero but less than about 0.3 or

25  from about 0.1 to about 0.3. In other embodiments, ABI is greater than about 0.3 and
up to about 1.0. Preferably, ABI should be in the range of from about 0.4 to about 0.7,
from about 0.5 to about 0.7, or from about 0.6 to about 0.9. In some embodiments, ABI
is in the range of from about 0.3 to about 0.9, from about 0.3 to about 0.8, or from
about 0.3 to about 0.7, from about 0.3 to about 0.6, from about 0.3 to about 0.5, or from

30  about 0.3 to about 0.4. In other embodiments, ABI is in the range of from about 0.4 to
about 1.0, from about 0.5 to about 1.0, or from about 0.6 to about 1.0, from about 0.7 to

about 1.0, from about 0.8 to about 1.0, or from about 0.9 to about 1.0.
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and T2, where Tl and T2 are points determ ned, to the

left and right of the ATREF peak, by dividing the peak
wheiogl122by two, and then drawing a |ine hori zoP@HEUS1008/069964

the base line, that intersects the left and right

portions of the ATREF curve.[45] The application of

infra-red spectroscopy to neasure the conononer

cont ent of poI ymers in this ATREF-infra-red nethod is,

doselied”t Anefer PPy RisriBleaiiscubrpis/yeh Ttenlymer is
BOtﬁal tfihoﬂﬁventllvh gﬂfhyl&ﬁe/ o bmﬁlg‘grgillﬁg%mﬁmo&ﬂpnsdsl anle@yt one polﬁr;lflzr
¢ FHOPRPIRCR i xS addb it sty TREF. Wbt A caihan lock

of in@éxhart R NaseE Opoind@bed mﬂ)u@pp@hdfmb&culaﬁaélmrstrqautlon
Mat eri al s Sci ence and Engi neering (1991), 65, 98-

> 10Mw/MraE“d’atEfe‘§lea%h0%¥ 3., Inpsgme emppgipiepighe pylymer feggtiahas a block

E. fidex grEd@Mhdnlpbin®. @Jh‘aru?J t& Q:ﬁ)'upl Br R8EHHINE about 0.7 and up to about
mcrostructures in ethylene- 1-olefin copol ymers using

si £@ assasar e ghow RSnel 1B &t eHy -G e Sreaigr than akqupfi8 e R to about
' nf ‘:5[ ?fnqghé Qﬁlﬁ&ﬁﬁéﬁtg Qﬂe ](O%Eq% Fh k& has £8 &Hﬁfde;( %lgggl) tharftabout

, both of whi'ch are incorporated by reference
h e@ tard umtotaheit O preateithyn ation) 2 puwd uptth @bous Hfogieatenrthan about

10 t h@3 bW, Iag(th qtohgllegtgleél%l zﬁJoﬁ{)(? Ql&gu)( K@r 01j f%;]ater than about
characteri ze n aver age [, Ich s
gr @4bet ut teabhouté r00 lamdl Qtpeﬂemba&hwnts lthé)p(aymetafram4>1ehas ladptock
1ngext V%gatesrttﬁ%ll 1If<t%nl %g‘)l(\llp t%gio%[ & g‘t 2grt%]g]altgr an aﬁ?qui?earng ug to ?bout
t h@as Joreaede thamdbmlt@ '3Bin(':1).1p toaboea i omgrehﬂaethpm htyowe0.4 and up to about

fractjon bt ai.n n preparative TREF fr

RSN e AR P S Eon e gt MR BT e
151 I’Lﬂﬁlﬁt (1)) ;ind Ll'plﬁo Ifabdiht DDag‘ﬁadlta:’thﬁf abbﬁﬁ) 3 ﬁhﬂﬁl’]bttb ‘d@out 0.8, greater than

et hyl ene/ a-ol e nlnterpo rative

TR’%@}“ (g‘lﬁ A g 2 ‘P’r’é \X/e‘i’rg%‘ﬁ?at% éé’ﬁ %g “Pﬁ% BE0S,

fracysign. [ 44l colﬁal’ynle@%m em9iewa{d aﬁlraa(q&ﬂup e 1BJent1$e polymers

defi ned by one the two foll ow ng equations (both of

Wr@iﬁra@ wssteﬁ%(l%%lﬁlél o at Q}E‘éptde“) moggy prefeyapipyat laaptyt. 5¢ey lgasg 1.7, or
Bl at Teagt@?b(, and E@Eﬁ%@eférﬁﬂ_ﬁaé ledst @@, 1!11518’% hR AR value of 5.0, more
20  preferably up to a maximum of 3.5, and especially up to a maximum of 2.7; (2) a heat
of fusion of 80 J/g or less; (3) an ethylene content of at least 50 weight percent; (4) a
glass transition temperature, T,, of less than -25°C, more preferably less than -30°C,
and/or (5) one and only one Ty,
[52] Additionally, the ethylene/a-olefin interpolymers can have a melt index,
25 Iy, from 0.01 to 2000 g/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 ethylene/o-olefin interpolymers 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 g/10
minutes, from 1 to 6 g/10 minutes or from 0.3 to 10 g/10 minutes. In certain
30  embodiments, the melt index for the ethylene/a-olefin polymers is 1g/10 minutes, 3

g/10 minutes or 5 g/10 minutes.
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where Tx is the preparative ATREF el ution tenperature

for the ith fraction (preferably expressed in Kelvin),
we000012h% et hyl ene nole fraction for the ith PCHUS10081069964

whi ch can be neasured by NVR or IR as described above.

PAB is the ethylene nole fraction of the whole

et hyl ene/ a-ol efin interpolynmer (before fractionation),

whi ch al so can be nmeasured by NMR or IR TA and PA are

t he EF e nte eratur nd the hyl en | e

fractin f omhphTE R AP SE g La: VY apr Ly ORGE Fels o

CT 5,8008000igneols q@érenbly fﬂ)frr]n tdoe gvmd(sjle EPROGONEH0) mopﬁiioréielﬁli)l& $itom
er appr.oxi mat | the TA and PA v reset
(oo o APloR g gl SeERgCR B8l ke 209 foo

t hemarket uak dMal ey 8sthé Givedthe polyaierh B8R BERBIND.8026©.99@fcm’ and

avai | abl e, For cal cul ations perforned hgrein, TA.is

5 37piRrablyoy ghylene coptpimngepol nerhfgo @F&éfg/%ﬁbeﬁzg@% frgfertain

a érﬁfﬂaﬁﬁ@n@soﬂﬁldyﬁgﬁ? oPfhe LI 18NR1ERAPRRBels 128 AdmTBIHONE 0.925
an ethyl ene nole fraction of PAB- TAB can be

ca¥/em] At0s®7fte B/ Q glemtf.ol | owi ng equation: Ln PAB = O TAB

* b yhgre a@f&egeﬂssfuiwngmgm%@m e baA é?s%losed in the
determ ned by calibration using a 'nunber of known

r afielowing phghtepplicatpot Ve P@VISlOtrlalsAnmluIC@tlobé\Tm 60/60P.90¢afiled
10 aaIOIgrcH 17B00YAh X, ﬁ&%’@ohﬁ%{bﬁ&‘?ﬂﬁ Nto°6d/<§1ls§td3‘7' BB March 17, 2005,

Nbr eover’,” one woul d need to Create t
c aUJSbPlal\/ls@malo%ppheatwnN@ 601e6 %1% fred Maaeiplo's EQOSOH SProvisional

I nz&]?}?t%l%g’t%on% 66 58829&?% ﬁedS M’J}ch% h ?g%hcra\tll(%hl{lo range

ractions ‘ere a sl ar wei ght
ef PEUS20(5/a08e1 & éileidvath ﬁh 2004, pebhcstmhtumbﬁeWCf 1(16)61090425

cSBBHTIARY Fegh 3F bl PP S0 % bz ey Y SidoHeh 17

15 etiopls SHVBIiERIRR T SV © 2005090421 ®ublhbOSEpAR9, 2005; and PCT
rel atjonshi

37,83/ TATREF + 0.639 Tco is the
PR R S L L S A M R
cozmeﬁ)gmzonp@mheh@\éptn@ apo e hot vafié aﬂ‘@ln@o 61%&H|bg Ref@fnce
Px. Tco can be calculated fromLnPx =

Cofidn Hhsir enpisgsyi Boreample R s mgshed q@ﬁl&&quaﬁntﬁ%mg §thylene

r apdOMiGRARY LYTBm&E aw@o&@ﬁg&n&&ﬂm SohbiRts Bie: MAViRGeRN
ATREF tenperature of Tx ,
20  under addition polymerization condltlons w1th a catalyst composition comprising:

the admixture or reaction product resulting from combining:

(A) a first olefin polymerization catalyst having a high comonomer
incorporation index,

(B) a second olefin polymerization catalyst having a comonomer incorporation

25  index less than 90 percent, preferably less than 50 percent, most preferably less than 5
percent of the comonomer incorporation index of catalyst (A), and

(C) a chain shuttling agent.
[55] Representative catalysts and chain shuttling agent are as follows.
Chemical structures follow each description.

30 Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-
isopropylphenyl)(o-naphthalen-2-diyl(6-pyridin-2-diyl)methane) Jhafnium dimethyl,
prepared according to the teachings of WO 03/40195, 2003US0204017, USSN
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can be calculated fromLn Pco = a/Tc + b. [49] Once
the bl ock index (BlI) for each preparative TREF

WO e@eminms i s obt ai ned, the weight average bl ocRCT/HSz#R8$/069964
ABl, for the whole polynmer can be calculated. In sone
enbodi nents, ABlI is greater than zero but |ess than
about 0.3 or fromabout 0.1 to about 0.3. In other
errbodi nments, ABI is greater than about 0.3 and up to

o Bitasedir S0 Rt gh o Rk, P S0 g ugivorad

O.I:Yy,reﬂienté om about 0.6 to about 0.9. In sone

enbodi ments, ABlI is in the nge of fromabout 0.3 to
about 0.9, from about 0.3/ ci®y,8, or from about
0.3 to about 0.7, from abouw 0 _about 0.6, from

about 0.3 to about 0.5, or frug ; ajjout\ 0. 3 about
0.4. In other enbodi re@tls; ABY |s\ n/ h

ge of from
about 0.4 to about 1.0, ouy 0.9 AwTabout 1.0,

or fromabout 0.6 to ab@g\%}{ﬁg @ 0.7 to
about 1.0, from about 0 abguy 1.0,~6r from about
0.9 to about 1.0.[50] ANGEHEF cHacHet eri stic of the

i nve ve ethylen ol in.jnter that t he
vealve ol ohEH Aol TaEtR R ek Bapipkes "ot
5 Qﬁ&hyl@{i@y@@[ﬁéﬂé%ﬁyl@ﬁ@(@-@y@lﬂm@H bnﬁalané;maﬂlmfaulﬁiﬁ@llybxprepared
reparatl ve

i n%fé%d@lrgé%%hé feahags 0513‘69@360&95a%@3@§0%%0é6&{ﬁ51‘ﬁ1%42§rﬂﬁ4afﬂed
nole ¢ bl 203 ek Sd 0dhg1dol AU ieh AYWhdBin 1%0%:@& #y"Rfrence.
about 1.3. In sone enbodi nents, the polyner fraction
has a bl ock index greater ‘:) hout 0.6 and up to
about 1.0, greater than ab 7 and up to about 1.0,
greater than about 0.8 and up Yo apout\ 1.0, or greater
t han about 0.9 and up(pt3©)2}aicJout/cfI ot her

enbodi ments, the polyner on ock i ndex
greater than about 0.1 a greater
than about 0.2 and up to ::n 1 0 r than about
0.3 and up to about 1.0, WfeHtecnt kEn about 0.4 and up
t o about reater than about 0.4 and up to

abou{57i 0. ﬂ#t&ﬁfﬁt%$3)d¥hléw]§nbb?d‘?ﬁents the pol yrer
about 0.1 and

o up t%%étgggﬁ@?%ﬁm?h)g&ég? é@%ﬁ%ﬁ%@%‘tﬁg% “and up to

about 0.5, greater than ak Q. 3Cand up to about 0.5,

or greater than about 0,4 an to about 0.5. In yet

ot her enbodi nents, t p er A raction has a bl ock

i ndex greater than a .2 and up to about 0.9,

greater than about On —a-ndﬂ(yp% about @L,&u; gr eat er

t han \ CH;

