WD 2009/ 097525PCT/ US2009/ 032638 PROPYLENE/ a- OLEFI N BLOCK | NTERPOLYMERS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [1] This application clainms
priority woamasg72s5ovi si onal Application Serial No 61/ 0P¢TAR4000i0BmAS Jan.

30, 2008 (Attorney Docket No. 66700). This application is also related 5to
the followng U S. Provisional Patent Applications also filed Jan. 30, 2008
with Serial Nos. 61/024,688 (Attorney Docket No. 66699); 61/024,674

61/ 024, 791 (At ¢ or g OB EiEO1 FGINHL LR ISTRREOTESRES, ney Dotiet no

66703). For purposes of United States patent practice, the contents of
these applications @rOSBEREFERERCE O RM Criy APl eCRMGONSN their entirety.
10FI ELD OF THE | NVENTI ON [2] This invention relates to

propyl ene/a-ol efin block interpolynmers and articles made fromthe bl ock
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ottper. Wiile a wi de vari ety OELD OEFHEORPOVEREION! chi t ect ures are possi bl e,

a nunber of bl ock copolyners i1 nvolve the coval ent 25 bonding of hard

pl astic bl ocks, which are substantially crystalline or glassy, to
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gl ass-crystalline ynmers, are al so possible.

BACKGROUND OF THE INVENTION

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

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

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

25 bonding of hard plastic blocks, which are substantially crystalline or glassy, to elastomeric
blocks forming thermoplastic elastomers. Other block copolymers, such as rubber-rubber

(elastomer-elastomer), glass-glass, and glass-crystalline block copolymers, are also possible.
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WO 2009/ 097525PCT/ US2009/ 032638 [5] One nethod to nmake bl ock copol yners
is to produce a "living polyner". Unlike typical Ziegler-Natta

pol yrer i 280i2000/q9rf26esses, |iving pol ynmeri zati on processesTiuseaows26es! y
initiation and propagation steps and essentially |ack chain term nating
side reactions. This permts the synthesis of predeterm ned and

wel | -controll ed structures desired in a block 5copol ynmer. A polyner created
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charactérized by an initiation rate which is on the order of or exceeds the
pr opaganitigtion andprogaghtioh eteab suheseerdfally dadkiohain tenminating sadesieagtionsadhisons. I n
addition, these catal yst stens, ar aracterized by the presence of a
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20[ 7] Whenever crystallization occurs under qui escent conditions, which

that,.th i t subjected to.eith nal .mechani cal
forces. or Ghnusun Py g-Relghe Bok FaBHBrs sl PRt PFuA REGAS
cryst al 3dl #akk £i6R SRR theWehhenGh Y HbabrhéZRd{tToAMdniRlk! TRRubAMsdanes ical

structures called "spherulites". These spherulites range in _size from
m cr onexcetpis angpust i oneeaf dhesmoporgprs apgantacteal wils Biejoptalysh @nca tifisst pisdnomenon
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cryst al detdrrisme@drhehr Ingi®hlea epecloe scintiptinc@dsind hilldhedtomayct befdrouhe sécondel | er
A., Sawada, S. Makronol. Chem, 74, 190 (1964) and Basset, D.C., Hodge,
A M, Plady, Th prpcesppgy be pgppatedysing thieas, orRftey anjonieslly gelymgtizgblog1) © The

spher Ul hbldnatr HBhULG, SAlicse LM A OOl ARA AL BIBRL AR, ctc,

subsequent ranch an ow out war romthe core in a radial direction.
Di sor dearedotpbitegtie block phhinresizatdk by upionlvaechmtiqpres.al bet ween

20 [7] Whenever crystallization occurs under quiescent conditions, which means that
the polymer is not subjected to either external mechanical forces or unusually fast cooling,
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

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

30 from the core in a radial direction. Disordered polymeric chains make up the material between
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WO 2009/ 097525PCT/ US2009/ 032638 | anel | ar branches as described in Li, L.
Chan, C., Yeung, K L., Li, J., Ng, K, Lei, Y., Macronol ecul es, 34, 316
(2001). [WDRodwwrizgl ene and random a-ol ef i n copol yners eCTaishyasms3ican be
forced to assume non-spherulitic nmorphologies in certain cases. One
situation occurs when the 5crystallization conditions are not qui escent,
such as during bl owmn or cast filn1processing In both cases, the nelts are
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chai n segnents o [ east ne units are required for chain
f ol di ngoo Belkguo plikswithintaerethyienetchyste nad, uhdrtfre, lacwqumkeotit thyleneighitin

fractions form extended chain cryst whi. | e pol yet h at ty i cal

mol ecul V58 YRIOSOMSRENRPLIRGRA hio @i rethicks Hap dif lsggyth Sefgﬁ SHF ‘WB an

nor phol a‘?ﬂﬁfans[c%hf%nflﬁﬂéﬁ lEvENRSIP fthesl‘ﬁhieﬁaes'@v@ﬁl% hg% WkcoffRsplanh ey chag been
observed in a-olefin block copolymers nade by batch anionic polymerization

of but afdl@m&mtcolammtlblyt@@hy do dgyeantavorablef Ih tes c@suﬂ'rtmgn@nmrﬂlynmrbun,dtedt he

e ok kGBS S Befian SO REOE iR, SRk Re B P Sesy
mat ri X mBaye. m@g@h Sty BEPRHSL lm%/(ﬁnﬁt 19 E)1996PlIsatkss F3ow @ssEdubeavdight Cohen,

R E., Cheng P. L., Douzinas Kofi nas, P., Berney, C V., Macronol ecul es,
23, 32m%n@lgsd9neafmtlevhm0é1dé\ﬂnwdﬁy@n@ngﬁéﬁ@ numbgref Caiseslugie k sthalengesiesy i bed

in I‘Oo’thaYt alfe reqll?lergci ?otf%rrh a chaln foﬁ%g 'Pdmé?lag "As Eesgnbed in L. Mandelkern, A. Prasad,
R.G. Alamo, G.M. Stack, Macromolecules, 23, 3696 (1990) polymer chain segments of at least
20 100 ethylene units are required for chain folding. Below this number of ethylene units, low
molecular weight fractions form extended chain crystals while polyethylene at typical

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

[9] A fourth type of solid state polymer morphology has been observed in a-olefin
block copolymers made by batch anionic polymerization of butadiene followed by
25  hydrogenation of the resulting polymer. At the crystallization temperature of the ethylene
segments, the amorphous blocks can be either glassy or elastic. Studies of crystallization within a
glassy matrix have used styrene-ethylene (S-E) diblocks as described in Cohen, R.E., Cheng,
P.L., Douzinas, K., Kofinas, P., Berney, C.V., Macromolecules, 23, 324 (1990) and ethylene-
vinylcyclohexane (E-VCH) diblocks as described in Loo, Y.L., Register, R.A., Ryan, A.J., Dee
30 G.T., Macromolecules 34, 8968 (2001). Crystallization within an elastic matrix has been studied
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30G T., Macronol ecul es 34, 8968 (2001). Crystallization within an el astic
matri x has been studied WD 2009/097525PCT/ US2009/ 032638 usi ng

et hyl ene-WB-20@tdey3i2sbut ene) di bl ocks as descri bed in Qui PERUSENI/0326BR Qi St er,
R A, Marchand, G R, Ryan, A J., Macronol ecul es 30, 8338 (1997) and using
et hyl ene- (styreneet hyl ene-but ene) di bl ocks as described in Loo, Y.L.,
Register, R A, Ryan, A J., Mcronol ecul es 35, 2365 (2002). Wien the matrix
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propyl ene/ et hyl ene di bl ock copol yners at different 15val ues of total
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wei ghts in excess of 450, 00 are necessary to ac omai n si zes of
50 nmplibeef hingdllag] is cosstiaynedio €H0ingn imhe@i sgstbime. #tis swwchtypicghtorfioldecul ar

i ght tl | i t t i I i ft
et or ean St o i e iR e rBani nandilo ey rEAREEaSHAP et i da s 30w w
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characteristic ratio of 6.2, and a ne ensity of 0.78 g/cnB. The
cor r ellamélbm domrinetbivkaesh foremenariipersoopaany snelodylehetdiblnsineapoligners at different

i t |t f D.J. hse, WW Pol | ds Vol
TABC e & tobl eI e & RN penéegtie e Bt irales Dl aS B o rer <
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di sordered, rather than m crophase separated, nelts and produce a regul ar
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.

20  Macromolecules (1996) 29, 1091 at a temperature of 140 °C, a characteristic ratio of 6.2, and a
melt density of 0.78 g/cm’. The correlation between ethylene mole % and y was determined
using the experimental results of D.J. Lohse, W.W. Graessley, Polymer Blends Volume 1:
Formulation, ed. D.R. Paul, C.B. Bucknall, 2000.

[10] Block copolymers containing both crystalline and amorphous blocks can
25  crystallize from disordered, rather than microphase separated, melts and produce a regular
arrangement of crystalline lamellae as described in Rangarajan, P., Register, R.A., Fetters, L.J.
Macromolecules, 26, 4640 (1993). The lamellar thickness of these materials is controlled by the
composition and molecular weight of both blocks as described in theories by Dimarzio, E.A.,
Guttmann, C.M., Hoffman, J.D., Macromolecules, 13, 1194 and Whitmore, M.D., Noolandi, J.,
30  Macromolecules, 21, 1482 (1988). For an ethylene based block copolymer, the maximum
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arrangenment of crystalline |anellae as described in Rangarajan, P.,

Regi ster, R A, Fetters, L.J. Macronol ecules, 26, 4640 (1993). The lanell ar
t hi cknesswofoedmesesnmaterials is controlled by the conpo®criusaoans2ea®l ecul ar
wei ght of both bl ocks as described in theories by Dimarzio, E A, Guttnmann,
C.M, Hoffrman, J.D., Macronol ecules, 13, 1194 and Whitnore, M D., Nool andi,
J., 30 I\/acrom)l ecul es, 21, 1482 (1988). For an ethyl ene based bl ock
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anor phous bl ock copol yrrers such as styrene-butadi ene-styrene (SBS). Several
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pol ypr opyl ene- bl ock-pol y(et hyl ene-co- G?Z)QE} yl'ene) and syndiotactic

i
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Mezzen ric and Coat es,
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separ atﬁ@henmrtaaheieog'yleﬁe (/sBS) det@hNofthee HICRNDhslyRiRts ddntdin aagf@t@ﬂizaaer se bl ock

copolyners (<60 nm. Simlarly

20pol yegrnwteﬁeblmleeknqoevwlé]@mqneﬁéhwgmeaﬁynéhf‘é§ 8ysteqs WasRimydy by Mat sugl

I&ghw\?\:/gﬁé{ me§ n° ﬁ%g%gﬁn%?gm ﬁr&%ﬁgg( 1§Sndldz{%8%$ggé§o%%%a§]&k Ir%lyﬁﬁ?(]:rl beél as

havi ng)raspmrmpbmisgrnﬂemtlatpetyp@rymmtﬂ)@kelmlye%hﬁema as described in Ruokolainen, J.,
pol ypropyl ene- bl ogr{g&ol y(et hyI ene co prop | en lé h narr Qw nol ecul ar

wei ghtMAzE15% Buthr 1P§as ada8 Igeatd Beas,.ch%km. Y, Mirata
M Ap%acr%hl%kuleﬁ?)g@ﬁ 854 g&)ﬁ%@&%}) fo%%lgl gﬁés@' atk@ rrf HB168i&d YRhase

separ at ed nor phol’ogi'és when bl'endéd w th ot actl c pol ypropyl enes, with
donai memain smsrcphostentpoikly lenédikene-tdockropplyinene)<cbermesnmiarly, 100 nm  No

m28r R %?yeﬁly?een%%loc delvalyle%gsc%rp\fggylerpe)g ng dgs%lrlhecP {)39 R/}(atsugp Clj,y l\qgtrshi, S.;
Kojoh, S.; Takagi, Y.; Inoue, Y.; Nakano, T.; Fujita, T.; Kashiwa, N. in Macromolecules, 35(13);
4880-4887 (2002), are described as having microphase separated morphologies. Atactic
polypropylene-block-poly(ethylene-co-propylene)s with narrow molecular weight distributions
(Mw/Mn = 1.07 — 1.3), as described in Fukui Y, Murata M. Appl. Catal. A 237, 1-10 (2002), are

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

No microphase separation was observed in the bulk block copolymer.

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

block types are amorphous have also been prepared using living olefin polymerization
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[ 13] M crophase separated di bl ock and triblock olefin block copolyners in
whi ch both bl ock types are anorphous have al so been prepared using living
ol efi n povormeesvmai2son WO 2009/ 097525PCT/ US2009/ 032638 PeThIse@pa®3263A

tribl ock
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copol yner, as descri bed by Jayaratne K C, Keaton R J., Henningsen D. A,
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r equi desaursfod vdrathll82 ding pmrls tho@qu(béwhmmcomoméd:nm}bbck%p@lﬂagyhnesoof t he

dlffere blocks o d L ns r ter, and
hi gh ﬁﬁf gﬁf‘gﬁ%g ‘%Q%Vkﬁl gégé%ﬁtbﬁggwsﬁﬁﬁgg "MYei ght as
N, a tm&ecﬁknpi@rdeawnwitm&ﬁﬁfoﬁuyyn th@é\ﬂh%d&ﬁﬂﬁ 2i,Bi Pgoearal vage s by
vol ume of the two blocks requires a value of x tines N greatef than 5.25
for t meolpgilar vxaghte atirsqlited taaclievetuel lasgedophiase nor phol ogy as shown by L.
Leibler Macr onol ecul es 13 1602 (1980). This mnimmvalue of xNto

i eve er ing u r
F'umss @T‘ﬁ] t he %Jh?e% I&lﬁl ﬁgge éeggraEe}%‘ bl(:-)q%g r@g?%}e&: %Fo?%l{(ﬂg% Xgugﬁ]\éﬁ:g[ﬂﬁ‘!es
[ ncr eanes ofdbid diggersitdimteradionk detwebh dlesogmant epgesiifinentddydptat i cal |y
approaches 7.55 in the limt of a |arge nunber of bl ocks per nolecul e as

shown CBVaqtemzedl@vtag Stary dlugeim X pametst. and b mosterdauydghteRepresentingthe 1991) .
Al t ho%gft:rag%] Lloc i ecul u%ﬂ%@%s Renb%l?ca? %ar%ow 0 ]Srdpsgg tsity di g%mkt %8 En%\rf'gl %?uf?

subst an nprov Vensnt frecha prop escri
Her melamoBnfs. bgH@hlﬁne ¢ the &b BIdck ey a (R1IDEI ) Gfhes EI DeatBoth@s 5. 26861 BERleaCUl es

36, 2190 (2003 the overall nol ecul ar weight of these multiblocks has to

ba0l artgélsplay(an@&erQMmmhasm@ommgy@m@hwn bbL beibter edaererolasatephdl K§les.

ol oc A B i R GRS BT R G RerPBeY B e R T o SRlymes e
i m t egdeh eqifl Qﬁﬁ)ﬁé@@ﬁtﬁ@ W@iﬂoh@%@)@@./ R32R3fimber 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
25 24,5340 (1991). Although multiblocks such as pentablocks have been shown to provide a
substantial improvement in mechanical properties as described in T.J. Hermel, S.F. Hahn, K.A.
Chaffin, W.W. Gerberich, F.S. Bates, Macromolecules 36, 2190 (2003), the overall molecular
weight of these multiblocks has to be large in order to meet the requirements for ordered melt
morphologies. Since the energy requirements to process a polymer increase sharply with

30  molecular weight, the commercial opportunities of such multiblocks may be limited.
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[ 15] However, theoretical studies by S W Sides, GH Fredrickson, J. Chem
Phys. 121, 4974 (2004) and D.M Cooke, A. Shi, Macronol ecul es 39, 6661
(2006) hawe 2ebwams2shat t he m ni num XN for ordered nor pheCogiSe®odsmpseases as
t he pol ydi spersity of one or both of the block types is increased. Wen
bot h bl ock types have a nost probable distribution of length, i.e. 5 the
rati o of wei ght average to nunber average bl ock nol ecular weight is 2, the

m ni num ue of _ xN, ere Njs the n er. . .av l.qck | th, jn order
T el e o HaSTa Mo Eare G S DS R Siad B A% S St e £t bk
types 12s, 8ol akd D.FOTCBBKI, ™. Sh, \MacP%w&gys 39881 (i%% hie sﬁzwn@}%@ale

(1998) for multiblocks in the mean-field limt. This lower value in xN
t r ans nainesurh g Nafos obkrainnpghologty degromses ms quvpbfldispmmitgoﬂbm on/lmtlghifthf:or a

T6] RRSEHERes gt BaIcgtstoNY 57 ToH BPESb Praeis ety P PrHeP R RSARGY 1S dicso by
Magsenhe Mi¥os W%@h? av -to ln@hdber g&%rag@%n&lgaﬁﬁ) weighdibal theaGRinkrARaluki On 1N

nor phol ogy, including the transition fromdisorder to order, does not occur
abr uptolf xl\hsvherc Muonthd nsmbesa ebige bkock dpgdtly, e psler tnsthead an ohdered @apphobgyons of

coexi st al o eac undary. Al o the or 5 bgundari es,

Che oot I ST AP iRgl Do & way aeudr Bre o Y Fapatka P

bet weeg#),p ndary

bet Wy a?f?ﬁﬁ%%@@?&ﬁ”ﬁuﬁwl B e Pt g %?z&@?m@“ i

di bl oaﬁasslﬁ«as m 4 awtahad redhickien hmevaﬂymhicnlac weiphs fcwlal thelt endedretiandloblork

Cﬁhlnders g)the vicinity of the order-disorder boundary, nolecules with
ge@nﬁﬁbﬁﬁ Iy PR FHRIRAESSINE &P nor phol ogy whil e those with shorter

bl ocks renmain disordered. In 20sone cases, these disordered nol ecul es may

forma dy 1%} i nct Afﬁ)@ﬁe@?%ﬁron@f Erﬁéﬂé@ttﬂm/&:'t}& P&té}ﬁklhOPﬁ{y'uﬁdS‘v fd zilEt?ﬁﬁMEEﬁeﬁCw €s
coul d be directed to the center of the ordered domai'ns in a simlar nanner

to t hlyoa&hys. é?vvellleﬂnw,tlﬁﬁﬁodo@@m)sls\t»ménacén thrmsibion liy merpliotogyl metiienghe h a
bl ock ,co

oaar t RRREY BER SHRS Riondds Yoes FOCLRUPATHU R i PagrBfiR el 8028 bongiymp L

| engt hinstéadp teyedirs PediGristof chadsigSthabealoidyach besidasd Allénddy er@rprdpounced
effect on the domai n spacing of the ordered structures. The size of the

niler oderedaniss.ithe W@hp@p@%t@rmf@crnd@eﬂ@rrgﬂbréi:esermslql@nxglépvtl&ombréwp@h of the
aver agfﬁa&?' Eblué;&lﬁnrp\ﬁ? Sﬂhmg&bé‘d{%h&% 2 u'naa %%lv? hf?al«léabgnaof Hl%ﬁalﬂf

-20-5 weve een pre on rS|ty

| ar gerphdesaiay }&pameng&eaymmmdhbmcm fdnmeqmel\ml velfite theagdnmetm: BehWIC k
copol yners (Cooke D. 0 Macronol ecul es,. 39, 6661-6671
( 2006)eNANRILEHCYINAdGPS; IE&F Vl?‘ﬁ%‘ o the Or;g' ergljsordagoypsiaryguelpgules wiglonger

2009/ @fRe ﬁPg%M%QQ&{e%%ﬁ%hEﬁla %Jhﬁl@‘%ﬁo%e QfithRALYE 5188 S ¥in UkRPRASE In

behavi or havé al so been nst d experinentally. Matsushita and
c3@or kems cawp,rtb&senmoeebrgbmpthcsbe rrzawtfyrrﬂny disltlectdnawgoldlaserd\hs’n@tﬁvethy)mmjl sperse

Vet Lodtiea oviRiub Grtie il be gl b sctied YatoatsreTdogr B Y R i

cowor k@inef euﬁ@d&ﬁﬁﬁ RARRARLOHE Qich B homop8IyhRs isHlended with a block
pol yst yr ene- b- pol y( aca%l i C acid)s synthesized using a controlled radical

pol ymsppelameniMatearh M. A eMuBemedy by 2800 765FA%met , V. ; Joanicot, M Loo,
Y. L.; Register, R A Macronol ecules, 35 6645-6649 (2002)). I\/bst

recent| Y[lggynd 3188%%113111 14 cﬁute 1cr hadd Seg!f_‘l 1!)1%( E)Weleal{?és AYF)‘(W BfZGBL ?e(fllélhes’

38, 8803 10 ( eva uate res nono |sper

paby ( gohylispasitaihhs ms@bgdneiy@mlembm tthaK/ea phaiotne@xdtegfizciesh t\hﬂ: dbmainkdpacikg of
pol y(DL-1 acti de) % 10synt hetic techni ques that intraoduced

poI yd|t%fp@frdeliefi§tr}1ﬁult6ﬁe B%PW eithrﬂéreﬁoaleljnaw&monpﬁ%ﬂme Rlpck gppelymers is

largely a function of the average molecular weight of a block, N, and is typically on the order of
~20-50 nm. However, it has been predicted that polydispersity leads to larger domain spacings
as compared with equivalent monodisperse block copolymers (Cooke, D. M.; Shi, A. C.

30  Macromolecules, 39, 6661-6671 (2006); Matsen, M.W., Eur. Phys. J. E, 21, 199-207 (20006)).
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exanpl es pol ydispersity led to increased domai n spaci ngs, suggesting that
the | onger blocks have a greater role in determ ning domain size. In sone
i nst anceswopotwdrpersity al so produced changes in the Pgpasedosnsmas ed
nor phol ogy. The range of techni ques for synthesis of polydi sperse bl ock
copolynmers is extrenely limted, and it is especially difficult to
introduce 15po|ydispersity in multiple bl ocks mhile mai nt ai ni ng a high

Lo R g o B IRPE AT Shase RERAViRY TS e b Atem P S e O

abi |1 tyfadb@naNehd cARTRERS: p&&ﬁﬁt&ﬁpél?&sm&%y léllsnch a JONRIJP nfIne8=p ér@@t are
much | arger than what is observed in typical” nonodi sperse bl ock copolyners

The alpolyistyyerfeeh-pelyfie vimplpytidingls NordeA. o€be,rlédTalmm00{%h Maswhgarer ed

A R e e T S S
[18] latsem@UdfhoDRtyeRS wﬁgtygac@ymmgs SyhtRdseleld sl QGon GOl aREl W th an

overall nol ecul ar wei istribution and segnent nol ecul ar wei ght
di str |p9btm%ﬁa§mwd@w@e (Renfieiacq, D.4Ponsigt. V. slogpiseh Ias Boa ehdr aRegister. R. woul d

al so fuyl r r c acopol yner
wth 2‘? Oléﬁul%slogg %ﬁd‘ﬁ%@ﬁ%@ ’Wl#)?t ]JF%% l&lgh@nd %ﬁig? Wﬁ'te gg%}lntg i lﬁn& ‘there is
an unfmllfnybﬂ ol Aeddcrboildapkaitass)Bsepldr @0es)) bydeked o poley we nonvdisgdisear e
based on propylene and a-olefins. There is also a need for_ block copol yners

with [POW(FHBYsR% ﬂﬁmrwlﬁﬁ%%thewgsbaleeétegvl%whﬁﬁaqckpép%mahé?%@e} B%r  t han
V\@o20Q?&ﬂ&?@ééﬁﬁgﬁé&%@ﬂ%%4&%8&9@&&%&%&&%@@9@31? pﬁ&@) B QC Kn GARP k¥ eegr s of

or art greater an 60 nmin est di nensi on.
is aI s:@araphepdlyﬂmperaltyrkfdhmdlcmasm&ongnsparlmgsl mxgge&tmgmhqtmlsngﬁwM&Rﬁa@: THE

| NVENTI ON %43 The.in ent| on piow des a co iltl on ﬁm)”% ng at | east
one pra&ﬁﬁﬂt%rﬁ@ea}n ESFPW% YR Pate np%ﬂwﬁtan%%?y PRIG WA BPOEKE and soft
bl ockghaVaet£ing tmeofrw@a% fRe/midye g rmgeqalf tdcRhRLBOfoY BRithdsis &har acteri zed
by a nol ecul ar wei ght distribution, in the range of from about 1.4

t 0 aboatydpersebtbchgopalpmarsas bt tokely hdetxdgaﬂéat eresmdmhlyzieﬁf@uhﬁuumq@du@ about
g og éhsvf)'*[;'r%rg? Iu} muﬂa)&p%loglys w%l f{ Aai) a?rfuI al?n cflcfk act It h S BPOC% p}gﬁl%s rTESOphase

I"on e rhvent FoVides” 3 Nera- ol efin
block copolyner wherein 10 the copolyner |s characterlzed by an average
mol ecul af18jei ghtTh@ftergil’eﬁ@t @i 1dnganbléOk RAQthg todve aggremécold iardewemglitg
di stri bution, the range of fromabout 1.4 to about 2.8, and a
di f f erleREE §i46- ﬁﬁqnémﬁ@f“ﬁ@ﬁ?e abl%ﬂYetplsweBéiﬁfI@mS HeGRbA Pekatialder dynyRKizEhd t he

hard B qck rﬂilc}gfaf‘g%tr Blan AR iORRM4 e th @Bicgl Iﬂgﬁ&ﬁgﬂerse block copolymers. The

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

mesophase separation.

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

25  copolymer with a distribution in the number of blocks.

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

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



[23] The invention also provides an article made fromthe above descri bed
15pr opyl ene/ a-ol efi n bl ock copol yner. BRI EF DESCRI PTI ON OF THE DRAW NG

[ 24] The Wogoeszizews a pl ot of the predicted thicknessPofi/tsae/ossagi n f or
a nonodi sperse et hyl ene/ octene di bl ock copol yner nade with 50% of each
bl ock type at different 20 val ues of the backbone nol ecul ar wei ght, as
nmeasured by conventi onal GPC, and different |levels of A octene nole %
DESCRI PTI OF EMBODI OF THE | NTI.ON Cener Definiti .

" Pol y s oy pongdizpar ?‘f CO(PBH%E‘&%ng ‘EF 8pgt ¥ n&g;leﬁwwsfr fhap ﬁ§ NHpRRRr s,
whet hemaQbst dliReae ThEreds id & ﬁéé%i%r h Yxﬁ%lochi“f‘%nzg@;[gt%dcﬁ bl&k%p&%ﬂéfﬁer
enbraces t he terns "honopol yner," "copol yner er pol ymer® as wel | as

"i nt er pol yner. WO 2009/ 097525PCT/ US2009/ 032638 l 26] "Interpol yner"
means a pol ynmer prepared by T | east two different
types of MNONEr s. The generic term"inter poI ymer" includes the term

"copol y (whi from
oo di 11 Btbnt o ke TR R b R bh Find 8 n Bh TR BRSSP
enpl oyastktinterpi @hert coraprixdhg/aerd bpickpaceif blockst vheeibthe pfdpgteanto-dlyfies of
nononer s It al so enconpasses pol yners made b ol ynmeri zing four or_nore
types )k Epbyaer is Chqr@cfiﬂzrsﬁiYtaémlpmaflrowg@rfa?tagwm M/ Mat Brthorapge et
ref er Sfrotrﬁ) am!tm%%bmttﬂf B PRV AR NInddIC BREQRL] YorTBhE uf) E@Eﬁdu@ﬁ' oof the
whol e polyner. Preferably, propyl/ene conprises at | east | e percent of
t he whotlevipotinries propplese/proddfar EHbdlyingtrpdlgmst is 2@esnplhase p@aweat, at | east 80
nol e 10 percent, or at |east 90 nole percent, with the rem nder of the

whol e po at | east anqgther co For, pro et hyI ene
copol yrePT™1 e R EPT N by E0 nPBR Bl RS ER A R R NG e or
then aRoedpoBPndiod enapREGERE bMah Rva@tgembleceRewedRt 6Ndre b @A 20,000 g@ioll £S5

t han about 10 nol e percent. For many propyl ene/ octene copolyners, the

pr ef erm@@%@mghttdmﬁb@mpw%@ &n @ﬁdﬁ}ge@fér%wh%ﬂ 4dp ahew2. 3. vafaabout 75
nol e t | e f out 5
to abgﬁ:f{f glg%e lpr eofIQE erg%m ?lg%]l a I%t%%”e?g ta ufﬁlgg(ean gé g%rrdcbgél(:k Jf%%fa?% \l/J\,hoI e

pol ynmehian Mdtlﬂ)meleme&feﬁt ably from about 15 to about 20 nol e percent of the
whol e pol ymer. For many propyl ene/ but ene copol yners, the preferred

conposit] rises a yI ene cont ent ter than apout 60 nole
per cent B he |1%V668P'5 Alsb Piftares aB gt mddn 8wtth6flb9w§f%)68t 10 to about
4Q5 pref GI30kNe/b IR ANBML cfd1yerabout 35 nmol e percent of the whole 20
pol ymer,” and nore preferably from about 25 to about 30 nol e percent of the
whol e polymer. In sonme enbodi nents, the propyl ene/a ol ef| n interpolyners do
not include those producedBRAEF BESGHRIPHIONON i PRAN IN{mpunt or as a
by- product of a chem cal process. V\hl | e the propyl ene/ aoI efin interpolyners
can be bl ended with one or nore polyners, the as-produced propyl ene/ aol efin

i nterpol pagrs areFulst sidved bt plkhe pasdibeaf theRnER P EAGRlomAMf&a conponent

of the reaction 25Pr oduct of a polynerization process
monodisperse ethylene/octene diblock copolymer made with 50% of each block type at different

[ 25]

20  values of the backbone molecular weight, as measured by conventional GPC, and different levels of

A octene mole %.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

General Definitions

[25] "Polymer"” means a polymeric compound prepared by polymerizing monomers,

25  whether of the same or a different type. The generic term "polymer" embraces the terms

"homopolymer," "copolymer," "terpolymer" as well as "interpolymer."

-9.



[28] The term"crystalline"” if enployed, refers to a polynmer or a segnent
that possesses a first order transition or crystalline nelting point (Tnm
as det er mvoedodnp7itsf f erential scanni ng cal ori netry ( DSCpCorSeepiosmBent
techni que. The term may be used interchangeably with the term
"semcrystalline". The crystals may exist as stacks of closely packed
| anel | ar 30crystals | amel | ae formng the arms of spherulites, or as
i sol at ed E@rrel | g ringed m ceI lar WD 2 09/ 097 25PCT/. UngO 3/ 032638

[ ¥

cryst al st“The tei rpa OGS 4 RALYPE RIGPACHBY XI%WH%“ Pt i ne
el ti REFRehNypaf %n%ﬁ{é}sn%et@én%é {eﬁﬁeﬁﬁérﬁb fyﬁféﬁfﬁﬂl:lﬁlgesctﬁé @Hrin”%&ﬁdiy&&sc) or
eqU|vaIent technlque [ 29] The term "nul copol yner"

' segneénhisll icopolly rmptoyeéteretertto agohyniey peaparsdrfprmn S glffemlt monnmees) ehemdllcal |y
di stinct, reqions or se re bly
Fof ned 115 % PRhomEn uReh fy SRR EenEicSEd Giiele? B po S uff ekttt fij&

di §fe l’d@ﬂﬂéri:ﬁtt?@sslﬂﬂlrﬁcﬁqo%tsq h1ta® dn@bﬂﬁp@k s@gwﬂy@e@ REhdeiblyfhol @ sdeAig folr or more
pol ymeri zed propylenic functionality, rather than in pendent or grafted

fashi éwesloﬁﬁwnﬁméfserred enbodi ment, the blocks differ in the anmount or type
of conononer incorporated therein, the density, the amount of

cryst a! | f[ﬂp]t Y, e (GhY ?T@%}Lléﬁe% Slefd 1ﬁtte}ﬂ’oﬁﬁﬂér ?éf@rsttg Qlyﬁf%ksy \;H?t% gﬂ%&f&ﬂg h

conposi t t he type egree of tacticity i'sotattrc or Iotactic),
regiobbﬁguhanmyyupnmmﬁ@mmmnmﬁdguhmﬂepyWHmhePaﬁndﬂy]ﬂﬁpﬁbmnammngﬁsmdmbudlng

I b hi h -b hi he h ity, th
chowi CBmAe DHRpS A AR Bholp b Byrer TR Erabbi B At OO eyt FEH AR Sr | zedl
by uniggHendbshdibRubh d@érca@txkamp@llemhﬁﬁ@mthyvahefé%}(rﬁ&lcoa{prwg% 1ust bl ock

|l ength distribution, bl ock nunber distribution due to the unique
pr ocesgothfr grakdneger. hEommppylymﬁé«ttbylqur@ot}pws fth@aﬂefqrredwhmogtlonl uchdlep a 15

h | bly . b
about BB BRERTyeH PERSakT o8 s b BB RER Reict i BF 48R s fsabour
1.5 t ehapmdht B &olea}jwceﬁ’fpSForFiﬁﬁfyq{raibﬁb’nef/cﬁ&éﬂeQ:léﬁ%nérsG tHeQrafeAEd c@mposdtiorf r om

about 1.6 to about 2.1. When produced in a batch or sem -batch process, the
pol y n@P@Pﬁé@sﬁe@@PPme qanést atseler thanabey Zypole perognt qfithe whalsipplymesmndBaut 1. 4

57 olnS TR BBl T4 ST bl o PERHE i R Py TRRbpeor,,
'segneind (vB()le palyénaised hee @irdfetablyefiah abgealslty abéut 28dab1¢ pereenttoiehdwhalks of

t he polérer have a PDI in the range of fromabout 1.4 to about 2.5,
pr ef eP&bIREr; lﬁprtrﬁ@wpaﬁ@%e@r’btft?r&ﬁoa%mer% the RTBICEIBH GPMPOBIORFRIMBEERA pr ef er abl y

' nt h%ﬁ(ﬁm&% Bheehf Q@lt@p @4 athowt 66 %cﬁpgwcelﬁ of the whc[lg’ PJ)I%@%I HI?(?Q \F@ﬁ Ldhtent

separatton”™ neans a procesSs I n which S are
I ocal loy froegategal @t dbouf 40, mrccfembbefdord(abmtr?@ to ﬁwaélrmlz @éncemt ocﬁfthet\hbole

pr pyl ene s nts i ) constrain to, the

B0 wohi S eddate mdeahh St Hoay ToehaoRin Tgaots br ERMes B Bl pRb RNk e
5 epar %Bl%g embghﬁ%tm%%ﬂ@a GQﬁntlﬁ’tléﬁ)OIIﬁﬁerE ab prifnclﬁﬁg' Blo8S pro@lﬁéédﬂg G5
| anel | ae, or ot her norphol ogi es known f bl ock copol yners. The narrowest

di mengiidds @fina mioreimouns gc hs aby-perduenefi acqheancatl orachss. pVhinethefprépyhaie/cae, i s
gener ah Y. Al eater than
eftn ifdterpolymers can I'be blended with one or more polymers, the as-produced propylene/a-
olefin interpolymers are substantially pure and often comprise a major component of the reaction

25  product of a polymerization process.

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

30  crystals, lamellae forming the arms of spherulites, or as isolated lamellar or fringed micellar
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30 about 40 nmin the nmesophase separated bl ock copol yners of the instant
i nvention. WD 2009/ 097525PCT/ US2009/ 032638 [ 31] The propyl ene/ a-ol efin

bl ock i ntwopotweyes2smay have a val ue of xN, where N is tReTrusaweN3Im3er age
bl ock I ength and preferably is in the range of fromabout 2 to about 20,
preferably in the range of fromabout 2.5 to about 15, and nore preferably
in the range of fromabout 3 to about 10. 5[32]In the foll ow ng

descr|P nynmber s di,scl osed herei re a lnat val ues,

Cogar (TG wHE: el “FRE Bty TeBdaeroie it PR el SRR Bonnect i on
t her e‘@e{eﬁnln-gﬁ%y diRe M ¥edMink RRFESMy: (D%;(B%"r‘é@ﬁlbale& (B@i&RRL, Or, sometines,
10 to 20 percent. Whenever a nuneri cal range with a lower limt, RL and an
upper limt, Ru, is disclosed, any nunper falling within the range is
speci fi cB9y di sdiederad myly- tﬁacrkt ¢apglyamer” Phéeg@Pm@gﬁwlmﬁbé¢f§r9v€ptam0h’m¢fe
range i I S K.

var 5P EPHSREREG Y PR eoliaf AES: w8558 (e LREE kRS erment

. 8., prefesblly jpRka &k llnearwnﬁanthat& @pblcyﬁm corﬂp@ﬁﬁg:elif&rmcﬁl}p(ﬁﬂeemlated 50
per cent, 51 percent, percent, ..., ercent, percent, 97 per cent 98
per cennits ghicheve ied ey ri twed Bathagspect W@m#e ampy}mﬁﬁup%ﬂnah@/n&éhedefu ned

1 5 3%19 &P o?%rfaﬁg(lilfa@ﬁgn' ) Bgfefé}{)éa BotliAbROhE l%ﬁ)%kﬁ Hff”f?ek b i lafifohRcsd-

ment s e I nvention prov e a neWw class o
pr opy Itgnaedfa:onioebmar inkapkratalt thegeol, yiratensifh ereedmafnt ef cr'ystalimitly j t\he cpxstaj/l'rter ",
"propyl ene/. finlfytergf mers", or vriatiosthee

propyl® gﬁélftﬁgkbqa i'h2PRLYEID CSMPSHEP B B’rp8|8§r/ BHE® & t&C%ng/ (bgr"t%? ar

cqpol Béyﬁ‘dlbt%@t@é)ereglooﬂegﬁl'aﬁtf&% Qﬂﬁé@lhﬂyp@k)&ﬁi‘%ﬁhgﬁ%i&hm& &Qﬁ{dﬁfgtl%ﬁ% zed by
mul ti pl e bl ocks or segnents of two or frore polynerized mononer uni

di f f erchaig bmebhngmrdﬂaperdnaIpihy@ thel hop® genape pt ingsothetrbewiqal bhghysshyners are
rresophase separ IS, the opyl enela-ol efin inter rs are

o1 ook HACED pay RupE vigsREbeb ey e FhrEfr 58 Studis B EgPt KiBory er s

The t golRlispbRIitiRRkYPBI or RNAMEOBREY MBkth ALEIbUSA ahdbeblobiRAGEBE dsthBitRInN. 1 N
sone enbodi nents, the nulti-block copol yner can be represented by the

foll oﬂuago the rusvigug Praoass of rxzaé*{legljmmepelymer% Mere|spegifically, whed piodb¢ad iag i nt eger

1 6gat %ﬂ%ﬂs ?Jtocé%cﬁ'leg%lﬁnerég gesn‘abla/ aPOéQCbT 1%91 ab%gt 1 ﬂQo al?ogx’t SB;S)I'eer%l 80, 90,

presents or ‘segnent [eprisents a
sof t lﬁdihﬁ: kbcﬁult _131&gmBMt 3. ?rrﬁﬁelp&lfémbly&ﬁoraablmﬁsa SawoabbuMBchnﬂmn@t bteﬁeahsly

Fashi (%rnom Ql?otut I1n6 to about 2.5 or from about 1.6 to about 2.1. When produced in a batch or semi-
batch process, the polymers possess PDI from about 1.4 to about 2.9, preferably from about 1.4
to about 2.5, more preferably from about 1.4 to about 2.0, and most preferably from about 1.4 to

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

preferably in the range of from about 1.4 to about 2.3, and more preferably in the range of from

about 1.5 to about 2.3.

