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the block interpolymers. BACKGREHRD @ TidE: N VEND QNeL 3¢ Rliogknsppolymers comprise

sequences ("blocks") of the same monomer unit, 15covalently bound to sequences of unlike type. The

blocks can bg connected.in a aret Ways sy asA ndlbloc nd g structures,
WhereAreplggents ortlj%eEI mado re%%s f}ﬁrs % regt Block. Th ﬁ utl oot iecgg%%gfymer A and B

can be C(ﬁirﬁ%t‘téﬂ‘}rﬁh:‘mmb@ ehaffextmnamipodint e ﬁéﬁ@@lea"mﬁplgﬂaﬁ%&yaﬁﬁw’@%ﬁ@@mprlse '
addjtional b 99%aﬁwﬁge@e@tﬁ}m“Mmtw@%mwm@mﬂ@@ githeg lmparmulgbiadkes.

20multi-block star polymers (in which all blocks’bond to the same atom or chemical moiety) or

comb-likeSpé (PErecthB BHSTORSs 09 2t a 18- AT Dt erRF oSS & B IOAE) [4]A block

copolymegigsieaiedwben fweamasedaohimen melerulea e difereatahemigioonapesition are
covalently bonded to each other. While ide varlet%/ of blofc]lﬁ cogog/mer architectures ﬁre possible, a
%é/%émf;ﬂr putposes of United

number of itk Copo WFSQH\?BWILNB‘I& ates patent practice, t

contents of these applications are herein incorporated by reference in their entirety,

10 FIELD OF THE INVENTION

[2] This invention relates to propylene/o-olefin block mnterpolvmers and articles

made from the block interpolymers.

BACKGROUND OF THE INVENTION

131 Block copolymers comprise sequences ("blocks"”) of the same monomer unit,
15 covalently bound to sequences of unlike type. The blocks can be connected in a variety of
ways, such as A--B in diblock and A—B—A triblock structures, where A represents one
block and B represents a different block. In a muiti-block copolymer, A and B can be
connected in a number of different ways and be repeated multiply. It may further comprise
additional blocks of different type. Multi-block copolymers can be either linear multi-block,
20 multi-block star polymers (in which all blocks bond to the same atom or chemical moiety) or

comb-like polymers where the B blocks are attached at one end to an A backbone.

i4] A block copolymer is created when two or more polymer molecules of 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
25 bonding of hard plastic blocks, which are substantially crystalline or glassy, to elastomeric
blocks forming thermoplastic etastomers. Other block copolymers, such as rubber-rubber

(elastomer-elastomer), glass-glass, and glass-crystalline block copolymers, are also possibie.
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25 bonding of hard plastic blocks, which are substantially crystalline or glassy, to eiastomeric blocks
forming thermoplastic elastomers. Other block copolymers, such as rubber-rubber
(elastomer-elastomer), glass-glass, and glass-crystalline block copolymers, are also possible. WO
20091097525@2917(955809/032638 1510ne method to make block copoRAéi§2¥@Hd8uce a "living
polymer”. Unlike typical Ziegler-Natta polymerization processes, living polymerization processes
involve only initiation and propagation steps and essentially lack chain terminating side reactions. This
permits the synthesis of predetermined and well-controlled structures desired in a block 5 copolymer.
A polymer criated in ativimgthegdrermaka!pelvecacismanis Fexipdnsely Rarrewdistuebutionist molecular

weight ang ke esrentialy M engdisRerse broctbe MalarHiR WRIg S HRHIQR I eSsenidly one).

Living catalyst systems are characterized by an initiation rate which is on the order of or exceeds the
propagatithisien aRtrRessRLen Sl 5T 1T AtPRMGH DIRfrafiiFtt FEREHUHE THaEaRtHS thEYE catalyst
systems aeerghanactenard oyrthedesenee afaulisingienvpeasiactivaisitadie pepstuce a high yield of
block copolymer in a polymerization process, such catalysts must exhibit living characteristics to a

subttant 5P ERERE E NATIER BSRErie BIotk CANERHES Have SRR &) RHHeLEEd IR Sonic
polymerizéitioivusingihe-teque ntadimendeers sahdiionneshdicguesd (. se duentizlcatditieipha certain
amount of,gnc, of dhe monamers,Is contagted wih (e eatelysty Qnee & fist sueh, famanamer has
reacted to Substantial extinction 10 ming the ﬁrs?’btlo‘t’k a certain amount of'the second monomer or
monomerdpetieListintrotiicd daerd e Wiscbtopegatoto fsrarh s ebemg comd sk nithetiprogess may be

repeated sing the, same or QtheraniapicalyRelmerizahle manomers; kaweyar RroRylene and other

a-olefins, such as ethylene, butene, 1-octene, etc., are not directly block polymerizable by anionic

tediniquedtZoF PV SrbVef ity dtamrsisn Detirsitifdd biire seeery B ditiobRl yWRTER HABans that the

polymer igaetssubiectadhigseitheiextignakmectianicat farees arsupisialfasfcooling, homopolymers
made from a highly crystallizable monomer will crystallize from a melt and form spherical structures

called "spherylites”. These spherulites range in sgje frol r@écgoemet%gi\etqzrgggIIimetl§cr>rsliLn diameter. A
description of this phenomenon mfyebe ound i 00 warcf, R.ﬁ., tlas o?”lgallymer Morphology,
Hanser Poblistrerzatidewsingriiels988: il monomer addition technique. In sequential addition, a

certain amount of one of the monomers is contacted with the catalyst. Once a first such

] monomer has reacted o substantial extinction forming the first bloclk, a certain amount of the
second monomer or monomer species is introduced and allowed to react to form the second
block. The process may be repeated using the same or other anionically polymerizable
monomers. However, propylene and other w-olefins, such as ethylene, butene, 1-octene, etc.,

are not directly block polymerizable by anionic techniques.

20 [7] Whenever crystallization occurs under guiescent conditions, which means that
the polymer is not subjected to either external mechanical forces or unusnally fast cooling,
homepolymers made from a highly crystailizable monomer will crystaliize from a melt and
form spherical structures called “spherulites”. These spherulites range in size from
micrometers to millimeters in diameter. A description of this phesomenon may be found in

25 Woodward, A.E., Atlas of Polymer Morphology, Hanser Publishers, New York, 1988. The
spherulites are composed of layer like crystallites called lamellae. Descriptions of this may be
found in Keller, A., Sawada, S. Makromol. Chem., 74, 190 {(1964) and Basset, D.C., Hodge,
AM., Olley, R.H., Proc. Rov. Soc. London, A377, p 25, 39, 61 (1981). The spherulitic
structure starts from a core of paraliel iamellae that subsequently branch and grow oniward

30 from the core in a radial direction. Disordered polymeric chains make up the material between
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spherulites are composed of layer like crystallites called lamellae. Descriptions of this may be found in
Keller. A., Sawada, S. Mctkromol. Chem., 74, 190 (1964) and Basset, D.C., Hodge, A.M., Olley, R.H.,
Proc. Roy. Soc. London. A377, p25, 39. 61 (1981). The spherulitic structure starts from a core of
parallel laméH8e PRSI sequently branch and grow outward 30from the BeFa @ Y4siisitdirection.
Disordered polymeric chains make up the material between WO 2009/097525PCT/US2009/032638
lamellar branches as described in Li, L., Chan, C., Yeung, K.L., Li, J., Ng. KLei, Y., Macromolecules,
34, 316 (2001). [8]Polyethylene and random a-olefin copolymers of ethylene can be forced to assume
non-sphelitigdanbiptsais giedehvideanddinidabe s @nd sitteation Bdould ihdiztKe berystallization
conditiongare et aMigscents fyieknap during blown or cast film processing. In both cases, the melts
are subjected to strong external forces and fast cooling, which usually produce mw-nucleated or
"shish-kebabl[;' tructures as elscribe in A. Kelli M.J. Machin, J. Macromol. Sci. Phys., 1, 41 (1967).

r,.
A non-spher fttic morphOSEY it A0 BRIEBAHEA e R S e e GRe EHBERGIP of an a-olefin

or anotheasype: oboerprenaitie miorphelentsthectfiormatiorDat ldmailaeoddis ahange:in crystal type

occyrs becaliss the comonomers ars usually E?guf?ﬁllaksyda%ﬁa%ﬁ%hé&%ntg&%%@&%- stal and,
therefore, & sequence of et y?ene UNItS N between comongmers canfiot forma crys a%‘any thicker than
the lengteththzrcschaarnte weantadctedis donforriatioh fEvemudiiyt e lanelibewouldihave to

become sqJfidhat shaie:felinodne lmsllasisiresis aplangel fRvble sIndhigigase, fringed

micellar or bundled 15crystals are observed as described in S. Bensason, J. Minick, A. Moet, S.
Chum, A Mok Sealhyy: bl o8t: B:osiyRbepiiis moapholeay wibalpodr eheainstishemolecular
weight polivethulene:lrastiansRsayids: an sndarstandipgofithe Aumhehoh.crrsgeutivegshylene units

that are required to form a chain folded lamellae. As described in L. Mandelkern, A. Prasad, R.G.
Aldfho, GIRImatisae kbR OlELFEEN &3S B 190 SR AR At heSasRRBPRCHT it lewsl 20100

ethylene unjtsulite wegikeddan ahain fRiingy Below thissrdrbetaletbylenammits law molecular weight
fractions form extended chain cr%/stgls while palyethylene agﬁty ical molecular weights forms fringed
by oL

micelles and craateS 4 JrERLTAFYh 0%%6@3 Y4 R IorBIR D ABRIRTER Aorphology
has beenabbsenvednivanelefin hleckdbpdiyrers imadechi/ tatcly anionie pofyimerization of butadiene

followed l%glding into lamellar structures is no longer favorable. In this case, fringed micellar or bundled

15 crystals are observed as described in S. Bensason, J. Minick, A, Moet, S. Chum, A. Hiliner, E.
Baer, J. Polym. Sci. B: Polym. Phys., 34, 1301 (1996). Studies of low molecular weight
polyethylene fractions provide an understanding of the number of consecutive ethylene units
that are required to form a chain folded lamellae. As described in 1.. Mandelkern, A. Prasad,
R.G. Alamo, G.M. Stack. Macromolecules, 23, 3696 (1990) polymer chain segments of at least

20 100 ethylene units are required for chain folding. Below this number of ethylene units, low
molecular weight fractions form extended chain crystals while polyethylene at typical

molecular weights forms fringed micelles and creates a granular type morphology.

{91 A fourth type of solid state polymer morphology has been observed in g-olefin
block copolymers made by batch anionic polymerization of butadiene followed by
25 hydrogenation of the resulting polymer. At the crystallization temperature of the ethylene
segments, the amorphous blocks can be either glassy or elastic. Studies of crystallization within a
glassy matrix have used styrene-ethylene (S-E) diblocks as described in Cohen, R.E., Cheng,
P.L., Douzinas, K., Kofinas, P., Berney, C.V., Macromolecules, 23, 324 (1990) and ethylene-
vinyleyclohexane (E-VCH) diblocks as described in Loo, Y L., Register, R.A., Rvan, A.J., Dee
30 G.T., Macromolecules 34, 8968 (2001). Crystallization within an elastic matrix has been studied
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25hydrogenation of the resulting polymer. At the crystallization temperature of the ethylene segments,
the amorphous blocks can be either glassy or elastic. Studies of crystallization within a glassy matrix
have used styrene-ethylene (S-E) diblocks as described in Cohen, RE., Cheng, P.L., Douzinas, K.,
Kofinas, P., B&AMY/EX325Macromolecules, 23, 324 (1990) and ethyleneviewizystobresenes (E-VCH)
diblocks as described in Loo, Y.L., Register, R.A., Ryan, A.J., Dee 30G.T., Macromolecules 34, 8968
(2001). Crystallization within an elastic matrix has been studied WO
2009/097525PCT/US2009/032638 using ethylene-(3-methyl-butene) diblocks as described in Quiram,
D.J., RegisteetRianeNfaretandh @GR, Ryankad Javiaibrainol@cutes BQJ. SRE8s(29%/pand using
ethyleney{sityir lepe:, d CFi ' 0, Y.L.. Register, R A., Ryan, A.J"
Macromolecu %%?%%36 I(%qggg)q%%ér?é%?ﬁ%% r%gt%?{’ \?V%es?délitr%%ﬁ %{E@‘iﬁ %veéeé dé?ltglérﬁff_with a high

degree 658y SHishHRREeH drachibrdkin Bre sbiild. RagesstruttbreRshowdd tHéctassitatimorphology
of amorphoLssb Ot BYRPMBESSMER 35 SIHRD z%@gﬂ%ﬁéﬁ%@aﬁu@%h Bayhichdhedifferent

polymer segments were constrained into microdomains of approximately 25 nm in"diameter.
Cry talIi%%’%%f‘%?‘fﬁétgﬁﬁﬂé]%bé%‘iﬁ%é?ﬁ§9wm@§%%%é@&@%ﬁﬁ%ﬁ%ﬁ@ﬂwh@ﬂ%%e resulting

microdomainsidvtitiodomaingrean jakeihe frim-bispharesy@iinders, amelaederdlather
morphoélg)(giggé]fgge}gglrtrp%ve%gt dliﬂ %’?&i nofa micgodomai , such as perpendicular to the plane of
lamellad, 1S ConStrained 1o <60 A in these Sy SEAE A oA HHE ¥ BREST fo Fnt e BhEHEFE on the
diametetr ufsthdizpivereStamethoytintersnand theéthicknesssof thertamelasotetadtam. fauch materials
may be e i ted, The Fiaure shows the predicted Jamellar domain
hcknens o e P ErS  and LR A of o
mdféculabfieripipiasivetijie paTnotstinERedigare teeroiostratesutiiats pvenmativdny tare differences

in ethylenaeontentofidhe blocksqtaalecianweigsin excass Rfiéﬁ.%@(@g’ggmﬁﬁa% necessary to
Suc

achieve domain sizes of 50 nm. The high viscosity which is unavoidable igh molecular
weights GFESH S e taagiss ﬁr@&&@%@ﬁ%ﬁﬂiﬁﬁé’é‘é%%‘in@’%ﬁﬁé@é@%’ﬁfe‘?f&i@ msléssicutation applied

the theareticaktesattsist MajsaneMdt;BaiesicroshR0Masrar0leaHIES (1936X29nd QXkiaka
tempera}gurenof %40 C %30 aracteristic ratio of 6.2, and a melt density of 0.78 g/cm3. The con-elation

OIS BRY VAL S SRR SRS EC RS Espe it Redirs SO fersrse, W.w.

between g%ﬁy?éne mole
GrhessleyinPolymer Blelnds eldigte did Posmuilationae oD e Paule GeBroBueknalh 2000, [£0]Block

COpOlymz%%f a(:ggéad{%ygx%n%%mf g}lsytr%#g go%rt]e%taor? (t)hrg E%%Es?lgg%(escuclgpweights in excess of 450,000
g/mol are necessary to achieve domain sizes of 50 nm. The high viscosity which is unavoidable
at such high molecular weights greatly complicates the production and processing of these
materials. The calculation applied the theoretical results of Matsen, M.W.; Bates, .S,

20 Macromolecules (1996) 29, 1091 at a temperature of 140 °C, a characteristic ratio of 6.2,and a
melt density of 0.78 g/cm’. The correlation between ethylene mole % and y was determined
using the experimental results of D.J. Lohse, W.W. Graessley, Polvmer Blends Volume [:

Formulation, ed. D.R. Paul, C.B. Bucknall, 2000.

{10] Block copelymers containing both crystalline and amorphous blocks can
25 crystallize from disordered, rather than microphase separated, melts and produce a regular
arrangement of crystalline lamellae as described in Rangarajan, P., Register, R.A., Fetters, L.J.
Macromolecules. 26, 4640 (1993). The lamellar thickness of these materials is contiolled by the
composition and molecular weight of both blocks as described in theories by Dimarzio, E.A.,
Guttmann, C.M., Hoffman, 1.D., Macromolecules, 13, 1194 and Whitmore, M.D., Noolandi, [,
30 Macromolecules, 21, 1482 (1988). For an ethylene based block copolymer, the maximum
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25crystallize from disordered, rather than microphase separated, melts and produce a regular
arrangement of crystalline lamellae as described in Rangarajan, P., Register, R.A., Fetters, L.J.
Macromolecules, 26, 4640 (1993). The lamellar thickness of these materials is controlled by the
composition ¥REHVIEERar weight of both blocks as described in theoriesrog/DirmapzieyEsA.
Guttmann, C.M., Hoffman, J.D., Macromolecules, 13. 1194 and Whitmore, M.D., Noolandi, J., 30
Macromolecules, 21, 1482 (1988). For an ethylene based block copolymer, the maximum WO
2009/097525PCT/US2009/032638 thickness of the crystalline region of these morphologies is the
same ashisberaximbmetiiekhessgiba highsensityhoblyethislereanesiakivhichisahauicRzenm.  [11]

These materials hasgd y@altﬁ@@ygmgml merlé%rlql%?&mbe additionally characterized as having

very narrow molecular Werght distributions, typically with Mw/Mn < 51.2, and correspondingly narrow
molecular ht dlst,lriﬁutlons of thelr individual segments. They have also only been examined in the
r

form of d|b and t T HRATE TR HLLE U PRbTRSEEIRP Spnthreaisiérvliiving anionic
polymeribatiotethan mmm@semm@herorm:mher&fghbmgi@ut;dﬁalcﬁmhqﬁmlwmr@m olefin

moRomers prepared usi o riz tlon 1 taly ts, Were recent reviewed by Domski, G. J.;
Rosl,ge ﬁl\% : %o%otggsijén%& llén?rp %Oef FGORN? %‘ @S‘ PBisy Bd &Vl‘éfl%g@f“@m?) Some
of these%ﬂ@ﬂi@p@@e@dzﬂmepaiymérm &isdcshowwbthéccﬂa@m&abmmt@i@@ﬁ@y@ﬁ;ﬁ@ﬂf@eous block
copolymeLs,ichagsURNERURdIeRCTAIRRR (SR h 1A gliNgse block gpRolymers contain

crystallizable segmenits or blocks, and crystalliz e segments in ]t]ﬁese sys{%ms was primarily
1500nst‘i*3fﬁ%‘?fst6’ftﬁ1é’?5§ultlng microdomains. Syndiotactic polypropylene-block-poly(ethylene-co-
propylene) and syndiotactic polypropylene-block-polyethylene, as described in Ruokolainen, J.,

Mezzenga,[R2] FredriBkstrtoBolbnel&r amero [Eid mbiustach, ffefdre@nel 2088, fa1 Werifhtion
I\/_Ieigromcoalte1 uslt(g:%v 3%@&@1@\}6}%@ d(gl%(gﬁ f?(rnh |crl§(§)<e6 gm)e@%ﬁg r;orphglcl)gglgs ]X\rrth domain

sizes consistent with mMoNodiSperse b copdlyme’r
20po|yeﬁii9féfﬁilerbl%kﬂpé’ly®tﬁyleme§co i)?o%i%éae()ﬁ)(ﬁsi dfé@nﬂtmédlbry: MatsugipdiseMiatsui, S.; Kojoh, S.;

Takagi, Y s NsoNAKRROmE -« ELUIE, r:Em Mh \CIRmgleculs ine;s(%g 1‘14880 4887

(2002), are escrlbed as having mlcrophase sep ate ologies. C,RFa IC

polyprop\Ehe-Bisrlicpeisioatng EHeSto sl eh Q)@WHWQW}WM@GQMMWQmmybrbutlons (Mw/Mn
= 1.07- de@heas @ sHRR 0N FH“&HJ NzaM aid S@ﬁ?}%ﬂg aiaheA %?gter]] 9@&?99@&%@

15 constrained to the resulting microdomains. Syndiotactic polypropylene-block-poly{ethylene-co-
propylene) and syndiotactic polypropylene-block-polyethylene, as described in Ruokolainen, I..
Mezzenga, R., Fredrickson, G. H., Kramer, E. ]., Hustad, P. D., and Coates, G. W., n
Macromolecules. 38(3); 851-86023 (2005), form microphase separated morphologies with
domain sizes consistent with monodisperse block copolymers (<60 nm). Similarly,

20 polyethylene-biock-poly(ethylene-co-propylene)s, as described by Matsugi, T.; Matsui, S.;
Kojoh, S.; Takagi, Y.; Inoue, Y.; Nakano, T.; Fujita, T.; Kashiwa, N, in Macromolecules, 35(13);
4880-4887 (2002), are described as having microphase separated morphologies. Atactic
polypropylene-block-poly{ethylene-co-propylene)s with narrow molecular weight distributions
(Mw/Mn = 1.07 - 1.3), as described in Fukui Y, Murata M. Appl. Catal. A 237, 1-10 (2002), are

25 claimed to form microphase separated morphologies when blended with isotactic
polypropylenes, with domains of amorphous poly(ethylene-co-propylene) between 50 — 100 nm.

No microphase separation was observed in the bulk block copolymer.

f13] Microphase separated diblock and triblock olefin block copolymers in which both

block types are amorphous have also been prepared using living olefin polymerization
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25 claimed to form miaophase separated morphologies when blended with isotactic polypropylenes,
with domains of amorphous poly(ethylene-co-propylene) between 50- 100 nm. No microphase
separation was observed in the bulk block copolymer. [13] Microphase separated diblock and
triblock olefiY@RIER/ GBSy mers in which both block types are amorphoud RAISHIEEBEEH prepared
using living olefin polymerization WO 2009/097525PCT/US20091032638 techniques. A triblock
poly(1-hexene)-block-poly(methylene-1.3-cyclopentene)-block-poly(1- hexene) copolymer, as
described by Jayaratne K. C., Keaton R. J., Henningsen D. A., Sita L.R., J. Am. Chem. Soc. 122,
10490- 164914 (2000) tbikbr ey Gehoomg ot and KneMiend- 1.0-disprageidns nhierdprrisd separated
morpholagy Witk cylindersohnelimenysaghex SCYGIRRRAANE) BizGdRRONHS ATswider

Poly(meth Iene-l,3-cycIoPentane-co- vinyltetramethylene -block-}JoI (ethylene-co-norbomene) and
poly(eth¥ e ceritropyidne) - BIESkHaRk W@né’%ﬁ%ﬁb 9&%?%5,%%){&%‘& B8YBT ¥48n, J.; Mathers,
R. T.; Coal®scd o Wicrbppinasefardied mlarsnnoieatlesi 248 )b 21381912006, also display
microphase separated morphologies. The _

poly(metH§RATaIAS) S0 AEATAR TR 3Tty S ATY ARy bR ERPEB EiySthylene-co-norbornene),
with Mnvin4be:Q0Q@ineat ahdddwilir:t et doasoditerrating:d poigiss vt 68 anddfiZena, while the
poly(ethylene-co-propylene)-block-poly(ethylene-conorbomene), with Mn = 5 0,g/mpl and Mw/Mn
D, B s o oS clomatr
sizes > Gbomms.ds Lely Higtramoleoulsr 396ights lird 69 (A8 trekiispla s guhr ifipscochaatesl 15[1

4]Achieying migraphasg. w&&%@?&'ﬁ§%?§ixgéﬁ£amowh9ﬁ9g@aﬁa§nyiyn@%&@é unfavorable

dispersive interactions betwéen thé segments of the different’blocks, as characterized by the
FIJR-Hughifshy isarsivrarbosrd high thdfa cufaOweisiac ks Muehing thélalerale e molecular

weight ag,MNaiaypisahnaiew, polyaisnarsibidibinskecentainingearalampesiishyimlumne of the two
blocks requires a value of x times N greater than 5.25 for the melt 20 to d%p?{%ﬁ an ordered microphase
im

morphofSgYEeeenbWRib YR 1 B8P MO IREVIRD 13! 1605 (£ 98Hi Yalue of xN to
achieve'nréeersingpeasketmaboutit toffichlock ecpolynemwithspqualcohsmeswef theghwo block types.
As the numbeli of blo%kséper moleg%e ir}lcrease fflrthe([bthe required xN also increases and

X .

asympt(ﬂ’i%lzﬁliﬁy1 %%‘6?* Ches 78E R the fimit 6f & ar‘ﬂg’jr humber of blocks per molecule as shown by T.A.

Kavassalis, M.D. Whitmore, Macromolecules 2524, 5340 (1991). Although multiblocks such as
pehfablock§Hhve bedriSRsRg TacH BRIt SsRetHethingr %B?B%%éﬁ%ﬂ%‘?ﬂ@é‘?ﬁhﬁ%%%@ﬁ?es as
describeghin, &rahiEl@rpakiv fdiahooK bbatiie Wi G eraerichi-kS. iRales aMacromolecules 36,

2190 (2003), the overall molecular weight of these multiblocks has to be large in order to meet the
requirerfBHES T 76 AR &t RIS BB HBI dg RS B e e MMM IR S ET R S BB E Pholymer
increase, shagplyvith=-moleciianweight dhacaommercial apaRitiRites elksishamiiiiblpaks may be
iimited. amounts by volume of the two blocks requires a value of  times N greater than 5.25 for the melt
20 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
nunber of blocks per molecule as shown by T.A. Kavassalis, M.D. Whitmore, Macromolecules
25 24,5340 (1991). Although muitiblocks such as pentablocks have been shown to provide a
substantial improvement in mechanical properties as described in T.J. Hermel, S.F. Hahn, K.A.
Chaffin, W.W. Gerberich, F.S. Bates, Macromolecules 36, 2190 (2003), the overall molecuiar
weight of these multiblocks has to be large in order to meet the requirements for ordered melt
morphologies. Since the energy requirements to process a polymer increase sharply with

30  molecular weight, the commercial opportunities of such multiblocks may be limited.
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WO 2009/097525PCT/US2009/032638 [15]However, theoretical studies by S.W. Sides, G.H.
Fredrickson, J. Chem. Phys. 121, 4974 (2004) and D.M. Cooke, A. Shi, Macromolecules 39, 6661
(2006) have shown that the minimum xN for ordered morphologies decreases as the polydispersity of
one or both BRUHRICR2Eypes is increased. When both block types have BGHESEHBEARIE distribution
of length, i.e. 5the ratio of weight average to number average block molecular weight is 2, the
minimum value of XN, where N is the number average block length, in order to achieve an ordered

morphology is 2 for equal volumes of the two block types as shown by I.I. Potemkin, S.V. Panyukov,
Phys. Rev.[E157. 696 ye9ag)iferntigribiodies ry thavmuedesfieltl libwdthio lovierreatu€lipsxN translates

toa subﬁi@,ﬂi@i4@9@%’%&%@M@L@cgﬁws&%wcm@%%ﬁ%w tiklock LAamd, gherefore, a

drop in processing costs. H6jAnother prediction of interest made by Potemkin, Panyukov and also by
Matsen ININTURhYR Revidesd ©orrheleos (rooryas shbeastritramsifionfipmerpatiegihancluding the

transitiog frem, sisrlen 9.0u0er 4PES Bl R R BEHRLY As Inmonadisnarse blask seaelymers.

Instead, there are regions of coexisting phases along each boundary. Along the order-order

15bbund4raLC e GiESVER#D POt Y fRsebl qeiEHTHE HOw Hp AMRHBREbE R en phases.
For exasiglr, Rakidisperge gikibeksalapgtheibeupdary hatveenryiedicatiard lamaliacphases may

have the more symmetric diblocks form lamellae while the asymmetric ones will tend to form cylinders.

In the viSinitY SRR BHIGS Sl M IRt NPT BISEAIER WithH SRTEM Block¥ ha it A Brdered

morpholrgy mhite shose1vat) sharatblesks remeair disandaret:. |TROsemeeases Hhese disordered
molecules may form a distinct macrophase. Alternatively, the location of these molecules could be
directed T THE S S et OF T HrtEHSH Hoh QY& h BOLFHAT Weast dPttd T @aTrssh BWERiSE that occurs
when a heinapelimeet isrdyiengectevith adlock copolymer (Matsen, MW., Macromolecules 28, 5765
(1995)). [17]In addition to achieving microphase separation at lower values of xN, block length

25polydispgygity has glzgiesrayRothasized do-have pRreagunaed affect0n the domain.spacing of

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

15 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 those with shorter blocks remain disordered. In

20 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 homopolvmer is blended with a block
copolymer (Matsen, M.W., Macromolecules 28, 5765 (1995)).

[17] In addition to achieving microphase separation at lower values of ¥V, block length
25  polydispersity has also been hypothesized to have a pronounced effect on the domain spacing of
the ordered structures. The size of the microdomains in monodisperse block copolymers is
largely a function of the average molecular weight of a biock, &, and is typically on the order of
~20-50 nm. However, it has been predicted that polydispersity leads to larger domain spacings
as compared with eguivalent monodisperse block copolymers (Cooke, D. M.; Shi, A, C,

30 Macromolecules, 39, 6661-6671 {2006); Matsen, MW, Eur. Phys. J. E, 21, 199-207 (2006)).
I



the ordered structures. The size of the microdomains in monodisperse block copolymers is largely a
function of the average molecular weight of a block, N, and is typically on the order of -20-50 nm.
However, it has been predicted that polydispersity leads to larger domain spacings as compared with
equivalent nYoR8HlI8HETER block copolymers (Cooke, D. M.; Shi, A. C. 30Magdromaelenctess 39.
6661-6671 (2006); Matsen, M.W.> Eur. Phys. J. E, 21, 199-207 (2006)). -7- WO
2009/097525PCT/U52009/032638 The effects of polydispersity on phase behavior have also been
demonstrated experimentally. Matsushita and coworkers approximated polydispersity by blending a
series of maohizdispémeydolystiteneixpely¢RavinyloridinisysoidorembnsChed BxpdiakamallA.; Matsushita,

Y Macr%@iﬁautgané%o&%ﬁ%&%%ﬁrgﬁg Y REGSLANACOUMASIS, Qi gragtedumarphologies in 5a

. g a SET1 monodlsper: ;
series of polystyrene-b-poly(acrylic acid)s synthesize ga corttrolled radlcalnpohfpmerlzatlon
technique {BeFIsAceR T 2-PHrsiEding s Idamedt; Mhol Bo, MakpnoRégiktasurhina, ¥acromolecules, 35.

6645-66¢19(20020 Moskreaenthy eyndoand kil myes (b ¥Bdol A fddiimygL M nﬁraﬂéﬂg@a%ew'e&
38, 8803-8810 (2005)) evaluated a series of monodisperse poly(ethylene-ait-propylene)s that were

chain eXt&HESPWENA BIoMK BPPEIOLItA%E s uahts TebyrreticceEniiduadidfat introduced
polydispersity-iiierebBDiutaatidrlatech IPalkpkihesa exarples; nelydispersibeledtaxingreased
domain spacings, syggesti longer blocks have a greater role in determining domain size. In
some i g{%ﬁggg)?%%‘?ﬁg 1§§e$§é§l’ agf%séeg%gég e %Wﬁfénst\{% %‘Vé‘ v s Adrphdlogy. The range
of technigjliesfordynth¥sis ohpletydispst setblot ki Oapolim ersisaextresasty ifniethdngitds especially
difficult o, 15polvdi ity. in.multiple blocks whil intaining.,a high fraction .of block
copoly erf%?gé q%h@t@%%@f%é%ﬁ%n‘%%?ﬁ%& }ér?att%év %%E/@%%%g%y (r%?ge"l’l:%c%(g 1rlrSrW‘r%ng domain
sizé) copBiheir seiehiescsbilityindr alvetddonydinestotedredehe poidntialifby dbmiairsitest thatare much
arger thanhal esseved RABIERlmanodisherseDigEk canalvmels. e aRlibigLagpemolecules

to be ordered and others disordered contributes to the formation of 20 swollen domains. The

morphofodSF e &R rems Ra dpadatied BoeRespsRsernansitaerviie sprusduseparation.  [19] ft

would benuseful tenprgyiderandeledinbiprkisopotmerniadtbran.ayeiRll fpleaHias weight distribution and
segment molecularé/v{ﬁeé%ht distribution such that Mw/Mn > 1.4, that is mesophase separated. It would

also be DRSHTRE S SR I At HREDIS BHG AT SR SHESHUY MER oIS Etion in the
nuhberyef plookssity [BGhlitiattditian thite isaanaiifiyfilledneediforsnesephkapel gaparated block
copolymers which are based on propylene and a-olefins. There is also a need for block copolymers

with low m?i%?mar W@m&Mij?&(?@%%Qr%H&ueﬁt@ﬁg%rﬂﬂ'@@@@ﬁéﬁgﬁrﬁh@?emmmg

domain size, combined with the ability to swell domains, creates the potential for domain 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
20 swollen domains. The morphology of these systems can be termed block copolymer-directed

mesophase separation.

[19] It would be useful to provide an olefin block copolymer with an overall molecular
weight distribution and segment molecular weight distribution such that Mw/Mn > 1.4, that is
mesophase separated. It would also be useful to provide such a material that is a multi-block

25  copolymer with a distribution in the number of blocks.

[20] In addition, there is an unfulfilied need for mesophase separated block
copolymers which are based on propylene and o-olefins. There is also a need for block

copolymers with low molecular weights (Mw<250,000 g/mol} that form domains larger than



those from monodisperse block copolymers of the prior art, namely greater than 60 inn in the smallest
dimension. There is also a need for a method of making such block copolymers. SUMMARY [21]
In one aspect, there is provided a composition comprising at least one propylene/a-olefin block

intefp%@efmgp%eﬁémé?@dom?k&@%@ﬁ blogks pwhiergin ﬁ@ﬁ@po&yéa@le/meém hiock the

interpolymer is characterized by a molecular weight distribution, Mw/M", in the range of from 1.4 to 2.8
and affxlieragiaensier itk ’@rgg%&é‘r“ﬁ‘?gﬁoiér‘@}%w G848 ST AR RS Bropylene/a-olefin block
interpolymer is mesophase separated; and, wherein the propylene/a-olefin block copolymer comprises
domains wherein the domains havsgigﬂ{e&st dimension that is the range of from 40 nm to 300 nm,
and wherein the propylene/a-olefinlock copolymer has a molecular weight greater than 250 g/mol.
[22] In addition, the disclosure provides a propylene/a-olefin block copolymer wherein the copolymer is

characterizeghlpy anaygsageMmalReapwaigiat Ol grpaiBbANAMmAR R OkRe b Melstulan weight

distribution, Mw/Mn, in the range of from ahout 1.4 t out 2 8, and a difference in e percent
st A e AT R e e s e kS e
[23] Insecspdpner aspectcttiral iByprovidied! anrveitid dﬁi@@ihpﬁmiﬁlgiménbi@@kw@wm%ﬁmsl deifirell above.