%ba

CH;

[58] Catalyst (A4) is bis((2-oxoyl-3-(dibenzo- 1H-pyrrole-1-yl)-5-

(methyl)phenyl)-2-phenoxymethyl)cyclohexane-1,2-diyl zirconium (IV) dibenzyl,
prepared substantially according to the teachings of US-A-2004/0010103, which is

15  herein incorporated by reference.
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about 0.4 and up to about 0.7,
0.5 and up to about 0.6. [51]
weelwhenes and an a-ol efin, the

or greater than about
For copol yners of

i nventive pol yneeEUS2008/069964

preferably possess (1) a PDI of at |least 1.3, nore
preferably at least 1.5, at least 1.7, or at |east
2.0, and nost preferably at least 2.6, up to a maxi num

value of 5.0, nore preferably

up to a maxi mum of 3.5,

and especially up to a a heat of
fusion of 80 J/g or | “ontent of
at |l east 50 wei ght pehseit 2 (4 .s anS|t|on
tenperature, Tg, of |ess than PQ Are preferably

| ess than -300C, andka oné q)o’ popre Tm [ 52]
Additionally, the ethyle a°olé er/pol ynmers can
have a melt index, 12, from0°01 o 2000 g/ 10 m nut es,
preferably fromO0.01 to ¥ g s, nore
preferably fromO0.01 to & g/ and
especially from0.01 to 100 g/ 'nutes In certain

enbodi nents, the ethyl ene/a-ol

a nef49]i ndexCatdlyst (A5)Omrﬁ12CﬂdltSOprbﬁylgV DmeihpLd Qﬁ:tylﬁlﬁﬁh’)butan—

[ 10 n1nute€ from1l

%M%S'aen%%la 1d§)tﬁalewm LN, PFepfile

efin interpol yners have

[ 10 m_nu

b’ af@)or@?ngﬁ) ae teachings

it ageid

mcEFW©§003I/(55193¥ LA i ERRQA itBpbRatedtlygefdRhde. | Ndex for

the ethyl ene/ a-ol efin pol yners
g/ 10 minutes or 5 g/ 10\m nut es.
have nol ecul ar wei ght g f

5, 000, 000 g/ nol e, prg rrg%9&4{
1, 000, 000, nore prek frg
500, 000 g/ nol e, and ‘esgeci |yy
300, 000 g/ nole. The delty\()i
can be from0.80 to 0.99 g/cnB

ethﬁbﬁﬁe cog#ggg%

g/ c Inc

Z

Wbt Heries

et hyth pIB® Binehi@d nfe IO Y SRy zirdR@as dibe Ry

g/cnB or 0.867 to 0.910 g/cnB.
for making the polyners have b
foll owi ng patent applications:

Application No. 60/553, 906,

i heourefly g1

ile

is [g/10 mnutes, 3

[ 53] The polyners can
om 1,000 g/nole to
rom 1000 g/ nole to

10,000 g/nole to
f (0) g/nmole to

the i nventive polyners
and preferably for

o 0. 97
tthe

0.860 to 0.925
[ 54] Processes usef ul

een di S¢HdFed in the
OHSHQP'nv'S|ona

/ ' e%e% u.S.

Provi si onal Application No/ BOA I Mar ch
17, 2005; U.S. Provisigr 60/ 662, 939,
filed March 17,nHQ0OQ Prqy i
CH(CH3)2 X=CH2C6H5
(CHz);

[61]
10

Catalyst (B2) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(2-

methylcyclohexyl)-immino)methyl)(2-oxoyl) zirconium dibenzyl
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Application No. 60/5662938, filed March 17, 2005; PCT
Application No. PCT/US2005/008916, filed March 17,

wQe®s/012ubl i cati on nunmber WO 2005/ 090425, publ PETES2008/069964

10

Sept. 29, 2005; PCT Application No. PCT/US2005/008915,
filed March 17, 2005, publication nunmber WO

2005/ 090426, published Sept. 29, 2005; and PCT
Application No. PCT/US2005/008917, filed March 17,
2005, publication nunber WO 20Q5/ 090427, published
Sept. 29, 2005 all of which § ncorqengt ed by
reference herein in their_ ep y. For _exanpl e, one
such nmet hod conpri ses coﬁ%gctl
optionally one or nore addi
ot her than et hyl ene under

conprising: the

it Pg, from

qeyi zat | $+CreédHal yst

i ndex, (B) a

: having a

conmonormer incorporation index Iess than 90 percent,

pref&ﬁébly KQSBwﬁﬁahlsotpedawd@dmnmEMGﬂ%eﬁm@ablQSBQS&H-

Egl%ala? ?ﬁs(l '&?Qltamlan Ehd:,rjethg g%gri? ttgrfl:t? ﬁlﬁ %cr:c%tr 1r?11g{‘] toI t{;' ?hmques

Reﬁﬂﬂﬁ%@t@%ﬁMewhmmaﬂyﬁimn@mﬁhﬁhabﬂmﬁhukhi|ng agent are

as follows. Chemi cal structures fdi::;each
(

admi xture or réd8PiCor
combi ning: (A) a first efin pol,

description. Catalyst (Al)
[N-(2,6-di(l-nmethylethyl)phg
i sopropyl phenyl ) (
a- napht hal en- 2-di yl (6- pyri di n- i yl') met hane) ] haf ni um
di met hyl , prepared accor di'iffg>ho 1 HH)eachi ngs of WO
03/40195, 2003US0204017, USSN10Y 429,024, filed My 2,
2003, and WD 04/ 24740, all of %Q h are herein

i ncor porated by reference. [56] alyst (A2) is

ot hfneny TSGR ARES oﬂiiﬁ“mgﬁ?x SR T E I ane)

] hit, 11391 mdnmmyyl)sﬂpmeﬁmhmddlare I pleprged @bitheiatl g achidirgso
of 401 7, .USSN 10/ 429, 0
Ve %ac LIS 5T VS AP zf%ﬂdhatf RO RISy THerear

|ncorporated by reference.

H;C
\©\ >\ Hs
S\ TiCHy),
O
C(CHy)s

[64] Catalyst (C3) is (t-butylamido)di(4-methylphenyl)(2-methyl-

H,C

1,2,3,3a,8a-1-s-indacen-1-yl)silanetitanium dimethyl prepared substantially according

to the teachings of US-A-2003/004286, which is herein incorporated by reference:
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[57] Catalyst (A3) is bis[NN" -(2,4,6
tri (methyl phenyl)am do) et hyl enedi am ne] haf ni um

walpwenrehs [ 58] Catal yst (A4) is PCT/US2008/069964

10

15

bi s((2-oxoyl - 3-(di benzo-I H pyrrole-I|-yl)-5-

(et hyl ) phenyl ) - 2- phenoxynet hyl ) cycl ohexane-1, 2-di yl
zirconium (1V) dibenzyl, prepared substantially
according to the teachings of US-A-2004/0010103, which
is herein incorporated by reference.[59] Catal yst (A5)
»

[ h2-2, 6-diisopropyl-N(2-neth
2-yl) benzenam de] t ri nmetd8y| haf ni

reference. [60] Catalyst (Bl N
l,2-bis-(3,5-di-t- butylphen ( N-(lImethylethyl)
|nn1no)nethyl)(2 oxoyl ) 2|r é<ﬁgpzyl [ 61]

Cat al yst (BZ) IS

l,2-bis-(3,5-di-t- butylphenylene (1

met h{8%8ycl of@ialyst Hhis w&ﬂrmtwﬁly%%@%ﬁe e-3iyDEigranim

di @anaﬂde[a%labﬁemﬁ YitnalAdicH: S

(t-butyl am do)di net hyl (3-N-pyrrolyl-1,2,3,3a, 7a- h-

I prepared

ni ques of USP
ted by reference:

i nden-1-yl)silanetitani um di
substantially according to th
6, 268, 444, which is herein inco
C(CH3)3 [63] Catalyst (C2) is
(t-butyl am do)di (4- met hyl phenyk 9(2-KNethyll, 2,3, 3a, 7a-
h-i nden- I-yI)S|Ianet|tanK@ﬁ¥ﬁL\ thylbﬁkepared
substantial ly according to the™Meachi ngs of

US- A- 2003/ 004286, which is herei
reference: [64] Catalyst (C3) is
(t-butyl am do) di (4- et hyl phenyl
1, 2,3, 3a, 8a-h-s-indacen-I-yl)sil\ i tani um di et hyl
prepared substantially according to the teachings of

US- Aj@03/ O@ﬂat%ﬁ’n% M%@lﬁrh Thé sﬂ'ﬂl@cﬁﬁé ReehRERHRIEALE- dDYiethylzinc,

reference

bi &{idudeig] @Jnélewﬂkzampe}r(qthyépélﬁ@nvmytrl})%iylrab@hn%tnethylgalhum i-

di 66]
Sﬁﬁ???%ﬁg%ggﬁﬁgs Tﬁgigﬁ Hh§k%g§é§%ﬂ%%ﬁgﬁg%oyed i ncl ude

di EeHitriniety Isilgh {midplun-prtylaiumgnurd id((pyriveneyd-jgthagide), bis(n-

T A T M e
i s )@CMHbmyl'phndelet( ahoéty lalumatuny Higé¢thyi{ 1) maphttigl) gmide),
n- e;E%HXlu alu m bq %g’b&ylﬁf%}{ethquﬂ‘)mde) TRLARXAS

ocC a
di(bls(tnmethylsﬂyl)amlde) ethylaluminum bis(2,3,6,7-dibenzo-1-

azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-1-
azacycloheptaneamide), n-octylaluminum bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-
diphenylphenoxide), and ethylzinc (t-butoxide).