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

30  about 40 nm in the mesophase separated block copolymers of the instant invention.
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branched or a star fashion. "Hard" segnents refer to blocks of polynerized
units in which propylene is present in an anount greater than 95 wei ght
per cent, wodoprefesably greater than 98 WO 2009/ 097525PCT/uS3n00376682638
wei ght percent. In other words, the conononer content in the hard segnments
is less than 5 wei ght percent, and preferably | ess than 2 wei ght percent.
In sone enbodi nents, the hard segnents conprise all or substantially all

ropyl eng.. "Soft" se nts, o e, ot her hand, refer to bl ocks of __ .
P oL Bl ot (e RoRATeTi-olRBn bl SR Attt € ag Bk 2Rk RAR<AN fiei gh

per cenfie nRb@faeEabl Yook RALAN andRETe SibWEL I he REX LT rond ASHRE 8'to bR 280 wei ght
percent, or greater than I5 weight percent. In sone enbodi nents, the

cononoemeierablynndhrt range ofhisom aboutsey reaboyt tanndeage preferably hiaheza@ngeeif grom

per cen&)b tﬂ{tea el 1tohan 25 wei ght percent, greater than 30 wei ght percent,
great@ han 8we|'ght percent, greater than 40 wei ght percent, greater
than 45 wei ght percent, greater than 50 wei ght percent, or greater than 60

webght pgegent . 14 HeId]lbwingalrecriptiondilneithbers Aisblogekiferén dreBippldcinateanties,
randomly distributed al ong the polynmer chain. In other words, the block
copol yeEFdlessovhatnes trowaish “ahate oh “PPFRTdmatee 1y ised in egunegtrongpereph. Thege] | n

ot her nﬁ;{?% i YAET I a ird type of
bl ock. I'n g*?frﬂtpg{cﬁgépgﬁn{ggg‘{(%gggh g}:igﬁmgt?ﬁ{g%’&glgggoggﬁmﬁl m&ﬁyﬂjai MONONer s
or comoneneslsadds wignd ey lidiis RYidnd tae dippértlivhin, R'hés dikdoded, dny omfter fallbngls,
nei t her. bl qck A nor bl.oc .conprises t 0 e .segnents (or sub-bl ocks)
of di é‘_flfﬁﬁ%gle%‘?ﬁ?dé SRecifFal gl o P ipicilag e {ol g AR AL itk %F@}&e
CQOPOSkd IRBifCARN kB RERO A RE-I) OFKerein k ik 3 Ahridf1€ rBloRRY&RG/ Ri@held N

i nterpolyners of the invention nay be characterized as mesophase separ at ed.
Domai A 08ipzwsntawich & ¥ pesght ipciementéey, Engk pofkerftr dpembuud paentnd percalsoit 300 20

or 1 ORI T REC TR T ARBBU - SOV o BT SCPoAA 28 PRGALr e by
the smmljepeht, Ai MBSOt S Mdted®r,RAY REMEHEM lra( etc@ﬁh&ﬁtép{vwa inbearml | ae or
t he di aneter of spheres or cylinders. In adcﬁti on, domai ns may have

smal | dlefingd} ingthe pborys it Hse specdicgilediselosedhan about 60 nm greater than about
100 nm and greater than about 150 nm Domains may be characterized as

CXB | nder E&g] SpPher®syodfmed @Bk %enﬁén gltolt}ﬁfe ar%waggsqg?gospa}lfég@%o%ﬁ% (t;) Rek

copol yne The nmesophase separated pol yners conpri

copol ymerpelynixes encihdfeer &imvumdvegiol yoenin'gaeyyléne/d-blefia dfittrppbginesit, r as conpar ed
to that in the hard _segnents is such that the bl ock copol ynmer under goes
nesopré%l%tl%”éﬁ]é‘F%‘%-oﬁh‘? WOPW@n%ﬂl@flmm@rP@mﬂsé:ama?ﬁﬁmopaslrsn% PRERITMPHEy be

reasurcBll ARl PRIGRINonRRERS h 1 MhdThe A, CRIRAIRA by BRPRUIALL R MY

be made f any desire

segments of two or more polymerized monomer units differing in chemical or physical

20  properties, wherein the polymers are mesophase separated. That is, the propylene/a-olefin
interpolymers are block interpolymers, preferably multi-block interpolymers or copolymers. The
terms “interpolymer” and copolymer” are used interchangeably herein. In some embodiments,

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

25 [34] 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. Preferably, As and Bs are linked in a linear fashion, notin a
branched or a star fashion. “Hard” segments refer to blocks of polymerized units in which

propylene is present in an amount greater than 95 weight percent, and preferably greater than 98
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WO 2009/ 097525PCT/ US2009/ 032638 conononer in order to determ ne the anount
required to achi eve nesophase separation. The m ninmum | evel of
i nconpat iwOl20aw9782%pr essed as xN, to achi eve nesophase Peparsaw0omedh t hese
pol ydi sperse bl ock copolyners is predicted to be xN=2.0 (LI. Potenkin, S. V.
Panyukov, Phys. Rev. E. 57, 6902 (1998)). Recognizing that fluctuations
usual |y push the order disorder 5 transition in commercial block copol yners
to slightly higher alue xN=2.34 has been used as the nmininymin the
cal cul e RErEr dhotesMPul Hi cOMBTBIET L Ot BT TEHERS iFv e Sess ey,
Pol yn%elglt%@ﬂ%ntv%@ﬁ%féablf QLA P ght§fdreekk. Rn sBﬁfélembGd%lerﬂerd 2000,
xN can be converted to the product o% x/v and mp where v is a reference
vol uneegnwmts cqrherlwwﬂﬂbmsubmrrtage al Ipoekylans| ESefit asegmentghen thecdbtherihgnd, referrsi t
densi | t .dens en to be 10 0. i cal val ue
of bl Sienof edimsr Gy M S Sh By oS S8R WB L A lPb ol ok
at san p@é«f@fa@lyl %Bmﬁﬁhﬁ 8fveldhic gbicentf gR6@y AR 1g/vmi>ght p¥fcent OF gre@sehan M5Whi ch the
conononer utene or et ene is determned using 130 C as the
terrper"%ﬁlght@e]é?ﬁdt tIhéWnﬁémﬁ)Gé imonts, 1§ COROBPIBT ANt ipthe skt segiaemt ¢avrPeof t he
dat a For
cach Boattial dychl Srlind drbhdr e 2 GERRERY. SURE s ChBRRE LRy "\
per f orgnegkr t]F&)f?)SC‘aSlgBt pencentyi g@dfht@(lhzﬁnﬁ) w&ghhpermmmmrthaﬂ m@ws@mmptmedur e
was performed with the data of Reichart, G C et al, Micronol ecules (1998),
31, 7a8swterthan Yhveighl Rewesht: dnsrestssithan %Wgﬁhtpfrcems K (about 140 O is taken
to be 5.8 kg/nol. Using these paraneters, the mninumdifference in
cqponomepzsgont enf sbifie ARHEAIMARIAIHAE and BHEAQL! aYee}a)idorille cﬁstn§§te§ Q1RE tﬂe7 7
nmol e percent when the conononer is octene, butene, or éthylene. \Weén the
conon@ebmdrshdin. 2Qothet wnels, thhdlagk ichbpolgmers usnaltmdl@nqiélraeemstnwmredr@ebet ween
the hard segnent and the soft segnent, A octene, is greater than or equal
to about 17.2 nol e percent, pre%felragilx %]?atﬁ than or equal to about 18.9
nol e percent, nore preferably great er an or equal to about 19.8 nole
percent and may al so be greater than or equal to about 20.7 nole percent,
greater [Boan or Iegthet eﬂhbmﬁbﬁﬁts th¢ blockrbpolpeesantaland gétdaten thifbgpeof equal
to about 22.4 nole percent. addition, the A octene 25 value nmay be in
the r &#&f(lf dn stilf BWP%%mdﬂil‘?ntQ er?ﬁh af blerle Arndiblockyd hes menepers Obe?reerﬂmers
pr§f er, A&/ Ristr{Hed Qﬂtr IBL()aEn vJo%d@ bﬁ’&%cﬁ Qb ﬁlBCkaEQ:UfnpﬁQesml e
percent and  nore preferably in t range of from about .o nol e percent to
about t#b onploge peneatst(or Mebiotkséaoﬁ«haﬁm@nemposgtidn, shekt ze;rvet;lp $dgenedt Mhaclelnse i n

nol e per.cent but ene en the h segnent and the soft segnent, A
butenéhfr‘?rgntgfrogﬁ’?eﬁ“o{lﬁ‘(fﬁmﬁ 1< épegldd]ébout 55.3 ol e percent, preferably
greater than or equal to 30 about 60.8 nole percent, nore preferably
greater f31an or EedWdplicheAPOKIn fRe®oRcRs HEthE BVenBHHmARYe BhfactBg Argat er
than or equal to about 66.3 nole percent, greater than or equal to about
69 1 MWeOPIDOe sPITEah HETN YIS 2099 A3 2688 b the page ehfromragoytdhnmato abrar 360

al to e d ti e y be in

egr a5 b g B SR ol EBbu S B SR B R RS ML

pr ef eraldelofiffont fteouk 60@6 fabblitADOADO UL nfedsiGedBY alep,eracmerttdlmensa@pwch 36 mol e
percent and rmrgrtgref erably in the range of fromabout 69.1 nole percent to

about PrOPeRdicelapiertae plane Wml@ﬁwﬂ Aeothadingmssr 9f sPiaes Ry cyHaders.n b idftiasy ence in
mol e %ﬁﬁﬁﬂ%@ﬁﬁ%%ﬂﬁu h}’l\ﬁ&ﬂlo%@ a@%e%r%ﬁ&rfﬁ% @%@'q‘) I%B{er ﬁﬁg%gét elr()gbl y

et hylene, 1s eater than or equ out rcent
gr eat exm,tahdgreater dgmabottol S@bhmut Ddshabs mmﬂydaerxéuameml,zedrmce/hpda‘s exphbdey, greater

r equal to about 20.4 nole nt and ma also egreater t han or
23a| Tarpeifhgoerother o plagise ke forf?#% QPO RSH- ryﬂﬂ f‘osegseﬁrri 22.2 ol e

Itoﬁ(raci rﬂe)%}ﬁiﬁse ﬁcérﬁﬁﬁs%roléfﬂﬁ&oél{ c&RMRhert th@ﬁ%@he%ﬁm%n{@ c%nﬁﬁbﬁl%f‘fn thé Bofgddi ti on,

segments as compared to that in the hard segments is such that the block copolymer undergoes
mesophase separation in the melt. The required amount of comonomer may be measured in

mole percent and varies with each comonomer. A calculation may be made for any desired
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10 value may be in the range of from about 17.7 nole percent to about 50
nol e percent, preferably in the range of from about 20.4 nole percent to
about 40 wol2eop®ri2ént and nore preferably in the range @®CTfuscomabmas 22. 2
nol e percent to about 35 nol e percent. [ 38] The nesophase separat ed
propyl ene/ a-ol efin interpolymers may have characteristics of photonic
crystals, periodic optical structures designed to affect the notion of 15

photons. Certain co siti.ons of these nmesophase separated .

br opy IS8 NG Ry Er h (F SBI Fis An D BRI EG ] RIS R Byaes, e PafaoR o e
'”Sta@ﬁﬁﬁnu$Hé&§oP%c&HﬁﬁﬁEﬁ?RQ%&%a&ﬁ%%&@%@QdHEQQMEﬁgﬁ&é%kﬁﬁmﬂnhﬂkﬁ&g0'Y”EVS
reflect I'ight across a band” of wavel engths in the range between about 200

nm t o pabdispek2 ObchrOpdIPMeBXNa pRdEtedae begiIN=2L () (IITsPappay SH . Ranvilavt Bhysect ed
light but yellow via transmtted |ight. OQther conpositions reflect light in

t he ulferafyivh 8907 WYY8) aRgeoenizingihabduttuativns peralmpieh GsSider4b9rdin whil e
) i i i ( . 7, b
Todo. prStof el et Spedvh@NTE shar FRBEAN an b AP I B8 on

conpr ia$ khtgmilimhi@ds thedsagcutiony belo®/ Boltdvaihp theddppedach B BXJP bW . Weonpri si ng
hard bl ocks apd sofg bl ocks, wherein the propyl ene /a-ol efin bl ock

i nt er SORSAISY. iyFosmpdatier, pdaP . RavdiaghC.Bi Begkingilt 300, X2 5amy M|

inth f from ab "4 tp about 2.8 and: (a)has At t

o 1 G BBTSHED e TRREG et ehPel R uhis e By M G PAER o
cent i 5Lk bIBEHRIRuIS AL fal p aldiesyGl. FIRANG deifRYTeaRANG teo t he
relationship: Tm> -6553.3 + 13735(d) - 7051.7(d)2, or "WD

2009/ OVRERHPGHAES2PI08/aBREES|ddh)meleatiarastlars zgmokiynatelh é34,000 gindbased AH i n

J/g, and a delta quantjty, AT, in degree | sius, defined as the
t enpe A frlogh pfady sl HRleqlanveight @ 6%@9%9@- ﬁ@‘éf@réﬁi?stl%é’%f%‘lth%st CRYSTAF

peak, AR i . : o I Wals|
reIatfgﬁghﬁgg?%%§$ﬂgg?%#g%g%S§E$Q§H%%}§%g?§§ gﬁsg%§§?%@9¥lgﬁh§2%g and up to

130 J/pgrfornTing ad 8@edpotatidhlogexaatpetativh af the3@taJprgvidedvineFahilan8 fl e tHeRYSTolee pgak i s
deternined using at least 5 percent of the cunulative polyner, and if |ess
Chan &0D0: BEOTErhd B SIS eh A b AESF [T e ory SPI P ek cOPRRAM e
CRYSTARastRABRAGL W ch&s 3PhicBloctene is the comonomer, the same procedure was performed

with the data of Reichart, G.C. et al, Macromolecules (1998), 31, 7886. The entanglement

(N slala]4

£t

molecular weight at 413 K (about 140 °C) is taken to be 5.8 kg/mol. Using these parameters, the
minimum difference in comonomer content is determined to be, respectively, 17.2, 55.30 or 17.7
mole percent when the comonomer is octene, butene, or ethylene. When the comonomer is 1-

20  octene, the difference in mole percent octene between the hard segment and the soft segment, A
octene, is greater than or equal to about 17.2 mole percent, preferably greater than or equal to
about 18.9 mole percent, more preferably greater than or equal to about 19.8 mole percent and
may also be greater than or equal to about 20.7 mole percent, greater than or equal to about 21.5
mole percent and greater than or equal to about 22.4 mole percent. In addition, the A octene

25  value may be in the range of from about 17.2 mole percent to about 53 mole percent, preferably
in the range of from about 19.8 mole percent to about 50 mole percent and more preferably in the
range of from about 21.5 mole percent to about 45 mole percent. When the comonomer is 1-
butene, the difference in mole percent butene between the hard segment and the soft segment, A
butene, is greater than or equal to about 55.3 mole percent, preferably greater than or equal to

30  about 60.8 mole percent, more preferably greater than or equal to about 63.6 mole percent and
may also be greater than or equal to about 66.3 mole percent, greater than or equal to about 69.1
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10(c)is characterized by an el astic recovery, Re, in percent at 300 percent
strain and 1 cycle neasured with a conpression-nolded film of the propyl ene
[ a- ol ef i wonmbevgodzgner, and has a density, d, in grans/ eagbiuS2aensicaet er,
wherein the nunerical values of Re and d satisfy the follow ng relationship
when propylene /a-olefin interpolymer is substantially free of a
cross-1linked phase: 15Re >1481-1629(d); or (d)has a nolecular fraction

whi ch el utes between 40C and 130C when fracti onated usi.ng TREF,
s o SRl PRE A SreT A T AaE AL | 8 P ZPRebdR SR SR dRE ORISE a
| east \51RehEARLInThaNREe bNABtBBk: B3 MoROTRRNAR) Mol ATHRRYRRAL PRGerably

interpol ymer fraction eluting between the sane tenperatures, wherein said
conpanabiegangemfdrmn2 abgit 6yl reple pereeettpabgutel6 rthels pereentsmdenero poreomnkly(is Yheand

has a _nelt .i.nde it and | ar nmonomner. _coptent, (based on.the whol e
Dot y ettty B0 e o TR B TPTRAIR FElsc RO RN tnd QRRERSaRR i 0, WO ¢

or 5( e)kefagen?, G Aifdgenddnf wdis patent 2thyldae b&fekn R hrd s&dndnagrd Medutt Ysgrdnt 100C,
G (100C), wherein the ratio of G(%SC% to G (100C) is in the range of about

1:1 t & efhyane.ds greatgr thas OF yqual erahoat &7 imakeipesgerimprafrerbhy areptes Ban of geual

Bl ook AR 1o h8 BaelEdct SRRHLLL st Rn o S G MobO208u08Y oB5EG 800
[ 40] Thiue Pscolpydremer hawbeédual tondbenpdl.y meilspacat gdredatachar ozegaby abouted2e age

bl ock index, ABI, which is greater than zero and up to about 1.0 and a
mol ec MAF PRSP grestsritham rGAvAlNRARR 29 dBpls PetoRan 1aREdHon, Be Aptylghfer age

bligck i the i i "Bl each
B B R i e v T
5 of an pelrymgroffyonT ebpe 2Attumele Resentgo Bborti 40méle petcemtrmtlinoery pfaferab@0n Geand

110, ot R WL TS R S S Syt ! ot erents
[38] The mesophase separated propylene/a-olefin interpolymers may have

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

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

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

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

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

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

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

Tm > -6553.3 + 13735(d) — 7051.7(d)%, or
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[41] where BL is the block index for the ith fraction of the inventive
propyl ene/ a-ol efin 10 interpolynmer obtained in preparative TREF, and W is
t he wei ghwopeeoemni2zage of the ith fraction. Simlarly, tReTAE9B32600t oOf

t he second nmonment about the nean, hereinafter referred to as the second
nonent wei ght average bl ock index, can be defined as follows. 2nd nonent
wei ght average Bl = E(w (Bli -ABI)2) (N 1)Ew, [42] where N is

defined as the n er. of fractions with BL greater, than ro. For each 15
ol yrer fracttont®ar 5 Suskeiizst BB Pt roioRett o e oIWeds SRt ons. ( bot h
of whixgh jgh¥gedsl S aTReBhedVAl thelempbalite ditelXle Rty een thPtaBbst DR p&k =x0 11 TA
- 11 TABLNPA -~ LnPAB [43] where Tx is the ATREF (i.e., analytical TREF)

el ut i end thentplesa RS TAdr peaisewhelirf tha otinenical prlateeladT ywné b kaysdl: i n Kel vin),
Px is tltgoe i%r%ﬁ?élioenﬁ‘ nole fraction for the ith fraction, 20 which can be
measu %yg OP"PR as described below. PAB is the propyl ene nol e

tr 3t i onat i o> erv GHEE e ioE AtbeeuPelih GoRORIEP 0 KU XA and Pa are the

ATREF el ution tenperature and the propylene nmole fraction for pure "hard
segnents” (which refer 4b2tC &n/Afl graafeséhagdgRefi s of the interpolyner). As

an approxi mation or for polyners where the "hard segnent” conposition is
unknowrhergip he AR XAFAF peak is determined using at least 5 percent of the cumulative

polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak,
then the CRYSTAF temperature is 30°C; or

10 (c) is characterized by an elastic recovery, Re, in percent at 300 percent
strain and 1 cycle measured with a compression-molded film of the propylene /a-olefin
interpolymer, and has a density, d, in grams/cubic centimeter, wherein the numerical
values of Re and d satisfy the following relationship when propylene /a-olefin

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

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

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

propylene/a-olefin interpolymer; or

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

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

wherein the propylene/a-olefin block interpolymer is mesophase separated.
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WD 2009/ 097525PCT/ US2009/ 032638 PA val ues are set to those for isotactic
pol ypropyl ene honopol yner catal yzed by a Ziegler-Natta catal yst. [ 44]
TAB i s t WOANREB7R5Ut i on tenperature for a random copol POEMUSRH090BIE3S ane
conposition (having a propylene nole fraction of PAB) and nol ecul ar wei ght
as the inventive 5 copolyner. TAB can be calculated fromthe nole fraction
of propyl ene (neasured by NVR) using the follow ng equation: Ln PAB = a/ TAB

+13 [ 45] where a and f re two constants_which can be determ ned by a
cal i brat (B Ui e 2T e 0t PG RS e Lo SR B ML SR 1 act i ons
of a BRRRAABINPRISH td BBak AR And AP R MITRE 1 BNEA ArmdBtlarGPAE R GFibdRS, F andom
propyl ene copolyners with narrow conposition. Ideally, the TREF fractions

have BéeM.pgrepiar tdnfabouh Ir hnblemavgrageyplleskendaxp 6iBjnie the weightavethgniof e block

i i And B oFd %aBE BT Rlp Bl Bbs &R lal Arod R R By e et =

t ereroatanbgmﬁBrfbfyqreﬁﬁfé@%u& IRating Bfutloh FrittioRidH) Gy BMEC &fid/ S1RIQ, wAihtah due to
defects fromtacticity and regio insertion errors. If such random 15

copol yme@enrrod Snbt(aliiigh Hics termmrERtureriggeMeRs. Fuchas | daddri-dOp6h §laeean be

pr oduqlggd)by a ZieglerNatta catal yst known to produce highly isotactic

pol ypropyl ene can be used. It should be noted that a and f3 nay vary from
instrument to instrunent. Moreover, one would need to create an appropriate
calibration curve with the pol ymer &BMP?W}BJD of interest, using
appropriate nol ecul ar wei ght ranges and“Tonononer type for the preparative
TREF fractions and/ or random 20copol yners used to create the calibration.
There is[4]s! i ghhero®Ies tHectloskeingdyt foe klieeiCtfractibn bhgre Gdlenbv@pioples/ootefis
obtained fromsim/lar nolecul ar wei ght ranges, such effect woyld be
ed8entMEACYY R P11 i prepargtiyg TRElp apd Wi lidhearright peseriérestal the if dFacHoR-andom
copol w3 f 5 i ]

cont ent A o e O G e s PR

f r act iseeondfmdrent wellght amerbge klatlc indat,edn be dofihadPs follawsIx0 + f3 from a
measured Px nole fraction. Conversely, Pxo is the propylene nole fraction
for a random copol yner of the sane conposition(i.e  the sanme conononer
type and content) and the sane nol ecul ar wei ﬂ@(aﬂdﬂhﬁfwﬁé) an ATREF

LA
tenperature of Tx, whichMCRKNbECIgH ¥gragedt T (jom tmyBxg, = a7 Tx + f3 using a
measured val ue of Tx. WD 2009/ 097525PCT/ US2009/ 0 [47] Further
description of the block index nmethodology is referenced in Macronol ecul ar

ﬁg?{e):)ﬁl iaﬁ.é'lZ- ? ls ggsf?}}’efe(elt%og ggfine@%s Etgl(l)e- r?u%lt\)/g;l Iof Pracl:tlsonls r\])v(it%rlgl?éraégtef}:(rj thtgl zE:reof. %roef\ gz(l:c%

15  polymer fraction, BI is defined by one of the two following equations (both of which give the

same BI value):

I:1/TX -1/T,, or :_LnPX —LnPy,
T, -1T,, LnP, —LnP,,
[43] where Ty is the ATREF (i.e., analytical TREF) elution temperature for the i@

fraction (preferably expressed in Kelvin), Px is the propylene mole fraction for the i™ fraction,

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

approximation or for polymers where the “hard segment” composition is unknown, the T, and
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[48] Once the block index (BlI) for each preparative TREF fraction is
obt ai ned, the 5 wei ght average bl ock index, ABI, for the whole polyner can
be cal culwoedos/ams2sonme enbodi nents, ABI i s greater thanPzemus2man3leass t han
about 0.4 or fromabout 0.1 to about 0.3. In other enbodinents, ABl is
greater than about 0.4 and up to about 1.0. Preferably, ABI should be in
the range of fromabout 0.4 to about 0.7, fromabout 0.5 to about 0.7, or
fromapout 0.6 to about. 0.9. ILn sone enbodi nents, ABI is in the rapge of
from boVﬁi“eé ay Stebtoath%thobl.ngaCtr‘? B‘ﬁV%fBBWFnel gorPlyBe Rty 2eg by 2 %FglF’F‘BJﬁ{t%bout
0.3 teuahut 0.7, fromabout 0.3 to about 0.6, from about 0.3 to about 0.5,
or fromabout 0.3 to about 0.4. In other enbodinents, ABlI is in the range
of fromabout 0.4 to about 1.0, fromabout 0.5 to about 1.0, or from about
0.6 to abdlt 1. Fasfiy G ASKRIGK clotion tegnperaiuie for oranflemroplymer of Besamabout 1. 0,
or fr .t 0 14 Al haracteristic of the

nvent P BSoHEn el APt ol She i R R OB S S i Bt

pr opy lcepsllaren| BLH danibeticalcpked s m eympbleSeRtiah of E@pHlefd En@inedwry NVIRGt i on

whi ch can be obtained by preparative TREF, wherein the fraction has a bl ock
i ndex Ugingahetollonaie eayatien:0. 1 and up to about 1.0 and the pol yner having a
nol ecul ar wei ght distribution, MM M', greater than about 1.3. In sone
enbodi nents, the polyner fraction Dg@A?:QQg£¥+Endex greater than about 0.6
and up to about 1.0, greater than about 0.7 and up to about 1.0, greater

t han about 0.8 and up to 20about 1.0, or greater than about 0.9 and up to
about 1.[0#5]1 n otvtere eptdBiareetwosconsthets pdlighnen berdgtsringed thast caliblagiok usingex

greater than.about 0.1.and up to 1.0 ter than.about 0.2 and up
0o abdume g PgPdhariichiA il Pe 3R ey T BbE et d0 A edr  han
ahgut BpdlymBeaniport el P&kdctekizdd raidod B3pEENd il yaReuvith ndrraRdotipotiiogbout
1.0. In still other enbodinents, the polyner fraction has a bl ock index

gr eat ddealyathe it frgctipng havedhsen preppsdifran sindgmguerylererrprolybut producednd 25up
to ab . . ter than
oot R SRR a R LR el et

f r act icopolhmsr. aTlik dciknponderto ge@ahefor shgh tahpathtutt Affardcesphitaeaidntthd. 9,

greater than about 0.3 and up to about 0.8, greater than about 0.4 and up
to abduePyene crysallinigadue todstestsAtsntactcity atredls ipgsragneirors. B suckygndom

2QQ9/ q%% it . _i ndex
agg i%§ﬁ§$§E§¥£%$§%%?%%§§Ioc];?ﬁ%?%gg%ﬂ%%g@%%Speﬁg%g%g¥%¥§%?g§ﬁ%%gg%bIyners
are chtachehisziewtdvbytogmedwe highl gisofactihpolppopelehe em essedi ketodd bt abtedws.

[ 51] In one aspect, the propylenela-olefin interpolynmers used in
6 od iCHFS A B Y s s RS PEREED & ORAET ht MOROSTH SBOEUS NP4 £ ARG 3. 5 and

at | eapprophSe@Rlibrafieh BV O ith TR pdlPmer composition of interest, using appropriate
molecular weight ranges and comonomer type for the preparative TREF fractions and/or random
20  copolymers used to create the calibration. There is a slight molecular weight effect. If the
calibration curve is obtained from similar molecular weight ranges, such effect would be

essentially negligible.

[46] Txo 1s the ATREF temperature for a random copolymer of the same composition
(i.e., the same comonomer type and content) and the same molecular weight and having a
25  propylene mole fraction of Px. Txo can be calculated from LnPx = o/Txo + § from a measured
Px mole fraction. Conversely, Pxo is 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 + B using

a measured value of Tx.
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degrees Celsius and a-olefin content, in weight % wherein the nunerical
val ues of the variables correspond to the relationship: Tm>-2.909 (w %

a- ol ef i n)we 208019525, and preferably Tm > - 2. 90eT(UseémaswmBef i n) +
145.57, and nore preferably 10Tm > -2.909 (Wm % a-ol efin) + 141.57 [ 52]
Unlike the traditional random copol ynmers of propyl ene/ a-ol efins whose
nmelting points decrease with decreasi ng densities, the inventive

i nter oI rse meltin subst anti en ent of the
RS ) S R A TR R S RS e dBloey i Agbendent of the
about ala-WebRRLaYSyApdsa3 Mdl 25 B 200701 §1£80-95 R&Edh is iltergorABY b e ReéRn& 1REiR

i nterpol yners have a nol ecul ar fraction which el utes between 40C and 130C
when fingeentomtyt ed usi ng Tenperature Rising Elution Fractionation ("TREF"),
characterized in that said fraction has a nolar conononer content higher,

pref erabjggat | oRRE i HSCRNL: RS cack BLEARIE! FREP!onclbn LA Sn A0 gper co

hi gher, a conpara ene i n ractio

el 8t i Repigirtaveage bloek slee, LB, fenhe kbl Rsymahan ek raalt:hlate@ormedrabl e random
propyl ene interpolymer contains the same compnonmer(s), and has a nelt

i ndex eMpedinans, Aaﬁ{ds BSRISF ﬂ@aﬁéwdwﬁ%é&wp@hwt(%%@owb%& Wrbeup@Py dier )
Wi thi Q)tﬁleQ 691%6& tntsOfABtIq %reﬁ)tfer &B& aQ(L ek éﬂ?lt %% 0 0. Efe?érﬁ%l?bz&ﬁl S g?fq[l:z\lég M

of th corrpara e I nterpolyner so w t ercent of “that
bl ock in rteenpg ofrferm abwlit Ord tbhbomtd]ﬁ‘xa‘rcab hlaoutlﬁ)tfeuoptbbytrﬁﬁ d]émnaabcmﬂt alo toom)norrer

conten Wi t 10 we { perc of that of. the 25b|

[54] | A eM? ﬁ'rﬁ&meqmb&?ﬁa 4‘3@1; S ot B yRRsser Aot %'%%0 e%ﬁﬁg énateOélt
char 3@33{0' 86k (_*PS! FFrdh é@édt@) T BGO¥R 07, fRSn abdlit PEY ©eBbud.6 %%&@@t strain
and 1 cycle measured on a conpression- WO 2009/ 097525PCT/ US2009/ 032638

mol dedbdutl(:d,of frenpatopy O Srie Abowsi0ef. iIn q'thﬂr@nﬂvodym AdXlds habe sanger§ioy, d, in

e e A R e A T e

subst @yt ioalbbit f.O,et@orﬁfab&thIS)ﬁﬁabbh@K@,doer'@ﬁ @boﬁg.%%%utlmw d); and
preferably 5Re >1491-1629(d); and nore preferably

[49] Another characteristic of the inventive propylene/a-olefin interpolymer is that the

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

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

25  up to about 0.5, greater than about 0.3 and up to about 0.5, or greater than about 0.4 and up to
about 0.5. In yet other embodiments, the polymer fraction has a block index greater than about
0.2 and up to about 0.9, greater than about 0.3 and up to about 0.8, greater than about 0.4 and up
to about 0.7, or greater than about 0.5 and up to about 0.6.
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Re >1501-1629(d); and even nore preferably Re >1511-1629(d). [55] In
sone enbodi nents, the propylene/a-olefin interpolyners have an el ongation
at break wb 2009/09228t 600 percent, nore preferably at | ea&st/Uso@9psr6sdent ,
highly preferably at |east 800 10percent, and nost highly preferably at

| east 900 percent at a crosshead separation rate of 11 cm m nute. [ 56]
I n other enbodi nents, the propylene/a olefin interpolyners have (1) a

st orage ulus rati.q, G (250 /G (1 of .f 0 .20 rably froml
20 10 b pr o Adtiyn £ Siries Mook s R eRusRpIL R B ouE of
less %g@gl&g/opgﬂéﬁﬁ MeerpBlyaleds é’ilélc}iaﬂa@éﬁzédh?fbn%%rjf@&@ bf BRproR e intdlagss

t han ercent, |ess than 50 percent, | ess than 40 percent down to a
conpr ésld9own set of O percent. [ 57] In still other enbodinents, the
propyl ene/ a-ol efin interpol ymers have a 70C conpression set of |ess than 80

percent, [s'lgﬁ’ss t 2@%@ gstp%gt %%tr%p&/lg R7-bAAR 12 p%f}/fn%‘t?g{lsedo{l e!n%?s(]? ol ARbER

percent. ef er ressi on se yners Is | ess

t han 48vepeos diie a MeAd, Bﬁmtel’b@ﬁt B(Ztcpelﬁcmeets anldes featthae ni?@um)éep@emrm, and may go
down to about O percent, I n ot her enbodi nents,

pr opy ld6&ErB eI iEp F”ﬁd F*‘rﬂl‘@cﬂb%ﬂ%rlg Webhh 7. yehersip ﬂmuyraﬁéwalz@équ the wriableast 50

ol e RELESIALG RS Q¥$ﬁ &mﬂﬁg have a 70C conpression set of |less than 80
per cent, %B ?era 'y ess than 70 percent or |ess than 60 percent, nost

preferably | ess than 40 to 50 percent and down to close to zero percent.
25[59] | n sdne>-ee8dwifentalelinhe 17ub | atul meferabbpol ymers possess a PDI fitting
a Schultz-Flory distribution rather than a Poisson distribution. The

copol ynmers .are 2009/ 525PCT/ US 032638 characterized as
havi ng botHﬁ5?B%%g%&@%b?gﬁ%ﬁﬁegﬁggls? ]Bﬁﬁléﬁpgﬁ a pol ydi sper se
di stribution of block sizes and possessing a nost probable distribution of

bliock | engtihs: -X¥f @nwadortini + 1kl 8¢k copol yners are those containing 4 or
nore bl ocks or segnents including term nal blocks. Mre preferably, the
copolyners include _at least 5, 10 or 20 bl ocks or segnents i ncl udi ng

t er mi nal 15831 ockdInlike ﬂ[lea@a}dlqlwaéer’alﬁpwpoltm@r% HEARYI TGP IsERS Wﬁ?%ﬁrlﬁ@hﬂgﬂﬁer s
have gg@ﬂitg §QRAse erﬂ?rd%&te? ihS b RieQr thP(RRR( Ve ﬁerpdlggeﬂa RxABRERLItind P&ints

inter YyIers, erably Ctonprising propyl ene and one or nore
copolynbnmnmﬁyeubpﬂmhonGMheumobﬁhynﬁnmzpdu&dmnywmem(nmmﬁacmﬁmMZedabpen
or segge% of two or nore polynerized nonomer units

multiple blo
diff er‘“]l’ﬂ'bttﬂtﬁ ﬂ‘étrﬁ caf! physi cal
15 [53] In yet 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
content higher, preferably at least 5 percent higher, more preferably at least 10 percent higher,
than that of a comparable random propylene interpolymer fraction eluting between the same
20  temperatures, wherein the comparable random propylene interpolymer contains the same
comonomer(s), and has a melt index, density, and molar comonomer content (based on the whole
polymer) within 10 percent of that of the block interpolymer. Preferably, the Mw/Mn of the
comparable interpolymer is also within 10 percent of that of the block interpolymer and/or the
comparable interpolymer has a total comonomer content within 10 weight percent of that of the

25  block interpolymer.

