ETHYLENE/a-OLEFIN BLOCK INTERPOLYMERS CROSS-REFERENCE TO RELATED
APPLICATIONS [1] This application claims priority from US Provisional Application Serial No.
61/024,674:§il§9,da8ie 30 2008 (Attorney Docket No. 65044). This applicatigh isieoselated to the
following U.S. Provisional Patent Applications also filed Jan. 30, 2008 with Serial Nos. 61/024,688
(Attorney Docket No, 66699),61/024,693(Attorney Docket No. 66700), 61/024,698 (Attorney Docket
No. 66701), 61/024,701 (Attorney Docket No. 66702), and 61/024,705(Attorney Docket No. 66703).

For purposes of United Stgtegpetat/praticerisEm contenterefithessyappitsations are herein
incorporated by reference in their 10entirety. FIELD OF THE INVENTION  [2] This invention relates

to ethylene/a-olefin block igigfpalpers:are-artigleEmagedroppihe Lrask interpolymers.
BACKGROUND OF THE INVENTION 15[3]Block copolymers comprise sequences ("blocks") of the

same monomer ynit, covalentl %ligundt sequences.of unlike type. The blocks can. onnected in a
variety of ways, [gti}ch as Zkl-%si% |C%18 3ﬁ%ni%l?&t?r%?é%ulggﬁﬁ%}f/ﬁﬁ?g%%lv%gjﬁgaiof}ep?remggﬁl?f's one block

and B represertdatdittélehiapl ek 20A % Mritgray ik pislypiBi4 A dhid Brdmatios savivected in a number
of different ways.ang e fgReatedmuitiph dhanaxdkisnicansriise.2fadsiionabblacksof different

type. Multi-block copol  can be either linear multi- block multi-block star polymers (in which all
blocks bond %‘Eﬁi@énﬁf) %gr?c‘g%%%%% e ‘%éﬁc?gﬁﬁﬁolfl?ké’@&W@F&%ﬁ?@?@%ﬁ% blocks are
attached at oFfe @ndbician. @b atidnome Dt Nock6GO o IiEr IZ0d réstediayiBriteydiar more polymer
molecules Ofﬁ%ms?5&&&@9@&%%&2&9@@9@@5@&&@%@y Péﬁ’b%ﬁ%é& SREN RIS BIRA wide variety

of block copolymer architectures are possible, a number of block copolymers involve the covalent
bonding of h&feFEtastiE BIBERE SbiiEr ARBISAHRA ARG TR SeamrErt rakdsrens el diimeric blocks
formingtherraaptagtic elastomers. Other block copolymers, such as rubber-rubber
(elastomer-elastomer), glass-glass, and glass-crystalline block copolymers, are also possible. [S]One
method to make block copolymers is {9mrpdyesas inpgpepraer”. Unlike typical Ziegler-Natta
polymerization processes, living polymerization processes 5involve only initiation and propagation
steps and essenally lacloghain rminaling §\dg ieactionsy,T is.RRATIE e SIDERST
predetermined and well-controlled structures esired in a gl%c copolymer. A polymer created in a
"living" systeFREafrtTavke R IpdidtkeniBxgemely narrow distribution of molecular weight and be
essentially monodisperse (i.e., the molecular weight distribution is essentially one). Living catalyst
systems are 10characterized by SMABHEROH NPONHIEHR NG EMNEONIer of or exceeds the propagation
rate, and the absence of termination or transfer reactions. In addition, these catalyst systems are
charagterized byxhe prespnee afeisinglectyineief aglive-site bibakprpsiuge ahighoyiald:afdalock
copolymer in a pol rization process, such catal st exhihit living characteristics.to a
cubstantial o5 B Qe tor e B tReeo e e s s B B8 T anionic
polymerizatioversisghtie Seddiéndidl aviorshier-Bodftioileddhigtioeh were dntipteadiditions, a certain

amount of ongeek tha MRRAMLES iseRMACRANITH Iheueatalst.Ppsaa fikstsusRmanomer has reacted
to substantial extinction forming the first block, a certain amount of the second monomer or monomer

species is infrSYTEE BtP ATy 15 agUt8 o R B PERELSHIBI K. BHETHFORSUWES be repeated
using fife sarmiliviootheloeisiohittithepohpradfidabipek onarhersss dovewheetimdaneuliind other a-olefins,
such as propyiene utenG. sarsNe&Lqin AR AR AEEIRIRGS RRVMErizaRlS y.aRignic techniques.

[7]Whenever crystallization occurs under quiescent conditions, which means that the polymer is not
subjected to BIRHEY SKemar e BARRIEMBTECS OP (irks ATk A4stied at one end to an A

backbone.
[4] A block copolymer is created when two or more polymer molecules of
25 different chemical composition are covalently bonded to each other. While a wide variety

of block copolymer architectures are possible, a number of block copolymers involve the
covalent bonding of hard plastic blocks, which are substantially crystalline or glassy, to

elastomeric blocks forming thermoplastic elastomers. Other block copolymers, such as
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25cooling, homopolymers made from a highly crystallizable monomer will crystallize from a melt and
form spherical structures called "spherulites”. These sphemlites range in size from micrometers to
millimeters w(gﬁg%ge]rsﬁ@ description of this phenomenon may be found ip M/pshiatd, A -, Atlas of
Polymer Morphology, Hauser Publishers, New York, 1988. The spherulites are composed of layer like
crystallites called lamellae. Descriptions 300f this may be found in Keller, A., Sawada S Makromol.
Chem., 74, 190 (1964) and Basset, D.C., Hodge, A.M., Olley, R.H., Proc. Roy. Soc. London, A377,
P25, 39, 61 (A98d)rJine-sphabsiicesiiaibme Siarta fronmna sare of naraielilamellas that subsequently
branch and grow outwa| q from the core in a radial direction. Disordered polymeric chains make up the
material betviSeH aREI&Fbranches as described in Li, L., Chan, C., Yeung, 5K.L., Li, J., Ng, K., Lel,
Y., Macromolecules, 34, 316 (2001). [8] Polyethylene and random a-olefin copolymers of ethylene

can be forced td Hssume RBRUR (hiRe kA StpHoteRpb R tiiaRmadysed. s SrbElgn occurs when the
crystallizatiowsmrdifinng areReNgHesaentriuabigsdusiag owneareastdilth preesssing. In both

cases, the melts,are subjected to strong external forces and fast coaling, which.10u gally produce
: s G R DR S S RS i}

u
1nvel i .
row-nucleatea Or\{ﬁSPIIS}"I e S as descripe acnin ocrotnol. Sci.

Phys., 1, 41 (a367ys AThérperhiér it pissordi eggaamanss vl sisihrratilpsitsérivlecules contain

enough of anyasalgfin onanatbgiiivre. of somanamertopieyenkthg fermationeflameNas: This change
in crystal type occurs because the comgnomers areiélsual too bulk}?ﬁo ack within.an ethylene
crystal and, tFETERSTE PA PR A HENER S é’i’ﬂ{?fe‘ﬂ%r TR At e oM SRR S BANhat form a crystal
any thicker thﬁnmhedehgw@thmsm}mmeﬂfhmimbn@nib@ﬁ@maﬁmsﬁmmally, the lamellae _
would fhave tg,hecome 5o thin dhatishain (lding infodameliak Siruailesds feonash faorable, In this

case, fringed micellar or bundled crystals are observed as described in S. Bensason, J. Minick, A.
Moet, S. Chiipfl e piifTSE, % tEREIALop SRRANER 8Byt BiionsheseS8iEI3H26E6) Studies of low

molecular weight@elyethylenesimetiens psnddasen ehdearstarding phthweeniiidhendl ednsecutive
ethylene units, that are required tg form a.chain folded la gila . As described in L. Mandelkern, A.
Prasad, K. KT R A Ao BE SRR Q05 SR, Seqments of
least 100 ethsherseterits sercaradsiteignferehain folding. Below this number of ethylene units, low
molecular weight fractions form 25extended chain crystals while polyethylene at typical molecular
weightss forms frifged midgliediard create dlacyrapalamtypbamedrghologlyesizefOYiAdoornth type of solid
state polymerarpalogy.as BESR.ABSRRAh A lefinRlack FARCMels MATe By halch anionic

polymerization of butadiene followed by hydrogenation of the resulting polymer. At the crystallization

temperature &THE ERAHTE FTRIGPRSPRECHIFS AhTBRFSEIS BIb Eiceiahy He @itFet YRiseGtor elastic.
Studies of crysiadization withia @ glassydnatixhrverssetoty ane eiby|ererdS: kpdialagks as
described in %o@e%nh dWO goog(/)OQ756{91§r(§T/UeSS2180}0n%/(9£§129§§ Q?O%(PPUZ%?S, & K&Jlfinas, P., Berney,
C.v,, Macrom(ﬁecmes?]fg, 359 (ﬁ% and et ylene-vinylcyclohexane fEI I—?) diblocks as described
in Loo2¥ L., RegistblodR. AhRyapesimayée ETCNIaEe o eeiies Fhergmeicatipl). Crystallization

within an elagtig, matibhasdaesrrstugicd.sing athylane-tRmeaiRukbutene) giblosks as Sdescribed in
Quiram, D.J., Register, R.A., Marchand, G.R., Ryan, A.J., Macromolecules 30, 8338 (1997) and using
ethylene-(stypt‘%ﬁ’@?e%ﬁwgﬂg’-ﬁﬁteﬁgfa‘i61?56&9%' g@%&%mgw%%gg}wﬁﬁ% B®F*R.A., Ryan, A.J.,
Macromolecules 35, 2365 (2002). When the matrix was either glassy or was elastic but with a high
degree of segrefAtion betWbis it BrstkgERB SSHE Sikle SHGRRHCREHBS il QAEE8A1 morphology
of amorphous\bleckeopalymars surhddas:shuenre-huladienarslyrane oBSuiniyhich the different
polym segmerg.ts were co strai‘neddirtto mi(i{.ggf)mairgsllofa pnrl%gpn%}e“%i% ntg?hjgeggarrpeter.

Crysta ization o 1%%9’8%%3%11 glésgnrlr%e% i ft‘hé%'eyscillr%/tsearnlsz was primarily constrained o the resulting
microdomainsielVdict 6etonipliing cehsintaketherfiofrisphapliesds Ibylnsidheulasnelime o pigther
morphologies; I RArQNes iSRS i@fdé’aﬁi@%@%%@iﬁpﬁ%ﬁf@ﬁipﬁi&%@%ﬂ%@5@9 15plane of
lamellae, is constrained to <60 tun in these ?ﬁ/stems. It is more typical t

. ) find constraints on the
diameter of th&8pHereeedna dy irdefdos At é’?ﬁ@ﬁﬁ@%%ﬂh}éﬁ%ﬁ@g%@@ G n%@flch materials
may be refern@dio As rpicrapitasecsepaatdd Figurbkt ehawllthesbeedicteamnelaipdonain thickness
for mogpdisperaas iy RORIBRISRAIBlLk sopply BerRt APt ACRRl 19t) mplecular weight and

A octene mole %. Tthg igure demonstrates
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20that, even at very large differences in octene content of the blocks, molecular weights in excess of
180,000 Ono' are necessary to achieve domain sizes of 50 nm. The high viscosity which is
unavoidable,af ehlbigh molecular weights greatly complicates the prodyggtonand praegssing of
these materials. The calculation applied the theoretical results of Matsen, M.W.; Bates, F.S.
Macromolecules (1996) 29, 1091 at a temperature of 140 C, 75a characteristic ratio of 7.5, and a melt
density of 0.78 g/cm3. The correlation between octene mole % and x was determined using the
experimentabrgs|ts.of Reighar,. X6, ©lel at. Y aetamriecsies ph208) A,77886. 4 #HBlock copolymers
containing b lline and .amorphous blacks can crystallize from disordered, rather than
microphase gfegég%?é% ] %e &ah %ur%%‘(’ﬁcsé% ’gsgé‘él&%r" %’85’?%%6%%?& eo?%ry%ttﬁ |"'r;1eeqlllg%%llae as
described in iRanshandjarevPouReidten RexorFetteradiyl dirpgheroroladatespPsnasdonginn3). The
lamellar thickpgss:pitbese-maitialsds.conialiadidy ihe.camposition andmoatecylanweight of both
blocks as described in theories b)%Dimarzio, E.A., Guttm C.M., Hoffman, J.D., Macromolecules,

n
13, 1194 andSnltinbr&&vip Mo ‘I’a{lﬁf’ﬁf’ﬁﬁoﬁﬁ%?ﬁé’rﬁaé&%@@?91, 1482 (1988). For an ethylene based
block copolymer, the maximum thickness of the crystalline region of these morphologies is 5the same
as the maximuni®thickne bR HIYE HeHaRgopbIyRIHNSRRObSTAIChpHbHcRS 4bBR FAffed 1911] These
materials basedaodeatehaniancpalysteigationcancheaditiionallivcbarasterzedas having very
narrow molecular} eight dis&[itbutionghtyaaglceagl(l% \évithC ;’SY/MP; .Ow%ng ga%{rfelf,lpor%déng}}/ narrow
molecular Wé:ﬂﬁ[ta iANBULIonS of their Individual 18’lsegmen g ey have also IE')'nfy een examined in
the form of diblotk easestiisioskieapcigbivers sindeth esemné imore yustidinceyimbeshied via living anionic

polymegization thaniHetHies iiRRigheraumbarsolilerks: as dd2liBlack Lopalymers. from olefin
monomers prepared using Iivirg plicg)jlé/merization catalysts were recently reviewed by Domsld. G. J.;
f

Rose, J. M.; odtgs/ Aleraga 5ot BrigRRar: RO ITBLNPORIRECSEY %3 385, (2007).
Some of thesgtmadadispeisablackecopalymeks:gisd shawkdithe alassicabendrghalegywf amorphous
block copolymers suc&ats S%Eene-@lutaqjen -sgyrene (SBS § veral of ttgese block copolymers

. 1 revent (he fornragion of lametlae, 1¥changein ¢ 223 & OCCUIs EC&USCB}?
contain crysta?ll?za‘b e segments or blocks, an crystg_ﬁlzatl nof the segments In these systems was
primarily conetraiheians therasiiitiag Prikrddonskinshgywndibieticerystal and, therefore, a

20polypropylege:Rleck felethviens enRaryensomnd aypsi atasticc-RalIPHRRE-BIgCK-
polyethylene, as described in Ruokolainep, J., Mezzenga, R., Fredrickson, G, H., Kramer, E. J.,
Flustac b D OIS ENG it SR S8y WE B0 [SBURF Rk microphase
separated mbzphoelbgres:evithidothaintsizdsldog sistdminelith ymoriodisp esedgack cogdeyrirers (<60 nm).
Similarly, polyathylengsnlock:pA( eI WIRAECRREPHENRS aPASIIESHIR SADY Malsyay, T.; Matsui, S.;

Kojoh, S.; Takagi, Y.; Inoue, Y.; Nakano, T.; Fujita, T.; Kashiwa, N. in Macromolecules, 35(13);
4880-4887 (DO A MRS it tis MR ke idtshalsd Yaiaratelt FRHh bR Atditic
polyprapylengadiocktpaby ethyie netepiopyl gina)s Wity aar Fawst inel eeutde woightrdistdigtions (Mw/Mn =
1.07-1.3), a descr{)bed in Fukui.Y, Murata M A&Rt Coml..Adzt%7 1-10 }(‘Z.g%l)de%rﬁ}%%iég‘ed to form

3 £l hseattive el o
30microphaseesréuﬁlér%{igdcr%ncs)?ﬁ 68&%% gﬁltﬁlendﬂé{ar\?\ﬁmr?sotactﬁglég yail)ropylenes, with domains of

amorphous pbiyi@tiifiehia-Eodprefafisie Yo EmeeREe AlowrimMyotiticidptiaselsaperaiion was
observed in thebulkoblogieapeivnesdislMigraphasecsepaRirdisliblask-ansklrdloskialefin block

copolymers in which_both hlock types are amorphoys have also been prepared using living olefin
oymerizai ARSI SO S SIS B JTEHEES &y ciopenteney block
poly(12hexensyedpbjmerasdiestibed syhiyparateitd] GolécehtoreRhd fodeniingsen D. A., Sita L.R.,
J. Am. Chem,, 306 122 - 140-40491, G RORbpiHMn = 30,900 g/mol and Mw/Mn = 1.10 displayed a

microphase separated morpholdgy with cylinders of poly(methylene-1,3-cyclopentane) sized about 8
nm wide. Poly(mgthylene-1,3- . .
. fourth t f salid state polymer morphology has been ohserved in o~
10cyclopentan<gf§0-wnyltélirgﬁwe}}ﬂﬁgﬁefgb]loc -pgfyfg]t%y ene-coorbomeney and |
olefin block copolymers made by batch anionic polymerization of butadiene followed by
hydrogenation of the resulting polymer. At the crystallization temperature of the ethylene
30 segments, the amorphous blocks can be either glassy or elastic. Studies of crystallization

within a glassy matrix have used styrene-ethylene (5-E) diblocks as described in Cohen,
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poly(ethylene-co-propylene)-block-poly(ethylene-co-norbornene), as described by Yoon, J.; Mathers,
R. T.; Coates, G. W.; Thomas, E. L. in Macromolecules, 39(5), 1913-1919 (2006), also display
microphase ? orphologies. The poly(methylene-1,3-

cyclopentan\'gégtt%%}{;isllrﬁ]% tseg%amethylene)-block-poly(ethylene-co-norborneneicvr&{%sﬁ%g'@sfggﬁo,000 g/mol
and Mw/Mn = 1.41, has alternating domains of 68 and 102 nm, while the
poly(ethylene-co-propylene)-block-poly(ethylene-co-norbornene), with Mn = 576,000 g/mol and Mw/Mn
= 1.13, has demaiizsized 3honfhiik TResssammes demanstiple she difficulsy imachieving domain

sizes > 60 run, as very high molecular weights are required to achieve such large domains.
20[14]Achievihy AT R Lo EBIaIEaPsI5ER CopoRINER AT R SRGTRE L8R, Yelquires unfavorable
dispersive i_nﬂeegieté@,rlsbemgnmj_e Be@m@nwcﬁfrbh@l@l&ﬁerse:ﬂt lSRﬁ%I@,OGS}c@gmﬂteﬂaad by the

Flony- Huggng MRAIFRIR ARALBEN e Gouarlalis, Reperening. i Ayelage flock molecular

. 2 - S
weight as N, a typical narrow polydispersity dibloc taining equal amounts by voéfume of the two

blocks fequirdsdibefie @Fikiimed 2BrEgiGakef tidars amli6r FndiiaitAd didprag sicorde d microphase
morphology 8330w ynd uligibier 1Macromaleatiesd Buk602:(1198Q)sThigmikimuBovalue of xN to
achieve orde,ipcreases ta aboyt 6 for tribjock copolymers.wi | yolumes of the two block types.
Ao the numbe b1 BIBLRE (et i e RHRer e v el Y B Rl ane
asymptoticalBitapiasicasvZsshiriahet livith ohlaegeenahiberaftisiobkisypar thedibckieths 30shown by
T.A. KavassaligiqM.R- WRitmaie Masomelechgsgibias3Atk (hiloAlthouah maiitiblocks,such as

pentablocks have been shown to provide a substantial Improvement in -6- mechanical properties as
describd in ¥ SORFERTAfEeRe RS A CAAHIT A E RO BIEHE Se B &' facromolecules 36,
219Q (2003),ddnetm\'vmaihmmimomamaiahgift_aptvﬂdsvgismtmummqjcksdmw.béﬂmgmmiondﬂrﬂﬁe meet the
reqU'reme”tselﬁfﬂg&féﬁem?lk ’&18{9E}%&%in&a%ﬂﬁ?aﬁ'ﬁ&ﬁﬂ&f&&@%%@F@&ﬁ‘&% o process a polymer

increase sharply with Smolecular weight, the commercial opportunities of such multiblocks may be
limited. [15]HfERIEVSRHABFEII SRR MY Saforsigewherss. pladrekserclaeonelePhys. 121,
4974 (2004) anpehkbivhi&0ake ndr&its M0 6L HEsr 38866 1:(2006) dpamistians that the minimum
xN for.qrdered morphologies decreases as t olydispersity of ane or both of the block types is
increa%%ed. V\fﬂ%%e Bg{%n é?gc'c’ ! y%)oélg?ﬁg\i?e grﬁg(s?tl%lrg[ba eesfé%fgtsﬁ%%ﬁo%%% 'igﬁf; t,o ijﬁen. he ratio of weight
average to napabieyiaiyerate bioekemd deuirewe ryiotdglindete amdrim tnskrehs efohxMmaisre N is the

number averagg pIocliangtk N Qe HIGachiovs AMRrRBIRC MAHRRAIOgYIs2 1fAiRAURL volumes of the
two block types as shown by I.1. Potemkin, S.V. Panyukov, Phys. Rev. E, 57, 6902 (1998) for

>ote] P :
multiblocks iR TS SRR IR P ERR ThRaT R eYs™s diRtartra Y atiction in overall
15molecular weigfhteiorvaimetif esce red antdiibleigktand Atharatore)] aropein e dessingrnosts.  [16]

Anothgy, prediction of interest made. by Potemkin, Panyukav.and also by Matsen, M.W., Phys. Rev.
et o s O B e A o arsorder to
order, does rioeeEin 8bHPHRE Meririsedispe skipte credpolmelfs A nstcBi tisdre are regions of

c?existilng plh@wﬁi%imﬁmhbwmﬁm Mh%gg the-arde-erder @@mﬂ@ﬂ.ﬁﬁicua% gféerall codrrll)rl)osLtion
of a molecule m etermine how it partitions between phases. For ex , polydjsperse diblocks
olong the DodG LR TRE A LAt B RED oy RRVES e AT e e diblocis
form lamellaeittikeeth &@A8ynBatetric ©riés witdend «o(10He 29liheftrst drethpevdtiratyf df®HE order-disorder
boundagy, malagules it innaer hlocks M MR ArIsiacmarRhalaakdBiie-zaihose with shorter

blocks remain disordered, In some cases, these disordered molecules may form a distinct
macrophase “AR&TERIGSRAhE YESSEERUP TSR SRS EBdd R airb Bt &5 thec&mtkr of the
ordered domains-in:alsimnlan peanpher7&séhe domain swelling that occurs when a hoinopolymer is
blended with a block copolymer (Matsen, M.W., Macromolecules 28, 5765 (1995)). WO

2009/097560P Gy S2008/03269kkdt @ddition inachisvinadnierenbaseaenaiatian at lower values
of ?UV, block Ierga}h pPIydi pe Eit% has also been h%pothesized to have a pronounced effect on the

r
domain spaciiy Bt e B ST ed &t faraE, U R B h e AT S B AL R AYS RO BiISaERSe block

30 arrangement of crystalline lameilae as described in Rangarajan, P., Register, R.A., Petters,
LJ. Macromolecules, 26, 4640 (1993). The lJamellar thickness of these materials is
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copolymers is largely a function of the average molecular weight of a block, N, and is 5typically on the
order of -20-50 nm. However, it has been predicted that polydispersity leads to larger domain spacings
as compar g&’ Q/ lent monodisperse block copolymers (Cooke, D. /géy @0%6
Macromolee(‘:%ﬁ/s, S o671 (2006); Matsen, M.\W., Eur. Phys. J. E, 2'%{}5 257 (5666)). The
effects of polydispersity on phase behavior have also been demonstrated experimentally. Matsushita
and coworkers 10approximated polydispersity by blending a series of monodisperse

polystyrene-RpaMics MuIBRIRANRI et R it LAKBAMDI Al Matushita. Y mMagkomolecules,

38, 4371- 4376 (2005)). Register and coworkers found ordered morphologies. in a series of
polystyrene-LJJD*YpéHR{gE’rg/If?:‘%Ci%)léng\%’i?né?sl?'g'eIcﬁll?fgf’ljﬁdl’aiT ‘Poﬁﬁ%?@ﬂl%ﬁfgﬁ’r}ég)}r}?é‘[r]%ion technique

(Bendejacq, WBMSJMDVNQMM@LququM; Remﬁk(r],%&é\fdﬂmmhmm@lmcdes, 35,
6645-6649 (2004)).MASLIL AR iy A ddlinyeE Qc)(s'f'ﬁli%ﬁ%ﬁo'ﬁ' UrveE Mrdhoacromolecules, 38,

8803-8810 (2005)) evaluated a series of monodisperse’ poly(ethylene-alt-propylene)s that were chain
extend€d witHasPIvERS ShBRHBE IEider S hy entsatiey elrripies matthirsiideabpblydispersity in
the poly(DLIaxxigle) block. In all of these examples polydispersity led to increased domain spacings,
20suggesting that the longer blocks have a greater role in determining domain size. In some

instances, polydigpersity §lRQ-RravcadbRanges th %%H@So%ﬁgg?zﬁﬁql %r@@@%nﬁﬂﬁ range of
techniques for synthesis of polydisperse block copolymers is extremeI%/ limited, and it is especially
8

difficult to intfSATEETRSR AdBEMRy Y ARGTOREI B BIRSERS WHER: HEmRainmy ERsah s 6 Block
c_opolymer._ 25[&&]11&@1:@1%1:&3_11@@@3}? lmrs@arrbmlmget@ttdihﬂbaimgrﬁaterrr‘mtﬁxjid@fetermining domain
size, cmbined with.the, abilityto el demaing, Greaies 46 RIENHRL L Amain.sizes that are much

larger than what is observed in typical monodisperse block copolymers. The ability for some molecules
to be ordered 2y BYHE FEER<BFftE ISR FMUIRE SISO HAHBRS SRR PSSR R morphology
of these systeifstean HiehtpnaedinocksIPenpalymer-directed mesophase separation.  [19] It would
be useful to provide an olefin block copolymer with an overall molecular weight distribution and

segment molecylay weight distiguion SYeR that MWiMB sl frdhaldS MeSRpAlASe separated. It would

also be useful to provide such a material that is a multi-block co%glﬂymer with a distribution in the

number of bIBERECTIZBOR FRAHSIHSITIReTEY S GHRMNECHSED Fol mitesEphase S¥ifrded block
copolyrhers VWH;(%IO&@ Anaseanlﬁﬂrylbhﬁmﬂd:g-ﬁlﬂjhassc'flﬁréﬂsﬁlﬁ@(ﬁ)ﬁe@d:fmmlﬁhhe&e copoly‘mers with
ow moleculanygiglte: (Misz 20,80 ama hakiarin damasiateRidian higsiarmgnodisperse

block copolymers of'the prior art, namely greater than 60 nm in the smallest dimension. There is also a
need for a metRBBEFAKINY SUEITBIFERIEBISOIVEBTSSBUMMERY oOheTH-EORK GIPRITTION 120a1l In
one aspect, thargiiScpraMigadianaiwiene@eisfimblaskiniemal ynes camphisingieae or more hard
segments and one or more s?%}'ﬂ s%gmentg gatl\]/énrgsg difference in molgﬁl]%rcent a-olefin content,

a

wherein the éfﬁﬁ%lﬁglgs-gfgﬁ%{ ¢ %%é%otlymer IS éﬁiﬁrygé?eong{ené%%/ oieeutar weight distribution,

Mw/MZ0in theehmye dffedredkpoly 8 yaend-by prornena gedoipekdndex rplapeyihembrero and up to 1.0;

a difference igbw&m%pmab%ﬁnm%ﬁa&%ﬁwﬁmm@qftlé,eﬁmk@agéhﬁ.hﬁf%@gment of
greater than 18.5 mole percent and, wherein the ethylene/a-olefin block mt(eﬁrl%)gémer is mesophase

separated. [2BT3]HFEAGthe? a &b ERAfitE i provitfdd gross ks comprisiig Ritene/a-olefin block
inte_rpolymer_ ﬂﬁsﬂeﬁmﬂhaWear[fammtspmmdsva’thdnmmﬁm cmmmsiwgthﬁﬂeaﬁimethylen_e/a-
olefin block infeRolymer,oraaing Qe ALMALS, Bark plasks.and, eng Anmars softblacks having a

difference in mole percent a-olefin content, wherein the ethylene/a-olefin bloc erpolymer is
characterizedbiFErveieaitartiveight MstiButio RO EREhE rEivge ofF fRlkeadolt 1.4 to about 2.8
and by an aveiage blackindeNgreates dalezare,asd up 4esabegt L00BNd. \whersi the
ethylene/a—olgﬁq bl%(r‘kﬂi)nﬁ%g cS)I rg]r%%' mrgeﬁg%h%sse iteagggatgd. o ZZJMQIOSC “di:icg]ot edis an
ethylene/a—ole?i"’n"lgloc% iR erpo‘fémer COmprising oné 6r mére’ hard BIocks and one or more soft blocks
having a differenswiiemyle gereanvarelefidaeoraht didvereivnh 8vbopdhymied is diaracterized by an
average molegwaryigighhal greaterihan,009,4/meb-a mejessiay, weighidigiaytion, Mw/Mn, in the

range of from about 1.4 to about 2.8, and a dijfference in mole percent a-olefin content between the
soft bIotk anGHHEMRATG BRICH S BrERRIPHTA N Qﬁbﬂﬂ@%"?ﬁgI’@O;%ﬁfeﬁfl.ypmffﬁnﬁsls‘@@isclosed is an
article made from the above described ethylenefa-oretfiblo'’ck copolynael-. BRIEF DESCRIPTION OF
THE DRAWINGS [24]Figure 1 is a plot of the predicted thickness of each domain for a monodisperse
ethylene/octene d block copolymer made with 50% of each block type at



different values of the backbone molecular weight, as measured by conventional GPC, and different
levels of A octene mole %. [25] Figure 2 is a plot constructed on the basis of the Flory equation for
random ethw?pﬁ/@-@ggga copolymers to illustrate the definition of "block i%ﬁ's'ﬁ;'gyga%%ents 5the
whole, perfec ranc{om copolymer; "B" represents a pure "hard segment”; and "C" represents the
whole, perfect block copolymer having the same comonomer content as "A". A, B, and C define a
triangular area within which most TREF fractions would fall.  [26] Figure 3 is a plot of natural log

ethylene molg.fragtion felorandepuEiRienaia-latipsaRebaneLs 35 a fomghonefiedpygese of DSC
peak melting temF%c‘erature Oor %‘lzl?%'gﬁljhgﬁéaklltemper?ture. The filled squares represent data points
obtained from PARYSM Yo MSgen NEG BPYI_He/a-olefin copolymers in ATREF; and the
open squares represent data points obtained from random homogeneously branched ethylene/aolefin
copolymers in D&&. P idhiseodiminerremetalipinchond thilogko kdip St Graaty REN ik "5 7] Figure 4
shows the melingipainiideasinhiaiatianship ioomesophaseisepamied olefin ligalecapelymers

(represgnted by diamon S €O red to traditional random copol rs (re ented by squares).
[28] Fig%re 5%%%} ] uepslof'g%P 88%3%@%%@&#&? 5{%6%&?(%%%?%%@%&63{6&2%3%9 for various

polymers. Theolidrhors reppadsant. pandembediidaeaae e CoKspely hdrsHamtngierdicles represent
polymer Examples 2R4Q: 4290 Figye Bshawsihesffectsr)densitmen»lasigseawary for |

unoriented films made from olefin block copolymers (represented by the squares and circles) and

traditional copolyeTs (ST ERNAHTA A By R HHA NG A WHIFPRPL REIR VRSPl mers (The Dow
Chemical CopopamyihyEhe StlearkpaepnesentdnventB/enethvite ilyltereieopolymers; and 25the circles
represgt i”V@&HB{%&Q¥J8&€{88I&%1%81‘}?4%{5‘|2.%E§ck-pcﬁﬁf?&tﬁﬂé}{&cﬁ-%ﬂ)&%g gefene content of

Temperature Rising Elution Fractionation ( TREF") fractionated ethylene/1-octene copolymer fractions
versus TREFPeIY§ LE‘é‘ﬁ‘iEiéP&?BVée’&ﬁ)tH@‘ﬂ‘d&f&iﬁ%ﬂ%cﬁd}ﬁ?m%rflﬁ%ﬁéﬁfﬁfé“%ﬁ‘ér%yé?é‘nted by the
circles) and qompaiakve. polymess, B.and Fhieprasantadiay ety obals)olha gimmonds represent
traditional ra ethylene/octene copolymers.  [31].Figure.8 is a plot of.oct content of TREF
fractionated Z%h%}%(%’éﬁ%né%o %/‘?h%e?‘g rgg{ﬁgnrg%%éfgég i%%%pgﬁ?é%ggﬁﬁgr%ure of the fraction
for the polymeicobsExzmniptel sy beithiortiedenpabitilerrly Py Sotrararorepresentitb iner Example F*;
and thestrianglgsotRirasg by omer Example sxdvsarsheowniis e LhRER tempaiature distribution for

o

Example 5 (curve 1) and comparative Ft (curve 2).  [32] Figure 9 is a graph qf | torage modulus
Iyt el et R A N e S Sk o
propylene/ethytenexciodelfviver 10FchaveB)amcsiaritiio-ethytenéhesctemelt dekiocopotythers made with
differing quaniiies;efsNaiRSRUHIRG.AdeL (CHIMES 1)-verlARbHGWELPIRigRIARAE g Dlock index

calculated for each TREF fraction for four polymers. The diamond represent Polymer F* with an
average blocl® AR ofSh S H QRGBS represent Polymer 5 with an average block index of 0.53; the
squares represent 15Polymer 8 with an average block index of 0.59; and the "X" represents Polymer
20 witRan averdd#l block frediviog 01200phaf8 43Ry taEb ot isepplonef tiserbidetidndaribalculated for each

TREF fractiop.farbveplogkiserpivnarsiiRefiled bamseniesamBalymes 488i.anddhg open bars

represent Polymer 5. 20[35]Figure 12 is a plot of the average block index calculated for nine different

polymers as & REREFTETARE GrckIRy ARt S8R SHHART ARG D BIFRA B AR terms of

"[Zn/C2114]*2000@senngd Epr ecends Eockthylenaiprepyle aeloclprapalume biRalypesit23); the two
triangles repr{gg{an}(two ethallengék)utene block copolymers P?I¥ ner 21 and Polyrper.zzg; and the

o clg]ntfnni ?Oe amounts oy volunie ettav blocks 1e u}res ? value’of y time:
squares represent etnylenerociene copolymers made at aiireren levels o
25 N greater than 5.25 for the melt to display an ordered microphase morphology as shown by
L. Leibler, Macromolecules 13, 1602 (1980}, This minimum value of ¥N to achieve order
increases to about 6 for triblock copolymers with equal volumes of the two block types. As
the number of blocks per molecule increases further, the required ¥ N also increases and
asymptotically approaches 7,55 in the limit of a large number of blocks per molecule as
30 shown by T.A. Kavassalis, M.D. Whitmore, Macromolecules 24, 5340 (1991). Although

multiblocks such as pentablocks have been shown to provide a substantial improvement in
a6



25diethyl zinc (including one made without any diethyl zinc). WO 2009/097560PCT/US2009/032699
[36] Figure 13 is a plot of the square root of the second moment about the mean Weight average block
index as af, 7L% /C2H4]*1000. [37] Figure 14 is a representatl% [g% SC profile for
an olefin bloc copo ymer, 5[38]Figure 15 is a weighted DSC profile obtalne y convertlng Figure 14.
[39] Figure 16 is a 13C NMR spectrum of Polymer 19A.  [40] Figure 17 is a plot of 110112 as a
function of the difference in octene content (mol%) of e hard and soft segments, referred to as A

octene for Examples 24:8ried 4 SigHEa 4813 anARMIMagahiEX. 8R.8:3wWePX magnification.
10[42]Figure 19 is an AEM.image of Ex. 33 at 0X ma nlflcatlon é43 Figure 20 shows an AFM

image at -3,J00 B hificAtiSH Fﬁ%”’ﬁlfwlfﬁfﬁé%%é-ﬁﬁ% % RERA i Fdgtiic block

copolymer (SBE; @81iikicktyrsne b8 Buymilf/otirutanetemih e@ud ocksAfk; erdsdD0R1g/mol) at 30,000X
magnification o JAbEIELIS 22 HI9NEA KM imane.ah:aR0pmaglialionalh, i 151461 igure

23 shows reflectance spectra for Examples 35 - 38 and a comparative random copolymer AFFINITY(r)
12800, %avail A& FHHH WHE DER CCRBIRTIC Al WBRRHaHiFs ?ﬁ@?ﬁﬁﬁ%‘h‘%@ﬁdﬂ%e‘? Y little reflectance
(<10%) of the light in the explored range, while the inventive examples show higher reflectance across
this range. [47[lFigure 2doshomwsreflettahtedspdotiaoSEkarpte S 2dridoes 2. 46783 and the

20comparatiys, ARBINIGYA(p828004 avpilabigom SheRew,ShemisabCmpanys ihgsandom

copolymer shows little reflectance (<10%) of the light in the explored range, while the inventive

examples shitf Figharefuieiay fT YRR aRERheloRRs derTAE S LRaRidengstsfle spectra for
Examples 34omSrach 40 tansistie.gaimnpanaise-ARFIRM DY b beBoe-avalabladionbdime: Dow Chemical
Compagy. TaRIdam cophmenshawe e lerianct (a0 oLile lgLin e pxpored range.
while the inventive examp €' Snow |g?1er rellectance across this range: | |gure shows
reflectance specirnifcr ExamplesPBian¢26Y, Mese e xairplonishonetittehetlettagita(<12%) of the light

in the explor%%@wsch%@lﬁ'aldéegzabme@yqz §¥er@q&zvv%iaﬁa@§6yde&§5<@mm 26,27, 30 and 31.
[51] Figure 28 is a gﬁ ot of Modulus vs Density for Examples 26, 27, 30 and 31. 2] Figure 29 is a plot

of 70 C ComPte¥Bigh et erdiivre Y FarEkainpls: %"2% 306 4R PR EE PRI INEEDs a plot of Tan
8 as a functiereGdanipgdature THiExampias2e 10ands8ks tdﬁ%h@@ﬂtﬁ&l aisoplatebhan 8 as a

functiqn of temﬁeralt“re fo{;;'%%‘;”‘é%? LA IR e 3515 ARIgLOTI08 fiorage modulus as a
function of tempera ure f

{16} Another prediction of interest made by Potemkin, Panyukov and also by

Matsen, M.W., Phys. Rev. Lert. 99, 148304 (2007) is that each transition in morphology,
including the transition from disorder to order, does not occur abruptly as in monodisperse
block copolymers. Instead, there are regions of coexisting phases along each boundary.,

20 Along the erder-order boundaries, the overall composition of a molecule may determine
how it partitions between phases. For example, polydisperse diblocks along the boundary
between cylindrical and lamellar phases may have the more symmetric diblocks form
lamellae while the asymmetric ones will tend to form cylinders. In the vicinity of the order-
disorder boundary, molecules with longer blocks may form an ordered morphology while

25 those with shorter blocks remain disordered. In some cases, these disordered molecules
may form a distinct macrophase. Alternatively, the location of these molecules could be
directed to the center of the ordered domains in a similar manner to the domain swelling
that occurs when a homopolymer is blended with a block copolymer (Matsen, MW,

Macromolecules 28, 3765 (1995)).



Examples 27 and 31. 15[56]Figure 33 is a plot of 70 C Compression Set vs Shore A for Blends 1, 2, 3
and 4. Blends | and 2 comprise 35% OBC, 50% oil and 15% hPP and Blends 3 and 4 comprise 28%
OBC, 60% g I?aib?%{oblaPP [57] Figure 34 shows a plot of Heat of Fli,%ﬁx gﬁ,«“}ﬁ% Elution
Temperature for fractions of random ethylene-octene copolymers and for fractions of inventive
Example 2034. [58] Figure 35 shows a plot of DSC Tm vs. mol % octene for ATREF fractions of
random ethylene-octene copolymers and for fractions of inventive Example 34. DESCRIPTION OF

EMBODIMENT§16)F TH Eh}uaéﬁmt@w@en@r@t@@m@egmﬁomiomIvmd@g dmpansoapolymeric
compound prepaye olymerizi mer r of the same ifferent The generic
tormpolymel PR O BB a oG RO e L e
"interpolymesgacin6oi ﬂtmtedpwl@lmc‘tme.aiﬁheaslp@h,ﬁﬁenpmp&m@byﬂh@pml;&mnzﬁt}dn of at least two
different tyPes, 0l gaROMGiSel] A% ARRGH G B A JPIE BRhYAEL: mﬂsﬂasatttsct@wmag@eolymer (which is

usually employed'to refer to a poly mer(gre pared from two different monomers) as well as the term

"terpolymer” ‘@Wtﬁ%‘ﬂylgft}g%w&?ﬁﬁﬁé - r&fRr EseE fopoRATETpsHS b Rel ifRee Yifferent types of

monomers). italse eagampassespolymersomadeal byl tpebyuneliaingoiadispessadiedypes of monomers.

[61] The termc)&'ggfI { %bBMerﬁlolyﬁn@rﬂ&epg t%uﬁ,s,r@tgdgqlgg}? %w[ﬁlstlng ethylene and an
F more car

a-olefin having'3 on atoms. Preferably, ethylerie comprises the majority mole fraction of

the whole polfmeér fué. F éﬂﬁyfeﬁe—éotﬂﬁﬁ@éé—@p@ésﬁﬂs@cfﬁﬂﬁ YO rholisnseitesit BFse whole polymer.

More prefera@tyaﬁﬂmﬁré%@mﬂaeﬁt@tste@& aheutRaumolenpricant aldeastakaut 70 mole percent, or
at Ieash t about 80 mole t with ttlj;lt‘{/ Zubdstantlal rem |nder of the whole onme mprising at least

one other coﬁ%“%%%ar‘ Pefé‘r‘é “o1é ﬁ%ﬁ%ﬁ%ﬁ%%%??&t% %6r many
ethylene/octerw@pdtycﬁre@ﬂhe*pr@f&rﬁd E@mﬁtdﬁ%ﬂ%s‘és@v@hﬂm@emﬁéﬁﬁ 2Ogreater than
about 75 molg;peregit)Rfihbe whela PRbMer30chaBASENS FAMIRRIRGrPRAREwt S to about 25,

preferably from about 10 to about 20 tnole percent of the whole polymer, and more preferably from
about 15 to B IEBIROPEICEHE AF e IMHBREIHVRE 2 L8R W@%ﬁﬁt&?&ﬁﬁt@ﬁ%"&opolymers the
preferred conmbﬁmmBamgmagﬁam@ﬁiytene :Coni@nt,gvedies tiiab. abegitt&) Rnole percent of the whole
polymeg and sl Ancentensal tem ahes 10jie sk A9, Rielesahin o aRgu 20 o about 35

mole percent 0 the W mer an moreg era out 25 to 30 mol€e percent of the

whole ponméWWFth@éthéW@/ﬁ%fé’%éﬁeS %§WWTH@W§W@&%WOS|UW comprises an

ethylene contepiQigaies ﬁa@raeatgwteﬂc@rmk@zl@ﬁémﬂtmgt&mm&aw&wwm@p6@pylene content of
from about 15 0%?.]#? referab lzrom bout Zti? to abg go 310 ole erce toft whole polymer,
and more prét‘%?‘g Sy m N5 ab6 ou “Mole ”ﬁo pércer ?It rs eﬁjo;¥ &F. In some
embod|mentéaqn@bbmbnbmlkﬁéfmmWW@@@W@&M&I@@IMQ@@@@@MM@W yields or in a
minor ggnoury % LA & viRdusiobRahemical Precease Whisihs st viens(aalefindgiprpolymers can
be blended with one or more polymers, the as-produced ethylene/a-olefin interpolymers are

substantially lﬁﬁﬁaé’%ﬁd’?)lé’ft‘éﬂeﬁ%%ﬁ]ﬁ%@adfﬁﬁfo? BT BHBREBERECFELEHSIPIIREE of% polymerization
process. [62hhef tecimitpryssiallipehdkisnfgloyedpeefebiotd eopolynrer ioeasegindintitligt possesses a

first order tragsition @ ep‘é&’ast ﬁ%ﬁaﬁ%@'ﬂ@r@ﬁgg élﬁﬁis%%rgﬂ‘?m}tﬁtﬁglQMlS’ATI?&%%%%%M&Q calorimetry

(DSC) or equivalent technique. The term may be used interchangeably with the term "semicrystalline".
The crystals Aagieknstian dthlrk efRsiosEly 10packed lamellar crystals, lamellae forming the arms of
spherulites, or as isolated lamellar or fringed micellar crystals. The term "amorphous” refers to a
polym@$ lacking d&rystallifie maedting Hoitirastdéeekrisirsis by differ gretisd selennidrgecalommetry (DSC) or

equivalent teGhRIGHE: ., [B3IpRA IGiMnliPIOGK ERRBIINE! cRhSeRIMERIRAIGEPALmE! refers to a

15polymer comprising fwo or more chemically distinct regions or segments (also referred to
sizes that are much larger than what is"observed in typical monodisperse block copolymers,

The ability for some molecules to be ordered and others disordered contributes to the
formation of swollen domains. The morphology of these systems can be termed block

30 copolymer-directed mesophase separation,



as "blocks") preferably joined in a linear manner, that is, a polymer comprising chemically
differentiated units which are joined end-to-end with respect to polymerized ethylenic functionality,

Lmbo i%%%%%@“pll%(l:ﬁ%soggf [in the amount or

rather than in p nt or graft %fashi .Inapr ferrezd
type of comono(rf]ile incor|f§iE{o‘|’:Vz§1)t€1 ]?ﬁél?%%]], tt(h r%%cr%s%]/,o Re 20amou crystallinity, the crystallite size

attributable towalpuhpmesisitsishuerpositesnehentple b dey siedftthetiony rsotae it eMsyndiotactic),
regio-regularity; or fegiisreguiaitthe amovntefdrapehingrincudingilongrchain Bkanghiag or
hyper-branching, the homogeneity, or any other chemical or physical property. The multi-block
copolymers gr@ bR ARl By MG Fe IS BRI RLTEPHBF BlyRSHRrsity index (PDI or Mw/M,),
25block length distribution, and/or block number distribution due to the unique process of making the
copolymers. Mof&$pecifidaigdiiiprribsrotiaainlalizgmipt bus|sroebss, HapER/ IS desirably

possess PDI fropn ahoutdid inahou & arsferabha framahoutrk4 1o.a80u3dMmsexpreferably from
about 1.5 to about 2.5, and most preferably from about 10.6 to abiut 2.5 orérom‘ about 1.6 to about 2.1.

When produc88TEBRIEH oY S SHEBARE R S8Pro A4 e B BMars o 88 S BB S Ebout 1.4 to
about 2.9, preferaldy:fiem: aboudilpdrio Mbou@Symaseitteferablycfromab gutaktenaidoum 2.0, and
most prefe ra.li)rliyt‘rféQ%a%QB%%&E%SIO%SThe}Q 2bRUL L8, 4k5 NQikd that I'I"Q!&ﬁ:ggﬁ);hmgsegment(s)" are
used herein interchangeably. In addition, the blocks of the polymer have a PDI in the range of from
about 1.4 to &BRRIY PSS preferably in the range of from about 1.4 to about 2.3, and more preferably in
the range of from about 1.5 to about 2.3. 5[64]As used herein, "mesophase separation” means a

process in which polymeric blocks are $a&8dkASe fhered domains. Crystallization of

the ethylene segmepss inghese systams:is primacly:.censiabeditgtheresHitingmesodemalrs and
such systems m?é be gefgrred to as "mesophase s aratedt". These rg,%sodomainslcan takte the form
of spheres,oélf?‘li%r are’ Ia%eﬁ'f&’é],eﬁ o] e()rn?n%rp 16 ostffiesS HOWN 8‘r’%ﬁ3%k’c§’b88ﬁ‘7rﬁré $ 15 THE Rarrowest
dimension ofedmomn, stchriastpergerdiduleeto tecslanerpflaeinehingeirefally greatertizan about
40 nm in thg mesephBss.senanted blogkconalymears ohthednstant ipnention:k inlB2LIR8r than
ethylene/a-olefin Qlockt iqtg_rpo(%ner may hsTve a vatlug Pffo, V\{her tl‘\l;V is the nu]{nber aver block
length, in tH&"faRge Bt from ABOLT 2'T6 ABOUE 20, Preferably i tetha TaRge of FPor abatt2"s o about
15, and moberpreferalbff igreie famgd-dirfebrieatsaliaBLiy epintixosthyifesiel dreiolbwing deseription, all
numbers digclesesh hereinang approximate values, regardless whether the word "about" or
"approximate" is used in connection therewith. They may vary by 1 percent, 2 percent, 5 percent, or,

- sometimes, 10 to 20 20percent. Whenever a numerical range with a lower limit, RL and an upper limit,
Ru, is disclosed, aR{tHuniberdnirmgrirk s Peniied<s getikcampaiddse et itepattidefabite
following nupakesswithindradmngecare specifically disclosed: R=RL-Fle(Ru-R1), wherein k is a
variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent, 2

percent, 3 percenfz ¥ pemesksediekcRRfpositl RAG&Me adipereandndlpRercent,..., 2595 percent, 96
percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical range defined
by 0 R nor B S AR e BB 18 TS Sl e b o A e o ot the
invention provdiasaréieriagsinfrethpleneracoksiin blockaintdrpolyive sshfiereinaltdin finaintive polymer”,

"ethylene/a-qlgfin INBIRQMMEES DL A0y AiAtieRSiheLead alhe aibyIeneia: olefin intemalymers
comprise ethylene and one or - 16- more copolymerizable a-olefin comonomers in polymerized form,
characterizedBy ARdRipIE BGERE GridBige At ST RD VP ThBIE P STyATE DR RO AVTIE U AR biffering in
chemical or ghysisal phepartiescivieren dhéipolythetsare ynestphaseraepagatacdThat is, the
ethylene/a-olefin interpolymers are block interpolymers, preferably multi-block 5 interpolymers or

copolymers. The germs "iNeRQI¥BELs AncherRoly ISy Alsdisatipiersiangeably herein, In some

embodiments, the multi-block coepolymer can be represented by the following formula: (AB),,
comprising one or more hatd blocks and one or more soft blocks having a (ifference in

mole percent g-olefin content wherein the copolymer is characterized by an average
molecular weight of greater than 40,000 g/mol, a molecular weight distribution, Mw/Mn, in
the range of from about 1.4 to about 2.8, and a difference in mole percent w-olefin content

between the soft block and the hard block of greater than about 18.5 mole percent.

23] Also disclosed is an article made from the above deseribed

‘ethylene/o-01Efii block copolymét.



