WO 2009/097565PCT/US2009/032705 ETHYLENE/a-OLEFIN BLOCK INTERPOLYMERS
CROSS-R JO RELATED APPLICATIONS  [1] This applica y from US
Provisiona A%F?%?t%%%enal No. 561/024,688 (Attorney Docket No. 6669% g sgg%p Z\%ton is also
related to the following U.S. Provisional Patent Applications with Serial Nos. 61/024,674 also filed Jan.
30, 2008 (Attorney Docket No. 65044); 61/024,693(Attorney Docket No. 66700); 61/024,698 (Attorney
Docket No. 66701); 61/0244494 {AHENER DOeke BY ) R 1R Rt hs ¥R 5 (Attorney Docket No.
66703). For purposes of United States patent practice, the contents of these 10applications are herein
incorporated by reference in their entirety. FIELD OF THE INVENTION  [2] This invention relates to
mesophase separated compositions of ethylene/a-o e in block interpolymers with controlled block
sequences and articles made from the block mterpol mers. 1SBACKGROUND OF THE INVENTION
[3] Block copolymers compsesagi b dEk b lop LD ARML RIS unit, covalemly bound to
sequences of unlike type. The blocks can be connected in a varlety of ways, such as A-B in diblock
and A-B-A trilbldck strudtusesplitrere: Alxepy eserits One bIb dcandoBatelrelsenitsa aiffeNnt block. In a
multi-Block ;apokBeR. (.00 560 RS, %@a@@pn?ﬂeg%gmmmbmk%ﬁef%wmaﬂﬁg be repeated

multiply. It may furthér comprise additional blocks fferent t é)e Multi-block copolymers can be

either line&t-mErgbieR] ﬁﬁ&‘?ﬂ%‘?@ék@%d‘fﬁw@%%ﬁ%@ﬁ% I8 HgRE e S8R%e atom or
chemical me%pbeeﬁm&%mym@mwmmﬁ)@e@l%kﬁem@at;amd@tm%@mm%mﬁ

backbone. A bl created when t ules of different 25
chemical Ot i ﬁ%@g 8%%{{9%&%8’&%% Oﬁ%ﬁﬁﬁ %E’wﬂégg\ﬁn@ vrgﬁfé "SFBi¥ck copolymer
architectules:aeeNwssild). aboumiversef bidokted Solymmprsinpolvecth eheovalant biohding of hard plastic
blockg, W*ug%%mo%mmygux&%@ Dewy glassve 1R flasiqmeric blocks forming thermoplastic

elastomers. Other block copolymers, such'as rubber-rubber (elastomer-elastomer), glass-glass, and
glass-crystalline block copolymers, are also possible and may have commercial importance. [5]One
method to make block copolymers is %@m% Unlike 5typical Ziegler-Natta
polymerization processes, living polymerization processes involve only initiation and propagation steps
and essentiall$llack BHai i stingssSRieRbashEITIis et tirns ghetfadppuf siebistermined and
well- Comr@i@&%&WE@&%@&E@%H%I@@%@QB@&M@&@& ARalyier ereRteshinR Hivipg” system can
have a narrow or extremely narrow distribution of molecular weight and be essentially monodisperse
(i.e., the mBIREGIEPW&ight 10distribution is essentially one). Living catalyst systems are characterized
by an initiation rate which is on the order of or exceeds the propagation rate, and the absence of
termih@ation or transfer reactions. InBadditoR Sh( A ydthiare characterized by the presence
of a single type of active site. To produce a hlgh yield of block copolymer in a polymerization process,
such catalyst:@ar]nustmxhﬂnbﬁmm&haﬁamﬁﬁﬁmé@cassuhstﬂt@twdmmm&ﬁ{&}&mﬁdtene isoprene block

copolymers ha} EIb%en ntheS|zed Vi ariu]cg 0I¥.Bn on uglng)the §%qgentlal Qnomer addition
technique. i seI&]Uen |£ﬂ 8(5‘% uﬁn(ée%grt%?ﬁg (})ﬁnt 0 oneeksr Aie Tonomers 15 conrfagted with the

catalyst. Omee afisesdchBrioonsking feabed o Slisitsinaeiestinbisnfeemneptheirst block, a

certain amaynt of{Re- SR NARRRE QhRONPMELIBPSGIES I dRduseshand-allgwed to react to form

the second
20  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,
paulti-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
25  chemical composition are covalently bonded to each other. While a wide variety of block
copolymer architectures are possible, a number of block copolymers involve the covalent

bonding of hard plastic blocks, which are substantially crystalline or glassy, to elastomeric
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20 block. The process may be repeated using the same or other anionically polymerizable monomers.
However, %I&yﬁglbﬁo I 5other a-olefins, such as propylene, butene, l-octeri;%,l%gz %%ﬁ%girectly
block polymerizable by anionic techniques. [7]JWhenever crystallization occurs unger guiescent
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 feimsneniee! SUHRIHERE CAlsd RPN el fio LS 36T RRA WSS, L0051 IB& from

micrometers to millimeters in diameter. A description of this phenomenon may be found in Woodward,
A.E., Atlas Sr8IRlasasihaibgy dashser patisharireENorh Aerebas T HE ShRaRmiBl are

composed.af layehlikeenistaliassadeshtamellae. Descriptions of this may be 30found in Keller, A.,
Sawada, S Makromol. Chem., 74, 190 (1964) and Basset, D.C., Hodge, A.M., Olley, R.H., Proc. Roy.

Soc. London, 4377 4125, 30, 61, (k380 RS SRASIUIE SiTetIe: Starta1om asere fiparallel lamellae
that subsequently branch and grow outward from the core'in a radial direction. Disordered polymeric
chains® mak&iti éﬁ%gl%ra%@% REBFR IR BIRGCHEINEHES BRI TBSEIER RIACESEes amae el eung, KU,
Li, J.,I Ng, iﬁiti?&iﬁ\élnd@%@ﬁgﬁmb f|%§b§§1Msé’rﬂi@ﬂ?Qﬁi)ehaifﬁﬂelzﬁﬁ)ﬂﬂﬁmy:?ﬂ;@r@é&cﬁﬁmdﬁm a-olefin
copolymers of ethylene can orced to assume non-spherulitic morphologjes in certain cases. One
ciuation TR T B I AP R TR QLT ARG blowen or cast fim
processingopolipotiy. cCAgedytize a:mahaianaléumﬁ@teybt@mwmd@wwmecemIiMm@mIing, Which
usually pr%%mti%wbé-&%%ﬁaﬁgeg%ﬁnhs@é%@Qgﬁé Hishas.adascipen ffuliclain ). Machin

J. Macromol. Sci. Phys., 1, 4 . A non-spherufitic morphology will also be obtained when the
moletliles®FibatiPa Aotigt b noacol ki 9e srethérysadrEovRtfieeddpravaiieta féiation of

lamellae. ThigichanaedRraey SR I¥RE-08CHSHHERUEEHhR:-CORAROMBES RIS ushalhitapulky to pack
within an eth%SI ne crystal and, therefore, a sequence of ethylene units in 15between comonomers

cannot forf 3 GRSESARY) tRERSH PR ANNS FRRGHT DFTREE SEqarehizat BIF AMESeRi5SHhation.
Eventuallysitiat lameifaetivould hdvegtadbecohighsadidinfthiat chajn folding intoHamelaistructures is no
longer favqr I.Q i , i C icellar TyS, Iu re ohserved as described in S.
Bensason,&:]g.%l?lsh%clgt}%%t%/l%e%E&Qg‘%ﬁlﬁaﬂﬁﬁ%%%gég%%gg%,%j.%5?3%%?“ %%xéen olym. Phys., 34, 1301
(1996). Studies of low molecular weight 20polyethylene fractions provide an understanding of the
number of cof@ecut%}gagfﬁ’ﬁéﬁ@{ﬁ?ﬁ {ﬂﬁ‘i%ﬁ@aﬁ)}/ﬁ%%%@ St ol @Hiellae. As described in
L. MandelkelyméizRiasading 16 s&tamiaﬁﬂ\zincﬁiapkddwmmmﬁqw!% saaueaﬁﬁs_a(ﬂmep, polymer chain
segments of a1, 6% AP0 IS Wil Ars reauiieddashain talding: Bslow fis qupber of ethylene
units, low molecular weight ractions fonn extended chain crystaﬁs While po?yetﬁylene at typical
25moleculaeipsighbesorntee g sebrrpanbex apdierdararagfamlirar tinsh mespstisloggunt (9]t fourth type

of solid staie RRIBESHRPHRRAIAsY.HasLesR:ehssivad iha-alsfiadiockGapalymers made by batch
anionic polymerization of butadiene followed by hydrogenation of the resulting polymer. At the

crystaflizalioi terHREatis Bi2hR° SRy AL SHIG IS AR SRS AOHSHIeRY BEHZ B %ither glassy or
elastic. Stusiesnefrcrbiakizatioh 3w thith @hglassiefimaitixchayespettstysereccthytene, @ k) diblocks as
described in Cohen, R. heng, P.L. uzinas, K., Kofinas, P., Berney, C.V., Macromolecules, 23,
324 (19903r8rl118t§ }_g%ﬁ% Iglr?g% r?iﬂ:@%%ﬁ%%§ értl@r\iféﬁyﬁﬂﬁgscks as described in Loo, Y.L., Register,
R.A., Ryan, A.J., Dee G.T., Macromolecules 34, 8968 (2001). Crystallization within an elastic matrix
has been stuiféd uSiHY SR/ ERE YA e ISH BT e MBI RT LGB ISR AP B¢ Register,
R.A., MarghantkrG Rot Risgated.th eMeermolgoutes 30;28838:( 10 Atpand;usingwiindene-
5(styrene-gthylene-butene) diblocks.as descrihed.in Loo, Y.L., Reqister, R.A., Ryan, Al,
Niacremo e e A 05, R T e S et RS o SR Bt g
degree of ketregiwticnl benncemn ﬂaéﬂdlﬁmf@ﬁéfsi’oliM@éﬁf@htﬂ?@aQEQW@d{@ﬁeoa}assical morphology
of amorphus bleek-CRRAMARIS SHER Asely 08 RUIAISNE B ISRS SRBS) iR YU chuthe different

polymer segments were constrained into microdomains of apgrOximater 1025 nm in diameter.

Crystallizalli Btk Sthytéies sbgridnes Hombel gydramnsr FHshrmmlg® York, 1988. The

spherulites are composed of layer like crystallites called lamellae. Descriptions of this may be

30 found in Keller, A., Sawada, S. Makromol. Chem., 74, 190 (1964} and Basset, D.C., Hodge,
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constrained to the resulting microdomains. Microdomains can take the form of spheres, cylinders, or
lamellae. TVQ% narr Wes% dimension of a microdomain, such as perpendicular to the f};])I(a},,ne of lamellae,
is constrained to 2 86 Am in these systems. It is more typical to find constrainta on the-diameter of the
spheres and cylinders, and the thickness of the lamellae to < 1530 nm. Such materials may be
referred to as microphase separated. Figure 1 shows the predicted lamellar domain thickness for
monodispey e&#jgé'e’l?@%?%‘é ‘i'é%%&%%?)%&?‘?ﬁﬁt fﬁ??ﬁ"‘s‘ﬁ%@%ﬁ offptal molgcular weight and A
octene mole %. g’flg'ur'é demonstrates that, even a very ldrgedi e?énces n octene content of the
blocks, makeesias Heilghenmegrestnsrablanel gt spbspaeasamp s everdoraifisizes of 50

nm. The hmmﬁge&wvmm&ﬁgmﬁvqﬂﬁ%@a%ux:f}h@mmgm weightsareatlygepplicates the
C

production and processing of these materials, The calculation applied the theaoretical results of Matsen,
M.W.; BattEnE1Y BALEheIAS KGR 118 86) Lo S 1B of Bienibératdnd 0¥&:48-Eeh Eharacteristic ratio of
7.5, aid amneitcdensiy-of B.78 g(em8.).The correlation between octene mole % and x was determined
using the experimental results of Reichart, G.C. et al, Macromolecules (1998), 31, 7886. 25[10] Block

copolymers cegjtainipg ety sialingiend anemphos, Rlasks canicrysiallizeriom digardgred, rather
than microphase separated, melts and produce a regular arrangement of crystalline lamellae as

described MIRERGR dja PP PR R st ér CRAID f‘—%‘ft%r‘%?‘?ﬁé‘?‘ﬁﬂﬁﬁ&ﬁﬁ&?e\‘fhFé‘s&hﬁél,’y«i%ﬁ%s). The
lamellar thiskagssofithesepmatenals: i eoatioledibyibe conpasiiarand moleaularweight of both
blocks as described f'Jnet

hepries by Dimarzia, 30 E.A., Guttmann, CM., Haffman, J.D., Macromolecules,
13, 1104 AT OGRS 0 B LSRR S oS CLTL o D4 AP L8 S adhylene based
blockl.@opmyrﬂm¢@ri_?e m&hnkﬂhabtmn’kﬁe@ of m@mmlméﬁ@@nm@' Wsla’tmbr&ﬂaolugd@s is the same
as the maximup, thigknesggya ﬁ'%ndﬁﬁéi‘i}diﬂg_'bﬁ%ﬁf@}ﬂ%@ GBI YHUCR R RAMe A48 m-  [11] Block
|

copolymers from olefin monomers prepared using living polymerization catalysts were recently
reviewed BYOISERESIGOMRALD eRBgk of an/p- it AP IAL BB RY CAMPROBB BORISHEAL S in Frog. Polym.