[23a1 Jpya, fhird 2sPark.dneiexi S RERYidRd %eﬁ?%@%?ﬂ@rl omprisingat lrrshons-pLrRyleneAqiefin block

interpolymer, comprising hard blocks and soft blocks, wherein the rop%)/lene/a-olefin block
interpdAMRELHArRCEERRA BRPHATEItal IETghtdi SERBYIFBH R/ O R ARGE AT 4 t0 2.8
and isdohatacteliized by ameaverage hloaklinddiogreaterthantze rongadiUoto 40 @prard3ihareimd 10/12 >

8 and, wheteln (e Riepyiebei Al Aosk.congbimehaamprass damainea beigme domains have

a smallest dimensi atis the range 40 nm to 300 nm,; and wherein the propylene/a-olefin
block copolymer has a molecular weight greater than 250 g/mol. BRIEF DESCRIPTION OF THE
DRAWING 227 [24hThakiigurashows ablokafidbe predistestthisiunassisficash gomaihiosia the
monodisperse ethylene/octene diblock copolymer made with 50% of each block t t different
values?%g‘fﬁa’%a&b%%naéa?ﬁ%%%u%ly w"é‘fgr"i‘t‘,’ £t ?né%lqs{g%%r b)‘/‘ & %?/e% ioha %8P ?‘%n%@ﬁ??erg;}??ﬁévéls of A
octeneniaiel 0. DESCRIPTIONO MENNBO DIMEN TS:@F GfHEN VEBRTEION GendraltDefinitioAs

[25] "RohumeL: Meania Relmeric ceMRoBd HgRatedly RAIYBIRIZIg MRNamersioMhetherafdhe

same or a different type. The generic term "polymer" embraces the terms "homopolymer,"
"copolfReto e hBRIFRFCHE well as "interpolymer.” WO 2009/097525PCT/U S2009/032638  [26]
"Interpolymer means a polymer prepared by the polymerization of at least two different types of

monomers. 1138 9°g!lc EIMAIGEAOHIDIETSNGINARA e IRTER. BaRAINMETGIMIIEA IedisAlk sploved
to refer to a éo ymer prepared from two different monomers) as well as the term "terpolymer" (which is
usuallydtiisielyes-to refer to a polymer prepared from three 5different types of monomers). It also

encompasses polymers made by polymerizing four or more
{23a] In a third aspect, there is provided a composition comprising at least one propylene/o-
olefin block interpolymer, comprising hard blocks and soft blocks, wherein the propylene/a-olefin block
interpolymer is characterized by a molecular weight distribution, M./M,, in the range of from 1.4 to 2.8
and is characterized by an average block index greater than zero and up to 1.0; and wherein I,0/1; > 8 and,
wherein the propylene/a-olefin block copolymer comprises domains wherein the domains have a smallest
dimension that is the range of from 40 nm to 300 nm, and wherein the propylene/a-olefin block

copolymer has a molecular weight greater than 250 g/mol.



types of monomers. [27] The term "propylene/a-olefin interpolymer’ refers to polymers with propylene
being the majority mole fraction of the whole polymer. Preferably, propylene comprises at least 50
mole percent of the whole polymer, more preferably at least 70 mole percent, at least 80 mole 10
percent, or at least 90 mole pegeir Witk dheremiaderaf thspipie;golymer comprising at least
another comonomer. For propylene/ethylene copolymers, the preferred composition includes a
propylene content greater than about 90 mole percent with an ethylene content of equal to or less than
about 10 mole4perc&hd. Hrprasaoy sorojy lefteéqetding:d dpctymerd ctivb grabanred £omposition comprises
a Pronylas SRenh oksRIR hamaRauL R Al RkaRk S AMBIB DONREL Al AL Soctene

content of from about 5 to about 25, preferably from about 10 to about 20 mole percent of the whole
polymérughef teRagshensaBlg BRI AIbHE S E8SAIFI Y 2oTdtopel 8t ardréfiRsaidedither. For many
propyleneihutenr eppolymers, the preferred composition comprises a propylene content greater than
about 60 mole percent of the whole polymer and a butene content of from about 10 to about 40,
preferably from about 20 to about 35 mole percent of the whole 20 polymer, and more preferably from
about 25 to about 30 mdMEHeREBERIESIT (AE LMBALHMEMNEP OF dEHHdDeVdBbdeNts, the propylene/a-olefin
interpolymers do not include those produced in low yields or in a minor amount or as a by-product of a
chemical process. While the propylene/aolefin interpolymers can be blended with one or more
polym@%ﬁ?@%%ﬂ%%ﬁmed propylene/aolefin interpolymers are substantially pure and often comprise a
major component of the reaction 25product of a polymerization process. [28] The term "crystalline" if

employed, refgys to=%&9&@%&&9&&&@%&@&5@&%%@5&@ %@&W@&ﬁ@gﬁ&@g&%&wﬁawne melting

point (Tm) as determined by differential scanning calorimetry (DSC) or equivalent technique. The term
may b¥h§8Ed ‘Pﬁf@?éﬁ’éﬁ@éégﬁ‘ﬁﬁtﬁ RS- teneeBsri R tamhEierT FRlRretdRe fisiPexist as stacks of
closelyhpacked tametiaspafenystalsrfamekatafornsing ‘theqoiaef spherulites, or as isolated lamellar or
fringed micellar WO 2009/097525PCTMS2009/032638 crystals. The term "amorphous" refers to a
polymer lacking a crystalline melting point as determined by differential scanning calorimetry (DSC) or
equivalent technique. [29] The term "multi-block copolymer" or "segmented copolymer" refers to a
polymer comprising two or more chemically distinct regions or segments (also referred to as "blocks")
5preferably joined in a linear manner, that is, a polymer comprising chemically differentiated units
which are joined end-to-end with respect to polymerized propylenic functionality, rather than in
pendent or grafted fashion. In a preferred embodiment, the blocks differ in the amount or type of
comonomer incorporated therein, the density, the amount of crystallinity, the crystallite size attributable
to a polymer of such composition, the type or degree of tacticity (isotactic or 10syndiotactic),
regio-regularity or regio-irregularity, the amount of branching, including long chain branching or
hyper-branching, the homogeneity, or any other chemical or physical property. The multi-block
copolymers are characterized by unique distributions of both polydispersity index (PDI or Mw/M"),
block length distribution, and/or block number distribution due to the unique process of making the
copolymers. More specifically, when produced in a 15 continuous process, the polymers desirably
possess PDI from about 1.4 to about 8, preferably from about 1.4 to about 3.5, more preferably from
about 1.5 to about 2.5, and most preferably from about 1.6 to about 2.5 or from about 1.6 to about 2.1.
When produced in a batch or semi-batch 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 to

Oa



20about 1.8. It is noted that "block(s)" and "segment(s)" are used herein interchangeably. In addition,
the blocks of the polymer have a PDI in the range of from about 1.4 to about 2.5, 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.
[30] As useVRFUHES ophase separation” means a process in which PO 8Eks are locally
segregated to form oidered domains. Crystallization of the propylene segments in these systems is
primarily constrained to the resulting mesodomains and such systems may be referred to as
"mesophase separated”. These mesodomains can take the form of spheres, cylinders, lamellae, or

other morpR8lbgies KNERHTSFIIOREEHSIABES! PHEHErBIWESRAEAFHBY A 8ohdii¥8uch as
perpendigtiainieihe plansehlamelineyisarnerallyhgeeaipitbanm.about 4-Hmépdhesesophase
separated block copolymers of theggtant invention. WO 2§?09/097§§5PCT/U82009 032638 [31]The
propyleRERER IS MTBIOCR RSN S el ehigy RAVES VAR G PR WREIE TR FREAIIHISE aVETage block
length andhpreterdblypisimdievandeiotifraity abgubdacaitadtettd @, jpiefecablyin-dhérvangeeof from about
2.5 10 ahqut 15, and more preferably in the range of from about 3 to about 10..5[32]In the following
oo A P S Ca e BB e S D B e o
or "appierimatetdsansee in connection therewith. They may vary by 1 percent, 2 percent, 5 percent, or,
sometimes, 10 to 20 percent. Whenever a numerical range with a lower limit, RL and an upper limit,
RlIJI, is discl{mbd, aﬂYI';B}M%%W“&ﬁW@géHH)&%m raRgsois pecilitallodisslesedwith pastiows, the

following numbers within the range 10are specifically disclosed; R=RL-Ek*(Ru-RL), wherein k is a
ariablc ARG W OEAEEL 100 BB BMEd T pSHE PRGN ESETLet ok, o
percents3 percpatehpertenthbipeutent:. bk perkentt]yod pescefinbl percentat 186 penoant, 96

percent, 97 percent, 98 percent, 99 percent,.or 100 percent. Moreover, any numerical range defined
by thio BRI are S etnas mAvie Above e s S e e R s of the

inventiomptisvidenzonewecldss pfamopyéatey miefindbiocksinterpol{aneds tharediaftanc]neive

polymer;, S IRy IenG A lein G IRRIYNSHmRE Yalallors e eRlle i RIGRYIERR/D 1915 1B:

interpolymers comprise propylene and one or more copolymerizable a-olefin comonomers in
polymerizateherth] G REIAAEHSB B9 RIBIDERS Sf S FABPRE ST B TR IISITIPRSEZRH monomer
units diffgrngischealcaherphvsicat 2RPRREIIes Whaseinthe nolymersiale sprsaphageseparated.
That is. the propylene/a-olefin ~ _
15 octene content of from about 5 to about 23, preferably from about 10 to about 20 mole percent of
the whole polymer, and more preferably from about 15 to about 20 mole percent of the whole
polymer. For many propylene/butene copolymers, the preferred composition comprises a
propylene content greater than about 60 mole percent of the whole polymer and a butene content
of from about 10 to about 40, preferably from about 20 to about 35 mole percent of the whole
20 polymer, and more preferably from about 25 to about 30 mole perceni of the whole polymer, In
some embodiments, the propylene/a-olefin interpolymers do not inciude those produced in low
yields or in a minor amount or as a by-product of a chemical process, While the propylene/o-
oiefin interpolymers can be blended with one or more polymers, the as-produced propylene/o-

olefin interpolymers are substantially pure and often comprise a major component of the reaction

25 product of a polymerization process,

(28] The term “crysiailine” if employed, refers to a polymer or a segment that
possesses a first order transition or crystalline melting point {Tm) as determined by differential
scanning calorimetry (DSC) or equivalent technique. The term may be used interchangeably
with the term “semicrystalline”. The crystals may exist as stacks of closely packed lameliar

30 crystals, lameliae forming the arms of spherulites, or as isolated lamellar or fringed micellar

- 10 -



interpolymers are block interpolymers, preferably multi-block interpolymers or copolymers. The terms
"interpolymer" and copolymer- are used interchangeably herein. In some embodiments, the multi-block
copolymer can be represented by the following formula: 25[34]where n is at least 1, preferably an
integer greate? #4H%™7%ich as 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60, 70, SO HESIBY & figher, "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 propylene is present in an amount greater than 95 weight percent, and
preferaiiy Gi&atd PEHERIg B RPROW S0 $0ors FBIPC T 52D 6O/ BPB S S GIERIBGIBIé&Nt. In other

words, e-camenemareanentinihe harseementsd less than-ameighpercent, and preferably less
than 2 weight percent. In some embodiments, the hard segments comprise all or substantially all

propylene, "@ift" segments, on the other hand, refer ta blocks of polymerized units in which the
Comanomdabntent L E S or g s DA ary g e R e
greater thapriOngeightpersesheor gréntbstinetrerboneiy it pesotntlin séeneeinbodieekts, the

CcomoNnaiNaL eRFeAhL I ihe SR SGamants.qeR he.oraaletdnan Qe RETCaRE IRl than 25

weight percent, greater than 30 weight percent, greater than 35 weight percent, greater than 40 weight
percent Bl ataicthai ¥BnGrbsgHt PeibmtTyreRest Eﬁé’ﬁlm%@kﬁfB%Yg‘éhﬁ‘E,fBPﬁf%‘&t P3RS0 weight
percentHA[3unsane- erahediments. i hlpeksancBllgeks aad andemiyrdistiipidesalang the
polymer chain. In other words, the block copolymers usually do not have a structure like;.
AAAAASBEB RN e BB AP i DIRSC LRI ERS Gty 15 RBERAVE a third type
of blocksikz stilivikeiambediments; aadh-ahbletkA drdhleck &dras ¢henrdnierdorecgmanomers

Logndomly,distributed within, the block. In other,warde, neither hlock A nor placlB comprises two or
more se“é’men S ?o ’su%fbfo%ﬁsaf of distinct co posﬁ’bn, such as a tip’ segment, w iéhh4s a different
composifiem trancthegrest pfdhbrivietiag, {8 Honepropylensia-leficlinteqaolymeysiofithe invention may

be Charg%ﬁég gﬂ%%ﬁﬁ%r&)@ﬁ%ﬁﬁm%%Q&m%@eﬁiz&isb@r&m%%mm%{%@gstpf from about 40

nm to about
polvdispersity index (PDI or Mq/M;), block length distribution, and/or block number distribution

due to the unique process of making the copolymers. More specifically, when produced in a

15  continuous process, the polymers desirably possess PDI from about 1.4 to about 8, preferably
from about 1.4 to about 3.5, more preferably from about 1.5 to about 2.5, and most preferably
from about 1.6 to about 2.5 or from about 1.6 to about 2.1. When produced in a batch or semi-
batch 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 to

20 about 1.8. It is noted that “block(s)” and “segment(s)” are used herein interchangeably. In
addition, the blocks of the polymer have a PDI in the range of from about 1.4 to about 2.5,
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,

[30] As used herein, "mesophase separation” means & process in which polymeric
25 blocks are locally segregated to form ordered domains. Crystallization of the propylene
segments in these systems is primarily constrained to the resulting mesodomains and such
systems may be referred to as “mesophase separated”, These mesodomains can take the form of
spheres, cylinders, lamellae, or other morphologies known for block copolymers. The narrowest
dimension of a domain, such as perpendicular to the plane of lamellae, is generally greater than

30 about 40 nm in the mesophase separated block copolymers of the instant invention.

- 11 -



20 nm, preferably in the range of from about 50 nm to about 250 nm, and more preferably in the range
of from about 60 nm 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 dimtBHSYRYREF are greater than about 60 nm, greater than abolit THGHAY &Fdreater than
about 150 nm. Domains may be characterized as cylinders, spheres, 25 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 iBdlich that#R&BRIBRIEGpBII eftdargmemesHph dsederarardnlh emmblis The required
amount gt @gﬁ@mﬁg@%a@a@m&f&m&% B%C@}etfﬂgé Vares Wilhueach aomonpmer. A
calculation may be made for any desire A WO 2009/097525PCT/US2009/032638 comonomer in order
to deterHHEHE AhiBt RS ifEMa seh ey IMBLYphia R @5 AP he hiltifta s Riverss
incompatibility texpsasséd as xN, to achieve mesophase separation in these polydisperse block
copolymers is predicted to be x\I-=2.0 (Il. Potemkin, S.V. Panyukov, Phys. Rev. E. 57, 6902 (1998)).
Recognizingat fluckations ysyallieoustuie srdskdiaciicl Aansivanio sammelgLblok
copolymers to slightly higher xN, a value xN=2.34 has been used as the minimum in the calculations
below. FefRsiFg tHS@ppisacATEf Bioubhae, WPIRKIBHe 48 [3FiPoRAMICERSHES il ENeFormulation.
ed. D.RnRauk:C R Buskarllr 2000nx5\besanmbe conventas:ta she mioduchef whardM(p where vis a
reference volume, M is the number average block molecular weight and p is the melt density. The melt
density RS TR 10 & 801EM IS & a3bREARRIUR S ok ﬂ%@)‘f&ﬁﬁ%ﬁﬂ?é?@lﬁmgéﬂﬂ)‘ﬂﬁxi mately
134,000:gimotiasegedn pdibiatly aiaaeral meleddane eigbtof 268000 9/meh xifascases in
which the comonomer. is butene arethylene,is determined using.130 C as the temperature and then
peh%ﬁormiarffiéjb ﬁciirtlt] (éaru o%fﬁ%%%’e%’%ﬁgg |oﬁ%) ’[F’]%l%fgfg b}%\z}iveg‘ ?]rllefzé%%}eﬂ%. i) %%efgﬁg?é%ce by Lohse
and GraH¥sieyxdaomaachl gemeentonvestype ia.likeat regressibpeicamolepparoent pormonamer 15 was
perform rc ' i ed mo r rformed with the
R e e o e i S S A A
413 K (d5aurEad o)lidharesto biosevRy/mblnuspgthasecsiafarméiorsyend minimiu s difference in
comonomgh&rRent s Aetermineg:torer yeeRastively, 17.2, 55.30 or 17.7 mole percent when the
comonomer is octene, butene, or ethylene. When the comonomer is 1- 20 octene, the difference in

mqle percent,octene between the hard segment and the soft segment, A octene, is greater than or
caUlto s 172 e TEAR b GHOSTSF AR oY SHTAT 6 U188 NEIE Behcent, more
preferabiyegpebtarthéromedioal to-aboet ty8molEperpent andafiaynadge yesgréater than or equal to

about 20, 7. mgle RRICEAL %@@g@@&%t&%ﬂ&%@%ﬁg%@%lgegﬁéﬁ%@gﬁg&@a%f than or equal to

about 22.4 mole percent. In addition, the A octene'va ein ange of from about 17.2 mole

percent (ePAbER T3 HsOIeolée e pETSEa LI Xe apih e an febmagisoiaed Dyammbislpbledntao about 50
mole pegeantandrmesePiRir bivnitha rapgsaffiam abeu LD male-peIcamfieabout 45 mole

percent. When the comonomer is 1- butene, the difference in mole percent butene between the hard
segmerR SRT YRS SOREH YA B RS ORRESEe HECEr GRS EBERREE Y R iBercent,
preferablyegpepteethar ploeruatipodlabouteRAnoleunerent e Ipreierabbsgreaterthar: or equal

o abou 3 6.mole ercent apd may lse be gieplcr tan or 494l 5 2hout 66,3 mole percen, greater

U891

the multi-block copolymer can be represented by the following formula;
(AB),

25 {34] where n s at least 1, preferably an integer greater than 1, such as 2, 3, 4, 5, 10, 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, notin a
branched or a star fashion. “Hard” segments refer to blocks of polymerized units in which

propylene is present in an amount greater than 95 weight percent, and preferably greater than 98
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WO 2009/097525PCT/US2009/032638 mole percent and greater than or equal to about 71.8 mole
percent. In addition, the A butene value may be in the range of from about 55.3 mole percent to about
80 mole percent, preferably in the range of from about 63.6 mole percent to about 76 mole percent
and more preférdBiPHi¥e range of from about 69.1 mole percent to aboBCTIRE/ERséENt. When the
comonomer is 5 ethylene, the difference in mote percent ethylene between the hard segment and the
soft segment, A ethylene, is greater than or equal to about 17.7 mole percent, preferably greater than
or equal to about 19.5 mole percent, more preferably greater than or equal to about 20.4 mole percent
and may'&lgt perefriatky e BPidaUaR Ky abBORI BTHeSld pbrcknt taeracalsthdasetiegual to about 22.2

mole pe&&@%ﬁt@é@k&@%ﬁfﬁ%&ﬂ@%@lﬂ&@@bﬁ%ﬁ?’&r@%ﬁ@ RELGHRARSAMILAR, fierygthylene 10value

may be in the range of from about 17.7 mole percent to about 50 mole percent, preferably in the range
of from SBCRASO ARSI Fretitea bRt ¥D RS PercebhiEnt ssRsprafdiaptnn e refgdof from
about 2Blacmale pevaanizial abeuin3bhRbigipesesiiome] 38k ENa pesepRse SeRAAB cent,

propylene/a-olefin interpol ers. ma have characteristics of photonic crystals, periodic optical
stru%turggegeé?s‘%‘ﬁ%{f Eff)mgﬁé’:r{éthyg 1@6?8%%?1@ eﬁﬁ%t%?ﬁg. {é ?é%tc?c?ﬁ?%sﬁfoﬂgaﬁeflt%el Tesophase
separatecighopyleere/akolefine intdrptilyoner siappearpeat escent byteyeofingomatinstabees, films of the
mesophase separalsd prapylene/alefin interpalymers reflect light across a.band of wavelengths in the
range b tween about Zo%qﬁ# toa ’%ut 1560 Irllpr&n)4 Sifggt %%I%t,’ g&%%ﬁn@ﬁ?nfoaﬁﬁggg%ﬁh"é’ 1'gfa reflected

light butgyedeiian trarisiahteartigit coarteonidosiiphoretiott fightcirtihe 4itreiidierqiodst.range, from
about 2%%%&%4(3@%@[%{19%&5%,, whilepthgis radlest dighidrdhe infrared (IR) range, from about 750

nm to about 1000 nm. In some embodiments, the invention provides a composition comprising
at least on pyleng/a-olefin block interpolymer, ¢ ising hard blocks and soft blocks, wherein the
prci%ylene ﬁaa%fefin blglciofﬁ?e?%oﬁl%%ernf ’c%%ilgc %ﬁ?‘gg E&D 8?%%% FUSHREREHERER BEM Mm in
the rang®pfifeork@bouit dthetorabdutiR, 8lasidcdpdhaseat teasi vae metiing painttdimniike:degrees Celsius,
and a density, d, in grams/cubic centimeter, wherein the numerical values of Tm and d correspond to
the relationship: > -6553.3 + 13735(d) - 4094 7 ()2 rar WR2009/097525PCT/US2009/032638 (b)is
characterized by a heat of fusion, AH in Jig, and a delta quantity,

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

biock. In still other embodiments, each of block A and block B has monomers or comonomers

15 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.

[37] The propylene/a-olefin interpolymers of the invention may be characterized as
mesophase separated. Domain sizes are typically in the range of from about 40 nm to about 300

20 nm, preferably in the range of from about 50 nm to about 250 nm, and more preferably in the
range of from about 60 nm to about 200 nm, as measured by the smaliest 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 60 nm, greater than about 100
nm, and greater than about 150 nm. Domains may be characterized as cylinders, spheres,

25 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 amount of comonomer may be measured in

mole percent and varies with each comonomer. A calculation may be made for any desired
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AT, in degrees Celsius, defined as the temperature difference between the tallest DSC peak and the
tallest CRYSTAF peak, wherein the numerical values of AT and AH have the following relationships:
5AT > -0.1299(4H) + 62.81 for AH greater than zero and up to 130 Jig, AT = 48C for AH greater than
130 Jig, wht&IRHEERY STAF peak is determined using at least 5 percelfiBisaecd0ReIative polymer,
and if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF
temperature is 30C; or 10(c)is characterized by an elastic recovery, Re, in percent at 300 percent
strain and 1 cycle measured with a compression-molded film of the propylene /a-olefin interpolymer,
and hascaraEHSTSY, @, arlg nsisieubieccapimenst refuarsitothehrumenisaihratues ofiRe affitled salzisg;y the
followin i ' ; -olefin;i C jal eéw ' of a cross-linke
phase: S el Yasen oo R pat ot S T 26C when
fractionAEUHSIFGCTREK cepriraetetizadericsa o fthetion hasPatmatar, Sovhdhomeptobhent of at least
o percerntbigher (hanlvakala RamaRiARISHATIRM AIGRUSDA NG RONTGLacion eluting betueen

the same temperatures, wherein said comparable random 20 propylene mtemoﬁy}meér has the same
comondHBFEY R REISTRYE IPiReleso RIGYTBRYE, arilighdiahisbmahometlivoptent fsdsedom thedvhole
polymerasmamaigl%rgm&ammpsmpy@m&%gﬁm@&%mm; esﬂsg,haﬁ.;?.stmage modulus
at 25C, G'(25C), and a storage modulus at 100C, G'(100C), wherein the ratio of G'(25C) to G'(1 00C)
is in the PEIsgHEcT Belytier Blegdsnininga | diommienaddicRz Bavby b Brekags. BISEK Mdexngreater
than zet apepdieaBon .otk Wheraindhe propyleneleraleln flask RraRyigkis mesophase
separated. WO 2009/097525PCT/US2009/032638

average block molecular weight and p is the melt density. The melt density is taken to be

10 0.78g/cm’ and a typical value of block molecular weight is approximately 134,000 g/mol based
on a diblock at an overall molecular weight of 268,000 g/mol. /v for cases in which the
comonomer is butene or ethylene 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 and Graessley. For each comonomer type, 2 linear regression in mole percent comonomer

15 was performed. For cases in which octene is the comonomer, the same procedure was performed
with the data of Reichart, G.C. et al, Macromolecuies (1998), 31, 7886. The entanglement
molecular weight at 413 K (about 140 °C) is taken to be 5.8 kg/mol. Using these parameters, the
minimum difference in comonomer content is determined to be, respectively, 17.2, 55.30 or 17.7
mole percent when the comonomer is octene, butene, or ethylene. When the comonomer is 1-

20 octene, the difference in mole percent octene between the hard segment and the soft segment, A
octene, is greater than or equal to about 17.2 mole percent, preferably greater than or equal to
about 18.9 mole percent, more preferably greater than or equal to about 19.8 mole percent and
may also be greater than or equal to about 20.7 mole percent, greater than or equal to about 21.5

mole percent and greater than or equal to about 22.4 mole percent, In addition, the A octene

]
[ 43

value may be in the range of from about 17.2 mole percent to about 53 mole percent, preferabiy
in the range of from about 19.8 mole percent to about 50 mole percent and more preferably in the
range of from about 21.5 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 55.3 mole percent, preferably greater than or equal to
30 about 60.8 mole percent, more preferably greater than or equal to about 63.6 mole percent and
may also be greater than or equal to about 66.3 mole percent, greater than or equal to about 69.1
- 14 -



[40] The propylene/a-olefin interpolymers are characterized by an average block index, ABI, which is
greater than zero and up to about 1.0 and a molecular weight distribution, Mw/M", greater than about
1.3. The average block index, ABI, is the weight average of the block index ("BI") for each of the
polymer fracliBri8%8B¢4i#ad in preparative TREF (i.e., fractionation 5of a poRFHSEI) Pasiperature
Rising Elution Fractionation) from 20 C and 110 C, with an increment of 5 C (although other
temperature increments, such as 1 C, 2 C, 10C, also can be used): ABI = (wfil [41] where BI, is the
block index for the fraction of the inventive propylene/a-olefin 10 interpolymer obtained in preparative
TREF, aPiS¥ers et iresiitpefestageaf thebri ffadtivaleSinmirmy tsldigaarérobbofetive second

moment ghewiheneanr. heseinafisnrsisnted. %éBQF&gﬁQBQMG%M%QV?@%EB lock index,

can be defined as fallows. 2'd moment weight average Bl - (w,(BI, -AN)2) ~ [42] where N is defined as
the numB&P ORI bR TARCR! Cgriatalheiesbro PYK dAcROIS PERFRCI R AR5 e raiefied by one of
the two fallgwinfien ubsiars (bathl opwhishigueihesane BryalusynhifTixe 2halkar wpyo Bl = or Bl =
11T5A -Ill{%Bllér?ePéleLgi?fg\fence in mole percent ethylene between the hard segment and the soft segment,

A ethylene, is greater than or equal to about 17.7 mole percent, preferably greater than or equal

to about 10.5 mole percent, more preferably greater than or equal to about 20.4 mole percent and

may also be greater than or equal to about 21.3 mole percent, greater than or equal to about 22.2

mole percent and greater than or equal to about 23.1 mole percent. In addition, the A ethylene

10 value may be in the range of from about 17.7 mole percent to about 50 mole percent, preferably
in the range of from about 20.4 mole percent to about 40 mole percent and more preferably in the

range of from about 22.2 mole percent to about 35 mole percent.

[38] The mesophase separated propylene/g-olefin interpolymers may have

characteristics of photonic crystals, periodic optical structures designed to affect the motion of

15 photons. Certain compositions of these mesophase separated propylene/o-olefin interpolymers
appear pearlescent by eye. In some instances, films of the mesophase separated propylene/o-
olefin interpolymers reflect light across a band of wavelengths in the range between about 200
nm to about 1200 nm. For example, certain films appear blue via reflected light but yellow via
transmitted light. Other compositions reflect light in the ultraviolet (UV) range, from about 200

20 nm to about 400 nm, while others reflect light in the infrared (IR) range. from about 750 nm to
about 1000 nm,

[39] in some embodiments, the invention provides a composition comprising at least
one propylene/u-olefin block interpolymer, comprising hard blocks and soft blocks, wherein the
propylene /a-olefin block interpolymer is characterized by a molecular weight distribution,

25 Mu/M,, in the range of from about 1.4 to about 2.8 and:

(a) has at least one melting point, T, in degrees Celsius, and a density, d, in

grams/cubic centimeter, wherein the numerical values of Ty, and d correspond to the relationship:

T > -6553.3 + 13735(d) — 7051.7(dY, or

- 15 -



[43] where Tx is the ATREF (i.e., analytical TREF) elution temperature for the ith fraction (preferably
expressed in Kelvin), Px is the propylene mole fraction for the ith fraction, 20 which can be measured
by NMR or IR as described below. PAB is the propylene mole fraction of the whole propylene/a-olefin
interpolyme®&#8P&%72 tionation), which also can be measured by NMRP&T@S.W’EHE%A are the
ATREF elution temperature and the propylene mole fraction for pure "hard segments” (which refer to
the crystalline segments of the interpolymer). As an approximation or for polymers where the "hard
segment" composition is unknown, the TA and WO 2009/097525PCT/US2009/032638 PA values are
set to those for isotadfi¢ polysrapitEREsidnapsRfeleRaIb I a ey RS INAAIERtalyst.  [44] TAB
is the AARER @%&@@B(ﬁﬁmgﬁr@éﬂfﬁ&% ;EangpmacapQlyrnenel Heesamecampoptionéaaving a
propylene mole fraction of PAB) and molecular weight as the invent

ive 5copolymer. TAB can be
calculat@f fsnilirst BIETA 8RSt BRSETIRE BHRSLHed BT NMR) G%Wiﬁ‘?‘f%ﬁb‘?/ving equation: Ln P
= a/TABotQwildalwherenaand f3 are two constants which can be determined by a calibration using a
number of well characterized preparative TREF fractions of a broad composition random 10 copolymer
andior well charatterized 3264{ddbh-pieRidne/ddgoipeahamithioadow cohipdéition. Ideally. the TREF
fractions have been prepared from random propylene copolymers produced with substantially the
same or similar catalyst as the'lazd*8&gfreni3 &xpEeidawitRif the block copolymer. This is important
to account for slight temperature differences that result in the propylene crystallinity due to defects
frorm taCHETS SR8 b 1< RO TR GCH S8 b I LR BTt 8 8 KB Wbl TREF
fractiongdremcrandamaegolyhesdprodiicecd byadfiegl en-itaifa dataliRY Kiewptakproduce highly

|sotact|ct olﬁéWAﬁgrgeeﬁedultﬁggug be noted that a and p may vary from instrument to

. 11 i ) ure 18 . . h .
instrument. Moreover. ‘one-would need to create an appropriate calibration curve with the polymer

copgposition of intefe&tg, using apProRFiAteYAleoYlAL Weight1apges gadsemanerpetype for the

preparative TREF fractions and/or random 20copolymers used to create the calibration. There is a
slight meffasutae\weight Bfesiad tMEhchfipratisTFenrveideo hleld BrorrRisr #idfdEular weight ranges,

such effget wouldebe gsaghiialyneoligiblesdeltxasineed REEdpraraiatwector a random
copolymer of the same composition . . .
vaiues of Re and d satisfy the following relationship when propylene /g-olefin

interpolymer is substantially free of a cross-linked phase:
15 Re >1481-1629%d}; or

(d) has a molecular fraction which etutes between 40°C and 130°C when
fractionated using TREF, characterized in that the fraction has a molar comonomer content
of at least 5 percent higher than that of a comparabie random propylene mterpolymer
fraction eluting between the same temperatures, wherein said comparable random

20  propylene interpolymer has the same comonomer(s) and has a melt index, density, and
molar comonomer content (based on the whole polymer) within 10 percent of that of the

propyiene/u-olefin interpolymer; or

(e) has a storage modulus at 25°C, G'(25°C), and a storage modulus at 100°C, G*(100°C),
wherein the ratio of G*(25°C) to G’(100°C) is in the range of about 1:1 to about 9:1; or

25 M is characterized by an average block index greater than zero and up to about 1.0; and,

wherein the propylene/a-olefin block interpolymer is mesophase separated.
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(i.e., the same comonomer type and content) and the same molecular weight and having a 25
propylene mole fraction of Px. Tx0 can be calculated from LnPx = a/Tx0 + [3 from a measured Px mole
fraction. Conversely, Pxo is the propylene mole fraction for a random copolymer of the same
compositioPe ¥ S4tne comonomer type and content) and the sameprﬁifgé%ﬂ%j%&t and having
an ATREF temperature of Tx, which can be calculated from Ln Pxo = aiTx + 13 using a measured
value of Tx. WO 2009/097525PCT/US2009/032638 [47] Further description of the block index

methodoloi;é/ is referenced in Macromolecular Symposia, Vol 257, (2007), pp 80-93 which is
incorporatdd®y referbicd HRITENT i HEENHTEE LY TES] &7 EBAREPIGER B TB1EOPESEN preparative

TREE fragtionisiobtained otbabweightaverags bleskindexndVntordinerwhote pelyipeiaan tt))e
fi‘ out 0.1to

calculated. In some embodimentg, ABl is greaf}rt ancégr%[%n_le s than %bout O.A%)tﬁkf?rg

about 0™ o@#EPERIBRRSALS) ABT R GrasiB el S0t D: 4°ARa T §8 46319 “Brefdtanly, ABI
should beién thRIrangeaftfidnhapelyi@4 to-abouitBaihcd ompalpoutt 3.5 TR BB Gutt. Brac derfeonm about 0.6 to
abaqut 0.9. In some embodiments, ABI is-in the range of fr t ﬁt&fng from about 10 0.3
to z%gou? X ,02‘4 r%r%ya %nllﬁeé.&?fg %A\%}lﬁs%lh'}n Foﬁrgag%%n&ttlf}%%)gg‘b(%{{tﬁ%. ,8fr'om ab%ﬁ? (5{% to about 0.5,
or from iabou@ {6 4B deit'@vgH wibtherrepabyodienaeemant isph thd range©of Fofm abeyro s to about
1.0, frorigsg(gput 0.5 to about 1.0, or from about 0.6 to about 1.0, from about 0.7 to about 1.0, from
about 0.8 to about 1.0, or from about 0.9 to about 1.0. [49] Another characteristic of the inventive
propylene/a-olefin interpolymer is that the 15inventi ropylene/a-olefin interpolymer comprises at
least one polymer fraction which can be obtairdt ﬁy\iféiagétive TREF, wherein the fraction has a
block index greater than about 0.1 and up to about 1.0 and the polymer having a molecular weight

distribution[ﬂ'f'\/'", arpatepinRnRML RSN BPME eHRAHNeNIS haRA¥HRLiRstianhas a block
er

index greater than about 0.6 and up to about 1.0, greater than about 0.7 and up tp about 1.0, greater

thaA abBUtHEERI SRS SURGBERL 0 Y6 Frebtandnurisdbo et RATHIPEs abBlt 1. 52HBther

embodiryantss {henpelymerdractian Rasadiaskdndegreatal-thancahautd. trAddp te akout 1.0,

greater than about 0.2 and up to abgg{%%.o,dagreater t%?
by

.about and up to about 1.0, greater than
about 03F5RH TSRS UBERR o B &8O ?glﬁﬁ‘gal“)ﬁocilgo%;om 1.0. In still other

embodiments, the polymer fraction has a block index greater than about 0.1 and up to about 0.5,
greater than about 0.2 and 25up to about 0.5, greater than abou 053, andspp fo about 0.5, or greater
than about 0.4 and up to 2" moment weight average Bl = R

I

[42] where N is defined as the number of fractions with Bl; greater than zero. For each
15 polymer fraction, BI is defined by one of the two following equations (both of which give the

same Bl value);

_ VI, —1/Ty, or BI _ _LnPy —LnPy,
vr, ~-1T, LaP, — LnP,,

[43] where Tx is the ATREF (i.¢., analytical TREF) elution temperature for the i®
fraction (preferably expressed in Kelvin), Px is the propylene mole fraction for the i fraction,

20  which can be measured by NMR or IR as described below. Pap is the propylene mole fraction of
the whole propylene/g-olefin interpolymer (before fractionation), which aiso can be measured by
NMR or IR. T, and P, are the ATREF elution temperature and the propylene mole fraction for
pure “hard segments” (which refer to the crystalline segments of the interpolymer). As an

approximation or for polymers where the “hard segment” composition is unknown, the T, and

-17-



about 0.5. In yet other embodiments, the polymer fraction has a block index greater than about 0.2 and
up to about 0.9, greater than about 0.3 and up to about 0.8, greater than about 0.4 and up to about
0.7, or greater than about 0.5 and up to about 0.6. WO20(19/097525PCT/US2009/032638 [50] In
addition to afaYYeBfock index and individual fraction block indices, tRe BFSpYIeRER#blefin
intemolymers are characterized by one or more of the properties described as follows. [51] In one
aspect, the propylene/a-olefin interpolymers used in embodiments of the 5invention have a M/M" from
about 1.7 to about 3.5 and at least one melting point, T., in degrees Celsius and a-olefin content, in
weight % Wierepicthe KufRseiéal valadic opikiaroariatids wondspsh g8l iredblatidirting Nats-2.909
(Wt% a-glefin)+ 150.57 , and preferably > -2.909 ( wt% a-olefin) + 145.57, and more
preferably 10T. > -2.909 (wt% a-olefin) + 141.57 [52] Unlike the traditional random copolymers of

propylene/a-qlefins whose etLﬂ%é?pi ts decrease with decreasing densities, the inventive
interpolymZﬁgﬁexhibﬂ%fﬁﬁ%bl})ln S sﬁ%g(g]n %lfﬁ/cfﬁ é%eor{(?erﬁ? O?I{#eog-T e |rr|%for}ff’esnaﬁneparticularly when
a-olefin comperitisibtwieen abpyte2 ¢oaboitctdwefght vond 5i8Biinaerzipbthethaspeottitte

propyleng/a;olefin mternolymers have f.melecylar H@&EQ&W};&?@EAH&%QEM@&%“I@E@Pd 130C when

fractionated using Temperature Rising Elution Fractionation F"), characterized in that said
fraction Haed &P vk GABIER content higher, preferably at least 5 percent higher, more preferably
at least 10 percent higher, than that of a comparable random propylene interpolymer fraction eluting
between the same 20 temperatures, whereinithe gomparablegrandom propylene interpolymer contains
the same comonomer(s), and has a melt index, density, and molar comonomer content (based on the

whole polyper) within,1Q.perean abial alihebiogknterpalvmerRieiaratly.inaMwiMaof the

comparable interpolymer is also within 10 percent of that of the block intérpolymer and/or the
compardBeDHter Py e par e AD A IREF dettiansvitRib 20! RRIHIEBEYE Y8 that of the 25
blagk interRelvretntbdiMstithanetherasnesinthedpiomdensiyaialiniiarnalymersRigseharacterized
by Ideally, the TREF fractions have been prepared {rom random propylene copolymers produced
with substantially the same or similar catalyst as the hard segments expected within the block
copolymer. This is important to account for slight temperature differences that result in the
propylene crystallinity due to defects from tacticity and regio insertion errors. If such random
15  copolymers are not available, TREF fractions from random copolymers produced by a Ziegler-
Natta catalyst known to produce highly isotactic polypropyliene can be used. It should be noted
that o and f may vary from instrument to instrument. Moreover, one would need to create an
appropriate calibration curve with the polymer composition of interest, using appropriate
molecular weight ranges and comonomer type for the preparative TREF fractions and/or random
20 copolymers used to create the calibration, There is a slight molecular weight effect. If the

calibration curve is obtained from similar molecular weight ranges, such effect would be

essentially negligible.

f46] Txo 1s the ATREF temperature for a random copotymer of the same composition
(i.e., the same comonomer type and content) and the same molecular weight and having a
25  propylene mole fraction of Px. Txo can be calculated from LnPyx = w/'Txo + [ from a measured
Px mole fraction. Conversely, Pxo 1s the propylene mole fraction for a random copolymer of the
same composition {i.e., the same comonomer type and content) and the same molecular weight'
and having an ATREF temperature of Tx, which can be calculated from Ln Pyo = o/Tx + P using

a measured value of Tx.
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an elastic recovery, Re, in percent at 300 percent strain and 1 cycle measured on a compression- WO
2009/097525PCT/US2009/032638 molded film of a propylene/a-olefin interpolymer, and has a density,
d, in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the following
relationship WREBEBSEne/a-olefin interpolymer is substantially free of £EIHESMKEIBhase: Re
>1481-1629(d); and preferably 5Re >1491-1629(d): and more preferably Re >1501-1629(d): and even
more preferably Re >1511-1629(d). [55] In some embodiments, the propylene/a-olefin interpolymers
have an elongation at break of at least 600 percent, more preferably at least 700 percent, highly
preferably &‘f‘%éast 800 TDprreEmtp dptonds tinghlipgrefardbijdessastgodmercent at a crosshead

separatipn et ddSHmpBLE- v ol 26k Inoihe %’M%ﬁ@ﬁ he-pronvlensleaisiindnerpglymers
have (1) a storage modulrl??aratlov& (25(?)/6 (IO ), of from 1 %o 20, ggferabﬁﬁrfrom Ito lio more

preferadR/ Féiets 5: and/or (2) a 70C compression set of less than 80 percent, preferably less than
70 15percent, especially less than 60 percent, less than 50 percent, or less than 40 percent, down to a
compressidd&Eet of 0peredntbiofs Tidexgtiil oitersempogiments] REF fropidenedbtaledih thterpolymers

nave @ (GAOMBIERson ol plos (han A0 RSNt iges k. [ peieRtyless,fhan 60 percent, or

less than 50 percent. Preferably, the 70C compress et of the Interpo ymers IS less than 40 percent,

less 20tRERBOFE enBléserentn hangsrednt laridhnmybgotdoher fooabahmo Héreerhout (58] In other
embodigaetentbedERRXERBIAAIRIRMRPANMEIS SRMPISS 0L 1.0. Preferably, ABI should be

in the range of from about (.4 to about 0.7, from about 0.5 to about 0.7, or from about 0.6 to
about 0.9, In some embodiments, ABI is in the range of from about (.3 to about 0.9, from about
10 0.3 to about 0.8, or from about 0.3 to about 0.7, from about (.3 to 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 (.5 to about 1.0, or from about 0.6 to about 1.0, from about

0.7 to about 1.0, from about 0.8 to about 1.0, or from about 0.9 to about 1.0.