[68] where n is at least 1, preferably an integer greater than 1, such as 2, 3, 4, 5, 1010, 15, 20, 30, 40,
50, 60, 70, 80, 90, 100, or higher, "A" represents a hard block or 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 15the hard segments is less than 5 weight percent, and preferably less than
2 weight percent. In some embodiments, the hard segments comprise all or substantially all ethylene,
"Soft" segments, on the other HRELEEPCEUIEION S HIRIARAMINGSS in which the comonomer
content is greater than 5 weight percent, preferably greater than 8 weight percent, greater than 10
weight percent, &igreatertilsare 15sweighefpérqasdicindsbivieesnbiodirh datsaithiercomonomer content in
the soft segmgntssaR.De-areateithan 2R WaightReree Madl SAtesbaR 22 WRight Dergent, greater than
30 weight percent, greater than 35 weight percent, greater than 40 weight percent, greater than 45
weight percent, greater than 50 weight percent, or greater than 60 weight percent. [69] In some
embodiments, A blocks and B blocks are randomly distributed 25along the polymer chain. In other
words, the block copolymers usually do not have a structure like: AAA-AA BBB-BB  [70] In other
embodiments, the block copolymers usually do not have a third type of block. In still other
embodiments, each of block A and block B has monomers or - 17 - comonomers randomly distributed
within the block. In other words, neither block A nor block B comprises two or more segments (or
sub-blocks) of distinct composition, such as a tip segment, which has a different composition than the
rest of the block. [71]The ethylene/a-olefin interpolymers of the invention may be characterized 5as
mesophase separated. Domain sizes are typically in the range of from about 40 nm to about 300 nm,
preferably in the range of from about 50 nm to about 250 nm, and more preferably in the range of from
about 60 am to about 200 nm, as measured by the smallest dimension such as perpendicular to the
plane of lamellae or the diameter of spheres or cylinders. In addition, domains may have smallest
dimensions that are greater than about 1060 nm, greater than about 100 nm, and greater than about
150 mu Domains may be characterized as cylinders, spheres, lamellae, or other morphologies known
for block copolymers. The mesophase separated polymers comprise olefin block copolymers wherein
the amount of comonomer in the soft segments as compared to that in the hard segments is such that
the block copolymer undergoes mesophase separation in the melt. The required 15amount of
comonomer may be measured in mole percent and varies with each comonomer. A calculation may be
made for any desired comonomer in order to determine the amount required to achieve mesophase
separation. The minimum level of incompatibility, expressed as xN, to achieve mesophase separation
in these polydisperse block copolymers is predicted to be xN=2.0 (It Potemkin, S.V. Panyukov, Phys,
Rev. E. 57, 6902 (1998)). Recognizing that fluctuations usually push the order-disorder transition in
commercial block copolymers to slightly higher xN, a value xN=2,34 has been used as the minimum in
the calculations below. Following the approach of D.J. Lohse, W.W. Graessley, Polymer Blends
Volume 1: Formulation, ed. D.R Paul, C.B. Bucknall, 2000, xN can be converted to the product of xlv
and M/p where v is a reference volume, M is the number average block 25molecular weight and p is
the melt density. The melt density is taken to be 0.78g/cm3 and a typical value of block molecular
weight is approximately 25,500 g/mol based on a diblock at an overall molecular weight of 51,000
g/mol. xlv for cases in which the comonomer is butene or propylene is determined using 130 C as the
temperature and then performing an interpolation or extrapolation of the data provided in Table 8.1 in
the reference by Lohse 30and Graessley. For each comonomer type, a linear regression in mole
percent comonomer was performed. For cases in which octene is the comonomer, the same
procedure was - 18 - performed with the data of Reichart, G.C. et al, Macromolecules (1998), 31,
7886. The entanglement molecular weight at 413 K (about 140 C) in kg/mol is taken to be 1.1. Using
these parameters, the minimum difference in comonomer content is determined to be, respectively,
20.0, 30.8 or 40.7 mole percent when the comonomer is octene, butene, or 5propylene. When the
comonomer is 1-octene, the difference in mole percent octene between the hard segment and the soft
segment, A octene, is greater than or equal to about 20.0 mole percent, more preferably greater than
or equal to about 22 mole percent and may also be greater than or equal to about 23 mole percent,
greater than or equal to 24 mole percent, greater than about or equal to 25 mole percent and greater
than about or equal to 26 10 mole percent. In addition, the A octene value may be in the range of from
about 20.0 mole percent to about 60 mole percent and more preferably in the range of from about 22
mole percent to about 45 mole percent. When th&®comonomer is 1-butene, the difference in mole
percent butene between the hard segment and the soft segment, A butene, is greater than or equal to
about 30.8 mole percent, more preferably greater than or equal to about 33.9 mole




15 percent and may also be greater than or equal to about 35.4 mole percent, greater than or equal to
36.9 mole percent, greater than or equal to about 38.5 mole percent and greater than or equal to about
40.0. In adqjtipryoapAdgutene value may be in the range of from about 3p&p@iRpaieant to about 80
mole percent, preferably in the range of from about 33.9 mole percent to about 60 mole percent,
preferably in the range of from about 36 mole 20percent to about 50 mole percent and more preferably
in the range of from about 37 mole percent to about 40 mole percent. When the comonomer is
propylene, thefidifferences iof holeagdreentqeoylensdhe twesntinediardosegmend &g thadsoft segment,
A propylene,&g&geg}&}r EQQPAO(Ec‘?e Lé%%?e%{out 40.7 mole percent, greater than or equal to about 44.7
mole percent, pre erab{fy greater than or equal to about 46.8 mole percent, more preferably 25greater

than or equal to_ahout 48.8 mole percent and may also be greater than or equal to apout 50.9 mole
BerBRO A Bl

percent, and grétbr thar B B8 8 SR B SPBREHIS PRhEA PO YAEHE Whlue may be in

the range of éﬂ@h@houteﬁﬁ.Gbmalmmre@mmabmjdﬁ&im@ﬁjéﬂgelntncﬂwgfei‘asfilyepwﬂaetsange of from
about 44.7 ”é?é%ﬁ&%??&tfé& @%}f&%@&gﬁ%&e@e%m@n@%r&weﬁg{@p%m&%?m@ of from about 48.8
a

mole percent to about 60 mole percent.”30[72]The mesophase separated ethylene/a-olefin
intemolymer&Riz; Il PhaleaSrfetiRloo (moIEMRE Bryaafhe sEmb ERCEpRal SRS designed to
affect the motian -afi pheibsa Caraincamnpagitionsicl theserniEsbphase separated ethylene/a-olefin
interpolymers appear pearlescent by eye. In some instances, films of the mesophase separated

ethylene/a-olefippjjterpolypgrs yeflesiight acrasssehand ohuavalendths imtherange between about
200 nm to about 1200 nm. For example, certain films appear via 5refl cte?%%%ht but yellow via

lu
transmitted GV BHI EIRTIBRIBRS PSALERTGI A TR IRF IQ?&R‘?’)‘I?EW SRSt 200 run to
about 400 nroy, WilERoiber s nafteatligHtha fhledniraredréliR)seandmes; frontsaboinsd36mm to about 1000

rim. [73]In sqme emAoNIMENS: e YERARICAMPHSAS SFANRASHOMGARPIRIRG Bhen least one

ethylene/a-olefin block interpolymer, compriSing one or more"hard blocks and 10one or more soft
blocks, wher&IHAReBRITfEH S22 BRI Phedrerhirp sapAcet FoRRsT ez BEIPA MBIEEE(Er weight
distribution, Maii zdpcthedang®st fropn alaudydie abeutand™ is te te(@ehasatdeast one melting
point, Tr," in ﬂglgrﬁees Celsius, and a density, d, in grams/cubic centimeter, wherein the numerical
values of I'mand d correspond to the relationship: 15T",> -6553.3 + 13735(d) -7051.7(d)2, or

(b) is characterized by a heat of fusion, AH in Jig, and a delta_quantity, AT, in degrees Celsius, defined

as theltemperatird differgf“ﬁf’éeb‘ﬂbﬁb\?égrﬁﬁ\@?ﬁif@%@%ﬁﬁ%ﬁ@%&éﬂ%ﬁ?@W%AF peak, wherein
the numericakyalies déffbaak Apblyavestirepfeitoneih by rélationth ps:o2@aEdte GARSIAH) + 62.81 for

AK greater than, zero and up to 130 Jig AT2.48C for AH greater than 130 J/g , wherein the CRYSTAF
peak is deter{rr?lné% Cogzné at e%%[%%ercﬁlt (q)f the)'cumulative polymer, and if less than 5 percent of the

polymer has an jdentifiable CRYSTAF peak, then temperature. | ;.or 25(c)is
characterized b)[;%jw elasti¢F8e \}%’P)}V Sﬂ%?t?nofjé%r%%#%?f%gii%iaﬁtﬁ%?ﬁogn% inl%cyc &'measured with a
compressionEmbitted #i rmunfithpostmglenéheclsfirridterqpolymeridng hdislendersity, d, in grams/cubic
centimgter, whgigindhe.pumercakyalles.af Re Ak sageb.thedfollowing relationship when

ethylene/a-olefin interpolymer is substantially free of a cross-linked phase: - 20 - Re >1481-1629(d); or
(dhas a mOIeCU[?J] fractioPL} gvﬁlll"’f]:i%@h%l\%etﬁebe%\é\é?gp d‘elx(l)m yaorhdeﬂé:s%t(i)ccrecovery for unoriented films

made from olefin block copolymers (represented by the squares and circles) and traditional

copolymers (represented by the triangies which are AFFINITY® polymers (The Dow

Chemical Company)). The squares represent inventive ethylene/butene copolymers; and

25 the circles represent inventive ethylene/octene copolymers.

[36] Figure 7 is a plot of octene content of Temperature Rising Elution
Fractionation (“TREF”) fractionated ethylene/l-octene copolymer fractions versus TREF

elution temperature of the fraction for the polymer of Example 5 (represented by the
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when fractionated using TREE, characterized in that the fraction has a molar comonomer content of at
least 5 percent higher than that of a comparable random 5ethylene interpolymer fraction eluting
between thg,spme tgmperatures, wherein said comparable random ethylgneripiespolynies has the
same comonomer(s) and has a melt index, density, and molar comonomer content (based on the
whole polymer) within 10 percent of that of the ethylenekx-olefin interpolymer; or (e) has a storage
modulus at 25C, G'(25C), and a storage modulus at 100C, 10G' (100C), wherein the ratio of G'(25C) to
G' (100C) is Hl‘éhf@)rﬂﬂgﬁlmﬁﬁﬂmtphﬂlit@ramti@lre@fesentﬁ(ﬂ)ﬁﬁ ehatactetizerd by'an average block
index greater. thnqgn SeI[o and éo ut 1d9 an d é’XQ)%c ér@ethc? eltk}xlene/a -olefin b]ock interpolynieris
mesophase separa edr _rlegf%ﬁa yrlae % In mterpolcyr% fs are characterized by an average
block index, ABI, which is greater than zero and up to about 1.0 and a molecular welght distribution,
MaMn, greater thih abodi 8% THé B%r‘gg"é‘%él?‘}f‘?&é?(f N {eaienyatyrbdeRige B ¢he block index
("BI") for eactvpdlihe:pbiyricas fractiond Ribfaived: nepirepanativE R EE (infgrfiactdpationf of a polymer by
empegature IsipR Elin CAGIONANGN 1IHTA0R AUt IR G AR 0GTETIRNOTS © (althouoh

other temperature increments, such as 1 also can be used é w where B | is the
Ut

block index BHfHeRFPREIROR BTG I?ﬁ@@lﬁ%ﬁ/% e’fﬁ%‘?lé]i‘fé)’é ‘él%’ﬁnﬁ“ﬁ?@ﬁ&?ﬁf’éﬁ%ﬁt BHUYiPPreparative
TREE, and whissthanpleghtperceniagenghihe tilrfragiam)25Similarly, the square root of the second
moment about the mean, hereinafter referred to as the second moment weight average block index,

can be defined ggfollowsy Zpdomnomeniweight veeeddv L) dBliABDR hiNakfe fol 75] where N is

defined as the number of fractions with Bl greater than zero. Referrlng to Figure 2, for each polymer
fraction, Bl i tERHEE B BHESLOE Mo RORLINAY Bt RtibHY EBBW}@?WEW&\?@PHJ:%me Bl value): Bl
=11 5T -11Txuer 3 LafdxXel mxthiidhe/ t Wdidms bR copsiPABs mawheitd TikfisitheuAltRERofi.e., analytical

TREF) elutloghgeﬁrlfg tt?h%:g % ‘ﬂ ‘gh Lactlon (Preferably expressed in Kelvin), Px is the ethylene mole
fraction for the Ith fractio f%/v ich can be measured by NMR or IR as described below. PAR is the

ethylene mole ion of the whqle et bef t natlo which also
can be measur gLiy 10 % i OSBR rIé ﬂﬁp &?ﬁ‘é %[éeﬁ%%e% Wi 5?1% the ethylene
mole fractionféor pnlyeléharﬂhseigmrentb‘b(WMhH@t@u@&ﬂmzdrystawwg@@gnkemgxofﬂﬁshﬂterpoIymer) As

an approximgtign,or Féifr&@!%%&%%%ﬁ% abér&éﬁ%ﬂ%ée;@eﬁw%@ﬂ Skpoe@nthe TA and PA
values are set to those for high'density pﬁget%‘y] ene homopolymer.  [76] TAB is the ATREF elution

tempetature FONEREATEIH CoPERBTE St 8-3% e8fpbs o AR AR By R IEMBle fraction of
PAR) and maleeigabweaigit-astiteo.

{34] Figure 11 is a plot of the block index calculated for each TREF fraction for
two block copolymers: the filled bars represent Polymer 18B, and the open bars represent
Polymer 5.

20 {35] 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
“[Znf/CoHL*1000.” “x” represents an ethylene/propylene block copolymer (Polymer 23);
the two triangles represent two ethylene/butene block copolymers (Pelymer 21 and Polymer
22); and the squares represent ethylene/octene copolymers made at different levels of

25 diethyl zinc (including one made without any diethyl zinc).
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inventive copolymer. TAB can be calculated from the mole fraction of ethylene (measured by NMR)
using the following equation: Ln PAB = CdTAB + 13 where a and are two constants which can be
determined-ky, 3.6akiation using a 20 number of well characterized prepa@aiyeJdgEifiastions of a
broad composition random copolymer and/or well characterized random ethylene copolymers with
narrow composition. It should be noted that a and [3 may vary from instrument to instrument,
Moreover, one would need to create an appropriate calibration curve with the polymer composition of
interest, using agggropriateimetecLlas weightenges and samaaame rypenfabiaetpyepanative 251REF
fractions and/or. rﬁndgrry ggﬁ)%h/rg IS s té)tigrrleoqtﬁrtu ai;QEﬁtdon. There is a slight molecular weight
effect. If the Calibration curve Is obtamned Trom simifar Mofecu ar'weight ranges, such effect would be
essentially negligible. In some embodiments as illustrated in Figure 3, random ethylene copolymers
andJor preparat%@TREFFﬁ%‘EﬁéﬁéséfrFHFde%‘Hb‘bflﬁrﬁ@fgaé s SRBMAAl T8 B 6Rship: Ln P =
-237.83/TAT vapotyh&39 5[77]The above calibration equation relates the mole fraction of ethylene, P,
to the analytical TREF elution temperature, TATREF, for narrow composition random copolymers
andJorgpreparatjug) TREFA6ti95 5 of iRad O paiibLRNAN CaRRimer siglxOiis the ATREF
temperature for a random copolymer of the same composition (i.e., the same comonomer type and

content) and th me mg@%l% yeight ﬁﬁﬁz@ﬁé@ﬁ%@&%ﬂﬁ&%éfgmme fraction of Px. Txo can be

calculated from LnPx = ccaxo + p from a measured Px molé fraction. Conversely, Pxo is the ethylene
mole fraction for g random_ copglymer of the same composition (i.e., the same comonomer type and
content) and thel%)a{me mrgfg%lﬁ(;?/\l/\slél’lsﬁott ﬁl%nﬁée?nag&anﬁeﬂ ﬁ%%t%%%%?g?d?ec’%? nlex(fonﬁ%h can be
calculated framolf)RPkde-haffkardSeisingreemeasiared walué oftdhe DBEA8)Fpkthet-#dscription of the block
index methodology is referenced in Macromolecular Symposia, Vol 257, (2007), pp 80-93 which is
incorporated by ferencerhereirsin is ARt ahasE/aOnace fheddook ingexfiBldar each preparative
TREF fraction is obtained, the weight average block index, ABI, for the whole polymer can be

calculated. In sqme 20 embadinents, ARk isdpeatardhanzera byiiessdha.abput 0.4 or from about
0.1 to about 0.3. In other embodiments, ABI is greater than about 0.4 and up to about 1.0. Preferably,

ABI should be ir[ Jﬂe rangg of from,about 0o .ab ggto;;pg&?} 1%%?1%9&% 1;%51%)}9131;19.7, or from about
ro

0.6 to about 0.9. In'some éﬁ%%dlments, ABIl IS In t%e range o about 0.3 to about 0.9, from about
0.3 to about 0.8 {)‘{ from ﬁ%ut 13, to about 0.7, frgm about 3{%0 Zf%ﬁbout 6 flr9 m apout 0.3 to about
0.5, or from abobit'9.3 to aBBLiE 614° A S SIS SARANES A8 TP IEHE o ok about 0.4 to
about 1.0, fromyredzro &t ! fo “dbout 110 ferHrblorabidut 646010 abwl) 4t.60 ffldhX abguif0afido about 1.0,
from about 0.8 to about 1.0, or from about 0.9 to about 1.0. WO 2009/097560PCT/US2009/032699
[80] Another chauaeteristizighitherinventiverihiiersea-clehodNtermalymebist @t the inventive
ethylene/a-olefin interpolymer comprises at least one polymer fraction which can be obtained by

prepargfive TREfswherein e fragfian has a-lockdnderareatanihan aoto. Land:Mp Lo about 1.0

and the polymer having a molecular w ght distribution, 5SMaNin, greater than about 1.3. In some
embodiment§?“fﬁ‘é”b6‘?§ﬂll5@?*ffmﬁﬂ§§ @BQK%%@IEJF%W?\QH%%GW%I SRR Hbout 1.0,
greater than saduh@aopeincerpiovabont kl:aqreateriitancdibeuidb:Srand axpitocdbag=1vthiler greater than

about 0.9 ang,y Pn%%n%@@%&%g i_ez'é‘sf?&'{lz%gﬂgxb%ﬁ%xgééaEFbesspcﬂl}!gzlﬁéeffaC“O” 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 .0, greater than about 0.4 and up to about 1.0, qr ter than aboyt 0,4 and up to
Ahout 1.0, In st iver SriUETARS & ISHTE HRUACT IR Lk s GPAALPRR about 0.1
and up@o abootPatyreATE AN AbND Hahtie frem Abelied: 5 hgreatef tharahdlite0.3 and up to
about 0.5, 0r195@@1&?5&pagln?&qgwsfh@@qeﬂ@c&gnep@ato%?omx%tgm?zh@@mqgﬁlmkﬁ%, thgpolymer

fraction has a block index greater than about 0.2 and up to about 150.9, greater than about 0.3 and up

to about 0.8, YreBIERHAFAWBISE P2 MRS 1T aBBRC IO }PdaR&F than about 0.5 and up to about 0.6.

[48] Figure 25 shows reflectance spectra for Examples 34, 39, and 40 and the
comparative AFFINITY® 1280G, available from The Dow Chemical Company. The
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[81] In addition to an average block index and individual fraction block indices, the ethylene/a-olefin
interpolymers are characterized by one or more of the properties described as follows. 20[82]In one

aspect, the )ﬁ%@ﬁ’/ -S%afin interpolymers used in embodiments of the inyew (13% gbV1.IMR from
about 1.7 to about 3.@ and at least one melting point, T"" in degrees Celsius atr%iqdenglzty, d, in

grams/cubic centimeter, wherein the numerical values of the variables correspond to the relationship:
TR, > -6553.3 + 13735(d) - 7051.7(d)2, and preferably 25TR, > -6880.9 + 14422(d) - 7404.3(d)2, and

more preferaRlysd iR capol 20§ oo Whecl26 QM%) [33ASUch Melinghaintidensihnrlationship is
illustrated in Figure 4, Unlike tggsggdg;{%al rafgndom copol mers of ethylene/a-olefins whose melting

points decred%e WitA'IEEFEE AR R RETREH E¥Rers (represented by diamonds)
exhibit melting - 24 - points substantially independent of the density, particularly when density is
between about 347 g/cc BeBott HOB GrEECRBiCSREFAPICT FHeMBtHiRg PiRPof 86%h polymers are in the
range of aboutdfés tasbmidt takCnben tepsity rangesifrom-Qpiatdgiegdo about 0.895 gkc. In some
embodiments, the melting point of such polymers are in the range of about 5110 C to about 125 C
when density rapggs fron:Q.829-0/C6 JRARAHR 3R §SGiy ARHLIARetenashesls the _
ethylene/a-olefin interpolymers comprise, in polymerized form, ethylene and one or more a-olefins and
are characterized hy a AT,.in degree Celsi ined.as the te rature fo tallest Differential
Scanning Calori%gry ("Dlg%qr)e?)gé | %ﬁh%ﬁ%ggtgﬁsggr%a%2%?%%%% ﬁgg?' r%i’ta Ifi%dﬁ?)fh Analysis
Fractionation 10("CRYSTAF') peak and a heat of fusion in Jig, AH, and AT and AH satisfy the
following relatiomships: A'Flgu-rﬁ,%%@@(E}Pf)oﬂé)z_%E%‘P&aﬁ?é’fbgﬁbﬁ %’f‘ﬁ‘fﬁf’é%(‘mf‘éﬂf% and more
preferably AT7 -80B289(AH) -k 65.95, 15 for AH up to 130 1/g. Moreover, AT is equal to or greater than
48C for AH greater than 130 Jig. The CRYSTAF peak is determined using at least 5 percent of the
cumulative polymgr (that isgthepaak prisk representaldeastbpgraentofdhexaimeatve polymer), and
if less {Qan 5 J)%rg nt of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF
temperature , and AN is the numerical value of the heat of fusion in Jig. More 20preferably, the
highest CRYSTAF peak contains at least 10 percent of the cumulative polymer. Figure 5 shows plotted
data for inventivE’polymerfdBEaw AP fipafive Lamtigrel rhegrate peakeaRIssdnd peak
temperaturesadeg talculated by the computerized drawing program supplied by the instrument maker.
The diagonal line shown for the random ethylene octene comparative polymers corresponds to the
equation AT = -Qsk299 (AH)#256R Bliot of 32 dREE aRALHES AsPeskihe.ethvlenaRelgfin
interpolymers_have a molecular fraction which elutes between 40C and 130C when fractionated using
Temperature BREIRFENHSA Fractionation ("TREF"), characterized in that said fraction has a molar
comonomer content higher, preferably at least 5 percent higher, more preferably at least 10 percent -
25 - higher, tharl¥fht of alievipatabieleliddh’ ethglersSHEBrDYIymerirat tohtdtthl Between the same
temperaturesznyhengighthe srMarabisd andamelhytena intepayrencopliaias theisame
comonomer(sc), and h aéggltgggex d%gij’ﬁ d molar comonomer content (based on the whole
polymer) within 0 pereent o o B DI6AER érpolymer. Preferably, the 5SMw/Mn of the comparable
interpolymer is also within 10 percent of that of the block interpolymer and/or the comparable

interpolymer had¥ total cEHRGRoMEIPEEREBIN RithAt P KhEght hértRRE SEiHSt JFHRS™BIdReK interpolymer.

for fractions of random ethylene-octene copolymers and for fractions of inventive Example

20 34,

[58] Figure 35 shows a plot of DSC Tm vs. mol % octene for ATREF fractions of

random ethyiene-octene copoiymers and for fractions of inventive Example 34.
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[86] 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 10 compression-molded film
of an ethyl - L? indpterpolymer, and has a density, d, in grams/cubic i ein the
numerical Sgﬁggls&o él'\k?]ebgagnd d satisfy the following relationship when ethylgﬁ?gggéggﬁ% %polymer is
substantially free of a cross-linked phase: Re >1481-1629(d); and preferably 15Re >1491-1629(d);
and more preferably Re >1501-1629(d); and even more preferably Re >1511-1629(d). [87] Figure 6
shows the effect of density o €tagie igQQye I gGInafeded fitmsmade:ginRertain block
interpolymers and traditional random copolymers. For the same density, the block interpolymers have
substantiall highepelastig,cecoveries.  [88] In some embodiments, the ethylene/a-olefin
interpolymers have an elongation at break of at least 600 percent, more preferably at least 700

percent, highly preferably at |east,800 percent, and most highly preferably at least 900 percent at a
crosshead sepa%g?if]on rate%ﬂj}irfeénﬁ?ﬁ%‘f%ﬁ@%ﬁ%‘]‘lﬁog%oé? gﬁ%%%%%‘ﬁ?s’%ﬁ’@%lene/a—olefin

interpolymersrivavm«it) wlstorngetmodudus 1atitc @i 26€)/ GE1808); airfrdprlyter2@mprederably from 1 to
10, moxe pretgéqalasmmgaﬁénd-&rpg%)n@ezoQema@%go&e?ﬁiseﬁdﬁﬁom@fﬁo percent, preferably
less than 70 percent, especially less than 60 percent, less than 50 percent, or less than 40 percent,
down to a comp ion set of O percent 90] In still other diments, the ethylene/a-olefin
interpolymers hé\g)g}sa 70C Ecngﬁ?gr?églseforllﬂggs[oﬁ‘ gﬁggnt T rﬁegﬁr%@?%ﬁet?n&g?ﬁéﬁl Og)eé[l;e(l%ﬁ%, less than 60
percent, or |8 SlEFBOYPey o Homaterabhy, shedoCreonyrestionSadiderlinterpolymers is less
than 40 percegipignsdhanmBthRersenty Basidhang LRPISAT:19RE NN 82 dewnie abertP percent.

[91] In other embodiments, rhpe ethgleng/a—olefin i,néerrgolyme:rs omprise, in polymerized form, at least
50 mole percBRPSHNIEAL S hRGEE G COHISFe SEIBH 4 B0 T RN S FEITERE preferably less
than 70percentyorciagstnean BOpereedffrost yprefef abiyoidiessithin 4@t0mB8spepobmiand down to
close to zerorgﬁ{ggpgol 1AL S0P G- SBRATIMER S S Ay Iti-block copolymers possess a PD1 fitting

a Schultz-Flory distri uﬁon rather than a Poisson distribution. The copolymers are further

characterized a ving hqth a palydisperse block distributian and olydisperse distribution of block

sizes and possjs% ga r?%‘éattﬁ?%‘bg ﬁ%b@,%ig%ﬁgﬁ%%?g&ef‘er?geﬂ%@fpgﬁ%réé?etrrgo milti-block

copolymers aenpibsezcantaitinyiforviofie blotks3or segarersnnsiodingretambiyatbideks. More

preferably, t%&%ﬁgﬂym@Eﬁaﬁ@ﬁw%@ﬂ%@&@ﬁ@&&ﬁ&e@%f?&é@%}%{é dBRiMsing,erminal blocks.
t

[93] In addition, the inventive block interpolymers have additional characteristics or properties. In one
aspect the ift&Iol MBISPHFERS AR BEMPRHYEhIAEHRIERABhE BY SthiBre iisdyiighizable
comonomersatwpdiymelized-éormy aret ecbanatiiende gdoyenaudtiplésitlodksBlsegmpats:af two or more
polymetized AAISMRIS.ILRIATI FRWEs, BB EIeal BHIRETIAR (PlageInterpolymer), most

preferably a multi-block copolymer, said block interpolymer having a molecular fraction which elutes
between 40C-SHEPPITERANS RFEERIh At URGTRE R S GEhoR AN th A Ald¥action has a molar
comonomer eantent/2bkiglesopisierabipaidaasicbmpercent bighat.maraipiefermilynt least 10 percent

higher, han 3l of . comgarAe. iapdom eflene intesoolyme fraction eluing hetween the same

Sgre an ab (111 { an lhm
temperature , wherein sald compar e ran Yy Interpolymer comprises the same

comonomer(8roandl thabost i lpipidese] depsigpoahtDritolbrwdthombmecagviahe (zded on the whole
polymer) withigikQeparcenbef shatabithedalaskedinigpaimemblieiarablys the 3Mw/Mn of the

comparable interpolyrner is alsp withjn 10 percent of that of the blocked -27 - imerpolymer and/or the

comparable RIEPBSTyHTEFRES AoOTAr COIRSHE Y Rt RUHATFT L GXERSHIB SRS #%at of the
blocked interpdlyiene cont@4f@mbaothert cdnteht paeyr efrie adure ghaiging amiasuitatele technique, with

technigsies based PR ANCIeRLIRLIGEEIONARECINME LSRRSHASEORY RYBisIIad.aligreover, for
polymers or blends of polymers having relatlvelg/ broad TREF curves, the
the whole polymer, and more preferably from about 25 to about 30 mole percent of the

whole polymer. For many ethylene/propylene copolymers, the preferred composition
comprises an ethylene content greater than about 40 mole percent of the whole polymer and
a propylene content of from about 15 to about 60, preferably from about 25 to about 50

30 mole percent of the whole polymer, and more preferably from about 35 to about 45 mole
-14-



polymer is first fractionated using TREF into fractions each having an eluted temperature range of 10C
or less. That is, each eluted fraction has a collection temperature window of 10C or less. Using this
technique, %@ﬁbg%;gggrpolymers have at least one such fraction havinq, ' &;gygﬁl ,comonomer
content than a corresponding fraction of the comparable 10interpolymer. n 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 (i.e., at least two
blocks) or segmepts AWk JreR0lYMeHzadMRNamer weitsdifiennain.chemisgharphysical
properties (blocked 15interpolymer), most preferably a multi-block copolymer, said block interpolymer
having a peal® @Rt AEPS GRS HRETEETAA H SRR T Ch S RITSE BRAMUSh U FC :HEHS0E fout without
collecting andiemisel atingindWidisahérabiiens);-chéiraictenzdohia thai baldepéakyhhs@ comonomer
content estimated By infra-ied speetroseanyisben exRanded ysing aduliuidivhall maximum (FWHM)

area calculation, has an average molar comonomer content 20higher, preferably at least 5 percent
higher, more PrETEPABI 3 X LRI OhIBH BRI PIRSE G PRI BEFEBIROTARRRSHS: ethylene
interpolymer peak at the same elution temperature and expanded using a full width/half maximum
(FWHM) area caf@ilation %hewin“samz@@rﬁ’pémm@Vaﬁdgfmettmlmmr&nt@mwﬁ@nﬁastthe same
comonomer(gbg@&éaa.asﬁ@sm@dyr&qggm%%%an&m@&&gm%m%m&%&%%ed on the whole

polymer) within 10 25percent of that of the blocked interpolymer. Preferably, the Mw/Mn of the
comparable iTHEFSERANSER ARG RRRAH G- Er L &Nt TSR UP e BB CkEE R RBIREREnd/or the

com parqble imermhyga&ﬂ%mmahﬁdmmﬂnmaﬂm@ﬂteﬂtmﬁﬁmliﬁxwye@_&ﬂapetmﬂmto@f:ldmt}qf the
blockegh interpolymelmIhg Ldkwidmmali maximum EWHN) saleylation is based AR wtio of methyl

to methylene response area [CH3/CH2] from the ATREF infra-red 30detector, wherein the tallest
(highest) peafirgsasrGeH HoiHihel Baksetinenarmbiare isise R Py afs prdige ferhifdineror a
distribution measupedHsRGAR AR B dpeakndbesEWtY ca&mareanscefingdiagdie area under the
curve between Ti.and T2, where T1 and 1'2 are points determined, to the left and right of the ATREF
peak, by divié‘?ﬁgmﬁln%e'peak height by two, and then drawing a line horizontal to the base line, that
intersects the left and right portions of the ATREF curye. A calibration curve for comonomer content is
made using rand®th 5 eth{IEiER- SR ¥EPoRRAEIEEEI SHirg LURGA AR EEAtEHERSAENMR versus
FWHMarea patignef toefiRink (peak.nkos thisniaflia- hdincetbgdndloe seatiaratiohcrufeerdd generated for
the same comao: s of,interest, -The, n t f of.the. inyentive polymer
can be deterrr%ir?g% %?é%%ﬁ%?ﬁé‘g%ﬁ% gg%%#&%%%?\fe{h%g%gearkg?r?\;/{v%%:mrggﬁﬁﬁ ghrél}g%ai%gne area ratio
[CH3/CHZ2] of HierepREe jauk VROIoB TGI8y Ertdhtipiasr e PReatied Bisirighiny suitable
technique, wighhtaehnigyesased prpsuciear magneticniesonanee MM spestkascapy preferred.
Using this te%rimigsugﬁsaid locked itnteéfo%ner has a hilgher mglgxr comopomer content than a
correspondingoccompla%klﬁe |?1f‘é%%‘]y?ﬁt I.in fg?é}f‘e{)fg%ﬁf/ﬁ%?fﬁ eerpo ?/rr%ﬂé‘rs %fi %ﬁﬁﬁéng and 1-octene,
the blé¢k 15intedpolyineyirdlmtcohoncmiitccoreantibiside TRERfactioisethingivsiaen 40 and 130C
greater than gy [tgeg?ge%'%ﬁ&{ﬁf@&%@oﬁiﬂa%ﬁ&iéﬂ% iPrefgrahlygreaier than or equal to the

quantity (-0.2013) T+ 21.07, where T is the numerical value of the peak elution temperature of the

[REF fraction"Bes A e niis-uaushebluareting. cludpEigie & PG R ER U HH B odiment of the
bloqk interpobiierns afe26iethy ene calina &mﬁe@ewﬂﬁe@m@bqﬂh&cmﬁﬁr@mhcmﬁ@mmersus TREF
eluton lemP SRS ARISL SATARGING SIPNG Qlane RIERANTER (Ancamconoymers) arc

fit to a line representing (- 0.2013) T + 20.07 (solid line). The line for the equation (- .2013) T + 21.07

is depfited by'achdesdhiHeiptsend epfitebierentebebASHBYHER EBhte Hi YOrRSRIRSAS of a block

ethylene/l-ocigngrpteerebsnateAabihe. Dlgekinternal yren2aimetionsmbavepsignificantly higher

1-octene contept than, either line at ' alenli)eluq'o terlp eréatur?s. Thig res%lt is,characteristic of the
ers des1rz§l [6:] esse E é:tg (& 011 abOot]

olefin block c%?a?’ﬂlf/mer an eliév Ebre%tehge Sfa&kl erentiatad lb‘lot(?ks within the
polymer chainsotidvingrotiraieysthl irmmarduamdplabeis atund, 198] iFidure]g geapticalll.displays the

TREF curve gneh6OMonNQMerCBIRNE @fabout 2.1. When produced in a batch or semi-batch
30 process, the polymers possess PDI from about 1.4 to about 2.9, preferably from about 1.4 to

about 2.5, more preferably from about 1.4 to about 2.0, and most preferably from about 1.4
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30polymer fractions for Example 5 and comparative F to be discussed below. The peak - 29 - eluting
from 40C to 130C, preferably from 60C to 95C for both polymers is fractionated in 5C increments.
Actual data Vf‘c])(r)thr(‘)e/(—“;wqi,fS %He fractions for Example 5 are represented by trian&i:?s. The skilled artisan
can appreciate that an*appropriate calibration curve may be constructed fOFi MW@%"With differing
comonomer content fitted to the ATREF 5temperature values. Preferably, such calibration curve is
obtained using comparative interpolymers of the same monomers, preferably random copolymers
made using aJyigliorene R AeLROMRARNNS CAIANRLSOMPOIIIAN. B SlSl Rlggk copolymers
are characterized by a molar comonomer content gréater han the vallie determined from the

calibration cUR&dt e Eakieck eREEPelitishhfemp B Rkt Eheprersrabiprdeanst s sepbent 10greater,
more preferably, picieatiyl ( peyeeirt greaigraboul0Dld adeitinnde the-ahavrasReals ARg properties
described herein, theDinY(?rgtive oly£r13ers can be characterized by one or more additional

.- i about Lo toabout’ 2. s, . . .Y .
characteristics. In one aspec?, the inventive polymer is an olefin interpolymer, preferably comprising

ethyleng and or‘l@%r more copolymerizable comonomers in polymerized form, characterized by

multiple’ 15block€Yr segmBHtES PR or THIRNBGIHFREATER MEmS et Tt ddikishRFmsigmical or
physical progdetiesablockibdsaperaclymdomest-ptefenably & mullliblack sopebmeanesaid block
interpolymer gving.a C ] ich elute tween 40C and 130C, when fractionated using
TREF increme%}tﬂs, c%é{rg%t%ri gg%rr? %hi%qg\gﬁl f?gﬁ%%)gﬁ%g‘zo\a%r%g gr](? coinonorner Eggﬁﬁgﬁrﬁl ﬁ%igher,
preferably at YE3&PS PO St RTENEP, dhorssorbrseaBRrateB ast e REIsiopaias OB kecdat higher, than
that of a compaiattieptanrdomipdurie nenintes pebime hiastiosiutng hebvesRths sgmedemperatures

wherejn said.comparable random ethylene.interpolymer comprises the same comonomeffs),

preferé\ ly it ijs%t%%dgggvrﬁees?c‘%rpn%ﬁgrrﬁ%f SSHO anc ’ef’tﬁcgé ‘iﬁggﬁ?%‘"élﬁ it %%Bl?ﬂ%f’a{ell?:‘gfﬂéﬁd?ner content
(based on theopdially priiendryvabhin 40npercthetodsdyansf trablotkedlintegpolyanert Beeferably, the
Mw/Mn of the,Z5 Gamapasable interpolymer is also within 10 percent of that of the blocked interpolymer
and/or the comparable interpolymer has a total comonomer content within 10 weight percent of that of
the blocked integpglymer. 1]}Pr ferably, the.above interpolymers are intergpolymers of ethylene
and at least Qnefga)@olefin, Te}%%%g?é Ilfle{e ggezﬁflr?(tﬂe?%%ﬁ% ??sv laeifnir%y aw 3I3a1518|§n{er géﬁ%ﬁt from 30about
0.855 to abolittheInBreATSagn &lprbrenadp thfiyafise 96 yamerbduadisp ot 8Gimsfabontd mole percent
comongrner,iheJaleckEshin@inolymer has a CaRRROR S ERMENGL ok 30pthe FRERHActign eluting
between 40 %quél%)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 98I TREF BN SHamirisRined Trabesderipsed hergings psaniemsther aspect, the

inventive polyshes jssandisfinistaspolyinat prefarakly.porsprisiayiethylene @ndapg or more
copolymeriz _ omers in polymerized form, chagacterized by multiple hlocks or segments of
two or more{}lb%l ;ﬁw%g;ggide %%%‘rﬁg%mtgeacl?%ﬁﬁ elﬁecq’egrﬁl%ﬁféf %‘hﬁ/%ﬁ:eéﬁl%gr%é r‘ﬁé? (blocked
10intetBolymisiyertodt srsrarabiymaraticnek dopbperdimda Rl Blstininpeepbilyin& having a molecular
fraction whichi®iates, Befwees0iand k30 te Whep fractionatgduusion d REFaineremeants,

characterized l“‘l that eve fracHlonit%%/ingEa comonomer content of at least.abput 6 mole percent, has
a melting point greater than abo % AP RS RS RatiRg R Ebridridme RaRRAt from about
3 mole perce'ﬂtit@@@d@t@%lémﬂcpﬂt,eek@rwmmeﬁmiﬁasw@@a imaltinenpaintiofsabout 110C or

higher. More prefgrabiy, saicspeivmenfagtions, %E%Hﬂ.ﬁrgg?gce"nml SicanLenanpmer, has a DSC

melting_point that corresponds to the equation: Tm > (-5. (mol percent comonomer in the fraction)
+ 135°90. ?fﬁjcﬁﬁlgv%%ﬁﬁﬁ@ér%{sﬁ%ﬁ%ﬁé RRURSRENE PEISife Pid QhpeTetns iMerpRishiiay, 20preferably
comprising ethyleivalanthodefiosdone cGoalymerizabis camOne aMeke I8 palyperizamkform,
characterizeg, by myltiple blocks or segments of two or more polymerized monomer units differing in
chemical or physical properties (blocked interpolymer), most preferably a multi-block copolymer, said
block interpolyr?% havin%éa molecular fraction which elutes between 40C and 130C, when fractionated
using TREF 25 ifttementd" (EAPARS AL 8 IR ATECEPER HatoN Hat A aleIetorEs B Iution temperature
greater thanldeeqoalpolmbeutFEGniias el enshizipyr(héaltoé fesiokyiasimaasurehyDSC,

correspo nd'%&&’tiﬁ]ﬁ ﬁg}éﬁFpnfhe ethylene/o-olefin interpolymers comprise ethylene and one or
- 16 -



Heat of fusion (J/gm) < (3.1718)(ATREF elution temperature in Celsius) - 136.58, WO
2009/097560PCT/US2009/032699  [104] The inventive block interpolymers have a molecular
fraction whi een 40C and 130C, when fractionated using TFEE '

characterized %bt!?t%@ggg@lrvy fraction that has an ATREF elution temperature Té{ggm&é%)%%gand less than
about 76C, has a melt enthalpy (heat of fusion) as measured by DSC, corresponding to the 5equation:
Heat of fusion (J/gin) < (1.1312)(ATREF elution temperature in Celsius) + 22.97. ATREF Peak
Comonomer GamppsitigRMaasHiamenibBiR-ReGRRIRERN foll03].The.comepomer composition

of the TREF peak can be measured using an IR4 infra-red detector available from Polymer Char,
Valencia, Spai RS AT BEAREEA PO OB T I B B8RS H R of the detector is
equipped witthantivebstyeysiet gepsae(GHepanteqoiypesitionsenpbrséGrpd)athdt Ane: fixed narrow band
infra-red filters.in i - -4, r s the methylene

(R etﬂ%r@&%ﬁr‘?ﬁ %’{‘%’gg?%%% g’fé! é‘m@&%&ﬁ%&&%}éﬁﬁg A Setgsie y

(CH2) carbons on the polymer (w tly relates to thie polymer concentration in solution) 15while
thecompositiBiF5ERgBPE etcorRetHaH etHif (ORR RFRPEsT tHabetypherer HéemEthematical ratio of the
composition sighalatfckiBldivicad laydhe seagurenne fesignaldicdd2bisisarsiivento the comonomer
content of th?e@?%%t%ﬁeéj %?%’Jf wig S Iutiqn, and its response is calibrated with known ethylene
alpha-olefin € o?ymer Standards, & 3’691 The detector when used with an ATREF instrument
provides both a 20concentration (CH2) and compasition (CI-13) signal response of the eluted polymer
during the TREF process. A polymer specific calibfdtion can be created by measuring the area ratio of
the CH3 to CH2 for polymers with known comonomer content (preferably measured by NMR). The
comonomer conéfit of arlVATREF pdaisiof. a1psiphie e drceer exiantea bysagplyind theSreference
calibration of e saip %,th@j mﬁﬁfofg]r _?E@mq_bd,d?ﬁr{]i@é@ ﬁ@dr@kézeﬁ%fﬁilia%lg&-@rea ;a|t|i0 %Hh?;/hCll:Z
versus comonomer content). area of the peaks can be calculated using a full width/ha
i (IR Ca BHEARED B 8 SEBSD, ot BALEH ASEth s A2 aividual
signal respongesrfreimdhedREF cincbeiatogy saniaTthenfulHaid{sAzalé maxiamuerbicalsuation is based on
the ratio of meifyylde, RacHYIGR IRRRANSE A1eALCHICH2L It A ATREGS dpestad fotector,

wherein the tallest%hi%hest) peak is identified from the base line, and then the FWHM area is
determined. B8 At bUAIEHTE AR ARt ISR SAPA TRERp B R EONIM B ESE b hed as the area
under the cukse thetweaeredik andsI hawberdght andei? arcppainisdeierminady ¢ kbgelethand right of the
ATREF peak, by dividing.the peak height 5by two, and then drawing & i rizontal tg.the base line,
tnat ntersectE teE A e T B R R e rec
spectroscopyteniasuyrershep phapiarie Sdntd Ppompiges ik APRE hesfraorifiethod is, in

ErincimeF,) Si gu'[gllr.tg@c Ebgk@{egﬁ%gsmﬁyﬁéﬁfmﬁ ggﬁ@gigg;i Q@qtgg tt]}clg@l flpugygj{agéi@ggﬂe@@ggf Markovich,
onald P.; Hazlitt, Lonnje G.; mith, Linley; "Development el-permeation

chromatograB - FoUFEP RSN BBl L B EopS Yol cHaI SR RO Bt ethS tene-based
polyoléfin copolymers't, RolymeribeMaterais8ciande ardtEmiginEe rige(l 9913n651:88+100:; and
Deslauriers, Es%@%@&gnpgga@cé%%a&J@B@W@Q@}%&&@% M@&,’H&i&?tmcwres in

ethylene-1-olefin copolymers using size exclusion chromatography and Fourier transform 15infrared
spectroscopy 1SEE HATh RFTCPORFE (BtiL), Wt 8A°RH ISEHH GLMRich KrshedRsaraed by reference
herein in theigentiretyn 60 [2d@hdpshenid be noted that while the | EF fractions in the above description
are obtained in a 5 C increment, other temperature increments are possible. For instance, a TREF

fraction could bedga 4 CincsaReRbRIFLANA8BERER B GidoreReMiGh} &sinsiepent.  [111] For
copolymers of ethylene and an a-olefin, the inventive polymers preferably possess (1) a PDI of at least

1.3, mote prefSPEBRy RPRIASE TED A NN /95y By RIadt B aMEEE prdretabiy afieast 2.6, up to a

maximum vakseods.Bkanore preferably up to a maximum of 3.5, and especially up to a maximum of
2.7; (2) a heat of fusion of 90 25J/g or less; (3) an ethylene content of at least 50 weight percent; (4) a
glass transition AAA—AA-BBB—BB

[70] In other embodiments, the block copolymers usually do not have a third type

of block. In still other embodiments, each of block A and block B has monomers or
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temperature Tg of less than -25C, more preferably less than -30C, and/or (5) one and only one Tin.
[112] Further, the inventive polymers can have, alone or in combination with any other properties
disclosed hgrgith@/siaoe modulus, G', such that log (G') is greater thany3Qoy&gstaliaaP0 kPa,
preferably greater than or equal to 1.0 MPa, at a temperature of 100C. - 33 - Moreover, the inventive
polymers possess a relatively flat storage modulus as a function of temperature in the range from 0 to
100C (such as that illustrated in Figure 9 and Figure 32 that is characteristic of block copolymers, and

heretofore urkpewsnier andisiinEaepblyriendaspRCH K A Baply MedQfelinianerndene or more C3_8
aliphatic a'0|§]ﬁ”EB(B(}’ Ir;[he ég}gm %}relgrtfi:\ggl f(!)ag‘ %}rﬂlﬁzﬁg te)x(g f’gimeangotgatgl%gb%' QR[aPSaascals)
decreases by [ESsthahfone order o maghitude between 50°an iBB&, pr@?‘elra nI‘y between 0 and
100C), [118p Acititionalhjcitheseatdifferrafzwipfifitinrahsolinneas eahdidoeka melt index, 12, 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 esgretially from b9 kie/d-0R iy 1dmpisiubess bf hcevtative mboblirienistetived
ethyleng/a-olefin interpol a s ' %@e : m 6.0 i from 0.5 to 50 g/10
minuteéa, fron%sltoeé%%ggl?oy %ﬁ%‘%@s}?‘%ﬁ% t%ol%gg 1@%#5%5 %ﬂf%%%%&ﬁ%%%@%& r?#}]f?tes. In certain
embodiment8PPHESRIEMINRIESe et YHB BeHRasSelomE g6 Rhiarsaabpyr PO hiRuteS PB%6/10 minutes or 5
0/10 minutesyrefidkA Hhg-Ralymersaaatayeomelecslan \woinkis aMnésened 1808:0/mala to 155,000,000
g/mole, prefecl'ablx from 1000 g%%%et 1,000,000, rggare Brefer%lil)é.frorrtl 10f0 O,%/mole to 500,000
g/mole, and e’sﬁﬁ%éilgﬂymf?or%s ; T“g::j'fngﬁro e16 3656 Iélfm%ﬁé’? Ge densi )9 ofthe inventive polymers
can be from Oy86dgns0 BRdleind dedapreferablyfomeliagd dnecoentaitingip aiyatarsfroirat 85 g/cm3 to

0.97 g{gm3. B?)%ﬁﬂ@%@aﬁéﬁ’l@%@%ﬂ%dﬂ%%ﬁ%%@HH%%M?TWM'@&&QMH%‘%@”QGS from 0.860
to 0.925 g/cm3or 0.867 to 200.910 g/cm3. 15] The general process of making the polymers has

] [
been disclosEHAFHE SRS KiligdsareRPLpD lRRalis AP pUBRERrEe U & B, iikiBHal Application No.
60/553,906, fitpdiMaieHThE n286ehask SepRravigiolaloApplicatiersiiin BRGE2S3iledHstanch 17, 2005;

u.S. PrOV‘S‘0@%%%8!1’&?%%%&&%1&9@%%g’f? ?JE&%M%ECJB& m@@%@h&’r}%-@éﬁ?ﬁ@%@ﬁéﬁsop”ca“o” No.

60/5662938, filed March 17, 2005; PCT Application No. PCT/U52005/008916, filed March 17, 2005;
PCT Applicatiéii gt PTcis 2005080 i RrsdAaPERSe TEEA0RD PICHFe AshT cEtfois Nised
PCT/U$200%/2080 L7 c feshdviarahal he 2005::R0T Rablisatianbiovilg RR0&/09842maphlished

September 29, 2005: PCT Publicatiqn No, WO 2005/090426, published September 29, 2005; and,
ST Publcattst RUE 36 Ao e e b Sae SO0 B B ahiare
incorporated W?@f@r@n@éemwphaméﬁp@wﬂmﬂ%ﬁéxm@y@fé waehrHetiod comprises
contacting ethyleng and, aptionally,ene A, M CRLdiiaNPAMISs 78RR R NN &sS.Qerthan ethylene

under addition polymerization conditions with a catalyst composition comprising: the admixture or
reaction prodéiersesarifperahreshibintRes Bea) a¥first oty JalymBeizatiorn 688alyStRaying a high

comongmer REYRIALIMITIRKationd B)AI8650Ae etiBrRRlyrarization.cataltstbaying a cornonomer
incorporation index less than 90 percent, preferabléflgés ﬁ&hin 50 percent, most preferably less than 5
Sty(

percent of th8' RBhTSRBHILT IR SHSBYA B Sk b E ) DAWPTORET A REH LHEIAY agent.
[116] Representafivéatatalysissaritbihaingsheitihirgaa ehiz ateias, fIOWSirpEsId CRdblyst (Al) is

[N-(2,6-di(1-gethylethylphenyNamido)(2s 1 k. paul, C.B. Bucknall, 2000, N can be converted to

the product of /v and M/p where v is a reference volume, M is the number average block

25 molecular weight and p is the melt density. The melt density is taken to be 0.78g/cm” and a
typical value of block molecular weight is approximately 25,500 g/mol based on a diblock
at an overall molecular weight of 51,000 g/mol. /v for cases in which the comonomer is
butene or propylene is determined using 130 °C as the temperature and then performing an
interpolation or extrapolation of the data provided in Table 8.1 in the reference by Lohse

30 and Graessley. For each comonomnier type, a linear regression in mole percent comonomer

was performed. For cases in which octene is the comonomer, the same procedure was
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isopropylphenyl)ta-naphthalen-2-diy1(6-pyridin-2-diyemethaneflhafnium dimethyl; prepared
according to the teachings of WO 03/40195, U.S. Patents No. 6,953,764 and No. 156,960,635, and

WO 04/24740: L atalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amidp)(2;.
methylphen‘;lkﬁ)(f@%}ﬁ%e‘r?%lene-(6-pyridin-2-diyl)methane)Thafnium dimetrr})l/, rj)}r“egf)(z)é(t’rgeir(j %aﬁggording to the

teachings of WO 03/40195, U.S. Patents No. 6,953,764 and No. 6,960,635, 20and WO 04/24740:
[119]Catalyst (A3) is bis[N,N™-(2,4,6- tri(methylphenyl)amido)ethylenediamineThafnium dibenzyl: C
|(43 hCll)*3h5[%&Qélé9§é§h Wﬁhﬁﬁélaaiﬁa %ﬁ%’ciﬁﬁi@ﬂéﬁ@é&ﬁﬂ@ﬁ%%@?rél@%)'kt))s‘ﬁﬂslss. The i |
methyl)phenye-2-phenoxymethyl)cyclohexane-1,2-diy1 zicconium \}}2 ibenzyl, prepared substantially
according to tA&? Sﬁﬁﬂ‘i&é"‘c?f’ﬁ?é?"ﬁﬁ%ﬁ&ﬁ-é.l%%??ﬁ‘z%’%]& ﬁﬁf@%ﬁé‘ faéﬁi)“?s%e LIRSS
1,2-bis-(3,5-didsbptyhoirenyl drelfhiaiaf ki fiGmethyletwpimearinodieth yy(@woxeylioZieconium dibenzyl:

[122]Cata'VSPéﬁgéti'@e?y?z@.E‘ﬁ%:??‘?izrb.b)tiﬂélﬁfb%wéﬁ’%@)é}zﬁ'é':c@ﬁonomer is octene, butene, or

methylcyclohexyl)-immino)methyl)(2-oxoyl) zirconium dibenzyl: 5[123]Catalyst (Cl) is
(t-butyldmid JYERPERsy | (SIRShFERPneIBes 8 4 -octans i ALTSIAS MHBtRPRTR IRty prepared
substantially mececding tarihedeehniquas edtk&niRatentbdeme6i2 m8 dddhaNQ {HRGR2H4T(CH3)2 N

20.0 mole percent, more preferably greater than or equal to about 22 mole percent and may
also be greater than or equal to about 23 mole percent, greater than or equal to 24 mole
percent, greater than about or equal to 25 mole percent and greater than about or equal to 26
10 mole percent. In addition, the A octene value may be in the range of from about 20.0 mole
percent to about 60 mole percent and more preferably in the range of from about 22 mole
percent to about 45 mole percent. When the comonomer is 1-butene, the difference in mole
percent butene between the hard segment and the soft segment, A butene, is greater than or
equal to about 30.8 mole percent, more preferably greater than or equal to about 33.9 mole
15 percent and may also be greater than or equal to about 35.4 mole percent, greater than or
equal to 36.9 mole percent, greater than or equal to about 38.5 mole percent and greater
than or equal to about 40.0. In addition, the A butene value may be in the range of from
about 30.8 mole percent to about 80 mole percent, preferably in the range of from about
33.9 mole percent to about 60 mole percent, preferably in the range of from about 36 mole
20 percent to about 50 mole percent and more preferably in the range of from about 37 mole
percent to about 40 mole percent. When the comonomer is propylene, the difference in
mole percent propylene between the hard segment and the soft segment, A propylene, is
greater than or equal to about 40.7 mole percent, greater than or equal to about 44,7 mole
percent, preferably greater than or equal to about 46.8 mole percent, more preferably
25 greater than or equal to about 48.8 mole percent and may also be greater than or equal to
about 50.9 mole percent, and greater than or equal to 52.9 mole percent. In addition, the A
propylene value may be in the range of from about 40.7 mole percent to about 35 mole
percent, preferably in the range of from about 44.7 mole percent to about 65 mole percent

and more preferably in the range of from about 48.8 mole percent to about 60 mole percent.