Sci. 32, 3G:32a(29Q%Fla50me ohthesmraonedispriar blesk ceprimersalRashawed the.alassical

morphology of amorphous block copolymers such as styrene-butadiene-styrene (SBS). Several of
these blockeEPBK MERS T aH gy oa R CL e R B8 REVE] ﬁquié&ﬁ‘}%ﬁ’&‘#b‘f the segments
in thdse systems: mmsopdmsibamﬂﬁhnineckﬁstihm;ﬁﬁldﬂngmqmdaggaimmiymﬁo&amim an
po'ypfopy'ﬁﬁl‘?r%?& '}%?préﬁg*ﬁyﬁ&%ﬁaﬂg?d% I‘{)Be«X sRexAn ﬁXO@'{S %%I\?}";e 50 thin th

polypropylene-block-po yethylene, as descr in Ruokolainen, J., Mezzenga, ?—‘{tfbﬁlrrédrickson, G. H,,
Kramer, EfQJdipgistadrrrelnr sappivcsdtes ienany favemlerdmble catss i) mesilzsn berdieds), form

minOphas&ﬁ%ﬂ@ﬁ%%@s@?%@ﬁ@@%&@ﬁh domainssizesansisteniwith WH&Q'%%@@QK
copolymers (<60 nm). Similarl ,Polyethylene-block- | (gth lene-co-propylene)s, as described by
Matougi, ToATS KA SE b ARIE" FARagt  SIhoLEOY S RERHEIOT TR ekbhina, N. in
MacraimoleciiletyBh¢IB): 488 Prd B3¢ {2002y arsdtdesdrihe duathhavingniiarophaselsepatated
morphologijes. At i.r lyprony! {b -pplv(ethylene-co-pr S 'hrnarr maqlecular weight
s ton T R A R 700 (002),
are claimel-to foamaicMphiash sapapateldarorphbbiie s 2B0Npristate naud switmdsstalaideast
poIypropylm&hwa&%m%éqﬁ@wfm@i&%ia@hﬁa@%999mﬂ)ﬂ@ﬂ@ééa%ws&{ﬂnﬁg), 10400 nm. No

microphase separation was observed in the bulk block copolymer. [12|1] Microphase separated
diblock anBf5iTEk Bt BIGE R JPER FEREH S PRSI DIdUe R e s #idMBifdhs have also been
prepared usingliMingetibfit@olymerdatieal RStechniguesgAniiibtagke morphology.
poly(1-hexene)-block-poly(methylene-1,3-cyclopentene)-block-poly(1- hexene) copolymer, as

described by fayaraing K GypK 6RO Rk JISARNGISER R A 1 it dn BosdAMB 1 hSBE SOC. 122,
10490-10491 (ZOOOMnh Mn = 30,900 g/mol and Mw/Mn 1.10 displayed a microphase separated

morpholod}fSfAtRoBYRTBE S Ay GREERR PSR IsHER AR RY & HERF AR E! it wide.

Poly(methylene-dnicydppentaniengopolymer. At the crystallization temperature of the ethylene
segments, the amorphous blocks can be either glassy or elastic. Studies of crystallization
30  within a glassy matrix have used styrene-ethylene (5-E) diblocks as described in Cohen, R.E.,
Cheng, P.L., Douzinas, K., Kofinas, P., Berney, C.V., Macromolecules, 23, 324 (1990) and
3



30vinyltetramethylene)-block-poly(ethylene-co-norbomene) and poly(ethylene-co-propylene)-
block-poly %1 -co-porbornene), as described by Yoon, J.; Mathers, R % W.; 5
Thomas, E(‘.% .Xln%EA%zfg]?g?nolecules, 39(5), 1913-1919 (2006), also display rﬁ%%p ggég/%gé%grated
morphologies. The
poly(methylene-1,3-cyclopentane-co-vinyltetramethylene)-blockpoly(ethylene-co-norbomene), with Mn

= 450,000 gm0l A0 MM & -4 g Akefbaling domaingiaf a8 and 1Rz, white {1e

poly(ethylene-co-propylene)-block-poly(ethylene-co- 5 norbomene), with Mn = 576,0QO g/?ﬁol and
Mw/Mn = B3 Dpebmdiisscsisiagides Bk $HAS HEde Sarplistiempibinaie alqeligimetiniai achieving
domain sizesPsRRiBiN:sAE Vel ig hmelecuinimweiahtioars J1eauirasto AchipYe Jush kgagomains.
[13] These material baa%d on batch anionic polymeyiz %}io Iiv'g olefin polymerization can be
aclditionally ehe KCEHBR = NAVARG Vory HAFROUR ARG b i 1o R RS Gbically with
Mw/Mh < 1s4'teeretiypioalywith dibddditn as de2;rdrd cocespohdiahistearRon. MekecWldr, weight
distributions of (nelr, ndlyigkial ?%B%F%EQ%Q%}@&'%&&%Q R@0NEG NG, oy of diblock

and triblock copolymers since these are more readily synthesize V|S living anionic po%{/merization than
structures igthdsgpe PhisaipeasonsRIERs . heplagkadhieiiid e rophtse Sepsfhfacisdecopolymer
morphologigsdsnsily Jeakiressuntaverable disparsive interagiionsaeivesidhe segments of the
different blocks, as characterized by the FIory-Hug%ins x;aram,eter and high molecular weights.
Representify thEa0LTEgE BRIR ThETER WegheaeRne wﬁiéﬁﬁcﬁ%ﬂ‘fBW‘bgo?%@%%%‘ﬂi}tﬁ%lock
contdihing2équak adiauets. bYryahiinetohthebwetlblockssageine snahwatug of stime pihgraater than 5.25
for the 70 melt to displ n ordered microphas own by L. Leibler, Macromolecules
13, 1607 (O e B A 27 SREE o A ok
copolymeraviiiitssgeiarisiipne Shsfnpgonirstisisesaspre! r@itiedamsberish BiorkgspdicdlEcule

increases fh{{‘ﬂ%ﬁemiﬁgﬂi@% Dhalamiacieagesand asympitically %969@61%%%17&55&@ the limit of a
large number of blocks per molecule as shown b% T.A. Kavassalis, M.D. Whitmore, 25

MacromolSeRi&aiBY 84h 4486ty oA otRiARiGh Fé’c’:‘l?g%ﬂ(ﬁ’i‘%@%gﬁ‘%ﬁ‘?&:ﬂgmﬁmgﬁ%ﬁown to
provite a gabsﬁaﬂtiah inuwﬁ_aﬂemeﬁbhmmmi@aimcﬁ@ameSe@Srdescma@ddn Jhdwkiginel, S.F. Hahn,
KA. Chaff'?ec}é\été’g-leeﬁPae%CPnaﬁf ﬁ%c a%%%féﬂ%&”&%‘%%%%&%m $29,(2393)the Qysrall molecular
weight of these multiblocks has to e?arge in order to meet the requirements for ordered melt
morphologlg&rSinteltbreot ey edguire wegty wdiorees mpblmehdrcremsts@isireppanith

molecular weight, H%‘g\%&l’f%&iﬁée‘gF?EBE'&HHJE%%{Q&%P&JH}HH@%%MH% Q@%ﬂ&tﬁdexcesl%§] However,
theoretical studies by S'W. Sides, G.H. Fredrickson, J. Chem. Ph%/s. 121, 4974 (2004) and D.M.

Cooke, A. SRiORIFrerheieetlesay SBB1{Z0S)HRaVESHOWH that B HnTHAH XN Hfdidered
morpiwlogigsdepigases.asiiie pelvdishersibhaef Kag1pehatkeidbaeblackiypas.dsiprieasad. When

both block types have a mqst probable distribution of length, 5 i.e. the ratio of weight average to
omber v LR BB ol LGSR DR LA P i A e e et
average bMc-kf:engmyimcﬁﬁ&@ﬁld@dﬂ@ﬁetanamgmdmﬂm@cﬂﬁgydhaﬁamquazhtimhfrﬁésagﬂthg two
block typeg as;sHOWR LY b PAEMKe Sl RABUKRYe BNEeREV6IE D11 89021898 fyinultiblocks in

the mean-field limit. %s lower value in xN translates to a substantial reduction in overall molecular

weight for &N ETEFEHATM ERTHI G BRI tHekefore, 3 Mo amplrseisdiity Sosts.788016] Another

important prediction made by Potemkin, Panyukov and also by Matsen, M.W., Phys, Rev, Lett, 99,

14838 (20073 thdledctvirdpsiticrontaionglolbgyysndlingi gl thednansitiblvfkennoisesddiizo order,

does not agelr ABIKRIL: 33 RMORSAISREIRSIOskSoPQlvMerR: sigad, 1o [S4IR0R 8f coexisting
e S A

phases along eac ary g the 150rder-order bol , the ov osition of a
molecule rajtldnerinidlaioiy feprartibinsRoeassen ghales sebRetaipierspbldisperse diblocks along

the boundayy betweensylindical andiamelaiphases maxhavedhemergisymametsg.dipjocks form
lamellae while the asymmetric ones will tend%tgi;{%rén cylinders. In the vicinity of the order-disorder
y

boundary, PiEERRLIRRANS AL BIALRE 1k oS SR FHBTA AR IBEST IR iB&E Rith shorter

30 E.A., Guttmann, C.M., Hoffman, }.D., Macromolecules, 13, 1194 and Whitmeore, M.D,,
Noolandi, J., Macromolecules, 21, 1482 (1988). For an ethylene based block copolymer, the
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20blocks remain disordered. In some cases, these disordered molecules may form a distinct
macrophaseg, Alt Ively, the location of these molecules could be directed. t tgr:e center of the
ordered dﬁ%in@%gj"éﬁ?ﬂilar manner to the domain swelling that occurs whi E(’)g 280m9(§)6(2) Q?ner is
blended with a block copolymer (Matsen, M.VV., Macromolecules 28, 5765 (1995)). 25[17] In addition
to achieving microphase separation at lower values of XN, block length polydispersity has also been
ypomesisRIBIREARQIoCE Slis6 pR MR SIERALINC Rideeh Syl res. The size o
the microdomains in monodisperse block copolymers is largely a“function of the average molecular
weight of apléelenNhihgas §fsidatly dsnskhersfieh e A mideiwabert B2am.been predicted that
polydispersity leads to larger domain sizes 30 as compared with equivalent monodisperse block
copolymers (Cagdke HhucMcobdtyrierOrdviackam oleautes{ 2090y 805166 6 1x66¢d y MatsstyrM.W., Eur.
Phys. J. E 06), 21, 199-207). .The effects of polydispersity.gn phase phehavigr,have also been
demonstra%%% }ésx%)gﬁlrdﬁé%ct%rﬁf ataus %Fgoﬁgsﬁﬁv%fkg?gsgb%r@ﬁrﬁ%%a’ p?dlg&gfs%g%it‘f‘ib%’blending a

seriesSof nfapeidistielseipdlyatyfohabSpbd 23¢irRdpiAtdine soorbthase Ghoodsparakblook A ;

Matsushit@_op{oé%@&s%elﬁmé &%Q%Qi,céﬁmé@ﬂg]éa aFRERRIEE BRECANORKEES QIR ordered
morphologies 5in a series of polystyrene-b-po y%acryllc amd);ganthesnze using a controlled radical
po|ymerizéwaﬁnféhwaﬁée(%ﬁﬁ%ﬁégé?—o??‘rﬁaﬂéf B D196 AROEY RFT 0812 ¢ HEHES, R. A,
Macromolegiies00Blc3bs, 664 orad9) osifreeantiyichynd anct silmyendspithNiA.; Hillmyer, M. A.
Macromolegles, 2000281 3803:8010) pualialed aseries. oL MONadiSReIsE\ paiv(eihytene.
poly(ethylene-aft-propy[iene $that Were chain extended with a-BIock 6 po yf Pach é} using
10syhéheticotprhmigoesativatindiodeicsebpolniispeeditydlrph by pbiyeni. dadtisheipbiook. In all of these
examples EQJMM%H}%EEW lﬂ%%ﬂ@&fﬁ?}%@@dﬂ@@&@ GPﬂQiﬁ%léH@Q?&;@ﬂﬂtm?ﬂ@, lonaeshlocks have a

greater role in determining domain size. In some instances, polydispersity also produced changes in

the type ofbrifertd MerEHBIGY erhediinde ot 8eh Atles s itrbis o paRtiEperse block
copolymerngdgpaxtograetyifinadedipaekit isreBpaciaiy diiicuitietetrsitca s palpdispersity in multiple
blocks while maintaining.a high fraction of block copolymer. . [18],It would be useful to provide an
olefn blook By R N BBl R Tar S L AT B A b Ciar weight
distriblitioMsitreh, thakkielMin Takag thatlivomeSophdsesdparatas. Tt WeshitbeNiseful to provide such a

material Wi, by, JREee.s 05 Mase Rasksanehain.e ALk in ALILOR, NRYS 1.2 pfpfilled need for

mesophase segarat_ed block copolymers which are based on ethylene and a-olefins. There is also a
need for bIBRPEIBEITMErESiRPIGR IRSIeetRIPGraRghic IMiRAS -0 BBd Gt that R%h domains larger
than thoserfearumonedispessiock capalymensof-thes prHodadibamefugteatevthan §0 nm in the
smallest dimension. There i eed fqr.a method of making such block copolymers.

B UMMARS C o B BATAS DDl e e e olefn
intergblymehaobigndsihy it & grsiope lsplesd etz witb sogane olsnintrhms lpelyiattylosks@omprising

differing chemigal ArRRYSIGALRropeHies R Raving.e ARIG0ES N SBORDelF e fiplgiicontent, said

intramolecular blocks characterized by possessing a most probable 30molecular weight distribution,
wherein tH&&th{ske/a-olefin block interpolymer is characterized by a molecular weight distribution,
M,"/M", in the range of from about 1.4 to about 2.8 and by an average block index greater than zero
and up to abdiz]l.0Miedhphivereprtieddiiehelad oldfiorbidekiriferclypebmismissophhbetseparated.

