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ETHYLENE/cc-OLEFINS BLOCK INTERPOLYMERS FIELD OF THE
WONYBNIION [1] This invention relates to ethylene/a-olefin bloBkT/US2006/009500
interpolymers and products made from the block interpolymers. 5
BACKGR D OF THE T | mprise
sequence%%%&%ﬁ%@ﬁ&m%éﬂmﬁ nd to
sequences of unlike type. The blocks can be connected in a variety of
ways, such as A-B in dibldélkxodF ABEANVIDECKISINIctures, where A
represents one block and B represents a different block. In a multi-block
[1§0Polym&#,;e;30eh B rA Rk CONAGRIAH Jb A WIBISH R HHTGHERE WR Broducts
and be repeated multiply. It may further comprise additional blocks of
madedifpardhe Blpek Miatpplpelesopolymers can be either linear multi-block or
multi-block star polymers (in which all blocks bond to the same atom or

chemical moiety). [BlAACRI CHROIORDYOIETISECIRAIEN Wit two or more

polymer molecules of different chemical composition are covalently

onded in an.end-to-end fashion. While a 15 wide variety, of block .
oty B R S B e R R Sl S R gace s
covalentig/bodiabtuciaguehbdsrdfpialiie tylpekd hebloblarens iestamiedigdciy stabiney of

or glassy, to.elast ric blocksforming thermoplastic elastomers. Other
e oA L AEh 4 P O AL A e b gLp s one

blockgiad Bgigsssarisl gytiffereny dthitike Inleckudtigaiyok erpodyeen) b pukBilobn dad
may have commercial.importance. 4] One method tomake black .
com B R IR ST SRRIIRCHAN S e fenaE RISy BT RARE: somprise
additpoblrbtrikatidiliffores sy liMntibolychaopalionqus eesdsesitiny diveaomiylti-block
initiation and propagation steps ntial [ (natl ide .
or g o R, e B T B o).
structures desired in a block copolymer. A polymer created in a "living"

[3ystem cAnblrskecanslyraer isrerisashsaiinpidnoseabmmelecules of

differ8RIBEUIRLNRIGHbANH BEpSSEMIRIM RAdiSREsRR AUSo i MBIRELVhile 2
weight distribution is essentially one). Living catalyst systems are

wide yaEEAY @ blegk KR imEREHIFacEehidR RosY Rice BRIEPISCK caRelmr tiavolve

the cOVORADBIANARISE B HIRBOBRNGS, RhiSHRHBANBRAHHMAPISSIARGE ARSIy, to
addition, these catalyst systems are characterized by -1 WO

clastomergiledesfpanng SsoperiayisodatimnsresOtber Slockifepolyperssuch as
rubb@GHHEDSiQ 1SR RIQAMES SHIEAN Hlirlkl 95RI06ld GIRRNNST Il PRMORESHABrS, are

process, the catalyst must exhibit living characteristics to a substantial
also pggsiRle pdanRYdarR SeBPERErEeh IBHICEEBETymers have been synthesized
via anionic
4] One method to make block copolymers is to produce a "living polymer".

Unlike typical Ziegler-Natta polymerization processes, living polymerization processes
involve only initiation and propagation steps and essentially lack chain terminating side
reactions. This permits the synthesis of predetermined and well-controlled structures desired
in a block copolymer. A polymer created in a "living" system can have a narrow or
extremely narrow distribution of molecular weight and be essentially monodisperse (i.e., the
molecular weight distribution is essentially one). Living catalyst systems are characterized
by an initiation rate which is on the order of or exceeds the propagation rate, and the absence

of termination or transfer reactions. In addition, these catalyst systems are characterized by
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polymerization using the sequential monomer addition technique. In
sequential addition, a 5 certain amount of one of the monomers is
W@ aedtddowith the catalyst. Once a first such monomer has r8&d/&§2¢6/009500
substantial extinction forming the first block, a certain amount of the
second monomer or mpnomer s |es |s |ntro def'lfn%%lsl.t? to react

the PIESBFR e RES AP B RIGE TR o AR crina

polynf¥rDeinamicsusa Hideharet lﬂﬁi@t&:xﬂﬂbﬁqmﬂf@ ch@&%ttﬁi@&ﬁlﬁa@ﬂadtial extent.
other a-olefins, such as propylene, butene, | -octene, etc., 10 are not

irectly k polymerizabl Y anionj ic tech S, [6 for

[Sin unfulbl%)"E cgt?eedl%)rp Bﬁggﬁ’gop&ﬁg rS Which geroee u hﬁé% etﬁvfgr%{e&gn
polynaenimm& USley ¢his mmeatrabad)fmnmmddmdndﬁdmlqng slncﬁetulmnhal addition, a
certam dr%mer? oSUo MeA ﬁXnQnﬁe?s“tE IN N} eltarl S af@ﬁ%mf BE&%%Qh

S are met by various aspec e fvention. In one aspect, the
monomeehtiprenetate® wbﬂtaatWIenmﬁatmﬁmnmganetbionkpasit@in amount of the
SECO1 n¥0n1:]letrl¥lzed lr'lé"tso%ce? l&@%? rﬂr% gef quwe% %5%%8'*%%%‘&?@ second
aracterized y an av age ock Index greater than zero and up
blockalil&hﬁ reessdrmyrisecptated akjhg thstsintion oley mtorgreléyem}yanﬁab@inlﬁ
In i relates
mon iRl P AN Y R B, Fotne, o,
are novidinesitiythéo ek prdgmebicadite iepnisngedetbnidnzas.0 but less than about 0.4
and a molecular weight distribution, MW/M,,, greater than about 1.3.

[dj;]referab Y dREFIRLCERAY 9 8 IS N AEA B BRsCICORRIRRE VISt 198 %ased

ree blocks. Also preferably, the ethylene content in the |nterpol mer is
on ethylgnenstondifinserdbte i5sp ﬁt@@%@%ﬁfﬁ&ﬁ%ﬁﬁ@ﬁ@%ﬁ’é‘%\?@?gé@ﬁ%ck
copoljtdex of the interpolymer is in the range from about 0.1 to about 0.3, from
about 0.4 to about 1.0, from about 0.3 to about 0.7, from about 0.6to
about 0.9, or from about ()
interpolymer has a density6 Sthafrat CCs
about 0.86 g/cc to about 0.91 g/cc. In some embodlments the a-olefin in
[The ethyldive/afaietinarititagsbheedsr s wswmoprscqumﬂeoftthbmwneuon In one

o TS R ERIE JfpragatHc

units rbfeerémlem etider-elnbinaivhereis, heiptuldaeiie @maétgbmrbhmn average block
inde YXAMI tﬂgn%gx%t% @QBU&Q‘IQ)%@ @ﬁt@fegﬁm %@%ﬂt%gtrﬂ)ﬁﬁgn M /Mn,

alsorange from about 2.0 to about 8 or from about 1.7 to about 3.5
greatyreﬂ)an@tbréﬁ dsheln, aneihavasnrsh fb@d@@t@l@hrét%mﬁ@@ﬂﬁ@/“’deﬁn
lnterﬁet%?étlxmﬁﬁ&aﬁt%amé}%mﬁﬂrse&femgae%%tta/tﬁ%reﬁﬁ%@atm%emge

Interpolymer
block mdex is greater than 0 but less than about 0.4 and a molecular weight distribution,

M./M,, greater than about 1.3. Preferably, the interpolymer is a linear, multi-block
copolymer with at least three blocks. Also preferably, the ethylene content in the

interpolymer is at least 50 mole percent.

[8] In some embodiments, the average block index of the interpolymer is in the
range from about 0.1 to about 0.3, from about 0.4 to about 1.0, from about 0.3 to about 0.7,
from about 0.6 to about 0.9, or from about 0.5 to about 0.7. In other embodiments, the
interpolymer has a density of less than about 0.91 g/cc, such as from about 0.86 g/cc to about
0.91 g/cc. In some embodiments, the a-olefin in the ethylene/a-olefin interpolymer is

styrene, propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene, norbornene, 1-decene,
-2-
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characterized by having at least one fraction obtained by Temperature
Rising Elution Fractionation ("TREF"), wherein the fraction has a block
WO8%/ Wi@ager than about 0.3 and up to about 1.0 and the ethRASHERL09f&19500

interpolymer has a molecular weight distribution, M,,,/M,,, greater than

about 1.3. In still anther aspect, the inventian relates tg an ethylene/a .l
LSRR S RO EIT TS ol AN B8 A Ench Bl S A
disbritheitiexpotyineas gbakaatanizadity fvingeatdedsinatehitdt 0o iteataabedange

TREF, wherein the fraction ha lock in greater than about 0 and up
from ?&%‘B&ﬁ&f’@%% gg{ﬂ?\é’ﬁ@ﬁ-@éﬂ\aﬁ ?8? olymer has a molecular

weight distribution, Mw/M,,, greater than about 1.3. In some embodiments,

[9he blocKingksandtires dspetitthis igneatemtelatediouaroethdessterolréin about

interp%.igfr%rrec%ﬁlr Wﬁﬂ%ﬁl{;lz&%ﬁ%‘%ﬁ[ﬁgf %ﬁ%ﬂ?&}%’&%b@ﬁ%ﬁﬂ&ﬁ Bl?ﬂl%yt

or gre ert apout 0.9. terpo ymer comprls_e§ one 0!’
charapheniecddry lssdnganite e o mnirastinmorbtsiokd Sogheenteratust &ighig Eheiomard

Fract%%g%%nmpﬂ,seq%géﬁ?ﬁ&eg%g@tﬁ)fnqm%%gﬁg{ i}ll\'c?é%%qeeﬁ&dthg}leaﬁgﬁt 0.3 and up

segments comp ess than 95%, pre y less t 50%, of ethylene

to abdyyt WEighd. the esbene/misdelim dntsspedpnhesrbias egnmdeeslar avpigkiedisinbasion,
Mw/hfg,{:n%lrégttep Akt 3° .tﬂl%ﬂﬁfﬁeﬁéggew m@i%H{iHﬁeréWm3éW§{h%ﬁne/a-

. embodiments, the interpolymer comprises at least 5 or at least 1
olefirhintdrapkyweftessaprishtg polymesteetlinnitsiné athtdsnrorntborelafia, (the drterpolymer

charaGPPe 06 RIGMY 2tERA SR HORER SRR O, SPRATE R &8 AP Non has a

distributed along the chain. In some embodiments, neither the soft

blocksiageregrenies ithpe Fharet Segehunts irhautit-4ans Segrihientieleinditeralymer
has a NFORTAICRLEAPRRTHRR SRARIIRI el ACIRENTS), 47 MMiathedaialents,

making the in ergolymers are also provided herein. Additional aspects of

the blekiindextrfrthekinstiaraisteresatristhanabrop Srficgrertonhsnsbonb Sdingsprier than

about® B1S VG HIGN RRRM ARRALE At IHD NEdRl QwingHes6HR OB 3.9VO
20067101966 PCTIUS2006/009500 BRIEF DESCRIPTION OF THE

DRAWINGS [12] Figure 1 shows the melting ﬁin density reglﬁgonship for f
(4B invenboe BOIpRATRST SRR B T RER) SRS 5D ARE PR OF more o
segmbiaditipRabrasldomedora upekmt{reptpsiated ditdsdiesy angléirdiersdaita., and
copolymers (represented by trigngles). 5[13] Figure 2 sho lats of delta
the s SRR M) DAY STy SOV G B Rt
In sohbeslissitnegsapedsattsepntam aibplesaiviianatopalyfrvaisbiue 5% to about
o, Squares represent polymer examples 1:4; the triangles represent polymer
5% BY LA L G HHErRRL TR P SamR ARG e RSy ns s o
least "Xosynénisihaesend pofy segmarampieskd i a ¢l ajonaiohowdinear
chaint.h%rggeergf)l(gff, eenﬁé%ggg%gg Can éjovf?%gg{e%soa{rlg%% Jrlhq]ysdistributed along the

chain. In some embodiments, neither the soft segments nor the hard segments include a tip

segment (which is different by chemical composition than the rest of the segments).

[11] Methods of making the interpolymers are also provided herein. Additional
aspects of the invention and characteristics and properties of various embodiments of the

invention become apparent with the following description.
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made from inventive interpolymers (represented by the squares and

circles) and traditional copolymers (represented by the triangles which
WQRAPNIREFINITY (r) polymers). The squares represent inval{il/&s2006/009500

ethylene/butene copolymers; and the circles represent inventive

ethylene/octene_conalyn igure. 4.is.a plot of Qctene content of

Temperature RiSiigEioton-—Fre a ated ethylene/

1-octene copolymer fractions versus TREF elution temperature of the

[12hction fBigure pohowsrtiaf Bxriimgipoinfideneite ratationshig forr thesnventive

) e i~ o
B ERAEM EA S (e a5
(reprejedldd dyreifliss hapib VidgletdNa e oy oe R Epriseoichbycdiansldene/ 1

-octene copolymer fractions versus ATREF elution temperature of the

[fsfction ferthe pohwnRnRb X EIBRIEIS AN RY FORIPA 3B JHonTSEDSC Melt

squares represent Polymer Example F*; and the triangles represent

EnthatpyfRiararigunialymemisd bhdivmandsscnmsntrandpiarsiirenppisaa sapolymers;
the sgrEe MR R HHE L 2SR FAIRArAIMEI A o{el Péprédert bl BB RIS 5-9;

a graph of log storage modulus as a function of temperature for
and theopifislamtRRscaaay R IEL SerRl Solfbilin i (iespiokals represent polymer
examBlapxtene/ethylene copolymer (curve 3) and for two ethylene/1-octene
lock copolymers according to embodiments of the invention made with

(ffering guantities of chain shuttlipg agent (curves 1). -4 W .
o610 B PR BEOS G EaT b DR 5 priented ims
made ThetmorsetahicabdinalysisEfidéénjed bynbe/srsusSeadrondiel) aufdrtsatitional

inventive polymers (represented by.the digmon ared to some
copolRHRS T SAAISS PR RS HBCHE L LR DT, BB e
squarel edpges@piasentivardoyienifiylene/stpdpmaspalyinder sjriw thpregmaiasentive
h 1re&re%ent DovxﬁﬁﬁjlleINlTY' 5 polymers. [19] Figure 8 is plot of natural log
ey ARERE RRS HaEHSN for random ethylene/a- olefin copolymers as a
function of the inverse of DSC peak melting temperature or ATREF peak

[h‘é}nperatﬁigwHeismeqlio@.qﬁaﬂ&weqmeh@ﬁﬁmqﬂt@reMn@d@h&ﬂn
Fractf&thﬁrﬁ' @W%Q%QE@%%@&W@&@@'Q&%&W&% %ﬁ@ﬂﬁﬁ% Wersus TREF

ATREF; and the’open squares 10 represent data points obtained from

elution tesaparhiscfche Siaskionr fridhe pdnwyrs s Bxernle 2osorassaisdbpecircles)
and comp e SHIWGNG ROAG IR EH M esdntdd ILHRMREEHSHIS) KehdyikaWnds

Figure 9 is a plot constructed on the basis of the Flory equation for

represepiderditipslisrndeno hleapeniene coROINISHate the definition of "block

index." "A" represents the whole, perfect random copolymer; "B"
[Fepresentsaiisas hpletsFwnent canentor IEPPFSBationated ethylene/1-octene

copolymer fractions versus ATREF elution temperature of the fraction for the polymer of

P 0 1 TS I < = et Pk
U U C U

Example 5 and for comparative F*. The squares represent Polymer Example F*; and the
triangles represent Polymer Example 5. Also shown is the ATREF temperature distribution

for Example 5 (curve 1) and comparative F* (curve 2).

[17] Figure 6 is a graph of log storage modulus as a function of temperature for
comparative ethylene/1-octene copolymer (curve 2) and propylene/ethylene copolymer
(curve 3) and for two ethylene/1-octene block copolymers according to embodiments of the

invention made with differing quantities of chain shuttling agent (curves 1).
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15 the whole, perfect block copolymer having the same comonomer

content as "A". A, B, and C define a triangular area within which most
WOorREHifiietions would fall. [21] Figure 10 is a plot of the blockPia#dj$2006/009500

calculated for each TREF fraction for four polymers. The diamond

resent,Polymer F* with an rage block index,of 0; the triangle
18 recont BORSGRE NPT ARG APBLES b b i) versus

flex Rdigse fr2dhe valti ool ancayapgesbioakindex dibtfasarg doenpiied to

represents Polymer 20 with an average block | 0.20. [22] Figur
soune FERSE Y B SCE RIS EoRECHaron oF Lot e FORREE I R
repreiieye i podyinRiss/the dillecopalgnienteneithe shymes 1§Bes2AcNosyeUEFINITY®

bars represent Polymer 5. 25 [23] Figure 12 is a plot of the average block
polyq}?a%x calculated for nine different polymers as a function of the diethyl

zinc concentration during polymerization in terms of "[Zn/C2H4] * 1000."

[19] repredignsechismlontifoattngldoefthyisienlsiduictop biyramdqmatthylenc/o-

. " . i ) y
oot SIENe AR Sl SR ERRR . o e
peak éemplendlostdiie Edlsdyarerssirentesent3Bidifieiatstdbindte bftdinttandant

cludi : : : i 1019
o EH08 S TRCEN BRI LASOFIG: 7Y RAEBEI R s
represefotidarnoinis ebidioed ﬁm}meadmw}aﬁgh@mayéy&mhmlwéea@%@lﬁﬁm
copoRnhéfY SeAbE 1005 [l RotR 1oi8 AIEREESCRRURAL AR BS&lvin,

rofile for an inventive polymer. 5 [26] Figure 15 is a weighted DSC

rofile obtained by converting Figure 14. [27] Figure 16 is a 13C NMR

li%ectrunﬁéwa%ﬁ%@r@gw%ﬁ SrBReTsE OB o amRndom

ethy NV ENEERN ot peis Refinitiens (RSHRalvinest meaesiadeRlymeicrepresents the
compound prepared by polymerizing 10 monomers, whether of the same

wholg, nerifet FaRd b OnHER e HC TBPRTSISHARYTe e B HiSEESRE 18RtsC ™ represents
the wiis18)PREETBIockGRpelymer havaipehdhaneaw et oaser Bipieal WNeA” [20]B, and C

"Interpolymer” means a paolymer prepared by.the polymerization of at least
defing folEEHiRR Y GRS %?&Fﬁ%@ﬁéﬁ%ﬁ@ﬁﬁ“ﬁ%ﬁlymer" includes

the term "copolymer" (which is usually employed to refer to a polymer
[PrEparedFigmeth®islidfpletnefithenbboudmiede) aslovddiabitivedehrl REF fraction for

four P%ﬁgﬁn‘i%@ el‘éx%‘ﬁﬁ‘a&%%{'% ‘r’ég“r%' Y8 5‘&"}?&{89159 5&?{3 L1030 rﬁ%cl?fr?la‘l)&r 8%0; the
rom three different types of monomers). It also encompasses polymers

trianghescreriygsent Polymer 5 with an average block index of 0.53; the squares represent

Polymer 8 with an average block index of 0.59; and the “X” represents Polymer 20 with an

average block index of 0.20.

[22] Figure 11 is a plot of the block index calculated for each TREF fraction for
two inventive polymers: the filled bars represent Polymer 18B; and the open bars represent
Polymer 5.

[23] Figure 12 is a plot of the average block index calculated for nine different

polymers as a function of the diethyl zinc concentration during polymerization in terms of
“[Zn/CaH4]*1000.” “x” represents an inventive ethylene/propylene block copolymer
(Polymer 23); the two triangles represent two inventive ethylene/butene block copolymers
(Polymer 21 and Polymer 22); and the squares represent ethylene/octene copolymers made at

different levels of diethyl zinc (including one made without any diethyl zinc).
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polymerizing four or more types of monomers. [30] The term

"ethylene/a-olefin interpolymer" generally refers to polymers comprising
WeR4Hed%nd an a -olefin having 3 or more carbon atoms. PréTefabpp006/009500

ethylene 20 comprises the majority mole fraction of the whole polymer,

I.e., ethylene comprises at least about 50 mple percent of the whole
i mer SREHS ATOR Bl AT o G e BB PR e mean
weigliereaabedlksindoout ddunciemef (EntCIH At EEKEYL about 80 mole percent,
with the substantial remainder of the whole polymer comprising at least
e othe,.com r.that is.preferabl j i .
B on Sl e S S AR DS RO o by
polymemposition comprises an ethylene content greater than about 80 mole
percent of the whole polymer and an octene content of from about 10 to
(210Ut 15%;Beler shba TARARINSE ﬁ%ﬁw%%%ea%g pieeRiR thawhale
polymer. IN'some embodiments, the ethylene/a-olefin interpolymers do
not include those prodyced in low -6 WO 2006/1013?6&
[BETiusoesdesns \ieRIBrseraimmat ARISEST dPas a by-product of a
chemical process. While the ethylene/a- olefin interpolymers can be
blended with]DEBCRIAGIONADHIEVE] CIRIMENOEUCE d Hil ¥ Ne/NTHENN
interpolymers are substantially pure and often comprise a major
Gene‘f&l@%‘ﬁ%ﬁ%r&f the reaction product of a polymerization process. 5 [31]
rheterm crystalline” if employed, refers to a polymer or a segment that
[g‘(éssesses a first order transition or crystalline melting point (Tm) as

termineBOBYIGHERSAT-R SOLHRETY CRIBRATRGPY & feizing

mond BRI IGHRTERS e AARY 130 UB@etelittBfshamae abheMitRifie Plfiner" embraces
"semicrystalline”. The term "amorphous” refgrséﬁ polymer lacking a
the ()8 AMOPREIRTG: afl%caﬁm@eaﬂﬁnmetry

pOfPAY At iR B it
(DSC) 10 or equivalent technique. [32] The term "multi-block copolymer"
[29]"segméhiechobpotyneacansfe mipnsemabpaed dontisripoigmetzationarat least

owo ERERIGAIY disiinctreglons of,ssaments (8150 feleled 0 a5 ot ) om
preferabty joined mn a linear mafner, that Is, a palymer comprising

"copalyerait lishicliffis nesutadite einnplivy adhicte feret goarpedyendt-poepactdvithmasyedifferent

olymerized,ethylenic 15.functionality. rather than.in penden rafted
mon g e B, AT, BN ASAGEl & HARRS s potyumer
prepaygpkiainc dmendiffercintdynss refetbtiveneis). ticatiorsitpnipessespelpmsts made by

crystallinity, the crystallite size attributable to a polymer of such
pdy%%r?%p%%rﬁ%ﬁ,oﬁgo%p pc?rg ﬁi\grgego tacticity (isotactic or syndiotactic),
regio-regularity or regio-irregularity, the amount of branchintg, including
9

[38hg chaif s drenirshaiangerlslinERmMBOkHBN0 BRAGERNIHEIRE & Refymers
com@éﬁfg(%%@b%ﬁ@ﬂ%%ﬁﬁ%ﬁg T Bemylichiock cRPAY PRIRAKYY, 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 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/octene
copolymers, the preferred composition comprises an ethylene content greater than about 80
mole percent of the whole polymer and an octene content of from about 10 to about 15,

preferably from about 15 to about 20 mole percent of the whole polymer. In some

embodiments, the ethylene/a~olefin interpolymers do not include those produced in low
-6-
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unique distributions of both polydispersity index (PDI or Mw/M" ), block
length distribution, and/or block number distribution due to the unique
WQR8e&Ee1draking of the copolymers. More specifically, when FrobEe0i089500
continuous process, the polymers desirably possess PDI from about 1.7
. ., to about 8, preferably from about 1.7 tg.about 3.5, more preferably fro

yields eI T AUBLNES S RePIGLE bR TRENy STty DS sciepela-

olefindhfEeyol gty da be bleadédAithWhe orproatipelyiness biie hsarsdueitbathiglene/o-
process, the polymers passess PDI from about 1.0 to about 2.9,

ol AP T B S ADE A3 T S HRRSF by RO MR pfdhe

reactia eI, EMdpalgaipreitsaiyotesm about 1.4 to about 1.8. It is noted that
"block(s)" and "segment(s)" are used herein interchangeably. 30 [33] In

[3@e f°"O‘Afifl‘é’tgﬁifévﬁ’fr%‘%ﬁgi%@“#%ﬁ?yg%%‘?&%%dt{a"Er &’I&%@r%ﬂ&r eéﬁi%fl?that

Iues, regar ether the w out’ or appro iImate" Is Us in
posseswmsraciitid ordeManSitios/ 609 BIHETIMEE RGOB/009F00 andetauiinertsy

. ti
it 4 A BRESIU RO6ET ARTRET e R et
interchanigeRttly iwithisbloted “reminrrsioBinklllingho/ttnn thmeaplid sgfetifieayolymer

S eea il AR i Lol %4%%35 DRES W (G FNOE RS metry (DSC
1a(:klr%pec%l?ca y1 isc%ose %F){:R?J * Ro-RLLf[gg/herellyr% k%g ab vzﬁr%ba}e rz-%%irr%’g( )
or eqiiwatent peglweiqtito 100 percent with a 1 percent increment, i.e., k is 1

percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51

[3Rfrcent, PReReFrEAhulii BIRRTESHSy MR P ICeibiénRal ¢8pblade ettt 8%

percent, or 100 percent. Moreqgver, any numerical range defined by two R

C ) ! y
POlYmRI YRR IS G ENASH MoK hHBIRIIY JisHngt semens O capery (phsp Teferred to as
“bloc 118pts RiAbe invantion Brevisie By LiRtsneiraibyishsiar elefifically

. block 10 inter%%%mer.s (hereinafter "inventive polymer", "ethylene/a-olefin
differprydatssh s vhish e igipirkeprseshdTHthdaspRt &L otemsistst shIFU
functRARIRYSAeeREi R Pendsa: O BlafedcRpeiyin arzaplefaeefibodiment, the

comonomers in pol%/merized form, characterized b%ﬁggultip,le %{gﬂ@ or

blocks dutfex et ARG HH IR B &1 FAB AR RGP Bt R R R R
amoug’lf @f;&@ﬁ@lliﬂf@@ Gt %‘Byé?ﬁlﬁ&éssiib%ﬁﬂbﬁ@BH%Q@ﬁibﬂﬁ@@D&Mﬁlﬂfﬁrﬁp@sﬁion, the
ock interpolymers, preferably 15 multi-block nterpolymers or . .
1P QIR Bl AT RLOTE P SKHEIBSHif 5B RRM ARG OF Lggo-irregularity, the
amoulftefdiangaad)ynotiging logocheie taadimgrishiperbuiidiiogk hepolyvemeity,
can be represented by the following.formula: " [35]wherenisat . .
or any, g he RGN PO PSP e K] AR IR RS eoBp B s hcfeized by
uniqudQliaeibafiohd o 6B TFGHBHISPe iR inddxiPBI, AMENLgs bhickd drggttl Bistcibution,
and/og%?g?ﬁ%ﬁéigghb@?@ﬁ%ggﬁlil(s%?]&%lgg ifw%rcsgsesgﬂrpa?(ri]lggF())rf.etileerzf:‘ck;)yl}é)’ly'e‘rrslers. More

specifically, when produced in a continuous process, the polymers desirably possess PDI

from about 1.7 to about 8, preferably from about 1.7 to about 3.5, more preferably from about
1.7 to about 2.5, and most preferably from about 1.8 to about 2.5 or from about 1.8 to about
2.1. When produced in a batch or semi-batch process, the polymers possess PDI from about
1.0 to about 2.9, preferably from about 1.3 to about 2.5, more preferably from about 1.4 to
about 2.0, and most preferably from about 1.4 to about 1.8. It is noted that “block(s)” and

“segment(s)” are used herein interchangeably.

[33] In the following description, all numbers disclosed herein are approximate

values, regardless whether the word “about” or “approximate” is used in connection
-7 -
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not in a branched or a star fashion. "Hard" segments refer to blocks of
polymerized units in which ethylene is present in an amount greater than

W@ 20peeigHiopercent, and preferably greater than 98 weight peRERUIABEHHEPS00
words, the comonomer content in the hard segments is less 25 than 5

e T R, S Y SR I 20 e
Wherféﬂ"lﬁﬂ@lﬂﬁrﬁﬁﬂfﬂ ﬁﬁ@@?ﬁtﬁ;}a%ﬁ%ﬁ lattieRYand, arefepso IeickR Gfis disclosed, any
polymerized units in which the, nomer cqntent is greater than 5 .
R S R ek e
numbeighihpetae Mnge grespecitivalyldisskighl: PeREAk* (R SRNE aindouinénds,

. the comongmer content in soft segments 30 be greater.than 20
variel G CET, RGBTl D S e PR GEr o Pereent
2 perdbiD, 2QREAA] GRIENT/E P8R Q) FBqsErparcSntparaais Sthasrahtygightpercent,

erce t 40 wejght t, ter t 5 ight t
96 Dol LB e Bl OB S0 R GTehY. o
rangestufigedrab odinTe nianBely askizfinet Bnlilackisoateis ahamptyitieilip discl éledg

the polymer chain. In other words, the block copolymers usually do not

[3A3VE 2 SEHAIUIRIKS: §ﬁ@%‘iﬁ$€ﬁﬁ§§i§t J@Qd&&% %@aﬁgi%%m block

ck copolymers usually do not ird type lock. | er

interpelybudindentinefioh Grisiite Aelimbidcleb iarstioriofeigepolymers”, or
variafg HRRQIS %%%M!&%@M&@&éﬁ%ﬁ'% R Rt RIS RIS more

ock A nor block B tomprises two or more segments (or sub-blocks) of

copolgiggriceblsrasfionomeniomsra inpalywesgarshiomwhichrrasterizsddsemultiple blocks
or seSRENROSHIOR %&%&F@g&%{&%%%A%@L&%&ff%ﬁg%acﬂé‘ﬁ{mal or physical

interpolymers are characterized by an average block index, ABI, which’is
propegtieateFhabis, zbectivieng/ ecokibuinierahnatiar blnsk inseprlyansisoptriprably

multiMWelMntdHRAH R} kﬂ'-eois-r heAehA0S RIREEIRAE® MBLdBdRRner are

weight average of the block index ("BI") for each of the polymer fractions
used rieschanerrbhepaieitivdn sprr Emipdimpeaisidhrioitiobla otprlymgr can be

repre;&f@gegﬂﬁgef(ﬁjgmgkdﬂgmgractionation) from 20C and 110C, with an
increment of 5C (although other temperature increments, such as 1C, 2C,

10C, also can be used): ABI = Y,(w,Bl,) where BI1 is the block index for

the ith fraction of the inventive ethyle tolefin 20 interpolymer obtained

in preparative TREF, and wi is the weight percentage of the ith fraction.
[Bmilarly wherequiae exst 0f pheferbinanisegenpaatarittiae heach as 2, 3,4, 5, 10,

15, 2{% eﬁ;(?ﬁg;gnbbreé?%ee”?fﬁ%%g?ﬁgﬂg;@ﬁ%e%%?%g%gg% gﬁ%ﬁ%?om?%segment and
“B” represents a soft block or segment. Preferably, As and Bs are linked in a linear fashion,
not in a branched or a star fashion. “Hard” segments refer to blocks of polymerized units in
which ethylene is present in an amount greater than 95 weight percent, and preferably greater
than 98 weight percent. In other words, the comonomer content in the hard segments is less
than 5 weight percent, and preferably less than 2 weight percent. In some embodiments, the
hard segments comprises all or substantially all ethylene. “Soft” segments, on the other hand,
refer to blocks of polymerized units in which the comonomer content is greater than 5 weight
percent, preferably greater than 8 weight percent, greater than 10 weight percent, or greater

than 15 weight percent. In some embodiments, the comonomer content in the soft segments

can be greater than 20 weight percent, greater than 25 eight percent, greater than 30 weight

-8-
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2"d moment weight average Bl = (N-1)Ew5 N [39] where N is defined as
the number of fractions with BI; greater than zero. 25 Referring to Figure
W@ 298¢/ tH@popolymer fraction, Bl is defined by one of the two fRGHA$G006/009500
equations (both of which give the same Bl value): -9 WO 2006/101966
PCT/US2006/0095Q00 Bl 1 /TX-1/TXO or.Bl LhPx - LnPX0 1/TA-1/T
percelly BT 15K o RETEhY RICHHS Rere e 0 Rei R ER T an'd5
weightepeperafgieder thentbofiasianpépreierabirargransesDindightipdrdents the
ethylene mole fraction for the ith fraction, which can be measured by

R or IR as described below. 's}@eﬁh mole fraction
3 ole etLr)l/Fé) r%ré%e%%%gﬂﬁet%%rsp\%y%%%be ore g‘é%%%ﬁt%ﬁﬁg\%%?g} sﬁi%ﬂ%ialong
the pdignmee ebaire dliyptii/Rood SRh T Bl okt SR lanectiseinmRE@oaiatibave a structure like:
temperature and the ethylene mole fraction for pure "hard segments”

(which refer to the crystalling gsgamegtg githeggterpolymer). As an
approximation or for polymers where the "hard segment" composition is

unknown, the TA and PA values are set to those for high density

[33biyethy PBréhes FBBoRHRENS B ook crpRlyirei et eflgmef have a third type
of bldﬁf].n Elﬁﬁ G f@tlﬁélf‘ @kﬂ@éﬂiﬁ?&@&@bﬂm fb&fdlb%l%@mmdﬁkrﬂﬂ@fﬁﬂéhﬁiﬂéﬂmran
ethylene mole fraction of PAB) and molecular weight ag the jnventiv
comoBSKA FETIOPAR I B BOARYR A DI OYEET S BF LR gk A nor
block(B1eagipkar ol W ous kgl foltawingeatial of distifbA Bompos Bt sioh as a

. where a gnd 3 are two constants which can be determined by a
tip Se%ﬁi?&?a%ﬁcgé}ﬁ@aad LRI ST B L BIRGA TREF

fractions of a broad composition random copolymer and/or well
[3(81aracteﬂfhe@ﬂeyddmﬁmeﬂeﬁammpummr&rm@hamtmimdmpawt»igmgdtblock

index? %i'dw%‘?cﬂ%egre@%% dﬁﬁﬁ‘% o%ﬁi’u‘@%’éﬁ%m Pétéﬂﬁ‘fgﬁof)fééﬂfé{%%ﬁ% .

oredbver, one~would need to create an appropriate calibration curve with
distribiugi gy ivieévicareositimaebaotihidrdsie astrgesdpookindexnbBEutathe weight

ej . | b iagt i
e N ASE UL PRSI RSP, SO e
TREF{bkeclitmtinaitinn effaqrolyther balibeatisrebins,/Bigingbairien Foretionatian) from

20°C THRIGG0RS gﬁiﬂ% {Sﬁgﬁ%ﬁ‘d‘f@@fﬁaﬁ‘H%ﬂdoﬁl%ﬁ%ﬁ(%ﬂiﬁlﬁf@ﬁM&@ﬁtslr&uch as

some embodiments as illustrated in Figute 8, random ethylene
1°C, TépdIftherdsarsdobprepdrative TREF fractions of random 25 copolymers
satisfy the following relationship:

ABI =" (w,BI,)

where BI; is the block index for the ith fraction of the inventive ethylene/a-olefin
interpolymer obtained in preparative TREF, and w; is the weight percentage of the ith
fraction. Similarly, the square root of the second moment about the mean, hereinafter

referred to as the second moment weight average block index, can be defined as follows.