[54] In still another aspect, the propylene/a-olefin interpolymers are characterized by

an elastic recovery, Re, in percent at 300 percent strain and 1 cycle measured on a compression-
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10 properties (blocked interpolyner), nost preferably a nulti-block
copol yner, said block interpolyner having a nolecular fraction which el utes
bet ween MQG200mh91R8C when fractionated usi ng TREF, char @CTarseamem3ions t hat
said fraction has a nol ar conononer content higher, preferably at least 5
percent higher, nore preferably at | east 10 percent higher, than that of a
conparable random propyl ene i nterpolynmer fraction eluting between the sane
t enper at yr erein said co rabl e dom pr opyl ene i nt rpolyner
conpr rauded e SEn BBy RE s st Ra et et ferb il HERSIEGE andt ol ar
CONDNQEREMERH WaRteif RRIREhcPRall RGP RE 2RO h)éﬂ@srf%mﬁﬂ fbhbxﬁhn&%l@%&ﬁ[ﬁ wHén that of
the bl ocked interpolyner. Preferably, the t he "conpar abl
i nt er podpyhanc/d-elefih swemmotyimien isl@bpranahyt fresfoftarpapssdinkedghiseocked | nt er pol ymer
and/ or the conparable interpolymer has a total cononomer content within 10
wei ght per G qt cked 20i nt erpol ymer. [ 61] Conononer
cont ent nay‘%’“gﬁ]%aggé usrﬂghgﬁﬁlsuitable techni que, with techni ques based
on nucl ear magnetic resonance ("NWMR') spectroscopy preferred. Moreover, for
pobyner s omRetieinds 629 (dpalndmedss phestiably r el ati vel y broad TREF curves, the
pol ymer is first fractionated using TREF into fractions each having an
eluted te ere ﬁre Q& f 10C or §¥§& 25That is, each eluted fraction
has a col | €85 ﬂéég PECWIRHo© YC or less. Using this technique,
sai d bl ock interpolyners have at |east one such fraction having a higher
mol ar conomnErsi1eqebe@y. t han a correspondi ng fraction of the conparable
interpolyner [62] I n another aspect, the inventive polyner is an olefin
i nt erpol preferably conprising propyl ene and one or nore '
copol yrretlfi S}abl e e sorpn QWéP@meﬁtSpﬁlleWﬁl%@ -plsfipintenpglymers have an elongation at
2009/ P t t
%?gai%g gg S;‘!)%%g%gécgg‘ﬁgﬁ?sﬁ%f"r %) V\%g{) legsr%rgl()g %elwfillllt fu%iﬂsr é%!éf%fzalﬁfy zgt lea%t f%(%(fJl
d|1f)f elpergni, lnd:hﬁ@ﬂ Highly prefeiaplsi ot ddastP00erdenest a(drbghkaelckepmedsrpmlt@/@felrl) nost
preferably a nmulti-block copolyner, said block interpolynmer having a peak
(but 8YMIWE a nol ecul ar fraction) which el utes between 40C and 130C ( but
wi t hout collecting and/or 5isolating individual fractions), characterized

in that pgjd pGQKoﬂﬁﬁémﬁo&ﬁﬁﬁ@omﬁbnﬁ%ﬂ%ﬁﬂﬁo@ﬁﬁhﬂ&%@ﬂmﬁ%shﬂ%% Jﬁ@uge
spectroscopy when expanded using a full wdth/h maxi num area

cal culrmdubm ratia$5° 625 °aVex @ §8°Grodfafirorn drto 20 nerefecairy énm hioghk morcppefﬂaldm y at

that  dPr8 T SoApHKBS 1 I Ra BRI Re e APIGH frar bk ot R Wah? of it on

t qsperpaf.c@ﬁte es’:pa@llaﬁgi RapeRd (0jenrgna 1dsy tﬂan\@ogierdeha bf 1e3OthARX0 PerPeh WV 4 ea
cal cul'ation, wherein said conparabl e random propyl ene interpolynmer has the

sane @@ﬁ@ﬁﬁﬁ@ﬁ@@ﬁfﬁﬁ&ﬂwaé a nelt index, density, and nolar conononer
content (based on the mhole pol ymer) within 10 percent of that of the

bl ocked {434 er polyyu®f o %Lg‘ﬁﬁhXt &% $ﬁﬂ l%ﬁl abl polyner

is also Qnﬁhln pechn é hat” o ﬁf f%F & %ﬁggﬁkynégegn /or the

conparcabipeesskinh e¢tpdllgsaeiantBspeacehQtiak tlmrm)rpmmmt,dﬁmmm()/petrdunn ot (ess than 50
percent. Preferably, the 70°C compression set of the interpolymers is less than 40 percent, less

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

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

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

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

Schultz-Flory distribution rather than a Poisson distribution. The copolymers are further
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15 wei ght percent of that of the bl ocked interpolymer. The full w dth/half
maxi mum (FWHM) cal cul ation is based on the ratio of nmethyl to nethyl ene
response woearyl@HRSCH2] from the ATREF infra-red detect @cCT/ush@w®s138 he

tall est (highest) peak is identified fromthe base line, and then the FWAM
area is determ ned. For a distribution neasured using an ATREF peak, the
FWHM area is defined as the area under the curve between T1l and T2, where
Tl and, T2 are points 20 determ ned,. t he. left anpd right of the ATR

peak. CBY IR 0o e BoRbR PSR yofuibutior ahe aeaiohgecipgifuton

hor i Z il side® ahdBoRBS Mgl d M6t phdiRblel HRbHES & HIOK 1k dths. AMeiehledMlulRPiddons of
the ATREF curve. A calibration curve for conononer content is nade using

r andoreepelppyisenehese epngdinimgdopongrabiasks pf sigienty isdnding tasminsd btosks. Foom NVR
versus_FE area ratig of the TREF_pgak. r this infra-red.nethod,, the
cal | bPETPNOE I Feb Py Beae e e Pt st RS 2ok Y SreR e BT o r oo
The comprener content of TREF peak of the inventive polyner can be

determ ned by referencing this calibration curve using its FWAM net hyl
met hyl ene area rati g [ CH3/ CH2] . of the TREF peak. [63] Conbnoner content may
be measuld®d usi Ay addifior,the Wpitiveddegk igigepolyipeny havg %f@]rﬁ‘#ﬁl’&h%kaf{fé@&&%ﬂf

nucl e ety j I 0

r eohnoRReRCh pd ERRACAE I il L OB R RIS b Bene B e ol hbre D e

t han aopaymes pabheleangoroampainaiall ymenited fion, \anecharacidized by multiple blocks or

2009/ 097525PCT/ US2009/ 032638, 64] Preferably,. for interpolyners of

pr opy|86$fee%af té‘fon?fl%?fézpo W%F‘ée{?n ‘}HLF%WBE?I C{}&E‘ﬂ%ﬁﬁ%ﬁrﬁ?ﬁﬁ@ﬁﬁont ent of

t he T%e%ﬁ@ggro%ﬁh&&g&%a%@@ﬁrf)réeraB@daf r%ﬁﬁﬁ?lgélgé‘é;%ﬂyrﬁéla&i@ﬁlo%Ua' to the

quantity (- 0.1236) T nmore preferably greater than or equal to
t he quatatpotymqr-h@vin2 3gholFeularfr8EPn whikdy dut®s bgwebred0(nandi IGATC whkme of t he

eak el ut.ion ter re of the, 5 TREF. fraction beij conpared, neasured in
PeA B ied S TRER P eieh i BB aL ARTOh M pRishe PR hE it
her _Ei _ﬂhﬁgHeh?;réfBM@[}l zit\I@sDQ b¥ Bt hidRR e phaE@blyai H&a@ﬁl(bp'eréah@hfgheﬁﬁ{aﬁ that
addi tional characteristics. In one aspect, the inventive polyner is an

ol ef i ©f pgpBpPpBPIerARdOony propElead Inferpokypicr Siagliptlpiig katweenlic stae mpeptercs,

cqpol [: i ri for har.act er.i | tiple
oSl AVt 31 SoBHRRRIRA g ProB Stk Rl B P - T S e RO B P
chem aad hay a plejtshdeal dgnspent ingsdarl dintublbadr caitaitpbdsgden the whslt pplyafeer abl y a
mul ti-bl ock copol yner, said_ block interpol émer havi ng a nol ecul ar fraction

| , )
whi ch vathig Q persented thay obthg blocked mterpplymer. Brefsrabi e MigiMpg ofrfthecompaiablsent s,
char ac j I; : i j : igher,
oy SR Lukp el R AFhE e Bl AT 30 Sy
or 25 idtbrpogmee s hkghleromanbaer tdmdnt ofithén @ wpashapdreent af danopthe pidcked
ig erpolﬁ)mfar fraction eluting between the sanme tenperatures, wherein said
c hparl%tﬁ & Y%A dom propyl ene interpol ymer conprises the sane comonomer(s),
preferably it is the sane conononer(s), and a nelt index, density, and

nol ar copanoner Cdmlier E(Qﬁérﬁdnzgfbetrﬁl@asﬂ&'&éh@i@%mﬁ@ﬁftﬁbl&e&ﬂﬂi@ué@viﬂﬁrCent of
that of the blocked interpolynmer. Preferably, the Mwv Mh of the conparable

i nter pmhy@ﬁs based pr gugleariinagnetic resonance (“NMR”) spectroscopy preferred. Moreover,

for polymers or blends of polymers having relatively broad TREF curves, the polymer is first

fractionated using TREF into fractions each having an eluted temperature range of 10°C or less.
25  That is, each eluted fraction has a collection temperature window of 10°C or less. Using this

technique, said block interpolymers have at least one such fraction having a higher molar

comonomer content than a corresponding fraction of the comparable interpolymer.

[62] In another aspect, the inventive polymer is an olefin interpolymer, preferably

comprising propylene and one or more copolymerizable comonomers in polymerized form,
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2010 percent of that of the bl ocked interpolynmer and/or the conparable

i nterpol ynmer has a total conononer content within 10 wei ght percent of that
of the blwokeab/diimi2ér pol yrer . [66] Preferably, the ab®c@/useaenpsBy mer s
are interpolyners of propylene and at | east one a-olefin, especially those
i nterpolyners having a whol e polymer density from about 0.855 to about
0.935 g/cnB, and nore especially for polyners having nore than about 1 nole
percent 25 co noma{., ttﬂe bl ockeﬂ interglol%%ner has a conmononer content of
the TREFAFPHELH HnMBIARIS HECH Lt el cb Mahbloss0 er Sty o LtWa P S qual to the
quant igbWnterizd hdabhed uditslBtS3 e inAERIA 8f SiyRRhYpBp&REEMISRBN iREpSGHR), T O
the quantity (-0.1236) T+ 14. fi’,?, and nost preferably greater trﬁan or equal
t o t henqpuarefdrably @-rultidakropolymeg37id Mhdds mteTpolgmeheavimgwe péaka butvit jrest of  t he

peak ATREF.elutij.on tenperature of T ofract i nuFei .CO red,

P s ateb g TR LB whBrh AP atb bR VA B RO RRAES ot her
aspectisoldth ihdivRInhl ¥£:tid0s)y tRiadtdizan iothaf daid péikehRQl diinonfek ebie@bl y
conprising propyl ene and one or nore copol yneri zabl e conbnoners in

pol ymeptiinaigd by ifa- e apaciraseeryevhanexpgndedysmer fol weddyhalfaywemus GTIWHN D or

iy . . ) . b cal 0
T e BB TRDLFSE MRIATR Ol b GO Ry RS2y dfy BV pitper L e
bl ock higheempat praferabBat tegstal Onfreait higher, daatthan wiebsbaebletresddpe pwpelend 0C and
130C, when fractionated using TREF increnments, characterjzed in that every
fr act iIAPRRMG Peak idhe st i teatperasire ahd prppafediping 2 lhwidh/palf cent, has” a

meht I Neh-RALAL (FWI@M]E) %fea%'&%(()lﬁ?@%%h&&ﬁ Qaid':c%htptaﬁ%feeraﬁ&ﬂﬁ gfo%gfeng %@’EH’E““ every

cononomner content from a mol e percent to about e per
f r act ihomtheasma cDB8CGnomeet($)ragd pas mmebfinddxodensit§,0@donolhi gpmermonivb centdt (based

Comonhar? hiE B b (G her eic BopPeisORied e ohd E000 g% Tm »

(- 5. SNGINIARE (HR&OLEDAabEONRAVIPhel 1§ alsBSyvifHiAEH beRntbf 43w 0Phe blocked 68] | n yet
anot her aspect, the inventive polyner is an olefin interpolyner, preferably

conpr iigterpglymnasppdion theapadperadleointenpnl pmeolps laytatat ¢oradyioanes sapRBimErisnilA
poLyreri.zed far ar.act.eri.zed mubtiple b ks or.se f two or
rare o ShCPr it of AR Bl e Bty The PR R BT g RGRTER T e 11 o

(bl ockeldulatibe Ik SH the rfASdf RE@T O IR Nyl8ndMekidnsdhies KCHYR®!,Y frem theai d bl ock
i nter pojg%rrer havi ng a nol ecul ar fraction which elutes between 40C and 130C,

when fAHEEF 8¥ied dasrios wiresn ithictabess thishespipspla istidentifisd fram thedaseljeg. gnd

fracti : : ' |t

hbout e R LR FL O hEIRAER bt al fh by WIRBIHe MR 1 ©

cor r edPPHM aga inddfined egthatarcaninder the ktiS9F belaten df; ahdiTh,omhed Tgagd & are points
- 1718) ( ATREF tion tg t ' | siys) .- 136.58. . 70] T

| A0en kpEneaaR el rAg AL SR é{ﬁiéfn e&@dl?& éEFPF%}ﬁh%IFt&S/[téfPL% )

bet m%n@%ﬁ{édd lﬁ%iz\’)\ﬂﬁf‘toftﬁé"ﬁﬁs'e q?i'ﬁ@,t tﬁgt iH@daeks TiREEf0& 'li%%qﬁ%rﬁons of the

characterized™in that every 25 fraction that has an ATREF ‘el ution
t enperfélRER clet wAanlidGon ndr vk égiscontranmeb outteit 6Onatiassiag raplomemnoddneyo-( heat

Fusi of oy BT Prios Yorreasn R FRARTB ANARRHS PR By TP o

TREF peak. For this infra-red method, the calibration curve is generated for the same

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

ratio [CH5/CH,] of the TREF peak.

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

corresponding comparable interpolymer.
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WD 2009/ 097525PCT/ US2009/ 032638 ATREF Peak Conononer Conposition

Measur enment by I nfra-Red Detector [ 71] The conononer conposition of the
TREF peakwoanodme7izeasured using an IR4 infra-red detect @cTasadvmbioas f r om
Pol ymer Char, Val encia, Spain (http://ww. polynerchar.com). [ 72] The

"conposition node" of the detector is equipped with a neasurenent sensor 5
(CH2) and conposition sensor (CH3) that are fixed narrow band infra-red

filters jn.the re of. 2800- 000 cm1l. The asur enent. sensor detects the
et byt ot o) TEFBS fnierTRRY REPrOPNIRG A FUETT Y1 Wodk BLErpg ViR

pol ymeps § 088Rsh@idoAfnt & RO MRIEFIRICLVR 'eiuemg BervRRARO S il PCSEBHEN theiebects the
met hyl (CH3) groups of the polynmer. The mathenmatical ratio of the

conposiedldn thei qpaatity (CPHIP 3@ T/wdédBBymoh:evrﬁfésabw gietnt theih gn eslua( ©HbY¥ ghantity

I
and | (¢ Pob e PRI B il B oo ST SRevaRas PRrECpol yror
st gndargdsE fractloﬁ%%lng'ﬁa)m pddeglepyuradiarrcused wi th an ATREF instrunment provides

both a concentration (CH2) and conposition (CH3) signal response of the
el uted poI mer duri n? t he TREF process. A polyner specific calibration can

be cr eat[aﬁé by ndasdddifingta the ah@@aasp%ﬁts @ldoﬁmp%escﬂ%crﬂlaﬁddmenﬁ dhe inyepdiey ner s
h N
Wit @%&E’eﬂp%@f pegn{%&?p& ohdb Sfeaa%h}ﬁo lzlfa%gn@éfcs bne %ctcﬁf”emnoner

cont ent a poly can estl mat ed by applying the
r ef er emeatieapolymat isan oddfirt llneerpcdymer q)fefd:ﬂablya:loerqmmfntgrprd)}i}éenermld\omd oamoGH3 and
area ratio CHB/CH ver sus canoponer [ 74]

CH2 respanse . cont.e
The arc8B°! asmefl??@lep%%@%ﬁ%s wep%m@me&t Qg fapagtey 2 xmmt@?%?lﬁ%s%ormxi mum
( 'TM\HMsggrﬁerﬁ%PM@éﬂ ke FolyehierBOR honBshet mﬁtsacﬁﬁmg]fn%@mmﬁ & IBH}@ﬁaf o integrate

t he individual signal responses fromthe TREF chromatogram "The full

wi dt h/pegeftigyvdRionked interpalyaei) onostprdfarbly amulthkloclacipplyohermetithblock o net hyl ene
response_a F.inf red erein the

Lol | odRSERh R Pa dRbe el fTknee Mol P ARE FRAD G M RRen  he - P
ar ea iffaclSiREIMMNQATREP lincRerflérfté, IchidtleAReIMaBAL8d fHStifghaa MéREEoRSAKmert he
FWHM area is defined as the area under the 25 curve between Ti and T2,

wher e conteaitighe?, peerahdy atlsasy étp@qutri@ahert worereleetbly arlenst 1 ghS. 39 of B2 ATREF
Egslk z n%lceﬁe }Pgﬁjﬁ{r t%a‘%glgteg ?é%rg Jt%h% Per 58%3? %get]%%?lp 061%1913"&5' 1rO ﬁgmﬁgort i ons of
t he ADREFeea iev@ume WDpQAORE) VRBRNPETd RPN 338 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
20 10 percent of that of the blocked interpolymer and/or the comparable interpolymer has a total

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

[66] Preferably, the above interpolymers are interpolymers of propylene and at least
one a-olefin, especially those interpolymers having a whole polymer density from about 0.855 to
about 0.935 g/cm’, and more especially for polymers having more than about 1 mole percent

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

ATREEF elution temperature of the TREF fraction being compared, measured in °C.
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[ 75] The application of infra-red spectroscopy to neasure the conononer
content of polyners in this ATREF-infra-red nethod is, in principle,
simlar twothawoef$25GPC/ FT1R systens as descri bed in thePColusoaions63s
references: Markovich, Ronald P.; Hazlitt, Lonnie G ; Smth, Linley;
"Devel opnent of gel -perneati on chromat ography-Fourier transforminfrared
spectroscopy for 5 characterization of ethylene- based pol yol efin

copol yre Pol terials Science nd En ri.n 991)

55 200, < 16ha podt 2 panhEl ppes? e PR po e s SRR PP A ng
ShortCGH?hﬁn rﬁﬂ%ﬂm@gnﬂbﬁéQﬁ&bﬂﬁk@BE&uﬁﬂmﬁEGM&@Hﬁn&%Qﬁ Iy MeSAROLYHEr S USi NG
si ze exclusion chronat ography and Fourier transforminfrared spectroscopy

( SEC- Fmalaytenzdddiyyme}tlp(ezlﬂcczgs or4@m@@s afrvo dyandre pblywkerizhd sosomacwrifsor at ed by
refer nti houl.d be not that while the
S G R AR Y S S G SR e A T g

ot Ber blerRepallyHiceE, shlﬂmlmﬁteﬁp@yﬁemmgtﬁ Roleb@ar fri@loan@ach alu{‘éBEEmfereact ion
could be in a 4 Cincrenment, a 3 Cincrenent, a 2 Cincrenent, or 1 C

i ncr edd7 and 13Q°@yyheniragiiopated meing TREFneisyicaisechamstertred inthat ¢yery fragtion
t I | . of -
or of 1 abig ARpHERE BePoSudl 8P RRASERS rhot pBicbitnfla iighE RSl frcdier B0
pr ef eraablhtyloafc | Basthoi. fogctiops havidg mamhmmetabmenoﬁrorﬁ aBoutrﬁ)nnelemem‘eer @bly up

to a ﬁBXIﬁUﬁ]Of 3.5, and esgeciallﬁ to a maxi rum a heat of
f usi oribYt (gOolg/ngrespt. pyery fracgn %asp?r |f%fﬂ%n3:ﬁ?iflb?ftab8¥lt ]a]io €@a§tgh% Mereght

§0C€Mefelably, Gid f R aBRds! gealll? 581 Hof perfht Bhnoh&%8r, hAGD 'é‘}flﬁﬁ
prgfeg)%F %% 3 %ﬁ%ﬁw-15c an or oneoa ﬁfoﬁ‘y gne r F 78 © uéther
t he |mmemURWempupymanﬂuaﬂpmamm alone or in conblnatlon mnth any ot her 20
properties disclosed herein, a storage nodul us, , such that log (G) is

greater th r to 400 kPa refer han or equal to 1.0
oL eat ot N Ol ok 300 o L f?%@an 5" pol ymer s possess a
relatively flat storage nodulus as a function of tenperature in the range
from O t®8100C (8 yetundthet hlect, tHeUstdneil € Golymelisgusr @effn MGpllyGidr, prddjablyhat i s
characteristic of block copolyners, and heretofore unknown for an olefin
copol FREITISIAE PEIIYAINE NG OBSBOIQIREGOPBRy MIESIZaklp GPRABOTARE I PRIy BerizRsk fores 8

a|15 ph%&l%}] a¢ t@?%ééﬁ;é! rﬂ?lltlﬁ cﬁ%ﬁoéﬂ%rtsg%l%nt{ gil t@vto (ﬁ'%(%/re gpl)%&rh ri!sz M&'Iﬁ g@?ﬁlg}ft i's

meant t scal s ecreases an one or

magni tdﬁfd@‘irtgeh\ﬁhﬁmcmo@]ﬂsﬂ:ﬂ(jﬁopemﬁﬁf(bhﬁhd:(}/mkt&j)@]@&lﬂr)()m&ﬂt@réi@fhﬁ)y a mult[-79]
Additionally, the pra erne/a olefin inter rs. can have a nelt index,
12, 1 PRKEOBATST 2@@@9@9 o U ENavHIeh @Pﬁsvlﬁrnﬁ?%noﬂei Flytes 80VGP 10

m nut egrC ARS %@C?@vﬁé@ﬂbéﬁoﬁlﬁ@mugmg I REF21¥1crements, characterized in that every fraction
that has an ATREF elution temperature greater than or equal to about 76°C, has a melt enthalpy

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

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

between 40°C and 130°C, when fractionated using TREF increments, characterized in that every
25  fraction that has an ATREF elution temperature between 40°C and less than about 76°C, has a

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

Heat of fusion (J/gm) < (1.1312)(ATREEF elution temperature in Celsius) + 22.97.
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WO 2009/ 097525PCT/ US2009/ 032638 to 500 g/ 10 m nutes, and especially from
0.01 to 100 g/10 mnutes. In certain enbodi nents, the propyl ene/cc-olefin

i nt er pol ywonreodmvesa nmelt index, 12, from0.01 to 10 g/ POTrESaem@32638 r om 0. 5
to 50 g/10 mnutes, from1l to 30 g/10 mnutes, from1l to 6 g/10 m nutes or
fromO0.3 to 10 g/10 mnutes. In certain enbodinents, the nelt index for the
propyl ene/ a-ol efi n pol yrrers is 1g/10 5 mnutes, 3 g/10 mnutes or 5 g/10

m nut e 80].. The po rs G e nol ec My, from 1, 000
o) ol SCEBEE Hsabh Gronongrae Compedian Mtpurernst ?U%fr@rw DeestoF 000 000 mor e
preferably from 10, 000 g/ rml e to 500,000 g/nole, and especially from 10, 000

g/ mol e t[’Dl]300 0P @nidiother EHRPEELIST bth® TREFG kIO ¥ANbd MBaRAIdINRIgSanci®a be from
0.80 to 0.99 g/cnB and preferably for ethylene containing 10 polynmers from

0.85 lgfréﬁed fifegogyagallagron Rolywer ehar, ¥soeinntrus (htipHsvwwmol yyergharch/).
et hyl ene/ aol efin polymers ranges from0.860 to 0.925 g/cnBor 0.867 to 0.910

g/ cnB.  =91[ 81] i I in the
fol |l ow ]pat eniﬁbapcgﬁ%ggl'?l ?%nsOdgﬁéf %gt()iHagtg ery%ﬂﬁ{p %1 gfﬁ ﬁqgg#g%gﬁey %SG

Appl i ((GHZ) i) @ind dMemp G dMS3n 90 GCHE) thewchrd/bik edindiiiow BMinfroir&l filReo v theaegbn of
Application No., 60/ 662,937, filed March 17, 2 U S. Provisjonal 15

Appl .%8;99. 3N0KBL - sh)eaBerisyrgient sanaey Weﬁhameﬂggw <Cﬁzscarb9r5ﬁn§heaelwmer

Appl i LM N8 ré%e?ﬁﬁég%g} ndelr Ic&ﬂ:e%ﬁt% 1%7solu%9%hllfgﬁeégﬁ b&abh Qhsdo.

por) ET005) 5o841e: MArch 17, ication No.

PCT/ Uk2806the 08813 (CHia) gduwmfcﬂne ﬂ(?lymEt)CIElp nFﬂﬂiénﬁth]l 1a15 1) bbﬂleNomposition signal

PCT/ [0 filed March 17 05; PCT Publication

2005%%3%‘5”‘9%33& the MEaSUELPEY HiRoA] Cféf? >ouBsUpELP ‘gﬁ 6?1?18%‘%@%?0&5’“ %She

2005/ QRAZE, padHidr if BEE iSie RAEIPREpARe is2@88BratedOv N RrowiIroByithé/aphi-eRfiNo. WO
2005/ 090427, published Sept enber 29, 2005, all of which are incorporated by
r ef ercopelyniresengarin t hei r entirety. For exanple, one such method conprises
contactlng propyl ene and optionally one or nDre addition_polynerizeble
Tononer § 4t her Hhag REARVLENR AR, QXTROLBAL AR  cOnditbans W th
a catal conp05| ion conprli Sing: Phe a nlx ure reaction produc

resul (t(]Hbg] ahd comheaidunniCHY) sigh{lA¢spandd sfshe ﬂheﬁlmly}h&iryﬂﬁﬁhg et TRPF palcadsy at
havi ng a hi gh conpbnoner incorporation index, second ol efin

pol y Ny P&k ﬁpéﬁflé selarp4den epmherrgedetbhpreivEne th?cﬂé?ﬂpeflaﬁf 8K ¢Hd@xCHe£0§ t han 90
pQchﬁ{Iyrg?rr ﬁ]l&ha{?}% dffohohdRBorthR e?e?m% 34633 F@Egﬁ\{[ﬁ?' CS&%néJﬁéIn S

perc e conononer | ncorporation | yst
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 CH3 and CH, response (i.e. area ratio CHs/CH, versus

comonomer content),

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

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

25 curve between T1 and T2, where T1 and T2 are points determined, to the left and right of the
ATREEF 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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WD 2009/ 097525PCT/ US2009/ 032638 (C) a chain shuttling agent. [ 82]
Representative catalysts and chain shuttling agents are as foll ows.

[ 83] Cat aWQ00%0Ar325i S PCT/US2009/032638

[ N-(2,6-di (1-net hyl et hyl ) phenyl ) am do) ( 2-i sopr opyl phenyl ) (anapht hal en-2-diy
1(6-pyridin-2-diyl)net hane)l haf ni um di met hyl , prepared according to the 5
teachi ngs of WD 03/40195, U. S. Patents No. 6,953,764 and No. 6, 960, 635, and
WO 04/ 2

[N-(2, Gj%ﬁﬂ]( 1- rreTl?'F{/‘"?ﬂlﬁ%}H“pcﬁé‘ﬁf%‘? %Qﬁgpaﬁﬁ%éo%@ﬁwaﬁﬁrgﬁw gqmonpmer content of

pheny} cﬁ?xﬁel(s@ﬁ B¢ AGREFZmEL dd ARIHIANE )i Bﬁﬁ&p]é%&hl'ﬁ?{oﬂ}iﬁt,of RIRDETEE sy%%‘éh%f & ng
to the achi ngs of WO 03/40195, U’S. Patents No. 953, 764 and

6, QGOde@@@edan@Q/f@llngwﬁt@ences M:{r@g\]lclceﬂqillagds]f HAg)tt L@nbuesﬂﬁ NSiith, Llniey,
e

phsnwwtewha@wﬂ 1§61¢fin szcqymbfcsm Rdl)\)@ze;% bRireyis Sherpangd
substantially acco nggto t e teachings of U S. Patent No. 6,897, 276.

[87] lngimgeyivg Qléi}) 65, $8-300; and Bedawijers, Pohit Rahptes R -€rdhieh. ERL{ 1-
met hyl aﬁ{{@é}gﬂgﬁl@c?hﬁﬁ%ﬁ}%(ﬂléhﬁﬁg Qﬁ%%gtx)uc&ﬁésqﬁ %th%ngllbglgﬁx copolymers usm%%gz]e

Catal y
1, 2- bé;&ldsﬁgn&hcbmite@upw phiefydrien eufsTortdNinfi2ratedpbytt syep yoISEXYFTIR)1L0Polymer

I mmi no%) ¥ 5) - 0X O¥1l ). zi.rconium di benzyl WD 2009/ 097525PCT/ US2009/ 032638
2002), 43, 59-170, both of which are incorporated by reference herein in their entirety.
10 [76] It should be noted that while the TREF fractions in the above description are

obtained in a 5 °C increment, other temperature increments are possible. For instance, a TREF

fraction could be in a 4 °C increment, a 3 °C increment, a 2 °C increment, or 1 °C increment.

[77] For copolymers of propylene and an a-olefin, the inventive polymers preferably
possess (1) a PDI of at least 1.3, more preferably at least 1.5, at least 1.7, or at least 2.0, and most
15 preferably at least 2.6, up to a maximum value of 5.0, more preferably up to a maximum of 3.5,
and especially up to a maximum of 2.7; (2) a heat of fusion of 80 J/g or less; (3) a propylene
content of at least 50 weight percent; (4) a glass transition temperature, Ty, of less than -5°C, more

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

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

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

[79] 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
-7 -



[89] Catalyst (C) is (t-butyl am do)dinmethyl (3-N-p yrrolyl-1,2,3 ,3 a,7
a-mnden-1 - yl)silanetitani umdi nethyl prepared substantially according to
t he techrwqQue®/fs528. S. Patent No. 6, 268,444: 0 (H3C) 2SPXTAISTINM3263§3)2 N |
5C(CH3) 3 [90] Catalyst (C2) is (t-butyl

am do) di (4- et hyl phenyl ) (2-nmethyl-1,2,3 ,3 a,7 a-m ndenl-yl)silanetitanium
di nmet hyl prepared substantially according to the teachings of U S. Patent

(t- bu@%grﬁ ]3)03181“( 9 q%%?%ﬁ@n@ 1%?}2011{5[1}99' g/ %) @itgltessa I% gerfaig embodiments, the

i ndacgy g%leﬂ[é/éc%léf%%Eérﬁﬁ%H@ﬂV@Eth inBSERAEBH GUPRE AN/ B1ndidu@C GRIID Rt O
the teachings of U S~ Patent No , 595 WO 2009/ 097525PCT/ US2009/ 032638

H3C HBI/192]itatalfyst 1 (6a0) g1 rhmet(esufrmn hyb Gigdl( muane)of ifrode®.8-td 19 Igj10i r coni um
di chl nolgnlugees. %lgfl:rlta?r? lenelb(]; 19nrf]:1ntssI t%e melt 1ndex E)r the propylene/a-olefin polymers is 1g/10

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

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

10 polymers from 0.85 g/cm’ to 0.97 g/em’. In certain embodiments, the density of the ethylene/a-
olefin polymers ranges from 0.860 to 0.925 g/cm’ or 0.867 to 0.910 g/cm”.

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

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

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

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

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

comonomer incorporation index of catalyst (A), and
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5[ 93] Shuttling Agents The shuttling agents enpl oyed include diethylzinc,
di (i- butyl)zinc, di(n-hexyl)zinc, triethylalumnum trioctylalum num

tri et hyl gaiDl2oawm97325but yl al um num bi s(di net hyl (t - but yl ) siPCOASBR@)Y/032638

i -butylalum num bis(di(trimethylsilyl)amde), n-octylalum num

di (pyridi ne- 2- net hoxi de), bis(n-octadecyl)i-butylalum num i-butylal um num
bi s(di (npentyl)am de), n-octylal um num bi s(2, 6-di-t-butyl phenoxi de,
n-octyl al unj,num di (et hyl (1- 10 napht hyl)am de), ethyl al um num

bi s(t - butylr{h??rﬁniﬂﬁ}é]%?tﬁ i%g8Y: et hyl al umi num di (bis(trimethylsilyl)an de),
et hyl al um num bi s(2, 3, 6, 7-di benzo- 1- azacycl ohept aneam de), noctyl al um num
bi s( 2, 3[$2]7- di bR&EschtaBZ@EMENHARY BRNER BhidGh a%erﬁ@hﬁé'a@'fb!mw’wm

bi s(di met hyl (t butyl)sil oxi de, ethylzinc (2,%- i phenyl phenoxi de), and
ethylzinc (t-butoxide). [94]Preferably, the foregoing process takes the

f orm of [&lcont i Gatalxst &&Dus INr26r&clemsthyBtiydipheryliankigo )6} -dorRrapy by yh(es

especi a ti = bl ock. copol ) referably, llinear nulti-.block copolyners
ety i LA R O K R S ALY A
ol &f i Badhings\WDWOWB/QAFSASBCPALIL BRO6032688 a6y No0©b6d,635, apadvowa24gspeci al |y
propyl ene and a C4_20 a-olefin, using nultiple catalysts that are incapable
of interconversion. That is, the cgtalysts are chemcally distinct. Under
conti nuous sol ution polynerizatio 'iEhﬂﬁ%h the process is ideally
suited for polynerization of mxtu of nonorrers at hi gh nononer

conversi ons. Under these pol ynerization coAdii\i ons~shuttling from5 the
chain shuttling agent to theggalg /BHC ; ged conpared to chain
growt h, and nul ti-bl ock copoiyne G mul ti - bl ock
copolynmers are formed in high e nventive interpolyners
may be differentiated from convelts ol ymers, physical blends
of polyners, and bl ock copol yner@,qieparedeii a sequential nmonomer addi tion,
fluxi onal catalysts, anionic or cationic 1iving polynerization techniques.
In particular, 10 conpared to a random copol ymer of the same nononers and

MONONET [gANt eNnt Cafalift (ANGRTNYE 6L dIE By Y1 HhBAY SanRab i Simcei18HaE ) (1NEAt
db I |"ower ‘conp i set,

resistance as measured by nmelting point, Io ression '
par t i ghehglehs (Gpyridiavadieimetnperd kafvipasdimetyb rpretaressas coudingdatthoreactingsrdr

cree ' faster,.s e t.q,hi I ~Gryst j i On
(solPﬁﬁf?%%@ﬁgﬁ?R%éﬁ%@§§§%§%¥ﬂgﬂg4ggﬁ$%Fg%ﬁﬁﬁgh%ukﬁ*i%%gg%@kptance.

15[ 96] The inventive interpolyners also exhibit a unique crystallization and
branchi ng distribution reIationshiQ(F'l%u is, the inventive interpolyners
have a relatively large difference @!b--ﬁHﬁhe tall est peak tenperature

measur ed usi ng CRYSTAF and DSC as a fufcti o heat of fusion, especially

as conpared to random copol yners cont ai OHRE e) sane nononers and nononer

| evel or physical blends of p6¥9ﬁ% s, duch as—4 blend of a high density

pol ymer and a 20 | ower density c ) N§ #f {vahent overall density. It
is believed that this unique fea of t Mg je interpolyners is due
to the unique distribution of the(H oner ocks within the polyner
bagkbone. In particular, the inventive iftetPol ymers may conprise
alternating blocks of differing cononomer content (including honopol yner

bl ocks) rgdfe | UGl PABNE SRR,
tri(lmethylphenyl)amido)ethylenediamine]hafnium dibenzyl.
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may al so conprise a distribution in nunber and/or bl ock size of polyner
bl ocks of differing 25 density or conononer content, which is a
Schul t z- Avorgoxoppesof distribution. In addition, the inPEemuS2@®9/032638
i nterpolyners al so have a uni que peak nelting point and crystallization
tenperature profile that is substantially independent of polyner density,
nodul us, and nor phol ogy. [97] Polyners with highly crystalline chain ends
can be selectively prepared in accordance with enbodi nents of the
invention. In elastomer applicBtS educing the relative WO
2009/ 097525PCT/ US2009/ 032638 _quant of polynmer that term nates with an
anor phous bl ock reduces the”i egcul ar dilutive effect on crystalline
regions. This result can b& obtdi ne y choosing chain shuttling agents and
catal ysts havi ng an appropN-akegkesporise t oxhydigen or ot her chain
term nating agents. SpeC|f|caIIy i f cghe catal yst which produces highly
crystalline polynmer is norg_suscdeptiple to 5 chain term nation (such as by
use of hydrogen) than the catdlys egponsi bl e for producing the |ess
crystalline polymer segnent (g| | hr ough hi gher conononer
i ncorporation, regio-error, or atacti d | ymer formation), then the highly
crystalline polyner segnents will preferéntially populate the terninal
portions of the polyner. Not only are the resulting term nated groups
crystal [[§61e, buCatabae (A iFbRARLdy1-8heibbhah H- p@frys&tabl)tsnenmwpmﬁyﬂ)qr m ng
catalyst site is once 10 again available for reinitiation of poly
f or meRlieopxymRibyl)gyictohgxgng- lfgﬁiwéalrmlwéwx gbemzgk @fqpﬂ@dénbitmmlmawﬂr?lng
cryst I Y, S ingly, both ends of the resulting

@ t*“%%%}ﬁlg% ‘{F%rrerﬁg%%dr SRR 0 y highly crystalline. 98] The
propylene/a olefin interpolyners used in the enbodi nents of the invention
are preferably interpolyners ropylene with gast one of ethylene or
a C4-C20 a-olefin. 15 Copoly C4-C20 a-olefin are
especially preferred. The int& conprise C4-C18
di ol efin and/ or al kenyl benzene. at ed conmononers useful for
pol ymerizing with propyl ene incly ethylenically unsat ur at ed
nononers, conjugated or noncq/ Bk al kenyl benzenes,
etc. Exanples of such coHghoNe
i sobutyl ene, 1-butene, 1-hexe e hyI 1- pent ene,
1- heptene, 1l-octene, 1-nonene, 0 h 1- Butene and 1-
octene are especially preferred. pnoner s i ncl ude styrene,
hal o- or al kyl -substituted styre cl obut ane, 1, 4- hexadi ene,
1, 7- oct adi ene, and napht henics (e.g., cycl opentene, cycl ohexene and
cycl ooct ene). [99] Whil e propylene/a-olefin interpolyners are
pref err ¢87)pol yn€atalyso(Bbyris 22-is-0pyg!dnsholsHenplepol L er($- may al so be used.
O efins_as used herein refer to a famly of unsaturated hydrocarbon-based
conpd@ﬁ@§eﬁb@%mﬁﬁmvgﬁgﬁd%%ﬁxﬁﬂ}Eﬁﬁméﬁ?S%ﬁnﬂ%uble bond. Depending on the
sel ection of catalysts, any olefin may be used in enbodi nents of the

i nventi on. C(CHa)s
CH(CH3)3
C(CHs)3
zog
(HC)3
CH(CH3)2 X=CH,CH;
(CHs);
[88] Catalyst (B2) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(2-methylcyclohexyl)-

10  immino)methyl)(2-oxoyl) zirconium dibenzyl
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Preferably, suitable olefins are C4-C20 aliphatic and aromati c conpounds
containing vinylic unsaturation, as well as cyclic conpounds, such as

cycl obut ewe,20eymr2pent ene, di cycl opent adi ene, WO PCT/US2009/032638

2009/ 097525PCT/ US2009/ 032638 and nor bornene, including but not limted to,
nor bornene substituted in the 5 and 6 position with G -C20 hydrocarbyl or
cycl ohydrocar byl groups. Also included are m xtures of such olefins as well
as m xtures of such olefins with C4-C40_di ol efi n conpounds. [ 100]
Exanpl es of ol efin nononers incl ude, are nog b§n1ted to ethyl ene,

i sobutyl ene, 5 1-butene, 1-pentene, 1 dene, 1-heptene, 1-octene,
1-nonene, 1-decene, and 1-dodecen&C 1- et 1- hexadecene,

1-oct adecene, 1-eicosene, 3-nethyl-1-b A clemgnt ene, 4-

met hyl -1 - pentene, 4, 6-di net hyl - 1- ey ¢ cl ohexene,

vi nyl cycl ohexane, norbor nadi eng 3 i dgi*e nof bor nene, cycl opent ene,

cycl ohexene, dicycl opept,asce j -C40 dienes, including but

not limted to 1,3-butadiene,' 0 di ene,
ot her %ﬁggggﬁé-olefins, and

1, 5- hexadi ene, 1, 7-octadiene, 179
the like. In certain enbodi nents, € is ethyl ene, 1-butene,
1- pentene, 1-hexene, l-octene or a conbin n thereof. Al though any

hydr ocarbon containing a vinyl group potentially may be used in enbodi nents

of the ipnvention, practical issues such a noner avajlahility, cost, and
Che. abi Iy 1 o CoBERTE R b ENETa 4B SO TORORET 1t S TS £ ng

pol y@snaﬁaﬁtgﬁm@mmps%&ﬁa@a s BRLILFa @8 diflro R REHhigheMRITELt PAREN NS
nononer becomes too h ) [ 101] The pol yreri zati on processes descri bed
her ei 1268.¢44ael | suited for the production of olefin polymers conprising
nonovi nyl i dene aromati c nononers including styrene, o-nethyl styrene,

p- met hyl styrene, t-butylstyrene, and the Lkke. In particular,

i nterpol yners conprising propyl eng and stytgbe can be prepared by foll ow ng
t he teachings herein. Optionally, P 20 conprising propyl ene,
styrene and ethylene or a C4-C20 a | efin, optionally conprising a

C4- C20 di ene, having inproved properprd&s can be prepared. [ 102] Suitable
non- conj ugat ed di ene nononers @&ﬂhﬁa\a stcm),ght chain, branched chain or
cyclic hydrocarbon di ene having from® to 15 carbon atons. Exanpl es of
sui t abl e non-conjugated dienes include, but are not limted to, straight
chéin acyclic dienes, such as i,4- 25C®8xadi ene, 1, 6-oct adi ene,

1, 7-oct adi ene, 1, 9-decadi ene, branched chain acyclic dienes, such as 5-

met hyl-1, 4- hex adi ene; 3,7-dinethyl-1, 6-octadi ene;

3, 7- di mi20iy 1- 1, CatatysaC2nie (@ndylaimdddi $-oreenydplehy 0 2hpdihghy 2i cEné-amatien-

di hydyogcinene,. single ring alicyclic dienes, such as. 1, 3- cyclopentadiene;
1 2! clePaheshanii eyl ot S ik afchrans R i Sbtes 2t n SaREhNe:

mul tiggeneoxlicyclic fused and bridged ring dienes, such as

t et rahydroi ndene, nethyl tetrahydroi ndene, WO 2009/ 097525PCT/ US2009/ 032638

H5C
\©\ | & CH;
&\\ _ TiCHs),
( §
C(CHs)s

10 [91] Catalyst (C3) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,8a-n-s-

HsC

indacen-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of U.S.