119alin a firstagpect ek dsBroKded BauPaelianCRMPTRing a&%ﬁlﬁg&%@&i}y_&ﬁne/a-olefin block

Sinterpolymer comprising two or more homogeneous intramolecular blocks com%résmg differing

chemital depiEsieal PropeaEsdid fstsng Lrtepehtesiifne béreeieresratr orkarmlyskid
intramoleqyaédlocks shasasterizathby PORSAssROR MOBtARRNIcHRaiResiar weight;distribution,

NI iR tA G o 10 3 5 A By L DO IER Tl BBt LRt and p 10 1.0
10and, wheiéidispé etthyl enefepiolefisei oetdinterpolioge missmdsoishasipshaxabgene- 1, 3-
cyclopentane) sized about 8 nm wide. Poly(methylene-1,3-cyclopentane-co-
30  vinyltetramethylene)-block-poly(ethylene-co-norbornene) and poly(ethylene-co-propylene)-
block-poly(ethylene-co-norbornene), as described by Yoon, I.; Mathers, R. T.; Coates, G. W.;
5



[20] In addition, the disclosure provides an ethylene/a-olefin block copolymer wherein the copolymer is

characterize@lb average molecular weight of greater than 40,000 g/mql lecular weight

distribution"‘zV W%%??ﬁ%e range of from about 1.4 to about 2.8, and a diff%%%?é%@%ﬁé] Xp\)gercent
a-olefin content between the soft block and the hard block of 15greater than about 20 mole percent.
[21] In a second aspect, there is provided an article comprising the block polymer as defined above.

This artclamay.be made o hs,ahva descried siavienga-alefidiack sonaivner, Azta1 In a tird

aspect, there is provided a process for the polymerization of ohe or mor ddition polymerizable

monomersitebeiagise blbeleebpoinianad defiskpabtiieceortphisimly legoMsdr segments of

differentiajRgRQIWRGE cOMRGSIHeR-OWRIPREIIES; $8ik PrACERSCOMAIRING:41, hal hEARARIENg an
addition polymerizable monomer or mixture of monomers under addition polymerization conditions in a

reactor or T8RS bR ANHA & C8mPBLTHGH RYMPHEIRY @A LRI BoNHdH B3t di catalyst and a
cocatalystrarshehiamcterizem bys tite)forgpratiDmoh2e/polyiel Thaink frans saidi fHAGManor monomers;
2) transfersing Ine reaction mitice,lo A-aecpn reaslon et easior zanednd, oplionaliy gdding one ot
more additional rea}étants, catgﬁ/sts, MONOMErs or othe compoun(?s prior to, com efsurate with, or
after said tretesfder arpdehts 283 wsusingpathinerizmlidaces deBamin said second reactor or reactor zone to
form polymer chains that are differentiated from the polymer chains formed in step 1); said process
being charactadzedhy addiiampitasebanshiitingragpsttocthe deactigningixteia prior to, during, or
subsequent o step, 1) suchiihal aticast spe.of.1s resulting paimer omaleciles, from step <)
comprise o or more chemica yorp S|caﬁy istinguishabte BIoCks or segments, wherein the block
copolfmedistritesophasei ceparateblv22ixctdrdingredtheapiewetht™isdbssre2ivext is also provided a
process f%*ﬂ&p&lmgymm%&&%@f %?éﬁt%@s%ﬁ%ﬁcﬂ%‘%ﬂﬁ&?%ﬁd@%ﬁ‘Q%E?nﬁr?i%r}ab'y of two or

more addition polymerizable monomers, espema#lg/ ethylene and at least one copolymerizable 10

comonom&AVFrRAAPY BREQEEHBIRHB e HpHEBReking Biblekk errebypsertast dRteAhtiated

polymer CaipROSHIRLY ey iInenectias BERECH by blsckser sepmaaiseampEsngdifternguearagnomer

incorporatio eéicesls in which the difference in comonomer content between the blocks or segments is
greater than 8 mol%, said process comprising contacting an addition polymerizable monomer or

mixture of monomers under addition polymerization 15conditions with a composition comprising at
least'one addifibh pAtGHeTRSISHPIEN StP 4 HEL AR T RNl L ARFRIRE sl el process being
characterizath by dorninienot aideasieemawaidhegrowingpolymeai thansuode hdifferentiated process

conditions n two or more reactors operating under steady state, polymerization conditions or in two or
e e A SLLe RGeS BIOH B AR MSPTIES. By BRAEEe e

DESCRIPI&@MQHOMMMW@& b2 3 Rigypieal mammid@pmﬁﬂmmmokm@mth qlomain
for a monadis ers%ye‘;[(%li%n%o tene dibl gﬁe%}% rgéyarq;gdlr%?e/\fdgi t\ll}/}%gg gg‘%fqé 2%%51 gkr)%)’qk %pe at different

b
maount g0 e two l C €
values of the backbone molecutar WeIan , as measure nven different levels of

.6, 280ctengltoldigpay an ordered microphase morphology as shown by L, Leibler, Macromolecules
13, 1602 {1980). This minimum value of ¥N to achieve order increases to about 6 for triblock
copolymers with equal volumes of the two block types. As the number of blocks per molecule
increases further, the required N also increases and asymptotically approaches 7.55 in the
limit of a large number of blocks per molecule as shown by T.A. Kavassalis, M.DD. Whitmore,

25 Macromolecules 24, 5340 (19913, 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 increases
30  sharply with molecular weight, the commercial opportunities of such multiblocks may be

limited.



WO 2009/097565PCT/US2009/032705 [24] Figure 2 is a plot constructed on the basis of the Flory

equation fqg, Ba{bﬂrgﬁ;%ﬂylene/a-oleﬂn copolymers to illustrate the definitior} 8(’} n%gﬁcﬂlgw{%%% "A"

represents the e, perfect random copolymer; "B" represents a pure "hard segment, and "C"
represents the whole, perfect block copolymer having the same connonomer content as "A". A, B, and
C 5define a triangular area within which most FREE fractions would fall.  [25] Figure 3 depicts the

melting tempggaire, 3, &, ingliop. af.density. 4y dradisenal eandpmaepolyess,of iylepsya-olefins,

the melting points decrease with decreasing densities. However, the inventive mterpofyrr'fers

(represent&d H2HRmBIdS) dxhitskene tirt: pbiaterdsateohith 065280 shtsrihevpohpnées of
equivalent,gensity, HERIAYIGaE 16a5hoRei dIMRRIENG RO Ly AR ILArees SHelsiusARE density, d, in

grams/cubic centimeter, wherein the numerical values of die variables correspond to the relationship:
T, > -6553vkekfgpessidnereaisd. B2 botEpeidire Aaridvicst il didEimHeiaH 1588610 calculate
the octene somonanercaateatabieliR pmpeaksrddiplatssawine aok percestgatenafrom NMR
versus the infra- ed FWHM area ratio (methyl/methylene) of the ATREF peaks of random
ethylene-o“’c{]é’ﬁé) fﬁb&ﬁ@r%ﬂéﬁ%ﬁﬁﬁ@m[@ﬁ%é@%?gﬂ%%sl?ﬁé VRHTIRYFP SR calculation for a
random ethyighebatene copajyaheniiAiek N by (HoPLdB40p43. 90shgian3, 10. Pdi2vaidaill&ble from The Dow
Chemical Company),;20[28]Fi icall that the melting. paints. of ATREF fractions of
Example 'g%r L%(’i%gvr’u i%%t%yg %ﬁigh%?t%agé ?(Eggs%e??%%? lrﬂa&r@j%ar% é%‘h% elﬁgagg%gr?eﬂ}c%%)o y%@?geﬁTTANE
4203, 0.90/gesnBy Y. 8amslated ImRRIGFEYR] 28010 90ayfesmbl{adahraigildble: froih oTdmedow

Chemical Gamparylthagarsditta @rllig%r&g@%g%@gs&'&m% (mol % comonomer of the ATREF
fraction) + 127.02 (solid line). 25[29]Figure 7 graphically shows that the heat of fusion (determined by

DSC) of ATREE fractions of Example 2 are signific n%g lower than those af A TREF fractions of
ranciom ety 018 ooRRaTED TS R KR DA B Ty R b1 0 LAY () PL 1880,
0.90 g/cm3].W.2etRaxdiab Rfroti3ThDHWi Chetmical tRosrpany)mapology, including the

2009/097 3030 ] P ARG Oier [AQFHGHSE- BrisoA,BED %@1%th&%§%§&5§%&%9& of the process of

copolymer formation according to the present inventionin‘two or more different reactors. [31] Figure
9 shows ATREF i dasietddheoniiagivech cepyistBhpRatanaons erCHwiskraitdoTs fe) Example la,
(e) Exampiedth-aridi(Bodnuanep)end oo63a] ighiies it s bowmslepittsrAT RiEmersesfarmemparatives A -
C and Examples la, Ib, and 2 as well as the comgnomer content of the TREF peaks as measured by
2 The pIGT ST o Gure TR L TN ARE i R W iR onomer
content in the IRERappldsdh am e € omparatiyenQetri¢3BpIBiduferbilismalleompdeisen of the GPC traces

for COmpaz[%{x@‘ﬁ%e%@%ﬂe@%ﬁﬁ‘&!rﬁ?e&%Pn?g}f-hﬁders[sﬂl HIOUER S 5 ALMRANSARLLINE JGASIle properties

of Comparative C and Examples Ib and 2. [35] Figure 13 Shows the relationship between flab and A
octene for TBFAPETAIVR IEEFPRCE 81d BRAmp RIS GREPhTReysubs B ikitita Sete > 10 mol%
havehigheromiuesdia 8kd e thanihecear parativecfiasanie witheA Rsiepem Aidimel%.  [36]

Figure 14 shows atomic force micrographs of compression mold iiifilms of Comparative Examples
A-C and EXARRENE. ETTEISCTe T8 AP AN TR BT A S B CBpUR FRRFLSBC, 28 wioe
styrene, 8&hemot¥réd dtamnetidinthei Bilblocknivir o 6. 000 girmellatg3D000mnagnification.

homopolymer is blended with a block copolymer (Matsen, M.W., Macromolecules 28, 5765

(1995)).

25 [17] In addition to achieving microphase separation at lower values of ¥, block length
polydispersity has also been hypothesized to have a pronounced effect on the domain size of
the ordered structures. The size of the microdomains in monodisperse block copolymers is
largely a function of the average molecular weight of a block, N, and is typically on the order
of ~20-50 nm. However, it has been predicted that polydispersity leads to larger domain sizes

30  as compared with equivalent monodisperse block copolymers (Cooke, D. M.; Shi, A. C.

Macromolecules (20006), 39, 6661-6671; Matsen, M.W., Eur. Phys. J. E (2006), 21, 199-207).
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20[38]Figure 16 shows transmission electron microscopy images of Example 2 at 15,000X and
30,000X magnification, respectively. The image reveals a mesophase separated morphology. A high
level of long range order is evident, as the domains are predominantly oriented in the same direction

across andreefstatdepeyG6pimzy [89)Feubeht 7igHmxs drarisrpistinesisttrdoxmidroxdoly images of a
blend of 2% Exampla.a With, g3 5&35@&%@9&2&%&@% QOQX.magnifications 1esRaslikRly. The image

reveals a mesophaser}sg{)arated mo_rcﬁgolo&/. A high level of long range order is evident, as the
domains &¥BREGBRTIRATIN oY Sifte’difeltidh abibd®af-atda BFitaekst 36 um2. 11 WO
2009/097 56RP&HA/MNS20H990038,705 43 T4 F g Ure did shawsdkansemi ttaneEospeclrmabaomgeession
molded films of Example 2 along with a camparjson from a compression maqlded film of AFFINITY(r)
PL1280G PdlyHisr g\%&%&?f’c}%ﬁ tﬁ'éaﬁ@vf/c g(ﬁé?r%f a So‘%ﬁpéﬁ‘;?%“[%%%%?ae%féﬁshows reflectance
spectra ofogmpressiontenvided (HersighéixamplmdBaléndowiibos dbniparidon frBagistgompression

molded film GF AFFINLLIE) ﬁh%,%%ogd%"\é'@h@'z.(%@lqpégn%!”l%&ea@cpﬁ i£ah & mRany). In

contrast to the spectra of the film of the AFHNITY(r) material, which exhibits little or no réflection

across theihanstrt fadéesrinirelengths, IRSESRRNY ovalnraetriBitica Pauardtdctshce greater
]Efllan 4?% ﬁ@ﬂ@@ﬁiﬂ%@bﬁ%@%@@%ﬁwﬁd j %}%&gﬂ&‘?fe&&ﬂ?ﬁ@ﬁﬁﬁkﬁ@%ﬁ?{%ﬁ%@ﬁﬁé@%&ﬁg molded
ilms_of Comparative Examples B and C, In addition, films o es that haye been

oo T R BT P T AT PP TS LSS ol broeres are also
depicted. Thecampacavbsishavitielss thamtbiirdflectanceiagsosyessdiuated tanigegevhile Examples

1 and 2 digp| r 9 jqur o) flectivity: - films of
Eamats 3 B B A e peck

reflectivityPficstveabahangerom fsroxineateertsnegholognaTisgare oo Gbngyetespiesdpettra of

Example 2hlengdedviibovaing ameunisehciompativeibxanple tuBiemdinooffemparative C
results in a shift in the 20reflectance to\?l%qher wavelenﬁ%}hs. [454 Fig%geﬁ@ graphically displays the
incretse iR PEHRPFEHBCIVEY HBIR Brehuiy drebiipuratvaee fripe o Wit EBinme™.  [46] Figure
24 graphically displays reflectance spectra of Example 2 and TREE fractions of Example 2. The

fractions all sH&lv p&akadfidetiviefuhtdoveidvavelehyisdneprienmsbyteaB Rapiplanlimyar  [47)

Figure 25 gbowsiAtHBERCHIMES R EXBIDRISS: SR AR @ ritdl tesReG NI X1 IARl-iguseRg shows
ATREF curves of Examples 7-10 as (a) - (d) respectively. 12 WO .20091097565PCT/US2009/032705

[49] Figurd SPRIFSH R LotoRs Bf EseirhMeSer i Jal ()4t (B e e T ™3] Figure 28
shows storagkspeditsia.(G') and tan delta as a function of temperature for Comparative Examples A,
B, and E, and Examples Ib, 4, and 5, respectively. [51] Figure 29 compares the measured domain

spacigs to theypregiclipRg fOrRere is an unfulfilled need for mesophase separated block copolymers
which are based on ethylene and o-olefins. There is also a need for block copolymers with low
molecular weights (Mw < 200,000 g/mol) that form domains larger than those from
monodisperse block copolymers of the prior art, namely greater than 60 nm in the smallest

dimension. There is also a need for a method of making such block copolymers.
25 SUMMARY