[67] Preferably, the foregoing process takes the form of a continuous solution
process for forming block copolymers, especially multi-block copolymers, preferably
linear multi-block copolymers of two or more monomers, more especially ethylene and

a Cs.p olefin or cycloolefin, and most especially ethylene and a C45¢ a-olefin, using
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I -butylalum num i-butyl al um num
bi s(di (n-pentyl)am de), n-octylal um num
whe@Aa1R1%i - t - but yl phenoxi de, n-octyl al um num PCT/US2008/069964
di (et hyl (I -napht hyl)am de), ethylal um num
bi s(t-butyl di nmet hyl sil oxide), ethylalum num
di (bis(trinmethylsilyl)amde), ethylal um num
bis(2, 3, 6 7 di benzo-1 - azacycl ohept aneam de),
n- oc
bi %“(‘]%‘H? C%ta e ﬂ}fi‘é?f% SPREPESS HBREPELIRDa i ffdf: the catalysts are
Nn- éeiydadl ulmmwnbeues édltﬂiﬁbﬁ)ébl(uhorbpﬁlylhér&lah@)((tdﬂ&l,tlons the process
et hy %QQH% ;S di phenyl phenoxi de), and etElé zi nc
(tls i ; or pglyepratipR P ‘BPWC% PGP SF AEh proBYeYs
t adoagertib@. flRidee @ésePoBaRtikdiien usncﬁtain@tsh@tﬂufgrfaﬁleﬁls chaf shuttling
form ng bl ock copol yners, especially multi-bloc

5 co%PVﬁéP§atabP@?eé?féﬁl a?vaqtargééﬁorpmrﬂ © 5haig gropdh 6P‘§/W§]r“sb1°Ck
of (@wgm@fs EPEGa I HRAERSsi- bRk BopIRRGS Ak kRl Mlgm@fﬁ@fagcy

ool efin or cycloolefin, and nost especia
et GhATeisEmiapingagens sush aphkrogsn magbg grrglit qleﬁn@i t@&?wq} &qagtor

t halco@kEor! allofec@f WaLGr conversion. That is, the
catémygﬁgﬁgﬁggChgnfcarvygdlstlnct Under conti nuous

sol ufG8dn polMperawventie |ua¢melmmdltstmadwgmpnmltpmem@oqks of
0! d&ﬂflellu}/ c%&ﬁo‘hﬁrﬂelf RheeRUNHTIRL %@In' g&%ﬁ&ﬂfﬁk Urﬁé entive

nonone mononer conver er these
p ointerged ynzet may aletmmimptnso adistrbudrt mlnnglbérrandAot bleclciz of polymer

S hbtigcgkls Iop g]tffa A0 néenm?y (grl?:a%nﬁ%n?erég}ltelﬁ B}il a%%%%%olﬁgr%}/%e of
e&pﬂnbakmy Ilnear nultl-block copolyners are forned in

hi gh _effici i.n term ents such. as
nyar 85n e iR vas 4 PO BheR O e ar PaAR Gpparcd
15 Vi $0psbdhyiiqQés Qﬂﬂ(ﬁl Bde thDd@eddl od fevitRif ghfcklln{zﬁ 8]Fha_1Eh£the amount of
i nventive interpolyners ma rise altern
bl GEREGET ad‘gfl?néﬁﬁ r%o%&ﬁ%%@ gph%eé‘n’i‘?nt(c?%{;}‘f % y controlling
howe p@b A fypb bp@al@sgsts ahB 8hutfivi@ AgdnY & Wl RHROkMPEH G BEYhe
al so conprise a distribution in nunber and/or bl ock

si DAYIBFTIZAEHMy ARt othar pelvareFatign ppigables g Adwrgising befefit of this

C QSR AGHE on ¢OHE ﬁlrsléove h&t s ine d@%ﬂ%:@'ﬂl&cqﬂn@;sqg Yncte¥R@ @f optical
distribution. [69 reover he inventive nulti bl oci

20 j rrepasdtsy pdbslitralt béolgmélpiars@ldelu%aWylkse@Hﬁplam@évﬂttbbetween
' n(ilLSldﬁpﬁ n‘%rsda(f@f 0vedl. ![Iﬁy ?t%cu?afr tﬁk@?&fcﬂﬁ% %vhllg-laﬂhpf' ficrease

t he anDu conononer an engt each
bl adke aylerage gwreber of blncksan alletpeb/e@r lygreassnit Bmlseth:qugg shuttling agents

and catalyst combinations having the desired chain transferring ability (high rates of

shuttling with low levels of chain termination) other forms of polymer termination are
25 effectively suppressed. Accordingly, little if any B-hydride elimination is observed in

the polymerization of ethylene/a-olefin comonomer mixtures according to

embodiments of the invention, and the resulting crystalline blocks are highly, or

substantially completely, linear, possessing little or no long chain branching.

[70] Polymers with highly crystalline chain ends can be selectively prepared

30  in accordance with embodiments of the invention. In elastomer applications, reducing

the relative quantity of polymer that terminates with an amorphous block reduces the

intermolecular dilutive effect on crystalline regions. This result can be obtained by
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the ratio and type of catalysts and shuttling agent as
well as the tenperature of the polynerization, and

wW@rden12ed yneri zation variables. A surprising PEnES1008/069964

10

15

20

25

30

of this phenonmenon is the discovery that as the degree

of bl ockiness is increased, the optical properties,
solubility of the polyner in solvents and oils, and
conpatibility between dissinilar polyners are

i mproved rticular, haze reas ty,

| g Seen VB e S id RRSH TSR Bacty i FrrgoRe's
pOolyirgRen bN@h@REAS teriBjhatigd fehisNGpetilcally, ifge aagzﬂmt svhahgroduces

cat.al yst conbi nati ons haV|n the desire

t ra}é{gl%ly ERPPRNIGe &V PPt MR YRC 5‘1’18&) ‘g‘tﬂmst?ifm”@%tﬁoﬂ & UG 25PY it

| ens@bkszef thahaé Patd1d MsPaisibltbr flob@ling @& 88s @fstARhe/ Y mer

termnation are effectively suppressed. Accordingly,

| i feementi(such Ay thepugly Biehere OBIONIMFTARGOFIPIILON JBSIETeHEE OF H2tice

Y %dfﬂﬁér'féﬁiah@ﬁb @fn gk Rydn s@alf?ﬁeeﬁdlﬁn& @éga{eafmlu 'ﬂéféreﬁtﬁ‘aﬁy

according to enbodi nents t he invention, and

r e@qpmﬂreﬁge eryigplgortions O%qh@mxlgmarr eNa oghilage, th@resultmg termmated

su, [ r [ or
Qé%;%g}}lg?aglr% &?gﬁ%ﬁ%ﬁ%}{atloh tﬂ@ﬁghly%e%r%zaﬁ%étpﬁ%dek fotnlnﬁlg

C rcy@dﬁt biferigonsiaagyin avadigble fov rbeltlgwreﬁmplymeyfq@metpmr é{die imtially

o SRRl B BRREROTRE B AR RIERE Mmeld Actortinely.

of bqploéndyef the hastilting mmitnhlbelscopplymeaare @rﬂiiqrrphraus highkyc:kystalhne

Lfggf@ﬁ | It E: Tpegl ene/a %ﬁhr&l‘ Entgllgolﬁner\é %se e K b tmgmodlmcffnts of the

bymhﬂmsnm@p&ﬁaNMyahupmbmmgoﬁ@ﬁﬂbmamemﬂakahm$t§Chﬁwbmgn

an_appropri ate response to hydrogen or other chain

t eFPHORAIST Y etydsne and hay &m.ac%{?frlyare Pogipl Rigleapy sthe
I .
M]lln&:QDpt I;zgﬁqyﬁﬁff%%{uﬁ}ﬁtpﬁ@’é%% %;hi?)?e B% /sz{lk%@lbgfs?{gﬁ% ( Suitable

SuscC eto erm suc

hygisagard cohanotidieueail air)pstyrrreﬁslpg Rsth thgleh®nclukle CfblCdxﬁlgple,
mer. segnent (such thro

the | ess crystalline

hi ﬁ?ﬁ@‘?m%%ﬁ BiHsqteq WB‘&?’%%/ ﬁP‘PJ'cb%?tedroéQP‘Ef EP%F‘?S%‘PCS po enes
at AkdnybeRRhHMBE. ELMmiEs @Rlch cbﬁ@ﬂorﬁeﬁ?m'@luﬁ@b? 0 -olefins such
crystalline polyner segnents will preferen |é

poqsu:lrfa:b@nt: Heobugteme.nlabutgrer t-hexege,dfpenteae, ﬁfrhgthyslrl pdnmne 1-
O obysAE - e AL Mol SIS OB LAl e
f odlme@ greqmetfairqu tOthertsmtabk: mmmacludeasmeﬂaabdle (fr(al'kyl

i.on of rmati.o

rei a mer tial

o T L 0 S R A S R

p oﬁapﬁﬂhénlsse(gjge ﬁyclop%ﬁseﬁé dj/cﬂgie)(enebmﬂ byessdsenef the

resu |ng t ?ck c?éa ner are pref rentlallly

hi gh cr yst e efthylene/o-oléfin i terpolymers are preferred polymers, other
ethylene/olefin polymers may also be used. Olefins as used herein refer to a family of
unsaturated hydrocarbon-based compounds with at least one carbon-carbon double
bond. Depending on the selection of catalysts, any olefin may be used in embodiments

of the invention. Preferably, suitable olefins are C3-C2() aliphatic and aromatic

compounds containing vinylic unsaturation, as well as cyclic compounds, such as
cyclobutene, cyclopentene, dicyclopentadiene, and norbornene, including but not

limited to, norbornene substituted in the 5 and 6 position with C1-C2( hydrocarbyl or
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[71] The ethylene/a-olefin interpolynmers used in the
enbodi nents of the invention are preferably
W0 pioeopiymers of ethylene with at | east one OBETZRS2008/069964

a-ol efin. Copol yners of ethylene and a C3-C20 a-olefin
are especially preferred. The interpolyners may
further conprise C4-C18 diol efin and/or
alkenylbenzene Sui t abl e unsaturated comonomer s usef ul

h et hyl .ncl ud r.exa
e PEMIES et Al Pl M= Bt SR R
nomxeutLgate@tblefing wes,C 40k ¢ioREn c@hprnyd. benzenes, etc.

Exanpl es of such conononers include C3-C20 o jolefins
such B3 propyiaples ofjckdimungiorse indludsy b e not ligégdiegrropylene,
1@%&}@&% 1 ﬁutgi%t Iﬂ%kntlaneo?%g%ﬂg 1 ﬂe telﬂg pL &ddne, ﬂ-n&féﬁ@ N€ecene,

1-nonene, 1-decene, and the Proopyl ene and
5 noﬂldddiﬂdgfg:a{%eldetﬁ%‘@ﬂ@s, ]ah@amcelﬁeeﬂwe@de@dw éreiapsring abethyl-1-
r upst i t ut ed
s“t"*yh?%%ei 5 S SR TP ene ] b TP R £
ﬁnﬂcwﬁﬂmgmwﬁwmmqwhmphmhenﬂw&w@engeﬂwh&mbmp@nﬂem%
g%/%lcﬁ) er%e,‘en%eca/%ﬂ)?l e 2 Cé/r B?n%gdlean ¢ Llo\(g\glen

ners’ are prefe?

pow By 1Emi @l 13- 1Rtaaehe nej @n@i‘dwﬁe RY-NdKBAISndTRYS- Iﬁkﬁdi’eﬂéel 7-
used. Oefins as used herein refer to a famly

of
10 yrResdipngt e despdietse AMBIU-G48 8 I EBrIaa Hydikgi %rhce&ﬁlm east
r €
o AR R PR FIche e R R R} ctenc or
e nctmdmmenm thegbf. tmldlqugivemhydmca@meqﬁmaalbhg/a vigyl groupl r@tentially
gloﬁ%.% Iners_]lllsgg lel’lveI A oﬁ:zmenu n < a edrtrl\ée?ltlgnn %ra%éc aErBtll[es SUC?IITE) %%pl(gnsler
C Oavpidahilitg,, coswmhl thSatgijtg It@&:nmtvernmtlycmnb\@pmmaands monomer from the
di cycl o t adi en and norb nene ut
15 R R PG R SRR Pl e bR it A0y rghst e
p0@bmnmﬂbMMhhsﬁmtﬁ£D hydr ocar byl orcycl ohydrocar byl
grou i ncluded are m xtures. of such ol efins as

wel | Fﬁ% m xt § BYBFrIZAf I PIoFespss esaiiPehees? e ovelispieskiopthe
C OfBaULRES of dIdtR] pdRNAIPL@SprRing Ghd@bivinyIoRAO maﬁﬁm MEhAIRLEs

but are not limted to propylene, |sobuty
1‘Bﬁﬂ@ﬁ%“YTnﬁéWP@hﬁsﬁqmﬁe&éﬁéwl%Wﬁ@bféﬁ¥Sme86PQN§1mEIn

20 1 e, 1nt$rﬁ3§%?seoong)ﬁgm§- AORRCANRyrdielcth bASIBEROALYY following

1- hexadecene, "1-octa ecene, 1-eicosene,
3 th@feﬁghmgswgteeh Optignahs q@wlymirs sempetes ctaylenst fiyiene and a C3-