Patent No. 6,825,295:
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di cycl opent adi ene, bicyclo-(2,2,1)-hepta-2,5-diene; al kenyl, alkylidene,

cycl oal kenyl and cycl oal kyl i dene norbornenes, such as

5- et hyl ewe-2800mori2ér nene (MNB); 5- propenyl-2- nor bor nen@CT/US2009/032638

5-i sopropyl i dene- 2- nor bor nene, 5-(4-cycl opentenyl)-2-norbornene, 5-

cycl ohexyl i dene- 2- nor bor nene, 5-vinyl -2-norbornene, and norbornadi ene. O
the dienes typically 5 used to prepare EPDMs, the particularly preferred
di enes are 1, 4- hexadi ene (HD), 5-et i dene- 2- nor bor nene ( ENB)

5-vi nyl i dene- 2- nor bornene (VNB), 5 hy| ene- 2- nor bor nene (MNB), and

di cycl opent adi ene (DCPD). The especrq preferred dienes are

5-et hyl i dene- 2- nor bor nene ( ENB a exadi ene (HD). [ 103] One

cl ass of desirable polyners thal Rdle i n accordance with enbodi nments
10 of the invention are el astons (Nt erpy Brs of propyl ene, ethylene, a
C4-C20 a-olefin, and optionally ong o SmprpTMMEne nononers. Preferred
a-olefins for use in this enbodi n# of the present invention are
designated by the fornul a CHZ:CHerel R* is a linear or branched al kyl
group of from1l to 12 carbon ajers. "Exanpl€d)of suitable a-ol efins include,

but are not limted to isobutyfene, 1- but ene, 1-pentene, 1-hexene,
4- met hyl - 1- pent ene, and 1-octene. The 15 propyl ene based pol yners are

gener al lryyr ef er h : ) : i di enes
For e VA pr oparthis (I By @kl RuifTestho ERIMDE MRS kP D

pol ynendabladloud®igoarldgab.ed or non-conj ugat ed, straight or branched chain-,
cyclic- or polycyclic- dienes conprising from4 to 20 carbons. Preferred

di enes include 1, 4-pent adi ene, 1, 4-hexadi ene, 5- ethylidene-2-norbornene,

di cycl opent adi ene, cycl ohexadi ene, ang hut yl i dene- 2- nor bor nene. A 20
particularly preferred diene is 5-eth gng- 2- nor bor nene. [ 104] Because
t he di ene containing polynmers conprise a(ggruuing segnents or bl ocks
containing greater or |lesser quantities g Xhe diene (including none) and
a-olefin (including none), the total qu&ntity of diene and a-olefin may be
reduced without |oss of subsequentLPdiynmer préperties. That is, because the
di ene and a-ol efin nononers are prefer
type of block of the polynmer rather than\
the polyner, they are nore efficiently uti
crosslink density of the polymer can be bg
crosslinkabl e el astoners and the cured p ts have advant aged properties,
i ncl udi ng higher tensile strength and bet el astic recovery. WO

2009/ 097525PCT/ US2009/ 032638 [ 105] The propyl ene/ a-olefin interpolyners
can be functionalized by incorporating at |east one functional group in its

pofymer [81)r uct uPlrttimgAgends yIhe shuitiingagentscaupeyedayclpdrcdigiulzincofiliex anpl e,

et hyl epi T . - i - i : vl i €. aCi .
ot iyl SRrEE S QREHAR S APARmBRY, GloclNEhRRE mRHIONN £oB%lininm
anhy dsisdasgthglad-higylhdilek @as), isndylelsibenan bivedigainettylSydhmidenat-oapalungnomps may
be grafted.to a prop ne/ a-ol efin interpolyner, or may be copol ynerized
wi t b QiR B Oéﬁf%ﬁ%l%<B-ﬁatadawé)1ﬁutyﬁla§}l iealpEiige Rishn nf or pol yner
of pr t h quﬁﬁ{ : TBDQKER t o ; QﬂpﬁOﬂEr(S).
Nbang&?ﬁﬁﬁgﬁg?fﬁﬁéifunc?ﬁ%ﬁgf@gyghps g’?ggﬁgﬁ§%?§ f#gﬁgﬁ%?gmﬁescribed for
exanphaphthyDamnBle) Ral daltmiNgs bisd; bigdd@edhyl] i) 888ylalamdnutn 950, 541, t he

di scl gsures of these .patents.are incorporated herein by referen in 10
thei roBpit raey SRRy PR undiaR & Tl kg lheransugiidson

anhy dgdt@@luminurh b263,3 6edid b0t -apic yé1BRe ftalami @NH- o &y RUMIRLALRAHindh 1 e
functi onal |ntergolyner can vary. The functional group can typically be

pr es ebityh)logideogioylpine ( 2.Oydighenyipbenaxadd)i sndethydziae gdiyerede)i n an amount of at
| east about 1.0 wei ght percent, preferably at |east about 5 weight percent,

and nor E?z@r ef er P}Ek%zgﬁ% tilg ﬁ%go?lﬁgoélocgss \(\%;9 la{e fg% g? Ftcont%ml%ug wgtﬁéd&loﬂ%!:esg roup

will ty ally resen copol yner -t unct1 ona

i nberfodkyrmeiig blockatopiuat, dspasaltyhanltialock capd] ywedrg irefpabbelivicar pruéf-eloak| vy

| ess than abou} 30 wei ght percent, and,n?re prefera I¥ | ess than about 25
wei g hqopﬁgflr%eém) WO AN R TEIMORIETS: Hipas especially propylene and ethylene or a Cy5o olefin or
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[ 107] Random copol yners satisfy the follow ng relationship. See P. J.

Flory, Trans. 20 Faraday Soc., 51, 848 (1955), which is incorporated by

ref erencewben@a97i28 its entirety. 1 1 =r R In P AH) (PCT/ISR009/082638

[108] In Equation 1, the nole fraction of crystallizable nononers, P, is
related to the nelting tenperature, Tn" of the copol ynmer and the nelting
tenperature of the pure crystallizable honopolyner, T,,,,,. The equation is

simlar . to the relationshjp for, the natural |ogarithm.af the 25 | e
1 e stoosen sl G sy et 6 ol e S ie B ARAER 6 ut i on
t enpenadpdbR dffterconversion. That is, the catalysts are chemically distinct. Under continuous

solution polymerization conditions, the process is ideally suited for polymerization of mixtures of
monomers at high monomer conversions. Under these polymerization conditions, shuttling from
5 the chain shuttling agent to the catalyst becomes advantaged compared to chain growth, and

multi-block copolymers, especially linear multi-block copolymers are formed in high efficiency.

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

10 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.

15 [96] 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 level or physical blends of polymers, such as a blend of a high density polymer and a

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

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

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

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

accordance with embodiments of the invention. In elastomer applications, reducing the relative
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WO 2009/ 097525PCT/ US2009/ 032638 [ 109] The rel ationship of propylene nole
fraction to ATREF peak elution tenperature and DSC nelting tenperature for
vari ous hwoogeveersl y branched copol yners of simlar ta®Ciraiskgoomasa3s egi on
defects is analogous to Flory's equation. Simlarly, preparative TREF
fractions of nearly all propyl ene random copol ynmers and random copol yner

bl ends of siml ar 5 tacticity and regio defects likewse fall on this I|ine,

except for small nol ecul ar wei t effe cor di lory, if

P, t h&"3RBYePP &qrélﬁﬁté?mb‘i‘%%‘iv " a‘?lgrpiaﬁ%'i’lo%% Sé@"rn’c]‘i“‘tffn(?ﬂeg}lfabfhé‘bté‘ﬁ’u lity
that gne: B eR¥afRe réflbhs, Wil rRiIeEAOS: Mtaihed bPWhcRR Qﬁﬁml%@d@l)(ﬂg%%nw&ha, t hen
the polyner i's random On the other hand if the conditional probability

t hat @Wyszs lpavolpglatremrmlaﬁ@reemc toslexyiiegeni calother chaigy ﬁ@am@rtmg IaacrntP t hen the

| di t |
or abepreliey Ty dr e ZEEpRERRISt TRgug L RebBTRLRRf: AR RaPE St iE ' ol
fr §Ct¢hQIh t@ﬁnin&@@ra@hmammwoe ﬂi?dﬂo@eﬂ)&ﬁﬂﬂﬂﬁ\: CORBAYRBchsibld ﬂéﬁptddﬁcﬂgftl&ﬂ@%snes a

specific distribution of propylene segnents whose crystallization behavior
in tuEpstplding golymese segment achpnihrengh elrr:@mpmﬁl%rﬂ%qrmratwn ERFRSEOROra gi ven

t t
Bt R A P e S S R
magni paptétofhe ttdreninke posttane bf ﬂre(msiyrim Nundﬁm are th@tre iy tprmmmﬁdgmips devi ati on

is a useful to quantify how block |ven TREFfractlon is relative
to |t‘§y?té1H86rﬁ“£HPﬁr\/t§¥r§Wﬁtl% cryptall gfirmEeealyREE 1510868 i on) .
t I or

bl AR Yor ERLERnbf P&E’F“;ﬁﬁfﬁf%%ﬁ‘nﬁﬁ%%%%?%? e MO e
t wo ratdemhedly Mai;t@lﬂnm pokyner eezgnn@s pAncirdggtyo bethrestinof the esspiingtouwle-tdock 20
one corrFéﬁpondl ng to C B 1; fraction of propylene. These formthe
si des“HP YR AHH" ECF?%BY Crﬁti ®The point (Tx, Px) represents a
preparative TREF fraction, where the ATREF el ution tenperature, Tx, and the
NVR pr ojpggiene @ﬁ@prbﬁﬁ@ﬁé/@%lef@ﬁnte%ﬁ&yrﬁ&@%@é&ﬂ tHabMBSdimERe o@E&HML&iﬂ@nE\:EH e
fraction of t he whol e pol yner Is al so neasured by NVR The "hard 25
seg nel?f?ferf&’,ﬂll!ltﬂt%ﬁob’é}?{ﬁe‘?falf@mée@nﬁlthﬁl least pagef %WICI(CWK a PRLC200aflche est i rrat ed

o it S R B LSRR T R
val ueg fRLT & Q%J@b%&%l ¢l a%H}o?B&gn H‘}: A%BPa:t_)}’e”iﬁ{sa %&é&’@dn‘?c%gé{ﬁggz

el ution terrp rature on the rrea ure romt € neasure

el ut i efill SR RhetiAng With phdp 1@ HASRO Rt REmpRNEANRIcADY Latiraey e fraction,
Pxo, can al so be 2009/ 097525PCT/ US2009/ 032638 cal cul ated. The square of

t he bneekmeraconjugstedef npraniugatse didies.patycocoplienebenzepesofict eamples of x)
triangl.g 808, 5 h&s G df‘udep b ”'oeiQf%s sucl?lapl%sbutyl%%lé '19@utca& rh3ngle: g}%ﬁteﬁé],m lar,

the ratl o of areas P squared ra $tances
PAB) Lpdatonel I n i.0n, of the
rléght@?rglﬂgri;)gil%s rrgafr)lgé‘%lﬁieer ?g{égg}io HG?%% %gg&hg a%Pthéhﬁeer o} e?%'gﬁd’l

cor r espardiraicspscididy pefaan. Kithasadablastomacheofintlnde styeas,. halo- or alkyl-
substituted styrenes, vinylbenzocyclobutane, 1,4-hexadiene, 1,7-octadiene, and naphthenics (e.g.,

cyclopentene, cyclohexene and cyclooctene).

[99] While propylene/a-olefin interpolymers are preferred polymers, other
25 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.

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

unsaturation, as well as cyclic compounds, such as cyclobutene, cyclopentene, dicyclopentadiene,
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1-11Tx Bl =1T xxo or Bl = LnP- LnP xo 1I TA -11 TABLnPA - LnPAB [113] It
shoul d be noted that the nost perfect block distribution would correspond
to a wholwopotyuren2swith a single eluting fraction at theCpaisnt9(03A3s PAB),
because such a polynmer woul d preserve the propyl ene segnment distribution in
the "hard segnent”, yet contain all the available 10 octene (presumably in
runs that are nearly identical to those produced by the soft segnent

t al t)., | t , L "soft t" wi.ll t 11, in th
o g OB G P sSSP LB Y i e
| nvent| vs,BarRhasospRT3hRRuRy DB ENeARo lcaldel ol ABkLDLARRALKIAL 5 Can be

15 used in & variéty of thernoplastic fabrication processes to produce
usef ulvelhnd midtess of nehwibfing wath €405 cdsiplin sompgoumids.] east one filmlayer, such
as a nonolayer film or at |east one layer in a nultilayer film prepared by

cast, blown, calendered, or extrusion coating processes; nolded articles,
such as [HWw robxeeples off ddefin manemeiéeriudss bytgie el lHaiediotisliens; isehytylgss.ons:
fibersg; o] - ri T I sed in

or Tent SURRE| PR -HBRe bR e B ek, o S, FEBERe TR 12030, ¥

Ther niephdstnc 1 derpdeseid, dRRtadecane] beirgsdnbe3-neantlimeerne0B ynmeeli |- Ii- peiterded bl ends
with other natural or synthetic polyners, additives, reinforcing agents,

i gni tMeRYFESPREaht-Cadid N dshePSe; tXIMERCRICxIgpYinY IF¥rIshexaBt-or ant s,

ext i Smadb s Syl RO ARERLS, cRIGNh G, AgeRhexcn8ic R gfhllde! s. O

particular utility are multi-co rs such as core/sheath fibers,

havi ngyciwceut.6i4-Suo danes, limpetding bampt lisiited tal ,3Hedstierenl farentadene, lo4- nor e
pol ymers according 25 to_enbodi nents of the invention. The polyners may
all8o hxadiseds linhaadicas.cs7-sefaficns kbjecadjcagueathsy Cistieh czpdefiipnineis dkgphn s;

d, d tive it h .as. fil 2Q09/ 097525PCT/ US2009/ 032638
115 SRR e Tt P i i Bl LB PR ST n Bt GS L ATEME Bhibt oni ¢
band @abif@ioarthatst. Alfho@%ﬁiﬁﬁjp rb&arBt ¢dhddininB a6y lRipeodntiaBy may®R

materi al s conprise periodic, phase-separated domains alternating in
r ef r aesefl vivemberimentyjof Fhetipeengionsiragics] Baues sechpasapenpency apHgbdiy ccoshaad Bgp i n

the Ui si : .
6. 433 Oy T SpsREA IRk RR IR HORELRRERILL PR e Y dBing s o o
basd gaplematiens thke nceite wdight op Klehrnbihdrsertteeorpesapatgdh. on of el ectronmagneti c
radi ation within a specified frequency range (band) in certain directions.

That is nd gap materials prevent light from propagating in certain
di recti EBHgﬁwi t %MY@F%@H@F%%? dessrigehREAgREn YAl Quifr g e gt as

the camlmt ﬁol&ﬁglls%%Hpﬁ@in%fmcﬁlo%ﬁ{y[igmgﬁlht@c FHb AL ‘?I'ﬂ:lmingstyrene, o-methyl
styrene, p-methyl styrene, t-butylstyrene, and the like. In particular, interpolymers comprising
propylene and styrene can be prepared by following the teachings herein. Optionally, copolymers

20 comprising propylene, styrene and ethylene or a C4-C2() alpha olefin, optionally comprising a

C4-Cp( diene, having improved properties can be prepared.

[102] Suitable non-conjugated diene monomers can be a straight chain, branched chain
or cyclic hydrocarbon diene having from 6 to 15 carbon atoms. Examples of suitable non-
conjugated dienes include, but are not limited to, straight chain acyclic dienes, such as 1,4-

25 hexadiene, 1,6-octadiene, 1,7-octadiene, 1,9-decadiene, branched chain acyclic dienes, such as 5-
methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and mixed
isomers of dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as 1,3-
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,
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10 particular frequency directed at the material in at |east one direction
because of the particular structural arrangenent of separate domains of the
mat er i al ,wendowvmwfsacti ve i ndi ces of those domai ns. The SCTOIS2eNAB2638
arrangenment and refractive indices of separate domai ns that nmake up these
materials form photonic band gaps that inhibit the propagation of l'i ght
centered around a particul ar frequency (Joannopoul os, et al. Photoni C
Cryst Mol t.he Fl 15 Pri Uni v

O Yot SaoM BN e £ 2 O LAY e AR PORRR UL NSESLEN BEPSS e
St r uctlAlky®ehd frbAabhaiesuRR al §Fh&h§1¥nd-D ndARrElnk §LINIDRN 5 Aatr%b'n i-pensi onal

phot oniic band gap materials include periodicity in two directions, and

t hr eenadberaais, dSristprdidond-2- nbdminfglapS ﬁ%rpwlpmnsemyhoa nobopeng.ddi city in three
di rect| 7 f tanc and tr ce s of..a

phot GHELTEsyidenr 2girbghiichs 5T R ae 8P bt P PhingRRE O GERLhrSTaRBYT e
opsi C@led&chple ﬁl@ﬁ)mf’ls tthepAasmiig pRferfadii€Rs areTm—h@mdléml(Hujjl &m@ﬁaeﬂesz-
defined as r oduct o]f3 the actual thickness times its refractive index.
Fi | rranﬂawny@ >gﬁewx1@emfe21ne€homwﬂéﬁ\%; S-ppeshpene- 2—@9rb9rrtena(/MMBét and

wavel f i
[ 118](?1%%% d%iég'!tg ?@gp di ces SB &?ﬁg'eé)lgf%g?gtdi glgafurﬁrsy %ﬁﬁ?&ée% I}OEQ ur es,

peri oai1dc]1,4jnexaal1e215 (Enuctural arrangenment, are tailored to neet desi r ed
criteria. The periodicity in structural arrangerrent is net by creating

separ at mains of size simlar to t eIe in the te

conpri s:f]rfgﬁt he Qenelan Sfdedihlranlyigrsithit gay be f%@gdﬁaee‘y?ﬁ Fbodments
ehgct sanRgRehdidh drddiadbhRRc @Iﬁ&'p()ﬂme)fs &t I{@ﬁ&l@ﬁ’e @{hyl%:'n@%kéﬁ! @) d-Brfatddct ur e,
preferably domains of size no greater than the wavel engt h of 1nterest. The
r ef r agitiovielly oigtedr mereidishebednveens. sl et lo-¢clofiiy fos ushiauhid ebﬁo&llngiilt oﬂ'@e

2009/ 097525PCT/ US2009/.032638 enqugh tq establ*l sh a tgk and g in

mat erPTETeNt BARRf T daemteddnsbadenat-Hhi-rBRer whes R dS@Hee%ré%rrbéelch% i ndex
ratio, r f Np&fa ir st
Gormi I Pler IR0 T2 ek dor DK Ol o AR b gt 1
gener]ah;ted foasdtantyjene, fl etanef t-aeitene lrhwlene Hahetbylf I-péntarct hnd l-cowrne. a@he) t he

t band d, t t
¢ 35 Do on B BaR R sthekIRe R E i R s i o N HiPvracts ! Shitable
one- diiERATHORR!in HUPhBABsuchWal 1h<FE RSy N1l IS PBRB AR BblyfEat BABde and

t hree di nensions for three-di'nensi onal systems Sui tabl'e ch0| ces can be
made @wjustedernaniconjugated sehightei brendhad ekaipr oF¢lice oopolt\/mhadghan@nt domai ns

to selectlvel oS te iffuse the o el d | e produced
¢ rer Gl VR0 e el B R F R LS AT 51 by

tal I Oéthﬂgiehéla r(b@lﬁiﬁﬁériet tifé@clﬁf)erﬁ&iléﬂ&cﬂidl\&hdﬂh@@ﬂfé and B&ukgideae L indeborhex A

contrast can be further enhanced bl endi ng conponents that have a

pEef eﬁaémqleiyeﬁfqrwﬁtdyenﬁ@$5@ﬂellfivve3/ -8prb@pitaEn. One approach is to enpl oy

hi gh index nanoparticle additives, such as CdSe particles, which are coated

wth a Sﬁ’[ﬁ] act aﬁ%ﬁah@tﬁé d?e'ﬂg cél?thfgnﬁ{sg'goﬁr?(eﬂs '38191 RS éﬂ’ﬁegﬁjaftffngtsggrﬂélﬁs blBags

domai ns ef erably, adj acent ar do I ns nre ractl ve
i ndexcamtmgiing laatatel loe lessr iqoaraities bétheelienadinclelingydex) afd @okfindirnchelings fvee),i s
gr eat

an 1, 1 referably. at | east, abpu nor e referably at
| east! %85‘8 quanty 0? G‘Fenﬁ agd thl‘?\;fﬂb‘@éy E%feddfe‘ﬁ)éﬂﬂé‘?%g‘bsﬁ r?gsolif ? P a
wavel Eérhesr ange i0bedali@ bRt ad@0-JMRE RoROALY aﬂé)pr%etﬁﬁﬁﬂﬂibﬂﬂ)rét@d Aot her
set of embodi nents, these preferred refractive index ratios exist for a

c8ht i enedype efdtlods ofithy pblomgt mthdrylnamglmﬁomlymraaw@wly ¢rgughous thgepobfmdrr ey about

300 nmto abqu ccor of .enbodi t he
ot b rerepRispfly Qi G BEAENTl B TR RRLnSH SR SRR B e

cont i gya@dHed eSuchicry3N et BRad Agorhyrk ABd Vet dkddl ﬁomvﬁﬂlaezeduhaﬂt@gwq)rﬂiertﬁéso m about
400 nmto 50 pm These dielectric structures, exhibiting a band gap in

t hei ringludiparhéghsn tansilexstrensth andrhetier dussisaeovenvect r omagneti ¢ waves at certain
frequenci es thus those waves are inhibited from propagating through the
materi al .
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[ 119] The polyneric structure should be made of material that, in a

di sarranged state (not 25 arranged with the periodic structure necessary
for phot owpDeolzd2gap properties) is at |east partial |l ypPCrase@anssssto the
el ectromagnetic radiation of interest. Wen the material is at |east
partially transparent to the el ectromagnetic radiation of interest, defects
in the ordered domain structure of the photonic band gap material define

at hwa rou which the electro netic radiat.ion. c ass since the
Pet tory T1dsl; Ob P airni el oiipieon e scy po g iongzed by BRSRoradig b
2009/ @&( 030 Riak(ibind QRRpAR 28 38lymer [st%&%}lr_e! ExERplad) ineOSR ?f&u‘p@ H§a¥ ﬁﬁ’cﬂﬁde‘? forTOI €

of the blocks or segnents is crystalline or semcrystalline. This
crystexamptd, ethylesicoH g udbasaripted manior aed dieametienabéarbireylicragignt dthdenipalbyr pol yner s

conpared t terials.of the prior art .that have en used as. photonjc
ot o e e RRRE rifinchisfy Syl Bl RheRB R e R TR R REk

bebav$h faadioael greve mhpby glaftedeth pidpPlen@bfolefin Radipdlmbabl haden one bl ock
or segnent is crystalline and the ot ﬁer bl ock type is anorphous. As an

exanptapolyaized piithethyenciangd ar ogtionsd pddiHorad sp@pyeme toifprn ppinfepelymenel i s t he
f ) ; - i | .oat eri al
can bOpLR, gt ARERRSHER LY bl BP Db G, KRR rorifhufip e ol

r ef r afthetimal gideps oo pohptopyne asadegcreedaishetiniple mald 8¢ Petents Nas 54,062,890,
photonic crystal. However, upon cooling, the sem crystalline materi al
crystaPt1-8%% anthd. Ot brths disgfopihes oldhesgdfepls 3rh HIERIROBHET Beindwdetesdi§e i ng
Pligt AL R ARSI G Srticulard vkl BikioRl) drbif LM Sn RirAROL her 1 mport ant
pargamatlere af@(eec(;(th;l g tl%uea hot ouni C pPop rét)ll?pes 0 lt hré }r%iwsrlteri al . Domain size
can be varied by selecting the relative nol ecul ar wei ghts and conpositions
of the VHMG]ous Bheoarkeunt Afithetfiuantimhhlygroep phickang it the dorppianalbhterpobyme van
honopol r,.etc.), can be used.tp swell .all the domains, .or .in other cases
el ooty ety iSRG B Bt 15 corshin iR RipuSfaiiaft Sone
erbedihféE;EBl?mext iRl a@RGint GG et ARt AOGv@SHtPREBAY, PRIGALIYREId@mBbiS waighbe

af fected by processing techni ques. One such processing technique invol ves

t r eat Paigpns Ane misye peederebly apjeretdibepuhweigst parednt Bie fopgtipgphgone walbbipecatllie

hi,ghest t 11iqQp.t nel ti T of
e ot Eist Tt PRl Rl SRR Bl il bRl BTPERTASS 01

mMes ophcight el dr&drabbr Ipfiahagyboul BE weggt pércarg, ol phiel ppefgrablyl lesst thkeaidne f orm
of the conponents separating into nmesodonmains with shapes that, for
exar‘rp:FSeV,Vf”gghP@é‘éenéyl indrical or rodlike, spherical, bicontinuous cubic,

| anel l ar or otherwi se. The film may be brought above the Tg or Tm of the
conponghtsSoPBicRRahia&g or. for exanple, by the use of a solvent which |owers
the t ature of the conponents bel ow the room or anbi ent
tenperature of the operating 25 environnent. Prior to treating, the

copol yn#h07i | | Rendom eppoherare sitivbinthe &dlloping selatisinghipi ¥gé B. hifdwe, Twaneh, when

b b f il | h
meBodbirane s e oL b & o RRRREL bttt naFRAAM B PN a5 b1 ock

copolynmers will yield stacked |anella consisting of alternating A and B

sl abs or layers with diffﬂeni refractyve indices. In addition, if such
copolyners are roll cast emsol H—en}ln?hen wel | (brdered, globally
ori ent ed T, AH,

[108] 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
homopolymer, T,.. The equation is similar to the relationship for the natural logarithm of the

25 mole fraction of propylene as a function of the reciprocal of the ATREF elution temperature (°K).
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30 nmesodomai ns can be forned. O her known net hods of globally orienting
lanmellar filnms are the WD 2009/ 097525PCT/ US2009/ 032638 use of

sur f ace- iwouroeedzs2der i ng, mechani cal, such as shear, al iPgmnsSaeo9/okicaxi al
orientation, and electric field or magnetic field alignnent. [123]Q her
enbodi nents of the invention do not require spin or roll casting to achieve
the desired ordered structure For exanpl e, sinple conpression nolding of

the inv ve 5 .can provi de ilmth phot oni c

b oper ¢ 1RU1"  noBheSre i Raig Sh B s o etibhie AgsH B R BE e pRs s ng
COst Sand@EE ey rllﬁit‘éﬁ‘ﬁaeﬁﬁir& fRNAEESShdMEo JeBESRYIHIEBched UEFo fSetsif &Il LN NDI di ng,
bl owmn or cast film processing, profile extrusion, drawh or blown fiber

for rratlai?tmnty aajdlr@)dladq:fngs arhaloghey tchdWequuehaﬁ &mlmrpmr@tl‘fﬁrBREEm ng

techn used.ta achi eve ar affects anpl es of
e MefbBRs of bty SR SRR BENT SRt e BbpEFeped B BRI IR RIRI, Sont
|'i ght tagitityh@d frédiodbc® Mi&kB@RE fall on ﬁﬁ@ﬁﬂe Ba@pt for 8l oo 180G Kvei gHtRFfleOk Y BT S
can also be fabricated to form mechanochromc filns. A mechanochromc filns

is a rraterral whi ch responds .to deformati on by changing color. In these

mat er i allk101t he esrediagt Rlorefl Rdehemolmirsgion of @W&ﬁnﬁr iy cqial o thesongifipnad
stral oﬂéb?héﬂh&t%%e }Eblp? Q%ﬁukﬂu@ﬁé&fi @br folb&KAESSr ]gr‘%gy]%:ﬁfulfu’t 'tﬁ@n! St ret ched,

t he ange In ness of ayers causes mto re ect
diff epcéyﬂ*ren/mvzﬁidengtmlst}mfotﬂlar@land ifAlse ¢dneitfanhhprobatrikblyakaciny Qr}eolbyiwnmits eturn

to their origin t hi ckness_and refl ect their, original wavel engths. I n sone
casesCCHESSABET t@@r.lwrﬁ%%@ﬁ npethent heoﬁoeafymeaﬁ%%hl@%?%%%ﬂt ﬁﬁ@ﬁ@fﬁammg
nggrinké ahed tﬁ@%ﬂﬁ?&on‘é’l %ﬂ%bﬁﬁﬁ! 1§%s§EHaﬁfPSy1elds al[térggtln J&%olyﬂié?sﬁt' ve bl ock
interpolyners may al so be use form pol yneric reflectrve 20 bodies for

infrared, visible, or ultraviol et light, as described in US Patent
3, 711, 1TB1Iwhi chhd molsdrastipn pf\e@rapmenoemlem/mrreﬂ@reﬁ@l@lymhﬂssmmlém descri bes

materjal s.that ar. ext I sion. of pl e rraterlalsto
ot cat stmite R nl e B Rbr FRAb 4 SRR VLSRR B B Biile® o

i nvengdv‘éﬁleﬂfb%/&hd)@rhrﬁﬁﬁhﬁe@ﬁlﬁ)rﬂﬁh/&@E@Qﬁiﬁtk@&’ﬁrath@ﬁﬁeﬁt %}@ﬁﬂuﬂi STHe@Tates thet hey do
not require the expensive and tedi ous processing tec ues, nanely

m cr ofoaplimesgreliing B TRBE poysidlzstiomempsratess plde iygntixe block coppyymerp are
OR51 CRlatddVothd RLENARI o 1R atibh Brob e Mddbfh R1LGKsHi P LGh RALY IR Ricl8Y @l SO be

useful way to quantify how “blocky” a given TREF fraction is relative to its random equivalent

copolymer (or random equivalent TREF fraction). The term “blocky” refers to the extent a

particular polymer fraction or polymer comprises blocks of polymerized monomers or

comonomers. There are two random equivalents, one corresponding to constant temperature and
20 one corresponding to constant mole fraction of propylene. These form the sides of a right

triangle.

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

25 segment” elution temperature and mole fraction, (T4, Pa), can be estimated or else set to that of
an isotactic propylene homopolymer (prepared by a stereospecific Ziegler-Natta catalyst) for
propylene copolymers. The 745 value corresponds to the calculated random copolymer
equivalent ATREF elution temperature based on the measured P4p. From the measured ATREF

elution temperature, T, the corresponding random propylene mole fraction, Py, can also be
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useful in a variety of optical applications such as Fresnel |enses, |ight
pi pes, diffusers, polarizers, thermal mrrors, diffraction gratings,

band- passwbi2ban9zi25opti cal switches, optical filters, pirOTars2@9/0%¥638

2009/ 097525PCT/ US2009/ 032638 bandgap fi bers, optical wavegui des,
omidirectional reflectors, brightness-enhancenent filters, and the I|ike.
[128] The transparent elastoneric optical interference filnms of the present

i nvention have a nunber of uses. Su terials can be used in_w_ndow
1 el e o e el e BuiaeB i e Fulo B ity S e (Rr M oy e
pr ot egfah 8B an§ MleQTg AP G SRIRKS ,SihdE RE BLRCHhY8ed AP SRl Q! @6 PRRUST rdds i Riso
packagi ng, toys and novelty itens, decorative, and security applications.
For ethanpiaecd tatie of Herdgstangs fremudadP £50 AngElak Boi ta ghamanddm dine. plregddetiram tfieng

color _.patterns, The w apping of. irreqgular shaped.itens w |l cause the filns
o ot VAT e AR R, Mchad Inel a6 AR B OB bt S e i BRIREE 95, o
nogel day velue8®indkeh € bf gbarge. col ors when stretched, such as bal |l oons or
enbossed patterns 10 are al so possible. Pulsating signs or advertisenents
may be fabricated in which selective stretching of portions of the film by
an inflation/deflation gpcHéhi SME@U%??%IG._ p@né’at—iﬂ@x@ol or change effect.

[ 129] The optical inter r_qr)qe_fli/TArlgs of "the [ppesentp i nvention nay al so find
use as sol ar screens which reflect™infrared l'ight. " films with varyi ng

t hi ckness of the domains, the filmcan 15 be nade to reflect a broad band
wi dt h ofl113]ght . It Bemddibe noted thae thel rasdt ipeifiecy bofck tdiweriutionsyould eorraspomdt @ch
reflecting characteristics of the filmm h ed by stretching the

fil msV.Vflqlﬁ glymsz yd ﬁ%’@glﬁﬁﬁ’ﬁng ﬁéc%k?tﬁ%edp%ﬁta&gcltg@?’i F3Es ,S““jWeP‘%lYﬁnﬁ’i @aﬂgbe
made §0.d-&f ihe propydne R Gfed Wi doMSLRNE e hhidREmehe 't R8 cHin ANdle h8RALRE
stretched to appéar transparent to visible light. Even when stretched, the
f ilDm aditdrie (premumakly in vins didt erstneally identiodl¢e these prodnesdHzy. the 8¢t SEnkne

o SR LE, R RE - BASSE DA 3Rt A ALt

di f f erepF).wavel engths of light. The filns of the present invention may al so
find use in agriculture. As it is known that plant growth is influenced by

t he wavel .ength of light received by the plant, a greenhouse film may be
for nediﬂﬂw_ﬂg&ﬂl E S€¥ ansmitted wavel engths of |ight desired. Further,
if transm ssion of a 25 specific wavelength of light is desired as the

angl e ogﬂ'bﬂci deﬁﬁ@jﬁgéntﬁ,gqﬁésgpﬁasg Ekgﬂga‘%éd ﬂ’dhgﬂ@ﬁ’e/&-!&?efﬂﬂ}'locﬁ ilﬂ?er]%&%ﬁﬁbMH Be

adj ust e y stretching or relaxing it to intain a constan ransmtted

wayd el wedima viridd piitherrhoplagicdhibridagop pesesses forpreditce ancfobartiales,onddediuged as

Pr ess(')'gjgctss gor}rsqg)rgs?ngt 23 lga%E gr(l:et 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
articles, such as blow molded, injection molded, or rotomolded articles; extrusions; fibers; and
woven or non-woven fabrics. The polymers may also be used in oriented film made in a double

20 bubble or tenter frame process. Thermoplastic compositions comprising the inventive polymers

include blends with other natural or synthetic polymers, additives, reinforcing agents, ignition
resistant additives, antioxidants, stabilizers, colorants, extenders, crosslinking agents, blowing
agents, and plasticizers. Of particular utility are multi-component fibers such as core/sheath
fibers, having an outer surface layer, comprising at least in part, one or more polymers according

25 to embodiments of the invention. The polymers may also be used in articles such as toys;

jewelry, such as synthetic opals; and, decorative items, such as films.
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pressure changes and exhibit a color change in response thereto. For
exanple, the filmof the - 44 - WO 2009/ 097525PCT/ US2009/ 032638 pr esent

i nvent i orwoeyod®72abri cated i nto a di aphragm or af fi xedPCo/tsp@vioa2638 ubbery
surface such as that of a tire to act as a pressure or inflation sensor.
Thus, an elastoneric filmsensor may be provided which, for exanple,
reflects red when an under-inflated condition is encountered, green when

t here Ii}fs correct [ﬁres re, arl?)d bl ue when there exists an. qver-inflated
condi t i bhSTs[ 13bey may feitiqrially be yaedsp foiny photawis GEysfaly, @Retosis BAY &4 so fi nd
use aga@hilRl & HRAHIESTICUptitAllifRSefeAdE filtGS - Sudh fnhd R cIhisiRpRE6ME, pHAVEnt i on
may be lamnated to the surface of a structure, and then exposed to a | oad.
Def orsenuiated dofaityerltstnafing e iefrpctived nddye withdhaiderdaips sicédiol provide aghetonic
spectr.ophat ongt whi.ch neasures_.the chan in. ngt;h ight ..

7o etPRah PO T PR S A S e LB PGP O LB i i«
t he fiislheieﬁfint:b@oﬁltéﬂslgmkfdrﬂk@nti on. 10[133]Elastoneric filnms of the present
invention are useful in colored displays, such as described in United
States Patent 7,138,173, which is incorporated herein in jts entirety by

r ef er endEL6] sy chA phefonisyband gap magsaiabistang thps pephabitsgherpiopagationdfspl ay

i nfor i Qs = I . | ific
ort 1 e sfibgh ARG BALGTL R TERTkuaRY rhikeIOAM 3 bAM dedfind HREEL 1t
(‘e. g.bandghp aciterkald provant tdghtafinen propagitigy igresitginidirektians kath spacifiod egergicsle

vari ety of 15 packagjn terials. It is particularly advantagequs if a
di spl &8 e%wown%a@gfeeogﬂe@ﬁ@é a%&eﬁpmaéﬂt%rﬂ%ﬁﬁ%% #ﬁ?%flyomagwtwgra%ﬁa%(?f Buch
ditgP! SoulliTAMe RS difelleQlar BRIhdd R iflhSIPARYE dirdii®n BOLASEBPIE pNRALaNNEN

viewed peripherall'y, and serve to direct the viewer's attention to the
obj ecttrugturaliagighggment of peparite Bzudihs of e spitaniad and vélnagtise walidesof thoke opt i cal

t d i the.fil f t t i tion. Th
iy Lt e P A R R o e T R
| um n@kdeam@erids FdrghPhotsHie BadNMAps thatl 5dsbit ihe pespabatitat dfarghOEenkdrbdhround a

spectral -angul ar properties and wavel ength enission froma lanp to create a
desi reagtigylgHreqyprayr (Jeatnopguieatat ak.n Phiteing ¢rsials Medding dhedflew ofilightt.he hi gh

retl egt | Vi J i . Qr e i r i spl - is
38 B OLAReRE Truc AL o R LA LBl Bl

i nvenintiade piyctingl agladiradive @ajivdicity tinons difeciord it b dirherdséchalphdtogbbasdgipce or
several point sources, just as conventiaonal back]ights are now used for
adverMptsfily inglyleresipdicimiu et disretivns. gd dresadimeasiopgiphataniqangigam uniform y

col org eBXls%{bth]':d%ﬂ!eriioﬁitcﬁgfir?{h‘?&ccﬁreci’i@ﬁs‘?h covers the open face of a backlight

wi || change color as t vi ewer passes by the sign. Opaque or translucent
| ettering of a chosen dyed or pignented col or can be applied to the
ref | ect {18/ ]1coverthd ieflpetumica and $mnsmittasay @eperpesd oftd pigtemec biystglesoptical

A|2beri?1 etri!e\r/eenlcg Filth g}eec:rlfarez{c?e?lgeed [>§ ];}leeo%ttilcglethickness of the domains or regions. The optical

thickness is defined as the product of the actual thickness times its refractive index. Films can be
designed to reflect infrared, visible, or ultraviolet wavelengths of light depending on the optical

thickness of the domains.