{49] Another characteristic of the inventive propylene/o-olefin interpolymer is that the

15 inventive propylene/u-olefin interpolymer comprises at least one polymer fraction which can be
obtained by preparative TREF, wherein the fraction has a block index greater than about 0.1 and
up to about 1.0 and the polymer having a molecular weight distribution, My/M,, greater than
about 1.3. In some embodiments, the polymer fraction has a block index greater than about 0.6
and up to about 1.0, greater than about 0.7 and up to about 1.0, greater than about 0.8 and up to

20 about 1.0, or greater than about 0.9 and up to about 1.0. In other embodiments, the polymer
fraction has a block index greater than about 0.1 and up to about 1.0, greater than about 0.2 and
up to about 1.0, greater than about 0.3 and up to about 1.0, greater than about 0.4 and up to about
1.0, or greater than about 0.4 and up to about 1.0. In still other embodiments, the polymer
fraction has a block index greater than about (.1 and up to about 0.5, greater than about 0.2 and

25 up to about 0.5, greater than about 0.3 and up to about 0.5, or greater than about 0.4 and up to
about 0.5, In yet other embodiments, the polymer fraction has a block index greater than about
0.2 and up to about 0.9, greater than about 0.3 and up to about 0.8, greater than about 0.4 and up
to about 0.7, or greater than about (.5 and up to about 0.6.

- 19 -



polymerized form, at least 50 mole percent propylene and have a 70C compression set of less than 80
percent, preferably less than 70 percent or less than 60 percent, most preferably less than 40 to 50
percent and down to close to zero percent. 25[59]In some embodiments, the multi-block copolymers
possess a PHPAftYE8thultz-Flory distribution rather than a Poisson dig§Tb#sa#sThz Fopolymers
are further WO 2009/097525PCT/US2009/032638 characterized as having both a polydisperse block
distribution and a polydisperse distribution of block sizes and possessing a most probable distribution
of block lengths. Preferred multi-block copolymers are those containing 4 or more blocks or segments
including tdffiinal blosksldioretprafeyatise teckopddynrersnitichddd aricmstBodOintiad biacks or

segments,ingludingferminal PRINRKS. ord 691 R @Agitian. the %}V&BI&V&%9%@&%_89%&?{&9%2@

additional characteristics or properties. In one aspect, the interpolymers, preferably comprising
propyleﬁ%uﬁ?{él'one or more copolymerizable comonomers in polymerized form, are characterized by
multiple blocks or segments of two or more polymerized monomer units differing in chemical or
physical 10@idpertiedr(lolockad dintirpotyrpernsimosifpreferablyaemukidblackbopehsmentsaid block

ntegpolymglqtm%ggea‘! Wplﬁgﬁj}% frggg@qw@écghg{%tﬁg ereévg%gsﬁg% an .130C vyhlen fractionated using

[

TREE, characterized in that $aid fraction has a molar comonomer con e}"rﬂglﬁaﬁler, Ei‘ré?erably at least 5
percentdsigises (rishes preferalshnatdeignt. 10 waahe it hidlherinthemtatohbvwedmpef dile rardem
propyleng inigsRalymer faslingngiuting between the same temperatures, 15wherein said comparable
random propylene interpolymer comprises the same comonomer(s), and has a melt index, density,

and molar comono ntent (hased o whole palymer) within 10 percent of that of the blocked
el PRI ot amBa AR

interpolymer. polymer 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 ofthaf'8f tiie bleckedn 6inErpdlymemordf13feebivnomer content may be measured
using any suitable technique, with techniques based on nuclear magnetic resonance ("NMR")

spéttroscopy freterzenoMargavelstar palynmers or blends of polymers having relatively broad TREE
curves, the polymer is first fractionated using TREE into fractions each having an eluted temperature

range of 1 r less 25103t is,£ach.&f Cli q l;;f}g a collection temperature window of 10C or
less. Usingt%% techniqule, saidrblog%%%%%ﬁ%?neé ave?a{%l laggt)g Lgﬁgyglﬁ%?wgéﬁboﬁ QS?Haga higher
molar cBMBRSRTEFEoRBRCaEIAEsteRsHsh g Trattivn ipfaime Eowiparabie mtdipplyvires.

substantially independent of the w-olefin content, particularly when o-olefin content is between

about 2 to about 15 weight %.

15 [53] In yet another aspect, the propylene/v-olefin interpolymers have a molecular
fraction which elutes between 40°C and 130°C when fractionated using Temperature Rising
Elution Fractionation (“TREF”), characterized in that said fraction has a molar comonomer
content higher, preferably at least 5 percent higher, more preferably at least 10 percent higher,
than that of a comparable random propylene interpolymer fraction eluting between the same

20 temperatures, wherein the comparable random propylene interpolymer contains the same
comonomer(s), and has a melt index, density, and molar comonomer content (based on the whole
polymer) within 10 percent of that of the block interpoiymer. Preferably, the Mw/Mn of the
comparable interpolymer is also within 10 percent of that of the block interpolymer and/or the
comparable interpolymer has a total comonomer content within 10 weight percent of that of the

25  block interpolymer.

i54] In still another aspect, the propylene/o-olefin interpolymers are characterized by

an elastic recovery, Re, in percent at 300 percent strain and 1 cycle measured on a compression-
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[62] In another aspect, the inventive polymer is an olefin interpolymer, preferably comprising propylene
and one or more copolymerizable comonomers in polymerized form, WO
2009/097525PCT/US2009/032638 characterized by multiple blocks (i.e., at least two blocks) or
segments oMWEBPHIGFE polymerized monomer units differing in chemicat@F/ paesiveizoseperties
(blocked interpolymer), most preferably a multi-block copolymer, said block interpolyrner having a
peak (but not just a molecular fraction) which elutes between 40C and 130C (but without collecting
and/or 5isolating individual fractions), characterized in that said peak, has a comonorner content
estimatégPbiphianed speetiostopyaiihérenrpandecdusing a datiswjdth/Aadfaakiabiem (FWHM) area

calculation AN AURIAGEMAIRLFAMANRTIG! CoMATY HlCTRIRIIARI AllRBRLR peregnt hidher,

more preferably at least 10 percent higher, than that of a comparable random propylene interpolymer
peak at PRPESHFE eI TRy aeR & sPRreRpalhuEacfingraulivmstalvgtt 10 maximum (FWHM) area

calculation, wherein said comparable random propylene interpolymer has the same comonomer(s)
and has a melRindéxs dén3itydyandi mefarabbmonomer content (based on the whole polymer) within 10
percent of that of the blocked interpolymer. Preferably, the Mw/Mn of the comparable interpolymer is

alsg within 10 perceniiof ¢hatof 1he hlgekpdipigrpolymer and/or the comparable interpolymer has a
total comonomer content within 10 15weight percent of that of the blocked interpolymer. The full

width/half maxjmu &F ),calculation is based on the ratio of methyl to methylene response area
[CH3/CHZ] frogwg t’rirgI5 Ir\g}gy(f}ﬁraagge%%le%%go?f Wﬂé)?rbfn 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 are?fis definkef dslthe area under the curve between T1 and T1, where T1 and T2 are
points 20 determined, to the left and right of the ATREF peak, by dividing the peak height by two, and
then drawiri§3 line hbrizentahbdbienbasedioprdbatiniersrets herjefilyancknight podions:06the ATREF

curve. A calibration ¢ for comonomer content is m using random propylene/a- olefin
copolyrﬁbé%i,{ Bﬁ)at%?ﬁasgétrsr? Yomer Eontent rI(‘)amEm\t/lllﬁa\S/te%ggéj EW%fl\}i“ %&%ﬁ%ﬁll{l‘% P Beak. For
thilinfraawsdnetd ot the galibrationbiy v écistgfigrated for theosdme 25 samanamer type of interest.
The compnamet. content of TREF peak of the inventive polymer can be determined by referencing this
calibration curve using its FWHM methyl : methylene area ratio [CH3/CHZ2] of the TREE peak.
[63]Comor;%r§ler content may be measured using any suitable technique, with techniques based on

nuclear m tic resOrATE PRIDASHEHS SERY Bréterieldn ISHRP tHRESOMERMIGUBCEER blocked
interpolymeénlhas:achighastapiar copronentesHanient than-a.cnrmsaanding, easppaeablgipterpolymer.

from 1 to 5; and/or {2) a 70°C compression set of less than 80 percent, preferably less than 70
15 peicent, especially less than 60 percent, less than 50 percent, or less than 40 percent, down to a

compression set of 0 percent.

[57] In still other embodiments, the propylene/a-olefin interpolymers have a 70°C
compression set of less than 80 percent, less than 70 percent, less than 60 percent, or less than 50
percent. Preferably, the 70°C compression set of the interpolymers is less than 40 percent, less

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

[58] In other embodiments, the propylene/o-olefin interpolymers comprise, in
polymerized form, at least 50 mole percent propylene and have a 70°C compression set of less
than 80 percent, preferably less than 70 percent or less than 60 percent, most preferably less than

40 to 50 percent and down to close to zero percent.

25 [59] In some embodiments, the multi-block copolymers possess a PDI fitting a

Schultz-Flory distribution rather than a Poisson distribution. The copolymers are further
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WO 2009/097525PCT/US2009/032638 [64] Preferably, for interpolymers of propylene and ethylene,
the block interpolymer has a comonomer content of the TREF fraction eluting between 40 and 130C
greater than or equal to the quantity (- 0.1236) T + 13.337, more preferably greater than or equal to
the quantityW¥® 2P9%6)7328 14.837, where T is the numerical value of the pBak' €ttt iehtberature of the
5 TREF fraction being compared, measured in C. [65] In addition to the above aspects and
properties described herein, the inventive polymers can be characterized by one or more additional
characteristics. In one aspect, the inventive polymer is an olefin interpolymer, preferably comprising
propylefeaERsEEB7Rs 87 MBRe b RRETE stsie coribrbHdratanyBIghanzdi ern AekEabrbfs Red by

multiplegplocks.ar JHa ?@%},@mgsao&ltyypp%ﬂzm&%@akxmﬁmdom&@%ﬁmu nitgeifferinglingthemical or
physical properties (blocked interpolymer), most %referably a multi-block copolymer, said block

interpol§AREH Y MR CCaAM et SR ST A E HRtn Atediisdraer! WiReh 1 X%Bnated using
TREE inesamentschehapaciatize chinuthaddadet framtiondasmimolaegamanoriadegntenthigher,
pref_erat%gy z%{t least 5 percent higher, more preferably at least 10, 15, 20 or 25 15percent higher, than
that of & é)cc):rr?parable random propylene interpolymer fraction eluting between the same temperatures,
wherein said comparable random propylene interpolymer comprises the same comonomer(s),
preferably #6@]the sabheddbinsndmena)tshblerkisterRaerde RS 24HH W SR EBFHGHBRASF content
(based gp fagiwhalepelyipen) withinhQRersens etdhatptdhphiackedbiptenolmet Rrgfaeably, the

Mw/Mn of the comparable interpolymer is also within 2010 percent of that of the blocked interpolymer
and/or tRPEBHPAFANR SPPIERSBISTHEF RS TEES ESMoHG LT EaMHEHT Rt S RiRght Bercent of that of
the blockeehimierralymermotbpbRresarablythenabonies isiepaly metsatealntepholyraers of propylene

ang.at least one a-plefin, especially those inte o{?(rfners aving a whole polymer density from about
0.855 td’ raci?ghtfe@.%é%%?%r%%ggﬂd’ rrrn}éé%ér%%% Eﬁé‘%}a} 8rapn&ﬁ/ﬁh§}g avi (gyrrﬁlgiréb?%;ﬁl%%out 1 mole percent

25 com@umndm%e&lﬂn@edﬂnta@@ﬁneﬁ%wmwmmoﬁwﬁt ofithé0TRERefraction eluting
betwee'}ﬂf% ,igquﬂeqi%gﬁgﬁ%f AN LLEIY %ﬂa%iﬁlf%@ﬁ%(ﬁag'}%?b@z%&’m%ﬁﬁéﬂJ&RE‘ﬁtpreferably

greater than or equal t quantity (-0.1236) T+ 14.337, and most preferably greater than or equal to
the quahiiye-Oreb3shly st igigFmansardizher theorurideiehl Y allra st hacheak aRE fhaiitign

temperajpire. of, %&B%’ié&ﬁ?%mgg%&% ahed FMSRANMRIN CorWE the same temperatures,
20091097525PCT/US20091032638 [67] In still another aspect, the inventive polymer is an olefin

int&Ppoly BT prafe P EaRip IR D PORRALHE WHIRIASF ARPETESH I R SBIP IR Homers in
polymerizgadh{oim ghiarasierzeskbynmnuitple-bincksnasr segmentsofitworer wiete polyneeyized monomer

units differing in chemical or physic operties (blocked interpolymer), most preferably a.multi- 5
block co‘ﬁ%‘i&’iﬁn@? %‘g,‘a?b?éé%%&?ﬁ}%%@f%&?%%?ﬁ%og%%|egﬁi%erf‘}‘r8§ﬁ%ﬁ whic ne?gteg %%T\}gl%lgﬁq%foc and
130C, whenptraationiatéd wsthin TR b deareidentst dbdiacker Zetdl_tnnthfat;ewm&mfnaetdmmp&a‘aMQ a
comonoiel SAMRNLA! a1dRashaRULe AR ASISSN 03 Meling ol areater dhagaout 100C. For

those fractions having a comonomer content from about 3 mole percent to about 6 mole percent, every
fradfion s P8 - melting point of about 110C or higher. More 10preferably, said polymer fractions,
having at least 1 mol percent comonomer, has a DSC melting point that corresponds to the equation.

[61] Comonomer content may be measured using any suitable technique, with
technigues based on nuclear magnetic resonance (“NMR"™) spectroscopy preferred. Moreover,
for polymers or blends of polymers having relatively broad TREF curves, the polymer is first
fractionated using TREF into fractions each having an eluted temperature range of 10°C or less.

25  That is, each eluted fraction has a collection temperature window of 10°C or less. Using this
technique, said block interpolymers have at least one such fraction having a higher molar

comonomer content than a corresponding fraction of the comparable interpolymer.

{62} In another aspect, the inventive polymer is an olefin interpolymer, preferably

comprising propylene and one or more copolymerizable comonomers in polymerized form,
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Tm > (-5.5926)(mol percent comonomer in the fraction)35.90. [68] In yet another aspect, the
inventive polymer is an olefin erpolymer, preferably comprising propylene and one or more
copolymerizable comonomers in polymerized form, 15 characterized by multiple blocks or segments of
two or moreWSOREAZEa monomer units differing in chemical or physicaf)ﬁr&ﬁp:’r (o8 Bidtked
interpolymer), most preferably a multi-block copolymer, said block interpolymer having a molecular
fraction which elutes between 40C and 130C, when fractionated using TREE increments,
characterized in that every fraction that has an ATREF elution temperature greater than or equal to
about 78RR ESZEATRITBHIRRR S Netat BRFAIIONT BOPhe-ians) HEEYR8HBSEonding to the
equatiopsiy{R8}eabifesiontt Mome)ise(3 tid8)A DREy hutipr jerpefatdedn Caisiiig)er1 36.58.

[70] The inventive IE)}Iock ir}ééeé%?%mers have a {Rgle%la{efr%citionr\%hich elutei te%—:'t een 40C and 130C,

when GO RE (S DS A A T T PR ETRE" CRA A EH IR hS MR AT Ve Fraktion that has an ATREF

elution tenipeiatdre batyveric MG ars tessnthaie abd Ut B C bhawishmek@lthalpydieat of fusion) as

measured by DSC. corr ndi h Hon: lQr < ATREF elution
temgperé%alr%gﬂ% 85@?[%51&%5 K 89Q)g'\x%}%‘%@%%%@%%E%ﬁ/%%%?gg%é%}éﬁﬁ R:&élé%(eak Comonomer
Compositiom e bs iremesdtpgdntracRed DatexpendedzejmeHeleb ks woripositENVsithe TREF

peak can e MeARMe A 1SRG AR 3INT AR ASIRE ORURIRDIR o umeeharpifalgncia, Spain

(http://WWW.ponmerchar.com/). [72] The "composition mode" of the detector is equipped with a
measurBigitsiit BeHspicE RO difdtd rﬁ%gﬁfc}iﬂﬁgé‘hé}&n(@ﬁé’f et BPE ARSI AW 8RR hfra-red
filters intheyaging gE28Q0n3QRRCRtio henfieasty anderbssnaDitieiects thedmathlylene (CH2)
carbons on the polymer S;NhiCh ?‘r[][gctl rgligtes_ to the o%m%E conﬁentratioq in solution) while the
co}rqpos‘i‘i‘i%ﬁr%‘éﬂég&%%% Bt B A ST U 5B S GPRRE PSR PR e SRR Reaf Cal o of the
compositierhsignad (Gii3)otivideduny theamedsudem éntssigrald @b L2 kisnsansitivectoctidtesrdonomer
content of the 10 measure mer in soluti nd its is.calibrated wyi 0
propyleﬁgléaﬁ%‘ﬁjg?cl)r? ?ny(r:%% I\?/gn%? s?%ﬁa%e ar les&ﬁ%%%#ﬁ%@ﬁe%%%%&%ﬁﬂ %{géd%v%k%ﬁggAﬁgEF instrument
provide®bot motdmcemntratiobl{ Gidpahancompbsitiohi(Cld I sigiatirdspehde biogkee|uted polymer

during the TREE Dracess «& PONMehaPecific.callbration cap baresird Ly @eaguingghe area ratio of
the C113 to CHi for 15 polymers with known comonomer conten‘}# referably measured by NMR). The

cohfonoriragieasternt of drief HEblpesid srapdymer dan vl sddivaromir ipun g Y eference

calibratign@fation is based on the ratio of methyl to methylene response area [CHs/CH,] from the

ATREF infra-red detector, wherein the tallest (highest) peak is identified from the base line, and
then the FWHM area is determined. For a distribution measured using an ATREF peak, the
FWHM area is defined as the area under the curve between T; and T,, where T; and T, are points

20 determined, to the left and right of the ATREF peak, by dividing the peak height by two, and
then drawing a line horizontal to the base line, that intersects the left and right portions of the
ATREF curve. A calibration curve for comonomer content is made using random propylene/a-
olefin copolymers, plotting comonomer content from NMR versus FWHM area ratio of the
TREF peak. For this infra-red method, the calibration curve is generated for the same

25  comonomer type of interest. The comonomer content of TREF peak of the inventive polymer
can be determined by referencing this calibration curve using its FWHM methyl : methylene area

ratio [CHa/CHa] of the TREF peak.

[63] Comonomer content may be measured using any suitable technique, with
techniques based on nuclear magnetic resonance (NMR) spectroscopy preferred. Using this
30  technique, said blocked interpolymer has a higher molar comonomer content than a

corresponding comparable interpolymer.

1
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the ratio of the areas for the individual CH3 and CH, response (i.e. area ratio CH3/012 versus
comonomer content). [74] The area of the peaks can be calculated using a full width/half maximum
(FWHM) 20 calculation after applying the appropriate baselines to integrate the individual signal
responses FORREMEEF chromatogram. The full width/half maximum cBfcUR & B4Eed on the ratio
of methyl to methylene response area [CH3/CH2] from the ATREF infra-red detector, wherein the
tallest (highest) peak is identified from the base line, and then the FWHM area is determined. For a

distribution measured using an ATREF peak. the FWHM area is defined as the area under the 25
curve betwk8h Ti an8reierabliefer iamey Y e pBiRky aRtctiindY st R AU Rt BRthe ATREF

peak, bydivichnpibepaakbeighty e aneihieadavisgadinghadacotal je-the basetine, that
intersects the left and E?Vht portions of t}%e ATREF curi/?e_. yOQOOQﬁ%%?SZSF%ﬂ'lt 82009%932638
[75]TheAppifeaie A B il A= bt 2B dtfokidpy B HedSITE HeESOHEM & CBiteRt et BEtfHters in this
ATREF<nfiasedimethgay isyliarpliriciple nsineiiantoadhath6 fie PR sy stemsasdeddrbed in the
follgwinQ§%§§¥?aQ ;%%zb'\e/lagkc%\ﬁimcgf o&g&%ﬁ%&@a@tt, Lonnie G.; Smith, Linley; "Development of
gel‘permeation ¢ 'romaPG’grapﬂy- ouner transfor infrared spectroscopy for 5 characterization of
ethylene-based polyolefin copolymers”, Polymeric Materials Science and Engineering (1991), 65,
98-100.; al§Deslaufierdipion; RORIARY e RRhPRPTIie ERTRAR G LAGHIA TN B ching
microstiyaies tnetyenackelefinsopeiymatssing siae exelusignichromaiogippinyand Fourier
transform infrared spectroscopy. (SEC-FI IR)", Polymer (2002), 43, 59-170, both of which are
incorpofBtERIE PEILFRHS Mt IRE SRE el TOt SISO B RS A RS T FREE
fractiongdpdiyenatiene: deseriptiensanepobtaimeddicanh thinarenmexdth ptheltdmiperkture increments are

possible. For inst?nce, a TREE {raction(gould hein a 4dCﬂ_increment a.3 IC i_n%remelnt, a 2 C increment,
. segments o t Ore PULVINEITZe onomey umts dirferng i cpémcal o1 sicd

or I'C increment. “ﬁﬂrﬁ%r cgpgﬁ!}mers 0 propyfene and an a-olefin, the In entive polymers

preferaliyopossess¢tica PBIppneasndsSprforebprefardbtylatiasprly Bieatskid xR | or at least 2.0,

and mogt 15 ALelerabi Al eAsk e YRIAA DAKMMRYAlELL 3@ caRie piefetaRly up to a maximum

of 3.5, and especially up to a maximum of 2.7; (2) a heat of fusion of 80 J/g or less; (3) a propylene
content Bfciiceet SURGiIGRT parEantin) A LS RsEItioH teith PerHANE2TY MHFEESIRERMST, more

preferalynessihan 4aGorandianéad aneanst anii-enacFinre 73w thak theimnventivespolymers can
have, alone or in combination with any other 20 properties disclosed her%i% a storage modulus, G',

subh thaCTGEtBIse g eatdharlnt 6PaRtaPlo ABE RPN OPYLIT AR T EREr HEHG CYiUR to 1.0 MPa, at a
temperatereceh ROGmMeres et thednvesniivel p obymersd possdss arglalivelinftapsitorage modulus as a

function %'];I;[err'rsl;gse raétli‘lre incgheoglaopr%? ; orrile e%%)hrogclz“ ‘ﬁé‘ gahmaescg%t)dllusg@ Edni? aFrit%f{ % ge%nd Figure 24)
that is cﬁaré’cferlstﬂc ‘%ocwcopo y éPs, Ahd heretotore Unknown 1or ar olefin c‘opoﬂlme’r, especially
a copolyimsitef 26 ethiplemenandisneanenode€s o8 tiiphbdie aciiefars WBytHe rerparttrefdtivedy flat" in
this confext{Bexed interpolymer. Preferably, the Mw/Mn of the comparabie interpolymer is also within

20 10 percent of that of the blocked interpolymer and/or the comparable interpolymer has a total

comonomer content within 10 weight percent of that of the blocked interpolymer.

[66] Preferably, the above interpolymers are interpolymers of propylene and at least
one a-olefin, especially those interpolymers having a whole polymer density from about 0.835 to
about 0.935 g/em”®, and more especially for polymers having more than about 1 mole percent

25  comonomer, the blocked interpolymer has a comonomer content of the TREF fraction eluting
between 40 and 130°C greater than or equal to the quantity (- 0.1236) T + 13.337, more
preferably greater than or equal to the quantity (-0.1236) T+ 14.337, and most preferably greater
than or equal to the guantity (-0.1236)T + 13.837, where T is the numerical value of the peak

ATREF elution temperature of the TREF fraction being compared, measured in °C.
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meant that log G' (in Pascals) decreases by less than one order of magnitude between 50 and 100C,
preferably between 0 and 100C). [79] Additionally, the propylene/a-olefin interpolymers can have a
melt index, 12, from 0.01 to 2000 g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more
preferably fSM28%1%78F - WO 2009/097525PCT/US2009/032638 to 508/ GFHTittEY  and especially
from 0.01 to 100 g/10 minutes. In certain embodiments, the propylene/a-olefin interpolymers have a
melt index, 11, from 0.01 to 10 g/10 minutes, from 0.5 to 50 g/10 minutes, from 1 to 30 g/10 minutes,
from Ito 6 g/10 minutes or from 0.3 to 10 g/10 minutes. In certain embodiments, the melt index for the
propylene/Hdlefin pdlyHE e Apastnilisutes 1 ¥/ 2ol YMATU R &G &g/ Ibe RV Prigtifaiie polymers

can havepleeudlaroyeiahtend/brir om0 ghmale 106 00000 malexdvaferaldyidiam 1000 g/mole
to 1,000,000, more preferably from 10,000 %/lmolg to 500,000 g/mole aépd escpeciall¥ from 10,000

g/mole E6SHOBEEDNTBIE THL QERSRY BRI THOERHY & FERHHEH RS 158 FSRYBEAHE0.99 gicm3 and

preferahiyréein g thydeae cortaphing 10 polymer shikahe i8&grdmBeto, th8st picim3blin cavwthin

embpodiments, tré? densit fthE e hg/qlepe/aofiefin Ep()l mers ral}%%l :[10“'311% 8(991%%96 25 g/cm3 or 0.867
een
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60/662,939, Tiled March 17, 2005; U.S. Provisional Application No. 60/5662938, filed March 17, 2005;

PCT ApisrsttiOR No FriroesSoustisnobeon s 4 R MRSk CoP OB PR PUA B SHELRSHORR 0

PCT/US2005/0089 %p'cf&ﬂgem@a@tﬁgg% BEd Anpligatinn Doaud6 TPE200540L89ibiled March
17, 2005; PCT Publication No. WO 2005/090425, P;blished September 29, 200%%%% ublication No.

W 20057608 65 BISHRY SEHeuEr 98 365! 207ShBe e T RTISREH R $90427,
publishedisapte tbes A2 0Omealadtihich are incorporated by reference herein in their entirety. For
example, one such method comprises contacting propylene and optionally one or more addition

polymerizable-f000mmats oihes hap-RropylsAs HderRIAIIeM Py esization conditions with a catalyst

composition comprising: the admixture or reaction product resulting from combining:
[68] In yet another aspect, the inventive polymer is an olefin interpolymer, preferably
comprising propylene and one or more copolymerizable comonamers in polymerized form,

15 characterized by multipie blocks or segments of two or more polymerized monomer units
differing in chemical or physical properties (blocked interpolymer), most preferably a muiti-
biéc:k copolymer, said block interpolymer having a molecular fraction which elutes between
40°C and 130°C, when fractionated using TREF increments, characterized in that every fraction
that has an ATREF elution temperature greater than or equal to about 76°C, has a melt enthalpy

20 (heat of fusion} as measured by DSC, corresponding to the equation:

[69] Heat of fusion (J/gm) <(3.1718)(ATREF elution temperature in Celsius) ~
136.58.
[76] The inventive block interpolymers have a molecular fraction which elutes

between 40°C and 130°C, when fractionated using TREF increments, characterized in that every

fraction that has an ATREF elution temperature between 40°C and less than about 76°C, has a

o]
Lh

melt enthalpy (heat of fusion) as measured by DSC, corresponding to the equation:

Heat of fusion (J/gm} < {11312} ATREF elution temperatare in Celsius) + 22.97.
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25(A) a first olefin polymerization catalyst having a high comonomer incorporation index, (B) a
second olefin polymerization catalyst having a comonomer incorporation index less than 90 percent,
preferably less than 50 percent, most preferably less than 5 percent of the comonomer incorporation
index of catMstRPIZHE WO 2009/097525PCT/US2009/032638 (C) a Halrtshtiitiidtabent.  [82]
Representative catalysts and chain shuttling agents are as follows.  [83] Catalyst (Al) is
[N-(2,6-di(1-methylethyDphenyl)amido)(2-isopropylphenyl)(anaphthalen-2-diy1(6-pyridin-2-diyHmethan
e)Mafnium dimethyl, prepared according to the 5 teachings of WO 03/40195, U.S. Patents No.
6,953, 7T B He6 SO0 I e oes i Yigsurqmunbandiseckeg iDetecior
[N-(2,6-di(1-methylethyl)phenyHamido)(2-methylphenyH(i ,2-

phenylendHE}pyridir-z: diyemethansyipasditiono i STRYT prejparechacoerdireg toitieatelthings of WO
03/40195, U.S. Patents N 3.764 an , O 35.an 0412474Q, 3 -1 N Hf
oL Ml R DA R RS s Wi AUGR 80, bl Ptk
trilmethylphenyeamidd)ethylenediaminelhafnium dibenzyl. WO 2009/097525PCT/US2009/032638
H3C {72] The “composition mode” of the detector is equipped with a measurement sensor

5 (CHa) and composition sensor (CH3) that are fixed narrow band infra-red filters in the region of

2800-3000 ¢, The measurement sensor detects the methylene (CH,) carbons on the polymer
(which directly relates to the polymer concentration in solution) while the composition sensor
detects the methyl (CHs) groups of the polymer. The mathematical ratio of the composition signal
(CH;) divided by the measurement signal (CH») is sensitive to the comonomer content of the

10 measured polymer in solution and its response is calibrated with known propylene/alpha-olefin

copolymer standards.

[73] The detector when used with an ATREF instrument provides both a concentration
(CHa) and composition (CH3) signal response of the eluted polymer during the TREF process. A
polymer specific calibration can be created by measuring the area ratio of the CHs to CH; for
15 polymers with known comonomer content (preferably measured by NMR), The comonomer
content of an ATREF peak of a pelymer can be estimated by applying the reference calibration of
the ratio of the areas for the individual CH; and CH, response (i.e. area ratio CHs/CH, versus

comonomer content),

[74] The area of the peaks can be calculated using a full width/half maximum (FWHM)

20  calculation after applying the appropriate baselines to integrate the individual signal responses
from the TREF chromatogram. The full width/half maximuom calculation is based on the ratio of
methyl to methylene response area [CH3/CH,} from the ATREF infra-red detector, wherein the
tallest (highest) peak is identified from the base line, and then the FWHM area is determined, For
a distribution measured using an ATREF peak, the FWHM area is defined as the area under the

25  curve between T1 and T2, where T1 and T2 are peints determined, to the left and right of the
ATREF peak, by dividing the peak height by two, and then drawing a line horizontal to the base
line, that intersects the left and right portions of the ATREF curve.
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CH3 CH3 HNHfX3 CH3 X=CH2C6H5 CH3 [86] Catalyst (A4) is
bis((2-oxoy1-3-(dibenzo-1H-pyrrole-1-y1)-5-(methyl)phenyl)-2- phenoxymethyl)cyclohexane-1,2-diyl
zirconium (V) dibenzyl, prepared substantially according to the teachings of U.S. Patent No.
6,897,276. 3REYEOERE [87] Catalyst (B1) is 1,2-bis-(3,5-di-t-butylphdifyF BFRMPIERETEL -

methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl

[75] The application of infra-red spectroscopy to measure the comonomer content of
polymers in this ATREF-infra-red method is, in principle, similar to that of GPC/FTIR systems as
described in the following references: Markovich, Ronald P.; Hazlitt, Lonnie G.; Smith, Linley;
“Development of gel-permeation chromatography-Fourier transform infrared spectroscopy for

5 characterization of ethylene-based polvolefin copolymers”, Polymeric Materials Science and
Engineering (1991), 65, 98-100.; and Deslauriers, P.J.; Rohlfing, D.C.; Shich, E.T.;
“Quantifying short chain branching microstructures in ethylene-1-olefin copolymers using size
exclusion chromatography and Fourier transform infrared spectroscopy (SEC-FTIR)”, Polymer

(2002), 43, 59-170, both of which are incorporated by reference herein in their entirety,

10 [76] It should be noted that while the TREF fractions in the above description are
obtained in a 5 °C increment, other temperature increments are possible. For instance, a TREF

fraction could be 1n a 4 °C 1ncrement, a 3 °C wincrement, a 2 °C mcrement, or 1 °C increment.

[77} For copolymers of propylene and an v-olefin, the inventive polymers preferably
possess (1) a PDI of at least 1.3, more preferably at least 1.3, at least 1.7, or at least 2.0, and most
15 preferably at least 2.6, up to a maximum value of 5.0, more preferably up to a maximum of 3.5,
and especially up to a maximum of 2.7; (2} a heat of fusion of 80 J/g or less; (3) a propylene
content of at least 50 weight percent; (4} a glass transition temperature, Ty, of less than -5°C, more

preferably less than -15°C, and/or (5) one and only one Tp,.

[78] Further, the inventive polymers can have, alone or in combination with any other
20 properties disclosed herein, a storage modulus, G', such that log (G) is greater than or equal to
400 kPa, preferably greater than or equal to 1.0 MPa, at a temperature of 100°C. Moreover, the
inventive polymers possess a relatively flat storage modulus as a function of temperature in the
range from O to 100°C (such as that iilustrated in Figure 6 and Figure 24) that is characteristic of
block copolymers, and heretofore unknown for an olefin copolymer, especially a copolymer of
25 ethylene and one or more Cag aliphatic g-olefins. (By the term “relatively flat” in this context is
meant that log G’ (in Pascals) decreases by less than one order of magnitude between 50 and

100°C, preferably between 0 and 100°C).

[79] Additionally, the propylene/e-olefin interpolymers can have a melt index, I, from

.01 to 2000 g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably from 0.01
-7 -



C(CH3)3 CH(CH3)3 NO/ ZrX2 /0 N'/ CH(CH3)2 1881Catalyst (82) is _ .
1,2-bis-(3,5-di-1-butylphenylene)(1-(N-(2-methylcyclohexyl)- 10mmino)methyl)(2-oxoyl) zirconium
clibenzyl WO 2009/097525PCT/US2009/032638  [89] Catalyst (Cl) is

(t-butylamid YR AHEHTEN-pyrroly1-1,2,3,3a,7a-m4nden-1- yl)silanetitan RET@ispetiyiprepared
substantially according to the techniques of U.S. Patent No. 6,268,444: (H3C)2Six z Ti(CH3)2

to 500 /10 minutes, and especially from 0.01 to 100 g/10 minutes. In certain embodiments, the
propylene/oi-olefin interpolymers have a melt index, L, from 0.01 to 10 g/10 minutes, from 0.5 to
50 /10 minutes, from I to 30 g/10 minutes, from [ to 6 g/10 minutes or from 0.3 to 10 g/10
minutes. In certain embodiments, the melt index for the propylene/a-olefin polymers is 1 g/10

5 minutes, 3 g/10 minutes or 5 g/10 minutes.

{80} The polymers can have molecular weights, M, from 1,000 g/mole to 5,000,000
g/mole, preferably from 1000 g/mole to 1,000,000, more preferably from 10,000 g/mole to
500,000 g/mole, and especially from 10,000 g/mole to 300,000 g/mole. The density of the
inventive polymers can be from 0.80 to 0.99 g/cm” and preferably for ethylene containing

10 polymers from 0.85 glem” to 0.97 g/em’. In certain embodiments, the density of the ethylene/o-

olefin polymers ranges from 0.860 to 0.925 g/em” or 0.867 to 0.910 glem”.