Z(Wi (BI, ~4BI)*)

W-1>w,
N

2" moment weight average BI = \/

[39] where N is defined as the number of fractions with BI; greater than zero.
Referring to Figure 9, for each polymer fraction, BI is defined by one of the two following

equations (both of which give the same BI value):

-9.
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Ln P =-237.83/TATpjF + 0.639 The above calibration equation relates the
mole fraction of ethylene, P, to the analytical TREF elution temperature,
WO PEFor narrow composition random copolymers -10 WEBCT/US2006/009500
2006/101966 PCTIUS2006/009500 and/or preparative TREF fractions of
broad composition random copolymers. Txo is the ATREF temperature
for a random copolyrggr S QrpSHiom (e | e
comonomer type and confet) ahdlthe same molbedlar Weight and having
an ethylene mole fraction of Px. Txo can be calculated from LnPx = a/Txo
+ (3 from a.meas, .mole § fracti nyersely, Pxo is th I .
BT an T A SR g e e SR ot S Pl Sraction
(prefesabhe expresswahie Kisivena Rk dotite ethpedethe kafraetino lfo e ihefigetiandwhich
having an, AT temperature of T. hich.¢can be calculated fr Px0
ean b D N SR e e N e B R Gl e e
wholéetiedeiefueyefiatinteiREmémiwdorisiaiotainaiy)eviiohvdsgrtaaer axpasured by
block index, ABI, for the polymer can b lcu +n .
VR g B A AR AR P b 8ol fraction
for pub ¢l Setgnaimisit GvBichrrefiva dmivopitaking sduBicstg pfsherittemalpmet). As an

0.4 and u about 1.0. Rreferably, Sdg 8%?“ fﬂ
apprey B SR RS A SO B A e T
and Pabalitd. ord nes dortb esmbodiipgle denskBpidyethiyéenadysmopilymesbout 0.3 to
about 15 0.9, from about 0.3 to about 0.8, or from about 0.3 to about 0.7,

[10 m aboit 03 - 30PRER- BluffAMeaR A 03 18:r30AHEO? cOpSIPMeABP e same

.3 to about 0.4. In other embodiments, ABI is in the range of from about

compositienbaving. o ft dssuels Sastionei Pao) Hidmrlessbuvrigh aatinventive
copolyHefOM 28RUHO Al RRAL D 1 HEOMLADRLEDHE 62 @RPKLE Gn&lsliRMby NMR)
~ about 0.9 to about, 1.0. 20 [42] Another characteristic of the inventive
usingdhe feleringsaMaHpolymer is that the inventive ethylene/a-olefin
interpolymer comprises at least one polymer fraction which can be
obtained by preparative TREF, wheRag=thegTracti@n has a block index
greater than about 0.1 and up to about 1.0 and the polymer having a

BT YRR SR RO

Index 25greater than
numtzbodveb drdagietoabpeparativw dREF frastiabe of 6. Trasdiagmpesibentrandom

copo%ﬁ% a 3% ARMELE SO R AR Utk o BERARESRARARRHNY D ARsition.

out 1.0. In other embodiments, the polymer fraction has a block

It shankiehegretatbtheianaad dumeyl varkfigndnabument ty Meammemiad oK, pne
Woulg?lgéﬁ)t&%%gﬂy&}%ga%?ﬁﬁ?é BABARM LR ARHURL QAP EinfSeR0R of

an about 0.4 and up to about 1.0, or greater than about 0.4 and up to )
intereghiging@ppropriate molecular weight ranges and comonomer type for the preparative

TREF fractions and/or random copolymers used to create the calibration. There is a slight
molecular weight effect. If the calibration curve is obtained from similar molecular weight
ranges, such effect would be essentially negligible. In some embodiments as illustrated in
Figure 8, random ethylene copolymers and/or preparative TREF fractions of random

copolymers satisfy the following relationship:
LnP=-237.83/Tarrer + 0.639

The above calibration equation relates the mole fraction of ethylene, P, to the
analytical TREF elution temperature, T atrer, for narrow composition random copolymers
-10 -



10

15

20

25

30

30 still other embodiments, the polymer fraction has a block index greater

than about 0.1 and up to about 0.5, greater than about 0.2 and up to
WQRHIe 19185 reater than about 0.3 and up to about -11 WO 2085/A529E§09500

PCTIU82006/009500 0.5, or greater than about 0.4 and up to about 0.5.

etother ments, t fraction h bl d f
andl o AR o LR e S S C G EPS e Dy te
ATRED @S fhtare a3eh faadond oohlyhrn d Lihd eaanoubpbsitia ¢ede b aame

o S R B S B e

ﬁactlcblﬁtemym%&ﬁﬁeaéhahaﬂm&ﬁ@rh)lﬂBQ BloyTReetop uﬁienpmmeaﬁaﬁed Px mole

A T AT b e s

compasitivh 1i.é talidmm&cﬁrﬁmb&tde@qfem ooalient) podithelsamie holdadieesight and
Celsi d bi ti |

having S AT RTINS Chireoh et TRS ARSI o Lol ioaig 3 7 B using

a meadbidd. Séi)e X4P2.2(d)2, and preferably Tm >- -6288.1 + 13141(d) -
6720.3(d)2, and more preferably Tm> 858.91-1825.3(d) + 1112.8(d)2. 15

[Jﬁgl SuchnelingReipydenst ﬁxs%t@a%%e@fﬂuégwﬁrﬁﬁawﬁlé obAtKEs. the

traditional random copolymers o /a-olefins whose melting

weighjeivegebleelsindim ARRErEashevdwiepelymbecanbavalcitatapoNnierse
embog‘g%ﬁéeﬂtﬁfh é&bﬂé‘??ﬁ&i&&%@ﬁiﬁé@?%ﬁ aBOINE $YPEERIAN UL 0.1 to about 0.3.

ependent of the density, particularly when density is between about

In othgremipedinentso iR, beryater Himneabavifiet and ricleahpbihOoffsgirably, ABI
shoul A¥Y &R g@ $PRal Fa0aerd APt b7 CHGR RO RS 6 YHeEP NG Bom

ranges from 0.875 g/cc to about 0.945 g/cc In'some embodiments, the

aboutydiinghsuih® 8 ucemelgmkediments tBlisigdhsiapseet fonrahowibato about
0.9, frbam £b6R @@9@5&@@9@&1@%@&?@ glﬁpaﬁsbapwt B-S42646€ 0(46) Ubout 0.6,

another aspect, the ethylene/a-olefin interpolymers comprise, in

from pbayti A Ze @beH)-SeyERmaew e de whsre -iehinathgipmbodiments, ABL is in
the rapBR'GEIRIAGBRY 8.4 dBote HEOIRRNCSIIHE. FRfINRhAL A6 BTIRGRU©.6 to

for the tallest Differential Scanning Calorimetry ("DSC") peak minus the
aboutrd Popan oot eahest ERyamy i AdRaRowrAdior iR about 0.9 to about
1.0. ("CRYSTAF") peak and a heat of fusion in J/g, AH, and AT and AH satisfy

the following relationships: -12 WO 2006/101966 PCTIUS2006/009500

[42] Another characteristic of the inventive ethylene/a-olefin interpolymer is that
the inventive ethylene/a-olefin interpolymer comprises at least one polymer fraction which
can be obtained by preparative TREF, wherein the fraction has a block index greater than
about 0.1 and up to about 1.0 and the polymer having a molecular weight distribution,
M,/M,, greater than about 1.3. In some embodiments, the polymer fraction has a block index
greater than about 0.6 and up to about 1.0, greater than about 0.7 and up to about 1.0, greater
than about 0.8 and up to about 1.0, or greater than about 0.9 and up to about 1.0. In other
embodiments, the polymer fraction has a block index greater than about 0.1 and up to about
1.0, greater than about 0.2 and up to about 1.0, greater than about 0.3 and up to about 1.0,
greater than about 0.4 and up to about 1.0, or greater than about 0.4 and up to about 1.0. In
still other embodiments, the polymer fraction has a block index greater than about 0.1 and up
to about 0.5, greater than about 0.2 and up to about 0.5, greater than about 0.3 and up to about
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AT > -0.1299(AH) + 62.81, and preferably AT ? -0.1299(AH) + 64.38, and
more preferably AT >-0.1299(AH) + 65.95, for AH up to 130 J/g.
WQLIReGOEINT is equal to or greater than 48 C for AH greater R¢IRUB3E) 6809500
J/g. The CRYSTAF peak is determined using at least 5 percent of the
cumulative polymer (thaf is, the peak t represent at least 5 percent of
5, o RN AGH ARATVABRE thi 18 YT SF PR O PR OB
fractitgeiifiableck MASK fkapaakat v tine.C BISIpAS atoitikoaata 3R abodt 0.3
AH is the numerical value of the heat of fusion in J/g. More  preferably, t
and i SR SRR L CUREATS AT SPRR S R B and
up to @BHIMEN6.Figure 2 shows plotted data for inventive polymers as well as
comparative examples. Integrated peak areas and peak temperatures are

Iculated by the computeri ing_program.suppli Yy
8 rument T L e R A T ook indics,the
ethylocteneledim preapolypely mershemrctg frod dy tonther eneratidiihe propertigodescribed
as foli’g\lizlg.J’ 62.81. 15 [471 In yet another aspect, the ethylene/a-olefin
Interpolymers have a molecular fraction which elutes between 40C and

130C when fractionated using Temperature Rising Elution Fractionation
[44 REF")rcorg aspsri dbeisthylencdm alefin dricrnal umes ssed incHrpadiments of the

invenl?ﬁﬂtﬁﬁ@m%rﬂ\ﬁ%f&@%@ 8RR} AoBRreSNLiICaE500 R H{aftﬁ’i?@bﬁﬁﬂ, Ty, in

east 10 percent higher, than that of a comparable random ethylene
degrepr&iplsiyrradidsanby. duiirayasatiiubic aeatimeismmuhercipdhamvaerisakraines of

the vARBHIEIBRARISEARARE T SiARR Nterpolymer contains the same
comonomer(s), and has a melt index, density, and molar comonomer

content d on_the_whol lymer) within 10 percent of that of the
bl ékﬁﬁée%%%ﬁlé]ﬁ&%rg&réb%?%%mpﬁéﬁ%g omparable
interpolymer is also within 10 percent of that of the block interpolymer

aribiar thasSompaBdBiddte (IAN3E) hasdmntotalreefaabbmer content within
10 weight percent 25 of that of the block interpolymer. [481 In still another

aspest gtieAthyjgns/acglefitinieypgtymers are characterized by an elastic
recovery, Re, in percent at 300 percent strain and 1 cycle measured on a

compressjon-molded film of an ethylene/a-olefin interpolymer, and h

ey, S G LSRRI SELrTRCRE HESTAL o bltds P the
traditasichick sadisty dbhsofohaning a8 yriasiorsibimyihose hleing/podefidecrease with

interpqlymer is substantjally free of a cross-linked phase.. -13 WO . ... .
et T BT 30U G0 B CRHETeticono AR MEIGRiR sting
points 3dBstahGialyd)idependwncoptréatadity, particularly when density is between about
0.87 g/cc to about 0.95 g/ce. For example, the melting point of such polymers are in the

range of about 110 °C to about 130 °C when density ranges from 0.875 g/cc to about 0.945
g/cc. In some embodiments, the melting point of such polymers are in the range of about 115

°C to about 125 °C when density ranges from 0.875 g/cc to about 0.945 g/cc.

[46] In another aspect, the ethylene/a-olefin interpolymers comprise, in
polymerized form, ethylene and one or more a-olefins and are characterized by a AT, in
degree Celsius, defined as the temperature for the tallest Differential Scanning Calorimetry
(“DSC”) peak minus the temperature for the tallest Crystallization Analysis Fractionation
(“CRYSTAF”) peak and a heat of fusion in J/g, AH, and AT and AH satisfy the following

relationships:

-12-
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Re?1501-1629(d); and even more preferably Re ?1511-1629(d). 5 [49]
Figure 3 shows the effect of density on elastic recovery for unoriented
WOiRMRo/HE$e from certain inventive interpolymers and traditionB§ TARSRHfe/009500

copolymers. For the same density, the inventive interpolymers have

tangially higher elastic recoverjes, [50] In some embodiments, the

|§n§/3?é%¢3ﬁ t*épgo%fnmmﬁffé@ nsile strength above 10 MPa,
preferably a tensile strength ? 11 MPa, more preferably a tensile 10
stlengtF? 2KAPH 4t 38 amélomgaporfatbleak of at least 600 percent,
more preferably at least 700 percent, highly preferably at least 800

peﬁept_omé'@gﬁt)hjgﬁl»preferably at least 900 percent at a crosshead
separation rate of 11 cm/minute. [51] In other embodiments, the

ethylene/a-olefin interpolymers have (1) a storage modulus ratio,

for A ypde: {9 HE0MOIsPHEAL 5 SBIArEF BRATEMAD t5 2, fhigré! greater than 130

J/g. THEERPOTAD il detdLnmed @ifnd)- 1A TopaRssianesaiglilasrethalymer
ercent, preferably less than 70 percent espec@lﬂl

80 less than 60
(tht 5B HE A BB AFP ST B AIAFAS S LSS S FUROLALIRAN TR, and if lss than
5 peréSANFassiaREAA PeiaentisHE I0RYIS TR HesRboiMAB ISRIMS TAF

ethylene/a-olefin interpolymers have a 70C compressian set of less than
tempefatie e e c0thaH ¥t i gf%ﬁwéélglm Tri il Yoo

prefeR®Ieite RigiesaOBYHEAMD peaR RNRESI O leattof(thertvey potiinaisifdtss

than 40 percent, less than 30 percent, less than 20 percent, and .
Poly TR 61 o SOOI (657 MG EYRBORERRE® BELEih BRI

examiflta PhBers By arbeasal geiasnapdesartiandalbig asditor thpedaputerized

blocking strength of equal.to or less than 10 unds/foot2 (4800 Pa)
e RIS 49 s IR HEA o b LESOREI 05 e B gmdom
ethyl&id esseiitarvmpasitiv 0l Rajraostasgondas AHbstt21{0rPA]. $54] 129XGAH) +
62.8 embodiments, the ethylene/a-olefin interpolymers comprise, in
’ 1polymerized form, at least 50 mole percent ethylene and have a 70C
compression set of less -14 WO 2006/101966 PCT/US2006/009500 than
[450 percein, ytefeotisy depssthn Fhydencsnolsiie satehzeldospehesne melscular

. | . s
fracu%lg | 2Bl lgss é%%%g%s% %ﬁ%@ﬂﬂ’&&%@fﬁsﬁﬂgﬂ%%%%?% Rising

n some embodiments, the multi-block copolymers posSess a

Elutieeibgetietions HREFdistioummierienhér thetrsaidisastion brstABaelen comenomer
contegn]? I%? Kg}eﬁe%?awtgﬁeés{:@q{&%%@ ﬂ?gii@ﬁ HBY&'}S&Q@I%&R AiGRRS Bercent

ocK distribution and a polydisperse distribution of block sizes an

highgsothsadbiricphansesmsre dpspriittsnoimrserlispepischoarelybaghgtteen the
smeﬁ@ﬁﬁe@%&%ﬁr&&?tﬁéﬁr&%ﬁﬁi@i%&ﬁf SRR SRS BRHSins the same

including termina '
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.

[48] In still another aspect, the ethylene/a-olefin interpolymers are characterized by
an elastic recovery, Re, in percent at 300 percent strain and 1 cycle measured on a
compression-molded film of an ethylene/o-olefin interpolymer, and has a density, d, in
grams/cubic centimeter, wherein the numerical values of Re and d satisfy the following

relationship when ethylene/a-olefin interpolymer is substantially free of a cross-linked phase:
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blocks. More preferably, the copolymers include at least 5, 10 or 20 blocks
or segments including terminal blocks. 10 [56] In addition, the inventive
WQRH8K/ 18189polymers have additional characteristics or properl€3/UA28¢@009500
aspect, the interpolymers, preferably comprising ethylene and one or
mare copolymerizable comongmers in polymerized form, are
c%?g&éﬁkéémﬂlgraﬁﬂi% or segments of two or more polymerized
monomer units differing in chemical or physical properties (blocked
inRepxlytriein29@dt pndferaielprafaraiifiyblock copolymer, said 15 block
interpolymer having a molecular fraction which elutes between 40C and
130 when lgﬁ@?%ﬁ%@'}ﬂ& gfegmgﬁcterized in that said fraction
has a molar comohomer content higher, preferably at least 5 percent
higher, mare preferably at least 10 percent higher, than that of a
c ablel 3 %e ethylene interpolymer fraction eluting between the
same temperatures, wherein said comparable random ethylene
[40jerpolyFigueodrytrisestec: Faon e 2kasitp encsimstis e enctiyafo aumsticirted Xilms
nsity, and molar. comonomer conte sed pon the whole polym
s R RO Ot O N SIS FRATSEA MR Bl S e O th same
densilyiythd inot e conepssbibieintenrodybsemtals higitieliGipeecontridsthat of
the blocked interpolymer and/or the comparable interpolymer has a total

[ﬁgggﬁ,ﬁﬁg&glgt%{}wﬂmgf&g tﬂéeéﬂglgﬁéﬁggfe‘ﬁgﬂﬁg@o@ﬁl@g’ﬁ@g a tensile

er. omonomer content may be measured using any

strengiliiatiseetd ORI erofitablgchisifilessbergid arl hddReamaegpisterably a tensile
stren%?g%}%nﬁﬁ’gw@; )ahﬁ%(f&rlrﬁﬁ%% BrEfRRd: IMArEOY PerfRhP ARG R Rirably at

s of polymers having relatively broad TREF curves, the polymer is
least flf4t pesecinta tably piedeTaRrideo 800 descenclansbuiny bigllyfugierably at least
900 FEMRE AL EoLAN0A Hph%GH 1585of MRS AfRGR.elUted fraction has a
collection temperature window of 30 10C or less. Using this technique,
said block interpolymers have at least one such fraction -15 WO

[3Ho6/10 1868hsE RIS 0GE S HERY AHIGHRIFROINFESH NG a R Storage
mod%qgi?ﬂb;@mmveﬁm%mmg)m@mm @f‘Sbga;ﬁfem@a[?t]gi@girlt%mijm@re preferably
n another aspect, the inventjve polymer is an glefin interpolymery,
from g, el SR s e BRAET R G bR HABH LB less than
70 pOENQRRHREISIIN losd el R pdeem, feahtracsorzadehy, 6ruliplthiorkadicent, down
at least two blocks) or segments of two or more polymerized monomer
to a GomRIeifan gt €8} or physical properties (blocked interpolymer),

most preferably a multi-block copolymer, said block interpolymer having a
[f2ak (buinetijustiemeoibodimefiactiondthitie/eholefib ettogeiyad@s dage a 70°C

com 05 WG SRARCOAPGL HAPDRLCHEL TRFBF et or et

characterized in that said peak, has a
50 percent. Preferably, the 70°C compression set of the interpolymers is less than 40 percent,

less than 30 percent, less than 20 percent, and may go down to about 0 percent.

[53] In some embodiments, the ethylene/a-olefin interpolymers have a heat of
fusion of less than 85 J/g and/or a pellet blocking strength of equal to or less than 100
pounds/foot* (4800 Pa), preferably equal to or less than 50 1bs/ft® (2400 Pa), especially equal
to or less than 5 Ibs/ft* (240 Pa), and as low as 0 lbs/ft* (0 Pa).

[54] In other embodiments, the ethylene/a~-olefin interpolymers comprise, in

polymerized form, at least 50 mole percent ethylene and have a 70°C compression set of less
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10 comonomer content estimated by infra-red spectroscopy when
expanded using a full width/half maximum (FWHM) area calculation, has
WQR8/d93%¢ molar comonomer content higher, preferably at 1B&E52006/009500
percent higher, more preferably at least 10 percent higher, than that of a
comparable ran ethylene interpolymer peak at the same elution
than b RE D B G B0 GG R, TRORSD B ESU TR Lo
than 4teie aiiercenh@ieidosaidold aenpasabieicmndom ethylene interpolymer
has the same comonomer(s) and has a melt index, density, and molar

monomer content (hased on the | I ithin 10 pe .
5Tt of ool araneaimganete M RO YR AR R o5 e o
SchulimtEtpoyhydiseibstiatscathiththabtyReiseon disthibutibthelblo ckpolymerpatyivether

nd/or,the, comparable interpolymer. has a. ithi .
s R R SNSRI AU oion
of blowkdtizdsadhdpossessingre) wids praiebletistribusbaeof blotid sugibof Preéetngd multi-

to methvlene r nse ar C H i - .
blocl SRR SR | bl e SO o b AR torninal
blockanddrepréferaliH theacepolynateimmindelaHons &idOibuBoblockssuresgments

. ' . eak, the FWHM area is defined as the area under the
mcludéﬁi%% elt%]e-glr? %Qa'nd T2, where Tl and T2 are points determined, to the

25 left and right of the ATREF peak, by dividing the peak height by two, |
[58hd thenlardditigm theanrentivnbiee iRepabangre hvsandiiosataerististios

or proRetidgNIPBHICRERE R MtERFdTyRHEVE pRefCRINNAGRRINME ERABRRAMATBRE o

content is made using random ethylene/a-olefin copolymers, plotting

more cgRALHBRI ARl REMORSSKIIRPOLTRIE S [Rvina Aag Fhiigieriredripympultiple
blockB®ake £AEARNDINHA-tR AN PONNBA LA IRGHRRE UHIE G HeResaiechihitie or

.same comongmer 30 type of interest. The comaonomer content of TREF |
physigalaeesertiesiblasisd BERRAYRSR ROt BiPHFhlorls fgRARymer, said

blockCRIRRIPM SURHEI RIS thBRe EMHYh pASHWIL ERellivds BetHi&R 46tDand 130°C when
[CH3/CHZ2] of the TREF peak. -16 WO 2006/101966 PCT/US2006/009500

fractifmeicd GisiBE IR ET cEPETETRZG LD tabsifdipauntyhang Gnlahfemaumgy sontent

higheWifidReAblEIHER RASQstRBIUGIERE, HRYE pHErRBONaNRAIN M Brcent higher, than
spectroscopy preferred. Using.this technique, said blocked interpplymer

t
that of 3 AGPRIR N IEPC O CLIREY BN RS EP Lo LGN S SRS
tempépdaiRg|wieren [6] Bsaipiaddls faidoiepbiyenemeigihyiene@nprises the same
1-octene, the block inferpolymer has a compnomer content of the TREF
comepgRITNT R B EHIEk T RS e I RN SERLP AR SO AP R 4bs5ed on the
whol€|yaliiitie)- Wil 3D perc2Qt@f thao e e doakid dneapel thren. dPrefuably, the
antity (-0.2013) T+ 21.07, whe is the. ical f k
v R RS ‘TR R S S BN EETER B e

interpolymer and/or the comparable interpolymer has a total comonomer content within 10

weight percent of that of the blocked interpolymer.

[57] 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 is first fractionated using TREF into fractions each having an eluted temperature
range of 10°C or less. That is, each eluted fraction has a collection temperature window of

10°C or less. Using this technique, said block interpolymers have at least one such fraction
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10 [61] Figure 4 graphically depicts an embodiment of the block

interpolymers of ethylene and 1 -octene where a plot of the comonomer
WQRaMem\Wepsus TREF elution temperature for several compaR{aIS2006/009500

ethylene/1-octene interpolymers (random copolymers) are fit to a line

. representing (- 0.2013) T + 20.07 (solid line). The line for the egyation (-
baving & &moﬂ.ewwﬁﬁtgwa%mm PR B i gombareble
interpe®yaomer contents for 15 fractions of a block ethylene/1-octene

interpolymers according to embodiments of the invention (multi-block

polym rs{}t&.1 | of the black.interpolymer fractions have. significantly
(5% her 1-%10 e?)w%%ro%stbeer??’t%%nl%‘%nelrvg eogtr%%fl}ﬁ/%?e%fe éﬂfﬁ%n Olymer’ preferably

comptizimgerihiylene. afidisnessuth dsecttaralytariktiebdd tomimenensdinielypobnmed form,
cnarafSPEISNGRIR B5- e o g pissence ol Torentisted bpeks Wikl

€ polymer chains, havin crystaliine and amo n
polynkégjaed Momamieicaiiscisfitairg tinecliéiiFat orhpsicht propentieseibbanktehts of

. I fracti f d tive. F.t .di .
ter B S Ry P RE B PR M R BRI ppving
peak (butbathj pﬁ]ym@dsdslala&adﬁmtbwm@@lummm@m&fw&hahcu e 8 19) r(hw_eeithout
colleccgt Snfﬁ%glgglsa{ﬁr %@i@lﬁlﬁ?ﬁ%ﬁ%&% ?&%Qé%?%ﬁ%eﬁ'%ﬁ%a -«E%ﬁ ﬁiéglgd
artisan can appreglate that an appropriate calibration curve mé)y é
comoponsirgotdentastinteigsbbynefia-withsdeteoneppymban sraandedearsifigte duid

widt glﬁ{%EIEMPWﬁﬂffa‘f@i%%ﬁuﬁ{%‘&rﬁgéy DiveleS AL RN GRr content

obtaine Sing compal ative mterpo ymers o the same monomers,
higheprpfefetalyly atthast Epoutyntdighendeorsimgfarabbiaitdesiid @pendest higher, than

that o@%@%ﬁ&%ﬂ?{)ﬁﬁl@yaﬁ}qE?l@%ig?éggﬁgrigé@?&é’ ﬁlérktﬁ{féoé}{ﬂlgfﬁ erature and

characterized by a molar comono 30 content greater than the value

expandigtbnsinge el widid/balfraadmwor(EVaHIMe argaralaTlRiEm, sytrewi said
complgt%@é]r%c?cﬁﬁ &Eﬁé%%‘?&@cﬁ%é@ﬂaﬂﬂ@%erﬁ%@&%@{&%&')eiﬁ&a&ié’ a?félg]lt index,

east 5 percent greater, more preferably at least 10 percent’ greater. [

density, agd st teoansies expertshaser e fdwlrrelyprd) e, Hp@ercent of
that oif‘fﬁaerm\ﬁ‘ék&? M’E@ﬁ!@lﬁ%@l@ Q’fg}@fﬁﬁﬁ HREARY/ ORGPHHY Qﬁﬁﬁgﬁf%QQ{emolymer is

characteristics. In one aspect, the 5’inventive polymer is an olefin

also withip ol reseeniefahabRf sepipidied Bvisynohanss gushier dhwopaparable
interfIPRMMELI23bI5 CBMORINE SRR RS ZRAVRIPA: PBRIGRISHERE B)he blocked

. multiple blocks or segments of two or more polymerized monomer units,
interpgyarstg rhedthmidtbhalyampdmprs RWEMbralsdatiprdsdsrf e, thegatio of
methPr &Seraily1gtlpblncka RO UeTHSPEbRIGRK AMRIIOHMLEIPIRLRY, wherein

molecular fraction which elutes between 40C and 130C, when 10

the tajlgstibighesrgal T isertifieddioanthe bass dineransihenitae SN Hbetrmis
deterR¥iifed. MRS GOMTHRMHSKGRAIEAUEIAREH RIEteRBlRIHHRABIWVIRAGRALS defined

higher, more preferably at least 10 . .
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 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 infra-red method, the calibration curve is generated for the same comonomer
type of interest. The comonomer content of TREF peak of the inventive polymer can be
determined by referencing this calibration curve using its FWHM methyl : methylene area
ratio [CH3/CH;] of the TREF peak.
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15, 20 or 25 percent higher, than that of a comparable random ethylene
interpolymer fraction eluting between the same temperatures, wherein

W@ aMatisarable random ethylene interpolymer comprises thESHiE006/009500
comonomer(s), preferably it is the same comonomer(s), and 15 a melt

index, density, and molar comongmer content (based on tme whole i

(50 lymer) GOMSRBCLERRISRE B E GRARS HELTE FRS OIORIE FSru RN
technifgel/ e iof theleanpaiadie réstepely VD) alsaioteispi Préiaed! Mfsing this

that of t Iqcked interpolymer gnd/or the, comparable interpolymer has
RER A A e R T R s e o i
corre$ptardialy avanpRtiintigieiahly, the above interpolymers are

interpolymers of ethylene and at least one a-olefin, especially those

interpolymers having a.whol I ity fr t
S o o e b D botymer
has amierpeceaentof tdrRIBE frkstivac intag bépwesnHkaad ddidE @reeter than or

oS GTNALES T eIt IS gEn ARG P e
quantityeGQRALIHERbATywherd 358 temtmedsa vdlueost thy okalablytime tamperature
Ofthgmjﬁ%q%%%iﬁ%gggﬁ%)é&Qnggs]u%'g +34.07, where T is the numerical

Y e ution temperature of the TREF fraction being
compared, measured in T. [65] In still another aspect, the inventive

[63d1ymer Blawrotbarphisabagienicts 30 preredimrrtehibribiagkcirsrenl sses of

ethyl 80 TORHRRANES rg}ﬁeleoque QORISR RaMmSLERE TRIF elution
characterized by multiple blocks or segments of two or more polymerized

tempexgfupgdos SRS £ORD PedIFT s dotsiens IHSHRIYEIH eRBFRPRiymers)
are ficREAER!RpREYRIGR! Rrope1SI(klooked Biei PR N e MRSFoPtREQIQRGh (-

multi-block copolymer, said block interpolymer having a molecular fraction

02013hikr el ilsibaaristsd Ry dntietdme, dhiraiciehatethesprgoprer contents for

fractib}y eMEISck SRy RN Zasdiet ik veyin iR cliRbriming SrsyTRNAMRES the
content of at least about 6 mole SBEercgnt, has a melting point greater

invenom @RI ARIECaROIMSEY fradkishdh AlRRY R TBRIHGHIZS Yom

signiﬁb&liulyam@ﬁ& D;Qf@t@ﬁé %%iécﬁuﬂ%ﬂrﬁmlﬂepﬁmte@%meﬁﬁaemm?@@e%&es. This
meltjng point of about,110C, or higher, More prefer , Said polymer

resulf SRR AP fo AP RC MB R XTIS8 ABTHEH FL 8 BRSsp gresence

of diffeiaitiaridasioespatttihthéinl adatbaind thivive bbth eAGaNivlepriCaniorphous
comonomer in the fraction) + 135.90. [66] In yet another aspect, the

haturg, entive polymer is an olefin interpolymer, preferably comprising

ethylene and one or more copolymerizable comonomers in
[62] Figure 5 graphically displays the TREF curve and comonomer contents of

polymer fractions for Example 5 and comparative F to be discussed below. The peak eluting
from 40°C to 130°C, preferably from 60°C to 95°C for both polymers is fractionated in 5°C
increments. Actual data for three of the fractions for Example 5 are represented by triangles.
The skilled artisan can appreciate that an appropriate calibration curve may be constructed for
interpolymers with differing comonomer content fitted to the ATREF temperature values.
Preferably, such calibration curve is obtained using comparative interpolymers of the same
monomers, preferably random copolymers made using a metallocene or other homogeneous
catalyst composition. The inventive interpolymers are characterized by a molar comonomer

content greater than the value determined from the calibration curve at the same ATREF
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polymerized form, characterized by multiple blocks or segments of two or
more polymerized monomer units differing in chemical or physical

W R8pEHIE¢blocked interpolymer), most 15 preferably a multi®fdéksS2006/009500
copolymer, said block interpolymer having a molecular fraction which

. elutes between 40C and 130C, when fractionated using. TREF increments,
ooy ARRE s LY By DB e R s PRSP TR o oot 10 petcent

greatdégmperature greater than or equal to about 76C, has a melt enthalpy
(heat of fusion) as measured by DSC, corresponding to the equation: 20

L R

ATREF elution temperature.in Celsjus) - .
c.56, TR A By e A A R i entive
polymenictae be ehatzeterizmd $9 Orenet 18G€ addivonfrbcivnctteiticindnldRE Bspect, the

inVeHL['i]\(;%r%O epl’}gf ICShar%?et%ﬂZIelpe mOEEIat F\I{frﬁfe% itl%%&{]g%}sfilag% ]‘—lg Ef‘ﬁl one or more
elution emperature petween a €SS than abou , Nas a me

copolgntbaipblthemaidusicrihaelymadeed dhynDdaractmiesp bydindtipl¢doss or

ion: H f fusi [ 1312 - el -
seam gy B SR bR A e R D S SRRt
propePiizak(orkot orteep Gpmpdition mdmhlezmmulﬁyhmh@gdlﬂm@d_[wk
e PRl 0 S5 e
fracti (inerged weing, pEER mmmnnmaﬁaf@@}zeﬁén'dmwé ifloptiviobes @mhla_r_
comoﬁS}Sgﬁ%%éﬁﬁ%%%ﬁgﬂ ﬁ#&%ﬁ?%&%{‘? _r&%?%’gl{?ﬁ,eﬂééﬁ'}ﬁe‘f&%9%{'fé’ast 10,

sensor tar narrow band infra- e region of

15, 20800530800k higheThthmsbainé mentpainbls Watsstscthzlenetinjrepel (Drryaction
elutin%atggﬂz@eselq hd QQIHQ ﬁ¥m§ér§ﬂE@ WHaety Jﬁﬁlﬁ%ﬁt&f%@%&% ethylene
oncentration in solution) w

Ile the composition sensor detects the methyl

interglyiByrroupsitssihe putynremmmmeksaprrittilyalds thegrme comonomer(s), and
a mel@%gg,sgéﬂﬁﬁ),gé}ﬁi SonR ) ghistRARY éBﬁtéﬂ?%Eﬂ@ﬁg’ﬁé?ﬁ@M%&) within 10

sensitive to the comonomer content of the measure polymer’in solution

perceahgfithateaiibaddaeked ibremeel voner- irsierablnyibedMaypria-ofdhe cupenyrbls
interpO BREA 52 k6N THE 961G UnMEERHIFINYTIRRA TREBIN S BEDbr the

provides both a concentration (CH2) and composition (CH3) signal

compgsaplsristearolmenhatajolhromanemetronton deghipprsighef that of

the bﬁgﬁggiﬁlg@ﬂgrﬁu@g can be created by measuring the area ratio of the CH3
to CH2 for polymers with known comonomer content (preferably

asured b R), The comonomer content of an ATREF peak of a

0 mer SaF B SR 15 PPN e Aot A St fast
one o-aliefief thpeataits darstimingvignat{Hddiand Witle polymer density from about
0.855 to about 0.935 g/cm?, and more especially for polymers having more than about 1 mole
percent comonomer, the blocked interpolymer has a comonomer content of the TREF
fraction eluting between 40 and 130°C greater than or equal to the quantity (- 0.1356) T +
13.89, more preferably greater than or equal to the quantity (-0.1356) T+ 14.93, and most
preferably greater than or equal to the quantity (-0.2013)T + 21.07, where T is the numerical
value of the peak ATREF elution temperature of the TREF fraction being compared,

measured in °C.

[65] In still another aspect, the inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or more copolymerizable comonomers in

polymerized form, characterized by multiple blocks or segments of two or more polymerized
-18 -
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response (i.e. area ratio CH3/CH2 versus comonomer content). 20 [71]

The area of the peaks can be calculated using a full width/half maximum
WQRWs{MI%aIculation after applying the appropriate baselines REFIEG 009500

the individual signal responses from the TREF chromatogram. The full

OO RGN RS G AP S B LR e s agpost
prefereblgreindhibiastdpigiest) padkbisddantfiedyhomithvines ebheutaditivtion
. the 25 FWHM area is determined. Far a distributi d usi
it R A B e AL AREP R R A L SRS
charabiefiveé i thainsl di3, frdeeion Theing 4 2caneniriscaetatroize deda thedet aode

ight of the, ATREE k, by dividing t height b .and th
R A R e R s O S
comopoiitn®nkindrohi BiohtQuivale-26341D12@061t 61A6k P&doht SREDH MORAChas a

72].The application qf. infra-red spectroscopy to measure the comonamer
DSC B R R AT MG R TS S S A
havinppatiahof1GRT fefdeht syshemsares, daseriDB mdhimgaplsint tigpt eferesymests to the
Markovich, Ronald P.; Hazlitt, Lonnie G.; Smith, Linley; "Development of
equatlgﬁ)(-{-ll‘-permeation chromatography-Fourier transform infrared 5 spectroscopy
for characterization of ethylene-based polyolefin copolymers™. Polymeric
Ma (S Sdehimalpr Eagirearmgrrgdn thefraghon)d. 1aad®eslauriers,
P.J.; Rohlfing, D.C.; Shieh, E.T.; "Quantifying short chain branching
[e®¥CrostrugtuEe adpREPYIPREE AL RERO OMIRLRIRE SIEREXEHEmer,

chromatography and Fourier transform infrared spectroscopy .
preferablsccpmRRping SHHIERT 200 97%4% 15619 PEPOBHRCEFANIR A RRIHRY D Grated
polyriftiZdd ligteaas Resairdvineiaplyeckédrbshinee e Rried thatwbikanerized

the TREF fractions in the above description are obtain%%jn ab

£F 1racl C
monoerdh i e dn herateronRRE RN R e e CAek ebiniveahaey, most
preferbBp R fREHMIRUWEPEy IR, 44 BEMmaRkpaISheinerameNmalecHar fraction

. jncrement, or 1 C _increment. 15 [74] For. copolymers lene and an
i T DR AT o BTy R R b IR APt
charadt&ize@ia pafevabhfiatiRasithithasleAREE, elufibicRsipAnasgreanstihan or
preferab least 2.6, up to a maximum_value of 5.0, more pr. bly u .
cquall 2 AR 6 3 Bl e DU G B ALY 03] 2 RS pprdine
to thefagieiion:80 J/g or less; (3) an ethylene content of at least 50 weight
percent; (4) a glass transition temperature, Tg, of less 20 than -25C, more

prﬁ@é@@%ﬂ%%%ogf%’héﬁ%%ﬁ?ﬁ{éﬁ(ﬁﬁ?ﬁ%@&%ﬁgﬁm-%[%élaﬁﬂ{@-@ﬁ36.58,

the inventive P a Ination with any

[67] The inventive block interpolymers have a molecular fraction which elutes
between 40°C and 130°C, when fractionated using TREF increments, characterized in that
every fraction that has an ATREF elution temperature between 40°C and less than about
76°C, has a melt enthalpy (heat of fusion) as measured by DSC, corresponding to the

equation:

Heat of fusion (J/gm) < (1.1312)(ATREF elution temperature in Celsius) + 22.97.
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other properties disclosed herein, a storage modulus, G', such that log
(G" is greater than or equal to 400 kPa, preferably greater than or equal
WQRRNGIMPE, at a temperature of 100C. Moreover, the inventiRECBAIFPHH09500

possess a relatively flat storage modulus as a function of 25 temperature

in.the range from 0 to 100C (illustrated in Figure 6) that is characteristic of
ATRE et pAaRamsr  RENGSHIPD SO RARFIEP GBI SE g or

especially a copolymer of ethylene and one or more C3_3 aliphatic

[@8Jolefins TiBycthecmrmetretatpeditifiatd fithh ER Ebipeslt mmizametsutddgBig an IR4

. in,Pascals) decreases byl haf o er. of, nitude between 50

mfra‘é%%dfg‘?fg‘fr arveqﬁg?gﬁ‘ﬁﬁ 8&?@@%"%16&?(%%%‘3&31 Wr2006/101066

(http: PR BAOOERNBE0OM[Y.6] The inventive interpolymers may be further
characterized by a thermomechanical analysis penetration depth of 1 mm

[692 empRRREe A RIIEAShIRE myalL@siér 1eXR PR MIHS Yhdrefefent
kpsi (20 MPa) to 13 kpsi (90 MPa). Alternatively, the ‘inventive

sensqrh(@léﬁlyﬁde@gmaﬁﬁﬁmsm&ﬁﬁﬁébm%ﬁwélé%%%bﬁ&ri@@@rﬁ% Bitewt in the
regiof SEI80H3 0 EIREr FHEaSEAShL Mo eiisaRSliaryTaldne i & Hons on

at least 3 kpsi (20 MPaf. They may be characterized as having an

the pelyraerdihidhistizaedy srasrinErplysge seneriraiiotimsplntigmevhile the
compdRAWYR HeRsEMREL I M%fﬁ&'ﬁ(ﬂﬂ&ﬁ%?&&ﬁb‘%f%é%l%@ﬂtm RVHRRIRI@S ratio

compared to other known polymers. The inventive polymers have

of the pgrmosiinpisegesl (fBhb YRR Y A RS BB aTAL bl i gpsitive to the
comdOMRISntt B [T hAdediianallp IRensthylsneliBrodglniNGIRAIYENS G kBAted with

have a melt index, 12, from 0.01 to 2000 g/10 minutes, preferably from
knowy gthybenp alrhp@shimeraslmsisisrddidbly from 0.01 to 500 g/10
minutes, and especially from 0.01 to 100 g/10 minutes. In certain

[F0nbodinTehésidietetvieneliediefin intey PRIFMBisrhmentproeitasdexh &2,

from 0.0 10 minytes, 0.5 to 50 g/10 minutes, from 1 to 30 .
con HRAGTES) HOF TS0 D! LG S FSTIBHS DL o oL 0 i v he
TRERpeartas) £ phlodinteptsificcahidlaticiexatobtlvecathy ey eleasieiiy tholyrewerstio of

is lg/1 iputes, 3 g/10 minutes or 5 a/10 minutes. [78] The polymers can
LS e T B
NMR)r &fbeatoiy framdi0RGigimofentol BEF, @osk ofcr pqyaferalaly HeorstibG @by
/magle t0,500,000,a/mple especi from 10.000 g/mole t ,00
appiylfE 1 18R R A A SR ARECR I RIOR oG PR R g
respagiem(3. arweprefiso b, (0He treyben e ooumtaimin ggquddpihers from 0.85 g/cm3
to 0.97 g/cm3. In certain embodiments, the density of the

[ﬁgy'e”e/ G B BEIARILES QM IRE Y 3301 IR/ RAIP RE{iMPum

0.910 g/cm3. [79] The process of making the polymers has been =~
(FWHM saleulptiemeafisronniyipatbaerppreatobaselings toriyrgimaheinrigidyal
signaNRsBOMReSHRAR tile AR chy difia®RP4nmYUthe full width/half maximum 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 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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25 Provisional Application No. 60/662,937, filed March 17, 2005; U.S.