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

wavelength of interest. The refractive index ratios between adjacent domains should be high
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WO 2009/ 097525PCT/ US2009/ 032638 | etteri ng conposed of a different col ored
reflective filmthan the cover filmcan also be applied over cutouts nade
in the covenodwdom2swi th the lettering displaying the oppo3itusecoolasge in
color fromthe cover film e.g., cover filmdisplays a green to nmagenta
change with angle, while the lettering shows a nagenta to green change over
t he sane angles. Many ot her col or conbi nations 5 are possible as mell

[ 136] The col or changes in the cover film can o be us rev
ot SHED i blGhE AR et B B BHEL PehL S Bl yr SN e ERSGHo fite i1 m

at | akggc@dRah&s Qfio (M)Al AN n Ay Ehe%?ﬁ:@ﬁ@e iﬁugi‘bﬁ/reﬁ'a&icm & M8NdomhANRRY ﬁ}
normal incidence, or vice-versa. This "reveal" effect can be acconplished
usi ngis $ieeffectize pdeopf eeffriactiomef d &egm@dqmaltl He gdeawkl, t@i@rgebﬁleb?frww ingigkor ed
letter] nder.the refl e caove
or 1 grieHege e BT ] e YOS oot Bl BB nd e SRR Dy pand il e
bagkl to®Rtab6ava pied¥eirhinbd Giiésholdedldestdndein CBHeQﬁIfIl@ﬁsﬁ(BlCﬂ)r ohé-@mémidnbl s sanme
manner, the overall color bal ance of the display can be controlled by
li ni rﬁg/st&msOWOr EfeBEPATIOE t\&%dimvswn@}ﬁyateﬁéf slcthiepelimensiqnsiat thigeef erential |y
refleghi g@ g&%&lé" it O({h%%ceg-gﬁl O g ébefssco Qe[ﬂotr 'afe ERIGRR iEQhQfroffBYeSUT T er
inthi's 15 cas ecause ransm ssi on I'n angles t rou(% t he
| i ni e adljacdnnidsmiihs tnshdsitivalyl cencdnlatecte siififesd tE@bplfcabﬁéldmlﬁlenmrprchBJce(ﬂ f)gct ed
by coating a broadband liner filmwith a dye of the appropriate col or. and
absorBafiecture. This quubgacaaeplisaed wche P@S%I%‘fe&m Py filospe Hlesomosiie#t i n
c QUb ! ﬂﬂ@WvQ Blodk . thﬂin%ﬂa&fve ?}trﬁﬁ l.of gd fdcriﬂe {%1 Weﬁ(ﬁﬁé @(Smg(;heh&e
viewer side to achieve a e3|re col or contr suc
elim tlhatthaNg aprafeleotialsifififity @n ohdreypk ef tlemhing Quei alpprqaclmd;Lto |eng>1cay ldgh ordeshi fti ng
backgrou 139 T e bhag I|t need not d the, col ored
L Bt ge P st replesone T e Cated el a St et
i1 undenatiedly Ghtdpor@ed htb WRe 8f HEdoREMS! PhbmBlydhdRlcaY dissimilak4@haitRQifd,! ms of
t he present |nvent|on may al so be used to créaté a varlety of non- backlit
di spl laysfraqtlnre tivies sueli hpl thy satiogaf thfeﬁltacmremé@i efr onedo itherpthdr is grghter fhaorh an
externa t. .S i | ent htin

ada APt YRR AT oA ot e TR R B ¢ R ET vl PR BPt P fui ce
bef Or‘@a\tef[@lg't}fsdﬁ%g'lvﬁﬂill@ﬁ] waPeleh gt Mrigs of &M &out NED Minevebout 10 RS According
applications, this is acconplished by using the interference filmin
conbi RAOPHAT st Phembodimenist those ripfepyedl &frastinginden Fasios exisiiiona SoRiIPHE &t Rhy be,

for e%g\;g?én%thsqyﬁg R E%Qéleﬁ%tfl ﬁ{ge%ff fﬁoﬂ?aﬁ&ﬁpgoo 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

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

propagating through the material.

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

radiation can pass since the criteria for blocking the radiation is destroyed.
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WO 2009/ 097525PCT/ US2009/ 032638 forned t hrough deposition of netals, a
polished netal or dielectric substrate, or a polyneric mrror or polarizing
film Wo20Q9/00h325e the interference filns of the present/usawe8i6081 may be
used advantageously in conbination with either specularly reflective or
diffusely reflective surfaces, a diffusely 5 reflecting substrate is
preferred. Such a substrate causes the colors transmtted by the film (and

subsequ y reflected by the substrate e directed out of the plane of
et dentbd1y " ol Shcaiberoun R bmoreart Bt BoslR fireRRE SNt AL dence.
t han &Hﬁcr?ﬁkb@i’h_@.d This@stdiRfity isDns BREHE A Mg fRtdre6t 8 ientiteiddrhsyhlar eby
allowing the viewer to discrimnate between the transmtted and reflected
col oreompirdd togeateuirls ef hapfiacat thashate besn osaddis phowkiconatsiialf.adbis crystdlimty wi t h
a diffusely 10 reflectiv ite paint, are especial advant agepus in that
Chey WPTes BRI aR TSy AP R s R S S R PN 02T 1 ot her
enbodpareatlsly when &Jﬁlﬂ@@o@é%&@ﬂtﬂs cBiktalHetan@ e dth@taedk typ@is dniepialsves be

col ored. For exarr})l e, a diffuse surface containing ink characters may be

| ami ndit S@mpile, thegefrpgtsierieqexrf angliensemicaystiise pelygtaglene isiibe gprq asdhataf a8k

t uned I [ Y [ QF whi ch
the 1 HRhEk, el EBbe lerbolfumdE Fich TU AP Lanp ot HoleaRBETE TR 2

i nvi stebiperaaire eticrathey dowgltesrefiiactiveciniddxgcdntitistaleedtdry to bshibit ehahctedidties ofingl es
(a simlar technilgue may be used for backlit displays bé mat chj ng t he

r ef | cRIQMEC BraHahi ldewe st unea cppling thersepuaystalline materkbcrapeBizpt Puhichald of the

| 1) -k Rkl (RERESRRDAM RN % oL PigERRCeNCE filmitself can be

printed on wth a di e white © I nk, which nmay be either opaque
or translucent. Translucent is 20 defined in this context as meaning
subst an{12]l y t¥ianshihe siomginsiis incthes igoramt ipatamgief faffeéting thé phetbnic
Al ternati ¥ I m

[

he i f fil |, am d, t. [
ti fhone A BL PSSt e o7 MRS T e BTGP P o

[ glored

surfa]?:rgl?er

enbodiniidhpositibes bf theFadusttie:kk NaBitHoaRyTRMiRentUsSHpitiblC@Rnpat i on with a
substrate that absorbs the wavel engths transmtted %y the film thereby

al | oviianeenoheneogtey caBbepsedre supls pil Hie dasnaies, ebin athir|cagpsseleetivelhywelhen

retl ectd vit nof the film Such an effect is observed, for exanple,
wﬁén 1318{%4“51?@%8%?%@ Tilmof the present invention, which transmts certain

wavel engths in the visible region of the spectrumand reflects other
wavel en@gi2®y i n Inlsenmeiesitoldamenegitianiong sangs eddeir and oridxitaédn afnhanvidrhaias bdnatek
subst z{f etc&:'d byvl\f?oc:ze(ggigé ?e%lzglglggcr({)rgss%g}? %ﬁooc:ész s?r?g8technique involves treating a
homogeneously mixed spun cast film by bringing it above the highest glass transition temperature
(Tg) or melting temperature (Ty,) of the components for a time sufficient to produce the desired
20 ordered mesophase separated 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
T, or Ty, of the components by heating or, for example, by the use of a solvent which lowers the
transition temperature of the components below the room or ambient temperature of the operating
25 environment. Prior to treating, the copolymer will be in a thermodynamically unstable single
phase which, when brought above the T or Ty, of its components will separate into the
mesodomains. In certain instances, the mesophase separation in AB block copolymers will yield
stacked lamella consisting of alternating A and B slabs or layers with different refractive indices.

In addition, if such copolymers are roll cast from solution, then well ordered, globally oriented

30 mesodomains can be formed. Other known methods of globally orienting lamellar films are the
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[ 144] The optical filnms and devices of the present invention are suitable
for use in fenestrations, such as skylights or privacy wi ndows. In such
appl i cat iwoposdees2epti cal filnms of the present inventi oRCFAS2099/082%8% i n
conjunction with, or as conponents in, conventional glazing materials such
as plastic or glass. Gazing materials prepared in this manner can be nade
to be 5 polarization specific, so that the fenestration is essentially

transparent to.a first polari ut substantially.reflects a
e one PRl Sro e R Lay s it IR Or DrBdbeT ARG Sead The
physi QaduiP PR ihBoe@ filinalieRhécal films can al so be nodified as taught
herein so that the glazing naterials will reflect Iight of one or both
pol arizations within a certain region of the spectrum(e.g., the W

regi on) NZHi e @thahgrnb@dlmqgtsmf fetinpintion elogiot tegive Q@D@F rczlbtﬁsm&tq aehignet her
10 re, (aesn(e% ogﬁiere& ﬁlCYuI’gl Fexa n)m lg- hé)rﬁ Ile§ 1(5 égtr t&leﬂ rtant in
green ouse i ca ere ect i on an ransm sion o speC| fic

wagel gighbs c@ﬁprd&ﬁiewt ﬂﬂlm aﬁddltsptays)pttdt@hc pto@aﬁtlegrtm providimveidmgdoand ot her
bi ol ogi cal processes. [ 145] The O&tl cal films of the present invention

may aidanpee dems of Pé?‘é?\?i’laéc‘éﬁé‘bo@ﬁlﬁ QicRbmel ProsesshisteaMiigeest ishaki t | ght

of s a e exanple, to
s B e B b R o B e Oy be
used foomatme nilendaweingd @od othehesmehtiorms polgmeuglelttphecesseg @thnviguas| magbhusgpleci fi c
i i panel s 146] The optical filns of the present invention may be

l'ightin (Jé
incortﬁc?g]é?é?jsmﬂl%afé? %ing materials in various manners as are known to the
art, as through coating or extrusion. Thus, in one enbodinment, the optical

filpms apgqdher gghnd exaahgles &T th@fiRAY &xhPs 1rf21f3s6eh& At Hhelans UélBﬁCﬁ R arfy]26F
gl azing material, for exanple, by lamnation with the use of an optical

adhesineidentilightpotheelmeirishatizednt , t he optical filnms of the present invention
are sandwi ched between two panes of glass or plastic, and the resulting

CONposi Elﬁ . 313 i neRl ggi&f&\%%l cllltlgte%oif N&3 Elgl?%lsg Be fa?rl.c%t.gcﬁl [q?@rmtnbechgtl? c'hf; %lcf ilm

may be n any a Iona or “coa absor ayers
ant i f RIgg. Y niealy@bshronvic flihd fs@friu&é:lﬁal\v&nct}a;;eep@lhs toddfemataionity dhi@ﬂi@n@ t:kblbﬁbl e
for the specific application to which it is 25 directed.

par t i Wdhesematerinla thayawsilrnatsiellssteqd gangss sverdibly Witk ths apphigd |§‘iﬂ€§ éH? tq 'ili‘Gent i on
C Ff ehGaLd ﬁtdgﬁ@él thﬁgtétgl hg %%Mﬁtstrgﬁhé@ t@tﬂahgelﬁhﬂ%\t@me e laGYEr Si bl e

oring”is observed for day vs. night. 'During the day, t col or of such a
W ndosukes thid fitnateeatflpeti drﬁenehtywdu;elanlgehstotf zhughths sha/ﬁlnp isaplextd, ¢ise lafers hetuditb m

t owar SUI’l|l At ni wever I|tt| ht is seen in.

t r ansnt'$ SHam P{]Atﬁk%?ﬁg’l}l é‘%"f‘s&éﬂ‘ 215% SIS ¢ HPB%'ﬁﬁa*‘teﬁéhefﬁeﬂﬁ‘ElV“é(ﬁant he
col orpohilbe fiohd e vigbit H%Bu@?ﬁe%hﬂh%@ r@im%@%qﬂh%bﬁ&i dtekdy of the film
toward the light sources used to illumnate the room For |ight sources

which sinulate daylight, the result is the conplimentary color of the film
appear aht¥ldur i Hep mﬁ@ntd’&)bl%k intenpegymerh enayjalsepeotsed tpefopn@ebmiericioBentiven may

b%OU eo%lésr}o%/ f'%‘lltrlaPe SVlSlbgeh or uftravto'ie% 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
require the expensive and tedious processing techniques, namely microlayer extrusion, to form

25 the reflective bodies.

[127] The optical interference films of the inventive block interpolymers may also be
useful in a variety of optical applications such as Fresnel lenses, light pipes, diffusers, polarizers,

thermal mirrors, diffraction gratings, band-pass filters, optical switches, optical filters, photonic
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5 applications, including the backlit and non-backlit displays described
earlier. Depending on the desired application, the filmmy be uniformy
col ored owoOi2009d®3326nt i N appearance, and the spectral selC@aiszaong266gan be
altered to transmt or reflect over the desired wavel ength range.
Furthernore, the filmcan be made to reflect or transmt |light of only one
pol ari zation for polarized lighting applications such as polarized office

task |lights_or pol.arized displays.10.incorporating light recycling to

| mor cAOE e mBUG AV CR S PRI FSlEtor, DEEMHER T gRceER] KBS ot
pol arjmaht aRs of 1ight when used in applications where colored mrrors or
filters are desirable. [149] In the sinplest case, the filmof the
present invention is used as a filter in a backlit light fixture. A typical
fi xt ur e (B3t ai nEhaatransparericelastarperie ¢rtight inksigrenee Bhas efethie pres¢nideveation hivgse or
specu] ar flecti I i.nd the |igbht. [ [.n east
Some. b or 6 G hERER AR Ud WRhBY 3R B Lo NSRS P01

| i ghtsehbott, Wivad whitesal dyy pesradtrinNsolaretiididpeiys oUVdirbletisvengpes| geitoutdfitms,
obscures the |ight source fromdirect view_.ng. Dependi ng upon the _

par t i RAGKIFINGSPYS WOty bervhidesrrathve, pagytrcuriiyapgheatioss.ghorespaile. thedilmsght
sourc : : i .- te or

el ect I(rﬁ(a) u mu%gsfgre‘%t&%éﬁg 9)Flﬁlmélhdtl S u(?}%g‘?mg%gg)g g?&ﬁg% iTIél g Wgw%ng gi; j!nceé\ggltﬁﬁs ol ar

i || undhapdd icems whkcduat therfiling itmgfretelainsnvat icgdoftvoayts hed epliibe ahiquavolby plateris. ee
space_ 20 propagation, a lens syste a light pipe ol ari zatiogn

presel g“qVFEgttel@E: W&‘@ ‘%‘F‘nwoi?rﬁéy eﬂé‘é‘?fgl%‘é’s S‘EFP S@ﬁﬁ 51% e{“ﬁéssﬁg PR

SQYr Che HRY pB&ilE fFlS@nO icRPEL VR tiscARRks TRY HeTabitdeed@n MARAPII&LNG,
depol ari zing surface used in conbination with a point |ight source. The

el enevtteschofg eflpwriignylof tie fimubyeamaylaben/deftaiog exechanivachesgs apohhiiggiedei ons and
may q%@ﬁlaﬁﬁd within a housing as dictated by aesthetic and/or functional
consi Bt 7'0%E. such fixtures are common in architectural lighting, 25
stage lighting, outdoor lighting, backlit displays and signs, and

aut onot i[¥]das hbgasgiizal ihkefefdned¥iths bhe pressnhveantive ilaly QMsofTHoMise @s sdlie
advant age that the a%pearance of the output of the lighting fixture changes

wi t h rrgne which rpfleyinfrased ightodn Shps withyamingickness gé terdogeants. thefdms8n are
D?Ft : l?é’%%é tl% r@gé/c@gﬁ:) %Cblﬁﬁdm of ﬁgﬁit 'ﬁkcﬁiﬁsre%(fttﬁ O&Qéticl[tg gp{k‘g’fﬁms,ﬂhg ﬂlfrared
efficiency I'anps, such as sodi um vVapor [ anps common

2009/ 298 RREAaSANNS/I BRO6EIE e de icharged eektrewhivigtic filnghtThog, deppidicat i ons,

typically have spectral em ssions at only one major vel engt h. . When. such a
sour CEPANEeSEre EBATBRSEHstES iy FO/CHRRAL (OTRDFR AT ARG RIS Rine

presegmt ghuRRtAbe e@Aby todaip?%t&a%g@zirelﬁ%‘ Uisffle R%htt B8 e £ WhEh St i@NiheGAm be
achi eved.” For exanple, when the inventive filmTs nade wth a narrow

pas s bandcontinghtooeflent uttewiolettwaviclemgduri ssi on peak 5 of the | anp, then the

| anp em ssion can pass through the filmonly at angles near the design

angl e; ther.angles, the |i emtted fromthe source is re ed to
CRE T anbiad: "R HoTens ristahs SRR ERe bR Y B8 B ARG El P By

| ght fils@UiiCEftddIepHYAR JiRWhIHERS Blf (& Olist 10 th adTRS« differchu ivélanmBs off lgher escent
| anps, conpact fluorescent |anps, and col d cat hode fl uorescent | anps.

Addi t Tlsnfalimsyof thehprepent nvgptioiymay phyp Ao gshivtaghiseliys aAsliyis fsaowh that plapt ow pass
type I ] r I G i I C r o]

bt ooyt A3Eye b BRARNEONR o 1ERLEATd b} ot Bl oo IEAEREALY of

i nci dienaed thihi&iedelansarshétte dow iveldngdisiof éight demirbd Virurther, fibtralexdasgdreof @ squar e
wave refl ection sBechun1mthh cuts on or. off at a wavel ength near_ that of

tRe | epifisavsiengthos ighes dedtrdas theansle ddpeideiseof pinlighbehness @¥ingthewni ch
he e ft > el ude.
but o ey BOME o lydiinbb R ERIng DNARLIOM, &t B G Re e e

f | uoresedmigtht.ube, is wapped with filmdesigned for normal incidence
transm ssion of the bulb's peak emtted radiation, i.e., the filmis

desi gne i,t h ba centered at the velength of the |a em Ssi on.
o B oo R e SRS Bt om0y Ry By SR st ety D
radi apreghufeeiah 3 ahtl @RMiblt d3Wrlhen e Besp¥hse;thedBloD)FofBx Ahflk tth@fiyn BEIHR
geonetry in a reflective | anp housing can be made to radiate in a
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direction normal to the plane of the housing opening by covering the
opening with a filmselected to transmt at the bulb's peak emtted

radi at i orwORh@/p8i ng can face downward or in any ot helPcCaiuse@®ios2s3s and t he
light will be viewable at angles in a direction normal to the plane of the
openi ng but not at angles of incidence substantially away from nornal;

25(c) Alternately, the conbination described in (b) can use a filmthat is
designed to transmt t | a n at on angl es of_ inci ence
any HESH ey beRErERED TR boraRR o BriorBo G ERE st fsdshands,
meas Wsalat@fr aNRE MPAct b8 pRSARE or AllaMEY RInSHI Mg Qd'nee?ﬁs%mért@ﬁ‘lrﬁ 885 Bd1 ssi on
wavel ength. In this way, the | anp em ssion WO 2009/ 097525PCT/ US2009/ 032638
i s trmsioed pddhaforanghpls, wheets rediehdsl aneurgler-fflagsid conditipn sstimaunteedsgiten ci ent
to alj Wi, t g the

ngul 4P SR P B SO PrRRRS A e PR A v e Bl Banacr 1 bea
(a) will give a cylindrical bulb in which one can have d|rect|on control of
the em {132 5l ilglhttoinﬁrlaflﬂlhﬁﬁﬁthe@fe@brht&hvdnﬁoﬁ hﬁlyb@@@irﬁbﬁiss a®fbtrdil @aldteks by or

(e) A polychronatlc spi key ht source, for exa one havi ng eni ssion
spi kedreat Caapge AYiftmat é‘iﬁprﬁﬁ\?gméﬁ@iqiilsfnaﬁé'a% aaen%s@f% the surfaceiof aRtrigivient i ve

filmhav S one of
the t é%gggﬁB%*§%|qggﬁé?ggﬁg?g@ﬁqéﬁgﬁgﬁ&?ﬂﬁﬁaﬂﬁﬁ%?égﬁhﬁﬂgggﬁ&ﬁ%ﬁgg?%n peak
i s traesnothbedneadr vehidh ffeesueet thanignge iilBwabelength bimigha me fibeestetiCiod eheulion g

mul tiple groups of | ayers, ch of [ refle at different wavel ength
regi ?“@#yﬁ?g%%ﬁﬁﬁ%aﬁﬁ%@aﬁgFﬁ@“%ﬁﬁaﬁﬁgﬁﬁﬁﬁ¥06%98F§mﬁﬁﬂw?ﬂg?r hi gher order
har moni cs. The width of the first order bandw dth regi on and consequently

the wi d{isxnf t heahsmeRkitmPenUWpiisBist.inG@fioR areaRBiul A ¢a6kel @isPiays, eshy ed
transm ssion gaps between the first order and harnonic refl ecfion bands.

The cdmypiibegtin bhited Stﬁtﬁsspafifmt %1\&8t1ﬁ3{\ﬁlelcbéﬂ 1}ae¢rp@ﬁ¢md| @rqggmtk@ylrﬁb’ &bt source
woul d ?eogearSuc?l ity llall ts %ht E‘L{l M3 ea‘arn%\nt lh)é WE]rift rem tio} rrllg,lnsoeur 1|nnt 0
its separate colors s 8 nce "the ra di3Riay i P’ W th 8 g es

smal | mpgRE, Jies Hithy atf&‘ﬁtldﬂfmz@zpekﬂﬁ Mg baﬂis@m@tdrqad)r s@fe. Th@étdlﬂp‘liayls QcSo fednf ect ive
at normal incidence conpared to high angles of incidence on the inventive

fil musEdin ggaaes|(eg. quidenthiHouAs UKESUREIHENSHN (iRsks. AR 0@ #iv&ide Bafigty Abs, and

”ig z&cpfgqgg\%g{e%agf 1f 1Q$a RERD %gv%%%apg ﬂ'arHI' Mﬂlb% g) g%‘lggg}ﬁopgs as

smal | egrees a out great as + rees or
+1- 30fudetgjreﬁsfle\@1g engles&;chfch)s“plam nlgioevri asf eolen‘s}nftmgghstlﬁams ar¢ hmoealnls enén
naxinug1ang|e control it. ge desirable, for either aesthetic or

ener g¥ %ﬁ%@?%?rm%lﬁr%ﬂéa rvetta e the viReRhyiAngPn & Ye oPIsGt obfisRY-ang| es
| ess than the free space available to the lanp, which is typically +1-90

degr eesj3g10ne PEkROURPIATs N8 IO VAFRNERSptRACAMRIE ISR nfhly%QﬁadeaﬁmgQﬁe
exanpl e, dependi ng on custoner requitenents, one nay wi Sh to reducCe the

angul @msradgepiesent invastions/ Tigtacoral denige nepd 7t aiegssasly. beat dlhplgh talngtbtéé befa

i i ence,. suc 45 degr

L AL P S Sl PR sl PR B SResthe St BB RS sifhatretic Ho sy Soperles dd e
the p@@@@igdq &histibs filogh 4 RengoWeeadd a Aesiie@Might dlaheu@cin Pitlefle ghaaet frding) t does
at normal incidence. Thus, at these angl es, ular control of a narrow

en ss§wRlegearh @Q_ﬁlg},}ereﬂﬁtwﬂtmoﬁgw filgrswpioHpees g muc brighter color display than is seen

with conventional displays.

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

reflective cover film via laser or screen printing techniques. Alternatively, interference reflective
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WD 2009/ 097525PCT/ US2009/ 032638 few degrees, such as +1-5 degrees, or for
very narrow passbands and narrow em ssion lines, to as small as +1-2
degrees. WO 2p®mBR7525he filns of the present invention camCaltseotdasmbgped in
a pre-designed fashion to control the angular out put of the lanp in the
desired pattern. For exanple, all or part of the filmb5 placed near the

| i ght source may be shaped to corrugated or tri angul ar waveforns, such that

t he is.of the i t her paral cuI ot e axis of
the | BHEHEASIPOEY Eck FRAT EOREAGPTIGA VAT S hE SHGT A0n EHD Bloe HEGBRIEL bl anes
i's posgl Bhuiinkdieshale L8 filgh WAt BB fttering hfkﬁlﬂlm\é\hhé SppiRe SIRmbE Hﬁédl&n of a
narrow band source and an inventive filmworks well to control the angle at
whi chfr¢mgltrrt cqvsr Bhmte pdeaer e displagls a ghasn ¢o magensmthange iwithi angte, whitbére of 10
sour % th narrow e{ntssmn g ectra and the fo «ﬁe\}f Iigi!‘t ed. cal of, ptlons
avai | abr'é’® S&PW&P&%%%Py,"&“SPo 1d “sGurdee Edn he Had ‘*t”o}aétcotﬁ BE9nar r ow
bapd HOVPHGIE Bs weli eve simlar directional control of the emtted light. A
br oadband source can be covered by a color selective filmthat transmts in
certain _narrow band wavel ength regions, and that nodjfied source can then
be used 13¥flconblheagal ‘errf:hmqﬁ 1, theecconrcf Ll ¢ Henhenged i e [eHeing ssi on

spect {umh 8 §NAkn HBRcAs @t t'vﬁ‘?ﬂ ﬂiﬁoﬁg P G a%fa?éﬁcﬁ{g‘féglo?ﬁné@énggt éﬁ’e film
conbi nat | n can aga n pass t hrough t nventive m-only at t esign
angl ebecdini highly mﬂgﬂmwhen V\nebvbd‘a\mdrm‘abmcrabncﬂa pheine-onsa ciiolrevealiceffaas caa heh a
three colo d- green- stem r r .sel ectjon of t he
e ¢ LGoRBIES ifEpts rnes s PrBe Risadie tdoa%%ed calore {?&Fﬂ%a‘i es,
the emjtdiethdvpur! eAQLNS Widlfimot match every or any passband, and the Ilght

source w || appear dark or a different color. Since the color shifting

films can be 20 adapted to transmt over a broad range of wavel engths, one
can obt &1 1vi r t Ted bryghaimgs ebthgldlsatﬂd/ @pbe ﬁ@hamﬁébahgmgahe iside of therbagklight whi ch
the em tted.,light bserv 41, .Direction ende i.ght sources
R L A e R T e g

pr eseft dlsElé@Rkhh 68 cemtvliee byImthe Dlow ﬂeﬂammtdan@y Wh@rlﬁﬂdadtﬁe ifingtthatment  panel s
so that the driver, who is viewng the instrunents at a nornmal angle, can
vi ew Riperonially éﬁf@ﬁt&%ﬁcqﬁa@molm@u e hyeghtneghof e ghepepsplopmay spffecindlisof f t he
Wi;Rds hi ff .angl es

F S P il S RARR oy DARGPRARES BREHTR IWIRY 1R € uEeshnl he
constdasgt@cblosbaignct khen te efémmcbhsy cepepddndadbaghlines cb‘ﬂmncmﬂq oflyd bfehpr esent

i nvention so that th can be perceived only at certain angles, for
exanptReroR e elonagdy %Ort’%ﬁet or sign, but not at other angles.

Alternately, the filmcan be designed so that |light of one color is

transni {135] at YR RACAAERAGPE W3ARY/RIREPH QRdiAHGh S HMeddr Gl ent.
color is detectable at another anglé. This would be useful, for exanple, in
di r ecealergd filres withtiraleHerzondths vispysi nige pbaqtue\tecardewm edlesconsubuchss feg., a

hor en ssion atio The conbi nati gn ventive film and
" 2heo Qupud L lORREaR B B Phig MO EREY BRbE s s OUERUY e
illum nated sign and the drlver was viewing the filmat non-normal angles
to the $130]gn, DY BacBli€Lgh hdedtot BOPlada) @ndv/ihs icbloged it cdubP eFtRU € thore
transmtted light would shift to red at the angle where the vehicle was to
st op, thpgen ahﬁf @e sigdr teh 26 8n {lhumigigh cubmer e bibriAed AbtEIng dHePlnvent i ve
filmand a narrow band source is also useful as a security device, wherein
the fil fde userndfind Ffdlpilof |AEhARH Gy 306 b8 uldaBler QU Cfictf aPRA( i h
the sane filmis used as a sinple verif |cat|on device. O her ‘exanpl es of
t he dbacklt dlqﬂayi;ebetﬂldgrmsplaghat lstipeepafrizaten pf Bglgritonl On extesmat ligt saum;e

described in m)re etail e fo W n 155 ectr

oD ect B Y R o mir bt o pefitisaee BRER Fes maredR 2t abmog e b« he
t eachinRgRrdke HNA tRI@BIYre IHARREMRBOWRPE&RuR] B sbAER) dhy vEW - el rhdxt
applications such as horticulture. A primary concern for the growth of

pl ant@Pﬂlhatgméethhom@OéWSthrhmm@ thﬁmt@réfrrmmlftlmrla|coatbp1ait1@aw@irﬂsreﬂsctt\hat of
adequat el evel s and wavel e ths ht apprao rla 1> growth

" nour iR SR el R BB Rl Bt ks e

under devel oped plants. Light levels that are too high can excessively heat
the soil and damage plants. Managi ng-the heat generated by anbient sol ar
light is a coormon problem especially in southern climtes.



[ 156] The spectrally selective color filns and optical bodies of the
present invention can be used in many horticultural applications where it
i s desiresotoo%aorizér out or transmt specific 20 wavel ergrhs2ab/0Bisght t hat
are optimal for controlled plant growh. For exanple, a filmcan be
optimzed to filter out heat producing infrared and non-efficient visible
sol ar wavel engths in order to deliver the nost efficient wavel engths used

0 PIBL OSSR 8y2Rees, Blant, BTRUA. 300 L. NSRS Sl o sl o

wavellgﬁggrhﬁ, palafizing finf ferent parts of 25 their gr owth cycle. Throughout the
growth cycle, the wavelengths in the 500-580 nmrange are |argely
inefficient, while wavel engths in the 400-500 nm and 580-800 nm ranges
illicit [laflldr owt While hvointeaferegicerfilms o@the preaprtdneangon pebsivsed/edviaptagepusly
vvavel n I TR, i f n rt,. of solar
ssl?lor}%}]nrﬁrlaleglﬁ RVI& %{E S%%geksug} \r/\f/:avf\ivée en(grt %e%grr%%t %ttla gs 0 g?e%s%ggf S&Ph can WO
2069/ &ﬂ@&ﬂ@%@%t&d&ﬁ@ét@ﬁ&ﬁ %cls agﬁbsiﬂaceadah&esg theechles thaahitted bamict &llm @ndf or
concentration of additional eg)ht at  wavel en%t hs useful for plant grow h.

[ 158] subsaventy flertadpy ﬂt?s%lastr%ﬁ dP be dHetisd suta dheoplppefi ipeidpireapicRer at i ng
Phot ogyBrAesiste BENeL AT BRANBIESARDNER e Oha LR fore HER +£np§p (gr1froSt
commn y use suppl ements to natural, I'ter ar | Lanps

t hat refte¢tedbptigyfilimtheieby bllewingalovitwdO0- cﬁ@ﬁnnm)tge bet&deﬁ dtwtmlsﬁﬁfbdlﬁm nm, or
near (about 7Q00-800 nm) are used in cce eratln co
comre‘}egF%fF‘? &ﬁ B&F&ﬁewﬁgw SPE AT SSh anC Ok gurlsgs \%ﬁh ARERREPh 1 ¢t 1 e
enpSsiefBctRl \x\/}ﬁtéeﬂaﬁﬁ Hrbgs c#é@ﬁéﬁ? ‘AdJQlQag@Hﬁs ﬁﬂH&thﬁ‘éy \ﬁ}fPlrUfPaﬁe 2 Ahp S tﬁ'zﬁ%hEH%Q

em ssion in the blue an i gh em ssion in the near "I R wavel engt hs.
Lanpscolgri weith argle. wavel engt hs in the range of 10 500-580 nmare referred to
as "safe |ights" because their em ssion is in a low response region and
does no gni fij cantly . affec a ro ei t her enefl ciall

detri nedt&IPy! i stbctedints. B Gt of bhaRs BRNBE R hsfles
pai r egbléred aro@@ﬁmhplaha giffiisé Alrfdce SohthiirdgOink BRara@eMhdyl W aminateh@itioat put
wavel engt hs from sonme sources act ualli retard growth, but this can be
conpelfteaicEdce Simphat has tleast ana eptisehdickdBigdctege qréhglétwﬁfﬂhé samgiggveelsur e
Qg Uil Usedl ool %?ch;‘tgé‘ldkgﬁ[s‘s&'b%] ﬁ?é%@ﬁféée% Rt AGR gé( \Qfﬂt Wgo the |ow
pressure sodium s conbi ned Wt uor escent or |nca escent arrps nor mal
phot oimyisitiest certoiacupkes oExiampigimtofeadpnivilie pasthempglesia doritaetechifud inght s

B TS o TR A oA uh i,
sodi Uiﬂséx'cb‘éioﬁ b &SHE Hﬂ? andsil1PeRrdED6&Rtent2 MR InteABLnéd Mdn ﬁ?ﬁtlpclanhﬁ rﬂrﬁll‘?edand

i ncandescent | anps. 60] I'n a greenhousé environnent, the color selective
f i | msorawdh aptifificselwhiediresloodd inkewhich may be either opaque or translucent. Translucent is

% en

20 defined in this context as meaning substantially transmissive with a substantial diffusing effect.
Alternatively, the interference film can be laminated to a white or colored surface, which can

itself also be printed on.

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

visible region, is used in combination with a black substrate.
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present invention, when used alone as color filters or in conbination with
refl ective backings, are useful for concentrating light of the desired
wavel engtwe 2bevooogesi mal pl ant growth. The filns and opt Pcalushadioas3sray be
used with normal unfiltered solar light, or they may be conbined wth
artificial broadband Iight sources to control the wavel ength of |ight
enitted fromthe source. Such 25 |ight sources include, but are not limted

i nc sce f | uor.escent s such as hot or cold cat hode
IR Pl PR S b S e A A SO A 4
sodi ugh¢AARSns, SR A %@gh@s S prRla8f WiRloWwd RESER Bppl(cBlidns! Hﬁ:rgpﬁcalcﬁlm@%ff Weal or
filtered sol ar Ilght hat is optlcally coupl ed to the color selective film
Sever Ia‘ﬁsernt 1ntvc@ttqndnmcbm@dtm a@mwrrptls)}as’flén@r o ¢dmmenresmrcpbwtlpnal®¢zengi et a| |
t hat used to.mana

000, Debiss s Bl Bu8 0 898 A kit R SRR IR i A B a1

wagel @lﬂizﬁﬁoﬁ) Ppdciticz €6l tHapthe O @S0M i @@eﬁuﬁgdr@ltsﬁeéntnb amirstqiamrﬁa@@p@m ses.
[ 161] The interference films and optical ies of the present invention can

al so light byegrbyintialyeflents fregcend pplagzation g dight; ithetf@)r}’efdllnéflft‘tiffgi Qf.r@ducmgg ht
sour ﬁ@&res %@?h&geﬁ@}@&&é@ ol ospg‘?:&l Jﬁlﬂls%ta%?fsg%g n§odli’f¥edt J&%fgnft nt hidh SUR

furt esira erw se cou | e the
i nt erthegbaig rhatkmaleivile edfleyt lﬁght bhenaditbolth polahzz&mus Wethﬁoa tdrain fegioafdf eloet t he
i ght source enltﬁﬁ§r|narll the maveleng;hs desired for controlled plant

gr owt WCCHT‘H% §-B+ erhY regiew- paile Ganvitted lght abensortheth pRlakzasigps Waeer whi ch
m ght‘l‘l’?’ﬁ r%fwaﬂ rQ i@l s fgfpaﬂlély&hqalggﬂaﬁqg BRUFFRL af)mfauaﬁgc Qinefe the

nters t urlding i's of t sired”spectral conposition, or
elselsﬂmhmpamdMQnmaymbeoﬂaxeﬁhrmdeﬁmgdmwanbudehnﬂeooomnﬂmmnmgkmﬁhselectlve
films,wthin %P pan itself. In order that all of the light entering the
bui | iV WP %@lblo 5P el PS€Wavel ength range, it woul d be desirable to

have the filns nounted on a heliostat or other nechani smthat noves to

conpensi4s]f or Theopral @ndfoftRepSitnt Sveaiord MAPHIGH B LisddNB pealide &icaRItIOE
mechani sms such as south facing panels with onlﬁ a weekly or nonthly change

int h@n%ﬂ@u@nwwl@ﬁh tresopip HEbto spgcifes woealensthy. Svg f«m;ﬁqr%smﬁ guiytbe uaed.[forg] so.
1%%16&a§@2¢ art a éj%zlf% toR)r%r Sglgrsgl)sdq éyg ue or% ole ’S F?}" E‘\I:Jf:fﬁ :ea?d;]ed i ght

t o desi | sTundér'st si cal shapes of

t he d&f:ér&@h@deoaﬁdiewofla@tﬂabﬁgﬁ tease bf ‘ivmalargtlbq)euﬁedlgﬂlﬁngbmdw. spread |ight
across desired portions of the room In addition to these described nodes

of use, filmcan be used as a filtered wa for nd|V|duaI pl ant s,
as ar eﬁ t or Bhl%%ﬂalbfé‘mé@gﬁhepwrsm InRRELRY B tmelfpor%e4 HgrEP or as

slit QneRRQRPELid htineQls 8% I%wan% lHRC4 LS th?fBngH( do'ahﬁé Sr EQFuskbh® Thi}s aguar i um
lighting for aquatic plants. [163]In additio o the previously described
spect ol dnybodlghett the epfi¢al fbms mtadberad beall, or a portion, of the outside surface of a
20 glazing material, for example, by lamination with the use of an optical adhesive. In another
embodiment, the optical films of the present invention are sandwiched between two panes of glass
or plastic, and the resulting composite is incorporated into a fenestration. Of course, the optical
film may be given any additional layers or coatings (e.g., UV absorbing layers, antifogging layers,

or antireflective layers) to render it more suitable for the specific application to which it is

25 directed.

[147] One particularly advantageous use of the colored films of the present invention in
fenestrations is their application to sunlit windows, where reversible coloring is observed for day
vs. night. During the day, the color of such a window is dictated primarily by the transmissive

properties of the film toward sunlight. At night, however, very little light is seen in transmission
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tailored to transmt or reflect infrared and/or green light that is not
useful for plant growh, a filmdesigned to control the amount of red

i ght, tywocatdop7§2s0m about 660- 680 nm and the anmount eCTER0MwMER6BS ght |
typically fromabout 700-740 nm is especially useful to control plant
gromh. It has 25 been shown that the ratio of red to far red |ight should
be maintained at a level of 1.1 or higher in order to reduce elongation and
force_ plants obra pagate, resulti.n n thicker se | ant

o one HEORAGRG T BHarsd heisplos PLERIER Swhe Aeieimg: bhaerei®ii bRl o and
the sgQuENGE %h@é‘oui’@%%e%ﬂ%l'ﬂnﬁ?ﬁﬁ@&% Roon{TBRY 1iPhidBhR S ARicARIhPheREyYI g0 a
flowering state or held in the vegetative state. Sone pl ant varletles can
be cotht reshltedthgicomplimentatyt ¢adoragf the fiiom appearsince daring the dpy.r ed dopi ng. WO
2009/ 097525PCT/ US2009/ 032638 PI ant responses to red and far red |light have

been degg bed | e and Fruit
in Asso | on Rﬁ %lntsvgf ?J ﬁégern(t)g Vegﬂ i ma}%% hgedﬁg& '%g L%lf%l nopy, 64(5)
Joar r'ki}iph@zitldﬂ@ rihélading lﬂlﬁfﬁﬂ)acﬁﬁl ﬁﬂ%n%kﬂt?dl(pl@&%esc&ﬂﬁd lefirli¢h @epdndiBh OMvtheNew

Devel opnents i n_Easter Llll}z/ ght Control" (Hort. Re. Instit. O Ontario,
Vi nel &riredsprplication, t film gy Eenlfmsﬁylpre@wrdﬁ Sgent dRPRRSAIAHCR IAE 51 ¢ he

red/ f%re Aok RAYE albiel G G 19&treﬁE8%l§/!:1ntﬂ hésq}éh%vreﬁﬂ%th%lﬁgepunped I nto
vVity bet we F

the ¢ n panes in greenhouse twin wall constructtfons.” This has
not béethesadiesthadilmropn be ceads ¢o offletthe tnhn‘srhltdlghtgfonhy agdpaigrizatidn f@novi ng t he

liquid. (Xher. attenpts. have been nad use cql ored fl| for the roof

gl azi MYA1AS Efgiltms%p CREGNS FPgh %%P%Wﬁ&&fo ‘iefta%?‘ﬂégqﬁ ArRolyyige éfsyfaiya t he

grlge fﬁﬁl@é&%@raﬁh@ﬂ@%e@feﬁﬁg %‘fn@éaé)er bﬁéhu%é& Qﬂ%e HBRLISe &Q&Hibttfaﬁﬂﬁlt%b aMgee The
| m of e present invention is ideally suited for this application.