The disclosure provides a composition comprising at least one ethylene/a-olefin
interpolymer comprising two or more substantially homogeneous intramolecular blocks
compriging differing chemical or physical properties and having a difference in mole percent
g-olefin content, said intramolecular blocks characterized by possessing a most probable

30  molecular weight distribution, wherein the ethylene/a-olefin block interpolymer is
8



5monodisperse diblock with the same overall composition and M. DESCRIPTION OF EMBODIMENTS
OF THE INVENTION General Definitions  [52] "Polymer means a polymeric compound prepared by
polymerizing monomers, whether of the same or a different type. The generic term "polymer’
embraces the terms 10 "homopolymer,” "copolymer," "terpolymer” as well as “interpolymer.” More

specificaiprasterens bpolralepidae vriehidistbitiopolinibls of Sthylege ehliccopbliyrhérstof ethylene
and one QMg &R AeinSqge BT DRI R GySRIING. If srpploved, saf ﬁf.&tgnﬁ,&%beégéﬁ{ that

possesses a first order transition or crystalline melting point (Tin) as determined by ential
scannindtséardvami Sy & st isnetdcmeiqrbasrieneratethay be used interchangeably with
the term "semicrystalline”. The crystals may exist as stacks of closely packed lamellar crystals,
lamellae forpeiag the anmsiel spherulitesisgrasdeolaiadpanelananitinges miseliraysirle.ol&s Bk
"amorphous" refers to a polymer lacking a crystalline meli oint as determined by differential
scaﬁninéntéﬁgﬁfnng{r?mgﬁgg:wgdﬁﬁgfenOIéccgwﬁﬁlﬁﬂ)ﬁsé%m e {(ger%r# are%os Srﬁ%?l%’fgé?g%g%&%gﬁé%c@} or
polymermgegmentrhpsines Tigddesitipa dCemoreiprefdegpiycteg sthrfinlSGt entpstip afesabliedess than
-25C. dﬁﬂ(lgﬁg{ggy el paolymer prepared by.the polymerization of. at least twq, different
types of mongmers. 'I{’#g ge%ﬁ%g%%}l r%{tg}p%%%e?ﬁﬁéﬁé%%u{%%%gﬁh&@%& 3111%%1}" Y%ﬁﬁ%ﬁ?g %sually
employedhto setdr-tdcipblynicnmodradfio hiwastdiffercny mondenels) wes g8 disttihstite, teipiM,,
erpon B PatHAlY BN IEIRLIN BANTIRLAISRAIRS el Diea dSs T dypes o
monomers). It alSo encompasses polymers made %y polymerizi four of more typespo monomers.
Wd02008109%565RC T 9 S2008/031705 M5 ety iathidenesapblstisépteapalymer” generally refers
to polymers comprising ethylene and an a-olefin having 3 or more carbon atoms. Preferably, ethylene

comprises thgmajority, melRifRGHe RS IHEWHRIE ROWMALy ie/ S IMER 6160 Sgﬁ"@} least about 50

mole percent of the whole polymer. More preferably, ethylene comprises at least S5about 60 mole

percent "HIEAB thHERROTIRRDIE PrrEsHE Bkl Yt umesn Bolsrulearighohansatse hans@anal
remaindgrfitheueia RAlHRET SRIMISNY JIJERE! ReethiRLEAPRBAMBLEatiSPislREabl an a-olefin

having 3 or more carbon atoms. For manégthylene/octene copolymers, the preferred composition

comprisBadhBiHyRRTe BonpintgrestbrrisinpocTsbRiBRep dissrtioriank anblbeduntiiodkinf an

octgne @gﬁgﬁ}t@&ﬂ@g@@g%@;%@&@ﬁgz& 10preferably from about 10 to about 20 mole percent of
the whole polymer, and more preferably from about 15 to about 20 mole percent of the whole polymer.
For many ertQ;éene/bultene cogﬂgzl mers, Ag:e preferre%é‘]om o_sigon comprises an ethylene content
greater tha‘about 60 bR FELEIRGHHE W RO PARHEr BRI BHTsh P ISP R BRVAREAS 10 to
about 4@efired rhblyefDivs abolt 20:10beham SHonol:pewendat e il pelvoesianthiarore

preferably 15from about 25 to about 30 mole percent of the whole polymer. For many

ethylene? 86’;%359 copolymers, the preferred composition comprises an ethylene content greater than
about 40 mole percent of the whole polymer and a propylene content of from about 15 to about 60,
preferably ffdhalablout Rerdorsipatt therenslerpeidait pfdbesiibolb ppbhimesianibmaef eprefenabdy from

abgut 35 10 e r. In some embpadiments, the = . .
28%?1hy|§r‘%§}§§)‘?§fﬁ’ in?é%%%mﬁggégégén@oﬁ\gc u%%ﬁ%é%gpﬁ?dﬁwg in ﬁé%?gfg d%rgg}}?ncgm inor F%)unt or
as a by-ya@doevosegeivatnichi pfesassted hikyvther etiyfentianobefimiptetipslyant rseassverbieidegt with
one or more polymers, the as-produced ethylene/a-olefin interpolymers are substantially pure and .
often comprise;3 BRALERMRPRRNLSH ha FRRAIAR PIRGMERE! 8- RANMRI ZAIBARRRESS14SI56]I The term

"block copolymer"” or "segmented copolymer" refers to a polymer
addition polymerization conditions in a reactor or reactor zone with a composition comprising at

least one olefin polymerization catalyst and a cocatalyst and characterized by the formation of

25  polymer chains from said monomer or monomers;

2) transferring the reaction mixture to a second reactor or reactor zone and optionally
adding one or more additional reactants, catalysts, monomers or other compounds prior to,

commensurate with, or after said transfer; and



comprising two or more chemically distinct regions or segments (also referred to as "blocks")
preferably joined in a linear manner, that is, a polymer comprising chemically differentiated units which
are joined end-to-end with respect to polymerized ethylenic functionality, rather than in pendent or
grafted fashion. 3D[SFHERBOWIRTEHESIeR thedpetial prevideacievciassos Ferkyeera-olefin block
interpolyr;}%ﬁi&%ﬁﬁ}@sf@ﬁfweﬁme@{ymﬁ iBthsaRiaplafindatepaleens;, or 14 variations
thereof). The ethylene/a-olefin interpolymers comprise ethylene and one or more copolymerizable
a-olefin comenemers npomelized farmscharasierized by, plocks.or Seqments ol we armore
polymerized monomer ufi saéraﬁerrng in"chemical of p ysrca‘llpro‘%)e ties, wherein the polymers are
mesophageisearkiat, Theubsauvatdthyienb/suolatint Bitteshelpm efsharsdyldor temdlymers. The
termss'interpolyme rﬁaﬂqtappfoéxmﬁ%@remdmeﬁemmﬂﬁm distRRLGRMRAEAQ,fandom

copolymers, the inventive po g/}lmers possess sufficient differences in chemical properties, especially
crystallinit§F Bt HisErbedH SdgrHRMRER i TSFRBRSAT BIBERRhgth to the respective blocks to
achieve one or more of the desired properties 100f true block copolymers, such as
theffnop_lasticm&_stomemmmies,mﬂsﬂm ébtﬁrelsarhedrimedeeiwgiérriema_dzﬂﬁsc&pt@eratron in
conventionalolefin AGlIREHZAIRRRAEESSE SoRIREHAUK RRMIMOUSAUIRN Aalvmeization processes
employing catalytic quantities of polymerization catalysts. In a preferred embodiment, the blocks differ
in the amSUAtORHPEBIEBRIO AVRRSETHe STBETASHethefEmat @ derns e fe MBI crystallinity, the
crystailite siae-asiviby tableda Lhripelymenef syapriam pasitionbibetype @ndagree of tacticity (isotactic
or syndiotagtic), regiq- reqularity or regio-irreqularity, the amount of branching, including long chain
oranching O TS AT TR BB At Py ERRCh S B A e SBbrty The block
copolymersféaengharacteriee thbynamidwe @imﬁﬁuﬁdﬁ@dhbétﬁmaihpo@dﬁ@p@wmﬂex (PDI or
Mw/Mn) agd Bl ﬁe%&&?b‘?%%}ﬂl&%i@@%&'@e{j&ﬁyﬁ%m%’%@&)ﬂl%& E‘HH}PE&%‘%HA‘%%Q 20 due to
the unique process making of the copolymers,  [59] Compared to block Copolymers of the prior art,
including ééﬁé@‘ﬁ%’ré%\’%ﬁﬂé@ﬁ%}}%@&ﬁ‘éﬁﬂié?%ﬁ&%@Pé%ﬁi&ﬁ??ﬁf)&éﬁ&P&é@%@%F%ionic
polymerizatifidesiRiguesoihn opobimers ok tha dnventiaadmischaracierizes bytmigue distributions of
polymer polydispersity (PDI or Mw/Mn) and block length. distribution, with two or.three, preferably
st ST DR L0 BB TSI LD brASR S B RGeS AL Bt e wse o
one or momﬁwltﬂhngmg@ng@ﬂmmrbiaﬁaﬁmmw&mwwMWm@ﬁmIMhasemwlymerization
catalyst in twq r %Qra%r@gblrm&@%&ﬁ%ﬁ%@g&g&&%ﬁ@&%o%ﬁr&aw& undey gliffering pelyperization

conditions. More specifically, when produced in a continuous process, the diblock copolymers
desirably psssasPBiEsRiabdng ftomedsetieisieterdBio™ofrom about 1.4 to about 3.5, more
preferably from about 1.5 to about 2.5, and most preferably from about 1.6 to about 2.5 or from about
1.6 totabout 2.1. WO 2009/097565PCT/US2009/032705 [60] The respective blocks of the inventive
block interpolymer desirably possess a PDI fitting a Schulz-Flory distribution rather than a Poisson
distribution, The use of the pregemnt polyRiekigatQNANPCESS esulisia@sproduct having a number of _
distinguishable blocks per polymer equal to the number of reactors or distinct reaction zones employed

in the process, gwith a polydisperse distiinylion QLpIRck zesy JsgeHiSIp s fRumptien of polymer

ethylene/octene diblock copolymer made with 50% of each block type at different values of the

backbone molecular weight, as measured by conventional GPC, and different levels of A

25  octene mole Y.
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products having improved and distinguishable physical properties. Moreover, the foregoing novel
products MaY 9& ;%r%g in the presence of random copolymer or homopojymexdormgd,ione or more
of the associateci polymerization processes due to early or intentional chain termination without chain
transfer to the chain shuttling agent (CSA). In this manner, a 10polymer blend containing in situ
prepared rubbery impact modifier or compatibilizer may be prepared in two or more polymerization

reactors or zgpgs oper@aﬁglgéa Relies: codQldem@y hevaadily RppI&SialasiRy e skilled artisan that in
one embodiment of the present invented process the CSA may be added once, more than once
(intermitte AR SFAdRIsdroRahmetsly 18UsERs Buyriavianish Radidrdrzone, prefeidiithe initial one.
15Althoughibr, G&fednay disnadgeraka mint eraediately priatte gisevargel fromrdhe st reactor or
zone, or eyen, p.an Intervening condui.or canductor onnecting e respective reagiors ppzones, s
preferable at the E8A He added to'the réaction mixture prior to initiation of polymerization, at the
same ¥imedaSiolyriregziatiorsdsvithiiateldco mastddEd drngpassignifidait portion of the time in which
polymerization is conducted in the first reactor. 20Thorough mixing of CSA and reaction mixture may
be occasionegzpy activeignstatispoixiing slemiag seaipay: tisefany sl ingien Pumpingdeviae employed
in mixing orxﬁﬁansferrirll ther aétiﬁn IX e, “ng il'he t%ndegtcy for Ion‘gg{ blgg\k lengths to have a
greater rold i AR RIS S mai AR CCombinad With the Ability 16 swell domains. creates the
potential faexidmasairHsizes:7.Steat e imeucteiprhendsd repveranisddhsdnrechity typichik moiodisperse block
copolymers.; 1126, 3RUItY, 19T SQmSs @9&%9%%%%@{9@%5%%@%{4}5@{@,@1&?@&%%%@ i ibtes to the

formation of swollen domains. The morpho gy of these systems can be termed bloc
copolfnerilidigaitiebophasersafaritimnd densfeapiag GooprEPE SerHEESP Y& s P4ration” means
a process iwhich pabiverieSthlotks-aredpeadly-segrenatediip. form arskeygd.damaias -Crystallization
of the ethy,}]g?(f ,Rg)g) 2009/097565PCT/US2009/032705 segments in these systems is primarily
constraine 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

morphologieslkbwn foFislseK eepstypiiesenceaal s opvesitcalfiyiéhBmasiefmISBERMErpolymer
may have g¥ake o NEEWhae Fuisthes simbee avarage:-hleelelrreh, ivie sangeneffram about 2 to
about 20, preferably in the range of from gbout 2.5 to t 15, and more preferably in the range of
pout 5 1o A E 8L SRR QU P ELEh b B ST HHOLBETERC TS approximate
values, regapdigse:nehethedthe word "about” or "approximate” is used in connection therewith. 10 They
may vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent. Whenever a numerical

range with a lpwer limitrRErasdin yprariimn Ria kdisclosediamy riimbaidallisgydthin the range is

specifically disclosed. In particular, the following numbess within the range specifically disclosed:
PRk (RIS (T Do A R p L Y0 0B SSPCORE Bt a 1 percont

increment Gteplead dopgrasnt, 2 percent, 3 percent, 4 15percent, 5 percent,..., 50 percent, 51 percent,
52 percent...., 95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover,

any migmericatignge defibed By WweiBRIWRbRISIAS defingthinghe:abpxaigalsaspacifically disclosed.

[66] In some embodiments, the block copolymer c?n be represented b}/ the following formula:
Example 2 are significantly higher than those from random ethylene octene copolymers, ATTANE

4203, 0.90 g/c:nrf, 0.8 1, and AFFINTITY PL1880, 0.90 g/cm3, 1 L; {each available from The Dow
Chemical Company) that are fit to a line representing (-3.7696 (mol % comonomer of the ATREF
fraction) + 127.02 (solid Line).