[81] The process of making the polymers has been disclosed in the following patent
applications and publications: U.S. Provisional Application No. 60/553,906, filed March 17,
2004; U.S. Provisional Application No, 60/662,937, filed March 17, 2005; U.S. Provisional

15 Application No. 60/662,939, filed March 17, 2005; U.S. Provisional Application No. 60/5662938,
filed March 17, 2005; PCT Application No. PCT/US2005/008916, filed March 17, 2005; PCT
Application No. PCT/US2005/008915, filed March 17, 2005; PCT Application No.
PCT/US2005/008917, filed March 17, 2003; PCT Publication No. WO 2005/090425, published
September 29, 2005; PCT Publication No. WO 2005/090426, published September 29, 2005;

20 and, PCT Publication No. WO 2005/090427, published September 29, 2003, all of which are
incorporated by reference herein in their entirety. For example, one such method comprises
contacting propylene and optionally one or more addition polymerizable monomers other than

propylene under addition polymerization conditions with a catalyst composition comprising:
the admixture or reaction product resulting from combining:
25 (A) a first olefin polymerization catalyst having a high comonomer incorporation index,

{B) a second olefin polymerization catalyst having a comonomer incorporation index less
than 90 percent, preferably less than 50 percent, most preferably less than 5 percent of the

comonomer incorporation index of catalyst (A), and
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C(CH3)3 [90] Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl- I.
,2,3,3a,7a-rj-indenl-yl)silanetitanium dimethyl prepared substantially according to the teachings of U.S.
Patent No. 6,825,295: 10[91]Catalyst (C3) is

(t-butylamid®) 8t H&TRAphenyl)(2-methy1-1,2,3,3a,8a-ms- indacen-1-yd&iat&ttat it Himethyl
prepared substantially according to the teachings of U.S. Patent No. 6.825,295: WO
2009/097525PCT/US2009/032638 HC H3C [92]Catalyst (M) is
bis(dimethyldisiloxane)(indene-1-yl)zircomum dichloride available from Sigma-Aldrich: 5[93]Shuttling
Agents The sH&ttigagehtstBrgsissEd include diethylzinc, dni- butyl)zinc, di(n-hexyl)zinc,
triethylaluminum, trioctylaluminum, triethylgallium, i-butylaluminum bis(dimethyht-butyllsiloxane),
i-butylalumgyam bis(HibrsneilayieyHanide)nn vatylsiuming arei(pyridinésemethoxide),
bis(n-octadecyl)i-butylaluminum, i-butylaluminum bis(di(npentyl)amide), n-octylaluminum

SR G e

bis(2, 3 dibeneinsasyclshegishesthiae) ety e, prepared according to the

bis(2,3 E.£reibenr o raaeyFiEhepiapemide), foeividuminumn digcime iy (dylsiexide, ethylzinc
(2,6-diphenylphenoxide). and ethylzinc (t-butoxide). [94]Preferably, the foregoing process takes the
form of a continuous solution process 15 for farming block copolymers, especially multi-block
copolymers, preferably linear multi-block cop oFs Ofi dvw0r more monomers, more especially
propylene and ethylene or a C4.20 olefin or

(H:C)pH /

[84] Catalyst (A2) is [N-(2.6-di(1-methylethyDphenyhamido )} 2-methylphenyl)(1,2-
phenylene-(6-pyridin-2-diyl)methane)lhafnium dimethyl, prepared according to the teachings of
WO 03/40195, U.S. Patents No, 6,953,764 and No. 6,960,635, and WO 04/24740.

10 (H:ChHC ¢, CH,

[85] Catalyst (A3) 1s bis]NN"""-(2,4,6-
tri{methylphenyljamido)ethylenediamineJhafnium dibenzyl,



WO 2009/097525PCMS2009/032638 cycloolefin, and most especially propylene and a C4_20 a-olefin,
using multiple catalysts that are incapable of interconversion. That is, the catalysts are chemically
distinct, Under continuous solution polymerization conditions, the process is ideally suited for
polymerizatif 3t4HiR{d?&s of monomers at high monomer conversions. lﬁ’ﬁ&é‘rl%@ég?'ﬁﬁ?/merization
conditions, shuttling from 5 the chain shuttling agent to the catalyst becomes advantaged compared to
chain growth, and multi-block copolymers, especially linear multi-block copolymers are formed in high
efficiency. [95]The inventive interpolymers may be differentiated from conventional, random
copolymers, physical blends of polymers; ck €Bpolymers prepared via sequential monomer
addition, fluxional catalysts, anionic op-cation ng polymerization techniques. In particular, 10
compared to a random copolymer gf the same~yfonomers and monomer content, the inventive
interpolymers have better (higher) heat re/sistamgg as measured by melting point, lower compression

set, particularly at elevated tempefiﬁ\ff\%mer stress retaxatidr higher creep resistance, faster setup

due to higher crystallization (solidif; cation)l\temp%ture, and better oil and filler acceptance. 15[961The
inventive interpolymers also exhibit | Fystallization and branching distribution relationship.
That is, the inventive interpolymers haye-a+g ly large difference between the tallest peak
temperature measured using CRYSTAF and aga function of heat of fusion, especially as
compared to random copolymers containing the same monomers and monomer level or physical
blends of polymers, such as a blend of a high density polymer and a 20 lower density copolymer, at
equivalent®kerall d@%ﬁl&sﬁQ%‘Héﬁ@%’%ﬂztﬁ’éﬂh%@Fﬁ&%?é’fgatm’éf%ﬁéﬂméﬁﬁ‘ﬁﬁfgyﬂ%%@&\}‘ flers is due to
the unigyggistribution;efdhe.semonemesiicdaioakerwitinethei pokyraec kaskbanaladarticglar, the

inventive interpolymers may comprise alternating blocks of differing comonomer content (including
homopyRserasiers P iIRMEALVE iR)at)ers may also comprise a distribution in number and/or
block size of polymer blocks of differing 25 density or comonomer content, which is a Schultz-Flory
type of distribution. In addition, the inveritive interpolymers alsot a unique peak melting point and
crystallization temperature profile that ig i i
morphology. [97]Polymers with highly crys
with embodiments of the invention. In elaston S1e
2009/097525PCT/US2009/032638 quaptity of-patymerthatierminates with an amorphous block
reduces the intermolecular dilutiviecetfé ‘ i v

choosing chain shuttling agents and catat
chain terminating agents. Specifically, if th
susceptibleto

5

e)catd Iyét?t&ﬁmic/h proguces highly crystalline polymer is more

o O

[87] Catalyst (B1) is 1,2-bis-(3.5-di-t-butylphenylene)(1-(N-(1-

methylethylimmino)methyl)(2-oxoyl) zirconium dibenzyl

C(CH3);
/CH(CH3)3
—N O C(CH
X/ 33
ZIX2
/%
(H3Chs O N==
CH(CHs), X=CH;CqHs
(CHsh
[38] Catalyst (B2) is 1.2-bis-(3,5-di-t-butylphenylene)(1-(N-(2-methylcyclohexyl)-

10 immino)methyl)(2-oxoyl} zirconinm dibenzyl
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5 chain termination (such as by use of hydrogen) than the catalyst responsible for producing the less
crystalline polymer segment (such as through higher comonomer incorporation, regio-error, or atactic
polymer formation), then the highly crystalline polymer segments will preferentially populate the
terminal poiShHG¥tha%5olymer. Not only are the resulting terminated gr@&ﬂ@é@éﬁ?’ a® but upon
termination, the highly crystalline polymer forming catalyst site is once 10 again available for
reinitiation of polymer formation. The initially formed polymer is therefore another highly crystalline
polymer segment. Accordingly, both ends of the resulting multi-block copolymer are preferentially
highly crystalline. [98] The propylene/a-olefin i 0 Iymeré(ﬁﬁ%g in the embodiments of the invention
preferably interpolymers of propylene with at leas e of ethylene or a C4-C20 a-olefin. 15
Copolymers of propylene and a C4-C20 a-Gi&fin arg especiglly preferred. The interpolymers may
further comprise C4-C18 diolefin and/or alkenytbenzerfé—S
polymerizing with propylene include, for examiple, ethytenical)
nonconjugated dienes, polyergﬁsc aék gnes, /e ples of such comonomers include
C4-C20 a-olefins such as isobu?yi"ene, 1 %exne, l=pentene, 70 4-methyl- 1-pentene,
1-heptene, I-octene, 1-nonene, 1-decene;-ard the Iike tene aﬁ?ﬁb%l%he are especially

preferred. Other suitable monomers include styreng, or alkyl-substituted styrenes,
vinylbenzocyclobutane, 1,4-hexadiene, 1,7-octadiene, and naphthenics (e.g., cyclopentene,
cyclohexene and cyclooctene). [99] While propylene/a-olefin interpolymers are preferred polymers,
other 25 p%ylgne/@gfmﬁpm%ﬁs(wﬁégg@g(ﬁ@@g}l}y@jeﬂquﬁmgm@Q@%ghhrﬁﬁafil@b@f%min of .
unsaturated hydrocarbon-based compounds with at least one carban-carbon double bond. Depending
on the et RS BY CRNEEY LR Bt SW&?%@&&%%W&B&%S&&W%@?@%n%%tﬁl?‘iﬂ‘ﬂ&erably,
suitable,psfiasiare C4-C20 aliphatic and aromatic compounds containing vinylic unsaturation, as well
as cyclic compounds, such as cyclobutene, cyclopentene. dicyclopentadiene, WO
2009/097525PCT/US2009/032638 and norbgmene, in ing but not limited to, norbornene
substituted in the 5 and 6 position with Cl- droggﬁa; or cyclohydrocarbyl groups. Also included
are mixtures of such olefins as well as mixt es i‘w- ch olefins with C4-C40 diolefin compounds.
[100] Examples of olefin monomers include, but\a#e’ not limited to ethylene, isobutylene, 5 1-butene.
1-pentene, 1-hexene, 1-heptene, 1-octeneclsonengJrdecene, and 1-dodecene, 1- tetradecene,
1-hexadecene, 1-octadecene, 1-eicosene. 3-méth\jl-libute”ne, 3-methyl-l-pentene, 4- methyl-
1-pentene, 4,6-dimethyl-1-heptene, 4-vinylcyclohexene, vinylcyclohexane, norbomadiene, ethylidene
norpornene, cyclopentene, cyclohexene, dicyclopénitadiene, cyclooctene, C4-C40 dienes, including
but not limited to 1,3-butadiene, 1,3-pentadiene, 1,4-

{901 Catalyst (C2} is (t-butylamido)di(4-methylphenyi}2-methyi-1,2,3,3a,7a-1-inden-
I-yDsilanetitaninm dimethyl prepared substantially according to the teachings of U.S, Patent No,
6,825,295:

H-C
U S
S\, TUCHa),
{ {3
HyC C{CHs)s
10 [91] Catalyst (C3) is (t-butylamido)di(4-methylphenyl}2-methyl-1,2,3,3a,8a-n-5-

indacen-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of U.S.
Patent No. 6.825,295:
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10 hexadiene, 1.5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4-C40 a-olefins, and the like. In
certain embodiments, the a-olefin is ethylene, 1-butene, 1-pentene, | -hexene, 1-octene or a
combination thereof. Although any hydrocarbon containing a vinyl group potentially may be used in
embodiment® @£ HFEhtion, practical issues such as monomer availabfELBsBW4HAHEe ability to
conveniently remove unreacted monomer from the resulting polymer may become more 15
problematic as the molecular weight of the monomer becomes too high. [101] The polymerization
processes described herein are well suited for the production of olefin polymers comprising
monovinylidene aromatic monomers including ene, o-methyl styrene, p-methyl styrene,
t-butylstyrene, and the like. In particular, interpoly 5 comprising propylene and styrene can be
prepared by following the teachings Hetein, Qpti A gopolymers 20 comprising propylene, styrene
and ethylene or a C4-C20 alpha olefin, .@ 5ing a C4-C20 diene, having improved
properties can be prepared. [102] SuitabteAfon~canjugated diene monomers can be a straight chain,

branched chain or cyclic hydrocarbon dien g ﬁ‘cm’rg( 6'15 carbon atoms. Examples of suitable
()

non-conjugated dienes include, but are not to, straight chain acyclic dienes, such as 1,4- 25
hexadiene, 1,6-octadiene, 1,7-octadiene, 1/9-0€cadiefig;Haranched chain acyclic dienes, such as 5-
methyl- | ,4-hexadiene; 3,7-dimethy1-1,6°0ctadiene; 3.7-dimethy1-1,7-octadiene and mixed isomers of
dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as 1,3- cyclopentadiene;
1.4-cyclohgiadiene;(afaikyci@notadiend asd i bsoyclodonreacdieng; aaghnyithing.alicyclic fused and
bridged rin (%e es, such etrahydroindene, methyl tetrahydroindene, WO

2009/0@%%‘& é‘]'i] %%?géﬂ 8 dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl,
alkylidene, cycloalkenyl and cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB);
5-propenyl-2- norbornene, 5-isopropylidene-2-nogbornene, 5-(4-cyclopentenyl)-2-norbomene, 5-
cyclohexylidene-2-norbomene, 5-vinyl-2-norbomen 1d_norbornadiene. Of the dienes typically 5
used to prepare EPDMs, the particularly preferred
norbomene (ENB), 5-vinylidene-2-norbomene (VNB),.5-m
dicyclopentadiene (DCPD). The especially eé ed diene
1,4-hexadiene (HD). [103] One class of desir 3Df'e\polym
embodiments 10 of the invention are elastomeric intékpol
a-olefin, and optionally one or more diene monomers. R R

e

e 5-ethylidene-2-norbomene (ENB) and
s that can be made in accordance with

ers of propylene, ethylene, a C4-C20

red a-olefins for use in this embodiment of
the present invention are designated by the formula CH2<CHR*, where 12*- is a linear or branched
alkyl group of from 1 to 12 carbon atoms. Examples @ ble a-olefins include, but are not limited to
isobutylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-I-péntene, and 1-octene. The 15 propylene
based polymers are generally referred to in the art as EP or EPDM polymers. Suitable dienes for use

in preparingzuch palymens %@%ﬁkﬁ%@%@hﬁ@&@ﬁ%@%ﬁel@mm&f gilnGligde capjugated or

non-conjugated, straight or branched chain-, cyclic- or polycyclic- dienes comprising from 4 to 20
carbon®" BEHaFr &Y MY TG LS B VAR HACS YA HEXA TR B RN i oUh BhsbiHEhe
dicyclopentadiens tyciohaxediene band:rbuiytideRernoioyRanBhidd pasicuiaivinigferred diene
'S 5- ety lIdeNE: 2 0BRMENS: bistn-octadecyl)i-butylaluminum, i-butylaluminum bisidifn-
pentyl)amide), n-octylaluminum bis(2,6-di-t-butylphenoxide, n-octylaluminum di(ethyl(1-
10 naphthyl)amide), ethylajuminum bis(t-butyldimethylsiloxide), ethylaluminum
di(bis(trimethylsilyl)amide), ethylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide), n-
octylatuminum bis(2,3.6,7-dibenzo-1-azacycloheptaneamide), n-octylaluminum bis(dimethyl(t-

butylysiloxide, ethylzine (2,6-diphenylphenoxide), and ethylzine (t-butoxide).

{94] Preferably, the foregoing process takes the form of a continuous solution process
15 for forming block copolymers, especially multi-block copolymers, preferably linear multi-block

copolymers of two or more monomers, more especially propylene and ethylene or a Cy.o0 olefin or
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[104] Because the diene containing polymers comprise alternating segments or blocks containing
greater or lesser quantities of the diene (including none) and a-olefin (including none), the total
guantity of diene and a-olefin may be reduced without loss of subsequent polymer properties. That is,
because the"tfitHE49d & olefin monomers are preferentially incorporatedfRTPE8HBH#e of block of
the polymer rather than uniformly or randomly throughout the polymer, they are more efficiently utilized
and subsequently the crosslink density of the polymer can be better controlled. Such crosslinkable
elastomers and the cured products have advantaged properties, including higher tensile strength and

better &TidtielpEgodetynofyerzoad e ERrTIIUSC009r030EBa sing 0BT prdpiiehelatolefin

interpolyRaghs et e funslicnslizad Ry nsoneRinGAtdeastans funstionahaipuphithitsRolymer
structure., Exemplary functional ﬂ(?‘r_oups may include, for example, ethylenically unsaturated mono- and

di-funcliBHEPE AR Sonthinesidany R et voied S o TORGHRI ebrbswyte Acid
anhydridesomattsatheseef@rehesters dneseof nSchefenctionalgiaupsinande, grafied deran

propylene/a-alefin interpolymer, or may be copolymerized with ethylene and an optional additional
ComonanSh 5 FOHA LA FREH RSP BR RHGSSTENS ARG SRE ISR M SRe Spfiinally other

comonomér{shcMeansyioegrafiing fin Chomakhgiotpschrte polypropyléneraderdegbrif@d doriexample in
U.S. Patents Nos, 4,762,890, 4,927,888, and 4,950,541, the disclosures of these patents are

incorporatggkerein pyJafarane AR tHsi-ERtiReh: QRS HAMSYIRHY LSS funstionalgroup is maleic

anhydride.  [106] The amount of the functional group present in the functional interpolymer can vary.
The furfCEBRATIGroBRYEA! BRI BB ERESE fih DIk SORRHER S R RATRA St AR PRI in an
amountafigtiediskabautddyveighbprrecnt:ipreferably at|eastabai-onveight perseituand more

preferably at least about 7 weight percent. The functional group will typically 15 be present in a
co?p[glyr%oexr]-}ffl/rﬁé? HAd |8Eril% 76X ﬁ%%pr&f;ﬁ%ﬁﬂlgﬁl B s teiais T%‘é)?{%n%%gg?ﬂt %ﬂ%dﬂ\gﬁ’é’?@ent, preferably
less tharteabolyi80s \Wevg thepper Gegbearc moresprefe rably dessdhameirng Ronveéight-percent. More on
Block Index ..ok O{] Rande Relymers.satisfy th ing relationship,. See P. J. Flory, Trans. 20
Faraday Sgi:eb%ci 84 1955@v}5§ch isggncoerp rateé Igyﬁ?e g\r%%%’é ge%rjé%%ﬁ%ggﬁti?e%e. [108] In
EquatiapsistenecrieiécTranttin fusfteystlizarsie iehomsps dRicairelatedpatee, and better oil and

filler acceptance.

15 [96] The inventive interpolymers also exhibit 2 unique 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 the same monomers and
monomer level or physical blends of polymers, such as a blend of a high density polymer and a

20 lower density copolymer, at equivalent overall density. It is believed that this unique feature of
the inventive interpolymers is due to the unique distribution of the comonomer in blocks within
the polymer backbone. In particular, the inventive interpolymers may comprise alternating blocks
of differing comonomer content (including homopolymer blocks). The inventive interpolymers
may also comprise a distribution in number and/or block size of polymer blocks of differing

25 density or comonomer content, which is a Schultz-Flory type of distribution. In addition, the
inventive interpolymers also have a unique peak melting point and erystallization temperature

profile that is substantially independent of polymer density, modulus, and morphology.

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

accordance with embodiments of the invention. In elastomer applications, reducing the relative
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melting temperature, Tr," of the copolyrner and the melting temperature of the pure crystallizable
homopolymer, 7;"0. The equation is similar to the relationship for the natural logarithm of the 25 mole
fraction of propylene as a function of the reciprocal of the ATREF elution temperature (K). WO
2009/097528BCH Y EI619/032638  [109] The relationship of propylene BEIERHHOPIGSATREF peak
elution temperature and DSC melting temperature for various homogeneously branched copolymers of
similar tacticity and region defects is analogous to Flory's equation Similarly, preparative TREE
fractions of nearly all propylene random copolymers and random copolymer blends of similar 5 tacticity
and refiBeaEfsOPkBHES & Ifcomittis Jineth arcepridrosmizib th otdoctatiweighieffentsy diltde] According
to Floneit . dhe el facia of prandenc.ds eaial ia 15 condiipnal proraRilly tatene propyiene

unit will precede or follow another propylene unit, then the polymer’is random. e other hand if the
conditiSAE BTS BABING AhARRIAY BB ISR Aereest Pt Herha yoiegane rgsal-P, then the
copolyrsptdsieablockizopatymerHitiepiemainingly casemherithssandiionalpiahability is less than
P yigzldsﬁltg{gatingtcopgql}/?e‘r% Lrl%égﬁt}e mole fraction of isotactic propylene in random copolymers
primiarify determines a specific disto SERTOBIRHE SeghidiesrRanshls &y siarivcinefbedetavior in
turn is gonerived by themseairmaneuiibliumgtriistht thickoess atisegipen denperatisies:T berefore, the
copoly It -E.CI lization temperatures of the inventive block copglymers are
related%%%Q%%ﬁ%%lﬁﬁiﬁé’ ggé%%?o%#d‘?nc%%%%ﬁ%8@?’%?%8%“31 ﬂ:t)q \g?l%p? cﬁﬁeaggﬁ%ion is a useful
way to BRIANHE/ tho i mhivdiaprdog hel i EREIRfherctde! pntelativbeteeits ttag tombagedvalantscopolymer (or

random Sauivale Bl il dactianiv ThE eIy BIoGkir eferse. e exXenta parigular palymer fraction

or ﬁolyme_r comprises blocks of polymerizeéd’monomers or'comonomers. There are two random
eqlivafsHs BrHRGespERtikG e SRbEsT fermpBsrtuidaidtd oieestrsdpondingeseéonstant mole

fractiouefipeopideneThasedounhe sidesef adahtiriapalen okl 2k TheRohTx R gpresents a
preparative, TREE fractjon, where.the ATREF elution temperature, Tx, and the NMR propylene mole

fraction BYYAIE" HERLuirdenUatlydye E35lne mole fraction of the whole polymer, P is also
measured by NMR. The "hard 25 segment"” elution temperature and mole fraction, (TA. PA), can be

estimated BB¢Ise setts prend¢aiisttbotiotprpylese romhopblyenén(inepared thy asteteaspecific
ZieglerNaUaH AR ABOMIRIR ERPANMA Rl AR HAIE. SRTRSPEOAS 19 g calculated
se m

random copolymer equivalent ATREF elution temperature on the sured PAB. From the
méasufePATREF S [DfonltempetatlneTx cthietomesporditly rarfdort pidpyineohote fraction, Pxo,

can al W, ( PCT/US2009/032638 calculated., The square of the block index is
detined e o s r3) PeRATE el il (P IASS AR Sce the rght

trianglesand Sinpitdypthéziagionk aremsdsedistuite Bguaiegratimokthextistanaes.fram (TA, PAB) and
(Tx, P)g)ng%gﬁlrsa@ m.line. In addition Eh imilarity of the right triangles means the ratig of the
lengths oF Gther of %g% grréns Bgrrl]c Iwéj%'z} é:éfs d%enes, p(}fyene.s, aﬂgny‘ enzenes, etc. Examples of

such comonomers inciude C4-Cp() a-olefins such as isobutylene, 1-butene, 1-hexene, 1-pentene,

20 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, and the like. 1-Butene and 1-
octene are especially preferred. Other suitable monomers include styrene, halo- or alkyl-
substituied styrenes, vinylbenzocyciobutane, 1,4-hexadiene, 1,7-octadiene, and naphthenics (e.g.

cyclopentene, cyclohexene and cyclooctene).

99} While propylene/a-olefin interpolymers are preferred polymers, other
25  propylene/olefin polymers may also be used. Olefins as used herein refer to a family of
unsaturated hydrocarbon-based compounds with at least one carbon-carbon doubie bond.
Depending on the selection of catalysts, any olefin may be used in embodiments of the inventior.,

Preferably, suitable olefins are C4-C2( aliphatic and aromatic compounds containing vinylic

unsaturation, as well as cyclic compounds, such as cyciobutene, cyclopentene, dicyclopentadiene,
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5 can be used instead of the areas. Bl =11Tx-11Tx or Bl - LnP - LnPxo 11TA-11T"LnPA - LnPAS8

[113] It should be noted that the most perfect block distribution would correspond to a whole polymer
with a single eluting fraction at the point (TA. PAR), because such a polymer would preserve the
propylene sébfh&ht/Bidtbution in the "hard segment”, yet contain all the 2¢A1BEI09 BN
(presumably in runs that are nearly identical to those produced by the soft segment catalyst). In most
cases, the "soft segment" will not crystallize in the ATREF (or preparative TREF). Applications and
End Uses [114] The inventive rnesophase separated propylene/a-olefin block interpolymers can be
15 usedf zovhariat)oitplednetiacti fabikdtionphoceasesitvtprodlioshst iuddrcigspinelitding objects

comprigingah pasbensyile (¥rh e AT R FIeROIaVES fih Ruakleantone lavarin dpuiilayer film

prepared by cast, blown, calendered, or extrusion coating processes; molded articles, such as blow
molded™hj@e for tHistde dudt elsiomotitb & articlediobsfirusionsifiders; and woven or non-woven fabrics.
The polymers may also be used in oriented film made in a double 20 bubble or tenter frame process.

Thermoplagiip Icompesitigns. cRmiLrising (hadAvaptive Relmersingiude @'9&9&9{@}%&&%&&%}“@' or

synthetic polymers, additives, reinforcing agents, ignition resistant additives, antioxidants, stabilizers,
colotant UEEn BRI G shifksitg AJEREEn I bRRR ayRrscand plarsmeias 1 dppestitulhr utility are

multi-capnpanent fibeessidetnasi canalsbenth fhesseavinganoutaksi face-tayer. sampesing at least
i nts of the invention. The polymers may also

in part, one qr.more pol rs according 25 tg embodim |
be used'm éf(;fllél%esn %ﬁ%hxégé%}%%; 'g)WélT??f e '5?%&%%%%%‘8%%@%“&#& §8E5tive items, such as films.
WO ZOW@MWMGMB@@B&, cﬁkl@eﬁt@y,wmd@ﬂemﬂycb@mﬂﬁéﬁetorm phot_onlc
crystals. plaglanic RANE JARMAISHALR: S FIPHRREIE ARFA SIS S fiiB,RHgh Materials
comprise periodic, phase-

16 hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4-Cag o-olefins, and the like. In

certain embodiments, the o-olefin is ethylene, I-butene, 1-pentene, {-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

15 problematic as the molecular weight of the monomer becomes too high.

[101] 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. In particular, interpolymers comprising
propylene and styrene can be prepared by following the teachings herein. Optionally, copolymers

20 comprising propylene, styrene and ethylene or a C4-C2p alpha olefin, optionally comprising a

Cy4-Cpp diene, having improved properties can be prepared.

[102] Suitable non-conjugated diene monomers can be a straight chain, branched chain
or cyclic hydrocarbon diene having from 6 to 135 carbon atoms. Examples of suitable non-
conjugated dienes include, but are not limited to, straight chain acyclic dienes, such as 1,4-

25 hexadiene, [,6-octadiene, 1,7-octadiene, 1,9-decadiene, branched chain acyclic dienes, such as 3-
methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and mixed
isomers of dihydromyricene and dihvdroocinene, single ring alicyclic dienes, such as 1,3-
cyclopentadiene; 1.4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene, and multi-

ring alicycelic fused and bridged ring dienes, such as tetrahydroindene, methyl tetrahydroindene,
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separated domains alternating in refractive index, with the domains sized to provide a photonic band
gap in the UV-visible spectrum, such as those disclosed in US Patent No. 6,433,931, which 5 is herein
incorporated by reference. [116] A photonic band gap material is one that prohibits the propagation
of electrom¥h&tE/Fa&ation within a specified frequency range (band) int&eriaiA 8ttt idhs. 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 10
particular frequency directed at the material in at least one direction because of the particular structural

arrangBF IR SEFRatd asdms brisatinatefisncaatisenathv datrcskchiakedd 8dains. The

structwradigkIgNgement Bnsh cafactivedndigrmofseparateslamaingiint MakpdiRithese materials form
photonic band gaps that inhibit the propagation of light centered arOLLnd a paéticular frequency.

(JoanrSPBRITECer AF O PIREISHTE GRS oIiNG TR R BY L TGRE P8 Bifndeton University Press,
Princetan]dNedy1itR95 -OiiBeaiigensional phattnie bandnjap materidsdnoiutie dtmistuypicaliyl refractive
perjodicity,in one directian, two-dimensional photanic band gap materials jnclude periodicity in two
direggticylrsl‘cs}é,1 g)n%r?ﬁ?ie%%gﬁrﬁgﬁé\%% rrg Cg{?%)r(rfr‘{é} Ba%%eggﬁerrlﬁgﬁgﬁ%ﬁ}s i}rlff: a%\gnsé%?és fcm{;’ in gﬁreeng %rections.
[117] Tihetrefientd At &3 arfd tiayisieittalcerpropectie8\ahaSphistopiencrystatborspticdE8 intadference film

are chagacterized by theesisahthicknessof Shadamains.onresionsiie ontisabhisknessds defined

as the product of the actual thickness times its refractive index. Films can be designed to reflect
infraredndibibike seighed¥iblet wavelengths of light depending on the optical thickness of the domains.
[118] The refractive indices of separate domains of the structures, and periodicity in 25 structural
arrangemeni3pre taflared4q oiertidasi@dl entarichal ben peringieity incshriicker alidrrangeinentis met by
creating . separate.domains of size similar,to the wavelength (in the materjal comprising the domain as
s T A S B R S R S ke by e
structuspriprefisraklyoflemring:of sizeone greaige thdmn thefinaelength ofiintetestmPnedkdiactive index

ratios between adjacent domains should be high \WO 9/097525PCT/US2009/032638 enough to
establié’ﬁe%e%ta%ﬁﬁeé%niﬁr (ge“ gﬁ%ﬁ%”&%? 5D§b9%gn BE%%Q‘Ctjgs%éeéevgthl?&é&%@%ﬁﬂ@?gﬁactive index
ratio (mikg)gwhere frois thie éffective mdex. of xefrattion ofitlfiest-déniainmahdia ik theneffective index
of refraclian af 386N AAMAIRLIN GFARLAL hedaraer e rriTacive Jndex fatig-{iglragiive contrast)
the larger the 8aéh§ g%ﬁ%?% trllle’prgsent i’nver?tion,‘band kg%zzlp igtailoréd 5to tge above a

prédeteraiiatethreeshpidyartasexe s b FdaiddA PTG Rt EREIOH RPEYatEmM S B8 Bimensions
for twoglimensiopal sysismscanditbreamiimensions foniagdimansianalsystamss suitaele choices

can be made so as to tailor the refractive index profile of the adjacent domains to selectively

concerfiPAikEieHift ARntRend et roii Shteh SRPHREH GREA bV SRR HHi'E5% be accomplished in
the pre&ﬁﬁpmﬂ%ﬂﬂ@ﬂl hydaitpsingoihe campesitiongfinclude 1.4-pentadiene, 1,4-hexadiene, 5-

ethylidene-2-norbornene, dicyclopentadiene, cyclohexadiene, and 5-butylidene-2-norbornene. A

20 particularly preferred diene is 5-ethylidene-2-norbornene.

(104] Because the diene containing polymers comprise alternating segments or blocks
containing greater or lesser quantities of the diene (including none) and u-olefin (including none),
the total quantity of diene and a-olefin may be reduced without loss of subsequent polymer
properties. That is, because the diene and a-olefin monomers are preferentially incorporated into

25 one type of block of the polymer rather than uniformly or randomly throughout the polymer, they
are more efficiently utitized and subseguently the crosslink density of the polymer can be better
controlled. Such crosslinkable elastomers and the cured products have advantaged properties,

including higher tensile strength and better elastic recovery.
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10 the two 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 index nanopatrticle
additives, such as CdSe particles, which are coated with a surfactant layer and selectively
incorporate VA& BA8"5#he domains. Preferably, adjacent, dissimilar dofaliS aifEP ¥ fractive index
such that the ratio of the refractive index of one to the other is greater than 1, 15 preferably at least
about 1.01, and more preferably at least about 1.02 for a continuous set of wavelengths lying within a
wavelength range of from about 100 nm to about 10 tun. According to another set of embodiments,

these prefd¥&l refrdbfvaqnders arisiEMBlrp Y et b watioralasd BhetHE g Sithin a

wavelepgihoranag-ab Fap-about B0 Rmdosaadte 00:bipiandracerrding-taaneiensetgfor
embodiments, the ratio of refractive index of on%r%o the ott}ler i% at least.20 1.0 for. aﬁontinuous set of

waveleFGRRIy FENRIFA W0ttt ans Hrommclissat Aob At a8 A HESe dielectric
structus@sytexdditing @ bahdi gapeiivthétadispeisiaridetalydndeanabt Suppdrirel estronfagedtic waves at
certain freguencies thus those waves.are inhibited from propa é[lln througt aterial. [119]The
pol;g/amesg}lggs?ﬁ?gtﬁ%a}s outd %a%fﬁg erﬁ&éﬁé??ﬁfﬁ@ﬁ |s%r1%§n glaf ré{[%t'eg %1%3? 2%] ranged with the
periodicoprliotarz eesbsary for photoriptvantiagdpipropemesyincatidast garighpeamsparent to the
e'ectmﬁ%@]gyris{& RAHA I BEEREMNGR Haadnaietialds A-easkRadialiuansnarent g the

electromagnetic radiation of interest, defects in the ordered domain structure of thei)hotonic band gap

materidPeRsiie SRR URVUBITIVIGER Hicdstethehiagrianeriadidton RarbNessihd8 2R % riteria for
blocking ghe sagliation isclesiranedisMQRIODIAAETRRRE R FRIVYAIAORGen Ey2Q R cartain

compositions, one or more of the blocks or segments is crystalline or semicrystalline. This crystallinity
is dhe GrEHRIShInG RERATE BRI YrRISHERAS HHBE SO S USH BAPEE 10 materials of the prior art that
have been used as photonic materials. This crystallinity provides a mechanism whereby the photonic
behavior ddiifie revérsiblycurhetitonforainsl gertieatasinvh ke dnecoivek Bresegfesitciancrystalline and
the Oth%r?.lgﬁiéwgtfénwégaggétﬁﬁc ﬂyea@gm@ﬂ the E%ES@?HH&J%%L%H&%EQ&Gm'CrySta||'ne

-0

polyethylene is the sameas that of‘'an amorphous ethylene/I-octene interpolymer. Such materials can

be heatb@rapbeethepaBIRY &itderstaberiHe FEtEiPRESE e TERARIVS lFidesoeBhiri&ifecessary to

exhibit gharacteristiesqf-anReieRiosRy sRluHoweyRpipeR cCoRlingcthe senissystaltipecanaterial
crystallizes and restores 10 the refractive index contrast and resulting photonic ropeﬁg}ies. [121]
SiZe ofth EsHATNS JEPRBRTET TRIpSRE R BAFSHStePaRERtng ﬂ’i‘ea’ﬁ‘ﬁéi%pﬁ?ébﬁﬂ%ﬁgh &5t the material.
Domainysige: gan-be, vasiedily selapingibe tolatirehmetecniasndeightpanedomipositionsbofithe various
blocks. dditi%r;[lall}{(5 atdiluent (compatible solvent, homopolymer, etc.) can be used to swell all the
domairfs, OF in offier Cases selectively swell an 15 individual type of domain.  [122] In some
embodiments, the long range order and orientation of the domains can be affected by processing
techniquderamebdoek Mdesessing technique involves treating a homogeneously mixed spun cast film
by bringing it above the highest glass transition temperature (Tg) or melting temperature (T,n) of the
componengsiftr a tirke:glsthicient torpreducestiie desiren 26 arderdibmesoplaséosefarated morphology.
The.resulting morphglo il e the.form of the onents.separating. into-mesodomains with
shg{[))est f’fﬁ?‘%r %‘Sa%p?ggggr%%g’é’i} |r?8rllscgicgﬁpr%ﬂgﬁ<a£ ‘Pslpt%%ﬁgg ?gic%%r‘]t%%%%%%ﬁ? ic, lamellar or
otherwise. The film may be brought above the Tg or T., of the components by heating or, for example,
by the use of a solvent which loweks thé tra siti'bn)tfe perature ofgﬂe components below the room or

. e e = e 1Y) . . .
ambient temperature of the operating 23 envigggment. Prior to treating, the copolymer will be in a
thermodynamically unstable single phase which, when brought above the Tg or T., of its components
will separate into the mesodomains. hi certain instances, the mesophase separation in AB block

copolymerEifil yieldsEEeEmErOn SRy 6 ﬁ?éﬁ'}gﬁﬁ@%%rﬁe@aﬁs] DrtarE Wit different
refractive-ingicespa-addition of sudsapebrasisiaracalbhgastijomsslotion pherwel ordsred, globally

Onentegomopolymer, T,.. The equation is similar to the relationship for the natural logarithm of the

25 mole fraction of propylene as a function of the reciprocal of the ATREF elution temperature (°K).
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30 mesodomains can be formed. Other known methods of globally orienting lamellar films are the WO
2009/097525PCT/US2009/032638 use of surface-induced ordering, mechanical such as shear,
alignment, biaxial orientation and electric field or magnetic field alignment, [123]Other embodiments of
the inventioW8a$8{%Pé¢Rdire spin or roll casting to achieve the desired ord&r&d $tPEUIE3Hor example,
simple compression molding of the inventive 5 polymers can provide a film that displays photonic
properties, thus providing a tremendous advantage in terms of processing costs. Other typical melt
processing techniques, such as injection molding, blown or cast film processing, profile extrusion,

drawn or BE#h fiberTsrinationsiealeheaing EriEtHEICEBRVR AORET PERMEBIUATEIEBRSER Y ing

techniqy@spSeaynledssed ferachiave similanafiesiendtlll2 dlaeme expompirsafithadilims exhibit
iridescence and changing colors as the anéle of incident light on the film is Chan}%%%ﬁ [125] The

inventiR BInhERBOR e s B SRS P88 MBLHANoRHIHAK A
mechapechsanic flins islamateraluwiich teppondsstondetorvatiapdychesiging ebioniln these
materials, the wavelength. reflected ¢ es.reversibly with the lied strain due to.the 15 change in
opttal B R AL Lt B e e R e A RSB o e fi to
reflect different wavelengths of light. As the film is relaxed, the layers return to their original thickness

and reflecf¥8lr origiteiofbnefergms. iPsgin@elsicting isenviipodh WEYiofes pruitieRal visible
through.peasiniaed segimeseith.arnliadhsieas or 1426} Thariaveriive-Rlagkinternalymers may also

be used to form polymeric reflective 20 bodies for infrared, visible, or ultraviolet light, as described in

US Pafetiy e 15 180 %yniehths REEiATRC o DY Sead O R fIRIREHILY ha SRten P ERS e aterials that
are formed by @xirusinn of mult plenmiyee e naiarials to craik arplarestiayBrecsisinttgres with layers

on the 50-1000 n scalg..Th? invgq)ti /e intf:rspoi}/m rs ehrie algvanta ed oyer these materials because
case where. the conditional proba Q’l%ls ess thran .grle S Tiatin COH{) %Hl?lb. . . )

thé do fidt require the expensive and tedious processing techniqués, namely microlayer extrusion, to

form 25 the reflective bodies. [127] The optical interference films of the inventive block interpolymers

may also Bélddeful imhg Ve b AEHCAsHRGHIBRESUSH HS rect sl IsrEe 81t Bipes, diffusers,
polarizgeg.thern @'s?&[ﬁé&ﬁ&%ﬁﬁﬂf? RIPAIHIES DRRERPRSS flersanrticalmuitehesioeptiaakflilters,
phOtongov\é\il’f?edz 839 ?hg?r;ggn?ugnct;l;{gﬁbzr?gn? /ggsztg]?)ﬂ%ickness at a given temperature. Therefore, the
copolymer melting and TREF crystallization temperatures of the inventive block copolymers are
15 related to the magnitude of the deviation from the random relationship, and such deviation 1s a
useful way to quantify how “blocky” a given TREF fraction is relative to its random equivalent
copolymer {or random equivalent TREF fraction). The term “blocky” refers to the éxtent a
particular polymer fraction or polymer comprises blocks of polymerized monomers or
comonomers, There are two random equivalents, one corresponding to constant temperature and

20 one corresponding to constant mole fraction of propylene. These form the sides of a right

triangle.