30 [72] The mesophase separated ethylene/a-olefin interpolymers may have

characteristics of photonic crystals, periodic optical structures designed to affect the motion
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C(CH3)3 [124]Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methy1-1,2,3,3a,7a-n-
10inden-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of U.S. Patent

NO. 6,825,29%; 5490 kboqhCatalyst (C3) is , PCT/US2009/032699
(t-butylarnido)di(4-methylphenyl)(2-rnethyl-1,2,3,3a,8a-ns-indacen-1-yl)silanetitanium dimethyl
prepared substantially according to the teachings of U.S. Patent No. 6,825,295: 5  [126] Catalyst
(D1) is bis(dimethyldisiloxane)(indene-1-yezirconium dichloride available from Sigma-Aldrich:  [127]
Shuttling Agetshdiessiugiing-agpnisiemplayed nekgrsdietplzing aiiek@puiyizine, di(n-hexyl)zinc,
triethylaluminum, tﬁioct Ialuminum,ltrietr%g aIIiurP, butgl.all%minu dbisdggitwetrglégbutyl)siloxane),
i-butylaluminﬂn‘rtr‘?rpé)lé’(a‘l3 tgrlar%%etﬁﬁgﬁry%sg%il e%fe%e-‘oclfysl%lﬂjrﬁ}%ﬁlrlﬁe& p%s ine-2-mei 8‘>S<‘|3de),
bis(n-octade sypilngtgletueirdmel¢iouytahaiyineme bistd i ahp ety afride P voctylitiminthn bis(2,6-di-t-

butylphenoxigg, pepdaluminumdicetbyidsnamtiv) amidel.gibylaluminym st ylyldimethylsiloxide),
ethylaluminum gl(%s-'](“tnmethylsnyl)amlde), et%lalummum 5 bis(2,3,6,7-dibenzo-

Fazacytlohefstirfashiieht Puh LRI TR fE 22816 T AR o8 rbeH &8t Bhide),

n-octylaluminamkisédinnetyige biaoph) stloxide) ethybzineuf 28 dip iyl plhenaxitie) lighdretiwylzinc

(t-butoxide). , ml%%@h%ﬁ%%%?}}/mﬁhﬁ)&[‘%@@iﬁ{}ﬂ; Rracess dakss,the form of a continuous solution process
0

for forming block copolymers, especially multi-block copolymers, preferably linear 10multi-block
copolymers of t\/é) Oor more monomers, more t%speciatllg/ ethﬁlene and a Csm.)ZO olefin or CE/CIooIefin, and
most especially lene SHERCHIELIER in, 8%??1’8%6%58 & 85?5@/%?%1 Rarare e 5’5’3@3 of
interconversizastThatibytine/ calafystdoaka iebrpnijoatly aistinetndmder gontihadidoskiution polymerization
conditigns, the PEOGRSS ISHdeRly, SHiLed f AR BRIZ A MR OHIIAnemeEsALRigh monomer

conversions. Under these 15ngl merization conditions, shuttling from the chain shuttling agent to the
catalyst becoMeSQRARaEaPESHparEatdEHXin GroRiAns FmeERstk ¢opUigméR 2 pecially linear

multi-block copolymers are formed in high efficiency.  [129] The inventive interpolymers may be
differentiated from convéitionits gikdishereopelirsaxnh Rysiddlcsressdsebiiysothers, and block

copolymersiprepared-wa £0eeseatiahmanemesaddiioneflnicnal catalyats, @inionic or cationic living
polymerization techni%ues. In agﬂg‘:qlar, compared to a random copolymer of the same monomers and
monomer cSHERC A& iHGRAYE R Erpolymers have better (higher) heat resistance as measured by

meltingpoint, lower compressign §Q&5g§gigqlﬁ%@5 glwﬁtggdge@peratures, lower stress relaxation,
higher Creep resistance, faster setup due to higher crystallization 25(solidification) temperature, and

better oil and filler accepg@gnceis chitaribe ipvertverintespolime aalsa exbibit a unique crystallization

and branching distripution relationship. That is, the inventive interpolymers have a relatively large
difference bE Wear héi?a%%g?eﬁge%{%em%elpgtf% meas %%’lﬂ%?ﬁ?%ﬁ%@?&’ﬁegﬁ% DSC as a function of
heat of fusicileaiSpECinthk asdcompseid R rBhabmedopdisrrieboontaiiipgalues of AT

and AH have the following relationships:
20 AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,
AT = 48°C for AH greater than 130 Vg,

wherein the CRYSTAF peak is determined vsing at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak,
then the CRYSTAF temperature is 30°C; or

25 {c) is characterized by an elastic recovery, Re, in percent at 300
percent strain and 1 cycle measured with a compression-melded film of the ethylene/a-
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/u-olefin

interpolymer is substantially free of a cross-linked phase:

220 -



30the same monomers and monomer level or physical blends of polymers, such as a blend of a high
density polymer and a lower density copolymer. at equivalent overall density. It is believed that this
unique featyre of thgehaygntive interpolymers is due to the unique distributipn-Qidthg.aangnomer in
blocks within the polymer backbone. In particular, the inventive interpolymers may comprise
alternating blocks of differing comonomer content 5(including homopolymer blocks). The inventive
interpolymers may also comprise a distribution in number and/or block size of polymer blocks of
differing density or comonomer contengywieRiis ge&ehwiz-Flory type of distribution. In addition, the
inventive interpolymers also have a unique peak melting point and crystallization temperature profile
that is substantially inde{@enderit efipahprier idetigityyvb aliies, laveb OB P l6WC  [131] Polymers

with highly grystallingchainendsican beselectively mieraredinArsoidasnge with embodiments of the
invention. In elastomer applications, reducing the relative quantity of paolymer that terminates with an

amorphous BIBRRCFEYFEBE thel ftsAth o IR BiRRGUEBHEAL Uit ER/RATINE TS, This result can be
obtainetl byethSthe dsirgothadn fehtititirgagetssand (tatalystsohavingawdppiaphdte response to

hydrogen o _Ghal inating . t ifically, if the ¢ jch.prodyces highly
crystalline ég?é%% rg%%rf%érgeﬁg%ﬁslgfé%% gflg ﬁ%@%ﬁ%ﬁ%ﬁﬁ é ntvI %u%%%%@y\gﬁg% 6%!%%09%) than the

catalyst res\EpsiBfES6Y- pREdRRIM G IHaNST CRAtAN IvespORMe wejpribrpstichi&édntHfough higher
COMONOMERRAEROEALIQT (e giRy RO Qe mtagtisponinaiesformation), then the highly crystalline polymer
segments will preferentially populate the terminal portions of the polymer. Not only are the resulting
terminated groupsegrystafiinestragupodotesminalion: tAE Gighly crymtaline gt reldfitming catalyst site
is oncggain Quaitablfosirainitiatios @‘*@@%%ré%{m@@% hheeipitiallyrisnned pRlypagt is therefore
another highly crystalline polymer segment. Accordingly, both ends of the resulting multi-block
copolymer gré PBreferentially highly crystalline.  [132] The ethylene/a-olefin interpolymers used in the
embodiments of the invention are preferably interpolymers of ethylene with at least one C3-C20
a-olefin. Copolyméis of sttfienezad by eBacacs Wpsknrdee sspetiany psreferfaty. waeoiterpolymers
may furtherjgpmprise C4-Ci 8 diolefin and/or alkenylbenzene. Suitable unsaturated 30comonomers
useful for polymerizing with ethylene include, for example, ethylenically unsaturated monomers,

conjugated gr nonconinaRted disnes, BolENES, AKENYIRENZANES e 4y etc. Examples of such

comonomers include C3-C20 a-olefins such as propylene, isobutylene, 1-butene, 1-hexene,

1-pentene, 4-m I-1 -pentene, 1-hepteng, 1-octene, 1-nonene, 1-decene, and the like. 1-Butene and
T octerb are csbiially prETRLACE L) T s STAGH e ch LA S Byt substiated
styrenes, 5vimbenzdt ydiobutanatr4bhexedienty (7 Hotddiened andicaphtiventbs (e.g., cyclopentene,
cyclohexene audieyRIROGIONE) ereald:3RAVYRIG ethyiaRe/asqlefin nterpalymersalg peefarred polymers,

other ethylene/olefin polymers may alsg be used. Olefins as used herein refer to a family of
unsaturated AYEFRSEAIBH HRRsdades mBoURBeiRtr A BYY BISE fEsHSaR SBISH [ SEESHd.
10Dependingraifiecsdlectiernaincaialydisnary efipermaye Rasugddiuncafibodiments 6bthe invention.
Preferaply, syjaple qlefine-argf-3 (R Alphatc-ang ALamalE.compaunds soataiping yipylic.
unsaturation, as well as cyclic compounds, such as cyclébutene, cyclopentene, dicyclopentadiene,
and norbometiéd, fackulint Bt Hewt frn ke d8 norbomene substituted in the 5 and 6 position with
C1-C70 hydrocarbyl or cyclohydrocarbyl groups. 15Also included are mixtures of such olefins as well
as mixtures of such olefins with C4-C40 diolefingompounss) [134] Examples of olefin monomers
include, but are not limited to propylene, isobutylene, 1-butene, 1-pentene, 1-hexene, 1-heptene,
1-octene, 1-nonene, 1-decene, and 1-dodecenegl-tetradecene, 1-hexadecenge, 1-octadecene,
eicosene, 3ot HEloNE S bl T LA SnBh T R iyt 1-heptene.
4-vinylcyclonexeriemvimpeyeid rexaneatior JBREdiehe; stiyliddek noksormmd ey didpentene,
cyclohgxeng; gicysloRe Madiens: SYEoLGRemGiefe40-dienes IMchicingautaetimied 4R

1,3-butadiene, | ,3-pentadie_ne{ 1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other
C4-C40 a-o1etTE BHYHS g ﬁﬁ’%t’é‘?f’f&?ﬁ%‘b@&iﬁf’é‘rﬁ%flﬁﬁlé‘eg-ﬁsigﬁw’%spropylene, 1-butene, 1-

25pentene, 1-hexene, 1-octene or a combination thereof. Although any hydrocarbon



containing a vinyl group potentially may be used in embodiments of the invention, practical issues
such as monomer availability, cost, and the ability to conveniently remove unreacted monomer from
the resultingw%)%@a%;g&y become more problematic as the molecular Wemfﬁg}&@/ﬁg%; mer
becomes too high. WO 2009/097560PCT/1152009/032699  [135] The polymerization processes
described 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.
: =d by following the
v a C3-090 alpha olefin,

e prepared. [136] Suitable
non-conjugated diene monomers can be a straight chain, branched chain or cyclic hydrocarbon diene
having from 6 10,1 carboy,aloms; fxameles, ol syiiable men-sanigaied diengs inyde. but are ot
limited to, straight chain acyclic dienes, such as 101,4-hexadiene, 1,6-octadiene, f,'?-c_)ctadlene,
1,9-decadienBeisrang ed etiaih e yatie rabies fmgipna BI5srhefingil byswrosilifae: following

3,7-dimethyleds@rogtadienes Shickimethylalnd ®ctagigne and mixed isomers of dihydromyricene and
dihydroocinene, single ring alicyclic dienes, such as 1,3-cyclopentadiene; 1,4-cyclohexadiene;

1,5-cyclooctadiene and 1,5- cyclododegadieng, and multi-ring alicyclic, fused and bridged ring dienes,
such as$ 15tetrahydroindene, meth)mteetfqngiidﬁgﬁé%' i m,ﬁiweﬁﬁé@ﬁe, bicyclo-(2,2,1)-hepta-2,5-
diene; alkenyl, alkylidene, cycloalkenyl g E)} I%alkylidene ng Fnléﬁ)e%, such as 5-
methylene-2-norbornene (MNB); 5-propenyl-2-norbornene. 5-isopropylidene-2- norbomene,
5-(4-cyclopentenythee fartsshn ik B Gyolonebyiid ERR EXrdvborrienporSavinfftrorbmeere, and

norbomadiepe e, Pienes iyRically used 43 RigRake ESIDMs the.LaRarticulary Rigigrred dienes are
1,4-hexadiene (HD), 5-ethylidene-2-norbornene (ENB), 5- vgné:tlgdene-z-norbornene (VNB),

( .
5-methylen&2d JdP5BHEA L MMEB PRI HIE RIS L REite e s IS S IeTE BelcrsihrE R red dienes
are 5-ethylid@ne-2hytetagsnaesn (EMB)Ismed: 1Hdfdnekactiensi@nDyhicH ARd ke clagsedf desirable

polymegs ”&%ﬁ?& "i‘%‘iﬁd%ag%qg)% iéﬁhéé?&l%ﬁ)&%@u?@&ﬁao&ﬁh&hi YRR ?{a%t%r?smme”c .
interpolymers of ethylene, a @-&2  a- olefin, especially propylene, ana optionally one or more diene
monomers.fPrBE rdra ssrETRRSfor s ATERiS dinsBHANEHT BRIRAEH RESRTRTRNIBR ard dsignated by

the formulaspiefaiibs ovde RIRTdR atinearomaranshechalkyhgoamp:ok ipmolio e tarbon atoms.

Examples of gl.ijtablle a-olefins i&clu , .u%age not Iirpltehd to, propylene, isobutylene, 1- 30butene, |
_ E_l Vaild §are SF?{ t_ . O3 100 g 8ﬂil_t8&0 ﬁ%t lene ho gOI} THET. _ T
pentene, 1-hexéne, 4-methyl-1-péntenean ene. A particu r)ypreferred a- olefin is propylene.

The propylene based polymers are generally referred to in the art as EP - 42 - or EPDM polymers.
Suitable dienes Ffluse iny%fe‘ﬁéli%@ PEIPREREPERHECT) HIGRITORR DN Bigéolymers
includesconjugateckaion dnrdap jgatethnsiaighter biafichethah aibkcaycliceighqpolyeyclic- dienes
comprising from. 4.to 20 carbons. Preferred.dienes.include 1.4-pentadieng, 1.4-hexadiene,
Ceethyldene D L s e e e B e e e, A
particularly pPErd¥EY Bigvehe Bilewysgeéi@norbornene. P381Because the diene containing
polymers comprise alternating segments or blocks containing greater or lesser quantities of the diene
(including none) and a-olefin (including none) LthB.iotal/Guantty of diene and a-olefin may be reduced
without loss of 10subsequent polymer properties. That is, because the diene and a-olefin monomers

are preferentially inggenpsatgrhiate, o ventyprRsafhiack Obdlmemalnaesy athanthas waifermly or randomly
througﬂ)out the goléi er, they are %}iore effi(t:ie E%ly 'zeg andfs%bse ue(neélgl.ghe cro&slink density of the
polymé&r caf b Bettef Controfied. Such crossiinkable elastomers and the cured products have
advantaged-propexiesdinchrd sharighorde reiftesteanithe antolBvatter b lasticv ecoyesyion. [139] The
gthylene/a—glg{@j@@g&%@@‘{ﬁl%@ ﬂ?ﬁx&y%IPH@HF&QME%@%Q&E%H&@N&%&%@,%Mf_‘Ct'Ona| group in
its polymer structure, Exemplary functional groups may include, for example, ethylenically unsaturated

mono- and WP ESRSHAIEEE SRYREQRTHLS BRRDIBMRR A G mEgthaRrsly R FSmaRt 2 hctional carboxylic
acid anhydrigesssakiaghepegir2@andesiersvthgnaaheSuchl ivnetional grpufs traydpargtaged to an

ethy|e9§ / a’%@ﬁﬁ 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

L0



interpolymer, or may be copolymerized with ethylene and an optional additional comonomer to form an
interpolymer of ethylene, the functional comonomer and optionally other comonomer(s). Means for
grafting fun%i ;gA ps onto polyethylene are described for example in S.
4,762,890, § ,é%(sg:%and 4,950,541, the disclosures of 25these patents g#?ﬁ‘rﬁ%%%%g herein by
reference in their entirety. One particularly useful functional group is maleic anhydride. [140] The
amount of the functional group present in the functional interpolymer can vary. The functional group

can typically,pe-presgriin aeaRONNSLHYRS flrostionalizedinteRalymerdnamamauntof at least about
1.0 weight percent, preferably at least about 5 (gOWe%ght percent, and more preferably at least about 7

weight perceRt & X et SRl GrotRB W SRkRg 1 ﬁﬁ%@'g&ﬁﬁgfﬁ%ﬁﬂvrﬂ%ﬁéf%@functionalized
interpolymemnprimameutisyass ftiwalgoeihdOwiiight percent, preferably less than about 30 weight
percent, and more preferably less than about 25 weight percent. More on Block Index [141]Random
copolymers satisfy the following relationshie Seg Pe3)TEleLy+ breass. Faraday Soc., 51, 848 (1955),
which is incorporated by reference herein in its entirety. [142]In Equation I. the mole fraction of

crystallizable mgpamers, B Jsselatadiadotbe. mellinglarmparrivie.fionak ihe kapalymer and the

melting temperature of the pure crystallizable homopolymer, T,,. The equation is similar to the
relationship f&F tHENATAFAREE SHPA GRSl rerenid i SPBET) AT RLILTGHRSh of the reciprocal of
the ATREF eldficinrierpedatuse ticas SROWH:iotiglsEhdoter csarokisidiomogenepusiydtanched
copolymers of efylene anchalefinsa el dAsdlisiaiedin flane e ielaignship glethylene mole
fraction to ATREF peak elution temperature and DSC e]tmg temperaturéj for various omogeneously

branched copBiRERCISBARIBRIS (OIS A EHGAA0A ISR PEEpaidlive TBRE Ffsfons of nearly

all rangem copalymensaboPiantioracepeliroaidlandsilttewiserfall ondbis ingaaxeeptfor small
molecular wei htgrffects. 144%’@c§ordir&9%to Flor ,f the.mofJe fractéon of eqw lene Ehs equal to the
[ ,

conditional pro 18 ﬁ%t/"fﬁ'atcé’n\éeres lef uni SVtﬂVSPecnéogg? OffoW'ano 8Irnect?Pﬁ nnéeru%fi then the

polymer_is ra_mni)l@mh@mfh%rﬁaﬁdﬁ@ mwm@mI@MﬁW&nm&awl@ etbiyt_elﬁfe units occur
sequentially i3 QrealRE HIoREa RER 6 SAROVIREEIS 2 RINcK CARRIVMST . [gJRPaiping.case where the

conditional probability is less than P yields 25alternating copolymers.  [145] The mole fraction of
ethylene in réhbotPbTSREARS BT ANK determines a specific distribution of ethylene segments
whose crystallization behavior in turn is - 44 - governed by the minimum equilibrium crystal thickness

at a given tempéréiure. THeféforEstHateapbMPthéniny BrbcTREE srideatiizedion temperatures of the
inventive blogi.eapalvnass sragsiatadioshemaonipige of sdevitiop.femdherapdam relationship

in Figure 2, and such deviation is a useful way to quantify how "blocky" a given TREF 5fraction is
relative to its TAREIA & &8 ERsnt copolymer (or random equivalent TREF
[79] Once the block index (BI) for each preparative TREF fraction is obtained,
the weight average block index, ABI, for the whole polymer can be calculated. In some
20 ernbodiments, ABI is greater than zere but less than about 0.4 or fro about 0.1 te about
0.3. In other embodiments, ABI is greater than about 0.4 and up to about 1.0. Preferably,
ABI should be in the range of from about 0.4 to about 0.7, from about 0.5 to about 0.7, or
from about 0.6 to about 0.9. Tn some embodiments, ABT is in the range of from about 0.3
to about 0.9, from about 0.3 to about 0.8, or from about 0.3 io about (.7, from about 0.3 to
25 about 0.6, from about 0.3 to about 0.5, or from about 0.3 to about 0.4, In other
embodiments, ABI is in the range of from about 0.4 to about 1.0, from about 0.5 to about
1.0, or from about 0.6 to about 1.0}, from about (.7 to about 1.0, from about 0.8 to about 1.0,

or from about 0.9 to about 1.0,



fraction). The term "blocky" refers to the extent a particular polymer fraction or polymer comprises
blocks of polymerized monomers or comonomers. There are two random equivalents, one
correspondipg taerusiant temperature and one corresponding to constarddpgie:faationef ethylene.
These form the sides of a right triangle as shown in Figure 2, 10which illustrates the definition of the
block index. [146]In Figure 2, the point (Tx, Px) represents a preparative TREE fraction, where the
ATREF elution temperature, Tx, and the NMR ethylene mole fraction, Px, are measured values. The
ethylene mole fgotion of Hiedmdrelespokess oPABinealSe atadsuredbiimNMR cThiscrhadthsegment”
elution temperature and mole fraction, (TA, RA), . est] r.15else to that of ethylene
romopolymeLToh SPTGAD den A et Ege a8 FIE L s A Bl o
copolymer e§ihiglepeATREPERNUH terRBEratpeiB dkeasHmbaprebleckaplx FeawnT thttmeasured

ATREF elutigpatemperatusao I¥edhecaiiasppading ravsem sindaneJniele diagtionexo0, can also be
calculated. The @uare of the bjock | d%x is defined to be the ratio of the areaaggt&(e)cfx, Tx) triangle

and th (TA,hgd ﬂﬁfﬁ’%ﬁ ié? (i)ﬁ%' henrfﬁﬁ]tet?fgn%qle%egtrsé Sinditar e Tatd ofareas|is also the
squared rationgf thgzedist dirresb o e Tid, PRABIcand! (Thgréayrtdizheban dmiline. tinaadifich, the

similarity of the fighhiHapgles Means Ihedala of e lerpthsabsings %&m%wm%pp@.dmg sides can
be used instead of the areas. or B/ = LnPx - LnPx, 1/TA -1/TABLnPA - LnPAB 25[147]it should be

noted that theRRbEP PRIFBERSI RKPIIRIRBUISHIR AT Sbre PTG S WHBIZPBYI I 8PIIh A single
eluting fractiaboat the peinir(hiy Has) dlRecdusasaisiual [0 ymenr iaulkbpredend thaeibylene segment
distribytion in the "hard.s ent, C in all,the ' cten ly,in.runs that are
nearlyfpdentigéﬁ’I t%ret%%ge a%%o 8%%3%%? tlF?eQ Eéag t glelg}gng% cé%%&%’ %%Oﬁgg?sﬁ:ﬁgsr‘le@%tﬁgghgoft segment” will
not crystallizé-th thetAPREre@iogiapairative TRES rpphidatiohicghirdergrersedhan[abst The inventive
mesophase separatedeibye s/ anelefindlosioinienely feks Hearnize wsask iR vediety pf thermoplastic
fabrication processes to]Prooguce usefuLarti%Ie%Uigclu ingL ot%jecttfs goEnpritsi at least one film layer,
such as a mc%ﬁofﬁ’yteoraftﬁo t o] a%rlgﬁéfeéﬁéqugﬁin'aar%u\ﬁa?/éar?l m'p'reBé’Fea 37 cast, blown, calendered,
or extrusion ewétidgnprocéssedymultedicrticleshbakmdsivaanibidedoinjestion wmaofddwror rotomolded
articlep; extrysions: fibers; ANV 9 RABNMEYSNJaRic s hRsRCl/MBs Ay BlRedE used in
10oriented film made in a double bubble or tenter frame process. Thermoplastic compositions

comprising tI78 SRR ABRAEP AR R BRAES with other natural or synthetic polymers, additives,
reinforcing agents, ignition resistant additives, antioxidants, stabilizers, colorants, extenders,
crosslinking agdfid, blowingdliemnse amavpiesstidiodrndor prtirdirataalifscars nskilediasponent fibers
such as corefshaaiin-filbersichaving Ry suie s wiacedaver vl 2 eomprsing aklgagtinpart, one or more
polymers accordi %6{10 empodiments of the invention. The polymers may also be used in articles such
as toys; jeweqfs?%r?ﬂ L %’ﬁﬁetic opals; and, decorative items, such as films  [149] They may
additionally be used to form photonic crystals, photonic band gap materials, or elastomeric optical
interfetBnce film$25uch MaBHARPEOHTERY BaHERETNIHACR RES 4P5HHa FBPrEme4itenating in
refractive ind@x,iavithihehrdamaingisjzeshiatpinvides photbpimband geginmibliadd Yewmsinlg spectrum,
such as those disclosed.in US Patent No. 6,433,931, which is hergein incorporated.by.reference.

T150] A photd N R A e o S B e o e o
within a specifid fratphdacyprariyad baid yéheerhin directions. 25That is, band gap materials prevent
light from propagating in certain directions with specified energies. This phenomenon can be thought
of as the completa@seflestian efi6ESimagfieTlic radigtipefebbiparticular frequency directed at the
material in at least one direction because of the particular structural arrangement of separate domains

of the ypaterial, ang, refragtive:indicegipf thosedomanscihsgietiiral arrangement and refractive
Ty 2 -7208.6 - 15100(d) - 7756.9((1)2.

[83] Such melting point/density relationship is illustrated in Figure 4. Unlike the
traditional random copolymers of ethylene/a-olefins whose melting points decrease with

decreasing densities, the inventive interpolymers (represented by diamonds) exhibit melting
2



30indices of separate domains that make up these materials form photonic band gaps that -46 - inhibit
the propagation of light centered around a particular frequency. (Joannopoulos, et al., "Photonic

- Crystals, Mgldinghshg-glgw of Light”, Princeton University Press, PrincetopNdsd@RB}so9
One-dimensional photonic band gap materials include structural and refractive periodicity in one
direction, two-dimensional photonic band gap materials include 5periodicity in two directions, and
three-dimensional photonic band gap materials include periodicity in three directions. [151] The
reflectance apdntransmmitianca pkgpetirscofa phstgnieckystialyoreatizakintartereaaeatibat are
characterized by e anlied) eknessof (e fomains gl regians: Tg oRligaL Nisknags is defined as

the product of the actua fhickness times its refractive index. f&lglflms can’be eS|gned¢to reflect

infrared, visibiegopiahaviblét WwavehonyiRs 6F lidke depévidirges AranelopteiFericknas8.89the domains.
[152] The refgactiyg inalceslnapacale. dmaingoal e atiyaios: s padodigyiasiucral
arrangement, are tailore et desired.criteria. The city in structural arrangement is met by
creating sep&t%tgécffil%gé’l%tst%ﬁ & lé‘?ﬁw(i{eaﬂ’sf%' e OéFe%gglg ﬁct?%)eg&%uﬁtgtégéﬁ%%mprising the domain
as opposed to in a vacuum (freespace)) of electromagnetic radiation desirably effected or blocked by
the structure, préfrably dBATSIRE GFG5e the Yrelaeo A IHAHRRISIRAE B8P itetst. The refractive
index ratios beiweenadiaeenidomating should.be highmironghtocrstalishadandrgap in the material.
Band gap can be discussed. with reference to the refractive index ratio {m/n2). where n1 is the effective
il 2001 e ASSar o FEA B Saorees e HECHS, DRI SR CBBEA S domain,
general, the [ARfEF the e framth s rdeperaiies (refilcilescontradiyahien dngéysth Erpriietiaiap and, in the
presefpinventogy head-gapaisdallerrd: o heishavea predeiormined thiasheld.aad-extgnds in one
dimension for one-dimensional systems, two dimensions for two-dimensional systems, and three
dimensions f5713#&8 Bimensional systems. Suitable 25choices can be made so as to tailor the
refractive index profile of the adjacent domains to selectively concentrate or diffuse the optical field
intensity producedby tﬁé%ﬁ?ﬁéd}ré.ﬁ?@ié aathipfeatidmplished in the present invention by tailoring the
composition of the hard and soft blocks. The refractive index contrast can be further enhanced by
blending componéfita thatravélapbéfdientiahaffipitychoblgne type of domain. One approach is to
employ high 30index nanoparticle additives, such as CdSe patrticles, which are coated with a
surfactant layer and setecidgeine@pesated into one of the domains. Preferably, adjacent, dissimilar
domains or segments having a difference in mole percent a-olefin content differ in refractive index

such that the,rafiq.pfdher eliaskvedndex plagiaslie SLaR: iRareaiertham Lrorefaraplsat least about

1..01, and more preferably at least about 1.02 for a continuous set of wavelengths lying within a

wavelength'fanJ& Sromh b BEk s GG Autie 26 16 DR SE Y BBEaiReeohiaYefractive index
ratio is frommaf)ﬁ,.tmejpélﬁg'qntefeephgeﬂr.ﬁﬂletmjs. perandabre-piefetiablyoly02riaddGbléey thamontin.uous set
of Wave'en%tpaéxﬁgévmgz WAYSIGRUDANGR PRIAPA o ag £9R3Rqu{L0 pm. According to

another set of embodiments, these preferred refractive index ratios exist for a continuous set of
wavelength$RAFGWRATH @ wale leH gt Be i aBbie 308 Ahvtican®l7d8Hm, and 10according
to another setfelembpdimaaisCihesmtip phrefsacivenindsx of eredodihe-aiienisiad least 1.0 or is from
1.00 to 1.10, f)refer ly 1.01 to 1.Q6ta(r11(a @%?.grgfter%blé/l 1.02 tqs 1.(%15afor0a continuous set of
Wavelength%0 SY/ﬁ%%r‘wif ind \fvé)\y"eﬁgnog% rrfnge of Forn aBout 400 am to BO°Itm: These dielectric
structures, exdibitingladsanedgapkiartaeimdippérsioperaliatio accamibttalibipe edeptrenragnetic waves at
certain ffeQ%%Q%%&Q%?Hé@w&@ﬁﬁslﬂ%ﬁ?&la&@fr OfIQARASATRG Jronah thematerial.  [153]
The polymeric structure should be made of material that, in a disarranged state (not arranged with the
periodic strilIFE R RS SR T R R R B T GRS o F B &P 69y 5 %% ‘Pérgzéf %é%ﬁ%ﬁ§li{t)ahsparent to the
electr@magnizc. radiation of interest, When the material is at least partially transparent to the
electromagnetic radiation of interest, defects 20 in the ordered domain structure of the photonic band
gap material defige pathways:thieuateybichibegipeamraneticradiaiamenupagssiaee the criteria
for blocking tﬁgcﬁ%g'% I(I)C Ie ugees, té(t)%eee%' 40°C and 130°C when fractionated using Temperature Rising

Elution Fractionation (“TREF™), characterized in that said fraction has a molar comenomer

content higher, preferably at least 5 percent higher, more preferably at least 10 percent
25



[154] In certain compositions, one or more of the blocks or segments is crystalline or semicrystalline.
This crystallinity is one distinguishing feature of the inventive 95interpolymers compared to materials of
the prior artthpise Agen used as photonic materials. This crystallinity preyigesd messanism
whereby the photonic behavior can be reversibly turned on or off, particularly when one block or
segment is crystalline and the other block type is amorphous. For example, the refractive index of
molten semicrystalline polyethylene is the same as that of an amorphous ethylene/l-octene
interpolymernhghehBOmatasialscampheibeatechaionentheiepuiting feotpearatiie wheeerdhey lose the
refractive inqgx contiastaecessanlo exhibl eharpcieialss. Al ARIRIaNG Csial, awgyer, upon -46 -
cooling, the semlcrys'%} Ine material crys afliZe5 and restores the refractive index contrast and resulting
photonic propariesmofaBs] Sizadfahedhiedas isemstihed mppBrtancparshrerietfflecthg the photonic
properties ofabglﬂW@ré_@Je@%f@aﬁmﬁEgéppj&&ﬁt&saﬂéa_ldol@m%%l@syrﬁg%l?,@wﬁliat.ivwa@éeguk?é 5weight§ and
compositions of the various blocks. Additionally a diluent (compatible solvent, hamopolymer, etc.) can
be used to sWaIl 4 A GSRTHREC g}1ﬁ%ﬁ&fﬂ%@@g&eﬁsgeWé%{R,é%P§W%W %tﬂ%&f{ﬂ%@?&%e of domain.

[156] In som&emblydienenisythe tongaahigencrgetyard lor entetionnd b omansvcambé affected by
processing t%&gﬂ&&@gﬁﬁgg?&g@@g@g@%@%ﬂ% involves treating 10a homogeneously mixed

spun cast film by bringing it above the highest glass transition temperature (Tg) or melting temperature
(Ina) of the companents for a time sufficient to produce th fjesi ed ordered mesophase separated
morphology. Th@%([gsulting} r?]%c%grp %%éﬁs%?ﬁttgkeeegﬁg%% 8% he'co "g Iﬁgﬁt%r%gp%?g%ﬁéeﬁnto
inesodomainkywitialstigpesotiaat, Ror iopsmplealciiy baceptindricandliadikeesphiedieak bicontinuous

cubic, {gmellag,opetherwistach TR il Mman e eHg Maheusthe gt habefiihe gomponents by
heating or, for example, by the use of a solvent whichEch])%z)r the transiti%p é%r}:?%erature of the
‘ |

components FRIBW RIS FEEHTEFamER BHiaRitre operABAGHEN RE*Brior to treating,

the copolymeelwitidkipn=adhetmiodyhnarkitaltaupsiaie sngieapibbemhidh, ovhehtiedught above the Tg

or Tm of its clgmygonents will separate into the mesodomains. In certain 20instances, the mesophase

separation in AB block copolymers will yield stacked lamella consisting of alternating A and B slabs or

layers with differept refractj € indices. In.addition, if such copolymers are roll cast from solution, then
o5 R B ar

well ordered, glo é%%d%ﬁ%ﬁ%s%an be formed. Other known methods of globally

orienting lamellar films are the use of surface-induced ordering, mechanical, such as shear, alignment,
biaxiailgSorientati%ﬁ?b‘i‘ﬂfl‘éfé’@(f‘i‘?j ABIPEFREGHEAL field alignment.  [157] Other embodiments of the
invention do not require spin or roll casting to achieve the desired ordered structure, For example,
simple compressiBa phEfldiheRsidhandventiverpoigforeidycan provide a film that displays photonic
properties, thus providing a tremendous advantage in terms of processing costs. Other typical melt
processing 30techrigugl,-s6tdid@s injection molding, blown or cast film processing, profile extrusion,
drawn or blown fiber formation, calendaring and other conventional polymer melt processing

techniques, maydre usedpg achiene.simiaraifeei®nsity on elastic recovery for unoriented films
made from certain block interpolymers and traditional random copolymers. For the same

20 density, the block interpolymers have substantially higher elastic recoveries.

[88] In some embodiments, the ethylene/u-olefin interpolyimers have an
elongation at break of at least 600 percent, more preferably at least 700 percent, highty
preferably at least 800 percent, and most highly preferably at least 900 percent at a

crosshead separation rate of 11 em/minute.

25 [89] In other embodiments, the ethylene/¢-olefin interpolymers have (1) a storage
modulus ratio, G*(25°C)/G’(100°C), of from 1 to 20, preferably from 1 to 10, more

preferably from 1 to 5; and/or (2) a 70°C compression set of less than 80 percent, preferably
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[158]Some examples of the films exhibit iridescence and changing colors as the angle of incident light
on the film is changed. 5[159]The inventive block interpolymers can also be fabricated to form
mechanochgamigeliliasssf mechanochromic films is a material which respepdsiegafesspation by
changing color. In these materials, the wavelength reflected changes reversibly with the applied strain
due to the change in optical thickness. As the film is stretched, the change in the thickness of the
layers causes the film to reflect different 10wavelengths of light. As the film is relaxed, the layers return
to their originatdineknegs-asng, ssfeciithedsofigind yeaelclegtiisnl Sisgsnrentasaessihrareflectivity can be
tailored from t@r%e\ﬂ.{Si OI% trtl(g%uC%h nr%ar.l@grsaerteg 6%%%@3%5 with applied stress. [160]The inventive block
interpolymerg may also be Lsed o form po?ym ric reflective bodies for infrared, visible, or ultraviolet
light, as described in US Patent 153,711,176, which is herein incorporated by reference, This patent
describes matefials that 4Pe #5rsE BYPELIRIRRISNIYT AP FORM RRRRAHARYS Ridhte ordered
layered structurgsessidn sy efdeontbiae D200, Nivs sealg) Thedny éntivesintérpatymenslare advantaged
over thgse malarigshesruse fimr Ao nobeaiishameensie Anbladions pracessing techniques,

namely microlayer extrusion, to form the reflective bodies. 20[16 e optical interference films of the
inventive bloBRFRérseTyRBAY ﬁ?&?ﬁ%slé%éhﬁ%@ﬂﬂ‘?ﬁ%{‘%é%f?%fgﬁplﬁ’dﬂ DiSRERBRS Slich as Fresnel
lenses, light pipes, diffusers, polarizers, thermal mirrors, diffraction gratings, band-pass filters, optical
switches, optical¥liters, photdricehéedyamtfibes;tapticdt whieguidesyormidireptisnal reflectors,
brightness-enbaneemantHielS. Anddhcl ke L2l @ the Hansparent e asiperis, entgal interference

films of the present invention have a number of uses. Such materials can be used in window films,
lighting appliEfigie, §BuCtht RERERY I5mVaRY HiBreayr KiStendn restere P et pralEe iy -protective
tapes,lgreenkougadiling fapkagingydaysyandechaveltyciemssedecorative, and security applications. For
example, the films may be used for packaging which display - 50 - changing color patterns. The

wrapping of irregsdar sham&ﬁ&mwﬂl;ﬁaﬂ&&ﬂ@ﬁ&h@@&&&t&?m&&ﬁ;\e@é@;ﬁ Qf)‘maé@?@d exhibit
unique color attﬁrérjg as balloons or

. Toy or.novelty jtems which change, colors when stretched, su
ombossor PGB Br e B e SR 5 KUVt TRD BB fBHEated 1 which
selective strefchiegiidpoitivns bbthe fitindmpeareibitak dnidéfiatmmhepbladigrreauses a pulsating
color Changed%ﬁ%ion%&cﬂl@z&%ﬁ%&%@ﬂﬂﬂ‘&%ﬁ'W&%l%sﬂﬁﬁé&&{ é@%ﬁﬁﬁ%hgﬂ%y also find use as

solar screens which reflect infrared light. In films with varying thickness of the domains, the film can be

made 1o refldCEEBid e h AT BRI H U BRSPS SIS PEERI QTBRMSE S the infrared
reflecting chasiaciéfigtigsmhiibéodite) Maie be-fehaingetk kysinatek ng e fitness BHus ot2pending upon the
desired charagcteristics, the film can be ma le 11% 5E%‘Iect infrared during certain times of the day, and

le

t ¢an
O T sevments inc in . . . .
then be stretcﬁe to apgpear t?angpa entto visi ight. Even when stretched, the film will continue to

reflect ultraviolet \%avelen ths,. . [164] The elastomeric films of the present invention may also be used

as 15 adjustablEfight filtd S BROEGrASHR S et eHRCIHE RS AAEent 6 AR Wifferent
wavelengths ofprghirtiEhelfilkns wbthe presentahvamtiagnefooplalsorfimdi usethnlagr oultrecrAs it is known

that plgpt grayth, %H&é‘;iﬁél&%gzé’zomsn%é’&'ﬁ{m};ﬂ@]‘l%tff&ﬁ{?%@%ﬁ}‘aﬁ?&%% gghgrnhouse film may

be fanned that varies the transmitted wavelengths of light desired. Further, if fransmission of a specific
wavelength CHHgRIISSaEEREY A STREHREIR REPBIHERISAR BES Ui M CHAR e efitfitthe day, the film
may be adjugiediby ptopteiinbhicketbixiah il enaintai pareabsianidranssoktegonavelength.

block interpolymer having a molecular fraction which elutes between 40°C and 130°C when
fractionated using TREF, characterized in that said fraction has a molar comonomer content
25 higher, preferably at least 5 percent higher, more preferably at least 10 percent higher, than
that of a comparable random ethylene interpolymer fraction eluting between the same
temperatures, wherein said comparable random ethylene interpolymer comprises the same
comonomer(s), and has a melt index, density, and molar comonomer content (based on the
whole polymer) within 10 percent of that of the blocked interpolymer. Preferably, the

30 Mw/Mn of the comparable interpolymer is also within 10 percent of that of the blocked
227 .



[165] The films of the present invention may also be used as pressure sensors to detect pressure
changes and exhibit a color change in response thereto. For example, the film of the present invention
may be fabriggtaddptrRiaphragm or affixed to another 25rubbery surfagg-siedh s tat.ef a tire to act
as a pressure or inflation sensor. Thus, an elastomeric film sensor may be provided which, for
example, reflects red when an under-inflated condition is encountered, green when there is a correct
pressure, and blue when there exists an over-inflated condition. [166] Elastomeric films of the
present inveniemhoayealsa/finthiisehpsrshiaiepeges3R0r Sasseanibngs «Onfilpn witheipresent
invention may, behltargljg%g%? r}% gggiﬂ?éj{é%c eegf 1%@’5 -m%yucture, and then exposed to a load.
Deformation of the Burace may then be MeAsurec ypre'(’:isely using a spectrophotometer which
measures the change in wavelength of light reflected from the film. Extremely large surface areas may
be covered with {88 film SFIHEHHBEERAIGIERRS R ﬂi@ﬂ@&étﬁ%@ﬁé‘ﬁiﬁ?@&%ﬁ%f’e%ﬁt invention are
useful in colaredstlisplayssdstichuak desgribed msddnited  StstR’s) Raterkdop38idfédedvhich is incorporated
herein i its GpUISlycbYIIGIANGE SHENAISPIRNG Are IeAueOlN. 3P A% 305 Q digplay information
d ific isplay o

in an eye-catching manner, or to draw attention to a specific article on r for sale. These
displays are BfgRtdeETH SrgHarpelersnoliEdonbifHeEras apk hstrmeasighed IMBKIBERs, and on a
wide variety efrgackagrag-nmetierisds: i, inpasticeariadvantagaeusdh atisklareambss.naade to change
color as a function aof viewing angle. Such dis , known as "color shifting displays", are noticeable
cven when v Hed i BT e DA M (T S A BAP LS e BB B chsplay.
[168]Backlit displeyshighingdayapfetpafoptiotdratrangemanpsndiay bectivadd bsingubstibdefiims of the
presenpinventiapoKhsActual device need not necessarily be a display, but could be a luminaire or a
light source which uses the combination of film spectral-angular properties and wavelength emission
from a lamp to te a d?sirethight distribution patterm. This recy. ling, coupled with. the high
reflectivity of thg{ﬁns, pro’fckjﬁrclzoeseaaS Scci ?iérhvt%nric\:/g ?ﬁ%eglg’ym%ha%%%ltee %ﬁﬁfhgrﬁveerﬁ%gnal displays.
20[169]The fRARPEFiCARdSRMNA YRR HDR PP RS 1A e opifmetsms Witbe BiiFissUiedlight source or

several point$aHEaS:Us} ancRWEBRIRNALbackighis ArpaQysLschiaradvetising,signs or computer
backlights. A fl?t reflecc}ive film, uni.forfp%lf% coloreg lr)% 0 tic% interference, wlﬂich covers the open face of
8 )

a backlight WA ¢RSRGE CoTBPEE (HER felémE48S 8 RIH OB S HaHSilicent lettering of a
chosehSdyedimepigmmemecad@bpaisrabdnabeuiipplied tortiemef] eatividcch\atetiintyvier lasenr screen

printing techniguas.Altesnativeliedpigriarenas dafiacive sisring apmppsemhef @ diffarsnt colored

reflective film than the cover film can also be applied over cutouts made in the cover film, with the
lettering dispFaVFE RGBSR hEdReL BRI B teacsTBEdiimtet §2itBiAdy Fiifdisplays a green to
magenta chatigeowitheangienvehileilze tstiefingeghpres@dnagentia éopdgreennghalnge over the same

angles. Many,gilat.SOILSAMPIERaNS a6s PASSIAIS,2R.elh, WO20091097800RC T1}57009/1032699
eril

[170] The color changes in the cov m can also be used to "reveal” lettering, messages, or even
objectshat drehsstréselrdagh Ine it Hehsfgwangresublnaidentdl BercprdoehecHighly visible
when viewedgi BeEP@hREIIRNERIDN ViBEee st disndiaaalieffeshcan iR peagmptished using
specific color emitting lights in the backlight, or by dyed 5colored lettering or objects under the
reflective covaéllfi f'ﬁ?ﬁ?gde %‘}%@W@%{%@gﬁ%ﬁﬁ}@ﬁ% %} ﬁrgaécéi?ﬁqﬁﬁ%g’d e{ﬁ}ﬂﬁa he inside of the
backlight cavitynwithttighiyiaeflaltivacinterfetencefifnd nathiscsamemeaisherd the owetall color balance

of the display, R Re.centpliadhRy JiidAlQWIsliaciancesani b R trlleeivefilm that preferentially
reflects_only certain colors. The brightness of the chosen 10 color may suffer in this case because of

its trartamissiTCaR ErtiAhoAHY 8L thr dYRTRE Wi d TH TR s BREUR bR HRseRaRRECcolor balance
can be effectetkipplgoatingpdwaadbEngtlirer dthavihis dyelelithegpprapriai®eater and absorbance.

[172] The reflegiive. SRR MRLAGRERsHIL COmIRaaREN dusH Rl BaRl Gglored films
with the latter on'the viewer side to achieve a desired color control
the blocked interpolymer. The full widéhv/half maximum (FWHM) calculation is based on

the ratio of methyl to methylene response area [CH3/CH;] from the ATREF infra-red
30 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
-8 -



15such as, e.g., eliminating a color shift on the lettering while producing a color shifting background.
[173] The backlit sign need not be planar, and the colored film could be applied to more than one face
of the sign, %%%@gsgwminated cube, or a two sided advertising displa;g&p{[}y(ﬂ’]g'lf'mﬁggns of the
present invention may also be used to create a variety of non-backlit displays. In these displays, at
least one polarization of light from an external light source, which may be sunlight, ambient lighting, or
a dedicated light source, is made to pass through the interference film twice before the transmission

spectrum is sgamndyetiRyigwer bl fast BppisAtNS4R s israccomplisheddayrysiogdhe interference

film in 25 combination with a.reflective or polarizing surface. Such a surface may, be, for example, a
conventional RSP By A TR GG S S % BEARaB Wiat or cetecti
substrate, or mp8lymizsieingiprbraoropetantidi g sEL s \Wihilotrec it drtdréirod fighspoftibes present
invention maydg. UspRIFAVRNIAgEANEIN I BrGAMBIRRUISR WNER S TARIIPR AL SRl egHivg or diffusely

reflective - 53 - surfaces, a diffusely reflecting substrate is %referred. Such a substrate causes the

colors t?ansﬁfﬁé{?%{ﬂfﬂ@}fﬁrﬁoﬁmﬁbgﬁﬂ%ﬁﬁ}w&&%ﬁoﬁ oz N ey BEVHPA GIEY out of the
plane of incideticef dratREdiffake rficarigadfreffeciidndnibee planaafdneidisneesthahfthecolored light
that is speculgrly. reflect il r lawvi ' ISGHminAte yeen the
transmitted a%é%e%é%%g ggl}ggsg% Ef)il%é%?wﬁtxé%ﬁ%%gggghgﬁ}gﬁggcgg %%%E%rtng%ﬁ?ggé%%eated with a
diffusely reflettivesiRtebsaiieraree b Seiuny Aty Rt SyES M HTEE ity {IFYEM e -play that
changes colanwith-angies [dSimethrnembedirrgnisathe diffuse surface, or portions thereof, may
themselves be colored. For example, a diffuse surface containing ink characters may be 10laminated

with a jgterferenagfilm that.hasahdeashane.apticalsiackiuard 1Q rellastighipygr the,same region of

the spectrum over which the ink absorbs. The characters in the resulting article will then be invisible at
certain angle$ORAEG Ay BLAT IS eHIe S o P S IR R RIS R AT TRE Im By Be Biged for backlit
displays by matefing, thedratieciiviebantwicthaot thiehaterderenasfitmdoctheeahsaration band of the ink)
In still other 1c5e”1;b89<§1me95§ﬂ tﬁgbaggg%o g}eﬂfilm itself can be printed on with a diffuse white or
colored ink, wﬁﬁipmay e either opaqu or translucent. Translucent is defined in this context as
meaning substantially transmissive with a sybstantial diffusing effect. Alternatively, the interference
film can be lamitated to & WHItR°Gr E%IUFSH’%W&%?E/@W@W’(? Jise SIS oBe ifited on. 20[177]In still
other émbodimentsytine filmscofiiireinyentiont rfatelERESHthin coeshbination witdGasdiSi4Ete that
absorbs the wayelenging &@aﬁwmgql}axtmfﬁ%ﬁﬁepyo%@%&g f[f;t;&e%mr gtihs displpy to be

controlled solely by the reflectivity spectrum of the film. Such an effect is observed, for example, when
a colored mirf8ailin B tansfedd ?ﬁ@éﬁﬁ&ﬁ;%ﬂﬁ’ﬁéﬁéﬁ#ﬁ‘%‘@%ﬂ WVer RitREHh the visible region
of the spectrumandeapefiecisttkerrREpricngihsiiy tienpisdderegiodn isgsed in combination with a
black substrate. [178]The optical films and devices of the present invention are suitable for use in

fenestrations, sygas skylightts-osprivagy, Wipdaws- Jnriehapaligations. e emigalfims of the
present invention may be used in conjunction with, or as com|t30nents in, 30conventional glazing

materials suctPEE B SRR EI AR Thite FR BREsaseY AR UntHeF Eiftbe made to be
polarization spagifiersoithat thelfengstrationtyiessénttalhe iransparent teeadfinstpelanization of light but

substantialy (eflcts fseqone aetarizaon ofahd ierei slminallghorsegueing glare The physical

properties of the optical films can ; e madified as taught herein so that the glazing materials will
reflect light of SRS BhdtN pBIFREaORE iaiiPdibe rtaliP s OIthESTREERIRSES e UV region),
while transmitéin@atigbiaffangcer baiipolnszationscpanathce Alegian (Bogk ithapdsible region). This is
particujarly Important In geenioUse 2aRIGatans, where felieciom a0d LN s ion

temperatares. This result is characteristic of the olefin block copolymer and is believed to

be due to the presence of differentiated blocks within the polymer chains, having both

crystalline and amorphous nature.

[99] - Figure 8 graphically displays the TREF curve and comonomer contents of

30 polymer fractions for Example 5 and comparative F to be discussed below. The peak
-29 .



of specific wavelengths can be utilized to control plant growth, flowering, and other biological
processes. 10[179]The optical films of the present invention may also be used to provide decorative
fenestrationg whighdsaggmit light of specific wavelengths. Such fenestratigps - mayds iess, for
example, to impart a specific color or colors to a room (e.g., blue or gold), or may be used to accent
the decor thereof, as through the use of wavelength specific lighting panels. 15[180]The optical films of
the present invention may be incorporated into glazing materials in various manners as are known to
the art, as theougly eeatingrOLEXIouS| pRefdabls, fidamecemberitrentotheoptiealfilmsria@ghered to all,
or a portion, of the outside surface of a glazin terial, for le, by lamination wjth the use of an
optcal adhede G ATHES et R DL B R L Rabley RO Bancwiched
between two#engkne3ief glidlsd otiplastic pamectie tesaltingpopnmpositéistincorperatecinto a

fenestration. Qﬂﬁﬁﬁé@fshﬁ@%@ﬁhﬁmﬁm@&gg%/mem&%m@d%@{é AL agines (e.9., UV

absorbing layers, antifogging layers, or antireflective layers) to render it more suitable for the specific
application tdSRRANTTS trectE R iF Il oHe SAPE AR YA Sia et LR ORI ibtored films of the
present 25inveaitolyinctepe gitatinn susntisirsappliiaatinrinisunddpsindawsashesegeversible coloring is
observed for g,y plaft, RUANG e, da. dhs coloralsiigh aindaw is dictajes! primarly by the
transmissive properties of the film téward sun ﬁ%t. At'night, however, very |tt?g |¥; tis seen in
transmission APHEEGHAEDH MBOKA EPTRRNEBRITCORIN fitnS  shendhedeter dhffsainsdthentébiectivity of the
film toward thejlight sosreesusecateeliminria e raaper-nak lighbtsoyraaswhighsimpulate daylight, the
esult i%he comflimentar?/ golq}rl of the ﬁlﬂi aépgearance during the day. [182] The films of the present
invention ma¥ Be UdBd S VATUE ﬁtg HixtUr ra%‘ﬁl%%aﬁ%rns, including the backlit and non-backlit
displays described earlier. Depending on 5the desired application, the film may be uniformly colored or
iridescent in apgd&Pance, BRgdiHaSSLbeAsE BMFTIR AR ATBRC Hife (At PR i reflect over the
desired wavdlengitvd pogachihesanmecthedinycar berpadadiseileshactansitilight of only one
polarization fgr 8'%@893'?%@@?;%1%&”95&%00 Sesud _eragl?gllgrizl%gm%g'c% tas%sliﬁht%owg?r'zed displays
incorporating ﬁ% t'recycling to Increase brightness, Br the film can be TOMade to transmit or reflect
both polarizatitsn@ sfdig eheherctisEdcipeaphosivRsrNiars sl dvad. airorsioeferaddigidesirable.