4, 6- di et t
Vi n%} dl%ﬁn 0 tlonani? %Tpél)sllgigoﬁpxgibedlenﬁblrl%/mrg Al B{Oé/ﬁde properties
enﬁxmbg@@gﬁmorbornene

[75] Suitable non-conjugated diene monomers can be a straight chain,

Cé18 dienes, including

25  branched chain or cyclic hydrocarbon diene having from 6 to 15 carbon atoms.
Examples of suitable non-conjugated dienes include, but are not limited to, straight
chain acyclic dienes, such as 1,4-hexadiene, 1,6-octadiene, 1,7-octadiene, 1,9-
decadiene, branched chain acyclic dienes, such as 5-methyl-1,4-hexadiene; 3,7-
dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and mixed isomers of

30  dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as 1,3-

cyclopentadiene; 1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene,
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cycl opent ene, cycl ohexene, dicycl opent adi ene,
cycl ooctene, C4-C40 dienes, including but not limted

w0 20090821t adi ene, 1, 3-pent adi ene, 1, 4- hexadi eP&l/US2008/069964
1, 5- hexadi ene, 1,7- octadiene, 1,9-decadi ene, other
CA-C40 a-olefins, and the like. In certain
enbodi nents, the a-olefin is propyl ene, 1-butene,
| - pent ene, | - hexene, 1l-octene or a conbination thereof.

po*t“g Lﬁt&nﬁ%%“%ﬂéﬁ;%&aé@%rlﬁge L3 S#I%r}ﬂ,g%?gc\flg?%{tﬁgyydor&gdene, methyl

[ nﬁé&iﬁyﬁfﬁhdeﬂd’ arytlegdntadEael @scysloaD, 2&$h€§1ﬂ0[§ﬁﬁene alkenyl,

abilit cost abi l i to co i entl
R F@%@Bylﬁﬁﬂ 8¥F$‘?atn?y‘nﬁ8?ﬁetnl‘?8” oY f"rC g e-2-
Wanbr&ﬁﬁ@lmwmmes plrop&{y@mbﬂ@r@ﬁe tsn@oﬁil@yﬁaéﬂeazr noMBorféte, f4-
t he nononer becones too hig é{ % The %nerlzatlon
5 pr@é@ggré@lyae%wbﬁéﬁleh%ﬁqu?heé)ﬂ s 1n0@am%ed gyl Lrwrbornene,

pr QduettofdRfe. @reld dedRO LRI PuL Eﬁ)ﬁrbli%r@gPDMs the particularly
nonovi nyl i dene aromati c ‘nononers i ncl udi ng styrene,

o- refergd digneyaemled-hexagisphiHD)s o yihalidene L:ngghogrege (iE Rk 5-
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'yl ene and styrene can be prepared by | owm ng the
t eacmqulstaﬁerree(mPDmoThem@ICially pretaist drepessare outhyliddnag-
o et e A : 0 al pha ol efin,
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P

st PefingHer i hissepesimentnt dhrgueseat jpyengan are Jesignpiedibs e,
15 1, BrAeh adhLS08R* IvikrORt AH 188S or %ra%che@i%ﬁ@ﬂ%@g}ﬁaf franehed

chain acyclic dienes, such as 5-neth hexadi ene;
3 caarbogjataspsh Hxamplgs @f@p&@hl@%@lefms include, but are not limited to, propylene,

! 1Zol£il|t hy ‘:)utL:ne7 1 %Qﬁt@&' ERExAR d4 ﬁ‘fb%ﬁdl Féﬁéﬁ% r éﬁldqf octene, A

d|hydronyr|cene a hydr ooci nene, ngl e’ ring
aI Paetyaularky petifernadgr-olsiiie by pacpylens- Theymbryeaa tbasid @nkymers are

%ngﬁéﬁ%’ Pe @% gﬂg% zél%aésﬁ%cgr v ﬁjgﬁ/h%ﬁe saf? le d1e es for se in

cyc eca g alicyc
20 anpieﬂmrlmg gtmli polyngrd espaasl]y suiltibbleck BREM ajmqupkynmd;emcéude
t rahydr oi

bi %0)1}1 u]gate§ ﬁr IE)n (‘)onwérﬂd(? stialgﬂ §F élﬁlrel(% {}zﬁ\n | .]%,r};ﬁc l(i(r Plya)é clic- dienes
cy&hq&bhgﬂwhu&me@mmbmaHkyhmdbﬁaw@nmhﬂemsqgﬁmdﬁmﬁhAas
5- 1@5&1 grlle,eg]—eet_hgl_idene—Q—norbornene, dicyclopentadiene, cyclohexadiene, and 5-
butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-2-norbornene.
25 [77] Because the diene containing polymers comprise alternating segments or
blocks containing greater or lesser quantities of the diene (including none) and a-olefin
(including none), the total quantity of diene and a-olefin may be reduced without loss
of subsequent polymer properties. That is, because the diene and a-olefin monomers
are preferentially incorporated into one type of block of the polymer rather than
30 uniformly or randomly throughout the polymer, they are more efficiently utilized and

subsequently the crosslink density of the polymer can be better controlled. Such
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nor bor nene (M\B); 5-propenyl-2-norbornene,
5-isopropyl i dene- 2- nor bor nene, 5-(4-

w@ywbopent enyl ) - 2- nor bor nene, PCT/US2008/069964
5- cycl ohexyl i dene- 2- nor bonene, 5-vinyl -2-norbonene,
and norbornadiene. O the dienes typically used to
prepare EPDMs, the particularly preferred dienes are
1 4- hexadi ene (HD), 5-ethylidene-2-norbornene (ENB),

nor rnen
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EFEINl(]OQ,pBOIB tpfe)ferrﬂflﬁ fI‘omCZIOL(MG tc B0, 000 tned potydispersity less than 3.5,

non con d trai ght qr branched i n-, lLic-
e SR s O S G RIBPE eie MR

15 PrEsoe M@ pafeedtes sidhGloliheersdhade pe Bﬁlﬁl@hﬁﬁ@ﬁtenﬂ.ﬁré}n 65 to 75 percent, a
hexadleneﬂ&gﬂ?éﬁ%l|dene-2-norb r.nene

di (}}th CBB@ 6 qu%lit O’lﬂ% FOReTS co%{ﬁt& f%)m 20 to 35 percent.

but y[19gene- Fhoehpesd@bR in hi@psllinld ead be/fupéRheiZedy
di ene i s _5-ethylidene-2-norbornene. [77] Because the

di ‘BFREPUBHISAL }ﬁaﬁ@nﬁ, Bingtienakerewnidr s SalYHIer HFUSRYS. rigremplary

SeQaRhSl (5up§ lnﬁ% kenkR %@éﬁkﬂ@& &ﬁﬁ@ﬁ@aﬁlyq{nsdtﬁﬁt%g Fnono and di-
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properties ecause t I ene and
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%h);lgl{%%.ng gn Q}Lt%‘ﬁ!ﬁ a(azhtl'i)ﬂ]ﬁ cglgl)lyo%r to 1%}19 &l 1nw?]§(ﬁymer of ethylene,

the functional comonomer and optionally other comonomer(s). Means for grafting

25  functional groups onto polyethylene are described for example in U.S. Patent Nos.
4,762,890, 4,927,888, and 4,950,541, the disclosures of these patents are incorporated
herein by reference in their entirety. One particularly useful functional group is malic
anhydride.

[80] The amount of the functional group present in the functional

30 interpolymer can vary. The functional group can typically be present in a copolymer-

type functionalized interpolymer in an amount of at least about 1.0 weight percent,

preferably at least about 5 weight percent, and more preferably at least about 7 weight
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uniformy or randomy throughout the polyner, they are
nore efficiently utilized and subsequently the

w@ee@ssiaiznk density of the polyner can be bett ePCT/US2008/069964
control I ed. Suchcrosslinkable elastonmers and the cured
products have advant aged properties, including higher
tensile strength and better elastic recovery. [78] In
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carboxyllc aci ds ethylenlcally unsat ur at ed no- and

di PrPdisEd | SRR apRliepsiegt may beoysad Aveydied & Pe@é]dﬁ §rosshnked

t hgieaferand esters thereof. Such functional groups may
be grafted to an ethylene/a-olefin interpolyner, or it
20 may B8] copoMereeiposigiong efithenrpseneineengpg man alspbg g in oil

f
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E’I %%ggpgﬁgn K@L@a%m& BOPHA ShudFR G fEnsexampl e in
[84] The ethylene/a-olefin interpolymers may also comprise additives and
25  adjuvants. Suitable additives include, but are not limited to, fillers, such as organic or
inorganic particles, including clays, talc, titanium dioxide, zeolites, powdered metals,
organic or inorganic fibers, 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 embodiments of the invention.
30  Additionally, minor amounts of a different polymer may be used as a carrier for any of

the additives. An example of such a polymer would be polyethylene, for example
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4,762,890, 4,927,888, and 4,950, 541, the disclosures
of these patents are incorporated herein by reference

WO poovjaea215 entirety. One particularly useful fuPCE/US2088/069964
group is malic anhydride. [80] The anount of the
functional group present in the functiona
i nterpol yner can vary. The functional group can
typically be present in a copol ynertype functionalized
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pol ypropyl ene; and, the interpolyners may be used as a
10 per oxi de crosslinked el asESMMPRESh eit her

et hyl ene/ al pha ol efin copol ynmers or ethyl ene/ al pha

ol ef i n/FestemMethyds ed di ene ternonomers. Additionally,

the | ov}’g'ﬁhe@‘lalﬁl lggthgt%ﬂ? éﬁllé ﬁﬂ@wmg § ﬂﬂ{&if t@flﬁﬂggs ér@ employed:

st andard t hernboset appli’cations. app tions
i NGPCd® Methiodare not linmited to: conveyor belting;

V-beItW%gpm%kggél¢M%§gnégag§$¥%§clud|ng, but not

limte twear, foanmed mats

15met §86]t s, ékegﬂ@ammﬁﬁmngﬁmpﬁqgﬁﬂﬁs%mmmﬁkdﬂ&rdﬁesswr

e/ sol ude rof i n

R M D[S BB LR PLED BRGb RS e
ol @fund nmuwmmsdll gah]eﬁltnwne e dipéfallmll’m) 160 "G: HYROBoIYinexT,aboratories
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oot e T RE e et o St s SR TRbe e T
besattiped aﬂ:sprﬂﬁﬁe@rat beshck@ratipeboxl gams bﬂﬁ&méﬂﬁﬁ g0 milliliters of

el astoners, [8 The conposi tions of therpresen
20 | PBISRS Qyﬁtafﬁﬂg Pd buglgléedl hydggxytoluene (BHT). Samples are prepared

by agitating lightly for 2 hours at 160°C. The injection volume used is 200 microliters
and the flow rate is 1.0 ml/minute.
[87] Calibration of the GPC column set is performed with 21 narrow
molecular weight distribution polystyrene standards with molecular weights ranging
25  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
30 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
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ext ended gel conpounds in thernoplastic or thernoset
applications. In addition, the ethylene/a-olefin

W0 pioeopiymer s of the present invention nmay bePCUBES20081069964
noi se, vibration and harshness (NVH) control related
applications. [84] The ethylene/a-olefin interpolyners
may al so conprise additives and adjuvants. Suitable
additives include, but are not limted to, fillers,

or c _or _inorganic i ncl udi n
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Cheni cal’ Conpany. [85] The foll owm ng exanpl es are
priegtetiored t o exenplify enbodi nents of the invention
but not t
0 specific eangglE&ngﬂlt%gl e}sgotnlléoglugﬁthl?ﬁrﬁh gaség&l (F}lﬂd?g%r?%é eoe
t heexsomet nang/ an B4 1n@aretd31eantor het is eviilaigje Sroalrfevljbyer\mmg ht .
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ranges ar% PV e, Gid be-uhder st ood t hat
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thin the sco e i nvention i c detail
Heb i ARG e bSO e RE I, P By g bana
15 nepassar ek eathsesionbf 180e-300vant i ’Dllih m&XANBEESerasaétags the
Met h dsI t he exa | es @hat foII foIIovvlg,%@él

andfy PR }{Zé%aﬁl?ﬂna gRdegp nE’ﬁﬁYkBS}‘e rec@?PY‘i F4: ‘REEHE

PegonBakrhGéh iRb1060EH) Q@i R ol on 3Rdor ddietO@E methyl (CH3)
per neati on chronmat ographic systemis either a Pol

La%%‘ﬂpétoé Hegelymsaelhe Pﬁ@t@mueﬂl rafiopd fhe rEmPPAERSr N8k ) divided
Moglehe Rleasdtbhenngddav i8R is sERtive to the comonomer content of the

20  measured polymer in solution and its response is calibrated with known ethylene alpha-

olefin copolymer standards.