The rleuh palrarlzzéwns af lightodrenheed mrappbédtions phexeanojdradymiiers oh fidtkrsessdegrablieent
or by changing the angle of the filmto permt the desired wavel engths to

reach tﬁlf“ﬁ' ants. t{lér ern%n rpensahesld of%’}ﬂ[ﬁ?se ¢ VLS %%r1§ l(ié)eiaga:stalfq{fl:§1 4 bac%@” ng

needs o fferen varieties mis era positione

W t hi IgHt g nge.ee fg}p@m eixtuie Sditdinda WeYsidgdwaith aulgﬁtasa)uhe aﬁtitrﬁ't@/l’m&:l&@@ia aiffust of ed,
for exanmple, by a rolling shade along the roof |ine which 15 can be drawn

down PECHI eBectiyi clespenphehind Hisdisht sawes gisoreiinsdneasbynmg ofthaéeort he pl ant
h ted
FTp bl el o) VbR ek op BBl LA ER 1B SRR

i nvendlementeka obkcoeslrke ligletdionrze cfmm dinextt ivewing. tepending nporothalpanicniaor s to
control _the intensi desjred portion of the sun]ight spectrumthat
20 r epHEdiandg “ﬁl%@s hg%eﬁ?@w&uﬁ giregted. fhe lighd sougpe @ay be @l piosssct AR 0
const @ty de &%l 1aRY {p 5 BRidaye o8 BRERSIuAREsLH: BIRS) ﬁg,}ht Qburkd, Q%eth'lslﬁfhﬁe 14}, ol ant
growt h throughout the entire day. On a typical” sunny day, however, the

| i ghteveavelar paksatan, tiedatter boing traasrdittetlits theiophtallcavief byrfrye b:acexcesm ve for

oY i o e SR SRR e by T R SRS R BBl
pl ant x50 ki@vilictheay. TR RLRIHS; B L siipballin h&V@hy include a randomizing,
depolarizing surface used in combination with a point light source. The elements of the light
fixture may be arranged in various configurations and may be placed within a housing as dictated
by aesthetic and/or functional considerations. Such fixtures are common in architectural lighting,
25 stage lighting, outdoor lighting, backlit displays and signs, and automotive dashboards. The film
of the present invention provides the advantage that the appearance of the output of the lighting

fixture changes with angle.

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

when used in directional lighting. High efficiency lamps, such as sodium vapor lamps commonly
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25 throughout the day. For exanple, roses flower nost efficiently when
exposed to a maximum light |evel of 600 I A nol/sec-n2, and this |level is
of t en achwewvea/d9ys2:1: 00 am during the winter nonths at &CratSa9as2668 45
degrees. Reducing the light |level between 11:00 and 1:00 i nproves the plant
yiel d. The conbi ned usage of conventional mnors with our wavel ength
selective filns can be used to change the intensity of Iight directed to

pl ants dur dlff .ent hours of the For 30.exa t he use of a
VI Si b‘FSSg ?th‘gF Orc%?ﬁ SNH&HB F‘i“’rﬂ}i‘édyﬂ‘ﬁ%?%]@”te%e%%fi@l% nﬁ?‘g‘ﬁ%%?“%@?@? WD

2009/ QR /ptaBCW 2R L US4E3 & hidAGnd&NARr PYak&HibhRELsicBEbided vARDBIhS i of the
reflection to reject that portion of light fromthe sun. Qher conbinations
of baifreseasinapetian, highlndirestinnal lcgnirgdef ghreginipied Hgbinanhawehievagh Hos ekanpleye

fil 166]. f d
For gevbuFe R i WHMERSHR Bt Bapong it R REG Tl G HoFPear

coBt I ¢ thehnipRtihithd RinfpiRisasn Ex1P0S thr@Ssh thé filin 8Ty R dAglaHeap EHevd@Sighe
probl em For exanple, commercial aircraft maintenance crews regularly

encoueky aEfbperg @G@ﬁb@fl{ﬂéﬁ?@ friogy the sowe is|rafukned tp diq lampeora@mpdopgng.

d t ked
o o st g BeB A A AV B ERAE b et QAL e RRE Do RoatiE (BT S0
of al lamipa.gaercpryilahps, flo@rdscdnd g@spst bahpat ﬂusmkaéna&nmevmnaroeldamttmlel y

refurbi shed cartri dq%?s t hat have been repackaged and represented 10 as new.
| dent fl¥qressentdaman ddditipnalingheretlsaiine fitng Aeedsint RecessasnBa PLAMHTTY B type

ti e A rrent neans
o1 e e o o e ve o B e Lo0S ot ot
t o vewafejerghecrautihent a gietificaigkrofiib@dence (Ehis Hte@@rthat)ﬁl wflegaekdi mgingofort o
trace the origin of onents, and rawgfrater

ar . Sonme of ese
devi cBEMP- 38 “aéﬁﬁ‘ac‘é ff?&‘i“?“f Py ﬁr‘émv%‘BﬂjeC%? 81 PPl £ f%WF&eIW&ﬂP}n%pﬁ%ﬂlQ%&
| | ght @mpleRStdisN BRI used & welkFbnROIPRCifiOFRMBHRS REGhRh e 1B BourEX AMPfiles Of
devi ces used for the verification of docunents and package integrity
i ncl uefdh¢ picskns ceientipmian terapnpiigpdeinelyde, dpeaiealot finiged o, ghedollavegmar ks,
magneti c i nks and coatings, fine printings, holograns, and Confi rrr@i maged
retroreflective sheeting available from3M Fewer options are available for
adbhent i cat(ii)o‘h cplindits krsugh amﬂvwsmbtub@, i vrepped @ath, filandesizmedforabi | ity
constralnts 10RO e, na f egrated circuit
chi ps. [ ggid ﬁﬁlcfﬁnocf: z%géarﬁﬁolﬁavgleg)g}abn rmtlttedtr‘r‘lg‘%telgc’ont’r 0 é‘g} materi al s
such as explgghadewsith 1peseantbéedtdral & ths eraw@ig@abf the Marh emayenh. pahiners t hat
are ground up and di spersed into the product. The individual Iayers in the
M cr ot aggaEoBsiy-BiehtielihaeelRYRienath Bsided mainky Bstiggial disecyioa fm the
i nformati O'Euﬂaesrlbﬂé%ﬁ‘g to the date and | ocation of manufacture. There has
been a | ong unnet need for a security filmproduct that is both anbient
verifiable and machi ne readabl e, that is nmanufacturabl e but not easily
dépl i cat ed,(bx Aaarbitary ball gromesitidn e aeflast ve kerp srysigvan bempdp fo ydiate Wiz es

Cpoci o, ARRRA ISl @3fEBl:fic bOuk b8 2 OB s Y adE s TS Hts "
[ 169] The fseleomd endamsptii tahe Bdbls psakodmittbe rqeliaRanThd opeditig @n faenidsaviaad | or ed

to provide a security filmor device useful as a backing, |abel, or
over | ani natos it #it othereticcction. apd thedighe wilb bejyiewrhls a anges i @m ditechgn peralfe and

hi gh refl egﬂé %h.}é’o@tﬂ%?&h%b&%}‘ gf%@ O?Encﬁgh&é]%séﬁgélféﬁ ﬁﬁ&h%ﬁﬁ&l‘ es

that can b ol ted I que enti docunent age, and
spectral detai I o o ] ) )
25 (c) Alternately, the combination described in (b) can use a film that is designed to
transmit the lamp emission at one or more angles of incidence away from the normal
angle by providing one or more appropriate passbands, measured at normal incidence, at

wavelengths greater than the lamp emission wavelength. In this way, the lamp emission
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5 can be designed into the filnms to provide unique spectral fingerprints
that nay be used to identify specific lots of security filmto code

i ndi vi duaoapplioessi ons. The security filnms and opti cal PoodiSeaInazsibe
tailored to reflect over any desired portion of the spectrum including
visible, infrared, or ultraviolet. Wwen only covert identification is
desired, a filmcan be nade that appears transparent in the visible region
of the spectrum but that has varyi ransm ssion and refl ecti.ons bands in
The 10 1 nf raprBaptiy ringls piepe bR shEpeiEs BRePany SbSiepfomien tef1 70,

I nformati oRpGabebaR Wit 8PpRAdBshd, N the security films and optical bodies of
the present invention by several other nethods, either alone or in

conbi nation with the above descrjbed methods of varying the intensity and
posi ti on of ke amai DAY %}f@t&mfﬁ%ﬂﬂﬁﬁa@d ipée) %&la%ﬁlg@s)mrﬂﬁmi%cabad
layers may jbe)tNehe Loyif@ribdbhf BdviRA] bhdhnHavt B RAChAMMordNdeRivEl t ONes
in 15 the visible™region can be controlled to produce uni que spectra.

[ 131] The digbtinragplhne pedliet ta the lereraxis ¢fythé bulbsorand opti cal bodi es of the
present invention may also include relatively thick layers either within

t he opti cal I : I t ; : - y
al'50 b usdd t 801 sBlorPkRFREL LR IR 0k LERhpIE' BE bov R g MR PGSl frlt?

i nspect i on differantorosengthst daarbe@bnibhedfwitinan inhentfvielfitm mmingain$ypolrepsdrdined
with colored printin 20 graphics printed on a substrate bel ow the film
to provide JPHard téatttﬁ%gﬁﬂﬁrﬂn%@“ﬁ?@ﬂ@ﬂg?#t §uGRErer e REP 8 °BA#IRE angl e of

observat i 0Rnci§QlcOhnd BFhIeAfiLsidBYealEs BERNEN&MRYifBle PN Kheh PBIh CRh bé ayers
locally. Wthin this affected region, a new color that also color shifts is

edldent agamnadstusingenultiplefeeatpe df taygisoeachd vdfidheetleet ak dickeirdnt e velaingthi ng of
| ayers, the preferred pethod i.s enbossing, at tenperat.ures above the gl ass
transi {1 on FEePht 57 B BRdGpyiRg s Rt 8F e an e ieher DREL ARG U 2
sui tabl e priegsube: of tRCAlst &@er baHdRAdRGe@bn by &inSeduRil ¢l thal vwiathst B haroat: by
borbardnent with high energy particles, ultrasonics, thernoformng, |aser
pul si ng andasdwidthsh¢ange matraflechtotghes dashied traminygpsiaregans bietiecen therirsaprdendy
descri bed, J ] i i . . I | ective
sur f ace. - of M IREN fer e SEYHBERERREE Sr By By FRf o Ao T
sasurity fispilsy tight ehime wouldigenedoapht heatfroacin ¥iaeahtior whiteSEghtgoseasi ti ve
adhesive to function as a |abel or die-cut. W 2009/ 097525PCT/ US2009/ 032638
[172] For r¥ettSSpRATMESPIOBNS, the security filns or other optical bodies of
the present invention can be appro rlateg%‘sized and | am nated directly to
a docunthtllor pagagenye phsreciral shiffyithapsletiy smalf aepr ppwsaldncidesedhe i | ns” are
typic : Wl fr:ly P e
YDy YR QR L8 PSSy RO R ATyl @] ks MRGBDE
?'SI nodn the ifvented fithe I;d)leexdnrprl]amquen:iﬁlgpmahagmdthbhehe]ghtiaﬁ anﬁﬁ:qndlmés,(xmkiol[lel% | t he
i.lmpmay also_he us o, enhance the appearance o article.
FoP sl?ﬁ?éwé%‘gf’f CSthaY and. e Uty Fﬁrf%lylay SINELIEIE a/—_sﬁ dretfigt HorEl by
gr i NALRYoIRE, &l ds Brdah O+ A2 PENHESs RN 30IdEPRES I0TYohRE, BPYWHSE 1inPLMikile
material. Palnts,” coatings and i nks can be fornulated from ground” up
pl at elawps, therelis 2o mgxinhen finglersorgfol dimis 1§ maebe dorablenfor agles aphibetes arleserz® bul k
mat er i al be an expl osive, it .. be desirable to avolid usin riented
mat orfodrer o Tga Rt G o apat sl GeneR i iy B s amesaflabie
Opt i o@ahd Mmp, RAidAVEica§ Y/ 06 defREE dtelod bath Gh@hdrRnMLRT {@lic Pprdheds an
acrylate to absorb energy during an expl osive event. L174] The security
f 2P nsFarsdamplei derlendipg o sugipmehieqpirerseltis, onavayt wish targgugsethe apgplayyrange to
conbi i on Qf i verifigatl,0 Ol . e e e o f
col or 2> P e BT deElss (PRI IR Rye A PARIEN e lhees

i dent dofth@hdrenapef the fIRNSudr cBRfol O meh ndngéfs)ivan othes twodde at theerdnilesat i on.
A siqgle machi ne_ reader may be constructed using. a spectrophotoneter.

Sever@f Prohrrddiftstiodls blypabl bighegne o asudesssr babitglepsitnormalipgidencsy e

avai | e ' t 1S ) ti.on; : : i ncl ude
n Sen e R o b SRR P i R e Py Ph g o LIRS 201 .
The spectrophotoneter is used to determ ne the spectral code of the film by
20 measuring light incident on the article at a predeterm ned angl e or

angl es, which can be normal to the fibmat oblique angles, or a conbination
of bot h. [175] In addition to exploiting the optical properties of the
films of the present invention for security applications, the mechanical
properties of these filnms can also be utilized. Thus, for exanple, the
films of the present invention can be intentionally designed to have | ow
resi stance to



25 interlayer delam nation, thereby providing anti-tanpering capabilities.
[176] As noted el sewhere herein, the color shifting properties of the filns
of the prweent/iInizénti on nay be used advant ageously in ROTEISCWS/08BEOr at i ve
applications. Thus, for exanple, the filns of the present invention may be
used, either alone or in conbination with other materials, filns,
substrates, coatings, or treatnents, to nmake w appi ng paper, gift paper,
gift tbag(fe, WO 2009/ O/Q%aZSPCT/ U§%2009/ 032638 r,i bbons, bows, flowers, and

ot her C¥egrast i VEN & /¢ Agsees A 1oR Xery napgi RASTRABASANG THEropY SRiSHRY 1B (R¥d as
IS orghiAYashg-Mdopdeked, cut, enbossed, converted into glitter, or otherw se
treated to produce a desired optical effect or to give the filmvol une.
[177] The optical interference filmof the present invention may al so

opt i onall1321i ncl Tepefilansspfshe prepesy erventionena abto bsoshapedein arprededigredsfagtion tee

el aot ST BBy oEO0RG: D § P E TR pafuli T ROMPE, gl AL R

nopel gadedmeii Be PightysSRrdeandBbeedhapdd foacoimgatsdibstrangulat Wyvefbienss Ak thadiex of
refraction as the elastomeric polynmer. Optionally, the elastoneric

pol ynis of thatavefarmiineithseparilel or Rpwendigylante thhaxippf thydamap fdeohpdionl ch
makes . I ! " 2 ilm In 10

or of e g QR BLARIA ol MiinaPblahord: BRNAEH i A R RIRROLY ot i st o5 and
transparency while providing the filmw th a protective surface which is
nonbl ockl1§j. ThWhgkitle domytenatmingd amemaiviisind eqiept anvceart invérgiviefami workefvetlhe
filmto other surfaces. as. |1 as receptjve to inks or.other for of

or i nt RGPS A VRS BRENVE BN GO R fohsRersOud s B8R (o form
f it MBsotdel witMHaP¥RbrdiSsiBREFcBE aRd RIS e @BnitecdUlbrHptiShd Alafafl@anAREnatsIgdat O
form for exanple, bladders in athletic shoes. These materials have

par t i ahdrand dvizae edpely made toaet lilera drrave baridrsoprsie ¢ acttievepamiliedirscgonakpr oved
e L LU R B ot SR ERE G Bl A B O =t e

| ayer @andhiitd ih edichin BBy BAEEW avEish g 8NRWM ofl € Cind Als $nddifidd @ uRRIcaR &dinl Hetuge @ fn
smal | nol ecul es such as oxygen and water relative to simlar 20 polyneric
mat er§oartInatsnarith? sgsend fikg haeipe theemeregemisnipg npeafiant spbrythe fighteamitie®l e in

r ot . . ‘ ‘ ; o g Y
iU GAEASIAN, ALl ot O PRI ES, A, AEPRLAINE cm,
fl ex the dedign axgils tThicaraxgomantediitvoorinfbt mbeytain did cdor, Mchras pathaubrdeidois [ 179]

The inventive copol ynmers can al so be used to form m cropgrous polyneric
fi | et ZECRBIERS RS RisRrOPS hRgopihe %gfp_?,d%%ergﬁ@ﬁ caloTovgL bR gy e,
111 ehs dodftd gkl &I YinSPRAIAL B SmidSt IERAGIHR NIMHRRAGEZARIR0 patBh el 15
herein incorporated by reference for purpgses of US pat ent pracfljl ce. WO
2009/ 0B BECFOL WSR2 00D Ap328 88k or a[dlB@Fnt avlgrabinice theao]or shidtmg filomscamdg be

useful in . nmepbrane filters., These filters are generall hi n ol ric
¢ 2B ot G RAP A g AR B S e s s S o the et i T rmy e
used ddntrbl ihk@hNer SHTABRIEL WREH B clittePligHtiflbisdse@r gases or for
guantitative separation. Exanples of different types of nenbrane filters

i ncl ude igas separ ati on nenbranes, o o
[154] Direction dependent light sources have utility in many applications. For example,
the light sources of the present invention can be used for illuminating automobile instrument
panels so that the driver, who is viewing the instruments at a normal angle, can view the
25 transmitted light, but the light would not be reflected off the windshield or viewable by a
passenger because they would be at off angles to the instruments. Similarly, illuminated signs or
targets can be constructed using the direction dependent light sources of the present invention so

that they can be perceived only at certain angles, for example, normal to the target or sign, but not

at other angles. Alternately, the film can be designed so that light of one color is transmitted at
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5 di al ysi s/ henodi al ysi s nenbranes, reverse osnosi s nenbranes,

ultrafiltrati on nenbranes, and m croporous nenbranes. Areas in which these
types of werhiemersnay be applicabl e include anal yti cal papaiSc@asmns,
beverages, chemicals, electronics, environnental applications, and

phar maceuti cal s. [181] In addition, mcroporous polyneric filns may be
used as battery separators 10 because of their ease of rranuf acture,

Cepar SEGPES PYG TP GH SC PEepALE ERtaUEa e R B crbb Bl B PERRE. « ne

el ectihQRRstidd @FapRBhACHdNGop nt fbh@eﬁlélbﬁuéﬂia%tfopﬁc§Wa§%D9r dRisHER YRRk
puncture. Al'so, 1n lithiumion batteries the films shoul d shut-down (stop

i oni cstatemdlibe c@nblnamom@frlnmmw@ éhpendiighewmutras cpn &y eglectedhsy that, as auﬁelmly of the

batter e the ,esins use or he separator. shoul d
ot r ertProbERs i el SR IR RSl A TR B TR AP S o ALR Y b e
Separ agloflyOfreDNight MIURUBe Giepad, BLOths pep%lszed trfa@srmltted MRy dudd st @fd #3hd over
shut -down tenperatures are desired however the filmnust maintain
mec ha#igkavherp thegyahicle was torsteih dorcxamirle. ngamal toigisign; The combigatien ofishe t hat
the f [ j ' b 182

o SR e At RbweL Bad dknithy FENEPS IR REERIEERm s he 20
pr oc exseas oteapip} laoatdtanad adigieswiidededpped whhithenatelfilm it @sedt 3,a sitple
followi ng patents and patent publications, all of which are herein

i ncor (EHERERN dRyiqee s rramples ol dectionsfepensiepylight sore et the gresent

V00, OB AP RaONTA0030A M incl o B a6, 586, 138; U s, Pat. Mo
524,742; US 2006/ 0188786; US 2006/017/643; U S. Pat. No. 6,749,k961; U. S.
Pat. No. 6,372,379 and WO 2000/ 34384A1. 25[ 183] The nesophase separ at ed

st ruct uv[ﬁﬁdr ovi %l@dtrblify sethectivavidms iamaotbetpmtimﬂéfrosﬁq@rcen bdmadeveacabrdanm‘ailbrrent s
over r. or for opo ner | ns. .The ordered

ror pHF P ot preint NPLY oGP Rty « BT e sttioT Rieny 51 s and
channgti&tliui€ LAl p8mark@nBAA S tﬁ@?ﬁfvﬁh%@ pi®istin @weﬁﬁ@is@gﬁvﬁérﬁﬁbnkd dadts film
shrinkage in the nmel't and therefore inparts a greater dinensional nelt

st abi 4grtc ltprbappligatians 1phasel adepmtaleses gad wavelprgthygh light apprOPrlate for plant

20Q9/ r zed
e %ﬁrﬁ‘ﬁ’ Giﬂc‘féﬁ%gﬁf%%ﬁﬁ%e F‘@%@% e s PO T S IR Ry B R o
s mal I Lﬂghd lecalb enit kg0l highican sxekdivdlg hedt tlﬁ)enﬂ)llCHndbﬁhfagef)lahfsel\/ﬁﬁ@hgl the hEhi s
swel I i ng produces visible color changes that can be useful in applications
such gaekrsRycunbigtsely Lightsp wewrprﬂw@e%ﬁpéea%m 1y theseNBYeT pressur es,
the swelling is reversible upon evaporation. This feature can be used to

create fi3gps tNfe %&Emﬁ QE@EQ@&cﬁom%randg%ﬁPAl'b'891e§‘of Gl'ézy?é%leﬁt iR@dHefon @hn

recordlng nedla requiri no pignent for l or display described for a
col | obedasled phm@mylh@rtlsylsurelmpphcaﬁ\dmamert m@t@snraits 208yt ar3rang@R-sp&dfic [ 186] I n

B SRnsrot Tl Bl A PSRBT OEERER ol Bl g5t 1 bR Ld Ry F2" P

swel | ép%ﬁlmﬁ&ﬁﬁtﬁite@ alt hd&@bﬂé@ﬁmﬁg infARdd R o - éfﬁé‘i@ﬂi&hﬁbk%}‘a’i Sal8eRahy idrder
conmposites (for an exanple of colloidal conposite systens, see! Advanced

Mat ertoglelvarglsmosteftiqipet wgsiengths meqdain photasyirtenistotspeast @amt@rhwlrand to

orgam |n rgan rial 187] In some enbodi ments of the invention,
amraﬁﬁoagg?\%%&?g}lgtfgn?ﬁ%t sr(%% t domai ns

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

significant part of solar emission, so removal of these wavelengths from the solar spectrum can
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15 makes them generally nore anenable to swelling than the sem crystalline
hard domai ns. This selective swelling provides a neans for selective

chem cal wodbdvmai2son of the soft donmi ns, which can i nmpartusdéobfazeant i at ed
properties. Distributed Feedback Lasers [188] The inventive polyners can
al so be used as a conmponent in a distributed feedback 20 lasr. A
distributed feedback |laser is a type of |aser diode, quantum cascade | aser
or optical fiber |laser where the active regi.on of the device is_ stryctured
as a e HFaiTetpcy Parig Al L ETRGNTA iR, AL ianlilieht TSRSl &R et
refleﬁﬁgﬁntgbgmydes optical feedback for the |aser during distributed Bragg
scattering fromthe structure. The inventive polyners could serve as the
distributed Bragg reflector. The inventive materials can al so be

i ncor polB8d i ntemameryHdamnpaideyd in gicamhauseshirn effpqtive 25 a¢eglpsatings descri bed in

W2008054 Wi i in_jncor a refe for [ es of US
A e A R AL RS S Brh Bs SeSh SRR gbipteRazes o

descriuppleaiensfto hh@rddy @sRted sole NighONainps At emitte@Agdetn the Bhe: (absatt4€d-300 fil s
and may al so betffesent in other articles or objects. 190] Fibers that

[ 1
may bENhiEh@PeY GOPP0IHY. PrReRIR (abopbl QPhednmm} atsussrhia searleigteg St 9% not
i mit f] y t 0 i and
ronor undh e ShEBIl et tP Spp M Biiof BHRANAD 50 BAE IR0 NN L Shitton 21
bl ownoftvenfeteingthe beyasl Wi0swh.osedhdrrobdntsn s8atce hihs highl@mis’-bic&tﬁiﬁi,tﬁfﬁﬂlpe 4nd6sdl, 220;

4,668, 566, and 4,322,027, gel un fibers as disclosed in U S. Patent No.

4, 415i0035h Greian hersARER st bampg Wﬁ}C&@%gwavq?wg@ssn SRt ?fﬂb.
3,16855000480 Bh aRd eHel 16 as MRES; JHOPeeARD tdil8hission NGh UIbNIePbiRASh i Ot her
fibers, such as polyester, nylon or cotton, thernofornmed articles, extruded

shapedpes npcdigndficaptiyradfert @amhgrowthi oitter hpeefeollgxardagingamgallyl0 cal endar ed
articles, and drawn, tw sted, or crinped yarns or fibers. The new pol yners
descri b‘fi’srg]er C1 Rl Sufles Qs SR e hOkorihnb G ANk GADLE (COALENAGOREE AL O, as
vel | as T sheet Sextr'Ust on f o vacuum 1 rmng peratlons,pand Fbrnlng

ol ded the tdreweiphtst' MHeldighg vidveleHsdBs @om JonRCIoues ARhaliy@tard b thbud kg
process, or rotonol ding processes. Conpositions conprising the olefin
pol ynendecampgpsitedder by paEag Wi thespieat 8 eramrie.dew PIRspurg sodinpsysed

Pr§Vi gusd (yanrfFI{ﬁB{E gg;ﬁﬂes‘i'ssét‘lﬂﬂ&{?ﬂ&éﬁk’lﬁﬂt 2@%%1 rt]ﬂefﬂﬁgzoﬂré(s%{n%f sjogioulfd{/ %fcgﬁq%iiﬂ%g Jifiehni ques

which are we wn to those art of I'n processing.
Fi ber@udredentfardmahiesceapahysraosnaipyiodk gohaidwdouts. Bpdmgad offronpesd pasngs
attractive in fabrics and textiles, such as reflective or col or-changi ng
char a‘?;ft‘-‘QFr}r%ftrFlé{sl.lghtS usefl 11 grecpQseT SFYAS ,%15] B@wr%%éa%wah@drmﬁ@]al&f@ésus, can

al so IQI%IPE;C{'iiﬁ”lé‘%fhgﬁés@&e%&uhﬁé&ﬁ%&ﬂéﬁyﬁ%ﬁ@%ﬁ 18 pF QLIRS LANHd TRBRSESH Ng t he

sane. Frothe ans conprising the“invented 20 polyners can al so be forned,
as di @cliosmdescantP@Npsppt iioatieon hhode PATNiBHASCAMO2MBA3, fil ed August 25,
2004, and published as W?2005/021622. The polymers nmay al so be crosslinked

by.any i ns., such as the use of peroxide,..electron i am silane,

ahae, STRBLnora el tpmb oo ng e R TR Qi Rrlt bR PR & e

chem gaddnyinvestidn, @then Sstdl@e R¥olr &ieisng if EOMbBAGSHOWR RfledE fe Bickimk &ire

anhydride (MAH), silanes, or other grafting agent), hal ogenation

ami natsebn 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

25 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 sodium
lamps, solid-state or electroluminescent (EL) lights, or natural or filtered solar light that is

optically coupled to the color selective film. Several filtration/concentration systems will be

described in more detail that may be used to manage heat in the greenhouse environment, while

-54 -



25 sul fonation, or other chem cal nodification. [ 192] Additives and
adj uvants nmay be included in any fornul ation conprising the inventive

pol ymer s.wlunwsalr®saddi ti ves include fillers, such as oPGariSeo0003icdOr gani c
particles, including clays, talc, titaniumdioxide, zeolites, powdered
metals, organic or inorganic fibers, including carbon fibers, silicon
nitride fibers, steel wire or nesh, and nyl on or pol yester cording, WO
2009/ 7525PCT/U82009/03263 ano-si z arthIe and s forth;

t acki C?fi IYPUNE Y} nCEegpedfgequat Ogh%t&l’:ﬂ”ﬁbﬂ Htlﬁﬁ”ée rHJA‘b‘%Wé’IﬂE‘ﬁ}Scan Pffer and
ot herpR@tghoR)respBikesy Nt heti ¢ pol ymers, |nclud|ng ot her pol yners according to
enbodgnents of 'the invention. [193] Suitable polyners for blending with the
pol ynmers according to enmbodi ments of the 5 invention include thernoplastic

and non{ltdr rmpleﬁsmr%femﬂcy frbns andhentigal b@h%aiflﬁheapre%ﬂml@ymmam@hp&w S.

I I
%gn})ylﬁfé]én% §‘11 %g%g(ﬁrefzp(gr ) ?f]tg e’&%@@&&l‘i@t E&r&% esﬁgg Itoe{ﬁgg{l&? hs'peép;[fao%f; r(eifhde

ang rlagn«ﬁem iﬂhﬁ)ﬂveﬂﬂ Qlrfeo [y Is@me ceepat Magbs )1esn\aare| tOEad yp@tﬁe@\flsdo@iup&ithyl ene,
includiqg pressure, free-radical LDPE, Ziegler Natta LLDPE,
net al nksé rf'éICPélm.dﬁé1:tbd10rf§e Aitificiab pureesocthatin pitegtthe lighisepise emifs oRmariby

N S N oY R S Y e
6, 44|8t,h34]]3)11; pz&tl’syﬂfmlemkﬂyﬂ) tlmcrebbdnrﬁl/cl(rﬁég])s of g}tj?};sidt:zérlgén;?ghéusy Iso fﬂoaﬁ ﬁ?lro? Iofe the

glcjnto gdﬁéﬁ thag e ’éﬁﬁ %%ngyg 15&%%’?@%@%@8? glrfgmrﬂ%élél}én’c%p? e)FH@%/Ea“& gmay be

hydr oggnatee idehby shd (‘/ﬁﬁoﬁe%f&@gle&ﬁ%&‘fﬂﬁﬁ%ﬁﬁ@@ C}aaﬁal 1&h§0ﬁlﬂrbfér€iﬂﬁ al IR Be
honopol ynmer, PI B-i soprene copol yner, t her nopl astic

pol yuight hatessg thednldegeousdd po bﬁlareresms whelasgtb Ir@fgenlt ploakt endesigaldah have

var | AT AP R S Pl st A R G eaT B St T B el et
Chem gakuGonpansugisht Ve BAMBRHTER machbhiahk udh REoERRAM Pidel GHRALER!a

Conmpany) can al so be useful as conponents in blends conprising the
i nvenveskey pomgntlyschapgy mghd aerde frioenas hergpntd @s vetislisge perfasn neits welirslsand
fibers; soft touch goods, such as tooth brush handles and appliance

30! o5 gasket 6,20l BRaLILRS:, FFRTLYGS b BAEThA ARk 1T b BYRRS! ves anc

pressur nsitrve esi ves ot wear es and shoe
Iinerb¢mmmaumdunmanmﬁmOpaﬂmsvanﬂw@hpﬁcﬂehqwﬁoﬁﬂmgbﬂdﬂo(hm%h1m®§mfand cl osed

cell); ct difiers for her thernmopl astic polyners ¢ch as
dens.ﬁﬂylfﬂ SAY FeHEL O Sgbqagéltgii&a%ﬁsmlbe&w%@s o thegioRg Tppdstion 5%& yners;

coat eghof AU FiSdes BPRES thel R QG beWREd REX fifikiel Wﬁ%ﬂ?%ﬁﬁﬁndlhﬁﬁﬂﬁﬂaﬁté Qesi ng; and

viscosity index modi fiers, also known as pour t nodif
| ubr i elattsr plquglan]etweslcmmtemmlrmﬂhtlsm ftlhvelorm pir as tliter chogyed intuldnor 333 npri si ng

a,fher | ast i, c.. mat pol yner, |so tlc pol ypr opyl ene, and an
orhorBRTe S e Rypb e B apbryim FEBR e Bl sdiebibflBRe ant s bopol yreri zabl e
conononer accordi ng to enbodi nents of the invention, are WO

2009/ 09 T3 PCT/ 149400 A8 Afe3Feviously 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
25 been shown that the ratio of red to far red light should be maintained at a level of 1.1 or higher in
order to reduce elongation and force plants to branch or propagate, resulting in thicker, denser
plant growth. Additionally, by precisely controlling the red/far red ratio and the sequencing of
wavelength exposure, many plants can be forced into a flowering state or held in the vegetative

state. Some plant varieties can be controlled with as little as 1 minute of red or far red doping.
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uni quely capabl e of form ng core-shell type particles having hard
crystalline or sem-crystalline blocks in the formof a core surrounded by
soft or ewvazewwri2s bl ocks form ng a "shell" around thePotaiSeaoa3mesai ns of
hard pol yner. These particles are formed and dispersed within the matrix
pol ymer by the forces incurred during melt conpounding or blending. This

hi ghly desirable 5 norphology is believed to result due to the unlque

h | t bl ock |y, i ch tibl
Dol yridan B t gt e Tt b8 arIoF et PaoNorger LBt DRt GBS Brer i o
regi of§ia@f ahdBruitih A ss&diREdh WP Ll ®icloBliSslelin ARSIBIOR & pbéiri b@ndﬂ%ll ba@ye to

t hernrodynam ¢ forces. Shearing forces during conpoundlng are bélieved to
pr odulvarsé phHartsdltviahbaercedo5 it (1 PRO)pol ymEheehdlowl B vbiewtlagmeortem Upon

ol i di.fyi e regio one... cl ud | a encased
"o ¢ e POREE PRI Mo T TRt HGinp inSal SRR KO F°reee
ther nopl astic polyolefin blends (TPQ, thernoplastic elastomer blends
(TPE), ([hennoplBgtions ¥itdne@i tzan®s] (hERM)/faanel Stiy hevd ailpel Yiger blbtiengds. TPE

and TPV bl ends may be prepared by conbining the invented nulti-hl ock
pol yniguds tihﬁfcaraavrﬁae(# ’t!ilFR:‘thP Gﬁ‘élFSi Qeéwempqﬁlﬁwgfﬁ%&h@asedm vatlicopyrucHerse dhiswi t h

an o pecially
SR B et O R S R M oo et
TPO bitengss lzave bgemmlaaé toyusp lcemwdemilnbgor iheerodf glgzihp.ebuit inie difeculnol ctontrb]l ibdie
R e e B R L T
Oﬂb'Qﬁ%{bﬂmﬁbﬁ%&hhﬂ%ﬁﬂgni$@c£$§ﬁh&!ﬂﬂtH@bﬂﬁﬁmﬁBﬂVﬁk%aﬂﬁu%&ﬁhh@%a@BQCedure
using different conponents has been previously disclosed in U S. 20 Patent
No. 600719@116@7@31 varymg[tllcgt:h]iclc@amgtbilentmrbv@hangmnmﬂhelahglclof tepdhytemesmitdlre t hi s

applicati n S|r S a one VIS osit in the
o TR i R e R EE Bl PR FS aring Baod ko Rt ik y
from @Qd§ er (ﬁﬁereﬁuplhﬁtma@leﬁ@d we! fafd 1§ %r&éﬂaﬁgﬂ | Rsitddonéd@htHEahe bREMIOWRE il Qth a
density pol yethyl ene, polyproﬁflene (i ncluding atactic, Isotactic,

syndi Gtaet i cah ﬁ:lﬁwaé@edzs stasel]> fpreckapetes by agoling skaske)alangdhe roof line which

p y( t e.1pg! rene,
TnpestintE il JoBEPL AR up b itEieiae LBbERE AR RLR, AL WREBRERL PSRy
r ubbeAltemﬁiier', adi oA eABSs 0Es ARty fiBn darﬁbfycfc&fﬂ&ucﬂf&l fir Gepmindty @Iaineba)rtg@@qismer S.

[ 198] The bl ends nmay be prepared by m xi ng or kneadi ng the respective
conpdﬂ@ﬁﬁs at a tenperature around or above the nelt point tenperature of
one or both of the conponents. For WO 2009/ 097525PCT/ US2009/ 032638 nost

mul ti bl ifd%(];COPOJrHe”EI"n%of b besATRRIRLH LS ﬂea/bpﬁseatm\é@n Qo wipst generally
above 145 C, and nost preferably above 150 C. yplcal pol ymer m xing or
kneadmmgmﬁqmabmﬁnnsuhamubkﬂmamamhewﬁmnyéaﬂhﬂmgﬂumeﬁdbsmnéghtﬁwpenaﬂumes and

eahe R R el s e B b e SR NER A SR EESER  o wer s, 5
cal enggyefon ng@Rhol kil RS AANSEn Qho it RO (TR0 dRRERA on

the desired final conposition. A conbination of Banbury batch m xérs and
cont i oY éamhﬁéﬂegernﬁly lmhtsbvciaﬁeélﬂ@patay@d nogchindgBis élgB‘alﬁmlrnyﬁyn‘M@%SSmel feed by
o) A R kP SRl PPt BRpgab €
conveuatredma Ithdolle@a lof ¢1gnaleycrmﬂig 0 Pladk it mﬂﬁ&éylﬂbé}irbﬁﬂé a @mﬁ@aﬁlﬁdrﬂ EV@TPO
conp05|t|ons 10 Generall for TPE and TPV conp05|t|ons the weight ratio
o5 coRvREhP Yk dyl- Geke ¢.yres floweninost efficisatky &’Bﬁb?’gﬂ%‘? ety Mpye MUPH g bout

90: 1

from %aéégtoﬂéﬁggﬁsnﬁbr‘ﬁﬁ@ﬁ%%%ﬁ%@%%ﬁ%ﬁ%gﬁ}ﬁ%?ﬁgﬁg F%§%r&£%% I%‘%Iock
copol axmelatuhdle P01 5/dd gedeis NR exhug infgath 1 ghn 1eded biétwA6n H1:00 candiﬂ)mnni@rcg&s thmﬂmt
prefer from.35; 65 to_ about . 10;90. For nodified styrenic polyne

appl i xe@@; s corppjgedyeiagh f rovertiosel mifrers Miihgui wesele ia SHRER Ve TYmSRY B et in
may aﬁs%@ t(p@hafn Q{Heqmﬁéltydt% léi‘lt H@e&&pﬂé éalaﬁrtsgélnﬂy}flﬁelgﬁﬁﬁcﬁﬁ@@ﬂ the 5 PPo35: 65 tO
about : he rati os may be changed by changing the viscosity ratios of
t Be vcaqanmlrs thﬁcmsp ohenisshle Thepecandechsondaredisiueng ithedroar uotchighdsustarat i ng
techni ques for changi ng the phase continuity by changing the viscosity
rati os of the constituents of a blends¢hat a person skilled in this art may
consult if necessary. 20[199]Certain conpositions of the inventive bl ock
copolynmers al so act as plasticizers. A plasticizer is generally an organic
conpound i ncorporated into a high nol ecul ar wei ght polynmer, such as for
exanple a thernoplastic, to facilitate processing, increase its
workability, flexibility, and/or distensibility of the polymer.
Polypropylene for exanple, |s an englneerlng thernDpIastlc that IS

M o, o o Y



[ 200] Sone enbodi ments of the invention provide mscible blends with

pol ypropyl ene. By bl ending such interpolynmer plasticizers with

pol ypr opywerneoyaszizsact i ¢ pol ypropyl ene, syndi otacti c polrgpruspyoomsmsiand
atactic pol ypropylene), the glass transition tenperature, storage nodul us
and viscosity of the blended pol ypropyl ene are | owered. By decreasing the
transition 30 tenperature, storage nodulus and viscosity, the workability,
flexibility, and distensihility of WO 2009/ 097525PCT/ US2009/ 0326

pol yplPB’ﬁﬁlP‘érPé/ Tefiggovadts Agele of H%/ﬂeﬁ‘il%‘b@erﬁlé‘at t@%%ﬁ?é‘il%‘} ghli fzfprrbe&? PO %%B?r t hese
new PQIYRAARML 8NBarbkendscurdidsichilsh bBet&l RIE oW SR RIPUCESe HifnaRpar ent .
Furthernore, the flexibility of a product design utilizing these novel

bl endeongahthenttusityledlighikt ended by t aki ng advant age of the enhanced
cononomner incorporation and tacticity control possible with netall ocene and

h 5 . f i i . PG .
pol ypr opitine. oryuafaif ¥5f Srar blutymhls g SGRpRAHE fod S8 B Sypmige
I nser galoyitfelled materifld Qddh abhepRsika st 4 cdread apd patp iRy pebR Nl [Fer eRpiAsSt | cs may

be used in known applications for pol ypropyl ene conpositions. These uses
i ncl ueranmegial airgafy srainterance greps Tegtdtrhngcouanvis pertast coypisslsiiparts dyslack ge

adhesi i 1 i,cul t | ene
nas. 16T o S AR B SRR Al PRI G Bl e 0B 0 RO IAN
(whet megtingspedificamne.damilagg, it Gasgored tidtopno tehiyehcent of alkbakr lprinter mptrddged heat
seal i characteristics); sheets (.such as extrusion in single or

mul t 1 Paye Sglaé%flgwwgz% rngélfgfhe_ (raridses (kg breRgerckssed R ISBFSBene
ther npRleas ﬁd&tiﬁ@émfﬂ_sdnh'tﬂeki% of BEIKIiRURRLEIPR) amiBhiu R AWRe FEtiBiRUNRANG if | Ders;
and, as thernoplastic conpohents in thernofornmable thernoplastic olefin

(" TPGRplaings ishasarbighlasiesicabdd, ot omeent rEaifs' afREEntifishéerdere whahvitatipelyy pr opyl ene
has traditionally been denonstrated to be effective. In view of these many
uses,® ?%V?nproved | ow t enperature properties and increased workability,

t he plasticized pol ypropyl ene thernopl astics offer a suitabl e repl acenent
in sel e¢ie appbdvent n@ass &ast tphastyiteé naBerpelty \of fiy lte@hihe intelgity BYC) .

