WO 2009/097529PCT/US2009/032642 PROPYLENE/a-OLEFIN BLOCK INTERPOLYMERS
CROSS-REFERENCE TO RELATED APPLICATIONS [11This application clai S'Prij)rit from US
Provisionawl&)pﬁqf}gé%gﬁ%eriaI No. 61/024,698 (Attorney Docket No. 66701?%@%5%9 %",\éﬁ)os. This
application is also related to 5the following U.S. Provisional Patent Applications also filed Jan. 30,
2008 with Serial Nos. 61/024,674 (Attorney Docket No. 65044); 61/024,688 (Attorney Docket No.
66699); 61/024.693 (Attorney Docket No. 66700); 61/024,698 (Attorney Docket No. 66701);
61/024,701 (Attorney DOEkH! Nelldd7 02 Idak15 IR ZBSIN *R@’@é}é\@m, 66703). For purposes

of United States patent practice, the contents of these applications are herein incorporated by
reference in their 10entiretypRERPHPR AMEHNVENT QN3] AlpBlinvantoN<lates to mesophase
separated compositions of propylene/a-olefin block interpolymers with controlled block sequences and
articles e from Lliég.blocli.intier o%mers,lSBA}CKGU .yD OF iI'HE ng/tl%N Ié).l;ﬁ N 3] Block
copolymers’compris %Sea]ﬂrbe ées o 01&%;:}18{1{%@5%6 monomer uni ,%6C\/a1eir11ty ound to sequences
of unliké/0Agesdthilacks Carlhe Nona6ctad fitled Variel), DRy Shsueplisabidd in ditlocl@idoA-B-A
triplock structures, where A represgnts one hlock and B represent ifferen ck, ln a multi-block

cOpol RIS B EON L Ce SRS S0 e Loty e e el oy 1
may fuirtle24coMprseadgitiondlblocks50k diff61edR 4y§HS. (MulbstgdRochpolymérH8an b &ithé?dinear

multi-block, multi-block, sta [ ' ich, all bloc ond.to [ hemical moiety)
or corgg-tﬁﬂien%@%g%kzv\i ‘e%rg t j&ﬁ(é%%(s aré%%%@ﬁ%ﬁ %#%ﬁ%@%&%%gzgéﬁofﬁ A block
copolyimekis Breai6dDRhand\wd/ad 4T jpodynrgrDoclet INes @i differént 2erphemigal compesiten are
covalenty ponded Jo.each etner While & wide varlet aLblock conalvmararehiledures gs possible, a
numbé¥ ot biock }chpo yme?selnvo Ve the tova entnbondlng of harcf%b(fastlc BYocEks, Which are
diibstamtiatyycrystalline or glassy, to elastomeric

FIELD OF THE INVENTION

[2] This invention relates tc mesophase separated compositions of propylene/e-olefin
block interpolymers with controlled block sequences and articles made from the block

interpolymers.

i5 BACKGROUND OF THE INVENTION

(3] Block copolymers comprise sequences ("blocks™) of the same monomer unit,
covalently bound to sequences of unlike type. The blocks can be connected in a variety of ways,
such as A—B in diblock and A—B—A triblock structures, where A represents one block and B
represents a different block. In a multi-block copolymer, A and B can be connected in a number
20 of different ways and be repeated muitiply. It may further comprise additional blocks of
different type. Multi-block copolymers can be either linear multi-block, multi-block star
polymers (in which ail 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.

[4] A block copolymer is created when two or more polymer molecules of different
25  chemical composition are covalently bonded to each other. While a wide variety of block
copolymer architectures are possible, a number of block copolymers involve the covalent

bonding of hard plastic blocks, which are substantially crystalline or glassy, to elastomeric
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WO 2009/097529PCT/US2009/032642 blocks forming thermoplastic elastomers. Other block
copolymers, such as rubber-rubber (elastomer-elastomer), glass-glass, and glass-crystalline block
copoIymer&’%lzémg[’g%?%gssible and may have commercial importance. [5185&/%%03@ 18%#Take block
copolymers is to produce a "living polymer". Unlike 5typical 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

desireblasles bloaikrsobstyneetastipelysisnere ddbembiodivingobysastn ®ah el beravdivior extremely
narrowdisiohtionhmelecHiac weahtandie essenialimenodisasise (. a. e paleganyeiont

10distribution is essentially one). Living catalyst systems are characterized by an initiation rate which
is on tHEOFISE SPBYRSIEER A RELIEhagation rate, and the absence of termination or transfer
reactions. In addition, these catalyst systems are characterized by the presence of a single type of

active sitgs7 o produegeahbioi viglek of Kipck sepalymer ip graalymerizationhpraeess, (suekecatalysts
must exhibit living characteristics to a substantial extent. 15[6]Butadiene-isoprene block copolymers

have BB A8 G R M BRI B rRss Atfcn eGP S Z R PHRETS R P WRIdRiBR Yechnique. In

sequenfiahagdiiRnp R FeskithaRepy ahetoRatRl IReBrONRMats 5 cemaced it the. catalyst. Once a
first such monpmer has reacted to substantial extinction forming the first block, a_certain amount of the

seconBSRBEL MG PRSI sTheredpeRed v Gt AR et weredfst i iy MvEssecond 20block.

The pragrssoay Resepaatesnsinththelsame oFeihetamanicalivpely serizaieinenemers. However,
propylene and other a-olefins, such as propylene, butene, 1-octene, etc., are not directly block

polymEH BBy AR EEhR GRS R AEiTataE ¥ RoBn o SLEu/bumpls e 86k iconditions,
wbich meapsttbatikespaliunebis NoL Bukjeciadte sithenexiemakmeshanisaliprermesunusually fast
cooling, 25homopolymers made from a highly crystallizable monomer will crystallize from a melt and

form sPHERCE G Ares" IR SPHE Tt dE PR A fe ANRELS AREASH LI PSR meters to

millimeteisiin iameisl. A deseidptiaref dhis phepamenar Maylefovad inWeedwardofaE., Atlas of
Polymer Morphology, Hanser Publishers, New York, 1988. The spherulites are compagsed of layer like

crystaliRRC RSP TATRIR S eloARREHRE BsR Wiely BEHSSHS ahebumss, fhopolymerization

2009/Q93&29RGIH WS 2008/832642hfbit Hamadaacidaltomola Ghgmanadse120:(1964) and Basset,
D.C., Hodge, A.M., Olley, R.H., Proc. Roy. Soc. London, A377, p 25, 39, 61 (1981). The spherulitic

sigucture g fiom, core O RAPURIR SRS MA! FHRSAERRIBAEN An g ouward from the
polymerization using the sequential monomer addition technigue. In sequential addition, a
certain amount of one of the monomers is contacted with the catalyst. Once a first such
monomer has reacted to substantial extinction forming the first biock, a certain amount of the
second monomer or monomer species is introduced and allowed to react to form the second
20 block. The process may be repeated using the same or other anionical.iy.poiymerlzable

monomers. However, propylene and other a-olefins, such as propylene, butene, 1-octene, etc.,

are not directly block polymerizable by anionic techniques,

(7] Whenever crystallization occurs under quiescent conditions, which means that the
polymer is not subjected to either external mechanical forces or unusually fast cooling,

25  homopolymers made from a highly crystallizable monomer will crystallize from a melt and form
spherical structures called “spherulites”, These spherulites range in size from micrometers to
millimeters in diameter. A description of this phenomenon may be found in 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,
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direction. Disordered polymeric chains make up the material between lamellar branches as 5described
in Li. L., Chan, C., Yeung, K.L., Li, J., Ng, K., Lei, Y., Macromolecules, 34?316 %20013;#8%Polyethylene
and randopﬁ%-zgpéjfﬂ?@gﬁolymers of ethylene can be forced to assume non-gﬁ% GRS E)hologies in
certain cases. One situation occurs when the crystallization conditions are not quiescent, such as
during blown or cast film processing. In both cases, the 10melts are subjected to strong external forces
and fast cooling, which usually produce row- nucleated or "shish-kebab" structures as described in A.

Keller Avi Jawasehin, MakratrohfoheSei 7BhlR) (1944 @geiys minbhlspHersricMbssPibiagl Will also be

obtaingd when, the Meleaulessceantain gnangh @ilg'm P QIefio e AN S-IRELLEAMPAAMER ] prevent

the formation of lamellae. This change in crystal type occurs because the comonomers are usually too

bulky & pspdeklamaiiramhatryhsaeuenibtdirand theioreoutwagLiEaeetat ety larfeedins in between
comongm&rscannatierm adtyria amsihickerdhanibe.lregth Gidhahseauancs dhan alltrans

conformation. Eventually, the lamellae would have to become so thin that chain folding into lamellar
stuctiiessidetbiiohidr favtvaliie. YSiRB Kake HdgdEniicellst or bifiddiedresatias dfe dbserved as
descripgj@)i ‘S. Bensason, J. Minick, A. Moet, S. Chum, A. Hiltner, E. Baer, J. 20Polym. 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. 188 destBEHTC RHHRAYH %A PIASIRC RS T AP4HEY I S RRECRISE B fTEE les, 23,
3696 [{SPPHementipivregrenteeiiatdarst 090 gtivrneodnils aereduised fariehan folding.
Below this number of ethylene units, low molecular weight 25fractions form _extended chain crystals
while FOREHAARAR APHYPIESFFRGISRETASWBIGHD OV TG IneE S clB AR B Grsiins type
mErphalggyatoiitietidh typeaisetid:state-pelymarrmotpbnlag ywhas heenighseaved igva-olefin block
copolymers made‘% hatch anjonic polymerizatign of, butadiene followed by hydrogenation of the

resultifSHAGHEr . Aiie ERAafEAHBI tdAhPesERre Ot theteiiFich)sMtiriftd - tHEZBAonshous
blocksrgan. b eithesaiiassy melastia:SicgiespbleysiallizatonadthinmOlassy dfaditiecules

contain enough of an (-olefin or another type of comonomer to prevent the formation of
lamellae. This change in crystal type occurs because the comonomers are usually too bulky to

15  pack within an ethylene crystal and, therefore, a sequence of ethylene units in between
comonomers cannot form a crystal any thicker than the length of that sequence in an all-trans
conformation. Eventually, the lamellae would have to become so thin that chain folding into
lamellar structures is no longer favorable, In this case, fringed micellar or bundled crystals are
observed as described in S, Bensason, J. Minick, A, Moet, S. Chum, A. Hiltner, E, Baer, J.

20 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 L. Mandelkern, A. Prasad, R.G. Alamo, G.M.
Stack, Macromolecules, 23, 3696 (1990) polymer chain segments of at least 100 ethylene units
are required for chain folding. Below this number of ethylene units, low molecular weight

25  fractions form extended chain crystals while polyethylene at typical molecular weights form

fringed micelles and create a granular type morphology.

[9] A fourth type of solid state polymer morphology has been observed in ¢-~olefin block
copolymers made by batch anionic polymerization of butadiene followed by hydrogenation of
the resulting polymer. At the crystallization temperature of the ethylene segments, the

30  amorphous blocks can be either glassy or elastic. Studies of crystallization within a glassy matrix
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~WO 2009/097529PCT/US2009/032642 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 ethyleWé?\ﬁ?ﬁ?I’ ¢fohexane (E-VCH) diblocks as described in Loo, Y.Lfcﬁé‘é?gf’g?f%%ﬁ? Ryan, A.J.,
Dee G.T., Macromolecules 34, 8968 (2001). Crystallization within an elastic matrix has been studied
using 5ethylene-(3-methyl-butene) diblocks as described in Quiram, D.J., Register, R.A., Marchand,
CR., Ryan, A.J., Macromolecules 30, 8338 (1997) and using ethylene-(styrene-ethylene-butene)
diblocksasugedstient inthpeny (B-FRdiikieks Rs AcsRykad in. Goivadicmolduuias’3s.,, BBE3i(2602). When
the AR LIBCTIRRRY War SRIr L O Aeeras ol sRURARIOn HOMRRA G Mlocks. the
owed t oc 0

solid state structire’s e ¢lassical morphology of amorphous 10co mers such as

styren@bﬁ@dieﬁb@km@?%@ﬁﬁ @M@h}fﬁe differst. ébl&méb’%g%bn@ew&é“ constrained into
microdamals Al ARR X BGIR B8 Ty diRmelRh Ghvstalization.ahiinallyiang seatmensp hese

systems was primarily constraine resulting microdomains. Microdomains can take the form of

s&er@ﬁ}ﬁ?ﬁﬁd@r@@j&ﬁéﬁa@ @h@d@rﬂﬁﬂé@lﬂ?ﬁd@ﬁéﬂmr@m ﬂ\i‘@f@d@iﬂlﬁ&i‘n Rsﬁeﬁ%cﬁ@rpbndicular to
the p'@.?apfﬂgéﬂe',!@ﬁ; SSRGS 106, @93@@15?9}%?1% ﬁ&%séﬂﬂ)}%n@'(%t?l%@«@(ﬂﬁ@xllégoﬂ{éﬂe)

constraints on the diameter of the spheres and cylinders, and the thickness of the lamellae to'<30 nm.

Such mhbterkisnieyaibedferta o ds riictiistiabe’se Barared.Jridlae aetows S plébictéddamellar
domaigAickpessa(pkman Qﬂiéﬂegrﬁ‘.?s%r&@’ aneieivisne dnioskieonriynes Ak allierentvalygs of total

molecular weight and ethylene mole70. The figure demonstrates that, evén at very large differences in
ethylehbodehtdatsebofsthe blowkaranbieceddhaveishiealmeaxpbslosy 250000 kyridNar necessary to

Aghievs Ao aeR A w0 oe-cleVAD ViR U BLYH BripRYRIGRIG A SRl BRI Y

weights greatly complicatés the production‘and processing of these materia he calculation applied
the theoraticalvesarg sryaiseriavRans gaaeriaxigiafgaciomalée diesnetgod) netallostion eftperature

of 140, £baraslerists (UG of Getn nd & Ml oy o QA8 e Tbe 2arouslptipp between

ethylene mole % and x was detérmined using the éxperimental results of D.J. Lohse, W.W. Graessley,

Polym¥Hardwsays| aridakerberfumatidipaaen. RIpdears.CB2Babrpall F2ono qreiBivekbpoRimers
contaigipg baib-rystaline apd-Amarniors RGks A% eraializ e rom disardeseds fatheithane

microphase separated, melts andfproduce a regular 30arrangement of crystalline lamellae as

déscriBedemR dhiarantyPicREyfspercmusaraiptsy $he diamgler 260962 PETBIe00M92642
Macromolgeuless2F S ALRR3) Ihe lamellan thicknass.of {hese malarialsisreppiolied by the

composition and molecular weight of both blocks as described in thecnies by Dimarzio, E.A.,

Guttmagiarand:, Higmisahsipps Wrerersredams!landamein Sighnasiies monpdspagdlandi, J.,

Macromglesuleshedd8 HIB8)FIORRAR aivens hasaskblack GPRRTAL the: Arximum
ethylene mole %. The figure demonstrates that, even at very large differences in ethylene content

20 of the blocks, molecular weights 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, F.S. Macromolecules (1996) 29, 1091 at a
temperature of 140 °C, a characteristic ratio of 6.2, and a melt density of 0.78 g/cm3 . The

25  correlation between ethylene mole % and y was determined using the experimental results of D.J.
Lohse, W.W. Graessley, Polvmer Blends Volume 1: Formulation, ed. D.R. Paul, C.B. Bucknall,
2000,

[10] Block copolymers containing both crystalline and amorphous blocks can
crystallize from disordered, rather than microphase separated, melts and produce a regular

30  arrangement of crystalline lamellae as described in Rangarajan, P., Register, R.A., Fetters, L.J.
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5thickness of the crystalline region of these morphologies is the same as the maximum thickness of a
high density polyethylene crystal which is about 22 nm.  [11] Block copolymers from olefin
monomers*preprét! tidthg living polymerization catalysts were recently refiew&&2(°88tfski, G. J.;
Rose, J. M.; Coates, G. W.; Bolig, A. D.; Brookhart, M., in Prog. Polyn2. Sci. 32, 30-92, (2007). Some
of these monodisperse block 10copolymers also showed the classical morphology of amorphous block
copolymers such as styrene-butadiene-styrene (SBS). Several of these block copolymers contain
crystallizabtersdgments @riolE kLS @hd Ty Statkkdati om dinths ségrmentsinrthibse systeltrs! Wwashprimarily
constrained.to, the resulti icrodomains, diotacti . . . L

ol PrEC L A e S BoATSRER Gescibed o thsories b DIanaier By tene,
as dedgritseciin. Rugkolhinemaul. | b Mdazengels Bulekrédlricksban Wi ifikoamil, [E, Nodhustad,, P. D.,
and Coates, G W.. in Macr @‘gg 38(3);851-86023 ). form rnicrophase separated
morpho %%ﬁ%’éi%?ﬁ'uu%(g’m%fr? églg!z; conggﬁt%rn%gw%%ﬁﬁrﬁggn% ?ggfagr@g%fgglg%%%Iy@nee@aféélf%m). Similarly,
pélyethyidaesslotip olyteiliyie mestco: priojhytensispbel odasenibte bynMatstgi nxiMatsuhiSndéejoh, S.;
Takagi,.Y.; | U Yoo N kano, T.; Fu'ijtalT '.@shi a 2in Macromolecules, 35(13); 204880-4887
(2002)‘?%%&#55&%% %@%%Q’/ﬂ%nﬁ%#ép gslgcse%éiraot%t mg%hologies. Atactic
polypropylene-block-poly(ethylene-co-propylene)s with narrow molecular weight distributions (Mw/Mn
= 1.07 - 1{8}]as deRlasEsardimasy i igfiMmappRea iEnaed rsing BPeoR)yaiEtinted to form
microphageseparaied merpbalagiesyeRignded withisotagtic Raluprepyienas;with dgmains of

amorphous poly ethylene-co-propylene% between 50- 100 nm. 25No microphase separation was
obser/&@NrE Bk BIBERSe Ssbmes: 3313 iepak e supa ity GiBloeR AP IYeKrolefin block
GHPO|yéBﬁ6§yl9é@§‘&%_QHU@v@lP%MB%&W%M@BQ%%F!ﬁﬂ@rﬁf%%?@ﬁi&l@é%éfﬁﬁé@lﬂ&ﬂ%ﬂg olefin
polymerization techniques. A triblock _ )
poly(1shagesdrBbieR TR (Fehe Y B r)0b Jntchierprenelysnsit crasaheyyesdrshier, as
descrigeg i dARING Kin€ o KGR Rorlof HRVURGSEA B AesSIR LR w38 JrifMiiGhem. Soc. 122,
10490-10491 (2000), with Mn = 30,900 g/mol and Mw/Mn = 1.10 WO
2009/097spG PR oo itTRBITRfleplalsd ARitpbIsHAS separstetr rhtpheRyhiteryfAders of

poly(Mgtinens:lada CYAIABERIRNSIISHed ARULR AN WISy lene, as described in Ruckolainen, J.,
Poly(met ylene-l,3-cyclopentane-cownyltetramethéllene)-bIock-poIgféhylene-co-norbomene) and

doly(eMsrerBedoordpsibisdroBideklpoldmiieie colitiifodnefrd<Lgaksribed'oyi¥ oon, J.; Mathers,
R. T.; CoaesdecWes SRomas: Bet2inMasiormriesiilesy BROJ A3 312206 alsmdisplay

microphase separated morphologies. The :

poly(nEtRHEEZeS SERRGHE AR B ARES R AR SR Y IBREE KPBR Sty el &dhorbornene), with Mn

= 450,9&?@#}1@1@%%@1%&1 (ciybhehas plipinaling domaingmed 68 Rrki82 nmvitile the
poly(ethylene-co-propylene -block-prowlyafthylene-conorbomene), with Mn = 576,000 g/mol ar%():i_ Mw/Mn
nm. ’

= 1.13XRiNgomAisdi 6 d Bouase

20 4880-4887 (2002), are described as having microphase separated morphologies. Atactic

ano, T.; Fujita, T.; Kashiwa, N. in Macromolecules, 35(1

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

25  No microphase separation was observed in the bulk block copolymer.

[12] Microphase separated diblock and triblock olefin block copolymers in which both
biock types are amorphous have also been prepared using living olefin polymerization
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 I.R.,

30 J Am. Chem. Soc. 122, 10490-10491 (2000), with Mn = 30,900 g/mol and Mw/Mn = 1.10
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10These samples demonstrate the difficulty in achieving domain sizes > 60 nm, as very high molecular
weights are required to achieve such large domains. [13] These materials based on batch anionic
polymerizafih? 8% blefin polymerization can be additionally characterZed 425 At ry narrow
molecular weight distributions, typically with Mw/Mn < 1.4"more typically with Mw/Mn < 1.2, and
15correspondingly narrow molecular weight distributions of their individual segments. They have also
only been examined in the form of diblock and triblock copolymers since these are more readily
synthebigdayvibairingophisaiscpalyrad rirapdnl dzarvsthuntinegs wivh figHeretiymibeds2ef blocks. [14]
Achieving microphase separated block copo| rph ies usually requires 20unfavorable

dispe r%}]veor%?re!tr%c%g%e%g%v?/g%etﬁ rt’ﬁlevgle% gg@%@%ﬁ@%ﬁ%ﬁé&%ﬁ%&%@?& c();Eracterized by the

Flory- Mﬂg@i@mp&nﬁmﬁeb}wh@higﬁﬁh@l:ewkgr—mtgimn@?@réw&ﬁzm@m@}awwbl@wmolecuIar
weight,as g lYalgalnarawnglyispersitydiblak sonajning sgugl ameurys by yalupeiof the two

blocks requ ue of x times N greater than 5.25 for thé m "’play an ordered miérophase
mirphblogyaasts Aowm My otelbtede Mag ot Sul@d A G00802:26(4B80)y Thisapinimernayaiere of XN to
achieve arder | | r tribjo ers Wi > of the two block types.
s the T Bl e I ol e ane
asymproticatlyy lepproacheznsaein thih vt oftal e gimeibaddyividesperindiscalleraststgown by T.A.

K i MD Whi :
P O A e a el DAt oGRS Sopertes as
describetbimiFr) Henidiins:B /B gkl AvMOV2009/09 15LIPETHU82069/082642 Chaffin, W.W.
cfﬁrbe?ﬁ%se';s%m gﬁg&&ﬂ%@i& &Hl?ﬁc%ﬁﬁé%9}&%99%&5@&92’%@& meleGH i Weighi;of these

multiblocks has'to be large in order to meet the requiréments for ordered melt morphologies. Since the
energynagqaireresighte gseocqus e polgehsvinerehdegshaminwith molecular weight, the commercial
opportunities of such multiblocks may be limited. 5[15]However, theoretical studies by S.W. Sides,

G.H. Fredrigson, J1GARTRHs b2eAS Ba2RAMARTI Mn G oRkEn Ar BbinMastRmolecules 39,

6661 (2006) have shown that the minimum xN for ordered morphologies decreases as the

polydigpbraieyistiniecap BetieripabbeRGASEE ISy E45EE \WNSH B BRIERNHEEERe a most

probabylieHistibytiaR ka0 Gk Brina fatie of ‘W&h&ﬁa\(ﬁ!ﬁgﬁ}i@ RuRkeES averageiblock molecular
e

weight is 2, the minimum value LOof xN, where N isthe number average block length, in order to

ééhie\@gﬁsgp@g}ggmﬂwa&}eculm weight distributions of their individual segments,” They have

also only been examined in the form of diblock and triblock copolymers since these are more
readily synthesized via living anionic polymerization than structures with higher numbers of

blocks.

[14] Achieving microphase separated block copolymer morphologies usually requires

20 unfavorable dispersive interactions between the segments of the different blocks, as
characterized by the Flory-Huggins ) parameter, and high molecular weights. Representing the
average block molecular weight as N, a typical narrow polydispersity diblock containing equal
amounts by volume of the two blocks requires a value of ¥ times N greater than 5.25 for the melt
to display an ordered microphase morphology as shown by L. Leibler, Macromolecules 13, 1602

25 (1980). This minimum value of ¥ N to achieve order increases to about 6 for triblock copolymers
with equal volumes of the two block types. As the number of blocks per molecule increases
further, the required ¥ N also increases and asymptotically approaches 7.55 in the limit of a large
number of blocks per molecule as shown by T.A. Kavassalis, M.D. Whitmore, Macromolecules
24, 5340 (1991). Although multiblocks such as pentablocks have been shown to provide a

30 substantial improvement in mechanical properties as described in T.J. Hermel, 5.F. Hahn, K.A.
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is 2 for equal volumes of the two block types as shown by LI. Potemkin, S.V. Panyukov, Phys. Rey. E.
57, 6902 (1998) for multiblocks in the mean-field limit. This lower value in XN translates to_a substantial
reduction iff 8VEA HicAecular weight for a melt ordered multiblock and, théfe 6%2,039(/1‘%%26‘% processing
costs. 15[16]Another important prediction made by Potemkin, Panyukov and also by Matsen, M.W.,
Phys. Rev, Lett. 99, 148304 (2007) is that each transition in morphology, including the transition from
disorder to order, does not occur abruptly as in monodisperse block copolymers. Instead, there are

regior@@fﬁbeWsﬂﬁ@pﬁﬁé@dFoﬁdﬁmlMGQW%I’%@Q@S%@@%déh%@m@ﬂﬂ@@l%aéveralI
compQsition of & molgeHIe R feIePING B ibpartilanselwren 20RRASeS: GRIfXpRALE,

polydispetse diblocks along the boundary between cylindrical and lamellar phases may have the more
symmepipkibisits firfeLharieyrpils irassyfrralfesbAcS g R aINIEHE. In the vicinity

of the graer-disrder berndanmpglacies withiongerpipsisdoreferman orgeied morphology while

those with shorter blocks remain disordered. In some cases, these disordered molecules may form a
distinct macrophase. Alternatively, the 25location of these molecules could be directed to the center of

the orderéfdomainEiHva SimisPTRAsH SFUditAd Ydnin Sie bl thR B R whéd g éitpolymer is
blended vith 7 biegk capolymerddiatsen, i VWi Masemelpe Wese281 $7686( 195 Mt Radektion to

achieving microphase separation at lower values of xN, block length polydispersity has also been

hypotFRSHBEGARLS ApFEHoRRERP A FFIRRS tioth iR BYRIOTRFISINRS one or both of the
2009/Q97329R& T4YR20R21 03264 2, ondsTsck SYMEiugs  ahs sizR pitheimisirmainedpimopodisperse

block copolymers is largely a function of the average molecular weight of a block, N, and is typically on

the oréts GO BEIEH, FIGHREK K RRS SEEH BrdURte Bt P ity (BRI TGS main sizes

39 CO*HP%&%ME& %ﬂiéNﬁé%%ﬁB@PQ&’é?%%fﬁ?oP!@&'ﬁ £OPADERRISEGORKS e B Mdeli rorbholo
Macromolecules 5(2006), 39, 6661-6671; Matsen, M.W., Eur. Phys. J. E (2006), 21, 99-2%%). The

effectdsct B%‘ﬂ?d@éé’l@iﬁ}n@ﬁC}fﬁh%é“ﬁp‘h‘@?k_ﬁﬂ@@@é%@@%ébﬁ Hérﬁmiﬁtbé-&ﬁ’mm&%u&}mmsushita
and C%e.f%e%%ag&gemgﬁqg%l@g&sgﬁw%@ﬁ@gﬁn@e@ﬁﬁﬁs PhOAROLISRRISE:
y( pyridine)s (N

; N
polystyrene-bpaly(2-viny oro, A.; Cho, D.; Takano, A.; Matsushita, Y. I\%acromolecules
(2005@;288243 70 U 3WBjaR ey istbrcgiod coweredrsfdendeordeigd foepholbgidsrid mubiridecsf

pOWSt}{ﬁ%f‘ﬁ;&é}%}@%y(ﬁ?&[{){ﬂ%ﬁ%@%ég@H}?SS_iZed using a controlled radical polymerization technique

15 [16] Another important prediction made by Potemkin, Panyukov and also by Matsen,
M.W., Phys. Rev. Lett. 99, 148304 (200’7) is that each transition in morphology, including the
transition from disorder to order, does not occur abruptly as in monodisperse block copolymers.
Instead, there are regions of coexisting phases along each boundary. Along the order-order
boundaries, the overall composition of a molecule may determine how it partitions between

20  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
some cases, these disordered molecules may form a distinct macrophase. Alternatively, the

25  location of these molecules could be directed to the center of the ordered domains in a similar
manner to the domain swelling that occurs when a homopolymer is biended with a block

copolymer (Matsen, M.W., Macromolecules 28, 5765 (1993)).

[17] In addition to achieving microphase separation at lower values of ¥V, block length

polydispersity has also been hypothesized to have a pronounced effect on the domain size of the

_7-



(Bendejacq, D.; Ponsinet, V.; Joanicot, M.; Loo, Y. L.; Register, R. A. Macromolecules 2002, 35,
6645-6649). Most recently, Lynd and Hillmyer (Lynd, N. A.; Hillmyer, M. A. Macromolecules 2005, 38,
8803-8810YE AT X series of monodisperse pon(etherne-a/tpropylengngg%WPézé%in
extended with a block of poly(DL-lactide) using synthetic 15techniques that introduced polydispersity in
the poly(DL-lactide) block. In all of these examples polydispersity led to increased domain spacings,
suggesting that the longer blocks have a greater role in determining domain size. In some instances,
polydispéssid/saisetpasd idecsisar{dbe inichedtypains ordureetispnphdlogh.cPhelyamge isflasgtHnigues for
synthesi [SREL. I I ' ely limit it eci iffigultto
rod R B A ek coptymer. 18]t
would ie. ubefb tepibhide ean okefitrisid chat pphiginesrwvishl easiotelalgen dimvalasweighitgispisedion and
SeOmEpLTRIERMIRAEI SR SUALITRMIAINE DIMNAHE ReSophass sapaipied. It would

be use rovide such a material with two; three, or more blocks per chain. 25[19]In addition, there

isdan g(ﬁﬂﬂﬁﬂe@né@@ﬂféﬁ?ﬁe%ﬁmé\@&ﬁa@%dﬂﬁmﬂp&ﬁm%] V\ﬂl%fﬂa?fé bEseetetpdpylene and
a—oleflggl},‘ﬁ- &éﬁ}aﬁo}éﬁz[%@%@ﬁﬁ’&i@}%%ﬁ%%@&rﬁéﬂ{%iﬁ%@ﬂ% AVEIINS VY, $20QAP0 9/mol)

that form domains’larger than those from monodisperse block copolymers of the prior art, namely
greate?aivarkeD appinxthieativ anbiignereiiziby bimeings st a tiepenfsh spanwtpolystynsakiig such block

copolygmers SHMMARY. ORBHEANVENHON qiand19ahRa0g ASPECh ARSI mavcedso,

composition comprising at least one propylene/ethylene block interpolymer comprising two or more

substaﬁﬁiaﬂ’ﬁ}ﬁr h&ﬁ?@e@@g@%%@@@maﬁﬁm@%ﬁmﬁimbﬁfém@ ieheralee @Wﬂiy@ﬁt@lnﬁro_perties
apd haying.2.difgrenss)nmele Rere et et uane.senRERic-sRbInKamaleariatlpes characterized by

possessing a most probable molecular weight distribution, wherein the propylene/ethylene block

interpdypReeiacahBrabetizedt. by ol papieeu it etght distriBeagister Myv/Mitirrtheederyéc o i@ about 1.4
to abo?S,%%@@G%EW?ﬁ/&@S&E@W%Mﬁﬁﬂ%&%ﬁ! aand up e ahows 140; and, wherein the
oC

propylene/ethylene interpolymer is mesophase separated; and, wherein the difference in mole

percerdacopetitiasoime AbBRB P HeSItPAmaIandrbigers CApRIedisPesmprictAdylasecaltulated
according, 9.8 fallawing eguation. AAREFSENE %@ompmmﬁgmﬁd&i\({@} wibeteindp is the number

average molecular weight of all molecules in units of g/mole and A isgéreater an or equal to 9187.

[1Bb[ IvdHomer BubdetadigediBPreviBayiBna e e dshbrkiridhd neek indhsdivsraedekised
above o1yl &lsll%%lpl?ﬂ?ﬁ&é&%@tdﬂ?ﬁéﬁzi%wg?glgg%ﬁ?ﬁ%ﬂﬁﬁe% igingiatieeshPeater

propylené/octene block interpolymer comprising two or more substantially homogeneous

intramBtEcii Al SIBRIE bR HifféR Soeh BRI PhydicaribhE ey e thing L uiffdieénce in
mole pereent QAeRe SeRigbl.Saidriniramalesulan blacks pharaaterzed Ry RAssassipy & most probable

molecular weight distribution, Wherein the propylene/octene block interpolymer is characterized by a
molecGRIWERSKt Histriumels Iniadkand thés eiRge BhHGM bR DI abBab2isPsRdthYPan average
bigck ipdex reatekhangerianNeUR; a high fraction of block copolymer.

[18] 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 be useful to provide such a material with two, three, or more

blocks per chain.

25 [19] In addition, there is an unfulfilled need for mesophase separated block
copolymers which are based on propyiene and o-olefins. There is also a need for block
copolymers with low molecular weights (Mw < 200,000 g/mol) that form domains larger than
those from monodisperse block copolymers of the prior art, namely greater than 60 nm in the

smallest dimension, There is also a need for a method of making such block copolymers.



to about 1.0; wherein the propylene/octene block interpolymer is mesophase separated; and, wherein
the difference in mole percent octene content between the intramolecular blocks, A(percent
comonomer), is calculated according to the following equation: 4(percent comononner)>A/(Mn) 5
wherein Mn is the number average molecular weight of all molecules in units of g/mole and A is
greater than or equal to about 891%U§ g %%gg,]cg@ ?‘?fﬁ?@f\?ﬁﬁﬁbﬁhere is provided a composition
comprising at least one propylene/a-o ising two or more substantially
homogeneous intramolecular blocks comprising differing chemical or physical properties and having a
difference in mole péleknitecokefipetintese Sarbinivedhfotomupasibiotksohririgaizeasttynpossessing a

most probahle. melecular weight distiibHign,wherein the propylene/a-olefin block interpolymer is
characterized by a molecular weight distribution, Mw/Mn, in the range of from about 1.4 to about 2.8

and by an at¥PRSE BB ER IR GrSHRIAREH Y IpRFILS TS IEBmAIITRRRIPSHS RITePEBEIN block
interpolymetdiffériasepbasesepphgteshvyhepeitidhardt-tlefinds diteneanth thedifferamece in mole percent
a-olefin contﬁ[ﬂt betwee{'n tp%é{p&%@%qulgiatr)lgﬁ)l&és greater.th%%or eqsu%é.to about 17.2 mole percent.

[19€e] In anof é’rrl%%epce% ,eﬁllére IS"provided a composiﬁozﬁr%%%%ﬁsm{) Dieat n§naen[|c]5(r)é;)1i’oyIene/a—olefin

block interpptyirdr comisdslagwwighsdmbreusiobs tehtizslly hermogpehasislipteambledular blocks
comprising H{t@fjg'@?ﬁ@?@i%%%%é&% RTABRIAS AR Haing-AeilGrencatn Malg paigent a-olefin

content, said intramolecular blocks characterized by possessing a most probable molecular weight

distribution, A ARHE bro iy RS Si e Biotk MrAE6 Dinek BdHasialeri e B§Te MEIBBular weight

distribution, {Wyydbi1 im, thel rangenf dom abosic«hidakmib &SRy yalagpkieck index greater
than zero and up to‘é?bo t 1.0; wherein the propylene/a-olefin block interpolymer is mesophase

separated; SHif R the a-olefin is ethylene and the difference in mole percent a-olefin content
between the intramolecular blocks is greater than or equal to about 17.7 mole percent.  [20] A
compositionwdemiridirgl dfdeast oneiptopytend/a-olefin intexpo eheccotinpiising dlegdarmore
substantiall 0 i I rising differi i ysical properties
and comprii:élfw&(;l8 %éd%?é]?%%%% %%g%%?é%egn%g-o %%%r@ %ﬁqﬁ%ﬁﬁﬁﬂ?gﬁg effu%‘r?{;[%%ks characterized
by possessing a most probable molecular wei(gSht distribution, wherein the ethylene/a-olefin block
interpolymer i\tPrirsetieereenbirer ofecMriveight distribution, Km/MTh in the range of from about
1.4 to about 2.8 and by an average block index greater than zero and up to about 1.0; and, wherein

the propyleng/aralefinbioale RGPS YMShis MERLANASES8NYAIAGno 2l Madditiar, also disclosed is
a propylene/a-olefin block copolymer wherein the copolymer is characterized by an average molecular
weight of gréZR&$AA Ad0BEUMBFRIREIRRLIGPMEIght distribution, Mw/Mn, in the range of from
about 1.4 to about 2.8, and a difference in mole percent a-olefin content between the soft block and
the hard block of greater than about 20 mole percent. [22] Also disclosed is an article made from the
above described pitpplenie/anotatinasteck dopolwperyiti2zd]aAlsaidisclasedimg theoskesk for the
polymerizatio? of Qne or more a dif)io‘r)epolymerizable monomers, preferably of two or more addition
polymerizabll% Honomers, esﬁ%uaﬁ yoprbpylene and at least one copolymerizable comonomer, to form
a block copolymer comprising multiple blocks or segments of differentiated polymer composition or
properties, especi locks or segment omprisinoq,%iff ring comonomer incarporation levels in
Wi the diferoncl ool CIE O B e Dhoe LS T G REEe GheiiShthan 20 molgo,
said processmomppigiag centacbhghimadgitiomg@olymerizable monomer or mixture of monomers under
addition polyémerization[ conditions ng’t a ig:olrlmchosition compri igé% tle stbolnekaddition. gollé/nmerization
catalyst, a cOCAtAySIand a chain ShUting ageht, said process being characterized By Tofmation of at
least some dififeei gy @lving qab lynpd hali psopacters diffe heniiatedipfiferess condittopesréaitivo or more
reactors op%r%gggc%%ﬁgtsggf?c%%%& %%%ri%%igg co %iitio or in two.or more zones of a reactor
operating under plug tlow polymerization conditions™ ¥O2E6 eGP 1USY000/032642 BRIEF
DESCRIPT If2db e Tirtfe ORAWANE Slistribution, wherein the propylene/octene block

interpolymer is characterized by a molecular weight distribution, M,,/M,, in the range

of from about 1.4 to about 2.8 and by an average block index greater than zero and up



[24] Figure 1 is a plot of the predicted thickness of each domain for a monodisperse ethylene/octene
diblock copolymer made with 50% of each block type at different values of the backbone molecular
weight, as measured by conventional GPC, and different levels of A octene 5 mole %. [25] Figure 2
is a schematic representation of the process of copolymer formation according to the present invention
in two or moseihfieledy véactor shOESGRIRIGOM OHENMBOIINENT 8 @FsTHESINVENTION General

Definitions LO[26]"Rolymer;. means a.pelymeric compound prepar erizing monomers,
whether of (V8 Eaie F A e e D R S peh e eI GRaA T
"homopolymerdhicpolynigedkiefiptyoertaswelnas), interpulpmé ntddoke spetifically, the term

"polyethyleg%ncludes h&mgpolymers of ethylene and copolymers of ethylene and one or more C3-8

a-olefins. 1 [THE tefm %Irlystalline" if employed, refers to a polymer that possesses a first order

transition or crystalline melting point (Tm) as determined by differential scanning calorimetry (DSC) or
equivalent t%i&g}?gﬁ'g%e E%rmel$@X/@%n sed interchangeably with the term "semicrystalline”. The
crystals may exist as Stacks of closel packed lamellar crystals, lamellae forming the aims of
spherulites, or as isolated lamellar or fiinged micellar crystals. The term 20"amorphous” refers to a

polymer lacipg.a,coystalline meting peint e detsrmined iy ffarenialacanina.cgjorimetry (DSC) or
equivalent technique. The term elastomer refers 1o a p("ﬁymer or polymer segment having Tg less
than 0C, mgrerplefexhblysessathathat SCeqnaktopredetdiiydess than -25C. [28]"Interpolymer” means a
polymer prepared by the polymeiization of at least two 25different types of monomers. The generic
term "interpolymer” includes the term "copolymer” (which is usually employed to refer to a polymer
prepared from twold¥Hrent motiomescadhesiliapiiradedrn Ctenpotytvertqmhichng aidgasly employed to
refer to a p%l mer r?glaer/ggoqre%gmag iy 870% %4_097529PCT/U82009/032642 different types of
monomers). It als gncompasses polymers made by polymerizing four or more types of monomers.
comprising two or more substantially homogeneous intramolecular blocks comprising

differing chemical or phyéical properties and having a difference in mole percent a-
olefin content, said intramolecular blocks characterized by possessing a most probable
molecular weight distribution, wherein the propylene/a-olefin block interpolymer is
characterized by a molecular weight distribution, My/M,, in the range of from about
1.4 to about 2.8 and by an average block index greater than zero and up to about 1.0,
the propylene/a-olefin block interpolymer is mesophase separated wherein the o-
olefin is octene and the difference in mole percent a-olefin content between the

intramolecular blocks is greater than or equal to about 17.2 mole percent.

[19e] In another aspect, there is provided a composition comprising at least
one propylene/a-olefin block interpolymer |
comprising two or more substantially homogeneous intramolecular blocks comprising
differing chémical or physical properties and having a difference in mole percent -
olefin content, said intramolecular blocks characterized by possessing a most probable
molecular weight distribution, wherein the propylene/o-olefin block interpolymer is
characterized by a molecular weight distribution, My/M,, in the range of from about
1.4 to about 2.8 and by an average block index greater than zero and up to about 1.0;
wherein the propylene/a-olefin block interpolymer is mesophase separated; and,
wherein the ¢-olefin is ethylene and the difference in mole percent a-olefin content

between the intramolecular blocks is greater than or equal to about 17.7 mole percent.

Qg



[29]The term "propylene/a-olefin interpolymer” generally refers to polymers comprising propylene and
an a-olefin haying 2 or 4 or more carbon atoms. Preferably, 5propylene comprises the majority mole
fraction of the whole polymer, i.e., propylene comprises at least about 50 mole percent of the whole
polymer. More preferably, propylene comprises at least about 60 mole percent, at least about 70 mole
percent, or at least about 80 mole percent, with the substantial remainder of the whole polymer
comprising at least one other comonomer that is preferably an a-olefin having 3 or more carbon atoms.
For many propylene/octene 10copolymers, the preferred composition comprises a propylene content
greater than about 75 mole percent of the whole polymer and an octene content of from about 5 to
about 25, [Bfdferably’freamppiitien 0GBRIBHNE 20 PAsOPRPERPY ISR e AlHEleBBIPRIBMSNd more

pfefefégé}{éff%gl 2 WL LR 0. ARBuL A0 A0, RRICETLAL tAg- Whols- RAIMS Fol iR pramuene/butene

copolyme eferred composition comprises a propylene content greater than about 60 mole
percerhofivel aspivirtaliyparicant hopuarsitbhteRics? e ARIA Lt EbOIRUOCBYERrably from

about &cf?n%%l?%m%?oﬁfgg%ﬁg}a%ftéﬁﬁewlﬂgfl50‘39&%@%@3@@&%&%@@%‘@r@e@EﬂUt 25 to about

30 mole percent of the whole polymer. For many propylene/ethylene copolymers, the preferred

compakitichutmpribersia fropilisiee ormiafirgpiate intrapoitset 4o hatleiperedhy ofdoRHale polymer
and a%%iggﬁeéﬂv% 'OleESHtﬁfJ/ﬁ,]] &%9%5&%@%% 60oRreTerablyromahout 251 abaut 2930 mole

percent o polymer, and more preferably from about 35 to about 45 mole Eercent of the

whole ipdiphgeater shinewmbodimdénahenelopyle ndrasnetic PrerpReferids hirg

clude those

produced. in low vie r %grg ount or as a by-product of a chemical process. While the
propylél}\%%?gg%?r%gﬁpgﬁmers% e blended with one or more polymers, the as-produced

-propylene/a-olefin interpolymers are substantially pure and often ﬁom?fé%? a 25major component of

“the reactidAbrBIiBEa RSO A PrEeEEs Too TR biymer" or "segmented

CODoIY{H@Ebﬁ%ﬁ%&é@?&%ﬁm%%‘%@rﬁ@géﬁ@&hmé’éﬁl;ﬁh%igmlBf distinstragions@ seaments (also
referred to as "blocks") preferably joined in a finear manner, that is, a olymer comprising chemically

differemidasalanis /i dis b nte e Brdsvinaeehioma bk hended Bthyirtdidnctionality,
rather ihag, 301D RERFRELE AN a5 RipRenV WERVAADIRO L512 BRI AP 4ROURBRBAR of dihler

Embodiments of the invention provide a new class of propylene/a-olefin block interpolymers
(hereirthf@ RPRISIHROIS SIGTRRML, "propylene/a-olefin interpolymers”, or variations thereof). The
propylene/a-olefin interpolymers comprise propylene and one or more copolymerizable a-olefin
comonomers)inpelymesized faroxishaacierizethdybbleckseibsegments

propylene/n-olefin block copolymer.

|23] Also disclosed isa procéss for the

| polymerization of one or more addition polymerizable monomers, preferably of two or more
addition polymerizable monomers, especially propylene and at least one copolymerizable
comonomer, to form a block copolymer comprising multiple blocks or segments of differentiated
polymer composition or properties, especially blocks or segments comprising differing
comonomer incorporation levels in which the difference in comonomer content between the
blocks or segments is greater than 20 mol%, said process comprising contacting an addition
polymerizable monomer or mixture of monomers under addition polymerization conditions with
a composition comprising at least one addition polymerization catalyst, a cocatalyst and a chain
shuttling agent, said process being characterized by.formation of at Jeast some of the growing
polymer chains under differentiated process conditions in two or more reactors operating under
steady state polymerization conditions or in two or more zones of a reactor operating under plug

flow polymerization conditions.