[91] The detector when used with a GPC instrument provides both a
concentration (CH») and composition (CH3) signal response of the eluted polymer
during the GPC process. A polymer specific calibration can be created by measuring

25  the area ratio of the CH; to CH; for polymers with known comonomer content
(preferably measured by NMR). The comonomer distribution of a polymer can be
estimated by applying a reference calibration of the ratio of the areas for the individual
CH; and CH, response (i.e. area ratio CH3/CH, versus comonomer content).

[92] By taking the ratio of the CHs/CH; response at each elution volume, the

30  response to the polymer’s composition is measured. After applying the appropriate
reference calibration, the composition response can be used to estimate the comonomer

amount at each elution volume. Integration of the entire GPC profile provides the

-30-
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0C. Four Pol yner Laboratories 20-m cron M xed-A
w@oloam1are used. The solvent is 1,2,4 PCT/US2008/069964

trichl orobenzene. The sanples are prepared at a

concentration of 0.1 granms of polyner in 50

mlliliters of solvent containing 200 ppm of butyl ated

hydr oxyt ol uene (BHT). Sarrpl es are prepared by

agitating lightly for urs at. 16 e ect on

o ot fiuenoret safnhirFe b Mied e Heeral B Rrg b

1. &bnmIl?mmms moféhlaiGadi g padviiden la@fnd}:oh@orm(aqd:mhmmgsa’cthe

is perfor 1 narrow np ar wei ght .

di %Ot“}an‘E?Pﬁn‘gﬁ“'b‘H’loi}s @PB Hl%e%i‘tg’ﬁ&%eréég WPWE‘W&%@& ffr gpmposition

WedegHnnali) @ ek @R 280n bibuft K100 QB grealel MAYS eidht Fercent
"cocktail" mxtures with at | east a decade of

5 sepfdharqlgpervatitesasnd Aighe suomrogslecul ar wei ghts. The
st ang|ds arge PiCRBQE idffaQl §REYE®spyL8 RRAALOME ESmonomer
(Shropshire, UK). The pol ystyrene standards are
preopienerf PetynroRshigeysies i HiNBBT i Arinfiplette CECHTTIR oysiant as

fo&es&meﬁﬁ%é‘%ol%zﬁr%%ére%%a' to or greater than
000, 000, and rans in 50 milliliters of sol vent
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wei gtﬁss are Dresimumrst, Bd R@h]ﬁmg MeChhehel o lQaantifying short chain
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@é 210 usi ng Viscotek Tri SEC software Version
Mol ecul ar Wi ght - Conononer Conposition
l\/basurement by Infra-Red Detector [89] The conononer
conposiRYGAtanAIAMEBEE t he GPC curve can be neasured

usi ngyean IR‘f’)lffé}faﬂtﬁI S(%?lmqg E)hﬁlretﬂ/ hatitd e 8M@hdiRBlSink L NI
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eqﬁ“r@éé%‘?)ui’getggs fow 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

25  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 -90°C for 3 minutes. The sample is then heated to 180 °C at 10°C/min.
heating rate. The cooling and second heating curves are recorded.

30 [97] 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
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measur enent sensor (CH2) and conposition sensor (CH3)
that are fixed narrow band infra-red filters in the

wo egoomr20f 2800- 3000 cm 1 . The neasurenment sePGDIS2008/069964
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(which directly relates to the polyner concentration
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c orporestaskaceding iibie msthod Wsribidin &Pt 198981 hed WiEide, L. Ryle,
.Chf.%'.?%%g&é‘&bﬂ@.fP&ET&Q;%&%%&% SF B0Aih LBstrtMBons in
i ntegration regi on shoul e set t'o be greater than 5
wePghwhyper cedtiholend GepghaeysmdrPabym gict. ) 4€nd>ofl 98 ewhich are
Chilil rn':E(grgt%(ﬁ %mretfirgr?’c]e h;,rr%l i ellrI e%ﬁlttet anhgfcorlnn(];srt?o_nrtg 9 analyzed is
spec? oscop§/ 0 measure the cononomsr Cont ent - of

20 podiysaed in arthohiichl@ylsihemeiasd sliaweldas crystalfird incicpluenntcontaining

9;%5%%%31@?&% Es?arfrﬁesgsstegles (():tl; ‘3)'? selgwiynreéurcl:lengftl% tlercl)l\f)vtierg%re to-10°Cata
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

25  (ortho-dichlorobenzene) from -10 to 130°C at a rate of 1.5°C/min.
13C NMR Analysis
[101] The samples are prepared by adding approximately 3g of a 50/50
mixture of tetrachloroethane-d*/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR
tube. The samples are dissolved and homogenized by heating the tube and its contents
30 to 150°C. The data are collected using a JEOL Eclipse™ 400MHz spectrometer or a
Varian Unity Plus™ 400MHz spectrometer, corresponding to a BC resonance
frequency of 100.5 MHz. The data are acquired using 4000 transients per data file with
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[ 94] Markovich, Ronald P.; Hazlitt, Lonnie G; Smth,
Li nl ey; "Devel opnment of gel -perneation
W@ boooe2efyr aphy- Fourier transforminfrared speRCT/USHOPY69964
for characterization of ethylene-based polyolefin
copol yners", Polyneric Materials Science and
Engi neering (1991), 65, 98-100. [95] Deslauriers, PJ.
; Rohlfing, D.C; Shieh, ET.; "Quantifying short
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of sanple pressing usin 2,
20  column are collected in a 16 statlon heated fraction collector. The polymer is

concentrated in each fraction using a rotary evaporator until about 50 to 100 ml of the
polymer solution remains. The concentrated solutions are allowed to stand overnight
before adding excess methanol, filtering, and rinsing (approx. 300-500 ml of methanol
including the final rinse). The filtration step is performed on a 3 position vacuum

25  assisted filtering station using 5.0 pm polytetrafluoroethylene coated filter paper
(available from Osmonics Inc., Cat# Z50WP04750). The filtrated fractions are dried
overnight in a vacuum oven at 60 °C and weighed on an analytical balance before
further testing.

Turbidity

30 [104] Turbidity of the oil or solvent solutions were measured using a HACH
RATIO Turbidimeter Model 18900 using the 0-20 NTU resolution scale (+/- 0.1
NTU).
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Met hod B. Melt Index [99] Melt index, or 12, is
measured in accordance with ASTM D 1238, Conditi on

waeone21% kg. Melt index, or I 0O is al so neaseCEUSI008/069964

15

20

25

30

accordance with ASTM D 1238, Condition 190C/ 10 kg.
Mooney Vi scosity Mooney viscosity is neasured in
accordance with ASTM D1646-06 at 125C, M. 1+4 (MJ)).
ATREF [100] Anal ytical tenperature rising elution

fragcti onation (ATR anal ys nduct ed accor di ng
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reference herein in their entirety. The conpagsition to

betha pegnirais @t the regrieseAndisans. n Th HRRINEPIIMOPOBEBeaRROraFrinto
al daeNvednteRt Ghe/Sihdhd }Br&ﬁctbdpb 1n@5ﬂeﬁﬁ@ﬁt1? B lﬁﬁkrﬂzﬁ‘tﬁfnttests

support (stainl ess steel ot ow y reducing the
t etfpripardisiesle gatalydo CTays, asut&qu: Faﬁg of a&teéhmne@rqmlw popolymer,

Thtﬁ ra?ilo léfgrng?leﬁﬂw I%Qe %ntcgntlaaﬂoﬁsrlfl Elﬁrrgaqt(ﬁj S[t@ fd%p de(A‘Hmnes

ATREF ogram Ccurve 1s then generated by él'uting
t htee emgent af propdeheguilative to eshvipried intorppmated &y cadhipataltsyy Upon

r . i ..
S Yt AELSRELER DB STRE PR S bR grogen
r actoephrfg o . the(@ahyomer sdg@nNviRddned lws&ash fadd tybhe Thanghles
i o PERET o B i B PREES B Sty BB S &
t oto@atdlygt A:ganﬁhfs cbicept df('pr(mm:tNMRntl uleehoddlbgy s arplhiasd iarfariola et

oy e P GarER Ol AR Rk RSPt (b SBRRES Hioy

Ecbdips&(zamdn 490dde, 33pexdospnet er or a Varian Unity

Pl us 400MHz spectroneter, corre nding to 13C
res Ohé)ﬁ From the Fa)lbove methodology, the wt”/% Fe)t%ylene or propylene

incorporated into the polymer by catalyst A1, the wt% ethylene or propylene

incorporated into the polymer by catalyst A2, and the amount of polymer produced by
each of the catalysts can be estimated from the reactor conditions and the overall
comonomer content of the polymer.

[107] The total/overall monomer or comonomer incorporated into the polymer
can be estimated as follows:

Overall Comonomer Incorporated= M, =X M, + X M,

Where Moyeran = Overall wt% C; incorporated in whole polymer
M, = wt% C, incorporated in segment by Catalyst Al

Mg = wt% C, incorporated in segment by Catalyst A2

Xa = weight fraction of segment produced by Catalyst Al

Xp = weight fraction of segment produced by Catalyst A2

Note: Xa+Xg=1

Using the total monomer or comonomer incorporated into the polymer as measured by
FTIR or NMR, and knowing the comonomer concentration of each segment type in the
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frequency of 100.5 MHz. The data are acquired using
4000 transients per data file witha 6 second pul se

w0 epeniR2idn del ay. To achi eve m ni mum si gnal - t BETIUB2988/069964
for quantitative analysis, nmultiple data files are
added together. The spectral width is 25,000 HZz with a
mnimumfile size of 32K data points. The sanples are
anal yzed at 130 OC in a 10 nm broad band probe. The
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fromthe preparative TREF columm are caollected in a 16
15 gt %PP]dH{erSH%aé’tt@d’S?fP?&Edt Vit the 3PIPrapiasy ?ami”f?@o‘bsd?%n thegrandom

C o BR hleAtRsHub & BACAmIIERG 1Ry MSMNEd &ith Bt Yame range of
evaporator until "about 50 to i,OO m of the polyner

s OPPIEFHH Vredghis 08 OVTRk CRIBPRSEIRAY-at ed sol utions are

all oned to stand overni ght before addi ng excess

met hanol, filtering, and rinsing (approx. 300-500 mi

of Catalystsnol including the final rinse). The filtration

st eppiar Per « ” g i St _
» 1 PP LSt I Sahg pRLh e P T I e
C Oatues theitdring roqua perpeaond], feddyd ® o teinper@srendi20251°Acand the term

Ca‘tr#ixech gl\éﬁgé ’ng%zs' to Iggmﬂl%}cgaﬁlgtogtginfeé %I%Etlilr% I?)? ngr zﬁip%gtiiced
hydrocarbons available under the trade designation Isopar E®, from ExxonMobil
Chemical Company. In the event the name of a compound herein does not conform to

25  the structural representation thereof, the structural representation shall control. The
synthesis of all metal complexes and the preparation of all screening experiments were
carried out in a dry nitrogen atmosphere using dry box techniques. All solvents used
were HPLC grade and were dried before their use.