[ 202] The bl end conpositions may contain processing oils, plasticizers, and
pr oceRskain@Er & Hace thyipHain of Paite SEMRGNUIL. anG Y Pateaipks; e ohdissedsvices or

ar, i . Qi S : rally f out 0 to
B3t BlsRe Famidld, ot Srdnrnthe AIBY b B HFRNRE R e L MATAR

pr ef eccailiye dspocts abbeth. BxdntgpledafulevieBs psritfsr thé verdificatien of ABcipamt sanolf patkodgal

pol ymer are empl oyed. H gher anounts of oi| nmay tend to inprove.the

pr oce8EehY BFlUREiqeaaf tiks gndpisasets: %Hectaﬁ bbus peh yétegﬁa%éf@awg iRk and

Pr opesdalifiss fiRE ik RahoBEARE SHANCo D e H T OMNEIL LiRahe WeBBe (fdht Y

acl

3M. Fewer options are available for authentication of components, mostly due to size, cost, and

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

[168] Microtaggants have been used to trace controlled materials such as explosives.
These materials are typically multilayer polymers that are ground up and dispersed into the
product. The individual 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 unmet
25 need for a security film product that is both ambient verifiable and machine readable, that is
manufacturable but not easily duplicated, that is flexible and can be used on a variety of part sizes
ranging from near microscopic to large sheets, and that may be coded with specific, machine-

readable information.
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25 salts, such as calcium stearate or zinc stearate, (poly)alcohols

i ncluding glycols, (poly)alcohol ethers, including glycol ethers,

(pol y) estwozpowaeed2adi ng (pol y)glycol esters, and netal e®artvsSo8pmes al |y
Goup 1 or 2 netal or zinc-, salt derivatives thereof. [203] It is
known t hat non- hydrogenat ed rubbers such as those conprising polynerized
forms of butadi ene or isoprene, including block copolyners (here-in-after
di ene r rs),.have 2009/ 097525PCT/ US2009/ 032638, | ower resi stance to
OV adi AN SBBa s BRALOTGN oF LERBaF BT BSER he BHOIGRPYNE i at od
I ubbegguridy TR de $RE LTS SUHhcRSg! lab@SorRERahl AP GATRASE hil 8N &ORal Ni Ng
hi gher concentrati ons of diene based rubbers, it is known to incorporate
car bohhdxta@ishifting fatuse end bigh eeflestiaiy hid golomdabngfion atiebhaud anglasraee addi ti ves

d i - OXi MLt - ¢ ' h
vt PBTCRLAERE e d bt iR f R Red R o BRE TR ARl BERRTEEA cul ar

appl | Gatbe@Rsighedinf) Gk Elink UEprOWIdt AR uk Ay&ira( GARIHGhts BREHIY bE e ihé}ﬂﬁif{l at ed)
or weather resistant film adhered to articles formed from conventiona

di enespefifis fpef saspdiyffilantopeds mskiyidual applirstionpdde security Higay andgptisyrhedissi onal
TPG, T | i ONS: i : [ 14 ice for
O S e e ARR o it MSne R BON P8 Rk B W1 AL ViR MenOBFC Do
bl ackdtriiokhSWhet drdnso veanidemifidatiomistesived, 4 Filgy dag bamthda et apgeapot- enspat e s
rangi,ngz from10 to 150 cnB/ 100 g Generally, smaller particle sized carbon
bl ackid thg wisiegipa®! thegpesena Prethpt hagyprying Eyhay siaanddpiegsiopnbands gythenany

S‘i@hiﬁﬁ%eh‘% ibRRSint ﬁﬁ&éﬁ@%‘f%l(ﬁh%éﬁfé&&k copol yners and bl ends t her eof

require littTe or no carbon reby all owi ng consi derabl e design
freedomto include alternative pigments or no pigments at all. Milti-hued
tires oflt0]r es mmbtrotating carhdsebed encodéd inthe veshiityl &lnzrandopecg dodichof they .

[ 205] Conpositions, includin her | astic bl ends. accordi 0 _enbodi nent s
of r SRR bhe By sekal At e, TR ARy 31 S Rk th B b o Ot b
are kaewibddan@hsdtireiaryehe e $hteityQnd ipdiki¥n SKirhdsmikforddtd reNEQivaMaidTEYyr be
physi cal protectants such as waxy materials that cone to the surface and

pr ot ezmpire ihyidug] dayerongy be tuged 6 B énfprred harjiongy thsespediami.car opegense itbr s
t hat i.th o n L tal ical protectors include
o oS EIPeauN HEoflraaO Bin i bARMEHESER “Bue V1 ot e

di (di met hyl benzyl ) phenol, p-phenyl enedi am nes, butyl ated reaction 25
product $1f] p- cTleswectaally @iecsicd Gperitydilharnad OPCERDpodipoblythh @resbitdnvention
ant i oxi dants, hydroqui none derivatives, quinoline, diphenylen )
ant i oRPYARP &cludgirgladydy Mk laysss gHRersvitin haRBS bick o agcensgitbe optical

repr eggmt aid %@sélﬁ?&@nﬁg%% b%%séd‘&hxr@iaﬂ%&%hﬁat?&nﬁhé(?d&ﬁ b @¥JcMe§b?%§li@31i dant,
Pol ystayTM 100 anti oxi dant, PolystayTM 100 AZ anti oxi dant, PolystayTM 200

ant i omprtahon ol ongse-soglivh bf duatfilox Thantms My glso by Thunbided vathtdoboredipmiting or
W, ngst ayTM K. ant i oxi dant { ngstayTM 29 2009/ 097525 %{#82009/ 032638
201 R AU PR ARG R e T (AP T R BaTrBRr KT AREFOST UENAZE I n
SOme @pehdifgbh qfésangle}'tﬁ AR atn A3 Somidt ARY ibe QZNBARALEY MARhMhé bpidagf er abl y
be non-staining and non-m gratory.
layers locally. Within this affected region, a new color that also color shifts is evident against the
unaffected region. To affect a localized thinning of layers, the preferred method is embossing at
temperatures above the glass transition temperatures of all of the polymers in the film and/or with
25 suitable pressure. Localized thinning of layers could also be achieved by bombardment with high
energy particles, ultrasonics, thermoforming, laser pulsing and stretching. As with the other color
selective films already described, the security film may incorporate a hardcoat, an antireflective

surface, or an absorbing coating to improve durability and contrast. The security films may also

incorporate a heat activated or pressure sensitive adhesive to function as a label or die-cut.
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[ 206] For providing additional stability against UV radiation, hindered
amne light stabilizers (HALS) and WV absorbers may be al so used. Suitable
exanpl es woebhad®75Bsnuvi nTm 5 123, Ti nuvi nTM 144, Ti nuvi RTERUS2@9/0Fi6881Vi NTm
765, TinuvinTm 770, and TinuvinTm 780, available from G ba Specialty

Chem cal s, and Chem sorbTM T944, avail able from Cytex Plastics, Houston TX,
USA. A Lews acid nay be additionally included with a HALS conpound in

order t hi eve superiaor surface quality, as. disclosed.in U S. Patent No.
o Oon, 6" ForBs hitisatt e ek s S R i i Miese b Pbonss s
nay bigyv&iRheYede hfpBh8adld stHeadRBA Snihited aRbdiyaY ladRBhSentd PhelQE YN SrialCar bon

bl ack, UV absorbers, and/or light stabilizers to forma nasterbatch, and
subs ebetpettyal tieatiings of thoseyinhers and emebally Neryenafiopnto reflect friRoginirBuintaaisiuat of

cross|. i.nki ent | so referred t.o as I or. vul cani zi.ng agents) for
oo PRl ARG el el Pl SLBE R o B iR S el S ERBA S 5o
copposttifle thxdstheat &fpatRerel Gk @BQhAGr AR @dralf $heafilen mAYAROIbR ub&tEtodhhance
including in U S Patents No.: 3,758, 643; 3,806,558; 15 5, 051, 478;

4, 104thg appearanggof Bigmrticde.202, 801; 4, 271, 049; 4, 340, 684; 4, 250, 273;
4,927,882; 4,311,628 and 5, 248, 729. [ 209] When sul fur based curing
agent s enpl i Y. . el | .
Aocel or LS "y S R ms ARERCBORL e Rty THE Sn AT VR T LI mAC i IR LARME |
dy nanthe filrulictani oatdeom ddisparang therpowelet o theopeeridl eBainth, dohéngsemdlitlisrgn

cross-ljinked article. I n one 20 enbodi nent, singl e accel erator or primary
accelltlﬁ'éQFBPlaFe f{%%ar.ou?ﬁélp@?ﬁtﬂﬁﬁswlﬁb@eg|tléerf§1fl}§r¥§ s kAR JE el i hevsitay
AU i FARGN fhal e Th 30UV 0P b8 BAMHa 0 RIGHAL ARl ieARAWatGidk ft O about

.5, phr, based on total conposition weight. In another enbodi nment,
conbi ydstaotrd rdhxagioprwavid gecanduansacomwdesian. Sptiehdlyatherpowdghmalpde gsdead wi t h

the secondary..accel erator being used in snmaller, amounts, such as from about
0. 05 VH1 4 a0l % Rl eh pulh Ay aldp by B ey By TR SV Ve S hoper i oo 25
of the cured article. Conbinations of accel erators generally produce

arti cl es1aVvi ngTiY RpeidyifRss hhdbp@da bsdisewhat phetiitelivenham niah®s eedargdiced by
use of a single accelerator. In addition, delayed action accel erators nmay
be usednbipation of pmbirat verficatipn ffop gxarenleethe picsrnss of pgolosdp Eaflgetiyeciding e an

or.ad ; - . ot '

(i oo, MEKbRL ko S et ARy Sty bRt 1 or
t hat wveaifichgoru s'edmipie mhehipy esdtmdyrhearohktouctal Wi spestrophotometer. Several low

W02009/ 097525PCT/ US2009/ 0326 dj sul fides, guanjdjnes, thioureas )
t hi azsePecprhotspicrs gawri@ﬁléﬁéladgecmrtaﬁ%%? B%Eg Wi mesHbR Apl of this

Pr ef e, a8l tdon: Fﬂa?erﬂﬂ&/,rfﬁééé iRAGE! £LALA hehd cnrbieh AR sggctr ho@nRET A a fiber
accelerator 1s used, the secondary accelerator is preferably a guani dine,
di t hi gqumrdbblen@hespertrofiiotnmagteicio mpoiundete@amedhasperodesde nfthaifdie bgnd cur e
activators such .as .stearjc acid and ZnO may al.so be used. \Wen 5 peraoxide
paled et G et Rrac P8 puhileas TRtar bRy fB O G S e B deBU
combi mMafkilant obltRcanblel. or bhdagios @8B&AL S | ncl ude trinmethyl ol propane
triacrylate (TMPTA), trinmethyl ol propane trinethacrylate (TMPTMR), triallyl

cyanurate (]TAC), triallyl isocyanurate (TAIC), am)n_? ot hers. Use of
per oxi dé1® os s Inridditiondp axplpiting wlg optisakjrape tigseldhe Himpal the areseit ivwmppet e

dynanj . |.z.af | i I Scl r le in the
10 sl rEAEAMPARUIRE, AE SRR bR B Ine N A8 RO ool THE

Jul y-dagipdd, t1R0@ns of the hr2dd} inbtivrt dad bedhtehtidilatie e d gl ty iave woNitesistahdgto
conposition js at least partially crosslinked, the degree of crosslinking
mey beteraxdidelgnipgtion thembyinigvifing apbriyprsinesiapitilidessol vent for specified
duration, and cal cul ating the percent gel or unextractable conponent. The
percent [pRj] nor RRhbtd LREKEAS BSreW, it ddﬂ&rsﬁﬁﬁhgﬁroﬁéﬂ_ﬁ bf BKiegs bEMRI ResehOr
cured articles according to 15 enbodi nents of the invention, the percent
gel ciomemion may bessied atbyantdgaoushe inr mmegeods degoiativo agidBajpersc €hys, for exanplel] The

I ti-block | . .cor di t di t f the.i ti |1
b1 endlefiE: aCRe RS Eaat PHER s sh St SRR TTRY) o SphaRO TS RRIET o "
CONMPOShdeli PR SHINAUQibsirhted, To@lgs €Qfbatrhéhtd, @VBHak &R AppYSEapet, to¥ft paifeu Soift tbRgk,

conposition or blend denonstrates an i nproved
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20 surface appearance, especially when forned into a nolded or extruded
article. At the sane tine, the present conpositions and bl ends thereof
uni quel y woss@aw7i2aproved nmelt strength properties, therebyusaloosiosg the
present nulti-block copolynmers and bl ends thereof, especially TPO bl ends,
to be usefully enployed in foam and thernoform ng applications where nelt
strength is currently inadequate. 25[212] Thernopl astic conpositions

according to empodi nents of the inventio al sp contain. organjc or

o GRS e avE. Bisher et g el BEvs SR BRSoT e HIEAEY pset

car bopat 8y may 88 Svrink R Sut, RPbKIRY, k6nel B8 iifio CliR&] BIbREWIN BRted BYPEHucEat t on,
pol yester, and polyaram de), netal fibers, flakes or particles, expandable
| ayerdsdired ppticat effect phivsgimathedilorvotembonat es, such as clays, mica, silica,
al um na, alum nosilicates or alum nophosphates, carbon whi skers, carbon
fibers, 20 097 P 3 - i cles. .| L Ng: t ubes,
wol | ast J)#le?e, 8?%% |t1t%§f,5mz e(%%%t% gg%gﬁﬁi %cpg?sgﬁ‘lp@g%{&soﬁlcrﬂaeya%w;% t%%%ﬁgéngflb%fg&e,

Si bi cekin Riyér drdkehet ot @bjod surbickaoethb disad The skihhgyer complitedd BGRIdfS may al so
be enpl oyed for better filler bonding. . [213] The thernoplastic
conpodiPtReiAlyAERspHEH §lasto s el yregitcsmateriplheith aventangally sagspaiedidi ng t he

for ?gl?(in@ﬂjst%h{%ﬁgﬁbgljmict}ﬁat%ﬁ%ﬁﬁﬁgg}l%}(an‘fﬁﬂ %tsjaﬁ#é%d&%f%ﬁ ﬁ%ﬁg%eques such

as injection noldi'ng, extrusion ng, thernoformng, s di ng, over
mol di elgstorheriepdlymet. dDptipnabiy,ahe piobtdinegc palycheoit herteriad ihihie gkimdayeFintayshe one

i ncl udj mul ti-layer filnms, may be. produc by cast or tenteri

pr oc SR AER AT HED Ena%wpr i ﬁf/tﬁ%%@%]eé%r.o??lﬁé]tw?ﬁm rfinfsﬁﬁflo?f? he above,
the bheckeReRRbRIhANRN Pa{yblnretafi'ﬁseﬁrli)s%rﬂéfﬁr GhaPlcaRisGARRrahGpHSRY Wiled Manner
that is described in the followmng U S. provisional applications, the

di scl pevidew thé filthivgth apratectied surtaga wihimhas nomyockdig: i Blicovkan lagppdlscmtiaons  and
conti nuation-j n-part | Lcati s are incorporated.by r.ef erence herei in
Choi riCEeRive 88 loiftion ot B it O BifBess i Stel A P cBP s oy St g oty
Seri aprifdag. 60/ 717,863, filed on September 16, 2005 as wel | as

"Propyl ene/a-ol efin Block Interpolyners", US. Serial No. 60/782,746 filed

on March 15, 2006 15TESTI NG METHODS ATREF [ 215] Anal ytical tenperature
ri sing &T®i on Theiavemivatblesk iptanmebmers g 8¢ be pseddp forarilbes Witk speroMed t o t he

h i [ t : ' q TR ;
Kacber S P ek, |ghelrmerlyt Al clied b R, AP pxile MadBry o foes S
Pol yeTlwgt enneraichaz phitticylae advatoged fonbasier film&oh wiich$he barri2Ois idhpdovad S
(1982), which are incorparated by reference herein in their entirety. The
conpoSRyErihe ByHs Pakra)ydaciPaseddG UBF (R e PR SHIGHER hPEE R d SaMFowed t o

crystahbddfehd irﬁl&ﬁﬁ%%ig& Alifd 8mARs in”l%(rérs %H@iﬁeﬁ% raﬁlgé 8tdal ﬁﬁ? sgsgel shot)
by slowy reducing the tenperature to 20C at a cooling rate of 0.1C/ m n.
The cddcraaresiis theparppaulityidf kmal moléqudgsedclt et @gigen andiwalT RERIveho simatapgr am

I e e
(tri Cﬂbfé(:@@é;;ﬁg}%l;%ﬁ bf 54 4Hd bhel Aist@t afd hidkéns@fvelnaEdidlk. NThdMaventive block

2009/ 097525 2009/ 032638
interpolymers can also display increased flex crack resistance compared to multilayer films.

Microporous films

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

patent practice.
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Pol ymer Fractionation by TREF [ 216] Large-scale TREF fractionation is
carried by dissolving 15-20 g of polyner in 2 liters of

1, 2, 4-triwbl2009ab9eszzene (TCB) by stiffing for 4 hours at PEOMTS2000033568 yer
solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot
(7.6 cmx 12 cn) steel colum 5 packed with a 60:40 (v:v) mx of 30-40 nesh
(600-425 i.tm spherical, technical quality glass beads (avail able from

Pot t trjes,.HC 30 20, od, TX, 76801)_and st ai nl
Coeer o5 U Tt S flnt By Bre R G tynd PSR AT RRe ARBEI oL s | nc.
63 | rkg@ﬂ%faﬂiy%in%dlyﬁeﬁé\Qﬁﬁ@h%‘tﬁmqu oﬂ-ﬂﬁc%@gco%)ﬁ%r&sommrﬁ& filgrer sed in

a thermally controlled oil | set initially to 160 C. The colum is

fi r stmepbt vgedbaliltesng swpendet onat@so@, of tliquivls oF geses ovfasduadit@dveGeparatien.0. 04 C
per m.nute and.held for gne hour..Fresh. TCB is introduced at about 65

o m S B4 U ns RS T S R o [ 207)
Appr oxihIyEikBkModidBisthe BBahdsO RS eBE oShban mehib@inet Netr@ileRasRinEMBrahBEing 0l UM
are collected in a 16 station, heated fraction collector. The pol t];mer is

c onc efreoseus RerBI@RCs Aueasiin ihiry thepedyresoh menihyaiiss maydie appti¢ableelyde 50 t o
100 . Y.er i . i . t .ed. sol utii ons are
al | 0\%13%{“85121% gﬁ%tﬁg\gg’rbﬁ?%ﬁg&bg%gﬁlgﬂg’cfg% ﬁrgﬁgg’c%gggﬁeﬂgﬁ%n%?%18%0??%#?ng, and
ri nsiptgurhageptiods. 300- 500 m of net hanol including the final rinse). The
filtration step is performed on a 3 position vacuum assisted filtering
station ing 5 0 i,tmpolytetrafl uoroefhyl ene coated filter paper

(avai | glﬁfiﬂf r o GABIRNcRIqr .r9u8@&13en%5<‘o{r%%w¢ U PRI SERUPIact i ons
ang Ofdcgthe A el AR of MafuNAGMUPRARYEN iAlrtnB dndaRdmbe baipericO THRbrARRY I cal
bal ance before further 20 testing. Additional i1nformation regarding this

t echniotpuef a sparatey it toylowiibuaieto pass beRykan thy eRetrodasboeprseént e dectradeatroml | R, ;

Det ' i f hi i i buti in Pol hyl ..and Et hyl.

Copol SR ne 1hser g s B3l RS plusre’ Bise B ot e

[ 218] fillaksf sheti@hi@dowat &RSY iB8ic CBh@ICKBRY dt)efif WhSeratifesdepRVBR MBS NS Ng a TAl
nodel 25 QL1000 DSC egél pped with an RCS cooling accessory and an

aut osanpver of the hnttarpdgdenl i thgaegasuser 6oy tbe sarrawy sipnldihave Bied suTreth oxerst e i s
25 o bbbl B R0 PLUER Ot RS ROt HAGATANEST

a 6 nfior dikurati@r baliesiks loaee datdeiw tempehtdes 4ot dedw@dd ihowavdrithfilnaiugi num pan
and then crijnped shut. The thernmal behavior of the sanple is

i( ﬁs eglglpiggzilégleglﬁlqllppa{ wdegrisy R Shbt"{l% drdghitignally)\apys desirable that the film maintain
2009/(9%?%5&6{1&9% 9941&%@&3{%@5&{&&@- The sanple is rapidly heated to 230C
mn

and he i sothermal for tes In order to renove any previous thernal
hi story. The sanple is then cooled to -90C at 10C/ mn cooling rate and held
at -90C[18] 3 nTlmumesopoTowe fdarypif ¢hd esehemvhaineday be @280 iCamy ofBE/ mi n.

heating rate. The cooling and second heati urves are recorded. 5[219] The

SRt R e e N T S S S A e
publications, all of which are herein incorporated by reference for purposes of US patent practice:
WO02005/001956A2; WO2003/100954A2; U.S. Pat. No. 6,586,138; U.S. Pat. No. 6,524,742; US
2006/0188786; US 2006/0177643; U.S. Pat. No. 6,749,k961; U.S. Pat. No. 6,372,379 and WO

2000/34384A1.

25 [183] The mesophase separated structure provided by the inventive copolymers provide
several improvements over the prior art for forming microporous polymeric films. The ordered
morphologies result in a greater degree of control over the pore size and channel structure. The
phase separated melt morphology also limits film shrinkage in the melt and therefore imparts a

greater dimensional melt stability than in non-phase separated materials.
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respect to the linear baseline drawn between the beginning and end of
melting. The heat of fusion is neasured as the area under the nelting curve
bet ween tWwe 2b@giomzsng and the end of nelting using a |i RexfUSh@smBion®e. For
pol ypr opyl ene honopol yners and copol ynmers, the beginning of nelting is
typically observed between 0 and -40C. The resulting enthal py curves are
anal yzed 10 for peak nelting tenperature, onset, and peak crystallization

tenperat ures, heat of fusion heat of crystallization, and any other DSC
ooty FHOUGHE papéi; Deganic SepssrPmeared FURPOREEIE DG o done as f ol |ows.
First, a baseline is obtained by running a DSC from-90 C w t hout any

sanpl e i[Tg4jhe ahtFdHoRy BSGRe RARntivORAtefial¥fivhitd &r@MBsRfll MofetISHrdstek am sanpl e
is analyzed by heating the sanple to 180C, cooling the sanple to 140C at a

15 covvdlieg efzane oppothol thalomyias. | Bive awbling peqgsiuags itiblesatmpichangssthaeeardhd y at
140C f 1Lhute, f h ing the sanple from 140C to 180C at a
heati%sgfurlé% gegp(%#gq%sgjéﬂr%vn&%gﬁ%} S‘%ﬁéllsheat of fusion and the onset of nelting
of the indiumsanple are determ ned and checked to be within 0.5C from

156. 6C {185]t he Withaholefulesldvingdoandpwd prissared, the Ivgllihg dymeR&:sible Wgom for the
of fusion. Then deionized water is analyzed by cooling a small drop of

fr eshEVERABIRN hhip fatpseahBmused te Fisaielgasithat.ag PLORICRIBES SB e of 10C

per m i i.sqgther = r i and heat
e saTSb e SRR ARG oo BOR Sk Les

det eraullogtil pinatowihegdted it ddbeced Mararidds B0 ¢ HrENAEI6GPC Met hod [ 221] The
gel perneation chronmat ographic system consists of either a Polynmer 25

Labor at 04 es el, PL-210.or Pol r Labor.at ories Mdel  PL-22 .

et r unbeT The e E P RDe el B ARy B a Mafsdin Rat bertig
ThoeeafRekybEing khRkeh afabRokPobiteCimariM &&aae@%uﬁfg%ga{tgcmﬁd}uda he sol vent
is 1,2,4 trichlorobenzene. The sanples are prepared at a concentration of

0.1 ghdwnedfablggngiaspert (o goatgipplyiner camgoytes §for e ptangdn phasailondpl 200rpiih of

but yl gl g VIO 2009/ 097ARSPETANS209%,033936, VAl XKLQLURNE(BTY g SaTPI es
Fi PG et T

are preparéed by agitating Iy for ours a e Irnjection vol une
used drgadiOfhorgaliomiategins. and the flow rate is 1.0 nl/ninute. [222] The
nol ecul ar wei ght determination is deduced by using ten narrow nol ecul ar

wei ght distribution polystyrene standards (from Pol ymer Laboratories,
Easi Cal ?@i r anlf&i Sﬁalefefla%dag@é%of-ti? }rsvs@t}@béheg?wg s i B COR AT @Ih

tB81 I m@LAdth R g4l MBS ore ASnQBIM 1Y %Qlﬁh%b%hﬁﬁé opvibSRanIRIBAMGhaike! Bk S are

determ ned by using appropriate Mark-Houw nk coefficients for polypropyl ene

(as desctivbedelbyg Provdes Sommans &or shlettik. chiviigad miodifjcatipmvbf Be oftt flememss, and
A MG . Brands, J. .. | .. Polym Sci., 29, 3763 - 3782 (1984), incorporated
hereiWhlgéC?%F@%@gl%ﬁﬁﬂfegﬁqygftkﬁene (as described by E. P. Otocka, R J.
Roe, N. Y. Hellman, P. 10 M Muglia, Macronol ecules, 4, 507 (1971)

i ncor pisiRded BeRIbacRLak&@ker ence) in the MarkHouw nk equati on:

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

20 lasr. A distributed feedback laser is a type of laser diode, quantum cascade laser or optical fiber

laser where the active region of the device is structured as a diffraction grating. The grating,

known as a distributed Bragg reflector, provides optical feedback for the laser during distributed

Bragg scattering from the structure. The inventive polymers could serve as the distributed Bragg

reflector. The inventive materials can also be incorporated into a dynamically tunable thin film

25 laser as described in WO0O2008054363, which is herein incorporated by reference for purposes of
US patent practice.
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lii } = KMa where Kpp , 1.90E-04 , app , 0.725 and Kps = 1.26E-04, aps =
0. 702. [ 223] Pol ypropyl ene equi val ent nol ecul ar wei ght cal cul ati ons
are perf ovoedouwiszg 15 Vi scotek Tri SEC software Ver si onP8TAIS2008Q3 /MR

[ 224] The copolynmers of this invention typically have substantially

i sotactic pr opyl ene sequences. "Substantially isotactic propyl ene
sequences” and simlar terns nean that the sequences have an isotactic

triad ( measur ed 13C NVR. of eat er than abqut 0.85, 20 fer bly
o eat o L% anbi PocRbe fhorEbystus She aroeyr St onant abated 6 SR foor
pref eﬁ@glayldgﬁﬁaﬂgrbg@@&nagp&he&r@aes (gls(q,g&@gl c triads are well known in the
art, and are described in, for exanple, "USP 5,504,172 and WO 00/01745 t hat
refer to the isotactic sequence in ternms of a triad unit in the copol yner

mol ecul #9Whai nFibers dhatinrecbetrepaaa fyvR thp dventaye mnsfp@éblﬁadwf@h@ét@ﬁﬂfmed
as f OIllot htec? ‘Efl) 2@%1%3&4}19’&&&’6&%&%%&%8%& sl?er}lﬁl/gore atVE‘l‘é{éﬁe n(? fm&? %ﬁg'rh&ﬂes

known 1 n nmeasur i

exanpsdtabfe ﬁltvrsomﬁﬁ@ prdtuses ﬁchﬁs@pinbeﬁhefdpmetthﬁo\dleteehmqﬁ@t a@msabsddqmsner
content for _ethyl ene/a- oI efln copolyners in Randall (Journal of

Macr ofseEe J¥art- B ¥de 8,00 malzeﬁéﬁ@%%wwm%@as redisefrediig U.S.
Macr 019&?&{%%8 er41§]1q61 %Méﬁ ﬁlﬂ%oﬁ@é@ ﬂ:ﬁl’orlg %s ﬁl%cf%séﬂ) m @1P?te§t1ﬁo (3 %%9)(96 The

basi c procedufre for’ determning t %e conbnoner cont ent an olé
i nt er pokymer mady bmesich bibarsnimetndidpeble8d WYR offpe cibersmswchdarpodyend.tiydmsomher e

the intensity of th eaks correspondin the different carbons in the
sanpl @18 ther/ree{or %ﬂ@&i‘% £y ed S@alefﬁe f?%baﬁr BEXBSIS NG HUETHE S ei

i Rot k&léﬁ%h%m&’&t HRgSrd, (KRG bf‘gnﬂlbé@yén%f)ﬁgé&' PRahd YoRhfrkBQMILiN the
art and involve allowance for sufficient time for relaxation after a pul se,

t he uls?eelofargatsedlsdéxtdulpmmgandembm qoRting crperaawas | Dnwely antis sheatdxtrhgion ifke.

The rel atlv |nten hé eak or rou chici( S obt ai ne lr%]%ﬁractl ce
from Y¥8" 12':1 erPHEHE Y af' rPPE%%F‘& Cé‘FS wiing Hg Phat spEder an'dRa
i nt egsladi Iﬂgldlﬂgeprﬁ&%gsor %hﬁ%ﬂdlﬁg@f&em Oﬁoﬂﬁgltﬂﬂhﬁ Bothp@sif® ERNGIBER palythers
assi gned. This assignnent can be nmade by reference to known spectra or

| it eregulse, beoﬁorrbgd By fabaispted artiglesmaslyad ot pravigeily ersnpergdassingagonyontianal use

a8 orpo AL A Frartye AR e R A b WS Sud SRR BB Y ARk

mol esproéessi@gDrEib@Es nidlet fiiem i thé egpcayme@%aﬁapomdhm dpichihpropeitibe attaktivoies of
all of the nononmers in the interpaly as described in Randall, for

exanplabrics and textigy, sqigsdghiertive 0&mlp@eta@alna§hﬁ@6t§ﬂwl an UNITY Plus 400MHz
NMVR spectroneter or a JEOL Eclipse 400 NVR Spectronmeter , corresponding to

a 13Crg qanceDfné&gféﬁE‘CKotﬂf uét D nglQa M, AP LS BECMES Yusing the

Ach|S|t|on paraneters are selfected to ensure quantitative 13C data
acquiigv¢nton plotyrmdm Opfoemeh@ens)cfompr&mgﬂhaxanc ohradlggeinfioamT hemgdasiag it iaveuied ed

- ehetha RS e b B =t ToACSomRDeied Nor rr U Bt T el
POi Nt fugit bh Zdﬁ)& MPpeIRBadahead B51021830 Bhe ?Bl@rri%mh? als® tRIEHAIiMEdy
addi ng approxi mately 3nmL of a 50/50 m xture o

t et r 2yl @owetmm weh oy theads ehpapyderrieationtbiham, sikine, BEEMT @th@wwluﬂqlng
acet ytegﬁ: s ace ef }g?lﬁrln%%(sac%llnoaﬁ]so ecr:ﬁe)m zﬁ% lgloglffég %lcﬁrpl %gl %af%l ng Yror C.Xfl]ﬁlpfe

The heads els urge
ni t r ogenof hateis anpydides (MAEHOIsMatsaod dﬂmmagemngeagelaw rmea;ggbmlohherrﬁw@@nand
its contents to 150C wiith periodic refluxing initiated by heat gun and
péPi odilfenitinn, expther demitnd nfogdifécalia® cont ent s.
[192] Additives and adjuvants may be included in any formulation comprising the
inventive polymers. Suitable additives include fillers, such as organic or inorganic particles,

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

including carbon fibers, silicon nitride fibers, steel wire or mesh, and nylon or polyester cording,
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[ 227] Followi ng data collection, the chemcal shifts are internally
referenced to the nmm pentad at 21.90 ppm Isotacticity at the triad |evel
(mm is owoenmwaeeitsfromthe nmethyl integrals representi rgTiUseoos338tri ad
(22.5 to 21.28 ppm, the nr triad (21.28-20.40 ppn), and the rr triad
(20.67-19.4 ppm). The percentage of mmtacticity is determ ned by dividing
the intensity of the mmtriad by the sumof the mm nr, and rr triads. For

propyl ene- et hyl ene | yners de with_catalyst systems uch as_the

P onet P T eln Eatinp o F den a6, T cPOAFGh: (O AHEnast-afy i de R g qor
above)apifeenit oil € dh@BiHeP n&fFal 86d SFhth@lc RIS NBC1aIR Rt YoBnEe@§ ak¥rding to

subt ractl ng the contribution from PPQ and PPE. For these propyl ene- et hyl ene

copol §mipgdsments of theriegingani s 30 corrected for ethylene and regio-error by
subtracting the contribution from PQE and EPE For copolymers with other

monormer Zlé:{i at pglﬁgl%fé ori)frggrﬁ fJ)Irl)lé 1din é gng%&e %y o cggr%hng Qg F{%l'i)odﬁ){z:%ts JH 9" al's

for these regi ons Farly trac erfering

peaksinu&itiog igtlaoe afeeknb{BIEsttoeﬁﬂnm(qthSm@lmCtﬁwymakl&lﬁtaﬂg ni@EN ahd epﬁthémced
Thi s can be accorrpl i shed, for exanple, by analyzi nlg a series of co(io ymers
of vaPqlBuers| ebamplanoPRymsyoters irsesisope3piasiiar. MeHofmpact moditying

i ncor e i t.oRi r
reand G oh anes Totiik ARV B8 ARIE A HLED R St Fh T e HopALRE
nonnm(mblymmsjevammtsabpc{seﬁftmﬂmﬂhylhet archatiyg highgaedueatiatystical SURIE, é&egler
descrj bed tent ubl i c tion 2003/ 0204017, the 13

corr &m&ﬁﬁé’% Fegal ol pkg gl Qﬁsd?a%% 4nd T5RYEE alsnf% %%
bgbi enseh B BRd th&all&SHe tPEOf su%heise9ﬁﬁ1|u@t§t&1¥ﬁo%dlm' RSS! PhRPseNb0%6S487083;
propyl ene units into the grow ng pol yner chain. In general, for a given

conon@hs.0dbnb.86G.44mi Q,ﬁé‘ﬂ Oﬂé;vé18§9éf75,r egﬂl O &48 Btls, Ieélattntswna/ll owertd Ve, t he
mel ti oi,nt. and, t ol while | o | evel s dtoa

e ohe BB Mg Gl RS e b St R, AbisEe, RS ooty il

Cal cuhaidiene Qkehd9]ABS), NipBbid/Bitadighd HeRe csRPRhTEMS hmogaiateqwdagvatwes

procedure can be used to determ ne the conononmer conposition and se uence

di st rthpigef 6YBS prd §§B§D netyigabuidened @B} homepplymemPlBdsopsamenoRoypweL E
| pput nd”h%rﬁlﬁgla@h rﬁrgf&ﬂﬁl‘é Lat ion, g ”eg‘r%{léjo%ts e{)(ﬂ‘g&grst ngphmﬂ% olﬁ]@célhs?&nglfs &

triad Seque rix assign n-use egral s
yi el celadtemem) @hfleas indpropflepabiset rcbﬁaym&se(fdsradxramplazlaﬂymblatav@ﬂabls uiddri |t1mear
| east squares inpl enent atlon of Randal |’ %@ ournal of Macronpl ecul ar

F

Cheni §3dey dasignphigni dERTEY| Bunetvadable mo eddP¥r @Granrdt rGompYPHI cs,
k
C29 ( fSEl)A 2&2(1)?3“‘17&\/%%2%%9)&&&'[ E%Iﬁ@&jﬂlf (?%B‘fl&ll ﬂgﬁg{%@)t E@ aa?s@' BE !fulpgsa S

and sequenc or t 1 regio-error. e Bs integra regl ons
and tedngebnaes ilgblatdsormsnprsed theitveetiessilgnensnt nmatri x. The nunbers
associated with each carbon indicate in which region of the spectrumit

Wi2b| r e?f&éﬁ te. Additional end uses include elastic films and fibers; soft touch goods, such as tooth
brush handles and appliance handles; gaskets and profiles; adhesives (including hot melt
adhesives and pressure sensitive adhesives); footwear (including shoe soles and shoe liners); auto
interior parts and profiles; foam goods (both open and closed cell); impact modifiers for other
thermoplastic polymers such as high density polyethylene, isotactic polypropylene, or other olefin

25 polymers; coated fabrics; hoses; tubing; weather stripping; cap liners; flooring; and viscosity

index modifiers, also known as pour point modifiers, for lubricants.

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

polypropylene and a copolymerizable comonomer according to embodiments of the invention, are
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[ 230] Mat hematically the Matrix Method is a vector equation s=fMwhere Mis
an 20 assignnment matrix, s is a spectrumrow vector, and f is a nole

fracti on worp@#iori2én vector. Successful inplenentation eCTiuseoowmsI63% Met hod
requires that M f, and s be defined such that the resulting equation is
determ ned or over determ ned (equal or nore independent equations than
vari abl es) and the solution to the equation contains the nol ecul ar

i nformati on necess to cal cul tethe esi red st uctu |nformat| The
Fir ot rgusly PPAPREOMRTPINg SRt WOl DB PaTisLe e COHE ectole v 4l ie
CONPOsibélsAR teBtR of b ol fIRINySsoff orlels @R o ckS Mlﬁi BesHb afdtndlihe
paraneters selected to provide structural information about the system

bei ngoestuddil ddmains rofd@ptbp?ltmes Thesegumstotieshire fg@medoﬁndphsmwﬂemhlmhﬂ thab& any

odd n-ad di but i on. ksfromlndlv u r.a reasonabl y
oot 1 RS BY b e Sine PR Bt AR St Rl b ey RN BuENE RBRRDS,
of senmb§Bdiog Tshbeﬂleeéﬂ'rR@SﬂehilOﬂué’Qﬁtthé liniqudh @hidicaadsrop@tied b€ thé Rn@lﬁnﬂbcylmr

are EEE, 30 EEP, PEE, PEP, PPP, PPE, EPP and EPE. For a pol yner chain of
r eas GIPREIYEs yhiGhonablglcampatigle 20bIN ITE 9BPETh @szhm@ﬁmgz%@éng\mrgﬁmpwer

10, 00 c t PPE
from (%IB%! @%I a)ﬁgoéﬁ %‘%ﬁ%&;ﬂg’%\gﬁgﬁ?@@%’ﬂé& %rrg;m eqlrfgvgg Lé%t[blFEﬁ) ftfrltg’i |h!(j§?eo?J PEE
and ERErneglyahmicofoeash Sichétg fdrts cﬁmmgldompone&mglacd béievediso pholaen sdparatéche

i npl enentation as well. The sanme treatnent was carried out for, PPE and EPP.
The al5gipas thdnéfaléawwe% 88tFGIEt Pyrdayatice Umee WigHyng. fhasadsgipht §eine

i RgepsRigRy o %Q{OhﬁFb eEQﬁca%écﬂ”tBé/ SIGARP atrid1€ conposition vectorf is still
represented by a elg triads. Re equality restrictions are inplenented
as internal restrictions when solving the matrix. The second step in the

Mat ri x WEGlod iBartienlady i desieble dpevisr wme v%tmplgStiCUSlMdlgﬁrt hieleedsendM®, of

this vector will be t | | =defined i.nteg i O ectrum To

nsur SO Gl Ambnay Sedh (T BRI gt R R Srbo Ty ERECH e "o
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25 modified versions thereof) and poly(4-methyl-1-pentene). Suitable styrenic polymers include
polystyrene, rubber modified polystyrene (HIPS), styrene/acrylonitrile copolymers (SAN), rubber
modified SAN (ABS or AES) and styrene maleic anhydride copolymers.