[112] The point (Tx, Px) represents a preparative TREF fraction, where the ATREF
elution temperature, Tx, and the NMR propylene mole fraction, Py, are measured values, The
propylene mole fraction of the whole polymer, Pag, is also measured by NMR. The “hard

25  segment” elution temperature and mole fraction, (Ta, P,4), can be estimated or else sef to that of
an isotactic propylene homopolymer (prepared by a stereospecific Ziegler-Natta catalyst) for
propylene copolymers. The T,y value corresponds to the calculated random copolymer
equivalent ATREF elution temperature based on the measured Psp. From the measured ATREF

elution temperature, Ty, the corresponding random propylene mole fraction, Py, can also be
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bandgap fibers, optical wavegu des, omnidirectional reflectors, brightness-enhancement filters, and
the like. [128] 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 5 sensors,
privacy filter® @FMSEtion, colored displays, UV-protective tapes, greeitiobis@ifi@s#ackaging, toys
and novelty items, decorative, and security applications. For example, the films may be used for
packaging which display changing color patterns. The wrapping of irregular shaped items will cause
the films to stretch in a variety of ways and exhibit unique color patterns. Toy or novelty items which

change#eidre vhEe steteheldhs ierldnsan soirliBpembe ssetrpanb i arecr afdhsBpdsdible. Pulsating
Signs o RAYRIESEMENtS. May befabricated invirhsalerive Sirsiehing.ahrotions.ot fhrdiim by an

inflation/deflation mechanism causes a pulsatln%color chan ge effect. [129] The optical interference

films of e PrESEMIIRENRN HIRFeAISE Tirt duberddSdiar Serd8iBHIERT St IMASHRE HGRE. In films
W|th vasnguiitickhas sight heslgmainranthadfild candblbeg thaske:to sefiedl-a hieashhang width of light.

use obthe %Iastlmg\#?f the films, the infrared reflecting characteristics of the film may be changed
by strefc?hlnglfhe He e(ﬁléependlng upon the desired characteristics, the film can be made to
reflect infrared during certain times of the day, and then be stretched to appear transparent to visible
light. Even when stretched, thegfilmMlk cohftfue Jo geflecttultiavibigtwavelengths. 20[130]The
elastomeric films of the present Invenfior may, also be useédmas-adjestable light filters in photography
by stretching the film to cause it to reflect different Wavelengths of light. The films of the present

invention Iso f As it is k a rovvth influenced by the
wavelengtrﬁﬁ Sﬂa ht ryqu]élvée‘éil%ynt%we plf}:lnt 8%1%::6 Oel.%g %?ﬁsgy SRR rREY (HAFVRARS thd transmitted
wavelengtis }mﬂyght dedirednlarthen dfitraismissiopahe( 25 Spechicaayetehgthobftightiisiiiesired as

the angle o ncileies of sl ehndea NG I ARG fim ek e Adiated . gyerohing o

relaxing it to mainta constant transmitted wavelengt 31]The films of the present invention may

aldd beogisag %%Wéﬂgéﬁs@pgtwqméféf peRsidchapy B drrg eRhibit sptokeretidnge in response
thereto@ﬁgﬁrﬁﬁﬁam%sm%é@mh@f‘%'sé‘ﬁ’n'cnt” will not crystailize in the ATREF (or preparative

TREF).

Applications and End Uses

[114] The inventive mesophase separated propylene/a-olefin block interpolymers can be
15 usedin a variety of thermoplastic fabrication processes to produce useful articles, including
objects comprising at least one film layer, such as a monolayer film, or at least one laver in a
multilayer film prepared by cast, blown, calendered, or extrusion coating processes; molded
articles, such as blow molded, injection molded, or rotomolded articles; extrusions; fibers; and
woven or non-woven fabrics. The polymers may also be used in oriented film made in a double
20  bubble or tenter frame process. Thermoplastic compositions comprising the inventive polymers
include blends with other natural or synthetic polymers, additives, reinforcing agents, ignition
resistant additives, antioxidants, stabilizers, colorants, extenders, crosslinking agents, blowing
agents, and plasticizers. Of particular utility are multi-component fibers such as core/sheath
fibers, having an outer surface layer, comprising at least in part, one or more polymers according
25 to embodiments of the invention. The polymers may also be used in articles such as toys;

jewelry, such as synthetic opals; and, decorative items, such as films.
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W02009/097525PCT/U52009/032638 present invention may be fabricated into a diaphragm or affixed
to another 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 WREHIAETEY green when there is a correct pressure, and bl&& &R Exists an
over-inflated condition. 5[132]Elastomeric films of the present invention may also find use as strain
gauges or stress coatings. A film of the present invention may be laminated to the surface of a
structure, and then exposed to a load. Deformation of the surface may then be measured precisely

using a spda@bphotdhssterntieiimalsbicstid cangdonaEs RGthPBP IRt FEREERY from the film.

Extremglylasge SWiaesRigas mayike cavarediwith therilm of thecpresent jaMeatiophase-
10[133]Elastomeric films of the present invention are useful in colored displays, such as.described in
United “SPatas HIEmTs 4MRH52 AR CBI S 2t HersmHms ért F8§B¥/‘$8Fe?%ﬂ%’é1?csuch displays
are fregughilypusereas\a idanspa displaycinfonmateisdoard ey &S dtaleinNmant s, 08t teridraw attention
to spgcﬂfic article on display ar for sale. These displays are often used in signage (e.g., outdoor
billboatds and §tré 05%?13 y ih‘%ﬁ{%‘ﬁg; and on a wide variety of 15 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 [Ebdr shiffirefefeirbad s/e ReteEdse sy ertprintiethedpermiienty, and serve to direct
the viewerisoatigntion iethe o Rigshonsispial freddh 3 Backiitslisnlay s having R vriety ek eptical
arrangements may be made using the films of the present invention. The actual evicg,need not
neces<Hi & ?ﬂﬁ%ﬁ%{"ﬁﬂ?‘%"ﬂ% BaR PORaRAERL B?E?ﬁfb%%cé’t?ﬂ}?eWﬁi%e &8 thE"EShbination of
film speacirapiangtiaidarepestiesoaptt wavalengihsinissitecfiam delacapiogieateaidaésiretdight
distribution pattern. This recycling, coupled. with the high reflectivity of the films, produ ces a much

bri tep%gfg%?%rizﬁel%%e il rﬁg fécs“é&(;% v@ﬁﬁ%&eﬁj\?\gﬁji%ﬁﬁﬁ%iqs)gfa%éécgff% the %ﬁ&‘sﬁ g?l%ceugrresent invention
may besuisadrin m@gmﬁmmﬁﬁﬂpsaamﬁsmmutmSlﬁgh@@d@ﬂn@@fbfﬁé@@ﬂ@l ipdin@%s@ﬁ_}i@és, justas
conven 'é’rﬁgik)ge ggm%tﬂf% now, used for advertising, Rigas 4r.computerhagkliohts. £ flat reflective film,

uniformly c y optical interference, which covers the open face of a backlight will change color
as the Viewsenpassesby thosign kopheme Batiahdtichnprengitigrotidichbsencsear gmgigmented color
can be appligd:tadhe reflactivecpvaniiim yiapeqr ek SaieenPRInG Jerbpiguest vitgratively,

interference reflective - 45 - o ) ) , :
15 Princeton University Press, Princeton, N.J., 1995}, One-dimensional photonic band gap materials

include structural and refractive periodicity in one direction, two-dimensional photonic band gap
materials include periodicity in two directions, and three-dimensional photonic band gap

materials include periodicity in three directions,

{117} The reflectance and transmittance properties of a photonic crystal or optical
20 interference film are characterized by the optical thickness of the domains or regions. The optical
thickness is defined as the product of the actual thickness times its refractive index. Films can be
designed to reflect infrared, visible, or ultraviolet wavelengths of light depending on the optical

thickness of the domains.

[118] The refractive indices of separate domains of the structures, and periedicity in
25  structural arrangement, are tailored to meet desired criteria. The periodicity in structural
arrangement is met by creating separate domains of size similar to the wavelength (in the material
comprising the domain as opposed to in a vacuum (freespace)) of electromagnetic radiation
desirably effected or blocked by the structure, preferably domains of size no greater than the

wavelength of interest. The refractive index ratios between adjacent domains should be high

T



WO 2009/097525PCT/US2009/032638 lettering composed of a different colored reflective film than
the cover film can also 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, whileWtlie28t8iié shows a magenta to green change over the sarf& HHEY ##%% other color
combinations 5 are possible as well. [136] The color 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 CRAYFE KeevrhBBREESHY Bpaeimacorr BAtETg fights ifitre sdckiibreisEm? /88 colored
lettering % 1R ohigstsadar/the veflectve everriim. idd37 e Rrightess.of dbasisplamcan be

enhanced by lining the inside of the backlight cavity with highly reflective inter_ferenpe films In this
same MAAMEEHY SRR SIEPEARARIE ST dISPIEY-dArR B ChritolBEb I RiAE S ctance
cavity witle ar¢efiectiyedilmdhsdkeferentialyd elieats: onlyheasitamcoloss: d) @ bidghin essioffae chosen
col(gr rrgg)éesuéfer in thia@JfS case %?g u§ga%fdi1és %ggnsgyis&io ] at certa%'n ang_lgs throurgq the lining. If this

. h QvVe 4 pre £ 113 18] IMENSIEN 10T On ens a. . .
is undeswat%e, thé &SiTed E0i0r Dalance can be efrectad y coating a foadband tiner film with a dye

of the_ appmpr,igt@ deanqsébsmbaﬁmnsi§n@13ﬁ]téﬁhe aeﬂeimweimmtoﬁ_tmhsrifm _maay—also _be used in_
combingfion yih dyedQr Rimenr splpred fims witl ts,1alierpn If_x‘@ré{f?aé@{}eslﬂﬁe%op?%'ﬂ? a desired

color control such zs, e.g., 20 eliminating a color shift on the lettering while producing a color shifting
backgrégridiacqnadimries sackiesighyfesecnbiise plnaic dPme® digemfr cotiritedpplied to more

t_han O%fﬁﬁﬁz&%h@ﬁQBm&H@Q : ig&ﬂ‘iﬂﬁ%%ﬁ'égﬁ’i%e%t%&?b%jQﬁfhﬁﬁ'g%ﬂ%@ﬁﬂﬁﬁlﬁﬁf [140] The
films of the present invention may also be used to create a variety of non-backlit displays. In these

didlay@edrieBbie PR BORYNOREHT S SeSrHAPIGHIS6H &, BENHEAREYBE Sunlight,

ambienhlighting. gt dedicataditighl: seurep: istadato passiproughdhe-ntaderencea.fibn twice before
the transmissio sg&gtrum IS eenﬁbc\%the viewer. In most aggglc'{cations,t is istalccom lished by using

. nanopartic fives, suc 8 articies hich are ¢o 1th a.surfactant iaver a
the intéffer8Ace fili ih ' CEmbiration Wit 3 refiéctive of poﬁarlzm&’ s}hrface.céauch surface may be, for

example]catoahy entomahmiriowehthel thp e olvih 20DBETHR SR EdMI SREQI03 268B fardifée through
deposition. of metals, 3 98&%%9&%%%{&&%%‘ CSHIE RUDRY IS B2 RANTDRIE IO E}%%!‘i‘f‘z'”g film.
[141] WIFnIe the interference films of t e present invention may be used aonanFageous y in"’combination

witld eitbrefesplde dialdysrehieetiv @ braditfusehpretediveidartacbeual diffischcentafisetngt Sibstrate is
preferrgd, Suciia sHhstALR FaUsRRIhe RO rrRsmitissLbYdneflm {and suhaeauenshyirgllected by

the substrate) to be directed out of the plane of incidence, or at a , )
to another set of embodiments, these preferred refractive index ratios exist for a continuous set of

wavelengths lying within a wavelength range of from about 300 nm to about 700 nm, and
according to another set of embodiments, the ratio of refractive index of one to the other is at [east

20 1.0 for a continuous set of wavelengths lying within a wavelength range of from about 400 nm to
50 um. These dielectric structures, exhibiting a band gap in their dispersion relation, cannot
support electromagnetic waves at certain frequencies thus those waves are inhibited from

propagating through the material.

[119] The polymeric structure should be made of material that, in a disarranged state (not
25 arranged with the periodic structure necessary for photenic band gap properties) is at least
partially transparent to the electromagnetic radiation of interest. When the material is at least
partially transparent to the electromagnetic radiation of interest, defects in the ordered domain
structure of the photonic band gap material define pathways through which the electromagnetic

radiation can pass since the criteria for blocking the radiation is destroyed.
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different angle of reflection in the plane of incidence, than the colored light that is specularly reflected
by the film thereby allowing the viewer to discriminate between the transmitted and reflected colors.
Diffuse white surfaces, such as card stock or surfaces treated with a diffusely 10 reflective white paint,
are especialfy&HPaMtE8Eous in that they will create a display that change ddisEWMA3aFgle. [142] In
other embodiments, the diffuse surface, or portions thereof, may themselves be colored. For example,
a diffuse surface containing ink characters may be laminated with a interference film that has at least
one optical stack tuned to reflect light over the same region of 15 the spectrum over which the ink
absorbs. TiA&UharadtetsripitHemassitines aptieler wifirtheffiisebinvisiblesegnentain angbnsfariewing but

clearly ysiblg-abiptheranolessiasinliar JeChnigie Maye.rsed faracklis displayR Ry matching the

reflective bandwidth of the interference film to the absorption band of the ink), In still other
embodfiffBREEHR HiteHalerc @ st be prrted-d il Qs kit 5 caIsYeling, which
may beprithéssapaeakiansieeenke TransceeiciaQ defives #istbis contexhas Breaning substantially
trarFmisaﬂve ]Wi h a}*seubsta[}]%tia diffusing effect. Alternatively, the interference film can be laminated to a
white oF COTSIEPSHHALETWHRSH o REEHATSEBE HISEY ST OPE A%9h (¥RA BiRSPESSditNents, the
films ofthexamv@ntide raychecisdekinfcoshbination yaitiiianspbsisateldhaiahsabs therdwavelangths
transmittec the. fil re llowing the calor.25 of the display to be controlled sglely by the
reflecti\%@%gééﬁ%tng%ht e—ﬁf?#?gsb%%ma%@%bﬁ%%t?gg?\%g% %rr)pg%{?ﬁlb (ef,angn&ae%gf(%é%gmirror film of
the preSeHeisrEativhew ek teshEin e erteinnien edsirgshsdee shie wisibiéinegibaraftthistspectum and

feﬂeCthQQ&?rﬁXV@}@QD%B%@e‘ib%?ﬂﬁi%%ﬂﬁ B iSsaddm GRRRIRAPO- Wl aRIACk suRsitate. WO
2009/097525PCT/US2009/032638 [144] The optical films and devices of the present invention are

suftdbléhforeliastireiaesrativng 280 r akiskyRgHRBIo PIWGERS windows. In such applications, the optical
“films of the present invention may be used in conjunction with, or as components in, conventional

glazing maigidls suShvasiplastioeigl&ssmd@lazimgarate riatsnprepafiedtingtttis pharmér can be made to
e 5 Polarization sRecili.0 LG nestiaon s easenlialiiansparent to g fistRolarigation of ight
s Ignt,

but substantially reflects a second polarization o ereby eliminating or reducing gfaré. The
physicahgropertisis ofsthetoptieabfithodan Algdbmatipdifibtreas taughttitdesivl sathat the glazing

materialg Wil JeHigst mnt@%%@%s%b&%p@ma@mﬁam@b@ A GeliRIeon .l e Spectim (e.g., the

UV region), while transmitting light of one or both polarizations in another 10 region (e.g., the visible
regron)MEHS ISP RN Rportant in greenhouse applications, where reflection and transmission of
specific wavelengths can be utilized to control plant growth, flowering, and other biological processes.
[145] The Di2Edal filnks @fthepbesentiny éntiongnayralsddrenuserda-piovidehd econative fehestrations

which YRRSt gL oL SRGHEGHAYE PRI S R YR B R 0GR HURNS. AV He. 18 dk 19",

homogeneously mixed spun cast film by bringing it above the highest glass transition temperature
(Ty) or melting temperatore (Ty,) of the components for a time sufficient to produce the desired

20 ordered mesophase separated morphology. The resuiting morphology will take the form of the
components separating inte mesodomains with shapes that, for example, can be cylindrical or
rodlike, spherical, bicontinuous cubic, lameliar or otherwise. The film may be brought above the
T, or Ty, of the components by heating or, for example, by the use of a solvent which lowers the
transition temperature of the components below the room or ambient temperature of the operating

25  environment. Prior to treating, the copolymer will be in a thermodynamically unstable single
phase which, when brought above the T; or Ty, of its components will separate into the
mesodomains. In certain instances, the mesophase separation in AB block copolymers will vield
stacked lamella consisting of alternating A and B slabs or layers with different refractive indices.
In addition, if such copolymers are roll cast from solution, then well ordered, globally oriented

30  mesodomains can be formed. Other known methods of globally orienting lamellar films are the
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15 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. [1461The optical films of
the present invention may be incorporated into glazing materials in various manners as are known to
the art, as thfSUGN¥EEHY or extrusion. Thus, in one embodiment, the opticaitizaw apesaginered to all,
or a portion, of the outside surface of a 20 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 panes of glass or plastic, and the resulting composite is incorporated into a fenestration.
Of courds, chaugpticaldiniheaiebag iveshamybduitionailieye mipnueatihgsité gictfifiabsokbing layers,

antifoggjgtgrh@)fggjg,&rr@g%qlr&{&egg\é%ip#%{ggo render it more suitable for the specific application to
which it is 25 directed. [147]One particularly advantageous use of the colored films of the present

invention iﬁ&gnestra '%{13 IS %\oe'r aﬁpli%?gfn to sunlit windows, where reversible coloring is observed
for day vs.'night. During the a(i),mt ISP EERiP W RAbTRAL SRR PHRAMTY DY Hi& Fansmissive
properties dehitee fitdetoivand sunlifht cAtmightsihewevenpveriditteolight ist seemirdmasmission WO
200?/0 { l?(%y 9 638, through the films, and the color of the Iilms is then determined by
the reflgcﬁé% %f_tﬁ%%%r%%o@gr%& the ﬁlgsﬁﬁtj%%ﬁgé’é%ﬂﬁs%fa 1 il m&lﬁlét%r?ﬁglpdoﬁ?ﬁggpﬁﬁﬂi sources which-
simulattdtidiightn tsanresiiriseRuneorapinfehtiriyvod nof tipeofityiap pedranos durngsthe day.  [148]

The fimsafiiepissnbiventan Ak Asssedn KiaUSIBNGBES apRIaoRs, Including the

backlit and non-backlit displays described earlier. Depending on the desired application, the film may
be unifSHMHEBIGTHEN ERTHIESEEHIGH SppBtiart P brreaclhrenaissr setivitgueanntse Bitared to transmit
or refleet ayesthadpsirgg-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

pofgrized displays 1Q incorporating hightrecycling ta increase brightness, or the film can be made to
transmit o_? reflect b(gtﬁ poé)rair;n tilgogr%s‘% 0 “fé%%%\cl: g%{tj}s%% ?ﬁegﬁ%ﬁggt%ﬁ%nﬁéﬂp Cofred MiFrors or filters
are deshapfat lighto fire thlesinsplesedase, the film of the present invention is used as a filter in a

backlit light fixture. A typical fixture contains a housing with a light source and may include a diffuse or
specular refiesttive efemerebehinddhetighicsoueseQn aavwsing Ridaasisams pbihgnieriands surfaces

of the (%Hticalfgr:avi%. Th outPu .Of the I%t fixture %ﬁically contains a filter or diffusing element that

obscures Hie NGt S30ReR FFBIN iR de GiBRIRE DA EhEROMBOR M parieniBY Shpmasicrs which the

light fixturkeis: direated, thelight souhcefipaydehanfieoresceibtlamp, andngardeseeatiampea solid-state
orgecyﬁl ine 1) light S0 a metal halide la or.even solar illuminatjon, the latter being
transmitte to%h@?@é%%%@%?y E‘é%ﬁgg%&g&f&%}‘g%%é%% ,eaﬂetg%tgilcsﬁ%er?{ga?ﬁlb%t%?b‘?e, a
polariz&tisasghesari gt giittecro mny dthethmegdidia s atbekiionis ta theiatic Tdyersotuee may be

diffuse QEisRREHA AN MRay RHES ﬁléﬂqg%%iﬂi%’velengths. In some cases the reflectivity can

be tailored from the visible through nearinfrared regimes with applied stress.

[126] The inventive block interpolymers may also be used to form polymeric reflective
200  bodies for infrared, visible, or ultraviolet light, as described in US Patent 3,71 1,176, which is
herein incorporated by reference. This patent describes materials that are formed by extrusion of
multiple polymeric materials to create ordered layered structures with layers on the 50-1000 nm
scale. The inventive interpolymers are advantaged over these materials because they do not
require the expensive and tedious processing techniques, namely microlayer extrusion, to form

25  the reflective bodies,

{127] The optical interference films of the inventive block interpolymers may also 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
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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 functional considerations. Such fixtures are common in architectural lighting, 25 stage
lighting, outBSbIMMEHYS backlit displays and signs, and automotive dasiBda¥a& " Hi& it of the
present invention provides the advantage that the appearance of the output of the lighting fixture
changes with angle. [150] The color shifting films of the present invention are particularly
advantageous when used in directional lighting. High efficiency lamps, such as sodium vapor lamps
commdahiewpdizge gz asPE TS 0000 32E 38 s s besbrgaraigneracapplieations, typically
have spectfalgmissions 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 hieved. For example, when the inventive.film is made with a narrow passhand which
coincidesb@%ﬁthe eerﬁﬁ%gi%%%%‘gﬁgel %%Y?hr%mllé:rﬁ ,l(fﬁelrr%tt & %I}ﬁ%@%?s%ﬁ\g%géﬁ%néégvt }%?Jrig "the film only
at anglesunganr thfe: shesi§nchngiesrat othe banggtddn thmdight@mittbghfiogratipd oareeris rattirned to the
lamp, qr. ing. Typical IC: af yeRromatic:spikey i include low
M S G G S R R g
cathodeaflkasrasctnt (ardpe valdditiomalipo ey eediser WHY sEBUCAM He S SAARMe BFdHatrow pass
type 1%@99@M@%@ﬁ&%@[ﬁg@ﬁ@@%gﬁ@fmeg%mmmg@.mm@ﬁ@mm@&we single
wavelength emission at a specific angle ot incidence. This means that a reflective film having, for
exampBaBFdGaIe W GaUSHEEABM S PN WAIKA O bR B SALPRRAVBIERY tRIAR B IRES of the lamp
emissian canmedisatas welthamesspesific gaosaeiries isushichviiedighirsosicaanghiiimof the
present invention can he combined inclyde, .but are not limited.to, the following: 15(a) A cylindrical
bu? , sﬁ%ﬁ‘u‘%‘g goﬁﬂﬁ%sg% Eft]tﬁ%éfgfésv(\)frgg‘b%ﬁ Wﬁﬁnﬁ?rﬁn e e%?g%ebéac%?%%lrr‘ﬁ%ﬁéﬁnSé%g]%g% transmission of
the bulkispkailg efimttedbradiatiofilingy theififmisdesignedavithaaipassbarnd: penteeg@iche wavelength
of the @ﬁnf? %%}:fe%lgn. In this geometry, light of the peak wavelength is emitted mainly in a radial
direction frdm the bulb's long axis; 20(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 selebté@lto traR&hPUtahE B realks i flkoPratRakion T SRERlG Ha% 158 d8iWhward or in
any otherddirectinm raddhatight wihbeiviewablerat anglgshriaicectinn Reaimal, bdiienplane of the
opening but not at gngles of incidence substantially away from normal; rnately, the combination
deigribgeedl?ﬁ Socrﬁﬁetﬁ%st%%?ﬁﬁﬁbt lb%%%gsc%?ﬁ%d‘to %&H%en%g Eﬁ% Amp ¢ n?lgs%eo%ﬁt% 5&215 )g)hritlr%]gge angles of
incidene¢iaway fhamcthestiosmiharigle tyyprovidingedhe orawbresdppfopratEipasiipandisgmeasured at
normal_ incidence, .at elen g t t Issi t -thi the lamp
SRR RSl JIRAIALIIANDS TR R AANAY BIEHAD D Mim0e

emission S 032638 Is transmitted at angles where the blue shift of the
passbalhd dsxfitiest ks atigishbdtemissio i peak oitothis pledsgundven when stretched, the film

will continue to reflect ultraviolet wavelengths.

20 {130] The elastomeric films of the present invention may also be used as adjustable light
filters in photography by stretching the film to cause it to reflect different wavelengths of light.
The films of the present invention may also find use in agriculture. As itis 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 light desired. Further, if transmission of a

25  specific wavelength of light is desired as the angle of incidence of sunlight changes during the
day, the film may be adjusted by stretching or relaxing it to maintain a constant transmitted

wavelength.

[131] 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
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(d) Combining the angular distribution film described in (c) with the geometry described in (a) will give
a cylindrical bulb in which one can have direction control of the emitted 5light 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 thitg %ﬂ??é%’ﬁﬁvavelengths, can be combined with an inventive 'qr%ﬁﬁza‘{?ig &%‘ﬁ@ one
passband, and such that the film transmits only one of the three color spikes at a given angle of
incidence and each emission peak is transmitted at a different angle. Such a film can be 10made using
multiple groups of layers, each of which reflect at different wavelength regions, or it can be made using
one grBlRSeSt IAy&HERRYH B ARgItarka it hatRbRRE of AENRGH SRR %ﬁ%’eﬁ“ﬁf&ﬁ%@bﬁ‘d}h region and
consequentiysthaiwidih@hthephavnenicibandyicihscanibe aostatiedto Hivesdesirethirdasmission
gaps between the f'rsé order agd h rmtoni r%ﬂection ga[ld 'tl'l%ecggdq{%ig%tig&gf tgise iIm}, wéth the
polychPSRYAtRE i’%‘éé?k SF RGAPRSuFRESVAITd Sppear toSpitlight rrom an apparently “white" light source
into its skpatiate colararddoilSince thé rhtedispbetealstiftwithcangleisiswralitear normal incidence,
the angular control of light is less effective at normal incidence compared to high angles of incidence

on ghe invfﬂﬁﬁ filmg FQb eXAMPIgs deRensing R milkaawidihofibe fampsemission fngssand the 20
bandwidth of the passband, the minimum angular control may be as small as +1-10 degrees about the

normaPtBrFasogEEt ad FIuDef GegrEseory P88 HOGY S BN o SRgRiAe EittiRg lamps, there
is no madimkTEANGIel eontkldintrit-mayhefdesialile: fos eitharaesthetieOprenisehyusonservation
reasons, to limit the angular distribution to.angles less than,the free space availaple to the lamp, which
is typicHIfF SR Gagre %‘ﬁﬁhéﬁ%&%lrr SO%SSP?H%%HWZ%%{%?%%}H& %/}el%%‘cé?% gﬁéﬁsg%%%rﬁ g“)%ample,
dependingeanGlstemerfieqriramnenishone malywidsthtdledat th¢heeasgulaenginge to +1-45, +1-60 or
only +1-75 degrees. At high angles of incidence, such as 45 degrees or 60 degrees to the normal of

thgdilm, angydar contildsnuchimore @ifestiva: invethrnweardss/af thespRadrsihe wassband shifts to
the blue at a higher rate of nm/degree than it does at normal incidence. Thus, at these angles, angular

control Brahaf B Bl S pRARY dn! B Miintirlbl tEeqARRiA g {fesin in its entirety by

2009/02:¢62RCHILISROND/O32G2G fewldegrees ashehas Hisf dagreasatmior uesyaearchinpassbands
and narrow emissiop lines, to as small aﬁ +1-2 1de%lr es, . k22l Tl e{i]}mss %Ff}f qtt}g ?‘Era%%% finvention can
also be" 84 i 4 5e HEBIEHEY MEINBH S CE1 I th ahgt &lamp i

$6°E6rtrol the & gular ou?'pu OF t pint e desired
patternudedriexampte(cadl arpartdfithefitn &b kacedsipzal, heklight sodree meydeasihbped to corrugated
or fiangular waveforms. syeh that the,axis,ef ihe waveform s citnar.naralel o prrpengicular to the
aX|}s§ of ?ﬁ(égﬁ%% tu ?eelji éliziéﬁso%ag?lgglr\%rlg?g‘v%%ﬁ%rent anglé\S ' igyprthqgonaluplanes %[:)ossible with such
configuiertitios. of FiSghyvhitetadofiisitatidmora iaton bhvdnsclitel undahiieitreiih works well

to contig the apgle ahihich Jahtis amiteor delesiad: hesase Qe libiles aumber of 10 sources

with narrow emission spectra and therefore limited color options available, Alternately, a broadband

source caw%]made to ga(](:ﬁt ike a ngrrow band source toazflchleve S|mglar d|r$ctlo%glucontrgl of the

emitted light"H broadi SRIVES BRI VSRR G R A RO ETALTS Fif that fransmits In certain

narrow fiiancthfubvelengthiregicns, dhd thathdodifregesd urtacasstnen Heausedan bombatdtion with a
SeEBndh];i}!I@ﬁgﬁlg ic'a‘]rgatf?g%tc'gom%et r\%ﬂ%@%%%'&? BSPSHHIS? &Pﬁﬁ&f‘%&'&%ﬁ%ﬁf‘a‘ﬂ properties and
wavelength emission from a lamp {0 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.

[135] The films of the present invention may be used in conjunction with a distributed
25 light source or several point sources, just as conventional backlights are now used for advertising
signs or computer backlights. A flat reflective film, uniformly colored by optical interference,
which covers the open face of a backlight will change color as the viewer passes by the sign.
Opagque or translucent lettering of a chosen dyed or pigmented color can be applied to the

reflective cover film via laser or screen printing techniques. Alternatively, interference reflective
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15 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 system. By proper selection of the films, the emitted colors will be transmitted at the
desired angYe A%(gt?tge??ﬁngles the emitted wavelengths will not match e\?grgf%?zg??ygf)%ggband and the
light source will appear dark or a different color. Since the color shifting films can be 20 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. g{15?11]i Direction dependent I| ht sources have utility
in man\fUBPIRSRIBALSCE S ALt S TGHESSEYEBIBF thandRE<EH ek Gt PBARRGER for
lIIumlnatrétgcat&am@metmtrumeaﬁﬁanetstﬁﬁethmtethegdmwngeteogpwmgctrmegestrmms ata
normal anlgt% can v%eiw the 25 tra mlﬁtedll ht, bug therﬁght wo&d not refI cte ff the windshield
or viewa E§/C<'§1W|o€5:sseng@r SeCEuset 18\? ouEfdgrbeenat0 0 es o the msﬁd?’nén |m|IarIy,
illuminatedisigFisos tangetn can gemzodstmgcted:u@mgatheméetlmdepéndewiphghm@omtm of the
pre§en‘luj Sggpgﬁg {Ro“tget they can be perceived only at certain angles, for example, normal to the
target or ut not at other angles. Alternately, the film can be designed so that light of one color is
transmitted at WO 2009/097525PCT/US 2009/032638 one angle, but a different color is detectable at

another an{i8! This TR B kR Hdhesarmpldms BiAsiRg ltﬁeedé‘bp’foiéh S E§'%Spping point for

vehiclesesiagbsasrforea epjpsashaoremissicibehaekigtadientiibhe m@g@bmmmetanmmt\rmhlm and light

source can be s ected 0 t at, as agehlcl ?rogched the. |IIum|nateld Sj grlv was
hlel't VlSl Viewe ﬂ?l’[}?? ncl Or vice-V evea e(b Cf’i?h
wewmgethentel SHIRGIMA angles ) sign, ony reen I| twould be vrsrb e perceived

transmﬁedﬂ@MM§mﬁctﬁ¢edlat cthetan@l@hmerdlth@w}dmbtewas tysstoploier éxteampgeyrnormal to
theosrg Et? {{%bt%atté%gcofv%hceogyemve film and a narrow band source is also useful as a security

device, herern Im'is used as a security laminate, and a light source wrapped with the same film
is used as a simple verification device. Other examples of the direction dependent light source of the

present 1d4R0Ention B E8%ERBE MribRaeta IR SRR RSTEMMEEI& Hipagde o Packlightly
selectiveitmsiant gileenptical hodfes canthe Made inaccorgarcaiwitydhel teachingaefdhe present

inventrog?\g gﬁ%a}%% eallé/du%rtgd)fglrm élroa\%gg c:ac%}h:eash rt{%% ture. fﬁ%nm%[%oncern for the

growth virohtnents and agrrcu appllca Ions | o?adequate levels
and wavefergthdl pfditftappropriate foloplafihd Brigtunes. dﬁﬁwfﬁhr:entl erlgneverrifiemindiion can result

I KD URUIO O dSIdRIElaRd eIanie. AR SE et e dop fiof AR exesRelely heat the sol

damage plants. Managing the heat generated by ambient sdlar light is a common problem,

especidyiiprlsslenbrfietintandzs Cffﬁ@é]bﬂ?é%b@dtﬁdlw@@t’éﬁivéféd@r%§ arfcbpiical bodies of the

present inyention £as) beausedinmany horticultural applications where it is desired to filter out or
transmit specific 20 wavelengths of light that are optimal for controlled plant growth For example, a

film can b mizeg. to fi routh at prgducing infrared and non: effl |entv oIar way lengths in
T8 e ik A NRRET s ASheanth

< ttve eu 111 CO mal 11 Wl
ordertod the %st ICien nmtﬁe |np osynthesis ospee and to

manageasﬂdcbﬁhlnamhlethbtbttqnerathwesewel[iﬁﬂtdta@hmardthtat@t@ﬁﬂsqegpdnddomhfment
wayelep ﬂg&hﬁa% NG JUIRIERL RIS 0ka, H&ﬁ%‘@!ﬁﬁﬂg'&C&B{%H&BR%‘DHEE%QM‘ cycle, the

wavelengths in e 500-580 nm range are largely inefficient, while wavelengths in the 400-500 nm and
580-800 nm ranges illicit a §1rowth response. Similarly, plants are insensitive to IR wavelengths past

about 800!AAT] whicH RopHES S SI5HfiRANR pRAGH SOhHERELith1Es FaribbarePHELe Rfvelengths
from the golae spectun? cian, W 200009 bR Gtk 520094 032638 vertising display.