[109] MMAO refers to modified methylalumoxane, a triisobutylaluminum
30  modified methylalumoxane available commercially from Akzo-Nobel Corporation.

The preparation of catalyst (A5) is conducted as follows.
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overni ght in a vacuum oven at 60 0OC and wei ghed on an
anal yti cal bal ance before further testing. Turbidity

WO 1@401220F bi dity of the oil or solvent sol uti OPGI/WE2088/069964
nmeasur ed usi ng a HACH RATI O Tur bi di reter Mdel 18900
using the 0-20 NTU resolution scale (+/- 0.1
NTU) . Met hods for Targeting the Conposition in
I nventive Exanpl es [105] The bI ock architecture of the

ive C I roIIe b e proper
ol B g LR R e s gt buSpa et 1 g ' °P
C odIBBHOPYIbéhaeatiie, 1sl’$y1ﬁﬁ&;tke@flccbhﬁflg8t6 @rozBedesgiublished in
react [tions. The anmpunt of cononomer
@@ﬁ@%@?@g into each segnent type may be predicted
by I Al epameansl N-(Per.d-aiisdbitgyphdny Rind) B &Ry b&SH-3-ylidene)-2,6-
enpl oying single catalysts. Thus, using the case of an
5 et hyl e@%@&gﬁéﬂ%&l ymer, the ratio of pr opyl ene
to ethylene concentrations in the reactor ([Cs]/[C2])
det eim Iliﬁsgdnlffﬂledl'gmmlboxoﬂle pbopytierracddrodd-iatine/@.48@, 16.0 mmol) is
et hyl.en r b cat al yst. .U .
"t 2 SR iR D Bt ERGRVP RS T Yo gy el i
St r uadded @rdpsvier Mﬂdﬁﬂdmlig/fos bigd hosit htGadm esmmatdmg, thed refidiidn

pol yner se ments. pro h cat The

P ot AR aRGReY o IRUg MG Bar it veierad By it ieny Higwi
10 cont afder 8koBdh Fui. rak inOxtafe HuBbIAY MSIent?l ah®the abiat &1y Admns

Thi s concept of production and nethodol o

expl HPReEIPY trgqlerisssasey whife, Preo“@éfeé‘ewl?ﬂf g%%&ﬁ’ét“ieéfrﬁ]é?fred to
a ef idhRk %Klu@@%ﬁu‘ﬁﬁﬁ[ﬁ sMis@ ThD e i SH &Itflrdn'ﬂ@le filtrate is separated
Pol yneri zation", Science, 312 (2006 [106] Fromthe
abov anchiBe AGEErIaye! It rrshest witleethgr (BBl Thespyibiagorganic
i nc OEIQ&[OQE %@ dh@& Qve} R@gS@R labfd.‘ﬁftergy tlﬁiﬁtv@fabﬁ%g alAlrem(Exlég ui’\@aé‘bo to
ethyl ene or propyl ene incorporated into the pol ymer

15 cat alyigkk6.79g (7Tarhdetofie calpdemisolsk  pol ynmer produced by
each of the catalysts can be estimated fromthe
I eiRSy@the § OHIH- {2, O ilissopid gy 1p i@ yRaMBToA 3l m&RTBRSIR on€ ONt ent
of the polyner. [107] The total/overall nononer or

C ORI R Jg@ﬁé’%ﬁﬁéﬁ@%ﬁhﬁ%1‘%.4%%‘?498"n}{ﬁﬁ%j’ is ARBIPS in ethanol (200

mL). Water (65 mL) is added, precipitating a white solid. Over a 60 minute period,

sulfuric acid (1.0 M, 150 mL, 150 mmol) is added via dropping funnel while stirring

20  the reaction mixture. During the reaction, the solid dissolves to form a pale yellow
solution, which is heated at reflux temperature for one hour, then allowed to cool to
room temperature. Potassium hydroxide pellets (~20 g) are added slowly, while
monitoring pH. Just after the endpoint (pH ~ 11), the product is extracted with ether (2
X 150 mL), washed with brine, dried over MgSQy, and filtered. As the solvent is

25  removed by evaporation, a white precipitate forms. This is collected and washed with
cold pentane. Yield = 1.75 g. The remaining solution is dissolved in pentane (100
mL), washed with brine to remove residual water, dried over MgSQy, filtered and
evaporated to about 30 mL. Additional white solid precipitates upon cooling. Yield =

1.41 g. Total yield = 3.16 g (29.1%).

30  ¢) Synthesis of 2.6-diisopropyl-N-(2-methyl-3-(octylimino)butan-2-yl)benzenamine.

-36.-



Overall Conononer Incorporated = MOverall = X AMA +

X BM B Were M eraii = Overall wt% C incorporated in
wabebe1ed ymrer MA = wt % C2 i ncorporated i n segPENUS1998/069964

Catalyst Al MB = Wt % C2 i ncorporated in segnent by

Catal yst A2 XA = weight fraction of segnment produced

by Catalyst Al XB = weight fraction of segnent

produced by Catal yst A2 hbte XA+ XB = 1 LBing t he

t of.al or .conon co ra t he

ol GRS TR 8 B OPT] RO R 4 BReAl g espaene (1
ccﬁmmnmmez’s 1610 R@Bbb @i ﬂlskoﬁnda&c}lmarﬁlagmeoumLm mﬂlol) is added. A
t her eactor at ti ction, the wejght . .

f rEY BH! %?0“66{695@? )mfﬁ E‘S’G L@fjomggg 1%%‘{‘!’8%‘;‘;6%%%“{}8 18
dete@teflanRelux Mhipvaiuad ‘lwth a M:Mésaﬂ;t coﬁﬂ@@etriaaﬁbh@a Aﬂ@mamng
produced by Catalyst Al X A = - M B Wi

5 f rayetnigyy adflitigry ﬂéﬁfyl%?lé‘%j@épdnbylzédfl%‘Ppé%adﬂ‘Zi 3 tge rpaction
XAnRhels o Yide&ab effBd: le&q lefe@omRRE b TWARE 5GATROSIdLH. Ohe

of the segments include are not necessarily
| | eFRaalayey 1DsearamFérleéﬁuertl\fﬁ@?% bergdiant themenlgidgsevagorated.

PO| ¥3B[75doRricOBFeQ RisBb R uilYs RAkYEET fractionation

(tenperature fractionation, solvent fracti onat| on,

e T R AR R T A R R

10 chxmﬂgtiwgsama&uﬂsmemo i1 Chnld - IR 6 M ingiex@les, 10.2 mL, 16.4
"Separation_and Charactierization of

EtRPE e picetRar Eoiau! PEPS I5Yrre Yroore tsaeswr for one hour,

G ﬁl@'t@é’ﬁtHfdaL(@7@ Plagsd thi@oll ! dddeal et AHEIRP N roorlYRGH RERre for
Synp., 257, 46- 5 2007) coul d al so be used. For any

of Si¥ hese MaMeRyda.0 lﬁ@th@b den-i48r ool rerddsde nysirteyis
bl Qakn ARINITRI t%l&%b%ﬁ} br'ZKg{e?s@s %&hlghl‘;%ué@ R& @;RE b&t\x&‘l

cal i brations “based on the om cop ol yners pI‘O uced
15 pyVelaglesrp samayad Epypghe rggesion m eagdo, \nmi h¢XﬁnQSHé00513hisar¢ adrlgd.

g¥ﬂ§ﬁh§§§é F jg_td@?‘d §E§(§ mgf;lll%s Of‘gl\?/eé(?llr‘#nd %@BR&J atn!l:,l gzg%led w1t¥1 add1t10na1
t oheaamqs E0ahL)a FSpl‘V@D(tB mtrghyveﬂ@pojlgthe comblned filtrates in vacuo to yield
a light tan solid. Yield = 6.472 g (73.0%).
[111] Cocatalyst 1 A mixture of methyldi(Ci4.1g alkyl)ammonium salts of
20 tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by
reaction of a long chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel,
Inc.), HCI and Li[B(CgFs)4], substantially as disclosed in USP 5,919,9883, Ex. 2.
[112] Cocatalyst 2 Mixed Cy415 alkyldimethylammonium salt of
bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared according to USP
25 6,395,671, Ex. 16.
[113] Shuttling Agents The shuttling agents employed include diethylzinc
(DEZ, SA1), di(i-butyl)zinc (SA2), di(n-hexyl)zinc (SA3), triethylaluminum (TEA,
SA4), trioctylaluminum (SAS), triethylgallium (SA6), i-butylaluminum bis(dimethyI(t-
butyl)siloxane) (SA7), i-butylaluminum bis(di(trimethylsilyl)amide) (SAS), n-
30 octylaluminum di(pyridine-2-methoxide) (SA9), bis(n-octadecyl)i-butylaluminum
(SA10), i-butylaluminum bis(di(n-pentyl)amide) (SA11), n-octylaluminum bis(2,6-di-
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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-

25 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

30  exchanger before devolatilization. The polymer product is recovered by extrusion

using a devolatilizing extruder and water cooled pelletizer. Process details and results
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The product of the previous reaction (17.45 g, 41.5
mol ) is dissolved in ethanol (200 nL). Water (65 nl)
WO g00adtetly precipitating a white solid. Over aP®@DUS2008/069964
m nute period, sulfuric acid (1.0 M 150 ni, 150 nmol)
I's added via dropping funnel while stirring the
reaction mxture. During the reaction, the solid
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heat ed  at erature for our he .
al THAAL Y 18?8‘516 8mpﬁrélﬁis ?"é‘f“ﬁ % Bo#é‘@%}g E}Pnsnh““hng agent
hyﬂmﬂxmdﬁw@ﬁhkﬁhém@xa? 9) aLe adged sl ow vy, mhi;e h
nmoni {.Qri ng . st after the endpoi H ~ 11), the
o oabel 19SSl Ry ar et ar RO tnGhe
W Eamplke NePartére 84 IQMQBHI\}I@)S@heml&ﬂ dof hﬂdﬁ(ﬁfr@ﬁauﬁixilﬁiﬂe D is
s e tion, a white precipitate
5fg$ lh¥%$§ﬁ1 oggﬂfg%? &Hlﬁg ‘washed with col d pent ane.
Yield = 1.75 g. The remaining solution is dissolved in
pentane (100 nL), washed with brine to renove residua
wat er, dried over MgSO4, filtered and evaporated to
about 30 nL. Additional white solid precipitates upon
cooling. Yield = 1.41 g. Total yield = 3.16 g (29.1%.
c) Synthesis of
2,6-diisopropyl-N(2-nmethyl-3-(octylimno)butan-2-yl)b
enzenam ne. The product of the previous reaction (1.500
g, 5.74 mol) is dissolved in toluene (15 nL) in a 25
mL round-bottom fl ask, and octylam ne (1.00 nL, 6.03
mol ) is added. A very snall anount (ca 1 ng) of
p-tol uenesul fonic acid is added and the mi xture is
heated at reflux tenperature with a Dean-Stark
condenser attached. After heating overnight,
additional Hoctylamne (2.00 nL, 12.1 mmol) is added
and the reaction mxture is further heated to effect
conpl ete conversion. Water (5 nlL) is added. The
organic layer is separated, dried over MgpSH, filtered
and then volatiles evaporated. 1.62 g (75.8% of
colorless viscous liquid is collected. [110] In a
nitrogen-filled gl ovebox, the im no-amne |igand
(5.548 g, 14.89 mol) is dissolved in toluene (80 nL),
and HBuLi (1.6 Min hexanes, 10.2 nm., 16.4 mmol) is
added. The clear yellow solution is stirred at room
tenperature for one hour, and then HQ (A 1'69 g,
14.89 mol ) is added. After stirring at room
tenperature for six hours, MeMgBr (3.0Min ether, 16.4
m., 49.1 nmol) is added. Stirring is
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filtered