25 [29] Figure 7 graphically shows that the heat of fusion (determined by DSC) of
ATREF fractions of Example 2 are significantly lower than those of ATREF fractions of
random ethylene octene copolymers, ATTANE® 4203, 0.90 g/cm’, 0.8 [, and AFFINITY® PL1880,
0.90 g/em’, 1 I, (both available from The Dow Chemical Company).

16



20A-B or A-WA where "A" represents a hard block or segment and "B" represents a soft block or

segment. Pref : and Bs are linked in a linear fashion, not in a braq&pﬁ r [{' shion.
[67] Other‘ér?’igg |ﬁ{1)6é7r€§ of the invention can be represented by the following @r%%‘?%&’%? A)] or

A-[(BA),13] 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 gt block g segment. frefarally. 45.apc.Bs tﬁéegwggo@caﬁ%eﬂglfm&gaopot ina
branched or a star fashion. 17 WO 2009/097565PCT/US2009/032705 ~ [68] Further embodiments of

the inventi#iT EH BE B ESEHAB) PR ITINERAR 5987 i AL [ZBPIA or A-(AB).-B or B-(AB)-B where n
is at least 1, preferably an integer greater than 1, such as 2, 3, 4, 5, 10, 15, 20, 30, 40, 550, 60, 70, 80,
90, 100, or higiidr, "A" répresentswshEld Biockes segmermppadtiB’e riepiteséntpasoft Block or segment.

Preferablycéﬁlﬁ,?ﬂt?es&r&)liggsg n @al,ipe%{xfa%sé&ig@b nek '@)%ng%h;d or a star fashion.  [69] In other
, the

embodiments lock copolymers usually do not have a third type of block. In still other

embodiments, each of block A and block B has monomers or comonarners 10 randomly distributed
) el i BiBER 1

withinthe bloé¥in othdr§¥8td2 HERREFH TOPREHSELY RO of AT & &g RSnts (or
sub-blockskotdistid Ctasompasifborpsuohas adiesegitientRER ptnhas andifferenb ctin position than the
rest of the Qlock, ..[70] ln other embodim he blo r ir of block or
segment éﬁﬁ%ﬁ?kﬁ%a@pﬂﬁﬁéﬁ nQb f&qévfc%}c()ta\?v? }ge?‘(?rgmquﬁé%%ﬁ%%%%%%v‘\?ﬁ%?fg\f%a?é%ﬁgléﬁ?s a hard block
or segmenorBNENESERE padttisiobie srosalmert @nd "C" represents either a hard or soft block or
segment. Preferably, As. Bs, and Cs are linked in a linear fashion, not in a branched or a star fashion.
[71] Other enfBatimentBigithel inveciiopetdasn e tepiFsenieek byr henfphaviiad 20 datmulpl=A-(BC) or
A-(B%éls ?%Aﬁé%B)” or A-(CB)"C where n is at least 1, preferably an integer greater than 1, such as 2,
3,4,5, 10, % , 30, 40, 50, 60, 70, 80, 90, 100, or higher, "A" represents a hard block or segment,
"B" represents_a soft block or segment, and "C" represents either a hard or soft block or segment.

Preferably, A$345Bs, ahRiges 'arE MiREPTH LR Aremit Aot SObfHRREAF & 488 fashion. WO
2009/09756aRpEAS2009/032705  [72] Further embodiments of the invention can be represented
by the following formula: A-(BC)"-A or A-(BC)-B or A-(BC)n-C or B-(AC)"-A or B-(AC)-B or

B-(AC)-C 50rﬁSfAB)""%gﬁg{@%@sQﬁ&%@ﬁ%ip between L1/I> and A octene for Comparative
Example B and Examples 1b and 2. The samples with A octene > 10 mol% have higher values

15 of Liy/I, than the comparative example with A octene = 9.4 mol%.

[36] Figure 14 shows atomic force micrographs of compression molded films of

Comparative Examples A-C and Example 1b.

[37] Figure 15 is an AFM image of a Styrenic Block Copolymer (SBC, 28 wt%
styrene, 83 mol% “butene” in the B-block, M, = 64,000 g/mol) at 30,000X magnification.

20 [38] Figure 16 shows transmission electron microscopy images of Example 2 at
15,000X and 30,000X magnification, respectively. The image reveals a mesophase separated
morphology. A high level of long range order is evident, as the domains are predominantly

oriented in the same direction across an area of at least 36 umz.

{39] Figure 17 shows transmission electron microscopy images of a blend of
25  Example 2 with 25wt% oil at 15,000X and 30,000X magnification, respectively, The image
reveals a mesophase separated morphology. A high level of long range order is evident, as the

domains are predominantly oriented in the same direction across an area of at least 36 },tmz.
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where n is at least 1, preferably an integer greater than 1, such as 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60,
70, 80, 9033,8% lﬁy%gr, "A" represents a hard block or segment and "B" ‘gt block or
segment. refergi y, As and Bs are linked in a linear fashion, not in a brar?cr:%% o?@%t%? ashion.

[73] "Hard" blocks or segments refer to semi-crystalline blocks of polymerized units 10 in which
ethylene is present in an amount greater than about 80 mole percent, and preferably greater than 88

mole percent.[m]fother ‘#&ﬁﬁ%’1@%8@@9&8%‘%&%@%96@&%&@%&3%%[Hédiﬁiﬁ%%f@'&%gemo'e

percent, and preferably less than 12 weight percent, In some embodiments, the hard segments
comprises il BEStHs AR AN e HNACHEO MBS i PSRRI S 8y Al HIE L theldthei kPRl yvesfer to blocks

of polymerizegl anits-imviinic békecaemprapMIpaanfent is greater 15than 20 mole percent, preferably
greater than 25 mole percent, up to 100 mole percent. In some embodiments, the comonomer content

i he soft SeqIF> Co A OIFSHEr 1ANZA MOIGRBIPRN ASRIEHIANGRA Mple parcaplseater than

30 mole percent,.greater?han 35 mole percent, greater than'40 mole percent, greater than 45 mole
percent, gréeits Mitan SOTRGIECP SRB H COF BRI URAfr 6 G e DEFESHEY 2017 H3R0E prbfagied
emk;odirge@atalatlmwﬁsmq&zeqidaqjﬁuﬁaaﬁmoﬂ%ﬁ%;m El?@@mr@?ﬁm@edtﬁr&%@mﬁg&igﬁ IlenEthS-
Preferre mers according to the inventjon are block interpolymers containing 2 or ocks or
segments AHL SaimEPESHAT G FVEE O THE SRSTHERIS AN BIOLKS SEPaT AR by
distinguishableldigitk) thadlx bigdk hidwy behihassepnek oefthemieallyatifférent(@hdfenerafiytcharacterized
by a distri%g%lpf properties. 25[75]Not wishing to be bound by any particular theory, the following
mathematical treatment of the resulting polymers is based on theoretically derived parameters that are
to the invenfive polymers and demonstrate that, especially in two or more

believed to a
steadﬁstate,p@%tinuou@gglg Bl L BHEERSHNBETEA T SEPRISSHAY Y &P Polymerization
conditionsGomyhaiah & gropind@poly Meh adipasddnthe’ Blookiendtisicf the petyneer being formed in

h i f istribution, deri in the following :
SvarllcererierlmaSit“?sgﬁé%g?ogbﬁgtg%ﬁ%&o?%g‘q&?egrg& ?Ea%@%?l%eﬂ{iﬁ%%'%%oﬁrt‘h’ee%‘latbserqnow'”%éé‘a””er

_ olymer propagation In a reactor with respect tocb oC Séjéa’quences from
catalyst i. Thelfitetombticdl (ldatrapmeisthasspuriostdhantd Basteriaptionyemdretsdetgsown in the art

and used igHregichingedhe slfecisphpobinpizationdingticsgn molecular architecture, including the
use of mass action reaction rate expressions that are not affected by chain or block lengths, and the
assumyption that-.polymer chai wth, is, compl g very shart tim m r%?to he mean reactor
residrg;lpce timqeg.:;’ uch n%%ﬁ%%@r%g%‘e” %@ﬁc%%%i% %s fytlgd%c%gesﬁﬁéwmﬁe%f}gﬁj é%r}ccf)r(fol, Sci.. Rev.
Macromol Egtiepls €8ith 21D PH) avidifcrEoiisgwidissulininy fifiad@regbreistiviefiR@action
Engineering KeHo 5?%5{@@9 Mk Ggisler, Eds., Hanser, Munich, 1983. In addition, it is assumed
that each incidence of the chain shuttling reaction in a given reactor results in the formation of a single

polymer block,whereas transfer of the chain shuttlin nt termj teﬁ olymer to a different reactor
or zone and ez%i)sure t%l%m eféﬁﬁ %Vg fr%e%?éagﬁgﬁpgg%%f?%%ﬁmrn sqﬁﬁs%?ﬁn oergm“éyf%‘ﬁa%%glsdifferent block.

For catalyspiothis frictiomafSecenerls of IBivgting belrynproaiineed iereiteaactorifs igiten by )(drib where
N is aip integes fram dyhipfiityrepresenting the total number of monomer units in the block. X1[n] =
(1-pt) plth-1)most probable distribution of block lengths N, =number average block length 20[76]If

more than on talystis present in a reactor or zone, each catalyst has.a probahility of propagation
(o inich ros i & wi U e e B e SO PRy o
reactor or Comgalriizcriostplefevad Bnabwdirhent the probability of propagation is defined as: RpJi] for
each catalyst i = (1,2..,), where,

[46] Figure 24 graphically displays reflectance spectra of Example 2 and TREF
fractions of Example 2. The fractions all show peak reflectivity at lower wavelengths than the

25  base Example 2 film.
[47] Figare 25 shows ATREF curves of Examples 3-6 as (a) - (d} respectively.
[48] Figure 26 shows ATREF curves of Examples 7-10 as (a) - (d) respectively.
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P'Rp[i] + Rt[i] + Rs[i] + Kt] 25Rp][i] = Local rate of monomer consumption by catalyst (moles/L/time),
Rt[i] = Totqil,.@%@?[]ﬂ%u&jg transfer and termination for catalyst i, (moles/Ut gﬁg@%@ﬁ%ﬂ_ocm rate of
chain shuttling with ‘donnant polymer, (moles/L/time). WO 2009/097565P / 3305 [77]For
a given reactor the polymer propagation rate, Rp][i], is defined using an apparent rate constant, kv, ,
multiplied by a total monomer concentration, [M], and multiplied by the local concentration of catalyst i,

a5 ollows; 3ol = ok MG, BTCIThe:oh R ansier, SRminaton. apd it fs determinec

as a function of chain transfer to hydrogen (HA beta hydride elimination, and chain transfer to chain
shuttling age éCSA)' The ntities |LHZ and L}%SA‘ re molar concentrations and each subscripted k
value is a ratgg nstant t8F %%ré%{)c% SraES RO R —@?iﬁ%%%ﬁja‘fﬁﬁcﬂ%ﬁ SA][CI]
10[79]Dormaptpolynier Chans-are theatpidavhdh anpdlymé Exoglystiansfers fo @gSAvahd all CSA
moieties that react are assumed to each be paired with a dormant polymer chain. The rate of chain

shuttling of desmant polypes with,ealabisht isaiMerak il Wsdviers feSAlisilhe fged concentration
of CSA, and the quantity %CSA_ -[CSA]) represents the concentration of dormant polymer chains:

15Rs[f] = KA THPERAC AT RS tR 65788 SPBRRIEIGBE/B32705  [80] As a result of the
foregoing theoretical treatment, it may be seen that the overall block length distribution for each block
of the resulting block copol\?ESELRIFKGHY OFtEAMBIGENEEN D Atk itiEn \Gaeld ()

weighted by the local polymer production rate for catalyst i. This means that a polymer made under at
least two difesentRolimeaisforming 5conditions will have at least two distinguishable blocks or
segments each possessing a block length based on a most probable block length distribution, in an
ideal case. 1] Because, g PRbARES 3 16AMRSEHRIAY B, 0pRAsy OGS AL SegRsstWhich are
joined to form a single polymer, and each block or segment is chemlcalggor physically distinguishable

(other thar"B§HHHOME SifarRefirt SRR bRar TheigHedS bR tBRY From cPoNe;or tks or segments,
the resultingoplosklwapglymeipesseseesmsinigee physical andebsmicdl prapepiesicampased to
random copolymets of he same didss, chemical compasition, .[521 The lnugniion alsp provides a
composition cor%p |S|r?'g a copolymer, esﬁeéﬂa?y such gcopol?ym r'comprising n poﬁ/merlzed form
ethylene aprdmredpolyrnetafzable comonomer, said copolymer comprising two or more intramolecular
regions comprising 15differing chemical or physical properties, especially regions of differentiated
comonomer [53] The term “crystalline” if employed, refers to a polymer that possesses a first

order transition or crystalline melting point (Tm) as determined by differential scanning
15 calorimetry (DSC) or equivalent technique. The term may be used interchangeably with the
term “semnicrystalline”. The crystals may exist as stacks of closely packed lamellar crystals,
lamellae forming the arms of spheralites, or as isolated lamellar or fringed micellar crystals.
The term “amorphous™ refers to a polymer lacking a crystalline melting point as determined by
differential scanning calorimetry (DSC) or equivalent technique. The term “elastomer” refers
20  to a polymer or polymer segment having Tg less than 0°C, more preferably less than -15°C,

most preferably less than -25°C.