9b



50f two or more polymerized monomer units differing in chemical or physical properties, wherein the
polymers e separated. That is, the propylene/a-olefin interp )
interpolqué[?s).rﬂl%e ?é‘%%n?s “interpolymer" and "copolymer" are used interch%%(g?e%%ﬁﬁé%?ﬁk [32]
Compared to random copolymers, the inventive polymers possess sufficient differences in chemical
properties, especially crystallinity, between blocks or segments, and 10sufficient block length to the
respective blocks to achieve one or more of the desired properties of true block copolymers, such as
thermoplastic/elastomeric propert@2BARRESLRAIIAN R BEIRAMINGER 10 preparation in
conventiopgfjolefin p@ﬁmqr&%agi?mmpmj&ww&%@@afiea@uaos@mm RONUREJIZpkAR processes
employing catalytic quantities of polymerization catalysts. In a prefen-ed embodiment, the blocks differ
in the %m%arr«ﬂ/e?t?yﬁéi&%ﬁf&ﬁa B1e1 SIARE s EPatE b thierasit RRCb BRSS!, IHELFRbYHES Shyitallinity,
the crystallitssizR RERRL PRI 03 RRIWNEH Blystsh SRMRISHIRG, the Bipe:endegrpepitacticity
(isotactic or syndiotactic), regio- regularity or regio-irregularity, the amount of branching, including long
cRain B@ﬁ%ing or hyper-branching, the homogeneity, or any other chemical or physical property. The
block copolymers are characterized by unique distributions of both overall polydispersity index (PD1 or
20Mw/M") )d PDI pfgeaell blackhblaakdeagisaistributé thapaiorsblobkopapiner thstribidion due to the
unique process making of the copolymers. [33] C ared to block copolymers of the prior art,
includ 606 B]cﬁﬁn%‘r%p F(S)%fﬁégﬁeﬁ?)t/l%ea%te%?igf r%léfleo%?egggl%flgcn%ﬂ%xional catalysts, or anionic
polymerization techniques, the copolymers of the invention are characterized by unique distributions of
polymer polydispersity 230BESCRIFNVTGINM Q) EAENROEMMEHTh A QB EN YN MR three, preferably
two different block compositions. This is due, in a preferred embodiment, to the effect of the use of one
or mogshiilingagants in combination with a high activity metal complex based polymerization
catalyst in two or more polymerization reactors or zones operating under differing polymerization
conditions, More specifically, when prod}Jced in a continyous process, the diblock copolymers
1esiratiiPossess PO AHEATA 1S SH6 LB PSRBT Rt E A SBEIPE S more WO
2009/Q/HRAREHUS2R09/QIR[42 fraferaliydrameabeeind . pédvaioutdbrandimeastpseferably from

about 1.6 2,5, 0r from 1. 2.
”honti?)lg}??g"}er,ﬁ"gopo ymggpu}elpgitfm%?pgg wgﬂ as "interpolymer.” More specifically, the

Ay HHAS
A cl

term “polyethylene” includes homopolymers of ethylene and copolymers of ethylene and one or

more Cig a-olefins.

15 | {27] The term “crystalline” if employed, refers tc a polymer 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 lamellar crystals, lamellae
forming the arms of spherulites, or as isolated lamellar or fringed micellar crystals. The term

20 “amorphous” refers to a polymer lacking a crystalline melting point as determined by differential
scanning calorimetry (DSC) or equivalent technique. The term “elastomer” refers to a polymer
or polymer segment having Tg less than 0°C, more preferably less than -15°C, most preferably

less than -25°C,

[28] "Interpolymer" means a polymer prepared by the polymerization of at least two
25  different types of monomers. The generic term "interpolymer” includes the term "copolymer™
{which is usually employed to refer to a polymer prepared from two different monomers) as well

as the term "terpolymer" (which is usually employed to refer to a polymer prepared from three

~10 -



[34] The respective blocks of the inventive block interpolymer desirably possess a PDI fitting a
Schulz-FIo‘éy distribution rather than a Poisson distribution. The use of theipé%ﬁ%lg(?g?{%xgr%erization

process re t%gﬁ?’lggﬁ%%uct having a number of distinguishable blocks per polymer equal to the

number of reactors or distinct reaction zones employed in the process, with a polydisperse distribution
of block sizes. This results in the formation of polymer products having improved and distinguishable
physical properties. Moreover, the foregoing novel products may be formed in the presence of random
copolyHiErSrtHBREe O BRIRS e d OO MDHHSENS YHE Adua by PROISTEF AgHBR PYoBeES es due
to early, grigteqtigpakehain termination without chain transfer to the chain shuttling agent (GSA). In
this manner, a polymer blend containing in situ prepared rubbery impact modifier or compatibilizer may
be prepare% in two or more polymerization S}g{:lactors or zones operating tin_series Wﬁ[SS] It may be
readily aggrciated by RkiREP SRS A et i e R RTBG iR e B tHE i?p%ggh' Vented process
the Goévipayike pagedNeel Mare ek ieRees(termittenity)aratdedreonirifously to each
polymerization reactor or zone, preferably the initial gne. QI hough the GSA may be added at a point
irﬁmemwaﬁﬁpmsaé@w%w@}ﬁ TAERSY P BRE R BVBITin' & REER/ERF CBRHES: or

condugtereoRRRatIotbe: espestiveieactols polzaneshibis preferable phaithaGSAhesadded to the
reactizn mixture ggéior o initiation of ¥%1qeri tion, at 20the sam(f time, as %ﬁymﬁrizaﬂon IS initiated,

ol
or at 165 ABPHSPE BGISRERTHASASHEIRE éni?lr‘?/\)ﬁ%cf‘?lbtoﬁﬁﬁé FstiabrRt eEMRbGRE T the first
reactogyitth@eou@htaikin geafx34& ancheeabtiorpnbdimecomayrbthgetasionatt byhactivemonatatic mixing

devices or. by use of any stirri r pumping device employed in mixing or transferring the reaction
ot RS D UGS TO RGeSO ERERG v & hEALY PSP BEAEHh g 25domin
sige, carpbingd:withetherbititydengweltidomains; ereaiesihiepotentiak ioeaenmain alzes thamate much
larger than what is oﬁs rved in typical monodisperse b#o k copolymers. The gbility for some molecules
1 be RIETRHOLAHF SRCTS DGR B B B e raF SRR B ShaeH comHe o
2009/Q9362APE BHISODRNO3 24 nt (B HlAshseddignain, dndesophastesdpafationibmealista process
in whicl"uh(glolg erifﬁblocks ar tIoc Iyise%re ated. to form or_der%d %%mains. Crystallization of the
propyBH&'s E]H%B DTHERESE BFRARE &F?ﬁ?ér' Y COREY AT {8 the FeutiRg HBE S b hains and such
systerps:faaydetaferiedicaspiesaphaseseparaiad s rthesehmesotobRinslegrkake dfiertorm of
Figphexr&sdl%lﬂggﬁ' e{gcrin 'y l%%ngrcgmgrqtrgf) @)@8'%3? 1'% c]:g{ é%?;%&ge 8%81¥rﬁ‘%¥g'ab0ut 20 to

about 35 mole percent of the whole polymer, and more preferably from about 25 to about 30

mole percent of the whole polymer. For many propylene/ethylene copolymers, the preferred

composition comprises a propylene content greater than about 40 mole percent of the whole

polymer and an ethylene content of from about 15 to about 60, preferably from about 25 to about
20 50 mole percent of the whole polymer, and more preferably from about 35 to about 45 mole

percent of the whole polymer. In some embodiments, 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/a-olefin interpolymers can be blended with one or more polymers,

the as-produced propylene/o-olefin interpolymers are substantially pure and often comprise a

25  major component of the reaction product of a polymerization process.

[30] The term “block copolymer” or “segmented copolymer” refers to a polymer
comprising two or more chemically distinct regions or segments (also referred to as “blocks™)
preferably joined in a linear manner, that is, a polymer comprising chemically differentiated
units which are joined end-to-end with respect to polymerized ethylenic functionality, rather than

30 in pendent or grafted fashion.
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[38] The inventive propylene/a-olefin block interpolymer may have a value of XN, where N is the

number average block length, and preferably is in the range of from abouti% t ? referably in
the range 3%??%%95'8%%2?2.5 to about 15, and more preferably in the range o J{?E)%?@ég% 6’ﬁto about 10.

10[39]in the following description, all numbers disclosed herein are approximate values, regardless
whether the word "about” or "approximate™ is used in connection therewith. They may vary by 1
percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent. Whenever a numerical range with a

lower limt3RL and &nbpperarivibe i@ @eERser af nisHbertamhgr rtiRtfeTsigd 18<becifically
disclogad,Jnpagicyiar-theda/lawjegaurpbris withip theapae deare seasiflicalysdisglosed:

R=RL+k*(R12--RL), wherein k is a variable ranging from 1 percent to 100 percent with a 1 percent
increnY@HeI@s [igepPerbehbr oydee it o BB rEbFHID A RFEEFR I ik GEARY LC S RESHRT BiPBercent, 52

perceRh el ARRELHRAL-IR RRICENbNIMBRIGE P A8 RB R -REFEaRE Rl D RRIGH sMaraqyer, any
numerical range defined by two R numbers as defined in the above is also specifically disclosed.

20[401h tE6hAE BITBANIBRTE ok EBISEREEIHHY HEEEAR B ReprEbAtad LY HE ToRBWIRTy WO A-B or

A'B'Atﬁﬂqﬁégnﬁl-sr%%% ashard plack ormegment sogyBndepsegantas pof AlaskRrssament.

Preferably, As and Bs are linked in a linear fashion, not in a branched or a star fashion. 25[41]Other
embodiEEIMY BEte TeHtBR daF B EBrEsarte d BRPINESI SHiHEFOIHRIRDARSREAY N6FATRBA), J3]
WO 2009/097529PCT/US2009/032642 where n is at least 1, preferably an integer greater than 1,
such as 33]4, 5, 10oipa2id, B3QaAdenQopd]vife 8080y $6Qier jughes s ASsepraséitsathard block or

e B eI e ock o sament gty Asnd s el e

represeiitriehy ihe foloying dlenmuplectA<ABRIA o AHRAB)-BheoBatdB)eBthe desired properties
of true block copolymers, such as thermoplastic/elastomeric properties, while at the same time
being amenable to preparation in conventional olefin polymerization processes, especially
continuous solution polymerization processes empioying catalytic guantities of polymerization
catalysts, In a preferred embodiment, the blocks differ in the amount or type of comonomer

15 incorporated therein, the density, the amount of crystallinity, the crystallite size attributable to a
polymer of such composition, the type or degree of tacticity (isotactic or syndiotactic}, regio-
regularity or regio-irregularity, the amount of branching, including long chain branching or
hyper-branching, the homogeneity, or any other chemical or physical property. The block
copolymers are characterized by unique distributions of both overall polydispersity index (PDI or

20 Mu/M,) and PDI of each block, block length distribution, and/or block number distribution due

to the unique process making of the copolymers.

[33] Compared to block copolymers of the prior art, including copolymers produced
by sequential monomer addition, fluxional catalysts, or anionic polymerization techniques, the
copolymers of the invention are characterized by unique distributions of polymer polydispersity

25  {PDI or Mw/Mn) and block length distribution, with two or three, preferably two different block
compositions, This is due, in a preferred embodiment, to the effect of the use of one or more
shuttling agents in combination with a high activity metal complex based polymerization catalyst
in two or more polymerization reactors or zones operating under differing polymerization
conditions. More specifically, when produced in a continuous process, the diblock copolymers

30  desirably possess PDI from about 1.4 to about §, preferably from about 1.4 to about 3.5, more
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where n is 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. PYEXEPANRY /2% and Bs are linked in a linear fashion, not in a brarfch€8 P& 4840 fashion.

[43] In other embodiments, the block copolymers usually do not have a third type of block, hi still other
embodiments, each of block A and block B has monomers or comonomers randomly distributed within
the block. In other words, neither block A nor block B comprises two or more segments (or sub-blocks)
of distimefaabipdsitionrbsutch a® atiipis2dgirent nwhighdiasia v SdifterenttdompoditionZthiam thenrest of the
block 4ﬂ gwtot er ?odlments the block copolymers do have a third type of block or segment
and can e represen by the following formula: A-B-C  where "A" represents a hard block or

segment, "B" represents a soft block or segment, and "C" 20represents either a hard or soft block or
segment. [Bfdferablylsiemiascaivg tedkiecitke dniveativeddpehshisrpapbi dasiabéneasersa st fashion.

[45] OﬂlﬁhgW@QQ&@%@?M&%‘&%@H&%Q@J@B{%fﬁﬁ%ﬁ\ﬁ@a% fofiowing formayiaAs(BC) or
A-(13C)1Bor A-(CB)" or'A-(CB)"C  where n is at least 1, preferably an integer greater than 1, such

as 2, PAYBLPAIS) DS, w@uigoznzsemdpgt Bovioe arom b b iskngvi YevedelAgk aitfard block or
Segm%?rﬁérféﬂﬁ%%ﬂﬁ%é%e}%@rg&%@g i aRARG KAtEER9RIR3 A4 RIaskahseament amgl "C

represents either a hard or soft block or segment. Preferably, As, Bs, and Cs are I|nked in a linear

fashloﬁPﬁb‘idﬁ%@%ﬁ’éﬁ@@@?&%ﬁéi%ﬁié@? Tmeﬁ%ﬁd@rt PrieRmrHEnE! sriNERREAtBF Can be
repre %P@vég"%mtfa HiRéN t“}:% +BC) WL QB fefre %f)ﬁg(ﬁ&)el'p‘ or 13-(AC)-B

or B-(AC)"-C or C-(AB)-A or C-(AB)n-B where n is at least I, preferably an integer
greatePT@ihIsts Bicheappngl in @emesmcz@f 3@1@1@1 50PSONTED 8 BoTTPRATEF FgRed npnEiresents

g hardRleck O 5e9teRtANshi BntBRIESANR8-30t BIRCHK @Arly or intentional chain termination

without chain transfer to the chain shuttling agent (CSA). In this manner, a polymer blend
containing in sifu prepared rubbery impact modifier or compatibilizer may be prepared in two or

more polymerization reactors or zones operating in series.

[35] it may be readily appreciated by the skilled artisan that in one embodiment of the
15 present invented process the CSA may be added once, more than once (intermittently) or added
continuously to each polymerization reactor or zone, preferably the initial one. Although the
CSA may be added at a point immediately prior to discharge from the first reactor or zone, or
even in an intervening conduit or conductor connecting the respective reactors or zones, it is
preferable that the CSA be added to the reaction mixture prior to initiation of polymerization, at
20  the same time as polymerization is initiated, or at least during a significant portion of the time in
which polymerization is conducted in the first reactor. Thorough mixing of CSA and reaction
mixture may be occasioned by active or static mixing devices or by use of any stiiTing or

pumping device employed in mixing or transferring the reaction mixture,

[36] The tendency for longer block lengths to have a greater role in determining
25  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

swollen domains.
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10segment. Preferably, As and Bs are linked in a linear fashion, not in a branched or a star fashion.
_[47] "Hard'ﬁ%o%&gggggments refer to semi-crystalline blocks of polymeri %%M@%H&om h propylene
is present in an amount greater than about 80 mole percent, and preferably greater than 88 mole
percent. In other words, the cornonomer content in the hard segments is less than 20 mole percent,
and preferably less than 12 weight percent. In some embodiments, the 15hard segments comprises all
or substantially all propylene. "Soft" blocks or segments, on the other hand, refer to blocks of

W

polymeriZed Units in Wi e CBmBHS A O P RBHRC rdBEP AR 25 i e PUFBRR RERS ably greater
than 25 JeRieRereaty wh:tosh RalspeireItd Aaame eMbrdimentsntberromepomear content in the

soft segments can be greater than 20 mole percent, greater than 25 mole percent, greater than 30

mole PEREEREJRetie AP i SISt RerRN rasier Botherr s e IR eRSAEIYTaREETHhn 45 mole

perceri;sgeatenthan o2 maleonsrcaptophiieaipithad SO natenpewRitain 48] tala prefereds
embodiment, the polymers of the invention possess a most probable distribution of block lengths.

PrefertBREESHRERSSS b o thetisy SrRisH ARSI RO BORIRTETSBSh AR iy 2 or 3 blocks or

segments. In a polymer containing three or more 25segments (that is blocks separated by a
distinguisfitdjle blockheaciehioekpmayibectherbdmdlockietrcailyrdiffergriianrd geherafly¥haracterized

by a distribution of properties. WO,2009/097529PCT/LUS2009/032642 [49]Nat wishing.t9 be bound by

any DATIELTAY sy R TestiRS b Tl L Ot TR oA A on

theoretigaity? tepinéer gsisaim éte rathabéfechelibuvedd apphpito theaimlewmtivepolyrhersahd degronstrate

that, espgcial%in E\/ﬁ{(@ or.mor &teady-state, continuous reactors or zones connected in series, having
of It ouf 3.1 ab ﬁ

differing p8 ymerization cgﬁlttj Ions to 5which the growing polymer is exposed, the block lengths of the

polymer being formed in each reactor or zone will conform to a most probable distribution, derived in
tHe followld8lmannei tthdrdinvpnisdteprobabilttyrofmbelyrdistiorspdgatioriin v peatidatitalnsspect to

block sedugces, famcaja3te ‘E@Sﬁ*ﬂﬂre&%&ﬁﬂ%@% [ROPsECARSIRNAAd Assmpsigns and

methods known in the art and used in predicting the effects of polymerization kinetics on molecular
architeetyrsayOiclutirg the pseoithiaBe etitfoR reaotidietel BXp R BIIRRIth AV ARBIIST dffected by

chain o1 hlagicleagis, And 106 asaumAloRhah RENERENAM gronh dsOmRIeiEAD.davery shorttime

compared to the mean reactor residence time. Such methods have been previously disclosed in W. H.

Ray, Jvilaeidmuingeis Resifiviabrgidoehe . pegculindhofalmaanypheie seiypdhy, rnge
YacGreger. RRlymelReacion Ereineaing- Kitc-Reloharhand Wi Gaisiak &5 1 Hansar.J4SMunich,

1983. In addition, if is assumed that each incidence of the chain shuttling reaction in a given reactor
results Y tPREGORAYENDBA PSSR B PSRN BlokdSWHEISEB traReres ! RETIsaTn SRCHERAG Agent

termingled Rolyrag rp@&ﬂ,fge@%&ﬁpsqgﬁrzaﬁg ang exREsUs o Alisr et palyerzgliaRegenditions
(0]

results in formation of a different block. For catalyst i, the fraction of sequences of length n being
produ8ddriricsive SEtHPGPaToert b)Y RIS Shieke HIB%is htaass Adifet by two R numbers as

defined in the above is also specifically disclosed.

20 [40] In some embodiments, the block copolymer can be represented by the following

formula;
A-B or A-B-A

where “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.
25 {41] Other embodiments of the invention can be represented by the following formula:

A"[(B A)n} or A'KB A)EB]
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20to infinity representing the total number of monomer units in the block. X[n] =pi™" most probable

distributiorwg 9‘1)8%49%ths number average block length 1501If more thﬁﬁﬁﬁgzﬁﬂﬁ‘}ﬁ&? present in

a reactor or Zone, each catalyst has a probability of propagation (p,) which results’in a unique
average block length and distribution for 25polymer being made in that reactor or zone, In a most
preferred embodiment the probability of propagation is defined as: ION for each catalyst ={1,2...},
where. P'Rplil + Rt[il + Rs[i] + 1C ,1 WO 2009/097529PCT/US2009/032642 Rpli] = Local rate of
monomer coM&SHRBISA B Ly Ee e R BdeRStSERIR (R rovah At ot trail trahsfer &rd P nfihation
for catalyst.i o(ridke A ikhea), arlddmsidnid obakiraie obchaineasheibting with-donnantfpalyrier,

WO'G%%@@H@pmeﬁa%JI%F.t%Ls%ﬁ\r%rg for 1he pRlVRELBroRggatian rate Rpll is defiped using an

S5apparent rate consta p,, ied by a total monomer concentration, [M], and multiplied by

[42] Further embodiments of the invention can be represented by the following

5  formula:
A-(AB).,-A or A<(AB),-B or B-(AB),-B

where n is at least I, 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, not in a branched or a star

10 fashion.

[43] In other embodiments, the block copolymers usually do not have a third type of
block, In still other embodiments, each of block A and block B has monomers or comonomers
randomly distributed within the block. In other words, neither block A nor block B comprises
two or more segments {(or sub-blocks) of distinct composition, such as a tip segment, which has a

15  different composition than the rest of the block.

[44] In other embodiments, the block copolymers do have a third type of block or

segment and can be represented by the following formula:
A-B-C

where “A” represents a hard block or segment, “B” represents a soft block or segment, and “C”
20 represents either a hard or soft block or segment. Preferably, As, Bs, and Cs are linked in a

linear fashion, not in a branched or a star fashion.
[45] Other embodiments of the invention can be represented by the following formuia:
A-(BC), or A-BCHLB or A-CB), or A-(CB),C

where n is at least 1, preferably an integer greater than 1, such as 2, 3, 4, 5, 10, 15, 20, 30, 40, 50,
25 60, 70, 80, 90, 100, or higher, “A” represents a hard block or segment, “B” represents a soft
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the local concentration of catalyst i, [Ci],as follows: Rp[i] = ko [M][Ci] [52] The chain transfer,
termination tling rate is determined as a function of chain transf I§ ), beta
hydride elrpﬁ% (?r}}%ncri&gcham transfer to chain shuttling 10agent (CSA). The g}l}%n% |es 1-12] and
[CSA] are molar concentrations and each subscripted k value is a rate constant for the reactor or zone:
Rt[i] = kn2,[H2][C1] ++ ko[CSA][Cil  [53] Dormant polymer chains are created when a polymer moiety
transfers to a CSA and all CSA moieties that react are assumed to each be paired with a dormant

polymBlogkainsemsnthle #afe 6f cRBIRSSALIHIHE 0t Byt RITOPONASE AT RISty SETieraEn s Botlows,

whereJGSATLIS thidged saneantiation ofeRA naddhe auantity IGRM-[CSA]) represents the
concentration of dormant polymer chains: Rs[i] = km[C, MCSAnCSAi) WO

2009/097529PCT/US2009/032642 ’ﬂ%ﬁ‘% As a resylt of th re tic treatment it may be
seen that Y overaf BibtH FERRRAAISHTHOLEIS 10Y GHIST B 'I‘e@? %@% pbtymer is a sum

of the Raakitength distribution given previously by X,[n], weighted by the local polymer production rate
for catalyst i. This means that a polymer made under at least two different polymer forming 5conditions

will have at least two distingw bI cks or glfgqent eachp ing a block length based on a
most probable block length drs utr Ih%rn an |d%a case B T}SS]ABEE%?J‘SQ the polymer is comprised of

two or more blocks or segments which are joined to form a single polymer, and each block or segment
is chemically or physically distiigRishabieother #ran By rholedBareight or molecular weight
distribution) from adjoining 10blocks or segments, the resulting block copolymer possesses unique

physical and chemical propertigsccomparad terraadoap sopolysners b fhe same gross chemical
composition.  [56] The invention also provides a composition comprising a copolymer, especially

such a copolymer comprising n polymerizes. form propylene &l & Gopoymepzable, comanagr, sid
copolymer comprising two or hhore intramoleculdr regions comprrsrng 15d fering c emrca or p ysrcal
propertia$lespdérally regions z%fl@lfféi@tﬁtlatéddd@@ﬁbﬁbmﬁmm and “B” represents a soft block or

10 segment. Preferably, As and Bs are linked in a linear fashion, not in a branched or a star fashion.

[47] “Hard” blocks or segments refer to semi-crystalline blocks of polymerized units
in which propylene is present in an amount greater than about 80 mole percent, and preferably
greater than 88 mole percent. In other words, the comonomer content in the hard segments is
less than 20 mole percent, and preferably less than 12 weight percent. In some embodiments, the

15  hard segments comprises all or substantially all propylene. “Soft” biocks or segments, on the
other hand, refer to blocks of polymerized units in which the comonomer content is greater than
20 mole percent, preferably greater than 25 mole percent, up to 100 mole percent. In some
embodiments, the comonomer content in the soft segments can be greater than 20 mole percent,
greater than 25 mole percent, greater than 30 mole percent, greater than 35 mole percent, greater

20  than 40 mole percent, greater than 45 mole percent, greater than 50 mole percent, or greater than

60 mole percent.

[48] In a preferred embodiment, the polymers of the invention possess a most probable
distribution of block lengths. Preferred polymers according to the invention are block
interpolymers containing 2 or 3 blocks or segments. In a polymer containing three or more

25  segments (that is blocks separated by a distingnishable block) each biock may be the same or

chemically different and generally characterized by a distribution of properties.
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incorporation, wherein the propylene/o.-olefin block interpolymer is mesophase separated. Highly
preferably the copolymer possesses a molecular weight distribution, Mw/Mn,_of jsess han 2.8,
preferablywmgosé?%gzgf from about 1.4 to about 2.8.  [57] The invention %Tég ﬁ{r}g es
composition comprising at least one propylene/a- 20olefin block interpolymer comprising two or more
substantially homogeneous intramolecular segments or blocks comprising differing chemical or
physical properties, said intramolecular segments characterized by possessing a most probable

moleculal4Might diS¥abutigrnetsebeihomisl o pyleprs sk astackinteibonrernkkiarterized by a
molecylay weight gistikufion MY%H%%J@BQQ&BM?}?%E%% toAbouE R-§hande Ze{Rgs at least

one melting point, T., in degrees Celsius, and a density, d, in grams/Cubic centimeter, wherein the
numerie 4PPAIe ShSf Ty ey 8 keresporrfitdethandrationships sl b BRI 0o 295 P adsiated) 2, or
WO 2Q08/0943¢ BRGEAIGZ0MUAILBAZed in (1S CHATRLBIEEHYBN RIS CONRIMiFRE «dn percent

at 300 percent strain and 1 cycle measured with a compression-molded film of the propylene/a-olefin

p
inferpaiyiRBthadNES SRIeYIEy [He g bstlekcenamefrthw meteincaee maniined Vanries of Re and
d satisfy, the fql '%ie!‘%ﬁ?@ﬁ%ﬁﬂi%WU&&P{S@MAGI&G&M@H{HHI@@%@%ftéésféﬁ'@k%ﬁ?qﬁ!ﬂwéﬁe ofa

cross-linked phase: Re >1481-1629(d); or (c) has a molecular fraction which elutes between 40C

and 130TTiRdh i 4o Brode iy Af POREICT dHaPASHERASE MeRSianY HihtaibRch s arersaReifghomer
contentghahlenst b pefcanidigher thandhatiobasconpaaie daRdanpREAPYICNS S HRAVEMES

10fraction eluting between the same temperatures, wherein said comparable random propylene
interpély%alﬁagciﬁ@%eréém%fh@ﬁ@@%tﬁ@ﬁr%wrm&wéﬁw, BRI EBHSSHEmer

q@ntenh£Rages @R Hhe ywhelssprlyseb-within-10 Hereenbal that atthe: Rreryians/amisfin mtgipolymer;
or (d) has a storage modulus at 25C, G'(25C), and a storage modulus at 100C, 15G'(100C),

wherelfgEs a6 Sty isnc sty s ishrd @itgehos so8iRletadtir a366Y sheridme
compared to the mean reactor residence time. Such methods have been previously disclosed in

W. H. Ray, J. Macromol. Sci., Rev, Macromol. Chem., C8, 1 (1972) and A. E. Hamielec and J.

F. MacGregor, “Polymer Reaction Engineering”, K.H. Reichert and W. Geisler, Eds., Hanser,
15  Munich, 1983, In addition, it is assumed that each incidence of the chain shuttling reaction in a
given reactor results in the formation of a single polymer block, whereas transfer of the chain
shuttling agent terminated polymer to a different reactor or zone and exposure to different
polymerization conditions results in formation of a different block. For catalyst i, the fraction of
sequences of length n being produced in a reactor is given by Xy[n}, where n is an integer from 1

20 to infinity representing the total number of monomer units in the block.

Xin] = (1-pi) pi(-“) most probable distribution of block lengths
1
N; = *f:;" number average block length
[50] If more than one catalyst is present in a reactor or zone, each catalyst has a

probability of propagation (p;) which results in a unique average block length and distribution for
25  polymer being made in that reactor or zone, In a most preferred embodiment the probability of

propagation is defined as:

Rpli] .
p o= Rp[i] + RU] + Ro[i] + (G for each catalysti = {

1,2...}, where,
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(e) is characterized by an average block index greater than zero and up to about 1.0; and, wherein the
propylene/a-olefin block inteipolymer is mesophase separated. [58] In [tion, the i tion
provides a%?o%%%??gﬁg?olefin block copolymer wherein 20the copolymer éggﬁégrg%‘{@?‘}%%‘l%% an
average molecular weight of greater than 30,000 g/mol, a molecular weight distribution, Mw/Mn, in the
range of from about 1.4 to about 2.8, and a difference in mole percent a-olefin content between
intramolecular blocks of greater than about 20 mole percent. [59{ The invention also provides an article
made from the aRblié tdsesibed2Shropiraifs/erpiamPERIER topalymhermolsol-4igaly desirably, the
polymer products herein comprise at least some quantity of a polymer containing two distinguishable

blocks or segentsshanagienzedihyraRrestnichaiedistributianiottiloekestzas ik, patymer
recovered from the second reactor or zone of a two WO 2009/097529PCT/US2009/032642 reactor or

two zone process, may.be terminated to form. a diblgck copolymer, coupled tl h.use of a
polyfunctional c%irj ﬂ?ﬁglé%cearf% (e} (?t:r%gzg?rlsgl%télﬁr}%PVé%mﬁLﬂ]tl onc?/ 88];:1)%?)5 I(lelr(,) Fﬁic):{‘gélf%e dendrimers, or
functional ized by conversion of terminal chain shuttling agent into vinyl-, hydroxyl-, amine-, silane,
carboxylid®did-, cafbwy/itvasitresmrttiomohiaiie popragididuntitoRal Bglodffinascpigiagio known
techniques. [61] In yet another embodiment of the invention, the shuttling agent employed in the
fogegaipg prRCeRS e ResReRSCTERIR SHEs HRMIUNERSBRING ROMMAT AXERENGRd HatiplitdDy
multi-centered, especially two centered, which uniquely causes the formation of a polymer product
comptiBg 8 seRAFEFAHELBFdHE 15 the il ehtrdlP Bshtaining three or more distinct 10polymer
segments after undergoing sequential polymerization in two reactors or zones connected in series.
[62] In a still further embodiment of the present invention, there is provided a polymer mixture
comprising: (1) an organic or inorganic poBmpigrs prefdfdlll a homopolymer of ethylene or of propylene
and/or a copolymer of ethylene or propylene with one or more copolymerizable 15comonomers, and

(2)a b'O_Cks@?Polvm%@taﬁgﬁqk@&g@eﬁb%ﬂgﬁﬁmdnx&@gm@&grﬁ@@{@@@&%@&%@ thecpracsss of the

present invention. In a desirable embodiment component (1) is a matrix polymer comprising high
densitghsdhyeahsiene brisessatidipblhpivpyieite ahtideH b raAtciEy s aRErR Stoac BIbER Eopolymer
ageording, ioRa present InyeRlionLeRIRINNgA VR OniIree slistinchasgionm ehdiffercntigied gomonomer

incorporation. In a preferred embodiment, 20 component (2) comprises occlusions of the matrix
polymERsYH d e AR EHHSH (RRITBBCETT CUMPBHents (1) and (2).  [63] The inventive block
interpolymers form mesophase separated structures with domains larger than those from

monodisperse block copolymris ptthg,prien art] faredygreatgithan €9 nm in the smallest dimension,
despite having low molecular weights (Mw<200,000

53] Dormant polymer chains are created when a polymer moiety transfers to a CSA
and all CSA moieties that react are assumed to each be paired with a dormant polymer chain,
15  The rate of chain shuttling of dormant polymer with catalyst i is given as follows, where [CSA]
is the feed concentration of CSA, and the quantity. ((CSA]-[CSA]) represents the concentration

of dormant polymer chains:

Rsfi] = k[ GHCS A -[CSA]
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25g/mol).  [64] Those skilled in the art will recognize that the size of the domains can be controlled

by varying the molecular weight or changing the difference in comonomer content of the block -
interpolymgfp‘lzﬂgg@&”’éﬁgof the domains can also be modified by blending &’r%?ﬂé%%%%%%m with the

bulk copolymer. Suitable blend components include homopolymer or WO
2009/097529PCT/US2009/032642 copolymer with similar composition of one of the respective blocks
or segments of the copolymers, oils such as mineral oil, solvents such as toluene or hexane. [65]
While thelfstkgoing pédcessihasthe épreog beepeiprefeaaiblyoriimg ddfsiockprogurieiais an

addiiqnglehisghotisdasntanRRsare mlihiaeh copmars) Inpldind spsrbepghed or

dendrimeric copolymers, through coupling of polymer términated with a chain shuttling agent exiting

the selsasthréiabibrbP eI ararigsibbEqubht reieliedPy dhrejassimpl aitu REUbITAICOrTptstyRiinctional
couplipg:agent. #hAd4iton tﬁa@#@]m‘ ueariorsacs e mRioxed e RIOAUCkiGRGMbIes that made

by living polymerization in more than one reactor, with the difference that eéach block of the present
polymepspbsse ssbihavihastoprbbad & Lo gisthithlgdnosk vl cegipenireig P arie CoBpdsRdn. In

particq@{gfmae&&ya{sp&@Imbmﬁeoﬂ[aﬁ&%%ﬁgm@{ﬁﬂﬁtﬂﬁﬂ%aauyilfez% than 2.4 and can approach 1.5

for product made in two reactors.  [66] Thetheoretical limit of Mw/Mn generally equals the value of (1
+ 1/n), where n is the number of reactors employed in the polymer's production, in accordance with the

15calculatforls of J. REFSARE RUY™MSES 15015AB IS 0H4Y O LEIR WA TEHRRNS Whicthsretical
limit fooMvd Mtaavalsibr yalyemef, i «ALiRblveheresHoanchi3ang-thr mass fragtiens,of polymer

comprising the twa blocks, in accordance with the calculations described in Macromolecules 40,
7061-FER B (GE] IRYherap theldveragy AUTDIEr YrbREIE IS SE CEBY (UAIRIRG of the
Reese ZARaly Rerswil, e eatialile e dupber aldeasiemanplgyeghihesskilledrriigan will

appreciate that the product of the present polymerization will normally include quantities of
conveREIFAI P ORGP GE IR AT BT R ¥TIR REE A gERTS e RREEREAP - mployed under the

conditions of the polymerization. [68] The propylene/a-olefin interpolymers of the invention may be
characteriz®&d as 25iesophasensdparatadddd amampsidasacenypically drndhel rangeespdrauatiabout 40
nm to about 300 hm referabl% in thg%}range of from about150 nm.to about 250 nm, and more

n

prefergg(fy %%?%Or%‘ﬁ&e%ﬁ%‘ln%l Lhout Bd hri Sda 06{]1}}588%%1?55%%%0 u%é’%?ztﬁe Smallest dimension.

In addétionydomeains dnaydigue snealipss idgensio nwtkat aeegiteaten thamabounffishm, greater than

qRout 100 am. and graalerihan About 180, N, Romaing may b charagielized asgylinders, spheres,
incorporation, wherein the propylene/a-olefin block interpolymer is mesophase separated.

Highly preferably the copolymer possesses a molecular weight distribution, Mw/Mn, of less than

2.8, preferably in the range of from about 1.4 to about 2.8,

[57] The invention also provides a composition comprising at least one propylene/o-
20 olefin block interpolymer comprising two or more substantially homogeneous intramolecular
segments or blocks comprising differing chemical or physical properties, said intramolecular
segments characterized by possessing a most probable molecular weight distribution, wherein the
- propylene/a-olefin block interpolymer is characterized by a molecular weight distribution,

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

25 {a) has at least one melting point, Ty, 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
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WO 2009/097529PCT/US2009/032642 lamellae or other known morphologies for mesophase
separated polymers. The mesophase separated polymers comprise olefin block copolymers wherein
the amoun{’)v(ﬂ HYHEHGMer in the different intramolecular blocks, which ma‘}%ﬂ?ﬁﬁ 9§6‘ﬁ‘%egments
and hard segments, is such that the block copolymer undergoes mesophase separation in the melt.
The required amount of 5comonomer may be measured in mole percent and varies with each
comonomer. A calculation may be made for any desired comonomer in order to determine the amount
required to achleve mebophbiaseseparatidastitheanitimube. évebufeircsmpanbititntexpressed as x,N, to
R CARE. SR A, BRSOV RS R ROBRMMErB Ip gl cled 0 b X O
Potemkin, S.V. Panyukov, Phys, Rev. E. 57, 6902 (1998)). Retognizing that fluctuations usually 10
push thgeopdbmuiscreiehasanditicindcorrgransishblo ckrdopolsinehsteislghtiyrigicel xN, a value

-2 Secdsntestaniie L e salslas et Ealoning e aapigarn of O
Lohse, W.W. Graessley, Polymer Blends*Volume 1: Formulationi, ed. D.R. Paul, C.B: Bucknall, 2000,
xN camsbulserviatiod e e progudnges/basel Mb/p where v is a reference volume, Mb is the number
average block molecular weight and p is the melt density. The melt 15 density is taken to be
0.78g/cm3. x/v for cases in which the B6méhdnkri&(Biitehe 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 refererié by '8h&anRFEaEsN PR EDRFENEMct pand lifidsr ¥é§Fession in mole

percentLHMENaMars PRESIIRM  5of casasihvhich RESNEAS Ihe.taneremerethe same procedure
is performed with the data of Reichart, C.C. et al. 20Macromolecules (1998), 31, 7886. Using Mn, the

numb&f dbliage RirsatiaENsEiGRD ShatPhbrostRe RN PRI GIABIEC tR &SR Bquation describes

the minipys eamppemeedifigrancehelweemihe Riacks e Ashisye Mmeophrremseparation: A(percent
comonomer) > A/ (Mn) 5 When octene is the comonomer, A is greater than or equal to about 8915,

prefer REN YrosHHI RO RS g hT $9TABSOMIBORSHBY &S BAs By b HediEr 4REIBr@Gual to about

1025057014} BARYoRlSAHe SHRAIRHINAN S @auhIe F0uhLOGehiareatnnthandpriaguakie about, greater
than or equal to about 11145 and greater than or equal to 11580. When butene is the comonomer, A is

greateP HRINHEEGRI D BIERR YBBE referably greater than or equal to about 31460, more preferably

greater than or equal to about 32895, and also he greater than or equal to about 34300, greater
tha WO 20061007 B30 C TS SURIBIbA o Bt L BP0 0 Go about 3760

ansd grgaterdiEn) whaglahiorabe ut 87 IB0CMber athyieneinthe earposoabentA s @rasier shian or equal
to about 9187, preferably greater than or equal to about 10100, more preferably greater than or equal
to abotit 10560, and may also be greater than or equal to about 11010, greater than or equal to about
11480 and greater than or 5 equal to about 11935. When Mn=268000 g/mol and the comonomer is
I-octene, the @ifferencehimaviotezpéigem ovtenz: bévleaddheafrard segment antluheosdivgelythent, A

octene ||§ greater ttﬁllan ore ua} to %tﬁonu%%l? 2 rpeqi;eropercenghg)refe{‘ably‘ reattgathan or equal to about

18.9 m%l € pereé‘glnnt, n%’rlglarefggﬁ?y grea er than g’é‘&%ﬂ o about 19.7 tole percent and may also be

greater than or equal to about 20.6 mole percent, greater than or equal to about 21.5 mole percent,
and great&¥s] In addition, the invention provides a propylene/o-olefin block copolymer wherein

20 the copolymer is characterized by an average molecular weight of greater than 30,000 g/mol. a
molecular weight distribution, Mw/Mn, in the range of from about 1.4 to about 2.8, and a
difference in mole percent g-olefin content between intramolecular blocks of greater than about

20 mole percent.

[539] The invention also provides an article made from the above described

25  propylene/a-olefin block copolymer.

[60] Highly desirably, the polymer products herein comprise at least some quantity of
a polymer containing two distinguishable blocks or segments characterized by a most probabie

distribution of block sizes. The polymer recovered from the second reactor or zone of a two
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10than or equal to about 22.3 mole percent. In addition, the A octene value may be in the range of
from about 17.2 mole percent to about 53.0 mole percent, preferably in the range of from about 20
mole percéﬁptae%@i?f%fb.o mole percent and more preferably in the rangepé%lf/t}gﬁ:’ﬁgaﬁgfﬁﬁﬁ mole
percent to about 45 mole percent. When Mn=268,000 g/mol and the comonomer is 1- butene, the
difference in mole percent butene between the hard segment and the soft segment, A 15butene, is
greater than or equal to about 55.2 mole percent, preferably greater than or equal to about 60.7 mole
percemtanmorepreferattypgresie mhnhoreatied sl abbuned Ghiwle pademeainebmagddluotsh greater
than or e 0 . -percent, gr r.t equal 6 per nd greater
than o‘rlsé’g?ﬂ E}c()) %E%ﬁ%?ﬁq%ﬁ% Ebggﬁ:%&gé% %}gl% %ﬁeggg%%t.qﬂgalé%%gg%gggog%ft}é%’e%a %%{n% ay be in
the radgedsirhom aboocém?l inuldpercont tonbbdirr90ndoibapopurdbng sgeteralyinthe range of from

about 1§§d939 —Pﬁ{gﬁ‘ﬁ@ 1913p0 %ﬁ?o@gitl? %ﬁ%ﬁ%ﬁi&%ﬁ%‘%&@ lerabhoindne |nag-pkiimaaneut 70

mole percent to about 80 mole perc 8,000 g/mol and the comonomer is ethylene, the
differegisaiin mnatedpay cefinevykenknibatoseen 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, mftprefeﬁﬁ%« 250RR e AN R I LARANER Ak RIRINAY GeBk ARELTIYAIseHRe greater

than or equal to about 21.2 mole percent, greater than or equal to about 22.1 mole percent and greater
than of EEERINHPABRIE SO PRILERIE MtstitisRROR SN IEHE FEREHREy I it thE range of from

about 1.4 gle Rarcept iR AP eV 20RlR, ReIENtaRIRIBr kIR therranpaa &f foamakau21 mole

percent to about 40 mole percent and more preferably in the range of from about 23 mole percent 30to

about BOEICPRRIENS Wer 20030 PSpEPE!P (S 2009132623410 18R BrFR thEXBpHAS B deparated
Flr@py|§8§/ﬁ@'§é§]ﬂ@ﬁ%@%@ﬁ&ﬂg@ﬁ@§é€§z@Mﬁﬁ&@iﬁ@ﬁ%&fm@%&%}fﬁ&@d%r%ﬂ@giﬁ)%&iﬁ@&
structures designed to affect the motion of photons. Certain compositions of these mesophase
separdtetfPrdpylene/a-olefin interpolymers appear pearlescent by eye. In some instances, films of the
mesophase separated propylene/a- 5 olefin interpolymers reflect light across a band of wavelengths in
the rangelagiween 20Q-s1i200ier Habekamplefaretainstimmappear, bhee: viaprefletiéd fightinut yellow
via transmitted light, Othe

hile GBS SR TGRE - & TERPLR S ERTGE. RO SEphESTataly 78 PRS T60B R ) The
propylenefgaipfiliatarpely mersctyemehal adigtizedbbyrapyduerage: htocklfindexpABmerhiabids greater
t?g\ n Zg{)?ngggn%)rs} ,O agg ?ﬁl)t 3:.L b%%@%%&%ggygggg{gg ttcgI lﬁtéi;ta’l%tggﬂt’ invention or prepared

according to the process of the present invention. In a desirable embodiment component (1) 1s a

matrix polymer comprising high density polyethylene or isotactic polypropylene and component

(2) is an elastomeric block copolymer according to the present invention containing two or three

distinct regions of differentiated comonomer incorporation, In a preferred embodiment,

20  component (2) comprises occlusions of the matrix polymer formed during compounding of

components (1) and (2),

[63] The inventive block interpolymers form mesophase separated stroctures with
domains larger than those from monodisperse block copolymers of the prior art, namely greater
than 60 nm in the smallest dimension, despite having low molecular weights (Mw<200,000

25 g/mol).

[64] Those skilled in the art wili recognize that the size of the domains can be
controlled by varying the molecular weight or changing the difference in comonomer content of
the block interpolymer. The sizes of the domains can also be modified by blending another

component with the bulk copolymer. Suitable blend components include homopolymer or
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Mw/Mn, greater than about 1.4. The average block index, ABI, is the weight average of the block index
("Br) for each of the polymer fractions obtained in preparative TREF (i.e., fractionation of a polymer by

TemperatufERUN§°ENtion Fractionation) from 20C and 110C, with an incP&rh&REME24khough

other temperature increments, such as 1C, 2C, 10C, also can be 15used): ABI = where BI, is the block
index for the ith fraction of the inventive propylene/a-olefin interpolymer obtained in preparative TREF,
and w, is the weight percentage of the ith fraction. Similarly, the square root of the second moment
about thealyeesr, Waheimalier refarrsdito a6 the sedondspmmenb20eig st averdgefilock index, can be

defined g (Qons. [l MOMENHEIaN 8 SIRAG LBl ABDZwhgre N is defined as the number of

fraction 1, greater than zero. For each polymer fraction, ned by one of the two
following equations (both of which give the same Bl value): or Bl - LLnP - nPxo Bl =11T x-11Txx 1/TA

-UTAHLnE®LLnPASVYD hodorenrse orcsyiss doorobreabad ne i bt dorrRER dldodnalytical
TREE}glytion fieperatirefal dagdhiraction pigie Eé%%g'a&%&%?&%m&%t\/é’myﬁéﬂg %Hawfa%/'ene
y e

mole fraction for the ith fraction, which can be measured by NMR or IR as described below. PAD is the
propylBrecHidenihrdion SrtengHe Ieoprb s efbLoneh T avRlips 9hRol YRt faeRmM G, which also
can bemgasiedy.MVR: oL SeandiPA AR the ALRERSUIBRIRMRS RIS ahthihe Aiapylene

mole fraction for pure "hard segments" (which refer to the crystalline segments of the interpolymer). As

an approiiatienbPTRobdhARErs Al KerEiRg 2BeRt J8GRIEHP OIS ISVAHRAGRTS, 3Ffe TA and PA
values-aig saidoRgsedesHabHeRs ity P alYREARY IS NUNIRAN MRS in more than one reactor,

with the difference that each block of the present polymers possesses a most probable
10 distribution of molecular weights and composition. In particular, the polydispersity of the
present polymers is generally less than 2.4 and can approach 1.5 for product made in two

reactors.