Provisional Application No. 60/662,939, filed March 17, 2005; U.S.
WEP2eRG5IOaP Application No. 60/5662938, filed March 17, 2008CPG$2006/009500

Application No PCT/U82005/008916 filed March 17, 2005; PCT

pllcatl CT/US2005/008915, filed March 17, 2005; and PC ;
pllcatl “1\‘?‘813 SR LS ARSI PR °8W8Pm7ﬁeér?°n ent
of pol@rfﬁdﬂcmrﬂﬁi a&&d{E}?-ﬁﬁiﬁ&ede&ﬂme ie)in pitivelp RO tieijattontieaahGRCATER

systrB i RS 1 L PR S GITERy PR OF BB o et Loie G
Smithp @yﬂwglzab#&mﬁem et%ellmnﬁwﬂcﬁmw@mw@@}gdﬁmﬂm transform infrared
e s ) O T cOmRE e

Mate@ﬂkymﬁmi&tmfd Gﬁi@lﬂ&rhegn@@ﬁlb;g&ﬁc@mmmdimmmatwﬁ 5;iRdhing,

fln erization ata st havm & comonom
D.C. ’@bﬁ%ﬂoﬁcﬁmn &gé”hﬁﬁ %’6 ’%ﬁfﬂess e 168Fcérﬁleﬁn
copolmgatsprfﬁfgabb/dm?ﬁtmmﬁrp&raiegtaphyﬂm&ﬁm&mnnmnsfmnrpmﬁam
ndex o in,shuttling agent
Spec‘[r@%co%gﬁ‘?&?\%g Eclg%aﬂ and%@% Zﬁ t%{;tngﬁéggntﬁ}ﬂe a[nf%lme mcfgffrated by
referefaddlystifAh ﬂhe[Ne(ﬂ],ﬁ@l(l methylethyl)phenyl)amido)(2-
isopropylphenyl)(a-naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium

[7‘% ethylPIEARELE AGRAHIROHR: IO IPPREPIROE WO HE S &és%np‘uon are

tents No. 6,953,764 and No. 6,960,635, and WO 04/24740. \
obtan@r-zli iapd)X (HB@)E%WW@W{H@@}QM@%@%}{%}‘@%@%tl(ﬁ@}% a

TREﬁNré&%ﬁb@uf@%@?ﬂ%Wﬁ%M@ﬁp'g@éé increment, a 2 °C increment, or 1 °C
methylphenyl)(1,2-phenylene-(6-pyridin-2-diyl)methane)]hafhium dlmethyl

increpg@bared according to the teachings of WO 03/40195, U.S. Patents No.
6,953,764 and No. 6,960,635, and WO 04/24740. -23 WO 2006/101966

[FAE T/USFRHIIP00rs %3 eltiPlMeand an a-olefin, the inventive polymers preferably
possess (1) a PDI of at least 1.3, more preferably at least 1.5, at least 1.7, or at least 2.0, and
most preferably at least 2.6, up to a maximum value of 5.0, more 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 Tr,.

[75] Further, the inventive polymers can have, alone or in combination with any
other properties disclosed herein, a storage modulus, G’, such that log (G”) is greater than or
equal to 400 kPa, preferably greater than or equal to 1.0 MPa, at a temperature of 100°C.
Moreover, the inventive polymers possess a relatively flat storage modulus as a function of
temperature in the range from 0 to 100°C (illustrated in Figure 6) that is characteristic of
block copolymers, and heretofore unknown for an olefin copolymer, especially a copolymer
of ethylene and one or more Cj_g aliphatic a~-olefins. (By the term “relatively flat” in this
context is meant that log G’ (in Pascals) decreases by less than one order of magnitude
between 50 and 100°C, preferably between 0 and 100°C).
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Hf 0 (H3C)2HC CH3 CH3 [83] Catalyst (A3) is bis[N,N"-(2,4,6-
trilmethylphenyl)amido)ethylenediamine]hafnium dibenzyl. H3C CH3 N

WORRHIOBCHI3 X= CH2C6H5 C CH3 N H3C CH3 5 [84] CREK/&SaAy189500
bis((2-oxoyl-3- (dibenzo IH-pyrrole-1-yl)-5- (methyl)phenyl)

2-phenoxymethyl)¢yclohexape- 1,2-di I2|r um_(I1V) dihen repared
8lbstant oy T O B ARG S T SURREo8 859 o7,

thenn\dﬁ@d%ﬁiﬁ%alﬁﬁ it tpatiddehtidd 1% atHZéﬁlﬁ@Edtﬁ@taiWﬂéleD&"C as

well W)ﬁf%g ?{’é%# )éﬁﬁ'amy énglfﬂ) (éﬁ)wéa z%&y M{ilgg” r}ﬁ ernatwely, the
invenB eSO 6108 Wahaé G HRxInoinéCHARI] Nn%y@(@d@ﬁraﬁ’oﬁ A4piBGH3 thm at
e TR (GO R e G o,
They ipive phatybiiZedmyihzingoniub shitvanzylsGctIR)Bvittte 106s) 6fTddS)Ban 90
mm’. Figure 7 shows the TMA (1 mm) versus flex modulus for the inventive polymers, as
compared to other known polymers. The inventive polymers have significantly better

flexibility-heat resistance balance than the other polymers.

[77] Additionally, the ethylene/ a-olefin interpolymers can have a melt index, I,
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/a-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 embodiments, the melt index for the ethylene/a-olefin

polymers is 1g/10 minutes, 3 g/10 minutes or 5 g/10 minutes.

[78] The polymers can have molecular weights, My, from 1,000 g/mole to
5,000,000 g/mole, preferably from 1000 g/mole to 1,000,000, more preferably from 10,000
g/mole to 500,000 g/mole, and especially from 10,000 g/mole to 300,000 g/mole. The
density of the inventive polymers can be from 0.80 to 0.99 g/em® and preferably for ethylene
containing polymers from 0.85 g/cm’ to 0.97 g/em’. In certain embodiments, the density of
the ethylene/a~olefin polymers ranges from 0.860 to 0.925 g/em’ or 0.867 to 0.910 g/em’.

[79] The process of making the polymers has been disclosed in the following patent
applications: U.S. Provisional Application No. 60/553,906, filed March 17, 2004; U.S.
Provisional Application No. 60/662,937, filed March 17, 2005; U.S. Provisional Application
No. 60/662,939, filed March 17, 2005; U.S. Provisional Application No. 60/5662938, filed
March 17, 2005; PCT Application No. PCT/US2005/008916, filed March 17, 2005; PCT
Application No. PCT/US2005/008915, filed March 17, 2005; and PCT Application No.
PCT/US2005/008917, filed March 17, 2005, all of which are incorporated by reference

herein in their entirety. For example, one such method comprises contacting ethylene and
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%R2 (H3C)3 0 N_ CH3 X=CH2C6H5 (CH3)3 5 [87] Catalyst (Cl) is
(t-butylamido)dimethyl(3-N-pyrrolyl-1,2,3,3a,7a-r)-inden-I- yl)silanetitanium
WQRshY199fe pared substantially according to the techniques dTAI/ESPE6A140500

No. 6,268,444: ~ Nom/ (H3C)2S\ /Ti(CH3)2 N C(CH3)3 [88] Catalyst

. ( is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2 3,3a,7a-31- 10 -
option 425 G TR GHOR POV RS R DUVt Shi A BRI g isgdition
polynteagkiiog s &iditidns Rt nt el HBatmdsitietd dotapASNE 101966

PCT/US2006/009500 H3C CH3 Si/Ti(CH3)2 N H3C C(CH3)3 [89]

Catalyst (C3) is . . . .
Db b pindsch ki combiging;
indacen-l-yl)silanetitanium dimethyl prepared substantially according to
thie\denBrshels R RolgnPEEatoN 628l gstagne s digikeomanomier ipeskpation
5 H3C C(CH3)3 [90] Catalyst (Dl) is
bis(dimethyldisiloxane)(indene-1-yl)zirconium dichloride available from

Sigma-Aldrich: O. (H3C)2Sj/ ZrC12 QO ) ) ..
(%) a second olefin polymerization catalyst having a comonomer incorporation index

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.
[80] Representative catalysts and chain shuttling agent are as follows.

[81] Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-
isopropylphenyl)(ai-naphthalen-2-diyl(6-pyridin-2-diyl)methane)Jhafnium dimethyl, prepared
according to the teachings of WO 03/40195, U.S. Patents No. 6,953,764 and No. 6,960,635,

and WO 04/24740.
@'CH(CHs)z
(H3C)H S \—4 ©
Nae
N
(H;C),HC C{h CH;
[82] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-

methylphenyl)(1,2-phenylene-(6-pyridin-2-diyl)methane)hafnium dimethyl, prepared
according to the teachings of WO 03/40195, U.S. Patents No. 6,953,764 and No. 6,960,635,
and WO 04/24740.
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[91] Shuttling Agents The shuttling agents employed include diethylzinc,

di(i- 10 butyl)zinc, di(n-hexyl)zinc, triethylaluminum, trioctylaluminum,
WQrstieAtieim, i- butylaluminum bis(dimethyl(t-butyl)siloxane)PCT/US2006/009500

i-butylaluminum bis(di(trimethylsilyl)amide), n-octylaluminum

di(pyridine-2-methoxide), bis(n-octadecyl)i-butylaluminum, i -26 WO

2006/101966 PCT/US2006/0095 n@ ‘ gminum bis(di(n-pentyl)arnide),

enOXi tylaluminum

yldimethylsiloxide),

bis(2,3,6,7-dibenzo-l-azacyclo eami
bis(dimethyl(t-butyl)siloxide, et 3@' d2,6-diphenylphénoxide), and
ethylzinc (t-butoxide). [92] Preferabfy, thglf'éregéing process takes the
form of a continuous solution process for forming block copolymers,

[833PeciallChuiiisleey) ¢opRNErS-@aferably linear multi-block
cop%mers of two or more, magnomers, moye especially ethylene and a

tri(methyinhary hsmidale digminatrumedseatly ethylene and a C4.20
a-olefm, using multiple catalysts that are incapable of interconversion.
That is, the catalysts are chigymicalldistiogt. Under continuous solution
polymerization conditions, the p @ is ideally suited for polymerization
of mixtures of monomers athjghrmgrromer conversions. Under these
polymerization conditigns, shpttling from the chain shuttling agent to the
catalyst becomes 15 gsivastaged c%ﬁipared to-aijosgrowth, and
multi-block copolymerg, espe\cially lioear multi- block copolymers are
formed in high efficiensy, [9 NRae igventive interpolymers may be
differentiated from conventional o}o copolymers, physical blends of
polymers, and block copolsfier qared via sequential monomer
addition, fluxional catalysts, anionic or €8tionic living polymerization
techniques. 20 In particular, compared to a random copolymer of the

me mo tent;. ival niy.or
S e e T By ppheny)
2-phemwxyszashybe njoheanes haidiyhigteonmmALNe nibratioh reepptadifubstantially
accoldIGh HANEIEMAN B aG S Rgtananglor higher high-temperature
torsion storage modulus as determined by dynamic mechanical analysis.
Compared to a random copolymer containing 25 the same monomers and
monomer content, the inventivg interpolymers have B( compression
@laxation, higher

creep resistance, higher tear
setup due to higher crystalliz
recovery (particularly at elg

[85] Catalyst (B1) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N~(1-
10  methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl
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temperatures), better abrasion resistance, higher retractive force, and

better oil and filler 30 acceptance. -27 WO 2006/101966
WEROIHIE2006/009500 [94] The inventive interpolymers also &¢iiS3006/009500

unique crystallization and branching distribution relationship. That is, the

inventive interpolymers have a relatively large éjlfference between the

tallest peak temperature measured using CR s and DSC as a

function of heat of fusion, especiallyﬁ%“@rlm)p eer 0 random copolymers

containing the 5 same monomers-and roens(uer levslog@hysical blends

of polymers, such as a blend #f a h@g/ and a lower

density copolymer, at et ove'r densiy. Tt is believed that this

unique featurélshike epolyirers is due to the unique

distribution of the comonemef in bIoc%@gn the polyomwcChiackbone. In
particular, the inventive interpglymers ma prlse alternating blocks of

differing comonomer content (IF g 10 homopolymer blocks). The
inventive interpolymers may also comprlse a distribution in number and/or

ck siz f r@p? et clohexvl

%ﬁich IS ?%ﬁ%ﬁﬁéﬁ%@%ﬁdgﬁgutlon% Iggltlo the i ve%t?\;gl S'CO exyD)-
immipgamsthybi@roxosd Hrspmmmrdiheazydak melting point and crystallization
temperature profile that is substantially independent of polymer density,

or ey EF ess than
. |nter$) mers may

polymer block or segment 0a altered by congfdfting t}aedﬁt@@nd type
of catalysts and shuttling agent as well a mperature ofzthe
polymerization, and other polymeri&tich
this phenomenon is the discovery that as the degree of blockiness is
increased, the optical properties, tear strength, and high temperature
5 [8ZFovery QuipBRigE D) ihetf@ﬁylﬁﬁgdw&iﬁmhm(e 4Wmel§+14mga,ﬁk;mian-inden- 1-
yl)sﬂ?ﬁge e reaﬁga \ﬁ%}%g m ilf}glag é@ﬁ%% h te %{lat?,%u U.S. Patent
No. pbgrddincreases. By selectlng shuttllng agents and catalyst
combinations having the desired chain transferring ability (high rates of
shuttling with low levels of chain ermmat@er forms of polymer

termination are effectively sup gly, little if any (3-hydride
elimination is observed in the pa tion 30 of ethylene/ a-olefin
comonomer mixtures according to dlments of the invention, and

[88] Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,7a-1-
10  inden-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of U.S.
Patent No. 6,825,295:
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the resulting crystalline blocks are highly, or substantially completely,

linear, possessing little or no long chain branching. -28 WO 2006/101966
WEROTHIE2006/009500 [96] Polymers with highly crystalline crR&il/ERYS 89500

be selectively prepared in accordance with embodiments of the invention.

In elastomer applications, reducing the relative quantity of polymer that

terminates with an amorphous block reg § the intermolecular dilutive

effect on crystalline regionsi;Chis result ]
chain shuttling agents and catng Appropriate response to
hydrogen or other chain terminatiogras QLS Sepﬁ lly, if the catalyst
which produces highly crystalline pghuperis mo%c&éceptible to chain
termination (such as by use of hytha the catalyst responsible for
producing the less crystalline polyafetsegmentigych as through higher
comonomer incorporation, regiSerror, or atactic polymer formation), then
the highly 10 crystalline polymer segments will preferentially populate the
minal portion e pal r. y are the resulting termi
0 ps oG RA Bt e P A e TRy Sy A P Sans
indactorhiyiysdatetysmsite dmatylagepauedaildisterfoaltgimitiatitingto fulyeachings of
rmation. The initially formed polymer is therefore another highly
S. c%[/es ?aﬁl?ﬁ'e@po ylrgnéteé? segment. Accordingly, both ends of the resulting
multi-block copolymer are 15 preferentially highly crystalline. [97] The
ethylene a-olefin interpolymers ug the embodiments of the invention
are preferably interpolymers of e ith at least one C3-C20 a-olefin.
Copolymers of ethylenergnd oiefin are especially preferred.
The interpolymers may furthg C18 diolefin and/or
alkenylbenzene. Suitable unsagyrated como orfigts useful 20 for
polymerizing with ethylene incluge,fer exampi&;Baylenically unsaturated
monomers, conjugated or nonatedeienes, polyenes,
alkenylbenzenes, etc. ExamplessefSuch );@ngpomers include C3-C20 a

5 -olefins such as propylene Hobutylene, 1-butene, 1-hexene, 1-pentene,
4-methyl-I-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, and the

ike. 1- Butepe a sactene.are especially preferred. Other suitable.,. .

o ) R R Be R R e P apiienionae
availabhy hemnzSigycdoAidenk; 1,4-hexadiene, 1,7-octadiene, and naphthenics

(e.g., cyclopentene, cyclohexene and cyclooctene). [98] While

ethylene/a-olefin interpolymers are prefetred polymers, other

ethylene/olefin polymers may also be Olefins as used herein refer to

a family of unsaturated hydrocarbon-ba ,-(‘\. mpounds with at least one

carbon-carbon double bond. 30 Dependinge¢ the selection of catalysts,

any olefin may be used in embodiments®

(H5C),Si ZrCh
N

o

[91] Shuttling Agents The shuttling agents employed include diethylzine, di(i-
10  butyl)zinc, di(n-hexyl)zinc, triethylaluminum, trioctylaluminum, triethylgallium, i-
butylaluminum bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyl)amide),

n-octylaluminum di(pyridine-2-methoxide), bis(n-octadecyl)i-butylaluminum, i-
-26 -
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invention. Preferably, suitable olefins are C3-C20 aliphatic and aromatic
compounds -29 WO 2006/101966 PCT/US2006/009500 containing

W graUsaturation, as well as cyclic compounds, such as cyBohURg6/009500
cyclopentene, dicyclopentadiene, and norbornene, including but not

limited to, norhornene  substituted in the 5.and 6.pgsition with C1-C2Q
bty P Dy TRy Lo GER R £ PHRA T e -
octylgustinef iﬂ‘i%e@iﬁy‘li@lhaﬁmflﬂyq%?ﬁ}@)ﬁ %ﬂ@ld&lﬂﬁmiﬁﬁs@@%ﬂﬁirﬁ&l@ﬂ@flﬁxid?,

compounds, [99]. Examples.of qlefin monomers include re not limite
ethyl%wﬂaamea@w Hmﬁ@%ﬁ@,ﬂi@ﬁu ?@Yﬁ}m&?&- %én@@r%a@ﬁg
azacytloépRRedniiany Mo dylldaaiituartdsiz S EiPdihtmzb-letiadecRiieptancamide), n-
oot RS R et onng e e e, and
ethylAndtyleypetaidexene, 10 vinylcyclohexane, norbomadiene, ethylidene

norbomene, cyclopentene, cyclohexene, dicyclopentadiene, cyclooctene,

[9%@){:40 Pl gr%b?ﬂ%g Ra %)ﬁlrgg?fglﬁr?é%% gﬁgeél RIS e ontinuous solution

-pentaélene, ,4-hexa exadiene
proceds faydiadiengelilOcl @opdlgmersirepeCitl 40 ulti dibfilss cpodiytherfikexehiarably linear

multiibiggli{ncgﬁaﬁfrg. Xk %8%3@{1‘05%%5}%@’ I‘%??Zf%ﬁ%%té%ﬂg'ﬁy- f/'eél%eﬁ?d a C30

exene, I-octene or a combination t ereo rocarbon

olefircontamgedininpd 1Bagt capepiaibntitiiemmgnde (Sed trcdefinodimgmsibinlee

catal;”s]t\éet%gpﬁ'eqjﬁ%g gg‘le'%wﬁt%ﬁgﬁt}e?ﬁoﬁl?ef?%%g glr\éagﬁgic}’r%fs t%%ségsu%% distinct.

ability to conveniently remove unreac ting
Undepofyrtinuenaydbetionts mesipetiblesnnditiansiiberntieessas ideaitsoitasefor

pol a0 %@stgpﬁ&t}n{é&%ﬂ WM@E@F@&M}%EBﬁESmer these

ar
escribed herein are well suited for thie 20 production of olefin polymers

polyreeriaptismepnibtionsngliudliegsromabie chainomsthingagenttp thyeatelyst becomes
advarﬁé@l%%%h%&f@@ fo Pﬁg}ﬁ @%ﬂr%ﬁwyiﬁwggﬁolmm%gﬁﬁiéﬁy linear multi-

particular,” interpolymers comprising ethylene and styrene can be
blocknreprlsariers s iswirrg dachieh elfivigndyerein. Optionally, copolymers
comprising ethylene, styrene and a C3-C20 alpha olefin, optionally

[SBIMPrisinha iedelirl dieipo RAMROIRPTRVEREABAEE 568 cOaRIAIRA Jrandom
25 [101] Suijtable non-conjugated diene monomers can be a straight

copolymagrs, B &l AR RIS T RIGRS SO RRLHB S DT ieshY 8 fsapgntial
mondiaéPatdatien FIiEiamplat bfsi)ilaliaideicaaspigRiesbdieNesengatida, tetiniques.

are not limited tq, straight chain acyclic dienes, such as 1,4-hexadiene,
In paigul s SREREIES 5 AP SOBNRSERTES SRR SRS 2 Bigmomér content

at eqelieles copthllasy-oretiodnlud - tiexadianiaeInfedivlgthytsheve tiacie (tdgher) heat

e e 20080 T o o IV OIe e .
temperature tensile strength, and/or higher high-temperature torsion storage modulus as
determined by dynamic mechanical analysis. Compared to a random copolymer containing
the same monomers and monomer content, the inventive interpolymers have lower
compression set, particularly at elevated temperatures, lower stress relaxation, higher creep
resistance, higher tear strength, higher blocking resistance, faster setup due to higher
crystallization (solidification) temperature, higher recovery (particularly at elevated
temperatures), better abrasion resistance, higher retractive force, and better oil and filler

acceptance.
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WO 2006/101966 PCT/US2006/009500 1,3-cyclopentadiene;

1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene,and
WorRIrig@licyclic fused and bridged ring dienes, suchas  PCT/US2006/009500

tetrahydroindene, methyl tetrahydroindene, dicyclopentadiene,

jcyclo-(2,2,1)-hepta-2,5-diepe; alkenyl, alkylidene, cycloalkenyl and
o TR RV RISERD BN S8 e AR P RN
brandhirfy jdieRylod-redtienskipe, BhiganrdieVisentve- neshwivenes have a relatively
5-(4-cyclopentenyl)-2-nQrbornene, .
large QiR RE RSRR U4 A1t HES EURRGASLF BYBRTHER 4Sifjg CRYSTAF and DSC as
a funtsheTiadiesefucibi) espivialsy tynicalhatesed tandanasElydls ctheaining the
particularly preferred dienes are 1,4-hexadiene (HD), .
same RS A TGP GBH IR Lok BBy S G LB SHEh @A dehend of a high
densiby peljnitensPa ovep deaniey(Mb&yneaddieydianent asieat (BERD) [t Thbelieved
specially preferred.dienes are 5 10 ethylidene-2-norhornene (ENB) apd
that U BT O TR MEECOl RS R0 R AT RS ELSton of the
comon@eerih dtocks antaniie peivined ivackise! thepaxrulianthedelastvmeric
. interpolymers of ethylene, a,C3-C20 a-olefin, especially propylepe, and, ..
Gl A Al e Ao gt Gl R
hom@wilyadintdotiah tHEhp rasenti irviardipol pneechasignatiedcbin iz dardistidbution in
CH2=CHR*, 15 where R* is a linear o nched alkyl group of from 1 t
ot i el A, e o Y R e e S ol et fofRent,
whichnisiteSdioylpudidyte epdsefalisytdnugion: bint edditibmehtaneentiveaxerpolymers also
4-methyl-1-pentene, and 1-octene. rticularly preferred.a-olefin is .
have g B B S ARG R AL Sty
indeprrideatc? pnlﬁﬁ@ Mbpdlymmlu]ﬁuimidlmdi\phek)gyn Usen iprp_ﬁmmdriﬂglsuﬁment, the
mior QNS SRS MUV Block SRR RS 20 ROMMEIS SRR and lameliae
conjugated or non-co jud'g%ecf, sefralg or branched chain-, cyc'llc- or
that gpelyisyicigridighle Sroompridimg drdrivektcop0l yandye sy eRraf€ipd ot alimsdhat are less
ingl 4 P}ﬁ!g'{ ne, - igne, bxethylidene-2-norbornene,
than g}zy%?(%ﬁ;grnlt]éggene, iy%éih&é@ ig%%,ﬁ%@'butylidene-2-norbornene. A
[Ss);rticularly preferred diene is 5-ethylidene-2-norbornene. [103] Because

t dieneMBFRaTSIng pRySRTECBAIMMKRAE MAYING Benafen dsae sephniques to

inﬂu&ﬁ@@'ﬁﬁec@égﬁl@_ E}%@%ﬁbl@&@% %@YE}%@%H&%@%P@MHH&@Q%@Q@@& of
and a-olefin _(including none), the total quantity of diene and a-olefin ma%/
each palyserrcdackios seemey s@?o@éas‘éhvw R perREQ anfi fype of cafalysts

and SAEARUES SRt AICRRIPACR ALRARL RO BIaLR Pty Rkeesa0H i dResPorated
intg one type, of block of the polymer rather than uniformly or randomly

polymprdgRiianYarabisty e rmiyne Benrdied fiicpltRROMFsCE e discovery that as

the depREQFUSHEYNES IirtasEbak e BB AfRPRENCACArRe A A high
controlled. Such crosslinkable elastomers and -31 WO 2006/101966
tempeiatire SsOURTD BERRSHLER @ LR tPHSHs e RS giaERYEd: pl partiedar, haze

decrdBeds RN CBRRY engiiRrsHeR0dR ERGI RIS erature recovery properties increase as

the average number of blocks in the polymer increases. By selecting shuttling agents and

catalyst combinations having the desired chain transferring ability (high rates of shuttling
with low levels of chain termination) other forms of polymer termination are effectively
suppressed. Accordingly, little if any 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.
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elastic recovery. [104] In some embodiments, the inventive interpolymers
made with two catalysts incorporating differing quantities of comonomer

W 20/2008ig ht ratio of blocks formed thereby 5 from 95:5 to 3GH/USR6/009500
elastomeric polymers desirably have an ethylene content of from 20 to 90

ercent, a diene content of from 0.1, to 10 percent, and an a-olefin content,
i rom BT e S BTl GOSN B S prepared in
accorfatitRerimeiptilin e Bt nektiolasiavlsopelapplis e, asdediiene
.content of from 60 to 90 percent, a diene conte 0.1to 10

nt of fr
relat i (U ot B ATSTH FSTRLGR H rCHTBOIB U RO G bEe e
intert@RCARMERIght ot the el wietalRrefassashpoipmerssalec hidbe isigiasiEby choosing

i S B AR R i b

chainaeef@rmi¥grw%)?1£;§),Q@?}dﬁ@a&&Q@?@fﬁa@p@wisppfsﬁydaﬁmgmcﬁyﬁalline
more prefera than 3.0, and a Mooney viscosit L (1+4 5C.

oLy T SRECUTE B A e B M T TaR S

catal 60 RaspOIisiblb for ie@ducindieiteldds contalink @ol thier Gapateai(swhchathrough

. . a-olefin content from 20 to 35, percent. [105].The.ethylene/a-olefi .

highe BT SR A R AT o RS SOR A A L ot the highily

crystallnetipolgngiosyineiiss paly mefatutiilsepdpudanpthedriniiid palgoas ps theay
include, for example, ethylenically unsaturated monp- and di-functional .
poly 35t SR AT ATE (MBI TR SO GO AL e YR (e nation, the
highlgatiystajliaapidyandrydridas; calibytheiedf d0cergdatevsithldefol Sirdliation of
I functional.gro smat){ He %rafte tg an ethy[ene -olefin, in egfi%y@esr’faﬂ{ne
po ynr%%yQnrren‘ril:cl)prtl)'lymgr]irzne(ﬁ1 it renﬂ?y Re Ana'an Sf)etlg%ea ao(}gl fon y
polymemogmerer Axdordingtyirtetipehdnef thicethyltng, tudtifbdotiooapolymer are

co omer and optipnally other comonomer(s). Means for grafting
prefe%%%%@%g} %rlc;/ucﬁ S(?%i%nﬁblyethylene are described for example in U.S.

Patents Nos. 4,762,890, 4,927,888, and 4,950,541, the disclosures of .
[9Rkse 25 Pheetibylgns el o iatetpplranisoisediay drrcambadineatiipéfhe invention

are prORERRFIGHATN G IUBGHIGRAL AICAAS MAE € REYYHiERAL 0Cop B mers of

amount of the functional group present in the functional interpolymer can
ethylone\anfieGarcio natlgfoupeaspegpillally derpré s dieimtegopiyerremayplirther
fimctionalized interpolymer in an amount gf at Jeast about 1.0 weight
com R AP T B AR B8 e I CNE R PR romers useful
for pBFaiRsaANANIgRShRRaWid A TbPekasMe BRIl AN ARt nonomers,

. typically be present in a, copolymer-type functionalized interpolymer in an

conjuaisd i laurconparter sipnss FPSEEB I bRIERISSBIS: thsFmaler phtych
comoMeigbisnacsedy (Prefe b v lessstiaih ab e RAene HabRe/eaB] 1ah6Et¢Re) -hexene,

preferably less than about 25 weight percent.
1-pentene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, and the like. 1-

Butene and 1-octene are especially preferred. Other suitable monomers include styrene, halo-
or alkyl-substituted styrenes, vinylbenzocyclobutane, 1,4-hexadiene, 1,7-octadiene, and

naphthenics (e.g., cyclopentene, cyclohexene and cyclooctene).

[98] While ethylene/a-olefin interpolymers 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
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More on Block Index [107] Random copolymers satisfy the following
relationship. See P. J. Flory, Trans. 5 Faraday Soc., 51, 848 (1955),
WoieH 1 feeorporated by reference herein in its entirety. T- _-B@h§20061009500
u [108] In Equation 1, the mole fraction of crystallizable monomers, P, is
related to  the melting temperature, T,,,, of the copolymer and the melting
contaiping X BFHE N BrYSHans SERE eI et " 35 PRE RYtiEN is
cycloﬁgﬂﬂbr?ﬁ;[@i@’}@l@éﬁi@ﬂﬁﬂé{ fpiatherbatheae, iddn@aitvi abthidnedad|aeibtrmene
of ethylene as a function of the reciprocal of the ATREF. elutjon
subStiEHEg Rl RS SPHORM m%igar&p@r%mﬂ %‘Eﬁﬁ&b@%&&%@fhyl groups.
Also RANEBE & LRRAYIREE? QIAINMARS RARFLAIGE AR« HhAR] ASHITERE With C4-C40
Figure 8, the relationship of ethylene mole fraction to ATREF peak elution
dioleferapaziundsand DSC melting temperature for various homogeneously
branched 15 copolymers is analogous to Flory's equation. Similarly,

gojeparatig@ LREL feqiansRineady Alrrrdem ﬁ@gﬁivmﬁft%@mﬁi@??%,
copolymer blends likewise fall on this line, except for small molecular

isobuydsges hutae[1 1onkecoldhisyeeriohgpiene.thofiie fRaioletsgrbgeand 1-
dodedsrRUyatitiReecONdilignal Rrabablitudbad.ne-sibulene YniamYIPIanges, 3-

or follow another ethylene unit, 20 then the golymer is random. On the

methygilcpemigns it tuidivesmie b artimethl hiippiens fariainyddixsne;
vinyl SRIUESLRY D I&athdhanMyihradhe copaiiB)ey ifcphifek, CORMYBR .,

he remaining case where the conditional prgbability is less than P yields

dicy IARHARIES COIIRTFIERS: (144U RIS HAREIS BRI KRGSA Fardofpadicne,
1,3-pERRAlMe S RHMAGYdeIesRiNGSi8nd ,5’7988@%&@?1@‘-@9&3{&@%&{%? C4-C40 o-

segments whose crystallization behavior in turn is'governed by the
olefimpinimidine Brelilibricartainystaidticlents shat & ofsfemiseprpeianecl -Phersforeentene,
the copalymer melting and TREF crystallization temperat of . .
e R LS e A B RO i o v
groumpetraiBaly toaghbermagrhituciswidinecvis\of tionifromtite raaciinal isfaconsthips
inFEi .and_suc iation. i [ y ,
mon AR LAMEIENG R SR SO o

the rentitingrpelyuiea vy bREmE amtisoblrm@icrasthsciyplensersieighbod thent

mon&{%?gg%%ngrﬁ%ﬁraction or polymer comprises bloc!<s of polymerized 5
monomers or comonomers. There are two random equivalents, one

corresponding to constant temperature and one corresponding to
M stant %Qq}w%mﬁ%ﬁgﬁ-ﬁ%@@bed herein are well suited for the

production of olefin polymers comprising monovinylidene aromatic monomers including
styrene, o-methyl styrene, p-methyl styrene, t-butylstyrene, and the like. In particular,
interpolymers comprising ethylene and styrene can be prepared by following the teachings

herein. Optionally, copolymers comprising ethylene, styrene and a C3-C20 alpha olefin,

optionally comprising a C4-C2( diene, having improved properties can be prepared.