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

25 well as the term "terpolymer” (which is usually employed to refer to a polymer prepared from
three different types of monomers). It also encompasses polymers made by polymerizing four

OF more types of monomers.
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incorporation, wherein the ethylene/a-olefin block interpolymer is mesophase separated. Highly
preferably r possesses a molecular weight distribution, Mw/ .8,
preferably ?Q&r?g%?@n%%f from about 1.4 to about 2.8.  [83] In addition, we%ﬁégﬁt%}r{}%?ggides an
ethylene/a-olefin block copolymer 20 wherein the copolymer is characterized by an average molecular
weight of greater than 30,000 g/mol, a molecular weight distribution, Mw/Mn, in the range of from

about 1.4 to 3yt 2.8, g, litercice (NSl ST Aol TN AAVIRRLLRIEER locks of greater

than about 20 mole percent.  [84] The invention also provides an article made from the above

described Z5etHiRnh B RN H Rk S 5H8IDATER. 3 O[SBPR MR &SIRDbIY  HaabblyFisigoducts herein
comprise abigasl-sameaidaitiai aRamenconiRiBipg Mwerdistinguishabigesksoegggments
characteriz%d bg a most proba?l distri utizy of bglzck sizes. The Fﬁlol mer recovered from the second
reactor or 351 Ut AHANETESRSE OF G S SrE e A4 Ry B ar N SRS e8RS 4'dfBfS ek copolymer,
coupled thbtougbluseopadqeotyiuhetioralueG0phirg pgent torferhoast tritblodd ovla paultisloekhcopolymer,
including C!ﬁé‘gfﬂlﬁﬁqal%&‘zﬁﬁ gnglized by conyaision.ghianpingl ehain %%?'&B%ﬁrgﬁ%&'ﬂlt& vinyl-,

!
hydroxyl-, amine-, silane, carboxylic acid-, carboxylic acid eSter, ionomeric, or other functional group,

according P8R YeEHRR efds 5186 ih oyt SaERe e e MU TR BIRASRfdtCthe shuttling agent

employed igJhederedning4pace ssap HOsse s6aS Mt tinlausies:fos 1A ergaiigran per Bxchange, that
is, it is multi-centered, especially two centered, which uniquely causes the formati,g)n of a polymer
product corﬁ%?ig?ﬁ%e?:to?f&i&?rﬁ”é@ea%%l&%‘?ﬁé%afhgcfﬁ%ﬁ?%ﬁl&i ARG W& AP R distinct polymer
segniénts @ktérhd Srgo uighadduental:pelymdsigatian of tiwowkdetiory oezeané siqonfedind in series.
o yjelst sRosiness AUBACRea GO NoI0RIS BAIMILChOPONTER e
comprising: (1) an organic or inorganic polymer, preterably’a homopolymer of et ﬁene or of propylene

and/or a ceprApersofhetPEisHEIOMRBPYIEHCHITTISH e b Findraccopdphest e abaheiners, and (2) a

block copolynre-Reapkding e Riesenhiavention oskenreparedAecordintuiRihggprocess of the
present invention, In a desirable embodiment component (1) is a matrix polymer comﬁg%%ing high
i(ycopolymer

)
density polyEtHPithE S ERRECHE P ERMYoHY IRHE REAFRCPhBnERt e B 1AL nTe RE
accotding fothebpresent ipvanfio mokniaiting-fue ehthcgegistinchoe gians o difief@ntigied comonomer
incorporationb n.apreferred empodi lent, componer compri cclu e| S of;the trix polymer
formed ZOC(?BHJ 8%‘%%%%‘%%]’?%? %Ill msrg}ci)tr)}ge%ntég qu-%l%a%ﬁ(’ %y?enFSC%%%ﬁeﬁgrﬁ%%ng 6’&% igral)?erpolymers

form mesopbiaerseparaiEordiplichate e Rdfopiainsnaryeiarian firosetipoid hioabelisperse block

copolymerns. Gt HisPHGHL aleRam eI ieaie uibRPELAM itihe IR Rala sk dIMansieR Q%ﬁﬁﬂﬁﬁawng low
molecular weights (Mw<200,000 g/mol). B%hose skilled in the art will recognize that the size of

the domaifi® TOIRARREE By AR TRECHBRERA ROLIGHE o RHERg YRRt BeRE e in
comagonnehyderdentefithatblpakirierpohmeridhkesizasahthel dommainsdanrdlso hasnodified by
blending another o%oars“g%”.e s quith dne Bulk coal é@ger\%%ﬁ'fé"’lﬁ'e hlgad.components include
homopolyiner or copo yrﬁePr with similar composition of one o ﬁ1eyrespec Ive blocks or segments of the

30copolyntérdeoiisnsigrvil paher 21O, sorvmitst Bt ehrigdetod ad et atriinp ey oy mers
2009/097 560 R AHR2004A324 Open dSRLMDIE 6 QTR0 RIORE S PashbesR described as

preferably forming a diblock product, it is an additional object of the invention to prepare multi-block
copolymer ey hbSFSranched or dendrimeric copolymers, through coupling of polymer
terminated with a chain shuttling agent exiting the second reactor or zone (or any subsequent reactor
or zoh®e) 5usibtph difunétiotahotpetidfeerstipnal” coustingagshtopladditioneis treorpdharetwo reactors

are employggl, ie, Pradust RReaIBIeR ANaLMANe Ly g RelYME! ZalaR. Rk (Fapone reactor, with

the difference that each block of the present polymers possesses a most probable distribution of
molecular WAL dRR<bInpdSRBRARTSaAickIar 198BS cREeRy remis Pheddmsivisbrs is
generally lesis haRadk andcamappeadchith e dprcpro gusimacial tHwenkOrera@iBity, rather

than in pendent or grafted fashion.

30 {57] Embodiments of the invention provide a new class of ethylene/a-olefin block
interpolymers (hereinafter “inventive polymer”, “ethylene/a-olefin interpolymers”, or
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[91] The theoretical litnit of Mw/Mn generally equals the value of (1 + 1/n), where n is the number of

reactors ew '&;Qe polymer’s production, in accordance with the calgylations.of.J, Appl. Poly.
SEU i

Sci., 92,5 0043, In a series of two reactors, the theoretical limit for Mw/Mn equals the value of
2*0 -f1*f2), where fl and f2 are the mass 15fractions of polymer comprising the two blocks, in
accordance with the calculations described in Macromolecules 40, 7061-7064 (2007). [92] In
general, the axgiRgeRRPaLotRIAcks/ iNJhg.PRREPCE AL SRR Of the-Rrasarshpelimets will be

equal to the number of reactors employed. The skilled artisan will appreciate that the product of the

present pAlYRIBIREHERIGM AR SRS Hrahinedzsd FBbIerkeBREHEK M¥r88pending on the

efficiency gfdhenpasticutasrshoidlingyagentemployed unde ke condiient afdhshpalymerization.  [93]
In sonic emboditrpent%, the itﬂven ion comeprises @agggg a(%stiéignﬁ%m?rgg{iangpagége sgot?r)fflanethylene/a-olefin
block inter%ré) her ’c%rﬁf)erl%lna%(fvegné?%%rem SUbStanta y homogeneous in ramolecurar segments or
blocksS cornpeipirigiatifferingletlemiogbbmphysitet ZBpsopertiesysaild mmdanclodarsegmeénts
characteriﬁgtgrgyagggggsﬁépg@ most probable molecular weight distribution, wherein the
ethylene/a-olefin block ‘interpolymer is characterized by a molecular weight distribution, Mw/M", in the
range of from_apout 1.4 to abo%t 2.8 %nd: WQ 2009/ 97_565I;?CT/U182009/032‘70'5fg1a hats at least one
melting point,[ 5 N deg?élgjs&% [itit , gﬁﬂcgp&éﬂgﬁ?: N iﬁ%?%%g%%g?&eé%ﬁ??r%eé er, wherein the
numerical didferescef Fintanded! porpesponespocthbyretatichship bEoyeen 8553:31s8%88{d3nd7051.7(d)2, or

S(b)is charaeierized 0y, A SR RYIG LS EQMEN R Eodf E?@59?{3@@5??99}:E&%&%Fzﬁ&fﬁ@iﬁe%l%{%ﬁ@ measured

with a compression-molded film of the ethylene/a-olefin interpolymer, and has a density, d, in

gram¥lculiié EenblofdtePPHBFEInsHE AURREHORI e oI Es G AEPRP iR sRA et STIB Mg ¥B1ationship

when ethyiene/amielindnigreplymer is stbsiantiallykae o wneessiinkestphasespkofRey>1481-1629(d);
or (c) has.a molecular fraction which elutes betwcfen 40C and 130Ct.\t/.vhert{1.fr?ctionatgd using
TREF, ch&f3EH1ZEd T B PHE RS RHAS T RS BPRSMEn GHier Cohtaht 6 &t REaSTE B&T&nt higher
than that afagalyompharabtefeand embethiyiencthetbiqdbydiie:fradiiomeluting hetwéennthecsame

temperatufes, wherain, said GRMRAADISL I TINHOP SIOMIANE ISIRAIVINGLNAS NGRS o

comonorner(s) and has a melt index, density, and mdlar comonomer content (based on the whole
polyrhr) ithifyreer géreeh e SRaeaitish e SRy TERISS efiHTHREARMeic 6F syndiofffiRhéegi8torage
modulus ate2bferi( ¢2RGib- 2@ S16ra6€ Modus BhddG, GiianelonherginiagcaioRf G'(25C) to

G'(100C) is in the range of about 1:1 to about 209:1; or e) is characterize n average block
index grealePTHaK SarBea Mg E%WB%B%E&T@”%%?%H%%%% @ﬂ%f/’l% é)fgpgf&ir?l%ﬁ%ﬁ?? erpolymer is

mesophasegeyarataste b&#ﬁhﬁgﬂw%&mﬂ@mﬂé@ﬁmﬁem®l§/mér$'m‘raﬂie;¢ﬂwﬁmmrsitm9dxdfdhhracterized
as mesop'&% RISHIRP I RIZE SR 'Ms@iﬁbﬁJbﬁﬁgﬁ/&f B8 AR A, i about 300

nm, preferablyin the range of from about 50 nm% about 250 nm, and more preferably in the range of
from #boufiEoth e saBEUT 200 TRILES HdES GRRELY e smallest dimension. In addition, domains may
have smallest dimensions that are greater than about 60 nm, greater than about 100 nm, and greater

than about 158%9jut Dorainsaradyolidochargoierzedofishe prior art, including copolymers produced

by sequential monomer addition, fluxional catalysts, or anionic polymerization technigues, the
copolymers of the invention are characterized by unique distributions of polymer
polydispersity (PDI or Mw/Mn) and block length distribution, with two or three, preferably

25  two different block compositions. This is due, in a preferred embodiment, to the effect of the
use of one or more shuttling agents in combination with a high activity metal complex based
polymerization catalyst in two or more polymerization reactors or zones operating under
differing polymerization conditions, More specifically, when produced in a continuous
process, the diblock copolymers desirably possess PDI from about 1.4 to about 8, preferably

30  from about 1.4 to about 3.5, more preferably from about 1.5 to about 2.5, and most preferably
from about 1.6 to about 2.5 or from about 1.6 to about 2.1.
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cylinders, spheres, lamellae or other known morphologies for mesophase separated polymers. The
rnesophas%ﬁ%%ﬁ)rﬁgﬁgolymers comprise olefin block copolymers Whereigéh%%\ﬁagﬁgz%{omonomer
in the soft segments as compared to that in the hard segments is such that the block copolymer
undergoes mesophase separation in the melt. The required amount of 5 comonomer may be
measured in mole percent and varies with each comonomer. A calculation may be made for any

desired comoger in gideriQRIEERIR HamoLAEAehIGARIRIAESARASE agparation. The

minimum level of incompatibility, expressed as xN, to achieve mesophase separation in these
polydisperSBHgek VeI dbYERIEiaR T 5E RRED TS ORI IS PARYSREUBNhys. Rev, E. 57,
6902 (1998 sdnesagnignghnstueiviaiansiaQ pamlly ush theuereleodisorderi tiabgitiosiy commercial
block copolg_me{s to Slii;‘%hlﬂty t{g her zéN, ?value XN=2.34 pas been used aslthedmirgli]mum in the
calculatiord bEIoW ESHSWRG e BB EtCAK O D . CoREa NAF U™ Graasdi® Bo et Bishds volume 1:
Formfiationitied pBlyRisPearsd, d3 BhBwokefatlo@0 00 x NE tanmebe tsom ter feditgithveop potiuetof x/v and Mb/p
where vis Adglalanchy ahiRSe MU DUIRBLAEIRAe Rlgek MOIGRHZL e AR RS the melt

density. 15 The melt density is taken to be 0.78g/cma3. xlv for cases in which the comonomer is butene

or propyleAeVR BOBIFHIAEY BRI EIoCEPIRE IR SraHIFR SHRAMET HhRIMARPIYTAST ftSkblation or
extrapolatignff hendatarpne vided it d phlmB-d-if saerefarenaety bakse anchtaiaassiay. For each
comonomer type, a linear re ression‘#'n mole ercent %Pmonomﬁééyegfotgmed. For cases in which
octene is ﬁ%n}é %%18%%%??% aglaffrrﬁ‘é‘sp%tcoe tire El‘énﬁer OMTeEWit data of R&ERat, 20 G.C. et al,
Macrtimolechiies: (11888 08t 188 6: tisipgpMredthepumiberaverdifeniolesujariBghtel & molecules in
units of o/l Jie RIouing ROALIaR desGHbeR die inkmuBSamERe AL difference between the

blocks to achieve mesophase separation: A(percent comonomer) > A/ (Mn)5 When octene is the
comonorner, A is greater than or equal to about 4524, preferably greater 25 than gr equal to about
4977, more pfgi rably grB&PePsH r%’&ﬁ%ﬂl?66888&%%%%%%5&5@00%e@%&?@?‘?ﬁ or equal to
about 5_425mgnea¢er thanted gqu&btmeaﬁsm 156b Beanidgireate rmbantiemegueal o abydubB80r When
butene Is ¢ g&@&ﬁ@&%&%ﬁg@bIga%%%ﬁ%[ﬁ&%t%n%%#&&%%%gt 9%%%?&@%%%‘%‘%}%&@” than or equal to

about 7649, more preferably greater than or equal to about 7997, and may also be greater than or

equalio abdtirBgBihedréAtalehmeereshiial Re RSP BEUL SO éPgiehaiethaprbihediigl to about 9037,