[140] 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,
25  which may be sunlight, ambient lighting, or a dedicated light source, is made to pass throngh 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
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significantly reduce heating and allow for concentration of additional light at wavelengths useful for
plant growth. [158] Commercial lamps used in greenhouses are effective in accelerating
photosynthesis and other photoresponses of plants. Such lamps are most commonly used as 5
supplementsM8 HRfftEI Anfiltered solar light. Lamps that emit energy in tHEBIUs2{eeas3300-500 nm),
red (about 600-700 nm), or near IR (about 700-800 nm) are used in accelerating growth. One common
commercial grow-lamp has its emission maxima at 450 and 660 nm, with little emission of wavelengths
beyond 700 nm. Another common source has high emission in the blue and red, and high emission in
the nedpTRagdbesiegiydapotitionyd whidh, emitiszvelengthsdiewrangstoftd @50peh8herim are referred
to as "safedightsoResanss their emission is in a low response region and does not significantly affect
plant growth, either benéficially or detrimentally.  [159] Light sources used in general lighting are

often pair accomplish similar results to the "grow lights”. The output wavelengths from some
sources aﬂjﬁly retﬁg‘ﬂ%&b\ﬁH}tﬁlé?lﬁﬂgecfgﬂlb8%8%8?‘%5@8%}083}’1%“hﬁéﬁ‘/’(ﬂtﬁddﬂ"}’é?%ﬁ‘&?b’es. For
examplie, dowhiressureisadinmspsad:ify alfiaaicanidiiii-syrihesisofailosophyilawiwhen the low
pressur, um is combined. with fluorescent or incandescent lamps, normal phofosynthesis occurs.
B B B BB O CHCT R GE  RFbressure
sodiunsabiganertl hefickiddmpde (D ighepressutacsodiom alntiapemsuie enipscéiigrova pressure sodium
and flugreseeRtand 8%9%9&%9%%'}9&%%@%@%H&@}ﬁlﬂ%@%&%%’]‘@ﬂ‘?ﬁi%@te"'é‘a'ﬁ‘ﬁ?‘- 20[160]in a
ies

greenhouse environment, the color selective films and optical bo the present invention, when
used afGHERE oISkeritbraisTshycoinpingtbn iftrersn sinvarrrbrygcandhssefosforebretntrating light

of the desiadivarglengthsdanertimalRlantarawthrdhsfinsandantical besies maybg used with

noe[a/‘\ulal upfiltered solar light, or they may be combined with artificial broadband light sources to control
the \WalisRgYs SFHGRPEMME SRET e Sttiiaec g dh by fiynt Wil reeaAdimbuheenstlimited to,
incandestenti@mpgefluorescent lamps such as hot or cold cathode lamps, metal halide lamps,
mercury vapor lamps, high and low pressure sodium lamps, solid-state or electroluminescent (EL)

lights, or ngtyrpl or filtered solanlight hagis apticaly, spupled toithe golor ,%%%Cttgggisléﬁ‘ve%%gefa'

filtration/concentration silﬁstems will be described in more detall that may be used to manage heat in
the greeAGdsEBFTRERIRehtIie WrCE 200010025 25 PRS2 069/08 2888 dedivéring an increased

amount-eéighhat mavelanaths eatinizes iarphatesynthesis and Q%H%\PJ@HEF&Q{?{@E@@BR nges. [161]The

interference films and optical bodies of theﬁresent invention can also be used with one or more direct

or pre-fiterBa KA LTI A 8o RE DU o' Bp GRS TR BRTtF T gaigle will then be

invisible at certain angles of viewing but clearly visible at other angles (a similar technique may
be used for backlit displays by matching the reflective bandwidth of the interference film to the
absorption band of the ink). In stili other embodiments, the interference film itself can be printed
on with a diffuse white or colored ink, which may be either opaque or translucent, Transiucent is

20 defined in this context as 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,

1143] 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 atlowing the color
25 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 reflects other wavelengths in the

visible region, is used in combination with a black substrate.
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5 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
wavelengths desired for controlled plant growth. The film may also be laminated directly to the clear
panels whicW th#HK&¥3%e roof and/or walls of a typical greenhouse so tH&Et HHRZALE#RETight that
enters the building is of the desired spectral composition, or else such panels may be 10 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 desirable to have the films mounted on a
heliostat ofldtHer mddiratittpd thleniogas tsTorh penyatenfortisatisngles stitRRIsiRT 5@l throughout the

day. SipRlermee)aNsms RYLEesE itk iacingananels with giiawrekly opmantiysciange in the
angle from the horizontal or vertical can perform quite well also. 15[162]One gr more reflectors can

also bePIFSEY 18 FEE fRAYliferEtt RYKRPTO aeiALE B AtiBhSVRARIS thJerRIo RS 9aM8uS physical

shapeswkdhel deftectoransier gtsrfetanaadinean bedsecits ain anspiead lightarrassedesired

portions ?f the.room. In additjon %o ywese described m.oges of use, the fil§n~ can be used asa filtered
Q at the 1e s %(ri)]t]

. zaflen Specitic, st stration 18 essentt transparent t0 arizatl Q .
Wrapplﬁ’g of Individual prants, as a refiéctor pIaceuEBe%mPéen p?an 23R4 L6i1 BYREFIRHI® form or as slit

or c_h_op@dmwuhst@taslﬁ&fbﬂgamﬁscmd@ﬁlmwnqﬁ@ghaquwhymlimmggor aguatic pla_nts, [163]In
add'“°”15?&.h%rl%rfeﬁ(é%}%i%ﬁ?‘?ﬁ%?&'&e& sResily seiectye s thatigan &%}gg&f fekdg, Wapsmit or reflect

infrared and/or g ig at Is not usetul for plant growth, a film designed to control the amount of

red lighthergpieiais nieier abpiit BERBEGN S, s dmdarcsidas TediigheciicaEsiofeiibout 700-740
nm, is especially: ysafid to,ceptral Ridnkgrawthivihbag k2 Pegh-s hewn that therate afkgd to far red

light should be maintained at a level of 1.1 or_higfher In order to reduce elongation and force plants to
braHchTe#1prdpdigdtls, YemRIRig A tniERisrs AeRSSH BRI TGRBITHS INSIERIGRANY AR5 HsPEeEe i i&8ntrolling the
red/far ratksatio andtheseguensingatiwavelengin copasine)imrany @lants santefenced into a

state or held in the vegetative state. Some plant varieties can be controlled with as little as 1

floweriqgf _ (% 9@}
minute SFYEHTS fAF EAASHINE B %EH67097525PCT/1152009/032638 Plant responses to red and
far red light have been described in J. W. Braun, et al., "Distribution of Foliage and Fruit in Association

with Light M#rbclimatecinptica Rida Foi spbpiese TanopyLo84(8)y dburbakefd-ericuidi&s Seidnee 565-72
(1989) éﬂ&i&&&%%ﬁ&ﬂ%%é%@%&%ﬁ?&%%&@ié@%r Lilly, Felght GoRURLy $dofe ReyInstit. Of

Ontario, Vineland Station, Ont. LOR 2E0. 5[164]Previous attempts to control the red/far red ratio have
utifiz e GO KK IR ditREEHE SHOTRIADISE 196 TRttty HEf e SR HaReEHY §retifHuse twin wall
construgliensit hishagaeiheemsatisfactagy begaugensfiheddifficuliytingadding and removing the
liquid. Other attempts have been made to use colored film for the roof glazing, but it is difficult to

control It iant Va4 A1 SFLIR e ShPGBR U SHS L HRAsh g conditons

materials i 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

20 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 panes of glass
or plastic, and the resulting composite is incorporated into a fenestration, Of course, the optical
film 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

25 directed.

[147] One particutarly advantageous use of the colored films of the present invention in
fenestrations is their application to sanlit 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
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10 film of the present invention is ideally suited 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 Qa5 the film is preferably positioned within the greenhBtiEE SR8 ERESIvay that it can
be either used or stored, for example, by a rolling shade along the roof line which 15 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. [165]The film of the

presentiffiEitibh thrs a1sd Be eRletdhteohjarcishewilbiearvehtioie rafleersits eotedlithe intensity of
any desbestpartionHekihesunlighbspestuim that20reachesdhsRlaniGensais itis gdasirable to

expose plants to a constant level of the wavelengths and intensity of light useful for plant growth
througHBLIEHE &htie TRP B Ay Fiekr S Akr fHay rRsHaves dHEEdht Vel peaks at about noon, and
this light level may be excessive for many plants; the leaf temperature often rises, which decreases the
plant effici€l}. It is Prefeimblef thereduest theclsiel ohiidietreddhingithe higmnfidanag mid-day to provide
a mere uni V. Io) . | roses flower most efficiently when exposed
o e o1 B a5 A T L BB, dcring e

winter HfSHaTs P AcRiifildBeo brasghe a8 fREH U CiPlg ot diddesrat e avessr1de 00 Het 1:00 improves

the plaghadigld sJiBgisambingd saage i canvantiapabmisverswih:pus wgva!:%@ma%gkective films can be
used to_change the intensity of light directed to plants during different hours of the day. For 30

example THETSE oS ISIIE R BN B ehsebHARTIRG HiTing W RBUFSIBHRIGRES S0lar WO

2009/097RARGEALS2PR0A2638 ioridenearbyd ediectinglit,angls.aliallegtion o reject that portion
of Iljight from g}et%uq. (Rtther_ cht%inations Qé b%ﬁle,s”anpl c#[lfins can also be used with our wavelength
selectiva Tiha 1o Cortrol the tHtensil SHig R 8] € SlintenEtTh Y, dPe o ek B bgliehts and

Nsity o
compohefitgohndathenilefd diversions of goniratiecs wateriattostthias 8xpldsivesrésiasgetious and
pervasive problem. For example, commercial aircraft maintenance crews regularly encounter

suspectedj¢gonterfei} partsabutlack-aceliahlomsaps ondistipguiahhgtyeen high-grade.parts and
counterfejt parts that are marked as meeting specifications. Similarly, it is reported that up to ten

percent SR ESer D AMISH AR AT AR0EORE Jethali e FatranA refrBishea 2 4Hfuges that have
been repankagedanidd eprasaried itiasiavsoldentificatiomandibacking: of uwkditems such as

an]@_()_ngilllj%créi;[roatiglgertiI]izglr U%{%b‘l"rﬂ@ ex It?tsi Si Its highly de 'rz_able, but current means of
identification are profibrvery e%pensw«g.j f%lgtﬁ é%?\/ép%“?ﬁég%%{l&%%r 18 Yuthertisty of an
item, thdeintagtityt obpackagingzorsoitradenthdiorigiviofipar e igodipgreatshapd:tawlanaterials. Some of
these da?)\f)iﬁ&ﬁion to which the light fixture is directed, the light source may be a fluorescent tamp, an
incandescent lamp, a solid-state or electroluminescent (EL) light source, a metal halide lamp, or
even solar illumination, the latter being transmitted to the optical cavity by free space
20  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 functional considerations. Such fixtures are common in architectural lighting,
25 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,

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

when used in directional lighting. High efficiency lamps, such as sodiurn vapor lamps commenly
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15 are ambient verifiable, some are verifiable with separate Edits, instruments, etc., 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, fin® YAkt Holograms, and Confirm@ imaged retroreflectiveBReERHY R PfiEble from 3M.
Fewer options are available for authentication of components, mostly due to size, cost, and 20
durability constraints. Proposed systems include magnetic films and integrated circuit chips. [168]
Microtaggants have been used to trace controlled materials such as explosives. These materials are
typicallysasultifisrst porpnddishtng amaligroomd P erty Sissaizess sheoniagerot vely Pie indRidual layers in

the mi%@%@'ﬂ{.WH&%@&P@Q&Q&%&R@M@%&‘Q%@Q&@ié’k@ﬁéﬂi@&%ﬂ%e%ﬁ@&i@ﬁ to the
date and location of manufacture. There has been a long unmet 25 need for a security film product

that is BEHFEMHBigH Ve Bl HRERIE ARG TLaldapIETHER reMaAtRictaRibIbdoRst¥aBly duplicated,
that is fiéblaandoardeimsecham-avariety-afpait HZes vangirgifiamNear Miccascapicieiarge
shegets, and that may be coded with specific, machine-readable information. WO 2009/097525PCTal
oo e BT SRR HIGLA: o R RBN Bt £ b Ebred o provide
a secumtefitm: atloe wiggdauséfulight arhaeKihgnlabekoorove amindte that megets &lhof thesegmeeds. The
color shifting feat high reflectivi colar ration at obligue angles are properties that can
be exp%/ elé%%o% ﬁo#%%lgﬁ%ﬁﬁ%ﬁgfe}gﬁd%%ﬂ%gﬁ? 5%%5%%Eg%e%;uﬁﬁegé%&%ﬁg&g% Sglgen B%u esigned into the
films tolpFovidecumiguenspedtrarfhegel s temneiyberessed lonpentiig epdcifidodts of security film to
code individual applisationsbhaisearibniilmg ang QQ&F%P%&%P}? hedallared iegeliegtover any
desired portion of thé spectrum, including visible, infrared, or ultraviolet, When inY covert identification
is d@sirdhce Vit Bon TRTBREF tHAT S ple A1Vt PARS PR RSRESTR TN SOkisle Hatfitri 5t tH&'§pectrum but that
has varyingitiansmission and seflestions dandsiirtbe 18 inflarediagiontairnpartaneeveltsspectral
fingerprint. %170 information can also be ‘enc%ded in the security films and optical bodies of the
presenf MTEtIGH By Ee V8T SHEEH MSHTSHE R ITREP S8R &P SShfbltsHHiH e M6t tescribed
methodsrof vauiysiven the intensitysand] phsitiorpefitiansonissien andhicllectinshbandse kot Bxample,
individugl Javers may e daned (o.he nirared Rortian v spectium, andgyeiones in 1 the visible
region can b8 Edntrotied to produce unique spectra, fﬁﬁ) e spectraﬁy selective security films and
optical bodies of the present invention may also include relatively thick layers either within the optical
stack or adjacest socthma@piitastackheand hesedayesbimay elapiee waadite impganinfermation that can
be decoded by optical ingpection of a cross-section of the film. The films may also be combined with
colored printing P30 A e St B0 SR Bt BT I AT 0Dt ol o et may be
hidden or viewdesigrae peititinppehthé cangleditohs ervedioniColohcantpastivagnbi dichieved by thinning
the optical layers locally.. Within this affected region. a new c t lor. shifts is.gvident against
the unaffectedeg:regi(()%?.g T(I)ég_{ffect gligocalf‘iged thi%%ingeﬁlgyg?s?#ﬁeﬁg?er%%gg Qn%%[tﬁg igsdg%ﬁ%ossing at
temperatures &B8VEIHE §ss transition temperatures of all of the polymers in the film and/or with 25
suitable pressure. Localized thinning of layers could also be achieved by bombardment with high
engbgy particld$) ditradonics, tidbrgaoforinying; lesecpul dingpand stietehibgmAgewitatheother color
selective films glready Q&Mkzs%etg@ﬁee&%w&lmig{%acyg%g&g% r@&%ﬁ%ﬁ{ﬁ& Fini) Flrgligglive

y an e rity fi

surface, or an absorbing coating to improve durabu | contrast. The sec Ims may also
incorporate a Hel§tBetoaraerBipidBe rebsarrslivaiigdasietn flhetimsuascmparofeiewatd WO

2009/097525P5 TH{S2909/032636,, 14 7d ik mashapRlsaions.{he.Secuitklms.erathes optical

bodies of the present invention can be apPropriater sized and laminated- directly to a document or
packaging mat&fidl ihel et iedtiras ot theks fints'drady pibalRpily murolr Pemaet the

minimum amount of light. While the spectral features of the film will typically be limited to the infrared
soas notto  (c) Alternately, the combination described in (b) can nse 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, at

wavelengths greater than the lamp emission wavelength. In this way, the lamp emission



5 occlude the document or package, the character and color of the flm may also be used to enhance
the appearance of the article.  [173] 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¥RY¥ENHE formulated from ground up platelets utilizing th& RS BPAIE M ention. In
cases where the 10 bulk material may be an explosive, it may be desirable to avoid using oriented
material if substantial relaxation would occur during an explosion. Optionally, the powder may be
coated with an ablative material such as an acrylate to absorb energy during an explosive event.
[174] The secutitpiintisieie apgleardsagicsediwmelpfeatthieinvehaoh hfafisiene forbgatombination of
ambient verification {{Qs-examplgthadrgsence of a colored, reflective film on an 15 article, possibly
combined with identifiable performance at non-normal angles) and instrument verification. A simple

i R L4 SIS URIEA Ualne A SRePRLoIaMe ey S sl au oSt sRegiigplhotometers

based on CCD detector a are available which meet the needs of this invention; preferably, these
include a sensérhesd corinberbadoctdupaetrdptiotomete bavitHnerber epicc ablie Thetted

spegtrophotomgigris: ysad indatermineithe sprdrahcade.af;the film by 20 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 hott.; HZrl - adaition i explolting tbesmtical propetiss ofthe fius gfhe present

invention for security applications, theé mechanical properties of these films can also be utilized. Thus,
for example, tH&fiigis BRUSE MBS ePRIMISHESHNCANHE MitEhifaHARy o Sigite 28 have Tewhesistance to

25 interlayer dglamination dibeiebyRLaviding ol tenpenng eapabjliliesa: - lvo] Agpeted elsewhere
herein, the color shifting properties of the films of the tFresent invention marg be used advantageously

in numerous dBEBIER S HPFARLEBINS OTHTE S URRIMIPRE The Hifs LBt e pratedint LR may be
usedl, either alane-arsingcombinatespidy oher, nateoaleh Hitmsfischstigiescoatiags.gar treatments, to

make Wrappin? ga er, 6g|tft paper, %ft bargs, WO 200 i997_525(F1> T/US (3050948%2}]6%% ghk?g)spns, bows,
flowers, and other decorafive Briicies " thése r%uﬁi?:al AS, the T rﬁ%y € used as’is of may be
wrinkled, cut, dimbwesief confiertedianioglittethor pthemndsetreatedt by throddded dediredaptical effect

or o give the fijp yglye. 171 TheARiisRltereiRge. ol e presentioyion ma2lso

optionally include a 5 skin layer on one or both major surfaces o film. The skin layer comprises a

blend of a substdritampaia reseaent kdadtorveriepbiymen@hibirchibn with Heupsidntaiitransparent,
nopelastomerig,palymeficnaierial RayipaskPsiantialibe samsindey ohisitagian asthe elastomeric

polymer. Optionally, the elastomeric polymeric material in the skin layer may be one of the elastomers
which makes UP4HE SRYRSHN Ryer of the optical interference film. In 10 preferred examples, the skin

layer retaing giastomerie gharaeterieice and ransparency while previding the fimwigh a protective
surface w IC% s non Pocklng. e skin ﬁayer'also remains re(':eprhve {8 Tamination of the film to other
surfacemgs wetlntisretEplivis tesiri{é o ctherdomalsrofdsrintingmjirg] THeghvweskyebiodkdamerpolymers

can alsg,he.ysed, i form films With i;Piovedihe Barrer RIRRSTHRS. Y malsrials:cang.used o
form, for example, bladders in athletic shoes.
20 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 fimit, Tt may be desirable, for either aesthetic or energy
conservation reasons, to limit the angular distribution to 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.

25 For example, depending on customer requirements, 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 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
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These materials have 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"§t ¥t iidiecules such as oxygen and water relative to sinfifal SorpBR#&¥ic 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. Microporous films [179] The inventive
copoly FRErEeEE Al b s e diRe TR IFniEr OB BT 8B8 PoRATTRRAI ARS. TP Ok I FARR TGS i ASany
applicagipns.sughr asglething, shoes, filters, and battery separators, as described in US 20080269366,
which is herein incorporated by reference for purposes of US patent practice. WO

2009/097 CT/US2009/032638 _[180] In parti , Il e |,i mbrane filters,
These filtjr‘%sa%re ggrésa%%%%n%%%ﬁ#gﬁcllﬁ %“2%%5%3‘ East(?é%r%g %ﬁ%ﬁ b@rgé‘%nﬁg%%%gp%%%}é% Membrane

filters reenitbbtuseniaiiaatingt o6 sheldud iribedesdat ortiguidsco cyzmel olker puhatithtifidseparation.
Examples. of diffefent types, l-mepbrans, s inalusle oas,SeRAIaHQR IS MAranas dat the

dialysis/hernodialysis membranes, reverse osmosis membranes, ultrafiltration membranes, and
micropFs Meibrines IAsEhe iPrRH R tRESS H e S oAb IaRE S g B ap Mg clude

analyticahapplicaiinns:(heveragesdehemiCais cleciemiss, wRlviiennentatapplications, and
pharmaceuticals. [181] In addition, microporous polymeric films may be used as battery separators

L0 becausg phthelr eas ol ugndiagiue.chpmisalinarasss.and hamalRopaties T principal role

of a separator’is to allow ions to pass between the e ut prevent the electrodes from

contactingytiohthe, thgdintishishdidhe istrontetbopdaiettd dhrtries JIso2 IHitALMOIba BAtteries the films
showild shutzdowR (SioRJenic.gendpcion At tﬁ@!é?é?h@&ﬂ%é&%@éﬁ@o?@%%ﬁﬁﬁ@EQP@HM@%W@Y of the
s

battery. Ideally, the resins used for the separator should have high strength over a 15 large

temperaieadbanA EBW O AN SR Teith aF LI HER S TA PRIBT S BF TR R T U S SRRSO A s 0, for lithium

ion batterigsilewat shif-dovntemperabiuRsaie € esired aoweyer thedibmenistymaintaiatmechanical
integrity after shut-down. Additionally, it is desirable that the filmégaintainﬂdim%rﬁior})?l stability at
elevatetF SR AfTERN "T183] "FHE FEHSBEROUEHIRS Bf tHE PReSeit ntRistish iy e 1S

11
€ used in any of
the 20 pratesats oriapplieatidrs asdesgribeching butmnokiimitesktothedollavindigatents@ind patent

Pl Stalich re e sTRngie X SR o HIRTRER LIS e rcice
2006/04881283n W& RODBIO AT TEAInet Si P atork 0167749 ket 2nekeloRaicK 63 B1872 BTG apd WO
2000/ 3@@@%&1*1)1116 system. By proper selection of the films, the emitted colors will be transmitted at

the desired angle. At other angles, the emitied 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

20 adapted to transmit over a broad range of wavelengths, one can cbtain virtually any color and

contro] the angular direction over which the emitted light 1s observed.

[154] Direction dependent light sources have utility in many applications. For 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

25 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, illuminated signs or
targets can be constructed using the direction dependent light sources of the present invention so
that they can be perceived only at certain angles, for example, normal to the target or sign, but not

at other angles. Alternately, the film can be designed so that light of one color is transmitted at
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25[183]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 channel structure. The phase separated
melt morphdldg§Patés #afits film shrinkage in the melt and therefore impaRESH§Pest@pMiHensional melt
stability than in non-phase separated materials. WO 2009/097525PCT/US2009/032638 Photonic
paper, Organic Sensors, Polymerized composites, etc. [184]Interactions of the inventive materials with
certain small molecules results in swelling of one or both of the domains. This swelling produces
visible egtorghanyes difresrperusenitiinbipplicattnsagdh dbichemitat seakdrisiasiuith

molecule i RRVINIHRW AP IR S8 BBl INch S £e versiRlesporR AyaROIAtgNERig fgature can

be used to create films that act as photonic paper, enabling a reusable paper or recording media
requiriif RO pigkh SATHIRRNB CEIERR wsilestibéeht P H Cofi s ssHstenre syaterhanshinanced
Materialgp2iBed B:e882n806c{186] lnothercasesaihe-swalingmandharcromplishedwitha material
that can be fixled 10 211‘1 r swﬂgrég tqQ éggak% a stable c_or;ﬁposite material. Suitable swelling agents can
incltide’ S te i aBTe RO oS &8 B et h OIG mer L8 r ToetBu g ish v e sad iidicomposite
systema;geahachvancehi dateri alss R0 For B adip® iddnar mnetakigre qirsesstonareaterhybrid

organic'ﬁn 1(999- materials. [187] In some embodiments of the invention, the amorphous nature of the
soft do}ng?ns 15'%l 'n%_Ii%%ﬁ%?#g&%&%ﬂ}%%}%%}%gﬁ%ﬁ &16 Swel ﬁ%g et eeégr%]ltg?yé Allihe hard
domainiset Bisisefactydaswuiingnorovighis enrne anepfod sekbdiive ahe filivak nredificationpdf the soft

domaing. tbiieaneuneshdileianialed maprilies. sk hepdhack asgialgss] The inventive

polymers can also be used as a component in a distributed feedback 20 lasr. A distributed feedback
ladér iV EAIE A RSE HRsdd ATt s Birde iaserop @it fiber laser where the active region of
the device is structured as a diffraction grating. The grating, known as a distributed Bragg reflector,
provides oitiSal feedipackalty tbedasefityingl didkribyiedBralies saatiennglfromdiedtitctueg. The

inventi\é%gg ymers ( H‘j:d ?e%%?i%%etnklg?gi% rgpéjg?g‘gg@%g refl qu. The igventiv materials can also be

incorporated intd"a dynamically tunable thin film aser as es;éiﬁgiel%lalno%é% 8054363, which is

herein nebepbivated bymefsemserfoioptirpesestiob USapatengpeabtive: environments and
agricultural applications is that of adequate levels and wavelengths of light appropriate for plant
15 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 problem, especially in southern climates.

[156] 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
20 wavelengths of light that are optimal for controlled plant growth. For example, a film can be
optimized io filter out heat producing infrared and non-efficient 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,

11571 It is known that plants respond to different wavelengths during different parts of
25 their growth cycle. Throughout the growth cycle, the wavelengths in the 500-580 nm range are
largely inefficient, while wavelengths in the 400-500 nm and 580-800 nm ranges illicit a growth
response. Similarly, plants are insensitive to IR wavelengths past about 800 nm, which comprise a

significant part of solar emission, so removal of these wavelengths from the solar spectrum can
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WO 2009/097525PCT/US2009/032638 [189] 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. [190] Fibers
that may be prepared from the inventive polymers or blends include, but are not limited to, staple
fibers, tow, MEA8HIEEEENt, sheath/core, twisted, and monofilament. 5 SBABIE2fisa386BMiIng
processes include spinbonded, melt blown techniques, as disclosed in U.S. Patents. No. 4,430,563;
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 fitsegaifigrtidireg ske hersing thne tHErviberso ot p o faktisomy logh batovticie ifesmefoimed
articlesf&gmg%%mpes, including profile extrusions and co-extrusions, 10 calendared articles, and
drawn, twisted, or crimped yarns or fibers. The new polymers described herein are also useful for wire
and cable g]%%jijng 0 ratior]s,ﬁ well as in sheet extrusion for vacuum forming operations, and
forming moIAaY article S eI e tEe DA RRARE I S TG BIGW AfSTiRiEfBfocess, or rotomolding
processbstcConipasitichsttormprisingptiss|efipl poly hetsleanpalsorhes fosmedinia: fabricated articles
such a i . ion ing.conventional 15 polyolefin progessing techpiques which are
el ke e E e L b ADpSmers may
also exiibit EptiebrEeferioattractver iRfathoos Aebtdkitesarsuchdds refidetitenggooits-changing
characieyigties col k8L RISPERSIARS RR.AMMEGHS ARLALR-ATHEAN SsE AN SRR e IRedidsing the

inventive polymers or formulations comprising the same, Frothed foams comprising the invented 20

polyme?s ¥aF s ssrhic P hauideietea sAmTon spphe das BirlbePSTIW E2b0 oo 7898 dled August
25, 20QAdanghpuiilisbethas Wa20R51 821522 TheRpRRISMAYlRRecs o shinked by-any known

means s the use of peroxigde, electrgn beam, slime, a;_ide, or other cross-linking technique. The
poi?mesréblé%al%w Al be" %gﬁ‘ﬁéglfﬁ i 5%1{*538??‘5?6@?5@?{}%"66? BaINPIERP IS eF el anhydride

(MAH) dsitanessignifidvar] geefting hge ptpvhal egredierfisminatiaerahestfpnation, or other chemical
modification. [192] Additives and adjuvants may be included in any formulation comprising the

inventive pessyers. Byiehle:addiluesiiBeiur fllei, SHED S 818301 ALBRIGANG RFTIGRS (ncluding

clays, talc, titanium dioxide, zeolites, powdered metals, organic or inorganic fibers, including carbon

fibers, &fd6nsittidizhberdhsteupylireuF Riedn, i Fimsr o potyestdhcistain growdn but this

2009/004bRERIEPAIS 20U 26I8npanensined panticlesoclaysyandse Stk tackifiers, il extenders,
in(i[lgudirggogaraffin'cé){ n%ﬁggl\eé%jchiils; and other natural and synthetic poly.mers,‘including other
polymers According to EMBsHimSRE sPINe RIS B3 SrRarie YRS tarmendiHE with the
polymefisacsanding toaertbadinents, abthe Slurentisirinchede thermoptasiic-anehbRiRasmoplastic
polymers includin ral and synthetic polymers. Exemplary polymers for blending jnclude
polyprogfﬁglﬁégéggﬁ%%\%gé% PH%%@?H%%%%&S%&%H@%% rgfi%u%o%/plﬁ)%)%dngfeﬁ@&?bdﬁoIypropylene,
and raitiops; éthyleharmopidepd wopoly mersimviarnous(tipeswairpsiyethydene amtfudirgchigh pressure,
free-ragieehRREAiPale Natie kbR Meidlagens bk lududing multple reactor PE. ('n reactor

blends of Ziegler- 10 Natta PE and metallocene PE, such as products disclosed in U.S. Patents No.
6,265.088'16 @38,0&0; 6.566,446, 5,844,045, 5,869,575, and 6,448,341), ethylene-vinyl acetate (EVA),
ethylene/ élr?y alco ‘Bla(f%rsgw&%?s‘?nﬁ&%@?%gﬁﬁ%%ﬁ%fﬂ’ﬁé&%ﬁ)@@t}?ﬁﬁé, edinsrithe butadiene
styreng(ABS nstyreneitutadiedelbleck copolfimessand tydegenatec detiaivesdhamof(SBS and
SEBS) [ lene (PIB! olymer, PM-isoprene copol r, EPDM 15 and thermoplastic
polyu rgt%g%e%?%%c?r/%ggrgng%%)gggﬁy%rﬁ%%%ﬁc ngeg 2e}géf“bpfgls rtﬁré}'/?? lgﬁ%it §]§§%ﬂh@?§r} 8fle and
propylélﬁéqghbeﬁf_tmp@wrﬁGESCKf@itbRamplleJpjﬁlwwérsamvéimlemhdﬁmhebﬁadmtoie&gmﬂon
VERSIEEMaveilablediom: T Qow Chemical Camaany s STAMAIT mAvalable fiom

ExxonMobil Chemical Company) can also be useful as Components in blends comprising tﬁe inventive
po%méjr%}.’t sources include, but are not limited to, incandescent lamps, fluorescent lamps such as hot or

cold cathode lamps, metal halide lamps, mercury vapor lamps, high and low pressure sodium
lamps, solid-state or electroluminescent (EL) 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
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20[194]Additional end uses include elastic films and fibers; soft touch goods, such as tooth brush
handles and appliance handles; gaskets and profiles; adhesives (including hot melt adhesives and
pressure sensitive adhesives); footwear (including shoe soles and shoe liners); auto interior parts and
profiles; foaM @& Bdth open and closed cell); impact modifiers for otH&r ¥iSAHSIREEAE polymers
such as high density polyethylene, isotactic polypropylene, or other olefin 25 polymers; coated fabrics;
hoses; tubing; weather stripping; cap liners; flooring; and viscosity index modifiers, also known as pour
point modifiers, for lubricants. [195]In some embodiments, thermoplastic compositions comprising a
thenuoftlstE TR A BPEN Mcnesped i sbratttepetypropyiered fanshair sradwiane asifti-block
copolymergfRelyiepxlene and a copolymerizable comonomer according to embodiments of the
invention, are WO 2009/097525PCT/US2009/032638 uniquely capable of forming core-shell type
particles having hard.crystalline or sem stalll blocks.in the form of a core su ded y soft or
elastomeri@ﬁggcks forr%ilﬁhelaqg %ﬁlﬁgrféund %Célgé L(:icfeé) d{(; r|€"n5§:r(i)tf1 Vm&mglczrlﬁéirs 82 (gartlcles are
formedvatidodispersed diitlthptiyeentidtizdootynsr bglth@tﬁmcesnln&:wmmmtgemmttr@ﬂfﬁwﬂﬁlng or
blending, s highivdestaRle hmarngloosekeved g eaul gg%}%ét&%@&% flysical properties

of the multi-block copolymers which enable compatible polymer redions such as the matrix and higher
comon@ﬁwﬁc@meﬁkr@r&s«z@ﬁlaréﬁ&@gm%ﬁwwﬁhaml@%%éméb&%af«a@@mmamlfhe melt due

to thermedynamie iRl ers-NerinaaIcesIdurngcammne ynding aesbeleyraiepredues, separated
regions _of matrix polymer encircled by elastomer. U foon solidifying, these regions become 10 occluded

elastoriisr PHHIRMS S LB HHE PoAAETIA LS AidepPpisrierarsrassiaiy Blarkgtars

thermongaw@ap@fhy@%ﬁﬂfé b:lﬂﬂd% @Bﬂmethegmm@@ﬂpamaﬁipmﬁrobjweﬁ,ca:%)pihaamglastlc
vuI nlzate é?ﬁ renic '3/ er blends. TPE anc V bIe pr comblnlng
S émd T tha ﬁl

thé vgﬁ% ‘fti‘ ‘Vmglrs in udc’fﬁgC bvr?c‘;lona ize oru ulr% erlvatlves 8reof with an

opt!onalﬁghlbdmenmg:thdblgldﬁg:wnuéhmmnﬁai biﬂdsmpmgﬂm@mrzegpacmuylam%&blﬂckodmelymer and
opronali ifiosslniae. RARIENAdeRL FERIENISAE aensall-ienael i bleging the

invente copolymers wit a polyolefin, an optlona ly a cr nking or vul anizing agent.
The forégois m?efrtasmaylbéhaﬁem ﬁ;\llﬁlﬁ%ﬁ@@lﬁﬂﬁ@éd‘%‘bj%%OHMWEH@E}SCYO@S%WI%Q the resulting

molded,agig|e, Arsiglar A @%Eﬁe% g differentcAmpensnts has Reendprevios disglased in U.S.
20 Patent No. 6,797.779. 97] Swta le conventional block copolymers for this application desirably

ess aé\{lﬁ%gney viscosity (ML é+4 @ 100 g in the ran e fro e%.(l')t ﬁl 5 mo[ie [I)referably from 25
a

O and'Most pre 8Fa%ly ror 3671080 i e”f)%ﬁ ﬁﬂcst, BSpEEAIN M JRETHESr or low density

poIyethlplexmpp,odypnopylmdeft(ammiuﬂmgeaiam|physwzécslhap®ynﬂﬁn¢ai©ﬁi¢cawdalm@mn@ﬁmdﬂled versions
th f ly(4- le st I bb
ereo} %an%g(uség'g_‘r%rg)lbr% g g uitabl ev'?;}’eﬂ? b%%%m‘%}%”& dgx Q&M&ﬁ ek ODET

modified polystyrene rene cryonltrlecop lymers (S er mo |ed AN (ABS or

AES) aﬁ@@l?ﬁéﬁé%lé@%ﬁ%ﬁh@ EoPsiyeerss AORO0909TEEP O IS20 051082638

refiector placed between plants and soil either in film form or as slit or chopped muich, or as

20 reflectors and filters for use in aquarium lighting for aquatic piants,

[163] In addition to the previously described spectrally selective films that can be
tailored to transmit or reflect infrared and/or green lLight 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

25 been shown that the ratic of red to far red light should be maintained at a ievel of 1.1 or higher in
order to reduce eiongation and force plants to branch or propagate, resulting in thicker, denser
plant growth. Additionally, by precisely controliing 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 littie as 1 minute of red or far red doping.
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most multiblock copolymers, this temperature may be above 130 C, most generally above 145 C, and
most preferably above 150 C. Typical polymer mixing or kneading equipment that is capable of
reaching the desired temperatures and melt plastifying the mixture may be employed. These include
mills, knead®Q 2MMUd&s (both single screw and twin-screw), Banbury nfi%&f&> 8 EA1&tders, 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 mixer
followed by a mill mixer followed by an extruder. Typically, a TPE or TPV composition will have a

 higher ToaittiFR§RIMERS $8 JRFIRBI EXpISHy HHBY ysidny ffacebRddhtonal BBtk dcpolyiErbpitaining
unsatufgfiap) cednRaled I JRAaMRestianidseanatallyifor IPk.and HPY.60p008iHPNS, the

weight ratio of conventional block copolymer to multi-block copolymer may be from about 90:10 to
10:00, 1RBFEBPEIP LA FEFh S5 20780 S prefelabl TroRe7L 55 AP BEEFE For TPO
applications, theyweight catiarafl MHdtt-Meck aapolyMetito polyalafinSmaynb&f#tonCabob049:51 to about
5:95, more preferably from 35:65 to about 10:90. For modified styrenic polymer applications, the

weight ratiﬁ&qmu'ti-pxlg%&&aﬁgém%&%qhéoll@éi_/@am@a Ao PR dram-a8e f‘@ié&if?ﬁabom 5:95,

more preferably from 35:65 to about 10:90. The ratios may be changed by changing the viscosity
ratios GfAmiEs/RabUS BBIHSSrBIEICTHEHY ReBERRIdeRSBIE BISFANME HINEH St ReHR]Res fBtehanging

the phage cairyitidy.chapsinghaviscositcralas addhe eanstitusnts efaibleadihat a person skilled
in this art may consult if necessary. 20[199]Certain compaositions of the inventive block copolymers

also acdtESBIA LAY BTSN AHla Lt eFesolS G A AIY AR SPIARIELHBYURE HESHNOIRED o E High
moleculamweigbypale eresilchashanexdrapleal ther Moplasiioy tatacititatitprocessing  herease its
workabllity, flexibility, and/or distensibility of the polymer..Polypropyleng, for example, is an
eng?neéifﬁé) {rtleer rg\'éﬁgts{?g TS Sgieaﬁaéhligllwlgﬁr%%?n?(gxé\? Rifﬁ%gl'be oW (r%grrﬁetgeﬁ%ﬁ%rcg u{r)g especially for
highly sterediedblar@5ipplyiptbpylerne gf2deiSonby embgidimbnta gt thighinyamtiorpprovide miscible

blends it AQIYRIOAMIENS, Pexcﬁa'mdpxmg% HismRalipes Rlasliciz st aelmrepylens deotactic

polypropylene, syndictactic polypropylene and atactic polypropylene), the glass transition temperature
storagevrdtiefdstementy dedsigriotithdlisdtds pelsindp yleniboars Iikardde Biraderss g the transition

30 tem%?%aﬁt siaragemedulys,And Viseosity.dhgwarkability, fiedbilibnAnd distensilitityof WO
2009/097525PCTTUS2009/032638 polypropylene improves.As such, broadened commercial

applicafhProf s SEP b pHaBy RS BIEHEE FoihrHee ROHAY RIGIEES Yr Uttt b garent.
Furthermeneaifie, fiexivility1ohal praduct dedign villizingothesenoieal hientds pantbefarther extended by

taking agivatmtage of the enhanced comonomer incorporation and tacticity control possible with
metallot&R& and other
[165] 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

20 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
to reduce the level of light reaching the plant during mid-day to provide a more uniform leve]

25 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 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

30 example, the use of a visible mirror can be discontinued during the hours of highest solar
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5 homogeneous catalysts, both of which can reduce isotactic polypropylene crystallinity prior to
blending with the inventive block interpolymer. [201] These plasticized polypropylene thermoplastics
may be used in known applications for polypropylene compositions. These uses include, but are not
limited to: hBtHEP48TaSives; pressure sensitive adhesives (as an adhe&v& EHPHERERE particularly
when the polypropylene has 10 low 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 least one layer is a plasticized
polyprépyisaecths isbistEtE IEoge SitisA etipR hirdetidhnt PREIRIGVHESE SRUhBSHETIbERS: and, as
thermap)aslic.cempeBeRissakhermneitnable therpaniastic.ofin: (I RPRIeAd tramaplastic
elastomer 15 ("TPE") blends where polypropylene has traditionally been demonstrated to be effective.
In view SHTRELE A Y<Z th improved low temperature properties and increased workability, the
plasticized polypropylene thermoplastics offer a suitable replacement in selected applications for
plasticized ¥$6llyvinylEhioiddei(Py @) fof203] of e blmnutcampositonsnhap¢ dmailsgatctessing oils,
plasticizess, AN RIRERAIINGRY Ads,RURDET PIAEASEING LIS ANGRAYRHIBIG, FARINEAIFOr aromatic
process oils are all suitable for use. %enerally from about O to about 150 parts, more preferably about
0 to abBURTOTBhHE AN dRIBSOARESTERI RS AH SRV AbRESe FAHBF N B 108 B4t of total
polymet s mplpyefilighekRrmenais RERIkmay janckiel irpravethepiesassing altaaresulting
product at the expense of some physical properties. Additional processirigg aids include conventional

waxes TEEHPECRFIEGHRES SoAR AL AR LS B B HAC RERFRS HORAST SERTE TRERERY glycols,
(poly)aiaghet etihers nineludi acrglye et Rifvets: d paly)esie tsainakediagh (rphdglyedhasierse@nddnetal salt-,
especially Srayp L er 2 metdf ot snc-, sal derivatives thercof,, [R03LILIs kpoun (gl 1,
non-hydrogenate rUbbers sugh as those comprising polymerized forms of butadiene of Isoprene,
includirgpbetiecopdiyrietd \(dereairicatier diens rube ) jdeauécWO 2600100762ERCT/US2009/032638
lower rgjg'gg%e‘z to UV radiation, ozone, and oxidation, compared to mostly or highly saturated
rubbers, hi 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-ozonéja(l:?élitiveéﬁﬁﬁﬂﬁ’ﬁ%‘?&féﬁ%ﬁ\/fﬁfﬁ%FBSI?‘&BB‘E)W%% TLEEWiRY 1B9REB~sent 5 invention
possessitigngixiresnehtiaw (ryelscaf ansaturasiapofindspartcuiarapplitatiomas trirotdetivessurface

layer (coated,.coextruded or laminated).or.weather resistant film adhered to articles formed from
oA B B e B GRS O S oG hbnal TPO TPV,
and TPREmpiplicatierts o &rtorEblacilés thdeadditivecdfohbicecibiidaNoals dnstiorendrstabilkagy

properﬁﬁ%%ﬁ%@ﬁ‘éﬁ%@tﬂ%%c%ﬂm%ﬁ&ﬁi@ﬂ@% blacks AIGIHAS AFEMN I M2 iNAD, N231,
N234, N242, N293, N299, S315.
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

20  durability constraints. Proposed systems include magnetic films and integrated circuit chips.