[101] Suitable non-conjugated diene monomers can be a straight chain, 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 dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as
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form the sides of a right triangle as shown in Figure 9, which illustrates the
definition of the block index. [112] In Figure 9, the point (Tx, Px)
WOhpedetssa preparative TREF fraction, where 10 the ATREPEI(1{RH06/009500
temperature, Tx, and the NMR ethylene mole fraction, Px, are measured
lues, The ethylene mole fractio who AB, i

Vv on of th le pol ,PAB Iso ,.
Loy B NIy T AT S priH T B O S S AT L frppgione, and
multifragiialivyd#, ) aahtklgsiimadetionts|seclsad tetthigtdodimidorienaethyl
et G e Pl B R TR o R g gene
cycloiifseayl andlegcloathghdeneddd?bdndranstich maasithgldbREtofHoticane (MNB); 5-
propeglSiaie; T e correspending, random ehyiene moie Laction, EXSrmene,

C ated SRR Sehn to%e Re

h also be calcu e sguare o e index1s
5-cyclatiexgfitleacaerobahefB)s-TidyFiangitbamd then i AoFbaBatlians|Of Sincienes

omief ST IERRE RTINS LR e el )

5-ethylitiitien; toebsimskaer i(ENBH S i idergkaarteansn2 (VB tenodttydene-2-

lengths gf-either of.the.correspondi ides.can be used instead of,the
sonbo O N Y PR o5 TR B R e s
ethylidefAB1dd®)resh (ENB)eand ted-tiextathenm@dbDperfect block distribution

would correspond to a whole polymer with a single eluting fraction at the

(et (TApRAB) s LECALRSIGIL B REINHEE R RIasehuR hRISIRYIRNE

segment distribution in the "hard segment”, yet contain all the 25 available

embogdimsés @ EauinuBiion amelameEciaimy bepesphethybae prdattad Byolefin,
h | N " Wi

o BB SR TR s o

use irPOiF ANSROOGH09E00 Ppstidativestanderitdimetdd by fthoimuaiud,=CHR*,

wher€ ﬁkb’ﬁ'}ﬂ/l é%l‘ié&nbpé%‘ﬁé@tﬁ%gfgﬁ%f B8 4599 %éfggﬁ;}ﬁspf&iamples of

conventional thermoplastic on processes to produce usefu
suitalieticielsfinsinginde.dbjbare wairipritid doarrenstanseisnviialans. subktereal -pentene,
1-hex8IR) Q@f&ﬁ;ﬂ@ ngn‘l?édg,aﬁcpﬂ%é%r '[&geﬁ_ﬁwﬂéﬂgyﬁ{eﬁ%%ﬁf&ﬂﬂéﬁﬂ RYpropylene.
cast, blown, calendered, or extrusion coating processes; molded articles;

The ggpmlmemmdmmmrm&:g@aﬁm}d@&md@dmm@& asticheer ERIAMippkymers.
SuitaHREIR B NRYER ﬁ%ﬂ%@'@ﬂ@@ﬂ@&%d%%@mmﬁﬁﬁﬁmmeﬁﬁﬁm type

comprising the inventive polymers, include blends with other natural or

polymgrstiraiiedssigniegatedauinoascaaivgsiedh siraighhes, bimebeidgitarmyclic- or
poly@ailivEsn NS SiRRIZ650 eRIBHARISPRIPRAGIRNESAREIIEIS-pentadiene,

1,4-hexadiene, 5-ethylidene-2-norbornene, dicyclopentadiene, cyclohexadiene, and 5-

butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-2-norbornene.

[103] 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 uniformly or

-randomly throughout the polymer, they are more efficiently utilized and subsequently the

crosslink density of the polymer can be better controlled. Such crosslinkable elastomers and
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10 blowing agents, and plasticizers. Of particular utility are
multi-component fibers such as core/sheath fibers, having an outer

W@ 20fecd18fer, comprising at least in part, one or more polymBESTAESEAGIRPS00
to embodiments of the invention. [115] Fibers that may be prepared from

e RS S e S B O ol

elastid betorratng processes include spinbonded, melt blown techniques, as
disclosed in U.S. Patents. No. 4,430,563, 4, 663,220, 4,668,566, and

222,02 ' ' ' ,
A e e o
incorporsting diffsrimmduantitiesat boiveremechating Whigkts stichobileckibimgned thereby

5ol ] i
o 4 S0 RS SN DI AR om0
to 90 peictas, adivur aantcoiibenod drimpbe@graens endiversolpfia pratent of from 10 to
80 pepé%lﬁfﬂfe[g‘eg%iqﬁgﬁgtg%ﬁ 1" %g%ﬁrﬁg %ﬁgggﬁi‘%ﬁ%ﬁ%@%ﬁ-block

operations, as well as in sheet ext forming operations,

clastaametifopelirigandided aaribidendrsintiiniotfeons 6btare prtremhaidlingesonfent of
from W?'{H’})@ g&?&&% afld Eﬁtafgféﬂmoxﬁé?&%?ﬁn% PRSP/ SRR B Fotal

olefin polymers’can also be formed into fabricated 25 articles such as

weighheSthpraliuety Rrefiwkerlgngyscualoghiomlrpdpionsiahs redeasrghaving a
weighPEPAEHER UG ALEHA HAeH R I TeBB K ashin As0aideY, %?@XQ{I%!'% from

processing. [116] Dispersions, both agqueous and non-aqueous, can also

20,000 3R hmprernsafarably Bqsa KA or 3600 eode telvgisprigithdess than
3.5, o0 BrdrtPiBEALOAMSCOR I%ﬂaiQMG&&S)\(%S&WCMES[&?IQ@@%%m 1 to 250.
f T/US2004/027593

ormed, as disciosed in PCT application No. 30 P

Morerpefonahitissueh pelgmesnheyahstbyiers wropandrom 5o Thecissinfaione

conteMAYohSE 8% Passhikid BY ARYBORENS /D 0G0 95 Hegcuse of
peroxide, electron -35 WO 2006/101966 PCT/US2006/009500 beam,

silane, azide, aor other cross-linking technique.. T olymers can also be .
o e ot s P B e P pgoneting at
least and YahitdR M Atdusilaie podynringrgtafin egephirhalaggnati gRoups may
. mipation, sulfonation, or, other chemjcal modification. [117] Additives and
inctod R RLE T R Sy T o S AT Y B O A s
ethylpgibalie insatitaleld mdnlitives idicfudetibibat sasbietyts avgoaihyairidesgaiticthereof

articles, ipcluding clays, talc, titanium.dioxide, zeolites, powdered
and e T TS CSTRLHS PR A S A Lo et
interpiilenseisi@aiayrbeocopealyimaairddylioh ethpletyestdrac opdion ralditisizd domonomer
articles, clays, and so forth; tackifiers, oil extenders, includin raffinic
to fofff SR BVEIGHOR SLE (6 Hinelnal SRIRTE: P doifsh R Blan
comantbraer]f) p Mieaer foa graftiiigd tootionzo grmeps ewbthel yetgritonare described for

example in U.S. Patents 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 maleic anhydride.

[106] The amount of the functional group present in the functional 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 percent. The functional group

will typically be present in a copolymer-type functionalized interpolymer in an amount less
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[118] Suitable polymers for blending with the polymers according to
embodiments of the invention include thermoplastic and
WagH8tAeoplastic polymers including natural and synthetic JRIHYE2E06/009500
Exemplary polymers for blending include polypropylene, (both impact
odifyin lypropylene, jsotacti ropylene, atactic polypropylene,
than A R AR el B 0 VAl B b et
prefefablydisyldng, dbelndif gvbight peesstre, free- radical LDPE, Ziegler Natta
LLDPE, metallocene PE, including multiple reactor PE ("in reactor"
b iegler-Natta PE and metallocene PE, such as products
Mor I HRG f . Patents No. 6,545,088, 6,538,070, 6,566,446,
5,844,045, 5,869,575, and 6,448,341), ethylene- vinyl acetate (EVA),
[0y lene Random conehenpsIsatatt tiofplgrans reaparshitodieed 2b Flory, Trans.
FaraB3NEDyree sABg o3t ,e\nﬁ{ay@%a%@mh eoRelvBRts RAdiNYAieaanaied
derivatives thereof (SBS and SEES), and thermoplastic polyurethanes.
Homogeneous polymers such ags olefin plastomers and elastomers,
ethylene and propylehe-bdsed ¢opdlymers (for examplg, polymers
available under the radedesignatian §§SIFYTM available from The
Dow Chemical Company and VISTAMAXXTM available from ExxonMobil
Chemical Company can also be 25 useful as components in blends

(8 prisin® HeeaHoB i hegBR)mErstion of ayiatisablfraeranisiside is related to
the nfSlfaGOEAFNAEIEITINGPER elddigdibnsnantdibersngseihjia@eadhe puss

as tooth brush handles and appliance handles; %gsskets and profiles;
glationshap for the natural

orystal ikl BSTRRRRIRRT Hot mERSRINEEIRS simiesher

logarARRESINES InfoTREL IBELINNEh6A9a salesa st SRORIpRESH] 30 tRd WERET
. parts and profiles; foam goods (both open 30 and closed cell); i ga(i_} q
elutiqn SR e S ah B iadtiep I ifsreagisus hamoshnden '¥ﬁ nche

copoRel¢eihylemsidaetastisipahgropylene, or other olefin polymers; coated
fabrics; hoses; tubing; -36 WO 2006/101966 PCT/US2006/009500

(ST StiRng: eopRala RongL And RO NGSK mAN RIS Bl aTrer

nown as pour point modfiers, Yor lubricants. 1 some

peak emtiodireptsatiire rmd i&€timebimp dsitiparstuoniprizimiyes thenvgplastisly branched
atrix palymer, espegially, isotactic p ropyle . f

con SO SO SO M 00 SOl ot

all randoor divpyhynersoodi mad ot shelyimee hikwlsdikcunig dell auibablmefexcept for

smalf Qﬁm&glgpgﬁéﬁg%%y%%’pamcles having hard crystalline or

semi-crystalli cks In the form of a core surrounded by soft or
elastomeric blocks forming a "shell" around the occluded domains of hard

[ mer. AresdipadnctierirdRrhe s drarsionrebeativiens. tiemvatiq the

cond RIIMADBELBABNG Q6 S AR GHRRREHE WNGAIEHreasaP ok Rsling, ahd B &iendiRge unit,
This highly desirable morphology is believed to result due to the unique

then theyRobumgiiisdendosor dehrathendertHibr artionr pobapility that any 2
cthylERENRAIS REWURELHAIPNS SafAfhan P, then the copolymer is a block copolymer.

The remaining case where the conditional probability is less than P yields alternating

copolymers.

[111] The mole fraction of ethylene in random copolymers primarily determines a
specific distribution of ethylene segments whose crystallization behavior in turn is governed
by the minimum equilibrium crystal thickness at a given temperature. Therefore, the

copolymer melting and TREF crystallization temperatures of the inventive block copolymers
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the matrix and higher comonomer content elastorneric regions of the

multi-block copolymer to self-assemble in the melt due to thermodynamic
WOoResl 08 aring forces during compounding are believed to BSHUE2006/009500

separated regions of matrix polymer encircled by 15 elastomer. Upon

. _solidifying, these regiops became occluded elastomer particles,.encased,in
aré e N B4 I B8 B DR
such @elimiefinstierdti WaD)o dhentifyHastichidaRioragiwaTdSEH Bidtion is relative to
. thermoplastic vulcanizates (TPV) and styreni er blends., TPE any v
ts vl RN PR P AP A I WL e R 0 e Plocky
refersiiolyiaessemel peitigulan podnatz éawionngsgiolaied cdatipsaivebltoksasfipuiymerized
an optional rubber iﬂ%udir%? onventé'onal blocéi C({%pol mers, eséfﬁciall%/
MONOMCRS OE GOMOPIBST N haT BT TS ERLATS LOALTA m‘if{%é’%ﬁs"g 13 s
constagasingdradubiendoascorasyatlyimreparedthy ildadingihedfiedniede. These
ulti-plock capplymers with a polyolefin, and optionally, a , crosslinking or
form (i TSy T ARG AR SO e Ry T S S gt te
blockdhdelaject, and optionally crosslinking the resulting molded article. A similar
procedure using different components has been previously disclosed in

(121 Pa“fﬂ%@i%};ogw[?}%]@;}Eéﬁ!ﬁ%@ﬁéﬁ?&%@@@%&%ﬁmm

or'this application desi 0Sse cosity (ML 1+4 @
the ATBAE pintivie trampreavanm 10, wnd 3 MR pilsfleandiofracionolioeramgasured

valuelg.‘%&Eﬁ?f&?&%&?&hﬁ@t&%tﬁé’&%i@ PONRIENHS eIPERIANNGHHIRy NMR.

inear 30 Or low density polyethylene, polypropylene (including atactic,

The “Terehseigmenhdebesiendeanpetirpa cnholtedagtinotit s 6Andisestimated or else
= [ ' ISTH/
set toﬁﬁgf%'fOl s é} 1@&#} ggrggf‘m%gféfﬁ@ E@%Bm& TiTY Qalue corresponds to

2006/1 /009500 inc polystyrene, rubber modifiéd
the caienagtspedgmmayobinerraaivialRitiRESRINnaremamatyrehissed on the

measﬁ?&ijyﬁ‘%? PAhh B R QLAEPhaRE: SUleRcH ARG ADRY dride 6 BRVIPSI ing
[123] The blends may be prepared b mlxmz or kneading the respective

randogp §1BplsaAEI0M Hashabe i @nrbmEsa h& A SAYsE R e plogkndex is
definéd Q'BehO AR P B2 RAMPARADLS. o RSl sl copQly aksIEhiSince the

__ temperature may be above 130 C., most generally above 145 C., and

right fHgaglsretes bR/ abdbe 1o @f%é%ﬁb@ﬁﬂﬁéﬂ%%@aep whibadiistpnces from (T,

P.5) BU{IReNS Bahissanahl o raasiinsoierdasired i uTeratimes ﬁﬁﬂg&@'beans
pJasﬁtngn the mixture may be employed. These include mills, kneaders,

the ratig Fﬁ%ﬁ%@wﬁa@grc?éyweﬁarﬁmﬁ%ﬁ@%mqﬁ%@%@ﬁ&éﬁf.@;,rea&
and the like. The sequence of mixing and 10 method may depend on the
final composition. A comb’;‘natjq)qr)gf Banbury lzatgp mMg(gband continuous
mixers may also tﬁléq_plfw—gthoé BénWllowed by a mill
mixer followed by an extrdder. T{pically, a TPE dr TPV #omposition will
have a higher loading of

[113] It should be noted that the most perfect block distribution would correspond to

a whole polymer with a single eluting fraction at the point (T4, P4p), because such a polymer
would preserve the ethylene segment distribution in the “hard segment”, yet contain all the
available octene (presumably in runs that are nearly identical to those produced by the soft
segment catalyst). In most cases, the “soft segment” will not crystallize in the ATREF (or

preparative TREF).
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cross-linkable polymer (typically the conventional block copolymer
containing unsaturation) compared to TPO compositions. Generally, for
WOrpeeadoT PV compositions, the weight ratio 15 of block copdi¢&is2806/009500
multi-block copolymer may be from about 90:10 to 10:90, more preferably
from 80:20 to 20:80, and most preferably from 75:25 to 25:75. For TPO
M&%@Mgﬁ%m ratio of multi-block copolymer to polyolefin may be
from about 49:51 to about 5:95, more preferably from 35:65 to about
[114190. Fdihmboifieivetytierimefoiyiefan bloplications]ytmers/eigierasiedon a variety
multi-block copolymer olyglefin ma 0 be 20 fr 0 : .
ot o R B B P L Wl

apou , more pretreraply frrom e

objecthanmedising chderginmeniimisapsityucities afthrolaydo itngompbleasttene layer in a

.There.is considerable literature illustrati ¢ i
e e The Skaty o GALIRIGR S IRIIEE oteed
articléienhivattdoyersoldskibeiddtichimeldahay cotosudldedecidssrgxtfugiohT;Hebers;

and w%lr%%g g%solr}%?g%g/%ﬁ%{%%%s;ﬁ%&?éga%%ﬁssigﬁlv{%ﬁtﬁlﬁs&cﬁﬁr ir%}ﬂezi%ventive

ng a certain’AST
polynaesigneltidn blaudsarithintbermapitead micsyntheio potyprense sdditlyess eeaiforcing

agent%,ﬁé%%ﬁ&%ﬂ?&n%ﬁ&%%%, %ﬁ’t‘i’&ﬂ&&n&%@t%ﬂﬁeﬂﬁéﬁ%@ @5’%&)#9 %t%)%slinkers,

S, and most prefera om 0 to 50 parts of oil per 100 parts of to
blowipglggentsaradplpitiyizdrHiGHeadimvlantdibhoireaylitedmpomgtolieetssuch as

core/ﬂ&%ﬁ%?&@&,;ﬁ(ﬁ%%gr lHﬁE@QsB??&‘é% J%ﬁg&@ﬁ@aﬂ&%ﬁ SYe@lor more

properties. nal processing aids 3Q include conventional waxes, fatty
polynagrisiasghtlisgdh emleedonents elitheéyention stearate, (poly)alcohols
including glycols, (poly)alcohol ethers, including glycol ethers,

[1B3}lY)estetBers3RaY\hay B0 91012666 The 2rRARGRIAN 18 F1BIBAS include

(poly)glycol esters, and metal salt-, especially Group 1 or. 2 metal or.zinc-,

staple;fhete AR FRIPRONGE S Sheptl/ RSV IFSE it Ryeneblanagatl RHjtabie fiber
formisigGhstednasadanepsinanaedy merizesarinhalhuiasiens s isDRIeNs, Patents.

including block copolymers (here-in-after diene 5rut%ﬁqers), have, lower
No. 4 d31Le 89920 B8 A0 SR Lof BSk SRPRLITR A 1 FIGHRY 1n U'S-
PaterﬁNUfﬂ!ﬂdIﬁbbﬁe%\l&laﬁﬂ'iﬁ&i@ﬂﬁeﬁtﬁbrﬁ%,tﬁﬁaimﬁﬁecf@mﬂmma@ﬁfmﬂs

containing higher concentratiops,of diene bgsed rubpers, it is known to
3,483, 05 BRI 6\58%8%%&%&&9@%}%%% ibers, such as
polyestii; azlseorddiive Sissrehaftiraxddatitdedyentididod kiegies) inttudirceailiag

to the present invention possessing. extremely low levels of unsaturation,
extrupiqiS o) SRS I AT S LR ClEie 08 APl St B SEgped yarhs or
fibers: A iushe godyiaeri isteeibed heesdinae esisisefulifor adhesnd tatdetialetng

f df ti di last dified I i .
B L TN Mp———

articlegirheiutiaghktis tlse of injection molding, blow molding process, or rotomolding

processes. Compositions comprising the olefin polymers can also be formed into fabricated
articles such as those previously mentioned using conventional polyolefin processing

techniques which are well known to those skilled in the art of polyolefin processing.

[116] Dispersions, both aqueous and non-aqueous, can also be formed using the
inventive polymers or formulations comprising the same. Frothed foams comprising the
invented polymers can also be formed, as disclosed in PCT application No.
PCT/US2004/027593, filed August 25, 2004, and published as W02005/021622. The

polymers may also be crosslinked by any known means, such as the use of peroxide, electron
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additive of choice for UV absorption and stabilizing properties.
Representative examples of 15 carbon blacks include ASTM N110, N121,
WOZYINIGI, N234, N242, N293, N299, 5315, N326, N330, MEFZUS83H009500
N343, N347, N351, N358, N375, N539, N550, N582, N630, N642 N650,
N683, N754, N7 EF@KNmSéIWM N787, NQOHJI 8, N990a
beam,r3llang, pzifls ATAA ST R LI PRror 2 %m&m% ]fgﬁﬂacaﬂy

modlﬁétﬂ audiag B}DQKW%XW@W[&@O?@MI&@WH@QMMH@MY&& or
IJer particle sjzed carbon bjacks are 0 em loyed, to the ex ‘%?}I)&Jon

other giafting hgeafle ?ﬁﬂPaEBP’rﬂ%’g}aé‘SBhs TSNy SR

copolymers and blends thereof require Ilttle or no carbon black, thereby
[1ampwing mddiﬁjwaimleadjwigns‘meyi beninolintid die aiyeforaivetpigrentsising the

inver PSR Sl e RS HiERAISh RO eneolen St parile,

are one poss OmpOSI ns, INnCiu ﬁg thermo tic
includitencle e talig mgnmmdbmddn,aﬁslmws)mmdemtammegaaisommamnc fibers,

1nclucﬂﬂ(% O nt%('?lge? [ 3t Egr)l( '19%”&% r?r?%égl] QW 19 ﬁié's'ﬁ) ba%d fUfeN '§|1E| l%lyester
e anti-ozonants may be physical protectants suchas
cordm@xynmmdatarnﬁrdc&ma@udesslﬁmbetmkﬁpmmdtem@rpmsmnhm&ggen

C [
P R e e
polynuaity heesd ding boEbbediaentsiiEithestygnéezyl) phenol, p 30
phenylenediamines, butylated reaction products of p-cresol and

(1418} cloPeAShRNBINEE Plor BRMBNRNRIIh FUUBHIRNS 1 L6 ERRL I8 odiments
d(gr}:vatlve Ogéwnolln%gdlphenylene ant|OX|dani'§.]}I -39 WO 2006/101966

of theripveuligp it RSk MSTROPIARI BRI Sl pdingatural and

synthEfR'BSEARHY eﬂﬁﬂﬁ)ﬁmfﬁé‘d%rﬂmﬁaﬁ{ i RYIpaISiashYeRe, (both impact
antioxidant, PolystayTM 100 antioxidant, PolystayTM 100 AZ antioxidant,

modlﬁmmam%tmaﬁwwmm aLaﬁHﬁ@%{Qﬁ?PWHas‘f&QfR;‘i‘ om

ethyléﬂékp?o@@l@f@@@ﬁbly\ﬂb‘ﬂ@swwlsKy@@é'@ﬂ&ﬂ%ﬂwwwtﬁﬁémﬂlﬁ@h@h pressure, free-
antioxidant, Wlngsta yTM SN-1 ant|OX|dant and 5 Irga ‘P?éi ant|OX|dant% o

radicgh lBffe I DREr Bsiaoens i arys e dspfor PE
reactweméah%bglegm&wglaa@unﬁaﬁnw@i@ﬁﬁ (28] Jt—sqﬁrb&%\tt@i&ﬂclosed inU.S.

Pater Np ) oH N Syl Pk e S ST S Al ety

vinyl bicuixie) [ A3 SethineteinVidyl 4kohil ¢ sisol M6y pdinstyirhid] ifGfact modified

TinuvinTM_770, an inu 780 avallab Ciba S C|alt
Poly SRR S AR A P TR A R LG ivs thereof
(SBShlﬁdsEB@(aﬁﬂSHerﬁquﬁ@MymmmeadﬂiﬁmgﬁnemﬂmﬂﬂrMh sach as olefin

HALS c ound in or. rto ac |eve erlors rface quality, as dISC| se
Pl TR BRI o U188 DU O LA AR Pomers
avaﬂﬁblmngdemhesm%a;eﬁgmﬁmidﬂﬁmmr@ﬂ available from The Dow Chemical
Company and VISTAMAXX™ available from ExxonMobil Chemical Company can also be

useful as components in blends comprising the inventive polymers.

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

polyethylene, isotactic polypropylene, or other olefin polymers; coated fabrics; hoses; tubing;
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15 disperse the anti-oxidants, anti-ozonants, carbon black, UV absorbers,
and/or light stabilizers to form a masterbatch, and subsequently to form
W Mmtiends there from. [130] Suitable crosslinking agentP@1§52006/009500
referred to as curing or vulcanizing agents) for use herein include sulfur
based, peroxide base% olic based co oun{i? Ex es of the
weatl S oS08 Gt QTP S IO G LR A (G012 pour
point 3a688iedk3 fad(whB0MmEdS, 5,051,478 4,104,210, 4,130,535, 4,202,801,
4,271,049, 4,340,684, 4,250,273, 4,927,882, 4,311,628 and 5,248,729.

o] RN SHINLDaSSe NG 8RN A1C SR ACSRISKIALS Midhmoplastic

activators may be used as wert Acce era ors are use
matrmrpelmd#wsﬂmupﬁmﬂ@cmmkﬁﬁdpyk&ynmnd:MMmmranldl{block

copolg Py eﬁ.'le Qng%dt é %otlh%lr%z% 02 %%Illlt%%?c%?d g%e ég:gﬁ?nents of the

, a Sing erator or primary acce erator 1s us
mvenpﬂmm mq@y&wﬁb}w&f@mm@mshaﬂ typopaticlenbining derdeystalline or

semi gc?sttglﬁgg 't OA&'er Q?Mm é"&?f @3%98&&% ?ms%) P%E%gog{%ﬁ%tﬁ ocks

mposition WEIg n another em iment, C Inations or a primary
formiaga &sbetBndauycihecteciudedighieins ofbardihlimessedbastapyrticles are formed

and dgsg)% W{}HS e HR& %&gﬁgﬁ Bg &téessfﬁ% f&%%%&ttg Qﬁﬁ:c%ndlng or

hr, in order to tivat to |mpr0vet € pro erties o

blendd:uge&hmhighbmbhmngrpham efrémirswd@\m&llmm@mtb%wque physical
prope@t%llmgl%%%% C aﬁ ! Og}’s Wﬂgzﬂ%%féc}:% Q’éﬂﬁg JP 1BR such as

are somewhat better th se produced by use of a s acc erator
the migirix divbhighietapaepaetisn eutend elestemnesip mm@ﬁ\tbftm@lﬁebmk copolymer

to selRESIBB I NHMAL R RRESSING TG RPRIRIY R oS! RIDINGR RoraliSiRriRsY

cure at ordinary vulcanization temperatures. Vulcanization retarders

compegHing sscteliead toutadicayspdrd meiens ftsrattrapehayassnpdderh by
elast&ﬂ?etp FeRRALIBNERIRI Alfe A PMRESHsHEHUIRE S c AUARIANR ot YAFERRs encased in

thiazoles, thiurams, sulfenamides, dithiocarbamates and xanthates.
the P@Vé‘ﬁ@?é@ﬂ}r%e primary accelerator is a sulfenamide. If a second
accelerator is used, the secondary accelerator is preferably a guanidine,

[E iocarb&matﬁaﬂwtaasr@m@emmme thegfiafilafiio pobRgiA R AN TR®),

themgggiators such aﬂ%%? é@% 5‘33& Zn amay E?%ﬂ%%%ffg%@ﬂgssmﬁwe

polyrdsebll éad:o MIPR aid T PRhebisids MW@@M@& ibks dogibidéng the invented multi-

block R STRESyBL PATDIET)FeyAhTNCTOR Aah TeB A optiona

rubbc(f[ Aibmcaﬁmﬁéhaw}.auﬂe«ﬁ @erelyiders; egsdtikiysaargBSiloviakopalyards and
. d forp ttial or complete naml aton are known in the ar

optiol RSB AR PR b MR o R

blendifig-thstaveitsdMalili dldid 3ogolynidg mtmgmy@am \Aftdeoptiemally a

crosslt rﬂ&lnlg) Igrc \Ku C%OQI rrpgeég%%tn taluﬂmﬂafe%r&%osbf rgislsin%ttyl gsuts rt@o\ﬁnmg a molded

object, and optionally crosslinking the resulting molded article. A similar procedure using

different components has been previously disclosed in U.S. Patent No. 6,797,779.

[122] Suitable conventional block copolymers for this application desirably possess
a Mooney viscosity (ML 1+4 @ 100°C.) in the range from 10 to 135, more preferably from
25 to 100, and most preferably from 30 to 80. Suitable polyolefins especially include linear
or low density polyethylene, polypropylene (including atactic, isotactic, syndiotactic and

impact modified versions thereof) and poly(4-methyl-1-pentene). Suitable styrenic polymers
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crosslinked, the degree of crosslinking may be measured by dissolving the
composition in a solvent for specified duration, and calculating the

W20t 196e$ or unextractable component. The percent gel noRQAINS2006/009500
increases with increasing crosslinking levels. For cured articles 20

. . according to empodimenis of the invention percent gel content is
inclu g BRI RGP G o Tk S BOT Gl copolymers
(SANDRAYBIEHS dEAS AN (A B bpdinRHaditihenihuetiornuds dmal aspolgndss.
thereof possess improved processability compared to prior art
positigns, , dug, it is pelieved, to lower. melt viscasity...Thus, th
R s DB e P S K iR stBve components
at a tenpeciaily avhremdformiss) infloe aneio johéot dereptratized @i tinkeorbotheStme

time, the.present composijtions and hlends thereof uniguel se o
cO ek ST BrOBERICL e by AMBHY e presanp . 120° €. most
genemalitabioekl 46Oy emel snastcpidferdblytaredcf, 1 E¥eciajpita @obyermsyivihg or

sefully. employed.in foam and thermofarmin lications. wh | PP
ks e TR B SR D sty
the miggwediny focempbyiederthast tinelinleemiits; knagdeis e xiondain (rejhsinge screw

) o fi h ddit h. )
and O S S ARSI R SR b i an
methfidensy(idepandhonrifiofinshgomposition, phisesténatind ofSigabanyibielstmetstrs and
contlﬂggﬁgrﬂ&lé?érﬁ%pglrs% %Serﬁéﬂ)%%g, %%X%rﬁ%%ﬂ?}ﬁ&e‘ﬁ%ﬁ%@ mill mixer
carbonates, such as clays, mita, silica, alumina, dluminosilicates o
followkshbineplestpbetedypiwedlyn vk ersI ¥ remmpiiisitien veildparie leigher loading of

oG O O ST

compageshts FREY edsbeitionpldyencrel nefeedMibasbhbgofpesites, the weight ratio
of bl&ﬁlréBd?&%%‘f &%ﬁ%?&&é?ﬁ%%ﬂ&%ﬁ%ﬁﬂa@mmﬁ 9hthe ﬂ&“f@iriﬂﬂ%ore

including the foregoing blends, may be processed by conventiona
preferablaifigrre8Aiaiy ted&8enankmyeiapsierablyifigmeXdrdsishndiidgr TPO
appligﬁﬁgﬂgfﬁf%}ﬁlm@f’lﬁmﬂ%ﬁﬂﬁ %9@?1&1@1"15‘%{51%{91% Hag HRI9Wm about

molding, and other techniques. Films, including multi-layer films, may be
49:5hp abesp)ocaare et %@é&éé&%@qmm&%vﬁ?lﬁmmgﬁ@w
polyhtALSiRRHG %@Q@éi%hmai@ g%%iny!ﬁmé%ﬂsfw%@w@@f&% GRId be

be used in a manner that is described in the following U.S. provisional

from ghent Aflotstanbase|8SuraroPrafiiahly fipméf- 66 tarbatbhe 8 Ehsrigtios may
be cIARPHGAHONRARH LAMNYASIOR ARATD ARRICAHIARS ckRER MG OTRIBIRE Bisiderable

. reference herein In their entirety: 1) "Impact-Modification of i ) .
literafyre ithesiratinadarmiaes fenehanaing the phase equtianity by eiragiaptherdzposity
ratio® B EPLeERiches eP9Blend that a person skilled in this art may consult if necessary.

[124] The blend compositions may contain processing oils, plasticizers, and
processing aids. Rubber processing oils having a certain ASTM designation and paraffinic,
napthenic or aromatic process oils are all suitable for use. Generally from 0 to 150 parts,
more preferably 0 to 100 parts, and most preferably from 0 to 50 parts of oil per 100 parts of
total polymer are employed. Higher amounts of oil may tend to improve the processing of
the resulting product at the expense of some physical properties. Additional processing aids
include conventional waxes, fatty acid salts, such as calcium stearate or zinc stearate,

(poly)alcohols including glycols, (poly)alcohol ethers, including glycol ethers, (poly)esters,
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2) "Three Dimensional Random Looped Structures Made from

Interpolymers of Ethylene/a-Olefins and Uses Thereof', U.S. Serial No.
W@ERPa/80180, filed on September 16, 20 2005; 3) "Polymer BI&§dsUpape/009500

Interpolymer of Ethylene/a-Olefin", U.S. Serial No. 60/717,825, filed on

eptember, 16, 2005; Vsc s Inde I royer for Lulrican
inclui | OAIRES! B CIgL ST SEPSaH GIOHR SEbrHRal Feriasel

derivatbr&) theilkers Made from Copolymers of Ethylene/a -Olefins", U.S. Serial
No. 60/718,197, filed on September 16, 2005; 6) "Fibers Made from

HZg e R S SR BB st B s S "
polyn‘férmdsﬁvmamzlf l:nm&mge@oliﬂmmm?)nadmgd@fo&nulcfllntmcglmtymet(he:e-lnﬂfter diene
rubbe e e % 0 e B A BN bty
saturaBud tatblecFor liippéitatiods SevicdNe6017dS(98 chledasitiSeptentbainshigher
COHCG%?% A)r%sci)f (%}ggég ere%r%rﬁ ltoﬁ? g‘(%ué?l Eqﬁ%@%ﬁé l%% ﬁ{}r‘i‘%ﬂbef}ﬁﬁ rove

rubbeSstphilitherlaiy 20DSLoP2Sufaidiives mmmdlmm@rdbﬂylmzbdf copolymers
seeor e e SR o et e
particulssripatic@ion 6 preegiraiubces tiyan gricdiledesiSlegteniaingg:d) or
weat}%QQésTs‘ltgﬁt it Hﬁ‘%g{]@&j&) 'é{rﬂ@‘eﬂ&%%h’ Tp&?C%B%Hﬁlﬁ{&?@eq‘geélgﬁorﬁéﬁnodlﬁed

Serial No. 60/717,860, filed on September 16, 2005; 13) "Compositions of
polyngesig/ieamapestiefin Multi-Block Interpolymer For Blown Films with High Hot
Tack", U.S. Serial No. 60/717,982, filed on September 16, 2005; 15 14)

[1567P Lingts, dolRetRsnANtPOaars s Pl uii ek s MFBBRSblddiSs the
Serial No. 60/717,824, filed on Se temper 16, 2005; 15) "Polymer Blends

additigpgfy qh?%éwrﬁéfrémﬁ%ﬁ@é@&fmgg RHOSG@Sf'raBﬁBVeSSBWi‘BBZ‘ZEBmPIGS of

carbofil8theirs SRMIERSTANAQOSNEG) At 3 IeB N NG N RREIIONS G ONIPIEIRG 15,
Interﬁ)p mers of Eth Iene/a Oleflns 20 U.S. Serial No. 60/717 588, flled

N3265N% N0 SR oy NarS BTy M SR a8 RS0,

N642aN6 50,0033 ,a]qdﬁm N26i; N774, N787, N907, N908, N990 and N991. These
carbon blacks have iodine absorptions ranging from 9 to 145 g/kg and average pore volumes
ranging from 10 to 150 cm®/100 g. Generally, smaller particle sized carbon blacks are
employed, to the extent cost considerations permit. For many such applications the present
multi-block copolymers and blends thereof require little or no carbon black, thereby allowing
considerable design freedom to include alternative pigments or no pigments at all. Multi-

hued tires or tires matching the color of the vehicle are one possibility.

[127] Compositions, including thermoplastic blends according to embodiments of
the invention may also contain anti-ozonants or anti-oxidants that are known to a rubber
chemist of ordinary skill. The anti-ozonants may be physical protectants such as waxy
materials that come to the surface and protect the part from oxygen or ozone or they may be
chemical protectors that react with oxygen or ozone. Suitable chemical protectors include
styrenated phenols, butylated octylated phenol, butylated di(dimethylbenzyl) phenol, p-
phenylenediamines, butylated reaction products of p-cresol and dicyclopentadiene (DCPD),

polyphenolic anitioxidants, hydroquinone derivatives, quinoline, diphenylene antioxidants,
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Therefrom”, U.S. Serial No. 60/718,165, filed on September 16, 2005; 18)
"Filled Polymer Compositions Made from Interpolymers of

WEYEREI6e-Olefins and Uses Thereof', U.S. Serial No. 60/7 PEE& 32416409500
on September 16, 2005 25 19) "Compositions Of Ethylene/a Olefin

are Wﬁ,‘gﬂk&g@@ﬁiﬁ@%ﬁﬁt mlyafbﬂmummmmub&anmﬂ;et@om [JJOGIAQ’, antioxidant,

ers o ylene/a-O I No. 60/ 6, filed on
Poly s A E KD, S TR gRoEiteTe IOHEREY L aC AR Ran
ng@WIOBHué&edhﬁn Wm@napen ﬂaﬁﬁﬁﬁdmﬂ\ﬁla@tammmm&d(ﬂdﬁﬂmnd
Interpolymers, Compositions and. Articles Prepared , The efrom and
tgengh 3 BT R 1 BN SARLPS Pt A K P B g used will
prefefabptémben-btaiRiag ant XéRigrfofl. 36] The following examples are
provided to illustrate the synthesis of the 10 inventive polymers. Certain

[fgr%g;pa“sﬁ&s pROTidiRE addl E@ﬁ%@@%&%ﬂﬁ%\?x%d%ﬁ%ﬁﬁ\‘iﬁ@!@& ne light

ented to exemp e Invention but are not inten
stabiligetinH AdeSramshtidh atbsmbesmmﬁ(beﬁimdm @gmlmum&ﬂegsclude

Tinu/AHGaSS ‘Pﬁ] Gieany Ly Tall, Rae & PRICANBORS 24 RX waiofie Alld

numerical values are apprOX|mate Aen numerica ranges are glven it

Tinugh&tid80eaatlabbedoanizibe Sixwdnie tlsoucsideantCGhareidoiyddidagvailable
from % é?ﬁﬁ'ét%@hi@oﬁé‘?oﬁ%elﬁ’éﬂ‘eAﬂﬂg&ik%& BRSiE Q&&?&én%ﬁ?ﬁﬂl?ﬁﬁéﬁ with a

ch examplé should not’be construed as necessary featuresof the
HAL&V@@@@nnmsm@eMemgvplsmwﬁﬁmd@m a$ fhndasedhinfbiidviatgnt No.
6.0526@fytical techniques are employed: GPC Method for Samples 1-4 and
" A-C 20 [138] An automated liquid-handling robot equipped with a heated
needle setto 160C is used to add enough 1,2,4-trichlorobenzene

l’s%ab.|.zeoFmPWﬁmPﬁsm%aéaewma%%me‘feéamaye%e@wéoa%% pre-
dlspe@mmrmﬁﬁu@ﬂdﬁrﬁé) MeLaHonuSiNaltsassi il 10V ibspiders] Ao ahtyh®ilizers
and the samples are heated to 160C for 2 hours a ﬁ%{ﬁ% orbital-
to forgn BpsStRAMD- At bprAvenily do Aoun Py éﬁlﬁo@?ﬂ § A% then
diluted to 1 mg/ml 25 using the automated liquid-handling robot and the
[130dted nSaitkbbotrm<dblinhg 23e)tA(SpmyefdRagith GRaOsysmmutcasiztipagents)
ermine the molec ar we ta, for each.sa ilson.350,pu
for useel?erelf onel %nln %JW 4 é/gil Spg:ro%l e bausm p%r etfhe mpcebaseg' compoundg) @)Pamples
of the foregoing materials are found in the art, 1nclud1ng in U.S. Patents No.: 3,758,643,
3,806,558, 5,051,478, 4,104,210, 4,130,535, 4,202,801, 4,271,049, 4,340,684, 4,250,273,

4,927,882, 4,311,628 and 5,248,729.