When propyieine ds 1he: CaBanomet i Ads eigatesifan.ofaauabieaheut S84 pigfarably greater than
or equal to about 10100, more preferablyg&%a r than or e&ijal to about 10560, and may also be

greater thaFBPERIZPRS AbdtPTLT e dPa Ah 5 8gH Rt BEGE T A8 HRE e Ser than or equal
to about 1#88&idN/bepoivin=5ia 060 g/tobandtthe coppbnmumiestisnlisdotdmedtheadiferaheagrmole
percent octene. o, t f C i er than or equal to
about 20 rﬁ%ﬁeﬁi%}g n?,{ﬁé}rleij}(ijirﬂa%gtI[31(/ill § r%%%qr%gﬁ%gge%%gﬁ%%a%%ﬁg%% n%o e%%?fé%&?nllbre preferably
grea} thahePeguBltée apbLE23 MR ErR EHERITIMA PaRs6 B PRt activaPbTEUatB@bout 24
mole percgptiQLestsy thanron ekl 10 AR ROl PERGEEIANE SieAtehthansRhea@kto about 26
mole percent. In addition, the A octene value may be in the range of from about 20 10mole percent to
about 53.6%1%@%‘8& preferably in the range of from about 23 mole percent to about 50.0 mole
percent and more preferably in the range of from about 26 mole percent to about 45 mole percent.
When Mn=51{88I0g/mollaa&:adency A Aoneksrtipdk fnethe tahevdiffereriearernofetparoers butene
between thg, hard seormelrREGAeRolbaag Rl AuiSAs ds dreatehthan Arrsouahimhabeut 30.5 mole

percent, preferably greater than or equal to about 33.8 mole 15percent, more preferably greater than
or eqral toHHaEECH REts tﬁé‘?d@%’ﬂté%ﬂbﬁﬁé‘ﬂ?‘é@&)@écélr@ﬁf@df%ﬁ%P@ﬁﬁ&PﬂS’&ﬁ’&E& 36'® mole percent,
greater thapitityefguadie alditi:BS .4 moledpetent ahergisatdsihbrariBokatdaaionh 40 ofn addition,
the A butene valug max.Lern (e ange,ofTem.abaul 0.8 male erentio,abput 80,0 male percent,
preferably in the range of from About %ymoie ber():'enlt o about 76.0 mole peprcgm and more preferably
in the rangaest@fecapabét 38 mole percent to about 70 mole percent. When Mn=51,000g/mol and
the comonomer is propylene, the difference in mole percent propylene between the hard segment and
the soft segmpy3y, A propylene hisgreatektpamotgatiaicio akank 40:6-mola paigepshprefrrably greater
than or equal to abqut 44.7 mole percent, mare preferably greater than or equal to about 40.7 mole
percat Al e B B S T A S R o or et o
about 48.7 mole percent, greater than or equal to gbout 50.8 mole percent and greater than or equal to
about 52.8 mole percent. In addition, the A propylene value may be in the range of from about 40 mole
percent to about 95.0 mole percent, preferably in the range of from about 44 mole percent to about
90.0 mole percent and more preferably in the range of from about 48 mole percent to about 85 mole
percent. 30195]The mesophase separated ethylene/a-olefin interpolymers may have characteristics of
photonic crystals, periodic optical structures designed to affect the motion of



photons. Certain compositions of these mesophase separated ethylene/a-olefin interpolymers appear

pearlesce%gyzgﬁé%%% Spme instances, films of the mesophase separatedI@éﬁygg%&@ig %gJﬁqm o

interpolymers reflect light across a band of wavelengths in the range betweée
example, certain films appear blue via reflected light but yellow via transmitted 5light. Other
compositions reflect light in the ultraviolet (UV) range, from 200 - 400 nni, while others reflect light in

the infrare| (IR) (2o (O RRRTMAIY 50T 0901 ST TRE FIERE{faclin imerpolymers

are characterized by an average blogk index, ABI, which is greater than zero and up to about 1.0 and
a molecul & #eaig et SwibiteRt meavimgreiiatereitaidut ThesTmesqderiy BISdRRESRR, is the
weight aveyagaefdhe laRlackindry, CBidPmengihe thapolimer fiaationsahtained in preparative

TREE (i.e., fractionation of a polymer by Temperature Rising Elution Fractionation) from 20C and

L10C, with an aremen o R ANOHA Q1S AMRSIAUE STEMANS AU Sidfraf, 10C, also can

be used): ABI'={w2B11) 15where BI; is the block index for the'ith fraction of the inventive

ethylehe/asSRIRAN e SHRRSF BISEARSSIFK ek atives TREFCHRMWR R AIgHt Percentage of the ith
fraction. Sipitariyihe sevare akah thrsecondmamentabaitihe-naan hareinafierafenied to as

the second moment weight average block index, can be defined as follows. 2nd moment weight
average B‘ih—oufvéf?§m‘}i %2) 20where N is defined as the number of fractions with Bli greater than
zero. Referring to Figure 2, for each polymer fraction, BE is defined by one of the two following
equations (bd#Pof which givdotevérgsiespipianiell nymbersdisgdosdderen pp APRIPRIBG Bl =

values, regardless whether the word “about” or “approximate” is used in connection therewith.

10 They may vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent. Whenever
a numerical range with a Jower limit, R and an upper limit, RV, is disclosed, any number
falling within the range is specifically disclosed. In particular, the following numbers within
the range are specifically disclosed: R=R'+k*(R“-R"Y), wherein k is a variable ranging from 1
percent to 100 percent with a 1 percent increment, i.e., kis I percent, 2 percent, 3 percent, 4

15 percent, 5 percent,..., 50 percent, 51 percent, 52 percent,..., 95 percent, 96 percent, 97 percent,
98 percent, 99 percent, or 100 percent. Moreover, any numerical range defined by two R

numbers as defined in the above is also specifically disclosed.

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

formula:
20 A-B or A-B-A

where “A” represents a hard block or segment and “B” represents a soft block or segment.

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

[67] Other embodiments of the invention can be represented by the following

formula:
25 A-[(BA)] or A-[{(BA).B]

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, not in a branched or a star fashion.
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lITA-11TABLNPA -LnPAB where Tx is the ATREF (i.e., analytical TREF) elution temperature for the ith
fraction 25(pre expressed in Kelvin), Px is the ethylene mole fraction for ith fraction, which
can be mégéu%@%%éﬁm or IR as described below. PAB is the ethylene %&édg%é%é%@ he whole
ethylene/a-olefin interpolymer (before fractionation), which also can be measured by NMR or IR. TA
and PA are the ATREF elution temperature and the ethylene mole fraction for pure "hard segments”
(which refer tgdihe crysialling Seamants, Al NEISMANMER LA AL ARPIPAIN Lo, gr.for polymers
where the "hard segment” composition is unknown, the TA and PA values are set to those for high
density pofg&fWAene homopolymer. [97] TAB is the ATREF elution temperature for a random
copolymer of the same composition (having an ethylene mole fraction of PAB) and molecular weight
as the inventive copolymer. TAB caa-heRalsulated AR e mokBirattion of ethylene (measured by
NMR) 10using the following equation: Ln PAB = CL/TAB + [3 where a and [3 are two constants which

can be detgrmined Byia caliyRHQRUsIAG R-PLBRATL IR I chRtagterized preparative IRl fractions of
a broad compgsition random copolymer and/or well characterized random ethylene copolymers with

narrow conh8itidh 3t Aol 158 HERSed tHERSSNE HIHH\PIK FrSramsat At eRt (SRSt Mfent.
Moreover sofibhciutd segedio Gieataldn appropBiaiecdallarbiion!tieny éwithnt hetioly mefcemposition of
interest, u%irr;agsgg@g%%iﬁte molecular weight ranges and comonomer type for the preparative TREE
fractions and/or random copolymers used to create the calibration. There is a slight molecular weight
effect. If the calibration curve is obtained from similar molecular weight ranges, such effect 70would be
essentially né§figible. 1FPsthsE ERsdidAEn LS ﬂﬂ%ﬁ%ﬂ@ﬁ@%}%l%@%@ﬁﬁﬁﬁ%@?&ﬁve TREE
fractions ofitaRd o€ poiymearsogatistys thecholominy relati onshiB ki Rienodidss 83 coAmimerd.639

[98] The above calibrati uation relates the mole fraction of et e, P, to the analytical TREF
eluti(-:»lirtla terﬁzbnépé{%ae(?ls%ﬁ%é%f%‘)}?} rﬁ%‘%&&?o?ﬁ&%ﬁ ion ran %Fﬁ‘“’éeé’g%é:‘gr%é‘%' %éfn%ﬁf’rmﬁégérative
TREE fractione oidseogdreongositibrblerkd beh deppulypeansosivenisthie sa T REF geremerdtighebfor a random

copolymer, of; #e. S APD5, SATRASHIANH Rt BGRANMKRICOMONomer type and content) and the same
molecular weight and having an ethylene mole fraction of Px. Tx0 can be calculated from LnPx = a/Tx0

+ p from a m?@@“md PX,T0Ie action, Sonyersel, Lxouis ihe givlene male ffeaé:{‘ﬁﬁcorra random
copolymer of same composition (I.€., the same cBmbnomer Pype and content) an fhe same
molecular segsigint anddanintepirsaTRER teripbeatmefoiTitawhich can be calculated from Ln Pxo =
a/Tx + p using a measured value of Tx. [99] Further description of the block index methodology is
referepced in 5 Macromolecular Symposia, Vol 2571 2007), pp 80-93 which is incorporated by

reference herein in its entirety.  [100] Once the block index (BI) for each preparative TREF fraction is

obtained, the.weight gyerage LIarkIRARY: ABIndor tfm@;s%@eg&'xw&@&%% IGulated l-some

embodiments, ABI is greater than zero but less than about 0.4 or from about 0.1 to about 0.3. 10In

other embBaIEHESIRBER BT earslthios aposen P add e blanbuBe.aopferarabRkeA s should be in

the range pfdiomsakAULE: 4nto Bbait0 of, dremralieed, 0.5 to about 0.7, or from about 0.6 to about 0.9. In
some embodiments, ABI is in the range of from about 0.3 to about 0.9, from about 0.3 to about 0.8, or

from about 0.¢iq abouifh(; AR ARRHA Q.o AREHIA alTRmaRaU Qb i APRIEY RO from about 0.3
to abgout Oicg];mr:ﬂg.ther embodiments, ABI Is in

A-(BC), or A-(BC)B or A((CB), or A-{CB).C

where n is at least 1, preferably an integer greater than 1, such as 2, 3, 4, 5, 10, 15, 20, 30, 40,
56, 60, 70, 80, 90, 100, or higher, “A” represents a hard block or segment, “B” represents a soft
block or segment, and “C” represents either a hard or soft block or segment. Preferably, As,

25  Bs, and Cs are linked in a linear fashion, not in a branched or a star fashion.
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15the range of from about 0.4 to about 1.0, from about 0.5 to about 1.0, or from about 0.6 to about 1.0,
from abour\x(p()?z@g?@gg& .0, from a_bout 0.8 to about 1_.0., or from abogt 0.9P .&%9}7092705[101]
Another characteristic of the inventive ethylene/a-olefin interpolymer is that the inventive
ethylene/a-olefin interpolymer comprises at least one polymer fraction which can be 20obtained by
preparative TREF, wherein the fraction has a block index greater than about 0.1 and up to about 1.0
and the polymeihas a malgaHARMEALCITHRYIOR.LY Ly M SHERIRLIRIR00HE:, In some
embodiments, the polymer fraction has a block index greater than about 0.6 and up to about 1.0,
greater tha®@8But 0.7 and up to about 1.0, greater than about 0.8 and up to about 1.0, or greater than
about 0.9 and up to about 1.0. In other embodiments, the polymer 25fraction has a block index greater
than about 0.1 and up to about 1A3({Bff@ater thansafbistit-B2 and agR&AKOUt 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 embodimgings,Abe, polymerdractignghasashlack iadex greater than about 0.1
and up to about 0.5, greater than about 0.2 and up to about 0.5, greater than about 0.3 and up to

about§).5, or greater than about&@(ﬁgpgAupotlo a@%h%% Inoy%t_(%gggzr_@mbodiments, 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 an to about 0,6.
[102] In addition ¥ 4R 04 g b|8%&eiﬁ‘%§)%%“éﬁt8gﬁﬁ&ﬁ?ﬁé‘ﬂ£f aefish Bﬁ&cg mgiégs}i%gfgﬁﬁ%ﬁgfa-o|efin
interpolymrs’ aré chinidbteriigbeby Sepsrseme rehafithieds ropestiest des FibeprastBfolowgock ¢1.03] In one
aspect, the-gthyiepe/araiefin dlagkinterpolymersddaedsitogmbadimentsf dhesinvention have a My/174,
from about 1.5 to about 3.5 and at least one melting point, T in degrees Celsius and density, d, in

grams/cubic ;ﬁﬁ'}imﬂeﬁiﬁk{?@* giphe pupaLicalveluss Qe valiaRisR A tespRRt IR G Helationship:
10I',> -6553.3 + 13735(d) - 7051.7(d)2. =~ [104] Such melting point/density relationship is illustrated in

Figurtd3. Whbt iy Srrraida i A8 ORGSR PRONERY- BIER RS R S iR §Ivints
decrease withislagreasingoiansiias, thetyeniive indelpabives (pasantedly diamands) exhibit
melting pojnts substantially independent of, the density, particularly when density is hetween about
057 15 ol R S ORIEL: P BRI e T o AT Se b ST AT e range o
about 110t®: teabegtnt86 @uwherddhsity:baages fretheth@zBeag/CEoy " dihonkt 0:948g7ues. im some ‘

embodimegLs,the MEIRGLALSUEHAONIREES BRI hIRRIEANES QhARH kL dohkriqaheMEL 25 C when
densﬂg ranges from 0.875 g/cc to about 0.945 g/cc. [105] In yet another aspect, the

ethyléhe/alBiRRA Mok PeNiRe R el sralee sl 2DRAeRsFeamhiER LILRAIaPERA%OE and 130C

when fractionatadussing digmpe/atidinRising Ehuliondssastiopaton (33 BEMh@hatacetizae in that said
fraction has a molar comonomer (iontent higher P -efegg%l%ﬁt least Ségerceg}ahiglsﬁgr more preferably

at least 1P [e)ré:recné’rﬁr al‘é rér,a A URUE k- R r%%e?a &'random %‘%ﬁ:yelréth ‘?ﬁ%%?po@mef?%ction eluting

between tipersarnertempdrat dfosolyiperain. tbe contpardbleckmgormethypidaatinterolyimer contains the

same 25C%@}9&Q@F@t&%g%§ &&Eeﬁ%i@éiﬁ?ﬁ 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

ble i I is al jthin 1 t of that of the block jnt [ d/or th
comiirable ibdipolymEt hEE St ARSI S COTRNT S 26 OREhE BOTELAF6Fhat of th block
interpolymanbAMORE0BUEST 56 BRATIHISRO 0BF32 7D Bolyifkd6idrvatinente hbodimenmisytHdock

ethyleneleslefi PAITRIRSYUP-() 3. SEragR MRKUNS 210, 2RI (HO0E), glrom 1 to 20,

preferably from Ito 10, more preferably from Ito 5; and/or (2 0C compression set of less than 80
percent, pfetaraih/ tbydthis o seresatb 3 gaciamy 1badaRipr e 0 paYBEREK Teashhis Sa8é¥cent, or less
than 40 peficerbaoWHio-A: 26 Rasiomsat efil-aarcedlstibution of properties.