[66] The _theoretical limit of Mw/Mn generally equals the value of (1 + 1/n), where n is
the number of reactors employed in the polymer’s production, in accordance with the

15  calculations of J. Appl. Poly. Sci., 92, 539-542 (2004). In a series of two reactors, the theoretical

limit for Mw/Mn equals the value of 2*(1 —f1%f2), where fi and f2 are the mass fractions of
polymer comprising the two blocks, in accordance with the calculations described in

Macromolecules 40, 7061-7064 (2007).

[67] In general, the average number of blocks in the absence of coupling of the present
20 polymers will be equal to the number of reactors employed. The skilled artisan will appreciate
that the product of the present polymerization will normally include quantities of conventional
polymer depending on the efficiency of the particular shuttling agent employed under the

conditions of the polymerization.

[68] The propylene/g-olefin interpolymers of the invention may be characterized as
25  mesophase separated. Domain sizes are typically in the range of from about 40 nm to about 300
nm, preferably in the range of from about 50 nm to about 250 nm, and more preferably in the
range of from about 60 nm to about 200 nm, as measured by the smallest dimension. 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,
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[71] T is the ATREF elution temperature for a random copolymer of the same 10composition (having
an ethylen fraction of PAB) and molecular weight as the inventive c r. TAB can be
calculated%?ngi& 9(4;) 9@%%3 fraction of ethylene (measured by NMR) using th%gf%%ﬁr%%e%ﬂ% ion: Ln
PAD = a/TAB + [72] where a and 13 are two constants which can be determined by a calibration using
a 15number of well characterized preparative TREF fractions of a broad composition random
copolymer and/or well characterized random ethylene copolymers with narrow composition. It should
be not@AKE LLPIBBIMaY VA RpPHt{AnBISE thIasterRRcRIBEWE. dhe Wettaliiéed to create an
approREiste: Gl '&5?&9%%ﬁ%@&t&&pglx@e&%ﬁ@eﬁm&mtﬁ@%&ﬁngﬁea{e&s@@ mekgcular

weight ranges an comonomefr{;ge for the preparative TREF fractions 20 and/or random copolymers

used toiffraane B RIBRatS P ater & R ch nah eSS e Bfidad Harbseamsiafiol Bifle is
obtainggl fipEn,RieNlas sBR/RRYIaRVRIgh! ANGsR. sUsifRshwWOHId BriessrBtialyRedligihla: y» some

embodiments, random ethylene copolymers and/or preparative TREF fractions of random copolymers
satisfyCeHBHBRIRRANRSIBRRHIFR AR piele pategy) Hes Wler b spraraaithe A TRERERRIoN
tempepgiy i€ TRl A andgy @&ﬁ%ﬁ’ﬂb@ﬁ&f&'ﬁ@rﬁﬁr@ﬁi&o@ BQ%HQ&@E!% Qﬁ&%@@%mﬁht@ﬁéﬁ{&% tacticity
and regio defects that produces the hard segments within the block copolymer (having a propylene
mole fRRIRPRIEPTRAMEIDIcEfaRIMDIPOeYh 9F BEORPTHDLS0 GIm8 64 23wENy e AShis&dnventive
copoly, \ ed fram. jon.of pro red:b ) using the
rolon LAt or L A Py (ki e b
deternfioledhboyn aScHlibiatiohasifga. Starmiber/obiisl (ARakactdtized prepathaiveuT RER fraetionly of a
road composition random copolymer and/or well characterized random propylepe olymers with
o s o S T S T AR RS eRse
copolymers, ptaducednvitadubdiantialiydiheisahee: ok sinsilars dafalystagite hiattesggmentssgxpected

within the block
15? hse, W.W. Graessley, Polymer Blends Volume 1: Formulation, ed. D.R. Paul, C.B.

Bucknall, 2000, %N can be converted to the product of /v and Mb/p where v is a reference
volume, Mb is the number average block molecular weight and p is the melt density, The melt

15  density is taken to be 0.78g/cm’. /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, a linear regression in mole percent comonomer is performed. For cases in which octene is
the comohomer, the same procedure is performed with the data of Reichart, G.C. et al,

20 Macromolecules (1998), 31, 7886. Using Mn, the number average molecular weight of ail
molecules in units of g/mole, the following equation describes the minimum comonomer

difference between the blocks to achieve mesophase separation:
Afpercent comonomer) > A / (Mn)o'S

When octene is the comonomer, A is greater than or equal to about 8915, preferably greater than
25  orequal to about 9808, more preferably greater than or equal to about 10250, and may also be
greater than or equal to about 10690, greater than or equal to about, greater than or equal to about
11145 and greater than or equal to 11580. When butene 1s the comonomer, A is greater than or
equal to about 28600, preferably greater than or equal to about 31460, more preferably greater

than or equal to about 32895, and may also be greater than or equal to about 34300, greater than
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copolymer. This is important to account for slight temperature differences that result in the 10
propylene ¢rystallinity due to defects from tacticity and regio insertion errors, If such random
copolymer(sé& érégré%%g\?gﬁable, TREE fractions from random copolymers prg gég%z%@?’gsﬁé%ler-Matta
catalyst known to produce highly isotactic polypropylene can be used. It should be noted that a. and p
may vary from instrument to instrument. Moreover, one would need to create an appropriate
calibration curve with the polymer composition of interest, using appropriate 15molecular weight

rangeSaFFEbinsherhed B fhray prEpdmiveT REEadisiaEhtior pAsaBMh EopsNMeiStsed to
createig.cURNAIRNS Thees R ABNme\aeilar waiahiefiarto lhibe: calralion Siveis phtained from

similar molecular weight ranges, such effect would be essentially negligible. [75] Txo is the ATREF

temperaillre RSl riaRan dopBR T o Pite shh e EoipBElon SO S aheadifetlopidiBmiettgpe and
contergy %mtmﬁm@ pelecsafoneignt andhaving.g BreRy!ens polg fiaskinmofRxdXa.£26 be

calculated from LnPx = a/Tx0 +13 from a measured Px mole fraction. Conversely, No is the propylene

mole FFAEALI A GAAASM YORBIWYHETOOHE sanrd apdibesaawipacielsasfa@edhrotibivisnegpe and
content) ek the sams-milagHatyeighl.and-bavinc.an M REFemperatsa el ywhiet aan be

calculated from Ln Pxo = a/Tx + p using 25a measured value of Tx.  [76] Further description of the

block iHUER A éROGYIoLY ARk ReFdd I NriEROY rEETaKE RS PRRsBISEOSPR5 18 B 01979, BsF- 8193 which
is incoppaeatesthyygierenee eradn dmiks @&ty 19/YGhROVRALPZAPHIVHRS QY RERE4Ran 4 7] Once

the block index (BI) for each preparative TREF fraction is obtained, the weight average block index,
AB1, BRI NARIB SO & AR BRNE AR NSIEE 2o S BBafeh iR N erBa i BE R EEro0 but less

than abputd &anfiemmalbest 8. hinahottQ. 3nlRdtien smbadigisnts, AR s grateriban abgut 0.4 and
up to about 1.0. Preferably, ABI should be 5in the range of from about 0.4 to about 0.7, from about 0.5

to abolfPB P8Rt SHIETSTEY Shehrt B thasknBerrBbdreHEL B IhS ftae $AHGE GPRBIM about
0.3 to abeuti0 Sorfiamnahesh0sd. Prabe el & inliondsRR0UEDB iPiakRLE A, Homabed93 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 BOoRSEHEUIP LR Abaiit'e kS fdin WS 5o &880 lsna &b epBaro®tdsabout 1.0, from
about $0@né teha ek Qe TR ALY tRReBELARRTERR AR farlRWE: Qe gmbfB] AAnother

characteristic_of the inventive propylene/a-olefin interpolymer is that the inventive propylene/a-olefin

ibferpWiHEr AL dEaL 5 58P EHE BRAymer i MstThEh BERosePbpeasakd By bresariie TREF,

whereipdhe dractigndas e logikingexgroatanthan ahewrQduand Uhoia 8Dauhdid gnetthegnplymer has
a molecular weight distribution, Mw/Mn, greater than about 151.4. In some embodiments, the polymer

fractioMAAAalSPHE SKSHAE L ARAETHRLY ARt 6 MRicRS Torahstit D, R Qe st 6% and up to
about hflegraater thanaheut BB andppl @ abeut dr.0qel gredieithal ahoebe:&andwpdedhout 1.0. In

other embodiments, the polymer fraction has a block index greater than about 0.1 and up to about 1.0,

greatelharP Ai58E L8 5edHaY RS 18 500 ' FeREPHLA S INPE By Aol BYgreater than
algout edcaind pifto-abpi horiierdgeaichibancaaulOxdantd uptbabiinbR. Jarstitk atler

embocixi}rgr%n;gls'éfggb%? !%r?}?g gggg %Efl from about 70 mole percent to about §0 mole percent. When
Mn=268,000 g/mol and the comonomer is ethylene, the difference 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 19.5 mole percent, more preferably

25  greater than or equal to about 20.4 mole percent and may also be greater than or equal to about
21.2 mole percent, greater than or equal to about 22.1 mole percent and greater than or equal to
about 23.0 mole percent. In addition, the A ethylene 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 21 mole

percent to about 40 mole percent and more preferably in the range of from about 23 mole percent

30 to about 30 mole percent.

- 24 -



has a block index greater than about 0.1 and up to about 0.5, greater than about 0.2 and up to about

0.5, greate, dgl .3 and up to about 0.5, or greater than about 0.4 qE t 50 t 0.5. In yet
other emb(\§V m?g%%ég,g #fzegpolymer fraction has a block index greater than ak?(rj&u "%gﬁ'%é? 3&%4%0 about 0.9,

greater than about 0.3 and up to about 0.8, greater than about 0.4 and up to about 250.7, or greater
than about 0.5 and up to about 0.6.  [79] In addition to an average block index and individual fraction
block indices, the propylene/a-olefin interpolymers are characterized by one or more of the properties
described 8&lfollowsthsves sodersorEauted PIORIOTY0RE AN IBR REhEI AL Fate, the

propylengia:elelindnvieppalymers 1eed, ipambodimentsaidhednyentionihavera- My MBsamrabout 1.7

to about 3.5 and at least one melting point, T, in degrees Celsius and a-olefin content, in weight go,

whereRPHHRAAUMBIRIEI SPNRSS BRI U EIT4P B8 oSS RATEcth BIRREGS RS e B Inteppobonsits
a-olefig) 5 45Q s nd preferably:Ime nf:880:MMna-Stefidhi AR Ré sapdmarsbpsierally T.7_

-2.909 (wt% a-olefin) + 141.57  [81] Unlike the traditional random copolymers of propylene/a-olefins
whosePtRBRiH SRR g et sers admplrngredcmd invehtvenirdpasmerdexhiPmelting
points JRsybstantialiv indaRengrng 9@;&@% aralefin caniael 9@1&@%@&1&%%%{@%&%@& is

0. in

between about 2 to about 15 weight 82] In yet another aspect, the propylene/a-ole
interpSRAGE RO MRYS RARIBLGHA AR GUHIER MR Do RS- A TI0E WhensSREed using

Temp%@wﬁ@%iﬁg@tﬂﬁm@&mw@igen%BR%EMH@E@BWMMWM fraction has a molar
y

comonomer 15content higher, preferabl  at least 5 percent higher, more preferably at least 10 percent
higher, than that of g comparable random. propylene interpolymer fraction eluting befween the same
temperattl wherd R RO T IYBRSTaNE TR EUMAFE P LA Re
dgmoriater(apRRdikas agneltindex zaensity uand abolan doardnomscadatent ghagedr dudoa, whole
o e D B
compdralele (&7 poly meh hdsta {aikimeniordmsaroemient withepotve fREPFicenfraf dbatwdihe block
interpolymer,  [83] In other embgdiments, the propylene/a-qlefin.jnterpolymers have (1) a storage
moc AT T B R OEs BRRS 1S 50! THTRIEHG 0 40 GOTONS bretulasl asfrom 1 to 5
and/orif2)canéCoLotaprédrioghsathof tespthan:8enpercents prederablile 3 thHIY7 Oalso can be

15 used):

ABI =" (w,BI,)

where BJ; is the block index for the i fraction of the inventive propylene/a-olefin interpolymer
obtained in preparative TREF, and w; is the weight percentage of the i fraction. Similarly, the
square root of the second moment about the mean, hereinafter referred to as the second moment

20 weight average block index, can be defined as follows.

> (w,(BI, -ABI)*)
(_N~]}Z w,

N

2™ moment weight average BI = \/

where N is defined as the number of fractions with B]; greater than zero. For each polymer fraction,

Bl is defined by one of the two following equations (both of which give the same Bl value):

UL -UTy . LnPy —LnPy,

ST, 1T, LnP, —LnP,,
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percent, especially less than 60 percent, less than 50 percent, or less than 40 percent, down to a

compressi%iﬁ)to% g)z%rcent. WO 2009/097529PCT/US2009/032642 [84#eﬁ§gz%@%39&1$odiments,
the propylene/a-olefin interpolymers have a 70C compression set of less than 80 percent, less than 70

percent, less than 60 percent, or less than 50 percent. Preferably, the 70C compression set of the
interpolymers is less than 40 percent, less than 30 percent, less than 20 percent, and may go down to
about 0 percent. 5[85]In other embodiments, the propylene/a-olefin interpolymers comprise, in

polymuisEe o Dst AEREE Ol oRi it BBy R HESHETRBRRE? der Hipreadion SIEETRMY than 80
percept prefeaahlx iess than i{QrearegRt ol assithan @ohpereapt mastipreferatiassthan 40 to 50

percent and down to close to zero percent. [86]In some embodiments, the multi-block copolymers

posse¥pe RNy R R dRsigerauRr GREHBTEay S e BRaRy S poreslidiisB fidhe THeEopolymers
are fughgreharactesizethasRaving beitos Frlydispetss, ockndisisibuiien aRgsaBeHIISRERSS:

distribution of block sizes and ﬁossessing a most probable distribution of block lengths. Prefen-ed

multi-Biock 638815 muis e hbdd Rt iR AcH o AR DIBE RS Sndenmplts eI B Fsinal blocks.
More prafarathhdhe qoRaimers: iciHeeratlanst Se 26 leGkeaicseamenissiagluding terminal

15blocks. [871In addition, the inventive block interpolymers have additional characteristics or
prope ARPSOTIHHIOR S ARt AN RRETSAISTAES, BreferBiF YorhPRaRY o by ke’ Bitelerdtbre

copolymerizaklersarenamnes Fin 1oy mekzegdofpe gyRehamcietaadepy multiple blocks or segments
of two or more polymerized monomer units differing in chemical or physical 20properties (blocked

interpoly aémost referably, #%o k copolymer or a triblock copolymer, said hlock interpolymer
naving & Mdtbcutar BaEtO AL L B A SR TI0E S e g TREE
difaracieripesitioiliat caigd fnaatigiehamal eolaticomioORgmendontient higivergrefehabhyedtieast 5 percent
higher, more preferabl least 10 percent higher, than.that of a comparable rand lene
interp(‘)EIO)}?T?e}frﬁgr%:él\t:tﬁ;“ﬁ3 gﬁfﬂ%@%@ \?Jégtegr(? %r%zfl%qénté%%%% lﬂgs,e% Aerein Saic %@%para I§¥3ﬁdom
propylérditisrpotytgestcomprises the same comonomer(s), and has a melt index, density, and molar
comonomer content (based on the whole polymer) within 10 percent of that of the blocked
interpolymer. Preferably, the Mw/Mn of thﬁ&g&p__@@l@l& igtgrpolymer is also within 10 percent of that of
the blocked interpolymer and/or the comparable

[72] where o and [ are two constants which can be determined by a calibration using a

15  number of well characterized preparative TREF fractions of a broad composition random
copolymer and/or well characterized random ethylene copolymers with narrow composition. It
should be noted that o and § 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

20 and/or random copolymers used to create the calibration. There is a slight molecular weight
effect, If the calibration curve is obtained from similar molecular weight ranges, such effect
would be essentially negligible. In some embodiments, random ethylene copolymers and/or

preparative TREF fractions of random copolymers satisfy the following relationship:
LnP= '237~83/TATREF + 0.639

25 [73} Tagp is the ATREF elution temperature for a random copolymer of the same
composition and preferably with the same tacticity and regio defects that produces the hard

segments within the block copolymer (having a propylene mole fraction of Pap) and molecular
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WO 2009/097529PCT/US2009/032642 interpolymer has a total comonomer content within 10 weight
percent of that of the blocked interpolymer. [88]Comonomer content may be measured using any
suitable techBi a‘fj’é R techniques based on nuclear magnetic resonance (cﬁflﬂﬁ'c’)[’%/rgé%ﬁ%scopy
preferred. Moreover, 5for polymers 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 10C
or less. That is, each eluted fraction has a collection temperature window of 10C or less. Using this
technitjigeclyaiel thokr faterp sRpABIEMavbacikinke shleBaieH frastidi mapih§ echmherormisica®monomer
ConteQMQ%;%&BVW%%@%@Q%@% &g@m able interpolymer. 10[89]Preferably, for
interpolymers of propylene and ethylene, t lock interpolymer has a comonomer content of the
TREE fraction eluting between 40 and 130C %eater than or equal to the quantity (- 0.1236) T +
13.337, more preferably greater than or equa bht tﬁe‘q 20.1236) T+ 14.837, where T is the
numerical value of the peak elution temperature of the TREE fraction being compared, measured in C.
15[90]hi aﬁ@ﬁlion to thieeabovadppectsvand prapsertiésclesartieat:tengindive myditive@olgingrs can be

rg:racterl rgr more additional tcha nFtICS In o e asp ct, the inventive golymer iS an

e T Ry B S AT s T BEP 0 T BB PR DA oomanamers in
polym ea@elqﬂfmrmndharaetemadda@rmumﬁmws}:@leae@@m@r@fri\mrbrnmﬂre/ poiymﬁrﬁ‘md monomer
units differi n cﬁe@ | ical 20properti blocked interpolymer st refer
multi-bfo¢ sl b%lolymer %s?alcgl?)?‘ogka‘ifﬁtgreﬁog mer R %S\;:i(ﬁg a‘motect gpﬂacfz gﬁ%ﬁmhg BI6te lbe etween 40C
and 130t wbmarftﬁﬁ@ahat@dnuﬁn@mREEamyemmhs lchdragieszedipthatsaithinahtidides a molar

comonom rcont her ref rably at | t enth her, ref least 10, 15,20 or
et St P e et o et ik ok S e

d8betwesryine mma]ﬂempeh&tuoeﬁfmdaefmmsa@nm&r&@@ iarchaion Erogyslefiesinterpadymer

comprlses lthe same comonom er( lt{egﬁet(!er bI | |s the s me co onomer%& a Jt |r}1dex

an
densrty, °Bhd'™o azri?:c])}%toanomerd aacslé) Athe W er%lwﬁﬁ “fS esrcen}teé That of the

blocken anbsnﬁalyménd%rleierptd&mbélwymmtﬂ@omp@ﬁbﬂm u’memohyaderltsshxtﬁﬂ)d\mmntewo

2009/997529P&T1/1%§%g9yg 4.063[12161%8 rument to instrument. Moreover, one would need to create an
appropriate calibration curve with the polymer composition of interest, using appropriate

I5  molecular weight ranges and comonomer type for the preparative TREF fractions and/or random
copolymers used to create the calibration. There is a slight molecular weight effect. If the
calibration curve is obtained from similar molecular weight ranges, such effect would be

essentially negligible.

[75] Txo 1s the ATREF temperature for a random copolymer of the same composition
20 (i.e., the same comonomer type and content) and the same molecular weight and having a
propylene mole fraction of Px. Txo can be calculated from LnPx = o/Txo + p 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 Pxo = o/Tx + P using

25  ameasured value of Tx.

[76] Further description of the block index methodology is referenced in
Macromolecular Symposia, Vol 257, (2007), pp 80-93 which is incorporated by reference herein

in its entirety.
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10 percent of that of the blocked interpolymer and/or the comparable interpolymer has a total
comonom ithin 10 weight percent of that of the blocked interpo monomer
content m%%%%r?@égj%%d using any suitable technique, with techniques bgéz (Snzr?%BZc egz;‘:l‘(rgmagnetic
resonance (NMR) spectroscopy preferred. Using this 5technique, said blocked interpolymer has a
higher molar comonomer content than a corresponding comparable interpolymer.  [92] Preferably,
the above interpolymers are interpolymers of propylene and at least one a-olefin, especially those
interpolynhéfd haviné)%lcﬁ/ﬂﬁ@iﬁéﬁl’rﬁé‘rxd@%i@ﬁ‘ B Y855 FanEtt 350 eMmed.dA8 more

espec'@gigfg rai?@ﬂh(ﬁ@@fl%;&l@iﬂﬂ&xm@ﬁ,thﬁrﬂéb\%&% BEIGRVI0sameReMardhe blocked
interpolymer has a comonomer content of the TR raction eluting between 40 and 130C %ggater

E
than oFBERAIRE e HBARRCEL. TF9aara bt sy them AR PHePet A5 e abertifah e rbeidl
quantify=P 23R hentd- A8 i a0 Mmoshrielssabb grgates thanafk eqvablerthaanalbitkRik236)1 +

13.837, where T is the numerical value of the peak ATREF elution temperature of the TREE fraction

being BothpErees MeERn e &4 15 phsfihhdditRin iheRelabivabesplctsairpraperti@Ldescribed

herein,§hgripventive pRl¥mssaicanRe charactarzeshby ongah e additionsl.charastaristics: In one
aspect, the inventive polé{mer is an olefin interpolymer, preferably comprising propylene and one or

more EobinAeHAABIOTERBABAEL IHDHE iZeH 98 AP SRy B intpie BIbBI&Sr segments

of twopiMere RelRerERd monemesHTts, diffeing ihthemical OnmysicatrOpmnpetigs plocked
interpolymer), most preferably a diblock or triblock copolymer, said block interpolymer having a

molecBPUHEAIEPRHIER &idiee sERNERR Mebardl e ipmetr adQibiamhptising TRERbAements,

qharacferizeddiihas, saichinastion. bas donelanconnpmenconientiaheropreferably at least 5 percent
higher, more preferably at least 10, 15, 20 or 25 percent higher, than that of a comparable random

I I I fracti luting. 25bet th t ., Whereli i bl
e e o B R R B e
comonareer(sy, aplyée nealt didexidensilynandonplasccamensoet pohienrt (basked anittecathble

CompAIBIE T HER € Ak i G B0 EoSP i SABOATE IS L0 Hl bt Bt of

the blagketaimterpdyme trans/brtheleempaskld intespdly dieribasan fofa)/Ebmoeeamehcomtent within 10

Yeiohy pergent ot thay ofdhe blocked interpalymer, Il st angther aspect, ihe Inyeniive polymer is
an olefin’in erpgfymer, prél?eratbly cé’mgrlsmg propylene and one Or more copolymeriZza fac up

comonomiarstih. palyeneri e fdront 0.7 and up to about 1.0, greater than about 0.8 and up to about
1.0, or greater than about.0.9 and up to about 1.0. Tn other embodiments, the polymer fraction
has a biock 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,

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

25 0.7, or greater than about 0.5 and up to about 0.6.

[79] In addition to an average block index and individual fraction block indices, the
propylene/a-olefin interpolymers are characterized by one or more of the properties described as

follows.
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5characterized by multiple blocks or segments of two or more polymerized monomer units differing in

chemical o h¥§I§%£Pg§ erties (blocked inteipolymer), most preferably a %gg%%;i%block copolymer,

. 0 . . .
said block intefpolymer having a molecular fraction which elutes between %?%hen

fractionated using TREE increments, characterized in that every fraction having a comonomer content
of at least about 6 mole percent, has a melting point greater than 10about 100 C. For those fractions
having a comonomer content from about 3 mole percent to about 6 mole percent, every fraction has a

DSC meltlfifllpoint ofabisutsPEetEhsiBRNET MbrichrafaFamgl Baras pRhiB crrReddmsntafite at least 1

mol persentisAmARoMer,/MesRR 2oieing Rei: that.cariespepds:tamthe-gaiation: T >
(-5.5926)(mol percent comonomer in the fraction)35.90. 15[95]In yet another aspect, the inventive

polym&F§&esh ofdtin St soR i conrra-dB Iy skipfisingesrapie neardcsheabicanetr deopsishtesrizable
como%mggdﬁdﬂdgglyﬁe@%ggﬁg{ , characterized by multiple blocks or segments of two or more
polymerized monomer units differing in chemical or physical properties (blocked interpolymer), most

preferably a g[irgloc triblock copolymer Lf block interpolymer having a molecular fraction which
eflites betweer 20 4%@ é‘ﬁﬁ’%%ﬁ’%%h%hﬁﬁc ioﬁ%@éﬂ %Tﬁ%%’i'REE increments, characterized in that
every fraction that has an ATREF elution temperature greater than or equal to about 76C, has a melt

enthalpy (heak.oEfusitiy) @gfneaderad by £5STC, endrespopdingriblthe equation: Heat of fusion (J/gm) <
(3.1718)(ATREF elution temperature in Celsius) - 136.58, [96]The inventive block interpolymers have

a molecular f@nggqg_@dy@v@}%g&g@gﬁmﬁq%é}oc and 130C, when fractionated using TREE

increments, characterized in that every fraction that has an ATREF elution temperature between 40C
and less than about 76C, has a melt enthalpy (heat of fusion) as measured by DSC, corresponding to

the equatidid Heat Jof RISIBEENGHIS 2oed EBEoNePREEMBhrsmpersiorelsitsardinss wddngy - 33 -
WO 2QRHRTELORETANSRORMUIZL 642 AER B BRAKILMAARBISHeRPasiionMaagdigment by

Infra-Red Detector. [97] The comonomer composition of the TREE peak can be measured using an
1KY infralrih BRYECRACRERHEMIE DM POIHRET CHAY DA SRR (IR SOSERE (hherisEhconV).
[98] Theosompasiienimedeshekihe detector is equipped with a measurement sensor 5(CF12) and
composition sensor (CH3) that are fixed narrow band infra-red filters in the region of

[82] In vet another aspect, the propylene/a-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

15 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
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 interpolymer. Preferably, the Mw/Mn of the

20  comparable interpolymer is also within 10 percent of that of the block interpolymer and/or the
comparable interpolymer has a total comonomer content within 10 weight percent of that of the

block interpolymer.

[83] In other embodiments, the propylene/u-olefin interpolymers have (1) a storage

modulus ratio, G'(25°CY/G’(100°C), of from 1 to 20, preferably from 1 to 10, more preferably

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

compression set of 0 percent.
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2800 - 3000 cm'. The measurement sensor detects the methylene (CH2) carbons on the polymer

(which dire‘%éb/ﬁéﬁg%g%gg the polymer concentration in solution) while the ComPg %89/(%39 or detects
I /

the methy groups of the polymer. The mathematical ratio of the composition signal {CH3)
divided by the measurement signal (CH2) is sensitive to the comonomer content of 10the measured
polymer in solution and its response is calibrated with known propylene alpha- olefin copolymer
standards. = [99] The detector when used with an ATREF instrument provides both a concentration

(CH?) antPdmpositoritribysigihadisapshdbopinRyieée pshiararapringese s rbcess. A

polymgrsprGifie.calinsatian ¢an Be GEratRIIbY MeaswiRgdhR assaral ¢ obheHtid iR & Médsn15
polymers with known comonomer content_(prefera%easured by NMR). The comonomer content of

an ATREEEHe R e s Powiter CinBaBSiistes 1R iR rerereieice tamtatsicertigstatio of the
areas fiof{he B@&%&Q%s@%@ﬁ@%&ﬁ@n&?ﬁ@@m@@d@l}%@t@ﬁi&) Gt wersus comonomer content).

[100] The area of the peaks can be calculated using a full width/half maximum 20(FWHM) calculation

after applying the appropriate baselines to integrate the individual signal responses from the TREE
chromatolaim. el BHC A FEDth i A R IS PO Sk GRS o methylone
responseyai@ird CHs4C B2t fros0 thelApdtehtipfta-vhahdeteldiavewiverdin sheptatiash (rightdsty peak is
identified from the base line, and then the FWHM area is deteymined. For a distribution measured
g A RS AR S BT 1B S BT SaHE DB lr T ECr U A8 an T2,
wheredUk@afll feZcane poirisvieteriined torthpelefirand 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 e ATREF curve, 2009/097529PC T/ ication of infra-red
spectrosgo%@ to megl}s,tsj%l ?h%%[\égr%g}l%gﬁ?é%%o%geﬁt% %%%grﬁglgﬁg}%%s%@ ggl@ﬁf%&%%gmethod is, in
giincifiehsimildrtp disitibt GRCIFTEIRheystdivis s desohibadnn The fololyimgnefes émdber Markovich,
Ronald.P.; ' [ : ith,Li o -per | r -Fourier
raneTo s ] B TP
Polymigrick\Materriald SeietroengndiBnagimelaing {i09hyties oS00l leagit D dstfariedsnply-bRekhlfing,
D.C.; Shi e tifyi t chain.br [ i I in.ethylene- ' ymers
using S B e Y e e R
Polympic{2ebb), 48 B9l y0esoticbiiyhidnaate idBormdhdibn byaicfegaisoes herbiding teairianltirety.
]Ig[loﬁl(gé\}gpuld be noted that while the TREE fractions in the above description are

[87] In addition, the inventive block interpolymers have additional characteristics or
properties. In one aspect, the interpolymers, preferably comprising propylene and 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

20 properties (blocked interpolymer), most preferably a diblock copolymer or a triblock copolymer,
said block interpolymer having a molecular fraction which elutes between 40°C and 130°C when
fractionated using TREF, characterized in that said fraction has a molar comonomer content
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 temperatures,

25  wherein said comparable random propylene interpolymer comprises the same comonomex(s),
and has a melt index, density, and molar comonomer content (based on the whole polymer)
within 10 percent of that of the blocked interpolymer, Preferably, the Mw/Mn of the comparable

interpolymer is also within 10 percent of that of the blocked interpolymer and/or the comparable
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obtained in a 5 C increment, othér temperature increments are possible. For instance, a TREF fraction

could be in“g 42 mi%rgnz]gznt, a 3 Cincrement, a 2 C increment, or | C incremen}. 1903 For
copolymers & propy ené and an a-olefin, the inventive polymers preferabl)? Sgs (R DI of at

least 1.3, more preferably at least 1.5, at least 1.7, or at least 2.0, and most 15preferably 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
percenfteA)AYGISE St SIS LEIPRRINNILFRNTTEL wittiss thusiBCperesie pfehatapi{hrebipdsas -15C,
and/or;{a),998@Rd only one Tra.  [104] 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
100C. Mofé%Ler, thd-PRCRERE HORIRBI Y ETS HHASHER ABY SHIARJE HROMHAUS 288 function of

tempetadhnggieiRasenge fiand 02006 hadischaraciersicRiblosk sppalrners, rrg-besgtofore
url){;nown for an oIefirLcoponmer, especially a copolymer of pro%ene and one or more C2 or C4-8
ali

hafit* ROREBREIAS DIERAY R FSTARARE Ak N A Lo d S mssnt dhamely@eyis Biteals)
deCfe%ﬁﬁibMﬂk@ﬁ?ﬁﬂ@@ﬁ?ﬁ@éﬂ@fﬁdﬁ;@@%&ﬂ%?ﬁﬂg%ﬁﬂ@ﬂ@é@&%%%@@hﬁy tx@;t\zv@ﬂg@;f.and 00
1000), 105 itionally, the propylene/a-olefin interpolymers can have a melt index, 12, from 0.01
to zoc))ES 5 r‘F]ﬁﬁ f’é&‘e& A %el&f&%&waﬁfa@mﬁw@‘? rﬂfo}Q@EreféPamyWFa}ﬁ 8961 to 500
0/10 minuteguandiaspeciaiiydiresiy el ka0 HAC miBuies ineestaiavisd = WY& molar
2009/097529PCT/US2009/032642 embadiments, the propylene/cc-olefin interpolymers have a melt
iox, IR, 61T L0 6 SRR B G208 S5 B ARAABL HTP NS 6y 10 mimates from 1

to 6 g/10 minutes or from 0.3 to 10 g/10 minutes. In certain embodiments, the melt index for the
propylenefddbdlefin pBlyfaerstis fy/emiriutes; syl opyimdesdeth §ého, nhintiesk bikOpTmepolymers

can have molecular weights f mgole 10.5,000,000 g/male, pr. bly of 1,000 g/mole to
00 B G BB B S e B B e 1
300.060rgho kb agerofiB0(000 ZMmdlettd 3288 000 g/moferdbhe gtensityhof: thee i ntiviee pplymiers can be
from O nd preferahly for ethylene, containing polymers from 0.85 g/cm3 to 0.97
e o D B R S o 0,860 t0
0.925 GREBIuco @0 Dot ylomBieasured in °C.

15 [90] 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 propylene and one or more
copolymerizable comonomers in polymerized form, characterized by multiple blocks or
segments of two or more polymerized monomer urnits differing in chemical or physical

20 properties (blocked interpolymer), most preferably a multi-block copolymer, said block
interpoiymer having a molecular fraction which elutes between 40°C and 130°C, when
fractionated using TREF increments, characterized in that said fraction has a molar comonomer
content higher, preferably at least 5 percent higher, more preferably at least 10, 15, 20 or 25
percent higher, than that of a comparable random propylene interpolymer fraction eluting

25  between the same temperatures, wherein said comparable random propylene interpolymer
comprises the same comonomer(s), preferably it is the same comonomer(s), and a melt index,
density, and molar comonomer content (based on the whole polymer) within 10 percent of that of

the blocked interpolymer. Preferably, the Mw/Mn of the comparable interpolymer is also within
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[107]The general process of making the polymers has been disclosed in the following patent
applications §r%g§$hj}blications: U.S. Provisional Application No. 60/717,545P€]§8§§(T§ggﬁg&%r 15, 2005,
licati of whic

and PCT PUBIERISH Nb. WO 2007/035485, filed September 14, 2006 both avé

incorporated by reference herein in their entirety. For example, one such method comprises a process
for the polymerization of one or more addition polymerizable monomers, preferably of two or more
addition polymerizable monomers, especially propylene and at least one copolymerizable comonomer,

propyléh@arrnaeidhat FriBchblskan rsspE iR SR eRARRATROI 1ty eashaAs adptal
4-methylslspentensRad atigast oo ditfsrant sopalymerizable2R-e0m draving from 4 to 20

carbons, to form a copolymer comprising two regions or segments of differentiated polymer
compositign or properties, especially regions comprising differing comonomer. incorporation index, said
process c@r”prisingComcﬁoéﬁ‘?ﬁﬁem?@%fﬁaé’d%ﬁ%?f‘%W@F%Bﬁ’é/%WB%%&?C P]r%?tu‘i%t f monomers
under Qegktigmn: pelvaesiz alion aonditiens, psefarzblYNNVIROrmeEberopgeReetsd) olyuigration
25conditions, in a reactor or reactor zone with a compasition comprising at least one olefin

polymEFREIBI AV TG SPISRATEE B S IBPZE SBYIRRISHHFER! 6FBblymer segments from

said meneRRhemNopeRensc\Wie 200820 7529PCT/US2009/032642 2) transferring the reaction
mixture to a second reactor or reactor zone and optionally adding one or more additional reactants,

catalysts, ganomers o olher, GRIGOUNS DAL 16, SONIeTRYIANGRUSIY M, . Altgh sald ggnsfer; and
3) causing polymerization to°0CCur m said second reactor or feactor zone t6 form bpolymer segments
that arendifferefitiateddroiytiie polymeosagments foymedinestefy trsddsgrotess dhemid)d e sxterized

by addjon o ehanshuting aqentlo e eadian Mk PGS, dungl o subsealent o siep 1

such tﬁa?%ttt gast€6me of the rlgsﬁllfi%cg}apglymgP moleculas from step 3) comprises two or more

dtemicatyooophysicatiodistingisheiptedslbcks amsegmentsot6fit 08fhd RiVE Atiohdnaiver the
concept of using chai ttling as,a way to prol the lifetin r-ghain such that a
substa%nef%vleﬁ%%t%loargE %Jﬁ?ebe?)gfﬁ%eerr gﬁ%iﬂge&gla?ﬂoteﬁagsﬂ neuﬁ sanﬁe'gé%rﬁ) (?:ygnirﬁiﬁ?ﬁ?elg roelgctor series or the
first repctorddpesicntentuktiple aprietoréectoroper&tiht?S0bStartiaby/uaoé nptetgpfiher domditiates in the
form of polymer termjnated with a chai ttling.agent, and. lymer ghain experiences different
polym({e}rx'?lzﬂa}éro%q‘é%?ntg ittl%%gul%l\%g)fh@?hli‘e%%rjzha%t%?gﬁﬁo‘?])?lr%}“ § ﬂgé%ﬁr?o § cL)ar{%l e Fl D f(\e%gl}lef %% y%%er??zkation
conditibiR Erthimtiespectivextsactd ol Réiiek dnctudecthg et diffeenstrmdénorhers, comonomers, or

15 193] 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 propylene and one or more
copolymerizable comonomers in polymerized form, characterized by multiple blocks or
segments of two or more polymerized monomer units differing in chemical or physical

20 properties (blocked interpolymer), most preferably a diblock or tribiock copolymer, said block
interpolymer having a molecular fraction which elutes between 40°C and 130°C, when
fractionated using TREF increments, characterized in that said fraction has a molar comonomer
content higher, preferably at least 5 percent higher, more preferably at least 10, 15, 20 or 25
percent higher, than that of a comparable random propylene interpolymer fraction eluting

25  between the same iemperatures, wherein said comparable random propylene interpolymer
comprises the same comonomer(s), preferably it is the same comonomer(s), and a melt index,
density, and molar comonomer content (based on the whole polymer) within 10 percent of that of

the blocked interpolymer. Preferably, the Mw/Mn of the comparable interpolymer is also within
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monomer/comonomer(s) ratio, different polymerization temperatures, pressures or partial pressures of
various mon§mers different catalysts, differing monomer gradients, or an%ggzﬁgz%i erence leading to

formation of Ztﬂ%%lf(r)igg7gizs9hable polymer segment. Thus, at least a portion o e pogfymzé%zresulting

from the present process comprises two, three, or more, preferably two or three, differentiated polymer
segments arranged intramolecularly. Because the various reactors or zones form a distribution of
polymers rather than a single specific polymer comﬁosition, the resulting product has improved

prope BRI &I i Gl PlIgaE A e TRDYEHIS His e cpmbia et BIYEsHIPRS iRt the
previouslydiscusssasaayential PQ¥perization irannigtesWISIeln pRLhaiRshutting agent is utilized,

polymer products can now be obtained according to the present invention by selecting highly active
catalyst compositions capable of rapid transfer of polymer segments both to and from a suitable chain

shuttling ad&ht sucHiRSE FEIHET BIds'BE IREIBHLHRIUEMSY thardEstisRebeeidinbiitible

polymesppeRariese Buentoathitdisenhehairh pAIChRONANG (62964452 008/032642 fehttling agents
and catalysts capable of rapid n% efficient excr%al;nge of growing polymer chains, the growing polymer
i

expertBS O MHTISUPBOR ATEF GFoRAMSHTAMER MRFAMDIBCIBF FEGIRO R Wokimer are formed
under dy#ee 6 snareheiffiere Bt pabyrerigatiereonsitcns {1QYRepieseniativeatalysts @Bmbehain

shuttling agent are as follows. 5[110]Catalyst (Al) is ) )
lN-(Z,@%%i%ﬁgm%ﬁﬁgll)gﬁﬁﬁﬁkﬂg ﬁﬂ{fwéx%b}%%%ﬁlﬂbfggldr fraction which elutes between
naphthgled-Z-diy3geqyxinin-2-dyeinethaney) THbH wordimedythprepared decordisgte theteachings
of WQ, 03/40195, 2003US0204017, U SNH%)OMZQQ,O 4, filed May 2, 2003, and. WO 04/24740:  [111]
Catal;)%‘i‘f(‘&ﬁ)ai&m?(’%’,%l%ﬁGf)-%eé}h?/feaﬁw%ﬁb‘ ) rﬂ}a%)@ﬁ?élﬁn mﬁ@%&&?mnt greater than
plenyktnat(Epyddirad-diyhoteibans) hbainiunedimesnd: preparetioacadrding dotbedrrahings of WO
03/40195, 2003US0204017 USSN 10/429,024, filed May 2,.2003, and 04/24740: 12] Catalyst
() 14 B R S Ny DA et RS B b M
20(19105¢020) Cahd YE20RY TAIR6AR having at least 1 mol percent comonomer, has a DSC melting

point that corresponds to the equation:
Tm > (-5.5926)(mol percent comonomer in the fraction) + 135.90.

15 [95] In yet another aspect, the inventive polymer is an clefin interpolymer, preferably
comprising propylene and one or more copolymerizable comonomers in polymerized form,
characterized by multiple blocks or segments of two or more polymerized monomer units
differing in chemical or physical properties (blocked interpolymer), most preferably a diblock or
triblock copolymer, said block interpolymer having a molecular fraction which elutes between

20 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

(heat of fusion) as measured by DSC, corresponding to the equation:
Heat of fusion (J/gm) < (3.1718}(ATREF elution temperature in Celsius) — 136.58,

[96] The inventive block interpolymers have a molecular fraction which elutes
25 between 40°C and 130°C, when fractionated using TREF increments, characterized in that every
fraction that has an ATREF elution temperature between 40°C and less than about 76°C, has a

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

Heat of fusion (J/gm) < {1L.1312)}(ATREF elution temperature in Celsius) + 22.97.
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CH3 H3C CH3 [113] Catalyst (A4)is
bis((2-oxoyl-3-(dibenzo-1H-pyn-ole-1-y1)-5-(methyl)phenyl)-2- phenoxymethylicyclohexane-1,2-diy1
zirconium Wé??zﬁﬁgprepa'red substantially according to the teachings B USRS 49810103:
[114] Catalyst (AS) is (bis-(1-methylethyl)(2-oxoy1-3,5-di(tbutyl)phenyl)immino)zirconium dibenzyl,
prepared substantially according to the teachings of US provisional application 60/553906, filed March
17, 2004, and PCT/US05/08917, filed March 17, 2005 and W02005/090427, published September 29,
2005: {0¥E) Feak Ioomypnonpa008opssitpt Mes20090d 2an Inirpr Repidatacistr(A6) is
bis-0-(2-methylcyclohexypethyl)(2-oxoy1-3,5-di(tbutyl)phenyl)immino) zirconium dibenzyl, prepared
substantigtjyaccording Q thentgachings-etidsmiorisioralrapriicalio B o0me30G:diedMareh 17, 2004,

and PCT/US05/08917, filed March 17. 2005 and W02005/090427, published September 29, 2005: 5
(H3C infra-red detector available from Polymer Char, Valencia, Spain (hitp://www polymerchar.com/).

[98] The “composition mode” of the detector is equipped with a measurement sensor
5 (CH,) and composition sensor (CHs) that are fixed narrow band infra-red filters in the region of
2800 - 3000 cm™. 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 (CH3) divided by the measurement signal (CHy) is sensitive to the comonomer content of
10 the measured polymer in solution and its response is calibrated with known propylene alpha-

olefin copolymer standards.

199] The detector when used with an ATREF instrument provides both a concentration
(CH,) and composition {(CHj3) signal response of the eluted polymer during the TREF process, A
polymer specific calibration can be created by measuring the area ratio of the CH; to CH for
15  polymers with known comonomer content (preferably measured by NMR). The comonomer
content of an ATREF peak of a polymer can be estimated by applying the reference calibration
of the ratio of the areas for the individual CHs and CH; response (i.e. area ratio CH3/CHa versus

cornonomer content).

[1006] The area of the peaks can be calculated using a full width/half maximum
20 {(FWHM) calculation after applying the appropriate baselines to integrate the individual signal
responses from the TREF chromatogram. The full width/half maximum calculation is based on
the ratio of methyl to methylene response area [CH1/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
25  the area under the curve between T1 and T2, where T1 and T2 are points determined, to the left
and right of the ATREF peak, by dividing the peak height by two, and then drawing a line

horizontal to the base line, that intersects the left and right portions of the ATREF curve.
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[116] Catalyst (47) is (t-butylamido)dimethyl(3-N-pyrroly1-1,2,3,3a,7a-minden-1- yl)silanetitanium

dimethyl p re antially according to the techniques of USP 6,268,444. I\ "Ti(c.3)2
s, Betr RN

[117]Catal utylamidoXii(4-methylphenyl)(2-methyl-1,2.3,3a,7a-n-i
101-yDhsilanetitanium dimethyl prepared substantially according to the teachings of US-A-
2003/004286: WO 2009/097529PCT/US2009/032642 [118]Catalyst (A9) is
(t-butylamido)di(4-methylphenyl)(2-methy1-1,2,3,3a,8a-ms- indacen-1-yOsilanetitanium dimethyl
prepared tantiallatudientg et TaAEAiPRFS P VDA SDOSAT IR BIS: S PORIRIAHPEIA 1Y) is

bis(d_irpsip&l%%m@e&@mlﬁﬂﬁfésyﬁaaigﬁmsqmma%ﬁz\(@ﬂﬁnﬁ from, Sigmadidrich;klagiCatalyst
(All) is bis-(1-(2-methylcyclohexyl)ethyl)(2-oxoy1-3(t- butyl)phenyl)immino) zirconium dibenzyl,
prepafsdiststianhialedotoning wfarraeasdMirge VI prepaled stdiihtlatyie Cordifdto the teachings

of WOZQOBI99426) ﬁ%&%ﬁﬁ&@%MOFW&QWQW%%&E&/ §3R9/032642
(0]

Cocatalysts [121] Each 1e metal coms%flexes (also interchangeably referred to herein as

procatdySSRYRY B SBekAsteH 2 ol e draR @ TathRAY ek GERRINDBY EorMBiHE6HA with a
Materials Science and Engineering (1991), 65, 98-100.; and Deslauriers, P.J.; Rohlfing, D.C.;
Shieh, 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 - [102] 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 in a 4 °C increment, a 3 °C increment, a 2 °C increment, or 1 °C increment.