[131] When sulfur based curing agents are employed, accelerators and cure
activators may be used as well. Accelerators are used to control the time and/or temperature
required for dynamic vulcanization and to improve the properties of the resulting cross-linked
article. In one embodiment, a single accelerator or primary accelerator is used. The primary
accelerator(s) may be used in total amounts ranging from about 0.5 to about 4, preferably
about 0.8 to about 1.5, phr, based on total composition weight. In another embodiment,
combinations of a primary and a secondary accelerator might be used with the secondary
accelerator being used in smaller amounts, such as from about 0.05 to about 3 phr, in order to

activate and to improve the properties of the cured article. Combinations of accelerators
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-44 WO 2006/101966 PCT/US2006/009500 purged 1,2-dichlorobenzene
stabilized with 300 ppm lonol as the mobile phase through three Plgel 10

WQoRohed9es (gm) Mixed B 300mm x 7.5mm columns placed iR SEASIWHH09500
heated to 160C. A Polymer Labs ELS 1000 Detector is used with the

apo tor set t C, the Nebuh r set to 165 nd the nitrogen flo
senerpI{E R 20 o e T S APCRSTACSH B0 B85 SRSVl LR B R ergiced by
use 0PORIME mlélaﬁoﬁrQIh@cﬁiﬁd)ﬁ? d&@@@éﬁl@ﬁ@hm&sl njagteeustd a/hlch are
t§50 p]@&ﬁ) the ll]%&ad handllg robot and a heate nteedle Seglald
ot a LR B RECAF oh P EHER B AABUB S ire &t Orinary
vulcaﬁi@ﬂaﬁ@ﬁﬁ@@mﬁf&ns\/&ﬂeaﬂﬁmho'ﬁhetﬁﬁlm@lgﬂtalm tbellﬁétedsamible types of
analyzed usin chTM saqftware. Peaks are integrated
Rl it R W L TR
thloutwbﬁtyﬁ@ﬁl%s,]ﬂilalaﬁﬁaﬁdlﬁaidﬁﬁﬂm mﬂﬁk&aﬂiaﬁdasﬂhﬁlﬂiéﬁfﬁéﬁsmﬁ’feﬁbly, the
140] Branching distributions d.b t [li I
DL AR (VL PR G B CRAPR RISt BT ey
accelawmhahlprﬁﬁmb%mmﬁhw,, dfiipoarbampiior Tiarsanophapoarel di€seibviad
n.l,2,4 trichlorobenzene at 160C 15 (0.66 rlhr stabiliz
procaiyigE Aids b PR LSS SR AT ARPLTALZ L i SR SR hen
pew){atﬂeabase:ﬂlmgr[ﬁgeagélﬁsZ@émkredNDiaﬁmekdrdeiﬁabagmwmtbemmbmeoﬂnlanatlon
there&llth/n?uﬁs %&uﬂ%g@c&ncge& 1?&!30 T lﬂ o\il’jﬁ?ciél%gl F 1a01 EEQ%F GA tionis

Meastred Nher crys em erat Creased.
trlmeﬂfiydaowrabat&aﬂrdnethamééamé (ﬂ“MEﬂTMA},ttvmlbrb&janme(ﬂ“ﬁ@)shmﬂmain

branchi l%)trlbutlon o ts¥m§r 20 [g{éc [he, RYSTAF
I S

1socyfm r1111r6eer Gre-AndAras Ars |den %er% pea ana§/rss|§ul m gall’]% ugergsused

for paﬂIﬁi@ﬁd@iﬁﬁIEkRiﬁ@ﬁmanelKMmbmﬂ@ﬁﬂkhanImnhc@ftamd/éhiﬂm}lad for example
The ak.fi dll‘l ne identif, p tempekatur
in the aé) 6ll)m:atlon rox%ﬁA 811.1 c:au lon ﬁ# apIomIeT lgef 2 ﬁf:c‘# T Augugt 2001.

MRaximium: etivedn the’large
positive inflections on either side of the identified peak in the derlvatlve

[E/e. ToWhsakaanmé-Clryisoorplpuereopiaipirgaoaposition ieaiprst partially
crossHﬁR@H’%@r&e@f@e"&w&@s@mﬂﬁf@fﬁﬁ? b ofsdd B?%%@'I‘vﬂfg%émaﬂlposmon ina

parameters above the temperature limit of 0.1, and bel

solvept fsenesificdinrationsamisel atiatinghansosert gkennsyrasihireomponent.

The (LAY Eol ot R arqRlia SCRAMHEL SR %rem&weﬁ lisvare driesmiegticles
using a TAl model Q1000 DSC equipped with an RCS cooling accessory

accoréﬁtg 4p canhodimeis oDt tiBYRRipN e PRIcSRbSR RBtesb inesirahly igghe range

from 56 $e0PIRERPressed into a thin film and melted in the press -45 WO
2006/101966 PCT/US2006/009500

[133] The multi-block copolymers according to embodiments of the invention as
well as blends thereof possess improved processability compared to prior art compositions,
due, it is believed, to lower melt viscosity. Thus, the composition or blend demonstrates an
improved surface appearance, especially when formed into a molded or extruded article. At
the same time, the present compositions and blends thereof uniquely possess improved melt
strength properties, thereby allowing the present multi-block copolymers and blends thereof,
especially TPO blends, to be usefully employed in foam and thermoforming applications

where melt strength is currently inadequate.

[134] Thermoplastic compositions according to embodiments of the invention may

also contain organic or inorganic fillers or other additives such as starch, talc, calcium
-41 -
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at about 175C and then air-cooled to room temperature (25C). 3-10 mg of
material is then cut into a 6 mm diameter disk, accurately weighed,

WQRMeAGHE light aluminum pan (ca 50 mg), and then crimped®SAES196/009500
thermal behavior of the sample is investigated with the following

temperature profile, The s le is rapidly heated to 180C and held
carbQh AT HBRTS, BHITES T Sh LR VAo PR IO BmBRERer and

polyanistady), thesdbals Balhsvepaiields odiodabldayertd silidings) ploeittes or
held at -40C fqr 3 minutes,.The sample is then heated to 150 C at
carbopateamC A RECR GG R b NGB L RyBapRosphates,
carbo:iqﬁﬁﬁﬁfdﬁéis[béﬁioﬁ/%&&,%ﬁdﬂ@dF@cl&?ﬁdﬁdﬂ@ﬁh&ﬁ@&h&mﬁ)mﬁﬁim taphite,
.heat flow rate (W/g) with respect tqg the linear.baseline drawn, hetween
seolit A G A R 0 RO SR LGt LGRS Gyt or other
couplifiglesdhis meytulgoths eenpRiyedeiorBeenfilleiiordid@f melting using a
linear baseline. [144] Calibration of the DSC is done as follows. First, a

line i e by runn c ) . .
T i SRR P S s AREE MBS BN SPIMP G Bation,
includimg yre tbing tiagtivignidee wampéeptock8®d byowiingutionbs makdpig techuigaes such
- i ) . . ; .
as inRATELIE A0 U, MOl KHERPEOF ORI PR RISIEHG inser
moldaig bleatimglding, ehd othgdechingues THdmsdnduflispmualticlaerdisws: siay be
p o2 ) be with
prodng.fg&C B}?c%@%%?ﬂ&ﬂé‘ﬂf{g%rgs {4 &@iﬁ?g&%ﬁ% 'ﬂ%%'?ﬁrﬁr:ﬂ%&%getso e within

om 156.6C nset o g and within 0.5 J/g from 28.71
J/& for the of fusion. Then deionized water is analyzed b cooliré%i; small
2

Brsisopdeheabpre itheRlask etpdrnfisniobe ooty mes ebgism bgased in
a maRhekQfaPRIdERHRI hRBSAMIALS kER! frethacmalhpplicafénéOomé MiRLBases of

and heat to 30C at a heating rate of 10C per minute, The onset of meltin

whichsand e septimmationscREASIs 1 Rk ione aqrbrpERuior- rpmbapplications
are id€oipbiding SaraRieack-Aerdid A thr@#2ddidq):The gel permeation

chromatographic system consists of either a Polymer Laboratories Model

PL- or Iié?l mer L.abo ries Model PL—%% instru .dhe n.

) AT e e T QEItae S0 S e B - Sekal No.
60/718928afdeé o Sepiaatber Wix2008; columns are used. The solventis 1,2,4

trichlorobenzene. The samples are prepared at a concentration of 0.1

g@m&oﬁiﬁ%‘éﬁg{bﬁg @Mﬁtﬁﬁsﬁﬁfoggh/ SRLEARLRTIRGeI 00D ﬂl&??&%ers of
(BHT) gitating

butylated hydroxytoluene (BHT).4SSamples are prepared by a
Ethylpsetiy- Qe ingamdbisey Iiwosd > 81U rebblo o8k o8, halrElad pectsptemeber 16,

opsihjection volume used is 100 microliters and the flow rate is 1.0 ml/minute.
[146] Calibration of the GPC column set is performed with 21 narrow

molecular )
3) “Polymer Blends from Interpolymer of Ethylene/a-Olefin”, U.S. Serial No.

60/717,825, filed on September 16, 2005;

4) “Viscosity Index Improver for Lubricant Compositions”, U.S. Serial No.
60/718,129, filed on September 16, 2005;

5) “Fibers Made from Copolymers of Ethylene/a-Olefins”, U.S. Serial No.
60/718,197, filed on September 16, 2005;

6) “Fibers Made from Copolymers of Propylene/a-Olefins”, U.S. Serial No.

60/717,863, filed on September 16, 2005;
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weight distribution polystyrene standards with molecular weights ranging

from 580 to 5 8,400,000, arranged in 6 "cocktail* mixtures with at least a
WQaddd¥b&eparation between individual molecular weights. REEUS2006/009500

standards are purchased from Polymer Laboratories (Shropshire, UK).

The pplystyrene ards are prepared at 0.025 grains in 50 milliliters, of

e P BB R B R P BB B o
OlefigygrusSrSatiahnlblitds t,000; diitdosmieiseribemidigti8iess than

1,000,000. The polystyrene standards 10 are dissolved at 80C with gentle

f‘n é?ﬁ%ﬁéﬁ?gﬁ%‘gﬁ%&&%ﬂ%ﬁﬁn _ﬁiéai@?ﬂtépﬁggl nt%lfa@uﬁ%l@@@r

est molecular weight com to minimize
FilmsieYr&dacioal Noeo potly 81 p8nélstaor Septonricmi 612y weights are

converted to polyethylene molecular weights using the following equation

(ag)deg iMM@ﬁ@%@B@IW%{EQ}IQm&QM‘Et enE000TH:Rtan@ Adikles Made

1968)): Mpolyethyiene = 0.431(Mpotystyrene) 15 [147] Polyethylene
Therediqumyaldnt- mefiatdiar 9\%7&%%0@%@&%@%%%9%]0%5@ Viscotek

TriSEC software Version 3.0. Compression Set [148] Compression set is
meaptsed Reanisivigde ASHhVhisrgsnidie sibipiteir/ (rOhdies’ Y. StalddabNo.

54 n iameter round. di f 3.2 mm, 2.0 nun, and 0.25 mm 20
60/ 7%%@15&%%I§§Rﬁﬁ%ﬁégh?§g%f 12.7 mm is reached. The discs are cut
from 12.7 cm x 12.7 cm compression molded plaques molded with a hot
présy lindteMbls ol Weiebt fithbems,/ czOlofpréstupelfond asilBaseloggicant Oil”,
uss. SlarRd RBIMPR A1 IR gkISAC: fgloye by cooling inside the

press with cold funning water ensity 25 [149] Samples for
density measurement are prepared according to ASTM D 1928.

méaxsiFerpnMatde Frpmdusmabera el by knsprOliaging Ssivgriad
60/71D %28, m@mﬁﬁéﬁm@%@@mgae PCTIUS2006/009500
F

fexural/Secant Modulus/ Storaée Modulus [150] Samples are

compression molded ysing AST 928. Flexural and 2. percent secant..

O S S BE 10 RS N 7815 RS WIBG A Flow Films
with Highdd6e TRECOTAIRoSiriAINMAD/302,682] filed gui $aieaiiee IGRE0 D

Optical properties [151] Films of 0.4 mm thickness are compression

molde [ ) - e pallets . N

e e I e o g No
60/717:823801@ ah Ber@ember fbfiodl€d:by 1.3 MPa for 3 min, and then 2.6 MPa

for 3 min. The film is then cooled in the press with running cold water at

1.3 3YPo{omtr Blends From Interpolymers of Ethylene/o-Olefins”, U.S. Serial No.
60/718,245, filed on September 16, 2005;

16) “Anti-Blocking Compositions Comprising Interpolymers of Ethylene/a-Olefins”,
U.S. Serial No. 60/717,588, filed on September 16, 2005;

17) “Interpolymers of Ethylene/o-Olefins Blends and Profiles and Gaskets Made
Therefrom™, U.S. Serial No. 60/718,165, filed on September 16, 2005;

18) “Filled Polymer Compositions Made from Interpolymers of Ethylene/a~Olefins
and Uses Thereof”, U.S. Serial No. 60/717,587, filed on September 16, 2005;

19) “Compositions Of Ethylene/a~Olefin Multi-Block Interpolymer For Elastic Films

and Laminates”, U.S. Serial No. 60/718,081, f;il3ed on September 16, 2005;



10 min. The compression molded films are used for optical
measurements, tensile behavior, recovery, and stress relaxation. [152]
W@ 989¢easured using BYK Gardner Haze-gard as specifiB@TAH/ARTNP09500

D 1746. [153] 45 gloss is measured using BYK Gardner Glossmeter

Microgloss 45 as .1 ecified in ASTM D-2457 [154] Int | haze is v

G AR N A AL BB R R PGB g Olefins”
U.S. Suiskedore X7 \ginesakibidismppprthteti® fo0Syrface to remove surface

scratches. Mechanical Properties - Tensile, Hysteresis, and Tear [155]

Stresssstral jor 1 jaxialtensioq | s '

T R UeA, ARA i flter
27, 2085nandL at 21 C. Tensile strength and elongation at break are reported

from an average of 5 specimens. [156] 100% and 300% Hysteresis is

deiﬁg%ﬁ&féﬁ&ﬁ%@éﬁﬁqmwl%,%f%%ﬁfﬁiﬁ%ﬁ@%@’&w&
1708 microtensile specimens with an InstronTM instrument. The sample

Thergfosndad Mrthadoiaddakingthosams .3 Sperlde: 590G 188 filed on

SeptefiRgriBe/y§At 25 300% and 80C are conducted using an environmental
chamber. In the 80 C experiment, the sample is allowed to equilibrate for
45 minutes at the test temperatm% egtésting. Inthe 21 C, 300%
strain cyclic experiment, the ret at 150% strain from the first
-48 WO 2006/101966 PCTIUS2006/009500 unloading cycle is recorded.
[1Bétcent rEoo fatyvingt-expessaisayiledioulvsttdiothethenthiesis of the
. nloading cycle using the strain at which, the. ret t e
e e o M G e
examploe reresprisstineedtraiex aelif fornohedmenidinf the thyentiah dutratnaiiatengdssl to

i AR 8 R A OO AR AT S o

0 ours using
parts and pstesntpigeirase b eei dduippetimiticah wiveormnapnahdheieh SV Engumerical

rangegg%g i9&0 m%ﬂé{u\féﬁﬁe Kﬁd&@%&&&‘% Db Qs %@fd@qﬂ%l i&ﬁ%wgaﬁées may still

r 45 min in the environmental 10 chamber, the sample was

fall Véttémhedqusw%tmrmmatigssﬁpmiﬁs. @%bﬂwﬁbéé@mwmmld not
be coﬂEtlﬁl{Iéﬂ fartea IR SRR RIGRR [F1axation after 12 hours was

calculated using the formula: % Stress Relaxation = LO - L12 x 100

Testing Methods
[137] In the examples that follow, the following analytical techniques are employed:
GPC Method for Samples 1-4 and A-C

[138] An automated liquid-handling robot equipped with a heated needle set to
160°C is used to add enough 1,2,4-trichlorobenzene stabilized with 300 ppm Ionol to each
dried polymer sample to give a final concentration of 30 mg/mL. A small glass stir rod is
placed into each tube and the samples are heated to 160°C for 2 hours on a heated, orbital-
shaker rotating at 250 rpm. The concentrated polymer solution is then diluted to 1 mg/ml
using the automated liquid-handling robot and the heated needle set to 160°C.

[139] A Symyx Rapid GPC system is used to determine the molecular weight data

for each sample. A Gilson 350 pump set at 2.0 ml/min flow rate is used to pump helium-
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L where Lo is the load at 50% strain at O time and L12 is the load at 50

percent strain after 12 15 hours. [158] Tensile notched tear experiments
WQRE0AH8ePout on samples having a density of 0.88 g/cc or IBET(HSHY &S00

InstronTM instrument. The geometry consists of a gauge section of 76

m 0.4 itha 2 tch cut into t le at half th
s R b T R e
Plgel hieaksohine dB2Moalauiateshasn toduairaplndrithseri d heated t

geo tr ss-rolon B%Zf@rrr:enirw lE@str in at maxim rrglogdp.]An lvgggsé;% tC ! °
160°G, & Bolymet e 10D Riecivas yiebp e Ernnoiikedi A G the
Nebul(Rensst a6ia65Peynyed die id)rigzenfiductatk oet 30N S racigressuseafit0-80 psi

) ut SVIEE% I ression molded tc%ecj?s formed@£tf3€99(; nd.10 @;e;sz moldipg .pSI
ca00- B AR SRR AP RBIEE Chr TP DR e into 2
250 uI'Mbpfssil Hyaitkhtmdion fobotint krtentéd tredist Serprblenlysil df Bh

I umméfaditlgi[}"MZPt/{N NSl?-i-lZ% WO IS?) 6/10ﬁ1966 PCTIL{S%OG/OLde‘SO?h ) ]
POLYIA 1818 S%Bﬁl 3 Bt PR L QNTHIAPRILE IHF T fle Ui [he satple
data fketoliecait emdsaraiyeddad ( QECM Fbftvwpanh Ppealetratinanuall
.aaldistgmc i;irnneellsur d ass.gll?mgfﬁytem e alﬁ. Tipse perim nl'[la(;r'i,dst
intea(gled ap i ielceuler vciabt imtpiialion febaried Mot Se /SRt polyStyrene

stand bryratibeabll@cbarvical Analysis (DMA) is measured on compression
molded disks formed in a hot press at 180C at 10 MPa pressure for 5

mi gg&aq,ﬁcttﬁ%@@pmg@gg in the press at 90C / min. Testing is

conducted using an ARES controlled strain rheometer (TA instruments)
[fﬂ(éuipped with dual cantilever fixtures for torsion testing. [161] A 1.5mm

lual ¢ : 3 .
hue isirashiRgdiRiribtiang B T eIRBRY B SR PHBL S
fracti(%ﬁﬂ%'ﬁ«‘ (eRIBSTEH) ?tsbfcigta et[){qestfgtwaeo {ivtEemaRPARNR VAV B O M
grip separation AL) and_subjected to successive temperature steps from o
Polymfgighato gRSia SHIH-st}s) SHRRISE AT Enpivathig A rhiehstarie & 160°C
(0.66mBBAIUGA AHrandaabiBrdieaysicyrof 49 ragiseshahstsaimpinpiétdrratures
being maintained between 0.1 percent and 4 percent to ensure that the
range SR R he SO R Lan EHier PR FFIRE s o measure
the poegiBesdlat{de2bAdhnisad séatithtosamolalidgsidubrivtaicadritidtoiiensienred as
mode) to preyent slack in the sample when ther expansion.occurs. As
the g YERE SEAER AR PEAFRRRENIAL fireresescs e AR R v of the
cumdaviteyasiilakdiee tthiberbiinghaisbitmoliggdintibhtion qfahepelsaeple.
The test stops at the maximum temperature or when the gap between the
[141] The CRYSTAF peak temperature and area are identified by the peak analysis
module included in the CRYSTAF Software (Version 2001.b, PolymerChar, Valencia,
Spain). The CRYSTAF peak finding routine identifies a peak temperature as a maximum in
the dW/dT curve and the area between the largest positive inflections on either side of the
identified peak in the derivative curve. To calculate the CRYSTAF curve, the preferred
processing parameters are with a temperature limit of 70°C and with smoothing parameters

above the temperature limit of 0.1, and below the temperature limit of 0.3.
DSC Standard Method (Excluding Samples 1-4 and A-C)

[142] Differential Scanning Calorimetry results are determined using a TAI model
Q1000 DSC equipped with an RCS cooling accessory and an autosampler. A nitrogen purge

gas flow of 50 ml/min is used. The sample is pressed into a thin film and melted in the press
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fixtures reaches 65 mm. 20 Melt Index [163] Melt index, or 12, is measured

in accordance with ASTM D 1238, Condition 190C/2.16 kg. Melt index, or
WOoRYeg I Mmeasured in accordance with ASTM D 1238, ConkfitksHS2006/009500

190C/10 kg. ATREF 25 [164] Analytical temperature rising elution

fractiqpatio TREF) analysis is_conducted agcqrdin the method., .
s g S LRI o BB 0 - ROl 0 ra s thn
cut irkmabatonhliinCterRibelt, ddeuridelte meightidphicBddnehipdtalsirbutinparnica 50

o), W o e R R Lot RS Sl s s v e
followingriparpeethiny peséilen dehéeaeiplinishejidinthetedivd 80Tpositeidtisdthermal for

. analyzed js dissolved in trichlorobenzene,and allowed to stallize in
3 mlnuoth norder 10 18 %g{gﬁflln& 0%% cfé/

{
column contalnlnnéogr? fher? r%&i?b%r e8 e s%%%nlgy dio ﬁ? cooféd to -
40°CratduSiaitinectetinerate pndh AdG a8 CH iRy ratetes. (TheGimipleTiehen heated to

£0l is, equipped with andinfrared detector. A é_f«T EF chromatogra
150 B e o dalm LR
the column by slowly increasing the temperature of the eluting solvent

[X#3thloroBban mmmggq@cigmaammmmm inBeNMR rate (W/g)
with fg%g%x{s'i% thEPhINHAXTRLEH AR BERRALED T @dHiNd AR XM e Y G, 0t

0 mixture of 10 tetrachloroethane-d2/orthodichlorobenzene to 0.4 g
fusion spapeasvred pe therrenrdaneTheltisgapree beevapsal0¥e anddthe end of melting
usingPIRICHIEERHRY heating the tube and its contents to 150C. The data are
collected using a JEOL EclipseTM 400MHz spectrometer or a Varian

Unity PLusTM 400MHz spectrometer, corresponding tQ a 13C respnance
[]ﬁ‘g uenc?&bﬁ@%@ R’/ﬁlé‘? %&d%@%@%@l—]aﬁ@d mﬁggamlﬂ%h%m?ﬁépy
runnid@@IRONEhA-O(seCaithBi SRy SRRTHIO MABENu AR AOR @ YR N NiARMM

... signal-to-noise for quantitative analysis, multiple data files are added .
milligigasipdia fehdpditrasampls is ombrod-hy hariagiheasamplaodis8°6h soding the
fafa gy T, palyze i e
SamPprobﬂﬁ%ﬁ%ﬁg{rﬁgﬁﬁg%@raﬂon %%roe%%?mi 35’% .5%8 g R%@?I%sqﬁg%mauy
at 14¢fetod (Rinvts follGved MBhraingwhe sample Goeni4PRy® 1607 204 Heafing rate

(1989)., which is,incorpotated by reference hegein.in its entirety. 20
o A HAOR B IR < Eh L L SR L LS el v
deterininigé Brbib cbREdR droe tathat OnsCckome d 3864 Fotuing obse? 8@l thedyane fivithin

0.5 J/gﬁég%mfj'nggf Ecﬁ‘il(e:holg %??i%ﬂ.zeﬂl%ﬂ%%%?%’eﬁt&g?e% {é) glffa y%gcrisb?ftc%g?igg' a small
drop of fresh sample in the DSC pan from 25°C to -30°C at a cooling rate of 10°C per

minute. The sample is kept isothermally at -30°C for 2 minutes and heat to 30°C at a heating
rate of 10°C per minute. The onset of melting is determined and checked to be within 0.5°C

from 0°C.
GPC Method (Excluding Samples 1-4 and A-C)

[145] The gel permeation chromatographic system consists of either a Polymer
Laboratories Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The
column and carousel compartments are operated at 140 °C. Three Polymer Laboratories 10-
micron Mixed-B columns are used. The solvent is 1,2,4 trichlorobenzene. The samples are
prepared at a concentration of 0.1 grams of polymer in 50 milliliters of solvent containing

200 ppm of butylated hydroxytoluene (BHT).4§amples are prepared by agitating lightly for 2
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solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot

(7.6 cm x 12 cm) steel column packed with a 60:40 (v:v) mix of 30-40
WQO88p 1809066425 m) spherical, technical 25 quality glass beadP(&VEHIANI&009500

from Potters Industries, HC 30 Box 20, Brownwood, TX, 76801) and

| l.0.028" (0, dign ite sh Hable f
hour R R R R B el .

ml/musltenn is immersed in a thermally controlled oil jacket, set initially to 160
C. The column is first cooled ballistically to 125 C, then slow cooled to 20

[t 0-O4cIRRAEBINYR RS PrEld fAL ARG ROPE foiGRM TR SPg WU ar

at about 65 ml/min while the temperature is increased at 0.167 C per

weiglt fistebubn paly styosr saode dorith seimsienssizhts renging Sioxih3Adty
8,4002681) MRl-RQRICRTeLElant Ham IR RIGRaAIE: X%@g&oélll‘%aﬁéﬁon between

collected in a 16 station, heated fraction collector. The polymier is

individsiat applegulanveisdts. frie siendards areararghased SieroP elmedahosgaries
(ShropSRir8Gktere YIS SR CALEIRA R JBFCONSER B4es SRHONS @ iliters of

allowed to stand overnight before adding excess methanaol, 5 filtering, and

solverhiqh gnedemvax wesghtsouval &t oseasaies thes deRE. 898, fansl Qifgeramsdn 50
millifHR PR SHRRISR SRENENR S %@ﬁ@ﬁ%m@nvw%mo@s%@géi%{r‘é)e?%oéf&gﬁ@ards

using 5.0 m polytetrafluoroethylene coated filter L}aper (availab m
d

are digsolysHigbSHE, Witheeptpogiteloms i Ihamiste dihe amsroyvarandseds mixtures

are nVAFSIEhY 1 3:MRFBENEQ¥EN R BiRHe R AtbIVEIRP oL 12A:20,APBNEIE R minimize
balance before further testing. Additional information about hits 10 method

degradatipiynf e paluyIenesiadERperairselR e ghisae peuverted to polyethylene
mole&@AeNRIBAION R BrantiognRisiintie ssinsaivetienaianssEHWARAR, J.

Copolymers, J. Polém. Sci., 20, 441- 455 (1982), Melt Strength [168] Melt
m@%&%@ﬂ%}hﬂm LSO isNyorrtaipitizr)-Fdretertittad with a 15

2.1 mm diameter, 20:1 die with an entrance angle of approximately 45

[5G rees. Puitpsthetpsitiepting ¢henseleynilias w90 cafouldfominugs: themed using

Visc(ﬁg{t[ LN q%vea%)%eeggnr]% Wch/mlnute (2.54 cm/minute). The standard

es )

empera?ure is1 € sample is drawn uniaxially to a set of
accelerating nips located 100 mm below the die with an acceleration of
Compressyiow$et 2. The required tensile force is recorded as a function of the
take-up speed of the 20 nip rolls. The maximum tensile force attained

[18)ng thesastrsssefinesiamtas Ralhalmay o A $18/ca5908f Polymensmell

exhibiting draw_resonance, the tensile force before the onset of draw

prepared Dy-Hagking exk arradinmestirenpti st bt SWerigthorems ded mm
thickeeytiNENAA6RI ChRNnbsS@talyFtenm is reached. The discs are cut from 12.7 cm x 12.7

cm compression molded plaques molded with a hot press under the following conditions:
zero pressure for 3 min at 190°C, followed by 86 MPa for 2 min at 190°C, followed by

cooling inside the press with cold running water at 86 MPa.
Density

[149] Samples for density measurement are prepared according to ASTM D 1928.

Measurements are made within one hour of sample pressing using ASTM D792, Method B.
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25 [169] The term "overnight", if used, refers to a time of approximately

16-18 hours, the term "room temperature”, refers to a temperature of
WQRG101980d the term "mixed alkanes" refers to a commerciZBTS5RAMHEP9500

mixture of C6_9 aliphatic hydrocarbons available under the trade

designation Isqpar E, from ExxonMobil Chemical Company. In the event
¥ lex‘ﬂfﬂ’ﬁﬁ?ﬂﬂ@@%ﬁﬁﬁgﬁfﬂ?ﬁ&%ﬂ%ﬁ% not conform to the structural

representation thereof, the 30 structural representation shall control. The
[1SphthesiSahalkbsrreat @oprpisicesnavidah s ASON @D 69281 F86xural and 2

perceﬁ%gé%§%§)o(%?ﬁlgogesr%%a ] acté)%iné ?(I)l z'i%‘ﬁ@ﬁﬁ‘-%d‘ pgger%%t%xvcﬁﬁ% Iis

o)
carried out In"a dry nitrogen atmosphere using “dry box iques.
measgeanterdsegitov ASTVPDCG add andquir aitiéethafpre their use. [170]
MMAO refers to modified methylalumoxane, a triisobutylaluminum
Opti ifisd,-fgthylalumoxane available commercially from Akzo-Noble
Corporation. 5 [171] The preparation of catalyst (B1) is conducted as
follows. a) Preparation of (1-meth

[llﬁi]’(hyl) ! l}aﬁdggpﬁ 3 {%ﬂwwﬁwmg{miﬁﬂﬁ%o%sing a hot press (Carver
Mode_? fr#@éﬂl—-lppwtaeﬁ %l)larpleéw%@_efﬁ 40 Ilsllh&caAtaf@mgﬁ polyRuaflisepeapitaiaRets,

e solution rapidly turns bright yellow, After stirring at ambient ,
heateqthbShatir oy ORI TALES RS FeuPirob MERARI eyt ghen 2.6
MPa Biighinig) | e TR iens@idePih fes greds hithialanily Evrpaagiian 08 MPa for 1
min. YL ouphen IO methici e 2R, vior,
recovetymeiyteshyhdd-fayidinxy-3,5-di(t-butyl)phenyl)imine (605 mg, 2.2 mmol)

in 5 mL toluene is slowly added to a solution of Zr(CH2Ph)4 (500 mg, 1.1

ol) 15n.50.mL toluene. The [ting.dark.vellow solution.i teregS
) 5 ?ﬁ&' %ﬁ - D
[ or30 m|§.1 aélc?vlesn Fs?srlérr%o%lg%]é err% ugégrd%r%%ﬁ?rrg%gj %ﬁgﬁﬁﬁﬁem ™

1746desired product as a reddish-brown solid. [174] The preparation of

catalyst (B2) is conducted as follows. a) Preparation of

[183{2-metpdcysiohexdicthvl (?siﬁéLCP/Yﬁ GRHERH NG NS dlossla 50 as

2-Meth IgEcIohe%lamine (8.44 mL, 64.0 mmol) is dissolved in methanol
specifigd ingAIM dhdthi%-butylsalicaldehyde (10.00 g, 42.67 mmol) is added.
The reaction mixture is stirred for three hours and then cooled to -25C for

[15aprs. Thediesuling elewseaidudngdiiKicisdelidtied udibatanandT™ D
ashed with ¢cald methanol (2 x 15 mL)..and then dried under reduced
1003 SEEERHE e PRRPROL P13 BTl BT e RS LT thes.
with the desired product as a mixture of isomers. 25 b) Preparation of

Mechopithl(Propehtiisycimside) Etiylei@sisopid Beali(t-butyl)phenyl)

immino)zirconium dibenzyl
[155] Stress-strain behavior in uniaxial tension is measured using ASTM D 1708

microtensile specimens. Samples are stretched with an Instron at 500 % min™ at 21°C.

Tensile strength and elongation at break are reported from an average of 5 specimens.