[198] The blends may be prepared by mixing or kneading the respective components at a

temperature around or above the melt point temperature of one or both of the components. For
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5 calenders, and the like. The sequence of mixing and method may depend on the desired final
composition. A combination of Banbury batch mixers and continuous mixers may also be
employed, such as a Banbury mixer followed by a mill mixer followed by an extruder. Typically,

a TPE or TPV composition will have a higher loading of cross-linkable polymer (typically the
conventional block copolymer containing unsaturation) compared to TPO compositions.
10 Generally, for TPE and TPV compositions, the weight ratio of conventional block copolymer to
multi-block copolymer may be from about 90:10 to 10:90, more preferably from 80:20 to 20:80,
and most preferably from 75:25 to 25:75. For TPO applications, the weight ratio of multi-block
copolymer to polyolefin may be from about 49:51 to about 5:95, more preferably from 35:65 to
about 10:90. For modified styrenic polymer applications, the weight ratio of multi-block
15 copolymer to polyolefin may also be from about 49:51 to about 5:95, more preferably from 35:65
to about 10:90. The ratios may be changed by 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

this art may consult if necessary.

20 [199] Certain compositions of the inventive block copolymers also act as plasticizers. A
plasticizer is generally an organic compound incorporated into a high molecular weight polymer,
such as for example a thermoplastic, to facilitate processing, increase its workability, flexibility,
and/or distensibility of the polymer. Polypropylene, for example, is an engineering thermoplastic
that is generally stiff and even brittle below room temperature especially for highly stereoregular

25 polypropylene.

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

30 temperature, storage modulus and viscosity, the workability, flexibility, and distensibility of
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polypropylene improves.  As such, broadened commercial application for these new
polypropylene blends in film, fibers and molded products is apparent. Furthermore, the flexibility
of a product design utilizing these novel blends can be further extended by taking advantage of
the enhanced comonomer incorporation and tacticity control possible with metallocene and other
homogeneous catalysts, both of which can reduce isotactic polypropylene crystallinity prior to

blending with the inventive block interpolymer.

[201] These plasticized polypropylene thermoplastics may be used in known applications
for polypropylene compositions. These uses include, but are not limited to: hot melt adhesives;
pressure sensitive adhesives (as an adhesive component, particularly when the polypropylene has
low levels of crystallinity, e.g., amorphous polypropylene); films (whether extrusion coatings,
cast or blown; such will exhibit improved heat sealing characteristics); sheets (such as by
extrusion in single or multilayer sheets where at least one layer is a plasticized 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 improved low temperature properties and increased workability, the
plasticized polypropylene thermoplastics offer a suitable replacement in selected applications for

plasticized polyvinyl chloride (PVC).

[202] 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 O to about 150 parts, more preferably about O to about 100 parts, and
most preferably from about O to about 50 parts of oil per 100 parts of total polymer are employed.
Higher amounts of oil may tend to improve the processing of the resulting product at the expense
of some physical properties. Additional processing aids include conventional waxes, fatty acid
salts, such as calcium stearate or zinc 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.

[203] It is known that non-hydrogenated rubbers such as those comprising polymerized

forms of butadiene or isoprene, including block copolymers (here-in-after diene rubbers), have
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lower resistance to UV radiation, ozone, and oxidation, compared to mostly or highly saturated
rubbers. In applications such as tires made from compositions containing higher concentrations
of diene based rubbers, it is known to incorporate carbon black to improve rubber stability, along
with anti-ozone additives and anti-oxidants. Multi-block copolymers according to the present
invention possessing extremely low levels of unsaturation, find particular application as a
protective surface layer (coated, coextruded or laminated) or weather resistant film adhered to

articles formed from conventional diene elastomer modified polymeric compositions.

[204] For conventional TPO, TPV, and TPE applications, carbon black is the additive of
choice for UV absorption and stabilizing properties. Representative 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, N550, N582, N630, N642, N650, N683, N754,
N762, N765, N774, N787, N907, N908, N990 and N991. These carbon blacks have iodine
absorptions ranging from 9 to 145 g/kg and average pore volumes ranging from 10 to 150
cm’/100 g. Generally, smaller particle sized carbon blacks are employed, to the extent cost
considerations permit. For many such applications the present multi-block copolymers and
blends thereof require little or no carbon black, thereby allowing considerable design freedom to
include alternative pigments or no pigments at all. Multi-hued tires or tires matching the color of

the vehicle are one possibility.

[205] Compositions, including thermoplastic blends according to embodiments of the
invention may also contain anti-ozonants or anti-oxidants that are known to a rubber chemist of
ordinary skill. The anti-ozonants may be physical protectants such as waxy materials that come
to the surface and protect the part from oxygen or ozone or they may be chemical protectors that
react with oxygen or ozone. Suitable chemical protectors include styrenated phenols, butylated
octylated phenol, butylated di(dimethylbenzyl) phenol, p-phenylenediamines, butylated reaction
products of p-cresol and dicyclopentadiene (DCPD), polyphenolic antioxidants, hydroquinone
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
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antioxidant, Wingstay™ SN-1 antioxidant, and Irganox™ antioxidants. In some applications, the

anti-oxidants and anti-ozonants used will preferably be non-staining and non-migratory.

[206] For providing additional stability against UV radiation, hindered amine light
stabilizers (HALS) and UV absorbers may be also used. Suitable examples 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.

[207] For some compositions, additional mixing processes may be employed to pre-
disperse the anti-oxidants, anti-ozonants, carbon black, UV absorbers, and/or light stabilizers to

form a masterbatch, and subsequently to form polymer blends there from.

[208] Suitable crosslinking agents (also referred to as curing or vulcanizing agents) for
use herein 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.

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

also be used. Suitable types of accelerators that may be used in the present invention are amines,

- 69 -



Region for 3 EEP 1 2.7 ,-- cH3 PEE cH3 1 2

10

15

20

25

WO 2009/097525 PCT/US2009/032638

disulfides, guanidines, thioureas, thiazoles, thiurams, sulfenamides, dithiocarbamates and
xanthates. Preferably, the primary accelerator is a sulfenamide. If a second accelerator is used,
the secondary accelerator is preferably a guanidine, dithiocarbarnate or thiuram compound.
Certain processing aids and cure activators such as stearic acid and ZnO may also be used. When
peroxide based curing agents are used, co-activators or coagents may be used in combination
therewith. Suitable  coagents include trimethylolpropane triacrylate (TMPTA),
trimethylolpropane trimethacrylate (TMPTMA), triallyl cyanurate (TAC), triallyl isocyanurate
(TAIC), among others. Use of peroxide crosslinkers and optional coagents used for partial or
complete dynamic vulcanization are known in the art and disclosed for example in the

publication, "Peroxide Vulcanization of Elastomer”, Vol. 74, No 3, July-August 2001.

[210] When the multi-block copolymer containing composition is at least partially
crosslinked, the degree of crosslinking may be measured by dissolving the composition in a
solvent for specified duration, and calculating the percent gel or unextractable component. The
percent gel normally increases with increasing crosslinking levels. For cured articles according to
embodiments of the invention, the percent gel content is desirably in the range from 5 to 100

percent.

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

inadequate.

[212] Thermoplastic compositions according to embodiments of the invention may also
contain organic or inorganic fillers or other additives such as starch, talc, calcium carbonate, glass
fibers, polymeric fibers (including nylon, rayon, cotton, polyester, and polyaramide), metal fibers,
flakes or particles, expandable layered silicates, phosphates or carbonates, such as clays, mica,

silica, alumina, aluminosilicates or aluminophosphates, carbon whiskers, carbon fibers,
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nanoparticles including nanotubes, wollastonite, graphite, zeolites, and ceramics, such as silicon
carbide, silicon nitride or titania. Silane based or other coupling agents may also be employed for

better filler bonding.

[213] The thermoplastic compositions according to embodiments of the invention,
including the foregoing blends, may be processed by conventional molding techniques such as
injection molding, extrusion molding, thermoforming, slush molding, over molding, insert
molding, blow molding, and other techniques. Films, including multi-layer films, may be

produced by cast or tentering processes, including blown film processes.

[214] 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, divisional 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

[215] Analytical temperature rising elution fractionation (ATREF) analysis is conducted
according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.; Ryle, T.R.;
Knobeloch, D.C.; Peat, I.R.; Determination of Branching Distributions in Polyethylene and
Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are incorporated by reference
herein in their entirety. The composition to be analyzed is dissolved in trichlorobenzene and
allowed to crystallize in a column containing an inert support (stainless steel shot) by slowly
reducing the temperature to 20°C at a cooling rate of 0.1°C/min. The column is equipped with an
infrared detector. An ATREF chromatogram curve is then generated by eluting the crystallized
polymer sample from the column by slowly increasing the temperature of the eluting solvent

(trichlorobenzene) from 20 to 120°C at a rate of 1.5°C/min.
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Polymer Fractionation by TREF

[216] Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer in 2
liters of 1,2,4-trichlorobenzene (TCB)by stirring for 4 hours at 160°C. The polymer solution is
forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot (7.6 cm x 12 cm) steel column
packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 um) spherical, technical quality glass
beads (available from Potters Industries, HC 30 Box 20, Brownwood, TX, 76801) and stainless
steel, 0.028” (0.7mm) diameter cut wire shot (available from Pellets, Inc. 63 Industrial Drive,
North Tonawanda, NY, 14120). The column is immersed in a thermally controlled oil jacket, set
initially to 160 °C. The column is first cooled ballistically to 125 °C, then slow cooled to 20 °C at
0.04 °C per minute and held for one hour. Fresh TCB is introduced at about 65 ml/min while the

temperature is increased at 0.167 °C per minute.

[217] Approximately 2000 ml portions of eluant from the preparative TREF column are
collected in a 16 station, heated fraction collector. The polymer is concentrated in each fraction
using a rotary evaporator until about 50 to 100 ml of the polymer solution remains. The
concentrated solutions are allowed to stand overnight before adding excess methanol, filtering,
and rinsing (approx. 300-500 ml of methanol including the final rinse). The filtration step is
performed on a 3 position vacuum assisted filtering station using 5.0 um polytetrafluoroethylene
coated filter paper (available from Osmonics Inc., Cat# ZSOWP04750). 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, L.R.; Determination of Branching Distributions in Polyethylene and
Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982).

DSC Standard Method

[218] 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
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profile. The sample is rapidly heated to 230°C and held isothermal 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.

[219] 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.

[220] Calibration of the DSC is done as follows. First, a baseline is obtained by running
a DSC from -90 °C without any sample in the aluminum DSC pan. Then 7 milligrams of a fresh
indium sample is analyzed by heating the sample to 180°C, cooling the sample to 140°C at a
cooling rate of 10°C /min followed by keeping the sample isothermally at 140°C for 1 minute,
followed by heating the sample from 140°C to 180°C at a heating rate of 10°C per minute. The
heat of fusion and the onset of melting of the indium sample are determined and checked to be
within 0.5°C from 156.6°C for the onset of melting and within 0.5 J/g from 28.71 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 determined and checked to be within 0.5°C from 0°C.
GPC Method

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

concentration of 0.1 grams of polymer in 50 milliliters of solvent containing 200 ppm of butylated
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hydroxytoluene (BHT). Samples are prepared by agitating lightly for 2 hours at 160°C. The

injection volume used is 100 microliters and the flow rate is 1.0 ml/minute.

[222] The molecular weight determination is deduced by using ten narrow molecular

weight distribution polystyrene standards (from Polymer Laboratories, EasiCal PS1 ranging from
5 580 -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.
10 M. Muglia, Macromolecules, 4, 507 (1971) incorporated herein by reference) in the Mark-

Houwink equation:
{n}=KM
where Ky, - 1.90E-04 , a,,-0.725 and K- 1.26E-04 a,, - 0.702.

[223] Polypropylene equivalent molecular weight calculations are performed using

15 Viscotek TriSEC software Version 3.0.

BC NMR

[224] The copolymers of this invention typically have substantially isotactic propylene
sequences. “Substantially isotactic propylene sequences” and similar terms mean that the
sequences have an isotactic triad (mm) measured by BC NMR of greater than about 0.85,

20 preferably greater than about 0.90, more preferably greater than about 0.92 and most preferably
greater than about 0.93. Isotactic triads are well known in the art, and are described in, for
example, USP 5,504,172 and WO 00/01745 that refer to the isotactic sequence in terms of a triad
unit in the copolymer molecular chain determined by BC NMR spectra. NMR spectra are

determined as follows.

25 [225] *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/a-olefin copolymers in Randall (Journal of Macromolecular Science,
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Reviews in Macromolecular Chemistry and Physics, C29 (2 & 3), 201 - 317 (1989)). The basic procedure for
determining the comonomer content of an olefin interpolymer involves obtaining the *C NMR spectrum
under conditions where the intensity of the peaks corresponding to the different carbons in the sample is
directly proportional to the total number of contributing nuclei in the sample. Methods for ensuring this
5 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 literature, or by synthesis and analysis of model compounds, or by the use of

10 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.

[226] The data is collected using a Varian UNITY Plus 400MHz NMR spectrometer or a JEOL
Eclipse 400 NMR Spectrometer , corresponding to a °C resonance frequency of 100.4 or 100.5 MHz,

15 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 mixture of
tetrachloroethane-d2/orthodichlorobenzene that is 0.025M in chromium acetylacetonate (relaxation agent) to

20 0.4gsample in a 10mm NMR tube. The headspace of the tube is purged of oxygen by displacement with pure
nitrogen. The sample is dissolved and homogenized by heating the tube and its contents to 150°C with

periodic refluxing initiated by heat gun and periodic vortexing of the tube and contents.

[227] Following data collection, the chemical shifts are internally referenced to the mmmm pentad
at 21.90 ppm. Isotacticity at the triad level (mm) is determined from the methyl integrals representing the mm
25  triad (22.5 to 21.28 ppm), the mr triad (21.28-20.40 ppm), and the rr 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 rr region is
30 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
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of monomer incorporation, by literature assignments, by isotopic labeling, or other means which are known in

the art.

[228] For copolymers made using a nonmetallocene, metal-centered, heteroaryl ligand catalyst,
such as described in U.S. Patent Publication NO. 2003/0204017, the °C NMR peaks 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 general, for a given comonomer content, higher levels of
regio-errors lead to a lowering of the melting point and the modulus of the polymer, while lower levels lead to

a higher melting point and a higher modulus of the polymer.

Matrix Method Calculation

[229] 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 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.

[230] Mathematically the Matrix Method is a vector equation s=fM where M is an
assignment matrix, s is a spectrum row vector, and f is a mole fraction composition vector.
Successful implementation of the Matrix Method requires that M, f, and s be defined such that the
resulting equation is determined or over determined (equal or more independent equations than
variables) and the solution to the equation contains the molecular information necessary to
calculate the desired structural information. The first step in the Matrix Method is to determine
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 molecular
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weight (>= 10,000 g/mol), the’>’C NMR experiment cannot distinguish EEP from PEE or PPE
from EPP. Since all Markovian E/P copolymers have the mole fraction of PEE and EPP equal to
each other, the equality restriction was chosen for the implementation as well. The same
treatment was carried out for PPE and EPP. The above two equality restrictions reduce the eight
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 matrix is
constructed by finding the contribution of the carbons of the center monomer unit in each triad
(column) towards each integral region (row). One needs to be consistent about the polymer
propagation direction when deciding which carbons belong to the central unit. A useful property
of this assignment matrix is that the sum of each row should equal to the number of carbons in the
center unit of the triad which is the contributor of the row. This equality can be checked easily

and thus prevents some common data entry errors.

[231] After constructing the assignment matrix, a redundancy check needs to be
performed. In other words, the number of linearly independent columns needs to be greater or
equal to the number of independent variables in the product vector. If the matrix fails the
redundancy test, then one needs to go back to the second step and repartition the integral regions

and then redefine the assignment matrix until the redundancy check is passed.

[232] In general, when the number of columns plus the number of additional restrictions
or constraints is greater than the number of rows in the matrix M the system is overdetermined.
The greater this difference is the more the system is overdetermined. The more overdetermined
the system, the more the Matrix Method can correct for or identify inconsistent data which might
arise from integration of low signal to noise (S/N) ratio data, or partial saturation of some

resonances.

[233] The final step is to solve the matrix. This is easily executed in Microsoft Excel by

using the Solver function. The Solver works by first guessing a solution vector (molar ratios
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19.50 15.00 14.00 [234] 1,2 inserted propylene conposition is
cal cul at edolzgossemszsng all of the PCT/US2009/032638

among different triads) and then iteratively guessing to minimize the sum of the differences
between the calculated product vector and the input product vector s. The Solver also lets one

input restrictions or constraints explicitly.

Table B
5 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 \%/\ P L A 0
Y

CHs CH3 CH3

PPE NG UE C 0
B

CHy GHg
EPP /2j/8\ J A @)
CHy CHy

EPE \E/\ /2\/§\ H C O
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Regi ons for Cal cul ati ng % Et hyl ene Regi on Desi gnati on Chem cal
Area A 44 - 49 259.7 B 36 - 39 73.8 C 32.8 -

| nt egral
Shift Range / ppm I ntegral

7. 72 P 31WO0 200980785 PCT/US2009/032638
Triad Structure Region for 1 | Region for 2 | Region for 3
Name
PQPPX

CHj

D CONE F B p
M1\2La/

P=propylene, E=ethylene, Q=2,1 inserted propylene.

Chemical Shift Ranges

A B C D E F G H 1
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

J K L M N [0) P Q
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

[234] 1,2 inserted propylene composition is calculated by summing all of the

5 stereoregular propylene centered triad sequence mole fractions. 2,1 inserted propylene
composition (Q) is calculated by summing all of the Q centered triad sequence mole fractions.
The mole percent is calculated by multiplying the mole fraction by 100. C2 composition is

determined by subtracting the P and Q mole percentage values from 100.

Example 2
10 Metallocene Catalyzed:
[235] This example demonstrates calculation of composition values for propylene-

ethylene copolymer made using a metallocene catalyst synthesized according to Example 15 of
USP 5,616,664. The propylene-ethylene copolymer is manufactured according to Example 1 of
US Patent Application 2003/0204017. The propylene-ethylene copolymer is analyzed as follows.
15 The data is collected using a Varian UNITY Plus 400MHz NMR spectrometer 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
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width of 24,200Hz and a file size of 32K data points, with the probe head heated to 130° C. The
sample is prepared by adding approximately 3mL of a 50/50 mixture of tetrachloroethane-
d2/orthodichlorobenzene that is 0.025M in chromium acetylacetonate (relaxation agent) to 0.4g
sample in a 10mm NMR tube. The headspace of the tube is purged of oxygen by displacement
with pure nitrogen. The sample is dissolved and homogenized by heating the tube and its

contents to 150C with periodic refluxing initiated by heat gun.

[236] Following data collection, the chemical shifts are internally referenced to the

mmmm pentad at 21.90 ppm.

[237] For metallocene propylene/ethylene copolymers, the following procedure is used
to calculate the percent ethylene in the polymer using the Integral Regions assignments identified
in the Journal of Macromolecular Chemistry and Physics, “Reviews in Macromolecular

Chemistry and Physics,” C29 (2&3), 201-317, (1989).

Table 2-A

Integral Regions for Calculating % Ethylene

Region Chemical Shift Integral Area
Designation Range / ppm

A 44 — 49 259.7
B 36 —39 73.8
C 32.8-34 7.72
p 31.0-30.8 64.78
Q Peak at 30.4 4.58
R Peak at 30 4.4

F 28.0-29.7 233.1
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.
Region E is calculated as follows: E = R+Q+(G-Q)/2.

The triads are calculated as follows:

-81-
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18 - 23 303.1 15Region Dis calculated as follows: D=P - (G- Q/2.
Region Eis calculated as follows: E = RtQ+(G Q /2. The triads are

cal cul at esoagosmrizews: WO 2009/ 097525PCT/ US2009/ 032638 PTahise0i@/0R638 i ad
Cal culation PPP = (F + A- 0.5D) / 2 PPE = D 5EPE = C EEE = (E - 0.5G / 2
PEE = G PEP = H Mbles P = (B + 2A) /2

Table 2-B
Triad Calculation

PPP = (F+ A -0.5D)/2

PPE=D
5 EPE=C
EEE =(E-0.5G)/2
PEE=G
PEP=H
Moles P=(B +2A)/2
10 Moles E=(E + G+ 0.5B + H)/2
[238] As demonstrated above, embodiments of the invention provide a new class of

propylene and a-olefin block interpolymers that are mesophase separated. The block
interpolymers are characterized by an average block index of greater than zero, preferably greater
than 0.2. Due to the block structures, the block interpolymers have a unique combination of

15 properties or characteristics not seen for other propylene/a-olefin copolymers. Moreover, the
block interpolymers comprise various fractions with different block indices. The distribution of
such block indices has an impact on the overall physical properties of the block interpolymers. It
is possible to change the distribution of the block indices by adjusting the polymerization
conditions, thereby affording the abilities to tailor the desired polymers. Such block

20 interpolymers have many end-use applications. For example, the block interpolymers can be used
to make polymer blends, fibers, films, molded articles, lubricants, base oils, etc. Other

advantages and characteristics are apparent to those skilled in the art.

[239] While the invention has been described with respect to a limited number of
embodiments, the specific features of one embodiment should not be attributed to other
25 embodiments of the invention. No single embodiment is representative of all aspects of the
invention. In some embodiments, the compositions or methods may include numerous
compounds or steps not mentioned herein. In other embodiments, the compositions or methods
do not include, or are substantially free of, any compounds or steps not enumerated herein.
Variations and modifications from the described embodiments exist. The method of making the
30 resins is described as comprising a number of acts or steps. These steps or acts may be practiced

in any sequence or order unless otherwise indicated. Finally, any number disclosed herein should
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10Mles E= (E+ G+ 0.5B + H/2 [ 238] As denonstrated above,

enbodi nents of the invention provide a new class of propylene and a-olefin
bl ock i ntwopodweyes2s t hat are nesophase separated. The bIPOTRIS2WABIBESE yer s
are characterized by an average bl ock i ndex of greater than zero,
preferably greater than 0.2. Due to the block structures, the block

i nterpol yners have a uni que conbination of 15 properties or characteristics
not seen for other propyl ene/a-ol efin copol yners. Mrepver, the bl ogk

[ nt er ot v 0 P BB Pt G SER et SRR WPy SPRN OB BRI RHERES The
di st riuti 8cAbing W nPhREK Thodhf@de @RI InicARAS EoRP all AR sOURIIB datiBRYHidc al
properties of the block interpolyners. It is possible to change the

di st ryasatipomasdhllinpevihintie scorti dfdhe imyertdjnust i ng t he pol ynmeri zati on
conditions, thereby affording the abilities to tailor the desired polyners.
Such bl ock 20 interpolyners have many end-use applications. For exanpl e,
the bl ock interpolyners can be used to make pol yner bl ends, fibers, filns,
nol ded articles, lubricants, base oils, etc. O her advantages and
characteristics are apparent to those skilled in the art. [239] Wiile
the invention has been described with respect to a |limted nunber of

enbodi nents, the specific features of one enbodi nent should not be
attributed to other 25 enbodi ments of the invention. No single enbodi nent
is representative of all aspects of the invention. In sone enbodi nents, the
conpositions or nethods may include nunerous conpounds or steps not
nmentioned herein. In other enbodinents, the conpositions or nethods do not
i nclude, or are substantially free of, any conpounds or steps not

enuner ated herein. Variations and nodifications fromthe described

enbodi ments exist. The nethod of making the 30 resins is described as
conprising a nunber of acts or steps. These steps or acts may be practiced
in any sequence or order unless otherw se indicated. Finally, any nunber

di scl osed herein should WD 2009/ 097525PCT/ US2009/ 032638 be construed to
mean approxi mate, regardl ess of whether the word "about"” or "approxi mately"
is used in describing the nunber. The appended clains intend to cover al
those nodifications and variations as falling within the scope of the

i nvention. WD 2009/ 097525PCT/ US2009/ 032638 What is clainmed is: 1. A
conposition conprising at | east one propyl ene/a-olefin block interpolyner,
conprising hard bl ocks and soft bl ocks, wherein the propyl ene/a-olefin

bl ock interpolymer is characterized by a nol ecul ar wei ght distribution,

Mv M, in the range of fromabout 1.4 to about 52.8 and an average bl ock

i ndex greater than zero and up to about 1.0; and, wherein the
propyl ene/ a-ol efin block interpolyner is nmesophase separat ed.
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2. The propyl ene/a-olefin block interpolynmer of Claim1l, wherein the blocks
have a PDI in the range of fromabout 1.4 to about 2.8. 3. The

pr opyl enewa-2009%07325bl ock i nterpolynmer of C aim1l, wherePaTiuseo09aB26as8 f or XN,
where 10 N is the nunmber average bl ock length, is in the range of from
about 2 to about 20, preferably in the range of fromabout 2.5 to about 15
and nore preferably in the range of fromabout 3 to about 10. 4. A
propyl‘ggeé, % |n bl ock copol ynmer wherein the copolymer is characterized
by an APRtSERIMSHIYy ar wei ght of greater than 40,000 g/nol, a nol ecul ar
wei ght di strrbutron 15 MvW Mh, in the range of fromabout 1.4 to about 2.8,
and a 1di ff e{ epsifip dsﬁhdm'&b fsf@ntat at@befdnd /PsleriReBldche 1§t@ 1yhCk
and the hard bl ock of grgg)t?eiri%t han about 1?@%{% per cent. Elptobk?ﬂ1

pr opycemerisinglherd hlagkoerd sofp hlgaker wherelg éie rarapylene@- aleﬁmzblmkerré«trﬁoltyﬁ@r is
propyl / Ief Kk riss i i n
e e S e A
pr ef enablaydidh b¥@aged Bk Oindéx (gma&l@omn SRramd Oupii;b abowtt 1 E5Qnﬁ| Myharkth MRy €
preferably in the range of fromabout 60 nmto about 200 nm 6. The

pr opyIPé‘?Ré/}(f‘al@& -lefip bick dntepoponsiiemegtphesesichirdtedr C ai m 4 wherein the
a-olefin is octene and delta conononer is greater than about 20.0 nole
percent, prﬁ%gﬂ%{}h&h&ﬁ@ﬁhﬁ rbktclterﬁteg%m&%mgﬂ ?. PRECAThe BRIRER PP 6T 8Dl Y
greater than about 24.0 nol e percent . The’ propyl ene/ a-ol efin bl ock
copol yinerangd oflframmbadutar.4 © aiomt 2.8wherein the a-olefin is 25 butene and delta
conononer is greater than about 55.3 nole percent, preferably greater than

per cort . VOISGbUN YLD BT USB0DL e85 Bl Uy FBrCRE o AR ock

capol )Nrﬁrth@fnuﬁi'béﬂ iMetaglrbl&dkaeztd, Mhe IHQJ RAng6f Aol BOLM S aIuld P enefealy del t a

cononormner %reater t han about 17.7 nole percent, preferably greater than
about ﬂzforaang drope pbart2. arkel ah@rtewpmsif BoEbPipfesatdatiethe Fage obdtam aboyt Jris e
per cent yut 9. The propyl ene/a-ol efin block copolyner of daiml or daim

4 wherein the propyl ene/a5 ol efin block copol ynmer has been conpression
nol ded. 10. The propyl ene/ a-ol efin block copolyner of Claiml or Claim4
wher eidn t he\ prajyyenenesdlatih eflock bbmdkmerophtigine thec coppityrsersis doiaedcresizedidlyedm t he

domai ns have | | est di mension_that ter than, about. 60.nm reat er
t han &bgdec f@% ﬂ.% (\ﬁ,el%]lt e%ft greate atha%ﬁl&éo%)lg%mﬁ a molecuhai wepﬁgt distribution

PrePy hNeRAVIA: @l BE irdhgRl R GHont APV o Mouthd, Bhd aQliffGeddnmBfagscflent hhﬁefln
propyl ene/ a10 ol ef in bl ock copolymer has a nol ecul ar wei ght ‘greater than

about c2s@nighatween thd oft Plogk pndfyihankblaclobiedreatebthar kbawp8I5ymele pefce@tl ai m 1 or
Claim4 wherein the pr opyI ene/ aol efin bl ock copol ynmer has an average bl ock
i ndex sgrea tha abou

st r bt e R erknERk Rt BREPT cham PR ReRd SR B «

bl ock otaRObR toslyiabiatdmpitses \#oaRIs Wwidi€in ale Ha@einb |haeK ai sih@¥sti mension in
the range of from about 40 nm to about 300 nm, preferably in the range of from about 50 nm to

20  about 250 nm, and more preferably in the range of from about 60 nm to about 200 nm.

6. The propylene/a-olefin block copolymer of Claim 1 or Claim 4 wherein the a-olefin is
octene and delta comonomer is greater than about 20.0 mole percent, preferably greater than bout

23.0 mole percent and more preferably greater than about 24.0 mole percent.

7. The propylene/a-olefin block copolymer of Claim 1 or Claim 4 wherein the a-olefin is
25  butene and delta comonomer is greater than about 55.3 mole percent, preferably greater than

about 63.6 mole percent and more preferably greater than about 69.1 mole percent.
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15in the range fromabout 0.1 to about 0.3. 14. The propyl ene/a-olefin

bl ock copol ynmer of Caim 10, wherein the average block index is in the
range frowoabeuo7254 to about 1.0. 15. The propyl ene/ aPoraiSeevolobmwek

copol ymer of Claim 10, wherein the average block index is in the range from
about 0.3 to about 0.7. 2016. The propyl ene/a-ol efin bl ock copol ynmer of

Cl aim 10, wherein the average block index is in the range fromabout 0.6 to

about 0.9. _17. The propyl ene/a-ol efin hl ock copolynmer of C aim 10, .wherein
o o ap T e e e T s i SRR Pherssh agolentt 195!
The preﬁ‘grl'én%rh%ﬁ%’eﬁh%t)ﬁl@n%@ﬁﬁ_ %’@zﬁ@ﬂ thaR b&ft la.ﬁ-hmlé-?&EeIﬁ:,l ﬁ'{ieferébly %‘nﬂ’fe@itﬂaﬁ he

bl ock 25copol yner has a density of |ess than about 0.91 g/cc.
2009/ GYTB2HFEATLIIIROBY! BRBS® prafgrabihgreptenihph ebet 223l redlepetsienick copol yner of
Claiml or Caim4, wherein the interpolynmer has a density in the range

bl ack Joopol U Earp At PR Bl o kAyRef S Clmiton R B L ARy Bh

et By| engin HloduéoBimck-hhekanaombr@sioameoldét. met hyl - 1- pent ene, nor bor nene,
1- decene, 1,5- 5hexadiene, or a conbination thereof. 21. The
pr opyllﬁne/ a-ol efin bl ock _c%;i)ol ymer. of C éi m1l or Caim4, wherein the

a- ol efl0n i dhePropiesés-olesip blogkeopplyper ahelUmd) G Forhereip S BIRBYIERT 0T ai m

1 or Qid{dbifek %}ﬁ)‘iﬁh& &Hﬁ)rﬁé@a&flﬁiﬁs wRerkin ngtcﬁﬁﬁins]}ﬁvgé-smﬁest dimension that
propyl ene/ a- ol ef'i n bl ock "‘copolymer of Claiml1l or Claim4, wherein the

i s gr eagrenatet than abdo WO nin, great 4hanfdbeupt @phyth corefrente thdn abook dknmopol yner of
Caiml or aim4, wherein the MV Mh is greater than about 2.0. 25.

-m,/eMErlﬁgyll h?{p%éﬁoyg%%hx?oghg%rod:igc%glﬁlgrnngg of Ela(l:lmali o é’la{)rrrl 4c\:)|vhaéirfg]n Ztll’le I‘)’%S}rflgriler)a:[ he

10 olefin block copolymer has a molecular weight greater than about 250 g/mol.

12. The propylene/a-olefin block copolymer of Claim 1 or Claim 4 wherein the propylene/a-
olefin block copolymer has an average block index greater than O but less than about 0.4 and a

molecular weight distribution, M/M,, greater than about 1.4.

13. The propylene/a-olefin block copolymer of Claim 10, wherein the average block index is

15  in the range from about 0.1 to about 0.3.

14. The propylene/a-olefin block copolymer of Claim 10, wherein the average block index is

in the range from about 0.4 to about 1.0.

15. The propylene/a-olefin block copolymer of Claim 10, wherein the average block index is

in the range from about 0.3 to about 0.7.

20 16. The propylene/a-olefin block copolymer of Claim 10, wherein the average block index is

in the range from about 0.6 to about 0.9.

17. The propylene/a-olefin block copolymer of Claim 10, wherein the average block index is

in the range from about 0.5 to about 0.7.

18. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the block
25  copolymer has a density of less than about 0.91 g/cc.
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26. The propyl ene/a-ol efin bl ock copolynmer of Claiml1 or Claim4, wherein
the MV Mh is fromabout 1.7 to about 3.5 27. The propyl ene/a-ol efin bl ock
copol ynmrerwof20@d/@rszsl or Cl aim4, wherein the propyl ene/ 20TAfS2009i08268% pol yer
is characterized by at |east one nelting point, Tm in degrees Celsius, and
a 20 density, d, in grans/cubic centineter, wherein the nunerical values of
Tm and d correspond to the relationship: Tm > -6880.9 + 14422(d) -

7404. 3(d)2,..28. The propyl ene/ a-ol efin ck .copql. r of daiml1l qr Claim
1 ohandel o5 GEmEsayH Rn ok GaBeiS eok ¢ BEE | G COBERT MU H) e stedly ot

Ri si n@aEh UEARR T ERGhA th @Boikt OTEREECA 1o MG €D MO _

2009/ 097525PCT/ US20097 032638 the fraction has a bl ock i ndex greater than

about 0.3 and up to about 1.0 and the propylene/a- olefin block copolyner
has a2fpl ediicaromdensfi-okfisttodkuedpelymauiof iflaing d exit(dpim Rawhersuthe p-aefinds The
propyl a-@l ef | I C imql ai ey el h

D ooy ERESAVERE BUBRL AR T AL Gyl Gk s

pr 8py Ihereliéepbef tombihatda thopof. yner of aim1 or daimd4, wherein the hard
segnents are present in an amount from about 5% to about 85% by wei ght of
the interpolynmer. 31. The propylene/a-olefin block copolymer of Claim1 or
d ai m%; wHFeroPH s malefind ﬁéﬁ?%lywsm%gnétorﬁé%@t i%bﬁor%fl they Gplatiade Loy
wei ghtyyeene.  32. The propyl ene/a-ol efin block copolynmer of aiml or Claim
4, wherein the soft 10 segnents conprise | ess than 90% of propyl ene by
wei ght. 33. The propyl ene/a-olefin block copolyner of daim1l or daim4,
wher ei2d. t hd'hepirepydangfreolctn baghcopdyimesef Clhan 150%lam prvdpydie e dplofwiight .
34. The Bropyl ene/ a-ol efin block copolyner of daiml or Caim4, wherein
the h&Ff'%egments and soft segnents are randonly distributed. 1535. The
propyl ene/ a-ol efin bl ock copolynmer of Claiml1l or Claim4, wherein the soft
10 23. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the Mw/Mn is

greater than about 1.5.

24. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the Mw/Mn is

greater than about 2.0.

25. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the Mw/Mn is
15  from about 2.0 to about §

26. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the Mw/Mn is

from about 1.7 to about 3.5

27. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the propylene/a-
olefin interpolymer is characterized by at least one melting point, Tm, in degrees Celsius, and a
20  density, d, in grams/cubic centimeter, wherein the numerical values of Tm and d correspond to

the relationship:
T > -6880.9 + 14422(d) — 7404.3(d)*

28. The propylene/a-olefin block copolymer of Claim 1 or Claim 4 characterized by having

at least one fraction obtained by Temperature Rising Elution Fractionation (“TREF”), wherein
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segnents do not include a tip segnment. 36. The propyl ene/a-ol efin bl ock
copolynmer of Claiml1l or Claim4, wherein the hard segnents do not include a
ti p segnmew0.200998752Fhe propyl ene/ a- ol efin bl ock copol ynmePCofUusS@h02i082638 or
Claim4, wherein the bl ock 20copol ynmer displays a reflection spectrumthat
reaches a value of at least 12 percent wthin the region of infrared,
visible or ultraviolet light. 38. The propylene/a-olefin block copol yrrer

o Lo B0 8.2 Bt el DL, PORBLUTE LR ERE) 25832
2009/ QuARAR6KT¢JgeRAR A3 2 GRfecuftd weldhe dAtitutbe, M /1\@1, k3 (ath@osl N4t he

article conprises a film a nolded article, jewelry, a toy, an optical
article, a decorative article or a conbination thereof. 41. A conposition

conpr i29i ng Tae Hr@méﬁne@neleﬁﬂdﬂw@mowrefﬁ Haign dci ¢latrne Apmhymrr thecpyapylerd ng
hard l%I ﬁt%htsls%pe%tez ]\Q,gj% C%hp t he propyl ene/ a-ol efi n bl ock
ar ac erize y

nterpo a nol ecul ar wei ght distribution, MV M,
in the range of from about 1.4 to about 2.8 and is characterized by an
aveér age. bl dtk progekngoeddfar bidekncapetyinanel Gaiino 1 atolaith. @; waieckimtire eiard

'10/ 12> 8.
segments are present in an amount from about 5% to about 85% by weight of the interpolymer.

31. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the hard

segments comprise at least 98% of propylene by weight.

32. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the soft
10 segments comprise less than 90% of propylene by weight.

33. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the soft

segments comprise less than 50% of propylene by weight.

34. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the hard

segments and soft segments are randomly distributed.

15 35 The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the soft

segments do not include a tip segment.

36. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the hard

segments do not include a tip segment.

37. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the block
20  copolymer displays a reflection spectrum that reaches a value of at least 12 percent within the

region of infrared, visible or ultraviolet light.

38. The propylene/a-olefin block copolymer of Claim 1 or Claim 4, wherein the block

copolymer is pearlescent.

39. An article comprising the block copolymer of Claim 1 or Claim 4.
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40. The article of Claim 37 wherein the article comprises a film, a molded article, jewelry, a

toy, an optical article, a decorative article or a combination thereof.

41. A composition comprising at least one propylene/a-olefin block interpolymer,
comprising hard blocks and soft blocks, wherein the propylene/a-olefin block interpolymer is
characterized by a molecular weight distribution, Mw/M,, in the range of from about 1.4 to about
2.8 and is characterized by an average block index greater than zero and up to about 1.0; and

wherein I;o/I> > 8.
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