[103] For copolymers of propylene and an g-olefin, the inventive polymers preferably
possess (1) a PDI of at least 1.3, more preferably at least 1.5, at least 1.7, or at least 2.0, and most
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 T,

[104] Further, the inventive polymers can have, alone or in combination with any other
20  properties disclosed herein, a storage modulus, (°, such thatlog (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 0O to 100°C that is characteristic of block copolymers, and heretofore unknown for an
olefin copolymer, especially a copolymer of propylene and one or more C; or Cy.5 aliphatic o-
25  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).

[105] Additionally, the propylene/a-olefin interpolymers can have a melt index, I, from
0.01 to 2000 g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably from
0.01 to 500 g/10 minutes, and especially from 0.01 to 100 g/10 minutes. In certain
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5cocatalyst, preferably a cation forming cocatalyst, a strong Lewis acid, or a combination thereof. In a
preferred em ;3{(3?}]‘35?(%%219% shuttling agent is employed both for purposes of Qj?a n transfer and as the

optional coca component of the catalyst composition. Suitable cocata 3(/33 S are deddhed in U.S.

Provisional Application No. 60/717,545, filed September 15, 2005 and W02007/035485, published on
March 29, 2007, each of which is herein incorporated by 10reference. [122] Cocatalyst 1 A mixture
of methyldi(C14_18alkyl)Jammonium salts of tetrakis(pentafluorophenypborate (here-in-after

armeemhﬁci‘s@@x@),tmeﬁaﬁé&ww@fmﬁw@%wg@ﬁéﬁwmmyla_mﬂ@é,(hr_rﬁﬁ@mﬁm 2R/ Hyailable
il ﬁ?ﬁ%[&gﬁ?&#&f};tb@d gﬂ@ H[ﬁé&?ﬁ?& qSéAbﬁﬁag}i'a'}}ﬁﬁFﬁté’é?@Q&eP ¢ o R8RS, Bx. 2.
15[123]Cocatalyst 2 Mixed C1418 alkyldimethylammaoniurn salt of

bis(tristpanthfitio rdhid Ay ke sn dn epttagh dedgimigaroide npve paded fac dor dirg 1w dP 8¢895,6 71, Ex.

16. Cg?df&&@%ﬁ'@”%ﬁ@‘?ﬂ%gﬂ@ﬁ)tﬁm&émﬁi g adent, . "chain shuttling agent”, refers to a
un '

compound or 20mixture of compaounds that is capable of causing polymeryl transfer between the
various active. WO 2009/097529PCT/U52009/032642 catalyst sites under the conditions of the
polymerizEf¥H. Thatlie RANEIEFRA PoIrEHSFalH &S Brey :@b@fﬂ BRI tar- 2P atalyst site

in a fagjigdnannet- 1B IAtasHiARMIINDAGE0D, dnsEaiR EANSTES RORDENCEHRRS (SHDINGSHPN Of

polymer chain growth and amounts to a one-time transfer of growin r%éliél/mer from the catalyst to the

transféy RGENETISSRabR M1 HtehHedmrle dfothikPBemadn theé FHME 4SNP the
polymery gbamys ssHfigientinstablethat ghainterhinedion is @@9@&@%%@&%@3@%@1@%@@“ 10
percent, preferably less than 50 percent, more preferably less than 75 percent and most desirably less

than 9B BEREERBFERIREINGY MR TOR R 12 BH RS- Aetnin et BHL R adMEHE Saistinguishable,
iptramaéecuiap Pl mepsramerisn Blacks:rd 0ih28] Whikeoattachesidosthe-grawingeolymen ghain, the

shuttling agent desirably does not alter the polymer structure or incoiporate additional monomer. That
is, the 8ABttling agent does not also possess significant catalytic properties for the polymerization of
interest. Rather, the shuttling agent forms a metal-alkyl or other type interaction with the polymer
moiety, fofi#Time perladestienitbaddeansfendfitheipopivensndietybteani adbvelpolyaésitadon catalyst

region BOLL A OSSRyt Br o Ghabl BBy Son L L iardI monomer or
comoriuperidentity 280dfteré REE | ddinaioniés. CHODROSITIOS LT Biltid S corysibdiinity 2006 skyth
15  of which are incorporated by reference herein in their entirety. For example, one such method
comprises a process for the polymerization of one or more addition polymerizable monomers,
preferably of two or more addition polymerizable monomers, especially propylene and at least
one copolymerizable comonomer, propylene and at least one copolymerizable comonomer
having from 4 to 20 carbons, or 4-methyl-1-pentene and at Jeast one different copolymerizable
20 comonomer having from 4 to 20 carbons, to form a copolymer comprising two regions or

segments of differentiated polymer composition or properties, especially regions comprising

differing comonomer incorporation index, said process comprising:

1) contacting an addition polymerizable monomer or mixture of monomers under
addition polymerization conditions, preferably uniform or homogeneous polymerization
25 conditions, in a reactor or reactor zone with a composition comprising at least one olefin
polymerization catalyst and a cocatalyst and characterized by the formation of polymer segments

from said monomer or MONomers;

- 36 -



tacticity, regio-error, or other property. Subsequent repetitions of the foregoing process can result in
formation Qf segments or blocks having differing properties, or a repetition of a 20previgusly formed
polymer co%% ?ﬂ@r({?%fgpending on the rates of polymeryl exchange, numBSFg%Séjg%/t@lzs(’ %7}; zones
within a reactor, and transport between the reactors or zones. The polymers of the invention desirably
are characterized by at least two individual blocks or segments having a difference in composition and
a most probable block length distribution. That is, adjacent blocks have altered composition within the
polymer and & sty dietripe fibh QRN A Faktéd 25ERardrercirEfarEIRiYraie fiapPi 2416 The
proce%mﬁﬁ%ﬂsd@\s?m% SRRRUNGAGRRAY Sh 96 OBREREACAINRIS ARFRRRAIN SHHING agent may
be further elucidated by reference to Figure 2, where there is illustrated an activated catalyst, 10,
which s HEFPOOaRRAYS IpEid 9g AdspskEaaystat@$olymerization conditions or in a first
polymerization zone operating under plug flow 30polymerization conditions forms a polymer chain, 12.

A chain shutting-agent, ptyadeesialongodMe 3002102 684 IR US20091 03r6A2fwith the initial
charge of reactants or later in the polymerization process, including just prior to or during transfer to a

seconBYELEHFFITHS Hataeh dE i sRdauiiar LR Pt Ea) S PGS LRyt site thereby
preventing termination of the polymer chain prior to entering the second reactor or zone. In the
presena# girovosl ftedhpalymerizatiohbgontlittonso fechaly shert tholp e keattactied ¢toctien chastushuttling

agent is_transfen-ed back to a catalyst site, and a new polymer segment, which preferably is
pbel oy ik R G ol i A B SRR e

attachrtekndssaiiaioes ehpain shuttling agent foonindg¢hectimbindticr df adkanyshbdtindgagentwith the
diblock c%)ol mer, 18 prior to exiting the second reactor or zone. Transfer of the growing polymer

. 8 CNts, . . . .
multlpFe fimes o an active catalyst site 10may occur with continued growth of the polymer segment.
Under uniform polymerization conditions, the growing polymer chain is substantially homogeneous,
dithough iH@§ldual Mbreariedipipdfersihsicencrre dirsvasdreschatpolgmer segrepisifhgned in the

proce%ﬁ@ﬁ?eﬁﬁ%%ﬂ%@@xﬁ%?@%ﬂ%%éﬂ‘%}B?B/&HSEE?}HQH%&%W%@%@ (SiRncsAhIhe fimg gt dormation

of the respective blocks or segments are different and the chain shutfling agent is able to prolong the
15polyHferilfe erae hiat e ineelarfeyighiet e dss priipn eeifronaimidipsceyrsicitio or more
differegtpoly %ﬂ%ﬁ%ﬂﬂz&ﬁ%ﬁ&éﬁﬁ%@@é@ exnafieRcet dh&AIPack faRalymeE chaing:@Q may be

recovered by termination, 'such as by reaction with water or other proton source, or functionalized, if
desireghésrritagHngL e d P ihesraheneiaeheppteratiences tbisbeyiiat ety estésaiomnoinetieons dther
functiqpal ferminalararps e placsthenehaveahibiling @88Riation conditions in the respective

reactors or zones include the use of different monomers, comonomers, or
monomer/comonomer(s) ratio, different polymerization temperatures, pressures or partial
pressures of various monomers, different catalysts, differing monomer gradients, or any other
difference leading to formation of a distinguishable polymer segment. Thus, at least a portion of
20 the polymer resulting from the present process comprises two, three, or more, preferably two or
three, differentiated polymer segments arranged intramolecularly. Because the various reactors
or zones form a distribution of polymers rather than a single specific polymer composition, the
resulting product has improved properties over a random copolymer or monodisperse block

copolymer.

25  In contrast with the previously discussed sequential polymerization techniques wherein no chain
shuttling agent is utilized, polymer products can now be obtained according to the present
invention by selecting highly active catalyst compositions capable of rapid transfer of polymer
segments both to and from a suitable chain shuttling agent such that polymer blocks or regions

made by the catalyst possess distinguishable polymer properties. Due to the use of chain
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20Alternatively, the diblock polymer segment may be coupled with a polyfunctional coupling agent,
especially %gi%ﬂ%’gg%gcoupling agent_s.uch as dich!orodimethylsilane or g@}(}ﬁt&%gbgmgﬁge and
recovered as 4 triblock copolymer, 22. It is also possible to continue polymefization in a third reactor or
zone under conditions differing from those in the second reactor or zone, and recovering the resulting
triblock copolymer, 21. If the third reactor's 25conditions are substantially identical to those of the initial
reactor or zone, the product will be substantially similar to a conventional triblock copolymer, but with

block RYiiaetAseHreBdrrdal s samelaistriBlidoid £5igB LAY tRRSFaE HOSHEMPRSAVIIGH §Td B uivalent
to or faster-thandhe ate ol RRlmet derinatian 8RR IGAR.eF qven 4Q0;imesdrstghthan the rate

of polymer termination 30and significant with respect to the rate of polymerization. This permits
formatisE Grdis e PRbIYIReHBI R thupderif8iG @5 SIGF ot EBHena Ral wraHzr bR oMM feactor or zone
into a -44 - WO 2009/097529PCT/US2009/032642 subsequent reactor or zone of a reaction mixture
containingigighificark gprantitiesveflpelynenahaingietminatgd with-ehainrshetiling agents and capable
of continued monomer insertion under distinguishable polymerization conditions. [128] By selecting

different ing agents or mixtures of agents with talyst, by. 2ring the comonomer
céfmpositilrlii,gl!lampegr(g%?g,s Ep{% su c@pﬁ%@l%%ﬁ%e% rﬁ?ﬁg{fﬁ%m%%%t sll‘j%‘%%gelél‘,e C %gfﬁer reaction
conditiopsthilsepatatéorpatiors o viomskaof dhrézivto dopshatime pmdergshigifiow denditonss polymer

producisyingsseansisnobaary N Hensily 5 LOMRNIMEn CanpeEalienonangmer content, and/or
other distinguishing properties can be prepared. For example, in a typical process employing two

continuous solution polymerization reactors-tQconnected in series and operating under differing
polymerization conditions, the resulting p .i@- egiiants will each have a relatively broad molecular

weight distribution characteristic o
mepHe SNy ©
N
Ni—10)
Hf
/\

(H;CpHC o, CH,

[111] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-methylphenyl)}(1,2-
10 phenylene-(6-pyridin-2-diyl)methane)jhafnium dimethyl, prepared according to the teachings of
WO 03/40195, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO 04/24740:

o
@epe SN g
N N
N
Hf
/\

{H}C }zHC CH3 CH3

[112] Catalyst (A3) is bis[N,N"""-(2,4,6-
triimethylphenyi)amido)ethylenediaminelhafnium dibenzyl:
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of typical olefin coordination polymerization catalysts, preferably a Mw/Mn from 1.7 to 15, more

preferably\[‘?grg(gfg%%}g, but will reflect the polymer formed under the diffﬁﬂ‘}%g&’d}{%‘i?& tion
.Ina mer

conditions ition, Certain quantities of a conventional random copoly may also be formed
coincident with formation of the block copolymer of the present invention, resulting in a resin blend.
The average block lengths in the resulting polymers may be controlled by the chain shuttling rate of
the CSA, the amount of CSA added, and other process variables, such as polymer production rate,
and the amount of optional chain termirttien ag &tieh as hydrogen, employed. Average block

U
lengths of each block type can be indi iduaIIroIIed 20by altering process variables in each
reactor. [129] Highly desired copdlymers <

omgpfise at least one block or segment that is highly
crystalline polyethylene or polypro ylene/espe'@ly highly isotactic polypropylene, joined
intramolecularly with one or more‘i‘pﬂf Eblocks comprisirigiatsmorphous polymer, especially a
copolymer of propylene with ethylgne and/or a G4*38 comonomer. Desirably the foregoing 25polymer
is a diblock copolymer. Additional irablexcapalymers are triblock copolymers comprising a central,
relatively amorphous polymer block bonded en’ two relatively crystalline polyolefin polymer
blocks. WO 2009/097529PCT/US200479328%2-430]A suitable composition comprising catalyst,
cocatalyst, and a chain shuttling agent especially ad pted for use herein can be selected by means of
the following multi-step procedure: I. One or more addition polymerizable, preferably olefin

monomerp; 25 POIYPafiAcH PUIY B IS FoMBliAt 2 RAISHHAL ARSI aaIAaIeRtiglchain

shuttling agent. This polymerization test is desirably performed using a batch or semi-batch reactor
(that i®bargTommedsispiJteatsyst ol shuttrigwy éhy), GherersbirovitkeferahveRiedn s fdhomer
concepiratiqn, atipgrunderssaldiiep palymerization conditions, typically using a molar ratio of
catalyst to chain shuttling agent from 1:5 to 1:500. After forming a suitable quantity of 10polymer, the
reaction is terminated by addition of a catalyst poison and the polymer's properties (Mw, Mn. and

&,

[114] Catalyst (A5) is (bis-(1-methylethyl)}2-oxoyl-3,5-di(t-
butyl)phenyl)immino)zirconium dibenzyl, prepared substantially according to the teachings of
US provisional application 60/353906, filed March 17, 2004, and PCT/US05/08917, filed March
17, 2005 and WO2005/090427, published September 29, 2005:

C(CHy)s
CH(CH;)3

(H3C33C 0O N

10



PDl is less than 2.0, more preferably less than 1.5, and most preferably less than 1.4. Furthermore, if
chain Sh.UtW zloso%g%%éng’ the Mn of the polymer will increase, pre.ferably%)r&gr%gzggge/%%%zas
conversion'is’ increaséd. Most preferred catalyst/ shuttling agent pairs are those giving polymer Mn as
a function of conversion (or polymer yield) fitting a line with a 20statistical precision (R2) of greater

than 0.95, preferably greater than 0.99. [131]Steps 1.-lll are then carried out for one or more additional

pairings of potential catalysts and/or putative shuttling agents. 13_2&[1 addition, it is preferable that the
chain shulliffg agerft a6dEshod fade bes tHeéanaystlarsioRg PRt Sftpolymer produced

per weight pheaalvehLRgs A UMme Ay MAre LA RATGANL P are Risle rRPIN-SUGh Galalyst activity

is not reduced by more than 20 percent, and most preferaba/grcata st actlvr% of the cata gﬁs{%g}a

I
increabedréariparatirpptite el st i/ linthdsds b hce) aaeﬁaéﬁ?”gﬁér‘ﬁﬂ% GEenfilack
considﬁﬁmfggm@g%@@@ﬁpgm@mép@mt@[\ Jphgure should possess as low a viscosity
as possible to reduce WO 2009/097529PCT/US2009/032642 energy consumed in producing a
homogeneous reaction mixture or conveying the reaction mixture. In this regard, a monofunctional
shuttling agent is preferred to a difunctional ag hich i@@mgs preferred to a trifunctional agent.
[133] The foregoing test is readily adapted toapidithroughput screening techniques 5using automated
reactors and analytic probes and to formation of polymer aving different distinguishing
(]
cid O’

properties. For example, a number of potentratchai Okt (@ahdidates can be pre-identified
or synthesized in situ by combination of various ogganome n. pounds with various proton sources

erizgtigns are conducted at varying molar ratios

PPN ent/suitable*shittfindsagents are those that
produce a PDI of less than 2.0 in variable '@{e)xp ts as described above, while not significantly
adversely affecting catalyst activity, and pref‘eraﬁy improving catalyst activity, as above described.
[134] Alternatively, it is also possible to detect desirable catalyst/shuttling agent pairs

[116] Catalyst (A7) is (t-butylamido)dimethyl{3-N-pyrrolyl-1,2,3,3a,7a-n-inden-1-
yDsilanetitanium dimethyl prepared substantially according to the techniques of USP 6,268,444:

%D

(HgC)zSi\ P T{CHa)
N
C(CHa)s

[117] Catalyst (A8) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2.3,3a,7a-1n-inden-
10 1-yl)silanetitanium dimethyl prepared substantially according to the teachings of US-A-
2003/004286:

HiC
Sl\  THCHs),
N
; S |
C(CHa)z
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15by performing a series of polymerizations under standard batch reaction conditions and measuring
the resulting number average molecular weights, PD1 and polymer yield ' te. Suitable
shuttling a ehtd'are tiaracterized by lowering of the resultant Mn Withou%fgf;]@%gr&]?@%%i ening of PDI
or loss of activity (reduction in yield or rate). [135] Regardless of the method for identifying, a priori, a
shuttling agent, the term is 20meant to refer to a compound that is capable of preparing the presently
identified block copolymers under the polymerization conditions herein disclosed.  [136] Suitable
shuttling &EHts for @géah@iéi‘ﬁ%é?d&@@f{ﬁﬁq?ﬁl@zfé?t?’ﬂﬁ@éfb}l]&‘&‘ﬁ%ﬂﬁb%@rﬁ Bi8xes containing
at least, @pe, C1L-A0:hystacanhy) areiim Rrsfsiatly hvdranamylsubsiitiied @lmipymy galliusor zine
compounds containing from 1 to 12 carbons in each 25hydrocarbyl group, and reaction products
therecARPBBRSton source. Preferred hydrocarbyl groups are alkyl groups, preferably linear or
branched, C2..8 alkyl groups. Most preferred shuttling agents for use in the present invention are
trialkyl aluminum and dialkyl zinc compounds cially triethylaluminum, tri(i-propyl) aluminum,
tri(i-butyl)aluminum, tri(n- hexyDaluminum, tri luminum, triethylgallium, or diethylzinc.
Additional suitable -47 - WO 2009/Q%E529PCT/ 09/032642 shuttling agents include the reaction
product or mixture formed by combiningtffe T8 @' anometal compound, preferably a tri(Ci_s)
ecIglly @tiethylaluminum, tri(i-propyl) aluminum,

alkyl aluminum or di(C1_8) alkyl zinc comip :
tri(i-butyl)aluminum, tri(n-hexyealuminum, tri §F)Qlug1m@ﬁih)pr diethylzinc, with less than a
stoichiometric quantity (relative to the 5nu af hydrocarbyl groups) of a secondary amine or a
hydroxyl compound, especially bis(trimethy ) min.%; -H%tyl(dimethyl)siloxane,
2-hydroxymethylpyridine, di(npentyl)antine; 2,6-di(t-bu §/#)p enol, ethyl(1-naphthyl)amine,
bis(2,3,6,7-dibenzo-1lazacycloheptaneamine), or 2,6-diphenylphénol. Desirably, sufficient amine or
hydroxyl reagent is used such that one hydrocarbyl group remains per metal atom. The primary
reaction diddicts 16aHEstdA BNy WsisdssEtoAsRsatEsisacrdr s irriHBm AAsBREfR ention as
shuttliggaﬂggl@tﬁ.&gpg}g%y)@&@gmum di(bis(trimethylsilylyamide), i-propylaluminum
bis(dimethyl(tbutyl)siloxide), and n-octylaluminum di(pyridiny1-2-methoxide), i-butylaluminum
bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyl)Jamide), n-octylaluminum
di(pyridine-2-methoxide), i-butylaluminum bis(¢ entyl)amide), n-octylaluminum bis(2,6-di-

[120] Catalyst (A11) is bis-(1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3(t-
butyl)phenyl}immino) zirconium dibenzyl, prepared substantially according to the teachings ,
10 prepared substantially according to the teachings of WO2005/090426, published September 29,
2005.
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butyldimethylsiloxide), ethylaluminum di(bis(trimethylsilyl)amide), ethylaluminum bis(2,3,6,7-
dibenzo-l-azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-1- tapneamide),
n-octylalu%r%u%l%%l%/igg(ﬁgrﬁethyl(t-butyl)siloxide, ethylzinc (2,6- diphenylphengm eg;%ﬁ%ggﬁ%l}%zinc
(t-butoxide). 20[137]Preferred shuttling agents possess the highest transfer rates of polymer transfer
as well as the highest transfer efficiencies (reduced incidences of chain termination). Such shuttling
agents may be used in reduced concentrations and still achieve the desired degree of shuttling. Highly
desirably, chain shuttling agents with a single yange site are employed due to the fact that the
effective molecular weight of the polymer in gcterdsdowered, thereby reducing 25viscosity of the
reaction mixture and consequently redygi Rerdting costs. [138]During the polymerization, the
reaction mixture is contacted with the activated |catalyst coon according to any suitable

polymerization conditions. The process is a% (oﬁ O by use of elevated temperatures and
pressures. Hydrogen may be employgd-ag a chairzfransferjageit for molecular weight control -
according to known techniques, 30if/d ad. AsAn o\Q fmilar polymerizations, it is highly desirable
PCT/U520(09/032642 selvemtsiemployed be of sufficiently
ature chatq termiiation does not occur, unless a block
copolymer modified polymer product is desired, A able technique for monomer purification such
as devolatilization at reduced pressure, contacting dolecular sieves or high surface area alumina,
or a combination of the foregoing 5processes may be“employed. [139] The polymerization is
desirably carried out as a continuous polymerization, preferably a continuous, solution polymerization,
in whiclweatalystscomponents, monomers, and optionally solvent, adjuvants, scavengers, and
polymerization aids are continuously supplied to one or more reactors or zones and polymer product
continuougy semoved dhetafiome Wil e JORTOPe RINERIBA, RIBlBURe AN continuously as
used in this context are those processes in which there are intermittent additions of reactants and
removeiehproductsat beralivetydise Brindyutatirtenelsstswtizsidvertingethwsvaralitracess is
Supstapall oo MORRYEL.AR AIRONSIV P PIRRE e CURlR SPUAAGRISh IR be

added at any point during the polymerization incfuding in the first reactor or zone, at the exit or slightly
beforeltheresicottharbshiisivea diosibetivieis e ifirsnréartd hotly brierari the Sederutomaley

subseguent (RAGIA ML ZoNE AL SUERSAIEMABANR SSCANY Q5 ARYRHRSCHENNIRRRIANQLZoRe. Due to

the difference in monomers, temperatures, pressures or other difference in polymerization conditions

betweépsatitedsniie oPthe rieaetoddPicabinas o RECE G 43 Selse sy qnstyrher Sagtiehandr differing
CompogitinEHER A% £OMARAPLFMEHL L ystainibedsnsineHacHeln BRI sy o other
chemical or 20physical difference, within the same molecule are formed in the different reactors or
A6hesrafhesize of each segment or block is determined by continuous polymer reaction conditions,
and preferably is a most probable distribution of polymer sizes.

[122] Cocatalyst 1 A mixture of methyldi(Ci4.15 alkylh)ammonium salts of

tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a
~ long chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.), HCI and
Li[B(C¢Fs)s], substantially as disclosed in USP 5,919,9883, Ex. 2.

15 {123} Cocatalyst 2 Mixed C4.i5 alkyldimethylammonivm salt of
bis(tris(pentafluorophenyl}-alumane)-2-undecylimidazolide, prepared according to USP
6,395,671, Ex. 16.

Chain Shuttling Agents

[124] The term, “shuttling agent” or “chain shuttling agent”, refers to a compound or

20 mixture of compounds that is capable of causing polymeryl transfer between the various active
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[140] Each reactor in the series can be operated under high pressure, solution, slurry, or gas phase

polymeriz%r‘;gr’%:{%r}o%i‘}' ps. In a multiple zone polymerization, all zones op%{e&gﬂgg@'fgg%% same type
[

of polymerization, such as solution, slurry, or gas phase, but at different process conditions. For a
solution polymerization process, it is desirable to employ homogeneous dispersions of the catalyst
components in a liquid diluent in which the polymer is soluble under the polymerization conditions
employed. One such process utilizing an extremely fine silica or similar dispersing agent to produce

such &HBhGERLBULCE SiaIyRdiiipRs Sharlas Weieay Bebih drniéerilarclmsei srpeat

Cocat@é’&@wm’t@@i%@Y@ﬁMWﬁcj§\@%§t@§§%@ NS AeRi Sk, W ontrast to a shuttling agent,
2009/097529PCT/US2009/032642 A high pressure process is usually carried out at temperatures from

100C fo AT EdTat predsas SsTRBaBRL BR WS RALR &IV Hr GRS LIREAIR 1EBE Bnert
hydrogarhes dituesi andtamparaiiemothianPe Ur ivademperaturs:jusbbelow therdasdpesature at

which the resulting polymer becomes substantially soluble in the inert polymerization medium.

Preferi@anstbhiperaiuficshiin sy poRsmerputitit BrbmsH e it retahiF s HBdeAd B4sc,
preferablyiHRh 100G Reesstresiiwisaly rangention sinesphate(A09 RaHMHpsid@.4 MPa).
[141] In all of the foregoing processes, continuous or substantially continuous_polymerization
conditmﬂ%@f%tféfégﬁy AiployRsaceR @R O SlieHARON DAt eataRigtsMEbEsaedlly
contingeiysa §9iUsienJeel ynatzatin-nresesaesualionstia use.ofalavairdraarianiemperattires which
results in the economical production of the present block copolymers in high yields and efficiencies.
[142] FenetaI9EbIRgkS be prepared as a homogeneous composition by addition of the requisite metal
complex or multiple complexes to a solvent in which the polymerization will be 15conducted or in a
dituent copnpgltible withithatuitimadte agiowimixiurenthehdesifedshochiadystcar detivathr dvd,
optionallé, tr‘l‘sﬁt huttllin agent may be combined gv(ltth thq catal I%'érc_o%%(gsitia%n ef}eltltgl:ijﬁprior to,

simult8h iR, or 4 o oMb ANEA t%aéa %1%%#&?& 8%onomers 16 a%?f}zted and any

additiahak reaction dilsentsign[fida] At el tin gso pheindividbapmgredientsrasivetbastariatetive catalyst
C e e IS5 Fom PSP SRS At R Y Aels oo e
time period such that transfer of the polymer moiety to an active polymerization catalyst site in a
15  subsequent reactor may occur. As a consequence, the subsequently formed polymer region
possesses a distinguishable physical or chemical property, such as a different monomer or
comonomer identity, a difference in comonomer composition distribution, crystallinity, density,
tacticity, regio-error, or other property. Subsequent repetitions of the foregoing process can
result in formation of segments or blocks having differing properties, or a repetition of a
20 previously formed polymer composition, depending on the rates of polymeryl exchange, number
of reactors or zones within a reactor, and transport between the reactors or zones, The polymers
of the invention desirably are characterized by at least two individual blocks or segments having
a difference in composition and a most probable block length distribution. That is, adjacent

blocks have altered composition within the polymer and a size distribution (Mw/Mn) greater

25  than 1.0, preferably greater than 1.2

[126] The process of the invention employing a catalyst, one or more cocatalysts, and
chain shuttling agent may be further elucidated by reference to Figure 2, where there is
iliustrated an activated catalyst, 10, which in a first reactor operating under steady state
polymerization conditions or in a first polymerization zone operating under plug flow

30  polymerization conditions forms a polymer chain, 12. A chain shuttling agent, 14, added along
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components, shuttling agent and activated catalysts must be prepared and stored in an oxygen and

moisture fr&%%tmﬁggg%e, preferably under a dry, inert gas such as nitroggaT/US[gb%ggﬂgggﬂout limiting
in any way the“scope of the invention, one means for carrying out such a polymerization process is as

follows. In one or more well stirred tank or loop reactors 250perating under solution polymerization
conditions, the monomers to be polymerized are introduced continuously together with any solvent or
diluent at one part of the reactor. The reactor contains a relatively homogeneous liquid phase
compoEil DeustHaticlr ST phorrTRERS WHEEHAR iR ahiNsHRA RO aNEEn T A RHSIIRI ST POIgmer.
Prefe%‘?@lﬁ%@ﬂ&%é?@@@ 830 RYEIACaDORS QlBhdUIS D B%éi}%@@ﬁi %&h’é@@%? ghich as
hexane or mixtures of alkanes, as - 50 - WO 2009/097529PCT/US2009/032642 well as one or more
of the ABHBAMRY ERISTAREEHY tHESORMSFTRIELOR 04 5188 5mstiEania RIS 1R SBIBFEBMF a variety of
SUitabl&%%ﬁl%?%’ﬂ‘%Hi@?%ﬁ%é‘?@eﬁéﬁ&%wkt%éﬁ%@iﬁglyﬂ‘i‘eial%@ti%ﬁaf@é%‘(@dﬁﬂﬁp&é%@}%& operating in
series, are found in USP' s 5,977,251, 6,319,989 and 6,683,149, which are herein incorporated by

refereRikspitagehialis dlavg Wit e caeay bt bt 5pirdrRanF énairdsHuMIME aght BF¥ continuously or
intermjitepthwintraduced dndnereacterdigyid Bﬁﬁ%%xﬁgl?dm/er%ﬁ?Mﬁﬁ’éﬁ%@ﬁh@ﬁ@@ﬁ?&%@%@&m of
e

one location. The reactor temperature and pressure may be controlled by adjusting the

solventRRdRIHEIE HIothe LR dpRitRIRCratach A ABIPHRLIP G UP SHBIG HREEAFREERRS, jackets
or bothd heahinsrizatiendateHs:ganttolied buihsecraisisdicataisind® agldiionolheeenipnt of a given
monomer in the polymer product is influenced by the ratio of monomers in the reactor, which is

controfRSP B 5ReHHH R thE TRYSE e6 vRer8 kTR BUT I BB RIp SO B RE  ERABLY HHdholymer
Rreduchyesuarimaightiscopisoladaptipaaieby-cantrelling ihanralymsrizatiomyafiables such as

the temperature, monomer concentration, or by the previously mentioned chain shuttling agent, or a

chain (&PRRIESTRGEGEITEN8IR Ay M FiARSH LIS WRIPRRRFRST e RRCBTh LA the discharge

of the feaetancoRtioNa@iPneansf aiconeuileer Rihplrasies maanm sl $eERNpriRagiare such that
the reaction mixture Erepared in the first reactor is discharged to the second reactor without

substdfitangtishihiabererBR ALy BreAH OB SRREKI T TSI S AN R ST P HRRREMfal in at

least QREHBEAE ISR @Fi%iﬁe@ﬁ@%@h@é&cﬁf %fﬁf@’@&)éﬁ@[rﬂﬁﬁﬂﬂif@ Hg%'ﬂ@ﬂ; abr @@@ﬁ%ﬂgrﬂﬂf two or
more 20monomers, the difference is the presence or absence of one or more comonomers or a

differeReR MEESTHBREN Hdh EeniBRsh Ra iR frE et Y B PR G RS AR ¥/ fifar to the

seconghipacifr thecseries Mmaynhe provides: asrwelpdpancaxiting tisidertdgagionafdhamsenes, the
effluent is contacted with a catalyst kil! agent such as water, steam or an alcohol or with a coupling

agent. DEY DS ERE TS hNiFBERAREr AP RACEOB R bY HEE RN bH DI WhtoBhents of the

reactignpixuig Sdcht assiesidiahienamers ai-dityentiahseciibod\Dessdl & atthtk if N eERSSALY,
conducting further devolatilization in equipment such as a devolatilizing extruder. In a continuous

procedSTABHHE AR RALHHBEUAN BT ROURENYEE S0 ERBIRIET ML TRELBE §&Hrally is from 5 minutes
o8 houmsrant @ne ey HiampdiOminutesdateaews codf2008 Q9B ARNETRIS 20091032642  [147]
Alternatively, the foregoing polymerization may be carried qut in a plug flow reactor with a monomer,
catalyé*@esmu‘fﬂﬂ?g‘j%ﬁ%ﬁtfl‘tg’r%‘ifle%ﬁi?glﬂ’rl%%ge(j ' &F%gﬁ}gﬁéﬂ‘ﬁﬂnﬁﬂ}%%ﬁ%ﬁfering zones or regions
thereobdpptinnalyiagaepanied Ry-sepal atedoat dities pheataly stsiandOpehirsbedlingrgent, and
Operatlljrg) ylﬁgleﬁ!?zraggglagazzlﬁlg'ﬁ r}gz?c-t%gj Ic%b%{lce under conditions differing from those in the second

reactor or zone, and recovering the resulting triblock copolymer, 21. If the third reactor’s
25  conditions are substantially identical to those of the initial reactor or zone, the product will be

substantially similar to a conventional triblocl copolymer, but with block lengths that are a most

probable distribution.

{1271 Ideally, the rate of chain shuttling is equivalent to or faster than the rate of
polymer termination, even up to 10 or even 100 times faster than the rate of polymer termination
30  and significant with respect to the rate of polymerization. This permits formation of distinct

polymer blocks in the first reactor or zone and discharge from said reactor or zone into a
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5polymerization conditions.  [148] Preferably, the foregoing process takes the form of a continuous
solution pr, forming block interpolymers, especially diblock or tribl preferably
linear diblosc‘:’é? o§§({%?é?§£pcopolymers of two or more monomers, more espe%%g@%gr%%%%zand
ethylene or a C420 olefin or cycloolefin, and most especially propylene and a C4_20 a-olefin, using
10multiple catalysts that are incapable of interconversion. That is, the catalysts are chemically distinct.
Under continuous solution polymerization conditions, the process is ideally suited for polymerization of
mixturS SFTEH ORISR HRII MiGh BT EoMEED AN Bl tHdB3BhHAMEaTRHA BSRERDNs, shuttling
from the.ehais shsttingagenate thewalavsthespmasadvattagrt campanethto thaitarevnds; and

block interpolymers, especially linear dipblock or 15triblock copolymers are formed in high efficiency.
Polymés@sarshiblishely msg Ptspeirditions49] The inventive interpolymers may be differentiated from
conventional, random copolymers, physical blends of polymers, and block copolymers prepared via
sequentigiiz®inomeBadditions Idifieralcchiatysts aaanonic aticatienid hgmgspoljimerizaiyon bgchniques.
In_20 particulay, compared to a randam co olymer of the same monomers :%m_d monomer content, the
imventEiHe 8If/%?gcl%?fec%@ﬁfg?lfh%hé%‘%ei%fur%S' E%Sﬁgéeagpnﬁ%%s&eadnbflrrﬁlé ?ﬁ&%d%ﬁﬁ lower
comprassien Het opattieutarktiah elevditethtempegratucesatowve pstass rdlaxatianr highetigreeder
resistagce, aster s tuFE) due o higherdcrélts llization soligiif(i) atei&)n tec@gggatur%baré%grgttler oil and filler
accep? i3 %ﬁgﬂeﬁ RtV Eﬁ?e}}‘poﬁyr%‘él%ésﬁ% &xhioit a u?%q%e cr‘y&éﬁizaﬁrbn and branching
distribatiore neladian shimobiatdsn the, im@ntivehintdrpotymeimpavepartelative o argpadifferBmce between
the tallest peak terrg;e.raﬁure measurgd usint%V(}CcR(;I(1 ;I;A%)F ganqu 1§r(1: as a g%pz%tti%% E)é‘ah%% of fusion,
espec‘lazi‘lfiflléj Ceohipartid raRdom dopolymers con%af}nlﬂg he Eahie monomers and monomer level or
plysicalhlends of polymersosach asa bte difof iah jghydensityipolyméditamnd, shaVSulting
2009/097529PCT/US2009/032642 lower density copolymer.. at equivalent.overall density. It.is believed
ot AT CSLE AT B e e e Heed SEnE Qe gl
comondmeidnl lieCksowithiimatihe polymeribackb oxtel yistsp artitutdnd yth & imbhtibemtefbolmers may
comprise alterpati locks of differing camopomer content (including homopolymer blocks). The
inventR}grgiH‘[eegr]%%t@gm'?el%mmfa% Q s[c&c%]m\grglis%eae |tsﬁ}%gélc?7rﬁﬁl rll%lm eér%qr% r;&rlcg%g size of polymer
blockspofdiféerimgatensitiitorsorhoaditemc ontent, whithits afScotltziFlontypel ofndisribtion. In

dition, the inventive interpolymers .also have a upjgu k melting point a stallization
%%mpe%éﬁrnggréﬁ%iﬁlae? igos% ﬁ%ﬁt‘iﬂéﬁ% %re%té%%gﬁé (%%gf?/%g @&%s%y‘%r%% u%%%ﬁ?éégrgp%ﬁology.
10[151¥Fhiki pgapyleesrobidefin Tite pyetygedrods éehigitth érdhebosimioptpoadfthasmyantiogontrolled

by the chain shuttling rate of the CSA, the amount of CSA added, and other process variables,
such as polymer production rate, and the amount of optional chain termination agent, such as
hydrogen, employed. Average block lengths of each block type can be individually controlied

20 by altering process variables in each reactor.

[129] Highly desired copolymers comprise at least one block or segment that is highly
crystalline polyethylene or polypropylene, especially highly isotactic polypropylene, joined
~ intramolecularly with one or more separate blocks comprising an amorphous polymer, especially
a copolymer of propylene with ethylene and/or a C4s comonomer. Desirably the foregoing
25 polymer is a diblock copolymer. Additional desirable copolymers are triblock copolymers
comprising a central, relatively amorphous polymer block bonded between two relatively

crystalline polyolefin polymer blocks.

- 45 -



are preferably interpolymers of propylene with at least one of ethylene or C4-C20 a-olefin. Copolymers

of propyle%?a{b%%)% - 20 a-olefin are especially preferred. The interpolypers,8ayfiysher comprise
In and/or

C4-Cj8 dio alkenylbenzene. Suitable unsaturated comonomers useful for polymerizing with
propylene include, for example, ethylenically unsaturated 15monomers, conjugated or nonconjugated
dienes, polyenes, alkenylbenzenes, etc. Examples of such comonomers include C4-C20 a-olefins

such as |sobutylene 1-butene, 1-hexene, 1-pentene, 4- entene, octene,
1-nonend ¥ecene® shtidHe ﬁ?@pfsgﬁﬂéﬁ‘ér%ﬁ’fﬂgﬁlﬂcf@@ é"iﬁ éaﬁg}dp?éi‘lgéarf“éﬁu&%r suitable

monomeys pkidRIStuRpeRIOn @ Rl Sub i vt ety isnesaninyiiienzatyelabuiang sk -hexadiene,
1,7-octadiene, and naphthenics (e.g., 20cyclopentene, cyclohexene and cyclooctene). [152]While

propyﬂé"rﬁ’éf’éi-‘gﬁéfin interpolymers are preferred polymers, other propylene/olefin polymers may also be
used. Olefins as used herein refer to a family of unsaturated hydrocarbon-based compounds with at
least one carbof:srashamdoablgibond]Repentingporfdtbsetdoiiomohcaialy sts pamynatefindnay be used
in_.embodiments of the |nven1|on 25Pr f ra Lﬁﬁ[wt%ble oIeﬁPﬁ are. et}mgﬁe or 4 C%(ilsallphatlc and

r5 1%111 a mixture comnrl ;% \]/3 ote
aromaltiC mpounas co alnl g cunsa ation, a as cyc IC comp U S sucn as

cyclo@d@m&miope&ﬁen&j@m’aﬂ@paﬁt&mw esianch rbatﬁomenmuhaﬁlcidmgcm‘t(ﬂwllm ieithtost

norbornene tituted in the and 6 SItIO C 2 d ocarb r lo ‘ﬂ grocarbyl groups.
Also ingit Hga/a%?ﬁltﬁatrgg% SuCH sev?/lel% s“rf%t'l%('[lgrégs%o suc ﬁ%%w ¢ 4-C40 diolefin

com p@unclmtfdf@nZ@p@/ﬁQV@@%Cﬂ'dMﬁ@@p@Wﬁd@t@SGq’Edamme@p&@]bﬂmm@raom?éiis igiedude, but
are “Otﬁ'mﬁ_‘?&ecene%ﬁnﬁ Aoout 'ert‘;?r bf‘BeP 1%‘(Rfr‘1&t fjoQ%i%e”&mt%l%t%“&tﬁf&%e”e

1-nonene ene, etra ecene, exa ecerne, 1-octadecene; 1 eicosene,
a{metlp;amriau,tdmeleaammhylfbmanmwmmn ofpentehet piBsdimethyit-poheptaieproperties

4-vinyl clopfxen%lwwyﬁxclol?,%?ne 5norcpornad|ene ethylidene norbornene, cyclopentene,
cycloh %ne d"cyc opentadlen yC ooctrene C4-C40 dienes, including but not limited to

1,3-butadiene, 1,3-pentadiene, 1,4- hexadiene, 1,5-hexadiene, |,7-octadiene, 1,9-decadiene, other
C4-C40 a-oldfinEha fereseliReolyBeriziH Erapd MPERE |Ene GreHsnsash frir ey st tEfacAt pentene,

1- heX?@&tMﬁ&ﬁ@? BrR Serabinationdhereoh-Athaugh A By dragarom eeTiaiping.a vinyl group

potentially may be
HI. Catalyst/ chain shuttling agent pairs demonstrating significant polymer transfer both
15  to and from the chain shuttling agent are characterized by a polymer series wherein the minimum
PDI is less than 2.0, more preferably less than 1.5, and most preferably less than 1.4,
Furthermore, if chain shuttling is occurring, the Mn of the polymer will increase, preferably
nearly linearly, as conversion is increased. Most preferred catalyst/ shuttling agent pairs are
those giving polymer Mn as a function of conversion (or polymer yield) fitting a line with a

20  statistical precision (R*) of greater than 0.95, preferably greater than 0.99.

[131}] Steps I-1I1 are then carried out for one or more additional pairings of potential

catalysts and/or putative shuttling agents.

[132] In addition, it is preferable that the chain shuttling agent does not reduce the
catalyst activity (measured in weight of polymer produced per weight of catalyst per unit time)
25 by more than 60 percent, more preferably such catalyst activity is not reduced by more than 20
percent, and most preferably catalyst activity of the catalyst is increased compared to the catalyst
activity in the absence of a chain shuttling agent. A further consideration from a process

viewpoint is that the reaction mixture should possess as low a viscosity as possible to reduce
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10used in embodiments of the invention, practical issues such as monomer availability, cost, and the

ability to conveniently remove unreacted monomer from the resulting poly [Eﬁ% ne more
problemati“c}:V sz?ﬁ)é%r%(% gcular weight of the monomer becomes too hid'. [1%? e ﬁ)lcg@%r’%égngzation

processes described herein are well suited for the production of olefin polymers comprising
monovinylidene aromatic monomers including styrene, o-methyl 15styrene, p-methyl styrene,
t-butylstyrene, and the like. In particular, interpolymers comprising propylene and styrene can be
prepafsisy fFOMsWiRes tHePtodbRiRg S RemqaCISpHO AR/ COPORR A5 EOMBHSIAYBrépytEie, styrene and
a C4-G0@iphayaigline gptionally cRmersing & Gdn2 dirne  Raving nRoY&-pEARELUSS: can be
prepared. [155]Suitable non-conjugated diene monomers can be a straight chain, branched chain 20or
cyclic FroiaBEhitRISERSJIRYHBRTE 16 S 3&WHon atoms. Examples of suitable non- conjugated
dienes include, but are not limited to, straight chain acyclic dienes, such as 1,4- hexadiene,
|.6-octadigrags]1, 7-oqiadfenecln@-tecadieriynianrbedochpia acyakesienasesughasdiques
methy1-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 3,7-dimethyl1-1,7-octadiene and mixed isomers of
difiyd rBWi%‘é‘ﬁ’é“&?‘fg ’éﬁfﬁ%i&&&ﬂm%‘?‘é}’%ﬁ@‘é ﬁhﬁnéfiaéwté%g%gﬁbﬂ%ﬁi?%ﬁ%%’@ygfgpentadiene;
1,4-cyglehaxadipaapliSeycioostadienFand dnpry e adadecadipnenand-mutshingmlisyelic fused and
bridged ring dienes, such ?é%tetrah d_roinazeﬁne, Huethylt trahydroindene, dicyclopentadiene,
bicycl@fk‘?%ﬁtﬁ*?ecﬁfhbf,glﬁi BULREERYFYRRSHESHE” U ORISR AP B SR RRE IS5 B enes, such
as 5-methylend2ierbomenediMB)bepsepdnyd chnerbainenesdrsoprayidededienorbomene,
5-(4-cyclopentenyl1)-2-norbornene, 5- 30 cyclohexylidene-2-norbornene, 5-vinyl-2-norbomene, and
orboR AT e RS TIAT B AR OTOEIGS HE SRR SRR RS2 USBH o prepare
BB DMsslhecpaiculasiy prefesced dienesiagabiheradiens (g aethyidenggsnorbarnene (ENB),
5Nmyl1%%%ﬂ%ﬁ%ﬁﬂ%&%%%£§i%, Q{lli\{a EeSS-ITItetEngleaggﬁ%s- rellger tt)}(})(gglg Hleat(il\)/lryfﬁ)deaan gDI of less than 2.0 in
variable yield experiments as described above, while not significantly adversely affecting

catalyst activity, and preferably improving catalyst activity, as above described.