[168] 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 Jayers in the microtaggant can be decoded using an optical microscope to
yield information pertaining to the date and location of manufacture. There has been a long unmet
25 need for a security film product that is both ambient verifiable and machine readable, that is
manufacturable but not easily duplicated, that is flexibie and can be used on 2 variety of part sizes
ranging from near microscopic to large sheets, and that may be coded with specific, machine-

readable information.
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N326, N330, M332, N339, N343, N347, N351, N358, N375, N539, N550. N582, N630, N642. N650,
N683, N754, N762, N765, N774, N787, N907,

WO 2009/097525 PCT/US2009/032638

[169] The films and optical bodies of the present invention can be tailored to 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 to uniquely identify a document or package, and spectral detail

5 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 security films and optical bodies
can be tailored to reflect over any desired 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 transmission and reflections bands in the

10  infrared region to impart a covert spectral fingerprint.

{176} 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

15 the visible region can be controlled to produce unigue spectra,

[171] The spectrally selective security films and optical bodies of the present invention
may also 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

20  graphics printed on a substrate below the film to provide indicia that may be hidden or viewable
depending on the angle of observation. Color contrast may be achieved by thinning the optical
layers locally. Within this affected region, a new color that also color shifts is evident against the
unaffected region. To affect a localized thinning of layers, the preferred method is embossing at
temperatures above the glass transition temperatures of all of the polymers in the film and/or with

25  suitable pressure. Localized thinning of layers could also be achieved by bombardment with high
energy particles, ultrasonics, thermoforming, 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 coating to improve durability and contrast. The security films may also

incorporate a heat activated or pressure sensitive adhesive to function as a label or die-cut.
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N908, N990 and N991. These carbon blacks have iodine absorptions ranging from 9 to 145 g/kg and
average pore volumes ranging from 10 to 150 cm3/100 g. Generally, smaller particle sized carbon
blacks are employed, to the extent cost 15 considerations permit. For many such applications the
present multEBIBEREGPBIymers and blends thereof require little or no carBol Biatk/H&8by 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. [205] Compositions, including thermoplastic
blends according to embodiments of the 20 invention may also contain anti -ozonants or anti-oxidants

that are k&% to a Fabbwschahestionvréihwsr kil P aptiv 2maptSIaiy Peishysieat protectants
such ag,waxmatesials shak cemesta-the sufase andiReetee! thebarkfrom axvaen Orneeene or they

may be chemical protectors that react with oxygen or ozone. Suitable chemical protectors include
styrenatBH PREFBIS U I atdbrach et St b R AEEH (@ifsdsy e By e ANt of
p-phenylenertigminespbiylatachreastion fbnpradugirafyberesokand dicyclopeniagiene (DCPD),
polyphenglic antioxidants, hydroquinone derivatives, inc()]}i e, diphenylene antioxidants, thioester
anti xiaﬁﬁéeéﬁﬁﬁ%uﬂa?fﬁé):%ag%%%ﬁ% Fgrafrzécs%ln 3%\9§P fal etqﬁea%%smoaf)éaﬁ%ebﬁr%s gé?segbél\ﬁﬁngstaﬂm
S antiotticlapte Ralysteyfhend@lcantioxidant, PolystayTM 100 AZ antioxidant, PolystayTM 200
antioxidant. WingstayTM L antioxidant, WingstayTm LHLS antioxidant, WingstayTM K antioxidant,

WingstayTiy30 WG @UIROBERZSRGT UIS2ANH(0336% antiowianh WingsiayTrm Shiaptioxidant,

and IrganoxTm antioxidants. In some applications, the anti-oxidants and anti-ozonants used will
preferalify HE IR SRR mﬁgﬁﬂél’gﬁﬁ’w’d%@‘] BSOSOt G R RRSHARS ENGIR Bfinst UV
radiatian, feindesed asinedeit stalidizess (HiMuD) aadiWY @upprbsesmaylbeAlsousachsuitable
examples,include TinuyinTm 5 123, TinuvinTm. 144, TinuvinTm 622, TinuvinTm 765, TinuvinTm 770,
AR OB AR A S 1 SRR e AR A AT B IR 6ha. avallable from
Qytex Riﬂstmj,_al-k@ummﬁ' Nphl&éco&rmwig anidxlpiagicbe Qﬂﬁﬁﬂh@hajl&xér}lﬂw;iedxmyhaaddﬁttrs compound
i order B AABNR RGO Suilace Gl ASSIadaReA LSRRG, BORKACT.  1207] For

some compositions, additional mixing processes may be employed to pre-10 disperse the
anti-oxidants, anti-ozonants, carbon black, UV absorbers, and/or light stabilizers to form a

masterbatbh/Hnd subSetaeitl HItoRRT BBIFHABIEheistiR SFEsF BT TS BB RaBRECPI S linking
agents {alaatafenrettamaam cusingeanomlcanizingrgentprdanusetherein dactutdecsulftinbasea, peroxide
based, or.phenolic based compounds. mples of the foregoing materials.are found in the art,

e P R N S B BT o B B e b s B 1% T4 248 4 203,801,
4,2_71,0%%@%@,%ﬁn@@%&ﬂﬁp@@@@;8&2;’0@,mm&amﬂiﬁg%@m.phc[m@emlﬁemsdlfuwbased
curing agents are eploXed yaceplareiers and e activators may be e aswel. Aoseiqrators are
used to conPro tﬁ% time and/or temperature required for dynamic vulcanization and to improve the
propertizgcofithienssiitihg Srogsilizikée aititier hpaggennected to the spectrophotometer with a fiber

optic cable. The spectrophotometer is used to determine the spectral code of the film by
20 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.

[175] In addition to exploiting the optical properties of the films of the present invention
for security applications, the mechanical properties of these films can also be utilized. Thus, for
exampie, the films of the present invention can be intentionally designed to have low resistance to

25  interlayer delamination, thereby providing anti-tampering capabilities.

1176} 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 treatments, to make wrapping paper, gift paper, gift bags,
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20 embodiment, a single accelerator or primary accelerator is used. The primary accelerator(s) may be
used in total amounts ranging from about 0.5 to about 4, preferably about 0.8 to about 1.5, phr, based
on total composition weight. In another embodiment, combinations of a primary and a secondary
accelerator MiBRIEUEEY with the secondary accelerator being used in SIGAIE26(H6ER88, such as
from about 0.05 to about 3 phr, in order to activate and to improve the properties 25 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 action accelerators may
be usedhbrith tiresnBpatiectad breicleralapiscutsing tethperapptestietsptodite asaistactory cure at
ordinanuisaRIZAIORIRMAL Al askWaanzAURL RIRIEIGE ARk BISADG HaaoTHIARIE fyPes of

accelerators that may be used in the present invention are amines,

2000/08%558 P4 SBe 90 2Bl dlimded YGanidines, thioureas, thiazoles, thiurams,
sulfenamides, dithiocarbamates and xanthates. Preferably, the primary accelerator is a sulfenamide. If
a second dt¢&leratofis usech thesecond iy adcetgnatenismpreterabiyasgoanidinal] dithioearbarnate or
thiusamucampound, Certain essing aids.andcure activators such as. steatic acid.and ZnO may
also be usgég{ Whelt’)l 5 pleroﬁ(giggﬁoasgﬁcu?iﬁfg%%g%% c:f}rlee l%igél(c)}a To-activa Sg?sa(g)r? %nogcsl(gfeants may be used
in combirRatidiahe et Shitkisiereoayreitiedrubeteriphathiylo topamieltridcntpaeTMPTA),
trimethylolprarang i ipeiasiAiR AIMEIMANURIYLfyaRURle LIRC): tHalylispeyapurate (TAIC),

among others. Use of peroxide crosslinkers and optional coagents used for partial or complete
dynam AR A6bSTe KRB - the drciomnptrserisaeriomaiginie te fén lovpummediome Peroxide

Vulcanizationiefibtastamert nvlkesidh NG akedtHMnd ugks L2 0 lopti {21101 WheRthgmuiti-block copolymer
co%ainingf composition is_at e,%é(t% artially crosslinked, the degree of crosslinking may be measured by

dissolvifg the Eor AP LR & P R TR SRR ARG e AR RS et gel or
unextrastatdéengahefdnenttither peccent gehaonmially dnorbasesnyitThecieasingraiessinking levels. For

cured art cording .to mbodiments of the invention, the percent gel content is desirably in the
range ?;%Ar%? %ﬂggigggé%%é%rﬁ? tgﬁfgﬁl#%gthrﬁﬂFt?fggfg%kaé%eg?fréhrgfg }%ic‘éeo%r%fr'%btgl é)rtr]%l] Io% M&ts of the
inventiondgwell 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 improvery8p surfage iappeaEpRRk esRaLa MR famed.irtoamialdad.onaxtikdgd article. At the
same titgne, thegresent\g%rgpositions an(gi?ksjllf%gé:ils thereof uniquely possess improved melt strength

properties ThBras Siowity R BrES&AP BelOEBo MET Sn B gREd tHENESE B5ecially TPO
blends Tie-tensefillyhenrployedin idamiand thebmdtorfiting apphicatibasaniers meliostength is
currently ina te. 25[212]Thermoplastic. compasitions according to embodiments of the invention
may algéégl(%r%[%?ﬁ %lrygezlzlg }:’ %#%nggﬁ%g?ﬁ@r%%r}%}ﬁg %ggﬂﬁ/%ss %tﬁrcqg%\%ost %rnéﬁt,r ‘ftlgf%‘, ésgtf&eum carbonate,
glass fitebedpohpi érid ilbes sqimctudinadling ldemeayon, lepttom i hdiyestergandipolyaramide), metal fibers,

flakes G iicles o paRRARIE Raled sHERIRs- PARSRRAIES Of GRIONAIES, AUER A glays: mica, silica

alumina, aluminosilicates or aluminophosphates, carbon whiskers, carbon fibers,
208b/0895DSBETARS 50 HIDU BT IOPAY RS (Rettdne Han strpBEISTOHakiitE graphite, zeolites,

and cepapaictysyakkas silison sarhidemsHicondivigde: ar titaniay SilangiRased OQther cauRling agents

may also be employed for better filler bonding. ,
interpolymers™can also display increased flex crack resistance compared to multilayer films.

Microporous films

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

patent practice.
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[213] The thertnoplastic compositions according to embodiments of the invention, 5 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 technidt@30¥#$2ncluding multi-layer films, may be produced by @8t/ 682eastexings processes,
including blown film processes, [214] In addition to the above, the block propylene/a-olefin
interpolymers also can be 10 used in a manner that is described in the following U.S. provisional
applications, the disclosures of which and their continuations, divisional applications and
continuatid8flpart dpphitatbnsese fiosmordiedsefutéferente-neriiin Theirdiitinstye"Fibers Made

rom Capalimesie! RIORMENEIACIENTS: w35 SEHRLNS: SUMLT,083,flechon Seplember 16, 2005 as

well as "Propylene/a-olefin Block Interpolymers”, U.S. Serial No. 82,7461 n March 15, 2006
15TESTNGMECFHRO BT RT Rizpendes i ties e RE sifper ansee risinguetrifractionation (ATREF)

analysiismprddcidacaargnotonhismethaddascriied o Lp2:RatgntNgag.¢ 98,081 and Wilde, L.;
Ryl n belodclzg, D.C.; Peat, |.R.; Determination of Branchirgzllg?f Distributions in Polyethylene and

TRy . . Determinat Dist
20 Eth)ﬂlea]r?’eﬂ' OPBRIIETYS TBUIHE S SEY e56 AR ASBITEEDF SwHIEH HFatioR SieePataes i feference
herein mitheposmtinetynBrhe:compositionith e angheed isdissalveehiny wichipreberagngsand allowed to
crystallize,in.a column containing an inert support (stainless steel shot) by slowly redycing the
temperatu;glto Zé%: att};{)(%(l:%)’(%I%“gajI rate é?f‘ g Fﬁﬁl{.e he coIGmn 8 né’aﬁtl 685%%‘%% ared detector. An
ATREPPe#BAsaEgEM curve is then generated by eluting the crystallized 25 polymer sample from the
column by slowly increasing the temperature of the eluting solvent (trichlorobenzene) from 20 to 120C

at a rate of (BBIC/miry Mi3AAYOYPERIE G HSAOPMAIRE3BRRIMe L Ftastionation.by TREF  [216]
Lagge-%cale “TRFtIE fractionation is carried by dissolving 15-20 g of polymer in 2 liters of
1,2, 4-trichor S AEah et T BB By St O anplursApcrased FREBbRIRsF EsulisnPRTgRsEd by 15 psig
(100 kPeai} nitrogearatotdsaBalish bysAdqot{ Bbvamnnik2raryateshaqiuh biraskegdowith§0:40 (V:v)
mix of 30- 600-425 tun) spherical, technical quality glass beads (avaijlable from Potters
Ind ustrzir%(_é;)é1 é&lténggﬁéggﬁ%e@%v%ﬁgéﬁ , 5%%’1%9&?8}8 f}’%ﬁ(g%}%‘?{r‘\%sé el '@éﬁ@“‘?@ SRRy tfimeter cut
wire shidgavhialelehfrotrRelkees, itné: 63hdustrial Drive; NonhrTorawsapdasi Yicl4120). The column
is immetsedin & themally santrolied ol jacket 56t iRitiall,19:-60 Ga The. solumi.is first gooled
ballistically t09125 C, thenyslow c%oled to20C a?;tgl o E%B Ario! ?Qo&d nave %lgﬂmmng overs

large temperature window to alfow 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 elevated temperatures,

[182] The microporous films of the present invention may be used in any of the
20 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; WO2003/100954A2; U.S. Pat. No. 6,586,138; U.S. 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.

25 [183] 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 channe! 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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10 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. [217] Approximately 2000 ml portions of eluant from
the preparative TREF column are collected in a 16 station, heated fraction collector. The polymer is
concentrate® b 88¥AFAIEtion using a rotary evaporator until about 50 to BT ASWPHIE2688ymer solution
remains. The 15 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 um polytetrafluoroethylene
coated Mboterip@apeyafsinitdrenesh Belosienized somBBIRP B4750). The filtrated fractions are dried
overnight in a vacuum oven at 60 C and weighed on an analytical balance before further 20 testing.

Additionalfiréaymatianceegasiogr s inchniquadetaughibydNildenan RWe R reknRlgloch, D.C;
Peat, |.R.; Determinatign of Branching, Distyjhutions.in Polyethylene and Ethylene Copolymers, J.
Polym.sgté:}? ?%ff—ﬂlg@ %5%%? gg’glgktar%ésr& OB T8 RS AR SR8AMIRY EBfimetry
results wrdudl etenmpiredansing fa st Akenode|s28:41000 DSC equipped with an RCS cooling accessory
and an autosampler. A nitrogen purge gas flow of 50 mlimin is used. The sample is pressed into a thin

filmsand malgeg! in the pressiat AauL H0GR0ELIHRRIHEROIRIR AR st?éva%fawﬁgoﬁ?%)- 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)4RABNER: clifthEaBrAA T i tHE R ST HEn BT BRtAY sarhseniciPRrsstignRRPwRN the following
tempernaiudidyepa00I0ehoREdiUeRA091 s 3kt frafilecbh e samnle dsstapidlyrdigated to 230C

and held.iso %er al for 3 minutes jn order fo remo ny previous thermal history. The sample is then
cooled(i%ﬂ- é %%i%&?r%ﬁ%%%é%g Vr%’%éegr{%“ﬁeéﬂllnlélx@gcyégﬁ% A :%tes. The sample is then heated to
230 C at 10C/min. heating rate. The cooling and second heating curves are recorded. 5[219]The DSC
melting pddR%$ meabLpEriasastre hiaxiwiling ivehbattovmptd ivigihwithaiespedatethédifiset baseline

cragin bRURATIE BAINPIAMNC BN eligThe ARAL o Lsign i Measgs go the area under

the melting curve between the beginning and the end of melting using a linear baseline. For
polyprd’ﬁ}l’é‘%f’é'lﬁlﬁdﬁﬁ‘i&?m%“r%t%ﬁﬁ?%%QB%/H%%%P%%OB&@ﬁﬁ‘ﬁh@@ﬁﬁ‘i@ﬂﬁw@f OB IR BBeERed between
0 and -4QEmEhedesiing.enibalpyc Qs areianalyzest H:frpeakprelingdemperature, onset, and
peak cg;stalli;ation tem era{gres, heat of fusion and heat of crystallization, and any other DSC
analyse ofinterest™ | %ﬂl 4libration of the DSC is done as follows. First, a baseline is obtained by
running a DSC from -90 C without any sample in the aluminum DSC pan. Then 7 milligrams of a fresh

indium saflSi8 is anklyeer byt Seniplentirn.8bCamonihwy thetsamplbcteofutthaina
. 15 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 impart differentiated properties.
Disiribuied Feedback Lasers

[188] The inventive polymers can also be used as a component in a distributed feedback

20 lasr. 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 also be incorporated into a dynamicaily tunable thin film

25 laser as described in W02008054363, which is herein incorporated by reference for purposes of

US patent practice.
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15 cooling rate of 10C /min followed by keeping the sample isothermally at 140C for 1 minute, followed
by heating the sample from 140C to 180C at a heating rate of 10C per minute. The heat of fusion and
the onset of melting of the indium sample are determined and checked to be within 0.5C from 156.6C
for the onsettt AMEHHIGahd within 0.5 Jig from 28.71 J/g for the of fusion FTREHHORIHZESH water is
analyzed by cooling a small drop of fresh sample in the DSC pan 20 from 25C to -30C at a cooling rate
of 10C per minute. The sample is kept isothermally at - 30C for 2 minutes and heat to 30C at a heating
rate of 10C per minute. The onset of melting is determined and checked to be within 0.5C from 0C. G
PC Methodit89b21] TiHe gercsdirasksuirtanorhshographicisysienm donsistsaiieitiieba Rolymher 25
Laborafafigshadel RkedtgRkaPalymertabaraiasigs.Model PL-220 instrument. The column and
carousel compartments are operated at 140 C. Three Polymer Laboratories 10-micron Mixed-B
columns a ed. The solyent is 1,2 4 trichlorobenzene. The samples are prepared at a concentration
of 0.1 gran[?gﬂi PES Bé:gqrrﬁ?mllt%%egﬁ 5 \f/r'eorlﬁI E%%%Yﬁiﬁg?@@’ﬂg b OF Bl g iFobut are

S of polymerin
2009/0975 25PET /i1 SRe09/0826 38oky droxyitelugnas(B HheaGamipele swaseqrepdrecobyragitasing lightly
for 2 hayrs, 8t 180C r RS, nisgtion o used is 100 microliters and the flow rate is 1.0 ml/minute.
[222] The molecuIar?/veiagtﬁdeterr%ir%%%%iép ed%nc%g ’&/SE{S%LOgWehe%élrqugv%brﬁéIéléﬁﬁ(ébrewélijg[@‘tg;istribution
polystyFérastatidrdd o Py met: dbSratdriend E3SE P Stirenyirfigfrons Bis86sed, 500,000 g/mole)

in conjyagsipmuithiheirelulionyalimeswhhe easivalentRoIYRIeRYlene ﬁa@x‘?@f«i@%‘{ﬁ%@?@%ﬁe
determined by u5|ni%e%£proprlate Mark-Houwink coefficients for polypropylene (as described by Th.G.
r

Scholte TN G RRIR ShHsrdadios s siidioess.Applh. Paghicsei. n2BN3763 - 3782
(1984) cinanrporateciheieinbycrefess nae) Aohpaly siyrangd asotes bt Enf cQlagkaidRs J- Roe, N.

Y. eIIr(%?(Qﬁdee%Oarl\tAﬂMu Iig, Macromolecules, 4, 507 (1971) incorporated herein by reference) in the
MarkHOUWINK eqhation: }%% KIS Wen BB =85 - R 8p 11bets. 70 ARy Rpymessiseenbedap, 0.702.
[223] Paiypropylete egeivalentwiolecdlashiceightioaloplations: are perfarmadshisingthMiscaiek TriSEC
softwarg \ersion. 39, 3GAMR he copolymers of this invention typically have substantially
isotactic propylene seqt e%ces."ééb@e%ﬁ%%ﬁ}?@%éé iC propy Zur%%e%qﬁélﬁ%gsm ‘cf)lédzg?n’i‘l]l 8¥ms mean

that th@lssteidas Rerssancisoaetiel diiinrinysmedsuran dyorS CokitiRiog greafefitharixabeut 0.85, 20
preferably ggeeg@m{mqptgtrtagn%gtem%—e1@g@@ﬁﬁ@&@&?@ﬁ%&&ﬂw&%ﬁ&&% g most preferably

greater than about 0.93. Isotactic triads are well known in the art; and are described in, for example,
USP 5O drerirarirotrasebidiertothié oetede Segaskilemiteringutel rrarblatiein the
copolyprecanghgculanabaindietesminrdcbyol 3t NMR spestan NV R.aeacHa e dejarmingdas follows.

25[225]3C VIR SRERIOSERRY I3 15,01 pmber ofechigues kiown n the ar for measting

191} Dispersions, both aqueous and non-aqueous, can also be formed using the

inventive polymers or formulations comprising the same. Frothed foams comprising the invented

200 polymers can also be formed, as disclosed in PCT application No. PCT/US2004/027593, filed
August 25, 2004, and published as WO2005/021622, The polymers may also be crosslinked by

any known means, such as the use of peroxide, electron beam, silane, azide, or other cross-linking
technique. The polymers can also be chemically modified, such as by grafting (for example by

use of maleic anhydride (MAH), silanes, or other grafting agent), halogenation, amination,

253 sulfonation, or other chemical modification,

[192] Additives and adjuvants may be included in any formulation comprising the
inventive polymers. Suitable additives include fillers, such as organic or inorganic particles,
including clays, talc, titaninm dioxide, zeolites, powdered metals, organic or inorganic fibers,

including carbon fibers, silicon nitride fibers, steel wire or mesh, and nylon or polyester cording,
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comonomer incorporation into a polymer. An example of this technique is described for the
determination of comonomer content for ethylene/a-olefin copolymers in Randall (Journal of
Macromolecular Science. WO 2009/097525PCT/US2009/032638 Reviews in Macromolecular
Chemistry af@ BMY&EE2T29 (2 & 3), 201 - 317 (1989)). The basic procedrE ot d&tetftthing the
comonomer content of an olefin interpolymer involves obtaining the 13C NMR spectrum under
conditions where the intensity of the peaks corresponding to the different carbons in the sample is
directly proportional to the total number of contributing nuclei in the sample. Methods for ensuring this
5 prop&raerNRy B idHewrrlavthexaft apdifrdsiveckiiotaned fersifeiernpaEmr bailaiorPafter a

pulse, theHse Rt gatedndecouniingieshniguesdelration agentinaReththedikencthecrelatiuedntensity of

a peak or group of peaks is obtained in practice from its computer-generated integral. After obtaining
the sp&ERIH AR SAtFfNG I 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 ddfHoundSyrtly thymesrs &f-bBidotppithldaoblogarondingec Theotolenys dohsonomer

cansbe;determingd by Qﬁ%ﬁﬁ‘&@a‘éﬁg‘&ﬁ%‘ﬂfﬁlérﬁ%%%]BQﬁs@ﬁf@gxlé?sthﬁlﬂ&ﬁ?ﬁﬁrﬂf—ﬂ‘&{%%ﬁ%ﬁonomer to

the integrals corresponding to the number of moles of all of the monomers in the interpolymer. as
describsdymaRanduifrolaexapracs [ooblentiag aslisle arivnsePysig LVEriSRPEN IMYdBigs400MHz
NMR spechRmatat or3 &L L EIGHRS ALY MYIR-Spachematas, Gadashandingi9-ad@tssoranance
frequency of 100.4 or 100.5 MHz, 15 respectively, Acquisition parameters are selected to ensure
quantitSPRRIRES Y ARG GBEOR' RIEPrEZEn B A AR Maa RIS Sg Rt RSV AR E aéi§iEd using
gated hiwecoumphingn4Q00dcansEnmpetidataiilepa teseoiphise iapetition dekayisspeirlavidth of
24,2004z ang.a file size of 32K data points, with the probe head heated,to 130.C. T le is
prééargf %9)‘/ g%flﬁlgi anﬁ%traglﬁcfﬁg ely rr‘?‘ll_cll[(;f%"i3 %% Cr(%ﬁ'ix llfr{‘e?oobf &in %aé %a?en& I%' é"?@a@@
tetrachlofé8bidhesdiorthadithisrObEN 26168 (Yt isrBl 02848 itdhrethidmatcetylazatoratd: trélaxation

agent) 19, 6Q,0.Ag,gample,in 2 é@@%mw%@&yéna headspagsf the Jubs is-purged of.axygen by

displacement with pure nitrogen. The samplé is dissolved and homogenized by heating the tube and

its confesrieslirnd 5OContH HBRbdIGEefeRiHadiarfatdadby (el yierasthaHeMiEcvstdxisg eitHeé tube and
Contenlﬁereo[fz(%ﬂfé?ﬂ?wﬁlﬂ;ﬂ%@@ﬁ@ﬂ@%@éﬁétﬁﬁ?‘%ﬂ%b%,%@%‘%&%@c%@%ﬁ&?@@@me minim
r

pentad at 21.90 ppm. Isotacticity at the triad level (mm) is determined from the methyl integrals
repres@ffin HEGAINYES RRAYTED3 210 the PRETRSE (81528200°K 6 PpRYS BT the™ triad
(20.67-d19:¢bpRm) cibhR Resse pagel efpmdactgiy isdetesminadddy siwding theimansiyeofithe mm
triad by the sum of the m r JT triads, For propylgne-ethylene copolymers made with catalyst
system&*&uc %’é&}?@%n&%ﬁ@ne, rﬁh"é‘ﬂiﬁf_’é%mg?é‘g , r?ep[%roié:({/‘rlig%ﬁ{g%g }ilyegstofag%nc?fibéa%above)
the mr KEGIDANS/CORBEtad fidabdthieme Endnddibik rédrebycslibirantrgytheacontsib ution:fedmh RPQ and
PPE. For r}{%g{gﬂ&@ﬂﬂgﬁ-ﬁ%@gj&gﬁ %c%gq%q%t%&@%égglon is 30 corrected for ethylene and

. cO .
regio-error by subtracting't ution from PQE and EPE. For copolymers with other monomers
that produce peaks in the regiigns of min. mr, and it the integrals for these regions are similarly
4

coriécted BYP8libtrachifgifRaa BT R dBRR S st B o RARTR I CAYTH $88 T riEe AR PGiks have
been idgqtiieshniilis ean beaceomplishre, faspxample, hyfasalyzingpseriesiofogpalimess of various
levels adhesives and pressure sensitive adhesives); footwear (including shoe soles and shoe liners); auto
interior parts and profiles; foam goods (both open and closed cell); impact modifiers for other
thermoplastic polymers such as high density polyethylene, isotactic polypropylene, or other olefin
25 polymers, coated fabrics; hoses; tubing; weather stripping; cap liners; flooring; and viscosity

index modifiers, also known as pour point modifiers, for ubricants,

[195] In some embodiments, thermoplastic compositions comprising a thermoplastic
matrix polymer, especially isotactic polypropylene, and an elastomeric multi-block copolymer of

polypropylene and a copolymerizable comonomer according to embodiments of the invention, are
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WO 2009/097525PCT/US2009/032638 of monomer corporation, by literature assignments, by isotopic
labeling, or other means which are known in the art. [228]For copolymers made using a
nonmetallocene, metal-centered, heteroaryl ligand catalyst, such as described in U.S. Patent
Publication W®2¥86376%04017, the 13C NMR peaks corresponding to a TE§iE>BEHH#°AR about 14.6
and about 15.7 ppm are believed to be the result of stereoselective 2,1-insertion errors of propylene
units into the growing polymer chain. In general, for a given comonomer content, higher levels of
regio-errors lead to a lowering of the melting point and the modulus of the polymer, while lower levels

lead tov&iRTgheFHRENmE! JOIRBR GAIY AR YRD AATHS &F PRSP RARE FrRAGHRME oY EaRtERdN

10[229kRKpPromdessiathylene sapalymeens,thefolemingnpraceadure anibg vise@ o deteimine the
comonomer composition and sequence distribution. Integral areas are determined from the 13C NMR
spectrl?ﬁ‘r‘léiﬁffiirqﬁﬁ’lafﬁfoofchléamé}?i?eg(:u ihiS tbcg ér%ﬁ%é?ﬁ%frﬁg?edf%gfﬁed S

A Of SRERtrd é%quence.
The matiixmassignterbisetharusad duith dhedhtegralsutaiiriel dittrdemidbe . fradtiomighbadbstridtt The
matfrix calculation is g linear least squares implementation, of Randal urpgl,of remelecular
Chgmié*%?ipg‘rﬁ%d’%i%ia&?ﬂﬁvéﬁeﬁs‘ M e dﬁ‘é”?ﬁ??tr;g %rbgré%?yéﬂs CZIQQ{B?Z%E%% 01-317,
1989) mgthigoherrodifietl ¢oairiclacks thebidetiionel eEks st sedireneedfendiuder fregionerer. Table B

shows the integral regions angtriadidesignations HsedyndheAssionmansmatrix. Tharwphers

associated with each carbon indicate in which region of the spectrum it will resonate.

[230]MEHEPETENG dosckatHRareiBdarre VEHS CernatelintE i RHErE R FPERBEr SEBRIARENt matrix,

s is a speCiiIMTeMYRCIARM bR ol frariRepMPgsition NEeial; Steceseiubimpleymgatation of
the Matrix Method requires that Al, f, and s be defined such that the resulting equation is determined or

ovE} deRsHARG B EGTST BridRe SHERSE MBSO OR&Ran variables) and the solution to the

equation contains the molecular information necessary to calculate the desired structural information.
The first stdpGh the ReatiixiMbthddsisatdeddtamiineants theralephsnis inahelebmpbisiitn VEEE f. The

elemenis. of ihisMecior should e metesy|at pAlBMRIRTS SRIGRIGH (o PRV SUYEIHIAl Jafprmation
about the system being studied. For _ _
blends. TPE and TPV blends may be prepared by combining the invented multi-block polymers,
including functionalized or unsaturated derivatives thereof with an optionai rubber, including
15  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 crosslinking or vuicanizing agent. The foregoing
blends may be used in forming a molded object, and optionally crosslinking the resulting molded

article. A similar procedure using different components has been previously disclosed in U.S,

20 Patent No. 6,797,779,

[197] Suitable conventional block copolymers for this apphication desirably possess a

Mooney viscosity (ML 1+4 @ 100°C.) in the range from 10 tc 135, more preferably from 25 to

100, and most preferably from 30 to 80. Suitable polyolefins especially include linear or low

density polyethylene, polypropylene (including atactic, isotactic, syndiotactic and impact

235  modified versions thereof) and poly(4-methyl-1-pentene). Suitable styrenic polymers include

polystyrene, rubber modified polystyrene (HIPS), styrene/acrylonitrile copolymers (SAN), rubber
modified SAN (ABS or AES) and styrene maleic anhydride copolymers,

[198] 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
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copolymers, a reasonable set of parameters would be any odd n-ad distribution. Normally peaks from
individual triads are reasonably well resolved and easy to assign, thus the triad distribution is the most
often used in this composition vector f. The triads for the B/P copolymer are BEE, 30 EEP, PEE, PEP.
PPP, PPE, BBBYHEPBE. For a polymer chain of reasonable high moleBlfEFS¢ey/03263%
2009/097525PCT/US2009/032638 weight (>=- 10,000 g/mol), thel3C NMR experiment cannot
distinguish EEP from PEE or PPE from EPP. Since all Markovian E/P copolymers have the mole
fraction of PEE and EPP equal to each other, the equality restriction was chosen for the

implenfepthtonihioglefophensam thirdamaaintiing tafietPork fG0PPERRT EPpaihababsvétwo
equality: regtiglanskeaues, the,eios® tﬂiﬁ%ﬁi&@%@]ﬁ@pﬁﬁ%@tm@a@ﬁg Rengadty easen, the

composition vector f is still represented by all eight triads. The, equality restrictions are implemented as

internaf et ictlofre g sofe e RS tRrer I S SudhB S RE e FISIHEVIBRGE R Yefine the
spectrurpeveGtensie Uslig|kibsiele neeaisiaf thistvactgrendtirbe thel welk-defined Biegral regians in the

spegctrum. To insure a determined system the number of integrals needs to be SCI}S% e as the number
oF 70 1 AEBERBAY AT aDtES, o TGt 1S MM e e TN, el T e b i
constructegdsitifinding thenbontitbutd nBehbey chatsbnsioktheee rtentmononmexenit e adke thad

(CO'UmQ&)gfré]é"ﬁEE%u%ﬁ%Q %ﬂé%ggyg%gﬂg& %gﬁme%g DERETHIQPeSRIRIF ML ABOKL ARe %#mﬂg.

propagati rection when deciding which carbons belong to the central unit. A use roperty of this

assignmahEneathiR Ys aprapehisi eunvilf waer roghsh deadieg 0hIcte thEka b @P IRErOoRS IHtHECL5 center
unit of H&%Jélﬁﬁ)ﬂﬁhi%d&thgoﬁeﬂ&ﬂéyt%ﬁﬁﬁlﬂﬁ%m%sm&%&%aweae ghecked easilysanmithus

prevents some common data entry errors.  [231] After constructing the assignment matrix, a

redindgRes ¥hedRnERSS BB HEABRAGHOH GRSV dE theliomBar BFHHUAF SRERSEKEENt columns
needs tae BiRAtes R eatakty therumbenobindependen! wasiiablesiathepiaductvects:slf the matrix
fails the 20 redundancy test, then one negds 10 ck to the second step and repartition the integral
region@%‘ﬁ&%éﬂ#ﬁ%éﬁ?ﬁ@ﬁ%%%%%ﬁ?n%i?%a%ﬁfﬁ%%ﬁ eﬁlf:élgﬁ%a%%?’ & %I?: aftéop(}a?s%lélg.l-%p 32] In
generatopiemdhe nuigbirfiofreajumrisopiubdhe 45uih berabbedtiin nabre stettiobly GrocoAStlaints is
greater_than the,aumper of rows.in the matrix M the system | r ined. ater this
differenaijglllg ﬁgg?%orf (t)hen}so)%%r% qutyé%lgfdgtog mine ﬁfr Cgt 1r%j§r’§t %%e%?té%ggrr%%%d@%?g%?gn, the
mdre thediatrise Methiydletin motrebefbe Bpieheity 43conisistentt a4, wiskhpralgrbbiiSem ofGhtegration

of low signalte peisse (S ratiQ data. @ parial Saratianef SAMe: {esORaRERR- of [R33fibgsfinal step

is to solve the matrix. This is easily executed in Microsoft Excel by using the Solver function. The
Solver GR5PR8ISY Hirst Gt dinGRSBHRARIA VEFIS Emditadiigs techriiques Tor 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.

20 199} Certain compositions of the inventive biock 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

25 polypropylene.