and hexanes (100 Pd}/U82088/069964
hexanes (100

fromlight yellow to dark brown. Vol atiles are renoved

conti nued overnight as the color slowly progresses
wo e@ai012¢5 r eacti on in vacuo,

added. The mixture is stirred for 30 m nutes,
and the solids are washed wi th additional
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solvent (lsopar(tm E available from ExxonMobi I
Chem cal Conpany), ethylene at 2.70 | bs/hour (1.22
wagiohow2)y propyl ene, and hydrogen (V\/nere us edCHIDS82008/069964

supplied to a 3.8 L reactor equipped with a jacket for
t enper atufe3 coAt ¥ ol Sl &nginEerElZ| Enerdrocoupl e, The
qol vent| T €ed T§ The reactor TS Reasufed by a nass-fl ow
dqontrolll er. A variable speed, di aphragm punp controls
tlheZso et 53 Gws ratec and prses\suroef%é Ehe reactor. At
tlhe”di slcharge of the punp, a sidelstire is taken to
Aroyi def { lush- #l ews =f @r+ the «<at alyst cand-|cocat al yst
dndESAl | 4 Aj Bct Foh 3 FnBs® and & Fe¥|sgac BoF| Hgi t at or .
These f|ll ows are neasured by M crp=fMpttTonjmass fl ow
met'er§ |and caontrol4 edby scont roft| & €e3 yr by the
nantiaf adj ust ment of needl e val vies.”| Thel Tlemai ni ng
qol xent I s coiri hed weth praopyl gng, | et hyllene, and
Hyd Nogen' (Whe & ﬁa%@)haihd% fed &t g dhecrgdgt or. A mass
fll o edntrol I'er Ts used to deli ver| hyfrioden o the
rleact or|,as needed. . The tenper at urg -0t Lhe 2
4Gl gedt/smgnores §& utii on-is ~cEngrald &S|y us€ of a
gréa% éxcchanger before entering fhe neactar. ‘Ehi S
Z qLream e,ntﬁe(nsh t-he bottom of the.rgact.os| The:cat al yst
_>=c&arr§loaem EsOluti OB~ ar e met er €dSUHiTng| Pulps and mass
2f[FoW feters and are conbi ned withlthelclat|al ygt flush
2290l vent| and intreduced d Bt @ 3 keahgt t ey jof th% reactor.
= THe=r8act or i Zrark i g ¢f 813 Sak| $00Sps|g) (3245 MPa)
EwWth vijgorous stirring. Product ps—#epeved tlﬁrough
%ew L Lijnes atz the 4 epsof ot e reagct|on 2| Al exizt |ines
« f|Eofn éhe reac 6raal & steantts aced|and| ul atzed.
gF’oI ynerji zati on i s stopped by theradgition of 2aSsmal |
'gaqoung of angter kNt @ fire zexit 5l gne smkong wi t & Sy
;sﬁaéi b zeEsSof coEher addict & a:v:es: angl Ppassfidg tlﬁeﬁm xture
=tlhroughl a static m xer. The produdgtis re"mlgihen
S.leat ed |y -passing 4 hr ough a cheag Bxchanger befpre
5 qeval &titizatT 6n® ‘The” gol’yfrer ~produet| Tis” rec@ver ed by
= gxtrusijon using a devolatilizing extrider a ﬁvat er =
T dooked |®ld 8t3 ze .2 Brocessidetar| S Sant s uI Es@re % _
g dontaéned <i i TabFe& £. “Fof Tonparat|i<ve| epEnpl gmA B,+ B
gaNnd F no shuttling agent was intfrgdiced |nthtche :?g
g rieagtor(S (12 gﬁsﬁlzectad: [IOL: yaver % | GPES i B aizes < B
£ fEogi deld” in~ Tabl @ 2.” Cohparat i ve| Bxanpl|e |C i € Par at Che
~ 8941 (ExxonMobil _Chenical Co.) amd_Conperiati ves Exanpf &
20 is Norglel S1PZ23%E EThes Bow el g sopany L. 558624
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Conparative, not an exanple of the invention standard
cnB/ mn
wO dpopa1R171 (| - met hyl et hyl ) phenyl ) am do) ( 2- i sopPCPYENE069964
yl ) (a- naphmal en- 2-di yl ( 6- pypdi n- 2-di yl ) met hane) ] haf ni u
m di et hyl
[ h2-2, 6- dusopropyl -L' - (2-nmet hyl - 3-(octyli m no) but an- 2-
yl ) benzenam de] t pnet hyl haf nium nolar ratio in reactor
pol yner7pr odegti ﬁ@asﬁﬁhﬁn@%&e@@rﬂ&de&k |a€db%d1ﬁg3{3)V@31SM @1390‘0 05
reactor efficiency, mer/mg Mwhere ng M=
( Al tp estimpgge the tqtal e@@pw@ée ?thxlwtprqﬁpnu Adiﬁtna%%ly’ﬁ&ﬂ ar
rat 0@ pdnoti@S1s0BE Hadl PELRABE2A Tabl e 2 Process
details for preparation of exenplary polyners Cat Al 2
Cat Al Cat Cat A5 DEZ DEZ Cocat Cocat Poly C2H4 C3HG6
T I T ppm Fl ow A53 Fl ow Cone Fl ow Cone Fl ow
" T ’Rate5 Conv Solids Ex kg/hr kg/hr kg/hr seem 1
c kKYhdurtheoprentikg/phly mgp pankpgisder mpeyity kdidsednREE] ey ke el g 9%
mger{ﬁureﬁ:ﬁﬁglje% Q‘% RQ?S & C(%nlﬁraliveﬁ‘aadgm%%go%%]e% fai%%ivgn @%igl?t *Pgrcent
98 - - 0065 - 1285192017 B
of iy lgnc Eﬁmlm%ghiofdhs Pflyme&o‘\ erlibrgticy lipgpaphepyagediopmy ggyen
contondmdd. OliOretationshg #or ProPy1édd & a cohoronB2is Ghc¥n2n Bigdre 1, whhrein it can be

%%%%?%Jg%gr%%ﬁv%%s t:ér tggr Jaébtgrpge%ahg‘e @rlaélg:l'\%g Q/Q]él%"tg)gréef? etﬂ'}gesne :lligve the

follBB8BEROOBIP2R04 1 4 8 1 5 10 0 0 119 9 64 2 0 090 19 8
0 197 4001 O 105 7 283792017
2 838312006C14R08§%§6§J?7§§§%%%?12%1éb 8 19 8 0 067 6

Talde 3 sipv32B: GQLOrRspbpding RBy7Figu® 1051 767 6 1 2 90 2 9 1 0
42 3 B38312006C14R09 1 04 1 3 10 01 0 100 0 19 8 0O
066 6 1 1 0 023 3017 0 073 427 3 0 051 1158 51 1 89 5
9 10 42 4 B38312007C02R6a 1 28 1 3 12 0 89 9 100 0 19
2 00235190 112 2431 0 045 946 4 0 052 1523 8 1 5
93 113 2 0 24 5 B38312005C24R08 1 05 1 8 10 0 0 0 120
05310017 59 2 0 230 3030 0 100 8 8 907 3 3 2 88 8
11 4 0 25 6 B38312005C24R09 1 05 1 8 10 0 43 3 120 O
53 1 0 018 59 2 0 229 3030 0 052 8 8 1478 8 3 5 90 5
12 3 0 26 7 B38312005C24R10 1 09 1 6 10 1 0 0 120 0O 53
10018 59 2 0 229 3030 0 102 8 8 873 9 3 2 89 4 11 3
0 29 8 B38312005C24R11 1 00 1 8 9 7 0 0 120053 10
018 59 2 0 230 3030 0 097 8 8 633 6 3 6 92 0 13 1 0 23
9 B38312005C24R12 1 08 1 7 10 0 0 0 119 9 53 1 0 025
59 2 0 209 3030 0 098 8 8 893 133895 11702110
B38312005C24R13 1 02 1 7 9 9 0 0 120 0 53 1 0 013 59 2
0O 253 3030 0 104 8 8 536 9 3 7 92 9 13 2 0 30
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not an exanple of the invention

[N-(2,6-di(I-nmethylethyl)phenyl)am do)(2-isopropyl phen

175 18 9 0 040 3017 0 150 427 3 0 070 598 9 1 2 88 9 9
5 0 30 Conparative,
yl) (oc- napht hal en-2-di yl (6- py

18 9 0 041 3017 0 096 427 3 0 067 863 71 2897 940
standard cnB/ m n

11 B38312006C14R1 1 1 04 15 22 0 2 5 100 1 19 8 0 161

pdi n- 2-di yl ) met hane) ] haf nnm di net hyl
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percent ethylene have the follow ng relationship: Tm<

4.1276(wt % C2) -

[

N- (2, 6-

264.95. Table 4 Targeted Bl ock
w@poly2es Conposi tions of exenpl ary pol ynmers BCT/US2008/069964

yl') ( a-napht hal en-2-di yl (6-pyridin-2-

di yl ) met hane) ] haf ni um di net hyl

2

di (1 -met hyl et hyl ) phenyl ) am do) (2-i sopropyl phen

wﬁéﬁlzhe’zméelﬁlvé BAPRHOR ¥bmprise GAndj&ih¥E sodr s@?‘ﬁ&ﬂ& ieHBly %@Q&H&lﬁﬂg goints
e

) benzenam de] tri met hyl haf ni um Tab

4 shows t he

y
thatgeg e e ta thesesth svmrpaiaHy Fryomeo R aPC-frR ehisel WTightiprraint 9f cthylene,
bdVRARUESIERIM 5 (Rt enanG %Mtﬁmnptf&rp%@@&tﬁs e RSB GerGAY S in

was nonitored via GPC IR

he nuneri cal

val ues of the

Figwe ﬁy‘?’ll?ﬁé”‘ IEGRPeIsEn i ﬂ%ﬁt“%l%‘icﬂwa]éﬁefo"d%%%ﬂt t%‘ﬂpe\‘i@f?jﬁ?f agfven weight
pol ymer vs nolpeceht ahylmm@b&heffasl&@zﬁng@aslomrpe pl otted and
fitted to a |line,

turbidities in oil Hém

R e

| ope,

Im, and

'ven in Table 4

bel ow. As may be seen, for the inventive polyners, Im
is |ess t dthe turbidity is equal to or |ess
thah‘aﬁlﬁét getﬁd E&c&s ﬁgPOW“Fﬁ Comypg gq%pg|e§elfj§eryem Iyaersy
7g, at grjeah@dnet[FR1as [OG% @H>5~ V&, % 02 t NT N[ Wo 1T pd¥iner
exanpl e of ((SW@J)I R @tmt s Vihdokpoesdit rl@sqpmpodiithg | mB@Sroancht Al'
ecmashu_yon gi iy t\heMBI| ope forGati s |gon@nAt’n Figure 3.