[156] 100% and 300% Hysteresis is determined from cyclic loading to 100% and
300% strains using ASTM D 1708 microtensile specimens with an Instron™ instrument. The
sample is loaded and unloaded at 267 % min™ for 3 cycles at 21°C. Cyclic experiments at
300% and 80°C are conducted using an environmental chamber. In the 80 °C experiment, the
sample is allowed to equilibrate for 45 minutes at the test temperature before testing. In the

21 °C, 300% strain cyclic experiment, the retractive stress at 150% strain from the first
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-53 WO 2006/101966 PCT/US2006/009500 [176] A solution of
(1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t butyl)phenyl)imine (7.63 g,
WQ2096rH¥1% in 200 mL toluene is slowly added to a solution oPCT/US2006/009500
Zr(CH2Ph)4 (5.28 g, 11.6 mmol) in 600 mL toluene. The resulting dark
ellow solution is, stirted for 1 hour at 25C, The solution is diluted further
unloa{E IR ISSRIER b GR0 A SETER T FLLTPEES MO SEH G BoTee
first uMoblifg Setatalyst the/stmixiatavbichetib)isli(GarhsdikyhabuswihiemMaltsercent
of tetra |nsé entafluorophenyl)borate (here-in-after armeenium borate),
recovﬁ%bsaﬁigjé gﬁéaction of a long chain trialkylamine (ArmeenTM M2HT,
available from Akzo-Nobel, Inc.), HCl and Li[B(C6F5)4], substantially as
disclosed in U.S. Patent No. 5,919,9883,£%, 2. 10 [178] Cocatalyst 2
Mixed C14.18 allcyldimet ﬁ?ﬁ%’ﬁfﬁr@ﬁﬁ‘loo
bis(tris(pentaﬂuorophenyl)-alumane)-z-unﬁecylimidazolide, prepared
according to U.S. Patent No. 6,395,671, Ex. 16. [179] Shuttling Agents
wheréTdrasshattiinindgent Sermypitiyddaidioly deddieth yieistaiD BiberS 41§, load returns to the
di(i-butyDzinc (SA I(n-hexyl)zinc (SA3), triethylaluminum (TEA, SA4),
baseh{né #r)%%%zla%ilniﬁl&r@a(‘gé%iy ﬁ)lfée/'thylgallium (SAB6), i-butylaluminum )
bis(dimethyl(t- butyl)siloxane) (SA7), i-butylaluminum
[15i8K di(trirbssy stlgRatinie i) (EABYed-Bct) arrasitiutiain and 37 °C for 12 hours using
an gl Al B NON BRI WA PR OHACREY BB IS ety was
I-butylaluminum bis(di(n-pentyl)amide) (SAl 1), n-octylaluminum
76 m1pig( 26wt prendlieeqeitaling. a3y T4l dmiAdmin in the environmental
chamg&?@ﬂwggth?ﬂ@ Kby amided @%@é‘?’) R A 4RYOMMIRB ((5#Qss was recorded as a

utyldimethylsiloxide) (SA14), ethylaluminum di(bis(trimethylsilyl)amide)
functig@ypoiimeday bdramemibs pRro@itadmse ileNatioaafian hé hrws arasde) qdated
using 4Re BrRi4aluminum bis(2,3,6,7-dibenzo-l-azacycloheptaneamide)
(SA17), n-octylaluminum bis(dimethyl(t- butyl)siloxide(SA18), ethylzinc
(2,6-diphenylphenoxide) (SA19), and ethylzinc (t-butoxide) (SA20). 25
Examples 1-4, Compasativg ARGl szenenal H xqaghput Parallel
Polymerization Conditions [180] Polymerizatibns are conducted using a
high throughput, parallel polymerization reactor (PPR) available from

IS I S gl [ .
e 0 0 0 i, R S i
hours2006/101966 PCT/US2006/009500 6,316,663. Ethylene

copolymerizations are conducted at 130C and 200 psi (1.4 MPa) with

[158] Tensile notched tear experiments are carried out on samples having a density

of 0.88 g/cc or less using an Instron™ instrument. The geometry consists of a gauge section
of 76 mm x 13 mm x 0.4 mm with a 2 mm notch cut into the sample at half the specimen
length. The sample is stretched at 508 mm min™ at 21 °C until it breaks. The tear energy is
calculated as the area under the stress-elongation curve up to strain at maximum load. An

average of at least 3 specimens are reported.
TMA

[159] Thermal Mechanical Analysis (Penetration Temperature) is conducted on
30mm diameter x 3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa
molding pressure for 5 minutes and then air quenched. The instrument used is a TMA 7,

brand available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-
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ethylene on demand using 1.2 equivalents of cocatalyst 1 based on total
catalyst used (1.1 equivalents when MMAO is present). A series of

W aWmideftions are conducted in a parallel pressure reactorRPFR$2006/009500
contained of 48 individual reactor cells in a 6 x 8 array that are fitted 5 with

a pre-weighed glass tube, The waqrking volume. in each reactor cell is 6000
0416} AR S 1L SR ek O IFRGF AR o o
5°C/nlﬁ|3/1 hﬂiﬂigg‘at.st?rﬂé\grm%h esrditvm m@(;aﬁaeas gaaaneiguenthgamaf

plumbed directly .into the PPR unit and. cqntrolled b tomatic valves.
tempTRRE LA RSP B AP AC B e PR LBy Ly e el

the reservoir solvent is mixed alkanes. The order of addition is mixed

DMAalkanes 10 solvent (4 ml), ethylene, 1-octene comonomer (1 ml),
cocatalyst 1 or cocatalyst I/MMAO mixture, shuttling agent, and catalyst

[1%bfata'yﬁM%M¥¥1%ﬁc%m% 6 O{rsneeiakdsaRd MMALDREGon molded

mixture of two catalysts Is used, the reagents are premixed in a small vial

disks foumediinapiiiess Hdd0n abih dMRamptessweion hrdayenand shencagtsy cooled
in the3RSYREIRNniflE PDQUER HIBHAI AR SPRRENISE MBINAARHN theometer

_Polymerizations are conducted for 15 approximately 1-2 minutes, until
(TA ipsausients) sayinpsy svith dvakoraplriss Brarenfordaragiediibenching with
CO, the reactors are cooled and the glass tubes are unloaded. The tubes

[1&H trang{ermdiopagasisip@edacud oudiinGait dnkslies TT:2heUrThe
at 60 C. The tubes containing dried polymer are wei hedﬁaggd the

samplfi s FLatRRed ROt SRS RRENFRIEGERES SERATHIRAN 4 P SeRAERH gt AL) and
subjeBRl BauRasHisiaif cRmiaineshibable dool thattlgot apdtiReleayyhatecith

the application, com(ﬁarative compounds are indicated by an asterisk

tempgraueEha fpTIAn 109 Hﬁé%’s%?a{@%ﬁg%&ﬁeﬁg&eﬂ%aqm&%fowﬁﬂg%)r'@e

strainiPREESARE IRt @B AWEeNeahbi shedampueififto ¥R B &iEOhe torque
MWD, essentially monomodal copolymer when DEZ is present and a

is suffjient and R dhh BleRtiEE sl MR B (RO HISAE d6_IRS: mixture of

separately produced polymers) in the absence of DEZ. Due 25 to the fact
[162] CatalvsifdllistitiofonctoaNtOporateintmined GlenetthsioCatalystqBréyent
staek i Tsrent Blocks,or seaments of e fesuling. coRohmers SO iuion
embodiments of the Invention are distinguishable based on’branching or
AL indesasity whb héQeR(idtahi OpGiRGIAHYSDHOOS 00 96€6ing able ftehiogGminfAl) the

Cat (131) Cacat MMAO shyttling mol m %{_%r%}o mol agent %umol Yield
oIy S CaSUTaT SORD R G e T PR DG SR ¢ 81 fefen the
fixtu@slrkAdhes 69 hhB1 36957 1.22 2.5 C*0.06 0.1 0.176 0.8 - 0.2038 45526

5.302 5.5

Melt Index

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

ATREF

[164] Analytical temperature rising elution fractionation (ATREF) analysis is
conducted according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.;
Ryle, T.R.; Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in

Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
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10.06 0.1 0.192 - DEZ (8.0) 0.1974 28715 1.194.8 20.06 0.1 0.192 -

DEZ (80.0) 0.1468 2161 1.12 14.4 3 0.06 0.1 0.192 - TEA (8.0) 0.208
WQ28p5019¢ 4.6 4 0.06 0.1 0.192 - TEA (80.0) 0.1879 3338 1B4rg]320069§9500

or higher chain content per 1000 carbons 2 Bimodal molecular weight

. distribution [182] It may be seen the polymers produced according to. .
Inco P R BTN IER PV QR G G oy MG
dissolWM@i)cﬁHﬁdBéﬁ%ﬂé' @(?Kﬂmw ereealind {franetuiell sonefindidang &igrt
than polymers prepared in the absence of the shuttlin ent. [183] ..
supDE JHR A AT U B G S DPPABRF ot G of
0.1°Creferemae éolthenfigw@sppbareispenificali D&teaotl AREFREB wligoshaogram
the following: 10 [184] The DSC cuyve for the polymer of. example 1 shqws
curve {5 RSN B SIHEE 17 SRR B TSRS VP RSt Qporaluc By slowly
increBANECSRABAINEG ARY STActutivig sblows thtcHitobtpaalk )34 3CtwilDAC at a rate
1 5%? k.area of 52.9 percent. The difference between the DSC Tin and the
ot L. thf is 81.2C. [185] The DSC curve for the polymer of example 2
shows a peak with a 109.7C 15 melting point (Tm) with a heat of fusion of

ZfﬂGDNMRrAnaipsiesponding CRYSTAF curve shows the tallest peak at
46.2C with a peak area of 57.0 percent. The difference between the DSC

[16%) and thg Tanysia L&f@%{aa%gl aﬁaﬁlgi%&w?a{a&tﬁlg SRYSB80Hhixture of

example 3 shows a pe 0.7C melting point (Tm) with a heat of

tetrachlorontbineed g hlosehREEBEA M A S BIiR M em et Bty The

sampledleR! PRAM AlOhd GoniltiéanpRaRIRAER 7 hShBECRAL it ReHE &NeS0°C. The
between the DSC Tin and the Tcrystaf is 54.6C. -56 WO 2006/101966

data gpgopllpstedotsing st L BAnsE DEeMbR rrstaachaI Ok eV aFian diRfetius™

400MIPD Y5k A eRR IER Rl Pdnalnds MRl hhEY rélhhbeat PDEUSIME! The data
170.7 J/g. The corresponding CRYSTAF curve shows the tallest peak at

are acgyired Hng JOIR Brnsients 99 daircliln withadfirmerond@pisasersiition ¢sg. To

achieVéhARAINA Tenstal- sl B (add88liToadaSsisCuMRifNE i pa/aiNealded
shows a 90.0C melting point (Tm) with a heat of fusion of 86.7 J/g. The

h
togetBr RS CHIE PR A0 LA IR Plea o chlipaints. The

sampReakAIBA Pled W1 BOIEE M. Proh H1088 MAlUgEYE CUSEBiRDhHiBran@soration
. that, is low in density. The difference between the DSC Tm and the
is detm@&fl}gnag_%@_dal 's triad method (Randall, J.C.; JMS-Rev. Macromol. Chem.

Phys., C29, 201-317 (1989), which is incorporated by reference herein in its entirety.
Polymer Fractionation by TREF (also known as Preparative TREF)

[166] Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer in
2 liters of 1,2,4-trichlorobenzene (TCB)by stirring for 4 hours at 160°C. The polymer
solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot (7.6 cm x 12 cm) steel
column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 um) spherical, technical
quality glass beads (available from Potters Industries, HC 30 Box 20, Brownwood, TX,
76801) and stainless steel, 0.028” (0.7mm) diameter cut wire shot (available from Pellets,
Inc. 63 Industrial Drive, North Tonawanda, NY, 14120). The column is immersed in a
thermally controlled oil jacket, set initially to 160 °C. The column is first cooled ballistically
to 125 °C, then slow cooled to 20 °C at 0.04 °C per minute and held for one hour. Fresh TCB

is introduced at about 65 ml/min while the temperature is increased at 0.167 °C per minute.
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[189] The DSC curve for comparative B shows a 129.8C melting point
(Tm) with a 10 heat of fusion of 237.0 J/g. The corresponding CRYSTAF
W@ 2N WIS the tallest peak at 82.4C with a peak area of 8X T H&REAE/009500
Both of these values are consistent with a resin that is high in density.
The difference hetween the DSC Tjn and.the Tcrystaf is 47.4C. [190] The
26 cur PR BRI AN ELHONGIE T8RS MR R ARE colunn
are clertaf faion ahiids. edlgd Taetis weReHNTHe RYISherisusviessinaved theach

tallest peak at 15 81.8 C with a peak area of 34,7 percent as well as a )
fractipg) ST FoioN e SRR P B S COP RS LA B R SEVIRE S0 HeBemeios.

The m?siﬁf@mvyTh Blél_tfifmsoaﬁs@lrr@wafta Eﬂ@%@%@ﬁg@m dff@ﬁ_dﬂiﬁgléf@h’sﬂgﬁﬁthanol,
Th t ) taf is 43.5C.
filera g A OB AE BT B o B R e P TR ehre
ﬁltrat@ﬂigt%ptiéﬁaﬂmn&ﬁm a3 ﬁi&iﬂi@muum” ' u?uaissﬁtuﬂqn:pﬁhgmfwﬂmm?ﬁam pm
outin acC roliegd a e reactor eq w, an
polytF Gl e R R e AR TG SEPPRT thb SlBle rom
Z50VEpe4TiInbirKsimical Saotipanye eﬂ‘esd@verﬁtght_?ﬁ thedoaumn(dver odoca@ and
weigled AR I L SR, PTG PV EsThe) AR Lo ation about it

methtdemntagdi pleWikie, JohRyilefcRR tddthebetachpDIs 2 P eagd Rusdebyr-mination of
- | ller. iabl iaph | .
T T

455 (pO82P, a side stream is taken to provide flush flows for the catalyst and
cocatalyst 1 injection lines and the reactor agitator. These flows are
m?@a{rg%gy Micro-Motion mass flow meters and controlled by control
valves or by ﬁ1e manual adjustment of needle valves. The remaining
solvent is combined -57 WO 2006/101966 PCT/US2006/009500 with .

[468]-tene Mehyréisastnd)didgers Hisddrs wiag p sAnikegyEhanedeicttedawith a

2.1 niRPERfew: Caniraie Wi seehigadel vap Ryl agsid e iess iRiaseaded.

The teméﬁﬁearature of the solvent/monomer solution is controlled by use of a

equil fuating dhasrsaplsd b P Britcitnd ArainEsstdhe piordcam dsersanhef 1
inch/RAHAR O HheERAGR) PEncRtalNRLGRePRAGR Sliens G e STREEIR e is drawn

using pumps and mass flow meters and are combined with the catalyst

uniaxjaly sonashofaradlasingoviashesated bedom drine tbadisrvithenasealymiion of
2.4 nfHsliguicrfiyl Ir@cilﬁ% PSIGiS3R MR R Rk 9 RMB R 379N L {QQL-‘&}B §)eed of the

removed through exit lines at the top of the reactor. All exit lines from the

nip reHactbhareasianm fenste Wrerinduiend dudpy the fpshivAcEnad pp s Bielisarength.
Tn th@EULQR S5 15RE AR AT 1R RS bR IRNEr MBS the onset of

stabilizers or other 10 additives andégassin the mixture through a static
drawggsepangeeaoiakien s & siensin eﬁwﬁa&&ﬁh&m@ dheggtiNewtons
(v'cNe}gchanger before devolatilization. The polymer product is

Catalysts

[169] The term “overnight”, if used, refers to a time of approximately 16-18 hours,
the term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed
alkanes” refers to a commercially obtained mixture of Cg.9 aliphatic 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 the structural representation thereof, the
structural representation shall control. The synthesis of all metal complexes and the
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recovered by extrusion using a devolatilizing extruder and water cooled
pelletizer. Process details and results are contained in Table 2. Selected
W Wm Hroperties are provided in Table 3. -58 WO 2006/1009B&/S2006/009500

PCT/US2006/009500 00 NmN.+ (7) --~b O01.-i M t- 'O 0 NN to oo N7 'O
Dn~2n 0O 7 SNMM~OWoOMNMNO CO T W

preparation o @%f&iﬂ@@wwm%erﬁ ‘%aEéeF{:OBt RS RAROEER W&SWP using

dry b6 technig@e) QODeOREMES k&I reTTDM B AMGverd 60 60fcahdituse.
oOrnrnrnoorno0 oo oornoo ~Orn ~ .~+a0~ q+ tIndviONMNmMOT

VIN AR AR 1v B Tomam = ~nr .
8 OFAC 5 G B e e PR R goied
methyNaNnaiokarid Mmhﬁbadcﬁrm&fcmﬂmﬁmmmmwm&p@rﬁ@oaﬁ 6LNUmM
MMMMMMMMMMQ"dO W3NMN~nOd T.mirm.n0d I~mr.

s 1if OMRIRAQEGAAOM K 0AIRALRRIARO000000

ONOmMNNNYVO moaVoOOIOOOssDosq,~ a3

OanOOtNNOrntth>o ENOOOOOO N Q
a) Preparation of (1-methylethyl)(2-hydroxy-3.5-di(t-butyl)phenyl)methylimine

[172] 3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine.
The solution rapidly turns bright yellow. After stirring at ambient temperature for 3 hours,

volatiles are removed under vacuum to yield a bright yellow, crystalline solid (97 percent
10 yield).

b) Preparation of 1.2-bis-(3.,5-di-t-butylphenylene)(1-(N-(1-
methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl

[173] A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine (605 mg,
2.2 mmol) in 5 mL toluene is slowly added to a solution of Zr(CH;Ph)4 (500 mg, 1.1 mmol)
15  in 50 mL toluene. The resulting dark yellow solution is stirred for 30 min. Solvent is

removed under reduced pressure to yield the desired product as a reddish-brown solid.
[174] The preparation of catalyst (B2) is conducted as follows.

a) Preparation of (1-(2-methvlcyclohexyhethy)(2-oxovl-3.5-di(t-buty)phenyl)imine

[175] 2-Methylcyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in methanol (90
20 mL), and di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is
stirred for three hours and then cooled to -25°C for 12 hrs. The resulting yellow solid
precipitate is collected by filtration and washed with cold methanol (2 x 15 mL), and then
dried under reduced pressure. The yield is 11.17 g of a yellow solid. 'H NMR is consistent

i

with the desired product as a mixture of isomers.

25 b) Preparation of bis-(1-(2-methylcyclohexylethyv)(2-oxovl-3,5-di(t-butyl)phenyl)
immino)zirconium dibenzyl
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butylhbh@’[yl\)llmlmé @@lgl,\lZ&fZ lm@Bl)hn@OE WIMohebrd fyslOWPadded@oli bdlution of
Zr(CRaH 528 6 | L6 SN 00 miL totione,” The résulfing e kligt Sotypon i
stirrell'for ¥ hvut ArRH1G-NI$O bb I snd{hated/fadther SN 630 GL OIS to give a
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U
[177] Cocatalyst 1 A mixture of methyldi(Cj4.15 alkyl)ammonium salts of

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(CeF5)4], substantially as disclosed in U.S. Patent No. 5,919,9883, Ex. 2.

[178] Cocatalyst 2 Mixed Cjs.13 alkyldimethylammonium salt of
bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared according to U.S.
Patent No. 6,395,671, Ex. 16.

[179] Shuttling Agents The shuitling 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(dimethyl(t-
butyl)siloxane) (SA7), i-butylaluminum bis(di(trimethylsilyl)amide) (SA8), n-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-t-butylphenoxide) (SA12), n-
octylaluminum di(ethyl(1-naphthyl)amide) (SA13), ethylaluminum bis(t-
butyldimethylsiloxide) (SA14), ethylaluminum di(bis(trimethylsilyl)amide) (SA15),
ethylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA16), n-octylaluminum
bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA17), n-octylaluminum bis(dimethyl(t-
butyl)siloxide(SA18), ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzinc (t-butoxide)
(SA20).

Examples 1-4. Comparative A-C

General High Throughput Parallel Polymerization Conditions

[180] Polymerizations are conducted using a high throughput, parallel
polymerization reactor (PPR) available from Symyx Technologies, Inc. and operated
substantially according to U.S. Patents No. 6,248,540, 6,030,917, 6,362,309, 6,306,658, and
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o108 Sy MO MMM 1340 OB
ethyléh® dh AéhdfiGifing 0.9 a0 @Erfalyd Ored éh totaDOaRAIHE dbed (1.1
T T T T LD EIN TN e
pressi@r8adtorQPORY @RrdireddT 48 indiOMuifl keachineells nw o/ xBoarBathniNi@ fitted
it L A e A S bR B o
cell isNenGhtrabd ahd prebéidd torfBottewwith Yifring pidviddN B BN da0stirEng
padclllt;ls.(:)TrI]u;1 trZorI;grger gas and quench gas are plumbed directly into the PPR unit and
controlled by automatic valves. Liquid reagents are robotically added to each reactor cell by
syringes and the reservoir solvent is mixed alkanes. The order of addition is mixed alkanes
solvent (4 ml), ethylene, 1-octene comonomer (1 ml), cocatalyst 1 or cocatalyst 1/MMAO
mixture, shuttling agent, and catalyst or catalyst mixture. When a mixture of cocatalyst 1 and
MMAO or a mixture of two catalysts is used, the reagents are premixed in a small vial
immediately prior to addition to the reactor. When a reagent is omitted in an experiment, the
above order of addition is otherwise maintained. Polymerizations are conducted for
approximately 1-2 minutes, until predetermined ethylene consumptions are reached. After
quenching with CO, the reactors are cooled and the glass tubes are unloaded. The tubes are
transferred to a centrifuge/vacuum drying unit, and dried for 12 hours at 60 °C. The tubes
containing dried polymer are weighed and the difference between this weight and the tare
weight gives the net yield of polymer. Results are contained in Table 1. In Table 1 and

elsewhere in the application, comparative compounds are indicated by an asterisk (*).

[181] Examples 1-4 demonstrate the synthesis of linear block copolymers by the
present invention as evidenced by the formation of a very narrow MWD, essentially
monomodal copolymer when DEZ is present and a bimodal, broad molecular weight
distribution product (a mixture of separately produced polymers) in the absence of DEZ. Due
to the fact that Catalyst (A1) is known to incorporate more octene than Catalyst (B1), the
different blocks or segments of the resulting copolymers according to embodiments of the

invention are distinguishable based on branching or density.
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? M 06/009500 [192] The resulting polymers are tested by DSC
F as with previous examples. Results are as follows: [193] The
DSC curve for the polymer of example 5 shows a peak with a 119.6 C

E&n&ﬂhéwlﬁﬂ(m) vﬁﬂq%’é hé\él’b’f%ﬁi@ﬁlw%o 0 J/g The correspondlng

hexyls” Is'

59Q50ﬁerce t. The d% g/ en the DSC Tm f3 2. OC

C*[1 Ccur olymer of examp 8 % |th a
C mg ing poU'u |n) with a

2 comepondem CRY&HF curve sfgﬁ%%!@% a"@%h@@akzqw 2@1w'th oy
3 peplggrea @f62.7 pgrognt. The deltﬁEtA n eg@SC 23875 m and the 4 6
4 Teoyssaf is §1.0C. [10BLThe DSC cmpe(&omemmymermexarmme 7 94
U ¢ ohbigha prel votheatlt. 8000 baghivhg point with a heat of fusion of 69.1
J/g. The corresponding CRYSTAF curve shows the tallest peak at 49.2C
? BimiutnbmelatdaewazROMspéreton. The delta between the DSC Tm and the
Terystaf is 72.1C. 15 [196] The DSC curve for the polymer of example 8
[E¥dws a Betamhﬁﬁaemhemiym@mg)émﬁd@mrm o iathaskimesnispbthe

1nverﬁ701? 40 Z?@le&%ﬁﬁﬁ%‘ %Ysﬁ%? %MM%& IQ&@?‘%‘?@&P@@% mer

C with a peakarea of ercent. The delta between the DS
cont%ﬁéﬂtmelré?;@ﬁaﬁrs ordareer)than pelyDSEREeRporedontthe pbigrsecdfhe shuttlmg

agenpxample 9 shows a peak with a 124.6 C 20 melting point (Tm) with a heat
of fusion of 73.5 J/g. The corresponding CRYSTAF curve shows the
st pe t 80.8C with a peak area of 16.0 percent. The delta between
i1 R

DSC ﬁ&%ﬁ%&%& Bk RYER B Se0l e ipgned by

refer 1y oethoFigxaspPIeIdR speuiieal BepR @VihdaAITIOEY Cest&/ WRGW EHBOTIBYing:
with a heat of fusion of 60.7 J/g. The corresponding CRYSTAF curve 25

ws the.tal peak 40.9C with a peak area of 52.4 percent, T
s B B0 B S B o
(Tm) with a heat of fusion of 158.1 J/g. The corresponding CRYSTAF curve shows the

tallest peak at 34.5°C with a peak area of 52.9 percent. The difference between the DSC Tm

and the Tcrystaf is 81.2°C.

[185] The DSC curve for the polymer of example 2 shows a peak with a 109.7°C
melting point (Tm) with a heat of fusion 0f 214.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 46.2°C with a peak area of 57.0 percent. The difference between the
DSC Tm and the Terystaf is 63.5°C.

[186] The DSC curve for the polymer of example 3 shows a peak with a 120.7°C
melting point (Tm) with a heat of fusion of 160.1 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 66.1°C with a peak area of 71.8 percent. The difference between the
DSC Tm and the Terystaf is 54.6°C.
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-61 WO 2006/101966 PCT/US2006/009500 [199] The DSC curve for the
polymer of example 11 shows a peak with a 113.6 C melting point (Tm)

W@t of fusion of 70.4 J/g. The corresponding CRY STACEJHH2006/009500
shows the tallest peak at 39.6C with a peak area of 25.2 percent. The

a betwee DSC .Tm and the Terystaf is 74.1 C. 5 [200] The D o
o TR Dot e TSt D R DA s Pra e A
meltipgmbi6E ifTmyithith hdrhobdffsidonaffA%0. D e ThaccsuTaspondiing CHRSI Pdcurve
cyrve shows no ual to or above 30 C. (Tcrystaf for purposes of
shov IR 10 Tt LRtk SEAGE ) SrhEeEhAtE LA BOFR D Bveen the
DSC T ané theTteyyeipkigH8seC. [201] The DSC curve for the polymer of
example 13 shows a peak with a 114.4 C 10 melting point (Tm) with a
t of fysion of 49.4 J/g. The corresponding CRYSTAF curve shows the
i e MRAP S BV T SRR R oo LA CrE B 2B B With o
heat $hEuBI&Co{180. A0 ITENE RB1SEIHIRBALCR POPAFIRDS Shévsth RAlspeEA at

example 14 shows a peak with a 120.8 C melting point (Tm) with a heat

48.5°61 YiEichnstl 8128 of g frie st sBetM hese v afvaraes roasitienigvitlea resin that
is lowaERIRAFK Bhe difiérafiiRiReal HEP O Frtal8 R e iR FRIIA Repveen
the DSC Tin and the Tcrystaf is 47.9C. [203] The DSC ¢urve for the

olymer of example 15 shows a peak with a 114.3 C melting point (Tm) )
lfﬁﬂ a heBh&PRSISHHE S somparaiiy e & sbepeiing S 1ovmatareqpins (Tm) with a

heat SNRMSIRE SaleSTRL R & FoNdIRAAIeRYN PAGR AR %%%Q%Tﬁ%t%ﬁﬁ at
between the DSC 20 Tm and the Tcrystaf is 82.0C. [204] The DSC curve

82.4%fomiHb poRARaTesfad & merseshBatk afihasewilnes aneeorsistael ivighotesin that
. (T itk t i r i . Leurve
b L P N el oohe 1T

delta between the DSC Tm and the Tcrystaf is 68.6C. 25 [205] The DSC
[189%ve forthe BS@W@fweqﬁmmﬁvgr{émwméRMﬂ@a@MQ ®intéRinywith a
heat AN;6HB} 14Y R RCFA! L4FlO B4 DHE, SR ICBHSBRABHIHAIS hic o
t 43.1C with a peak area of 56.

curve shows the fallest peak a percent.
81.8 “hwikrapbdtwrearofiid. DSCaihaaniethes Bdostaiciy 2l e, péakWG2.4 °C. The

Q 20 he DSC curye for.the polymer
o A T DA R ISR s .
low cofsfiadime pbliaie8 Jhe Gifteoowe doomeinghe R'¥E T andritee Terystaf is 43.5°C.

Examples 5-19, Comparatives D-F, Continuous Solution Polymerization, Catalyst A1/B2 +
DEZ

[191] Continuous solution polymerizations are carried out in a computer controlled
autoclave reactor equipped ;zvith an internal stirrer. Purified mixed alkanes solvent (Isopar™
E available from ExxonMobil Chemical Company), ethylene at 2.70 lbs/hour (1.22 kg/hour),
1-octene, and hydrogen (where used) are supplied to a 3.8 L reactor equipped with a jacket
for temperature control and an internal thermocouple. The solvent feed to the reactor is
measured by a mass-flow controller. A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the discharge of the pump, a side stream is taken to
provide flush flows for the catalyst and cocatalyst 1 injection lines and the reactor agitator.
These flows are measured by Micro-Motion mass flow meters and controlled by control

valves or by the manual adjustment of needle valves. The remaining solvent is combined
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shows the tallest peak at 70.0 C with a peak area of 94.0 percent. The
delta between the DSC Tm and the Tcrystaf is 50.5 C. 5 [207] The DSC
W@ 2He e polymer of example 19 shows a peak with a 128€TUHENAS00
point (Tm) with a heat of fusion of 174.8 J/g. The corresponding
STAFE curve s the tallest peak at 7 h a eak area of
with SR SO o SN ORCBAN I DD ] S FeRhy s At B
contr{ﬂléB}sTllnedl’SGed:lwet&limrcblgelmlyhm eeaicom meaade mshampemtmalomm
7.3C 10 oin ith a heat of fusion of 3

solveEFRGBRRITA ) R P DL R A0 R Bt e osvnades

reactcBoﬂﬁhii ﬂmeammlue&theé)mmﬁéﬁh\mﬁemreﬁmetmmﬂ@mmcdmwyluﬁbas are
Ita between the. DSC Tm and the T staf IS 7 3 S
et R DR B I AR SO A B Rgh Sotvent
and 1mmdnl(:'Edn)nmMaHﬂmnobfuhmathﬂ%dtgaéfbH£mlﬂmddiuig at 500 psig (3.45
MPa) w1 -I-'Ac‘)liol5 urvr? SPLP ug%e t%l}gg{[{ K& ¥19 31 Wletg &&eik ale %gfr actor
)9‘2( rCEnt lirh & these values. are conséten%( RA fesi |gﬁ ’
All exit dimas:lfypn'f[ ke dediztdyety atarth g OSICidimn vk H’(dlyynt’afzstm 8Gtopped by

0].The DS urve for of c tlve ows ak with
the a%%%&ipl gf}e& Sm r%lgn%léliln { f_lwaf I)EHZOGE RT&: S|on \xélgd fljygs a[tﬁﬁzers or other
additbmsres@cpasﬁi@ ﬂié‘riﬁﬂmté dumthOssﬁmNmm talheginodaét atrgah6 thith lzeated
eak areagf 1 rgent, T [ t
by b B R S S B M R PSRBT s
recovengsthjlingtrpsilymsing Iaeldejtattﬂvem&extmh@md Watennoblke faltgsraf.iProcess
aennifh e EINIER L BIRALY SO0 Kl el STl ARG A
physical properties such as 5 temperature res ce properties, as
Table¥idenced by TMA temperature testing, pellet blocking strength, high
temperature recovery, high temperature compression set and storage
modulus ratio, G'(25C)/G'(100C). Several commercially available
polymers are included in the tests: Comparative G* is a substantially
linear ethylene/1-octene copolymer (AFFINITY(r), -63 WO 2006/101966
PCTIUS2006/009500 available from The Dow Chemical Company),
Comparative H* is an elastomeric, substantially linear ethylene/ 1-octene
copolymer (AFFINITY(r)EG8100, available from The Dow Chemical
Company), Comparative | is a substantially linear ethylene/ 1 -octene
copolymer (AFFINITYVPL1840, available from The Dow Chemical
Company), 5 Comparative J is a hydrogenated styrene/butadiene/styrene
triblock copolymer (KRATONTM G1652, available from KRATON
Polymers), Comparative K is a thermoplastic vulcanizate
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elastomer). Results are presented in Table 4. Table 4 High Temperature
WQLEemaNRel Properties Ex. TMA-Imm Pellet Blocking G'(25C)PS@(3/95006/009500
Strain Compression penetration Strength G'(100C) Recovery (80C) Set

(70C) C) Ib/& (PP) (percent) (Percent) D* 51 - 9 Failed - E* 130 - 18 - - F*
70 141 (6.8) 9 Failed 100 5104 0(0) 68149 6110552 7 113-4 8443

(TPV, a polyolefin blend containing dispersed therein a crosslinked
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Wi 1dshigher temperatures compared to a physical blendPCT/US2006/009500

Table 3 Properties of exemplary polymers

15 90C or even greater than 100C. This shows that the novel polymers
have better -64 WO 2006/101966 PCTIUS2006/009500 dimensional

Comparative J (a commercial SEBS) has a good 1 mm TMA temperature
of about 107C, but it has very poor (high temperature 70C) compression
set of about 100 percent and it also failed to recover (sample broke)
during a high temperature (80C) 300 percent strain recovery. Thus the 5
exemplified polymers have a unique combination of properties unavailable
even in some commercially available, high performance thermoplastic

elastomeérs] [213] Bimilarly, Table 4[shiows g Ibw (dodd) storage modulus
ratio, G'(2%C)/G'(10QC), fpr the inventive pplymerg of 6 or less, whereas a
physigeal blend (Comparativeé H) has a|stprage modlulus ratio of 9 and a
ragida@ngethyleng/o copolymer |10 (Comparatiye |G) of similar density
his 2 SEor ge mod ratig an| order of magnitude greater (89). It is
dEsifasieay s modiiSTetiS oF a3ialyeet [be as close to 1 as
ppssi po S Niwnbe relatively yngffgcted|by temperature, and
fg S from such polymers can he psefully employed
np e rahge. This feature | ofl low storage modulus
at dependentets Perti & Q'Iy aseful in elastomer 15
h as |n pr(;rss ure sensitiveé ddhesive formulations. [214]
e 4 glso demo 1;rae hat the|pglymaers according to
vlrgg_%gtggrg §easy @mgn@n@l pedet blocking strengt_h.
Example-b-hRas-apetetblockingistiength of 0 MPa, meaning
under the| conditions tested, ¢ompared to Comparatives F
R 50 S EEEAB ShB (RIS RERBRISking strength is
pulkstipment of polymers frayimg terge blocking
sult in_product %Lm%rgaé §gj [ lt,ggeth.er upon storage
0 Lt g G Pedrhemdth g phapezties245] High temperature
(1 or setforthg inventive polymers i$ generally good,
n llyjless than [aoyt 0 percent, preferably less than about
7 nd espesipllylessthanabout 160 gextent. In contrast,
Cam] H T Al ave B 70C|Eamprasyion set of 100
percenigthe maximum possiplg valdue, lindicating|no recovery). Good high
tamperafure gampression [set (low numetical yalues) {s especially needed
fqr appBeTHT@ ST 0S| ks iindoW| iadilgs JnRings, and the like. -65
WOE-2606/ 101966 PG T/952¢664/009566 19
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[1@3'1' NO ﬁMDQC @u%/é\g % 6%8 ;%191911@ 8’ exa%lgle 5" S%Ws a peglg witha 9.6 °c

oam.-~rn -
melting point (Tm) w1th a heat of fusion of 60.0 J/g. The corresponding CRYSTAF curve

shows the tallest peak at 47.6°C with a peak area of 59.5 percent. The delta between the DSC
Tm and the Tcrystafis 72.0°C.

[194] The DSC curve for the polymer of example 6 shows a peak witha 115.2 °C
melting point (Tm) with a heat of fusion of 60.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 44.2°C with a peak area of 62.7 percent. The delta between the DSC
Tm and the Terystaf is 71.0°C.

[195] The DSC curve for the polymer of example 7 shows a peak with a 121.3 °C
melting point with a heat of fusion of 69.1 J/g. The corresponding CRYSTAF curve shows
the tallest peak at 49.2°C with a peak area of 29.4 percent. The delta between the DSC Tm
and the Terystafis 72.1°C.

[196] The DSC curve for the polymer of example 8 shows a peak with a 123.5 °C
melting point (Tm) with a heat of fusion of 67.9 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 80.1°C with a peak area of 12.7 percent. The delta between the DSC
Tm and the Tcrystaf is 43.4°C.

[197] The DSC curve for the polymer of example 9 shows a peak with a 124.6 °C
melting point (Tm) with a heat of fusion of 73.5 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 80.8°C with a peak area of 16.0 percent. The delta between the DSC
Tm and the Tcrystaf is 43.8°C.

[198] The DSC curve for the polymer of example 10 shows a peak with a 115.6 °C
melting point (Tm) with a heat of fusion of 60.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 40.9°C with a peak area of 52.4 percent. The delta between the DSC
Tm and the Tcrystafis 74.7°C.
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NCCC'--NAM- -Nib nm rnC7 '.~* ~. Yy 66 WO 2006/101966
PCTIUS2006/009500 [216%Table 5 shows results for mechanical

[19YpertielBeMRE BN e ROREMFRALE98HG A b FE QSR TpRsrdowith 2 113.6 °C
meltlﬁg SRETEIR AR NIABP BIFBH OF- 70 1 HY DEIRCEEHEF BN N CRMIVEAF curve

ymers have very good abrasion resistance when tested according to

ShOWPQh? dglpst njéh@iﬂa?i%%w%aa)%}m?@ RistSet Regeear a%éekt@bwﬁ@l the DSC
Tm aﬁmﬁ%ﬁﬁ%ﬁ a@out 80 5 mm3, and especially less than about 50

mma3. In this test, higher numbers indicate higher volume loss and
consequently lower abrasion resistance. [217] Tear strength as measured

[APlensileTheleRboctuse Sprchgpobimes dhvaAmude palshearsapeplnwitig 113.2 °C
meuiﬁgg&miﬂ{lﬁwﬂﬁﬁ ﬁ‘&?B?W&HhE?Q?&J/Ee%été‘sﬁ%aéﬁ& cﬁﬁwﬁ curve

olymers can be as high as 3000 mJ, or even as high' as 50
shows:mm&awwm mlwneaﬁgéﬁ‘eréﬂyrhstaé ﬁaans’p@wgth’éfmthngmmlﬁamn is
[ hows th ol s accordi o
thereﬁ)mbseé%géﬁ a{%‘e gl%%iﬁ §Weﬁav}ée?)5e$§fneltf¥a:gﬁ\i}e ?’Err sga t% 1 2p((a:rcent
strain (demonstrated by higher retractive stress values) than some of the

[24brh paraff\l@ E)Sﬁplesvecfombamlymwmml% 18 .ﬁanm-lahmé vatiagtivg.4 °C
meltl?}t%r/eg%s 1%1?0 eartcg f{_\s%alrc')f) lﬁ" 99/ er clz%ss Wohﬁl in %ﬂé{STAF curve
po ymers ave retractive stress ues - percent strain of
shows @l kPt fEpeakl)ttds . ds Gighthsa pbdusrtd 0@ kl?@t{E:)@nﬂ.?Th@dlg/]ﬂﬁémWem*@e DSC

hi han rcent retractive stress values would be quite useful for
T o L G

h as elastic fibers and fabrics, especially
nonwoven fabrics. Other applications include diaper, hygiene, and medical
[2@ment WSO doatpdipations; sfickaaplabhd siohvalagitalberitisa PPO[R PO) melting

point (125 with e oFHRAL A 1§ pxat0n (3t RO RSN PP T Y8R e shows the
tallest peak at 72.9 °C with a peak area of 92.2 percent. The delta between the DSC Tm and
the Tcrystaf is 47.9°C.

[203] The DSC curve for the polymer of example 15 shows a peak with a 114.3 °C
melting point (T'm) with a heat of fusion of 36.2 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 32.3 °C with a peak area of 9.8 percent. The delta between the DSC
Tm and the Tcrystaf is 82.0°C.

[204] The DSC curve for the polymer of example 16 shows a peak witha 116.6 °C
melting point (Tm) with a heat of fusion of 44.9 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 48.0 °C with a peak area of 65.0 percent. The delta between the DSC
Tm and the Tcrystafis 68.6°C.