[183] Ilr?the SHBBIS ok Q@giieﬂﬁe;ﬂ%{at Iﬂﬁq@ﬁsﬁﬁmﬂ%@ﬁggﬁﬂ&%ﬁlg éﬁﬁe@iéﬁ%f:ﬁ{dﬂeﬁﬂémitl lightffixtqre- A
typlca IXture contajns a hous ith a light source an ay Inciude, a diffjuse or specular re ective
oot e St LSRR b o SRR Y HEM M 5 SoPEAEE ot optios
cavity. The oblgitiofethel Yight fibstinges typlcaliprdomtan svhifiltelues tefusing ®leaneriBihi@t obscures the
light source fram, GEeGhYIRYING, PRRSNHAGHNAN He LA ARRICAHIMIR WICR, g light fixture is

directed, the light source may be a fluorescent lamp, an incandescent lamp, a solid-state or
electroluminSSEMHCRE FhERE Sy ehee P iratly ALRaY fRfsewhisher E‘cﬁﬂ’ﬁrmﬁgﬁﬁh]éft?éllﬁaf’rﬁé%tter being
20tranamitted 3o2ther aptiealeaanityidyfitaaiapate joropagant emdatenbysystenmlighirpipe, a polarization
preserving lighy guids, or by ahiermeans s ate known (o the.art, The sprree may b diffuse or
specular, and may méiu ea ran?iom|2|ng, e%o?arlzmg Surface used in combination with a point light
source. The &lEaReltecaaNGH fIRtiacrRyBeerahgeftmiarionsesnfiguravesent. may be placed

within a h_OUSélﬁ@_@%&i@ﬁ?ﬁ%&?}d@ﬁsﬁ?ﬁh@%ﬁﬂ%ﬁfoﬁéﬁé&%ﬂlﬁféﬂ{ @ﬁg@d%ﬁ@@mlmmgﬂwes ared
common in architectural lighting, stage lighting, outdoor lighting, backlit displays and signs, an
automotive d3s B’(ﬁ&l%l %fcﬁ%é)ﬁ@ﬁltgf %!3 r%%%‘% fﬁl{fpé’?ﬁlll&?{'pqr) ?/fl%%%s%h‘éé‘ea@&z §6%Rat the appearance
of the Butput @ithadightimegintime chdrgeshwithOgrglent of 184 pTihe Wotdedhiftipglfilms of the present
invention afeaﬂé‘;fél‘}ﬂéaé%ﬁ%%%@g&?&éﬁ%@?&tHﬁ?Qo%&%ﬁﬁFQ&ﬂEHQ@H&Q-1'(’)‘ g gificiency lamps,

such as sodium vapor lamps commonly used in street or yard lighting applications, typically have
spectral emiSSGRRSF BhPbive MRGHOWHTERINGH: When such a source which emits over a narrow
band is combined with the film of the present invention, highly directional control of the emitted light
can be achieved1#br exaRipieabihdretiie Taveamrayiaisisrmagerdiasmarbri®pasdisand which

coincides with fie.gmissien Rekiof g RMRReRRe 1AM 8MIRHPVGAR density from
30 about 0.855 to about (.935 g/em’, and more especially for polymers having more than

about 1 mole percent comonomer, the blocked interpolymer has a comonomer content of
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pass through the film only at angles near the design angle; at other angles, the light emitted from the
source is returned to the lamp, or lamp housing. Typical monochromatic and polychromatic spikey light
sources inclygde gy pressure sodium lamps, mercury lamps, fluorescent lamps<&abHRagsfluorescent
lamps, and cold cathode fluorescent lamps. 10Additionally, the reflecting film need not necessarily be
of a narrow pass type since, with monochromatic sources, it may only be necessary to block or pass
the single wavelength emission at a specific angle of incidence. This means that a reflective film
having, for exaMREF &sqisarauiayedieliecionBpPEnumameichuiscqiadoaauanwgvelength near that
of the lamp emission.c used as.well. Some specific geometries in whi ?h thht 15source and
film of the pfgggﬁé?r?vgﬁgi?r? ‘can’ r%%ﬁé?’n%ceja fﬁrcfs{{%d]e?rbe&tgglrg rt%t(ilur%?tge% ?o?' %@o owing: (a) A
cylindrical bulb.SSueid asost fitrbreabde arenityahas ovrevpb Witlafinitlédighed) Tor Abbmhattipgidence
transmissionpfsthe RulksaealemitiedcadiRtianr Suithadimisdesomedwithranassband centered at
the wavelength of the lamp emission. In this 20geometry, light of the peak wavelength is emitted
mainly in a rR8i&% GFERHSH MSATHE Bult's long axis; (b) An arbitrary bulb geometry in a reflective lamp
housing can be made to radiate in a direction normal to the plane of the housing opening by covering
the opening with@¥Im sefieeficriethaispant-dheHey BriibesPplarc eIttt FldRIEBRITIE opening can face
25downwardpgsrénaBRY:OIRTsHiEeatiameand Bae dighbwibbbelviewaiir asangipedna direction normal to
the plane of th?ygpenna but not at angléag(of |r11nc}g]geeg]88{substantlall‘y away from normal;  (c)

O, CriZze YT, Al aClIert \i] 0T 5 ents EWO or Imor .
Alternately, tReComBmaton JeSerbed in (b) taR ude & tim that is e5|gnednfo fransmit the lamp

emission at guyoenrodarangiess ofiindidienoe inwkyiohetieynonnabateglddsigsroviding one or more
appropgate Qﬁ@ﬁhﬁﬁﬂ&)%§H¥§@ﬁ§lﬁ9%@-@%@e&?ﬁ}yﬁgﬂvﬁyglﬁ@&@%&?@@’iﬁéﬂhﬂ?n@@ lamp
emission waveleng}th. In this way, the lamp emission is transmitted at angles where the blue shift of

the passbandREHHIETHES AT HE SRS TeSetity the H&gg%ﬁ%gﬂtﬁ-ﬁ@%%ng the angular

distribution filmeleseribedumig)2adtin thet geoyfeteyiddesaihe chinofapwilk givaeotyikdsical bulb in which
one can havegpetionconiial s eMS g Bling RiANGARAIRLIoAIRIBAGAYR.Af the bulb;or (€)
A polychromatic spikey light source, for examplée, one having emission spikes at three different
wavelengthsh RS eBRISTECARtEPARIPRABREYE TIRIF REVATY BrARPBHeRIS 8B4AR,; &Yfdsuch that the film
transmits onlreasnafthenbEagolgispikesaba giveo dlapgle oidrcidenesiandiegelyeatission peak is
transmitted at a different angle. Such a film can be made, usi ultiple groups of layers, each of
which reflec?ggﬁcgﬁflesrgﬁ\f%gaa\%e%%ftﬁirgzg%ﬁ%},t orit ¢an be r%saagg%%%?%nﬁgj %lpgt%a%f layers and their
higher order ¢raresiemids toTthe agidtienf the first order bandwidth region and consequently the width of
the harmonic bandwidths, can be controlled to give desired transmission gaps 15between the first
order and harmoniareflectias pantis=rddne coarmipinatiandef fixsibinmwith.®he polychromatic spikey light
source would appear to split light from an apparently "white" light source into its separate colors,
[185]Since the rpigsof speagtial shiftwithangdie isanalk peanieimal dngidenssothegngular control of
light is Ioess effe tivg at normalcinﬁild nce com§ared to hi%h angleg of incidence on the inventive film.
For example PHeBaRAiFYBHINE WRAFS A INE a0 SR SLEh HTE€* ARG HR BRI EWidth of the passband,
the minimumpahgdaraiontol chaydyei zs! smalliagle-blibtke egremseabatttiveonomal, or as great as +1-20
degrees or +1;30 degreas, QR Gies LS ARG SNIting [RMpRptAgLe dsdag-naximum angle control

limit. It may be desirable, for either aesthetic or energy conservation reasons, to limit the angular
distribution to"SSBHYRE EEsHPAFHE e drulisbiedrarebias thid Pra RAHRIN FRRAAEEHA+1-00 degrees
in one or bothetthatizontahandMeticatptanedC ket eXRMplactapantine aBi I TIRrer
requirgments, one may wish to.reduce the angular r to +1; -60 or.only +1-75 degrees. At
high a%%les 5?%%?53&%%%% né%%g fc?}aegerveeé}é%%%8%&%%?&?&%%@%%% notiplt?%éﬁtriﬁ ,eangular control is

much more effetav@anroessrhiprbRitatiteSes arptdisthepadspanidmoshmgermebhve at a higher
rate of nn/degyae taaesidians & meunalingidence. Thus, at

Heat of fusion (J/gm) <(3.1718)(ATREF elution temperature in Celsius) — 136.58,
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these angles, angular control of a narrow emission peak can be maintained to within a few - 58 -
degrees, such as +1-5 degrees, or for very narrow passbands and narrow emission lines, to as small
as +1-2 degrges,iipidhe films of the present invention can also be shapgg i agyg398signed
fashion to control the angular out put of the lamp in the desired pattern. For example, all or 5part of the
film placed near the light source may be shaped to corrugated or triangular waveforms, such that the
axis of the waveform is either parallel or perpendicular to the axis of the lamp tube. Directional control
of different anglesir) orthggenal-plarasdspassiblenwitihsuch cortigur éthonss i8] Wile the
combination of a nar ba rce and an inventive fi orks 10well to contro] the angle at which
light is emitte%tgre%flgﬁeﬁdggéar?ﬁeﬁ %nrﬁ?catl inited %%nﬁg%%%gl ggel?rlglé\%‘\?vl %ﬁtgﬁzoevc\!/ ié‘r?ﬁ%sion spectra
and therefore YimitiserGoachpie s AVBIEkuiaternpeeliira istoacbdhe sodies dan Bwthade to act like a
narrow band rpulesde ACKENE IR Cirastioalcaniakahe auad et readband source can
be covered by a color selective film that transmits in certain narrow band wavelength regions, and that
15modttied sBTEEEan then be used in combination with a second film having the same transmission
spectrum so that the light emitted from the source/color selective film combination can again pass
through the inventiga: RifeRR &ethe ddsighlagiBET kis ey prare Wil HEHOf2Adte than one color,
such as with a three color red-green-blue system. By proper selection of the films, the emitted colors
will be trans\AIREH Beihd 2Gaasired GogpshAicathemangiesntiy bifiittdtbdvavelgmgths will not match
every or any passbhand, and the light source will appear dark or a different color. Since the color
shifting films campsjadapiad éenitansmitovesabraadkanREOfsavalergibsuarrucan abtain virtually
any color an ntrol the angular direction o whi%}\th itted light is observed. [188] Direction
dependent Iigﬁfpé%%arggs?%e\%oﬁﬁﬁ%éa}%%n%}ﬁ%%}p%ﬂ% ion: %ﬁgn ’eS r%}ple, the light sources of the
presenfinvertidin/tamhealgpadtaritlemdinating automobile instrument panels so that the driver, who is
viewing the instruments at a normal angle, can view the transmitted light, but the light would not be
reflected off the wiishielther viawablabyhaipastongercbecausmiitey wiaulthbesateaférangles to the
Instruments. sS”EA'a(#hz I %‘0%2§933£8£‘§68£0W@ﬁt§ﬁ&%@%&@é‘ﬁ&%&%‘%ﬁﬁﬁ@é&% diregtign dependent
light sources 300f the present | vention so that tiney can be perceived only at certain angles, for
example, notih&tEoneE 1809106 sign, Bt st aromersahyedcriteirsastiviere firidan be designed so
that light of opgrealasist ppsmitedradoneangla.eutandiferantcolntisdeteciablahanother angle.
This wauld be useful, for example, in directing the hand s ing point for vehicles, such as
fo 2 catwash DTSSR R A e e SPe G O I, Eh i A Eind gt source can be
selected so thathasagase Mtledd gproathedithhe ifitahib e digsigedvdhthedavenwasigigving the film at

non-normal 30918340.Hgisla0 1&@%%@&9&%%{9%@%@%@% Byt the ﬂ%‘iﬁ@@x\éﬁ%@%m!tted light
would shift to red at the angle where the vehicle was to stop, for examéE)ﬂlﬁelzri normal to the sign. The

combination BFERBSHESAHRE AT HM L W FBVIFRR AR EARIPER ROBIEASEEANAE, security device, wherein
the 10film is used as a security laminate, and a light source wrapped with the same film is used as a

simple verificatid®dbvice Totetceamise et thddpetiBRIBHEHERRPIgHISAABe of the present
inventign aredgssrkeshinonorendetaibinithe fallowingexapnieser mbldat Spactialbusgliective films and

other optical hodies. ¢can be made in accordance with the teachings of the present invention which are
ideally rs)ui te dt%g?[lﬁgfgprocess. A polymer specg?c ca ;'brauhon can%e crear%g by measlarglg € arca
ratio of the CHj; to CH; for polymers with known comonomer content (preferably measured

by NMR). The comonomer content of an ATREF peak of a polymer can be estimated by
applying the reference calibration of the ratio of the areas for the individual CH; and CH,

25 response (i.e, area ratio CH3/CH; versus comonomer content).

[108] The area of the peaks can be calculated using a full width/half maximum
(FWHM) calculation after applying the appropriate baselines to integrate the individual
signal responses from the TREF chromatogram. The full width/half maximum calculation

is based on the ratio of methyl to methylene ;gsponse area [CH;/CH:] from the ATREF

i



15applications such as horticulture. A primary concern for the growth of plants in greenhouse
environments and agricultural applications is that of adequate levels and wavelengths of light
appropriatesfqs plgasgseyth. Insufficient or uneven illumination can result g-pipgyaisaegh or
underdeveloped plants. Light levels that are too high can excessively heat the soil and damage plants.
Managing the heat generated by ambient solar light is a common 20problem, especially in southern
climates. [190] The spectrally selective color films and optical bodies of the present invention can be
used in manynerticidtabs palications mker ithsstgsiie i tdditek o tloar dranasmitmepeeific wavelengths

of light that ?é%&@%;ggﬁdﬁg] g,%gtizoc!lﬁgnﬁlg@&. %ervigp;s!; mgémg%%rgdf!!@nrggg dgﬁ&osimi%{e%w filter out

heat producing Infr non-efficient 25visible solar wavelengths | r'to deliver the most

efficient wavERREhY (ide danphatdsy Atrregidao e braneet owirane tohaiahagadsbil and ambient

tth%m peraturﬁsm ;la[&iﬁégd&éﬁiﬁﬂaw% fﬂﬂ@t@l&gltﬁ{%ﬁ@iﬂﬁ M@Hﬁﬁﬁ%&km\éﬁ{%ﬁgﬁﬁmﬂﬁ geghifferent plarts cl)f
their growth cycle. Thro ut the growth cycle, t avelengths in the 500-580 nm range are largely
ettt Wit RO T & MOS0 ) 5 S0 000 R S Lo B Gl rospons
Similarly, plapegiane ¢hdensitRetoulRewavelengths past about 800 nm, which comprise a significant
part of solar emission, so removal of these wavelengths from the solar spectrum can significantly
reduce heating frdjallowfes gamneenstasintaladdiionaldiphtamaavelengibs cieeiol fondgphant growth.
[192] Commercial lamps useq i enhouses are effective in accelerating 5 esis and other
photoresponggcggé% 5511'[115%q ucﬁg%gs?%—rre& mﬁ%%%{fjolrsfﬁrlrﬁ1 ﬁ1§0$s%§1ggﬁg§8&%%%%%%%yﬁ£ural, unfiltered
solar light. LaHsis&ereatderpithes érdie ifpioe briefapses: 2001806 h Rynpddabeuite 68mr00thim), or near IR
(about; §00-89RimM)iAks Used dpRceaierating.arRwith: RS GRINNIN-comersialarow-lamp has its
emission maxima at 450 and 660 nm, with little emission qf w velenggi}i beyond 700 nm. Another
common souRE FORBE HTgHBHTRSIBRTRGHE BIIS w188 Be HHGH AHASSATERS mear IR
wavelengths Peampswhich@mitiwavelenGilzsimathe (a9je. t506-B80 ami Brelrafersedlto as "safe

lights™ becau§ghqlﬁg% SRSSINSHR 210 hG 99%%!?@&189 aRdAResRabsigpificantly affect plant

growth, either beneficially or detrimentally, [ Light sources used in general lighting are often paired
to accomplisAiHRE PSR GRROGITRAE UG RE RS e SRapRCHaRRI SRE IR ASIeadRi& sources
actually retardfgrewthedatdis this, CRBhETIRIMpRsIsated2fm2hy paitingoviikiothengouiees. For example,
low pressureﬁé)g}@#p&t dré’%é)ﬂéﬁc%@réﬂm%é- qu{%‘ééf of chlorophyll but when the low pressure sodium
is combined with fluorescent or Incandescent amps, normal photosynthesis occurs. Examples of
common pairings of commercial lights used in greenhguses include (i) high 20pressure sodium and
metal halide |ag§b£‘?](ii) higiI5raS PSS AT ANG SR bty TAFHRRS i oty Fe SRR 8 dSm and
fluorescent asidained e cEntdampss; athelr (i paetatdiaticenents drcansibbedft anpse, a [194] In a
greenhouse eyiraRment. the: eelar selective filths Aodqpticaldpdissof the.Rigsant ipvention, when
used alone as color filters or in combination with reflective 25backings, are useful for concentrating
light ofthe dé¥fedsRfavelengths for optimal plant growth. The films and optical bodies may be used
with normal unfiltered solar light, or they may be combined with artificial broadband light sources to
control the wavdldagth offiiglscerhittedt friomhrasagree cSidinlightiscutteihohsde, but are not limited

to, incandeseeatlamps,ILQre5 e aMmpR aYeh aadobREL, Gribade lamps.metalhalide lamps,
mercury 30vapor lamps, high and low pressure sodium lamps, solid-state or electroluminescent (EL)

lid
lights, or natdiai 6T S ST HGRY AHEIS SPtidRIg BOESIaN T Hee P SEREAUESMIY Several
fiItration/conc@ntrammsteesﬁé.ﬁ\{iﬂnbea;be@_eﬂbepl ti_lﬂammm*ﬂﬂﬂtaifﬂia‘t(ﬂ)a}hm ofsfedido shahage h(_aat in
the 9r%?”ho%%?o?ﬁ‘e‘ét{%@m%hiff\f&k'eec‘éﬁéé‘ﬁ%@ﬂ %Qsl%g ]é_gggﬂp%m&ﬂ%?fa light ﬁ»%}(!%%'engths optimized

for photosynthesis and other plant photoresponses. e Interference films and optical bodies of
the present iﬁﬁié?ﬁﬁ%féaﬁdggﬁélﬂ%as\?ﬁtﬁ%ﬁé’w he lgirdetbripre ArdIdarmaat light sources so
as to optimizenthespegtra afforded by these films even further. In some cases, it may be desirable to
wrap or otherwise couple the interference film directly to the artificial source so that in effect the light

source emits prifpasjly the-yavelenaths.sesiter fR-comtraled: Rans arowth The il any

other properties disclosed herein, a storage modulus, G°, such that log (7} is greater than

30 or equal to 400 kPa, preferably greater than or equal to 1.0 MPa, at a temperatare of 100°C,
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10may also be laminated directly to the clear panels which make up the roof and/or walls of a typical
greenhouse so that much of the light that enters the building is of the desired spectral composition, or
else such pgrelaigy g extruded to include one or more color selective fimspaithisppgepanel itself. In
order that all of the light entering the building would be of a precise wavelength range, it would be
desirable to have the films mounted on 15a heliostat or other mechanism that moves to compensate
for the angle of the sun's ray throughout the day. Simpler mechanisms such as south facing panels
with only a welkkdy-er, thenthéy blrangearierihesang lerfamdydlhonaeptahoiwer icakeangesform quite well
also.  [196]¢ %%g truﬁc‘%{ %15%!%Cé?ﬁc‘?‘n%@@fﬂ@ﬁ"@%&?ﬁ%é%gﬁﬁ%&&@%fi' t%{g&é@@ﬁg% GRived locations,

and it is unders that various physical shapes o ector and/or”70interferénce film can be

used to aim &haépreaitae ff Sdogle shed] pesiots! SeialesorrkimatimtivholsitheeeeesEribed modes

of use, the filegeaniRe UspsarolikargenwrappirdfondRANIdu RS- 188, refleaior-placed between
plants l?nd sqil ?ighe{ i fgjm ft%rm or as slit or (t:tt]hog e r,nulc%:, or ¢ sdrefleg:tplgs Pnd{ﬁilters for use in
aguarium Iighﬁenﬁl?’gryaqauaﬁlc pltga?%.ex Tl@ﬁnln dddition i%lt aescf)lf’ w%ﬁ%ﬁﬂ escribed Iéf)ﬂelectrally selective
films that carriser25tailgraetitbttamemit ondd ISt infeérablnhelforegre endligitthat is not useful for plant
growth, a film designed to control the amount of red light, typically from about 660-680 nm, and the
amount of far repiligiht, typicaithy a0 @b etity O/ 4R AN MmiisRpaaialynusedl eeonisol plant growth. It
has been shqup, ingt 0 ajio of [edLie. farsed ANt sha s bedneiniained.al aleyel of 1.L or higher in
order to reduce elongation and force pfé ts to% anch or 30propagate, resuffing In thicker, denser plant

growth. AdditsraiyLbiomnediddnS08rmid inguigte stitardetyrins &d thd Kby lerimtedf Wavelength

exposyie, Many.plapis.ean-he, larces ivte/a frwet tgeqr heldiindhenvegatativg state Some plant
varieties can be controlled with as little as 1 minute of red or far red doping. Plant responses to red

and far red lifht h&8 BEsrsdLRmBett sy 5P BiRR &e9.! DR8I BIEF =835 9Rd Fruit in
Association Suiithnliighs i craalintatelih ghé RediRaspbarmynCanhopiynndsheInunriadof fdorticultural
Science 565- nd. j " e ; i ] eight Control" (Hon.
Re. Instit. Of %%’l%l?lo,g%}ﬁ‘% a%}ﬁ-%%%gﬁ? %?pt’} E%%%{g%g@ﬂ%g{%%%ﬁﬂ%ﬁg%&%% to control the red/far
red ratio have utilized light, blocking liquids that are pumped into the cavity between panes in
greenhouse twiri]\/@ll 10cOMBUEH: ﬁ&%ﬁ'@ﬁ&?ﬁ%‘{%@@%%ﬁ C?B?ﬂ}]l%eoggtﬁzlém?fﬂe difficulty in
addind and réisitg thedieyuiciibig hatte hftszhavie todedLivife tomsectobbie dditni $di0the roof

glazing, but 'C%}ﬁ.@'l@fés%d,wpgmgl%f ine RARLYIGHIY, b i GFG6RN04EE ERANgRR Teguently or if outdoor

weather conditions change. The film of the present invention is ideally suited for this application, The
red/far red raff0ERPHECOREUIEPBY VER MY bRt thalent 1Py eRbging the angle of the
film to permitstheldesisadiwayelengthsftomanthdhe plants! Jencompenaatefbodarnying thetdoor
conditions or aings eess halefe! Piatvauistics e fipds.RisiRraply-Rpgligned within the
greenhouse in such a way that it can be either used or stored, for example, by a rolling shade along
the rodPline Wiikh2&am be drawn down or rolled up, or by a shade cloth pulled horizontally above the
plant height. 20Alternately, individual enclosures of the film can be constructed for separate plants or
groups of plantsf115]199] TheeghitrrafthecpreSmakimydatrolycars Alsdda dseldsed cotjeinction with
conventional iggrsy o EAMh e dntaRsBuslamh dasised patiamiol ibf.supligg spectrum that
enerally,

reaches the plants. it is desirable to expose i)lants to a constant level of the wavelengths

and intensity ¥ Ryt Ws &t Aasstaht b thrBiRy HePRbRiEP B AL EHeaApicdelinny day,
however, theNightlevelopeakssapabiidnadapplaaddhisdightdsdetmal bpiaxrassi@foumany plants; the
leaf temperatyre often rises, which decr h t efficie It is-preferable fo reduce the level of
ot reRbing I AR T B e st A S, B R e o dy. For
example, rosBS &G B88B0etleitMnycivhe ¥ 60 eriicaiayimMerRAhHRIYEESY 800 u mollsec-w2,
and s levekisafiarashionss br kpiam Aot wirlssevenihsalavailude ol degroes

educing - 63 -_the light ley W ‘00 and 1 roves the plan .. The combined usage
of conventioriat WJ}%aﬂﬁﬂf\g’u%a&ﬁg#g]ﬁ?el%&%e%#%% Sg}rl?%g %ggé%fo&)cﬁwig RiAEBeensity of light
directed to plant3duedep g phidiss of the dbyr. PoR@NamgldGhidwdaoioa MsiB¥@mirror can be
discong'tpued %Mdﬁ@l Wﬁﬁ@d@%@%@?@r 5@651 Ghes \pﬂich are incorporated by reference

-34 .



5redirecting its angle of reflection to reject that portion of light from the sun. Other combinations of
baffles and curtains can also be used with our wavelength selective films to control the intensity of
light. [20Ql& atirHgi$ing and forgery of documents and components, aid finediegsigiversion of
controlled materials such as explosives, is a serious and pervasive problem. For 10example,
commercial aircraft maintenance crews regularly encounter suspected counterfeit parts, but lack a
reliable means to distinguish between high-grade parts and counterfeit parts that are marked as
meeting spebificationiseiSimitenly Fitrisxpeporiedethahupetootbroperoentafiallitasehdemtencartridges that
are sold as ngy g acualislubisnaderidoss. hahials beenispackaged.ap represented as

new. Identification and tracking of bulk iters 155u§h as ammonium nitrate fertilizer usable in
explosives isaiEPRiBHKIGESI I coMlit e TERt hraZhet GPIIRIRAHIRFE " rohibitively expensive.

[201] Several means exist to verify the authenticity of an item, the integrity of packaging, or to trace the
origin of parts, cotmpshents;,canderatientetiolscShmeivitteswidagces are ambient verifiable, some
are verifiable with separate lights, instruments, etc., 20and some combine aspects of both. Examples
of devises used fox theivedficatianyaf-demivnentsanthpagkagehintegribmadhudepiraéscent inks and
pigments, siggec;(ial fibers and watermarks, magnetic inks and coatings, fine printings, holograms, and
Confirm(r) imaged retroreflective sheeting available from 3M. Fewer options are available for
authentication of components, mostly due tq size, cost, and durability constraints. Proposed systems
25include magnetfc AIMEAAG MR GPABSTEREGR Ships! ha‘[’f@f}Wﬁ%%%ﬁ‘@%f’%ﬁ/‘é%g}eﬁﬁﬁed to trace
controlled meatelial 9Gpakeas pxfiodiydessthest0patenials @areifpidahyiamultiayerepehymiers that are
ground up g{%dc %&%ﬁ@ﬂd@é%&@ﬁigﬁqg&%nﬁ_ ggaQQQiyAqygjdayers in the microtaggant can be decoded
using an optical microscope to yield information pertaining to the date and location of 30manufacture.
There Ia(js been a Jong unmet r&eed for a security film product that is both ambient verifiable and
machih readablé, ﬁa%%’%ﬁg‘htufﬁ%ﬁﬁ%e but not easily duplicated, that is flexible and can be used on
a variety of part sizes ranging from near microscopic to Iar(]qe sheets, and that may be coded with
specific, machind¥8adabRemeriaitisraPysmd sk SSHEsAearM s 8688 BHIE present invention can
be tailored to 5provide a security film or device useful as a backing, label, or overlaminate that meets
all of these needs17The cdletadtifiAd fedivne. arid highindfeuiubyahdresior aturation at oblique angles

are pr0Pef“eﬁJ&%Eg@ﬂe%ﬁ&mQéﬁﬁﬂal&%liﬂ&!l?éypiﬂ?d?ﬁfy—@ﬂﬂﬁé&ﬁ&ﬁ&t}ﬁfﬁﬁﬁmgﬁd@lﬂd spectral detail

can be designed into the films to provide unique spectral fingerprints that may be used to identify
specific lots @F%&ﬁﬁ%ﬂ%%%&&féﬁﬁﬂﬂﬂ%ﬁ?\gﬁb %’éﬁ%.&%\ itﬁg'éé\]u?it9’?ﬁ%%6éﬁ8do’ﬁ‘ﬁ'cal bodies can
be tailpsed tosrefRet e any cigsied portion of the spectrum, including visible, infrared, or ultraviolet.
When only covert identification is desired, a film can be made that appears transparent in the visible
region of the spectrum but that has varying tr ission and reflections bands in the infrared region to
impart a covert spectral fingerprint. 15[204]In@mﬁ%ﬁﬁ3hlso be encoded in the security films and
optical bodies of the present invention by several'Qther y

Tetlhods, either alone or in combination with

the above described methods of varyipgdhgdntensftyf ahd pghitif ransmission and reflection
bands. For example, individual layers may, ad to fhe infraretiportion of the spectrum, and
overtones in the visible region can be con to prae g spectra. 20[205]The spectrally
selective security films and optical bodies e resént invention may also include relatively thick

layers either within the optical stack or adjacent to thE:optital stack, and these layers may also be
used to impart information that can be decoded by optical inspection of a cross-section of the film. The

films may also bﬁpﬂmbinggtmgg eRigrgghharnting RHANARAIGE BrnaskhAg gubstrate below the film to
provide 95indicia that ma t))e idden or viev,vablefg;ﬁen%in% r;l\%]e a %%tgf observ%tion. Color
contrast may BENEMEVAN by RRTARIFRS 10PEpdicat N(o[o} @’ I I R4 P2 gion, a new color
that also colarcshifiiagscerridentiagsi ns W0 HafeTtEd régioms No. &ffedt’adecdited Hitailg of layers,
the pr?@rreda%yygq?j@gmgpssing at temperatures above the glass transition temperatures of all of

the polymers in the film and/or with suitable pressure. 30Localized thinning of layers could also be
achieved by bombardment with high energy



particles, ultrasonics, thennofomiing, laser pulsing and stretching. As with the other color selective
films already described, the security film may incorporate a hardcoat, an antireflective surface, or an
absorbing cgafingdastEgrove durability and contrast. The security films may-plisodpsasppsate a heat
activated or pressure sensitive adhesive to 5function as a label or die-cut.  [206] For most
applications, the security films or other optical bodies of the present invention can be appropriately
sized and laminated directly to a document or packaging material. The spectral features of these films
are typically very narrow to reflect the minimu unCtHof light. While the spectral features of the film
will typically be 10limited to the infrared so as occlide the document or package, the character
and color of the film may also be used to enhance appeakance of the article.  [207] For some
applications, the security film may be usathif@ bullk mateyial/oy grinding the film into a powder and
dispersing the powder into the material. Paj tgg/and n be formulated from ground up
platelets utilizing the films of this 15 inventi case ulk material may be an explosive, it
may be desirable to avoid using oriented matarighdf sybs 3tiaI relaxation would occur during an
explosion. Optionally, the powder may be coated with an ablative material such as an am-ylate to
absorb energy during an explosive event.  [208] The security films and optical bodies of the present
invention may bE téad 206ytal po A natior afambigni-verification (for example, the presence of a
colored, reﬂ?tﬁté}ﬁ%tﬁm&ﬂ}ﬁﬁlﬂﬁgﬁl&hﬁgﬁeﬂﬁ%ﬁ%m Mygghggntifiable performance.at non-normal
angles) and instrunient veérification. A simple machine reader may be constructed using a
spectrophotometer. Several low cost spectrophotometers based on CCD detector arrays are available
which meet the needs of this invention; préfeyatiy, tidEe include a sensor head connected to the

spectrophotometer with a fiber optic e. The spectrophotometer is used to determine the spectral
code of the film by measuring light iciden} on tiie article at a predetermined angle or angles, which
can be normal to the film at obliqueanglegor aCH@mbina}y:o&Q&thh. [209] In addition to exploiting
the optical properties of the films of the présent 3@invention for security applications, the mechanical
properties of these films can also bg-}%/l\' itilizeéd. Thus, for example, the films of the present
invention can be intentionally designedto ha W resistance to interlayer delamination, thereby
providing anti-tampering capabilities. HZI0NAs-Qoted elsewhere herein, the color shifting properties
of the films of the 5 present invention may be used@#vantageously in numerous decorative
applications. Thus, for example, the films of the present invention may be used, either alone or in
combination with;efher meigHpls, (NS SURSIEAIRS. CAMLNGS. 191 KeAlNenis.50 make wrapping paper,
gift paper, gift bags, ribbons, bows, flowers, and other decorative articles. In these applications, the
film may be dgﬁz}“&ép%%}’1?ﬁ%%aoww&%f}eh&ﬁi‘ﬁ%@g’%ﬁ%éﬁ%}ﬂ% §hYo Yher P et terwise
treated to prediueenaatie siretdpticaheffechmgiaivs. thechtivyd 38%276: [211] The optical interference
film of the present invention may also optionally include a skin layer on one or both major surfaces of
the film. The skin layer comprises a blepdgQf a suhstanfialy trapsparent elastomeric polymeric material

skin layer may be one of the elastomers
interference film. In preferred exampl€s;
transparency while providing the film with
also remains receptive to lamination of the
forms of printing. Microporous films  [212
microporous polymeric films, which have us&¥ mg pplications such as clothing, shoes, filters, and
battery separators, as described in US 20080269366+hich is herein incorporated by reference for

25purposes of US patent practice.  [213] In particular, such films may be useful in membrane filters.

These filters areggﬁgeral%g}iagy R %ricvt%ﬁgi?ﬁ\éﬁ%%{%r e }qgrrlgﬁ?_r(ﬁf(microscopic pores.
rsm 'S ’ t igqui

Membrane filte y be used’in filtering suspended matter out o S or gases or for quantitative
separdfion. Exethitéy braiffepanttypes oforie mispanefibrsariclude gas separation membranes,
dialysis’lhemodialysis membranes, reverse osmosis membranes, ultrafiltration membranes, and
microporous membranes. Areas in which these types of membranes may be applicable include
analytical applications, beverages, chemicals, elegtrenics, environmental applications, and
pharmaceuticals.




5[214]In addition, microporous polymeric films may be used as battery separators because of their
ease of manufacture, chemical inertness and thermal properties. The principal role of a separator is to
allow ions tg;passdapbagen the electrodes but prevent the electrodes fronpgenignfésgsidence, the films
must be strong to prevent puncture. Also, in lithium-ion batteries the films should shut-down (stop ionic
conduction) at certain 10temperatures to prevent thermal runaway of the battery. Ideally, the resins
used for the separator should have high strength over a large temperature window to allow for either
thinner separators or more porous separators. Also, for lighitifasion batteries lower shutdown
temperatures are desired however the film must naiatan yaeshanical integrity after shut-down.

Additionally, it is desirable that the film maintainl\dim@ng bilgbbgg)éLSelevated temperatures
ged in any of the processes or

[215] The microporous films of the present 'nVénﬁgn ma
' th,euf(cﬂlowi g patents and patent publications, all of

applications as described in, but not lj d to,

which are herein incorporatét®ytrefe or-surpses of US patent practice: W02005/001956A2;

WO02003/100954A2; U.S. Pat. No. 6,5% 8; U.S. #9Rat, No. 65THF4E; US 2006/0188786; US
}B?t' No. 6,372,379 and WO 2000/34384A1. [216]

2006/0177643; U.S. Pat. No. 6,749,k961; U. A
The mesophase separated structure provided by the inventive copolymers provide several
improvements over the prior art for forming microporous polymeric films, The ordered morphologies
result in a greatér2@égreeGftetyntridi2ovet . the poré-dizdramytbheaytharhéNstEucture. The phase separated
melt mofphOlﬂ&%ﬁ&@ﬂﬁ@%ﬁliﬂlﬁ%ﬁ@ﬁ)'t@&%@%&%'ﬁﬂlma{ﬁéﬁ){ .imparts a greater dimensional melt
stability than in non-phase” separated materials. "Photonic paper, Organic Sensors, Polymerized
composites, etc. [217]Interactions of the inventive materials with certain small molecules results in
swelling of one or both of the domains. This swe m roducegmisible color changes that can be useful
in applications such as chemical sensors. 5[2 18fWith 25 having low vapor pressures, the
swelling is reversible upon evaporation. This feature c 0 cg&%films that act as photonic
paper, enabling a reusable paper or recording higment for color display as
described for a colloidal photonic systemvancg@ﬁ?later' 2003, 15, 892-896 [219] In other

cases, the swelling can be accamplishe( g-materialat can be 10fixed after swelling to make a
stable composite material. Suitable swelling-agents canlingcleide polyaaerizahle monomers to create
polymer composites (for an example of colloidg ﬁmp ystems, see: Advanced Materials 2005,
17, 179-184) or metal precursors to create hybri ‘o%a organic materials [220] In some
embodiments of the invention, the amorphous nature of the soft 15domains makes them generally
more amenable elling than t emiclystalli ard d ins. Thi lecgtive swelling provides a
means Tor selec |ve§';i2’hem‘g:agﬂjIjil %gﬁjﬁﬁ%}h%g%yé ot (:)ertrwhgﬁl{n?s%5 %%?}fé%%’r%%%\?t%a“f}fggﬁtiated
properties. Dislisiltaetirabubdikeilabare il ubFenilBraiver Hiok i &rs tedimiass pellied as a
component ipaglistributas 2@feedback laser. A distributed feedback laser is a type of laser diode,
guantum cascade laser or optical fiber laser where the active region of the device is structured as a
diffraction grating. The grating, known as a distributed g reflector, provides optical feedback for
the laser during distributed Bragg scattering the S,Eﬁne. The inventive polymers could serve as
the distributed Bragg reflector. The inventivetm ,.(’“? S can also be 25incorporated into a dynamically
tunable thin film laser as described in W02008054363, which is herein incorporated by reference for
purposes of US patent practice. [222] Theiimysitive Blegk interpolymers can also be used to form films
with improved barrier properties. Such materials ‘e&h be used to form, for example, bladders in - 69-

C{CH3)3

[124] Catalyst (C2) is (t-butylamido)di(4-methylphenyl}(2-methyl-1,2,3,3a,7a-1-
10 inden-1-yDsilanetitanium dimethy! prepared substantiaily according to the teachings of U.5.
Patent No. 6,825,295:
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athletic shoes. These materials have particular advantages for barrier films, in which the bather is
improved because the layers physically increase the time to equilibrium saturation of penetrants.
Some embqggimgnsdngdyding semi-crystalline domains or layers with longfangeqisig:pay show
decreases in the permeability of small molecules such as oxygen and 5water relative to similar
polymeric materials. Such properties may make these inventive copolymers valuable in protective
packaging of food and other moisture and air sensitive materials. The inventive block interpolymers
can also display increased flex crack resistance compasgd to multilayer films. [223] The preceding
description of the present invention is noﬁgigtended tQ LOlimited to films and may also be present in
other articles or objects. [224] Fibers that pre u@
include, but are not limited to, staple fibers, t ticompnedt; sheath/core, twisted, and

monofilament. Suitable fiber forming processe isei\s inbtrifiad, melt blown techniques, as

disclosed in U.S. Patents. No, 4,430,563, 4, 663,220, 4,668,566, and 154,322,027, gel spun fibers as
disclosed in U.S. Patent No, 4,413,110, wovenamenonwaver,.fabrics, as disclosed in U.S. Patent No.
3,485,706, or structures made from such fi@é?s, including blends with other fibers, such as polyester,
nylon or cotton, thermoformed articles, extruded shapes, including profile extrusions and
co-extrusions, cpiesdaredCatiniasand drayvitaMisiRe o aHmprdwRIns A iilners, shiya-Rew polymers
described her_eirzli 20a_rF_ SO ustetful for dwir(%hapd cablg CY%a%ing Q) eraticgns& tasthw%ll as in sigeet extrusion
for vacuum fgr%lﬁ%e%pé? %oaﬁlg,iglﬁ%f%r%gyn%?g%ﬁ aricies, in Ilﬁ‘gﬁﬁﬁ e Uss 6 fnjig%%ign molding,
blow moldingpfoteiss; Bprotihéfding 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 w
processing. Fibers made from the copolymers
and textiles, such as reflective or colog;ehang
and non-aqueous, can also be formed usi £ polymers or formulations comprising the
same. Frothed foams comprising the 30invegtétpelymers 85% also be formed, as disclosed in PCT
application No. PCT/US2004/027593, filed Amgyst 25, 2064, %nd published as W02005/021622. The
polymers may also be crosslinked by any k @ eans, such as the use of peroxide, electron beam,
silane, azide, or other cross-linking technjgue™Fhe pol/ftéds can also be chemically modified, such as
by graffing (for example by use of maleic %mhydride (MAH), 5silanes, or other grafting agent),
halogenation, amination, sulfonation, or other chemical modification, [226] Additives and adjuvants
may be includedia@ny foflmakasicih tomipsiging thedmiieritheeipdtymebnd)ZBuoitabhe ddditikgs include
fillers, such ag QigaRie Qy g@g@%&{gﬁ;ticle& including clays, talc, titanium dioxide, zeolites, powdered
metals, organic or 10inorganic fibers, including carbon fibers, silicon nitride fibers, steel wire or mesh,
and nylon or polyester cording, nano-sized patrticles,_clays, and so forth; tackifiers, oil extenders,
including paraffinic or napthelenic oils; and other al and synthetic polymers, including other
polymers according to embodiments of the inventicn <%»’ 7] Suitable polymers for blending with the
polymers according to embodiments 150f the inventio Iude thermoplastic and non-thermoplastic

50 exhibit optical properties attractive in fabrics
{6 ristics. [225] Dispersions, both aqueous

€

polymers including natural and synthetic polymers. EXemplary polymers for blending include
polypropylene, (both impact modifying polyptepyfe, isotaétizpolypropylene, atactic polypropylene,
and random ethylene/propylene copolymers), vari(%%type of polyethylene, including high pressure,
free-radical LDPE, Ziegler Natta LLDPE, metallocene BE-Aqcluding multiple 20reactor PE ("in reactor”
blends of Ziegler-Natta PE and metallocene PE, such ducts disclosed in U.S. Patents No.
6,545,088, 6,538,070, 6,566,446, 5,844,045, 5,869,57 d 6,448,341), ethylene-vinyl acetate (EVA),
ethylene/ vinyl alcohol copolymers, polystyrene, impactmodified polystyrene, acrylonitrile butadiene
styrene (AB 5), styrene/butadiene block copolymers and hydrogenated derivatives thereof (SBS and

SEBS), polyisolyjijene (RIE hiameRalume. ERingniene coplvmer. FRAM AN hepmonlasti

polyurethanes. Homogeneous polymers such as olefin plastomers and elastomers, ethylene and
propyl&he-baREdlEbe Bifidy déi xS s vetsEan e e FiFBYiEd8 BeSignation
VERSIFYTMuavaizibiefiasisihedagnGhgmicat aompamy andiMi® TAMAXXTm available
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from ExxonMobil Chemical Company) can also be useful as components in blends 30comprising the
inventive polymers. WO 2009/097560PCT/US2009/032699 [228] Additional end uses include
elastic filmsxanehfibgsssgoft touch goods, such as tooth brush handles ang@pplisnsaandles; gaskets
and profiles; adhesives (including hot melt adhesives and pressure sensitive adhesives); footwear
(including shoe soles and shoe liners); auto interior pans and profiles; foam goods (both open and
closed cell); impact 5Smodifiers for other thermoplastic polymers such as high density polyethylene,
isotactic polyjsaixyenah dsibthendlefin-@opjrhersivoo digd:fdkcsiedsesidubisig:omedthdiistripping; cap
iners: flooring; aagMReRR It Asmadlietes Alsg K As R RAIRL MAdliere far lubricants

[229] In some ém ments, thermoplastic compositions comprising a 10thermoplastic matrix polymer,
especially isGtdRBBON oy eHalgRBra KPR BIR Hh T Biee REBOPBRAER G thylene and a
copolymerizahlel GamanRRRIRSE A JINgHM: e biod inentsiRidng ) iviasti emyrienipiguely capable of
forming core:-s ;;I particles having hard crystalline or semi-crystalli locks in.the form of a core
surtoutded By Gott SR e DR R PR U G U a Taains of hard
polymer. ThegecytBiatintesidre. formdalameispierdatthiiiburd menide. sdlylrias Bithe forces

incurred duriggimgh-serpreundina.arblandingwthis highly desirable morphology is believed to result
due to the unique physical properties of the multi-block copolymers which enable compatible polymer

regions such as fjg matris and loher epmenoRIer. conient SlaaeTiegiRns Qg mult-block

copolymer to seli-assemble in the'melt due t6 thermodynamic forces. 90Shearing forces during
compoundingraseshENdoEnite PrséGerctapriraterrrEdioms b Hesl sopRynses piskirerbyliBgslastomer.
Upon splidifyings these dgeignshecamaosclideshaiastomeat paiticles emeraeddn diag polymer matrix.
[230] Particul?rg desira}bIT plend are therm Ia%tigegog/%lef' bleprlisf. TPO), th(iirirgoplastic elastomer
blends (TPES Thefhopiaste Vulamzae® (TP ahd styrenic 28psiymer Bierds™ TPE and TPV blends
may be prepeared iy themisimnpthls ifietechmulitnb(Bok polyerreidyitctudiherfigndtidrghzed or
unsaturated gervativesihereafudthhan.ntiansh thkebIRcHidiRg convaptignalbliagk copolymers,

especially an SBS block copolymer, and optlonallxﬁa crosslinking or vulcanizing agent. TPO blends are
generally preiPArBETHIHR AHG HHEs HVERREEIRAOGIB SR BPs TR IR 2 BAR dIgth, and optionally a
30crosslinkingenedicaniziogddent siheidgiegoitg Heindsuniysedisedin danyingeaomedded object,
and optionally,croaslinking the.reswling malded Atisle A similBraracedure seing differgnt components
has been pre%li‘égl?g%égisc sed iF1 EJS a;enf No. 6,797,%(:79. % 31] ’Sui|§tatl)le]§Jcor$ventional block
copolymers folpehiccapiyiicatian fusiraimhisssdEssnMooney viscosity (ML 1+4 @ 100C.) in the range
from 10 to 135, more 5preferably from 25 to 100, and most preferably from 30 to 80. Suitable
polyolefins espddiddly incliioeilinedive ey densityipelye thiflaes]qpol ypropyleratigndluding atactic,
isotactic, syndipfagticanchimpast mastisdyersignsdherse hand aividsrasityllpantene). Suitable

styrenic polymers include polystyrene, rubber modified polystyrene (HIPS), styrene/anylonitrile
copolyfhers (@ﬂ‘f@)‘?‘%%@P%Gﬁ%é@%ﬂﬂx(ﬂﬁb?ﬁ?mﬁ%ﬁr&%%?{/Fé‘ﬂ%“fdfﬁ‘&%ﬂf’ AIYAFHE copolymers.
[232] The bleadsiqry. da preparaddypaxing ordsdeading hecresprRciieecompanenisiat a temperature
around or above the melt point temperature of one ar both of the compo ents; Fgr most multiblock
copolymers, %{fgqt%l%ﬁg?é%utr"etﬂren%lyel%ewgﬁgtsgigﬁé f%rﬁg%%%t%ﬁgﬁ%r%%%eﬁﬁn& gsnd most preferably
above 150 ChesAgied onEHaE RMh P TSOTORHBBHIAE & ITHTeT that 9k wapkisiersfaEsehing the desired

temperaturesRng el Riasifvingidiernidyemaybepmplayedud hasenncydaimilskneaders,
extruders (bath single screw and twin-screwg, Ban$lﬁ§/ﬁmixers, calenders, and the like. The sequence
S i

of mixing and HHEIHEH A BRESE o AN the Ha St iR AP LE7B5En. A combination of Banbury batch

mixers and continuous mixers may also be employed, such as a Banbury
[130] The inventive interpolymers also exhibit a unigue crystallization and

branching distribution relationship. That is, the inventive interpolymers have a relatively
large difference between the tallest peak temperature measured using CRYSTAF and DSC
as a function of heat of fusion, especially as compared to random copolymers containing

30 the same monomers and monomer level or physical blends of polymers, such as a blend of
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mixer followed by a mill mixer followed by an extruder. Typically, a TPE or TPV composition will have a
higher loading of cross-linkable polymer (typically the conventional block copolymer containing
unsaturatiory gomhgegddo TPO compositions. Generally, for TPE and '| PM-¢arapRasiisnss the weight
ratio of conventional block copolymer to multi-block copolymer may be from about 90:10 to 10:90,
more preferably 25from 80:20 to 20:80, and most preferably from 75:25 to 25:75. For 1P0 applications,
the weight ratio of multi-block copolymer to polyolefin may be from about 49:51 to about 5:95, more
preferably frarmigbdehsiey abiguitel 8:3Q. Iboerdadifiechptyyeric pehimer-applicatiansichawueight ratio of
multi-block cgpol r olyolefin ma be from about 49:51 to about 5:95, more preferably from
35:65 to abogglieg%%a#%kgsr%}‘ uer%?y e%ﬁ%nla\ée 96‘96 Igg gr%?ﬁés tllgm(eﬁi1 \%s%oseiﬁ/mr \tios of the various
components dFHENEIRN 06 HsideramieniteratlveksIviStiathsg sdone Gadd soe-cheptgisglahéhshase continuity
by changing the.Miseositnratiasohihe-capatiuanis.ehadiepddhatapersambakillad-hdiis art may
consult if necessary. . [233] Certain compagsitions of the inventive block copolymers also act as
plasticifers, AFIALELEPRPGRERO A o SRR G THBITRR? RS FD BBt A igh Smolecular weight
polymer, suctisstioiogxampiéda théimoptéstic; ¢6 ffelsilitatel@iocdstiifgitindeesiseots workability,
flexibility, anqor distensibility. QfAhe RAXIREAAYPIORYIERRLERMPlRE AN gOgineering

thermoplastic that is generally stiff and even brittle below room temperature especially for highly
stereoregulaf 6RO Mer58449 By BHBOBTATERTY 87 SRS ST’ miscible blends with
10polypropyleng:RBiyflendirg s ehsinterpolimedqlastoizer solvitiepddyprapylanmdisadactic
polyprp(pylene,os n (cg]gtactic polypropylene and atactic polypropylene), the glass transition temperature,
storage modulus an KY/iscosity of the blended polypropylene are lowered. By decreasing the transition
temperature, storage modulus and viscosity, the workability, flexibility, and distensibility of
polypropylene iﬁﬂ% ves. K%‘%ﬁ@ﬁ,"ﬂﬁb%ﬁhﬁ%%&lﬁﬂ?e B 85 5h atoRIOrh &S HEW holypropylene
blends in filmcfibdrs@nd thelded: product st aypacentnfelrtivareapelitheofl exiititinpftee product design
utilizing thesg.novel blends.sambeduithstsriardsdbyakingngdvanade afhe,enhanced comonomer

incorporation and tacticity control §ossible with metallocene and other homogeneous catalysts, both of
which can rebe rderaletie peprE RS aneianirgrptioF b Ay Rtk dientive block
20interpolymetoosihg3bhihheselplasticizedpalyprapylentg heppaplaaticsspoask behyaagdn dnown

applications for palypropylene compaositions..These.uses jinclude, but are not limited to: hot melt
ohesves: ph T e the
polypropylenefimslisnnidvaps sirepystaiable . chndephoasopdiishop e re) ofilmreBiwhether
extLusion COatighe cant A }al@?a;lsi@u@&r}sﬂﬂcﬁm%ihmﬁQyﬁ%hﬁé?@g@iagggﬂ@@qg%éﬁﬂgs?; sheetls (such
as by extrusign in single or multilayer sheets where. at least one layer is a plasticized polypropylene
thermoplast CESHHR DG SPIRETY, ERHT AT B OR <PabER B AR S (HBfimoplactc
comp@fients inethighinofosmisibtepthsnmopiasticsolefi pr¢fiPO andptlernioplastic lastomert WE") blends
where 30polyprogyleng Rag dadiionalivHea %?Hlﬁ&@&rg}&ﬂaE%Q@tﬁﬁﬁ&%‘é‘?ué@nvﬂé%{i%&ﬁﬁse many

uses, with improved low temperature properties and increased workability, the plasticize
polypropylendhéshopraiitiacomiracs iftanne rapldeifelirrsaretteyrdppidatititiPasticized
polyvinyl chlarigel{R%Gyri286h TMechigndic arnpasionssmayheniiainpinecssing @ilsapiasticizers, and
5 processing aids. R r precessing oils and paraffinic, napthenic or aromatic process oils are all
tablo for v B R S5 o about 100
parts, #hd mestprefeiabhehoAEBBIED to about 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 somd iysicaliprepeitiegoAtdit onaipphocassing ilhidsnibofiidencorfubntional waxes, fatty
acid salts, sugh a3 AIRIYM SIAAAIR ARG RSAAIR. {PRlalcRNgISnelding dlycgls. (poly)alcohol
ethers, including glycol ethers, (poly)estérs, including (poly)glycol esters, and metal salt-, especially
Group 1 or 2%mmrmrznf@{hsmmmméézm@@?n[&s?]sm'sallmwfvmét _ffbﬁihﬁ_ym@g@nwed rubbers
such as thosg, compfisingpeobme| 268 I LAHBRIANG ALISARIERE. Jadfing block copolymers
(here-in-after diene rubbers), have lower resistance to UV radiation, ozone, and oxidation, compared
to mosty or Hightpaaetrasettiritsiversnpizppicitishelengdhchsitiries enadplfromybomgbsitions containing
higher concepftatiensqahslisnerbasar subhersolldsnkawa dR ABCURNALE SRERPRAIAGK L0 improve

rubber stability, along with anti-ozone additives anr@ anti-oxidants. Multi-



70block copolymers according to the present invention possessing extremely low levels of
unsaturation, find particular application as a protective surface layer (coated, coextruded or laminated)

or weather {ggisig)idilip,adhered to articles formed from conventional diepg@lastasahsmpdified

polymeric compositions. [238] For conventional TPO, TPV, and TPE applications, carbon black is the
25additive of choice for UV absorption and stabilizing properties. Representative examples of carbon
blacks include ASTM N110, N121, N220, N231, N234, N242, N293, N299, S315, N326, N330, M332,
N339, N343,eN34£aiNgesloNBEB: NS AbmBD 321040 B, N Bo NGB G ubited 2rdpoRd: N683, N754, N762,
N765, N774, N787, N907, N908, N990 and N991. These carbon blacks have iodine absorptions
ranging fromi&PREt1ABe ol SRR AVEFSER bORE S OITFREYLRERHGSrdrAcREE 196'E913/100 g. Generally,

smaller particlasized casbap, hlatks like. 1-Butene and 1-octene are especially preferred. Other
suitable monomers include styrene, halo- or alkyl-substituted styrenes,
3 vinylbenzocyclobutane, 1,4-hexadiene, 1,7-octadiene, and naphthenics (e.g., cyclopentene,

cyclohexene and cyclooctene).

[133] While ethylene/o-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 ope carbon-carbon double bond.

10 Depending on the selection of catalysts, any olefin may be used in embodiments of the

invention. Preferably, suitable olefins are C3-Cpg aliphatic and aromatic compounds

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

substituted in the 5 and 6 position with Ci-C2( hydrocarbyl or cyclohydrocarbyl groups,
15 Also included are mixtures of such olefins as well as mixtures of such olefins with C4-C4g

diolefin compounds.

[134] Examples of olefin monomers include, but are not limited to propylene,
isobutylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, and
1-dodecene, 1-tetradecene, 1-hexadecene, t-octadecene, l-eicosene, 3-methyl-1-butene, 3-

20 methyl-1-pentene, 4-methyl-1-pentene, 4,6-dimethyl-1-heptene, 4-vinylcyclohexene,
vinylcyclohexane, norbornadiene, ethylidene norbornene, cyclopentene, cyclohexene,
dicyclopentadiene, cyclooctene, C4-C4( dienes, including but not limited to 1,3-butadiene,
1,3-pentadiene, 1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4-C4Q
a-olefins, and the like. In certain embodiments, the g-olefin is propylene, 1-butene, 1-

25 pentene, 1-hexene, 1-octene or a combination thereof. Although any hydrocarbon
containing a vinyl group potentially may be used in embodiments of the invention, practical
issues such as monomer availability, cost, and the ability to conveniently remove unreacted
monomer from the resulting polymer may become more problematic as the molecular

weight of the monomer becomes too high.
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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
c'onsiderab!a,geﬁﬁ'[g%ggg&dom to inplude alternative pig.ments or no pigmg%ﬁﬁﬂhgw iﬁ-%?ed tires or
tires matching the color of the vehicle are one possibility. 5[239]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 fascomerig theysiiase.aRebRraleclloguRa iRV e AL PZRRG OF they may be
chemical protectors th%é%ei%ct W'{[h oxygen qr .ozone. Suitable chemical protectors jnclude

10styrenated”PHERBIS, e BRSO BOR S G TR ISBRYTS BEHSIEp-
phenylenediamines cbutiatet reaction:nd dyctsof-putybsoten drdidyclipehtadienda{DCPD),
polyphenolic apigidants yligauiARIG ety alias ahinoling. dirhendsos aloxdagls, tioester

antioxidants, and blends thereof. Some representative trade names of such products are WingstayTM
S antioxidant 53Ty Sty L PRMERIE SP I SRS ERr TR B anskmtisshdastPalidtay T™M 200
antioxidant, \yfingstay TihbraptiaxtdansWingsiavmlifheantinidart MingstayiM K antioxidant,
WingstayTm 29 antioxidant, WingstayTM SN-1 antioxidant, and IrganoxTM antioxidants. In some
applications, th i-oxidants and antiozonants used will preferably be. non-staining an
on-migratory. [ T1940] Fop BRRGUNG AOCRC SLaiy BeA st OV A e et Smine figh
20stabilizers ¢4MLS ¥ eiid kiradssbrbdisnaizyibe fafso Usdd. @ditableaxdinpledcinglsd@dnuvinTm 123,

TinuvinTm 144, TMdnTa@eds TmadnbiEGr: Tma el gl dath TgLyinldnd Q. ayailable from
Ciba S emal%Chemlcals and ChemisorbTM T944, available from Cytex Plastics, Houston TX, USA.