Ex Tugbindity |in oil |is nmeasukled for |a 1 wt % solution of

A*pobYerRO; bas@d’ on) t he weiight-of qgil and turbidity4dn

B* dgdestafielli|s Aeasdred-for| a 1755 wt|% solb#iti on| of 70

C*pdbywey , haseéW on t he wei ghtNAof dodecHne. Tabl e 5NA
“GBpar at ilve, not| an exanple of tlhe invention[116]

D \WNordsl 328 e |j n¥eht ilon has beeAAdesdri heNAwi t h reqne*ﬁ‘\ ta

E* 2 2006614813 [nufbbr |of enbadi néfits, |t he $pecific featlres

1 06RO mod? ent! shoul d not-be dttributed to othéf

2 _appoHiRient!s 711‘5tha inventior2 Nolsi nnl5& embodi ment’0j s

3 oY ERANt at i Vk2 ofl _alt :-'mppr‘ﬂé of lthe |58|\/pnf on.1AY

1 g dgped Lné%qs t he conposiPtions or O is may 0

5 [ NaCUBL nlnefblis lconpounds of steps not nenfionedld |

6 ndpeiaR08 | 1 of .%r enbodi-nent s;—thd conposi-tipns—or 22

T 0PGeEe dd 810§ Hel ude, lor afe sdbstantially free2df

8 A CHRI0 L 1nab7 Dy [or ops” not ehurerated—hereih 27

O JAPGARIL o d B et £ 1 catl ons from the deseribed 22

10 C\%’ Nntlc Q€ ot Ernalll v Aanvy niinmher- dir cel nend 30

11 IOECMIRIffIIt =] 865 DU 1 |_||u.| 1 y ,7ISIIy T UIIUCISSUI [ g UoCTu 50

12 | 06C14R13 66.8 75 58 50

13 | 06C14R14 62.3 - 75 58 50

F* | 07CO8RS 69.7 71.1 75 58 65

14 | 07CO8R6 68.8 68.7 75 58 65

15 | 07CO8R7 69.0 69.0 75 58 65

16 | 07CO8R8 69.6 70.0 75 58 65

1.

diyl)methane)]hafnium dimethyl
% [n%-2,6-diisopropyl-N-(2-methyl-3-(octylimino)butan-2-yl)benzenamide]trimethylhafnium

Table 4 shows the Example data shown in Figure 2.
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herei n shoul d be construed to nmean approxi mate,
regardl ess of whether the word "about" or
WO appoeeismt el y* is used in describing the nunPer/USZh&069964
appended clains intend to cover all those
nodi fications and variations as falling within the
scope of the invention.Wiat is clained is: 1. An

GP@Mhlﬁi‘@ﬁﬂﬁ&lkﬁMerdr&h&Wm ymer conprising a hard
segnent and a sof (gmsnt wherein the

Ethé{eﬁ? P HuQyiheyt ﬁheu GRerpyt YarkoniPmd ihsPa- IWT% from
nurﬁ&ﬁ:‘éi Vaiuez of Be @t@?l@ﬁe gbrnﬁant ﬁlmto/J @1%/1% b%elay)ln er' n
hard se in the range of from 60 vvt/oto 5 wt %
\& malg@darcyrﬁlm aelioph werstradttedrpnrbiiigad te @ hinamex-+bp Thaplpolute
5 slo]?egﬂeﬁg 6%rg§1)tleg mhﬁﬁl d%d&:q{lé{jaré g}?ﬂltTa%R: %Vs ' RQme b@t
gast % east one poi nt degr ees
see@dbsthe svanttre@alyaount isdfssahdmyd aeldehq tnrbwbuygmqupletp oeless,

% } u 0
tha}é\%hra?r %gga C()) err %wt{ﬂﬁl é:%?lg?ﬁ{;ﬁg ntha%ézoﬁ % é? ére%g} t%glg 5§MC/
AHéks A R v V. C@bl exanﬁ:t]@foﬁ(ﬁil?C dR p(otsl v)'ltﬂ'ramrea)ohalng hstsgir[é nt

asition of |ess. tha gll ne nel drfl(gr
equﬁ%? Wm%r‘ﬁe HWedigr g 1%%% r‘f&bl d%‘i“eaéPre a
10 1 webhyluaoeof mlmrgmedpmrtﬁemnghwf%l @nd tuwhat}em odldeene is
r ues .of T wt % correspqnd to the
el oL A e S GO IE bhseliorape SRS SOk oo or
(iii) is characterlzed by an average bl ock i ndex
greater than zero and up to about 1.0 and a nol ecul ar
wei ght distribution, > greater than about 1.3; or

(iv) hag afmecprar frjaction whi ¢h efutes betwgen 00C
and 1300€x.vhep f [ acti onatr@sidisiond | I Qwidie qesateyre
TREF, chargctmrizedoin [fhatidne fracti omdas a nol ar
conononeB*gork®ent of.1 at| [ easti 5 percent ¢y gher tlhan
t hat of [ axdorpar abl € r andomzat hyl éne i ntef pol yner
fracti oppeljuNmg| bet.wween NM NM

1 18.5 29 2.9 11.8

2 9.9 24 1.8 2

3 52 NM 2.9 NM

4 10.4 0.54 2.5 6.7

6 0.4 NM 0.8 NM

5 0.8 NM 0.7 NM

7 NM NM NM NM

8 0.5 NM NM NM

9 0 NM NM NM

11 1.3 0.94 1.5 NM

E* | 42 72 2.7 NM

12 1.1 NM 1.1 NM

13 0 NM 1.0 NM

15 *Comparative, not an example of the invention
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the same tenperatures, wherein said conparable random
et hyl ene i nterpol yner has the sane conononer(s) and

wha®oainedt i ndex, density, and nol ar conbnonmePCT/UR10881069964

(based on the whole polynmer) within 10 percent of that
of the ethylene/a-olefin interpolyner; or (v) has a
rel ati onshi p between ethylene content in w% and | og
nol ecul ar wei ght such that a |line plotted of ethylene
content vs | og nol ecul ar wei ght as neasured by GPC- IR
an ) . S .t han 4;
1710, SRR L B O B on BLsc MR BueRle TS
nuiglgdr of ¢mppdofients eheepéryiiceiostims of @feiembodin@nipbbyldeet ten oi |
[ 1.5 w9 [ ut.i i.n ecane af | es an or
st d pden ot sl HENE R0 Taft s PR e
repeeempaiva bl dl cppd ofiter inhasiot.nb sawenb&Gmentsibd py (J/ Q)
at &.reater tl?ian 55 gc(‘iwithi n b5 J/g andtthetsarrte d
COTRASFIZ TR HY%S LT P HIEAPFEHFHIPPEYES © Steipypot Tientione
hereihhyl @h@/earboliiafehtd, thet @naeitipfiesr ntdthdds do Adtlind@d¥ped £¢ NQY
eth}yl ene ig an anount in the range OJ from about 55
subipafally Tigh Gl AN S MROVEISPT SRR PRYTEHE] Bergp et piiations and
motlifit&Idao FryiBke @scriBedkfibddisORPELiSi FthaBY,hyt) 8MEbdrAisaldsed
amount in the range of from about 60 wt% to about 73
herginghoudd berqoastaier (¢ BRYY WPEKERILH regatdiesp el yhasther gre vardj m 1
"abBfit" 8r WRBIoRinthd NG s DRHGh SQOMBRY e OB T8e SipaNdan@ihH an
~anount 1 n the range of fromabout 60 wt%to about 95
intgpeldp cayer #h@omm@ﬂléﬁém-a@ﬂ spjatopyasdrlieg yiteip thsrsceppyofof
thetif\@nidecedi ng clains wherein the hard segnents
conprise ethylene in an anount in the range of from
about 70 wt% to about 85 wt% 6. The ethylene/a-olefin
i nterpolyner of any of the preceding clains having a
Tmin the range of from about -25 0OC to about 100 OC
7. The ethylene/a-olefin interpolyner of any of the
preceding clains having a Tmin the range of from
about 30 0C to about 80 OC
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8. The ethylene/a-olefin interpolyner of any of the

preceding clainms having a Tmin the range of from
wW@k@an128 0C t o about 75 0C. 9. The et hyl ene/ aP@I/€81008/069964

i nterpolyner of any of the preceding clains having a

Tmthat is less than that of a conparable random

copol ynmer having a total weight percent conononer

within 10 wt % of that of the ethylene/a-olefin
Whatissiaiged #%r . 10. The ethyl ene/ a-ol efin i nterpol ymer

of an f the preceding clains having a turhidity in a
1: @W%l%?%f“tﬁl?fgwnﬁfpoﬁwgﬂé?%wsé%? hardy ?eéfﬁeﬂt 3 taéP{S oieinab
iwheRid th®Ethede/@olkikiObsyimeA | n dodecane that is |ess
than 1.5 U and a DSC ent hal py ath.reater than 55 0C

of | ess (PHEH2 M\@/}\@l from about 1.7 to about

(b) has an ethylene content in the hard segment in the range of from 60 wt% to
95 wt% based on based on total monomer content in hard segment;

(c) (1) has a hard segment composition of at least 40%, at least one
melting point, Tm, in degrees Celsius and an amount of ethylene in weight percent,
wt% C,, wherein the numerical values of Tm and wt% C, correspond to the
relationship:

90 °C > Tm > 4.1276(wt% C,) — 244.76; or
(i)  has a hard segment composition of less than 40%, at least
one melting point, Tm, in degrees Celsius and an amount of ethylene in
weight percent, wt% C,, wherein the numerical values of Tm and wt%
C, correspond to the relationship:
80 °C>Tm < 4.1276(wt% C,) — 264.95; or
(iii)  is characterized by an average block index greater than
zero and up to about 1.0 and a molecular weight distribution, My/M,,
greater than about 1.3; or
(iv)  has a molecular fraction which elutes between 0°C and
130°C when fractionated using low temperature TREF, characterized in that
the fraction has a molar comonomer content of at least 5 percent higher than
that of a comparable random ethylene interpolymer fraction eluting between
the same temperatures, wherein said comparable random ethylene
interpolymer has the same comonomer(s) and has a melt index, density, and
molar comonomer content (based on the whole polymer) within 10 percent of
that of the ethylene/a-olefin interpolymer; or
v) has a relationship between ethylene content in wt% and
log molecular weight such that a line plotted of ethylene content vs log
molecular weight as measured by GPC-IR has an absolute slope, m, of equal

to or less than 4; and,
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(d) has a turbidity measurement of a 1.0 wt% solution of the

ethylene/a-olefin interpolymer in oil or a 1.5 wt% solution in dodecane of less than or

equal to that of a comparable copolymer wherein the comparable copolymer has the

same DSC enthalpy (J/g) at greater than 55 °C within +5 J/g, and the same overall

ethylene content within 10%.

2.

10.

The ethylene/a-olefin interpolymer of Claim 1 comprising ethylene in an
amount in the range of from about 55 wt% to about 75 wt%.

The ethylene/a-olefin interpolymer of Claim 1 comprising ethylene in an
amount in the range of from about 60 wt% to about 73 wt%.

The ethylene/a-olefin interpolymer of Claim 1 or 2 wherein the hard segments
comprise ethylene in an amount in the range of from about 60 wt% to about
95 wt%.

The ethylene/a-olefin interpolymer of any of the preceding claims wherein the
hard segments comprise ethylene in an amount in the range of from about 70
wt% to about 85 wt%.

The ethylene/a-olefin interpolymer of any of the preceding claims having a
Ty, in the range of from about -25 °C to about 100 °C.

The ethylene/a-olefin interpolymer of any of the preceding claims having a
Ty, in the range of from about 30 °C to about 80 °C.

The ethylene/a-olefin interpolymer of any of the preceding claims having a
Ty, in the range of from about 35 °C to about 75 °C.

The ethylene/a-olefin interpolymer of any of the preceding claims having a
Ty, that is less than that of a comparable random copolymer having a total
weight percent comonomer within 10 wt% of that of the ethylene/a-olefin
interpolymer.

The ethylene/a-olefin interpolymer of any of the preceding claims having a
turbidity in a 1.0 wt% solution of the ethylene/a-olefin interpolymer in oil or a
1.5 wt% solution in dodecane that is less than 1.5 NTU and a DSC enthalpy at
greater than 55 °C of less than 2 J/g.
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