[205] The DSC curve for the polymer of example 17 shows a peak with a 116.0 °C
melting point (Tm) with a heat of fusion of 47.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 43.1 °C with a peak area of 56.8 percent. The delta between the

DSC Tm and the Tcrystaf'is 72.9°C.
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improved (less) for the inventive polymers as compared to, for example,
Comparative G. Lower stress relaxation means that the polymer retains

W@ 3osrdelHeskter in applications such as diapers and other garRfeRSSARe99500
retention of elastic properties over long time periods at body

temperatyres is desired, -67 WQ 2006/101966 PCTIUS2006/009500 o
e e S 10 DR T R BYARBIG S oA ARARNATR 120.5 °C
meltifpPERnITedpuiyH R ekse ol #5162 03I 40 TRNUTIR" @hrddhdfiiat CRY SPAF curve
137260 6336953 7285759 8206562 9613849 10157367 11

shows thegaest psak 1 7950 1Q yith peatuaess pE b0 pareantz 4T deltaberyess the
DSC ?faza%ggl@qc;@s@;igg@g of0 741152 G*57356 H*127659 1* 2075

59 [220] The optical properties reported in Table 6 are based on
compression molded films substantially lacking in orientation. Optical

[2%8pertieShsrRCrama des thapduner e mpls |Yighomnadsalydtinr 124.8 °C
memféggamﬁwﬁﬁ@wlfe%%ﬂ@ﬁmm'ﬁm@r@ﬂeedﬂésﬁoﬁ% titrPEehditurve

uttling agent employed in the polymerization. Extractions of Multi-Block
showgibgdpfleeeak at 79.9 °C with a peak area of 87.9 percent. The delta between the

DSC Tm and the Terystaf is 45.0 °C.

[208] The DSC curve for the polymer of comparative D shows a peak with a 37.3°C
melting point (Tm) with a heat of fusion of 31.6 J/g. The corresponding CRYSTAF curve
shows no peak equal to and above 30°C. Both of these values are consistent with a resin that

is low in density. The delta between the DSC Tm and the Tcrystafis 7.3°C.

[209] The DSC curve for the polymer of comparative E shows a peak with a 124.0
°C melting point (Tm) with a heat of fusion of 179.3 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 79.3°C with a peak area of 94.6 percent. Both of these values
are consistent with a resin that is high in density. The delta between the DSC Tm and the
Terystaf is 44.6°C.

[210] The DSC curve for the polymer of comparative F shows a peak with a 124.8
°C melting point (Tm) with a heat of fusion of 90.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 77.6°C with a peak area of 19.5 percent. The separation between the
two peaks is consistent with the presence of both a high crystalline and a low crystalline

polymer. The delta between the DSC Tm and the Terystaf is 47.2°C.
Physical Property Testing

[211] Polymer samples are evaluated for physical properties such as high
temperature resistance properties, as evidenced by TMA temperature testing, pellet blocking
strength, high temperature recovery, high temperature compression set and storage modulus
ratio, G’(25°C)/G’(100°C). Several commercially available polymers are included in the
tests: Comparative G* is a substantially linear ethylene/1-octene copolymer (AFFINITY®,
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[221] Extraction studies of the polymers of examples 5, 7 and

Comparative E are conducted. In the experiments, the polymer sample is
WQRIHEdIto a glass fritted extraction 10 thimble and fitted ilREEHUS2006/009500

Kumagawa type extractor. The extractor with sample is purged with

. Ni , 50QmL bottom flask h ith 350 mL qof
el G TR PR RS RIBENG FRRIGE DL, Fr R Batec
substavitidgl P Hingustiligldnd/ e dserrRotepolynest (MENTUW@OWB& ifitm The
Dow hSHIR] G RHR ARG e S5 AP STREN RO HO RS
copol§atdr MHMHW@PBNIQQ, Iﬁvﬂilb.lﬁxtfﬁﬁtﬂl“ i eowClkiticheCtankary)e

e T e R
G16sauageﬂaﬂty v KiRAGOINAv)yiasid)y Caipansies &disa ah‘ﬁtembﬁﬁthnvﬁlmanizate
(TP S'”&g@%ﬁ‘{ﬁﬁﬁ%ﬁ Eé%%g %%%‘;5”%%‘3 H@% est%vasgd Reshits are

preseuscLinTabterhight at 40C. Any remaining ether in the extractor is purged
dry with nitrogen. 5 [222] A second clean round bottom flask charged with

350 ml, of hexapg, tlEstlrrl %‘gﬁ%@ﬂlﬁ%%c@éﬂﬁ%x ?3‘&1@ Xane Is

heated to reflux wi aintained at re ours after

ERCENEAS HIR! MPURa B RRRENSINg: [P5djie THeyiE sHERTNT 1S t6Rpression
stonrastanshthestiaglis allowed ¢ GogicAnyresaR$ (EINingdntoec)
exjrector is trangbeterPhpck to the flask. Theghwxane is remoygskiaynt)

Devapbration under vacuum at 1®ambient tefyiledature, and gny residue

Erem#ifAing in thie-flask is transfefre®l to a welghed bottle using successive

Fhekxdhe washesl¥heé8exane in|the flask is eWaipdrated by a nitrB@en

Spurd@4and the|rééMue is vacuun® dried oversight at 40C. [228F9he

6polyhhi&r sample-remaining in the3thimble afler the extractions|i82

Tiransi8rred frofrthe thimble to & QA/pmhpd b._% and vacuum Hfidd

8n\/ :rlr”ﬂht at40C. 15 Results a ma4r‘nnfn|nn IEIa'

9"\'* er ether|C3 hexane hexapd C8 residlio {g)-seluble sollfife mole

1 | :,& anlublalmale Q9 mala E’/r\r\rr\nnt\ tlrr\nnf (eN-{neore A}

4%9’{*1 1T NI SENAT I LSRN VAN A i i 7 7

ﬁe gt percet Comp—10970:40635:69-122-6:2452235136:5

15X 951006 0-0414-68-0:040-3 g 142 110 g7 1:0920:017%1-59°13:3

9015231017 99 7 . -

15 | 96 - 5 - 58

16 | 113 - 4 - 42

17 | 108 0 (0) 4 82 47

18 | 125 - 10 - -

19 | 133 - 9 - -

G* |75 463 (22.2) 89 Failed 100

H* | 70 213 (10.2) 29 Failed 100

I* | 111 - 11 - -

J* 1107 - 5 Failed 100

K* | 152 - 3 40

[212] In Table 4, Comparative F (which is a physmal blend of the two polymers
resulting from simultaneous polymerizations using catalyst Al and B1) has a 1 mm
penetration temperature of about 70°C, while Examples 5-9 have a 1 mm penetration
temperature of 100°C or greater. Further, examples 10-19 all have a 1 mm penetration
temperature of greater than 85°C, with most having 1 mm TMA temperature of greater than

90°C or even greater than 100°C. This shows that the novel polymers have better
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1 Determined by 13C NMR Additional Polymer Examples 19 A-J,

Continuous Solution Polymerization, Catalyst Al/B2 + DEZ 20 [224]
WEXMGIHIEREG 9A-1: Continuous solution polymerizations are caRlel &0f¢/809500

computer controlled well-mixed reactor. Purified mixed alkanes solvent

. (IsoparTM.E. availaple from Exxon Mobil Chemical Co ny), ethylene,.
cimerS GURL B P e FTRETE R O BRSO b BT RN o GO araive I G
comn@Rin SEBSPhad hgdeddsiant M 1aactopareursedibed DY790abst iiokds very poor

. . controllers. temperature of the, feed [ trolled b f
By R S g R N S G
(samplefaskendaring 41dgeasigrerihrec@atgsBooppeeanitaihitivosare Thus the
ered using pumps and mass flow.meters. The,reactor is run liquid-full
exem {0 ATRATS DAYt OB SRS S BLORS RO TRLAIBP Sy dhame
comngsiciiie arg g ighpthi poinsethaalopiistid basaierdydrolyzes the
catalysts, and terminates the polymerization reactions. 5 The post reactor
tion is.th e i rati - |g:ation. The
[Zégttent all§ﬁ1 l%]rrl é\gta(‘e%c? eﬂo%§%§1%{%§&%f§a%%ﬁg@@%%§éﬂzation
G’ (29EEY4.00PQ), fotythesinmestivs palypets of & diddey, whderesatphpeitet blend
o K B e D i opolymer
(Comipaeativg ShiredisiPileifidansitydus potaitesaenasilisneiicepariiv ef swegnibide greater

(89). Lfgﬁ (%?;i%ﬂ@ﬂ@! ﬁ@%@%&% %%ﬁlﬁﬂ?i@ti%@’ée&?ﬁﬁ@r 50 Josdaou 'Ec(;t-gszl_possible.

, 1-octene, and hydrogen (where used) are supplied to a 3.

Such gedpreere grilh pe delativel yatledicrieddmpemapenedusontnsl @hdcaterhestelgs made
from %Elgg;ﬂ_% i P§cdiBe SOLYEIN (GRAIESIAGVERLIRL R REFRERT M4 Ae. This feature

controller. A variable speed diaphragm pump controls the
of lowshpergefimndulus v prekimpaisivre redanondaionts grtisalydy usoplia elastomer

appliBHIBRs SuSHHS SH BRI KRNHOPIANIIR dsilipwR der the catalyst and

cocatalyst injection lines and the reactor agitator. These flows are
measured by Micro-Motion mass flow meters and cqntrolled by Fch,ontrol
figg©

[2M4es or By trterinhabiestipistremenstie 4hat AR BRIYRRRE ASHRL
embovivents isreReBiRe svthodsestenpr &by ipnkt Blstiindragarylyerpausedhr,

and _fed to the reactor. A mass_flow_controller is used tq deljver. hydroge
Exangglt o Fn RS IO R Bt B B o AR the
cond#éicRtisiconiipird by Csapiraivear exdl@ngichosioveenitdirghieeblocking.

reactor. This sfream enters the bottom of the reactor. The catalyst .
Block i AR S T B e DT P T 2 et B io i
strengil® eandyokdnyitbding chaikalyisicfbishicoive gtk inipoduteadator iidpping,

1bottom of tlﬁenrgﬁlactor. Th&% reactor is run liquid-full at 500 psig (3.45 MPa)
Tesd m%@%% g 'W%B?‘%PF titt is removed

[215] High temperature (70°C) compression set for the inventive polymers is
generally good, meaning generally less than about 80 percent, preferably less than about 70
percent and especially less than about 60 percent. In contrast, Comparatives F, G, H and J all
have a 70°C compression set of 100 percent (the maximum possible value, indicating no
recovery). Good high temperature compression set (low numerical values) is especially

needed for applications such as gaskets, window profiles, o-rings, and the like.
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25 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
WoRYEhaNoamount of water into the exit line along with any sttGHiEE2416(009500

other additives and passing the mixture through a static mixer. The
product stream is then heated by passing through a heat exchanger
before devolatilization. The polymer product is recovered by extrusion
using a devolatilizing 30 extruder and water cooled pelletizer. -70 WO

2006/101966 PCT/US2006/009500 [226] Polymer Examples 20-23 were
made using simflaf grocedures ag dedcribed in tﬂ1e abole. Process details
gnd rgsults are ¢ontained in Tables|8A- (C} Selected polymer properties
aregngd:yg ed ip Taples|9A-B. [Table OC shows the block indices for various
dolgierg measufdd prd cdle(fatgd agogrding theéanegtihjodolpgy described
gbove. Far b galculations perfoimed Herein, [TA is 372K, PAis 1. -71 WO
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mm®, an espec1af\ly\fess than about 50 mm®. In this test, higher numbers indicate higher

volume loss and consequently lower abrasion resistance.

[217] Tear strength as measured by tensile notched tear strength of the inventive
polymers is generally 1000 mJ or higher, as shown in Table 5. Tear strength for the
inventive polymers can be as high as 3000 mJ, or even as high as 5000 mJ. Comparative

polymers generally have tear strengths no higher than 750 mJ.

[218] Table 5 also shows that the polymers according to embodiments of the
invention have better retractive stress at 150 percent strain (demonstrated by higher
retractive stress values) than some of the comparative samples. Comparative Examples F,
G and H have retractive stress value at 150 percent strain of 400 kPa or less, while the
inventive polymers have retractive stress values at 150 percent strain of 500 kPa (Ex. 11) to
as high as about 1100 kPa (Ex. 17). Polymers having higher than 150 percent retractive
stress values would be quite useful for elastic applications, such as elastic fibers and fabrics,
especially nonwoven fabrics. Other applications include diaper, hygiene, and medical

garment waistband applications, such as tabs and elastic bands.

[219] Table 5 also shows that stress relaxation (at 50 percent strain) is also
improved (less) for the inventive polymers as compared to, for example, Comparative G.
Lower stress relaxation means that the polymer retains its force better in applications such
as diapers and other garments where retention of elastic properties over long time periods at

body temperatures is desired.
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Optical Testing

Table 6 Polymer Optical Properties

Ex. Internal Haze (percent) | Clarity (percent) 45° Gloss (percent)
F* 84 22 49
G* 5 73 56
5 13 72 60
6 33 69 53
7 28 57 59
8 20 65 62
9 61 38 49
10 15 73 67
11 13 69 67
12 8 75 72
13 7 74 69
14 59 15 62
15 11 74 66
16 39 70 65
17 29 73 66
18 61 22 60
19 74 11 52
G* 5 73 56
H* 12 76 59
I* 20 75 59
[220] The optical properties reported in Table 6 are based on compression molded

films substantially lacking in orientation. Optical properties of the polymers may be varied
over wide ranges, due to variation in crystallite size, resulting from variation in the quantity

of chain shuttling agent employed in the polymerization.

Extractions of Multi-Block Copolymers

[221] Extraction studies of the polymers of examples 5, 7 and Comparative E are
conducted. In the experiments, the polymer sample is weighed into a glass fritted extraction
thimble and fitted into a Kumagawa type extractor. The extractor with sample is purged
with nitrogen, and a 500mL round bottom flask is charged with 350 mL of diethyl ether.
The flask is then fitted to the extractor. The ether is heated while being stirred. Time is
noted when the ether begins to condense into the thimble, and the extraction is allowed to
proceed under nitrogen for 24 hours. At this time, heating is stopped and the solution is
allowed to cool. Any ether remaining in the extractor is returned to the flask. The ether in

the flask is evaporated under vacuum at ambient temperature, and the resulting solids are
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washes of hexane. The combined hexane washes are then evaporated with another nitrogen
purge, and the residue dried under vacuum overnight at 40°C. Any remaining ether in the

extractor is purged dry with nitrogen.

[222] A second clean round bottom flask charged with 350 mL of hexane is then
connected to the extractor. The hexane is heated to reflux with stirring and maintained at
reflux for 24 hours after hexane is first noticed condensing into the thimble. Heating is then
stopped and the flask is allowed to cool. Any hexane remaining in the extractor is
transferred back to the flask. The hexane is removed by evaporation under vacuum at
ambient temperature, and any residue remaining in the flask is transferred to a weighed
bottle using successive hexane washes. The hexane in the flask is evaporated by a nitrogen

purge, and the residue is vacuum dried overnight at 40°C.

[223]

transferred from the thimble to a weighed bottle and vacuum dried overnight at 40°C.

The polymer sample remaining in the thimble after the extractions is

Results are contained in Table 7.

Table 7

Sample wt. ether ether Cqg hexane | hexane Cg residue

(2 soluble | soluble mole soluble | soluble mole Cs mole
(g) (percent) | percent (8) (percent) | percent' | percent!

Comp. 1.097 | 0.063 | 5.69 12.2 0.245 22.35 13.6 6.5

F*

Ex. 5 1.006 | 0.041 | 4.08 - 0.040 3.98 14.2 11.6

Ex. 7 1.092 1 0.017 | 1.59 13.3 0.012 1.10 11.7 9.9

! Determined by “C NMR

Additional Polymer Examples 19 A-J, Continuous Solution Polymerization, Catalyst
A1/B2 + DEZ

[224]

computer controlled well-mixed reactor. Purified mixed alkanes solvent (Isopar™ E

Examples 19A-1: Continuous solution polymerizations are carried out in a

available from Exxon Mobil Chemical Company), ethylene, 1-octene, and hydrogen (where
used) are combined and fed to a 27 gallon reactor. The feeds to the reactor are measured by

mass-flow controllers. The temperature of the feed stream is controlled by use of a glycol
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metered using pumps and mass flow meters. The reactor is run liquid-full at approximately
550 psig pressure. Upon exiting the reactor, water and additive are injected in the polymer
solution. The water hydrolyzes the catalysts, and terminates the polymerization reactions.
The post reactor solution is then heated in preparation for a two-stage devolatization. The
solvent and unreacted monomers are removed during the devolatization process. The

polymer melt is pumped to a die for underwater pellet cutting.

[225] Example 19J: Continuous solution polymerizations are carried out in a
computer confrolled autoclave reactor equipped with an internal stirrer. Purified mixed
alkanes solvent (Isopar™ E available from ExxonMobil Chemical Company), ethylene at
2.70 Ibs/hour (1.22 kg/hour), 1-octene, and hydrogen (where used) are supplied to a 3.8 L
reactor equipped with a jacket for temperature control and an internal thermocouple. The
solvent feed to the reactor is measured by a mass-flow controller. A variable speed
diaphragm pump controls the solvent flow rate and pressure to the reactor. At the discharge
of the pump, a side stream is taken to provide flush flows for the catalyst and cocatalyst
injection lines and the reactor agitator. These flows are measured by Micro-Motion mass
flow meters and controlled by control valves or by the manual adjustment of needle valves.
The remaining solvent is combined with 1-octene, ethylene, and hydrogen (where used) and
fed to the reactor. A mass flow controller is used to deliver hydrogen to the reactor as
needed. The temperature of the solvent/monomer solution is controlled by use of a heat
exchanger before entering the reactor. This stream enters the bottom of the reactor. The
catalyst component solutions are metered using pumps and mass flow meters and are
combined with the catalyst flush solvent and introduced into the bottom of the reactor. The
reactor is run liquid-full at 500 psig (3.45 MPa) with vigorous stirring. Product is removed
through exit lines at the top of the reactor. All exit lines from the reactor are steam traced
and insulated. Polymerization is stopped by the addition of a small amount of water into the
exit line along with any stabilizers or other additives and passing the mixture through a
static mixer. The product stream is then heated by passing through a heat exchanger before
devolatilization. The polymer product is recovered by extrusion using a devolatilizing

extruder and water cooled pelletizer.

-70-



Q-1"JcipO >INp6 V_~G'NV1lYaU 00OpLOOOO=0w O4
mma-NNC]'g C'or FUtiNNNTapN oaUn'.ovw EuTwNO
WO 2H06/YtA6" 0 ~.'mm LbbbV"0P.TU O U X C v N~ v PCWUR0§6(909500

00~ CCpEUOpapochaNbNOAU yv~~pv0OalJC _ [ak]

twl * .ti Cl,Ma'V '/~~D hoQ 74 W
88&019&0% gé %bl%é: OVETF BB LA Hﬁ?ﬁﬁ%‘%@%‘?‘éges"md
in bhe above. Process details and results are contained in Tables 8A- C. Selected polymer
properties are provided in Tables 9A-B. Table 9C shows the block indices for various

polymers measured and calculated according the methodology described above. For

calculations performed herein, Ty is 372°K, P, is 1.
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WO 2006/101966 PCT/US2006/009500 [227] As shown in Table 9C, all

the inventive polymgg
zero, whereas thé“garJT

| have a weight average block index of greater than
om copolymers (Polymers F*, L*, and M*) all have

a block index of zgraXr substantially zero (Juch as 0.01). [1] Figure 10

shows the block i
8, and Polymer 5 &

#l function of the ATRE

gigributiorgfe Ratymer F*, Polymer 20, 5 Polymer

~ temperature. For Polymer

F*, the block inde-gfﬁ all the ATREF fractign is zero or substantially zero

(i.e., 50.01). Polyymerj20 was made with a
shuttling agent, dlah zinc ("DEZ"). While t
index for the wholezp

relatively low level of the
he weight average block

lymer is about 0.2, the polymer includes four

o about 0.9. For Polymers 5

about a four-fold

fractions with a bjgick [Rd@:&fFoR aBut 8 7
and 8, their weightaverage block 10 indiceg are not drastically different
(0.52 vs. 0.59), cc&si ering the DEZ level is
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difference. Moreover, most of their fractions have a block index of about
0.6 or higher. Similar results are seen between Polymer 5 and Polymer
WQ aRoiANiIRee is illustrated in Figure 11. However, there are sonk€& RHAIEAHIS/009500
differences in the block index for the fractions which elute from about 70
C to about 90 C. Polymer 19B was made with a higher level (about four
fold 15 higher) of DEZ than Polymer 5. However, Polymer 5 has more
fractions that have higher block indices. This seems to suggest that there
might be an optimal DEZ level for making fractions with higher block
indices (i.e., greater than about 0.6). [229] The effect of the DEZ
concentration level on the average block index for some of the polymers
in Table 9C is illugtrated in Figure 12. The plots seem to suggest that the
average go blockjindex increases with increasing DEZ initially. Once
Zn/Cz 4*;1&0%1 exceeds abqut 0.5, the average block index appears to
level off aﬁcﬁn%y iVeFPdrﬁp ©ff it too much DEZ is used. Figure 13is a
plot of he&quare root of the second moment about the mean weight
average Block index as a function of [Zn/C2H4] * 1000. It appears to
ecrease gs DEZ|increases. This would indicated that the distribution of
he blo kﬁ]dlces f the fractions are becoming narrower (i.e., more 25
[.'Ehomog né’ogsg T%EI%and NMR-Data Tables 10-14 list TREF, DSC, IR,

<ind NYIR @Iﬁeﬁor Polymers 5, 8. 14, and 19 and various comparative
%olyme rs.m78 WQ 2006/101966 PCT/US2006/009500 Table 10 - TREF
ractions from Ziggler-Natta LLDPE EX. L * - Ziegler-Natta Example
‘#AttangTMz4203, (.90 g/cm3, 0.8 12) MCI % DeltaH Fractionation
TREF Tdé)c,tene Tm melt Temperature (C) (NMR) (C) (Jig) 35-40 49 8.0
@2 84 40-5%!‘@@ 5/8086 97 45-5057.5 6.6 89 101 50-55 61 6.0 92 96
$5-60 63. !8?4 95|99 60-6567.54.998 104 65-70 72 4.3 101 112 70-75
“¥5.53.f 1"94 112 |75-80 79 3.1 107 122
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80-6583.52.5112 131 85-9090 1.7 116 154 90-95 95.5 1.1 123 160
95-100 100 0.5 128 185 100-105 101 0.2 130 195 Table 11 - TREF
WQERAGIHHSGom Random Copolymer 5 Ex. M* - Random Cop®{k{Ep2006/009500
Example (AFFINITY(r) PL1880, 0.90 g/cm3, 1 12) Mot % DeltaH
Fractionation ATREF T Octane Tm melt Temperature (C) (NMR) (C) (J/g)
35-40 51.5 NM 83 102 40-45 56 7.3 87 96 45-50 62.5 6.5 90 101 50-55
63.55.7 93 100 55-60 66.5 5.3 95 104 60-65 69.5.4.9 @& 105 65-70 72
4499111 70-75744.2101 111 75-80 76.5 3.8 % 182 -79 WO
2006/101966 PCT/US2006/009500 Table 12 - TREE Fréctions from
Inventive Example 5 Inventive Example 5 Mol % DeEaH EFractionation

ATREF T Qetene-melt-Temperatire{(CH-NMR}I T M ¢C) @llg) 60-65 70.5
12.6 106 4% 6;- Q73 12.2 108 48 |70-45 77 10.7 181 32 75-808110.5
) R Y <
113 57 80{g5B& &8 115 68| 85-0088.5 7,0(119 838 E
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10

15

20

25

90-95 92 5.2 123 110 Table 13 - TREF Fractions from Inventive Example

8 5 Inventive Example 8 Mol % DeltaH Fractionation ATREF T Octene
WoReR6/T-ARMSerature (C) (NMR) Tm (C) (J/9) 50-55 20 16.5 98 PETAEHIY6/009500

57.516.2 104 29 60-65 61.5 16.5 106 28 65-70 65.5 16.2 109 29 70-75

70.515.7 112 31 75-80 73 15.5114 32 80-8581.511.6 117 37 85-90

89.5 10.7 120 58 90-95 96 4.6 126 125 95-100 96.5 1.5 129 180 Table

14 - ATREF Peak comonomer composition for random copolymers and
[22Kamplessaigwa, indTalsl 9%.| alk thedavativerioIyrers davieiraveighirangsige block

R G e e

a blockjindeyaf 2519 QUbstERBY 281D (8 19371 2.0 0.69 95 1.2 29.0 22.2
0.765 M*0.9112 1.0 3.88 79 4.0 77.5 61.0 0.786 P* 0.9026 1.1 5.57 70

[1P.1 74.3r5Qukk QY Sb v tHe BECR (th8eR.HisthButich 30 P2y rhed BE P diymér 20,
S (IS NI o
index FdohdhEREIR EYVirHutiBWisddr bt FDki2ntially zero (i.e., < 0.01). Polymer 20 was
made with a relatively low level of the shuttling agent, diethyl zinc (“DEZ”). While the weight
average block index for the whole polymer is about 0.2, the polymer includes four fractions with
a block index from about 0.7 to about 0.9. For Polymers 5 and 8, their weight average block
indices are not drastically different (0.52 vs. 0.59), considering the DEZ level is about a four-fold
difference. Moreover, most of their fractions have a block index of about 0.6 or higher. Similar
results are seen between Polymer 5 and Polymer 19B, which is illustrated in Figure 11.
However, there are some notable differences in the block index for the fractions which elute
from about 70 °C to about 90 °C. Polymer 19B was made with a higher level (about four fold
higher) of DEZ than Polymer 5. However, Polymer 5 has more fractions that have higher block
indices. This seems to suggest that there might be an optimal DEZ level for making fractions

with higher block indices (i.e., greater than about 0.6).

[229] The effect of the DEZ concentration level on the average block index for some of
the polymers in Table 9C is illustrated in Figure 12. The plots seem to suggest that the average
block index increases with increasing DEZ initially. Once Zn/C,H4*1000 exceeds about 0.5, the

average block index appears to level off and may even drop off if too much DEZ is used.

Figure 13 is a plot of the square root of the second moment about the mean weight average
block index as a function of [Zn/C,H,]*1000. It appears to decrease as DEZ increases. This would
indicated that the distribution of the block indices of the fractions are becoming narrower (i.e., more

homogeneous).
TREF and NMR Data

Tables 10-14 list TREF, DSC, IR, and NMR data for Polymers 5, 8, 14, and 19 and various

comparative polymers.
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Density Octene TATREF Peak CH2 CH3 Area Example (g/cc) 12 (NMR)
(C) (Infra-red) Area Area Ratio Ex. 8 0.8828 0.9 NA 90 12.2 34.0 28.8
WQ@2961HR6614 0.9116 2.6 NA 92 6.5 23.4 18.8 0.805 Ex. 19 ROI4LHA6/QRS00
97 2.8 25.319.7 0.777 Infra-red detector calibration: Mel % Coterie =
133.38 (FWHM CFI3/C1-12 Area) - 100.8 N* is an ethylene homopolymer.
0* is an ethylene/octene copolymer available from The Dow Chemical
Company under AFFINITY" 5 HF1030. P* is an ethylene/octene
copolymer availBdblle flbATKRE Bantio@hieem a¢gBoiNpeanlyLiider
AFFINITY(r) PL1880. Q* is an ethylene/octene copolymer available from
The Dow EhemicalGampamuRdRr ARRINEYG: MRS 18,219 culation
of Block Index [230] With reference to Figures 8 9, the calculation of block
indices is exemplified for Polymer 5. In theicalculations, th@érdewing
calibration eaeiitvatisnused TRNEP E -237B%4e/TATRPF + 0.86680 15 [231]
where P ___:._—l’:_-e:_v__-‘_e.-_:s_s._;_e:;,___g.5__.e.:_!’:!_!_____A_s_-_AJ_E__ elution
temperature. Ir?galtlon the fé‘l?owmg par8Peters art?used: Parameter
Value Explana 5I'A 372.15RMalytical TREF elutiofftempefure (K) of
hard segment EA.1.000 Mole fiaction of étylene offfard selffhent PAD
0.892 Mole fraciigh of ethyleng, @f whole polymer TAR 315.7¢2 Calculated
equivalent anabgigal TREF elgign tempergtyre (K) ofgvhole polymer from
whole polymer ggtftylene content [232] Taljg 15 giveg fletails; 9 the
calculations for/Bglymer 5. Thes weighted ayserage bjggk indexpABI, for
Polymer 5, is 07530, and the s@aare root 0§ sum of weighted gguared 20
deviations abo@di#fe weighted®ean is 0.136. The partial sunmsof weights
with fraction Bl&§r@ater than z&80o (see note722 below)is 0.8335481 WO

2006/101966 P8PRIS2006/089500 1.1 123 160
95-100 100 0.5 128 185
100-105 101 0.2 130 195

Table 11 — TREF Fractions from Random Copolymer

Ex. M* Random Copolymer Example (AFFINITY® PL1880, 0.90

glem?®, 11,)
Mol % DeltaH

Fractionation ATREF T Octene Tm melt

Temperature (°C) (NMR) (°C) (J/g)
35-40 51.5 NM 83 102
40-45 56 7.3 87 96
45-50 61.5 6.5 90 101
50-55 63.5 57 93 100
55-60 66.5 53 95 104
60-65 69.5 4.9 97 105
65-70 72 4.4 99 111
70-75 74 42 101 111
75-80 76.5 3.8 106 112
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Inventive Example 5

Mol % DeltaH
Fractionation ATREFT  Octene melt
Temperature (°C) (NMR) Tm (°C) (J/g)
60-65 70.5 12.6 106 45
65-70 73 12.2 108 48
70-75 77 11.7 111 51
75-80 81 10.5 113 57
80-85 84 9.8 115 68
85-90 88.5 7.0 119 83
90-95 92 52 123 110

Table 13 — TREF Fractions from Inventive Example 8

Inventive Example 8

Mol % DeltaH
Fractionation ATREF T Octene melt
Temperature (°C) (NMR) Tm (°C) (J/9)
50-55 20 16.5 98 28
55-60 57.5 16.2 104 29
60-65 61.5 16.5 106 28
65-70 65.5 16.2 109 29
70-75 70.5 15.7 112 31
75-80 73 15.5 114 32
80-85 81.5 11.6 117 37
85-90 89.5 10.7 120 58
90-95 96 46 126 125
95-100 96.5 15 129 180

Table 14 — ATREF Peak comonomer composition for random copolymers and examples 5,8,14,19

Mol % Infra-red
Octene Infra-red Infra-red FWHM
Mol % TREF FWHM FWHM CH3/CH2
Density Octene  Tatrer Peak CH2 CH3 Area
Example (g/cc) 12 (NMR) (°C) (Infra-red) Area Area Ratio
N* 0.96 1.0 0 102 0.0 37.5 28.2 0.753
o* 0.9371 2.0 0.69 95 1.2 29.0 222 0.765
M* 0.9112 1.0 3.88 79 4.0 77.5 61.0 0.786
P* 0.9026 1.1 5.57 70 5.1 74.3 59.0 0.794
Q* 0.8872 0.9 9.06 57 9.2 30.9 25.5 0.824
Ex. 5 0.8786 1.5 NA 82 11.4 77.5 61.0 0.841
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VKY zg~(OO0OItWLOrOO~cy oOONrO0OO~ULLNOOOO
W@/ 2r TN (OUCy 0 COm4-c _mO)M O (ON BCI(BS30047909500
xOrCOCO0)O)OMC XmtQOCOOOCOWMQ)0)O)owWvO
OOOOOOOOLNO NCN.aMNN U~E~ynixNO (0O Vrr(nUa
MQWFdv~ZMMMMMmMmMcoco(@aFOdCo CdNO20d CI) 8
E~OCOLOLOCCOCmMIBNCOM(0tOCOCO")YmMO) LLK...Z00)

rOM.co(MLONcod.O.TO'4(f)MOr NMM %0 UN 12 Infra-red
Octene Infra-red Infra-red FWHM

Mol % TREF FWHM FWHM CH3/CH2
Density Octene  Tatrer Peak CH2 CH3 Area
Example (g/cc) 12 (NMR) (°C) (Infra-red) Area Area Ratio
Ex. 8 0.8828 0.9 NA 20 12.2 34.0 28.8 0.846
Ex. 14 0.9116 26 NA 92 6.5 23.4 18.8 0.805
Ex. 19 0.9344 3.4 NA 97 2.8 25.3 19.7 0.777

Infra-red detector calibration: Mol % Octene = 133.38 (FWHM CH,/CH, Area) — 100.8
N* is an ethylene homopolymer.

O* is an ethylene/octene copolymer available from The Dow Chemical Company under AFFINITY®
5  HF1030.

P* is an ethylene/octene copolymer available from The Dow Chemical Company under AFFINITY®
PL1880.

Q* is an ethylene/octene copolymer available from The Dow Chemical Company under AFFINITY®
VP8770.

10

Calculation of Block Index

[230] With reference to Figures 8-9, the calculation of block indices is exemplified for

Polymer 5. In the calculations, the following calibration equation is used:
Ln P =-237.8341/T atrer + 0.6390

15 [231] where P is the ethylene mole fraction, and Tarrgr is the ATREF elution

temperature. In addition, the following parameters are used:

Parameter Value Explanation
Ta 372.15  Analytical TREF elution temperature (°K) of hard
segment
Pa 1.000 Mole fraction of ethylene of hard segment
Pas 0.892 Mole fraction of ethylene of whole polymer
Tas 315.722  Calculated equivalent analytical TREF elution

temperature (°K) of whole polymer from whole polymer
ethylene content

[232] Table 15 gives details of the calculations for Polymer 5. The weighted average
block index, ABI, for Polymer 5, is 0.531, and the square root of sum of weighted squared
20  deviations about the weighted mean is 0.136. The partial sum of weights with fraction BI greater

than zero (see note 2 below) is 0.835.
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WM 66 Soft Segments [233] As discussed above, the blBERA/US2006/009500

interpolymers comprise hard segments and soft segments. The soft
segments can be present in a block interpolymer from about 1 weight
percent to about 99 weight percent of the total weight of the block
interpolymer, preferably from about 5 5 weight percent to about 95 weight
percent, from about 10 weight percent to about 90 weight percent, from
about 15 weight percent to about 85 weight percent, from about 20 weight
percergéog éoout;SOFWelgh@er ent, grm&ﬁdatgg\melght percent to
about ghe geréent, fre RS efcentto about 70 weight
percert, "f\r%% a%out% We@hnéﬁrcent?o A0t §5 TWeight percent, from
about 40 vgejgpt percent to about 60 weight peycent, or from about 45
Welghtf?,l@ grgent to about%S we@%@@e‘ﬁt%rﬁ@s@ly, the hard
segme%tsmarf-be present irga simffaf® farg&ds above. The soft segment
weight pegrcgntage (and thus the hard segment weight gercentage) can
be me ﬁjﬁegi ¢ DSC or NMR. H ight feaction Measured
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segmensSthe density of the 15 overall block polymer, Poveraii, satisfies
the following relationship: 1 _ Xi nrd + 'Croft Povcra!! Pgard Psoft [235]
where %’gqé %@@ psoft, are_the trfgcmegac@lgqgﬂtmft hard segments
and sofasegraents, respectively’ $h31HBATEal, Bre the weight fraction

of the Hard sé@ments and soft segments, respectively and {hey add up to
one. Asngmlng phard is equal tg the density of ethylene 20 homopolymer
i.e., 0. %@ @*@Iiransposmg héraBdgaeguatio rgon@obttalms the
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[236] In the above equation, Poverau can be measured from the block
polymer. Therefore, if psoft is known, the hard segment weight fraction
WQaMpaoddseulated accordingly. -83 WO 2006/101966 PCT/US2006/009500
PCT/US2006/009500 Generally, the soft segment density has a linear
relationship with the soft segment melting temperature, which can be
measured by DSC over a certain range: Psoe = A*Tm + B [237] where A
and B are constants, and T,,, is the soft segment melting temperature in 5
degrees CQlRinsurdmenk BfoAribbtdeimuninddiay d undiiSo D SEgoantarious
copolymers with a known density to obtain a calibration curve. It is

[2BspTerabls inEIaale 4,508 &%%Eﬁ%ﬁb&gﬁ&%ﬁ?{&ﬁ%ﬁ%@ @rﬁ%ﬁl@ soft

of composition (both comonomer type an present in the bloc

segmedihohfinspTh seaBIeRiscRbbRIRFReARS Inrfeblenlblagarp bimee feomsthost gveight percent
to abol@MIRELIR ISR 1R ARaT WPER4T e biof SHARRD o b2 3R AR RIS about 5

. . the above equation can be used to calculate the soft segment density if T.
weighf PRRCGRL &R 2B TS ‘i@l&%ﬁﬁ{?‘fﬁééj‘lﬁbP@%é%‘i@é@%@ﬁ@%&é?%?g eipht
percentersitiableupenkbighSierteat i6 assn@atieightibeibentnein @il 80 sadtght percent

Is. In thi It tively. straightf dt { ' T.f
o L S S s
30 weipht peftasgmatutl B) derightypeaseite foaic ataied S e ight peineehicrdabegnéé nteight

perceIW%%ht ';{[?OC&*%- \[v%4 t'}z)gtr %H‘E% gtl)%ﬁ &P &8’%@%@%&:&9{3 reﬁgn? Egcﬁt?g/eight
Wi e melting of therso segments Is either a small ump (or Bump)
percemvierativaticEswkighbpascenbticneyerselyishsidard stigrosatechivbEipugsent 4n F himilar
range S5HUEBYY. CARREOVEICOMS, BYRAVYEHRI A AR A Bre hraPd Qe I Right
weighted DSC profile as shown in Figure 15. The following method is
percenfage) fsnbpvestsarabydrfaoNMBrofile to a weighted DSC profile. [241]
In DSC, the heat flow depends on the amount of the material melting at a
caliaid SleimpataVdzRcShirelias Mikiswrtdbpd8re-dependent specific
heat capacity. The temperature- dependence of the specific heat capacity

[2:§ltfhe m?BFLQb’iS&UBSl @Pﬁ%i Q%rk%'é}ﬁgﬁ\!sy &iNER %eé‘ﬁ%@st%@rhensity of the

increase in the heat of fusion with decreasing comonomer content. That
overalkblogk pabitaroBofusiciatidiotthg &l ruie iRimsbiRer as the
crystallalinity is reduced with incrleasingl comgnomer content. See Wild, L.
Chang, S.; Shankernarayanam W3- Fnprovédmethod for compositional
-84 WO 2006/101966 PCTIUS2006/009800 Ztialysis of polyolefins by
DSC. Polym. Prep 1990; 31: 270-1, which is incorporated by reference
[2B8}ein inviteentisaiynd psos, are the theoretical density of the hard segments and soft

segments, respectively. Yhard, and Ysont, are the weight fraction of the hard segments and soft
segments, respectively and they add up to one. Assuming ppard is equal to the density of ethylene
homopolymer, i.e., 0.96 g/cc, and transposing the above equation, one obtains the following

equation for the weight fraction of hard segments:

1 1

x], = P 10vem11 P So{?
- +
vaeraII O 96 g/CC

[236] In the above equation, pevera can be measured from the block polymer.