A Lewtd acid é&%“’éﬁﬁ%i&éﬁﬁfﬁﬂiﬁ‘&‘fubgé’meﬁ%%%ge%ﬁﬁ%ﬁ’r‘iﬂ"Hegrﬁt@t“’té‘cdﬁﬁ?é{}’éugﬁperior surface
qqa_lity, as dismd:h%d-hmdthﬁ.1E%aﬁemcﬁﬁi&cﬁ,6@5&;ﬁﬁﬂ,6-of2ﬂdr593S@ﬂm@hﬂp’(}sﬁimﬁweadditional
mixing procegses, May e, SOONSH 19 RIRISRRISR R 400X '%Qfériﬁ&‘ali%af@ca&lé%e&arbo” black, UV

absorbers, and/or light stabll izers?o form a masterbatch, an su%se_quently to form polymer blends
there from. Y93 StrEHRCradstking AGERESTERS rbfefistPesiadicdsnag b vulcanizing 30agents) for
use herein ingluacadtiidesad nekoxsenasad, fiahenelieRasad eMROURASs - 76 - Examples of
the foregoing materials are found.in the art, including in U.S. Patents No.; 643; 3,806,558,
5051 176; 4 0T BT ST oreas oD BTS8P b B H R oA T Sa2: 4,311,628
and 5,248, 7 20efz48kanhentksliffenchexséenbanyigraibesisadirdidenp loybonaete RcditerS-and cure
Sactivators mayepsed as - A0oalsr 3tprs,ahe UsRIHG coRtrl e dimeandior temperature required

for dynamic vulcanization and to improve the properties of the resulting cross-linked article. In one
embodiment "8 BB acaIY B PRy RS at sy Fobead S s prrE Aecigr’itor(s) may be
used in total amrgbmgmangi@goﬁﬂﬂmab@mt Of&kte)cw.mslty@iq:aﬂefe.sadbly piaparb(EﬂDMabMt 1.5, phr, based
on to‘%bcom%%ﬁmri’;pp}%?éﬂ@%-dih@n%g‘QHQ?,519@&9%‘5?‘%ﬁb)‘}%&%%ﬁ@ﬁﬂ&%&ﬁéﬂ@%ﬁﬂﬂ 3 secondary

accelerator might be used with the secondary accelerator being used in smaller amodints, such as
from about 00t cUES RN OFdEY 16 BEtudtacanBoibsmpho MR srosirtigensnitbicatired article.
Combinationsrafasceies atpssigenasiy-dradusarricasiiaying piopaidies tha aie samewhat better
than those p%%gig&ege?gl# e of a single accelerator. In addition, delayed 15action accelerators may be
used which aré not affected by normal processing temperatures yet produce a satisfactory cure at
ordinary vulcanization temperatures. Vulcanization retarders might also be used. Suitable types of
accelerators that'ifay be {8415 el prEdin PRNART ShrLT A DnitRse inianprdacstithidines, thioureas,
thiazolEs, thivrebudinsultesfaheidesndithiocairbamaties andotanthaté sthiyiaie rallyCteuprimary accelerator
isa sulfenami% . Ifa se%ﬁnd ac%elerat%crf)ist.useﬁ, the seconocliarX acceleratorfjs ipref{fzrably a guanidine,
dithiocarbamate orthiGram %@Wp%rhehér? aram rg%ee%%%%r%l FEENTEITE 4ctiVaTors duch as stearic
acid and ZnOlkiay &isesbea dsedppdan:perbiacprirasedveotiny sagérvigratedisets éomaddvators or
coagents mame:éﬁ@é,'@@Mqﬂmmﬁwﬁt&@m@%& geRtaincge g thylplpropane
triacrylate (TMPTA), trimethylolpropane trimethacrylate (TMPTMA), 25triallyl cyanurate (TAC),

uiallylisocyarfarte er A1 6 A Shy SIRETE R5EbYF HE RS 15D S IMRBTE Sn FUPORE doagents used for
partial36r conbplete, dypramie, ivileanizatiordyd kpemendnathkel arttamd disaltsedippeXample in the
publication, "Reroxi nizati N 4, NO_3July- st When the
multi-block cgip%%)%%?% rﬁ%ih i%n%E g’%ﬁ%@%%%%ﬁ}é‘%ﬁ% ?57%%%%%%@5%%&2{%%% td%;]tﬁge of
crosslinldng may be measured by dissolving the composition in a



solvent for specified duration, and calculating the percent gel or unextractable component. - 77 - The
percent gel normally increases with increasing crosslinking levels. For cured articles according to
embodimeRrgggofsthadaxqntion, the percent gel content is desirably in the raggediem &igd 00 percent.
[245] The multi-block copolymers according to embodiments of the invention as 5 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 whenfdinedynioa fultddddnextindedinagicteridd theh sainmdim espivddyeserit compositions
and blends ther i S| t ies, ther ing the present
multi-block c%%cﬁ(;%nﬁg@gﬁg Efgﬁ%%%l%ﬁg{ée)g%gesd%%tgiﬁ@%%ab%r%%?t%u %lé% Lﬁ%ﬁl%/géeﬁmployed in foam
and thermofétfiigCapiftictons WherdisRe  COmeryie Beu et SRy udrée e fAiB)eThermoplastic
compositionsReeRrdingda.amutodimentaphihs. savantian maybalaens oMtaipegarierer inorganic fillers
or othet addifigs such.as starch, taje, caleium carbonale, glass fibers, polymeric (bers (including
nylon, rayon, Cofton, pofilés er,and 1 polyaramide), meta fibers’ Hakes or particles, expandable
layered silicatéssligtnssphatesmsnearbonates, such as clays, mica, silica, alumina, aluminosilicates or
aluminophosphates, carbon whiskers, carbon fibers, nanoparticles including nanotubes, wollastonite,
graphite, zeoliteg,38nd cepAos, theldlemscsttebimgadidersteonimntsidenar tikangmesitasre based or other
coupling agents may also _be empl r better fill I ( 7T stic
composition(es&gggg)?g?naﬁgge%ﬁ%g%i%/egr%ségo%uﬁ%ﬁlr%éﬁﬁlgr%%%%ﬁ%%e%g%zaﬁ%g t%%nds, may be

processed byiegrdiaational Molaitgrieeriighdsisiel avipfectontnisriy wthesissdolding,

thermeformingn sl paiding pRyRrdnolding i dnseHRadingdlow mokiingoass eihes techniques.
Films, includin multtj-lftg/er films,tﬁr{j]al}/t be Qrtodugglb b c& tor fentering Pr cess Si ipcluding blown film
processes. 2B248[I ad difioR 10 fiie above, Bie brock cthyleReas &finin &rpolymiers afso can be used
in a manner theddsiyeboriigbebinbihpotpticwihgydrs merovisiopet npplicatindsutheqdistioteres of which
and their condjguatiQns, GiyisionaapRiralionsane: continmMAti AN AL ARRIKAIANS AER iIncorporated by
reference herein in their entirety: 1) "Impact-Modification of Thermoplastics with

Ethylene/a-OIBTiHE ¢5°6 PESETELT RiS© 667717899 8 MEH O epstasererdcpgpsrenet HdThree
Dimengional iRaadoatit eajpeehStructures Made from Interpolymers of Ethylene/a-Olefins and Uses
Thereof', U.S. Serial No. 60/718,130, filed on September 16, 52005; 3) "Polymer Blends from

Interpolymer of Fithylene/ayRlefifindaS1 Sl iBldyo1 GRE AR5 lemkan Seplanibeik6ing005;  4)

"Viscosity Indei< Improver for Lubricant Com ositions‘t', u.S, Seré\al 0. 60/718,129. filed on September
16, 2005; 108) “RihaPE MKYS Ao Eo By R B I T AR s P S B APNB 6017 18,197, filed
on Septembendéis2 08%5xamp6) LRjbers MadesfromiC opolymet sicfuPropylbratax@iefinsts, U.S. Serial No.

60/717,863, QGQ%QW&%EC%%&%Q% di-funfioR BESIKG RNE MaTKIRG fompRsiips Made from
Interpolymers of Ethyléne/al50lefins”, U.S. Serial No. 60/718,000, filed on September 16, 2005; 8)

"CompBsitiorf@ b ERIEHRS - B BRI UTRERS SUitBle BYY EMRE", U.S. Serial No.
60/718,198, fiteahon Septembe bd Sop2Derized Yitheblogy Madiicptianicidiiterpdlymers of
Ethylene/a-Olefins and Articles Made Therefrom”.U.S rial No. 60/718.036, filed.on September 16,
2005; 2010) "STEDRN S RTALE Ersre e oy ayier = Tt S e e
60/717,893, fifber sArSapeeitbeM@pgoserafting fyrqtisr MeteR AAFORYFHNEMS feh et

Interpolymer @ Rasgib- ubrisaRLELs 1454 367180 00.980/55k7 B4, Jiledandrepteriaes 1§, 2005;
éze)ptgﬁi)rgrs 1'\%%d%¢e Fr%@ E{E:t?nr 00I og%?hgze%[ il%l?er}g!ean_c(e?li%ftgesir’egﬁ%t}? e(BI)%l yagtic%?a?gzqélé?ﬁ?eso’ filed on

functional group is maleic anhydride.

[140] 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

30 weight percent, and more preferably at least about 7 weight percent. The functional group
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13) "Compositions of Ethylene/a-Olefin Multi-Block Interpolymer For Blown Films with High Hot Tack",
U.S. Serial No. 60/717,982, filed on September 16, 2005; 14) "Cap Liners, Closures and Gaskets
From Multi-glgck®Babsagrs”, U.S. Serial No. 60/717,824, filed on Septemberké;2@3Rak5) "Polymer
Blends From Interpolymers of Ethylene/a-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/a-Olefins
Blends and Rﬁﬂﬁ’[@ﬁiﬁm@ Eagskeis iMad&pﬂ;@iﬂ%eﬁ@fmﬁmctléxﬁn&ﬁrialefﬁelyﬁ%m&rﬂ.ﬁﬁoxfﬂetis@n September
16, 2005; "F I Pol mer.G e er f Ethylene/a-Olefins and
Uses Thereo%h PJ gﬁgﬂ/eﬁo qrgg ?gr%bq ecs)sﬁz%lgae|o€1tti)em Eg): 1%) 200 n}%{&? &%)gomposmons Of
Ethylene/a- _QuesfaraTliesIgeR ﬂbf@?é’élWélﬂtFPérCEiﬁastic Films and Lamlnates" U.S. Serial No.
60/718,081, filed on September 16, 2005; 1520) "Thermoplastic Vulcanizate Comprising Interpolymers
of EthyleneldetiehrBBlacl ISdSerial No. 60/718,186, filed on September 16, 2005; 21) "Multi-Layer,
Elastic Articles”, U.S. Serial No. 60/754,087, filed on December 27, 2005; and 22) "Functionalized
Olefin Interpolymess, Conmg&&h@&g;a@%&gtﬁmyl?ﬁemiﬁdﬁg)rﬂaﬁéﬁmS@@d Metbads for Making the
Same', U.S. serial No. SOT18.194, fied on Seplember 16, 2005, EXAMPLES [2dg]The following
examples are provi €418 mdstrate the syn heS|s of the ven?lveypo ymers. ertain comparisons are
made with somfg@xisting polymers The 25examples are presented to exemplify embodiments of the
invention but are not intended to limit the invention to the specific embodiments set forth. Unless
indicated to the contrary, - 80 - all partsl and [pegcentages are by weight. All numerical values are
approximate. When numerical ran n{r Réuld be undérstood that embodiments outside the
stated ranges may still fall within thé scd’pe the' invention. Specific details described in each example
should not be construed as necessary features of the invention. 5 Testing Methods  [250] In the
examples that fdld¥, the Tolismanendndigtedle taetiing oty wielbimbiiopetorerciVisthlserdde Samples 1-4

and A@ [Zﬁéht%ﬂx@uéﬁﬂibéiﬁqrgqn;doh%M@l%h&ﬂﬂﬂ@ﬂﬁdﬂ@&@@%ﬁﬁ%@%@%@§et to 10 160C is
used to add enou?ﬁ ,2,4-tric %?robenz@n stabilized, with 300 p tn onol ta fct{}ldned olymer
A O@% B ¥

sample to giv&s" BARBISRAE of 30 IG/AEX KLY Rig &h tube and
the samples armhbatedte ﬁl@&@d@ﬂ@lhﬁ@g@ﬂ@h@&t&@;@rbﬂ@bmab@aﬂm@m rpm. The '
concentratedemixmlgya%{ygrtdﬁfgm&u&unﬂeﬁgu;le@%mmm%%@ﬂm@;%@ah&w@ handling robot and
the heated needle set to 160C. 15[252]A Symyx Rapid GPC system is uséd to determine the
molecular weigPRIBRERS B CadrPe ANAKTAS Gilson 350 pump set at 2.0 mi/min flow rate is used to pump
helium-purged 1,2-dichlorobenzene stabilized with 300 ppm lonol as the mobile phase through three
Plgel 16 micromifi] (um)MiveshB300MiElse 2.5partlebinis g ikibrdnnseldéseing feated to 160C. A

Polymer Lab%ﬁ%ﬁr“JpQQQé@ﬁ@ﬁ&ﬁﬁ%&kﬁ?@a}ﬁ\ﬂtbE@@Mﬁ@@éﬁiﬁé&%@%@&ﬁﬁ@h&%&%ﬁﬁé rset to
165C, and the nltr%%en flow rate setto 1.8 SLM at a ressu of 60- SiOO -600 kPa) N2. The

polymer sampid¥ s GOREMARCTS 1 BREOSRHY TR LA 8“1?1% Rty Br ¢ 1866p using the
liquid-handlin@arobot elivetad hebtecdinmecien] Besialan alydisnafovdypeh/irradshkaples faliog two switched

loops and ovg{llgﬂgén&& E@&pﬁag@&&%%mc?gﬁggﬁg&data is collected and analyzed using Symyx
EpochTM software. Pea

20 [144] According to Flory, if P, the mole fraction of ethylene, is equal to the
conditional probability that one ethylene unit will precede or follow another ethylene unit,
then the polymer is random. On the other hand if the conditional probability that any 2
ethylene units occur sequentially is greater than P, then the copolymer is a block
copolymer. The remaining case where the conditional probability is less than P yields

25 alternating copolymers.

{145] The mole fraction of ethylene in random copolymiers primarily determines a

specific distribution of ethylene segments whose crystallization bebavior in turn is
_A4 -



25are manually integrated and the molecular weight information reported uncorrected against a
polystyrene standard calibration curve. Standard CRYSTAF Method [253] Branching distributions
are determiperhiyearstallization analysis fractionation (CRYSTAF) usingm-&R:50bARR&80 unit
commercially available from PolymerChar, Valencia, Spain. The samples are dissolved in 1,2,4
trichlorobenzene at 5160C (0.66 mg/mL) for 1 hr and stabilized at 95C for 45 minutes. The sampling
temperatures range from 95 to 30C at a cooling rate of 0.2C/min. An infrared detector is used to
measure thegootymeébgolgticiniconcentidiions cihhelcbiviuletivve gl enparentallond®measured as
the polymer giysiglizes e dbe-iemparallie s deql eased. dhe analyical deryatve of the cumulative
profile reflects the short chain branching 10distribution of the polymer.  [254] The CRYSTAF peak
temperature ERalEwSE aFe Rlastfe by ine pearidbmaffziatinn Hom RicrrASHiFF R RYSTAF Software
(Version 200gi&sr£0]ynaeich asy Madane pusspain)y TheutRatAFpealcfingding TREMe identifies a peak
temperature as 8 maximum (n the dWidleurye, fd ine. area belusen e afggst positive inflections
on eithdr 15 Side of the identifie pea’k inthe derivative curve. 1o caldulate the CRYSTAF curve, the
preferred proeesising phgdsnaterede witisdadmperatureafiisiiaf rborantieeien shrebitikig parameters

above the tempgraiiy silismit @fRikandlsiRncihadempaiatbre imitefd.2. RSfanatandard Method
(Excluding Samples 1-4 and A-C)  [255] Differential Scanné%goégalorimetrgi results are determined
n

using a TAI FBHE T PO BRI YRR E AR SR PRSI SeuESBeN I 4 P SRS A sampler. A
nitrogen purgsoasafiovn of S0yhkHeninlissesad (hheidampilaighpressddainteothintigareahd melted in the
press gt aboyt 1756 andthepn aifgooled 2 o temperature (25C). 3-10 mg of material is then cut
into a 6 mm diameter disk, accurately weighed, placed in a light aluminum pan (ca 50 mg), and then
crimped shut. T ermgl hehavior of the s IS 25investigated wit llowing temperature
profile. The san'lig‘e&?s ra&&%ﬁ ea ééh td’ Télb %EJ(?)HSP eigggfﬁg%egﬁ%ﬁvg tr}n%tftgg%og’r (kel?rt% remove any
previous therthsab ARES yivTibe tsapepltvie the andobiddNR -4bdeat 1OE/frietiendlingreatsaangheld at -40C
for 3 minutes, g SARIR,RDERIDSAIEIIBARDGhAL LOGARINE heating rats.Thensoalirg and second
heating curves are recorded. WQ 2009/097560PCT/US2009/032699 [256]The DSC melting peak is
measured as e MEGRHIH I HELHERPESETRRY) Rtk Fasie(To-theh (A 4P GHEBAISE Yrawn between
-30C and endlgf mettithgt dhehhieat nirfupdynisrfreasuieckasibigrarsa UndExtheumelting curve between

30C and the.ghd L asling usina.adneaRaseing. ariaaliteier ohing Brteigone as folows.

First, a baseline is obtained by running a DSC from - without any sample in the aluminum DSC

pan. Then 7 Baffig pare sreashed P indiirrdhepre T ghakBEE 1ytina stinesateatnghs to 180C, cooling
the sample tedARe @t Acaaling date-of 1OG fmindellpyedhykerpingihesarnpleuisetbermally at 140C
for 1 minute, followed by heating the sample from 140C tq 18 a heating rate.of 10C per minute.
The heat of flt}éall'o%r? Cginlg%xewo%%ﬁegl} cr}ngtfz?l w% %Ptﬁ@l?ﬁgﬁ?no%gﬁr% Ié’?ﬁé%lea erjﬁﬁﬁ%éj €aﬁrdA checked to be
within B5C flom ¥B6BC forhéorigktwpralsitiong sndawithirois Jigrdesm 48 e Jipdsdtieof fusion.
Then deionizgdwatenisanalized by sa0kng, asmaldranehiiash samalein dheRS&inan from 25C to

-30C at a cooling rate of 10C per minute. The sample i isothermally at -30C for 2 minutes 15and

kept
heat to 30C APHRBLEKGT ST 5RATRS FaioRiitRde 8 ?é}{%f’ Sitfi '?@’8%%%? & ¥ checked to be
within 0.5C freml 6Gread of the areas.

_ UT, -~ Ty, or Bl = - LnP, —LnP,,
UT, =1T,, LnP, —LnP,,
25 [147] 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
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GPC Method (Excluding Samples 1-4 and A-C) [258] The gel permeation chromatographic system
consists of either a Polymer Laboratories Model PL-210 or a Polymer Laboratories Model PL-220
instrument.yfheR0eetean and carousel compartments are operated at 14@-Gydianesglymer
Laboratories 10-micron Mixed-B columns are used. The solvent is 1,2,4 trichlorobenzene. The
samples are prepared at a concentration of 0.1 grams of polymer in 50 milliliters of solvent containing
200 ppm of butylated hydroxytoluene (BHT). Samples are prepared by agitating lightly for 2 hours at
160C. The injactioadusl v ecdsedisd@etahigioliterpanasthedftoiwofateg2bis 1v0imbminute.  [259]
Calibration of the GPC cplu iS P ith. 21 narrow molecular weight distribution
polystyrene st Sn%lgr; sﬁ%ﬁ%%éﬁgﬁ f}é%%%&%?g%g from 580 to 8,400,000, arranged in 6 "cocktail"
mixtures with at least a decade of separation between individual molecular weights. The standards are
purchased #BMEIRAREELE8ratSties - 83 - (Shropshire, UK). The polystyrene standards are
prepared at 0.025 grams in 50 milliliters of solvent for molecular weights equal to or greater than
1,000,000, and G4¥ grami&sAsenthifimesPbrse SRAFRE ETROfEe(SURIRE IBEPREN®T5000,000. The
polystysene standards are dissglvethat@pGswithigentierggiietion fopaQvningies. afeenarrow standards
mixtures 5are run first and in order of decreasing highest molecular weight.com nt to minimize
degradation.1 Héglﬁlglilﬁs){ec 36 Standarc %38;?133}%0 ércl:% ?rW%%aﬁgngoﬁ%é?%g% ?op %g %Ethylene
molecular weithiayersing nhétifelen/filv reepraeibey @astdeswibedenisarti anisasiPnarng. Polym. Sci.,
Polym. Let., §:621:£19684: MrixethylanesiQ-AdlddMpalvshvienelded, 260bRelyethvirne; equivalent
molecular weight calculations are performed usin O,Visg%tek rSEC SO%’,F e Version 3.0.

CompressiorFS85on5 B9 RIpYSLEIH %c@}”%ol’ﬁeé%% EAUMY T RS NP 85385, Phe sample is
preparéd by staekitdii2bnddann didomistebutdlno dists Bi8eroress2 Thanmg ad O:05pvmtgehickness until a
total thicknes3 gt 14, mmﬁef,%@g?s@mmqm% AREUEHOO A 16T & It GIBHRmpression

molded plagues molded with a hot prfess under the following conditions: zerg pressure for 3 mm at
190C, followaeH) 86 RIPE FIE2 SRR dETHOT bt IaHeaIBl 60 MHE N TREIFEESCHRFES running
water at 86 MRaad2gnsitysiint262l-SamplesiiQradensisnmeastametifgeterdpargdyageording to ASTM
D 1928. 20Measurements are made within one r of sample pressing.using ASTM D792, Method B.
Flexural/Secan bY Saliﬂﬁ%.“éaﬁ%sgse” cdufus” eﬁ&%ﬂfﬂ Sér}?]ag 3% %}%lg%rﬁ%%%%%%rfnolded using ASTM D
1928. Hexurapapdsiparteapt iseetntin ot HIPErecHieas s aTdeeoriiiy WS M7 90. Storage
modulus is measksd 2EEPHNAGIOMS T B 80260k QIAGuivale Rty lephninyeudbsptical properties
[264] Films of 0.4 mm thickness are comgression molded using a hot press (Carver Model

#4095-4PR15G 1 PRES 81 ErPEIS S BetTR8h B tetrafluoroethylene - 84 - sheets, heated at
190 C at 55 psi (380 1:13a) for 3 min, followed by 1.3 MPa for 3 nun, and then 2,6 MPa for 3 mm. The
film'is then cooléth the grsasnaAddiRrmAly GsiEsRhR FaPPBoBe For At OtPRIS B¥H$A8ssion molded
films are usegferiepticalimeasespardpitersiadahaviosutacouenanthsiegsfetaxation.
Sl265]garity i measured using B YIS GRS Haze: 93425 SRR iR ASTM B 4896 -

photonic band gap in the UV-visible spectrum, such as those disclosed in US Patent No.

6,433,931, which is herein incorporated by reference.

[156] A photonic band gap material is one that prohibits the propagation of
electromagnetic radiation within a specified frequency range (band) in certain directions.
25 That is, band gap materials prevent light from propagating in certain directions with
specified energies. This phenomenon can be thought of as the complete reflection of
electromagnetic radiation of a particular frequency directed at the material in at least one
direction because of the particular structural arrangement of separate domains of the
material, and refractive indices of those domains. The structural arrangement and refractive

30 indices of separate domains that make up these materials form photonic band gaps that
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[266] 45 gloss is measured using BYK Gardner Glossmeter Microgloss 45 as specified in ASTM
D-2457 [267] Internal haze is measured using BYK Gardner Haze-gard based on ASTM D 101003

Procedure &:Mipgl@haibis applied to the film surface to remove surface sgraigRemoltaghanical
Properties - Tensile, Hysteresis, and Tear [268] Stress-strain behavior in uniaxial tension is

measured using ASTM D 1708 microtensile specimens. Samples are stretched with an Instron at 500
% mill' at 21C. Tensile strength and elongation at break are reported from an average of 5 specimens.
15[269]100%naitét 82QYoHysienesitdst detetmminsadfionpagyiclicudadirgdo E608%pmndc808% strains using
ASTM D 1708 UQIENIE SRRCITSAR DA/ QP HARE VIR et LR, SRIIDIS R loagled and

unloaded at 267 % | 3'cycles at 21C. Cyclic experiments at 300% and 80C are pdnducted using
an environm&ntal hantirerdimentosel chasosirhsheapieataivip ey &Itvet auRfsreiécior 45 minutes
at the test tepepenaifenddeferadesingdintha il BoRAR%:stratp eyehiseperigeent, the retractive
stress at 150% strain f.rotm tt&e firhst unlogglin%_gycée ii% Ilrﬁtc roqulb l%aer{ ent recovery 1{8{1 &1“ experiments
are caldulatdF FOHT B Uk Sa%?fga%yc lfeeusﬁ]ngnt%e &H3In at Which THe 1644 Téturmned to the base line.
The percent pecodietty is defindicbel®rE- - %Recovery =-x100 4"| 25where Ef is the strain taken for cyclic
loading and a, is the strain where the load returns to the baseline during the IS™ unloading cycle. WO
2009/097560PGT13US200910 32629 12 S trassn elaxainmpdsimed ayiedoatc-Shypal cenpstsdin and 37 C

for 12 hours using, an. IngtonT M nstiumeny squipped with.an spulonmental.shambery,[he gauge
geometrywals mm x 25 mm X 0. mm.&fterégquﬁ 5'3}1 i

ibrating at 37C for 45 min in the environmental

chamber, theorsigtiphoclinessdtyeined| xots0rpderan] Re33B9h Hiknesstpes i BrEssiaéXas a function

of timgdor 12-hguksn Phadereent sbiess ielaxalionmbian Laheus warkralenlategklsing the formula: L
-L % Stress Relaxation -égﬁxlO,OaJLl%where Lfo iséhe load at 50% strain at O time and L12 Is the load at
th
A

50 percent s RAARE LR SHIS: Snsife Rotehed tear experiments are carried out on samples

having a density of 0.88 ?écc or less using an InstronTM instrument. The geometry consists of a gauge

section of 76 mi 3213 mril% B AR REECSS SfSrmr R dnTERnHRE R RIEHTE SR Ehecimen
length. The saripledisapireteheskal MR3mirrMblideat Zkifsrtitihmrksnbbeitear @nefgylis calculated
as the area under the stress-elongation curv to strain at maximum_ 15load. An average of at least
3 specimensagraé}%%%g? éﬁ%ﬁﬁ%%ﬁﬁ@%aa? Lé/?énc lf’a‘f’n"%%?i\%‘g}i/%?s“’(éﬁé r‘lxéat?gt%%%nT(élﬁnt%%rature) 5
condutted om@@rinmogiariee ik Soppihtthigiesedmpraéssionmoigeasnes! itiedan8oC and 10

MPa molding-pigsshiesfei 5 ikies-anpdenaihguenchedpthesuumentdised isa TMA 7, 20brand

ilable from Perkin-Elmer. In th r ith 1.5 mm radi ip (P/N 19-
available fro grea?er tlhan the?waveléngetk;[%ﬂh?m%sg l%f%evgg’ftg’a S adis Hgt&/eén a j?icegnt

ctive index rattos
domains should be high enough to establish a band gap in the material. Band gap can be
discussed with reference to the refractive index ratio (ni/n;), where 1y is the effective index

20 of refraction of a first domain and 1, is the effective index of refraction of a second domain.
In general, the larger the refractive index ratio (refractive contrast) the larger the band gap
and, in the present invention, band gap is tailored to be above a predetermined threshold
and extends in one dimension for one-dinmensional systems, two dimensions for two-
dimensional systems, and three dimensions for three-dimensional systems. Suitable

25 choices can be made so as to tailor the refractive index profile of the adjacent domains to
selectively concentrate or diffuse the optical field intensity produced by the structure. This
can be accomplished in the present invention by tailoring the composition of the hard and
soft blocks. The refractive index contrast can be further enhanced by blending components
that have a preferential affinity for one type of domain. One approach is to employ high

30 index nanoparticle additives, such as CdSe particles, which are coated with a surfactant

layer and selectively incorporated into one of the domains, Preferably, adjacent, dissimilar
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0416) is applied to the surface of the sample disc with 1N force. The temperature is raised at 5C/min
from 25C. The probe penetration distance is measured as a function of temperature. The experiment
ends when g fkplweARas penetrated 1 mm into the sample. DMA 25[27 3isingenagoderiaanical
Analysis (DMA) is measured on compression molded disks formed in a hot press at 180C at 10 MPa
pressure for 5 minutes and then water cooled in the press at 90C / min. Testing is conducted using an
ARES controlled strain rheometer (TA instruments) equipped with dual cantilever fixtures for torsion
testing.  [2ddinAuk. & gmplagbeisgpr éséaehantl outi¢pardear obtitmensiemsiB2x12 mm. The sample is
clamped at both ends ReeSIIX IS RERARIRE LY AO0.BI (iR seParling Allaand.gybjected to

successive temperature steps from -100C to 200C (5C per step). At each temperature the torsion
modulus G' i$: FEREYGEeh RAA M freduasreyp efeij}&a?ée%é%q?awaﬁ?ﬁma%iww maintained
between 0.1 petcantavtbthprisgntiitensurelthaihthndorddis sullicienhand ibaitheymeasurement

remaing i g lneer (saime..,. RISIARINIR Sl 06e,01 10 oo maialned (yfpstension mode) o
prevent 10 sfacki esampew ermal éxpansion occurs. As a’consequence the grip

separation ALQﬁ@F@&Q@@ witfettidne Prper Aty orrertitinaelp aicvevavelenediiniag wohiring point of the

polymer samplgek estosloPgsdh HB%ME{MEB L@B&P@@)QMQ&@&M}@@%&H& hetyween the fixtures
reaches 65 mm. 276] Pellet B oc Strengﬁ%lSPellet blocklngostren%th carg be measured as

follows: pelleetgll@% 8}%&%%8&% TaCHE MNP HTAIRE AR B BIIEEE thatis made of two halves
held togethembyeiehpsel ghagwithin 2. ¥8Wdiic @5 g} Iddbis appliéttonie gelleimthemylinder at 45 C

for 3 dgys. ALE%%M@){%&%&&%%%% L%%% %99@%9%@&@ mﬁeﬁ&mﬂ%ﬁb@m{@l Whediie plug is

removed from the form and the pellet blocking force measured by loading the 20cylinder of blocked
pellets in corpfassidheaiinty - Q%E?dn}pﬂi”f Aty ﬂw@gé‘ﬁ?é% 5 4 é%}ég needed to
break the cylfﬁﬂetdntmxpﬁﬂeésoﬁ/{alt/mdgms lyinwmlmlﬁandexgtﬁﬁﬂx%p: isfieasirad4e0accordance with
ASTM D 1238 ondition 1 0 Meeslte| 4 119d'saalr°‘n°thn3§~ Suré%qonr ggrdance with ASTM
D 1238, 25Con iton 190¢/16 f%'}%f %1 ytlcaﬁ lpemperatu rising e utlon fractionation
(AP| REF) awm@@m@me@@%?d&ﬁgwtﬁ@%é@%ﬁl%%ﬁ@@dhﬁswgm@féﬁﬂm&d,798,081 and

Wilde,ik.; Ryfeon] dopdthehetaeh oPue-mReaki.|.R.; Determination of Branching Distributions in
5Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are incorporated

by reference heyeinyin thejf,enlifetThe cOMAASIEBARRE APAlERd B isselysskin wehlorobenzene

and allowed to crystallize in a column containing an inert support (stalnless steel shot) by slowly
reducing the YéifpEHaRTIRBSRS 20 he AEBYITFAIE DR EEsnTAT MIMLCBRIGATA BRBGRSFES With an
infrared deteglar A& ﬁgﬁaﬁf@m@m@%&&my@m&hmmﬁemmm wibgingthe crystallized

polymer sample fro y, slowl the temperaf.re of the eIu olvent
(trlchloroben%%eaneé t{n : &t%ﬁ% nhf)l at m?aa%[eerﬂgf’ ﬁ‘g %nlnnﬁa??\?l\féj rﬁ’%ﬁ}s‘.%t“e ﬁs e samples are
preparéd by dudimeydepist dxinaitenpgygroPhiBOpBotenis sl gp material define pathways through
15tetrachlorogthang=dz/arthedichiorahangcns 19Q ¢l-Saniiein fdOmmmMNiRMkenlihe samples are

dissolved and homogenized by heating the tube and its contents to 150C. The data are collected using
a JEOL Ecllpgetaf"i’rﬂﬂl’e OMHz spectrometer or a Varian Unity PlusTM 400MHz spectrometer,

corresponding to a 13C resonance frequency of 100.5 MHz. The data are acquired using 4000
transients per dald4lle with eeHReHBPHINE rEisctitBpryeile blocks or segments is crystalline

or semicrystalline. This crystallinity is one distinguishing feature of the inventive

25 interpolymers compared to materiais of the prior art that have been used as photonic
materials. This crystallinity provides a mechanism whereby the photonic behavior can be
reversibly turned on or off, particularly when one block or segment is crystalline and the
other block type is amorphous. For example, the refractive index of molten semicrystalline
polyethylene is the same as that of an amorphous ethylene/1-octene interpolymer. Such

30 materials can be heated above their melting temperature, where they lose the refractive

index contrast necessary to exhibit characteristics of a photonic crystal. However, upon
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20To achieve minimum signal-to-noise for quantitative analysis, multiple data files are added together.
The spectral width is 25,000 Hz with a minimum file size of 32K data points. The samples are analyzed
at 130 C inwd Qugampkigad band probe. The comonomer incorporation is glefarmusedasmg Randall's
triad method (Randall, LC.; IMS-Rev. Macromol. Chem. Phys., C29, 201-317 (1989), which is
incorporated by reference herein in 25its entirety. Polymer Fractionation by TREF (also known as
Preparative TREF) [280] Large-scale 1REF fractionation is carried by dissolving 15-20 g of polymer
in 2 liters of t¢@jikgridielonnbeyzehes (REB)zbyrstintingsfardddsours ht 1G0CH Fhadpolyamerssolution is
forced by 15 psig (100 h@)omy&%%@rﬁ&t.o 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 Indystries, HC 30.Box 20, Brownwood, TX, 76801) and stainless steel, 0.028" (0.7mm)
diameter oot witd St (VTS BEIB AN Lo R € iR T ALita, N, 14120,
The 5columrpistienimer§ 6t inagetiabrifeailnisoie oiledeoibiadket seleeingitiy G0 CleTHa column is first
cooled PallisticalitdQh25olian sl % EoaiB B RR:C AiQR4A M Pyt R ARk hald for one hour.

Fresh TCB is infroduced at about 65 ml/min while the temperature is increased at 0.167 C per minute.
[281] Approxifh&iRin SBERP RSB SBREIHH A SHTHRY PIREdPAIRSeCF BEF TG ESumn are collected in
a 16 station, kketedliractibnndatiaddon! fipe @alymeer.is concentrated in each fraction using a rotary
evaporator until about 50 to 100 nil of the polymer solution remains. The concentrated solutions are

allowed to stand@gernight keferenadding exaasonathapetdiitaring:andisinsing @ppiax. 300-500 ml of

methanol mcludg\ rinse). The fijltration %teéos{ls erformed oghgiBBEosnﬁlon vacygm assisted

g the final rinse). :
filtering statidf USif %F@gll%fﬁ%’ B Tﬁ/’f%t‘?ﬁhﬁl FSethyISRE Coated Tter BApar (avallable fram Osmonics
Inc., Gét# ZSOWRQATSOY e diltsated fraiitivhs briogiricd apeseriigHt gheatediss gensven at 60 C and

weighed on an,apalyticat bajanoeReors-fuihertesting. Additanal isfarmatianmhguthits method is
taught in Wilde, L.; Ryle, T.R.; K.nobeloch, D.C.; Peat, JR.; Determination of Branchjng Distributions in

PolyethyleneP5iide i1 <E SEEIHBIS OB 80 TR Mo halpey 2 0B B {198 P vidiP'eBength  [282]
Melt StrengthuVigid shenfeas uifatelaynigtngnes cagittaing iheomsteofitied widhsaapet thamfdiameter, 20:1 die

with an enlraneg, 3a0le AL ABRIATIAIP AR JSEGES AR EQPIANRG IR R BINRR A 0C for 10

minutes, the piston Is run at'a speed of 1 2oin nute (2.54 cm/minute). The standard test
tempetature q STirhbedampit B8aTeiivh larakiath e COBRPBIACRE R8s §nfi9s T6¥REEd 100 mm

below the die,with @R acceleratiomieh 4 dpmisaassilhiedeguiieddensie darsadaraearded as a function
of the take-u sEeed of thg, Ni troIIs. 'tl'he rp%ximul[nt‘tenesniIerg?lrﬁeemat%g?% %ng{p tHle test is defined as
the melt streﬁbet "I Héease o nﬁ%ﬁryarﬁ}éer?ne?g%ﬁollﬂ%g draw réSonance, the nsile force before the
onset of drawepdpmanediwas: takesrmastynaitictibrigtiatithsinsle pluse nithbisviedrdedhin centiNewtons

("cN"). Catalygts rl283}Heoarmousteighiitysed. isforadmadinmsof anriyimately 1618 hours,
5the term "room temperature”, refers to a temperature of 20-25 C, and the term "mixed alkanes" refers

to a cohmerdRPSHIEIRSE IR EBFRE ipRAlRehoaroeaond bUAIEBENGRAPHR trade
designation Isepatikf)f ftemdxxdnddoBilsBhemiagt:Coitpdiffyrdm thiaevenintheenaime of a compound

herein does naleena i s siustal s RiasRipian hetral etk AR Gagntation shall

control. The synthesis of corg@%{?xes and the 10preparation of all sCreening experiments were
carried out in®eHSPARIBYE BtrfrsasHerih kg thrstRteehaiRhid oNrrder bmelts&evate HPLC grade
and were driegkhefom ik w@iced B84 MMAQsatersienaodibadmelhyialumaxane, a

trusob%ylalur&i&liltggi 5‘99&{2%}% C@gtﬁgf&ll&%%g&% %\éfadlzﬁ%lr% I(I:e%@mermally from Akzo-Noble Corporation.

{157 Other embodiments of the invention do not require spin or roll casting to
achieve the desired ordered structure. For example, simple compression molding of the
inventive polymers can provide a film that displays photonic properties, thus providing a
tremendous advantage in terms of processing costs. Other typical melt processing

30 techniques, such as injection molding, blown or cast film processing, profile extrusion,
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15[285]The preparation of catalyst (B1) is conducted as follows. a) Preparation of (I -rnethyleth
)(2-hvdroxv -3 .5-di(t-butyl )phenyl)methyine [286]3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10
mL of isopropylamiRersed he solution rapidly turns bright yellow. After stirrggrataaabignkéemperature
for 3 hours, volatiles are removed under vacuum to yield a bright yellow, crystalline solid (97 percent
90yield). b) Preparation of 1,2-bis -(3.5-di-t-butylphenv lene)( 1-( N-( 1 -
methylethvl)immino)methyl)(2-o0 xoyl) zirconium dibenzyl  [287] A solution of
(1-methylethyf)a(\21ahy(ﬂﬂowy1 Sbr diftlatityd) phiemydvingi asl (@BE mgyé @onaellyinebmélt toluene is slowly
addedtoas ﬂqj égg(r}lc-ilgeP 3@995'&‘1% Lhidonmah, in20.mL toluene. The resulting dark yellow

solution is str 30 mm. Solvent is removed under reduced pressure to yield the desired product

as a reddish- br olid. 288 The pre talys |s C nducted as follows. - 90 - a)
Preparation of( methé‘i’&fc OAER e%yﬁ?gné%"?iab %‘%}F% f’vﬂ]%? AYHiA e < the
[289]2-Methydugielohmxiderniigbt (@144 falky 84 mgedol) is dissolved in methanol (90 mL), and
di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is stirred for three hours

and then cooled1g925C fﬁliejzﬁv’ﬁﬁﬁva' hﬁmaumpgyﬁék@mat@ bprenipileterisaatiected by filtration and

washed with col hanol QI%n glrlllgg underterrtlaaquch%gq%gss e, The yieldis 11.17 g

of a yellow soli égﬁ-(f s conasf’ént \?vlft eswedsparéncfuct asa mlxtgre of I5omers. b)

Preparation dﬁ@@ﬂ@lﬂ@hﬂé&h}}&é}&@i@xﬁ@@ﬁ@l%ﬂ%%iﬁg@W(ﬂl&%ﬁ%ﬁ?@ﬁﬁ}lmﬁ?ﬁno)zwcomum
dibze;zzyl 10[Mﬁg‘gﬂ%ﬁi@@i@i@;@mﬁmmsl@é@%@@tﬁw%ac@?@ﬂg%‘ﬂg d)@r}@wﬂsﬂnhelnlygimineé? .63
g, mmol) in mL toluene is s to a solution o g mmol) in
200 L. 1eHEPRS ISR St JARENS SO e SRR TR £ B e

&Solution is diluted
furthef @vith 688veidngdisiefito. @w&aafﬂoiuxlmhahamm@ Bmmantratidmoﬁ@g@ﬁ?&@:kn%ﬁ@g 1]Cocatalyst

1 A mixture qfmetiyld § %ﬂﬁm&@m@% Wmesalls aldstmnkisnPeniativaenbs nibgte

(here-in-after armeenium borate), prepared by reaction of a long chain trialkylamine (ArmeenTM

M2HT, avaﬂa‘ﬁ?@ﬁé}?wm%e?%ﬁéfeqiﬁég}mwlé}?ﬁpE IB{BBES)4], substantially as disclosed in U.S.
Patent No. 5,919,9883, Ex. 2. [292]Cocatalyst 2 Mixed C14.13 alkyldimethylammonium salt of
20bis(tris(pentaflldfbphenye jaatmierayck intipelyivaie 2ol ides, preprarisdfasepedingtio U.S. Patent No.

6,395,671, ExerllBrive boaltyiingsABRNII e ShUItiDg Baants fmniqysd inclddadiethylzinc (DEZ, SAT),
dllibutyl)zinc SA2% di(n-hexyDzinc (SA3) trlethylalumlnum (TEA, S%eﬁ trioct Ialu [ um (SA5)

triethyfgallium-(Sas)° .%‘B@héﬁ&Fﬁ?ﬁhﬁfﬁ‘i&%&%ﬁ%ﬂ%ﬁi%ﬂﬁﬂﬁ? gﬁ%?t( Yoh ‘?‘56
25bis(dlitrimetkyisiyt)Emice)tSAS), zmhx;tylab]mmmrdtmyﬂmme@{mdmdd@e(mycms(m octadecyl)i-

buty'a'um'nuwiéﬁ%@nh%%@lwamﬁm&@(dm RRRRamid: Reialumingm
bis(2,6-di-tbutylphénoxide) (SAI2), n-octylaluminum dllethyl( aphthyl)amlde) SA13), ethylaluminum

bis(tbutyldimEXFRyI BIRSRE) hesa h‘é‘tﬁ?lﬁ%Fﬁﬁﬁ’&ﬁ%"&?&i@ﬂﬂﬁ%ﬁﬁ%&fﬁmmﬂ%ﬁ) ethylaluminum

bis(2,3,6,7-dikemguds azacycohestasecamidein(SAba), theasiidaluminiimnbis(2,3,6,7-dibenzo-1-
azacycloheptaneamide) (SA17), n-octylaluminum bis(dhnethyl( -butyl)siloxide(SAIS), ethylzinc (2,6-

diphenyjphenoxiqg)(SAL9) 3pf ativiziar ALHIRKIGEh (AR EXRERIRS JortnfelhRR Al e A-C
be useful in a variety of optical applications such as Fresnel lenses, light pipes, diffusers,
polarizers, thermal mirrors, diffraction gratings, band-pass filters, optical switches, optical
filters, photonic bandgap fibers, optical waveguides, omnidirectional reflectors, brightness-

enhancement filters, and the like.

25 [162] The transparent elastomeric optical interference films of the present
invention have a number of uses. Such materials can be used in window films, lighting
applications, pressure sensors, privacy filters, eye protection, colored displays, UV-
protective tapes, greenhouse films, packaging, toys and novelty items, decorative, and

security applications, For example, the films may be used for packaging which display
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General High Throughput Parallel Polymerization Conditions 5[293]Polymerizations are conducted
using a high throughput, parallel polymerization reactor (PPR) available from Symyx Technologies,
Inc. and opgygteghsybstantially according to U.S. Patents No. 6,248,540, 8 0888 14R364,309,
6,306,658, and 6,316,663. Ethylene copolymerizations are conducted at 130C and 200 psi (1.4 MPa)
with ethylene on demand using 1.2 equivalents of cocatalyst 1 based on total catalyst used 10 (1.1
equivalents when MMAO is present). A series of polymerizations are conducted in a parallel pressure
reactor (PPRjhangitairemqi48rindivie uadpeiagtoninelisiin hfpod Sansayilhat s efiti@dswith a pre-weighed
glass tube. The working volume in each reactor cell is.6000 !lL. Each cell is temperature and pressure
controlled Wi'ﬁ%r eéf\té:fr]rirﬁa gar%f\:/ti)ag%d“@siﬁ%%v? %%}ts%ﬁlr H%Cf))g)é fggrglsthol%gln%%%t g%gn glr‘lyvcg1 Iaﬁench gas are
plumbed dire@@psaEetTe PRRSHAES attd cortrdtets 9y suhorrrstienteivede Rispipieblgents are
robotically addedin.eash reagtenceldyssiiineenandthad eseiyolisalventisynixed alkanes. The order
of addig/on IS mixed %PEE‘”F? solvent (4 ml),

hylene, 1-octene comonomer (1 ml), cocatalyst 1 or
Conatatjot 1 RTURAE ShACEE IR MG AP ATyt E) SR PP AR R Fomictore of
cocatalyst | afidd®IMAO or a mixture of two catalysts is used, the reagents are premixed in 20a small
vial immediately prior to addition to the reactor. When a reagent is omitted in an experiment, the above

order of additior ig39therviise sptaisttaiReer-nal yneyizatio peaie tevtlusiad folaEp@yinately 1-2
minutes, until predetermined ethylene consumptions are reached. After quenching with CO, the
antiors are S oot e R R S R TETE A R e
centrifuge/vadadimdashg uate wriafigaenbiond bans hadikodlisn. (Berhsqwbdy ebntaining dtied polymer

are waighed angk the differencadeehyesndhisivelgitangithe iane waight glvesthenetyield of polymer.
Results are contained in Table 1. In 'Iﬁ'%gle 1 and elsewhere in the application, comparative compounds

are indicated By an 3&e 147§ 569 %ﬂ%ﬁiféﬁd‘i@fﬁ*&é@ﬁh%ﬁéﬁa? i{ﬁ’ec?ilﬂ‘fﬂgﬁg SrHEEr block
copolymers byftired3Dpnesemtainvention &s daidanicéenthy thetfbehatipnef aamepyraamow MWD,

essentially - %%ib}éﬁk%ﬂ?%@%%?ﬂéé@ﬁé&!‘%@%}Qﬁ%ﬂ%&{&ﬁﬁ%?é‘fi’e& Rmogial droad mplecular weight

distribution product (a mixture of separately produced polymers) in the absence of DEZ. Due to the
fact that Catalysﬁ% IS k[}gwq to incor;%qrate ore oct(?ne than Catalyst %Bls)’ the different blocks or
€ e 1 be used as

segments of the'resulting copoﬁtr%né?gcacc%sr m%etgréésr% SHirentd df Btfe invention Ex. Table 1 Cat.

(Al) Ca# (B1) xtimuiiatektifiaguispiseradodtbuxsedhion bediohingaMmMAo rshettliifeternol)agent
(wino!) or degsifyieXigld o Min MwAINhEXYSiACHPRR ntion may also find use in agriculture.
As it is known that plant growth is influenced by the wavelength of light received by the
plant, a greenhouse film may be formed that varies the transmitted wavelengths of lght
desired. Further, if transmission of a specific wavelength of light is desired as the angle of
20 incidence of sunlight changes during the day, the film may be adjusted by stretching or

relaxing it to maintain a constant transmitted wavelength.

[165] The films of the present invention may aiso be used as pressure sensors to
detect pressure changes and exhibit a color change in response thereto. For example, the
film of the present invention may be fabricated into a diaphragm or affixed to another

25 rubbery surface such as that of a tire to act as a pressure or inflation sensor. Thus, an
elastomeric film sensor may be provided which, for example, reflects red when an under-
inflated condition is encountered, green when there is a correct pressure, and blue when

there exists an over-inflated condition.

[166] Elastomeric films of the present invention may also find use as strain gauges

30 or stress coatings. A film of the present invention may be laminated to the surface of a
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structure, and then exposed to a load. Deformation of the surface may then be measured
precisely using a spectrophotometer which measures the change in wavelength of light
reflected from the film, Extremely large surface areas may be covered with the film of the

present invention.

[167] Elastomeric films of the present invention are useful in colored displays,
such as described in United States Patent 7,138,173, which is incorporated herein in its
entirety by reference. Such displays are frequently used as a means to display information
in an eye-catching manner, or to draw attention to a specific article on display or for sale.
These displays are often used in signage (e.g., outdoor billboards and street signs), in
kiosks, and on a wide variety of packaging materials. It is particularly advantageous if a
display can be made to change color as a function of viewing angle. Such displays, known
as "color shifting displays"”, are noticeable even when viewed peripherally, and serve to

direct the viewer's attention to the object on display.

[168] Backlit displays having a variety of optical arrangements may be made using
the films of the present invention. The actual device need not necessarily be a display, but
could be a luminaire or a light source which uses the combination of film spectral-angular
properties and wavelength emission from a lamp to create a desired light distribution
pattern. This recycling, coupled with the high reflectivity of the films, produces a much

brighter color display than is seen with conventional displays.

[169] The films of the present invention may be used in conjunction with a
distributed light source or several point sources, just as conventional backlights are now
used for advertising signs or computer backlights, A flat reflective film, uniformly celored
by optical interference, which covers the open face of a backlight will change color as the
viewer passes by the sign. Opaque or translucent lettering of a chosen dyed or pigmented
color can be applied to the reflective cover film via laser or screen printing technigues.
Alternatively, interference reflective lettering composed of a different colored reflective
film than the cover film can aiso be applied over cutouts made in the cover film, with the
lettering displaying the opposite change in color from the cover film, e.g., cover film
displays a green to magenta change with angle, while the lettering shows a magenta to

green change over the same angles. Many other color combinations are possible as well.
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117¢] The celor changes in the cover film can also be used to "reveal” lettering,
messages, or even objects that are not visible through the film at large angles of incidence,
but become highly visible when viewed at normal incidence, or vice-versa. This "reveal”
effect can be accomplished using specific color emitting lights in the backlight, or by dyed

colored lettering or objects under the reflective cover film.

[171] The brightness of the display can be enhanced by lining the inside of the
backlight cavity with highly reflective interference film, In this same manner, the overall
codor balance of the display can be controlled by lining a low reflectance cavity with a
reflective film that preferentially reflects only certain colors. The brightness of the chosen
color may suffer in this case because of its transmission at certain angles through the lining.
If this is undesirable, the desired color balance can be effected by coating a broadband liner

film with a dye of the appropriate color and absorbance.

{172] The reflective colored film may also be used in combination with dyed or
pigment colored films with the latter on the viewer side to achieve a desired color control
such as, e.g., eliminating a color shift on the lettering while producing a color shifting

background.

[173] The backlit sign need not be planar, and the colored film could be applied to
more than one face of the sign, such as an illuminated cube, or a two sided advertising

display.

[174] The films of the present invention may also be used to create a variety of
non-backlit displays. In these displays, at least one polarization of light from an external
light source, which may be sunlight, ambient lighting, or a dedicated light source, is made
1o pass through the interference film twice before the transmission spectrum is seen by the
viewer. In most applications, this is accomplished by using the interference film in
combination with a reflective or polarizing surface. Such a surface may be, for example, a
conventional mirror of the type formed through deposition of metals, a polished metal or

dielectric substrate, or a polymeric mirror or polarizing film.