[134] Alternatively, it is also possible to detect desirable catalyst/shuttling agent pairs
15 by performing a series of polymerizations under standard batch reaction conditions and
measuring the resulting number average molecular weights, PDI and polymer yield or production
rate. Suitable shuttling agents are characterized by lowering of the resultant Mn without

significant broadening of PDI or loss of activity (reduction in yield or rate).

[135] Regardless of the method for identifying, a priori, a shuttling agent, the term 1s
20 meant to refer to a compound that is capable of preparing the presently identified block

copolymers under the polymerization conditions herein disclosed.

[136] Suitable shuttling agents for use herein include Group 1, 2, 12 or 13 metal
compounds or complexes containing at least one Cj.qo hydrocarbyl group, preferably hydrocarbyl
substituted aluminum, gailium or zinc compounds containing from 1 to 12 carbons in each

25 hydrocarbyl group, and reaction products thereof with a proton source. Preferred hydrocarbyl
groups are alkyl groups, preferably linear or branched, Cs.5 alkyl groups. Most preferred
shuttling agents for use in the present invention are trialkyl aluminum and diaikyl zinc
compounds, especially triethylaluminum, tri(i-propyl) aluminum, tri(i-butyl)aluminum, tri(n-

hexyDaluminum, tri(n-octyl)aluminum, triethylgallium, or diethylzinc. Additional suitable
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dicyclopentadiene (DCPD). The especially preferred dienes are 5-ethylidene-2-norbornene (ENB) and
1,4-hexadiene (HD). 5&156]One class of desirable polymers that can be made ' Assrdance with

. 2H04/97236 . . /Jﬁs 13264
embodimente 8t the invention are elastomeric interpolymers of propylene, ethyléfie, a C4:C20 a-
olefin, and optionally one or more diene monomers. Preferred a-olefins for use in this embodiment of
the present invention are designated by the formula CH2=CHR*, where R* is a linear or branched alkyl
group of from L to 12 carbon atoms. Examples of suitable a-olefins 10include, but are not limited to

isobut§ieéing - rsis enaluslerifers aquRB RIpduS-Pr I fersAd YAanbIs s fee freepiBBylene based
pon@f@a%Eﬁ&%@‘?@H}écﬁ%@[r&@f@&ﬂlﬁ‘?t_ﬁ(@.@&%&ﬂfﬁn@%ﬁwmes%'i blgiepgpiangse in

preparing such polymers, espeuallgdr)nultl-bloc DM type polymers include conjugated or

non-cEARGGHHEH I PAYGHE B BHrEh SHEPERRYR- 2RYBIRUDy Hioly YRl eheREe cBHIpRETTY HBM 2%-20
Carbo@ﬁ(ﬁ&@éﬂiﬁﬁrﬁiﬁ%é@%@%ﬂzﬁ@%ﬁﬁ%@@ﬁx%@ﬂs@ﬁ%ﬁ@ﬂ@&ﬁ‘i‘f@'@@ﬁ%‘%&pfﬁ@mene,

dicyclopentadiene, cyclohexadiene, and 5-butylidene- 2-norbomene. A particularly preferred diene is

5ethylideker iviborishe. S19MB el REEIHBIED REAMIHE PO PO CHpF B ARYnating

Segmeyite ohbIRckS CORRIING IS A @ LRK IS BREb RN BlesIRE 1he: ciene inshiding,none) and a-olefin
(including none), the totaIg%tg;l;rrlélt\{3 of diene and a-olefin may be reduced without loss of subsequent
&

20poRfiEy hrapasias-TH 80 $HY WieRdPhHty BeBlEtm Pdhoerdbi@ meterentially
inCOfDQiQéﬁQ}éﬂBHfa@H@aMB%}?T&@,@&Q#E@%yﬁﬁ%%ﬁb@f @éa@mﬂa@n@ﬁmﬁnhﬁﬁﬁm@e}mg}r@agawt the
utilized and

polymer, they are more efficiently subsequently the crosslink density of the polymer can be

better EotdHEe! SEEAGBEEARAIBM STQLRTHBALL RIS @ EaTr odicRsIRaVE Sakt R YR SO perties,
ingludinguighriteRsie Sanebhansbbeliarelpalic .t GRYREY, R AABBNAG sH apYianelAolebs

interpolyrners can be functionalized by incorporating at least one functional group in its polymer
struct e EXEMpiam s ab R GHes By ay iveidas rerevarprin etk bistian iisaturated mono- and
di-fungigpalicarhRxyiisacissyethvignicali Bosathiatedhmppeuand-sinfartiamakearboxylic acid

anhydrides, salts thereof and esters thereof. Such functional groups may be grafted to a

propy B HTSIEAH RS TS R ST PO B TERP e Ty &0iss o8 SsAgal uminum

di(pyridine-2-methoxide), i-butylaluminum bis(di(n-pentyl)amide), n-octylaluminum bis(2,6-di-
15  t-butylphenoxide), n-octylaluminum di(ethyl(1-naphthyl)amide), ethylaluminum bis(t-
butyldimethylsiloxide), ethylaluminum di(bis(trimethylsilyhamide), ethylaluminum bis(2,3,6,7-
dibenzo-1-azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-1-
azacycloheptaneamide), n-octylaluminmm bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-

diphenylphenoxide), and ethylzinc (t-butoxide).

20 [137] Preferred shuttling agents possess the highest transfer rates of polymer transfer as
well as the highest transfer efficiencies (reduced incidences of chain termination). Such shuttling
agents may be used in reduced concentrations and still achieve the desired degree of shuttling,
Highly desirably, chain shuttling agents with a single exchange site are employed due to the fact
that the effective molecular weight of the polymer in the reactor is lowered, thereby reducing

25  viscosity of the reaction mixture and consequently reducing operating costs.

[138] During the polymerization, the reaction mixture is contacted with the activated
catalyst composition according to any suitable polymerization conditions. The process is
desirably characterized by use of elevated temperatures and pressures. Hydrogen may be
employed as a chain transfer agent for molecular weight control according to known techniques,

30  if desired. As in other similar polymerizations, it is highly desirable that the monomers and
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- copolymerized with propylene and an optional additional comonomer to form an interpolymer of
propylene, the functional comonomer and optionally other comonomer(s). ing functional
groups on‘t\g %&%}B/r(ggﬁfgne are described for example in U.S. Patents Nos%%é%%g%ég?,%& and
4,950.541, the disclosures of these patents are incorporated herein by reference in 5Stheir entirety. One
particularly useful functional group is maleic anhydride. [159] The amount of the functional group
present in the functional interpolyrner can vary. The functional group can typically be present in a
copolylaerpperTalesehaliob erihteinssly fiahi RUaR vam GatedY diiessbabsn L rsagHe s8rdent,
preferabiy;at IRASIRRGM 3WRIINE REIGENLANG RN R B RIS iR ?5199%%&%? walghtperggpt. The

functional group will typically 10be present in a copolymer-type functionalized interpolymer in an
amoufitiEddetiRghuppt fWBRIRERYESISAt SR feysldiralisuitIoNergmIpEIEEnt, and more
preferably lessotham abautdz welght percent. Mere.rn Blogkindex coleRkRandom-qerlymers
satisfy the following relationship. See P. J. Flory, Trans. 15Faraday Soc., 51, 848 (1955), which is
in%orp@f%ﬁ@ﬁ%ﬂé}’é?%ﬁﬁé’h’éf nin its entirety. [161] In Equation I, the mole fraction of
crystallizable monomers. P. is related to the melting temperature, T,"™ of the copolymer and the
melting terpgraturerat thel wpuee castallizrbie bigroapely mearasTa.cbhaeguatolyiasimitastto the
relationship for the natural logarithm of the 20mole f.rac%o o{gﬁ%rog{)lene as a function of the reciprocal

of the HTIRERI¥R GOR IR RUOKE Y PEBT R Foi% FOpRRE Rt RALtbh BB°ATREF
peak elptionaiBmpriaitieiprddS e melting fempasathre tokivariods ho swgensossyupdivched

copolymers of similar tacticity and region defects js analogous to Flory's equation, Siilarly,
prepaliii/e TREHSSHI A0 BE AR e PERHBH L ERHArS B Bony o Dner
hignds @fisivilareteeticitcandiegio’ detectarifewisd fak onstiisntine exoept for soallpneleseddn weight

effects. WO 2009/097
Wh\ll(\:/h there aé‘e%nt%%r%ﬁt%gt/ gds 1881?3/% %geff:%ants and removal of products at small regular or

irregular intervals, so that, over time, the overall process is substantially continuous. Moreover,
as previously explained, the chain shuttling agent(s) may be added at any point during the
polymerization including in the first reactor or zone, at the exit or slightly before the exit of the

15  first reactor, between the first reactor or zone and the second or any subsequent reactor or zone,
or even solely to the second or any subsequent reactor or zone. Due to the difference in
monomers, temperatures, pressures or other difference in polymerization conditions between at
least twa of the reactors or zones connected in series, polymer segments of differing composition
such as comonomer content, crystallinity, density, tacticity, regio-regularity, or other chemical or

20  physical difference, within the same molecule are formed in the different reactors or zones. The
size of each segment or block is determined by continuous polymer reaction conditions, and

preferably is a most probable distribution of polymer sizes,

{1401 Each reactor in the series can be operated under high pressure, solution, siurry, or
gas phase polymerization conditions. In a multiple zone polymerization, all zones operate under
25 the same type of polymerization, such as solution, slurry, or gas phase, but at different process
conditions, For a solution polymerization process, it is desirable tc employ homogeneous
dispersions of the catalyst components in a liquid diluent in which the polymer is soluble under
the polymerization conditions employed. One such process utilizing an extremely fine silica or
similar dispersing agent to produce such a homogeneous catalyst dispersion wherein normally

30  either the metal complex or the cocatalyst is only poorly soluble is disclosed in US-A-5,783,512.
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[163] According to Flory, if P, the mole fraction of propylene, is equal to the conditional probability that

one propyﬁ;&?ﬁgw}ﬂg\q;ﬁ%grecede or follow another propylene unit, then the me%@f{%%ﬁm' On the

other han e conditional probability that any 2 propylene units occur sequen Is greater than P,
then the copolymer is a block copolymer. 5The remaining case where the conditional probability is less
than P yields alternating copolymers. [164] The mole fraction of isotactic propylene in random
copolymers primarily determines a specific distribution o%opylene segments whose crystallization

behavib RIS SR fas By sl ARG CEG Bl IIBRBRT ERystar ockiE s i WBiletbhperature.
Thereforgqthe 10sapstymar (meliingand TREE soctallizsian ienperaiteasmohibeisvantivehiock

copolymers are related to the magnitude of the deviation from the random relationship, and such

deviatied EBREERIIFNES 6 PRt Fod CHIBEIR S LRI EB SRR P48 1S random
equivalentGapphives-sdandommetivalani i fractivr): fhedeimieckyireierpiertheextent a

particular polymer fraction or polymer comprises blocks of polymerized maonomers or 1.5comonomers.
There SPPERABWES i A BETINRIBATS Bt ebrre SR dif & roPEdirgtil bt ature dhil érfes corresponding
to constantipglefractionrof prervirRewbhess ang-thesidasabasight tiereie o sEbGRI The point (Tx,
Px) re&ﬁgsents a preparative TREE fraction, where the ATREF elution temperature, Tx, and the NMR
propy @mole fraction, Px, are measured values. The 20 propylene mole fraction of the whole
polymer, Pio, is also measured by NMR. The "hard segment" elution temperature and mole fraction,
(TA, PA),[ddilbe estimiitedthe ésegedtipihateéarndadtactic propitenaihbmopelymes (prepared by a

stereospecific. Ziegler-Natta catalyst qfqr ropylene copglymers. . The TAB value correspands to the
calo LA PGB SRS EH A e R kon b T KA GFe e S rLy paB.
FFtom taparieRs et AibRE kolhddutior stempenaiurgotss sthe dorvespondingfrandam pragytene mole
fraction, Pxo, can also be calculated. The square of the block.index is%fin d to be the ratio of the
area OF B T ) R A b A A (U B L 8 B bSO Sl e ratio o
areas jseddsatde-ffipiasedvatio of the distances from (TA, PAL?) and (Tx, Px) to the random line. In
addition, the similarity of the right triangles means the ratio of the lengths of either of the corresponding

ides 30 inst f . B = -1/T' or BI
e R T B O e phock
distribrsipisitouietdoreaapendnoaliteleopuliaret initiel wnbia elushgieamivmen théopoiitl tra, PAB),

9%CaUé'&l%l;Hsté@&QW&M{?&J&M{%@%W Bropviene seamantdistibutian i.thedhard sggment”, yet

contain all the . N
or activator and, optionally, the shuttling agent may be combined with the catalyst composition

either prior to, simultaneously with, or after combination of the catalyst with the monomers to be

polymerized and any additional reaction diluent.

[143] At all times, the individual ingredients as well as any active catalyst composition
20 . must be protected from oxygen, moisture and other catalyst poisons. Therefore, the catalyst
components, shuttling agent and activated catalysts must be prepared and stored in an oxygen

and moisture free atmosphere, preferably under a dry, inert gas such as nitrogen.

[144] Without limiting in any way the scope of the invention, one means for carrying
out such a polymerization process is as follows. In one or more well stirred tank or loop reactors
25  operating under solution polymerization conditions, the monomers to be polymerized are
introduced continuously together with any solvent or diluent at one part of the reactor. The
reactor contains a relatively homogeneous liquid phase composed substantially of monomers
together with any solvent or diluent and dissolved polymer. Preferred solvents include Cy.q0

hydrocarbons or mixtures thereof, especially alkanes such as hexane or mixtuares of alkanes, as
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5 available octene (presumably in runs that are nearly identical to those produced by the soft segment

catalyst). In most) c(e)lgse_s. the "soft segment” will not crystallize in the ATREIP? (Br §£§ 9§t§r§)\tiﬁv§ TREE).
Application‘g%r%?f B Udes [167] The inventive mesophase separated propylene 2BrA block

interpolymers can 10be used in 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
layer in a multilayer film prepared by cast, blown, calendered, or extrusion coating processes; molded
article¥/®8Lighais BloWerssIfES, TpaetsisRBIBeIcaitdbsrhsldegi#adns: Bxinslens! fiéisleand woven

or nonyyavendaRics: The RRlYIISEIBAY s ft ustditharented e made i daudig.1abwpble or

tenter frame process. Thermoplastic compositions comprising the inventive polymers include blends
with ofiHHAtURIRTCag e IBSHY AR Er SCHEt Al Hafnb ey Rt 8hts2 ign RieAXa8is st additives,
antioxidgpts; stabilizers-coloranis. GRHer syGigsglinking agents, blowing agents, and plasticizers. Of

particular utility are multi-component fibers such as core/sheath fibers, having an outer surface layer,
comprisin&at least in part, one or more polymers according 20to. embodiments of the invention. The

polymers &yl also b 58 HPAAHIER Qrairhs 1674 9B YD W HASAREBIS; and, decorative

items, igthasdlilingr intéte8lcHgymayadditionallhedisephio faase phetgniecotrsiaglerghotonic band
gap materials, or elastomeric optical interference films Such materials comprise periodic,

phaseBE5aF e THBLBUSAAATE A ing T T A Ca R G AR RE YO ATHY SS &0 5obrRVide a
25photgnigjnainekgag Joitbecthindsible-apsatiel oacgdyetuasithesedise asadanty S Rateridiag 6:4 33,931,
which js herein incorporated by reference. WO 2009/097529PCT/US2009/032642  [169] A photonic
band (SRS #%%W&ﬁfa‘?%?oh%“ré’ﬂf B EpAGRiGHCGE é@b@r‘&ﬁﬁggﬁéhé lGistisHalithin a specified
fiequentditiangaloand)cin e€ iy dirgehonssr hhakdSdamnd gapdnateyialtpianightesos
propagating in certain directions with specified energies. Thjs phenomenon can be thought of as the
Com I BAETHIEE Bh ot B A et PR Ot BT et B tdtian P Riteria i at
least apgngisactienderadseal thadpeasligulanstiuctmbRudageaight Bicapalaie demarinsyobihe
material, an ,refra%rt?iyei dices of thosj%%?main . The structural arrangement and refractive indices of
separ &t HSHAnS AP MEIE LA R8s @ HERER A1 oﬂ%ﬁﬁﬁS?&ﬂ?&%‘ﬁﬁd%%{b@}ﬁra‘f‘iHﬁ?BﬁHB“pPdpagation
of lightgehtesad aiainchenpianiduwasiftetjuenay agkea mapchlnstceinahatiRhagenictysials, Molding the

Fllg W Ok];yléigohé[;h, as is well known in the art. Connected to the discharge of the reactor, optionally by
means of a conduit or other transfer means, s a second reactor, such that the reaction mixture
prepared in the first reactor is discharged to the second reactor without substantially termination
of polymer growth. Between the first and second reactors, a differential in at least one process
condition is established. Preferably for use in formation of a copolymer of two or more

20 monomers, the difference is the presence or absence of one or more comonomers or a difference
in comonomer concentration, Additional reactors, each arranged in a manner similar to the
second reactor in the series may be provided as well. Upon exiting the last reactor of the series,
the effluent is contacted with a catalyst kill agent such as water, steam or an alcohol or with a

coupling agent.

25 [146] The resulting polymer product is recovered by flashing off volatile components of
the reaction mixture such as residual monomers or diluent at reduced pressure, and, if necessary,
conducting further devolatilization in equipment such as a devolatilizing extruder. In a
continuous process the mean residence time of the catalyst and polymer in the reactor generally

is from 5 minutes to 8 hours, and preferably from 10 minutes to 6 hours.
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10Princeton University Press, Princeton, N.J., 1995). One-dimensional photonic band gap materials
include structural and refractive periodicity in one direction, two-dimensio tonic gap
materials -im?u%ﬂé)%%gﬁg%ﬁcity in two directions, and three-dimensional photﬁ%’??@z%’%{ﬁg gr%l(%aterials
include periodicity in three directions.  [170] The reflectance and transmittance properties of a photon
c crystal or optical 15interference 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. FilldéZhn be YEeigaérety fBadetaaniatcRONipE2EP U FRaViBfta bR difs P Editdepending

on the, optigalhicknessoafdhe AomaingutikbHeHeei materials inhahatenisanpligatins contain

[
blocks or segm_ents_ZOC'haracterlz_ed by differences in the refractive index of the material comprising
the seberents S oaRsoDeIabIELABICBE Bah PRIRTHAR decauRItiiIbP IHEReREctilediNge:ehrofile of the

adjaceaawgmagmé/g} seleclinehlinencentrala o diffuse the-pRlcA)HRd ntengitapraeuced by the

structure. This can be accomplished by tailoring the composition of the blocks. The refractive index
contragelaaeBefipthersiiRiiced by blending components that have a preferential affinity for one
25type of domain. One approach is to employ high index nanoparticle additives, such as CdSe

particles, pyhigh are peateshwithha sueagtangleyes antselectivalyincaipoiated ivtotnepeidas
domains. Preferably, the materials have a difference in refractive index of the se ts or blocks of

0.01, iSrerRErainsFI e F@%e%?&‘b%r‘“@.é@%’%#é‘a?é’i’?%@%@b%@%@é@fﬁ‘gé%e $5669/032642

[172] Tieipekiodicibidoksttpelyiabarpangenenicambadnet Y yreieatipgesapasase domeains of size similar
to the wavelength (in the material comprising the domain as opposed to in a yacuum (freespace)) of
elect GHAFREIE AT AT SHEE R0 S DIGERER) THo R B hratiy BAHiA I atze no
greateminapithewpvelengthvofisipres. ofhesafsactivedndansatiosbhatwean adjaeanicdomains should
be high.enough to establish a band gap in the material. Band gap can be discyssed with reference to
the refAS IUETSHBLRIHS O WHERERR TS B ISk BF RISt B4 St HEMEIn and ry,
is the pifpetiveinoaxdfretkaation efaseeans dahairnthgenerakiiedargardhealefeactive index ratio
(refractive contrast) the larger the band fgaﬁlal_rﬂd, in,thehBr?sent inventi%n, band gap is tailored to be
above%ﬁ@ﬁ%@ﬂﬂfﬁ‘é‘ﬁq P@&ﬁn‘-’lﬁ“é g froin the chain shuttling agent to the catalysCbccomes

advantaged compared to chain growth, and block interpolymers, especially linear diblock or

15 triblock copolymers are formed in high efficiency.
Polymer Characteristics and Properties

[149] The inventive interpolymers may be differentiated from conventional, random
copolymers, physical blends of polymers, and block copolymers prepared via sequential
monomer addition, fluxional catalysts, anionic or cationic living polymerization techniques. In

20  particular, compared to a random copolymer of the same monomers and monomer content, the
inventive interpolymers have better (higher) heat resistance as measured by melting point, lower
compression set, particularly at elevated temperatures, lower stress relaxation, higher creep
resistance, faster setup due to higher crystallization (solidification) temperature, and better oil

and filler acceptance.

25 [150] The inventive interpolymers also exhibit a 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 ievel or physical blends of polymers, such as a blend of a high density polymer and a

-5 .



10extends in one dimension for one-dimensional systems, two dimensions for two-dimensional
systems, and three dimensions for three-dimensional systems. Suitable chgi de so as to
tailor the r&¥AAYHIE profile of the adjacent domains to selectively cor?éé;r\rl(t?ﬁas’tgeﬁl‘%r}8 (%%Ege the
optical field intensity produced by the structure. This can be accomplished in the present invention by
tailoring the composition of the hard and soft blocks. The refractive index 15contrast can be further
enhanced by blending components that have a Ere’ferential affinity for one type of domain. One

appro}ficsdensiniepRgPeindesaardpeirisabiodtmes, dusbekcrusapditied diiertdiecéoated
with aguraciant layer-and.selectivalydneRrapigtedinio.aneph e domaiRsnarafeisbix wdiacent,

dissimilar domains differ in refractive index such that the ratio of the refractive index of one to the other
is gredbemeiam; preibpasy B neHkiiHo eI ENSNG HIGFE COPEfaiil g AP RIES BESMRINS2 for a
continyIg S&t AkwaNeIeng R MG Within @ WaNsliena dpngaef BierrabaH:1304yto about 10 km.

In some embodiments, the refractive index ratio is from 1.00 to 1.10, preferably 1.01 to 1.06 and more
preferHify PRSI foFa sommmtrcudisettipnie Mg hes AeRip sitsiatehansalgE s ditirom
about 3,60, . ahQut 10k Accordineniorimethar setinfiembodimentsy thase pisferigd refractive

index ratios exist fora 25continuous set of wavelengths lying within a wavelength range of from about
300 nrfitbtisothe700GHhY AHUCARIFaMY A RbIASrSid Yt BrAk SRRHBRROMEPAIS bFkakaTe index of

one tothe.otierd$ Arleashl 9 Q{b%%Jﬁleﬁ-i‘ﬁQéﬁeM&t Breferahby dHlitp, ::08.and snare preferably 1.02

to 1.05 for a continuous set of wavelengths lying within a wavelength range of from about 400 nm to
50 kmMPRE¥EEBlectric structures, exhibiting a band gap in their dispersion relation, cannot 30support
electromagnetic waves at certain frequencies thus those waves are inhibited from propagating through

the materjak1 WO 2088/ 529R6 11452 0a8/03Re4kA s ukkd3h TheapaipdiatiaStadcheramshaidd be made
of material that, in a disarranged s ateRg,}ot arrang%? with the geri(slfic structure necessary for photonic
€

band G R B e S R N S P A e b B B R 42 5 B Hhterost, When

the matgpislis aklsastRAialk Hanspacesn) wéﬁﬁﬁﬁé@ﬁ%@&ﬂ??ﬁé}}@@f’rﬁé interpstysiefects in the
e

ordered domain Sstructure of the photonic band gap material define pathways through which the
electramadnetierraetiapiose Eanprsdisinte te/eriwkenidpoiseringdSthtabiiiataisted saapaament 74] In
certain ¢ ositigns, one or more of the blocks,or segments is crystalline or semicrystalline. This
crystaﬁlsr?%;/ﬁis% Qﬁ%ﬁlﬁéﬂ' Pﬁhg Pég%%ngflﬁwcgu%%e%ﬁ%éalrr%]t%?repg@%%%céq(f%%gr% rf%éﬁﬁ?aterials of the
asor amtdhambayeddemusod asphafopitechdienisispdlhindQotystallinityovides Bxmeolamsm

Where?l}/cnlahgo%%%tgr%%stﬁ%@ﬁl\éeorC%a—lEZbge({—% gfriﬁlsp I (EHr'Qsego rﬁzt?fliene, 1-butene, I-hexene, 1-pentene,

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

20  cyclopentene, cyclohexene and cyclooctene).

[152] While propylene/a-olefin interpolymers are preferred polymers, other
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 double bond,
Depending on the selection of catalysts, any olefin may be used in embodiments of the invention.

25  Preferably, suitable olefins are ethylene or C4-C3() aliphatic and aromatic compounds containing

vinylic unsaturation, as well as cyclic compounds, such as cyclobutene, cyclopentene,
dicyclopentadiene, and norbornene, including but not limited to, norbornene substituted in the 5
and 6 position with C1-Cpq hydrocarbyl or cyclohydrocarbyl groups. Also included are

mixtures of such olefins as well as mixtures of such olefins with C4-C4q diolefin compounds,
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off, particularly when one block or segment is crystalline and the other block type is amorphous. For
example, the refractive index of molten semicrystalline polyethylene is the same as that of an
amorphoué’véfﬁﬁfgﬁ{é’/”’fg&tene interpol ymer. Such materials can be heated gy&%%?é‘i’?f'ﬁ@ting
temperature, where they lose the refractive index contrast necessary to exhibit characteristics of a
15photonic crystal. However, upon cooling, the semicrystalline material crystallizes and restores the
refractive index contrast and resulting photonic properties. [175] Size of the domains is another
important f&fmete Eatfeptiegohe ghotomoproparted o ittieararelriahiBdrivapthsizacan be varied by
SelecgIRsae olecAEIONS A corpanilans abiie rioERiorR.Adalipnall @ diven
(compatible’solvent, 20homo oriymer, etc.) can be used to selecfively swell an individual type of
domaidodefene] Irntgfordecensbbdieedesctse lomiprsnges otdeicarmaoremettish bbitendobraiztd dan be
affedeﬁ%\ét@h%?ﬁ%%‘&%ﬁ‘i%ﬂ%éﬁé; Q@-%ﬁ‘z‘&ﬂ#fi’- 0, teChRiaue-1oNalvRS YRAHDG B RAmpgeneously

mixed spun cast film by bringing it'above the highest glass transition temperature (Tg) or melfing
teperatbre@iofahsludimponesiscfoesetinvelspeiciant ey Pebdueee. 25 fistogerirdibordered phase
separalanppRboiny Jasfesuling ne Belaey ik ipke (1% Ren e Lompenams;separating into
mesodomains with shapes that, for exaniple, can be cylindrical or rodlike, spherical, bicontinuous
cubic, haradiareon gttheratiend He7fitntatiayd)a Brdaghii aleo wehthe T o Jan Ti-obifthe endnpheniuatsiby
heating or, for example, by the use of a solvent which lowers the transition temperature of the
compdERE BRI RENSoiicdt AR e Pt B B th s BRSSP0 doMs8 782 dPE TRTS3G09/032642
operatignemvfeamentoP riarte tgainghiteccepdymsiniibedvia therspdyiamiaaindpsiable single
phase which, when brought above the Tg or Tg, of its components will separate into the
&%sod&ﬁﬁiam&mh%?eﬁm%ﬁﬁt@ﬁaag?wferbr?ei%%lg@%ﬁm?ﬁow&%%?38@65 ﬁ?swf#a iifSlettStacked

lamellaneamsiRting aaliBalngohancirslansiof dayeisr Withrdihterent fel gy dnaiegbdevagdition, if
such copolymers are, roll cast from solution, then well orderg;ﬁ, globally oriented mesodomains can be
formed TP RIS S5 Br BB B NG TAREITET AEErS Ho SR of surface-induced
ordering, mechanical, such as shear, alignment, biaxial orientation, and electric field or magnetic field
alignment{154[1 77] Otfrep@dmbediatem pottesinentibedbenoh reguire] spitedrico lheastinig ¢ocachieve 10
the desyrefl ardereel sttucies ot xample. simple compression meldind,of g ventive pglymers can
provide a fiim atya}sﬁglays Bhoio%lc properties, thus providing a tremen ousgad\]/an%ége In terms of

prbcessimepeosts1cbilert typicat insltiphocessing teehiigUegastichlas injapidymmc]dimgpbiaven or cast

film processing, profile extrusian, drawn, or blpwn fiber formation, calendaring. and,other conventional

o, O R R R CREOAEL I B9 DG

examplesipfishg fiimpyéxinibitt inidesveth e g Hd>cgha plying ddolo rp asnidey anglerofingcidentdgit on the film

is cha&g&% }ﬁ 179# The inﬁentive block irggﬁ%lr{mers can also be fabricated to form mechanochromic
t i

films. AHBBAPORRIY $itrR PE A&y aFgg]oonds to deformation by 20 changing color. In

these materials, the wavelength reflected changes reversibly with the applied strain due to the change
in optical {hftkhess. Astdidefiimisstreteted]ithe chargesin the baicktresghothe]dyersteaudesnthe film

e O B v from the
visible dbnpgted it anelhdegines evith Applisd stressg 5N 80]The invbative lotkirtdrpolyrners may
also b%e%%%ﬁjeﬁ%,f?fél‘oef%!é(@%]‘i,rﬁ%%%ﬁ{@ne, 1,9-decadiene, branched chain acyclic dienes, such as 5-
methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and mixed
isomers of dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as 1,3-
25  cyclopentadiene; 1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene, and multi-
ring alicyclic fused and bridged ring dienes, such as tetrahydroindene, methyl tetrahydroindene,
dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkenyl and
cycloalkylidene norbornenes, such as 5-methylene-2-norbomene (MNB); 5-propenyl-2-
norbornene, 5-isopropylidene-2-norbomene, 5-(4-cyclopentenyl)-2-norbornene, 5-
30  cyclohexylidene-2-norbornene, 5-vinyl-2-norbornene, and norbornadiene. Of the dienes typically
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bodies for infrared, visible, or ultraviolet light, as described in US Patent 3,711.176, which is herein

incorporat%g Obyﬂgglfggr%%e. This patent describes materials that are forme%g‘éf%%@%iﬁgzﬁzmultiple
e -

polymeric matérials to Create ordered layered structures with layers on th nm’scale. The
inventive interpolymers are advantaged over these materials because they do not WO
2009/097529PCT/US2009/032642 require the expensive and tedious processing techniques, namely
microlayer extrusion, to form the reflective bodies.  [181] The optical interference films of the

inventRAsbiedkIatergaNhETsthsdipdiselaty usetermd divaretycot dptieadipsicabions stk Eresnel
lenses; light RiRgs @ifgsers . pRIBHZAIS RISHBAL iNes, ditftactiengralings -Rapdaas)filess.

optical switches, optical filters, photonic bandgap fibers, optical waveguides, omnidirectional reflectors,
brightiiéeyclonsniscisne APEIRIPS, BhriarediRbY Prefersydriieneaien areRyERReHEREDSHIRA interference
films qffthe praaant Rvention:haws a number of uses. Such materials can be used in window films,
lighting applications, 10pressure sensors, privacy filters, eye protection, colored displays,

UV-protectjye tapes, greenhouse films, packaging, toys and noyelty items, decorative, and security
agplicatioﬂéq}or exg}rl?ﬁ) ?%8{? g?ﬁ&‘ypﬁi\’ﬂ“g%éﬂ%h?f ﬁﬁr&qﬁgdﬂ‘?éy%\}ﬁi/éﬁcaf &7 &Hkthging color patterns.
The weappingrehitregtianshaped ieneavwiheausathediime:io atietghyiana, \«lidan ef waysTapdiexhibit

unique color patterns. Toy or novelty items which change colors when stretched, such as 15balloons
or emiSeERRPARBHMS IS S BSEHIECTEURAARTY SRy S e HEdnRleiis ity #igyb&¥abricated in which

selectivgsiretehingraheorions ﬁi‘v@ﬁiHmlme@ﬁ%amaqay@heél%%m@memﬁ%mqLSaating color

change effect.  [183] The optical interference films of the present invention may also find use as

solar S&PewTY R rarrakY iR PHIGRIIA Wrhs SHIP DAY tRERIMELS Of thdRIFmAIRS IR film can
Jope madeitousfiset R Pregdhandyidin afdightuRecause pkihe rlastisity aiibe fiims,dhedpfrared

reflecting characteristics of the film may be changed by stretching the films Thus, depending upon the

desire@ehbiRsétaRAstIRS PePMFERIBE ROAYRNS AEhiget ity Blefirthy dB R EfieEioPiHE iRy, and

then bgasiraiched inapPgRhEARSRARL IR VisiRledighth SivaR WhapRiglshed dthesflmeEmbhgontinue to
reflect ultraviolet wavelengths. 25[184]The elastomeric films of the present invention may also be used

as adja PR YgREIRErdR SISt AL INP SEBIERHT e Hipht o iavehRd S Heffact thlierdht

wavelepgibscatlightakhediprsekthe Aresent invesHon Freyedacifingd Hise liiagricylinialidejt is known
that plant growth is influenced by the Wavelen%th of light received by the _Iant,gﬁgreenho,use film may

t}éforrﬁn@‘“ afiF e HIRVHARR PR PRRIEN GRS OPRE RS s RhrtRel e e ARG mili¥iiderss

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

{157] Because the diene containing polymers comprise alternating segments or blocks
containing greater or lesser quantities of the diene (including none} and g-olefin (including
none), the total quantity of diene and a-olefin may be reduced without Joss of subsequent

20  polymer properties. That is, because the diene and a-olefin monomers are preferentially
incorporated into one type of block of the polymer rather than uniformly or randomly throughout
the polymer, they are more efficiently utilized and subsequently the crosslink density of the
polymer can be better controlled. Such crosslinkable elastomers and the cured products have

advantaged properties, inciuding higher tensile strength and better elastic recovery.

25 [158] The propylene/a-olefin interpolymers can be functionalized by incorporating at
least one functional group in its polymer structure. Exemplary functional groups may include,
for example, ethylenically unsaturated mono- and di-functional carboxylic acids, ethylenically
unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof and esters thereof.

Such functional groups may be grafted to a propylene/o-olefin interpolymer, or may be
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WO 2009/097529PCT/US2009/032642 of a specific wavelength of light is desired as the angle of
incidence of sunlight changes during the day, the film may be adjusted by S(L{r/etcgin‘% r relaxing it to
maintain a'gnalTAt tratismitted wavelength. [185]The films of the present TGS 933’763%50 be used
as pressure sensors to detect 5pressure changes and exhibit a color change in response thereto. For
example, the film of the present invention may be fabricated into a diaphragm or affixed to another
rubbery surface such as that of a tire to act as a pressure or inflation sensor. Thus, an elastomeric film
sensofPRaly e pre el WRRHeIsraadam priveticdd foal remenruisa&r-afmter ‘ssHarlsmes of
e“CO9{3{8&‘“{%@?&3&‘M@%ﬁﬁ?éﬁd&ﬂ&ﬁé&%ﬁ%ﬁé@ﬂéﬁympBéﬁn‘é!ﬂ&ﬁéﬂ@ﬁe wiists £ puetigflated
condition. 10[186]Elastomeric films of the present invention ma also find use as strain gauges or
stress fEoatingd. ;ps BRPePresemimreiticl s BEdammivare ® the Safrateliva %t?ég%@?g@», and
then expesetkio &lPadsBSIrmation el e SWREs PALINERIR RRFHEFHRIERHI SR/ HSIBT8 in

spectrophotometer which measures the change in wavelength of light reflected from the film.
Extrertiesty Rivgesurfaee pydaspbyselebiadpiatiziprminmelaisephadertinvention.
15[187]Elastomeric films of the present invention are useful in colored displays, such as described in
United Stat@giPatentieba®ddSofvhichhigdaear pesateskheraimitisentictyl hregferanescsuch displays
are frequently used as a means to displa¥ information in an eye-catching manner, or to draw attention
to a sp"é‘(’i?fic:fgﬁifa%cﬂﬂrﬁﬁ]s%‘ia‘%o?afbfyé’éfé‘. TS REGRSIEY & SRBHBR TEBE RSHRIEYE SR 9., outdoor
billboagigsparsreRt signsin kiosksaandan a ovicde saneiyaf 2prsRekaging dnatesials s lis garticularly
advantageous if a display can be made to change_color as a function of viewing an%Ie. Such displays,

knownpsgw%mmﬂrﬁgﬂiﬁ%?ﬁg-ﬂf&%%a%%%r@eé%}wwﬁ%%ﬁé\%%a?fbﬂ&fw HHY$BIKA o direct
the viewsiissatientiotciatheabiget amelisplay:dl 8dHBaakiitdisplayahaving:e mietpeoitctical
arrangements may be made using the films of the present invention. The actu d{evic neiﬁ) not
neces R bR SISy AL BEAR R P e 2L REN LSS 1R BEFR B Aon of
film speciakangalaeproperties and wavelength emission from a lamp to create a desired light
distribution pattern. This recycling, coupled with the high reflectivity of the films, produces a much
brightey, cglognd' Ial}/flrl]&gxis seen with conventional displays. WO 2009/097529PCT/US2009/032642
[189] E#Irg‘ﬁlms-@t%ﬂ)‘resent invention may be used in conjunction with a distributed light source or
several point sources, just as conventional backlights are now used for advertising signs or computer

backlightd 1AKiat reflRetrlentirapelvtsn Kicdio e ) opttsaldheprsianceowhich Eoverd fesopen face of
3 backlight will ghange eolon 85418, WRWR! RESSRR ARG Rit- RLRRAME Q' flansitgent lettering of a

chosen dyed or pigmented color can be applied to the

—1———-1“:—{ R JinP ()

T, T° |AH,

m

[161] In Equation 1, the mole fraction of crystallizable monomers, P, is related to the
melting temperature, 7,,, of the copolymer and the melting temperature of the pure crystallizable
homopolyner, T,.. The equation is similar to the relationship for the natural logarithm of the

20 mole fraction of propylene as a function of the reciprocal of the ATREF elution temperature

(°K).

[162} The relationship of propylene mole fraction to ATREF 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 TREF

25  fractions of nearly all propylene random copolymers and random copolymer blends of similar

tacticity and regio defects likewise fall on this line, except for small molecular weight effects,
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reflective cover film via laser or screen printing techniques: Alternatively, interference reflective

lettering cQmp  a different colored reflective film than the cover film ied over
cutouts made %?Gt%]%é&g%?\?er film, with the lettering displaying the opposite cf?&g;]?éggza%%(%%%m the cover

film, e.g., cover film displays a green to magenta change with angle, while the 10lettering shows a
magenta to green change over the same angles. Many other color combinations are possible as well.

[190] The color changes in the cover film can also be used to "reveal” lettering, messages, or even
objects tha@dle not Asipreingrsubirtrefilmthe mrje Argies of ricrRMdfe, IHEEHEIBIRE highly visible

when Vigwee Al nermaincidencae Yryistereias: Tisprevaalcfipehean-inbeaemplished using
specific color emitting lights in the backlight, o;gtl)ct/:idyed colored Ietterin%.or objects under the reflective
RRt

cover fig the pY1mehés Brigine Lol ayddh hss erhdnpaPIRPRAIHE thetiARite of the backlight
cavity with/nigblyreflectivedqirniarencr Blandn diis samemanrebiihe-pveral calebhalanee of the

display can be controlled by lining a low reflectance cavity with a reflective film that 20preferentially
reflectSIBnIgIeEREA %m@erﬁ@sﬁ@ﬁﬂa@%%ﬂﬁéa&%@éﬁ%éﬁoﬁhﬁ%@ BgHEr e i88se because of its
transnissi -certain angles through the lining. If this is undesirable, the desired color balance can
be effected by coating a broadband liner film with a dye of the appropriate color and absorbance.

[192] The reflective golored film may also be used in.combination with dyed or pigment 25colored films
it the T o ] e TR L oK B CE I RAT SRR P B ating 5 color
shift odetbenatteringsviiile diraduaing afqotgryshiting beakgraned cry{hdajdtibe backlivsigmneed not be

planar, and the, colored, film could he applied to mare than one face of the sign, such as an illuminated
Cubo, 65 SUL ZUOLRIE DA 5105 BUST00 SRS AE T IS0 63643 e H3 e fims of
the prespalyinve ANy ayHiRHIEpsad loaieate mpeatietyafitha dackiiveishldy sopolihass displays, at

least on larization of light from an external light source, which may be sunlight, ambient lighting, or
o et S A PR A H T TR (RS BEIGr Tt Enbission
spectruafis seendyuthe: fjewer Hariost SapeicAR®isrtisds roetitiptished bydisingdine drterference
film in combination with a reflective o %%Jr%r' zing surface. Such.a surface.ma , for example, a
convel RBHATIH TSP G SRR O TR T HeHoa B P e FTEr o 60k o releciric
substrpdeiofia polymerigattivonoppblakzingfpnses blbok] vindeytherintdrfasanoefilors of the present
IP:%/ enté%%@r?gm%?sysl%%r%da\{'éart]\tg r.ea% %|I¥1 equivalents, one corresponding to constant temperature and

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

triangle.

[165] The point (T, Px) represents a preparative TREF fraction, where the ATREF
elution temperature, Ty, and the NMR propylene mole fraction, Px, are measured values. The
20  propylene mole fraction of the whole polymer, Pag, is also measured by NMR. The “hard
segment” elution temperature and mole fraction, (Ta, P4), can be estimated or else set to that of
an isotactic propylene homopolymer (prepared by a stereospecific Ziegler-Natta catalyst) for
propylene copolymers. The T4z value corresponds to the calculated random copolymer
equivalent ATREF elution temperature based on the measured P,p. From the measured ATREF
25 elution temperature, Ty, the corresponding random propylene mole fraction, Py, can also be
calculated. The square of the block index is defined to be the ratio of the area of the (Px, Tx)
triangle and the (T, Pap) triangle. Since the right triangles are similar, the ratio of areas is also
the squared ratio of the distances from (74, Pap) and (Ty, Px) to the random line. In addition, the
similarity of the right triangles means the ratio of the lengths of either of the corresponding sides

30 can be used instead of the areas.
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10in combination with either specularly reflective or diffusely reflective surfaces, a diffusely reflecting
substrate is %:eferred;iSuch a substrate causes the colors transmitted by tp&t}ég#% g%ssilgg)zfequently
reflected bv %"%?fﬁ%?ré?e) to be directed out of the plane of incidence, or ata 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 15reflected colors. Diffuse white
surfaces, such as card stock or surfaces treated with a diffusely reflective white paint, are especially
advantageous in that they Willﬁe:alé%f@g' Iﬁtgthc%t g?gngé@ﬁ@b% angle. [196] In other
embodiments, the diffuse surface, oy ppripris thereot, may Hreraselyes be colored. For example, a
diffuse surface containing ink characters may be laminated with a 20interference film that has at least
one optical stack tuned to reflect light over the same region of the. spectrum gver which the ink

absorbs. TH¥Eharadtehewicihe e dhy Saaeshncbest BoshiLBIR W HAHEHYIEsP8rdiéiing but
clearlyyisiblgai-atheranglandr sinily techidigdetmache used for, Backlit-displeysdymratching the

reflective bandwidth of the interference film_ to the_absorgtion band of the, inl%g. In still other
it

emboditEARISHEv R BFEF AU M #RNP L HE PR S D8 oA 8Iefthse WRRB B AIdREd ink, which

may bgyaithelepagre Rk iansucantuliang eent s definer dndhisseiedsdneaning gubstantially
transmissive with a substantial diffusing effect. Alternatively, the interference film_can be laminated to a

white SPEBRAYH elv R MRchEar it SbEEDHtet IO H009708 18298 EF/182000/032642
[197] Inshidkatherrgmaipodiments, the films of the invention may be used in combination with a substrate
that absorbs the wavelengths transmitted by the film, thereby allowing the color of the display to be
controe o% b th eflectivity spectrum of the film. Such an effect is observed, for example, when

A ind Uses” . . . . . ) T
: e-présent invention, which transmits 5Scertain wavelengths in the visible
region of the spectrum and reflects other wavelengths in the visible region, is used in combination with
a black suBéithte. TioBNMFHévoptestTlines W@&ﬁ@@mﬁ@h@’ Mﬁﬁthiﬂf@rﬂ?@%@@@@lﬁa@ﬂé for use in

1P CSIERIIANG AN AR SIof BB AR ARDAAN BrRSuaN pphaalonR.h e, RRilea ik (he
present invention may be used In"conjunction with, or as components in, conventional glazing
10ma}t@pj@a4§smh@‘§§@@gtibe@ﬁt@mﬁi@ l@z_sfi@rg M@ﬁa@p@b‘:&f@cﬁm mé@ﬁﬁé@mﬁim i_fmade to be
poiarizalipnskeeia sedlial tie danesiiatipuresealalvlianshrLeatie Alistaalataation of ight but

substantially reflects'a nd polarization of light, thereby eliminating or reducing glare. The physical

properiésios.thechptidad filmeldan. anerbemmerliret as eivigrldeeraiidestsatmecgiaZihg matdrials will
reflectJight,05PR&0% bR PRiaKZagRs YR &, £Lr AR, IR LHHBE RSP S UL B 8LV region),

while transmitting light of one or both polarizations in another
15  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
20  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.