Therefore, if pson is known, the hard segment weight fraction can be calculated accordingly.
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[242] For a given point in the DSC curve (defined by its heat flow in watts
per gram and temperature in degrees Celsius), by taking the ratio of the
W aoaPidsfon expected for a linear 5 copolymer to the PCT/US2006/009500

temperature-dependent heat of fusion (AH(T)), the DSC curve can be

converted into a weight-dependent distribution curve. [2431 The

temperature-dependent heat of fusion curve can be calculated from the

summation of the integrated heat flow between two consecutive data
Generplbin th asutitiepmeap teasinjdths avaredt byldiienshipulah vReanthsdgy entrreel iy

244] The expected relationshi tween the heat of fusion for linear
el S S BN B T A RS &S IS Te shown by e heat

of fusion versus melting temperature curve. Using random

ethylene/octene copolymers, onésgan‘stainRhe following relationship:

Melt Enthalpy (J/g) = 0.0072*Tm2 (C) + 0.3138*Tm (C) + 8.9767 [245] For

[23%ch intedxated alatdB pointostantyied Biiparatofe ségnteking kingtiengfeabire in

degre?]SSC%psti?g.lp gr?cmStQa% %r&%ilea}yr\{i% %@?%1%?%%60 owga?f% %Egp%#/%"ré%vgh a

usion for linear copolymers  at that temperature, fractional weights can be
knowmdeigitz dootsaiots selitraich s UDGC It iswec ferabie th ekelgld tdt segatenhatlifration

curve 15 3PAY S EHRSFOSINEIEHER PR Colf GRIGHAIGEE BhdRS /RO @ithe block

until the end of melting. The method is applicablée to ethylene/octene i
copoly@gblyinerse anbadimenis dbtealibraing cppigsiiafios dhp ot oxps ielgtiprship:
above methodology to various polymers, the weight percentage of the
hard segments and soft segmensinEh® Talc024e@) which are listed in

Table 16. It should be noted that sometimes it is desirable to assign 0.94

[2964C to thadResretirakbave SRAMAIAERSINA BIsRAIAE YRiNG R draR Bensity if
_ for homapolyethylene, due to the fact that the hard segments may include
Tm in degreah GRRIMHISAROSonomers. -85 WO 2006/101966
PCT/US2006/009500 Table 16 Calculated Weight Percentage of Hard

[239H SoftFsegmeritbélrcopolyusBahereisatidiinfghlepeaB arciSetharns associated
with tﬁ%MﬁFﬂm;o%‘{?%%cﬁ‘@%ﬂe&@'cﬂi‘ﬁ?ﬁfﬁ&%&e{eﬂﬁ{% %ﬁaﬁ Egméﬁﬁ/rt%)determine
Hard wt% So

t Example No. Overall Density DSC Density Sge)%ment
Trn fothgseshsermess 96 mE. 3018 egssesGesysssglgrrsingl drong B O3the polisegment

densit¥ Paf (R ABumRB{d4RE thé Hoard s@éﬁgn'?t %igﬂ?-@?&i&@% 74% 8 0.8828
7.3 0.858 26% 74%

[240] For other block copolymers, the peak associated with the melting of the soft
segments is either a small hump (or bump) over the baseline or sometimes not visible as
illustrated in Figure 14. This difficulty can be overcome by converting a normal DSC profile
into a weighted DSC profile as shown in Figure 15. The following method is used to convert a

normal DSC profile to a weighted DSC profile.

[241] In DSC, the heat flow depends on the amount of the material melting at a certain
temperature as well as on the temperature-dependent specific heat capacity. The temperature-
dependence of the specific heat capacity in the melting regime of linear low density polyethylene
leads to an increase in the heat of fusion with decreasing comonomer content. That is, the heat of
fusion values get progressively lower as the crystallalinity is reduced with increasing comonomer

content. See Wild, L. Chang, S.; Shankernarayanan, MJ. Improved method for compositional
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90.8836 17.0 0.858 27% 73% 10 0.878 15.0 0.857 22% 78% 11 0.882

16.5 0.858 25% 75% 12 0.870 19.5 0.859 12% 88% 13 0.872 23.0 0.861
WQ 209688826614 0.912 21.8 0.861 54% 46% 15 0.8719 0.5 0.8 PASRHEHYI500

16 0.8758 0.3 0.850 26% 74% 18 0.9192 - - - - 19 0.9344 38.0 0.869 74%

26% 17 0.8757 2.8 0.851 25% 75% 19A 0.8777 11.5 0.856 23% 77%

19B 0.8772 14.3 0.857 22% 78% 19J 0.8995 4.8 0.852 47% 53% Hard

Segment Weight Percentage Measured by NMR [248] 13C NMR

analys$PBEPEIS6R@NEHOMSCS. 2dlymiTaepf OOhBiINRTs-Kneithridheaifdondl by reference
here measurir,é% comonomer incorporation into a polymer. An example of this
erein i i3 5% described for the determination of comonomer content for

ethylene/a-olefin copolymers in Randall (Journal of Macromolecular
[244ienceFmetives pointiorthe DISCLiarvE fafinahbail ey diew igyatigpgr gram and

tempe’lggtu,%g i d33Edd O8RNs YV BICRISID A PRSI IR ERSR N ISR IS8t a linear

entirety. The basic procédure for determlnm%the comonomer content of

copol ynesdeylsniToRanmRReteRAYASBE hsobafdusion SBEAIRIghe PRE Qe can be converted

into aSR8 nast: eendiiens wheke the intensity of the peaks corresponding
to the different carbons in a sample is directly proportional to the total

s ampie, Methods for SASHIRG S e

Ry ghcontipuing quelelin e
pr portionahyé’remnownqn e art and Involve allowance for sutficient

summiativen foff thel integiated fieatdlpul detwieentse cbyzeadiveduapiig teod tignaepresented

overaﬁe[lg)fﬁggﬂré\ﬂ?&%’ e%ﬂ?afé’;%ﬂf@e.-rhe relative intensity of a peak or group of
peaks Is obtained in -86"WO 2006/101966 PCT/US2006/009500 practice

from its computer-generated integral. After obtaiping the spectru d
2 gt P SRS RS S bR B e RSO ER B octene
copolgisigned oTVus REHERMENisGABWE bnaschdy e fasticesteusnasitingpanierature
or literature, or nthesis and analysis of model co ds, or the, . .
curve T B R SHDITERS: TR MRS 08 BRI Eep eni
determined by 5 the ratio of the integrals corresponding to the number of

moles of MMielbRathapydHe TS Teo FEIToMAIRG TR HHEH T8O 61

moles of all of the monomers in the interpolymer, as described in
[245] For each integrated data point, at a given temperature, by taking a ratio of the

enthalpy from the cumulative enthalpy curve to the expected heat of fusion for linear copolymers

at that temperature, fractional weights can be assigned to each point of the DSC curve.

[246] It should be noted that, in the above method, the weighted DSC is calculated in
the range from 0 °C until the end of melting. The method is applicable to ethylene/octene

copolymers but can be adapted to other polymers.

[247] Applying the above methodology to various polymers, the weight percentage of
the hard segments and soft segments were calculated, which are listed in Table 16. It should be
noted that sometimes it is desirable to assign 0.94 g/cc to the theoretical hard segment density,
instead of using the density for homopolyethylene, due to the fact that the hard segments may

include a small amount of comonomers.
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the aforementioned Randall reference. [249] Since the hard segment

generally has less than about 2.0 wt% comonomer, its major contribution
W 19p&etrum is only for the integral at about 30 ppm. The REHEEYRERPS00

10 contribution to the peaks not at 30 ppm is assumed negligible at the

start of the analysis. So for the starting point, the integrals of the peaks not

at 30 ppm are assumed to come from the soft segment only. These

integrals are fit to a first order Markovian statistical model for copolymers
Tab&NG a0iaastitisisshidrasdninieefaliad dilSeseradng folingirious Polymers

parameters (i.e., probability of octene insertion after octene, Poo, and

probability of octene insertion after ethylene, Peo) that are 15 used to

compute the soft segment co%ﬁ{%utlon to the 30 g m peak. The difference

between the total measured &gak é anq:g@”g% puted Soft4
segmgmbintegral contribution tq@w&p ppnsgp@dais th @tmrpg"fguthm 9 gt

timxdnapid Negmendrall iberafiyre, theDEKperimenbehsipectruSeghestnow $egerent
decorrroluted intodsgesntegral listp describing dse soft segl¥ent and lzatsl
segmeént, respectivedgs The calculation of welditpercentaije of the Hard
segmént is straigt§@8ward and 26-Balculate®B§7the ratid¥fthe sum7ét
integréls for the h&r%ﬁ%%gment sp&&frum to the88m of m%é als for tﬁé"
overaff spectrum. From the Hetonvolutefedit seg } mtegra

the c S?amnomer c sition cané calculatg! 5a,ccord|ngztp the mei;@}ﬂ
of Rapgdall, for exagye. From thg £gmonomey ggompositigg,of the ov%rc,all
spectfgm and the ggRpnomer copgposition obigwy soft segment, one g5,
can usg mass balangeto computgsihe comongser compasiion of thes
hard sagment. Frooretle comonaher composi&h of the $bd segmetdts
Berndllian statistt&7iused to cdléulate the &#ftributior?dfthe hard’8%
segmé&ht to the mt@%ﬁ% of non 3@Bpm peak8-8Fhere is L&l so litfié%
octené® typically fdr] Hbout 0 to atiout 1 mol%, |n the ha;i egment %g/t
Berngyllian statist %7 a valid ar??e?obust ap, g |mat|on2gl? ese

contrigytions are thgh-subtracted Qu from the gbkexperimggial mtegr,aag of

the nggp 30 ppm pealse The resuliing non 30 prEr peak integrals are 7634
WO 2906/101966 F¥g95US2006/099500 thermpBled to a fukkorder 53%

Markovian statistics model for copolymers as described in the above
paragraph. The iterative process is performed in the following manner: fit

t%ﬂmg&m@ﬁﬁ»w@&%w&m%@@m contribution to 30
ppm pea en compute sofvhard segment sphit and then compute hard
mentL ution to non 30p eaks; the correct for hard §
38 ment CoNPALHRT 3 HOR 20 B oL e BRI B St o

measyragkson bimnserdpeatedatiotilttocayalyasfo rAeoﬁXhmqﬂesﬂﬁne tdchpique is described
nve inimum errorf ncti fin ono er compgsiti

for g e P S o ST S RS e  per

(Jouret edvplisthradltonbarfititie g Rayiw Ol Jefaeramiolecular Chemistry and Physics, C29

(2 & 3), 201 - 317 (1989)), which is incorporated by reference herein in its entirety. The basic

procedure for determining the comonomer content of an ethylene/olefin interpolymer involves
obtaining a '>C NMR spectrum under conditions where the intensity of the peaks corresponding
to the different carbons in a sample is directly proportional to the total number of contributing
nuclei in the sample. Methods for ensuring this proportionality are known in the art and involve
allowance for sufficient time for relaxation after a pulse, the use of gated-decoupling techniques,

relaxation agents, and the like. The relative intensity of a peak or group of peaks is obtained in

-86-



10

15

20

25

30

situ polymer blends. By design of the polymerization and catalyst

concentrations the expected 10 split is compared to the measured NMR
W@ HIL¥S. The soft/hard catalyst concentration is prescribe®@¢d /824689500

26 %. The measured value of the soft / hard segment splitis 78 % / 22 %.

Table 17 shows the chemical shift assignments for ethylene octene

polymers. Table 17 Chemical Shift Assignments for Ethylene/Octene

Copolymers. 41-40.6 ppm OOOE/EOQOO as CH2 40.5-40.0 ppm EOOE

practi@f@hﬁt&f&ﬁqﬂﬁe@-@@rﬁ@ﬁcﬁfﬂ&ﬁ& Adter/obi4Dg tRMgictim3md inBgrdting the
B ER  0 S B SCE 1 SR S8 T
by ref%r&ﬂoﬂ&@#ﬁ?sﬁ&:ﬁa asQi®mapne, @Eﬁ@yyfﬁb‘s‘i’s 801 BnaBBis o @EcSmpounds, or
by thejgse )ol’;éo oglcal?b%lﬁgo%%%ﬁgg ? 4/% 020?_1}?) né{?gE %, éeg%r]mmed by
the ratiheffiiécntieryadxperieneortding e unten@r@t]wdiesdoﬁemrmmm@p@mtbgrals
corres gﬁj(',i £ %hr’e%lﬁlﬂl@ g&gﬂ{l} dé\A M@lﬁ“&%h‘@'ﬁ%ﬁ&{é}k ﬂftﬁéqgilfeﬁﬁhﬁﬂér THQescribed in

tock olvent Is ma olving 1 g perdeuterated
the af%%l&ﬂé?éﬁ@@@ﬂéﬁfﬁ@@%L ortho-dichlorobenzene with 0.025 M
chromium acetylacetonate (relaxation agent). The headspace of the tube

[2@PUrgeSiﬂ&@ﬁh&?ﬁd&égﬁﬁwz@&%@hﬂi%ﬁtﬁéﬁwoW%ﬁﬂ)nomer, its
ce ent with pure nitrogen. T t nhea

mejor SRR BLR Lt AFTRHTCS TR LA TS & AESShcL Ay Dor avethgrement
contrlhmaddmblptb’eécsnhllmﬁ(ﬂppm uscaﬂsla’leahﬂyghgthldapthﬁ shetsﬂ'ltltmaitylmn 1o for

|

A L R
segmemdhenly. cbhestdatessiily aae\farian fnsfv@rdghmadmymszaﬁy‘é@@mdﬁ forsopolymers
using tfzﬂiﬁQQ{ NE§ELARL i e CRIIE g&%ﬁ&ﬁ@%@%ﬁﬂi&%@'ﬂn ng?@(gaf'l’atlhty of

5 ppm with spectrum width set at 250 ppm. Acquisition parameters are
octen@mﬁq%a{@r@gmé}m@mﬁ@hty of octene 1nsert1on after ethylene, P,,) that are

used to compute the soft segment contribution to the 30 ppm peak. The difference between the
total measured 30 ppm peak integral and the computed soft segment integral contribution to the
30 ppm peak is the contribution from the hard segment. Therefore, the experimental spectrum
has now been deconvoluted into two integral lists describing the soft segment and hard segment,
respectively. The calculation of weight percentage of the hard segment is straight forward and
calculated by the ratio of the sum of integrals for the hard segment spectrum to the sum of

integrals for the overall spectrum.

[250] From the deconvoluted soft segment integral list, the comonomer composition can
be calculated according to the method of Randall, for example. From the comonomer
composition of the overall spectrum and the comonomer composition of the soft segment, one
can use mass balance to compute the comonomer composition of the hard segment. From the
comonomer composition of the hard segment, Bernoullian statistics is used to calculate the
contribution of the hard segment to the integrals of non 30 ppm peaks. There is usually so little
octene, typically from about 0 to about 1 mol%, in the hard segment that Bernoullian statistics is
a valid and robust approximation. These contributions are then subtracted out from the

experimental integrals of the non 30 ppm peaks. The resulting non 30 ppm peak integrals are
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901 pulse, inverse gated 1H decoupling, 1.3 second acquisition time, 6
seconds delay time, and 8192 scans for data averaging. The magnetic
WaigMad dasefully shimmed to generate a line shape 10 of less R&drUS2096/4p9500
full width half maximum for the solvent peaks prior to data acquisition. The
raw data file is processed using NUTS processing software (available
from Acorn NMR, Inc. in Livermore, CA) and a list of integrals is
generated. [254] Inventive Polymer 19A is analyzed for the soft/hard
then fisRgMenfispliragd\saitdveia seoiRis anoesl Foryepsitaierd edtsiapidgnshihigbove
list of integrals for this polymer. The.NMR_ 15 spectrum for Polymer 19A is
paragg g iR GRS PTG TR D08 Mo o P LG8 pom
peaks Ai2id codthOtppoft Se2riénB&BtriBtiBnprB0QZBdBaROthéh 2hpritppoft/hdrd 86gment
. 35.6-34.7 65.563 34.7-34..1 215518 33.9 - 33,5 ppm 0.807
spi g g np Mg st ooy BTN e YO0 PR
segmehl BoRUELIBDBto ROIO3PmPNI pFk 8R! fiBresulpie Snopr0aG81A84ke5Thisigrgpeated
until tfég%ﬁ 7 s%ﬁ/ggi‘&)s'e PR TR et 8e36 A QRRM AEYRAGRR. AH0Ginal

andall’s triad method; the total octene weight percentage in this sample
comonemE RGBS Ta LI ININEAEIIERe b Ve integrals excluding the
30.3-29.0 ppm integral to 35 fit a first order Markovian statistical model,
281§ valuglidaiRematid Presarentdatdsmsoesh jtished 8RR HRCHALNO6Bseveral in

.. PCT/US2006/009500 0.08389 and 0.2051, respectively. Using these two
st S BN 1 S oS EAM LRI SO Bgph L pcted
split itlverBpapphtogbaknmE02d388IRSsihir sehies. AFlGORERG T oatalyse cipsemtration is

Lintegsal,jorihg,3 7. ' t ribufi fihe
prese 20 I ety e PO PR SRR 0% 1 22
%. Tahledvalfowsiberrhemied) slufitassignmandigion pthvidencangéend hakyinsegment is
determined to be 26 %. Therefore the soft segment weight
Table 17 Chemical Shift Assignments for Ethylene/Octene Copolymers.

41-40.6 ppm OOOE/EOQO0O0 oo, CH2

40.5-40.0 ppm EOOE oo CH2

38.9-37.9 ppm EOE CH

36.2 —35.7 ppm OOE center CH

35.6 — 34.7 ppm OEO ay , OO0 center 6B, OOEE ad+, OOE center
6B CH2

34.7—-34.1 ppm EOE ad+, EOE 6B CH2

33.9-33.5 ppm 00O center CH

32.5—32.1 ppm 3B CH2

31.5 —30.8 ppm OEEQ yy CH2

30.8—30.3 ppm OE y&+ CH2

30.3-29.0 ppm 4B, EEE 38+8+ CH2

28.0 —26.5 ppm OE Bo+ 5B

25.1—-23.9 ppm OEO BB

23.0 —22.6 ppm 2B

14.5 —14.0 ppm 1B

[252] The following experimental procedures are used. A sample is prepared by adding

0.25 g in a 10 mm NMR tube with 2.5 mL of stock solvent. The stock solvent is made by
dissolving 1 g perdeuterated 1,4-dichlorobenzene in 30 mL ortho-dichlorobenzene with 0.025 M

chromium acetylacetonate (relaxation agent). The headspace of the tube is purged of oxygen by
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percentage is 100 - 26 = 74 %. Using the above values for Poo and Peo,

the octene weight percentage of the soft segment is determined to be 47
WORssIAehe overall octene weight percentage and the octe REWERFHP6/009500

percentage of the soft segment as well as the soft segment weight

percentage, the octene weight percentage in the hard segment is

calculated to be negative 10 2 wt%. This value is within the error of the

measurement. Thus there is no need to iterate back to account for hard

displa@@?mfemiﬁp@if'@mwgl 'f ) Tn&@ﬁlammmamh&ﬂkﬁ@t&ﬁiﬁum@aaﬁ@e&met at 150

. alculation results for Polymers 19A, B, F and G. Table 18. Hard and.So

C. TEE IR AoRA TR A rE oA o eaisd e e Rep iRy from
top ofttiey dodatienedhurfiegniend Gk, SHgnsenp BaghedntibdAc Tk thelHed BBald for at

least ﬁehggr ]’tglgc 6156%4 4 1n%ugncl; grzrll ]lg ﬁc? c])' 5er]l'ezl 61 As demonstrated above,
EMBOdIMEITts of the nven |oerrovf8ega ew class of ethylene and

a-olefin bloclg3 interpolymers. The block inte%)olymers are characterized by

283 averdbe blobiMRddaiaos grdlsssednsingarbae iRy giAeP Mit gystem with
probe BEpIRHRRIQGHK FiRIatUreRe LBRLIBEMILRERGNEN BEMDRMRIAIUEMS2.5 ppm with

combjination of properties or characteristics not seen for 20 other ethylene/
spectrymoVaH SEhRynPEM Ay IR IR BBRIRKSFR D SRFHHFE LB RLig8 jacTuding
90° phlastiane witagiferertbliptiksndisescidaclisisibisiamef sueblaticicingdiees, and

has ap impact on the qyerall physical groperties, of the block .
8192 GiA0 O AHEA &Y 198 B s MR HBERRIR S s OISR SBRT B AENSETIS A i shape
of lesbihadl juBting fhk waliinhatfratimoonthitidresolivene pyakiforing data atyjliiistion. The

to tajlor the desired pol . Such block.interpel vV .
raw ol Rl R SR RS pRUEL RO SONECAVIEER AR RGNV, Inc.in
Livermeoeel (o hatdadidyoféntopseldss fibeaatedd0 WO 2006/101966

PCTIUS2006/009500 films, molded articles, lubricants, base oils, etc.

[2S4her a%@@ﬁ??@?h@'yﬂl&hﬁlﬁqf‘ﬂﬁWﬁe@r%r m%rﬁmatﬂhsegmrﬁlgﬂﬁdaimmhard

art. 12571 While the jnvention has been described with respect to
comoTELE ARSI TRBOUTHE AR SOLeT I ESt A B AR S MR
spectiaii0 e Pl heratoibisteitbiondthBighrermdhodiments of the invention. No

single embodiment is representative of all aspects of the

Integral limit Integral value
41.0 —40.6 ppm 1.067
40.5 - 40.0 ppm 6.247
38.9 -37.9 ppm 82.343
362-357ppm 14.775
35.6 —34.7 ppm 65.563
347 -34.1 ppm 215.518
33.9-33.5 ppm 0.807
32.5-32.1 ppm 99.612
31.5-30.8 ppm 14.691
30.8-30.3 ppm 115.246
30.3-29.0 ppm 1177.893
28.0 —26.5 ppm 258.294
25.1-23.9 ppm 19.707
23.0 - 22.6 ppm 100

14.5 — 14.0 ppm 99.895

[255] Using Randall’s triad method, the total octene weight percentage in this sample is
determined to be 34.6%. Using all the above integrals excluding the 30.3-29.0 ppm integral to

fit a first order Markovian statistical model, the values for Poo and Peo are determined to be
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invention. In some embodiments, the compositions or methods may
include numerous compounds or steps not mentioned herein. In other

W@ Rt ents, the compositions or methods do not include, #CAYES2006/009500
substantially free of, any compounds or steps not enumerated herein.

iations, maodifications from the described embodiments gxist. The
00 B R L0 e U B e I T R e el
contaitistionhfiens thdwsfe siapemtatie 30gyphepeskds 2. i3GNHraecpotionenH602.586 from
rder unless otherwise indicated. Finally mber disclosed herein
e QRTADE  E  e Bo s 7 B TR PR or e e
segmemtctd aho 80 ppm' ppak @fi 676807 . i Lsherl SR6BET abihg iltegrahfbethellwed segment, the

. appended claims intend to cover all thos odjfications and variations as .
wei e B S Y e RS T B IR TSRS fnent weight
percetitygerie/H)0le 6 mit36lyWengtinpaising yaliyew EvizRd amit® of dihgitere weight

olefin, : ' ook i g ¢ | .
re DL ANARE PRI 7Sl U8 GG i
percemwgrw@tbmmenmmmmmﬂmmfemgmm@rwl}mthma& segment
e L ANIed g e negative
2 with cthisrealnerirewighin the premefibesneasuremende dds thegetie nadiesbtiierate back

to aGHPRIPAUAD HNSHEAL Bndiu RIS A6(P30!Gfith PLEKROWIRL 95 Sithdrizes the

wherein the a-oléfin Is 1-butane, 5. The ethylene/a-olefin interpolymer of
calculafipnresilisr&on RelymenedifAs B.dtaaddG. 15 6. The ethylene/a-olefin
interpolymer of claim 1, wherein the is greater than 1.5. 7, The
ethylenefaislelin. imtadahdsenEclaisntsiueidsr tisyvhétd VoWs Breaied G
than 2.0. 20 8. The ethylene/a-olefin interpolymer of claim 1,wherein the
M,/Mn is from 2.0Jto B. 9. The thylene/ajolefln interpolyyres of ¢laim 1,

wherein the MW/M" is from 1,7| t@8:35olf® Th@‘gﬂwylen@é@e@qﬁn
interpolymer of clhinFKafRSei ne/a®Bfefin integpalymer is
characterized by pt 25 least ope melting poirt, %, insdegiags [Celsius,
and a density, d, |n grgmg/cubig cenigmeter, whgreir| the ggmerigal values
of Tm and d corrgspongp thefrelaggnship: Trg-2002.9 2e4538}5(d) -
2422.2(d)2. 3a 1L Thgggtnyleneraggern interpplymer of ggaims| 1,
wherein the ethylETTE arggE T MITETDRAYIME[S 1S fgraragterizggi by gn elastic
recovery, Re, in percerntat300percent strammard-1 cyctemeasured with
a compression-molded film of the ethylene/a-olefin interpolymer, and a
density, d, in grams/cubic centimeter, wherein the numerical values of Re

[286135 o Stidamerstistedahy e sEbREReNE of BainEertigropaKide a new class of

ethy%@ﬁ%&&%%{%&)ﬁm%m@%@ﬁ%ﬁf aQLOsRNkREpOS it haracterized by an
average block index of greater than zero, preferably greater than 0.2. Due to the block structures,

the block interpolymers have a unique combination of properties or characteristics not seen for
other ethylene/ a -olefin copolymers. Moreover, the block interpolymers comprise various
fractions with different block indices. The distribution of such block indices has an impact on
the overall physical properties of the block interpolymers. It is possible to change the
distribution of the block indices by adjusting the polymerization conditions, thereby affording
the abilities to tailor the desired polymers. Such block interpolymers have many end-use

applications. For example, the block interpolymers can be used to make polymer blends, fibers,
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40 12. An ethylene/a-olefin inter polymer comprising polymerized units of
ethylene and a-olefin, the interpolymer charac- terized by having at least
WQRWEHI6M obtained by TREE, wherein the fraction has a bl®EKTHE2306/)09500
the range from 0.1 to 0.3 and the ethylene/a-olefin interpolymer has a
molecular weight distribution, M,H/M,,, greaterthan about 1.3. 13. The
ethyene/a-olefin interpolymer according to any one of the preceding
claims, comprising one or more hard 4s segments which comprise at
films, @R A%t SiinHenss AndasB,wtdn Ot aoitisagnpen hdvhiahiceainficisee
less than 95, wt %, preferably less than 50 wt.% ethylene. 14. The
appar%gﬂél?%ﬁa% thiftt meraccording to claim 13, wherein the hard
segments are present in an amount from 5 wt.%to 85 wt.%. so 15. The

[28Thylencléhdteths inusniivyhasrhgenclesmibed vliinespeet to4 looitqstiwier of
embolfitsh, AhALIeant 100red chs AhragMaP R sRaReEIRbINBUIBE % other

fashion to form a linear chain. 16. The ethylene/a-olefin interpolymer

embodimeginbihe Eumriion MNa ainglserahodifaanhis speessstpte Afalasarsts of the
invenfiBRIAY¥meASIHRHLRE AlRND HISOSHRIY 6Pk oo HaRy ntldd¥ehumerous

ethylenela-olefin 'interpolymer accordjng to claim 13 or 14, whergjn

]
compopfisar iers sRtdBerHantd Agicite HHGCS e (R RROSHIRMR A methods
do notihighvis eifiesenbimtatmieal epmpositiginandhadnshefdhenregaitintein.

. 18. The ethyl ene/a-olefi n interpolymer according to anyaone of the. .
Varafte AU AT e By SR RN S i o gine the
resinspedesaiibid a¥ bamgttiyien e faolefiro fitesn yregss Heseordapy to alimay be practiced
in anyhsaevﬁ]e%get cl)?a§ i lrensglgphgreﬁégtig ia Qddef%gﬁ ,%@Sﬁﬂﬁlb%?%g&@?é%&em
in grams/culglc cerllltlmeter, wherein the Rumerical values of the variables

should beresprirgd datiheeanlapipnxishits, reeTtidlessagoghethen @gmayd) "abat) @(d)2,

"appr@ﬂ%&@éﬁ rﬁ%@’e&?nﬁﬁs&f%étﬂre"‘n&x%%@ﬁ:(eﬁlé %@M@airﬁ? AR &ver all those

_preferably Tin? 858.91-1825.3(d) + 1112.8(d)Z. 25 20. The

mOdleﬂﬁWﬁéf@-éﬂPéfﬁﬁlﬂﬁﬁe%&yiﬁél’*‘é BilfseBsPh i R preceding
claims, comprising in polymerized fomn, ethylene and one or more
a-olefines and being characterized by a AT, in degree Celsius, defines as
the temperature for the tallest Differential Scanning Calorimetry ("DSC")
peak minus the temperature for the tallest Crystallization Analysis
Fractionation ("CRYSTAL") peak and a heat of fusion in J/g, AH, and AT
and AH satisfying the following 30 relationship:
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AT > 0,1299(AH) + 62.81, 3e and preferably ITT > 0.1299(6!) + 64.38, 40

and more preferably 45 AT > 0.1299(aH) + 65.95, for dH up to 130 J/g;

and AT being equal to or greater than 48C for AH greater than 130 J/g.

21. The ethylene/a-olefin interpolymer according to any one of the

preceding claims, characterized by an elastic 50 recovery, Re, in percent

at 300 percent strain and 1 cycle measured on a compression-molded fifSLLP
of an ethylene/ a-olefin interpolymer, and having a density, d, in

Ciaim@rams/cubic centimeter, wherein the numerical values of Re and d satisfy

1.

10.

1.

12.

13.

14,

18,

18,

ihe following relatipnship when sihylenclacelefin internolymer. is
Ain athyl F COMBSHTY B Unis ar [+ hetein aheaveragebock
A Hoa e e ke e B AL Al 88

MCSLL and preferably Res 1491 - 1629(d): 5 and more preferably Re >

Ti. Emana@@i@f(td)we@@yaﬂdoe:wwnwm@*p?@fet&abiwﬁ@as 4&14- 1629 (d) 0. $5022°.
Use of the ethylene/a-olefin |nter mer accordln to aﬁ/ one ofthe

BT SR 2 i 1 AT SR A o &

er: or a woven or non-woven fabrlc 23. Use of the ethylene/a-olefin
Tiaterpolmernaceuding to-amy onewoithe peecedingelaims 1-21 in
thermoplastic com- 20 positions, including blends with natural or synthetic

THORHTETS; SRS TE] ﬁ?@?@?ﬁg‘”ﬁ‘ﬁ%@ 4§rition ietidtant addi- tives,
rantioxidants, stabilizets. colarants. exienderss grosslinkers, blowing

agents, and plasticizes, -94
The ethylene/o-olefin inferpolymer of clairm 1,wherein the M, /M, is greater than 2.0,

The ethylenale-olefin interpolymer of claim 1 whersin the M /M s from 2010 8,
The sthylens/o-cletn interpolymer of clgim 1, wherain the M, /M, is from 1.7 1o 3.5,
The ethyiené!a«oleﬁn interpolymar of claln 1, wherein the ethylene/e-olefin interpelymer is characterized hy at

least one melting peint, Tim, in degrees Celsius, and a density, d, in grams/oubic centimeter, wherain {he numarical
values of Tm and d correspond to the refatienship:

Tu>-2002.9 + 4538.5(d) — 2422.2(d)2.

The ethyvlens/n-olafin interpolymer of cialms 1, wherein the ethyiene a-clefin inferpolymers is characterized by an

slastic recovery, Re, in percent at 300 percent strain and 1 cycle measured with a compression-molded film of the

ethylens/o-olefin interpolymer, and a density, d, in grams/oubic centimeter, wherein the numerical values of Re and
d satisfy the following relationship when ethylene/e-olefin interpoiymer Is substantially free of & cross-linked phase:

Re > 1481-1625(d).

An ethylene/o-olefin interpolymer comprising polymerized units of ethylene and g-olefin, the intempolymer charac-
tarized by having at least one fraction obtained by TREF, wherein the fraction has a block indax in the range from
0.1 to 0.2 and the sthylena/z-olefin interpolymer has a molecular weight distribution, M, /M, greatar than about 1.3,

The ethylene/o-olefin interpolymaer according to any one of the preceding ciaims, comprising one or maore hard
sagments which comprise at least 98 wit.% ethylene, and one or more soft segments, which comprise lass than 85
wi.%, preferably less than 50 wt.% ethylene.

The ethylene/a-clefin intemolymer according to claim 13, wherein the hard segmems are presentin an amount from
5 wi.% i BS wi.%.

The ethylens/o-clefin intemolymer according to claim 13 or 14, compriging at least & or at least 10 hard and soft

segments connected in a linear fashion to form a linear chain,

The ethylane/o-olefin interpelymer according to clalm 13 or 14, wherein the hard and soft segments are randomly
distributed afong the chain.
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17. The ethytene/n-olegfin interpolymer according to claim 13 or 14, wharein neither the soft segments nor the hard

18,

18,

24.

segments include a tip segmant which Is different by chemical composition than the rest of the segments,

The ethylene/o-olefin inferpolymer according to anyone of the preceding claims whersin the ethylene content Is
greater than 50 mole percent.

The athylene/a-olefin interpolymers according to claim 9 having at least one melting point T, in degrees Celsius
and density, d, in grams/cubic centimeter, wherein the numerical values of the variables correspond to the refation-
ship:

Ty >-2002.9 + 4538.5(d) — 2422.2(d)%,

and preferably

Tw >-6288.1 + 13141(d) - 6720.3(d)2,

and mare preferably

Tw> 858.91 — 1825.3(d) + 1112.8(d)%

The sthylene/o-olefin interpolymer accarding to any one of the praceding claims, comprising in poiymarizaed form,
ethylene and one or more -clefines and belng characterized by a AT, in degree Celsius, defines as the temperature
for the taliest Differential Scanning Calorimetry (*DSC") peak minus the temperatura for the tallest Crystallization
Anzlysis Fractionation "CRYSTAL") peak and a heat of fusion In J/g, AM, and AT and AH satisfying the following

refationship:

AT > 0.1298(AH) + 62.81,

and preferably

AT > 0.1299(AK) + 64.38,

and mote preferably

AT » 0.1299(AH) + 65.95,

for 84 up to 130 J/g; and AT being equal to o greeter than 48°C for Al grester than 130 Jqg.

21. The ethylens/o-clefin inferpolymer according to any ona of the preceding claims, charactetized by an alastic

recovary, Re, in percent at 300 percent strain and 1 ¢ycle measured on a compression-malded flim of an ethylene/
a-olefin Interpolymer, and having a density, d, In grams/oubic centimeatar, wherein the numerical values of Re and
d satisfy the following refationship when ethylens/o-olefin interpotymer is substantially fres of a cross-iinked phags:

" Re > 1481 — 1825(4):
«Q 3~
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and preferably

Re > 1491 - 1629(d):
and more preferably

Re > 1501 - 1629(d):
and aven mors preferably

Re > 1511 - 1825(d).

Use of the ethylene/e-olefin interpolymer acco rding to any one of the preceding claims 1-21 in a film layer, a molded
article, an extrugion, a fiber or a woven or non-waven fabric,

Lge of the ethylens/o-olefin internclymer according fo zny ohe of the preceding claims 1-21 in tharmoplastic com-

posttions, including blends with natural or synthelic polymers, additives, reinforcing agents, ignition resistant addi-
fives, antioxidants, stabilizers, colorants, extenders, crosslinkers, blowing agents, and plasticizes.

YA
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