[260] Some embodiments of the invention provide miscible biends with polypropyiene.
By blending such interpoiymer plasticizers with polypropylene (isotactic polypropyiene,
syndiotactic polypropylene and atactic polypropylene), the glass transition temperature, storage
modulus and viscosity of the blended polypropyiene are lowered. By decreasing the transition

30 temperature, storage modulus and viscosity, the workability, flexibility, and distensibility of
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WO 2009/097525PCT/US2009/032638 among different triads) and then iteratively guessing to
minimize the sum of the differences between the calculated product vector and the input product
vector s. The Solver also lets one input restrictions or constraints explicitly. Table B 5The Contribution
of Each CaB&?Yi#EEentral Unit of Each Triad Towards Different Inte§fi/RE§1818243%ad Name
Structurel Region for 1 1 Region for 2 Region for 3 PPP ---------- 2ISLAOQ |

polypropylene 1mproves.  As such, broadened commercial application for these new
polypropylene blends in film, fibers and molded products is apparent. Furthermore, the flexibility
of a predact 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
5 homogeneous catalysts, both of which can reduce isotactic polypropylene crystallinity prior to

blending with the inventive block interpolymer.

[201] 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

10 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 least 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

15 ("TPE") biends where polypropylene has traditionally been demonstrated to be effective. In view
of these many uses, with improved low temperature properties and increased workability, the
-plasticized polypropylene thermoplastics offer a suitable replacement in selected applications for

plasticized polyvinyl chleride (PVC).

202] The blend compositions may contain processing oils, plasticizers, and processing

20 aids. Rubber processing oils and paraffinic, napthenic or aromatic process oils are all suitable for
use. Generally from about O to about 150 parts, more preferably about 0 to about 100 parts, and
most preferably from about { to about 50 parts of otl 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

25 salts, such as calcium stearate or zinc stearate, {polyjalcohols including glycols, (poly)alcohol
ethers, including glycol ethers, (poly)esters, including (poly)glycol esters, and metal salt-,

especially Group I or 2 metal or zine-, salt derivatives thereof.

[203] 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
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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, Multi-block copolymers according to the present
invention possessing extremely low levels of unsaturation, find particular application as a
protective surface layer (coated, coextruded or laminated) or weather resistant film adhered to

articles formed from conventional diene elastomer modified polymeric compositions.

[204] For conventional TPO, TPV, and TPE applications, carbon black is the additive of
choice for UV absorption and stabilizing properties. Representative exampies of carbon blacks
include ASTM N110, N121, N220, N231, N234, N242, N293, N299, S315, N326, N330, M332,
N339, N343, N347, N351, N358, N375, N539, N350, N582, N630, N642, N650, N683, N754,
N762, N765, N774, N787, NOO7, NO08&, N990 and N991. These carbon blacks have iodine
absorptions ranging from 9 to 145 g/kg and average pore volumes ranging from 10 to 150
em’/100 g Generally, smaller particie sized carbon blacks are emploved, to the extent cost
considerations permit. For many such applications the present muiti-block copolymers and
blends thereof require little or no carbon black, thereby aliowing 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.

[205] Compositions, including thermoplastic blends according to embodiments of the
invention may aiso 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-phenvlenediamines, butylated reaction
products of p-cresol and dicyclopentadiene (DCPD), polyphenolic antioxidants, hydroquinone
derivatives, quinoline, diphenylene antioxidants, thicester antioxidants, and blends thereof, Some
representative trade names of such products are Wingstay™ S antioxidant, Polystay™ 100
antioxidant, Polystay™ 100 AZ antioxidant, Polystay™ 200 antioxidant, Wingstay™ L

antioxidant, Wingstay'™ LHLS antioxidant, Wingstay™ K antioxidant, Wingstay™ 20
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antioxidant, Wingstay™ SN-1 antioxidant, and Irganox™ antioxidants. In some applications, the

anti-oxidants and anti-ozonants used will preferably be non-staining and non-migratory.

[206] For providing additional stability against UV radiation, hindered amine light
stabilizers (HALS) and UV absorbers may be also used. Suitable examples inciude Tinuvin™
123, Tinuvin™ 144, Tinuvin™ 622, Tinuvin™ 7635, Tmuvin™ 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 2 HALS compound in order to

achieve superior surface guality, as disclosed in U.S, Patent No. 6,051,681.

[207] 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.

[208] Suitable crosslinking agents (also referred to as curing or vulcanizing agents) for
use herein inciude sulfur based, peroxide based, or phenolic based compounds. Examples of the
foregoing materials are found in the art, including in U.S. Patents No.: 3,758,643, 3.806,558;
5,051,478, 4,104.210; 4,130,535, 4,202,801; 4,271,049, 4.340,684; 4,250,273; 4.927.882;
4,311,628 and 5,248,729,

[209] When sulfur based curing agents are employed, accelerators and cure activators
may be used as well. Accelerators are used to control the time and/or temperature required for
dynamic vulcanization and to improve the properties of the resuiting cross-linked articie. In one
embodiment, a single accelerator or primary accelerator is used. The primary accelerator(s) may
be used in total amounts ranging from about 0.5 to about 4, preferably about 0.8 to about 1.5, phr,
based on total composition weight. In another embodiment, combinations of a primary and a
secondary accelerator might be used with the secondary accelerator being used i 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, delaved
action accelerators may be used which are 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 may be used in the present invention are amines,
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disulfides, guanidines, thioureas, thiazoles, thiurams, sulfenamides, dithiocarbamates and
xanthates, Preferably, the primary accelerator is a sulfenamide. If a second accelerator is used,
the secondary accelerator is preferably a guanidine, dithiocarbarnate or thiuram 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), triallyl 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.

[210] When the multi-block copolymer containing composition is at least partially
crosslinked, the degree of crosslinking may be measured by dissolving the composition in a
solvent for specified duration, and calculating the percent gel or unextractable component. 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.

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

madequate.

[212] 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 aluminophosphates, carbon whiskers, carbon fibers.
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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.

[213] The thermoplastic compositions according tc 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, including multi-layer films, may be

produced by cast or tentering processes, inciuding blown film processes,

[214] in addition to the above, the block propylene/c-olefin interpolymers aiso can be
used in a manner that is described in the following U.S. provisional applications, the disclosures
of which and their continuations, divisional applications and continuation-in-past applications are
incorporated by reference herein in their entirety: “Fibers Made from Copolymers of Propylene/o-
Olefins”, U.S. Serial No. 60/717.863, filed on September 16, 2005 as well as “Propylene/g-olefin
Block Interpolymers”, U.S. Serial No. 60/782.746 filed on March 15, 2006

TESTING METHODS
ATREF

[215] Analytical temperature rising elution fractionation (ATREF) analysis is conducted
according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.; Ryle, T.R.;
Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in Polvethviene and
Ethylene Copolymers, J, Polym. Sci., 20, 441-455 (1982). which are incorporated by reference
herein in their entirety. The composition to be analyzed is dissolved in trichlorobenzene and
allowed to crystallize in a column containing an inert support (stainless steel shot) by slowly
reducing the temperature to 20°C at a cooling rate of 0.1°C/min. The column is equipped with an
infrared detector, An ATREF chromatogram curve is then generated by eluting the crystallized
polymer sample from the column by slowly increasing the temperature of the eluting solvent

(trichlorobenzene) from 20 to 120°C at a rate of 1.5°C/min.
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Polymer Fractionation by TREF

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

[217] Approximately 2000 ml portions of eluant from the preparative TREF 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 mi of the polymer solution remains, The
concentrated solutions are allowed to stand overnight before adding excess methanol, filtering,
and ri_nsing {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 um polytetrafiuvoroethylene
coated filter paper (available from Osmonics Inc., Cat# Z50WP04750). The fiitrated fractions are
dried overnight in a vacuum oven at 60 °C and weighed on an analytical balance before further
testing. Additional information regarding this technique is taught by Wilde, L.; Ryle, T.R.;
Knobeloch, D.C.; Peat, L.R.; Determination of Branching Distributions in Polyethylene and
Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982).

DSC Standard Methoed

{218] Differential Scanning Calorimetry results are determined using a TAI model
Q1000 DSC equipped with an RCS cooling accessory and an autosampler. A nifrogen purge gas
flow of 50 ml/min is used. The sample is pressed into a thin film and melted in the press at about
190°C and then air-cooled to room temperature (25°C). 3-10 mg of material is then cut into a 6
mm diameter disk, accurately weighed, placed in a light aluminum pan (ca 50 mg), and then

crimped shut. The thermal behavior of the sample is investigated with the following temperature

-72 -



PEE ---_.----....-2,.., OF-I3 PEP L/-2V ._Ni C H30OF-I13

10

15

20

25

WO 2009/097525 PCT/US2009/032638

profile. The sampie is rapidly heated to 230°C and held isothermal for 3 minutes in order to
remove any previous thermal history. The sampie is then cooled to -90°C at 10°C/min cooling
rate and held at -90°C for 3 minutes, The sample is then heated to 230 °C at 10°C/min. heating

rate, The cooling and second heating curves are recorded.

[215] The DSC meiting peak is measured as the maximum in heat flow rate (W/g) with
respect to the linear baseline drawn between the beginning and end of melting. The heat of fusion
is measured as the area under the melting curve between the beginning and the end of melting
using a linear baseline., For polypropyiene homopoiymers and copolymers, the beginning of
melting is typically observed between 0 and -40°C. The resulting enthalpy curves are analyzed
for peak melting temperature, onset, and peak crystallization temperatures, heat of fusion and heat

of crystallization, and any other DSC analyses of interest,

[220] 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 ainminum 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 indium 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 }g 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

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

concentration of 0.1 grams of polymer in 50 milliliters of solvent containing 200 ppm of butylated
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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.

[222] The molecular weight determination is deduced by using ten narrow molecular

weight distribution pelystyrene standards (from Polymer Laboratories, EasiCal PS1 ranging from
5 580~ 7,500,000 g/male) in conjunction with their elution volumes. The equivaient
polypropylene molecular weights are determined by using appropriate Mark-Houwink
coefficients for polypropylene (as described by Th.G. Scholte, N.L.J. Meijerink, H.M.
Schoffeleers, and A.M.G. Brands, J. Appl. Polyn. Sci., 29, 3763 — 3782 (1984), incorporated
herein by reference) and polystyrene {as described by E. P, Otocka, R. J. Roe, N. Y. Hellmar, P,
10 M. Muglia, Macromolecules, 4, 507 (1971} incorporated herein by reference) in the Mark-

Houwink equation:
{n}=KM
where Ky, - 1.90E-04 , a,,-0.725 and K= 1.26E-04 a,,- 0.702.

[223] Polypropylene equivalent molecular weight calculations are performed using

15 Viscotek TriSEC software Version 3.0,

BC NMR

{224] The copolymers of this invention typically have substantially isotactic propylene
sequences. “Substantially isotactic propylene sequences” and similar terms mean that the
sequences have an isotactic triad (mm) measured by °C NMR of greater than about 0.85,

20 preferably greater than about 0.90, more preferably greater than about 0.92 and most preferably
greater than about 0.93. Isotactic triads are well known in the art, and are described in, for
example, USP 5,504,172 and WO 00/01745 that refer to the isotactic sequence in terms of a triad
unit in the copolymer molecular chain determined by >C NMR spectra. NMR spectra are

determined as follows,

25 [225] PC 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/a-olefin copolymers in Randall (Journal of Macromolecular Science,

7



CH3GE, 2<* 1-13  IXPPQP G, /l);,’?'E' 2 CH) 0 PPQPX HCH,

10

20

25

30

WG 2009/097525 PCT/GS2009/032638

Reviews in Macromolecular Chemistry and Physics, C29 (2 & 3), 201 - 317 (1989)). The basic procedure for
determining the comonomer content of an olefin interpolymer involves obtaining the "C NMR spectrum
under conditions where the intensity of the peaks corresponding to the different carbons in the sample is
directly proportional to the total number of contributing nuclei in the sample. Methods for ensuring this
proportionality are known in the art and involve allowance for sufficient time for relaxation after a pulse, the
use of gated-decoupling techniques, relaxation agents, and the like. The refative intensity of a peak or group
of peaks is obtained in practice from its computer-generated integral. After obtaining the spectrum and
integrafing 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
1sotopically labeled comonomer. The mole % comonomer can be determined by the ratio of the integrals
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 Randall, for example,

[226] The data is coliected using a Varian UNITY Plus 400MHz NMR spectrometer or a JEOL
Eclipse 400 NMR Spectrometer , corresponding to a C resonance frequency of  100.4 or 100.5 MHz,
respectively. Acquisition parameters are selected to ensure quantitative *C data acquisition in the presence of
the relaxation agent. The data is acquired using gated 1H decoupling, 4000 transients per data file, a 6 sec
pulse repetition delay, spectral width of 24,200Hz and a file size of 32K data points, with the probe head
heated to 130° C. The sample is prepared by adding approximately 3ml of a 56/50 mixture of
tetrachloroethane-d2/orthodichlorobenzene that is 0.025M in chromium acetylacetonate (relaxation agent) to
0.4g sample in a 10mm NMR tube. The headspace of the tube is purged of oxygen by displacement with pure’
nitrogen. The sample is dissolved and homogenized by heating the tube and its contents to 150°C with

periodic refluxing initiated by heat gun and periodic vortexing of the tube and contents.

[227] Following data collection, the chemical shifts are internally referenced to the mmumm pentad
at 21.90 ppm. Isotacticity at the triad level (mm) is determined from the methyl integrals representing the mm
triad (22,5 t0 21.28 ppm), the mr triad (21.28-20.40 ppmy), and the 11 triad (20.67-19.4 ppm). The percentage
of nm tacticity is determined by dividing the intensity of the mm triad by the sum of the mm, mr, and rr
triads. For propylene-ethylene copolymers made with catalyst systems, such as the nonmetallocene, metal-
centered, heteroaryl ligand catalyst (described above) the mr region is corrected for ethylene and regio-error
by subtracting the contribution from PPQ and PPE. For these propylene-ethylene copolymers the 1t region is
corrected for ethylere and regio-error by subfracting the contribution from PQE and EPE. For copolymers
with other monomers that produce peaks in the regions of mm. mr, and rr. the integrals for these regions are
similarly corrected by subtracting the interfering peaks using standard NMR techniques, once the peaks have
been identified. This can be accomplished, for example, by analyzing a series of copolymers of various levels
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of monomer incorporation, by literature assignments, by isotopic labeling, or other means which are known in

the art.

[228] For copolymers made using a nonmetallocene, metal-centered, heteroaryl ligand catalyst,
such as described in U.S. Patent Publication NO. 2003/0204017, the "C NMR peaks cotresponding to a regio-
5 error at about 14.6 and about 15,7 ppm are believed to be the result of stereoselective 2,1-insertion errors of
propylene units into the growing polymer chain. In general, for a given comonomer content, higher levels of
reglo-errors lead to a lowering of the melting point and the modulus of the polymer, while lower levels lead to

a higher melting point and a higher modulus of the polymer.

Matrix Method Calculation

10 229] FFor propylene/ethylene copolymers the following procedure can be used o determine the
comonomer composition and sequence distribution. Integral areas are determined from the *C NMR spectrum
and input into the matrix calculation to determine the moie fraction of each triad sequence. The matrix
assignment is then used with the integrals to yield the mole fraction of each triad. The matrix calculation is a
linear least squares implementation of Randail’s (Journal of Macromolecular Chemistry and Physics, Reviews

15 in Macromolecular Chemistry and Physics, C29 {2&3), 201-317, 1989) method madified to include the
additional peaks and sequences for the 2,1 regio-error. Table B shows the integral regions and triad
designations used in the assignment matrix. The mnmbers associated with each carbon indicate in which

region of the spectrum it will resonate,

[230] Mathematically the Matrix Method is a vector equation s=fM where M is an

20 assignment matrix, § is a spectrum row vector, and f is a mole fraction composition vector.
Successful implementation of the Matrix Method requires that M, f, and s be defined such that the
resulting equation is determined or over determined (equal or more independent equations than
variables) and the solution to the equation contains the molecular information necessary to
calculate the desired structural information. The first step in the Matrix Method is to determine

25 the elements in the composition vector f. The elements of this vector should be molecular
parameters selected to provide structural information about the system being studied. For
copolymers, a reasonable set of parameters would be any odd n-ad distribution. Normally peaks
from individual triads are reasonably well resolved and easy to assign, thus the triad distribution
is the most often used in this composition vector f. The triads for the E/P copolymer are EEE,

30 EEP, PEE, PEP, PPP, PPE, EPP, and EPE. For a polymer chain of reasonable high molecular
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weight (>= 10,000 g/mol}, the'>C NMR experiment cannot distinguish EEP from PEE or PPE
from EPP. Since all Markovian E/P copolymers have the mole fraction of PEE and EPP equal to
each other, the equality restriction was chosen for the implementation as well, The same
treatment was carried out for PPE and EPP. The above two equality restrictions reduce the eight
5 triads into six independent variables. For clarity reason, the composition vector f is still

represented by all eight triads. The equality restrictions are implemented as internal restrictions
when solving the matrix. The second step in the Matrix Method is to define the spectrum vector
5. Usually the elements of this vector will be the well-defined integral regions in the spectrum.,
To msure a determined system the number of integrals needs to be as large as the number of

10  independent variables. The third step is to determine the assignment matrix M. The matrix is
constructed by finding the contribution of the carbons of the center monomer unit in each triad
{column) towards each integral region (row). One needs to be consistent about the polymer
propagation direction when deciding which carbons belong to the central unit. A useful property
of this assignment matrix is that the sum of each row should equal to the number of carbons in the

15 center unit of the triad which is the contributor of the row. This equality can be checked easily

and thus prevents some common data entry errors.

[231] - After constructing the assignment matrix, a redundancy check needs to be
performed. In other words, the number of linearly independent columns needs to be greater or
equal to the number of independent variables in the product vector. If the matrix fails the

20 redundancy test, then one needs to go back to the second step and repartition the integral regions

and then redefine the assignment matrix until the redundancy check is passed.

{232} In general. when the number of columns plus the number of additional restrictions
or constraints is greater than the number of rows in the matrix M the system is overdetermined.
The greater this difference is the more the system is overdetermined. The more overdetermined
25 the system, the more the Matrix Method can correct for or identify inconsistent data which might
arise from integration of low signal to noise (S/N) ratio data, or partial saturation of some

resonances,

{233] The final step is to solve the matrix. This is easily executed in Microsoft Excel by

using the Solver function. The Solver works by first guessing a sofution vector (molar ratios

-T77 -



43.40 37.30 36.95 35.40 34.50 33.60 33.00 32.50 KLMNOP Q 31.30 30.20

WO Z009/097525

PCE/US2009/032638

amontg different triads) and then iteratively guessing to minimize the sum of the differences

between the calculated product vector and the input product vector s. The Solver also lets one

input restrictions or constraints explicitly.

Table B
5 The Centribution of Each Carbon on the Central Unit of Each Triad
Towards Different Integral Regions
Triad | Strocture Region for 1 | Region for 2 | Region for 3
Name
PPP \{;l/\ /Rﬁ/ﬂ\ L A O
CHa (;I—ig CHa
FPE \S/\ /2\/8\ J C @]
CH3 %)H3
EPP \E/\] /Qﬁ/ﬂ ] A O
CHg CH,
EPE \B/\ /9\/3\ H C O
§s
EEEE T~ K K
EEEP \@/\,‘/a\ﬁ/} K J
HC
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29.30 27.60 25.00 22.00 16.00 15.00 30.30 29.80 28.20 27.10 24.50 119.50 15.00 14.00 [234] 1,2
inserted propylene composition is calculated by summing all of the 5 stereoregular propylene centered
triad sequence mole fractions. 2,1 inserted propylene composition (Q) is calculated by summing all of
the Q center®t #HEPEEGence mole fractions. The mole percent is calcuBIEBYAIEIRASAFNg the mole
fraction by 100. C2 composition is determined by subtracting the P and Q mole percentage values
from 100. Example 2

Triad Structure Region for 1 | Region for 2 ' Region for 3
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10Metallocene Catalyzed: [235] This example demonstrates calculation of composition values for
propylene-ethylene copolymer made using a metallocene catalyst synthesized according to Example
15 of USP 5,616.664. The propylene-ethylene copolymer is manufactured according to Example 1 of
US Patent Apht&i6H*2003/0204017. The propylene-ethylene copolymel?qgfgﬁglwgﬁ‘gg follows. 15
The data is collected using a Varian UNITY Plus 400MHz NMR spectrometer corresponding to a 13C
resonance frequency of 100.4 MHz. Acquisition parameters are selected to ensure quantitative 13C
data acquisition in the presence of the relaxation agent. The data is acquired using.gated 1H
decoupling, 460@4ransKHHSIBE: data file, a 7se - Repien oschi dtegiom{ospachegipndor 3
2009/097525NemM 1S2009/032638 width of 24 200Hz and a file size of 32K data points,-with the probe
head heated R@HI3D Q. Tm%préﬁ ed by adding appréximately 3mE of a 50/50 mixture of

or

tetrachlorgethaned2/orthadi enzené-that|is 0.025M in chromium acetylacetonate (relaxation
agent) to 0.4g sample in a IOmm MR tube. The headspace jof the tube is purged of oxygen by
displacement 5 with pure nitrogen. The sample is dissolved and homogenized by heating the tube and
its contents-te-150C with periodicrefluxing-initiated-by-heat-gun—J236]- Fellowing-data-collection, the
chemicalW@%?n%@ﬁ%?&@@%éé&sﬁfww}ﬁwpentad at 21.90 ppm. [237] For metallocene
propylene/ethylene copolymers, the following procedure is used 10 to calculate the percent ethylene in
the polymer using the Integral Regions &bsigimalcvitd idsmifted in the Journal of Macromolecular
Chemistry and Physics, "Reviews in Macromolecular Chemistry and Physics," C29 (2&3), 201-317,
(1989)[ TaRle ZzATngegrdl Regiong for gralcyilatipg % [Ethyfene]Regipn Desigpatian Chiemigal Shift
Rangel7 ppmpintegrakdréa Ao o0 | 37.25 | 3580 @ 35.00 | 3400 | 33.60 3290
45,60 43,40 37.30 36.95 35.40 34,50 33.60 33.00 32.50

J K L M N 5) P Q
3130 | 30.20 2030 | 27.60 | 2500 22.00 16.00 15.00
30.30 | 29.80 3820 | 2710 | 2450 19,50 15.00 14.00

[234] 1,2 inserted propylene composition is calculated by summing all of the
5 stereoregular propylene centered triad sequence mole fractions. 2,1 inserted propylene
composition {(Q) is calculated by summing all of the Q centered triad sequence mole fractions,
The mole percent is calculated by multiplying the mole fraction by 100. C2 composition 15

determined by subtracting the P and (@ mole percentage values from 100.
Exampie 2
10 Metallocene Catalyzed:

[235] This example demonstrates calculation of composition values for propylene-
ethylene copolymer made using a metaliocene catalyst synthesized according to Example 15 of
USP 5,616.664. The propylene-ethylene copolymer is manufactured according to Example 1 of
US Patent Application 2003/0204017. The propyiene-ethylene copolymer is analyzed as follows,

15  The data is collected using a Varian UNITY Plus 400MHz NMR spectrometer corresponding to a
3¢ resonance frequency of 100.4 MHz. Acquisition parameters are selected to ensure
quantitative °C data acquisition in the presence of the relaxation agent. The data is acquired

using gated 1H decoupling, 4000 transients per data file, a 7sec pulse repetition delay, spectral
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width of 24,200Hz and a file size of 32K data points, with the probe head heated to 130° C. The

sample is prepared by adding approximately 3mL of a 50/50 mixture of tetrachloroethane-

d2/orthodichlorobenzene that is 0.025M in chromium acetylacetonate (relaxation agent) to 0.4g

sample in a 10mm NMR tube. The headspace of the tube is purged of oxygen by displacement
5 with pure nitrogen. The sample is dissolved and homogenized by heating the tube and its

contents to 1530C with periodic refluxing initiated by heat gun.

[236] Following data collection, the chemical shifts are internally referenced to the

mmmrn pentad at 21.90 ppm.

[237] For metatlocene propylene/ethylene copolymers, the foliowing procedure is used
10 to calculate the percent ethylene in the polymer using the Integral Regions éssignments identified
in the Journal of Macromolecular Chemistry and Physics, “Reviews in Macromolecular

Chemistry and Physics,” C29 (2&3), 201-317, (1989).

Table 2-A

Integral Regions for Calculating % Ethylene

Region Chemical Shift integral Area
Designation Range / ppm

A 44 — 49 259.7
B 36 -39 73.8
C 32.8 — 34 7.72
p 31.0-30.8 64.78
Q Peak at 30,4 4.58
R Peak at 30 4.4

F 28.0-297 233.1
G 26 - 28.3 15.25
H 24 - 26 27.99
1 18 - 23 303.1

15 Region D is calculated as follows: D =P - (G - Q)/2.

Region E is caiculated as follows: E = R+Q+{G-Q)/2.

The triads are calculated as follows:
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28.0-29.7 233.1 G 26- 28.3 15.25H 24 - 26 27.99 1 18 - 23 303.1 15Region D is calculated as
follows: D = P - (G - Q)/2. Region E is calculated as follows: E = R+Q-F(0-Q)12. The triads are

calculated as follows: WO 2009/097525PCT/US20091032638 Table 2-B
WO 2009/697525 PCTF/US2009/032638

Table 2-B
Triad Calcudation

PPP =(F+A-035D)/2

PPE=D
5 EPE=C
EEE=(E-05G)/2
PEE =G
PEP = H
Moles P = (B + 2A)/2
10 Moles E=(E+ G+ 0.5B + H)/2
[238] As demonstrated above, embodiments of the invention provide a new class of

propylene and a-olefin block interpolymers that are mesophase separated. 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

15 properties or characteristics not seen for other propylene/o-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
1s 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

20 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.

[239] 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
25 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.
Vartations and modifications from the described embodiments exist. The method of making the
30 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
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Triad Calculation PPP = (F + A-0.5D) /2 PPE =D 5EPE =C EBB = (E - 0.50) / 2 PEE =0 PEP = H
Moles P = (B + 2A) /2 10Moles E (E + G + 0.5B + H)/2 [238] As demonstrated above, embodiments
of the invention provide a new class of propylene and a-olefin block interpolymers that are mesophase
separated. THe ¥ T8 erpolymers are characterized by an average blodi€HEEX B 4Féater than zero,
preferably greater than 0.2. Due to the block structures, the block interpolymers have a unique
combination of 15 properties or characteristics not seen for other propylene/a-olefin copolymers.
Moreover, the block interpolymers comprise various fractions with different block indices. The
distribliforPBiisireH DioekirvREEY MAs. ApeRTiPat Sridrshey B pisy dealpiop ermse omae bl ek
interpolymersqitisipessiRiedmehange the distdRution ekihe blogkindices:by-aditsiinchihgd

polymerization conditions, thereby affording the abilities to tailor the desired polymers. Such block 20
inteipoNAHBYS AT Tasy AR (e sapptieh eV EYi%xample, 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.  [239] 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 25 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 30 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 WO
2009/097525PCT/US2009/032638
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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. What is claimed is: 1. A composition comprising at least
one propylene/a-olefin block interpolymer, comprising hard blocks and soft blocks, wherein the
propylene/a-olefin block interpolymer is characterized by a molecular weight distribution, M,,/M", in the
range of from 1.4 to 2.8 and an average block 5 index greater than zero and up to 1.0; and, wherein
the propyl nte/a-?lefindblock interpolymer is mesophase separated; and, wherein the propylene/a-olefin
block copo Sa/n"llse(r: (a:lbnrﬁ:pr}%es domains wherein the domains have a smallest dimension that is the range
of from 40 nm to 300 nm, and wherein the propylene/a-olefin block copolymer has a molecular weight
greater thath SHOPGRHER COMPrishg pdisytame/ At tin tioekaidtssk EIRFTREMCLIBFEREN the blocks
have a Ri2ddhidw <l @range abiienwhedcin th8 prdpfibechrapyiansdiaiolafimbigokecopaiyreaedfediaim 1,
wherein {g, M@M@P&ﬁ#%ﬁ%‘fﬁ%ﬁ 0, A0, avEiRas. ROl Weighs efarealer than 49,400 g/mol.

4. The propylene/a-olefin block copolymer o Claim 1 qr Claim 3 whereip the prapylené/a-olefin block
copdlymEXEd HSHEE %ﬁé?@&%?%imhﬁnéo e’i’f?é“n%\%’ @Wﬁ&i{)&ﬁféh&% 1%&”8%%%%?@ of from
50 nm toRE0phase aprprstefe pablywhethia thngroot oprredadim iy doconmlyns:r Theprspstmeiasolefin
block copabtamgr el &Jaismd or ClaimBeshereinstbe axalrlihdsaetererand 4ekia coBronaRends greater

han 20 f gl h
than 20 Q. molg, %é%?%@y&?ﬁe%%%ﬁ%ﬁ%ﬁ?EéBS‘Bgl%o@é%%%%gigi%Eﬁ?é}%@gh S OfShGreY gﬁ‘ﬁé‘f.e” an

24.0 mole percent. ene/a-olefin ymer of Claim 1 or Claim 3 wherein the
a-olefin is butene 20and delta comonomer is greater. than 55 3 mole percent, preferably. greater than

63 6 mote PEFANAPHITBCHTHS RERFAORI GRONEITRIH-68™ BREFARCER(!98*S PaYha Prdpfidfie/a-olefin
blotk copoigesifofiClaio @ Claim 3 wherein the a-olefin is ethylene and delta comonomer is greater
than 17.7 mole percent, preferably greater than 20.4 mole percent and more preferably greater than

<L ey e ke s Ll 0
propyie a-oletin OGK COpolymer nas en,co I 1on moiaea. Y. € propyiene/a-oletin ploc
L e S

copolymet o aim erein the propylen in block copolymer comprises domains
wherein the domains have a smallest dimension that isoareater than 100 nm, or greater than 150 nm

10. The propyieramssrfirribel sk sarabret eldiimndr aiiaim WeseH 1h8 BranyRs&rL1t8lefin
block cophiyinampbasren @averdags Blockindeegieaterdinamis bhiat tessnthBes Oddmebiiofine the

grﬁylgné%?getqfi@o@p%ﬁﬁl@@bfm%gfagdagf@f@mmwﬁéﬁk%@f@f%%m%ra&'%d%}n. the range from
. 0 U.o.

5. The propylene/e-olefin block copolymer of Claim ! or Claim 3 wherein the a-olefin is octene
and delta comonomer is greater than 20.0 mole percent, preferably greater than 23.0 mole
percent and more preferably greater than 24.0 mole percent.

6. The propylene/a-olefin block copolymer of Claim 1 or Claim 3 wherein the g-olefin is butene
20  and delta comonomer is greater than 55.3 mole percent, preferably greater than 63.6 mole
percent and more preferably greater than 69.1 mole percent.

23
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12. The propylene/a-olefin block copolymer of Claim 9, wherein the average block index is in the range
from 0.4 to 1.0. 1513. The propylene/a-olefin block copolymer of Claim 9, wherein the average block
index is in the range from 0.3 to 0.7. 14. The propylene/a-olefin block copolymer of Claim 9, wherein
the average block index is in the range from 0.6 to 0.9. 15. The propylene/a-olefin block copolymer
of Claim 9, wherein the average block index is in 20 the range from 0.5to 0.7. 16. The
propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the block copolymer has a density
of less than 091 g/cc. 17. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the

intemolym&PHBBY IS Sy rihBlpaRGerrbm . 86 gaimth @ §1agnd Wheisinths prolsiieite/a-olefin block
copolymghyitiain dehs Glaion@nwrtieteiacthetarolaifns kiyeoetepnylenslyl-hutendai 0xene,

1-octene, 4- =l- e - 5 iene, or a combination thereof 19.
The pro%%ﬁ%r:%g/}a%ite?%g&gggek %%g%%(;%ﬂggq g?t Ig%%?%rz éﬁgarlenf}gl%\)/év erein the a-olefin is 1- butene. 20.
The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the a-olefin is 1- octene. 1021.
The profyiEiferseBlatit Stk EopeRMEPOVERiAT ¢ o] Baimnbrdiaraie Bropgrhdre Lo
intespolyinek isophpracteriz éddnycahpastionensléidng point, Tm, in degrees Celsius, and a density, d, in
grams/cubic centimeter, wherein the numerical values of Tm and d correspond to the relationship: T,">

-6880.9 4 - ). Th% RO, -0lefi yme im, 1 laim 3
characteg;'i z%eﬁg %%3%3%%%&%@% %F_g’gtﬁon 5§Z¢ﬁgﬁly%§§% é?ég&v ﬁg %%ltr% %ﬂ%?%%%%agﬁ(? rllg;tion
("TREF"?}%E@P@HWT comprises domains wherein the domains have a smallest dimension that is

greater than 100 nm, or greater than 150 nm.

10. The propylene/a-olefin block copolymer of Claim 1 or Claim 3 wherein the propylene/a-
10 olefin block copolymer has an average block index greater than 0 but less than (0.4,

11. The propylene/a-olefin block copolymer of Claim 9, wherein the average block index is in

the range from 0.1 to 0.3.

12. The propylene/a-olefin block copolymer of Claim 9, wherein the average block index is in
the range from 0.4 to 1.0

15 13. The propylene/a-olefin block copolymer of Claim 9, wherein the average block index is in
the range from 0.3 to 0.7. '

14. The propyiene/o-clefin block copolymer of Claim 9, wherein the average block index is in
the range from 0.6 to 0.9.

15. The propylene/a-olefin block copolymer of Claim 9, wherein the average block index is in
20 the range from 0.5 to 0.7.

16. The propylene/o-olefin block copolymer of Claim 1 or Claim 3, wherein the block
copolymer has a density of less than 0.91 g/ce.

85



the fraction has a block index greater than 0.3 and up to 1.0 and the propylene/a-olefin block
copolymer has a molecular weight distribution, Mw/M", greater than 1 4 23. The propylene/a-olefin
block copolymer of Claim 1 or Claim 3, wherein the propylene content is greater than 50 mole percent.
524. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the hard segments are
present in an amount from 5% to 85% by weight of the interpolymer. 25. The propylene/a-olefin block
copolymer of Claim 1 or Claim 3, wherein the hard segments comprise at least 98% of propylene by
weight. %g The propylene/a—olefin block copolymer of Claim 1 or Claim 3, wherein the soft
segments’1 RO MIBREISHSLS ?Mﬁlé’éﬁ/%kcﬁoﬁ?mf‘éﬁéy blrirelghi ClaimPha by s driemehmsiock
copolymg#sof Eainy Inah&taiige Jrorherginthasofd sggments comprise less than 50% of propylene by
weight. 28. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the hard segments

and soft ents are rand istributed. 1529, The propylene/a-olefin block copolymer of Claim 1
or Claim ,‘gv’\L/Eee?é?ﬁ oy ggfpi%@% 46 m?‘fc‘i’ggéaﬁ’{ib 8&8?1%%?’; %’b.e??ﬁb%?&pgf%@éfé-olefin block
copolymetyeh€ledhyltner Glairan3, ivhexeii, the hate gegodeyits-plarat inclédeantiplsegraant 5-31. The

propéll_engé%&l%e&n blockm% 1oal1 i@ne{hgfe%%aim 1 or Claim 3, wherein the block 20copolymer displays a

reflection spec FUM that reaches a value of at least 12 percent within the region of infrared, visible or
ultraviolet light. 32. An article comprising the block copolymer of Claim 1 or Claim 3. 33. The article of
Claim 31l &hdepahdeaiclolebmpliseseplilpma nidlteo drticleljendinhadoythan-opitaiarticle, a
decoratiyg.afticle or a combination thereof

20. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the o-olefin is 1-

octene.

10 21. The propylene/n-olefin block copolymer of Claim 1 or Claim 3, wherein the propylene/o-
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 correspond to

the relationship:
Tw > -6880.9 + 14422(d) - 7404.3(d)

15 22. The propylene/a-olefin block copolymer of Claim 1 or Claim 3 characterized by having at

least one fraction obtained by Temperature Rising Elution Fractionation ("TREF"), wherein 7

20
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34. A composition comprising at least one propylene/a-olefin block interpolymer, comprising hard
blocks and soft blocks, wherein the propylene/a-olefin block interpolymer is characterized 5by a
molecular weight distribution, Mw/M", in the range of from 1.4 to 2.8 and is characterized by an
average block index greater than zero and up to 1.0; and wherein llo/12 > 8 and, wherein the
propylene/a-olefin block copolymer comprises domains wherein the domains have a smallest
dimension that is the range of from 40 nm to 300 nm, and wherein the propylene/a-olefin block

lymey has a mqlecular weight greater than 250 g/mol.
copoly t{"le g‘ac%on asa E}Ioc\:% ir?dexggreater than 0.3 ang up to 1.0 and the propylene/o-olefin block

copolymer has a molecular weight distribution, M/M,, greater than 1.4.

23. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the propylene

content 1s greater than 50 mole percent.

5 24, The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the hard segments

are present in an amount from 5% to 85% by weight of the interpolymer.

25. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the hard segments
comprise at least 98% of propylene by weight.

26. The propylene/o-olefin block copolymer of Claim 1 or Claim 3, wherein the soft segments
10 comprise less than 90% of propylene by weight.

27. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the soft segments
comprise less than 50% of propylene by weight,

28. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the hard segments

and soft segments are randomly distributed.

15 29. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the soft segments do

not include a tip segment.

30. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the hard segments

do not include a tip segment.

31. The propylene/a-olefin block copolymer of Claim 1 or Claim 3, wherein the block
20 copolymer displays a reflection spectrum that reaches a value of at least 12 percent within the

region of infrared, visible or ultraviolet light.

32. An article comprising the block copolymer of Claim 1 or Claim 3.
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33. The article of Claim 31 wherein the article comprises a film, a molded article, jewelry, a toy,

an optical article, a decorative article or a combination thereof.

34. A composition comprising at least one propylene/a-olefin block interpolymer, comprising
hard blocks and soft blocks, wherein the propylene/a-olefin block interpolymer is characterized
by a molecular weight distribution, M,/M,, in the range of from 1.4 to 2.8 and is characterized
by an average block index greater than zero and up to 1.0; and wherein I,/ > 8 and, wherein
the propylene/o-olefin block copolymer comprises domains wherein the domains have a smallest
dimension that is the range of from 40 nm to 300 nm, and wherein the propylene/a-olefin block

copolymer has a molecular weight greater than 250 g/mol.
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