[168] They may additionally be used to form photonic crystals, photonic band gap
materials, or elastomeric optical interference films. Such materials comprise periodic, phase-
separated mesodomains alternating in refractive index, with the domains sized to provide a

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

6,433,931, which is herein incorporated by reference.
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region (e.g., the visible region). This is particularly important in greenhouse applications, where
reflection and transmission of specific wavelengths can be utilized to control Iant#g?owth, flowering,

and other M&o@f?&?‘}ﬂ;&gesses. [199] The optical films of the present inVERlioH )/f%?g‘(‘)zbe used to

provide decorative 20fenestrations which transmit light of specific wavelengths. Such fenestrations
may be used, for example, to impart a specific color or colors to a room (e.g., blue or gold), or may be
used to accent the decor thereof, as through the use of wavelength specific lighting panels.  [200]

The optical6tths of therpréseabinvbatip materabes mﬁb@rgt@@m@aszmiafs in various
Manners 3% AISKBRWAIRIRG s SYRUaR6oRlNG QL eXITUSIan IS JRaiuRRE SMbqdiment. the

optical films are’adhered to all, or a portion, of the’outside surface of a glazing material, for example,
by lantiadearvithtasials secatainightitaraahayigating dhetHaletibodomeytipaptedrnRr@ast the

presenfyvention AR saRCWIGNEHMAE YA BN, RANGS REQIARS, Ur RIBSHE RMINE REWHAGEgMPOSIte

is incorporated into a fenestration.”Of course, the optical film may be given any additional layers or
cdatings'tisy aJasseriigdeyersthevmieoebnog 1620 PETIUSP00d103262 2idhaBYgicgdayers, or

antireflective Javers)Jatendsrdtmore ayilable fesdbenspecific. aPRlication tQyyhish ftis directed.

[201]One particularly advantageous use of the colored films of the present invention in fenestrations is
their appidatibrhs sURfituahaowomsetanevelsile ¢ oIl 9 shesfedorsrigayBy 814k P During the

day, theLOIRLAI-BHCRANIRdRWiISHICk S‘rﬁf%%%H%RXH@%;EM@B@@QQ%BQ&%&E@&H‘H1 toward

sunlight. At night, however, very little light is seen in transmission through the films, and the color of

the filnparticthanfersiesnsinddosynprordsieivity dfnenipltoware teliih Ssuktes o8ER luminate the
rpem. FGRAIGhE sauices AV Rich Simale.Aaxdighiods resullis ihe;cAmpiReiadame!fPfthe- i

appearance during the day. 10[202]The films of the present invention may be used’in various light

fixture IapyCativiesuiAciigify Taes HarieddnBhoha cRUiSpI Ay desenbion B atie irdpEdEal on the
desired, appligalip dBeAHBIRARY HeWBIRHRIY-HRARAQEIIIRICANGIRIGRREMRNGCEH ARG the spectral

selectivity can be altered to transmit or reflect over the desired wavelength range. Furthermore, the
film camderidadectsdepededicirans fhithghiastienty one polarization for 15polarized lighting applications
such as-polarized office task lights or polarized displays

[170] The reflectance and transmittance properties of a photonic crystal or optical

15 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 uitraviolet wavelengths of light depending

on the optical thickness of the domains.

[171] Usefunl materials for photonic applications contain blocks or segments

20 characterized by differences in the refractive index of the material comprising the segments or
blocks, Suitable choices can be made so as to tailor the refractive index profile of the adjacent
domains to selectively concentrate or diffuse the optical field intensity produced by the structure.
This can be accomplished by tailoring the composition of the blocks. The refractive index
contrast can be further enhanced by blending components that have a preferential affinity for one

25  type of domain. One approach is to employ high index nanoparticle additives, such as CdSe

| particies, which are coated with a surfactant layer and selectively incorporated into one of the
domains. Preferably, the materials have a difference in refractive index of the segments or

blocks of 0.01, more preferably 0.02, more preferably 0.03 or greater.
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incorporating light recycling to increase brightness, or the film can be made to transmit or reflect both

polarizatiogfoo&)ljg%\é\g%?n used in applications where colored mirrors or fllﬁ%@ﬁﬁ%ﬁgﬁg@? [203]In

the simplest case m of the present invention is used as a filter in a bac t fixture. A
typical fixture contains a housing with a light source and may include a diffuse or specular reflective
element behind the light source or covering at least some of the interior surfaces of the optical cavity.
The output of the light fixture typically contains a filter or diffusing element that obscures the light

source fréd7 @lrect vIEWiBG BSEHENHINY LRSS A PHRTEEI CAD BRARADAVGTGASTER TRRATRIAIINEHESIs
directegsthe dight-5qunee Makke AlUQEseaNEA21lafRRNHE RN deseenhiaspPoaSalichsiate or

electroluminescent (EL) light source, a metal halide lamp, or even solar illumination, the latter being
transmiteaEH diecaprrcal CAGIRP By SR RSB aLRIR IR A e SRk I RY (SR5e B PBlErization

presenying ight guifgn9bby; 2thel JReaRvRAG a8 kaowaiaihe akdheiseurre.aay heidifiuse-or
specular, and may include a randomizing@gepolarizing surface used in combination with a point light

sourc@eTieeR s pmanighowrid b 6aebPETAYEShp SRR TG H#rl b&&rtanged in
various Gonfions NS Radviay-Re Hlacerkndthin R deusingasdiciaiad byrreshatcrrndfesduactional

considerations. Such fixtures are common in architectural lighting, stage lighting, outdoor lighting,
backlit #&5IYEARtR8RY G HNBRIBEYE Bashls4rdecine o e BRQaRiAVERTRH provides the

advanirge.thatihe rppeaianseLitbesriautohes ighbngblixhechangesnwith-angle §284]The color
shifting films of the present invention are particularly advantageous when used in directignal lighting.

High e3fiBiaRiey tbfRresarhi At an: brod8aP IS OEsH NS BFFLRERRBISY riaigRtthgd

applicatinmss tridisal i have sP st canssions at SRlyenewAiahvaKele fetiwWierstieha source
which emits over a narrow band is combined with the film of 10the_present invention, highly directional

controb BYEHS et idergHiEai B dehiBlE e BSmEleIt SRS n AR SHARSHFAN LA RS fith a

narrov, pasehienehwhichaoiacides yidkiberamissipodaeakahihe e el theantrmpaenaission can
pass through the film only at angles near the design angle; at other angles, the llggé emitted from the
i

sourcélI& atURteRPHs thE BBy R s Ry, B9 SEATHIEn d R SiRET HHaTBIFAGFoM AT spikey light

SOUrcqH s dRPWoHIPF @536 SO ahIBRRNRIMETCUNIRNBS sBAsRESE NTBA R racamPackx
fluorescent lamps |

and cold cathode fluorescent lamps. Addjtionally, the reflecting film need not
necesSaPiFHeE ot Benro LSS §ih@§%&cﬂ%ﬁw¥8ﬁi’ﬁﬁ@%ﬁﬂ@é ,el’t'eﬁfé@? %‘Fﬁ?l%?ﬂ’é%%sary to

block eyRassdhasioEnwaysiengthsenissinsyatigispeeifie anglewilingidanes, Tivs meatse that a
reflective film having, for example, a square wave reflection spectrum which ¢uts on or off at a
wavelGHEH Rt BOVAE SPES EH L U D TAt S o SOSPEL I U RoiFes in which
the lighbsniice Prefim plidjecresantinuentonsan bigfeombitaddnellidex but Rra-ndidimitedfo, the
fO"OWIPh%: refractive index of one to the other is greater than 1, preferably at least about 1.01, and more
20  preferably at least about 1.02 for a continuous set of wavelengths lying within a waveiength
range of from about 100 nm to about 10 pm. In some embodiments, the refractive index ratio is
from 1.00 to 1.10, preferably 1.01 to 1.06 and more preferably 1.02 to 1.05 for a continucus set
of wavelengths lying within a wavelength range of from about 100 nm to about 10 pm.
According to another set of embodiments, these preferred refractive index ratios exist for a
25 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 least 1.0 or is from 1.00 to 1.10, preferably 1.01 to 1.06 and more preferably 1.02 to
1.05 for a continuous set of wavelengths lying within a wavelength range of from about 400 nm
to 50 wm. These dielectric structures, exhibiting a band gap in their dispersion relation, cannot

30  support electromagnetic waves at certain frequencies thus those waves are inhibited from

propagating through the material,
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(a) A cylindrical bulb, such as a fluorescent tube, is wrapped with film designed for normal incidence

transmissi%oéﬂg%%}]p% 'S peak emitted radiation, i.e., the film is designedy@pfﬁ?g&'ﬁﬁgg centered at
of the la e

the wavelengt mp emission. In this geometry, light of the peak 25wavelength is emitted
mainly in a radial direction from the bulb's long axis. (b) An arbitrary bulb geometry in a reflective lamp
housing can be made to radiate in a direction normal to the plane of the housing opening by covering
the opening with a film selected, to transmit at the bulb's peak emitted radiation. The opening can face

downwaréidfin any CthEP VRS E0H8169 7S spterhe 8586 9107848 Ak b A, LS ARE TG Rl be
viewahleah-Anglesdia aikgeinniRaimahie thealane RirtbreRap Bt hp el aianelesel leidence

substantially away from normal. (c) Alternately, the combination described in (b) can use a film that is

desigmat i SAERTERE 185 el EaTASIeR S AHBPCLHYRIESH THEsaht AR HO A Fisthormal

angle py-ROVigingnenbes IOF-aRpREaRHatr passiands imeasywkdeaatarnabiasidentenah
wavelengths greater than the lamp emission wayelength. In this way, the lamp emission is transmitted

aPanglEESHHERS e PROLCSHIP HdRE R RLHIH L BARTRNAYS Digheh & BiThdSoR Famianiife
passbaiachtion i Cambiniog dhecanatdabdistinisiomblmdaassiinetindgravith the geometry described

in (a) will give a cylindrical bulb in which one can have direction control of the emitted light in a plane

10paralle e long axis of the bulb. (e) A polychromatic spikey light source, for e le, one
having erLilgéﬂén spi egega%ﬁr%oem&?fgéiflgéfg V\%]\ge?gr%%es?ﬁcg]r? beog%)ém %ﬁ%nv%ﬂ 3 fasncf 3%?1Pfl}\f%%m having
only osmrpagstaiak . aiitlisucysthidnthel fitmet ki sngitssbinly treiof thehthireeoblerispikes |ahargiven angle

of incidence and each emissian peak is transmitted at a different angle. Such a film can be made using
S a5 B D e OF i T T B A IR i B cam be made
using onetglimipygfrtayées andtheii igvbeehdethhptmomicsbaieiwidtin bf the dirgbigrdenbandwidth
region and cansequently the width of the harmonic bandwidths,. can, be.controlled.to give desired
st AR R G ST S e .
with tHéopekychpméatio-dpiogy dightesoriroeitouidrappedaltos pit lightyfromiathapparent 6 vhite" light
source (o 8 senarats solore. (20919ines the rale of spectrel shifbwith andle s smalnarnorml
incidence, the anguiar control of lig 11885 6trattive at normal Incidence compareﬁ P&%léfﬁ angles of
incide frgepemthes | wiemt thefjl hos&-greexaraies dejpendingashrite widiHoé thelanhprestissior fies, and
bandwidth of the passband, t ini t . + 2bdegrees
Lout B A et R BSOS S e
the refractive index contrast and resulting photonic properties.

[175] Size of the domains is another important parameter affecting the photonic
properties of the material. Domain size can be varied by selecting the relative molecular weights
and compositions of the various biocks. Additionally, a diluent (compatible solvent,

20  homopolymer, etc.) can be used to selectively swell an individual type of domain.

[176] In some embodiments, the long range order and orientation of the domains can be
affected by processing techniques. One such processing technique involves treating a
homogeneously mixed spun cast film by bringing it above the highest glass transition
temperature (T,) or melting temperature (T;) of the components for a time sufficient to produce
25  the desired ordered phase separation morphology. The resulting morphology will take the form
of the components separating into mesodomains with shapes that, for example, can be cylindrical
or rodlike, spherical, bicontinuous cubic, lamellar or otherwise. The film may be brought above
the T4 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
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emitting lamps, there is no maximum angle control limit. It may be desirable, for either aesthetic or
energy conseryati sons, to limit the angular distribution to angles Ies§ t} Eﬂg ; eg.space
available t?@]g@;dr%%ﬁ%v%ich is typically +1-90 degrees in one or both of theéo%%ont%?ar?g vertical
planes. For example, depending on customer requirements, one may wish to reduce the WO
2009/097529PCT/US2009/032642 angular range to +1-45, +/-60 or only +1-75 degrees. At high
angles of incidence, such as 45 degrees or 60 degrees to the normal of the film, angular control is

much FREFRIBESERHOIMGthePHfSesT st RESBIRHE WHsS6NG SHtaad el a2 kitfRer rate
of nm/ﬁﬁg@ﬁmamiéﬁ,eﬁ@émmghm@w&% Thustalihesecanaiass@neulasnenieahef anarrow

emission peak can be Smaintained to within a few degrees, such as +1-5 degrees, or for very narrow

passbARAISHY HarrTheERTEsIBHHSS; trdbain annsliomigafiddeck copabmise vihe6tdhe present

inventigneaniaisa ke shapad ivraparsasioned faskbian to-copirolihe angwar RitRubefitaeéamp in the
desired pattern. For example, all or part of the film placed near the light source may be shaped to

corrugadidi ek SRty SRROBIBIGHSMSURH it trreminikioss thenwlbraratad: sielallypunsic

perpengdissianiatheads af thedaopdribeefireinng eoptsehnl differant anglesfinrhoganal planes is
possible with such configurations. [207] While the combinatjon of a narrow band source and an

inventiis AIMURBFRS WErTd YBltigeuRcsRgieal SHARATIEHAS RishBansr Ut QAR A8 DNy a

limited:pumber-of sepcaswithaaupwmertission spectra and therefore limited color options available.
Alternately, a 15broadband source can be made to act like a narrow band source to achieve similar

directiona;capirol of fie emifted ah. &broadband squrce, can. be covered.py.a colar selelve fim
that transhits'in cer aulﬁelngrrlf*l W ban wave?en&ﬁw regions, andHhat Rodifiéa source car then be used
ihdcombinddtihredvitid arcsbaomd:fitm Ravingtipdes ameitransipissiom spelctinmostthavthe dight emitted

from the source/color se ect'%/l(-:r‘nfiéﬁgl com inati$n can a%aijiglggsﬁ throu% &he iglyreentive 20film only at

the de}%?é ﬁé{ari{f] N I'|Osv<'1;1r(zf"aangemenf Wik Wor glgorlﬁlécrg an one}é%ﬁgr}‘; SUch&d w.ﬁ%eé%‘%ﬁ?ée color

red-greévediiae systems &yppropaisetestiorOoh¢heyfilms ntleé prmittedgolerbniilidse sraimamitted at the

desired angle. Atl%tlhe[r %lré rles the eipfltted wavelen thflw'” ot.mat gev%rlyb?r an¥iggssband, and the

light sgﬂFge%ﬁngppE% no?raf Hikrerdt Stor Sinke the Color Shif mgwl Ms can be adapted to

transnfitroveiva, brdadiraimgerod wéee lemgthei e pdpebtaielvirtoathsiagybosloranthgdetrokthe

a}gguleér dirﬁctiggi&\éﬁa@\é\{ E%rgsthe emitted light is observed. [208] Direction dependent light sources

have uﬂlﬁ(f/ frelvmany 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 ardiBlcan viewnehesaanbrniefdddifhnssuthihe ighewoife st gunsiectelperatHesvingishield or
viewable; Y light on the film is changed.

[179] The inventive block interpolymers can also be fabricated to form
mechanochromic films, A mechanochromic film is a material which respends to deformation by
20 changing color. In these materials, the wavelength reflected changes reversibly with the applied
strain due to the change in optical thickness. As the film is stretched, the change in the thickness
of the layers causes the film to reflect different wavelengths of light. As the film is relaxed, the
layers return to their original thickness and reflect their original wavelengths. In some cases the

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

25 [180] The inventive block interpolymers may also be used to form pblymeﬁc reflective
bodies for infrared, visible, or ultraviolet light, as described in US Patent 3,711,176, 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
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WO 2009/097529PCT/US2009/032642 passenger because they would be at off angles to the
instruments. Similarly, illuminated signs or targets can be constructed using the direction dependent
light sourcé’goo%%}?éo?)%‘ggent invention so that they can be perceived only afgggf%ﬁog%&?é%‘fzfor 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 5at one angle, but a different color is detectable at another angle. This
would be useful, for example, in directing the approach and stopping point for vehicles, such as for a
catwastAoire s Sipeehec RISt AGDAUT REoetiiBINGbAIGIIAVEHTIOE filis ey gt eiirse ledabe selected
so thaf;, 2.8 MeRicke.approached the illuminated sign and the driver was viewing the film at non-normal
angles to the sign, only green light would be visible, but the perceived transmitted light 10would shift to
red at the angle where the vehicle was to stop, for example, normal to the sign. The combination of the
inventive flfthnd a ha Rt A dBtedeRe i iy ABRIS HILe iRl HECABEINRSETERRERIRT is used as
a seCUlidriaminate;andcolighl saspreansappech withhagameeilmdasgek ag msinplsovaidication
device. Other examples of the direction dependent light source of the present invention are described
inmor® earal ITHIRE LR B RS DB HBYISICH af etV imeraisal StHer ofiiaModies can
be magginyasepdangrivitiiie dearRingsdtberRieseptidtvantivn anhich: armideaths sufrek-for
applications such as horticulture. A primary concern for the growth of plants in greenhouse

enviroft d agricultural applications is that of adequate levels and wavelengths of light
appropriate for plant growth. Insufficient or uneven illumination can result in uneven growth or
underdevgi@ped 20dantsadsighttewdisttimtdreidodhighedanaxe édsiveltheptdhaisavanddamage
plants, Managing the heat generated hy.ambient solar light is a common problem, especially in

i S S S S R A AN e A
ih@entimrssare benssad jrivaanyi lrodi eyl ynat apjplicattmsdviiepd: itsis degireddovitepeut or transmit

specific wayelengths of light that are optimal for controlled plant growth. For example, a film can be
250ptifiz& ‘%%Sﬁ%tp it i hovelLy decd E fiofs| Fbf

teroutfied ﬁ)nr% Séfi%g Hared'and hon-sffialent visible S0 raﬁ}%]\i/eﬁeng%hs In order to

deliverthenmesheffitientapielengtlie paekhin phetoshrihpbiy thspeed Elantpgrewth dhed to manage

soil and ambient.tem Lc;\]ratu}res. té{%%lvlflﬁ IS knoﬁ\gfr:m hat plants tr??;s ond to gjﬁ?rent wa\(/{teégﬂﬁms during

differe‘r’i’t‘%’éjr]t%go(ffth%? grac%\/\sl ﬁ%@%fe, 45 Shown in %h%. ﬁrc')eu{(_::J out %aél% oevthwgsc?él,

wavelengihs inltheh 2009/@9 T2 OPCiT SRO0INOB32E4 2 H0G-58@msreahge, anegHargely inefficient,

ile elengths in the 400-500 nm and 580-80 anges illicit a. grawth response. Similarly,
s S e Pt B et o soler
emissitibyisatedimowhldf thiese watelehgthsfrantitive sbtae spectunm cafasignifefiatiiynreduce heating

and allgw for concentration lof .
mechanism causes a pulsating color change effect.

[183] The optical interference films of the present invention may also find use as solar
screens which reflect infrared light. In films with varying thickness of the domains, the film can
20 be made to reflect a broad band width of light. Because of the elasticity of the films, the infrared
reflecting characteristics of the film may be changed by stretching the films. Thus, depending
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, the

film will continue to reflect ultraviolet wavelengths.

25 [184] The elastomeric films of the present invention may aiso 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 aiso find use in agriculture. As it is known that
plant growth is influenced by the wavelength of light received by the plant, a greenhouse film

may be formed that varies the transmitted wavelengths of light desired. Further, if transmission
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5additional light at wavelengths useful for plant growth. [212]Commercial lamps used in greenhouses
are effective in accelerating photosynthesis and other photoresponses of plants. Such lamps are most
commonlyw&@%{’éﬁgﬁﬁlements to natural, unfiltered solar light. Lamps thgfjgﬂngﬁ%?é%ﬁrf the blue
(about 400-500 nm), red (about 600-700 nm), or near IR (about 700-800 nm) are used in accelerating
growth. 10 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 reef, aFrEAigh wrniEsigth @ih@hﬁé&ﬂﬁﬁ%&\ﬁé@@tﬁk Qfasmpéﬁ)\wﬁdl’f é‘hﬁﬁ%&?bmgﬂ@l‘&ﬂﬁqg range
of 500&?@8%%[}9@;%% yf@fggﬂée& SsealIGRIRhRRFAURS. NI RIYSSIONIRITD Aol fesRRNSR daYion and

does not si ct plant growth, either beneficially or detrimentally. 15[213]Light sources used
in genwt@idigingihg are often paired to accomplish similar results to the "grow lights". The output
wavelengths from some sources actually retard growth, but this can be compensated for by pairing

with otherj ggsiyces. raE BXANBIRhIOWRERBEWE BBHIHIY USesRI QRGN iRbibi: s¥atbesis aéskiorophyll
but when the low pressure sodium Is combined with fluorescent or incandescent lamps, normal

pRotodyRtHESISTEREEFAIS SR S SPIBIFIABEE 2D BRIPAIGS SResIinErERgRte delM §Féhhouses
include @) hioh Riessyia-sosiuababdmeted Ralisnlamps: dirhighBrasiuee sedianddaiekry lamps;

(iii) low pressure sodium and fluorescent and incandescent lamps; and (iv) metal halide and

incand<BahPlariEs q2En I APeT RS S BHON SRSt LR cldHRERIREVE RIS SRaTapREREbodies of

the presgfidiy StiaN e HsRd Riaesas CoRETiie s a6 EnReRiBataR v sallecive:-paskings, are
25useful for concentrating light of the desired wavelengths for optimal plant growth. The films and
opticaPBEHhEHR &Y ARCUEEIPRATA RO RIRFHdreR BBIE TR, B they! SHifiAed with artificial
broadband light sources to control the wavelength of light emitted from the source. Such light sources
include, bpas®le not hnlethteididandgstenirtaon s fhmwiesaent idvupmsuch asshatrogages eathode

lamps, metal halide | S, cury vapar lamps, high and low pressyre W. i
e e e R R R R R e e A
naturahed filteregpseddritighicthiat iapticalyncaUptechifthercol dhseteativesiind Sevandy using a
filtration/conc nttration _s%%te%ns will be described in mor dett%il Wth@a ﬂbet u& dto pafz]r%ge heat in
the grégﬁﬁfﬁ}) O ORitsh At Wiitfe G& Ve %}%ﬁ ThereasEdtamoultt of |gﬁ%§ V\fg\%fe%g‘t S optimized
for phdiesynitigdis gndidtierabplaniphaterespanseéd: the[Alh)oT iiptesteremeenfibns and optical bodies
of the present invention can also be used with one or more direct or pre-filtered artificial light sources

S as to opfim|ze th%ﬁ@&ﬁg t-@ffﬁrggegf%tg?&%ﬁ'mée%\fr%% et N ROmE CAES Y Ae, desirable

to wrap or otherwise coup e interference film directly to the artificial source so that in effect the light
sourcedespitbed in United States Patent 7,138,173, which is incorporated herein in its entirety by

reference, Such displays are frequently used as a means to display information in an eye-catching
manner, or to draw attention to a specific article on display or for sale. These displays are often
used in signage (e.g., outdoor billboards and street signs), in kiosks, and on a wide variety of

20  packaging materials. Itis particularly advantageous if a display can be made to change color as a
function of viewing angle. Such displays, known as "color shifting displays”, are noticeable even

when viewed peripherally, and serve to direct the viewer's attention to the object on display.

{188] Backlit displays having a variety of optical arrangements may be made using the

films of the present invention. The actual device need not necessarily be a display, but could be

25  aluminaire or a light source which uses the combination of film spectral-angular properties and
wavelength emission from a lamp to create a desired light distribution pattern. This recycling,
coupled with the high reflectivity of the films, produces a much brighter color display than is

seen with conventional displays,
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10primarily the wavelengths desired for controlled plant growth. The film may also be laminated

directly to the clear gqinels which make up the roof and/or walls of a typical %reenhouse so that much
of the Iight%%tz%%{g Siie building is of the desired spectral composition, or Té%sgﬂ%%%?ﬁals may be

extruded to include one or more color selective films within the panel itself. In order that all of the light
entering the building would be of a precise wavelength range, it would 15be desirable to have the films
mounted on a heliostat or other mechanism that moves to compensate for the angle of the suns rays
throughodd 8% day. Bimlers pledsanisiens suanaenspaihbreisy pasIsnstirantya wEekipwsednonthly

changgdn e Ragie o ihe e tzeril wsvagt&%@m&eﬂfggakﬂzggﬁ welhalsQed KB QRRQLMore

reflectors can also be used to direct the Tiltered Iliﬁght to desired locations, and it is understood that
t

variousi gHyRicarspasebasklisddefcbibreirsbrantbreraieaiytelroddysndical ansidrrspeead light
across,qesired pariens,eh fied opmndmadaiigniierhese desciingd mades,afdseythe gy can be used

as a filtered wrapping for individual plants, as a reflector placed between plants and soil either in film

form dPBIskt YrieHspiseat Atk HPHS FhpsEdisd nd RigsrssH todoican bardtnrlindiaNesfor aquatic
plants Zp{23/dIn,260¢ian IQ&%:%?‘QQH&‘NE%%@%%%Hﬁ?é@!%é%l@ﬁ%ﬁzf imsthahcan-hecdailored to

transmit or reflect infrared and/or green light that'is not useful for plar%%romh, a film designed to

controlatiRiamermpoaradafiflisprtanjorehiclsstive 600 Jowm e sy anbl Bhsasuatssrfasredatyht,
typically, ok AROWA0n AL Bo0e15:83PRGIA!MLRRIIEQ Qgﬁ@ii@%a@\tegfﬁ%%e%ﬂé}?ggﬁ%&&own that

the ratio of red to far red light should be maintained at a level of 1.1 or higher in W

2009/6978 25PeoT A0 8100032840 [Hitclipl et a B ER FyRIeRMhaToIER Bidhia e brdRknts propagate,
resultingqinithickstydenseenians growtbnAdditionalis dyRreciselyManiraling dbe redddiagratio and

the sequencg&of wavelength exposure, many plants can be forced into a flowering state or held in the
vegetaiv@ataide Soiidlplant varieties can be controlled with as little as 1 minute of red or far red
doping. 5Plant responses to red and far red light have been described in J. W. Braun, et al.,

"Distributiprpof Foliape:atbFtHitipeAss Gadatinrviith light Microchsdate ik tbg RedeRagpberry Canopy,
64(5) Journal of Horticultural Science 565-7 (1%89])@?&%, heo J. Blow, "New, Develggrgents in

EasteMSAERSIH ORI ERE BE ARSHSSIORR gt Saropn ot BRSEE: Pi1g)
Previobts:attie rmipls 1o, cobit ol ibe veaitar 1esbiaiio hrve:ntidizedvight blockinmg I tliguidsthat aie pumped

into the cavity between panes in greenhouse.twin wall.copstructions. Thjs has pot been satisfactory
o B8 BB AT D OIRE AL RER ek Ao ok A B S B
colored:fdtdas thelcoafglefzsad vbubitdsfilifficult to control if the plant variety in the greenhouse
changes frequently or if outdoor weather conditions change. The film of the present invention is ideally

suited for pp"ﬁﬂé’ '@néﬂt% sesdé‘}atﬁl[ce&s“ﬂ?go FANRS ARGl ied Y AR dP e AicHNIeR gladient of
by changihg the angle of tie tilm to permit

cavity with highly reflective interference film, In this same manner, the overall color balance of

the display can be controlled by lining a low reflectance cavity with a reflective film that
20  preferentially reflects only certain colors. The brightness of the chosen color may suffer in this

case because of its transmission at certain angles through the lining. If this is undesirable, the

desired color balance can be effected by coating a broadband liner film with a dye of the

appropriate color and absorbance.

[192] The reflective colored film may also be used in combination with dyed or pigment
25  colored films with the latter on the viewer side to achieve a desired color control such as, e.g.,

eliminating a color shift on the lettering while producing a color shifting background.

[193] The backlit sign need not be planar, and the colored film could be applied to more

than one face of the sign, such as an illuminated cube, or a two sided advertising display.
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desired wavelengths to reach the plants. To compensate for varying outdoor conditions or varying
needs of r varieties, the film is preferably positioned within th in.such a way
that it can égegéht%@%gé% or stored, for example, by a rolling shade along t%e %%}Iﬁ%e}:&\%éﬁgh can be
drawn down or rolled up, or by a shade cloth pulled horizontally above the 20plant height. Alternately,
individual enclosures of the film can be constructed for separate plants or groups of plants.  [219]
The film of the present invention can also be used in cogjunction with conventional mirrors to control
the intendib?$F any dBsifBmpeftbn BERB SUVARIRSEBEARA Bsatsreafasaise pRiFtY efdivdrally, it is
desirapleiie @xRase: PIAMk 0 Aspenaiantiavebl e.dovavelanathsrand intensity.ofiiahtsigebul for

plant growth throughout the entire day. On a typical sunny day, however, the light level peaks at about
noon, AR EHRANJI YeokehtArical EaENe B hiafir pethte st S PeLR R SHEFPHER M Svhich
decreasesrtheplanhefligiencfolt imprefatahigitin redusadhr leughnaf tightiseachingiba plant during

mid-day to provide a more uniform level throug&c))iut the day. For example, roses flower most efficiently
when 8Jéstpts. AMB0IhASGRTIN TR, TV B SoORETHBIRSE fHP? HherRitatery Bhad=dasi&ed by
11:00 g sluFine o \WeF20091807 229RE THASROG8IQ3 AR Athecwinterimantas Al falitugeof 45

degrees. Reducing the light level between 11:00 and 1:00 improves the plant yield. The combined
usage/BeEhUIHSAACRINERN RitREaFwaDelERgthradt VB HRHSIEARBE A8 RAKNEEThe intensity
of Iighh@};@g@%@ﬂg@?ﬂ%ng different hours of the day. For example, the use of a visible mirror can
be discontinued during the hours of 5highest solar incidence by redirecting its angle of reflection to
reject tha ion of Jight from the. sun. Other cambinations. of baffles and curtajns can also be used
it out viBlenot Lo Ta S G Fe TERSR o TR TRS0Y i aNae A Yorgery of

docunieptsranacompathenitiscraspd diia diegdledives sipdifificaptreflectimaterfate suchifdssekplosives, is a

serious and pervasive problem. For 10example, commercial aircraft maintenance, crews regularly

emCouT e SATRl o bR SARAC b A PATAOTS 1SR o MR T Bk S -orade

parts anbsequaidifeifipartd thathareimatketdkadbmieiing! specifidatidnse Siriadyndtjraeparted that up to

ten percent of all laser printer cartridges that.are. sold as new are actually refurbished cartridges that
R e g o A S AT SR iy B RS

have S hew. dertfication an Ms such as
ammorriiiendd bitrate fiartitizeebsalitevin e iplosives: i aisorhighiyedesirablethbut cumentdaadns of

IF? ntlf}%?]%%@:d colors. Diffuse white surfaces, such as card stock or surfaces treated with a diffusely

reflective white paint, are especially advantageous in that they will create a display that changes

color with angle,

[196] 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

20  interference film that has at least one optical stack tuned to reflect light over the same region of
the spectrum over which the ink absorbs. The characters in the resulting article 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 still other embodiments, the interference film itself can be printed

25  on with a diffuse white or colored ink, which may be either opaque or translucent. Translucent is
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.
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are prohibitively expensive. [221] Several means exist to verify the authenticity of an item, the
integrity of&%c@gmfgl o _to trace the origin o_f_parts, gomponents, _and rqurg%r]%gglgg /%%@% of these
devices are ambient Verifiable, some are verifiable with separate lights, mstrumenPs, efC., and some
20combine aspects of both. Examples of devices used for the verification of documents and package
integrity include iridescent inks and pigments, special fibers and watermarks, magnetic inks and
coatings, fine printings, holograms. and Confirmgr) imaged retroreflective sheeting available from 3M.

Fewer oplib¥El are alimiabiethsr smhstimeationisriesns b teniayeRBeny i fosrEbinembinrlErability
constrgjfitsa %’&93@@@@1&%@%@%&%@9@@@%\@@%}{&%@@9 integrated aﬁl%sy KIENRR g (hd228dr
ro

Microt%; ants have been used to trace controlled materials such as explosives. These materials are

typicalfy afisRer poRmserd s drdundairBretivibp epeedume it Sroaudect s sidcidual layers in

the migitagaantearhe fecatad vsidgamaptcalm i&ﬂ'%@@ﬁ%éﬁ’t yiRlhidarmatienRatiaining to the
date and location of manufacture. There has been a long WO 2009/097529PCT/US2009/032642

uRmetSRERH MBR i kaEihmiths piobisciasianisiib e BrRBIERERS REBRSAHBCH A BEHda0Re that is

manufaciurabigbHt naleasiy-cBlicales whatisAexibieang.can be used on a variety of part sizes
ranging from near microscopic to large sheets, and that may be coded with specific, machine-readable

information..5[223]The films ang optical bodies of the present invention can be tajlored to provide a
security SHIPB! devichit CBRT LS AT AHIAGY DTGP LR AEE B Hrcae PGS heede. The
color seiftingateatureiamdshigitikgileotivitv andvweipltssatiration aipdkliguasatgesacs prapeitesethat can
be exploited to uniquely id ntié?%document or p%age, and spectral.detail can_beﬁgjesigned into the
fims (8B 6V TAILEPE B A o SARECTIRR FHy B 5oy SOBBERIR o S ecurity film
to(codeninelividuakapplitations: Jines seduritydfitnasaat ppijcatdadirs eambe wilobediiaicaliaet over any
desired Hor.tion of the spectr m%ﬁgl ding visible, infrarfaﬁl;yor ultraviolet. When only. covert identification

is deshe N R BE R8T apFei AL pavel tﬂ'@*‘%ﬁ%?ﬁ?é‘tr%’g?o‘ﬁf%tfRﬂ%‘%ﬁf’éb‘fﬁﬁﬁ but that
has vdiylng trendmissiohyart ¢eflectionadpoldsimtibe afffiatediegion dorimpeirpocoveitspectral
fingerprint. 15[224]Information can also be encaded in the security films and optical bodies of the
oreser e e by S ATAT e ThH SR Lp aSHA 5P BB on R BV Hescrined
methods gfazdnyingithéninteiisityrndijpbsibibonefdrdosmistion:aind s eflédtiancbands-ekonexansple,
individual layers may, be tuned.to the,infrared portion of the spectr and overtones in the visible
o LB S raTEc 1 FRE T G (4 PR BB A Tt SEERh AN SACEROG SR s and
opticakndie& @f thte piedbéntdpiventidihinaypatsiouhclyden pelatively shieklayer s githesiva)iwibe optical
acent to the optical stack, and the ersm used to.impart information that can

stack ?ég%c%tﬁi} (a)% | gaa]nlsm%swn PG L wave etr.llgﬁls Fan %ltg,t:ﬁglzé)f ) control nlagn%gﬁo th

be deco nspection of a cross-section 0 & fims may al$o*e" combined with
coloreflgpriating. and)rajphibsoprited mncassebstrate below the film to provide indicia that may be hidden
or 25viewable depending on the angle of observation. Color contrast may be achieved by thinning the

[199] The optical films of the present invention may also be used to provide decorative
20 fenestrations which transmit light of specific wavelengths. Such fenestrations may be used, for
example, to impart a specific color or colors to a room {e.g., blue or gold), or may be used to

accent the decor thereof, as through the use of wavelength specific lighting panels.

[26G] The optical films of the present invention may be incorporated into glazing
materials in various manners as are known to the art, as through coating or extrusion. Thus, in
25  one embodiment, the optical films are adhered to all, or a portion, of the outside surface of a
glazing material, for example, by lamination with the use of an optical adhesive. In another
embodiment, the optical films of the present invention are sandwiched between two 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,
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optical layers locally. Within this affected region, a new color that also color shifts is evident against the

unaffectedyepigm d@affect a localized thinning of layers, the preferred meihpg;isRapRgsing at
temperatures above the glass transition temperatures of all of the polymers in the film and/or with

suitable pressure. Localized thinning of layers could also be achieved by WO
2009/097529PCT/US2009/032642 bombardment with high energy particles, ultrasonics,

thermoforming, laser pulsin ar]g stretching.. As with the other color selective films already .described,
the SeRTPAGERLE Y MO RS A 500, K SRUraiaBEy e ShRise oS e SR A g i to
improve @tiebility divdceahtrast. The security films may also incorporate a heat activated or pressure

sensitive 5adhesive to function as a label or die-cut.  [226] For most applications, the security films

th iegl bodi j ' iat ' ' directly t
or other Ol%ﬁj 0 '5%5#52%22%&?%&%43%&%&% Be APRIgpLAAl.Szedhandaminaied;dirgstly to a

document or packagin he spectral features of these films are typically very narrow to
reflectftinestnitionans theioanpoEaigit ty\suid thansisectr alfestivesrobih edipringiiistopieatgadenitaited to the

in&fare% R B Qﬂgﬁyg%@%ﬂgﬁqﬁ@ﬁa{ QLRASkAgE Fﬁ%&%?#;ﬁﬁ%&ﬁ%%ﬂé%%&%ﬂ'&@ may also

. be use hance the appéarance of the article.  [22/] For some applications, the security film may
be useudpestion ki thatEiial toy gidrigimesttie il m ghtohe yovirdey airidi dis peyirgsasa polieniitocthe

materigl. Bainis. peingsARd ks campaiiprmyiatedirem.atonnd 4R Rlaelels yilizingqe films of this

invention. I% cases 15 where the bulk material may be an explosive, it may be desirable to avoid using

orienté@W‘ﬁEﬂt_éﬁliﬁaﬁE@Lﬂ@smmiaﬁﬁfé]ﬁb(félmm!bed@@i}?-Mﬁ@@ﬂ%ﬁﬁsﬁﬁ?bﬁ%ﬁ%ﬁﬁ%ﬁ@%wder may
be cogied wilh férll?ebég}ﬁﬁi?@ﬁ@fg:c%%ho?ﬁa@%ﬁﬁw 10,RP R MRL G Huring an explosive event.

[228] The security films optical bodies of the present invention may be read by a combination of
ambient verification (for example, the presence of a colored, reflective film on an 20article, possibly

ddmbined## identiisbidpe AbRE e 2 AERHEAMMERG ST AR aHstkE eRfcation. A simple
machiggyieadehMaxReEeNa usted Using SRR RRGIaMele SRYeAOWSgSReCRphOtometers

based on CCD detector arrag(s are available which meet the needs of this invention];lf%referably, these

includ8%isehaen Hesgbdhn St ity Bre spesrbp Roteisb e L s HB PEpiu taife? rHbe
spectrgphatanaterisgses i datermine-thesnestraleads of thedimdaywRrmeasuringdight incident on

the article at a predetermined angle or angles, which can he normal to the film at oblique angles, or a

combiR4EBRTBIBBLH® T{PoY N Readatioh? (540 U dstita srop e B YR ML bt the present
inyention fer SeeLAiin 2RpHGaions henmegbanicad prapetiss witheseblns.canigisgye utilized. Thus,
for WO 2009/097529PCINS2009/032642 _ _

incorporating light recycling to increase brightness, or the film can be made to transmit or reflect

both polarizations of light when wsed in applications where colored mirrors or filters are

desirable.

[203] In the simplest case, the film of the present invention is used as a filter in a backlit
20  light fixture. A typical fixture contains a housing with a light source and may include a diffuse or
specular reflective element behind the light source or covering at least some of the interior |
surfaces of the optical cavity. The output of the light fixture typically contains a filter or
diffusing element that obscures the light source from direct viewing. Depending upon the
particular application to which the light fixture is directed, the light source may be a fluorescent
25  lamp, 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
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
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example, the films of the present invention can be intentionally designed to have low resistance to
interlayer delamination, thereby providing anti-tampering capabilities. [230]As nated elsewhere herein,

the color sﬂfﬂr’i&oﬁﬁ% ies of the films of the present invention may be us ETa{H%Wt%%%Sﬁsly in

numerous decorative applications. Thus, for example, 5the 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, ribbons, bows, flowers, and other decorative articles. In these
applications, The e ebinsed as ieoof magtisaswidkiay, euplerabossas copveangasidtelditer, or

othervse teaic dnpopdlnsia e sipderinale Sach anda Al fimoralimen QR IEbe ptica

interferénce film of the present invention may also optionally include a skin layer on one or both major

surfaceigsst HisBtig opteoskinelkies. bonkpiisesp e piand oRassabsareaRtiyanspaiaideldsie meric
polymgrig materal with.a: s stanialy, ranspiel hachg agiRmeHcReMP et MAEHRNAVIRG

substantially the same index of refraction as the elastomeric polymer. Optionally, the elastomeric
pélyméntimaieraichwité skBldayer may be 150ne of the elastomers which makes up the alternating
layer of the optical interference film. In preferred examples, the skin layer retains elastomeric

characterjggag and tiapsRAsENeYMbitR REVIHRGERG A Vétehrieteetive BYfacR Mighdes
nonblocking. The skin layer alsg remains receptive to lamination of the film to other surfaces as well as

receptiRSROUIAIB AR IRHE N AT8E S50 O SHET S DISHI MBIV ATRPS AR B Ybe used
to formydilans, witheippraved Harmienprnparies. ippiehimatakalsccanikenisashiafemn; eexample,

bladders in_athletic shoes. These materials have particular advantages for bather films, in which the

barrieM8 {ripteVed ieeHiss ﬂw%’?‘é%%%%ﬁ“&ﬁﬁﬂr‘?&%ﬁ%@%ebﬁﬁ?ég&%‘aﬁmﬁﬁ OFHS R A Aot

penetraatsraaone eenbodimghls MeddaigISemirervstallinenties ais: ontaesshndtidorgrange order
may show 25decreases in the permeability of small molecules such as oxygen and water relative to

simila SRR TR Be HE RV B SERAEE WL e SasSPRsh i SpB e SR E3ble in
protectiygspekagingahionehpnthathie: majstunesaod ik seRsiiveutateeigie, hs invaniivediack
interpolymers can also display increased flex crack resistance compared to multila¥er films. WO

2009 /Wé%gﬁ]@%é’é %%gsmmggg?gagtmmgrom the source is returned to the lamp, or

lamp housing. Typical monochromatic and polychromatic spikey light sources include fow
15 pressure sodium lamps, mercury lamps, fluorescent lamps, compact fluorescent lamps, and cold
cathode fluorescent lamps. Additionally, the reflecting film need not necessarily be of a narrow
pass type since, with monochromatic sources, it may only be necessary to block or pass the
single wavelength emission at a specific angle of incidence. This means that a reflective film
having, for example, a square wave reflection spectrum which cuts on or off at a wavelength near
20 that of the lamp emission can be used as well. Some specific geometries in which the light source

and film of the present invention can be combined include, but are not limited to, the following:

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

25  wavelength is emitted mainly in a radial direction from the bulb's long axis.

{b) An arbitrary bulb geometry in a reflective lamp housing can be made to radiate in a direction
normal to the plane of the housing opening by covering the opening with a film selected to

transmit at the bulb's peak emitted radiation. The opening can face downward or in any other
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[233] The inventive copolymers can also be used to form microporous polymeric films, which have use
in many applications such as clothing, shoes, filters, and battery separators, as desciibed in US

20080269368 HiMith herein incorporated by reference for purposes of @§§@§f@ﬁ?/ﬁ?%‘%e. [234]

In particular, such films may be useful in membrane filters. These filters are generally thin, polymeric
films having a large number of microscopic pores. Membrane filters may be used in filtering
suspended matter out of liquids or gases or for quantitative separation. Examples of different types of
membdaretiiite mihdie dielyasi Bdparmtiobinenbgercs, 4 ddiagsisitemddialsisimernbtianes, reverse
oSmoSISaET IFRGe ANl aHn memPANGs, AN MGIoRAIAR MEbranes. Areas in which these
types 0 mermbranes may-be applicable include analytical applications, beverages, chemicals,
electranics, environmental applications, and pharmaceutical 35] In addition, micropoyous
polymfHcifTaatLy B ag@&’%m@?wésge&t&?%&saﬁ@b%éé%55%1%4 IRUFEILI chermica
inertnessaBshitesmal Qopeties ditgcprincipaldnle ok ayseparaiomnisinliowdopptonass batveen the
electrodes but prevent the electrodes from contacting, Hepce, the filmg must be strong to prevent
pinCt P RIGS R VR ABR B SrTaG Y e GBI RS0 1S BRR BRASEARH) B certain

temperatiy emisspie vertibesthalil diiaway, ahthehatenysideallyahearesing usedfotihie sepsm@tor
should have high strength over a 20large temperature window tg allow for either thinner separators or
more JBH6GE L&Y KiSBHGIERHR A B B HBHEC bR {s‘ﬁ%%&/@ slse{i‘?fb(gratures are desired

however the film must maintain mechanical integrity after shut-down. Additionally, it is desirable that

the filrtdifaimedinidgiba simatstagiibpapelovadaeehspdrataresth feasrmeérrierspbereus fiims of the
presentinvention maY.REIYREE i SRR LIS 2P RIREEERRTi0R RRRIGRIPAR akdRsCribRd i Puhpot

limited to, the following patents and patent publications, all of which are herein incorporated by
rffereneiist putiokes axy Sigatehit!practice: W02005/001956A2; W02003/100954A2; 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. Rat. AlpoSudbaie-aptyy Qg0 000343 8dAd a2 20QHAVINH 29M GTi SPREOHBR642 [237] The
mesophase separated structure provided by the inventive capolymers provide several improvements
over R TS AR R D S P YR B S TS S remter
degreswehahntrbkdiler thepoie side andcchanrietstrubtusgikEhatphaisersapdraté thodddteanghology also

imits fim,shrinkage infhe mel and fherelere impariae Sesaend e Rl el by han i
non-phase separa materials.
15  groups of layers, each of which reflect at different wavelength regions, or it can be made using
one group of layers and their higher order harmonics. The width of the first order bandwidth
region and consequently the width of the harmonic bandwidths, can be controlled to give desired
transmission gaps between the first order and harmonic reflection bands. The combination of this

film with the polychromatic spikey light source would appear to split light from an apparently

20 "white" light source into its separate colors.