[175} While the interference films of the present invention may be used

advantageously in combination with either specularly reflective or diffusely reflective
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0.192 - TEA (80.0) 0.1879 3338 1.54 9:4 C6 or higher chain content per 1000 carbons Bimodal
molecular weight distribution 10[295]It may be seen the polymers produced according to embodiments
of the invenfignha¥RAadglatively narrow polydispersity (Mw/Mn) and larggichigekoaopelysper content
(trimer, tetramer, or larger) than polymers prepared in the absence of the shuttling agent.  [296]
Further characterizing data for the polymers of Table 1 are determined by 15reference to the figures.
More specifically DSC and ATREF results show the following:  [297] The DSC curve for the polymer
of Example kwshows adifibel Crénetting point(dinpefthal et afdusiencahidss theldgiothe corresponding
CRYSTAF c ve s‘}}}ogvg t(?‘eh Ile(%mg(gu k at 34% E[£298 he s%%ga%%g,% E%é?%ﬁt e difference

between the In a crysta is 8 DSC curve for the po ymer of Example 2

shows a peatbmhnacﬁow@memwapbfmmwf & reaosfifuBion or 21 nadsngeTthen dbtresponding
CRYSTAF C%Y&ﬂl@gﬂ%ﬂﬁi@ﬂ@&ﬂﬂﬁaﬂém apmim nerkpipaehdnOvpersant. The difference

between the DSC Tm nd the Tcrystaf is A g; P{Vt 9/097 GOP%Tt/eUS%%gg/QS 99 [299]The
DSC cdrve fSFTREEE ?VS?DE‘% aﬂlsénét 5 WY peak Witha 12877 meltihg point {rm) with a heat of

fusion of 160ca.rd]£g961ihvem%pmamﬁgfl@R\deﬁﬂeﬂ%wﬁeetls’hmgqn@nalw@@weaklm 66.1C with a peak
area of 71.8 percent. Joe differenceineiueendind) at: Iimand-Hie Teiyshafds 54.6C. 513001The DSC

curve for the polymer of Example 4 shows a peak with a 104 5C melting point (Tm) with a heat of
fusion of 170.7 The r ondi YSTAE. curve shows th tallest ak t 30 C with a peak
area of 18.2 per)]c Thglod(% e%)encqe qu?eﬁér%ﬁw%ﬁglgéufjsﬁcgn fhe “f’érﬁ’s‘%‘é{’ §74.5C. [301] The DSC
curve for corﬁ;@amﬂlw Pe shisvies &'90: 0@ iR Ri AU s NeiTen S owtH 1L HeehoTofasiglioPs86.7 lig. The

correspondingrGRYS TAT Luivg-shrwathelallesineak 4306 Wik a.napk Ataqfs29.4 percent. Both
of these values are consistent w, fF a resin that is low in densi '[) ifference bet een the DSC Tm

and the TcryStSF B4 B OpRP IS TER Wie} %’Sr’ﬁ’&i‘réﬁ{/e HOWEATHY 8E melting point
(Tm) with a heatlidddusiol ofilR8ié0bd/gviFie: cormepondiag @Rw?mlﬁlcdpaé}sh@% the tallest peak at

1582.4C wih, g s /6201 B3 LRBISR L BAUNQRERYANES S GonRisiRR! wih a resin that s high
in density. The diffefence between the DSC Tm and the Tcrystaf is 4 ‘B%E 03] The DSC curve for
¥

comparative CERBS A4 BRIty TpsHE )RR 2P IEBTwr tauiad OF e b ary! e

corresppnd|r@n&l}&\ﬁ&ﬁé\%@um&ﬁf&w&fﬂlﬁﬂm@lﬁﬁm@ﬁa@bﬁﬁth@QeQMaraacem7 percent as

well 2 2 lowgs sialine Beak 8t 2.t O TR RRSEPRAIR S I ERMAS R Bk I consistent with
sta

the presence o |ne a
meaning substantially transmissive with a substantial diffusing effect. Alternatively, the

interference film can be laminated to a white or colored surface, which can itself also be

printed on,

20 [177] In still other embodiments, the films of the invention may be used in
combination with a substrate that absorbs the wavelengths transmitted by the film, thereby
allowing the color of the display to be controlled solely by the reflectivity spectrum of the
film. Such an effect is observed, for example, when a colored mirror film of the present

invention, which transmits certain wavelengths in the visible region of the spectrum and

25 reflects other wavelengths in the visible region, is used in combination with a black
substrate,
[178] The optical films and devices of the present invention are suitable for use in

fenestrations, such as skylights or privacy windows. In such applications, the optical films
of the present invention may be used in conjunction with, or as components in,

30 conventional glazing materials such as plastic or glass. Glazing materials prepared in this
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" low crystalline polymer. The difference between the DSC Tm and the Tcrystaf is 43.5C. Examples
5-19, Comparatives D-F. Continuous Solution Polymerization, Catalyst A1/B2 + DEZ  [304]

Continuousgglytipnealymerizations are carried out in a computer controlige 323506 BY&; reactor
equipped with an internal stirrer. Purified mixed alkanes solvent (IsoparTM 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 thermaaatiis Haleaﬁeluﬁjﬁp%zaﬁeedmﬂﬂﬂe J@&@tﬁhﬁmastibedslaysaﬁtaass -flow controller. A

variable spe ddla Qr{tacg utmg)larlz r&l gﬂ ﬁ’tes% (?W%ﬂ %ﬂg tﬁ"&g t%‘ feactor. At the
ows for ata

discharge of t ump, a SI de 'stream is taken to provide yst and cocatalyst 1

injection I|neé‘ﬁﬁd@@%@l%ﬁ%@ﬂ%@ﬁ’ésé}ﬂmg@é%@Féﬁeﬁgﬁmmﬁmﬁﬁéﬁlhﬂéﬁ%ﬂow meters

and controllegby.coptilvalyes i Brdhesmanum gﬂwﬁgmf&ﬁtm&d@y@m& ofBgergmaining solvent
is com inedl‘\f/v 1- octene eth(%lene and h dro fn (where used d tot ere l?ctor A mass flow

. 1011, Wil a certal 1‘ IDE} e spectri
controlier is PSSR HETEH hydrogento Feactor adrisede %’he emp S Or the

solvent/moncrmrenstitgivghisotomntral Ifeﬁhtgblasea@f)as freatodxatragige(hpithe eritdeiragiting reactor. This
stream enterghe DKoM o heRagioh JherticalahRh cORPORE R SRILIINS AIRINRIGIEH USINg pumps

and mass flow meters and are combined with the catalyst flush solvent and introduced into the bottom
of the reactoPT TRREFSAISFRRF fitfRg-witizec 40 6°BER) ?é%f\?l‘f-""g) At ingor8tSSitring. Product is
removed thratigibexil ioessakthe 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 15the exit line

along yith any stpigijizersaQihenPERIN vemaprRABRINGHR MixMES taraegh a.slalic mixer, The

product stream is then_heated by passin thro h aheat xcha efgre devolatilization. The
bolymer prodtiEPTATEdSUEIER B SMRITBR TG VST AL SREUer Khd WM Sbled pelletizer.
Process detailgyaredises s carenptmtaimgriirs Tedsidioc Gelectetbpatymrerprepgerties ergopiovided in

Table 3. 7 'ﬁr f.r?é} E:;Ié)u\ée%! to teRe v the %ecgpth%n]x’))f,%“hr%ﬁ !:ﬂl) fhe use of wavelength specific
lighting panels,

15 {180} The optical films of the present invention may be incorporated into glazing
materials in various manners as are known to the art, as through coating or extrusion. Thus,
in one embodiment, the optical films are adhered to all, or a portion, of the outside surface
of a glazing material, for example, by lamination with the use of an optical adhesive. In
another embodiment, the optical films of the present invention are sandwiched between two

20 panes of glass or plastic, and the resulting composite is incorporated into a fenestration, Of
course, the optical filin may be given any additional layers or coatings (e.g., UV absorbing
layers, antifogging layers, or antireflective layers) to render it more suitable for the specific

application to which it is directed,

[181] One particularly advantageous use of the colored films of the present
25 imvention in fenestrations is their application to sunlit windows, where reversible coloring is
observed for day vs. night. During the day, the color of such a window is dictated primarily
by the transmissive properties of the film toward sunlight. At night, however, very little
light is seen in transmission through the films, and the color of the films is then determined

by the reflectivity of the filin toward the light sources used to illuminate the room. For light
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sources which simulate daylight, the result is the complimentary color of the film

appearance during the day.

[182] The films of the present invention may be used in various light fixture
applications, including the backlit and non-backlit displays described earlier. Depending on
5 the desired application, the film may be uniformly colored or iridescentin appearance, and

the spectral selectivity can be altered to transmit or reflect over the desired wavelength
range. Furthermore, the film can be made to reflect or transmit light of only one
polarization for polarized lighting applications such as polarized office task lights or
polarized displays incorporating light recycling to increase brightness, or the film can be

10 made to transmit or reflect both polarizations of light when used in applications where

colored mirrors or filters are desirable,

[183} In the simplest case, the film of the present invention is used as a filterin a
backlit ight fixtore. A typical fixture contains a housing with a light source and may
include a diffuse or specular reflective element behind the light source or covering at least

15 some of the interior surfaces of the optical cavity. The output of the light fixture typically
contains a filter or diffusing element that obscures the light source from direct viewing,.
Depending upon the particular application to which the light fixture is directed, the light
source may be a fluorescent lamp, an incandescent lamp, a solid-state or electrolumimescent
(EL) light source, a metai halide lamp, or even solar illumination, the latter being

20 transmitted to the optical cavity by free space propagation, a lens system, a light pipe, a
polarization preserving light guide, or by other means as are known to the art. The source
may be diffuse or specular, and may include a randomizing, depolarizing surface used in
combination with a point light source. The elements of the light fixture may be arranged in
various configurations and may be placed within a housing as dictated by aesthetic and/or

23 functional considerations. Such fixtures are common in architectural lighting, stage
lighting, outdoor lighting, backlit displays and signs, and automotive dashboards. The film
of the present invention provides the advantage that the appearance of the output of the

lighting fixture changes with angle.

[184] The color shifting films of the present invention are particularly

30 advantageous when used in directional lighting. High efficiency lamps, such as sodium
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vapor lamps commonly used in street or yard lighting applications, typically have spectral
emissions at only one major wavelength. When such a source which emits over a narrow
band is combined with the film of the present invention, highly directional control of the
emitted light can be achieved. For example, when the inventive film is made with a narrow
passband which coincides with the emission peak of the lamp, then the lamp emission can
pass through the film only at angles near the design angle; at other angles, the light emitted
from the source is returned to the lamp, or lamp housing, Typical monochromatic and
polychromatic spikey light sources include low pressure sodinm lamps, mercury lamps,
fluorescent lamps, compact fluorescent lamps, and cold cathode {luorescent lamps.
Additionally, the reflecting film need not necessarily be of a narrow pass type since, with
monochromatic sources, it may only be necessary to block or pass the single wavelength
emission at a specific angle of incidence. This means that a reflective film having, for
exarmple, a square wave reflection spectruin which cuts on or off at a wavelength near that
of the lamp emission can be used as well. Some specific geometries in which the light
source and film of the present invention can be combined include, but are not limited to, the

following:

(a) A cylindrical bulb, such as a fluorescent tube, is wrapped with film designed for
normal incidence transmission of the bulb's peak emitted radiation, i.e., the film is
designed with a passband centered at the wavelength of the lamp emission. In this
geometry, light of the peak wavelength is emitted mainly in a radial direction from the

bulb’s long axis;

(b) An arbitrary bulb geometry in a reflective lamp housing can be made to radiate in
a direction normal to the plane of the housing opening by covering the opening with a
film selected to transmiit at the bulb'’s peak emitted radiation. The opening can face
downward or in any other direction, and the light will be viewable at anglesin a
direction normal to the plane of the opening but not at angles of incidence

substantially away from normal;

(c) Alternately, the combination described in {b) can use a film that is designed to
transmit the lamp emission at one or more angles of incidence away from the normal

angle by providing one or more appropriate passbands, measured at normal incidence,
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at wavelengths greater than the lamp emission wavelength. In this way, the lamp
emission is transmitted at angles where the blue shift of the passband is sufficient to

align the emission peak with the passband;

(d) Combining the angular distribution film described in (c) with the geometry
5 described in (a) will give a cylindrical bulb in which one can have direction control of

the emitted light in a plane parallel to the long axis of the bulb; or

(e) A polychromatic spikey light source, for example, one having emission spikes at
three different wavelengths, can be combined with an inventive film having only one
passband, and such that the film transmits only one of the three color spikes at a given

10 angle of incidence and each emission peak is transmitted at a different angle. Such a
film can be made using multiple groups of layers, each of which reflect at different
wavelength regions, or it can be made using one group of layers and their higher order
harmonics. The width of the first order bandwidth region and consequently the width
of the harmonic bandwidths, can be controlied to give desired transmission gaps

15 between the first order and harmonic reflection bands. The combination of this film
with the polychromatic spikey light source would appear to split light from an

apparently "white"” light source into its separate colors.

{185] Since the rate of spectral shift with angle is small near normal incidence, the

angular control of light is less effective at normal incidence compared to high angles of

20 incidence on the inventive film. For example, depending on the width of the lamp emission
Iines, and the bandwidth of the passband, the minimum angular control may be as small as
+/-10 degrees about the normal, or as great as +/-20 degrees or +/-30 degrees. Of course,
for single line emitting lamps, there is no maximum angle control limit. It may be desirable,
for either aesthetic or energy conservation reasons, to limit the angular distribution to

25 angles less than the free space available to the lamp, which is typically +/-90 degrees in one
or both of the horizontal and vertical planes. For example, depending on customer
requireinents, one may wish to reduce the angular range to +/-45, +/-60 or only +/-75
degrees, At high angles of incidence, such as 45 degrees or 60 degrees to the normal of the
film, angular control is much more effective. In other words, at these angles, the passband

30 shifts to the blue at a higher rate of nm/degree than it does at normal incidence. Thus, at

these angles, angular control of a narrow emission peak can be maintained to within a few
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degrees, such as +/-5 degrees, or for very narrow passbands and narrow emission lines, to

as small as +/-2 degrees.

[186] The films of the present invention can also be shaped in a pre-designed
fashion to control the angular out put of the lamp in the desired pattern. For example, all or
5 part of the film placed near the light source may be shaped to corrugated or triangular
waveforms, such that the axis of the waveform is either parallel or perpendicular (o the axis
of the lamp tube. Directional control of different angles in orthogonal planes is possible

with such configurations,

[187] While the combination of a narrow band source and an inventive film works

10 well to control the angle at which light is emitted or detected, there are only a limited
number of sources with narrow emission spectra and therefore limited color options
available. Alternately, a broadband source can be made to act like a narcow band source to
achieve similar directicnal control of the emitted light. A broadband source can be covered
by a color selective film that transmits in certain narrow band wavelength regions, and that

15 modified source can then be used in combination with a second film having the same
transmission spectrum so that the light emitted from the source/color selective film
combination can again pass through the inventive film only at the design angle. This
arrangement will work for more than one color, such as with a three color red-green-blue
systemt. By proper selection of the films, the emitted colors will be transmitted at the

20 desired angle. At other angles, the emitted wavelengths will not match every or any
passband, and the light source will appear dark or a different color. Since the color shifting
films can be adapted to transmit over a broad range of wavelengths, one can obtain virtually

any color and control the angular direction over which the emitted light is observed.

[188} Direction dependent light sources have utility in many applications, For
25 example, the light sources of the present invention can be used for illuminating automobile
instrument panels so that the driver, who is viewing the instruments at a normal angle, can
view the transmitted light, but the light would not be reflected off the windshield or
viewable by a passenger because they would be at off angles to the instruments, Similarly,
illominated signs or targets can be constucted using the direction dependent light sources

30 of the present invention so that they can be perceived only at certain angles, for example,
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normal to the target or sign, but not at other angles. Alternately, the film can be desigped so
that light of one color is transmitted at one angle, but a different color is detectable at
another angle. This would be useful, for example, in directing the approach and stopping
point for vehicles, such as for a carwash or emission check station. The combination of
5 inventive film and light source can be selected so that, as a vehicle approached the

illuminated sign and the driver was viewing the film at non-normal angles to the sign, only
green light would be visible, but the perceived transmitted light would shift to red at the
angle where the vehicle was to stop, for example, normal to the sign. The combination of
the inventive film and a narrow band source is also useful as a security device, wherein the

10 film is used as a security laminate, and a light source wrapped with the same filim 1s used as
a simple verification device. Other examples of the direction dependent light source of the

present invention are described in more detail in the following examples,

[18%] Specirally selective films and other optical bodies can be made in
accordance with the teachings of the present invention which are ideally suited for
15 applications such as horticulture. A primary concern for the growth of plants in greenhouse
enviromments and agricultural applications is that of adequate levels and wavelengths of
light appropriate for plant growth, Insufficient or uneven illumination can result in uneven
growth or underdeveloped plants. Light levels that are too high can excessively heat the soil
and damage plants, Managing the heat generated by ambient solar light is a common

20 problem, especially in southern climates.

[190] The spectrally selective color films and optical bodies of the present
invention can be used in many horticultural applications where it is desired to filter out or
transmit specific wavelengths of light that are optimal for controlled plant growth. For
example, a film can be optimized to filter out heat producing infrared and non-efficient

25 visible solar wavelengths in order to deliver the most efficient wavelengths used in

photosynthesis to speed plant growth and to manage soil and ambient temperatures,

[191] It is known that plants respond to different wavelengths during different
parts of their growth cycle. Throughout the growth cycle, the wavelengths in the 500-580
nim range are largely inefficient, while wavelengths in the 400-500 nm and 580-800 nm

30 ranges illicit d growth response. Similarly, plants are insensitive to IR wavelengths past
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about 800 nm, which comprise a significant part of solar emission, so removal of these
wavelengths from the solar spectrum can significantly reduce heating and allow for

concentration of additional light at wavelengths useful for planit growth.

[192] Commercial lamps used in greenhouses are effective in accelerating
3 photosynthesis and other photoresponses of plants. Such lamps are most commonly used as

supplements to patural, unfiltered sclar light. Lamps that emit energy in the blue {about
400-500 nm), red (about 600-700 am}, or near IR (about 700-800 nm) are used in
accelerating growth. One conunon commercial grow-lamp has its emission maxima at 450
and 660 nm, with little emission of wavelengths beyond 700 nm. Another conimon source

10 has high emission in the blue and red, and high emission in the near IR wavelengths. Lamps
which emit wavelengths in the range of 500-380 nm are referred to as "safe lights" because
their emission is in a low response region and does not significantly affect plant growth,

either beneficially or detrimentally.

[193; Light sources used in general lighting are often paired to accomplish similar
135 results to the "grow lights". The output wavelengths from some sources actually retard
growth, but this can be compensated for by pairing with other sources. For example, low
pressure sodivm used alone can inhibit synthesis of chlorophyll but when the low pressure
sodium is combined with fluorescent or incandescent lamps, normal photosynthesis occurs.
Examples of common pairings of commercial lights used in greenhouses include (i) high
20 pressure sodium and metal halide lamps; (ii) high pressure sodium and mercury lamps; (iii)
low pressure sodium and fluorescent and incandescent lamps; and (iv} metai halide and

incandescent lamps,

[194] In a greenhouse environment, the color selective films and optical bodies of
the present invention, when used alone as color filters or in combination with reflective
25 backings, are useful for concentrating light of the desired wavelengths for optiial plant
growth. The films and optical bodies may be used with normal unfiltered solar light, or they
may be combined with artificial broadband light sources to control the wavelength of light
emitted from the source. Such light sources include, but are not limited to, incandescent
lamps, fluorescent lamps such as hot or cold cathode Jamps, metal halide lamps, mercury

30 vapor lamps, high and low pressure sodium lamps, solid-state or electroluminescent (EL)
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lights, or natural or filtered solar light that is optically coupled to the color selective film.
Several filtration/concentration systems will be described in more detail that may be used to
manage heat in the greenhouse environment, while delivering an increased amount of light

at wavelengths optimized for photosynthesis and other plant photoresponses,

5 [195] The interference films and optical bodies of the present invention can also be
used with one or more direct or pre-filtered artificial light sources so as to optimize the
spectra afforded by these films even further. In some cases, it may be desirable to wrap or
otherwise couple the interference film directly to the artificial source so that in effect the
light source emits primarily the waveiengths desired for controlled plant growth. The film

10 may also be laminated directly to the clear panels which make up the roof and/or walls of a
typical greenhouse so that much of the light that enters the building is of the desired
spectral composition, or else such panels may be extruded to include one or more color
selective films within the panel itself. In order that all of the light entering the building
would be of a precise wavelength range, it would be desirabie to have the films mounted on

15 a heliostat or other mechanism that moves to compensate for the angle of the sun's ray
throughout the day. Simpler mechanisms such as south facing panels with only a weekly or

monthly change in the angle from the horizontal or vertical can perform quite well also,

[196] One or more reflectors can aiso be used to direct the filtered light to desired
focations, and it is understood that various physical shapes of the deflector and/or
20 interference film can be used to aim or spread light ACFOsS desired portions of the room. In
addition to these described modes of use, the film can be used as a filtered wrapping for
individual plants, as a reflector placed between plants and soil either in film form or as slit

or chopped mulch, or as reflectors and filters for use in aquarium lighting for aquatic plants.

[197] In addition to the previously described spectrally selective films that can be
25 tailored to transmit or reflect infrared and/or green light that is not useful for plant growth, a
film designed to control the amount of red light, typically from about 660-680 nm, and the
amount of far red light, typically from about 700-740 nm, is especially useful to control
plant growth. It has been shown that the ratio of red to far red light should be maintained at
a jevel of 1.1 or higher in order to reduce elongation and force plants to branch or

30 propagate, resulting in thicker, denser plant growth. Additionally, by precisely controlling
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the red/far red ratio and the sequencing of wavelength exposure, many plants can be forced
into a flowering state or held in the vegetative state. Some plant varieties can be controlled
with as little as 1 minute of red or far red doping. Plant responses to red and far red light
have been described in J. W. Braun, et ak., "Distribution of Foliage and Fruit in Association
with Light Microclimate in the Red Raspberry Canopy, 64(5) Joumal of Horticultural
Science 565-72 (1989) and in Theo J. Blow, "New Developments in Easter Lilly Height
Control” (Hort. Re. Instit. Of Ontario, Vineland Station, Ont. LOR 2EO,

[198} Previous attempts to control the red/far red ratio have utilized light blocking
liquids that are pumped into the cavity between panes in greenhouse twin wall
constructions. This has not been satisfactory because of the difficulty in adding and
removing the liquid, Other attempts have been made to use colored film for the roof
glazing, but it is difficult to control if the plant variety in the greenhouse changes frequently
or if outdoor weather conditions change. The film of the present invention is ideally saited
for this application, The red/far red ratio can be controlled by varying the thickness gradient
or by changing the angle of the film to permit the desired wavelengths to reach the plants.
To compensate for varying outdoor conditions or varying needs of different plant varieties,
the film is preferably positioned within the greenhouse in such a way that it can be either
used or stored, for example, by a rolling shade along the roof line which can be drawn
down or rolled up, or by a shade cloth pulled horizontally above the plant height,
Alternately. individual enclosures of the film can be constructed for separate plants or

groups of plants.

[199] The film of the present invention can also be used in conjunction with
conventional mirrors to control the intensity of any desired portion of the sunlight spectrum
that reaches the plants. Generally, it is desirable to expose plants to a constant level of the
wavelengths and intensity of light useful for plant growth throughout the entire day, On a
typical sunny day, however, the light level peaks at about noon, and this light level may be
excessive for many plants; the leaf temperature often rises, which decreases the plant
efficiency. It is preferable io reduce the level of light reaching the plant during mid-day to
provide a more uniform level throughout the day, For example, roses flower most
efficiently when exposed to a maximum light level of 600 p mol/sec-m?, and this level is

often achieved by 11:00 am during the winter months at a latitude of 45 degrees. Reducing
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the light level between 11:00 and 1:00 improves the plant yield. The combined usage of
conventional mirrors with our wavelength selective films can be used to change the
intensity of light directed to plants during different hours of the day. For example, the use
of a visible mirror can be discontinued during the hours of highest solar incidence by

5 redirecting its angle of reflection to reject that portion of light from the sun. Other
combinations of baffles and curtains can also be used with our wavelength selective films

to control the intensity of light.

[200] Counterfeiting and forgery of documents and components, and the illegal
diversion of controlled materials such as explosives, is a serious and pervasive problem. For
10 example, commercial aircraft maintenance crews regularly encounter suspected counterfeit
parts, but lack a reliable means to distinguish between high-grade parts and counterfeit
parts that are marked as meeting specifications. Similarly, it is reported that up to ten
percent of all laser printer cartridges that are sold as new are actually refurbished cartridges
that have been repackaged and represented as new. Identification and tracking of bulk items
15 such as ammonium nitrate fertilizer usable in explosives is also highly desirable, but current

means of identification are prohibitively expensive.

[201] Several means exist to verify the authenticity of an item, the integrity of
packaging, or to trace the origin of parts, components, and raw materials. Some of these
devices are ambient verifiable, some are verifiable with separate Hghts, instruments, etc.,,

20 and some combine aspects of both, Examples of devices used for the verification of
documents and package integrity include iridescent inks and pigments, special fibers and
watermarks, magnetic inks and coatings, fine printings, holograms, and Confirm® imaged
retroreflective sheeting available from 3M. Fewer options are available for authentication
of components, mostly due to size, cost, and durability constraints. Proposed systems

25 include magnetic films and integrated circuit chips.

[202] Microtaggants have been used to trace controlled materials such as
explosives. These materials are typically multilayer polymers that are ground up and
dispersed into the product. The individual layers in the microtaggant can be decoded using
an optical microscope to vield information pertaining to the date and location of

30 manufacture, There has been a long unmet need for a security filin product that is both

- 64 -



Density (g/eni3) L198.0 8LEGO S688.0 98L.8.0 S8L8'0 9g188.0 0.8828 0.8836 t8L8.0 sisgm 1 ooLso
1811.876- 191160 | 61 LWO scum r LSLWO 16160 0.9344 *Cl1*t4 SO1LII|I

WO 2009/097560 PCT/US2009/032699

ambient verifiable and machine readable, that is manufacturable but not easily duplicated,
that is flexible and can be used on a variety of part sizes ranging from near microscopic to

large sheets, and that may be coded with specific, machine-readable information.

[203] The films and optical bodies of the present invention can be tailored to
3 provide a security film or device useful as a backing, label, or overlaminate that meets all of

these needs. The color shifting feature and high reflectivity and color saturation at oblique
angles are properties that can be exploited fo uniquely identify a document or package, and
spectral detail can be designed into the films to provide unique spectral fingerprints that
may be used to identify specific lots of security film to code individual applications. The

10 security films and optical bodies can be tailored to refiect over any desired portion of the
spectrumm, including visible, infrared, or ultraviolet. When only covert identification is
desired, a film can be made that appears transparent in the visible region of the spectrum
but that has varying transmission and reflections bands in the infrared region to impart a

covert spectral fingerprint.

15 [204] Information can also be encoded in the security films and optical bodies of
the present invention by several other methods, either alone or in combination with the
above described methods of varying the intensity and position of transmission and
reflection bands. For example, individual layers may be tuned to the infrared portion of the

spectrum, and overtones in the visible region can be controlled to produce unique spectra.

20 [205] The spectrally selective security filins and optical bodies of the present
invention may alse include relatively thick layers either within the optical stack or adjacent
to the optical stack, and these layers may also be used to impart information that can be
decoded by optical inspection of a cross-section of the film. The films may also be
combined with colored printing or graphics printed on a substrate below the fiim to provide

25 indicia that may be hidden or viewable depending on the angle of observation. Color
contrast may be achieved by thinning the optical layers Iocally. Within this affected region,
a new color that also color shifts is evident against the unaffected region. To affecta
localized thinning of layers, the preferred method is embossing at temperatures above the
glass ransition temperatores of all of the pelymers in the film and/or with suitable pressure.

30 Localized thinning of layers could also be achieved by bombardment with high energy

-65 -



O0I0O\O11 111 ET1V11cil911L11811 Physical Property Testing [305]Polymer samples are
evaluated for physical properties such as high temperature resistance properties, as evidenced by

TMA tempegaiuigdpstiag, pellet blocking strength, high temperature recoyerygiRigholeserature
compression set and storage 5modulus 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), available from The Dow Chemical Company), Comparative H* is an
elastomeric, subskantiathgdinearhethylfeneint: detenelsmg alydnecCARE| NEW {n)iieG8E00lavailable from

The Dow Chemical. GamAaRyl, GamparRivaddsasupsiantialyined Hoeibyleng/! -octene copolymer
(AFFINITY(r) PL1840, available from The Dow Chiemical Company), Comparative J is a hydrogenated

styrene/butadiSieletfrefEAISIGEIRR APSRRE S ORIA TORIRY D@82 B MBS RRATON Polymers),

Comparativeskisi@ thermoglastievuipanizateetT RYy adaalyplefio-blendiseniaiaing dispersed therein a

crossli%ked Euasctﬁ?mer). Bt()a%ult%.are tpresented in Table 4, 15Table 4 High Temperature Mechanical
It 4 1abet Or .

Properfies 1EX. %)

A3 penelfation (C) Pellet Blocking Strength Ib/ft2 (kPa) G' (25C)/ G'(10(EC)

300% Strain Re&%\éﬁzry (80C) (percent) Compression Set (70C) (percent) D* 51

For'most applications, the security films or other optical bodies of the
present invention can be appropriately sized and laminated directly to a document or
packaging material. The spectral features of these films are typically very narrow to reflect
the minimum amount of light. While the spectral features of the film will typically be

10 limited to the infrared so as not to occlude the document or package, the character and color

of the film may also be used to enhance the appearance of the article.

[207] For some applications, the security film may be used in a bulk material by
grinding the film into a powder and dispersing the powder into the material. Paints,
coatings and inks can be formulated from ground up platelets utilizing the films of this

15 invention. In cases where the bulk material may be an explosive, it may be desirable to
avoid using oriented material if substantial relaxation would oceur during an explosion.
Optionally, the powder may be coated with an ablative material such as an acrylate to

absorb energy during an explosive event,

{208] The security films and optical bodies of the present invention may be read
20 by a combination of ambient verification (for example, the presence of a colored, reflective
film on an article, possibly combined with identifiable performance at non-normal angles)
and instrument verification. A simple machine reader may be constructed using a
spectrophotometer. Several low cost spectrophotometers based on CCD detector arrays are
available which meet the needs of tlﬁs invention; preferably, these include a sensor head
25 connected to the spectrophotometer with a fiber optic cable. The spectrophotometer is used
to determine the spectral code of the film by measuring light incident on the article at a
predetermined angle or angles, which can be normal to the film at oblique angles, or a

combination of both.

[269] In addition to exploiting the optical properties of the films of the present

30 invention for security applications, the mechanical properties of these films can also be
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utilized. Thus, for example, the films of the present invention can be intentionally designed
to have low resistance to interlayer delamination, thereby providing anti-tampering

capabilities.

[210] As noted elsewhere herein, the color shifting properties of the films of the
present invention may be used advantageously in numerous decorative applications. Thus,
for example, the films of the present invention may be used, either alone or in combination
with other materials, films, substrates, coatings, or {reatments, to make wrapping paper, gift
paper, gift bags, ribbons, bows, flowers, and other decorative articles. In these applications,
the film may be used as is or may be wrinkled, cut, embossed, converted into glitter, or

otherwise treated to produce a desired optical effect or to give the film volume.

[211] The optical interference film of the present invention may also optionally
include a skin layer on one or both major surfaces of the film. The skin layer comprises a
blend of a substantially transparent elastomeric polymeric material with a substantially
transparent, nonelastomeric polymeric material having substantially the same index of
refraction as the elastomeric polymer. Optionally, the elastomeric polymeric material in the
skin layer may be one of the elastomers which makes up the alternating layer of the optical
interference film. In preferred examples, the skin layer retains elastomeric characteristics
and transparency while providing the filin with a protective surface which is nonblocking.
The skin layer also remains receptive to lamination of the film to other surfaces as well as

receptive to inks or other forms of printing.

Microporous films

[212] The inventive copolymers can also be used to form microporous pelymeric
films, which have use in many applications such as clothing, shoes, filters, and battery
separators, as described in US 20080269366, which is herein incorporated by reference for

purposes of US patent practice.

[213] In particular, such films may be useful in membrane filters. These filters are
generally thin, polymeric films baving a large number of microscopic pores. Membrane
filters may be used in filtering suspended matter out of liquids or gases or for quantitative

separation. Examples of different types of membrane filters include gas separation
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membranes, dialysis/hemodialysis membranes, reverse osmosis membranes, ultrafiltration
membranes, and microporous membranes, Areas in which these types of membranes may
be applicable include analytical applications, beverages, chemicals, electronics,

environmental applications, and pharmaceuticals,

5 [214] In addition, microporous polymeric films may be used as battery separators
because of their ease of manufacture, chemical inertness and thermal properties. The
principal role of a separator is to allow ions to pass between the electrodes but prevent the
electrodes from contacting. Hence, the films must be strong to prevent puncture, Also, in
lithium-ion batteries the films should shut-down (stop ionic conduction) at certain

10 temperatures (o prevent thermal runaway of the battery, Ideally, the resins used for the
separator should have high strength over a large temperature window to allow for either
thinner separators or more porous separators. Also, for lithium ion batteries lower shut-
down temperatures are desired however the film must maintain mechanical integrity after
shut-down. Additionally, it is desirable that the film maintain dimensional stability at

15 elevated temperatures

[215] The microporous films of the present invention may be used in any of the
processes or applications as described in, but not limited to, the following patents and
patent publications, all of which are herein incorporated by reference for purposes of US
patent practice: WO2005/001956A2; W02003/100954A2; U.S. Pat. No, 6,586,138; U.S.

20 Pat. No. 6,524,742; US 2006/0188786; US 2006/0177643; U.S. Pat. No, 6,749,k961; U.S.
Pat. No. 6,372,379 and WO 2000/34384A1.

[216] The mesophase separated structure provided by the inventive copolymers
provide several improvements over the prior art for forming microporous polymeric films.
The ordered morphologies result in a greater degree of control over the pore size and
25 channel structure. The phase separated melt morphology also limits film shrinkage in the
melt and therefore imparts a greater dimensional melt stability than in non-phase separated

materials.
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Photonic paper, Organic Sensors, Polymerized composites, ete.

[237] Interactions of the inventive materials with certain small molecules results in
swelling of one or both of the domains. This swelling produces visible color changes that

can be useful in applications such as chemical sensors.

[218] With molecules having low vapor pressures, the swelling is reversible upon
evaporation, This feature can be used to create films that act as photonic paper, enabling a
reusable paper or recording media requiring no pigment for color display as described fora

colloidal photonic system in Advanced Materials 2003, 15, 892-896

[219] In other cases, the swelling can be accomplished with a material that can be
fixed after swelling to make a stable composite material. Suitable swelling agents can
include polymerizable monomers to create polymer composites (for an example of colloidal
composite systems, see: Advanced Materials 2005, 17, 179-184) or metal precursors to

create hybrid organic/inorganic materials

[220] In some embodiments of the invention, the amorphous nature of the soft
domains makes them generally more amenable to swelling than the semicrystalline hard
domains. This selective swelling provides a means for selective chemical modification of

the soft domains, which can tmpart differentiated properties.

Distributed Feedback Lasers

2213 The inventive polymers can also be used as a component in a distributed
feedback laser. A distributed feedback laser is a type of laser diode, quantum cascade laser
or optical fiber laser where the active region of the device is structured as a diffraction
grating, The grating, known as a distributed Bragg reflector, provides optical feedback for
the laser during distributed Bragg scattering from the structure. The inventive polymers
could serve as the distributed Bragg reflector. The inventive materials can aiso be
incorporated into a dynamically tunable thin film laser as described in WO2008054363,

which is herein incorporated by reference for purposes of US patent practice.

[222] The inventive block interpolymers can also be used to form films with
improved barrier properties. Such matertals can be used to form, for example, bladders in
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athletic shoes. These materials bave particular advantages for barrier films, in which the
barrier is improved because the layers physically increase the time to equilibrium saturation
of penetrants. Some embodiments including semi-crystalline domains or layers with long
range order may show decreases in the permeability of small molecules such as oxygen and
water relative to similar polymeric materials. Such properties may make these inventive
copolymers valuable in protective packaging of food and other moisture and air sensitive
materials. The inventive block interpolymers can also display increased flex crack

resistance compared to multilayer films,

[223] The preceding description of the present invention is not intended to be

limited to films and may also be present in other articles or objects.

[224] Fibers that may be prepared from the inventive polymers or blends include,
but are not limited to, staple fibers, tow, multicomponent, sheath/core, twisted, and
monofilament. Suitable fiber forming processes include spinbonded, melt blown
techniques, as disclosed in U.S. Patents. No, 4,430,363, 4, 663,220, 4,668,566, and
4,322,027, gel spun fibers as disclosed in U.S. Patent No. 4,413,110, woven and nonwoven
fabrics, as disclosed in U.S. Patent No. 3,485,706, or structures made from such fibers,
including blends with other fibers, such as polyester, nylon or cotton, thermoformed
articles, extruded shapes, including profile extrusions and co-extrusions, calendared
articles, and drawn, twisted, or crimped yarns or fibers. The new polymers described herein
are alsc useful for wire and cable coating operations, as well as in sheet extrusion for
vacuum forming operations, and forming molded articles, including the use of injection
molding, blow molding process, or rotomolding processes. Compositions comprising the
olefin polymers can also be formed into fabricated articles such as those previously
mentioned using conventional polyolefin processing techniques which are well known to
those skilled in the art of polyolefin processing. Fibers made from the copolymers may
also exhibit optical properties attractive in fabrics and textiles, such as reflective or color-

changing characieristics.

[225]} 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.
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11 WO 2009/097560PCT/U52009/032699 107 5 Failed 100 IC* 152 3 40 [306] In Table 4,
Comparative F (which is a physical blend of the two polymers resulting from simultaneous

polymerizatigps ysiggreatalyst Al and Bl) has a 1 mm penetration temperebgéﬁ%@egr&@ﬁégc, while

Examples 5-9 have a 1 mm penetration 5temperature of 100C or greater. amples 10-19 all
have a 1 ram penetration temperature of greater than 85C, with most having 1 mm TMA temperature
of greater than 90C or even greater than 100C. This shows that the novel polymers have better

dimensional stbiiseesdighes demmpesatiske s ;onmpasad fevapbysicaidlensoGemparative J (a

commercial S%Bsgrpas a %o%% gr(gnq]fﬂ'[ % temg(%ature of abo%t 107C, but it has very 10poor (high

temperaturei% Eff’cornﬁEt ré<Sion et of about 1B pe\?@euﬁ RS ART RSN AP PERdVer (sample broke)

during a higkﬁi@?ﬁ@éb&@eﬁ@%@?@@@We?fb@mrssﬁa}imiee@w'yqﬂ'muﬁlmbmphﬁe@qobﬁymers have a

unique Combé'ﬁé’ﬁi%igf195@9%@]%&%%?'%@‘@? RS9Me, carmstcill.availatienfigh performance
ar

thermoplastic elastomers. [307] Similarly, Table 4 shows a low (good) storage quulu’s ratio,

156‘(25C)/GSHf’@ﬁ%if,r AP RERRRE A NES R s THREEEn THIEPARCR: BROSREAMSIBIE (Comparative F)
has a storagenpddthatimratio of 9 and a random ethylene/octene copolymer (Comparative G) of similar
density has a storage modulus ratio an order of magnitude greater (89). It is desirable that the storage

modulus ratio of zpplymerdae; as elesaijovhnasRessibienauct) RolMosEI b beripiatively.unaffected by
temperature,.and fabriclated Z%rti Iles é’gade fro geuf?gegol%mers can be usefully employed over a

broad tempe}%\{%?telve poiymers, »uttabie additives inclu ch as organic or morganic
particles, including clays, talc, titanium dioxide, zeolites, powdered metals, organic or
10 inorganic fibers, including carbon fibers, silicon nitride fibers, steel wire or mesh, and
nylon or polyester cording, nano-sized particles, clays, and so forth; tackifiers, il
extenders, including paraffinic or napthelenic oils; and other natural and synthetic

polymers, including other polymers according to embodiments of the invention.

[227] Suitable polymers for blending with the polymers according to embodiments

15 of the invention include thermoplastic and non-thermoplastic polymers including natural
and synthetic polymers. Exemplary polymers for blending include polypropylene, (both
impact modifying polypropylene, isotactic polypropylene, atactic polypropylene, and
random ethylene/propylene copolymers), various types of polyethylene, including high
pressure, free-radical LDPE, Ziegler Natta LLDPE, metallocene PE, including multiple

20 reactor PE (“in reactor” blends of Ziegler-Natta PE and metallocene PE, such as products
disclosed in U.S. 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), ethylene/ vinyl alcohol copolymers, polystyrene,
impact modified polystyrene, acrylonitrile butadiene styrene (ABS), styrene/butadiene
block copolymers and hydrogenated derivatives ‘thereof (SBS and SEBS), polyisobutylene

25 (PIB} bomopolymer, PIB-isoprene copolymer, EPDM and thermoplastic polyarethanes.
Homogeneous polymers such as olefin plastomers and elastomers, ethylene and propylene-
based copolymers (for example polymers available under the trade designation
VERSIFY™ available from The Dow Chemical Company and VISTAMAXX™ available
from ExxonMobil Chemical Company) can also be useful as components in biends

30 comprising the inventive polymers,
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range. This feature of low storage modulus ratio and temperature independence is particularly u_seful
in elastomer applications such as in pressure sensitive adhesive formulations. [308] The data in
Table 4 alsq,demn that the polymers according to 95 embodiment% of the invention possess
improved pellet blocki?% strength. In particular, Example 5 has a pellet blocﬂﬁg%ﬂ%’f?ﬁfﬁ%f 0 MPa,
meaning it is free flowing under the conditions tested, compared to Comparatives F and G_whlch show
considerable blocking. Blocking strength is important since bulk shipment of polymers having large

blocking strengtfzggjan resulfioRIQAUGhE URBRNG: AL RSN AAGRINEr YR SIYARE QL ghipping,
resulting in poor h r\glintg r%Eerties. 309]High temperature (70C) compression set for the inventive

P , : ssion set | |
polymers is ganeraly §UoH e ARh P BRTEFATRR s SRS e b e AdhRt 6P 4FRsiBIPa&8s than about
70 5percent aémilte@mbiadIynlcéssihaﬂsabsjuteﬁﬂimmﬂ)_ifdntwemt(a_ﬁ:uudi@mpaé_aﬂgealﬁ, d&meH and J all
have a 70C compressiR 8659199 Rt (tRE Mg k’\t}’gfgegg)g‘ﬁbigd\{%‘éeed A pgtlnagtno recovery).

< . A
Good high temperature compression set (low numerical IS espeualfy ée for applications

such as gaskBSisHdBNe BrofiredoeRlmisPalnmtre tnbes highdsaste polutibriamesvonscstrain' | EE ot

polypropylene, or other olefin polymers; coated fabrics; hoses; tubing; weather stripping;

cap liners; flooring; and viscosity index modifiers, also known as pour point modifiers, for

lubricants.
[229] In some embodiments, thermoplastic compositions ¢01nprising a
10 thermoplastic matrix polymer, especially isotactic polypropylene, and an elastomeric multi-

block copolymer of ethylene and a copolymerizable comonomer according to embodiments
of the invention, are uniquely capable of forming core-shell type particles having hard
crystalline or semi-crystalline blocks in the form of a core surrounded by soft or
elastomeric blocks forming a “shell” around the occluded domains of hard polymer. These

15 particles are formed and dispersed within the matrix polymer by the forces incurred during
melt compounding or blending. This highly desirable morphology is believed to result due
to the unique physical properties of the multi-block copolymers which enable compatible
polymer regions such as the matrix and higher comonomer content elastomeric regions of
the multi-block copolymer to self-assemble in the melt due to thermodynamic forces.

20 Shearing forces during compounding are believed to produce separated regions of matrix
polymer encircled by elastomer. Upon solidifying, these regions become occluded

elastomer particles encased in the polymer matrix.

[230] Particularly desirable blends are thermoplastic polyolefin blends (TPO),
thermoplastic elastomer blends (TPE), thermoplastic vulcanizates (TPV) and styrenic
25 polymer blends. TPE and TPV blends may be prepared by combining the invented niulti-
block polymers, including functionalized or unsaturated derivatives thereof with an optional
rubber, including conventional block copolymers, especially an SBS block copolymer, and
optionally a crosslinking or vulcanizing agent. TPO blends are generally prepared by
blending the invented multi-block copolymers with a polyolefin, and optionally a

30 crosslinking or vulcanizing agent. The foregoing blends may be used in forming a molded
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object, and opticnally crosslinking the resulting molded article. A similar procedure using

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

[231] 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
5 preferably from 23 to 100, and most preferably from 30 to 80. Suitable polyolefins
especially include linear or low density polyethylene, polypropylene (including atactic,
isotactic, syndiotactic and impact modified versions thereof) and poly(4-methyl-1-pentene).
Suitable styrenic polymers include polystyrene, rubber modified polystyrene (HIPS),
styrene/acrylonitrile copolymers (SAN}, rubber modified SAN (ABS or AES) and styrene

10 maleic anhydride copolymers.

[232) The blends may be prepared by mixing or kneading the respective
components at a temperature around or above the melt point temperature of one or both of
the components. For most multiblock copolymers, this temperature may be above 130° C,
most generally above 145° C, and most preferably above 150° C. Typical polvmer mixing
15 or kneading equipment that is capable of reaching the desired temperatures and melt
plastifying the mixture may be employed. These include mills, kneaders, extruders (both
single screw and twin-screw), Banbury mixers, calenders, and the like, The sequence of
mixing and method may depend on the desired final composition. A combination of
Banbury batch mixers and continuous mixers may also be employed, such as a Banbury
20 mixer followed by a mill mixer followed by an extruder. Typically, a TPE or TPV
composition will have a higher loading of cross-linkable polymer {typically the
conventional block copolymer containing unsaturation) compared to TPO compositions.
Generally, for TPE and TPV compositions, the weight ratio of conventional block
copolymer to multi-block copolymer may be from about 90:10 to 10:96, more preferably
25 from 80:20 to 20:80, and most preferably from 75:25 to 25:75. For TPO applications, the
weight ratio of multi-block copolymer to polyolefin may be from about 49:51 to about 5:95,
more pfeferably from 35:65 to about 10:90. For modified styrenic polymer applications,
the weight ratio of multi-block copolymer to polyolefin may also be from about 49:51 to
about 5:95, more preferably from 35:65 to about 10:90. The ratios may be changed by

30 changing the viscosity ratios of the various components. There is considerable literatore
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illustrating technigues for changing the phase continuity by changing the viscosity ratios of

the constituents of a blend that a person skilled in this art may consult if necessary.

[233] Certain compositions of the inventive block copolymers also act as
plasticizers. A plasticizer is generally an organic compound incorporated into a high
molecular weight polymer, such as for example a thermoplastic, to facilitate processing,
increase its workability, flexibility, and/or distensibility of the polymer. Polypropylene, for
example, is an engineering thermoplastic that is generally stiff and even brittle below room

temperature especially for highly stereoregular polypropylene,

1234] Some embodiments of the invention provide miscible blends with
polypropylene. By blending such interpolymer plasticizers with polypropylene (isotactic
polypropylene, syndiotactic polypropylene and atactic polypropyiene), the glass transition
temperature, storage modulus and viscosity of the blended polypropylene are lowered. By
decreasing the transition temperature, storage modulus and viscosity, the workability,
flexibility, and distensibility of polypropylene improves. As such, broadened commercial
application for these new polypropylene blends in film, fibers and molded products is
apparent. Furthermore, the flexibility of a product design utilizing these novel blends can
be further extended by taking advantage of the enhanced comonomer incorporation and
tacticity control possible with metallocene and other homogeneous catalysts, both of which
can reduce isotactic polypropylene crystallinity prior to blending with the inventive block

interpolymer.

[235] These plasticized polypropylene thermoplastics may be used in known
applications for polypropylene compositions. These uses include, but are not limited to: hot
melt adhesives; pressure sensitive adhesives (as an adhesive component, particularly when
the polypropylene has Jow levels of crystallinity, e.g., amorphous polypropylene); films
(whether extrusion coatings, cast or blown; such will exhibit improved heat sealing
characteristics); sheets (such as by extrusion in single or multilayer sheets where at Ieast
one layer is a plasticized polypropylene thermoplastic composition of the invention);
meltblown or spunbond fibers; and, as thermoplastic components in thermoformable
thermoplastic olefin ("TPO") and thermoplastic elastomer ("TPE") blends where

polypropylene has traditionally been demonstrated to be effective. In view of these many

- T4 -
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uses, with improved low temperature properties and increased workability, the plasticized
polypropylene thermoplastics offer a suitable replacement in selected applications for

plasticized polyvinyl chloride (PVC).

[236] The blend compositions may contain processing oils, plasticizers, and
processing aids. Rubber processing oils and paraffinic, napthenic or aromatic process oils
are all suitable for use. Generally from about 0 to about 150 parts, more preferably about ()
to about 100 parts, and most preferably from about O to about 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 siearate,
(poly)alcohols including glycols, (poly)alcohol ethers, including glycol ethers, (poly)esters,
including (poly)glycol esters, and metal salt-, especially Group 1 or 2 metal or zinc-, salt

derivatives thereof.

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

elastomer modified polymeric compositions.

[238] For conventional TPO, TPV, and TPE applications, carbon black is the
additive of choice for UV absorption and stabilizing properties. Representative examples
of carbon blacks include ASTM N110, N121, N220, N231, N234, N242, N293, N299,
S315, N326, N330, M332, N339, N343, N347, N351, N358, N375, N339, N550, N582,
NG630, N642, N650, N683, N754, N762, N765, N774, N787, N907, N908, N99( 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

-75 -



8 Z878 98 6816 LT6 6888 ET 98 8 E6 Tensile Notched Tear Strength (nl) . 6EC

10

I5

20

25

30

WO 2009/09756¢ PCT/US2009/032699

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,

[239] 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-creso! and dicyclopentadiene (DCPD),
polyphenolic antioxidants, hydroguinone derivatives, quinoline, diphenylene antioxidants,
thioester antioxidants, and blends thereof. Some representative trade names of such
products are Wingstay™ § antioxidant, Polystay™ 100 antioxidant, Polystay™ 100 AZ
antioxidant, Polystay™ 200 anticxidant, Wingstay™ L antioxidant, Wingstay™ LHLS
antioxidant, Wingstay™ K antioxidant, Wingstay™ 29 antioxidant, Wingstay™ SN-1
antioxidant, and Trganox™ antioxidants. In some applications, the anti-oxidants and anti-

ozonants used will preferably be non-staining and non-migratory,

[240] For providing additional stability against UV radiation, hindered amine light
stabilizers (HALS) and UV absorbers may be also used. Suitable examples include
Tinuvin™ 123, Tipuvin™ 144, Tinuvin™ 622, Tinuvin™ 763, Tinuvin™ 770, and
Tinuvin™ 780, available from Ciba Specialty Chemicals, and Chemisorb™ T944, available
from Cytex Plastics, Houston TX, USA. A Lewis acid may be additionally included with a
HALS compound in order to achieve superior surface quality, as disclosed in U.S. Patent

No. 6,051,681,

{241] For some compositions, additional mixing processes may be employed to
pre-disperse the anti-oxidants, anti-ozonants, carbon black, UV absorbers, and/or light

stabilizers to form a masterbatch, and subsequently to form polymer blends there from.

[242] Suitable crosslinking agents (also referred to as curing or vulcanizing

agents) for use herein include sulfur based, peroxide based, or phenolic based compounds,
-76 -
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Examples of the foregoing materials are found in the art, including in U.S. Pateats 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, 4927 882; 4,311,628 and 5,248,729,

[243] When sulfur based curing agents are employed, accelerators and cure
5 activators may be vsed 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 18 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

10 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 generally produce articles having properties that are
somewhat better than those produced by use of a single accelerator. In addition, delayed

15 action accelerators may be used which are not affected by normal processing temperatures
vet produce a satisfactory cure at ordinary vulcanization temperatures. Vulcanization
retarders might also be used. Suitable types of accelerators that may be used in the present
invention are amines, disulfides, guanidines, thioureas, thiazoles, thiurams, sulfenamides,
dithiocarbamates and xanthates, Preferably, the primary accelerator is a sulfenamide. Ifa

20 second accelerator is used, the secondary accelerator is preferably a guanidine,
dithiocarbarnate or thitram compound. Certain processing aids and cure activators such as
stearic acid and ZnO may also be used. When peroxide based curing agents are used, co-
activators or coagents may be used in combination therewith, Suitable coagents include
trimethylolpropane triacrylate (TMPTA), trimethylolpropane trimethacrylate (TMPTMA),

25 triallvl cyanurate (TAC), triallyl isocyanurate (TAIC), among others. Use of peroxide
crosslinkers and optional coagents used for partial or complete dynamic vulcanization are
known in the art and disclosed for example in the publication, "Peroxide Vulcanization of

Elastomer", Vol, 74, No 3, July-August 2001,

[244] ‘When the multi-block copolymer containing composition is at least partially
30 crosslinked, the degree of crosslinking may be measured by dissolving the composition in a

solvent for specified duration, and calculating the percent gel or unextraciable component.
-T77 -
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The percent gel normally increases with increasing crosslinking levels. For cured articles
according to embodiments of the invention, the percent gel content is desirably in the range

from 5 to 100 percent.

[245] The multi-bleck 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
tmproved 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.

[246] Thermoplastic compositions according to embodiments of the invention may
also contain organic or inorganic fillers or other additives such as starch, talc, calcium
carbonate, glass fibers, polymeric fibers (including nylon, rayon, cotton, polyester, and
polyaramide), metal fibers, flakes or particles, expandable layered silicates, phosphates or
carbonates, such as clays, mica, silica, alumina, aluminosilicates or aluminophesphates,
carbon whiskers, carbon fibers, nanoparticles including nanotubes, wollastonite, graphite,
zeolites, and ceramics, such as silicon carbide, silicon nitride or titania, Silane based or

other coupling agents may also be employed for better filler bonding.

{247] The thermoplastic compositions according to embodiments of the invention,
including the foregoing blends, may be processed by conventional molding techniques such
as injection molding, extrusion molding, thermoforming, slush molding, over molding,
insert molding, blow molding, and other techniques. Films, inc'iuding multi-layer films,

may be produced by cast or tentering processes, including blown film processes.

[248] In addition to the above, the block ethylene/a-olefin interpolymers also can
be used in a manner that is described in the following U.5. provisional applications, the
disclosures of which and their continuations, divisional applications and continvation-in-

part applications are incorporated by reference herein in their entirety:
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1) “Impact-Modification of Thermoplastics with Ethylene/o-Olefins”, U.S. Serial No.
60/717,928, filed on September 16, 2005;

2) “Three Dimensional Random Looped Structures Made from Interpolymers of
Ethylene/a-Olefins and Uses Thereof”, U.S. Serial No. 60/718,130, filed on September 16,
5 2005

3) “Polymer Blends from Interpolymer of Ethylene/u-Olefin”, U.S. Serial No.
60/717,825, filed on September 16, 2005;

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

10 5) “Fibers Made from Copolymers of Ethylene/o-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;

7) “Adhesive and Marking Compositions Made from Interpolymers of Ethylene/a-
15  Olefins”, U.S. Serial No. 60/718,000, filed on September 16, 2005;

8) “Compositions of Ethylene/u-Olefin Multi-Block Interpolymers Suitable For
Films”, U.S. Serial No. 60/718,198, filed on September 16, 2003;

9) “Rheology Modification of Interpolymers of Ethylene/a-Olefins and Articles Made
Therefrom™, U.S. Serial No. 60/718,036, filed on September 16, 2005;

20 10) “Soft Foams Made From Interpolymers of Ethylene/a-Olefins™, U.S. Serial No.
60/717,893, filed on September 16, 2005;

11) “Low Molecular Weight Ethylene/o-Olefin Interpolymer as Base Lubricant O1l”,
U.S. Serial No. 60/717,875, filed on September 16, 2005;

12) *“Foams Made From Interpolymers of Ethylene/a-Olefins”, U.S. Serial No.
25 60/717,864, filed on September 16, 20035;

-9 -
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13) “Compositions of Ethylene/a-Olefin Multi-Block Interpolymer For Blown Films
with High Hot Tack”, U.S. Serial No, 60/717,982, filed on September 16, 2005;

14) “Cap Liners, Closures and Gaskets From Multi-Block Polymers™, U.S. Serial No.
60/717,824, filed on September 16, 2005;

5 15) “Polymer Blends From Interpolymers of Ethylene/a-Olefins”, U.S. Serial No.
60/718,245, filed on September 16, 2005;

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

17) “Interpolymers of Ethylene/o-Olefins Blends and Profiles and (faskets Made
10 Therefrom™, U.S. Serial No. 60/718,163, filed on September 16, 2005;

18) “Filled Polymer Compositions Made from Interpolymers of Ethylene/u-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, filed on September 16, 2005;

15 20} “Thermoplastic Vulcanizate Comprising Interpolymers of Ethylene/u-Olefins”,
U.S. Serial No. 60/718,186, filed on September 16, 2005;

21) “Multi-Layer, Elastic Articles™, U.S. Serial No. 60/754,087, filed on December
27, 2005; and

22) “Functionalized Olefin Interpolymers, Compositions and Articles Prepared
20  Therefrom, and Methods for Making the Same”, U.S. Serial No. 60/718,184, filed on
September 16, 2005.