[205] Since the rate of spectral shift with angle 1s small near normal incidence, the
angular control of light is less effective at normal incidence compared to high angles of
incidence on the inventive film, For example, depending on the width of the lamp emission
lines, and the bandwidth of the passband, the minimum angular control may be as small as +/-10

25  degrees about the normal, or as great as +/-20 degrees or +/-30 degrees. Of course, for single line
emitting lamps, there is no maximum angle control limit. Jt 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. For example, depending on customer requirements, one may wish to reduce the
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Photonic paper, Organic Sensors, Polymerized composites, etc. [238] Interactions of the inventive

materials %ﬁﬁ@%@%@éﬁaﬂ molecules results in swelling of one or both oflggen%g 8\4%2&@5 swelling

produces Vvis of changes that can be useful in applications such as chemical Sensors.
10[239]With molecules having low vapor pressures, the swelling is reversible upon evaporation. This
feature can be used to create films that act as photonic paper, enabling a reusable paper or recording
media requiring no pigment for color display as described for a colloidal photonic system in Advanced

Materll§Ba0anLs (8 doH9d 10407 Arbirér/cakssethe Shetiyelss BhindesniplisHEtavith a material
that cap hedixedd aafier swalliogdmmpker-siahle sampesiie s alenaln Suitatigsveding aaents can

include polymerizable monomers to create polymer composites (for an example of colloidal composite

systeri€rdeet Afsafeals Mo narsbrodshifts wibelruy at ideheprata s sre/ s Erefnybiess at
organigiRpioaRicdnALeTalR, [H4Addn s anthedinents of headventiansibe RMoErheds nature of the

soft domains 20makes them generally more amenable to swelling than the semicrystalline hard

démaifeintRiaeddie st BIhEesretia Bl Ihadnfisr el CRBIRAP I BaFEAG8f the soft

domaiﬁlggﬁ.mi&lﬂigﬁeﬂm@@gﬂt@iﬁgg@@jpﬁ@d.pm@@, Distributed Feedback Lasers [242] The inventive
polymers can also be used as a component in a distributed feedback 25 laser. A distributed feedback

laser is a of lasgr digde, guantum cascade laser or.optical fiber laser where the actjve region of
tho devict kol B MR TSRO PP AT R AB o ISRt R VA Fefoctor,
providesnopliced fegdbackifpuiid thsétrdp tindhelitripedadtd't) POOXOSPE? AR G paS 300/ BiB2642
Bragg scattering from the structure. The inventive polymers could serve as the distributed Bragg
oo A U A LR CATE 18 SO BORALEL O 8 R S Tratid dhet 1 aser as
déscribed o7 IMORA080LA363ithdriphrid]Bieseireinendparated by teferefite fampunbpesBsredtldSapatent

practice. 5[24 preceding description .of the present invention is not intended to be limited to films
B e e b rLE R O ae B R P SIS A Bk It S Brepared from the

inventive polymers or blends include, but
[207] While the combination of a narrow band source and an inventive film works well

to control the angle at which light is emitted or detected, there are only a limited number of
sources with narrow emission spectra and therefore limited color options available. Alternately, a

15  broadband source can be made to act like a narrow band source to achieve similar directional
control of the emitted light. A breadband source can be covered by a color selective film that
transmits in certain narrow band wavelength regions; and that modified source can then be used
in combination with a second film having the same transmission spectrum so that the light
emitted from the source/color selective film combination can again pass through the inventive

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

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

[208] 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

transmitted light, but the light would not be reflected off the windshield or viewable by a
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are not limited to, staple fibers, tow, multicomponent, sheath/core, twisted, and monofilament. Suitable
fiber formin égggcgesse,s include spinbonded, melt blown techniques, as dgp%%%ﬁ‘éjz 0 Patents.
No. 4,430,563, AP @8?50 4,668,566, and 4,322,027, gel spun fibers as disclose atent No.
4,413,110, woven and nonwoven fabrics, as disclosed in U.S. Patent No. 3,485,706, or structures
made from such fibers, including blends with other fibers, such as polyester, nylon or cotton,
thermoformed articles, extruded shapes, including profile extrusions and co-extrusions, calendared

articleBasiRBSgF RAFRLH0ISheY VordAbpabofhnsler hbesimTHERYS. Bpdijaliaisaissadenefin are
also uggillfornwite apdiaiie eRRNG OpRLationPenIal B3N ShestextiusiprR {okvAckkBIQEMINg

operations, and forming molded articles, including the use of injection molding, blow molding process,

or rotdisIEhRY Garobe BEEEI CCIrAPLSH GREHB IS P FEUIIS: PORRTR (8 RS Bes8ividY into

fabricafgd aigles sueh asdheserpraviqusly menionssuaing anuentionahpelysielin-nrasessing
techniques which are well known to those 20 skilled in the art of polyolefin processing. Fibers made

frém tHe VP8GRt dif s teaititvitiesple peroedairasti e THYamEd BhBsedRtiiEY such as

reflectiug QL ol RRAGING ChBrAGIeSsS oppAfDpRIRRBFSIORRI A0t AkeRNs angRgNAquUeous, can
also be formed using the inventive polymers or formulations comprising the same. Frothed foams

comprigHep it chernifatitad Hyrrrmiitatioa R Be R sUMandi SeRiseiirr seoa sHl RO AONO.
PCT/URZ004/02:7:293 afi|gd ARV 820120 Q4 canshRUhlse i as - YPRZ00R(P216R2 filhapmlymers may

also be crosslinked by any known means, such as the use of peroxide, electron beam, silane, azide, or
other ¥saliARMIE tochRigge: THY BrryMmidsBtcuniids vé terhidily Riderfied Sirpmadedyint
4009/Q942d /G THSRL0NUOR04 2.y gralineh (for examriepyrsiseafpaleisannysititdes(dAH), silanes,

or other grafting agent), halogenation, amination, sulfonation, or other chemical modification.

[246]AHRRRAEEARRT AL BsieRl TR A GREd FRERY RARTUISHES EoMSrisIRG AR 37VEREDe polymers.
Suitabje additipsdRcinde filginsSHGR ASQHGAYIR AR IRRIGHIG PRGOS Wisheingielays. dalfe titanium

dioxide, zeolites, powdered metals, organic or inorganic fibers, including_carbon fibers, silicon nitride

fibers, i@dp wirel 3 AuEI BN HITBHGY BoNsEstehen FImBP et s ST SERI AP RERY Ligh so forth:
tackifigesr il epdangierentnahdinenrataiinicinaniiinnigeeils i e sdIRGIAlW A AP Synthetic

polymers, including other polymers according to embodiments of the invention. 10[247]Suitable
ymers é)llaendi with the polymers according to emb Eim.ents of, the invention include .

t %rmopla@{) ndn ?ﬁuea%trlﬁ]&’rags }Eepé Wﬁé?s‘g ﬂ%ﬁﬁ({%ﬁa L?r%ﬁeéﬁé“ s%fﬂ%%ﬁ:lf)l&%frﬁredfasi}c@%ﬁlplary

polyméis fexchlepdisighngitenp ahyprojpy evidciboth dewpgchumatityingpalypsopylehesisotactic

polypropylene, atactic.polypropylene, and randgm ethylene/propylene copolymers), various types of

Poly e R E MBI GR Fph SISt A8 o ST B A A TEDRE Hitallocen PE,

includingrimtittipleargdiiail Ak i§ thaescidey dentts df ZieQlervblabgiis ahidgmetpiiopeePé, [Sach as

products dit%cl se Q U.tS.rI?lgt%ngs. 0. 6@@5 088 6@&8 070, 6,566 4%6 5,844 C(})éfVS,k}S g99,575, and
6,448,§%’1‘¥, et ylenlez\e/}}ny acetate 1(@\7%, e ys?yrgne, impact

o

AL ER&r iy TEGHET EopBlymera’st
rh0difiethpolyisiyhe e achydoaitriledhitdidien e stysevel (ABS)hstyodine/b dradien e lloskMepgdympers and
hydrogenated 20 deriyatives thereof (SBS and SEBS), polyisobutylene, (PIB) homopolymer
A e Bt e e e e B Sl
olefin plastomers and elastomers, ethylene and propylene-based copolymers (for example polymers
available i3Br the trhdendesijhasidacERIIPY M eand abte#drodiieo Dbw ITtepiitlccbpsgsy and

VISTAMAKK Haaliabie. e Fsaniionll Glernical. Gompay kean alea:eHagfbl s gRcomponents
in blends comprising the inventive polymers. [248]Additional end uses include elastic films and fibers;
soft todatygJenglds sidighisthat are optimal for controlled plant growth. For example, a film can be
25  optimized to 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,

[211] It is known that plants respond to different wavelengths during different parts of

their growth cycle, as shown in FIG. 35. Throughout the growth cycle, the wavelengths in the
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tooth brush handles and appliance handles; gaskets and profiles; adhesives (including hot melt
adhesives and E:)Jressure sensitive adhesives); footwear (including shoe sole 2’?}? shoe liners); auto
interior par\%oaﬁﬁ%?%?ﬁégs; foam goods (both open and closed cell); impact???oT 18P18¢ 8 Her wo
2009/097529PCT/US2009/032642 thermoplastic polymers such as high density polyethylene, isotactic
polypropylene, or other olefin polymers; coated fabrics; hoses; tubing; weather stripping; cap liners;
flooring; and viscosity index modifiers, also known as pour point modifiers, for lubricants.  [249] In

some ePRbBHIMBNRL EAEFMGpESLitneBis s asi i CHmBIISIBE BitHEEER AR S MEHFRCpEIphREY,
especially iSefRclc BRIVRICRYIRAR. 26than.Rlasiomesic hlockinterrelimereiaianyiene arda@

copolymerizable comonomer according to émbodiments of the invention, are uniquely capable of
formingPBarEsHBIFb pRMPAHR RS SREUPRT e efyslanipmisTsenin eryaeaminel BI6Exe i@ 8t of a core
surrouRgdediy Seft %&@éﬁ?%@g‘ﬂ%ﬁ%&?@ﬁi&@h‘%‘&' aeungdJhe acsivdad.demeins of hard

|

polymer. These particles are formed and dispersed within the 10 matrix polymer by the forces
incurréddtining HETt ¥onnyslaiathg wichrbiRlimdatIsiOnEhly desirable morphology is believed to result

due to the unique physical properties of the block interpolymers which enable compatible polymer
regions syginas the Maikeang highencemangnencoricalalasomericdegiensiofthe block
interp(%%qmer to self-assemble in the melt due to thermodynamic forces. ShearingLforg:es during

compaLRRY RS Bt e lﬁ}%@a%@a%sséaé@%&asrégaﬂ%kﬂwm%iwsaﬁﬁmmﬁ YrBi&0 By elastomer.
Upon sebpliéyiRgtdhesedegiansihecdns ecciidcd-alpsthmenpaskeles angassdn tbepodprs@omatrix.
[250] Particularly desirable blends are thermoplasti olefin blends (TPO), thermoplastjc elastomer
oS TTES (RTH L0 SeRosf 2 ede B QGO bl HE BIoF T PR EAT TRy plends
may beprepate@dbysambningtbe nvented multi-block n20: pelyiness, inalsdingdunctionalized or
unsaturated derivatives thereof with an optional rubber, including conventional block copolymers,

e specfl STSH BISHOEEHRE AN BrORaN S BRGSO CA AR S8 P8 Hends are
generalyl psepatedipy biendingitheinventid bisek e alymeysvvith arpelyakefien@hdiaptionally a
crosslinking or vulcanizing agent. The foregoing. blends may be used.in forming g molded object, and
oo S IR MO TEETS e GH T B CBEr SR BT e ponents
has beegipiaviodshys disciogaddandySirRateniM Qr&wB 6itEe: ber2bdihBuisadiertasvaiitonal block
copolymers for this application desirably possess a Mooney viscosity (ML 1+4 @ 100C.) in the range

ftgm 10 tg l35, mor i%gﬁfse({ a&’i% oM £, 4901 3REPRR! BREICTARNMTOMAMBRY RiHaPle

polyolefins especially thclude linear or
results to the "grow lights". The output wavelengths from some sources actually retard growth,

but this can be compensated for by pairing with other sources. For example, low pressure sodium
used alone can inhibit synthesis of chlorophyll but when the low pressure sodium is combined
with fluorescent or incandescent lamps, normal photosynthesis occurs. Examples of common

20  pairings of commercial lights used in greenhouses include (i) high pressure sodium and metal
halide lamps; (i1} high pressure sodium and mercury lamps; (iit) low pressure sodium and

fluorescent and incandescent lamps; and (iv) metal halide and incandescent lamps.

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

hot or cold cathode lamps, metal halide lamps, mercury vapor lamps, high and low pressure
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WO 2009/097529PCT/US2009/032642 density polyethylene, polypropylene (including atactic,
isotactic, syndiotactic and impact modified versions thereof) and poly(4-methyl-1-pentene). Suitable

~ styrenic polyE®iPiEiitte polystyrene, rubber modified polystyrene (HIPS)PS/FeREI&EAHHRitrile
copolymers (SAN), rubber modified SAN (ABS or AES) and styrene maleic anhydride copolymers.
5[252]The blends may be prepared by mixing or kneading the respective components at a temperature
around or above the melt point temperature of one or both of the components. For most multiblock
copolwmditsnthisipempaitine mayebedaboneci3OC] Fhodighen enatiynatbve 14548, satwl xbstimteferably
above. 150 C. ical, polymer mixing.or kneading.equi nt that is capahble of reaching.the desired
rermpee R R e e b P G R R U s,
extrudérs: etk isinglecstrel thadmasrbs erevd xoBaminge ek érshe alendbeossancvihenhikant Thibigequence
of mixipg and methad may depend onihs desited fnal campasiion. A.sombination of agbury bateh
mixers and CORtNUOUS MIXers may alsé be emp oyeé, Sudh’as a Ban ury mixer ollowed y a mill
mixer fodovydadoyeapoextruder. Typically. a TPE or TPV composition will have a higher loading of
cross-linkable polymer 15(typically the conventional block copolymer containing unsaturation)
compared §ghPO C%ﬂﬁ&@é}&&%ﬁﬁ{@ﬁ}{&%&f&eﬁ@ E\REYPREsIIADS, ARG Weightralia el
conventional block copolymer to block interpolymer may be from about 90:10 to 10:90, more
preferabiiy fronPBOIOE HIRC: R0 Peitiliast Preffictalbigh o TE P ies 28 THiEEe tIROEEBRcations, the
weight, ratio of Blogk J0iemOMBL FidRaIMAlclmMayRe; ol ARAU AR dUARPH FiRBwiere

preferably from 2035:65 to about 10:90. For mo_di_fic_ed’ styrenic polymer applications, the weight ratio of
block itepbohmister sronss|Efim fizsr dlse becfroiiaibbir e (bbb ot s thadish prafesabNifrom

3965 b?iﬂﬁﬁ?}%ﬁ%%%v@%éﬂﬁ%mﬁ R$ chARgRChanaing R AGPRIY, atosoftheyatous

components. There is conSiderable literature illustrating techniques for changing the phase continuity

by chahgindtihe hiselssitp tatiosdithanebasitiente dradientahaphiferien skmeldnsosthisaart may
consult if necegsanHI4RA CRHRIMCAMRATEANS AR invanpveRIodERRAIN eI AlsQ R4t as

plasticizers. A plasticizer is generally an organic compound incorporated into a high molecular weight

polymegnstichiastio e eikadep| & antleah optaatitlons retiastepivedssnigyitirdas@us ety ,

flexibilify; Andiox flistensipl @atéhﬁ%}gﬂl%/mﬂdﬁ IXRAARYIERE o fpF-LxRMAII S AR %%@%?%QIMO
2009/097529PCT/US2009/032642 thermoplastic that is generally stiff and even brittle below room

tbnpebatdesimbir IRy eonhg st arenrissLpar PoliorsEIE Ather mechanism that moves to

compensate for the angle of the sun's rays throughout the day. Simpler mechanisms such as south

facing panels with only a weekly or monthly change in the angle from the horizontal or vertical

can perform quite well also.

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

reflectors and filters for use in aquarium lighting for aquatic plants.

25 [237] In addition to the previously described spectrally selective films that can be
tailored to transmit or reflect infrared and/or green light that is not useful for plant growth, a film
designed to control the amount of red light, typically from about 660-680 nm, and the amount of
far red light, typically from about 700-740 nm, is especially useful to control plant growth. It has

been shown that the ratio of red to far red light should be maintained at a level of 1.1 or higher in

S4 -



[254] Some embodiments of the invention provide miscible blends with polypropylene. By'blending

such interpolymer plasticizers with polypropylene (isotactic polypropylene, 5s ngiota tic polypropylene
and atacticf ﬁ?yg% ;?&ﬁe), the glass transition temperature, storage modl’%gg & %?g}&%sftzy of the

blended polypropylene are lowered. By decreasing the transition temperature, storage modulus and
viscosity, the workability, flexibility, and distensibility of polypropylene improves. As such, broadened
commercial application for these new polypropylene blends in film, fibers and molded products is
apparerergriberasortongrsicn ety blaatplodtieneieSigh Ry W&@’ﬁdﬁéﬁﬂ%ﬁdg‘%ﬁﬁfbe further

extended, by [liRIagyaniags. %&tpfeaga%%%ﬁmgms@ap%@%aﬁ%@m tighty;pgrirol possible

with metallocene and other homogeneous catalysts, both of which can reduce isotactic polypropylene

crystahinigigtish R PASREINGaRKP IS KoB MRVOTSREIRIRt iHORAHBE SaReRgAdadhs|Hegeivds
polyprapdess tbermpriastics Mavhe Saediknanas 1rappications f RAbRr epyiengparmpositions.

These uses include, but are not limited to: hot melt adhesives; pressure sensitive adhesives (as an
adhesRlantseaperfeptogaictdday ihEehhape Beo gysd4bia Ibwieb ety brédstalistibeign
amorphossiRelyeRylEnE) Alms inhiether EXIHSRR,CORHNES FaR! Qé@l@é{!ﬁb&%@ﬂﬂﬁ%m@dgjmproved
heat sealing Characteristics); sheets (such as by extrusion in single or multilayer sheets where at least
one |a§;@f@h%@§%@éﬁl@(b§é@%é§@ﬂ8 £&8%é§ﬂéﬁ“@6%b&?fﬁwn OfNIAVEARBISN thriBItblown or

SDUnbEQQJ}QSI% ARG IRTRINORIRRIREOMRNSHD A6 PRIgEMESIsbermep stc gtefin ("TPO")

and thermoplastic elastomer ("TPE") blends where polypropylene has traditionally been demonstrated
to be effective. In view of these many uses, with imprfoved low temperature prggeréie??and increased
hrant

workabilit? 1Re plashEszarpaiirebyie seniehiispristiedwhietis danasidrshi4 H'&elected
2%appligatinnsdosplpstigizetpotuviop ehlaride dPY)s in[2o6hAhe diens wempasitionsomay contain

processing, oils, plasticizers, and processing aids. Rubber progessing oils and paraffinic, napthenic or
PromalB DA I iR Tore e S LA PO AIE. P (G DO 0 AN, SR

preferalbqakoni @ eapauldtQo partelard mestareferablydomabauiQdaiahaut &lcpatis] of oil per
100 parts of total polymer are WO 2009/0975%9PCT/U820 9/032642 e 8pIogegLif.,Hi]%h r amounts of
oil mad FoRBTOAHBRJB HoBSFEERRRG IR (ETIRRGT G RIS e SRR SE SIS ESical
properfips fifid ditigrabieresehsingHaids iehitieaopdantianalapaesidrtbhacit saltss Gtho asrcadcium

oSS S (8O Eerc G AT b RTAI, RSTBL ot S AT By ine-, sl
derivativgseth@ea@iengths to reach the plants. To compensate for varying outdoor conditions or

varying needs of different plant varieties, the film is preferably positioned within the greenhouse

in such a way that it can be either used or stored, for example, by a rolling shade along the roof

line which can be drawn down or rolled up, or by a éhade cloth pulled horizontally above the
20  plant height. Alternately, individual enclosures of the film can be constructed for separate plants

or groups of plants,

[219) The film of the present invention can also be used in conjunction with
conventional mirrors to control the intensity of any desired portion of the sunlight spectrum that
reaches the plants. Generally, it is desirable to expose plants to a constant level of the

25  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 level throughout the day. For example, roses flower most efficiently when exposed to a

30 maximum light level of 600 p mol/sec-m”, and this level is often achieved by 11:00 am during
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[257]It is known that non-hydrogenated rubbers such as those comprising polymerized forms of
butadiene or isoprene, including block copolymers (here-in-after diene rubbers), have lower resistance
to UV radidiBrt®8%8%&823nd oxidation, compared to mostly or highly satura?&if%%’c?@?gnﬁ?ﬁpphcatlons
such as tires made from compositions containing higher concentrations 100f diene based rubbers, it is
known to incorporate carbon black to improve rubber stability, along with anti-ozone additives and
anti-oxidants. Block interpolymers according to the present invention possessing extremely low levels
of unséterativer, fivdthariculsttappidaior ase pPRobative Surfads layai@eated] to6xnddetlor

Iamln I hered to art from ntlonal diene elastomer
modifie ggg%r/erﬁvglr% %“r%ﬁ%ﬁ?ﬁ‘é 1 g 935 %vﬁ%stlﬁonamﬁ@érgﬁ?}g appﬁlcagt%ns carbon
black isctheiadditive aiidhoiceddr clmm@sﬂxmmnamﬁ (ﬁagmzmggmpembstmm@érﬂfanw examples of

carbo I 0,N1 : 2 9 1 26, N330,

11532, 5o N A r 4T AT NJBe 7% L6, T24b sBs N0 A NS0 eRs chrss,

N362, MM? MT?4PN¢&7§d@OEd4@@8}g\ng}%bN@§EEGﬂfms@rcmttdhablauk@m atdighdiftem the
-sun. Other combinations of baffles and curtains can also be used with our wavelength selective

films to control the intensity of light.

[220] Counterfeiting and forgery of documents and components, and the illegal
diversion of controlled materials such as explosives, is a serious and pervasive problem. For
10 example, commercial aircraft maintenance crews regularly encounter suspected counterfeit parts,
but lack a reliable means to distinguish between high-grade parts and counterfeit parts that are
marked as meeting specifications. Similarly, it is reported that up to ten percent of all laser
printer cartridges that are sold as new are actually refurbished cartridges that have been
repackaged and represented as new. ldentification and tracking of bulk items such as ammonium
15 nitrate fertilizer usable in explosives 1s also highly desirable, but current means of identification

are prohibitively expensive.

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

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

25  circuit chips.

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

yield information pertaining to the date and location of manufacture. There has been a long
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20absorptions ranging from 9 to 145 g/kg and average pore volumes ranging from 10 to 150 cm3/100

g. General%smaller particle sized carbon blacks are employed, to the extent cost considerations
permit. Fo a%‘f?gé‘ﬁ?gﬁzgpplications the present block interpolymers and blgﬂa’glﬁ"(g?%?%ﬁuire little or

no carbon black, thereby allowing considerable design freedom to include alternative pigments or no
pigments at all. Multi-hued tires or tires matching the color of the 25vehicle are one possibility.

[259]Compositions, including thermoplastic blends according to embodiments of the invention may
also contadh zasd-txonsaneriey Slmk-oxodastshias Aeshikapianovartibblereodensichior oradakly. skitt. The

anti-0zonanis:Ip ~a%?eﬁ§&¥ﬂ8?é&ﬂ@$%&ﬁﬂ&§t§&%ﬁ%s%%ﬁ%%i@Lﬁﬁl@@ﬁ&éﬁ%‘ﬁ tpihe.gHefass@nd
protect the part from oxygen or oz

_ ' _ ne or they may be chemical protectors that WO *
2009/6¥25 29RO USP0BS/0BMBATpeHctaNitEofexh apdlarenSiaptdesheificaiastbeactors include

styrenﬂ.}gglﬂig%g&%@mg;ﬁgd%ﬁylated phenol, butyl ated di(dimethylbenzyl) phenol,

p-phenylenediamines, butylated reaction products of p-cresol and dicyclopentadiene (DCPD),
polyphenolic antioxidants, hydroquinone derivatives, quinoline, diphenylene antioxidants, thioester

aftioxidakt23And bldRaSHHE 801 PE6R OIS IPA R FARNBSE1 BedHIBFEd (RN aYile 2

Wingstayilid, 3 pribexdant [Retvstayil MAoantiexidabt-Ralysiarivh oA nnianidanbddolystay TM
200 antioxidant, WingstayTM L antioxidant, WingstayTM LHLS antioxidant, WingstayTM K antioxidant,

Wingstdifan oo hitiss s sarbhigh reiestivitapd sRigheaBatingat SR ARSlGHa%ts. In some
applicatignstitierantaidanis Ged aiingenanie MsRth Wil predarab iy DRRE NARIRING ANt tail
non-migratory. 10[260]For providing additional stability against UV radiation, hindered amine light
stabili#8Psba-&EIE OS5 E8H B PIREPDRIAILS TREFAE TR B B SRAN BRI HiQUIRTHR 123,

TipuviglamAdford BRREATTY 624 (HoBNETHmvIGR LEphanions/ T8eanehfipuyint ahd 3@available from
Ciba Specialty Chemicals, and ChemisorbTM T944, available from Cytex Plastics, Houston TX, USA.

A LewRodisicbbeda el fih O IS AT e RPEI R R BE SBEfT B Pt S B e KisiPE superior

surface: gardlityo 281 HISGSE VA - Sh1P atrBENBHEOX68 1s dedtbd] Fomsemeeqragesiiens, additional
mixing process may be employed to pre-disperse the anti-oxidants, anti-gzonants, carbon hlack, UV

absorBERSAENEVEPREIY SR D o HshenLhis SRR, Wrdhatbes yaBrng tEHoP 8K A%r blends

there fremaetiold B2hKuitalle; srasslinkingnrganiphalsesaiaripecienp Gipgmer vulcanizing agents) for
20 use herein include sulfur based, peroxide based, or phenolic based compounds. Examples of the

foregoing rials are found in the art, includi i.n(%l.s. Patents.No.: 3 75?.6 %5 806, %158;
D172 00 2181 4 40 Bag S Bt oo GBS dul ALRE AT HEE BE 11 626
and 5,pd8¢iRhvention by several other methods, either alone or in combination with the above
described methods of varying the intensity and position of transmission and reflection bands. For
example, individual layers may be tuned to the infrared portion of the spectrum, and overtones in

the visible region can be controlled to produce unique spectra.

20 [225] 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 graphics printed on a substrate below the film to provide indicia that may be hidden or

25  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 Jocalized 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 suitable pressure. Localized thinning of layers could also be achieved by
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[263] When sulfur based curing agents are employed, accelerators and cure activators 25may be used
as well. Accelerators are used to control the time and/or temperature required for dynamic
vuIcanizatiWr?e’(ﬂ%gf%gm?Brove the properties of the resulting cross-linked arﬁglit-,mﬁ?ﬁw%rﬁr%odiment, 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, phi, based on total
composition weight. In another embodiment, combinations of a primary and - 88 - WO

2009/0oTE29EBIIEH0NI082E42 pegedonddpsteletatonaiighube, lewsd pulitaeskcondary
acce'@REnA L Rea e mAleLAMAUS; S AhA% 1M AR RAP 10RO Ay Inrder to activate
and to improve the properties of the cured article. Combinations of accelerators generally produce
articletnhenantisroperdiesithen andsdnnsivh aubette otiarriroda g sdadag eyimpeost dwmylihaccelerator.
In Sadgiion, delayeflacionueriiraRAnae e Whish A BRATHRdRY aaumaLprocessing
temperatures yet produce a satisfactory cure at ordinary vulcanization temperatures. Vulcanization
relardedsenightafaodteused 1dglabiieypss of accelerators that may be used in the present invention
are amines, disulfides, guanidines, thioureas, thiazoles, thiurams, sulfenamides, dithiocarbamates and

Xanthates[ﬁ@ferabﬁ’art%Rrﬂ'ﬁﬁlﬁ}?f@ﬁﬁﬁﬁf@t%cj&ﬁy]@ﬁﬂy@f‘@mBii%pﬁ@ﬁ@&%@g(ﬁ%@lﬁf@s@{tis used, the
secondary accelerator is preferably_zqgcuanidine, dithigcarbarnate or thiuram compound. Certain

procedB¥G A< ahbcARR aRtio i st d s ie bdite v 2 A IRUY LB e ResH A EH BEroxide

based o ifjeaggntsdresutate GOAHVAORHR09aaeR IR MaY Rervged combinationihereyith.
Suitable co%gents include trimethylolpropane triacrylate (tTMPTA), uimethylolpropane trimethacrylate

(TMPH) W BHf i raHatdra ey, Hralifrisetyamisais prA@yed ity tiiare! e arpEtoxide
argsslinkarsand aptionshcopganisused fonpaitinhal cormpligtedynamieycapizatiandare known in the
art and disclosed for example in the publication, "Peroxide Vulcanization of Elastomer”, Vol. 74, No 3,
July-AFRJECs e 2ppEARR 158 BiBE)interpolymer containing composition is at least partially
20crosslinked, the degree of crosslinicing may be measured by dissolving the composition in a solvent
for specifigi? uratiofipasehealppladinpiketipeseant geilon ung)Xiractabie edmiionewtialbg percent gel
normally increases with increasing crasslinking leyels. Fqr cured.articles. rding to embodiments of
the inVEHRIURE B16 RAPIBNE PRI RIS AR I Hoa SRS s Bt A SO 5B The block
interpahmens becordiigttol érmnogimedtspoflthel davatitiiin mehevBlhasdbidndmtiateaf frossess improved
rocessability ¢ ared to.prior art compgositions, due, it is believed, to lower melt viscosity arising
o 1 b 1 e BF A DR I B e e e e
demonfudigsanlingroadch suoiddeappebrancen esprsially Grbemidhmeda imterdemolgdet aoatettuded

artlclew@&tgg zﬁaalgt]ievélimlgt’e%?eﬁ %gﬁ%gtam acrylate to absorb energy during an explosive event.

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

[229] 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
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30compositions and blends thereof uniquely possess improved melt strength properties, thereby WO
2009/097529PCT/US2009/032642 allowing the present block interpolymers I hereof,
especially \Fflgdﬂg?é{}?&’gzs{o be usefully employed in foam and thermoformin%ca%r/)p gﬁ?ﬁ%&\ﬁhere melt
strength is currently inadequate. [266] Thermoplastic compositions according to embodiments of the
invention may also 5contain organic or inorganic fillers or other additives such as starch, talc, calcium
carbonate, glass fibers, polymeric fibers (including nylon, rayon, cotton, pgé?;ester, and polyaramide),

metal #EFP fidke dibppaftibrcrrcaspdRtamieNA78 by sfresen bhékpartd Sonaarbon seistagen as

clays, t@ﬁ%%rﬁ@@?d@f%%o%‘,"dﬁﬂ%"lﬁ%@ﬁi% aligmi asphatesigrdon whiskers, carbon fibers,
nanoparticles including nanotubes, wollastonite, graphite, zeolites, and ceramics, such as silicon
10carbide, silicon nitride or titania, Silane based or other coupling agents may. also be employed for
pettor il Abhaing A PO e e e THBOSIORE BEUB TG L B BT POREHE
inventigheificiyciag thefetegringdelandsy Mayberptocrssediby gopveniionalmeldsgtaeimiques such
as injection molding, extrusion molding, thermoforming, slush _moldin%,, over mal in&i?insert 15molding,
blow rifBIAINGS ShBREF RIS INEE Bifink® i n‘?%%ﬂfﬁf-lf‘a%%”fﬁﬁf&, MY B"PIbAHEE by cast or

tenteripgerecesaes, inwuding o it precessas, o RE8] Wragdditiopiethe fabeye:, di¢tblock
propylene/a-olefin interpolymers alsp can be used in a manner that is described in the following U.S.
orovo AL HDEBIE CHENERGo GR L B AHER ARG BT CU I B ARG GhTRToHE BpFEBNGRe and
continugdibas iR-paftanplicalignsdaiel Oinbospar ateshioptse ferentribekain diethade eptitedyto”Fibers Made
from quolymee%of Prop‘}/lgej?-OIefins", U@SP. %g{al No. 60/717,863, filed on September 16, 2005 as
well ad BHS5 At raIEd R BIGER ML AR ERE TN € O8I No. 60/782,746 filed on March 15, 2006
TESTING METHODS ATREF 25[269]Analytical temperature rising elution fractionation (ATREF)
dfialysis i§28dihductethacgoiding to fitrenrretiodad dse flesdrin: i SitRateratyN&oAq 706808 mmbiWilde, L.;

SR R R T R R R R
substantially transparent elastomeric polymeric material with a substantially transparent,
nonelastomeric polymeric material having substantially the same index of refraction as the
elastomeric polymer, Optionally, the elastomeric polymeric material in the skin layer may be

15  one of the elastomers which makes up the alternating layer of the optical interference film. In
preferred examples, the skin layer retains elastomeric characteristics and transparency while
providing the film with a protective surface which is nonblocking. The skin layer also remains

receptive to lamination of the film to other surfaces as well as receptive to inks or other forms of

printing.

20 [232] The inventive block interpolymers can also be used to form films with improved
barrier properties. Such materials can be used to form, for example, bladders in athletic shoes.
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

25 decreases in the permeability of small molecules such as oxygen and water relative to similar
polymeric materials. Such properties may make these inventive copolymers valuable in
protective packaging of food and other moisture and air sensitive materials. The inventive block

interpolymers can also display increased flex crack resistance compared to multilayer films.
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- 90 - WO 2009/097529PCMIS2009/032642 herein in their entirety. The composition to be analyzed is
dissolved in trichlorobenzene and allowed to crystallize in a column containing.an inert eport
(stainless &&F%%é%-féffslowly reducing the temperature to 20C at a coolir?g fa ezgp?f?fé/’%min. The
column is equipped with an infrared detector. An ATREF chromatogram curve is then generated by
eluting the crystallized S5polymer sample from the column by slowly increasing the temperature of the
eluting solvent (trichlorobenzene) from 20 to 120C at a rate of 1.5C/min. Polymer Fractionation by
TREF JYiroepergusddams TREE 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 160C. The polymer solution is 10forced by 15

psig (100kF®) nitrogee RREXE3 HpdINherfaein(£1& G¥ wdRe ) slesicopsmnpaskead Mt e 60:40
(v:v) mix of 30-40 mesh (600-425 pm) spherical, technical quality glass beads (available from Potters
Industh&EIEvE 3SR SO B ARRIGIHEES T9EASE09 Y i Saiddietiear BIHY G RARY Hidneter cut

wire shetdavaiabiedronodetethdnehah industiial iy Nedthylenawaedar pifpd«i20)uThe column
is immersed in a thermally controlled oil jacket, set 15 initially to 160 C. The column is first cooled

balliste4f} 1829 8, 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.
[271]App[d3dhately RORGtoh portmis{dhel uant fromdhut ipreparbtare TREE Thhsenfilems eallected in a 16

station, heated fraction collector. The polymer is concentrated in each fractiqn 20using.a rotary
cvapob A Aot ARG TR o7 e DA Sr B e R MY e
allowenb g stangdirefiigtin d efoperadding exoessomiaihalsaly iktering, andrinsitg (apprarat300-500 ml of

methagol inc{udir}%{ﬂe finatl rinse%. The filtrat%%rt] stegc'ﬁ1 erformed on a 3 position vacuum assisted
' y

filtering %%E}Poﬁsfsing g?aﬂf,,p{?gg@ erflr%??l%ar%% che coated ?iﬁ%?%%%%? ?éé\jrgl 4bl& from Osmonics Inc.,

Cat# 26O\ BRI}l Eivedfittrated dractions: 26aresdrisenovemightl imal racoumoveraas60n¢ and
weighed on an analytical balance before further testing. Additional information regarding. this technique
o g S T Ao e B e e A e ourions
in Polyetiyierm apd Ethylelee Copalynebesyida BobjenirSuics 20y st 8 {1 98cations, and

pharmaceuticals.

[235] In addition, microporous polymeric films may be used as battery separators

15 because of their ease of manufacture, chemical inertness and thermal properties. The principal
role of a separator is to allow ions to pass between the electrodes but prevent the electrodes from
contacting. Hence, the films must be strong to prevent puncture, Also, in lithium-ion batteries the
films should shut-down (stop ionic conduction) at certain temperatures to prevent thermal
runaway of the battery, Ideally, the resins used for the separator should have high strength over a

20 large temperature window to allow for either thinner separators or more porous separators, Also,
for lithium ion batteries lower shut-down temperatures are desired however the film must
maintain mechanical integrity after shut-down. Additionally, it is desirable that the film maintain

dimensional stability at elevated temperatures.

[236] The microporous films of the present invention may be used in any of the
25  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.
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WO 2009/097529PC171152009/032642 DSC Standard Method  [272] Differential Scanning

Calorimetréresult are determined using a TAI model Q1000 DSC equippgg%tlsgzh@@/&gé cooling
d.

accessory S AR g%n{(snzsgampler. A nitrogen purge gas flow of 50 ml/min is use € samp%e is pressed

into a thin film and melted in the press at about 5190C and then air-cooled to room temperature (25C).
3-10 mg of material is then cut into a 6 mm diameter disk, accurately weighed, placed in a light
aluminum pan (ca 50 mg), and then crimped shut. The thermal behavior of the sample is investigated
with the f@tking tefiisersaniproffrParHelsarpiv ssorapidns hedfed 1yersoe Wne Bl isiterhal for 3

minutes JB ArianIo S RRANE B REGiBHa e ralhistanicthesampie isdhemeaslerhiondofe At
10C/min cooling 10rate and held at -90C for 3 minutes. The sample is then heated to 230 C at

10C/miTKTHRRUIGEI FARS Uit b T8GR SRt et ebRINtSAME chhRY Rt FsEs alRpe! 3siUrRe BSC melting
peak isyneagiredas e maxiapn ieatdawaaie\Wighyith isRegt I dhadierat hageling drawn

between the beginning and end of melting. The heat of fusion is measured as the area under the
meltingredigrelisatRaentiacadihHiny hay thesnehaseLsPERing wefsidYinear baseline. For
polypropylene homopolymers and copolymers, the beginning of melting is typically observed between

0 and ph@€onibadpatl g aiithslpyaulas pirapedyZadiosipgaktmelting temperature, onset, and peak
crystallization temperatures, heat of fusion and heat of crystallization, and any other DSC analyses of

interest. 4] Ca 't%]ration of the, DSC is.done as follows,. First line i tain ? running 20
a DSC frgzrég# 0C wi %ﬂ%%onn)? g%%]f)l%en}fr? %]gea u%%ﬁ%r%%é‘(? %’E{%ﬁ ei%%%ﬁ%ér%s% Sal%%(resh indium
samplswislinglyZedebyr hettinfthhelsenripte (BhiB8OG:1toglimgdivesaiviple tolondCuzea twokag bate of
10C /min Ilowg%b keeping the sample isothermally at 140C for 1 minute, followed by heating the
sampl%bﬁfé’lcrinuﬁ ]'%ti%éua a ‘é%a‘?uﬂ%a?la%%%os? Toc per minute. The heat of fusion and the onset of
melting of the indium sample are determined and checked to be 25within 0.5C from 156.6C for the

dfset of M&flihg anditthincdesules ok 2B WIvaRpTar ehaibmsfiBiony tHeR Werwizdlaviet is analyzed
by 00@@%&&8@' el diRsh, 590 9&%&%'&%@@;9@%@%%%ﬁe@@&g&a,%@&g@e 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 misdtebIpHRApRsEtSE AR §Rs et HHEINa R EReXEY tolpediiphiy asstesrhsdlr wo
2009/Q81 32RP ShEHR Q0B ZOA FRe MG 15 2003, 15, 892-896.

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

organic/inorganic materials.

[241] In some embodiments of the invention, the amorphous nature of the scft domains
20  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.
Distributed Feedback Lasers

[242] The inventive polymers can also be used as a component in a distributed feedback
25  laser. A distributed feedback laser is a type of laser diode, quantum cascade laser or optical fiber
laser where the active region of the device is structured as a diffraction grating. The grating,

known as a distributed Bragg reflector, provides optical feedback for the laser during distributed
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[275] The gel permeation chromatographic system consists of either a Polymer Laboratories Model

PL-210 or%dg%@zg,% oratories Model PL-220 instrument. The column ,%%%H%‘li%?partments

are operated at hree Polymer Laboratories 10-micron 5Mixed-B columns are used. The
solvent is 1,2,4 trichlorobenzene. The samples are prepared at a concentration of 0.1 grams of
polymer in 50 milliliters of solvent containing 200 ppm of butylated hydroxytoluene (BHT). Samples are
prepared by agitating lightly for 2 hours at 160C. The injection volume used is 100 microliters and the

flow ratEAES P IR POYEICRHE mBle bR E fIN YRR AT SRS Q8 BB HEhE RE¥ narrow

molecrdgedweitty gistinvEonpalysivena siandadsifiamdRalyraenhabocalyriesablesiGaltRSl
ranging from 580 - 7,500,000 /molzg in conjunction with.their elution volumes. Té\]ﬂe_quivalent
polyprdgyieiefprbesar wé@gﬁf%ﬁ&? RetethifBd oy Ty SyBR AR MEREt K E8EHfiti8hts for
polyprogyleneddseeseribed by Th.G. Scholte, N.L.J Meijerink, H.M. Schoffeleers, and A.M.G. Brands,
J. Appl. Polym. Sci., 29, 3763 -3782 (1984), incorporated 15herein by reference) and polystyrene (as

describe . P. Qtocka, R..J. Roe, N..Y. Hellman, P. M. Muglia,.Macromolecules, 4.507 (1971)
in%orporggggﬁ reinoéjerglfécedmg%esﬁ% tﬁﬁgrﬁﬁ%ﬁvﬁéﬁenmnwn%flﬁf0= W%n 7 {O%R e

e y reference) In nk equation: a where Kpp ='1.90E-04 ,
app =Gilf2b-anidiiép,als@ 6k 164sap11007R::. 20f25/9P objpeopylene equivalent molecular weight

calculations are performed using Viscotek TriSEC software Version 3.0. '3C N MR [278]The
copolymereQf Ihis IEANARJY pigelbnVG LR siaRIiall iotaale PIAOMERS PRAURNCRRIuR fantaly
isotactic propylene sequences" and similar terms mean that the 25séquences have an isotactic triad
(mm) Areasirbisgd RC KPR Bbetedtay. thaltussrOes, phefdidisns ghetted tad aboirido®ore
preferably.gfe ?ﬁ?&-%&ﬂ#ﬁ%@e@%éﬁ%}%&éﬁ%@é@& Asalssihan aha0. 93 disoiRekc friads are
well known in the art, and are described in, for
10 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 fibers, including blends with other fibers, such as
polyester, nylon or cotton, thermoformed articles, extruded shapes, including profile extrusions
and co-extrusions, calendared articles, and drawn, twisted, or crimped yarns or fibers. The new
15  polymers described herein are also useful for wire and cable coating operations, as well as in
sheet extrusion for vacuum forming operations, and forming molded articles, including the use of
injection molding, blow molding process, or rotomolding processes. Compositions comprising
the olefin polymers can also be formed into fabricated articles such as those previously
mentioned using conventional polyolefin processing techniques which are well known to those
20  skilled in the art of polyolefin processing. Fibers made from the copolymers may also exhibit

optical properties attractive in fabrics and textiles, such as reflective or color-changing

characteristics.

[245] Dispersions, both aqueous and non-aqueous, can also be formed using the
inventive polymers or formulations comprising the same. Frothed foams comprising the

25 invented polymers can also be formed, as disclosed in PCT application No.
PCT/US2004/027593, filed August 25, 2004, and published as W02005/021622. The polymers

may also be crosslinked by any known means, such as the use of peroxide, electron beam, silane,

azide, or other cross-linking technique. The polymers can also be chemically modified, such as
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- 93 - WO 2009/097529PCT/US2009/032642 example, USP 5,504,172 and WO 00/01745 that refer to
the isotactj e in terms of a triad unit in the copolymer molecular | ' by "3C
NMR speé&ﬁlg%ﬂ#ﬁéﬁ%"éﬂtra are determined as follows. [279] 13C NM%%%%(@%&% one of a
number of techniques known in the art for 5measuring 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, Reviews in
Macrobyotsgiitag Coe misiBpnbyPHysiisTalow @nkyayiditM i, citgey). orHethss abiB8etisid for
determiningthecomAnRmMsT, canisniiehas: olefip interralymstiinuelygs obtaining the 13C NMR
spectrum under conditions where the 10intensity of the peaks corresponding to the different carbons in
the sample is directly proportional tq.the total number of contributing nuclej in the sample. Methods for
ensuring fg%ropor%é)f{ﬁﬁfﬁsaﬁéi ‘fﬂtish@'ﬁ?trgﬁd“?ﬁ R feii ng?er %‘iﬁ?ﬁcfé?ﬁ‘ﬂﬁfénﬁ)lﬁ?glaxation
after aipdsevéhpolise ot gatad-decadpiing {eebhiquesisalaxationaganiscandithedikic Thaidative
intensity of a peak or group, of peaks is gbtained in practjce from its computer-generated integral.
AR GBI A SHECHLI S IR GRadhg 196 RIS b B B BB Attt AR K Sbmonormer
are assigindthglhifbasSiperneitican hgimadechy sefarenecdorkadvimanetn ar Jitraisiesadiny,
synthesis and gnalysis of model compounds, or b t%e use qf isotopjcally, labeled comonomer. The
mole AAEBHGROMEN ISR deter MGt it rid O e Pite5Ti h- dLpaRATEG RE T Puriber of
molesmihdenmienaisesdo thecintagrals norespanding mthe, 20owdiberoofien pldsoéallzot thérpanomers
in the %ﬁgmer, s, described in Randall, for example.  [280] The data is collected using a Varian
UN11 YR IGRRRCEE B rometer or a JEOL Eclipse 400 NMR Spectrometer corresponding to
a 13C resonance frequency of 100.4 or 100.5 MHz, respectively. Acquisition parameters are selected
tblensure[@dahtitativer 8Gle atd @basowisitiondm thwiphetbe e whthe setaxdtignagermodihemdatalis

red Usi q : 00 ; i ec. - ay
cpeotr s B B e PR B RIS e )
The sampletis melprmed.byl?g@dm@appnﬁxmmdyﬁhiﬂndﬁgmmmigms@x@pylene, (both impact _

SR BT/ RIDOHRLIOfRBRBAEN SIS D107 O BTG YRS eR S e ton

agent) to
ethylene/propylene copoiymers), various types of polyethylene, including high pressure, free-

15  radical LDPE, Ziegler Natta LLLDPE, metallocene PE, including multiple reactor PE (“in reactor”
blends of Ziegler-Natta PE and metallocene PE, such as products disclosed in U.S. Patents No.
6,545,088, 6,538,070, 6,566,446, 5,844,045, 5,869,575, and 6,448,341), ethylene-vinyl acetate
(EVA), ethylene/ vinyl alcchol copolymers, polystyrene, impact modified polystyrene,
acrylonitrile butadiene styrene (ABS), styrene/butadiene block copolymers and hydrogenated

20 derivatives thereof (SBS and SEBS), polyisobutylene (PIB) homopolymer, PIB-isoprene
copolymer, EPDM and thermoplastic polyurethanes. Homogeneous polymers such as olefin
plastomers and elastomers, ethylene and propylene-based copolymers (for example polymers
available under the trade designation VERSIFY™ available from The Dow Chemical Company
and VISTAMAXX™ ayailable from ExxonMobil Chemical Company) can also be useful as

25  components in blends comprising the inventive polymers.

[248] 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); anto

interior parts and profiles; foam goods (both open and closed cell); impact modifiers for other
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30sample in a 1 Omm NMR tube. The headspace of the tube is purged of oxygen by displacement
WO 2009/097529PCT/US2009/032642 with pure nitrogen. The sample is dissolved and homogenized
by heating%"t‘f?g"éwafﬁagits contents to 150C with periodic refluxing initiateld)CbVWﬁ?gé%sr%ﬁé‘%d periodic
vortexing of the tube and contents.  [281] Following data collection, the chemical shifts are internally
referenced to the Smmmm pentad at 21.90 ppm. Isotacticity at the triad level (mm) is determined from

the methyl integrals representing the mm triad (22.5 to 21.28 ppm), the mr triad (21.28-20.40 ppm),
and th@ermeiplgstio BAynecss ppiel). Fhaipbreentiyerof yeyigeticitiPiadetIPhRE Bipdhvidingthse

intensity. af, the mm Kiad Byethe. s Ofihe MMbmE: 2n.thdiadspEALPToRy BRE-SdeRS CoRplymers

made with catalyst systems, such as the nonmetallocene, metal-Centered, heteroaryl ligand 10catalyst
(describE®abover thaediiagicrlesmacie d98F B srRIEIRISgTolENISARY-subtracting the
contribution from PPQ and PPE. For these propylene-ethylene copolymers the rr region is corrected .
for ethylepetand regio-esras Rynsubirasting themsoptiptioniiom (RRQE @nthER ks Romeapepiameas with

other monomers that produce peaks in the regions of mm, mr, and rr, the integrals for these reggions

are sifitiFRy CONERTEASBRSS B ALY HeeRRREPFERNY Fe sl ling 248 eI RIF N IR RUNMGLEL, once
the peglsphirie heen igsstifiadrThiscanhmasremplishesh for axasuigsiy analyzing:atkerieseof

copolymers of varigus levels of monomer incorporation, by literature assignments, by isotopic labeling,

or oth&PHARSIXSIMRIG QF WBWR SRTHESH P RES) £67 Eam%,%fgﬁsm&ﬂﬁﬁﬁﬁ@ FRSHRENSCene,
metal-srRiarad thetergasy| ligandseatalygtdsuehas desniitatkinclbBeRatefhRgblicaton Nound

2003/0204017, the |IBC NMR peaks 20c0rres;i,cg)nding tga rel%io- rror at abo%t 14.6 and about 15.7
SRR GFHE O

ppm afebARAUELs g BRYRS AESIAOPYETRTselbite PAERAISS IS ¥5IL 81D

gOWINg Rek Hek ahainyingenawk RagiveiucaRnanamesepoteiiinbighesierals of mgioesaks lead to .
a lowering of the melting point and the modulus of the polymer, while lower levels Ief'%(ééo 'Sg)hé%her

meltingPBRQrRCIPAYABY HoBthGESt REPBN LS. Dol MERBE EAIRIRBHES
propylane/eihyiene cagolyreesstetelipavig psobedereregivhe tisgd ta daterminexthendomighemer
composition and sequence distribution. Integral areas are determined from the IBC NMR spectrum
o UGG SRR AT 5 Sty e R o AR S FrSEPl it PR matri

assignmenbisifierodgeshvitidhe interaladg yietddhimalecdMpo2 M0 7S BORG TAUS 20081232642
15 - separated regions of matrix polymer encircled by elastomer, Upon solidifying, these regions

become occluded elastomer particles encased in the polymer matrix,

[250] Particularly desirable blends are thermoplastic polyolefin blends (TPO),
thermoplastic elastomer blends (TPE), thermoplastic vulcanizates (TPV) and styrenic polymer
blends. TPE and TPV blends may be prepared by combining the invented multi-block

20 polymers, including functionalized or unsaturated derivatives thereof with an optional rubber,
including conventional block copolymers, especially an SBS block copolymer, and optionally a
crosslinking or vulcanizing agent. TPO blends are generally prepared by blending the invented
block interpolymers with a polyolefin, and optionally a crosslinking or vulcanizing agent. The
foregoing blends may be used in forming a molded object, and optionally crosslinking the

25  resulting molded article. A similai procedure using different components has been previously

disclosed in U.S. Patent No. 6,797,779,

[251] Suitable conventional block copolymers for this application desirably possess a
Mooney viscosity (ML [+4 @ 100°C.) in the range from 10 to 135, more preferably from 25 to

100, and most preferably from 30 to 80. Suitable polyolefins especially include linear or low
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fraction of each triad. The matrix calculation is a linear least squares implementation of Randall's

(Journal of Macromolecular Chemistry and Physics, Reviews in Macromolegul E istry and
Physics, C\fl\g]@gc%?%i-?al?, 1989) method modified to include the additiésr%[,%ge%é %elgz:l%r%g‘{éxequences

for the 2,1 regio-error. Table B shows the integral regions and triad 5designations used in the
assignment matrix. The numbers associated with each carbon indicate in which region of the spectrum
it will resonate. [284]Mathematically the Matrix Method is a vector equation s=fM where Al is an

assigrifeibmagtyetB ke aes ppetyar R B\RNge StoF lushier i32cHiold ESlisn CORIpOERiEn vBEImBAstcessful
implementaianefdig MatixMethed sequligsdhaliAbhdnd s Reidgfined sush thathothetaauiting

equation is determined or over determined (equal or more independent equations than variables) and

the SORFABTIEHRe BYPsHioRedmtetin PehstrsreUBI T SforHats e cdsakFlco RRIBE the detired
struct@{@b’@}fgf@aﬁti@@smeﬁtirgts%%;@s%msr}éﬂwﬁ{!ﬂ%imqﬁ&rmjﬁ@zmﬁlements in the

composition vector/. The elements of this vector should be molecular parameters selected to provide
structural information about the syj)tem bein%rlls)tudi,ed. For 15copolymers, a reasonable set of

paramete uld bEEREE8 AP aBRIHD NP HIRI) JERE RS T A EN RIS AR Ee HrE e A5 onably
well reselypdrang-easyio assigne ke joad disisibution i$ the sresibiiemuseshjpiigCopaposition
vector/. The tr'a‘cfjsf r the E/P copolymer are EEE, EIEP, EE, PE]P PPP% PPE, EPP, and ERE. For a
polymEI ST B RS EHRAE gt MrolEBUP eGP 2 F0D050! G AR SEORIA Sibiknt cannot

distingjshdhR fesibly abBRA 20 torTRAL Sihnadalhidanoviamdeafngopplipmers thavésthe mole
fraction of PEdI% and EPP qual. to each other, the(gg}%?lit triction was chosen kor the

re
implerfERRIAGH Sl A oMM A2 é8¥8iﬁ PHBE TREPP2IRE 9BBI o
gqualityheestiictiafsnigtiy cadhéesightdiiaels baiskrigidependant vatiahteswi, @ albity ngason, the

composition vector f is still represented by all eight triads. The equality restrictions are implemented as
terndrEIRRAI S5/ IREn LOIEHSTE PR e SLEOHALAR T R X 08 S 18 define the
spectrusmyeditass. NsualyibeosefBais ot thischetiaewillhde-thewelkoeficed integiad kegions in the
spectrum. To i sur%a deﬁefrr%ined sg{s;t the n%mber@f inte%rf neegds to be tasA?[ge as the number
of indEPENAETT VRFABTIS SFAR AL éggb%’%% erfhifie "S5 ETgITHER AN AL The matrix is
construigtech by, intditgdhervortsthptidnof thé barbans gifdheadintes fnonediska poleach triad
(column) towards each .integral region (row). One.needs to be consistent abou polymer
o pa O i Do L R e O DETer 1 e SBar BHE LLER proporty - 96 -
compositions. Generally, for TPE and TPV compositions, the weight ratio of conventional block
copolymer to block interpolymer may be from about 50:10 to 10:90, more preferably from 80:20
to 20:80, and most preferably from 75:25 to 25:75. For TPO applications, the weight ratio of
block interpolymer to polyolefin may be from about 49:51 to about 5:95, more preferably from
20 35:65 to about 10:90. For modified styrenic polymer applications, the weight ratio of block
interpolymer to polyolefin may also be from about 49:51 to about 5:95, more preferably from
35:65 to about 10:90. The ratios may be changed by changing the viscosity ratios of the various
components. There is considerable literature illustrating techniques for changing the phase

continuity by changing the viscosity ratios of the constituents of a blend that a person skilled in

25  this art may consult if necessary.

[253] Certain compositions of the inventive block copolymers also act as plasticizers.
A plasticizer is generally an organic compound incorporated into a high molecular weight
polymer, such as for example a thermoplastic, to facilitate processing, increase its workability,

flexibility, and/or distensibility of the polymer. Polypropylene, for example, is an engineering
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equal to th&@éﬁéﬁ@éﬁégarbons in the center unit of the triad which is the CIQ@H%@%@%? row. This

equality can easily and thus prevents some common data entry error fter
constructing the assignment matrix, a redundancy check needs to be 5performed. 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 redundancy test, then one needs to go back to the
secont&tEWRIAt Fdpat it srrgia intiate iaLEHEREA Vemeih & RRe LG ATRsRtahu ik bishixhe
redundaney&hgekgs 4886] In general, when the number of columns plus the number of
additional restrictions 10or constraints is greater than the number of rows in the matrix M the system is

overdetermined. The greater thjs difference is the more the system,is. overdetermined. The more
overdeter P the SYREHTIRGTRGHS o kratHS REIRSE A, BB PP QURURY PRIRRIEH: data
which Brighératise fiomihtegrbling pldewisigralith poiser¢Siibnraticotata; polyartipl kakiration of some
reésonanc s. 15[287]The f;gial st%) is to solv%the trix. This.is easil .texect:_uted intMicr%spft Excel by
uSing tHBRURAIARIRERP Y Hes B BRI By RRY GUds S R Con oI VR SEETRTSHF +2758& mong
differemittiadsanditbevititerbdivaiyegies pvigiopiinimize toevstudh Bitdectiffeirentesietiviean the
calculated product vector anfg he input product vector s. The Solver also lets.one input restrictions or
consuTR ER B S8 SO B BN S o DN G the B ORSH Each Triac
Towargisi RiftgraatdniepradIegionschriachrnel Sttuctene Regidiedood (Rediemr fom?

polypropylene blends in film, fibers and molded products is apparent. Furthermore, the
10 flexibility of a product design utilizing these novel blends can be further extended by taking

advantage of the enhanced comonomer incorporation and tacticity control possible with

metallocene and other homogeneous catalysts, both of which can reduce isotactic polypropylene

crystallinity prior to blending with the inventive block interpolymer.

[255] These plasticized polypropylene thermoplastics may be used in known

15  applications for polypropylene compositions. These uses include, but are not imited to: hot melt
adhesives; pressure sensitive adhesives (as an adhesive component, particularly when the
polypropylene has 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 1s a plasticized

20  polypropylene thermoplastic composition of the invention); meltblown or spunbond fibers; and,
as thermoplastic components in thermoformable thermoplastic olefin ("TPO") and thermoplastic
elastomer ("TPE") blends where polypropylene has traditionally been demonstrated to be
effective. In view of these many uses, with ifnproved low temperature properties and increased
workability, the plasticized polypropylene thermoplastics offer a suitable replacement in selected

25  applications for plasticized polyvinyl chloride (PVC).

[256] The blend compositions may contain processing oils, plasticizers, and processing
aids. Rubber processing oils and paraffinic, napthenic or aromatic process oils are all suitable
for use, Generally from about 0 to about 150 parts, more preferably about 0 to about 100 parts,

and most preferably from about 0 to about 50 parts of oil per 100 parts of total polymer are
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employed. Higher amounts of cil may tend to improve the processing of the resulting product at
the expense of some physical properties. Additional processing aids include conventional waxes,
fatty acid salts, such as calcium stearate or zinc stearate, (poly)alcohols including glycols,
(poly)alcohol ethers, including glycol ethers, {poly)esters, including (poly)glycol esters, and

metal salt-, especially Group 1 or 2 metal or zinc-, salt derivatives thereof.

[257] It is known that non-hydrogenated rubbers such as those comprising polymerized
forms of butadiene or isoprene, including block copolymers (here-in-after diene rubbers), have
lower resistance to UV radiation, ozone, and oxidation, compared to mostly or highly saturated
rubbers. In applications such as tires made from compositions containing higher concentrations
of diene based rubbers, it is known to incorporate carbon black to improve rubber stability, along
with anti-ozone additives and anti-oxidants. Block interpolymers 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.

[258] For conventional TPO, TPV, and TPE applications, carbon black is the additive of
choice for UV absorption and stabilizing properties. Representative examples of carbon blacks
include ASTM N110, N121, N220, N231, N234, N242, N293, N299, S315, N326, N330, M332,
N339, N343, N347, N351, N358, N375, N539, N350, N582, N630, N642, N650, N683, N754,
N762, N765, N774, N787, NOO7, NO(G§, N990 and N991. These carbon blacks have jodine
absorptions ranging from 9 to 145 g/kg and average pore volumes ranging from 10 to 150
¢m’/100 g. Generally, smaller particle sized carbon blacks are employed, to the extent cost
considerations permit. For many such applications the present block interpolymers and blends
thereof require little or no carbon black, thereby allowing considerable design freedom to include
alternative pigments or no pigments at all. Multi-hued tires or tires matching the color of the

vehicle are one possibility.

[259] Compositions, including thermoplastic blends according to embodiments of the
invention may also contain anti-ozonants or anti-oxidants that are known to a rubber chemist of
ordinary skill. The anti-ozonants may be physical protectants such as waxy materials that come

to the surface and protect the part from oxygen or ozone or they may be chemical protectors that
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react with oxygen or ozone. Suitable chemical protectors include styrenated phenols, butylated
octylated phenol, butylated di(dimethylbenzyl) phenol, p-phenylenediamines, butylated reaction
products of p-cresol and dicyclopentadiene (DCPD), polyphenolic antioxidants, hydroguinone
derivatives, quinoline, diphenylene antioxidants, thioester 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™ 29
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.

[260] For providing additional stability against UV radiation, hindered amine light
stabilizers (HALS) and UV absorbers may be also used. Suitable examples include Tinuvin™
123, Tinuvin™ 144, Tinuvin™ 622, Tinuvin™ 765, Tinuvin™ 770, and Tinuvin™ 780,
available from Ciba Specialty Chemicals, and Chemisorb™ T944, available from Cytex Plastics,
Houston TX, USA. A Lewis acid may be additionally included with a HALS compound in order
to achieve superior surface quality, as disclosed in U.S. Patent No. 6,051,681;

[261] For some compositions, additional mixing process 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.

[262] Suitable crosslinking agents (also referred to as curing or vulcanizing agents) for
use herein include 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,

[263] When sulfur based curing agents are employed, accelerators and cure activators
may be used as well. Accelerators are used to control the time and/or temperature required for
dynamic vulcanization and to improve the properties of the resulting cross-linked article. In one
embodiment, a single accelerator or primary accelerator is used. The primary accelerator(s) may
be used in total amounts ranging from about 0.5 to about 4, preferably about 0.8 to about 1.5,

phr, based on total composition weight. In another embodiment, combinations of a primary and
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a secondary accelerator might be used with the secondary accelerator being used in smaller
amounts, such as from about 0.05 to about 3 phr, in order to activate and to improve the
properties of the cured article. Combinations of accelerators generally produce articles having
properties that are somewhat better than those produced by use of a single accelerator. In
addition, delayed action accelerators may be used which are not affected by normal processing
temperatures vet produce a satisfactory cure at ordinary vulcanization temperatures.
Vulcanization retarders might also be used, Suitable types of accelerators that may be used in
the present invention are amines, disuifides, 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.

[264] When the block interpolymer 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.

[265] The block interpolymers according to embodiments of the invention as well as
blends thereof possess improved processability compared to prior art compositions, due, it 18
believed, to lower melt viscosity arising from the polydispersity of the inventive block
interpolymer, 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
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allowing the present block interpolymers and blends thereof, especially TPO blends, to be
usefully employed in foam and thermoforming applications where melt strength is currently

inadequate.

[266] 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,
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.

[267] The thermoplastic compositions according to embodiments of the invention,
including the foregoing blends, may be processed by conventional molding techniques such as
injection molding, extrusion molding, thermoforming, slush molding, over molding, insert
melding, blow molding, and other techniques. Films, including multi-layer films, may be

produced by cast or tentering processes, including blown film processes.

[268] - In addition to the above, the block propylene/a-olefin interpolymers also can be
used in a manner that is described in the following U.S. provisional applications, the disclosures
of which and their continuations, divistonal applications and continuation-in-part applications are
incorporated by reference herein in their entirety: “Fibers Made from Copolymers of
Propylene/a-Olefins”, U.S. Serial No. 60/717,863, filed on September 16, 2005 as well as
“Propylene/a-olefin Block Interpolymers”, U.S. Serial No. 60/782,746 filed on March 15, 2006

TESTING METHODS

ATREF

[269] Analytical temperature rising elution fractionation (ATREF) analysis is conducted
according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.; Ryle, T.R.;
Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in Polyethylene and
Ethylene Copolymers, . Polym. Sci., 20, 441-455 (1982), which are incorporated by reference
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herein in théir 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.
Polymer Fractionation by TREF

[270] 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 (viv) mix of 30-40 mesh (600-425 pm) spherical, technical quality glass
beads (available from Potters Industries, HC 30 Box 20, Brownwood, TX, 76801) and stainless
steel, 0.028” (0,7mm) diameter cut wire shot (available from Pellets, Inc, 63 Industrial Drive,
North Tonawanda, NY, 14120)., The column is immersed in a thermally controlled oil jacket, set
initially to 160 °C. The column is first cooled ballistically to 125 °C, then slow cooled to 20 °C
at 0.04 °C per minute and held for one hour. Fresh TCB is introduced at about 65 ml/min while

the temperature is increased at 0.167 °C per minute,

[271] Approximately 2000 ml pbrticms 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 ml of the polymer solution remains. The
concentrated solutions are allowed to stand overnight before adding excess methanol, filtering,
and rinsing (approx. 300-300 mi of methanol including the final rinse). The filtration step is
performed on a 3 position vacuum assisted filtering station using 5.0 pm polytetrafiuoroethylene
coated filter paper (available from Osmonics Inc., Cat# Z50WP04750). The filtrated fractions
are dried overnight in a vacuum oven at 60 °C and weighed on an analytical balance before
further testing. Additional information regarding this technique is taught by Wilde, L.; Ryle,
T.R.; Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in Polyethylene and
Ethylene Copolymers, 1. Polym. Sci., 20, 441-455 (1982).
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DSC Siandard Method
(272} Differential Scanning Calorimetry results are determined using a TAI model

Q1000 DSC equipped with an RCS cooling accessory and an autosampler. A nitrogen purge gas
flow of 50 ml/min is used. The sample is pressed into a thin film and melted in the press at about
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
profile, The sample is rapidly heated to 230°C and held 1sothermal for 3 minutes in order to
remove any previous thermal history. The sample 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.

[273] The DSC melting 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 polypropylene homopolymers 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.

[274] 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 aluminum DSC pan. Then 7 milligrams of a fresh
indium sample is analyzed by heating the sample to 180°C, cocling 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 J/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 determmined and checked to be within 0.53°C from §°C.
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GPC Method
[275] The gel permeation chromatographic system consists of either a Polymer

Laboratories Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The column
and carousel compartments are operated at 140 °C. Three Polymer Laboratories 10-micron
Mixed-B columns are used. The solvent is 1,2,4 trichlorobenzene, The samples are prepared at
a concentration of 0.1 grams of polymer in 50 milliliters of solvent containing 200 ppm of
butylated hydroxytoluene (BHT). Samples are prepared by agitating lightly for 2 hours at 160°C.

The injection volume used is 100 microliters and the flow rate is 1.0 ml/minute.

[276} The molecular weight determination is deduced by using ten narrow molecular
weight distribution polystyrene standards (from Polymer Laboratories, EasiCal PS1 ranging from
580 - 7,500,000 g/mole) in conjunction with their elution volumes. The equivalent
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. Polym. Sci., 29, 3763 — 3782 (1984), incorporated
herein by reference) and polystyrene (as described by E. P. Otocka, R. J. Roe, N. Y. Hellman, P.
M. Muglia, Macromolecules, 4, 507 {1971) incorporated herein by reference) in the Mark-

Houwink equation:
{n}=KM
where K, . 1.90E-04, ap, - 0.725 and K- 1.26E-04 a,, - 0.702.

[277] Polypropylene equivalent molecular weight calculations are performed using

Viscotek TriSEC software Version 3.0.

BCNMR

[278] The copolymers of this invention typically have substantially isotactic propylene
sequences. “‘Substantially isotactic propylene sequences” and similar terms mean that the
seguences have an isotactic triad (mm) measured by C NMR of greater than about .85,
preferably greater than about 0.90, more preferabiy 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
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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 BC NMR spectra. NMR spectra are

determined as follows.

[279] C 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/¢-olefin copolymers in Randall
(Journal of Macromolecular Science, 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 nuclet in the sample. Methods for ensuring this
proportionality are known in the art and involve allowance for sufficient time for relaxation after
a pulse, the use of gated-decoupling techniques, relaxation agents, and the like. The relative
intensity of a peak or group of peaks is obtained in practice from its computer-generated integral.
After obtaining the spectrum and integrating the peaks, those peaks associated with the
comonomer are assigned. This assignment can be made by reference to known spectra or
literatare, or by synthesis and analysis of model compounds, or by the use of isotopically 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.

[280] The data is collected using a Varian UNITY Plus 400MHz NMR spectrometer or
a JEOL Eclipse 400 NMR Spectrometer , corresponding to a 3C 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 50/50 mixtuare of tetrachloroethane-
d2/orthodichlorobenzene that is 0.025M in chromium acetylacetonate (relaxation agent) to 0.4g

sample in 2 10mm NMR tube, The headspace of the tube is purged of oxygen by displacement
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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.

[281] Following data collection, the chemical shifts are internally referenced to the
mmmm pentad at 21,90 ppm. Isotacticity at the triad level (mm) is determined from the methyl
integrals representing the mm triad (22.5 to 21.28 ppm), the mr triad (21.28-20.40 ppm), and the
1t triad (20.67-19.4 ppm). The percentage of mm 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 ethylene and regio-error by subtracting 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 of monomer incorporation, by

literature assignments, by isotopic labeling, or other means which are known in the art.

[282] For copolymers made using a nonmetallocene, metal-centered, heteroaryl ligand
catalyst, such as described in U.S. Patent Publication NO. 2003/0204017, the BC NMR peaks
corresponding to a regio-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
geneﬁai, 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 to a higher melting point

and a higher modulus of the polymer.

Matrix Method Calculation

[283] For propylene/ethylene copolymers the following procedure can be used to
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 mole fraction

of each triad sequence. The matrix assignment is then used with the integrals to yield the mole
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fraction of each triad. The matrix calculation is a linear least squares implementation of

Randall’s (Journal of Macromolecular Chemistry and Physics, Reviews in Macromolecular

© Chemistry and Physics, C29 (2&3), 201-317, 1989) method modified 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 numbers associated with each carbon indicate in

which region of the spectrum it will resonate.

[284] Mathematically the Matrix Method is a vector equation s=fM where M is an
assignment matrix, § is a spectrum row vector, and f is a moie fraction composition vector.
Successful implementation of the Matrix Method requires that M, f, and s be defined such that
the resulting eqguation 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
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,
EEP, PEE, PEP, PPP, PPE, EPP, and EPE. For a polymer chain of reasonable high moelecular
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 imiplementation as well. The same
treatment was carried out for PPE and EPP. The above two equality restrictions reduce the eight
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
s. Usually the elements of this vector will be the well-defined integral regions in the spectrum.
To insure a determined system the number of integrals needs to be as large as the number of
independent variables. The third step is to determine the assignment matrix M. The matyix 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
- 06 -



16.00 15.00 30.30 29.80 28.20 27.10 24.50 19.50 15.00 14.00 [288]1,2 inserted propylene

compositiqR ds,eadelaias by summing all of the stereoregular propylene ceptefeghifiag:seguence mole
fractions. 2,1 inserted propylene 5composition (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 is determined by subtracting the P and Q mole percentage values from 100. Example 2

Metalll%f1 ne Catalyzed: 1%}289]&2\1{3 examn{)!% de onstg%tgrs1 é:alcu tiorlj& of co %ﬁ%%iyo%values for

propy@ndeth e&%&ﬂ mer maa%eusslfng 4 e <';1]I'Povgeneucat%ﬂy"s1 s?ytn hegized accor Pnnﬁ {8 Example

15 of theRenieil Giitdt theerpidpyirhdsativylene ibopolyivde issmafihiaciyreltaceotdingddEkample 1 of
us Patenf Aﬂ%ﬁ ation 2003/0204017. Thecf)rto%/lene-eth lene copolymer is analyzed as follows. The

data i§ N Rt USRS VESE TP RIS S0k ERRIR spectrometer
[285] After constructing the assignment matrix, a redundancy check needs to be
5  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
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.

[286] In general, when the number of columns plus the number of additional restrictions
10  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
the system, the more the Matrix Method can correct for or identify inconsistent data which might
arise from integration of low signal to noise (§/N) ratio data, or partial saturation of some

resonances,

15 [287] 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 solution vector (molar ratios
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.

20 Table B

The Contribution of Each Carbon on the Central Unit of Each Triad
Towards Different Integral Regions

Triad Structure Region for 1 | Region for 2 | Region for 3
Name

PPP ﬁ/\ P L A 0
| ﬁ/ﬂ
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15corresponding to a I3C 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 gate® PHHEE8!H g, 4000 transients per data file, a 7sec pulse rep@fitldR A3 factral 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

20tetrachloroethane-d2/orthodichlorobenzene that is 0.025M in chromium acetylacetonate (relaxation

tube and

mical shifts are internally

in the polymey} using the

agent) to!0.4§jdadple S1rad@nen NMR tube. Thé Regidspiueelof Riowéois DurBedion dsyden by
displacemeniNaiitle pure nitrogen. The sample is dissolved and homogenized by heating the
its contents t@PBOC with_periodic /refk.l@g/rg\imeld by heat gunCWO
2009/097529PCT/U92009/032642 [290] Following data collection, the che)
referenced to the mmmmaqentadtat 21.90 ppm. | [291] For metallocene propylene/ethylene
copolymers, the following procedure is used to dalculate the percent ethylene
Integral Regions assignments identified in the Journal of Macromolecular Chemistry and Physics,
"Reviews In I\ﬂg{;romoleg_lgpghe a hyisics,” C29 (2&3) 201-317, (1989). Table 2-A Integral
Regions for Calculating %o Ethyle]ne Region Bes|gnation Chemical Shift Range / ppm Integral Area A
44 - 49 259.7 the en
3 3 3
EPE \g/\] A | H C
EEEE S~ K K
EEEP {\/\/M K J
Hi
2
EEP \&/\1/ \[/i M C
CH,
2
PEE g(\f/ \/g\ M J
CHy
PEP y\/w N c
CHy CHy
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B36-3973.8C32.8-347.72P 31.0-30.864.78 Q Peak at 30.4 4.58 R Peak at 30 4.4 F 28.0 - 29.7
233.1G

WO 2009/097529 PCT/US2009/032642
Triad | Structure Region for 1 | Region for 2 | Region for 3
Name

PQE Ha F G 0
P{K/'\o/\g/
I .
CHy
QEP Hy F F
‘k\r1\?
CHy
XPPQE G ‘]%HS ] F O
Ty
XPPQP GHa QM e J E O

IS

Ghg

PPQPX Ha G Fa I D Q
/['Lj\/ ‘\T/T\&'

GHs
3

POPPX Hs %HS Ha F B P
i\2
CHy

P=propylene, E=ethylene, Q=2,1 inserted propylene.
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26 - 28.3 15.25 H 24 -26 27.99 18 - 23 303.1 Region D is calculated as follows: D =P - (G -
Q)/2. 10Region E is calculated as follows: E = R+Q-E(G-Q)/2. The triads are calculated as follows:
WO 2009/09?388HETAIS2009/032642 Table 2-B Triad Calculation PPP FELRW0Y 3§40 PPE = D
5EPE=CEEE=(E-0.5G)/2

Chemical Shift Ranges
A B C D E 13 G H i
48.00 43.80 39.00 37.25 35.80 35.00 34.00 33.60 32.90
45.60 43.40 37.30 36.95 35.40 34.50 33.60 33.00 32.50
B K L M N 0 P 0
31.30 30.20 29.30 27.60 25.00 22.00 16.00 15.00
30.30 29.80 28.20 27.10 24.50 19.50 15.00 14.00
[288] 1,2 inserted propylene composition is calculated by summing all of the

stereoregular propylene centered triad sequence mole fractions. 2,1 inserted propylene
5  composition (Q) is calculated by summing all of the Q centered triad sequence mole fractions.
The mole percent is calculated by mmltiplying the mole fraction by 100. C2 composition is

determined by subtracting the P and Q mole percentage values from 100,
Example 2
Metallocene Catalyzed:

10 [289]

ethylene copolymer made using a metallocene catalyst synthesized according to Example 15 of

This example demonstrates calculation of composition values for propylene-

USP 5,616,664, The propylene-ethylene copolymer is manufactured according to Example 1 of
US Patent Application 2003/0204017. The propylene-ethylene copolymer is analyzed as
follows. The data is collected using a Varian UNITY Plus 400MHz NMR spectrometer

15  corresponding to a ’C 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 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

20  tetrachloroethane-d2/orthodichlorobenzene that is 0.025M in chromium acetylacetonate
(relaxation agent) to (.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 150C with pericdic refluxing initiated by heat gun.
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PEE = G PEP =H Moles P = (B + 2A) /2 10Moles E = (E+ G + 0.5B +1-1)12  [292] As discussed
above, the block interpolymers comprise hard segments and soft segments. The soft segments can be
present in ¥ 810 MERolymer from about 1 weight percent to about 99 wEfghtsetethtitine total
weight of the block interpolymer, preferably from about 5 15weight percent to about 95 weight percent,
from about 10 weight percent to about 90 weight percent, from about 15 weight percent to about 85
weight percent, from about 20 weight percent to about 80 weight percent, from about 25 weight
percent tg2#ut 75 Redlighipedeentoffermiabdut SGweighhpescentieahdivtrwedghitpedicent, from
about 35 Weig!?ﬁt]pec[ce%tlstg about 65 weight percent, from about 40 weight percent to about 60 weight
percer‘?f‘,n?)rraﬁ‘*1 "iKoti \%&E}WK 20percent to about 55 weight percent. Conversely, the hard
segments can be present in a similar range as above. The soft segment weight percentage (and thus
the hard 4d@§tient wEighngeloentagappaleiséethpsarerpphynmR the folging dermehisrasaticabove,

embodiments ok the JYEDHURRIONE &0 16‘1%}1;?&%9% hY9pe AP g logk IRImAlymELs. The
block CiEnterpo fmers g%e éharac%erllyzeg E]y gn 5aver$ etﬁi!oci i%ex o%greeﬁér'%n Zero, E)referably
gfeateintteen ouPrd o€ Mntneniibesk ktrddtemasi ihan b Beksinter Relyeersihddec omigael sombination of
proper, .ﬁé"‘n?f & %%cf%r' }gs,r@b’s ¢ 3f g hey-ethydege/a-olefin copolymers. Moreover, the block
interpcé;ymelr?s gomprisgévar’ious fr c%oﬁs V\zth cﬁff@rﬁent%lock indices. The distribution of such block
indices has an impact on the overall physical properties of the block interpolymers. It is possible to
change the 30distribution of the block indices 9tﬁjzrs'¥ing the polymerization conditions, thereby

affording WO 2009/097529RG i PRI B 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 28.0-29.7 233.1
G 26 -28.3 15.25
H 24 - 26 27.99
1 18 - 23 303.1

Region D is calculated as follows: D =P - (G - Q)/2.
10 Region E is calculated as follows: E = R+Q+(G-Q)/2.

The triads are calculated as follows:
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the abilities to tailor the desired polymers. Such block interpolymers have many end-use applications.
For example, the block interpolymers can be used to make polymer blends, fibers, films, molded
articles, luBYe2A8/98a58 oils, etc. Other advantages and characteristics ar8&dparéytértidse skilled in
the art. 5[294]While the invention has been described with respect to a limited number of
embodiments, the specific features of one embodiment should not be attributed to other embodiments
of the invention. No single embodiment is representative of all aspects of the invention. In some
embodiments, the compositions or methods myhileclele numerous compounds or steps not
mentioned herein. In other embodiments, Frdagb@ydosititioa or methods 10do not include, or are
substantially free of, any compounds or_sfeps ;[r%rmg]gﬁt?g herein. Variations and modifications
from the described embodiments exist. The method of Mmaking the resins is described as comprising a
number of acts or steps. These steps or acts ni3EBeIpracticed in any sequence or order unless
otherwise indicated. Finally, any number discl hetein should be construed to mean approximate,
régardless of whether the word "about" or 15"approximately" is used in describing the number. The
appended claims intend to cover all thos&RbdifiEationsand variations as falling within the scope of
the invention. CLAIMS: 1. A composition compyising at least one propylene/ethylene block
interpolymer comprising two or more substantially'homogeneous intramolecular blocks comprising
differing chemical or physical properties and h&kkg=aidifference in mole percent 5ethylene content,
said intramolecular blocks characterize glgﬁgﬁig%ﬁ m st probable molecular weight distribution,
wherein the propylene/ethylene block in e'rpofyme IS C al)ac erized by a molecular weight distribution,
MOv/Mn, in the range of from about IVibtesdbeut2:8an€.bis anthvzrage block index greater than zero
and up to about 1.0; and, wherein the propylene/ethylene block interpolymer is mesophase
10separated; and, wherein the difference in mole percent u-olefin content between the intramolecular
blocks, A(percent comonomer), is calculated according to the followin% eguation: A(percent
comono AU (Rﬁﬁ)(g_sgussed above, the block interpolymers comprise hard segments and soft

segments. The soft segments can be present in a block interpolymer from about 1 weight percent

to about 99 weight percent of the total weight of the block interpolymer, preferably from about 5
15  weight percent to about 95 weight percent, from about 10 weight percent to about 90 weight

percent, from about 15 weight percent to about 83 weight percent, from about 20 weight percent

to about 80 weight percent, from about 25 weight percent to about 75 weight percent, from about

30 weight percent to about 70 weight percent, from about 35 weight percent to about 65 weight

percent, from about 40 weight percent to about 60 weight percent, or from about 45 weight
20 percent to about 55 weight percent. Conversely, the hard segments can be present in a similar

range as above. The soft segment weight percentage (and thus the hard segment weight

percentage) can be measured by NMR.

[293] As demonstrated above, embodiments of the invention provide a new class of
ethylene and o-olefin block interpolymers. The block interpolymers are characterized by an
25  average block index of greater than zero, preferably greater than 0.2. Due to the block structures,
the block interpolymers have a unique combination of properties or characteristics not seen for
other ethylene/u-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, Itis possible to change the

30  distribution of the block indices by adjusting the polymerization conditions, thereby affording
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wherein Mn is the number average molecular weight of all molecules in units of 15g/mole and A is
greater than or equal to 9187. 2. The propylene/ethylene block interpolymer of claim | wherein the
propylene/&R\I8MOBTIEEK copolymer comprises domains wherein the domaiRs/ HedAYH 3 est
dimension in the range of from about 40 nin to about 300 nm. 20 3. The propylene/ethylene block
interpolymer of claim 1 wherein the propylene/ethylene block interpolymer has been compression
molded. 4. The propylene/ethylene block interpolymer claim 1 wherein the propylene/ethylene
25bloakdnilsiipidy meatitontiridesdomana s efeith thivdomaips ipmeeschsrmeatiest dicdansion that is
greater than about 60 nm. 5. The propylene/ethylene block interpolymer of claim | wherein the
oropy ERRGHSTENe Bl ER RIS HEr R AT T R S L A AL PSR SOl 6.
The prapyie ne/eliy leriel dipeibiitarpoumesitd, ekainClhavheraitire imeriehnerikas ardensity in the
range from about 0.86 g/cc to about 0.91 g/cc. 7. The propylene/ethylene block interpolymer of
claim 1P BIHEREIR %R%Sﬁxﬂ%}ﬁ/ﬁﬁf g %‘?%tter than about 1.5. 8. The propylene/ethylene interpolymer of

claim 1, wherein the propylene/ethylene interpolymer is characterized by at least one melting point,
Tin, in defj#8dk Celsiibilatht anceniomomebeontestribedeightespeehtreifinhedunmebioadivalues of Tm

and a‘e%r%o'ﬁﬁﬂ HRL AR, 9&%%%&%%“ R '3‘5}1%1?88 é(ﬂ"_c}u?g E&lﬁéiﬁ%ﬁ’bﬁf‘ejd TJ otfler! Ne

propylene/ethylene block interpolymer of claim 1 characterized by having at 15least one fraction
obtainedidireenpesbtbeaRisitgE INpsRactivhediore (tTREFYsantsredrofidl frepsisndiabea block index

areatey, g apott 0. 20k Huimane k.t Quand N PRGN AlRE ARG mer has a

molecular weight distribution, Mw/M," greater than about 1.4.
compounds or steps not mentioned herein. In other embodiments, the compositions or methods

10 do not include, or are substantially free of, any compounds or steps not enumerated herein.
Variations and modifications from the described embodiments exist. The method of making the
resins is described as comprising a number of acts or steps. These steps or acts may be practiced
in any sequence or order unless otherwise indicated. Finally, any number disclosed herein
should be construed to mean approximate, regardless of whether the word "about” or

15  "approximately" is used in describing the number. The appended claims intend to cover all those

modifications and variations as falling within the scope of the invention.
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2010. The propylene/ethylene block interpolymer of claim 1, wherein the propylene content is greater
than about 50 mole percent. 11. An article comprising the block interpolymer of claim I. 2512. The
article of claim 11 wherein the article comprises a Film, a molded article, jewelry, a toy, an optical
article, a decorative article or a combination thereof. 13. A composition comprising at least one
propylene/ogtenpgntpck interpolymer comprising two or more substantially homogeneous
intramolecular blocks comprising 30differing chemical or-physical properties and having a difference in

mole percent octene content, saio!.intramolecular block chéagac erizgd gg osse sing a most probable
molecular WE‘i&FWBWM%Wé@Wﬂé%%H@B@ O A 8196 ¢aracterized by a
molecular weightrtlistg butian, M MiBsniitiel lahgeof dnoouaboutdoletolabblec Rs& amgrbyran average

plock index gralel LANASIP AT {1810 A0OUE 0 WRELEIR 1N RLERXEnPIRGL 8 blagk Interpolymer is
mesophase ‘Separdted: and, V\(f'l%l’gln & differénce in mole percent octene content between the
intramofecukthplotkso R epsreentieomoierty) bls el chidtst deedriimg e thiaddiiBWitg equation: 5

A(percent comaROIMBRIRAINMN:GMhergiMns the-RumbenLRverRas/Molesalright of all molecules
in units of g/mole and A isﬁ%reater than or equal to about 8915. 10 14. Ac mpr?ﬁ t‘ion comprising at

i
least one proByIBALASISH BIBER DS ARIEHRPIS 'BP G ally Woftogeneous
intramoleculaf hHtegks ean prisingadiffedng ¢ be micalor ghysicalpiepertasahdrhavingnd difference in

mole percent a-olefin content,.said intram locks, gharaeterized by possessing.a most probable
15mo|ecularr1(\3/vaek?8H{ %i@’tﬁglsftigﬁ?r\/%ﬁe%}eﬁ ' ltﬁﬂﬁ %%é%rgﬁe%e}a-olggn %lof:é &ter[%?ymééro?s %%aracterized by
a moleédular wedggiediseibution, M",/M", in the range of from about 1.4 to about 2.8 and by an average
block index greater than zero and up to about 1.0; the propylene/a-olefin block interpolymer is

mesophase ggpasated wirgieinthg Alefisrisadenemaned e differenaann melspricant a-olefin

content between the 20intramolecular blocks js greater th%{] or eq]ualptﬂ about 17.2.mole percent.
blocks, A(percent comonomer), is calculated according to the tollowing equation:

A(percent comonomer) > A / (Mn)"?

wherein Mn is the number average molecular weight of all molecules in units of

15 g/mole and A is greater than or equal to 9187.

2. The propylene/ethylene block interpolymer of claim 1 wherein the
propylene/ethylene block copolymer comprises domains wherein the domains have a
smallest dimension in the range of from about 40 nm to about 300 nm.

20
3. The propylene/ethylene block interpolymer of claim 1 wherein the

propylene/ethylene block interpolymer has been compression molded.

4. The propylene/ethylene block interpolymer claim 1 wherein the propylene/ethylene
25  block interpolymer comprises domains wherein the domains have a smallest

dimension that is greater than about 60 nm.
5. The propylene/ethylene biock interpolymer of claim 1 wherein the

propylene/ethylene block interpolymer has a molecular weight greater than about 250

30 g/mol.
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15. A composition comprising at least one propylene/a-olefin block interpolymer comprising two or
more substantially homogeneous intramolecular blocks comprising differing chemical or physical
properties and having a difference in mole percent a- 25 olefin content, said intratnolecular blocks
characterized by possessing a most probable molecular weight distribution, wherein the
propylene/atolEfin rioieK snedeguliameblisckhareistelized bl @amolecularaveibhimispibution, Mw/M", in the

range of fro%??%‘é&éﬁ? IR ARGUL 2.5:300.8Y, A A¥eIAYGLIRGK Indax greater than zero and up to about

1.0; wherein the propylene/a-olefin block interpolymer is mesophasé separated; and, 30wherein the
a-olefin is ethylene and the difference in mole percent a-olefin content between the intramolecular

blocks is gr%ﬁé%‘}fe‘?ﬂ%&}@eﬁpB}gc%anze%gﬁzﬂgf%?maim 1, wherein the Mw/Mn is

5  greater than about 1.5.

8. The propylene/ethylene interpolymer of claim 1, wherein the propylene/ethylene
interpolymer is characterized by at least one melting point, Tm, in degrees Celsius,
and a comonomer content, in weight %, wherein the numerical values of T, and a-

10 olefin correspond to the relationship:
'11||1>'“‘2-909 (W‘t % (X"Oleﬁﬂ} + 14’1.57.

9. The propylene/ethylene block interpolymer of claim 1 characterized by having at

15 least one fraction obtained by Temperatore Rising Elution Fractionation ("TREL™),
wherein the fraction has a block index greater than about 0.3 and up to about 1.0 and
the propylene/ethylene block interpolymer has a molecular weight distribution,

Myu/M,, ereater than about 1.4.

20  10. The propylene/ethylene block interpolymer of claim 1, wherein the propylene

content is greater than about 50 mole percent.
11. An article comprising the block interpolymer of claim I.

25  12. The article of claim 11 wherein the article comprises a {ilm, a molded article,

jewelry, a toy, an optical article, a decorative article or a combination thereof.

13. A composition comprising at least one propylene/octence block interpolymer
comprising two or more substantially homogeneous intramolecular blocks comprising
30  differing chemical or physical properties and having a difference in mole percent
octene content, said intramolecular blocks characterized by possessing a most
probable molecular weight distribution, wherein the propylene/octene block
interpolymer is characterized by a molecular weight distribution, M,/M,, in the range

of from about 1.4 to about 2.8 and by an average block index greater than zero and up
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20

25

30

to about 1.0; wherein the propylene/octene block interpolymer is mesophase
separated; and, wherein the difference in mole percent octene content between the
intramolecular blocks, A{percent comonomer), is calculated according to the

following equation:
A(percent com01"1()1ﬁf}@1‘)}‘;/’\/(Mn)D‘5

wherein Mn is the number average molecular weight of all molecules in units of

g/mole and A is greater than or equal to about 8915,

14. A composition comprising at least one propylene/a-olefin block interpolymer
comprising two or more substantially homogeneous intramolecular blocks comprising
differing chemical or physical properties and having a diflerence in mole percent a-
olefin content, said intramolecular blocks characterized by possessing a most probable
molecular weight distribution, wherein the propylene/a-olefin block interpolymer 1s
characterized by a molecular weight distribution, My/Ms, in the range of from about
1.4 to about 2.8 and by an average block index greater than zero and up to about 1.0;
the propylene/o-olefin block interpolymer is mesophase separated wherein the a-
olefin is octene and the difference in mole percent ¢-olefin content between the

intramolecular biocks is greater than or equal fo about 17.2 mole percent.

15. A composition comprising at least one propylene/a-olefin block interpolymer
comprising two or more substantially homogeneous intramolecular blocks comprising
differing chemical or physical properties and having a difference in mole percent a-
olefin content, said intramolecular blocks characterized by possessing a most probable
molecular weight distribution, wherein the propylene/a-olefin block interpolymer is
characterized by a molecular weight distribution, M,/M,, in the range of from about
1.4 to about 2.8 and by an average block index greater than zero and up to about 1.0,
wherein the propylene/a-olefin block interpolymer is mesophase separated; and,
wherein the g-olefin is ethylene and the difference in mole percent a-olefin content

between the intramolecular blocks is greater than or equal to about 17.7 mole percent.

106