EXAMPLES

[2491 The following examples are provided to illustrate the synthesis of the
inventive polymers. Certain comparisons are made with some existing polymers. The
25 examples are presented to exemplify embodiments of the invention but are not intended to

limit the invention to the specific embodiments set forth, Unless indicated to the contrary,
80~
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all parts and percentages are by weight, All numerjcal values are approximate. When
numerical ranges are given, it should be understood that embodiments outside the stated
ranges may still fall within the scope of the invention. Specific details described in each

example should not be construed as necessary features of the invention.

Testing Methods

[250] In the examples that follow, the following analytical techniques are

employed:

GPC Method for Samples 1-4 and A-C

[251] An automated liquid-handling robot equipped with & 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.

[252] 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-
purged 1,2-dichlorobenzene stabilized with 300 ppm Ionel as the mobile phase through
three Plgel 10 micrometer (um) Mixed B 300mm x 7.5mm columns placed in series and
heated to 160°C. A Polymer Labs ELS 1000 Detector is used with the Evaporator set to
250°C, the Nebulizer set to 165°C, and the nitrogen flow rate set to 1.8 SLM at a pressure
of 60-80 psi (400-600 kPa) Ny. The polymer samples are heated to 160°C and cach sample
injected into a 250 ul loop using the liquid-handling robot and a heated needle. Serial
analysis of the polymer samples using two switched loops and overlapping injections are
used. The sample data is collected and analyzed using Symyx Epoch™ software. Peaks
are manually integrated and the molecular weight information reported uncorrected against

a polystyrene standard calibration curve,

-8 -



EZ9Z LIrvI091 171 OE 81 GEE ESt SI51 Ltl EIF 568 LS OC 'EE bt SE FCT I tt EZ oc GE r- 91 ziz

WO 2009/997560 PCT/US2009/032699

Standard CRYSTAF Method

[253] Branching distributions are determined by crystallization analysis
fractionation (CRYSTAF) using a CRYSTAF 200 unit commercially available from
PolymerChar, Valencia, Spain. The samples are dissolved in 1,2,4 wichlorobenzene at

5 160°C (0.66 mg/mL) for 1 hr and stabilized at 95°C for 45 minutes. The sampling
temperatures range from 95 to 30°C at a cooling rate of 0.2°C/min. An infrared detector is
used to measure the polymer solution concentrations. The cumulative soluble
concentration is measured as the polymer crystallizes while the temperature is decreased.
The analytical derivative of the cumulative profile reflects the short chain branching

10 distribution of the polymer.

[254] 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

15 side of the identified peak in the derivative curve. To calculate the CRYSTAF curve, the
preferred processing parameters are with a temperature Hmit of 70°C and with smoothing

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

[255] Differential Scanning Calorimetry results are determined using a TAI model
20 Q1000 DSC equipped with an RCS cooling accessory and an autosampler. A nitrogen
purge gas flow of 50 ml/min is used. The sample is pressed into a thin film and melted in
the press at about 175°C and then air-cooled to room temperature (25°C). 3-10 mg of
muaterial is then cut into a 6 mm diameter disk, accurately weighed, placed in a light
aluminuimn pan (ca 50 mg), and then crimped shut. The thermal behavior of the sample is
25 investigated with the following temperature profile. The sample is rapidly heated o 180°C
and held isothermal for 3 minutes in order to remove any previous thermal history, The
sample is then cooled to -40°C at 10°C/min cooling rate and held at -40°C for 3 minutes,
The sample is then heated to 150 °C at 10°C/min. heating rate. The cooling and second

heating curves are recorded,
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[256] The DSC melting peak is measured as the maximum in heat flow rate (W/g)
with respect to the linear baseline drawn between -30°C and end of melting. The heat of
fusion is measured as the area under the melting curve between -30°C and the end of

melting using a linear baseline.

[257] Calibration of the DSC is done as follows. First, a baseline is obtained by
running a DSC from -90 °C without any sample in the aleminum DSC pan. Then 7
milligrams of a fresh indium sample is analyzed by heating the sample to 180°C, cooling
the sample to 140°C at a cooling rate of 10°C /min followed by keeping the sample
isothermally at 140°C for 1 minute, followed by heating the sample from 140°C to 180°C at
a heating rate of 10°C per minute. The heat of fusion and the onset of melting of the
indivm sample are determined and checked to be within 0.5°C from 156.6°C for the onset
of melting and within 0.5 J/g from 28.71 Jg for the of fusion. Then deionized water is
analyzed by cooling 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)

[258] The gel permeation chromatographic system consists of either a Polymer -
Laboratories Model PL-216 or a Polymer Laboratories Model PL-220 instrument. The
column and carousel compartments are operated at 140 °C, Three Polymer Laboratories
10-micron Mixed-B columns are used. The solvent is 1,2.4 trichlorobenzene. The samples
are prepared at a concentration of 0.1 grams of polymer in 50 milliliters of solvent
containing 200 ppm of butylated hydroxytoluene (BHT). Samples are prepared by agitating
lightly for 2 hours at 160°C. The injection volume used is 100 microliters and the flow rate

is 1.0 ml/minute.

[259] Calibration of the GPC column set is performed with 21 narrow molecular
weight distribution polystyrene standards with molecular weights ranging from 580 to
8,400,000, arranged in 6 “cocktail” mixtures with at least a decade of separation between

individual molecular weights. The standards are purchased from Polymer Laboratories
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mechanical properties for the new polymers as well as for various comparison polymers at ambient
temperaturggglinpReseen that the inventive polymers have very good@bfasiandesigsance when
tested according to ISO 4649, generally showing a volume loss of less than about 90 mm3, preferably
less than 5about 80 mm3, and especially less than about 50 mma3. In this test, higher numbers indicate
higher volume loss and consequently lower abrasion resistance. [311] Tear strength as measured

by tensile notShegstes; SIKe)nQI_th: (pmj@yimestﬁn&fmlgmm@r@mganemwg;ﬁmm atihilgybar, as shown in
Table 5. Teasf%é?\%%@o{r%%&?e%d%%g’fﬁspeog'NM%fér%?él@%%?n 'll@!?]eﬂ)%&%%g &H;%a%‘éelﬂ high as 5000
yh n

m.l. Comparative 10polymers gener ve tear strengths no higher tha mJ. |312] Table 5

also shows thalHiferpefyrisest decoritagtbveisbo dsdine bPROIvdrgairdverseradpedfactive stress

at 150 percepfestiaslsdemanrstiaiad byihigheisettacive: siressvrlvashanaemenpltiha comparative
samplef. Comparative E>éam I§s Ff and H Ela}\]/etretr ctive str.eﬁts value at %50 ercent strain of 400
kPa or Tess, WRITEREBIRRER |\‘7(50po fr%%srisn AR TRV S VARS8 5" pnel?%:ltze?]t strain of 500
kPa (Ex. 11)degasifiigh dhaboystit0e Jeldaie gedynoiolymers fiavimgcaigheaedian 150 percent
retractive stroggualigs wisldd e wuieussiukioralastic RARIEAIARS AR A% Hagtinlibers and fabrics,

especially nonwoven fabrics. Other applications include diaper, hygiene, and medical garment
waistband appithtehd: : ’Igg{iélgg%'s.lwp"f@%iefgbﬁ EMpastidws that stress
relaxation (at 50 percent strain) is also improved (less) for the inventive polymers as compared to, for
example, CompEi¥tive GFPpbwbylsneas eigrameirtnieans ghacale pinmies petriecitsfomte better in
applicagions syghes tiapersandethergarments where retention of elastic properties over long time
periods at body temperatures is desired. WO 2009/097560PCT/US2009/032699 Optical Testing
Table 6 Poli,f MnErd=S §£_ltarity, and Gloss Ex. Internal Haze (percent) Clarity (percent) 45 Gloss
(percent) P 84 22 49 G*5 73

[261] Compression set is measured according to ASTM D 385, The sample is
prepared by stacking 25.4 mm diameter round discs of 3.2 mm, 2.0 mm, and 0.25 mm
thickness until a total thickness of 12,7 mm is reached. The discs are cut from 12,7 cm x
15 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

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

Flexural/Secant Modulns/ Sterage Modelus

[263] Samples are compression molded using ASTM D 1928. Flexural and 2
percent secant moduli are measured according to ASTM D-790. Storage modulus is

measured according to ASTM D 5026-01 or eguivalent technique,
25 Optical properties

[264] Films of 0.4 mm thickness are compression molded using a hot press

(Carver Model #4095-4PR1001IR). The pellets are placed between polytetrafluoroethylene
-84 -
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sheets, heated at 190 °C at 55 psi (380 kPa) for 3 min, followed 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
MPa for 1 min. The compression molded films are used for optical measurements, tensile

behavior, recovery, and stress relaxation.

[265] Clarity is measured using BYK Gardner Haze-gard as specified in ASTM D
1746,

[266] 45° gloss is measured using BY K Gardner Glossmeter Microgloss 45° as
specified in ASTM D-2457

[267] Internal haze is measured using BYK Gardner Haze-gard based on ASTM D

1003 Procedure A. Mineral oil is applied to the film surface to remove surface scratches,
Mechanical Properties - Tensile, Hysteresis, and Tear

{268] 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.

[269] 100% and 300% Hysteresis is determined from cyclic loading to 100% and
300% strains using ASTM D 1708 microtensile specimens with an Instron™ instrurent,
The sample is Joaded 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 unloading cycle is recorded. Percent recovery for all experiments are
calculated from the first unloading cycle using the strain at which the load returned to the

base line. The percent recovery is defined as:

£, ~E,
GoRecovery = x100
E
7

where £ is the strain taken for cyclic loading and &; is the strain where the load returns to the

baseline during the 1* unloading cycle.
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[278] Stress relaxation is measured at 50 percent strain and 37 °C for 12 hows
using an Instron™ instrument equipped with an environmental chamber. The gauge
geometry was 76 mm x 25 mm x 0.4 mm. After equilibrating at 37°C for 45 min in the
environmental chamber, the sample was stretched to 50% strain at 333% min”. Stress was

5 recorded as a function of time for 12 hours. The percent stress relaxation after 12 hours

was calculated using the formula:

% Stress Relaxation = mx 100
0

where Ly is the Ioad at 50% strain at 0 time and Ly, is the load at 50 percent strain after 12

hours.

10 {271] 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

15 load. An average of at least 3 specimens are reported.
TMA

[272] Thermal Mechanical Analysis (Penetration Temperature) is conducted on 30
mm diameter x 3.3 mum 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,
20 brand available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-
0416) is applied to the surface of the sample disc with 1IN force. The temperature is raised
at 5°C/min from 25°C. The probe penetration distance is measured as a function of

temperature. The experiment ends when the probe has penetrated I mim into the sampie.
DMA

25 [273] Dynamic Mechanical Analysis (DMA) is measured on compression molded

disks formed in a hot press at 180°C at 10 MPa pressure for 5 minutes and then water
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52G*5 7356 H*12 76 59 I* 20 7559 - [314] The haze, clarity, and gloss values reported in Table 6
are based on 5compression molded films substantially lacking in orientation. Optical properties of the

polymers may,hg.¥akagdover wide ranges, due to variation in crystallite siggyfesisiiagfreen variation in
the quantity of chain shuttling agent employed in the polymerization. In addition, the crystallite size

may also be controlled through various processing methods and quenching conditions as well as
through manipulation of the level of comonomer and 10hard segment content. Extractions of
Multi-Block Goprlymets predS&SioEXiractiomsstigiescofdhedaalyimers AREsamplakdstaind Comparative
E are conducted. In t xperiments, the pol r.sample, is weighed.into a.glass.fritted extraction
timble-and TG Lk A S B S oo T S B A R TR e with
nitrogen, and a 500mL round_bottom flask is charged with 350 mL, of diethyl ether. The flask is then
fitted to the extr&lot. The P IRl R DEIAGH Tosba SHHEEHAE 18T WHEN the ether
begins to cordaprasatanipel thivotlenavisk theseXtractorparaltdwe d tonpr 0ageskpraiemnittpgen for 24

hours. At this time, heating_is stopped and the solutjon is.allowe - ANy ether remaining in the
extractg\r is rgﬂépshueb(’f o %ﬁé’q?llgg S.s%%eéme eé?EFﬁetﬁgpﬁgg mlsle%\l}a%\/cg?gzt@d&g dgar\p\f}:gt(%ﬁ3 ?n% ambient
Stemperaturéaghigtiperpamse Hin dosodiel s edel s frg étinerdswithan itaged aniravenid 9é 18 tralisferred to a

weighed bottig.ugig SHEkeas NG ashasi M RRES: 0 Necambined heenrng washesAtgthen
evaporated with anothg nitrogkgn purge, and the residue dried ynder vacuum overnight at 40C. Any

remaining eth@fTS thaEFEiF B PG S BRISEAC ARFS gen™ 1 3161 €488Nd clean round bottom flask

charged with 350 mL of hexane is then
[275] An initial static force of 10 g is maintained (auto-tension mode) to prevent

10 slack in the sample when thermal expansion occurs. As a consequence, the grip separation
AL increases with the temperature, particularly above the melting or softening point of the
polymer sample. The test stops at the maximum temperature or when the gap between the

fixtures reaches 65 mm.
{276} Peliet Blocking Strength

15 Pellet blocking strength can be measured as follows: pellets (150 g) are loaded into a
27 (5 cm) diameter hollow cylinder that is made of two halves held together by a hose
clamp. A 2.751b (1.25 kg) load is applied to the pellets in the cylinder at 45 °C for 3
days. After 3 days, the pellets loosely consolidate into a cylindrical shaped plug. The
plug is removed from the form and the pellet blocking force measwored by loading the

20 cylinder of blocked pellets in compression using an Instron™ instrument (o measure the

compressive force needed to break the cylinder into peliets.
Melt Index

[277] Meltindex, or I, is measured in accordance with ASTM 1) 1238, Condition
190°C/2.16 kg. Melt index, or [} is also measured in accordance with ASTM D 1238,
25 Condition 1920°C/10 kg.
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" 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 gpgladdmydresane remaining in the extractor is transferred backptorthe:fiess284ve hexane is
removed by evaporation under vacuum at 15ambient 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 40C. [317]The polymer
sample renAdIWRY in the thimble after the extractions is transferred from the thimble to a weighed
bottle and vacuum dried overnight at 40C. 20Results are contained in Table 7. Table 7 Results from
extraction with girer and hexaneSadfppladyvt. eihgeRsitibitetbersalIRED malgskaexane soluble

hexane soluble (0 Mol [ERIAVS £, 0l% aQLRISAID Y e A4 &bk PresiRISENY Comp.
Ryle, T.R.; Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in
5 Polyvethylene and Ethylene Copolymers, I. Polym. Sci., 20, 441-455 (1982). which are

incorporated by reference herein in their entirety. The composition to be analyzed is
dissolved in trichlorobenzene and allowed to crystallize in a column containing an inert
support (stainless steel shot) by slowly reducing the temperature to 20°C at a cooling rate of
0.1°C/min. The column is equipped with an infrared detector. An ATREF chromatogram

10 curve is then generated by eluting the crystaliized polymer sample from the column by
slowly increasing the temperature of the eluting solvent (trichlorobenzene) from 20 to

120°C at a rate of 1.5°C/min.
3¢ NMR Analysis

[279] The samples are prepared by adding approximately 3g of a 50/50 mixture of
15 tetrachloroethane-d*/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube. The
samples are dissolved and homogenized by heating the tube and its contents to 150°C. The
data are collected using a JEOL Eclipse™ 400MHz spectrometer or a Varian Unity Plus™
400MHz spectrometer, corresponding to a B¢ resonance frequency of 100.5 MHz. The
data are acquired using 4000 transients per data file with a 6 second pulse repetition delay.
20 To achieve minimum signal-to-noise for quantitative analysis, multiple data files are added
together. The spectral width is 25,000 Hz with a minimum file size of 32K data points.
The samples are analyzed at 130 °C in a 10 mm broad band probe. The comonomer
incorporation is determined using Randall's triad method (Randall, 1.C.; JMS-Rev.
Macromol. Chem. Phys., C29, 201-317 (1989), which is incorporated by reference herein in

23 i{s entirety.
Polymer Fractionation by TREF (also known as Preparative TREF)

[280] Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer
in 2 liters of 1,2,4-trichlorobenzene (TCB) by stirting 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 cmy)
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steel column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 pm) 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

5 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.

{281] Approximately 2000 ml portions of eluant from the preparative TREF

10 column are collected in a 16 station, heated fraction collector, The polymer is concentrated
in each fraction using a rotary evaporator until about 50 to 100 ml of the polymer solution
remains. The concentrated solutions are allowed to stand overnight before adding excess
methanol, filtering, and rinsing (approx. 300-500 ml of methanol including the final rinse).
The filtration step is performed on a 3 position vacuum assisted filtering station using 5.0

15 pm polytetrafluoroethylene coated filter paper (available from Osmonics Inc., Cat#
Z50WP04750), The filtrated fractions are dried overnight in a vacuom oven at 60 °C and
weighed on an analytical balance before further testing. Additional information about hits
method is taught in Wilde, L..; Ryle, T.R.; Knobeloch, D.C.; Peat, L.R.; Determination of
Branching Distributions in Polvethvlene and Ethylene Copolymers, ]. Polym. Sci., 20, 441-

20 455 (1982),

Melt Strength

[282] Meit Strength (MS) is measured by using a capillary rheometer fitted with a
2.1 mm diameter, 20:1 die with an entrance angle of approximately 45 degrees. After
equilibrating the samples at 190°C for 10 minutes, the piston is run at a speed of 1
25 inch/minute (2.54 con/minute). The standard test temperature is 190°C. The sample is
drawn uniaxially to a set of accelerating nips located 100 mm below the die with an
acceleration of 2.4 mmy/sec’. The required tensile force is tecorded as a function of the
take-up speed of the nip rolls. The maximum tensile force attained during the test is

defined as the melt strength, In the case of polymer melt exhibiting draw resonance, the
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13.30.012 1.10 flf 9.9 Determined by C NMR Additional Polymer Examples 19 A-l, Continuous
Solution Polymerization, Catalyst A1/B2 + DEZ [318] Examples 19A-I: Continuous solution

polymerizatighsiqsagded out in a computer controlled well-mixed reactegfukHigsldiaed alkanes
solvent (IsoparTM E 5available 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
cooled heat exchanges hefosehenteting thevweactancd iescaltalyst wampenant Shluiiens are metered
using pumpssggnd@%sl% EI)(IQ(ch{&etggaN'léh%Irlggctﬁ;}is run liquid-full at 10approximately 550 psig
pressure. Upon éxiting 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 p?é‘b%l?féﬁon 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
15cutting.  [318$HolymébEkampsledpehy’3ilsed. nsiie o SiHg s rhar proeealrts Bsh@eseribed in the

above. Process.daialisand iestiisarecontainachinhables 8 £cSelactedepalymesproperties are
provided in Tables 9A-B. Table 9C shaws the block indices for various polymers meaEf;ured and

calculated adlGRFng LS R ROUBTGI e ABEN BEVE CEGr oY BRI AN SRE BRASEE Herein, TA is

372K, PA iSunder theltgiie 6EZzhatidi Zsepar 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
10 preparation of all screening experiments were carried out in a dry nitrogen atmosphere
using dry box techniques. All solvents used were HPLC grade and were dried before their

use.,

[284] MMAO refers to modified methylalumoxane, a triisobutylaluminum

modified methylalumoxane available commercially from Akzo-Noble Corporation.
15 [285] The preparation of catalyst (B1) is conducted as follows,

a) Preparation of {(1-methvlethvD{(2-hvdroxv-3.5-di{t-butyDphenvhmethvlimine

[286] 3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine.
The solution rapidly turns bright vellow, After stirring at ambient temperature for 3 hours,
volatiles are removed under vacuum to yield a bright yellow, crystalline solid (97 percent

20 yield).

b) Preparation of 1.2-bis-(3.3-di-t-butylphenviene)}(1-(N-(1-

methylethyDimmino methvl{2-oxovl) zircopium dibenzyl

[287] A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyhimine (605
mg, 2.2 mmol) in 5 mL toluene is slowly added to a solution of Zr(CH,Ph), (500 mg, 1.1
25 mmol} 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.

[288) The preparation of catalyst (B2) is conducted as follows.
- 90 -
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a) Preparation of {1-(2-methvlcyclohexvhethyD(2-oxoyl-3.5-di{t-butvliphenyl}imine

[289] 2-Methylcyclohexylamine (8.44 mlL, 64.0 mmol) is dissolved in methanol
(90 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
5 precipitate is collected by filtration and washed with cold methane! (2 x 15 mL), and then
dried under reduced pressure. The yield is 11.17 g of a yellow solid. 'H NMR is consistent

with the desired product as a mixture of isomers.

b} Preparation of bis-(1-(2-methvicvelohexvllethyv]}2-ox0vl-3.5-di(t-buty]iphenvl)
immino)zirconium dibenzyl

10 [290] A solution of (1-(2-methylcyclohexylethyl)(2-oxoyl-3,5-di(t-
butyl)phenylimine (7.63 g, 23.2 mmol) in 200 mL toluene is slowly added to a solution of
Zr(CH,Ph), (5.28 g, 11.6 mmol) in 600 mL toluene, The resulting dark yellow solation is
stirred for 1 hour at 25°C. The solution is diluted further with 680 ml. toluene to give a

solution having a concentration of 0.00783 M.

13 [291] Cocatalyst 1 A mixture of methyldi{C, 414 alkyDammonium saits of
tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of
a long chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.}, HCl and
Li[B(CgFs)4], substantially as disclosed in U.S. Patent No. 5,919,9883, Ex. 2.

[292] Cocatalyst 2 Mixed Cy4.1g alkyldimethylammonium salt of
20 bis(tris(pentafluorophenyl}-alumane)-2-undecylimidazolide, prepared according to U.S.
Patent No. 6,395,671, Ex. 16.

Shuttling Agents The shuttling agents employed include diethylzine (DEZ, SA1), di(i-
butylyzine (SA2), di(n-hexyDzince (SA3), triethylaluminum (TEA, SA4), trioctylaluminum (SAS),
triethylgallium (SA6), i-butylaluminum bis(dimethyl(t-botyl)siloxane) (SA7), i-butylaluminum

25 bis(di(trimethylsilylyamide) (SA8), n-octylaluminum di(pyridine-2-methoxide) (SA9), bis(n-octadecyb)i-
butylaluminum (SA10), i-butylalvminum bis(di{n-pentyD)amide) (SA11}, n-octylaluminum bis{2,6-di-t-
butylphenoxide) (SA12), n-octylaluminum di(ethyl(I-naphthyDamide) (SA13), ethylaleminum bis(t-
butyldimethyisiloxide} (SA14), ethylaluminum di(bis(trimethylsilylyamide) (SA13), ethylaluminum
bis(2,3,6,7-dibenzo- 1 -azacycloheptaneamide) {SA16), n-octylaluminum bis(2,3,6,7-dibenzo-1-
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azacycloheptaneamide) (SA17), n-octylaluminum bis(dimethyl(t-butyl)siloxide(SA18), ethylzine (2,6-
diphenylphenoxide) (SA19), and ethylzinc (t-butoxide) (SA20).

Examples 1-4. Comparative A-C

General High Throughput Parallel Polymerization Conditions

[293] Polymerizations are conducted using a high throughput, parailel
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 6,316,663. Ethylene copolymerizations are conducted at 130°C and 200 psi (1.4 MPa)
with ethylene on demand using 1.2 equivalents of cocatalyst 1 based on total catalyst used
(1.1 equivalents when MMAQ is present). A series of polymerizations are conducted in a
parallel pressure reactor (PPR) contained of 48 individual reactor cellsina 6 x 8 array that
are fitted with a pre-weighed glass tube. The working volume in each reactor cell is 6000
HL. Each cell is temperature and pressure controlled with stirring provided by individual
stirring paddles. The monomer 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 mi), ethylene, 1-octene comonomer (1 ml), cocatalyst 1 or cocatalyst
1/MMAOQ 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 (*).

[294] Examples 1-4 demonsirate the synthesis of linear block copolymers by the

present invention as evidenced by the formation of a very narrow MWD, essentially
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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

5 the invention are distinguishable based on branching or density,
Table 1

Ex. Cat (Al) Cat(Bl) Cocat MMAO shuttling
(umol)  (umol) (wmol} (umol) agent(umoly Yield (g} Mn Mw/Mn hex};ls1
0.3 -

A* 006 - 0.066 0. 0.1363 300502 3.32 -

B* - 0.1 0.110 05 - 0.1581 36957 1.22 2.5
C* 006 0.1 0.176 08 - 0.2038 45526 530° 55
[ 006 0.1 0.102 - DEZ (8.0) 0.1974 28715 1.19 48
2 006 0.1 0.192 - DEZ (80.0) (.1468 2161  1.12 14.4
3 006 0.1 0.192 - TEA (803 0208 22675 1.71 4.6
4 006 0.1 0.192 - TEA (80.0) 0.1879 3338  1.54 9.4

1

C; or higher chain content per 1000 carbong
2

Bimodal molecular weight distribution

10 [295] It may be seen the polymers produced according to embodiments of the
invention have a relatively narrow polydispersity (Mw/Mn) and larger block-copolymer
content (trimer, tetramer, or larger) than polymers prepared in the absence of the shuttling

agent.

[296] Further characterizing data for the polymers of Table 1 are determined by
15 reference to the figures. More specifically DSC and ATREF results show the following:

[297] The DSC curve for the polymer of Example 1 shows a 115.7°C melting
point (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

1DSC Tm and the Terystaf is 81.2°C.

20 298] 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 of 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,
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[299] 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,

5 [364] The DSC curve for the polymer of Example 4 shows a peak with a 104.5°C
melting point {Tm} with a heat of fusion of 170.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 30 °C with a peak area of 18.2 percent. The difference between
the DSC Tm and the Terystaf is 74,5°C.

f3e1] The DSC curve for comparative A shows a 90.0°C meliing point (Tm) with
10 a heat of fusion of 86.7 J/g. The corresponding CRYSTAF curve shows the tallest peak at
48.5°C with a peak area of 29.4 percent. Both of these values are consistent with a resin

that is low in density. The difference between the DSC Tin and the Terystaf is 41.8°C.

{302] The DSC curve for comparative B shows a 129.8°C melting point (Tm) with
a heat of fusion of 237.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at
15 82.4°C with a peak area of 83.7 percent. Both of these values are consistent with a resin

that is high in density. The difference between the DSC Tm and the Terystaf is 47.4°C,

[303] The DSC curve for comparative C shows a 125.3°C melting point (Tm) with

a heat of fusion of 143.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at

81.8 °C with a peak area of 34.7 percent as well as a lower crystalline peak at 52.4 °C. The

20 separation between the two peaks is consistent with the presence of a high crystalline and a

low crystalline polymer. The difference between the DSC Tm and the Terystaf is 43.5°C,

Examples 5-19, Comparatives D-F. Continuous Solution Polvmerization, Catalyst AI/B2 +

DEZ

[304] Continuous solution polymerizations are carried out in a computer controlled
25 autoclave reactor equipped with an internal stirrer. Purified mixed alkanes solvent
(Isopar™ E available from ExxonMobil Chemical Company), ethylene at 2,70 Tbs/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
-4 -
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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
5 tlow 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

10 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

15 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. Process details and results are contained in Table 2.

Selected polymer properties are provided in Table 3.
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Physical Property Testing

[305] 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

5 modulus ratio, G'(25°Cy/G’(100°C). Several commercially available polymers are included
in the tests: Comparative G* is a substantially linear ethylene/1-octene copolymer
(AFFINITY®, available from The Dow Chemical Company), Comparative H* is an
elastomeric, substantially linear ethylene/ l-octene copolymer (AFFINITY® EGR100,
available from The Dow Chemical Company), Comparative [ is a substantially linear

10 ethylene/1-octene copolymer (AFFINITY® PL.1840, available from The Dow Chemical
Company), Comparative J is a hydrogenated styrene/butadiene/styrene triblock copolymer
(KRATON™ (1652, available from KRATON Polymers), Comparative K is a
thermoplastic vulcanizate (TPV, a polyolefin blend containing dispersed therein a

crosslinked elastomer). Results are presented in Table 4,

15 Table 4 High Temperature Mechanical Properties

EBx. | TMA-1mm | Pellet Blocking | G (25°CyY | 300 % Strain Compression
penetration | Strength G'(100°C) | Recavery (80°C) | Set (70°C)
°C) b/t (kPa) {percent) {percent)

D* | 51 - 9 Failed -

E* 1130 - 18 - .

F* 1 70 141 (6.8) 9 Failed 100

5 |14 10} 6 81 49

6 [ 110 - 5 - 52

7 1113 - 4 84 43

g§ |111 - 4 Failed 41

9 197 - 4 - 66

10 1108 5 81 55

11 100 8 - 63

12 | 88 3 - 79

13 195 6 84 71

14 1125 7 - -

15 196 5 - 58

16 | 113 - 4 - 42

17 | 108 0 4 82 47

18 | 125 - 10 - -

19 1133 - 9 - -

G* |75 463 (22.2) 89 Failed 100

H* | 70 213 (10.2) 29 Failed 100

1111 - 11 - e

-08 -
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7110 - 3 Failed 160
K* {152 - 3 - 40

{308] In Table 4, Comparative F (which is a physical 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
5 temperature of 100°C or greater. Further, Examples 10-19 all have a I 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
dimensional stability at higher temperatures compared to a physical blend. Comparative J
(a commercial SEBS) has a good 1 mm TMA temperature of about 107°C, but it has very
10 poor (high temperature 70°C) compression set of about 100 percent and it also failed to
recover (sample broke) during a high temperature (80°C) 300 percent strain recovery. Thus
the exemplified polymers have a unique combination of properties unavailable even in

some commercially available, high performance thermoplastic elastomers.

[307] Similarly, Table 4 shows a low (good) storage modulus ratio,

15 G{(25°C)/G*(100°C), for the inventive polymers of 6 or less, whereas a physical blend
(Comparative F) has a storage modulus ratic of 9 and a random ethylene/octene copolymer
(Comparative G} of similar density has a storage modulus ratio an order of magnitude
greater (89). 1t is desirable that the storage modulus ratio of a polymer be as close to 1 as
possible. Such polymers will be relatively unaffected by temperature, and fabricated

20 articles made from such potymers can be usefully employed over a broad temperature
range. This feature of low storage modulus ratio and temperature independence is
particularly useful in elastomer applications such as in pressure sensitive adhesive

formulations.

[308] The data in Table 4 also demonstrate that the polymers according to
25 embodiments of the invention possess improved pellet blocking strength. In particular,
Example 5 has a pellet blocking strength of 0 MPa, meaning it is free flowing under the
conditions tested, compared to Comparatives F and G which show considerable blocking.

Blocking strength is important since bulk shipment of polymers having large blocking

-G0 .
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strengths can result in product clumping or sticking together upon storage or shipping,

resulting in poor handling properties.

[309] 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 especiaily 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

- nieeded for applications such as gaskets, window profiles, o-rings, and the like.

- 100 -



lot 1Z ZZ 1TZ WO 2009/097560PCT7U52009/032699 © [320] As shown in Table 9C, all the
inventive polymers have a weight average block index of greater than zero, whereas the random
copolymersyRplymgisds- L*, and M*) all have a block index of zero. [3;&5%53/&86@90W5 the
block index distribution for Polymer F*, Polymer 20, Polymer 8, and Polymer 5 as a function of the
ATREF temperature. For Polymer F*, the block index for all the ATREF fraction is zero or substantially
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. Moregver, most|of thejr fractions Haye a block index of about 0.6 or
higher. Similar rgsults are seen between| Polymer $ and Polymer I9B, which is illustrated in Figure 11.
However, there arezgdie notable differences in the block indek for the fractions which elute from
about 70 C to about 96 . Polymer 198 was|made| with @ higher|level (about four fold higher) of DEZ
than Polymer 5. Hov%ever, Polymer § has mare fractions:that haye; higher block indices. This seems to
suggest that there mightbe an optimal DEZ level forimaking, fragtions with higher block indices (i.e.,
greater than about O%?“ [3%21r 1;hce effe ct%ﬁtrw\f DEZ concent rati()ﬂ level on the average block index
for some of the polymeérs in T bie e s\‘LIE Strated in E mre'.Lf?.R’Th!ea“ bts seem to suggest that the
average block indexsincreases with ingrgasing|DEZ initiglly. Omnce Zn/G2H4*1000 exceeds about 0.5,
the average block @gg&appa rs to level off and|may_even drop off if too much DEZ is used.  [323]
Figure 13 is a plot pithe | Squde P Bf tiE Sécond Toment faut élel mean weight average block
index as a functipmof {Zn/C2HaT+ 1600 1Tappearns-tordecreaseras DEZ increases. This would indicated
that the distributiorgaf the block indiges of the fractiops are becoming narrower (i.e., more
homogeneous). V\gdgg@g 0P756QPLCT/US$2009/082699 TREE and NMR Data [324]Tables 10-14 list
TREF, DSC, IR, [arfdENMIR | data 6 Palyntei'y, 8, 45 Ehd [19°8Rd V&rious comparative polymers.
Table 10 - TRER Fractians from Zieglgr-Natta LLDPE EX. L T -|Z|egler:Natta Example (AttaneTM 4203,
0.90 g/cms, 0.8152)3%903 ohation Temperature ATREF| T, (t) Mgl $6;Octane (NMR) Tm (C) DeltaH melt
(J/0) 35-40 EEE T N S e e ot R e I Y Bt I R o B P
%8 3
TE LB £ =+ | i
:;‘E‘Zaﬁ%gli% § §§§|§igliﬁ§
LM
3 .
;ﬁ é‘}g TR 4= @ o e o
E SEEE BRI R P S e e
5
u S
2 R A bt ot bl e oo P il o P Y
s
] 5_ o
= | g
8 Ed o = gln o a 2
T & SE 1 g o l?8 1 1 g 1 —_ 1 [N ' :\}“
ped 2 y—
z 2 g 28
Z EEE | | I2] leln ol el 158
u; oo
2 8 vz
EX2nERIREERG /TR IRRE|R02E ) E 2
L S g
2550 8neln 1)z olnez|<l8lelaisl8(8olelg] | F
ﬂa&amonwo\ﬁmﬁziﬁﬁﬂfiéﬂiigﬁ

101



49 8.0 82 84 40-45 56.5 7.0 86 97 45-50 57.5 6.6 89 101 50-55 61 6.0 92 96 55-60 63.5 5.4 95 99
60-65 67.5 4.9 98 104 65-70

WO 2065/097560 PCT/USZO09/032699

[310] Table 5 shows results for mechanical properties for the new polymers as
well as for various comparison polymers at ambient temperatures. It may be seen that the
inventive polymers have very good abrasion resistance when tested according to [SO
4649, generally showing a volume loss of less than about 90 mm”, preferably less than

5 about 80 mm3, and especially less than about 50 mm’. In this test, higher numbers

indicate higher volume loss and consequently lower abrasion resistance,

{311} 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 m/J, or even as high as 5000 mJ. Comparative

10 polymers generally have tear strengths no higher than 750 ml.

[312] 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

15 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 guite 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,

20 [313] 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 Haze, Clarity, and Gloss

Ex. Internal Haze {percent) | Clarity (percent) 45° Gloss (percent)
[ 34 22 49
G* 5 73 56
5 13 72 60
6 33 69 53
7 28 57 59
8 20 63 62
9 61 38 49
10 15 73 67
11 13 69 67
12 8 73 72
13 7 74 69
14 59 I5 62
5 11 74 66
16 39 70 63
17 29 73 66
18 61 22 60
19 74 11 52
G* 5 73 36
H* 12 76 59
I* 20 75 59

[314] The haze, clarity, and gloss values reported in Table 6 are based on
5 compression molded films substantially lacking in orientation, Optical properties of the
polymers may be varied over wide ranges, due to variation in crystallite size, resuiting
from variation in the quantity of chain shuttling agent employed in the polymerization. In
addition, the crystallite size may also be controlied through various processing methods
and quenching conditions as well as through manipulation of the level of comonomer and

10 hard segment content,

Extractions of Multi-Block Copolymers

[315] 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

15 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
- 103 -



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 gicms, 1 12) Fractionation Temperature

ATREF T (tMabiédasiane (NMR) Tm (CC) DeltaH melt (J/c1) 35-40 51.5NM 83,403 4945

stirred, Time is noted when the ether begins to condense into the thimble, and the
extraction is allowed to proceed under nitfogen 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

5 remperature, and the resulting solids are purged dry with nitrogen, Any residue is
transferred to a weighed bottle using successive 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.

10 [316] 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

15 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.

[317] The polymer sample remaining in the thimbie after the extractions is
transferred from the thimble to a weighed bottle and vacuum dried overnight at 40°C.

20 Results are contained in Table 7.

Table 7 Resulis from extraction with ether and hexane

Sample Wt. ether | ether Cy hexane | hexane | (g residue
(g) soluble § soluble mole sotuble | soluble mole s mole
(g {percent) | percent’ | (2) (percent) | percent percentl
Comp. 1.097 | 0.063 | 5.69 12.2 0.245 2235 13.6 0.5
F*
Ex. 5 1.006 ] 0.041 1408 - (.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

- 104 -



56 7.3 87 96 45-50 61.5 6.5 90 101 50-55 63.5 5.7 93 100 55-60 66.5 5.3 95 104 60-65 69.5 4.9 97
105 65-70 72 4.4 99 111 70-75

WO 2069/097560 PCT/US2009/03269%

Additional Polvmer Examples 1¢ A-I, Continugus Solution Polymerization, Catalvst
Al/B2 + DEZ

[318] Examples 19A-I Continuous solution polymerizations are carried outin a
computer controlled well-mixed reactor. Purified mixed alkanes solvent (Isopar™ E
5 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 cooled heat exchanger before entering the reactor. The catalyst component
solutions are metered using pumps and mass flow meters. The reactor is run lHquid-full at
10 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

15 cutting.

[319] Polymer Examples 20-23 were made using similar procedures as described
in the 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

20 calculations performed herein, Ty is 372°K, Py is 1,
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Table 12- TREF Fractions from Inventive Example 5

Inventive Example 5 Fractionation Temperature ATREF T (t) Mo | % Octane NMR DeltaH melt J/

60-65 70.5 {2.5fdffha455-70 73 122

74 4.2 101 111 75-80 76.5 3.8 106 112

PCT/USZ009/G32699
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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 5.2123 110 Table 13- TREF Fractions from Inventive Example 8 Inventive Example 8
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Fractionation Tem erature ATR EF T t Mo | % Octane (NMR) Tm (C) DeltaH melt (J/g) 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

PCTAIRZ009/032699

WO 2009/097560
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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 4.6 126 125 95-100 96.5 1.5 129

PCT/US2069/03269%

WO 26094097560
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random copolymers and Examples 5,8,14,19 Example Density (g/cc) 12 Mat A) Octene (NMR)

180 WO 2009/097560PC171.152009/032699 Table 14- ATREF Peak comonomer composition for
TATREF (C)M fdo/9s63

Area Infra-red FWHM CH3/CH2 Area Ratio N*
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0.96 1.0 0102 0.0 37.5 28.2 0.753 0* 0,9371 2.0 0.69 95 1.2 29.0 22.2 0.765 M* 0.9112 1.0 3.88 79

4.0 77.561.00.786 P* 0.9026 1.1 5.57
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WO 2009/097566
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705.174.359.00.794 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 Ex. 8 0.8828 0.9 NA 90 12.2 34.0

WO 2009/097560 PCTIUS20609/032699

{320] As shown in Table 9C, all the inventive polymers have a weight average block
index of greater than zero, whereas the random copolymers (Polymers F*, L*, and M*) all

have a block index of zero.

[321] Figure 10 shows the block index distribution for Polymer F*, Polymer 20,
Polymer 8, and Polymer 5 as a function of the ATREF temperature, For Polymer F*, the block
index for all the ATREF fraction is zero or substantially zero (i.e., <(.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 (1.2, the polymer includes four fractions
with a block index from about 0.7 to about 0.9. For Polymers 5 and §, their weight average
block indices are not drastically different ((.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 notabie differences in the block index for the fractions
which ehute 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).

[322] 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,H,*1000 exceeds
about (0.5, the average block index appears to level off and may even drop off if too much DEZ

is used.

[323] 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,Hs1¥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).
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28.8 0.846 Ex. 14 0.9116 2.6 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 CH3/CH2 Area) -100.8 N* is an
ethylene hoggRalymBEP” is an ethylene/octene copolymer available fror@a'{}%g&wﬂg,%g}ical
Company under AFFINITY(r) HF1030. P* is an ethylene/octene copolymer available from The Dow
Chemical Company under AFFINITY(r) PL1880. Q* is an ethylene/octene copolymer available from
The Dow Chemical Company under AFFINITY(r) VP8770. Calculation of Block Index [325]With
referenﬁﬁl:ai%rﬁm%zt&e calculation of block indices is exemplified for

[324] Tables 10-14 list TREF, DSC, IR, and NMR data for Polymers 5, 8, 14, and 19

and various comparative polymers,

Table 10 — TREF Fractions from Ziegler-Natta LI DPE

Ex. L * - Ziegler-Natta Example (Aitane™ 4203, 0.90 g/cm®, 0.8 1)

Mot % DealtaH
Fractionation ATREFT Octene m melt
Temperature (°C) (NMR) (°C) (J/g)
35-40 49 8.0 82 84
40-45 58.5 7.0 86 97
45-50 575 6.6 89 101
50-55 61 6.0 92 96
55-60 63.5 54 95 99
60-65 67.5 4.9 g8 104
65-70 72 4.3 101 112
70-75 755 3.7 104 112
75-80 79 3.1 107 122
80-85 83.5 2.5 112 131
85-90 g0 1.7 116 154
90-95 95.5 1.1 123 160
95-100 100 0.5 128 185
100-105 1061 0.2 130 195

Table 11 — TREF Fractions from Random Copolymer

Ex. M* - Random Copolymer Example (AFFINITY® PL1880, 0.90

glem®, 1 1)
Mol % DeitaH

Fractionation ATREF T Octene m melt

Temiperature (°C) {(NMR) {°C) {(J/g)
35-40 51.5 NIV 83 102
40-45 56 7.3 87 96
45-50 61.5 6.5 an 101
50-55 63.5 57 93 100
55-60 66.5 5.3 a5 104
60-85 69.5 4.9 a7 105
65-70 72 4.4 99 111
70-75 74 4.2 101 111
75-80 76.5 3.8 106 112
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Polymer 5. In the calculations, the following calibration equation is used: Ln P = -237.8341/TATREF +
0.6390 where P is the ethylene mole fraction, and TA FREF is the ATREF elution temperature. In
addition, th%\)‘BIL%M,@?,PS%rameters are used: ParameterValueExplanation ij’@.@ﬁh &@Q ﬁ%lcal TREF
elution temperature of hard segment PA1.000Mole fraction of ethylene of segment
PABO0.892Mole fraction of ethylene of whole polymer WO 2009/097560PCT/US2009/032699
TAB315122Calculated equivalent analytical TREF elution temperature (9K) of whole polymer from
whole polymer ethylene con n Ie 15 gives detalls the calculations for Polymer 5. The
weighted average block |ndet§ kﬁﬁ[ olyfﬁgrlgnlsr&%glfe %szam I(l:gre root of sum of weighted
squared deviations abou &%ﬁ(’%@%ﬁ_ﬂ}wgan is 0.136. The partial sum of weights with fraction BI
greater than zero (see note 2 below) Is 0.835. Measurement of Weight Percent of Hard and Soft
Segments  [327] As discussed above, the block m}\? lymers comprise hard segments and soft
segments. The soft segmeFQ%t%qghgg pre&gﬁgﬂa b[g) E@terpolymer f?gﬁﬁ iébout 1 weight percent to
about 99 weight percent ofr &gi@l(gvelght ofthe bloQlinterpalyasr, prg @rably from about 5 weight
percent to about 95 weight pefgent, '" gigfit percgpi to a 00 weight percent, from
about 15 weight percent to albgut;85 welghtfgercent fropn aboypR0 welgigt percent to about 80 weight
percent, from about 25 weightpescent to abput 75 weight percent, from gbout 30 weight percent to
about 70 weight percent, frontadout 35 weight percerd.$o about £5 weigdtt percent, from about 40
weight percent to about 60 wéighit percent, a4 from absit 45 weight per@ent to about 55 weight
percent. Conversely, the hards€gments cadtébe presetdt in a sithlar range as above. The soft segment
weight percentage (and thus #8&hard segm&ht weight percentttfe) can’dé measured by DSC or NMR.
12r-r-CtX)Cr)coa)0) CO00 CO 5 E-HED c09-3-*ca co 14 cocco _a .0118c)CDCDCD TD 0-0 2
5CD CD CD CD Cy CD CD &y !dci ERECHR e erudyoraExsmp oty

Inventive Exampie 8

Mol % DeltaH
Fractionation ATREFT Ociene meit
Temperature (°C) (NMRY  Tm {°C) {J/g)
50-55 20 16.5 ag 28
3560 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 a7
8590 89.5 10.7 120 58
9G-95 95 46 126 125
95-100 86.5 1.5 129 180
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"E000c2-0La.0C)'OME'5u_-CoE a2rzo-0-owzEu_.01..... OLC)N-CO'71-0 1-/-
CO1---C\ICON- LscncoEz3¢)000C)CD<1.000ci660660)Ntot-1"100r-
10NC-.000GRP48d3/de @) cocoap co-7J-co 6 66 ¢S 66 6 6 0) PI COplL. %55955)0599&‘ 1" CDO00
COl1"--LIDOWCDC)COCOCO1"CO66666666 012l aoc000"2,..--,-coCO 000 CO,-
1"---c--00TsCDOa,EwO0,a)aa-7t4) CD CDr- CO COCa A 1c30- M2.0glE t"11 o0 a> cr> co cr>
a>a>cm.666666c0-6..L.-ccuoi. 0<g2-0CO

Table 14 — ATREF Peak comonomer composition for random copolymers and Examples 5,8,14,19

ol % infra-red
Gctene FWHM
Mol % TREF infra-red Infra-red CHyCH,
Bensity Octene  Tarper Peak FWHM FWHM Area
Example (glce) i2 {NMR) {°C) {infra-red) CH, Area CH; Area Ratio
N* 0.96 1.0 0 102 0.0 375 28.2 0.7563
o 0.9371 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* 0.8026 1.1 5.57 70 5.1 74.3 59.0 0.794
Qr 0.8872 0.9 9.06 57 9.2 30.9 255 0.824
Ex.5 0.8786 1.5 NA 82 114 77.5 61.0 0.841
Ex. 8 0.8828 0.9 NA 90 12.2 34.0 28.8 0.846
Ex. 14 0.9116 2.6 NA 92 6.5 23.4 18.8 0.805
Ex. 19 0.9344 3.4 NA g7 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®
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®
VPR770.

Calculation of Block Index

[325] With reference to Figures 2-3, the calculation of block indices is exemplified for

Polymer 5. In the calculations. the following calibration equation is used:
Ln P =-237.8341/T s1rer + 0.6390

where P is the ethylene mole fraction, and Tarrer 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
Pag 0.882 Mole fraction of ethylene of whole polymer
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CO)V)ro0oOalci,rco)l-Dl.--CPfCD Nct COCt0 C/) CD .- r--- ,---- -1--- DI CO "C c0 00 cO0 c0 co
cococovclLLCIthEcca-1c 0666666666.0ccCZrCgas50..p00>08iT)EQ) COCOO01

CD 10 C)1 Qv e6dbsdiy . 2in t---to co a>a> o r) I-c cn = zCLco co co CoxOre@sdgndotnds /7 AL .--.-C
66666660015CD)00 003.,_ tC)LOOa) WOO-13--0 CC)0 ctl--- LC)

Tas 315.722  Calculated equivaient analytical TREF elution
temperature (°K) of whoie polymer from whole polymer
ethylene content

{326} Table 15 gives details of the calculations for Polymer 5. The weighted average
block index, ABI, for Polymer 3, is 0.531, and the square root of sum of weighted squared
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.

Measurement of Weight Percent of Hard and Soft Segments

{327] As discussed above, the block 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 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 percent to about 80 weight percent, from about 25 weight percent to about 75 weight
percent, from about 30 weight percent to about 70 weight percent, from about 35 weight
percent to about 65 weight percent, from about 40 weight percent to about 60 weight percent,
or from about 45 weight percent to about 55 weight percent, Conversely, the hard segments
can be present in a similar range as above. The soft segment weight percentage {and thus the

hard segment weight percentage) can be measured by DSC or NMR.
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Hard Segment Weight fraction Measured by DSC [328]For a block polymer having hard segments and
soft segments, the density of the overall block polymer, goveran, satisfies the following relationship: 1
XhardX"ft RgyesgliRaaggPsoft where phard, and Ps.., are the theoretical dergiy@ishgaasd segments
and soft segments, respectively. x."d, and xs.., are the weight fraction of the hard segments and soft
segments, respectively and they add up to one. Assuming pham 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 ﬁﬁ%é Na, HNCRS L ule \{%rggcsoft 11 p overa"0.96g/cc  [329] In the above
IO, povna can pe 1 red from e f [ er. Therefore, if p soft is known, the hard
segment weight fraction can be calculated accordingly. Generally, the soft segment density has a

linear relatiohfiib with e LecE SGRBIE RIS s aratreaRhiel sempRtsntsdssfnyisc over a

certain rangeilFuitkinsl Bawherg. A andsBaracensiams, epddnsispthe soft segment melting
temperature in degrees Celsius. A and B can be determined by running DSC on various copolymers

with a known density to obtain a calibration_chmg s preferable to create a soft segment calibration
curve that span the range of composition (Bbth,confanomér,type and content) present in the block
copolymer. In some embodiments, the calibration curve satisfies the following relationship: Not=
0.00049*T",.+ 0.8 [330 t I e C te the soft
segme?‘{héé%E?fydi?#%?%ﬁf‘a%%ri“ezs@@égﬁﬂ%‘%g %n%%%ft\?\%g‘z%oééggo‘%g?%sagéggrf}ge o%% 032699  [331]
For sorsiisieiekebio piotymetd 1ikre eecisharvrightiffapieopebiierh e & sivnis ardoeihseanvitksthe melting of
the Soft,SREIRAIS LS AR S JRiaV Stk or e 1 HRIBEMIAL B OlcHhe soft segments.
Once Tm in degrees CelSius is determined from SE 'the soft segment density can be calculated and
thus thétarRdEmsient wifhefacishiranspsiieHbe shose Sdkeb By rRiratHe feidedB8ociated with
the melting @fihs saft segmenisisnaiiner femaddaimp (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.  [333] noﬁésc_, the heat flow depends on the amount of the
material melting at a certain temperature;gs : erature-dependent specific heat
capacity. The temperature-dependence of the spéeiii@ heaicapacity in the melting regime of linear low
density polyethylene leads to an increase in théheat of RS with decreasing comonomer content.
That is, the heat of fusion values get progressively lower as the crystallinity is reduced with increasing
comonomer [Gaatent. Seehd/doh le. Ghathgh, . .2heakemasayasdfoimprovkdinpelyadfor compositional
analysis olyolefins by DSC. P . Prep 1990; 31: 270-1. which is incorporated hy reference
orein i HEERE DA RS e SRR he B il e R BaR watte per
gram andemprathresaitdegrees dErisividis yitaking heonatip ofithéheaft ot fusionnesipegted for a

linear copg the t rature- j -1(T)), the DSC curve can be
convertngFln%%%igﬁii%%%%%%%ﬁgwﬁg (:(?J?)\%lo; E'*[é%%ﬁl %"%Jé%témperatu re-dependent heat of

fusion curve can be calculated from the summation of the integrated heat flow between two
consecutive data points and then representecﬂ’seiv“éféﬁirbgf fhe cumulative enthalpy curve. [336] The
expected relationship between the heat of fusion for linear ethylene/octene copolymers at a given
temperatore:id showbretyctnstheat ofdlsiontie rolissegettingnteipe fattra durven Usirig s Alstiors.

ethyleng/oieRe GORONMESn NG 9%89#6%’8@‘8@)&9‘6’{@%é%@}i%@ﬁmﬂiﬂ\@‘%ﬁ%h@éf?é‘u ig) =
0.0072Tm2(0C) + 0.3138*Tm (C) + 8.9767 - 119 - WO 2009/097560PCT/US2009/032699

obtain a calibration curve. It is preferable to create a soft segment calibration curve that span the

range of composition (both comonomer type and content) present in the biock copolymer. In

some embodiments, the calibration curve satisfies the following relationship:
Psort = 0.00049%T,, + 0.84990

[330] Therefore, the above equation can be used to calculate the soft segment density

if T, in degrees Celsius is known.
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[337] 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 weighissag-kg assigned to each point of the DSC curve.  [338}4} shopel e ppted that, in
the above method, the weighted DSC is calculated in the range from OC until the end of melting. The

method is applicable to ethylene/octene copolymers but can be adapted to other polymers.  [339]
Applying the above methodology to various polymers, the weight percentage of the hard segments

and soft seg {S were ¢ ted, which are listed in Table 16. lt.should b ted that sometimes it is
desirable to [ayégsiﬁgn 0.9%6%%%&%%%1%3 ?&%%{]Sh%r@ es%é‘r%é(ﬁn%%ﬁglify? elra%tga%%? §lszitn]§ the density for
homopolyeipsiking wdifetho mrdtiagofithe toé heguhegniattssmese inciucdat siyaliraigiotmiaid to

comonorgegsEable 1 AR NIFIONEREISeiage, AR A1 Salk Ssaments frfatious

Polymers Soft SegmentCalculated PolymerweightedSegmentwt% Har oft Example No.Overall
Density DSE RISy g edsalsuriatyshs dtcuaicLiassabeigibfiaction,
F*0.889520.30.86032%68%  50.878613.80.85723%77%  60.878513.50.85723%77%

[332] For other block copolymers, the peak associated with the melting of the soft

segments 1s either a small hump {or bump) over the baseline or sometimes not visible as
ilfustrated in Figure 14. This difficulty can be overcome by converting 2 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.,

[333] 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 polyethyiene 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 crystallinity is reduced
with increasing comonomer content. See Wild, L. Chang, S.; Shankernarayanan, MJ.
Improved method for compositional analysis of polyolefins by DSC. Polym. Prep 1990; 31:

270-1, which is incorporated by reference herein in its entirety.

[334] 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 heat of fusion expected for a
linear copolymer to the temperature-dependent heat of fusion (AH(T)), the DSC curve can be

converted into a weight-dependent distribution curve,

[335] The temperature-dependent heat of fusion curve can be calculated from the
summation of the integrated heat flow between two consecutive data points and then

represented overall by the cumulative enthalpy curve.,

[336] The expected refationship between the heat of fusion for linear ethylene/octene
copolymers at a given temperature is shown by the heat of fusion versus melting temperature

curve. Using random ethylene/octene copolymers, one can obtain the following relationship:

Melt Enthalpy (J/g) = 0.0072%T,,* °C) + 0.3138*T,, (°C) + 8.9767
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70.882516.50.85826%74%  80.882817.30.85826%74%  90.883617.00.85827%73%
100.87815.00.85722%78%  110.88216.50.85825%75%

WO 2069/097560 PCT/US2009/032699

(337} 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.

[338] 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.

{3391 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.

Table 16 Calculated Weight Percentage of Hard and Soft Segments for Various Polymers

Soft Segment  Caleulated

Ta {°C) from Soft Calculated  Calculated
Polymer weighted Segment wi% Hard wi% Soft
Example No.  Overall Density DSC Density Segment Segment

Fr 0.8895 20.3 0.860 32% 68%

5 0.8786 13.8 0.857 23% 77%

6 0.8785 13.5 0.857 23% 77%

7 0.8825 16.5 0.858 26% 74%

8 0.8828 17.3 0.858 26% 74%

9 0.8836 17.0 0.858 27% 73%

10 0878 15.0 0.857 22% 78%

11 0.882 16.5 0.858 25% 75%

12 0.870 195 0.859 12% 88%

13 0.872 23.0 0.861 12% 88%

14 0912 21.8 0.861 54% 46%

15 0.8719 05 0.850 22% 78%

16 0.8758 0.3 0.850 26% 74%

18 0.8192 - - - -

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%
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120.87019.50.85912%88%  130.87223.00.86112%88%  140.91221.80.861540/046%
150.87190.50.85022%78%  160.87580.30.85026%74%

WO 2009/097560 | PCT/US2069/032699

Hard Segment Weight Percentage Measured by NMR

{340] BC NMR spectroscopy is one of a number of techniques known in the art for
measuring comonomer incorporation into a polymer. An example of this technique is
described for the determination of comonomer content for ethylene/ai-olefin copolymers in
Randall (Journal of Macromolecular Science, Reviews in Macromolecular 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, refaxation agents, and the like. The relative intensity of a peak
or group of peaks is obtained in practice from its computer-generated integral. After obtaining
the spectrum and integrating the peaks, those peaks associated with the comonomer are
assigned. This assignment can be made by reference to known spectra or literature, or by
synthesis and analysis of model compounds, or by the use of isotopi;cally labeled comonomers.
"The mole % comonomer can be determined by the ratio of the integ}fals corresponding to the
number of moles of comonomer to the integrals corresponding to the number of moles of all of

the monomers in the interpolymer, as described in the aforementioned Randall reference.

[341] Since the hard segment generally has less than about 2.0 wt% comonomer, its
major contribution to the spectrum is only for the integral at about 30 ppm. The hard segment
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 orly. These integrals are fit to a first order Markovian statistical model for
copolymers using a linear least squares minimization, thus generating fitting parameters (i.e.,
probability of octene insertion after octene, Po,, and probability of octene insertion 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
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180.9192 190.934438.00.86974%26%  170.87572.80.85125%75% -
19A0.877711.50.85623%77%  19B0.877214.30.85722%73%

WO 2009/697560 , BOT/US2009/032699

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,

[342] 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
then fitted to a first order Markovian statistics mode! for copolymers as described in the above
paragraph. The iterative process is performed in the following manner: fit total non 30 ppm
peaks then compute soft segment contribution to 30 ppm peak; then compute soft/hard segment
split and then compute hard segment contribution to non 30 ppm peaks; then correct for hard
segment contribution to non 30 ppm peaks and fit resulting non 30 ppm peaks. This is
repeated until the values for soft/hard segment split converge to a minimum error function,

The final comonomer compositions for each segment are reported.

[343] Validation of the measurement is accomplished through the analysis of several
in situ polymer blends. By design of the polymerization and catalyst concentrations the
expected split is compared to the measured NMR split values, The soft/hard catalyst
concentration is prescribed to be 74 % / 26 %. The measured value of the soft / hard segment
splitis 78 % / 22 %. Table 17 shows the chemical shift assignments for ethylene octene

polymers.
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WO 2009/097560PCT/US2009/032699 Hard Segment Weight Percentage Measured by NMR  [340]
13C NMR spectroscopy is one of a number of techniques known in the art for measuring comonomer
incorporatiogdighaidaotygner. An example of this technique is described fog g%@m}%ion of
comonomer content for ethylene/et-olefin copolymers in Randall (Journal of Macromolecular Science,
Reviews in Macromolecular 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 13C 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 KHbwH i ifRsA SRS AvSITRINVER S vde et frctert RROTEPFElaxation after a pulse,
the use of gatedipléggupling techniquespretsxaivn@eaentsiand the like. The relative intensity of a peak
or group of pegks4s ®pgained in practice:foym Hg egmputer-generated integral. After obtaining the
spectrum andgrsegratig.the peaks, thasgmeaks associated With the comonomer are assigned. This
assignment cyphemades Ay reference 9dPeWn-sRa¢tra or literature, or by synthesis and analysis of
model compogrs 3aroy.the use of ISoigpieally [aReied: fRITMORIONISE: (HE BHPE Ingamonomer can be

determined by the ratio of the integrals ggreggponding to the number of moles of comonomer to the
integrals cofrgsparging e {ne NUMDET Qf ApOJes Olrd0d g8 fponomers N the interpolymer, as
described iT{imalgrereLoned Randgl fHeTE[ICE- (341 Sincethe trard segment generally has less
than about 2 Wt¥aEqrijggomer; it Tajil egpyribution to the spectrunmis onty for thentegral at about
30 ppm. TheF 1ot SEENEHT contriburim@mﬁﬁ‘mmhwgﬁgmka at the start

of the ana|y+®.§£3§23%3:rﬁtdl ting-poir Ldieé%taﬁzlb UI‘- rare-assymed to come
1 J $|-|l-..

I
v—Thaca-iat A atictinal ma

copolymereli e W onnt e A erating fing parametere (o,

ity ot 3 Yertneion after octors B0 B, tene inseri thvlene, P"
probability ¢f-o¢teneinsartion-after octene Pdg—and-probability-of-octene-insertion-after ethylene, P")
that are us FiolcomiiPhe soft segn SRR 8Rtribution to the 30 ppm-peak..The difference between
the total men%’i’lgz'ﬂz’g' I[HPBprnk integ  ABnd the computed.soft segment WO
2009/0975608ET1L$8 0091032699 inted il 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 sed@wtt is stiaighilfowiraydxqerd wattuil giedelyrtharaticof thesuie 0f prtpgradsfor the hard
segment speeliyan o the sum, oNisarals (on e overallapscium, (342} Erom e deconyoluted soft
segment mtegﬁal’ |slg, thé comonomer composifién can be calcu 4ted acco“ralng 0 the method of
Randall, fordeseatmple . Ry prrdheerataibhdrdehbonipositionnod threl ovehalidégectrien zmd thiehcomonomer
composit} f - n C e comonomer position
ot the e e e g B O e e
used to caiEetatBtEspeAutishtoPie Haeteegitereopldubtdgthis Staon BOpominzblesk There is
usually sq.fitfjq getenerfynically. fram QQQF’éaQeT L0k RN DRILSBAMEN KR Bernoullian

ion

statistics is a valid and robust approximation. These contributions are then subtracted out from the
experimeRRTHBdY SIS Bftanechit Solinn rurs tpikefeiping HsrsompHbsdarirdeftasthge then

fitted to anfigst idefoMarkavian statisticadnedebienaaReliernassleseribed in the above paragraph.
The iterative process is performed in the following manner: fit total non 30 ppm peaks then compute

soft segmen tribution te eak; then compute soft/hard segmen it and then compute
hard segme’:{%gintriblﬁ)en tg‘s ﬁgﬁ%%%aph% éﬁgg%e;d?ﬁse% %ﬁé&?@?ﬁﬁ%ﬁ%@@%ﬁﬁﬁﬁ%n to non 30
ppm peaksthpdotit tesitingireose30 ppntPedks. cEhisrisirdpeatedimtibihéwiliids fors6f2/hapmrsegment
split converge t minimum err. nction., The final comonomer compasitions for each segment are
reported.‘m%‘?ﬁC %%1 |d‘grlt%irll Sg? ﬁ% grﬁgggbré}ﬁ nt ilgoél c%?nr% f%ﬁse%fetk? tll%ﬁeﬁfeoéﬁgﬁ}}st%%?%everal in situ
polymer biehdingSpteslem bivthes golpmdiizatiormting tdtatysndongenititionsdhé expetiedisplit is
comparefiin it BRasUiad MV anlikvaliee. Misspiitrdsaival sonoeniatien s pigsgloed to be
74 % | 26 %. The measured value of the"soft / hard segment splitis 78 % /22 %. Table 1/ shows the
chemicall#iifhassigintgieshsidridefflEHbvoetehalpsipriasn inhe 00b/09 PSEORTPAISET89/032699
Table 17 Chemical Shift Assignments for Ethylene/Octene Copolymers. 4140.6 ppm OO0E/EOOQO ant
CH2 40.5-40.0 ppm EOOE act CH2 38.9-37.9 ppm ROE CH 36.2 - 35.7 ppm OOE center CH 35.6 - 34.7
ppm OEO ay, 000 center 6B. OOEE a8-E, O0E centeg 6B CH2 34.7 - 34.1 ppm EOE a8+ , EOE 6B CH2
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33.9 - 33.5 ppm 000 center CH 32.5 - 32.1 ppm 3B CH2 31.5 - 30.8 ppm OEEOyyCH2 30.8 - 30.3 ppm
OE 78-b CH2 30.3 -29.0 ppm 4B, EEE 5-1-6+ CH2 28,0 - 26.5 ppm OE Po+ 5B 25.1 -23.9 ppm OEO
pp 23.0 - 22,60pM gBsLB 14,5- 14.0 ppm [344]The following experimen}q& es are used. A
sample is prepared by adding 0.25 g in a 10 mm NMR tube with 2.5 mL o sé));(l:?g@g%\jﬁesﬁ??%’he 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 displacement with, pure nitrogen. The sa be is then heated in a heating block set at
ab o TR e A e e R e A B G AOAHS S TeRintly from
top of thefsolutiVEs it d.itherhotto MA T hvel salinpé tubgridsthegetefaiadthe heat block for at least 24
hours to achieve optimum sample homogeneity. 13451The 13C NMR data is collected using a Varian
Inova Unity Hz A Wi 3 tation
e A SR A s T
optimize §BIOGAERHERBPCHERinEho dopasEgiv e & aidatesradetasubirpl ineseEbad BBy uisition
time, 6 sggmﬁ&g@apgimﬂmgg.%m@sﬁ%ga@averaging. The magnetic field is carefully
shimmed to generate a line shape of less than 1 Hz at full width half maximum for the solvent peaks
prior to data WO 2009/09756%’eCT/H82t009/032699 %‘: Uizﬁiggl:;.\_]' The raw data file is processed using

NUTS processing software (avgftlﬁ?ggfé%?ﬁcom NM (t) Ci LR
7

| Ivermore, CA) and a list of integrals is
generated. [346] Inventive Pgjymegp §94.4S analyzeq fofsthe soft/hard segment split and soft/hard
comonomer composition. The felpwing is;the list of ingegrads for this polymer. The NMR spectrum for

Polymer 19A is shown in FigurgsD6- dategsal limit 14.775

35.6 - 34.7 ppm 65.563
34.7 - 34.1 ppm 215.518
33.9-33.5ppm 0.807
32.5-32.1ppm 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 258.264
251-239 ppm 19.707
23.0 - 22.6 ppm 160
14.5 - 140 ppm 99.895
[347] Using Randail’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 P,, and P., are determined to be
0.08389 and 0.2051, respectively. Using these two parameters, the calculated integral
contribution from the soft segment to the 30 ppm peak is 602.586. Subtraction of 602.586
from the observed total integral for the 30 ppm peak, 1177.893, yields the contribution of the
hard segment to the 30 ppm peak of 576.307. Using 576,307 as the integral for the hard
segment, the weight percentage of hard segment is determined to be 26 %. Therefore the soft
segment weight percentage is 100 - 26 = 74 %. Using the above values for Py and P, the
octene welght percentage of the soft segment is determined to be 47 %. Using the overal}
octene weight percentage and the octene weight 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 2 wt%. This value is within the error of the measurement. Thus there is no need
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Integral value 41.0 - 40.6 ppm 1.067 40.5 - 40.0 ppm 6.247 38.9 - 37.9 ppm 82.343 36.2- 35.7 ppm
14.775 35.6 - 34.7 ppm 65.563 34.7 - 34.1 ppm 215.518 33.9 - 33.5 ppm 0.807 32.5 - 32.1 ppm

99.612 31.54 4.691 30.8- 30.3 ppm 115.246 30.3 - 29.0 ppm 1177,893 28.0 - 26.5 ppm
258.294 255.‘1"62%%3%%2%?3019.707 23.0-22.6 ppm 100 14.5- 14.0 ppm | <1 1OnE009/032699

to iterate back to account for hard segment contribution to non 30 ppm peaks. Table 18

summarizes the calculation results for Polymers 19A, B, Fand G.

Table 18. Hard and Soft Segments Data for Polymers 19A, B, Fand G

Wi wt%
wt% Soft _0 octene in
Example Hard
Segment Soft
Segment
Segment
19A 74 26 47
19B 74 26 48
19F 86 14 49
19G 84 16 49
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99.895 [347] 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 Markow b%t%% | model, the values for P. and P. are determined tg be 0.08389 and 0.2051,
respectively. smg ese two parar, _ ted integral contrlbuﬁgﬁjﬁlgﬁ% e L3R segment to
the 30 ppm peak is 602.586. Subtrﬁ)tion 602.586 from the observed total integral for the 30 ppm
peak, 1177.893, yields the contributon of thé hard ‘Segment to the 30 ppm peak of 576.307. Using
576.307 as the integral for the hard segm nt, the WE ight percentage of hard segment is determined to

be 26 %. Therefore the soft segment wei rhtgpement ge is 100- 26 = 74 %. Using-the
P. and P., the octene weight percerifage of the soft gegment is determined tko bﬁefg?
overall octene weight percentage aJn,d the| gctenewelight percentage of the s,ofgsé i
soft segment weight percentage, th@gcte@iﬁv@@qﬁ ercentage in the hard <;e%‘n§rﬁ'
negative 2 wt%. Thlﬁvalue is withim the efror of the measurement. Thus there;’sno I
back to account for @rd segment c¢eritribufian g-nGn 30 ppm peaks. Table 18%umn|
. |
calculation results foEPonmers 1945 3,@‘3&!’6. ble 18. Hard and Soft SegmeTnts
Polymers 19A, B, F Tg?pd G Examplée wt% Soft Segment wt% Hard Segmentjwt% oct¢
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16 49 PCT/US2009/032699 CRYSTAF Peak Area (percent) 6 061 ...0 If (Do) AVISAILD/ 89 68 8
IL L9 (JO) AVISANJ"ZS OE 9f 61, IS 88 86 66 L6

WO 2009097560 PCT/USI089/032699

[349] Table 20 shows polymer properties for Examples 24-28, while Table 21 shows
comonomer levels in the polymers as measured by BC NMR. Example 24 has a difference in
octene content in the hard and soft segments, or A Octene, of 16.7 mol%. Examples 25 and 26

5 have A Octene = 17.5 mol%, Example 27 has A Octene = 18.2 mol%, and Example 28 has A
Octene = 16.2 mol%. These samples all have I;0/1, values < 7.3. The relationship between

1io/l; and A Octene is shown graphically in Figure 17.

Table 21 — Comonomer content

Example Overall Octene Octene in Soft Octene in Hard A QOctene
‘ {mol %) Segment (mol %) | Segment (mol %)
24 15.2 17.1 0.4 16.7
25 12.3 18.0 0.5 17.5
26 15,7 18.4 0.5 17.5
27 12.83 19.1 0.9 18.2
28 11.9 16.6 0.4 16.2

10 Additional Examples Set 2 — Mesophase separated polymers

[350] Examples 29 - 40 were prepared in a similar fashion as Examples 5-19. Table
22 shows the polymerization conditions for these examples and Table 23 shows the physical
properties of these polymers. Some of these polymers exhibit a blueish tint via reflected light

and appear yellow when viewed via transmitted light.
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‘Table 23 — Polymer Properties for Examnples 29-40

61

Heat of Tri-
U@-wwmsa Mw Mn usion .H,Q.w%m..ﬁ}.m ..m.mum<m\ﬂ>ﬁ CRYSTAT Peak

Ex. {g/em) I, Lo Ll | (g/mol) (g/mol} | Mw/Mn (I/g) T (CC) | T.(°C) °C) °Cy Area (percent)
29 0.876 0.5 4.9 9.7 151500 70300 22 47 117 100 72 45 52

30 0.867 1.0 9.9 9.9 152000 56940 2.7 31 114 92 44 71 24

31 (0.874 0.5 4.8 9.0 151200 68500 22 43 117 97 02 55 26

32 0.875 (.5 54 10.2 157400 69600 2.3 dd 118 101 73 44 18

33 0.866 1.1 11.7 10.5 157900 61640 2.6 26 i15 93 44 71 7

34 0.894 0.5 44 8.8 136000 66300 2.1 36 118 104 72 46 86

35 0.889 i1 7.8 0.9 110000 57800 1.9 70 120 102 61 59 53

36 0.888 0.9 0.7 7.7 126900 35100 23 69 122 104 75 47 44

37 0.884 0.9 7.3 7.9 130700 58200 2.2 62 119 102 74 45 41

38 (.872 1.0 8.9 8.5 1440600 72200 2.0 36 118 96 73 46 10

39 0.871 0.7 6.0 9.1 154800 72800 2.1 47 116 97 59 57 37

40 0.888 0.6 4.9 8.4 31000 63800 2.1 15 117 101 69 48 86

095L60/6067 OM

669CEN/600TS /LD



I Lz 18Z WO 2009/097560PCT/U52009/032699 [349]Table 20 shows polymer properties for
Examples 24-28, while Table 21 shows comonomer levels in the polymers as measured by 13C NMR.
Example 24,hasaiffargnce in octene content in the hard and soft segmq;tLX 2?609%95%55& of 16.7
mol%. Examples 25 and 26 S5have A Octene = 17.5 mol%, Example 27 has ctene =18.2 mol%,
and Example 28 has A Octene = 16.2 mol%. These samples all have 110/12 values < 7.3. The
relationship between 110/12 and A Octene is shown graphically in Figure 17. Table 21 - Comonomer
content Example Overall Octene (mol 70) Octene in Soft Segment (mol %) Octene in Hard Segment
(mol %) A Octene 24 15.217.1 0.4 16.7 2512.318.00.517.5 26 15.7 184
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0.517.527 12.8319.10.918.278 11.916.6 0.4 16.2 10Additional Examples Set 2 - Mesophase
separated polymers [350]Examples 29 - 40 were prepared in a similar fashion as Examples 5-19.
Table 22 shgws, il palygnerization conditions for these examples and Table 43, 50QWs s pPhysical
properties of these polymers. Some of these polymers exhibit a blueish tint via reflected light and
appear yellow when viewed via transmitted light. 130 WO 2009/097560PCT/U52009/032699
[35110ne additional feature of this inventive block interpolymer is that it displayed an unusual shear

thinning cha ristic in_the, melt. At a.qiven melt index . some _embodiments. of.the inventive block
interpolyme %\}:ﬁh higf?g?oalcéé%]mn%gté%a sehogv@%llaﬁgﬁ%%ééﬁ ar. % |8|ﬁ?§%ﬁa%iél\s}£ﬁ¥§§ than block
interpolymievswithl [werthiolafichontsert stExaniivendy-28 haivenir@ttade < L8.$mol% and 110/12

<7.3. As segBdLARIGe3f. E&QH&Q@&@&%&éQ&?éﬁ%@@&%%@%?%%ﬁ%&é&‘%QQB'%%’%Pas A Octene

=20.2 and 110/12= 6.9, but the rest of the examples (Exam , have 110/12>7.7. This
higher 170dieowaay tishisaedtb distingaictiandseck aimpdsmaorrdialepieswitiiaOerte < 18.5 mol%.

Differences,in itQH2 angdQatrie.for ResSARRIRIS Shown srapbically irrkiguse e thgfigher

110112 values indicate that the polymer under high shear stresses flows more readily than a block

interpolyrer-hith 18vF Sctiiene ontdnt melié-ehkamekd i dwsradydbaeiseiliZerteclozth® BFpressure
sensitivepdhasiveseior SxanRIe RN teatires aasy e, i say Alsmaliowhthe, ieeof igher

molecular weight polymers in adhesive formulations which may result in improved creep resistance

and holdifg BB IR ELBE CEHRIES BPOpSFARBIFSMEBNGIEES DR MoldRtl SahiissrsssiAbout 40 g
of the polygietnis Corepsessthe snajded intod/2 daghalline T Xeure 17. The higher I;o/I; values

indicate that the polymer under high shear stresses flows more readily than a block
interpolymer with low octene content. This enhanced flow may be useful for the coating of
pressure sensitive adhesives, for example, which requires easy flow; it may also allow the use
of higher molecular weight polymers in adhesive formulations which may result in improved

creep resistance and holding power.

Microscopy Studies

Preparation of Compression Molded Samuples

[352] About 40 g of the polymer was compression molded into 2 2 inch x 2 inch x
(.06 inch plague between Mylar sheets sandwiched between metal platens in a Carver
compression molding machine for 3 minutes at 190°C, 2 kpsi pressure for 3 minutes, 190°C, 20

kpsi pressure for 3 minutes, then cooling at 15°C, 20 kpsi for 3 minutes,

Preparation of Examples 32-34 for AFM Study

[353] Examples 32-34 were studied using tapping mode Atomic Force Microscopy (AFM),
Compression molded samples were first polished using an uitramicrotome {Reichert-Jung Ultracut E) at -
120° C perpendicular to the plaques near the center of the core area. A thin section was placed on a mica
surface for AFM imaging using a DI NanoScope IV, MultiMode AFM operating in Tapping Mode with
phase detection. The tip was tuned to a voltage of 3V and the tapping ratio was (.76 - 0.83. Nano-sensor
tips were used with tip parameters of: L = 235um, tip ratio = 5-10 nm, Spring constant = 37-55 N/m, Fg=159-
164 kHz.
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0.06 inch plague-between Mylar sheets sandwiched between metal platens in a Carver compression
molding machine for 3 minutes at 190C, 2 kpsi pressure for 3 minutes, 190C, 20 kpsi pressure for 3
minutes, th‘??(f%blm‘%[s&SC' 2Q kpsi for 3 minutes. Preparati_on of Examqjgsnggiﬁ@ @@gM Study .
[353]Examples 32-34 were studied using tapping mode Atomic Force Microscopy ?A M). Compression
molded samples were first polished using an ultramicrotome (Reichert-Jung Ultracut E) at - 120 C
perpendicular to the plaques near the center of the core area. A thin section was placed on a mica
surface for imaging usi | NanoScope IV, MyltiMode AFEM rating in Tapping.Mode with
hase dotddtah. The B LI e B T AT A I RTASBAL Tt TR et ol
Nano-sengofitpowerressotegitihop parerheerpohdlozsy288imiaifBativrpeidgy wmies frinkp sBastant =
37-55 NjfneRPL2Bse - bbizain VR 2009(A97 5 GRROT/ISRA0RN3369RondATA EiBERS chBIRRshow
images of Exaq;gles 32-34 taken via AFM at ag%rgxim%tel%%goox ma%nifi ation. These,,ima%es show

mesopRase o ASISGY Sl 10 B BERGPHISGY 8% RE STE PGSt the S5%e e
domainB:ttleekd dhraisO8bemeic it lamgeritharl 1ROV Of avrpofiodisperse ook copoBimer with similar
molecular weight. An example of an SBC polymer (28 wt% styrene, 83 mol% "butene” in the B-block,

MO = 69200 eifmalofiirappiek hately BNAGRXdnagnification is shown in Figure 21. Preparation of
Example 34 for TEM Study [355] Example 34 was studied using transmission electron microscopy

(TEWD. Thessappresslon,modled Ahesivwls Limmed splhataraliane seldha spliecipd between the
skin and core. The trimmed sheets were cryopdlished prior to staining by reWovmg ections from the
blocks SPPEYCstolpReesTt mawdﬁm@@laﬂﬁm@&emwﬂmewybapwkﬂsb@ﬂntﬂmdx@slwe stained
with the, YRBGFPRARS Ofh &Y ARYHERLS HARSHINRL IS ARG SAIMERY for.3/4s alamRietigmperature.
The staining solution was prepared by weighing 0.2 gm of rutheniurn (lll) chloride hydrate (RuC13
x1-120Pifes 824 R8s BRI SYRA ABeREREIRS ﬁlﬁﬁg&dtﬂﬁﬁfﬂ@l?ﬁ@ oflbeuye-agliskassbiemtitiMers/pochlorite to
the jar. ghaspmples.vapsasacinthe aassiarusing Aalashlidebavingdrybig sidediare. The

slide was placed in the bottle in order to suspend the blocks about 1 inch above the stain;gﬁ%solution.-

Sectiorl€BPHBHHSxiMMAERMDY A St irriirckeseinhieg (ot ested BithsnBtenttBrRpetitire using a

diamongyknife guall-eieBdGNhide g micianeiang Riagedomd8dmesin wig st TEMOiidsde¢
observatian. [356] Images were cgllected on a JEOL JEM-1230 operated at 100 kV accelerating

voltage SR Cotaiqel SH A L7 I TR IPES HiGfea AEFHdPALe BRSTMA YRS Rt olidrocessed
using AsiohegRbotos kol drtibeligheaiZ shawtaaed Mbm issaRraph ¢fr kxageplaBhabppt asbinately

30,000 magnification. Preparation of %x mples.29, 30, 32, n@ 3-40 for Reflectance Spectroscopy
Stidy | {307 MEEH e Qb S EXOh iR g, (ORGP fh LT it a
Labspheridate retoohelie O0\dvh RREAuASSVY ntBgratnig:sifherea SpiectEalbbificdiffiussaaftectdnce
standar§§l were fjir mo‘lﬁnted. on. hs r@gle gnd rt—gference ports of integrating sphere and the
baselin c%%ré%ﬁio?ﬁ%sﬁ 'p\eqrr rme ogrnt%e slb{écst?aw ara“r)lré'e from 200- 1200 nm. The slit width and
spectral resolution were 2 nm and the spectrum was acquired with 1 nm/point. The SpectralonTm

standard was&hen rdmsesdrEns tHecteshepia Pl atMni fthe raagslam BRKE AsretRR S nple port -
132 - WiekZR0HOS0EARI I W S2009/03268F o @i ddegrrenincitiensR ARGl o e napiedeam. No

backing material was used and the film itself provided the only means of light reflectance. [358]

Figures"8822%99Re 0 QBGP tHE: rEtRtRAt Shgsedt AY aBifoEeriuAf Aatguiemhat of Examples 35 thru
38, ExaipplesiaicB0 362 amit fxamples 34, 39 and 40 respectively. A compression molded film

Figure fo ( _
which exXHDiS: S OV EteTg a2 act T of the Example

films exhibit a ﬁeak reflectance between 12 and 45% reflectivity. Figure 26 shows the reflectance

spectra forl BEmples b8 BHECYE R RIT SR OBt HREEBhRAsY stpamgted  Wrressatiprissesithéflectances
of less thageaTL %dBltmitRl RIPAYSY PhEMAeS B2 75 And A0 B 2ifui33 Fandata
presented in Table 25 demonstrates that at the same density, the mesophase separated materials
have a TGREFERSIEeAIE PBR6S SBAGR FEUIR A hS tRRCS ARied WHIF RS- PaRie &t Reoctene. This
same dedseisnpresenieshgrappiciinia Figuie dhéomaichnglaavwsnSinoreg 20usmslemsiysionfamples 26, 27,
30 and 31 and Fi \re 28 which shows 100% Modulus vs. density for these same xamB%)igsmThis
shows tR&f& 31/?@%13}5%?3 i b1BBK EG BT TREF DAL S SRS T QU halind = W modulus
or Shorgafdatrd givahedensityci\inen tervparddmithedshns|Sharepk (foudedndikexs3hplthert
mesophase separated material has a significantly jower 70C ASTM compression set compared to the
non-mesophase separated material (35% versus 64%). Figure 29 shows 70 C compression set vs.
Shore A for these Examples as well as Ex 27 and 30. The mesophase separated examples show
comparable permanent set as the non-phase separated materials at about the same density when
stretched to 300% strain. WO 2009/097560PCIIUS20091032699 Table 25 Example Density 2




(g/cm-) Shore A Hardness (0.5 sc) 100% Secant Modulus (MPa) Compression set (70 C) 300%
Permanent Set (%) 26 0.866 61 1.5 64 36 27 0.877 75 2.4 39 44 30 0.867 46 0.8 46 41 31 0.874

WO 2009/097560 PCTIUS2009/032699

at a 90 degree incidence angle to the sample beam. No backing material was used and the film

itself provided the only means of light reflectance.

1358] Figures 23, 24 and 25 show the reflectance spectra of compression molded films
of Examples 35 thru 38, Examples 29, 30, 32 and 33 and Examples 34, 39 and 40 respectively.
A compression molded film of AFFINITY® PL1280G (available from The Dow Chemical
Company)) is also provided in each Figure for comparison. In contrast to the reflectance spectra
of the film of the AFFINITY® material, which exhibits little or no reflection across the measured
range of wavelengths, each of the Example films exhibit a peak reflectance between 12 and 45%
reflectivity, Figure 26 shows the reflectance spectra for Examples 25 and 26 which are not

mesophase separated, which exhibit peak reflectances of less than about 12%.

Physical properties of Examples 26, 27, and 30 - 32,

[359] The data presented in Table 25 demonstrates that at the same density, the
mesophase separated materials have a lower Shore A and 100% secant modulus than the samples
with lower values of A octene. This same data is presented graphically in Figure 27 which
shows Shore A vs. density for Examples 26, 27, 30 and 31 and Figure 28 which shows 100%
Modulus vs. density for these same Examples, This shows that ethylene/o-olefin block
copolymer-based materials may be made having a lower modulus or Shore A at a given density,
When compared at the same Shore A (Ex 26 and Ex 31}, the mesophase separated material has a
significantly lower 70°C ASTM compression set compared to the non-mesophase separated
material (35% versus 64%). Figure 29 shows 70 °C compression set vs. Shore A for these
Examples as well as Ex 27 and 30. The mesophase separated examples show comparable
permanent set as the non-phase separated materials at about the same density when stretched to

300% strain.
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61 1,5 35 43 [360]The dynamic mechanical relaxation responses as a function of temperature are
presented as Tan 6 curves in Figures 30 and 31 for Examples 26 and 30 and Examples 27 and 31,
respectivel | ansition, Tg, from the Tan 8 curve and intensity#,f eak are tabulated in
Tak?le 26. Aﬁ“é?r??’l?f%@ity, the mesophase separated materials exhibit gctslilﬁ{g Og?éﬂsazﬁ%?oximately
7C lower than non-mesophase separated materials. A lower Tg offers the advantage of lower useful
temperature range when used as an impact modifier. Table 26 Exarnpleiljejlity_ /ctn.._. .:3Lnttann
8 26 0.866 -48 0.44 27 0.877 -45 0.45 30 0.867 -55 0.86 31 0.874 -52 0.55 Figure 32 shows that
the mesophase separated materials exhibit a similarly flat storage modulus as exhibited by the

non-mesophase separated materials.
Table 25

Density 100% 300%
3 Shore A .
Example (glem) Hardness Secant Compresoszon Permanent
(0.5 s¢) Modulus | set (70 °C) Set (%)
' (MPa)
26 0.866 61 1.5 64 36
27 0.877 75 24 39 44
30 0.867 46 0.8 46 41
31 0.874 61 1.5 35 43
[360] The dynamic mechanical relaxation responses as a function of temperature are

presented as Tan & curves in Figures 30 and 31 for Examples 26 and 30 and Examples 27 and 31,
respectively. The glass transition, T, from the Tan & curve and intensity of the peak are
tabulated in Table 26. At similar density, the mesophase separated materials exhibit T;'s that
are approximately 7°C lower than non-mesophase separated materials. A lower Tg offers the

advantage of lower useful temperature range when used as an impact modifier.

Table 26
Example Density (g/cm”) Te (°C) Max tan &
26 0.566 -48 (.44
27 0.877 -45 0.45
30 0.867 -55 (.86
31 0.874 -52 (.55

Figure 32 shows that the mesophase separated materials exhibit a similarly flat storage

modulus as exhibited by the non-mesophase separated materials.

Blends with Oil and Pelypropylene

[361] Blend formulations using inventive Ex, 29 and Comp. Ex. 25 with oil and
polypropylene are listed in Table 27 together with Shore A and 70 °C compression set results.
As also observed in Ex. 30 and Ex. 31, the inventive Ex 29 has lower Shore A than non-

mesophase separated material at similar density. The lower Shore A is also observed in blends
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Blends with Oil and Polypropylene [361]Blend formulations using inventive Ex. 29 and Comp. Ex. 25
with oil and polypropylene are listed in Table 27 together with Shore A and 70 C compression set
results. As 2(3933&/&9 in Ex. 30 and EXx, 31, the inventive Ex 29 has |0\]/)\/8I‘[% PB%/&%han
nonmesophase separated material at similar density. The lower Shore A is 2190 bhsar/ad in blends
WO 20091097560PCITUS2009/032699 with the inventive example. This means that one can achieve
softer blends using the mesophase separated material. Figure 33 shows 70 C Compression Set vs
Shore A f&;Slee.nds 3, 4, 7 and 8. ]t is observed that blends with mesqphase separated material result

in a lowBH G E R SRDRSEIEMP Set 4t & BRI &SR AR AT GRS S B HISHR dRe BRE%4N achieve
softer maperiats wittettave Fonmp3astionssEt WheonysingitheSinvarsivepalysaeletabie £7 Ex@ample wt.%

Ex. 25 polymer, Wt. % Eé'(a g I rwt." oil wt.' -./," hPP. Density (g/cc) Shore A Hardness (5 sec)
Comprgs's}lltolrs Soéjt‘sfﬁé) )t( % %Pcfso)%q}ﬁ dnﬁs&ggt?%c_/sgpamted matemaf 1%&% n 21 %were?() J'éa
Compression Set at a similar Shore A. In formulated soft compounds, one can achieve softer

materials with lower compression set when using the inventive polymer.

Table 27
Wt. % Density | Shore A
wt.% Ex. 25 wt.% | wt.% Compressior

E 1 Ex. 29 X (g/ce) p

Xampie polymer polymer oil! hPP* H(?f::; Y1 set (70°C)
Ex. 25 100 0 0 0 0.875 75 435

Ex. 29 0 100 0 0 0.876 61 35
Blend 1 35 0 50 15 53 64
Blend 2 28 0 60 12 31 60
Blend 3 0 35 50 15 31 54
Blend 4 0 28 60 12 19 53

1 Chevron Paralux 6001R Qil (Chevron U.S.A. Inc.)
2 Poiypropylene H314-02Z (The Dow Chemical Company)

Block Index for Example 34

[362]

root of sum of weighted squared deviations about the weighted mean is 1.12 (Table 28).

The weighted average block index, ABI, for Example 34, is 0.73, and the square
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45 Ex. 29010000 0.876 61 35 Blend 1 35050 15 53 64 Blend 228 0 60 12 31 60 Blend 3 0 35 50

15

WO 2009/097560 PCT/US2609/83269%

Table 28

inventive Example 34

Wt Fraction Fractional
Recovered Mol %
Fractionation ATREF  QOctene DeltaH melt Biock
Temperature T(C) _(NMR) Tm(%C) (Jig} Index
20 0.0387 20 25.4 115.1 5.4 0
20-60 0.0154 535 = 224 115.3 227 1.38
60-65 0.0126 63 20.8 105.2 324 1.39
65-70 0.0111 69.5 19.2 109.5 42.6 1.33
70-75 0.0198 75 18.3 112.3 48.5 1.33
75-80 0.0497 80.5 16.1 114.3 58.3 1.18
80-85 0.2050 87 12.4 114.7 724 0.83
85-30 0.4877 80 2.3 116.9 97.4 0.59
90-85 0.1585 93 4.4 120.0 127.2 0.28
Weight Average Block index 0.75
Square root of sum of weighted squared deviations about the weighted

mean 112

[363] Figure 34 graphically shows that the heat of fusion (determined by DSC) of
ATREF fractions of Example 34 are significantly lower than those of ATREF fractions of
random ethylene octene copolymers (ATTANE® 4203, 0.90 g/cm®, 0.8 1, and AFFINITY® PL1830, 0.90
glem’, 11, - each available from The Dow Chemical Company). Specifically, the block interpolymer
has molecular fractions which elute between 40 °C and 130 °C, when fractionated using TREF
increments, that are characterized in that every fraction that has an ATREF elution temperature
greater than or equal to about 76 °C, has a melt enthalpy (heat of fusion) as measured by DSC,
corresponding to the equation: Heat of fusion (J/gm) < (3.1718)ATREF elution temperature in
Celsius) - 136.58, while 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) 4+ 22.97.

[364] Figure 35 graphically shows that the melting points of ATREF fractions of
Example 34 are significantly higher than those from ATREF fractions of random ethylene octene
copolymers (ATTANE" 4203, 0.90 g/em’, 0.8 T, and AFFINITY® PL1880, 0.90 g/em®, 1 I~ each
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3154 Blend 4 02860 12 19 53 1 Chevron ParaLux 6001R Oil (Chevron U S.A. Inc.) 2 Polypropylene
H314-02Z (The Dow Chemical Company) Block Index for Example 34 [362]The weighted average
block indexyhBlyfRtdzx@mple 34, is 0.75, and the square root of sum of wgighted sayiargg deviations
about the weighted mean is 1.12 (Table 28). WO 2009/097560PCT/U52009/032699 Table 28
Inventive Example 34 Wt Fraction Recovered M o | % FractionatonATREFOcteneDeltaH melt
Temperaturec)(NiviR)-FRIlocj/ Fractional Block Index _ 200.03872025.4115.15.4

avatlable from The Dow Chemical Company) that are fit to a line representing (-3.5926 {mo! %
comonomer of the ATREF fraction) + 135.90 (solid line},

[365] As demonstrated above, embodiments of the invention provide a new class of
ethylene and n-olefin block interpolymers. The block interpolymers are characterized 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/g-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,
films, molded articles, lubricants, base oils, etc. Other advantages and characteristics are

apparent to those skilled in the art.

[366] While the invention has been described with respect to a limited number of
embodiments, the specific features of one embodiment should not be attributed to other
embodiments of the invention. No single embodiment is representative of all aspects of the
invention. In some embodiments, the compositions or methods may include numerous
compounds or steps not mentioned herein. In other embodiments, the compositions or methods
do not include, or are substantially free of, any compounds or steps not enumerated herein.
Variations and modifications from the described embodiments exist. The method of making the
resins is described as comprising a number of acts or steps, These steps or acts may be practiced
in any sequence or order unless otherwise indicated. Finally, any number disclosed herein
should be construed to mean approximate, regardless of whether the word "about” or
"approximately” is used in describing the number. The appended claims intend to cover all those

modifications and variations as falling within the scope of the invention.
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0 20-600.015453.522.4115.322.7 1.38 60-650.01266320.8105.232.4 1.39
65-700.011169.519.2109.542.6 1.33 70-750.01997518.3112.348.5 1.33
75-800.049780.516.1114.358.3 1.19 80-850.20598712.4114.772.4 0.93 85-900.4877908.3116.997.4
0.59 90-950.1585934.4120.0127.2 0.28 Weight Average Block Index 0.75 Square root of sum of
weighted sguaredigdeviations about the weighted mean 1.12  [363] Figure 34 graphically shows that
the heat of fusion (determined by DSC) of ATREF fractions of Example 34 are significantly lower than
those of ATREF fractions of random ethylene octene copolymers (ATTANE(r) 4203, 0.90 g/cm3, 0.8
12 and AFFINITeH{y)ePd/a-88010oB0kglomiBol iR ecrabrisivailesiefromeTiedDosnSiremicahCampany).

SpecificallythgplegkIerRaiipeuiras.melecular hactiprsoyvhichoslie RetweanAlGand;130 C, when
fractionated @r&? TREE infrement , that are cgaracterizeld in th%t e Erﬁéfr,acti?/r[\ t ha:%an ATREF
? ¥}

ve
elution terRfS B PRERYSh SrBga T Bh ol 78 L RAS H R SRR (haut 6t fisidh) as
measuredrbyeD STireories pordingdobthereguatisnblbidandtfusione(||gem) 2e18 47 18) (ATREE elution

temperatupein &ISiRb 1303 Mhlg-CueRLH actiRn.hat has anATRER elution temperatpre between
40C and less than about 76C, has a melt enthalpy (heat of fusion) as measured by DSC

correspon@ifRiTfo tHE dduatiiic HESEBEATSor (57gh) 2 (FHS et BB R BTGt oW EEPRBBHIFe in Celsius)
+22.97. m36djdtguper8&igraphically shows that the melting points of ATREF fractions of Example 34
are significantly higher than those from ATREF fractions of random ethylene octene copolymers
(ATTANEI%) 4203, 0.90 g/cm3, 0.8 12 and AFFINITY(r) PL1880, 0.90 g/cm3, | 12- each WO
2009/097560PTHIYSTO0OITE e VAR HAHHIE BoWEHR Hickt teoipahyiatare'f to a line
representingnibb: 2 9&6efrhbl¥deqrhpndmee ehiteATREF{ratinrjctali35:90(sokd tinkdm 2 f8365] As

demonstrafer abOYE, EMRROIHNSRRALHLE IFYSRION, REovide a new class of

3. The ethylene/a-olefin block interpolymer of Claim 1 wherein the interpolymer is characterized
by an average molecular weight of greater than 40,000 g/mol.

4. The ethylene/u-olefin block interpolymer of any of the preceding claims wherein the
ethylene/u-olefin block copolymer comprises domains wherein the domains have a smallest
dimension in the range of from 40 nm to 300 nm, preferably in the range of from 50 nm to 250

nm, and more preferably in the range of from 60 nm ¢o 200 nm.
5. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the a~ olefin

is styrene, propylene, 1-butene, 1-hexene, l-octene, 4-methyvl-l-pentene, norbornene, 1-decene,

1,5-hexadiene, or a combination thereof.
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ethylene and a-olefin block interpolymers. The block interpolymers are characterized 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 bloci,indiggsethadisthibLtioRaiusl Blogk indices-hagandmpacharthe.overalkphysical
properties .of the block mt@rﬁmlymers. It is possible to_change the distribution of the block indices by

adjusting e’ BN AHISHEHESIAIToRE S RETBY LRSFRSGAY SERws s fait sireataidirBolymers.
Such blockaaternalyrrets hizare2thampokneuse, gppkcatip as:akotiexaldplendhepbiaok sndetpotymers can
be used to,faake,Rolmerhiends fbes.blms. molded articles, lubricants, base oils, etc. Other:
advantages and characteristics are apparent to those skilled in the art.  [366] While the invention has
been described with respect to a limited number of embodiments, the specific features of one
embodiment Bhoeld inot/belaftiibutaditegitienemiodimerisnitheciny@ntibereN alsinglegimbodiment is
representafivé: 0Ll ARRARtALINE IMENANLIN.AAME eihRACimERLs (e gAMpaslipRzCLpethods may

include numerous compounds or steps not mentioned herein. In other embodiments, the compositions
or method E8HRIFERTE T5R AR S BKARTSTY HeEGPlamrtsnipBuRie BrRessHotahisrated
herein. Vagiationsaneamotificationsifreeathe described embodiments exist. The method of making the
resins is described as comprising a number of acts or steps. These steps or acts may be practiced in
any sequence or order unless otherwise indicated. Finally, any number disclosed herein should be
construed g0 TReamappraxmeaic ey aithess akvethe b thaanard "aboygtvasapproyimately’ is used in
describing The e ims.inter ver all those.modifications and variations as
falling with?%%k%%%%ﬁ%?%fe% %?fgn%o%?% %}gﬁsgc%gf rit}l%e%&ilst?nﬁ%%rvleg%thqh e%aééef-%lgﬁﬁ l%?gicsl??nterpolymer
comprising SREBrBTA R AP s @y MBARLS RFFEn 8 Bttt sy mnbhisprlg P arditrsr&nte in mole
percent a-ptefrnidyntentrwhertss tha catbyleme/aolefin block interpolymer is characterized by a
molecular weight distribution, M",/M", in the range of from 1.4 to 2.8 and by an average block index

greater than zero up.to 1.0; a difference in mole percent a-olefin content between the soft
segment e?nd’?t%ee ??g?%e%%%r%%’% c?fjﬁcr}éaﬁlé?rﬁ?mﬁ.%frﬁ?ﬁe #efé%rﬂfﬁﬁ‘a?%vﬁ@f&% HESHyRhe/a-olefin

block interghljene/risiefie dbphaspobuparatebeeRcdhmscstioplamddedolefin block interpolymer of Claim 1,
wherein the value for XN, where N is the number average block length, is in the range of from 2 to 20,

preferably in. thee asage:6f fronsfid. Sled Saagomere pefarably i the-range ohframddeidne3. The
ethylene/a.qlgfin blosknisrpolvmer.ol.Claim, Lunsreln, (ne fterpolymer, s characterized by an
average molecular w’elg?ht o?greaﬁe?r[trhan 481,3(55% g,?mof.l 4fhe'e ylene S olens blogt?lﬁ?erpolymer of
any of the Precsiinhg ¢ dimeonbreipbive GrRylerertadhefin Hloek ebpsienéredipnses domains wherein
the domains have a smallest dimension in the range of from 40 nm to 300 nm, preferably in the range
of from 50,nm.fp 250 nm, and more B]%efetrabl}/ in the range of from 60.nm to 200 nm. .. he
ethylene/a-olefin bIoCK INErpolymer of any B the preceding claimacwhareitRe aY S1&fn 1 styrene,
propylene sthsbenerenldfinblesk eonclyaterias 4numedwpk bisshiofex morisomenebit-tevdne 04 Batiexadiene,

~ or a combinatipRuthereal Ssuiheisthviens/aslelindlock interpolymer of any of the preceding claims
wherein the a- olefin is octene and the difference in mole percent a-olefin content between the hard
segment and soft segment is greater than 20.0 mole percent, preferably greater than 23.0 mole
percent and ribeepréferabhetnddock tharp@dQenvd|€1perddntvhteifinbestinyhen dlasblafiaxbioiok
interpolymegg pjn%gyr&{q@_lpig@ﬁ or 3-6 wherein the a-olefin is butene and the difference in mole percent
a-olefin content between the hard segment and soft segment is greater than 30.8 mole percent,
preferably greater than 33.9 mole percent and more preferably greater than 36.9 mole percent. 8. The
ethylene/aldldim Blodkniiterpbly Merkoh@mplyhClaifdadnot B-6hadeer din dtheagediefth isdordpylene and the
difference in. mple perceRtalefin content between the hard segment and soft segment is greater than
40.7 mole percent, preferably greater than 46.8 mole percent and more preferably greater than 48.8
mole percent. 9. The ethylene/a-olefin block interpolymer of any of the preceding claims wherein the
ethylene/atéldfiie blodkneopsbfmbéichambesnyomnpl €ssion Mneldedn (10 aTheethyenedaxatafin block
interpolymgr, 9&@9%&%@? Rpreseding claims wherein the ethylene/a-olefin block copolymer comprises
domains wherein the domains have a smallest dimension that is greater than about 60 nm, greater
than 100 nm, or greater than 150 nm. 11. The ethylene/a-olefin block interpolyrner of any of the
preceding claims wherein the ethylene/a-olefin blbétk copolymer has an average block index greater
than 0 but less than 0.4 and a molecular weight distribution, M',/IVI", greater than 1.4. 12. The
ethylene/a-olefin block in erpolymer of Claim 10, wherein the average block index is in the range from
0.1to0 0.3. 13. The ethylene/a-olefin block interpolymer of Claim 10, wherein the average block index
is in the range from 0.4 to 1.0. 14. The ethylene/a-olefin block interpolyrner of Claim 10, wherein the
average block index is in the range from 0.3 to 0.7. 15. The ethylene/a-olefin block interpolymer of
Claim 10, wherein the average block index is in the range from 0.6 to 0.9. 16. The ethylene/a-olefin

block interpolymer of Claim 10, wherein the average block index is in the range from 0.5t0 0.7. 17.
The athvliena/a-nlefin block internolvvmar of anvy of the nrecedina claime whereain the bhlock conolvvmer



21. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the ethylene
content is greater than 50 mole percent. 22. The ethylene/a-olefin block intetpolymer of any of the
preceding claims, wherein the hard segments are present in an amount from 5% to 85% by weight of
the interpolymer. 23. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein
the hard segments comprise at least 98% of ethylene by weight. 24. The ethylene/a-olefin block
interpolymer of any of the preceding claims, wherein the soft segments comprise less than 90% of
ethylene b%%?aﬁfh%?ﬁﬁr?éeéﬂ{;}ré AR BIGEK IFHBbIPRET BIE A1f82 PR df e soft
segments temprisédess than.b0% of ethylene by weight. 26. The ethylene/a-olefin block interpolymer
of any of the preceding claims, wherein the hard segments and soft segments are randomly
distributed. 27. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the
soft segméfitd BosHBti ek Ak rtiesk sty py. Gﬁ‘rﬁ"éfhWeW@f‘é%é?WBF&iﬁ? iNSFBNARET Bf any of the
preceding lkaimge Whereindlierhard segments do not include a tip segment. 29. The ethylene/a-olefin
block interpolymer of any of the preceding claims, wherein the block copolymer displays a reflection
spectrum that reaches a value of at least 12 percent within the region of infrared, visible or ultraviolet
light. 30. TheldthsiaAensconsiin hioek irfeEpebipsicr sruRY @Fﬂﬁécs‘?éﬁeﬁm@s@mhﬁﬁm@ﬁewﬁhe block
copolymercispgadesaeniensity diheseiiwdena/a«lefin block interpolymer of claim 1 wherein 110/12> 8.
32. An article comprising the ethylene/a-olefin block interpolymer of any of the preceding claims. 33.
The article of Claim 32 wherein the article comprises a film, a molded article, jewelry, a toy, an optical
article, a deedraiv@yariledein Shwiuniamol e idflaigy! Trndaric fbeon@rinss Wwhedsrithe optical
article comprizasmaPhetonis band.gep material wherein the ratio of the index of refraction of the
segments having a difference in mole percent ctolefin content is 1.00 to 1.09 for a continuous set of

wavelengths lying within a wavelength range of from about 100 nm to about 10 um.
19. The ethylene/o-clefin block interpolymer of claim 1, wherein the ethylene/a-olefin

interpolymer is characterized by at least one melting point, Tm, in degrees Celsius, and a density,
d, in grams/cubic centimeter, wherein the numerical values of Tm and d cormrespond to the
relationship:

T > -6880.9 + 14422(d) - 7404.3(d)?

20. The ethylene/u-olefin block copolymer of any of the preceding claims characterized by
having at least one fraction obtained by Temperature Rising Elution Fractionation ("TREF"),

wherein the fraction has a block index greater than 0.3 and up to 1.0
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. and the ethylene/a-olefin block interpelymer has a molecular weight distribution, M,,/M,, greater
than 1.4.

21, The ethylene/o-olefin block mterpolymer of any of the preceding claims, wherein the

ethylene content is greater than 50 mole percent.

22. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the hard

segments are present in an amount from 5% to 85% by weight of the interpolymer.

23. The ethyiene/o-olefin block interpolymer of any of the preceding claims, wherein the hard

segments comprise at least 98% of ethylene by weight.

24, The ethylene/o-olefin block interpolymer of any of the preceding claims, wherein the soft
segments comprise less than 90% of ethylene by weight.

25. The ethylene/a-olefin block interpoiymer of Claim 24, wherein the soft segments comprise
less than 50% of ethylene by weight.

26. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the hard

segments and soft segments are randomly distributed.

27. The ethylene/o-olefin block interpotymer of any of the preceding claims, wherein the soft

segments do not include a tip segment.

28. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the hard

segments do not include a tip segment.
29. The ethylene/o-olefin block interpolymer of any of the preceding claims, wherein the block
copolymer displays a reflection spectrum that reaches a value of at least 12 percent within the

region of infrared, visible or ultraviolet light.

30. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the block

copolymer is pearlescent.

31. The ethviene/a-olefin block interpolyvmer of claim 1 wherein /T, > 8.
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32. An article comprising the ethylene/o-olefin block interpolymer of any of the preceding

claims.

33. The article of Claim 32 wherein the article comprises a film, a molded article, jewelry, a toy,

an optical article, a decorative article or a combination thereof.

34. The article of Claim 33 wherein the optical article comprises a photonic band gap material
wherein the ratio of the index of refraction of the segments having a difference in mole percent o-
olefin content is 1.00 to 1.09 for a continuous set of wavelengths lying within a wavelength range

of from about 100 am to about 10 um.
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