25 [75] Not wishing to be bourd by any particular theory, the following mathematical
treatment of the resulting polymers is based on theoretically derived parameters that are
believed to apply to the inventive polymers and demonstrate that, especially in two or more

steady-state, continuous reactors or zones connected in series, having differing polymerization
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[107] In still other embodiments, the ethylene/a-olefin interpolymers have a 70C compression set of
less than 8\9(9%59@7%%;5 than 70 percent, less than 60 percent, or less t Q&g}gﬁ%@referably,
the 70C compression set of the interpolymers is less than 40 percent, less than 30 percent, less than
20 percent, and may go down to about O percent. 10[108]In other embodiments, the ethylene/a-olefin
interpolyrners comprise, in polymerized ft:min, at least 50 mole percent ethylene and have a 70C

compressigh,gabaf (6ShiamSdpeIcepbIRrRIgIaR B aSHEdLAP xeﬁgﬁﬁrﬁf%%fggﬁﬁﬂarbmgoercent most

preferably less than 40 to 50 percent and down to close to zerg percent.. 9] In.some
embodime &1 HhE FIGRITHIEER Tofsiry ek PoeseLsaron Pitligla 8B eHine: R disthbution rather
than a Poisswdigtibriienwidei copolym ershargitushpoighrigsterizecoashendngdpatitha polydisperse
block distributicc)ntagF ei(polxdiscge{;s(%ndgggﬁggoq,?g &Igocle(tgéet?eg{nd QS ggg'n% am shprobable
distribution of Block 3?19%%%.35@ erred mui-ploc copolymers are those cont(f?un“lrim[g]l A"8r more blocks or
segments isslugtngtenhinafbiolbcksy widrelpraferablyethe popslyinets rfttodebrdbastiationor 20
blocks or segments ingliding.2qtesminaliblagis, md $403dmadditios, theiayentvg hlack interpolymers

have additional characteristics or properties. In one aségect, the mteggolyiners, preferably comprising
ethylene afd! 858 HieretBh SRARCH 23016 'CBH N BRAERSE HBBRIREIRPISIREr sheiarEPatherized by
multiple blpcksn@r-seUme REsyOhwmoialeBorpHelyin erzechmenabies i diffesingLin elevisal or

physical 25properties (blocked intelpalymer), mos ?rgferabl di ocl; %o olége or a triblock
copolymerg%gi Blodk Ih%sﬁ o%r%%?eﬁé@/i% g’rlrr%fé}‘ A l}{ T O reis gfé)’;fnd 130C
wheri fractidfieiethdiging. Tﬁﬁﬁlmﬁt&i&@dﬁhﬁﬁm "Saityfrerchionhiors Enpaolerireomiohomer content
higher, prefefahly AlleastaRereent RghQL MEERIPreiesably ahlaastilQ RRIERD Bighgt, than that of a

comparable random ethylene interpolymer fraction eluting 30 between the same temperatures,

wherein sal§ieeRfphakis16hHR b B JiaFO TR ATBKFMER ST EoTHprigdReamaaife oniBiséimer(s), and

has a meliidesr BRERIHharek Malaf-coMmpneRaoniant.dasedaindle ywhelehelymeekaithin 10

percent of that of the blocked interpolymer. Preferably, the Mw/Mn of the comparable interpolymer is
SBigK i e

also within T6"PePEEM G TSI S RS RS APSHIRY S AFaBIE AR} S8R mer has a
total tHrnohtimert tdwienF&vithilysi@ weifyhttpercesstoéibat diltngthlobkiad mtdnpell/imerefitiComonomer
content may, ng%%m%gmg Ak shilall e dae Gk, b JRcbnigyes.hasPA.abuglear magnetic
resonance ('gNMR' spectroscopy preferred. Moreover, for polymers or blends of polymers having
relatively BPOBEMPREE DN polymer is first fractionated using TREF into fractions each having
an eluted temperature range of 10C or 10 less. That is, each eluted fraction has a collection
temperature windoviKghlLeC bpless’ Using thisttechritatde daiditbicok irftelpsliamets have at least one
such fraction having a higher molar comonomer content than a corresponding fraction of the
comparable interpolymer. [112]Rigure 4 and Figure 5 depict and describe the comononier content
calculation of the ATREF pPeak uging the FWHM ardRarEdntiBEe FRekdFagbf the peak can be
calculated 15 using a full width/half maximum (FWHM) calculation after applying the appropriate
baseljpes to i rate the individual si res f TREE chro ram, For this random
ethylg{%e octeﬁ;eg %opoIyﬂrﬁlé{ﬁ%r%%%Ib%i%{i}%]ﬁgﬁﬁﬁg%%uﬁ%a%e%%gﬁ ng ?ﬁg%ﬁ@?%o% %%;E@Signe response
area [CH3pe L RiGH PoBtatias @ sdifbrastie R f REquarariae deckdesgividréivirihetionlest
(highest) peakds igemified.fram; thebasedins: fnk this ATRERH6akmassursch s 20 FWHM area is

defined as the area under the,cur,\{e between T1 and T2, where Ti and T2 are points determined, to
the left an8"AGHHEY REPEPREEEBAR MY diiding 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. The octene

content of this randgm ethylene-oci##{# copalymer termiped to bg 3,9 mol% after applying the
comonomer calibragjg] cBRlE stiRkth in Figdire Kl HERARIERINGT P2 %0 mek!

25 Rpli] = Local rate of monomer consumption by catalyst i, {moles/L/time),
Rt{i] = Total rate of chain transfer and termination for catalyst i, (moles/L/time}, and

Rs{i] = Local rate of chain shuttling with dormant polymer, (moles/L/time).
20



25[113]In another aspect, the inventive polymer is an olefin interpolymer, preferably comprising
ethylene agd,ocRkaQe copolymerizable comonomers in polymerized fogpay ghagagighigad by at least
two blocks or segments of two or more polymerized monomer units differing in chemical or physical
properties (blocked interpolymer), said block intelpolymer having a peak (but not just a molecular
fraction) which elutes between 40C and 130C (but 30without collecting and/or isolating individual
fractions), chayagterized nthatsaid fsake PBS AcFAMMRANBA-RNIGN estimaied Rninfra-red

spectroscopy when expanded using a full width/half maximum (FWHM) area calculation, has an

average molar comonomer tent er, prefera ast 5 percent h'%e re preferably at
st 10 papa R e B B e B e
elution terhpéhatarel anerexpuinded Susing ia il evidthgRalf maximum (FWEIM) area calculation,
wherein said comparable random ethylene 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 blocked interpolymer. Preferably, theRal/MmkndMli&idomparable interpolymer is also within 10
percent of that of the blocked interpolyrner and/or the comparable interpolymer has a total
10comonome7gpntent withinakOrweigial parcenioal ihakdthediaeckedenienpelyine fufhieofuf width/half
maximum 'S]Eﬁz‘vl\‘éHMP e?lg)Lga 'lpnés @%ﬁ;e’geg‘r}’tq% cgati m%f mlgthglnt et Elgs e response area [CH3/CHZ2]
from the A ntra-red’detetto 3 heréir the ta estn%lglhest pealk ISl en%l ied frdm the"base line,
and then thee R arB® isrdesic pnihleHadCa Aistibutionoseasurédnssing canh AUPRER@Hak, the

FWHM areg;is defingd.asdihes ateadpderthe siuve 15between T1 and T2, where T1 and T2 are points
determined, to the left and right of the ATREF peak, by dividing the peak height by two, and then

drawing a line horizontal to the base line, intersects the efiﬁgd{ ight portions of the ATREF curve.
A calibration curve for comonor@@ﬁc’énﬁﬁﬁ%@é e &E?flg ?'ail(d me i:y ene/a-olefin copolymers,

plottir{% cornonotner content from NMR versus FWHM area ratio of the TREF peak. For this infra-red
methtdl, the 23 Yalibratieriaariaqky genehaiisch o Fitfed AhencorfbishBrty e arifEest e

comonomgrganiesh ofdheckREFpeakoehibeisyentve pohines Gan badaiapneddykaierencing this
calibration_curve using its FWHM I}ﬁ‘t’h}ga me Iene.§1rea Eatio jCHB/CH é f the 'LREF peak. Figure 5

J - : h
demonstrat8s e YARHkIBH Br s TA FoF %hf ST RUEh AR W FREE L AR TOF S PASHom copolymer.
25[114]CaoifibAdmehe trteninmay peomedsStite dndsimgpamyiguifaibla Ad€iduepreitntedkniques based on
nuclear m@9&@@&5@&99@@&%&%5}1%@?8?15?:?&0py preferred. Using this technique, said blocked

interpolymer has a higher molar comonomer content than a corresponding comparable interpolymer.
[115]Preferably, for interpolymers of e% lene agfi é e, the block interpolymer 30has a
comdﬁorner content of the TREF fracti ﬁl m%fﬁ B @?@Eé@id 130C greater than or equal to the
guantity (- 0.2013) T + 20.07, more preferably greater than or equal to the quantity 34 (-0.2013) T+
21.07, where T is the numerical value of the peak elution temperature of the TREF fraction being

compared, measured in C. [116]In addition to the above aspects and properties described herein, the
inventive polymers can be characterized by one or more additional characteristics. In one aspect, the
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5inventive polymer is an olefin interpolymer, preferably comprising ethylene and one or more
copolymer%&p%%ugwjggmers in polymerized form, characterized by multirlj,l&gi%%ﬁggy ments of
two or more polymerized monomer units differing in chemical or physical properties ( ﬁ)c ed
interpolymer), most preferably a diblock or triblock copolymer, said block interpolymer having a
molecular fraction which elutes between 40C and 130C, when 10fractionated using TREE increments,

characterized[%#hat sajd frachian.fas ?D[%Hﬁ{ %%%&m%&a{gﬁmmg% Risierably atleast S percent

higher, more preferably at least 10, 15, 20 or 25 percent higher, than that of a comparable random

ethylene iftefFolHEE BB ieirR RifaBeiREer! the s tdnfss cappbersiieteriseide Safarable

random etRylgReiiniefRAUNRCECHRIADSAES TRETANRGIRANSNARS (Shappefenablyddscthn same

coinonom %?) d a 15melt index, den |t%, and molar comonomer. ntent%)ase on the whole
olymer) WtHATS blrdBit BFRAT Gl He BIUCK B RIS Griar: BrSE DR SU MG Epdne
com pérab@#uﬁa’mlwﬁémi@ ats}@wimmﬂ@ip@rchmlabthmsoﬁmmmwwwmIay'mgelrlmnidor the
comparablenierRoliMer, s Al aaonamek aRiBak M hind Quuplalt percent of that of the

blocked interpolymer. 20[117]Preferably, the above interpolymers are interpolymers of ethylene and at

least one a-olefin, especially those interpalymers having a whole polymer density from about 0.855 to
about 0935 cfihis, and FBH AR BRIRY F6 SOV BRETS AU 6F BFS THAFS AB OGO ok it

comonomésiridtetd fockeds inggr polymar halseacbdiimohomegsententtehtiel [FREPhfractipn eluting between
40 and 1A HEREDI00: SAUE S UIE PO 43000 L S LIRS Al pprefgrably greater han
or equal to the %uantlty -0.1356) T+ 14.93, and most preferably greater than or equal to the quantity
(-0.204.3) Rdigniny bigtierar Ferneisntha e B RN b eRel BRI ATRES whdisrPiamgddire of the

TREE fractipimheing gRrmpacssly mepairaddh Cofdilalkn silirnathebaspestnthelinvgpiygapolymer is an
olefin interpolymer,  preferably comprising ethylene and one or more copolymerizable comonomers

in polymerize form£harac 2 i iple ; e f or.more polymerized
monomer un%s%gifferin3%?1‘?gﬁee&rg?é?f%cr?%ﬁ%}gég}l6%%%%?%%%%%@%%%tge?%%;) lr’;%rr'r]) ,eﬁﬁé%slé %\Yeferably a
diblock or tHBigctepehblighten it d o dlelnpuiyiiasrm v g aantolecurly fraetdRewhich elutes between
40 C and %3&&0%&?@&%&%@%@%&%&5@%& RErRMENS SBRIAGIEHZEchIN Al RYerY fraction having

a comonothfr content of at least about 6 mole percent, has a melting 5 point greater than about 100 C.

For thdse FACHORS IV o EBVISALH TS R FSHY ABHGP s Thrd PRVLRT £5'5BBUPE mole percent,
every fraciionriipas:aob SGaritihg pojiinefabketin bl&Coedigheeridonesppaitaeahursail polymer
fractions, having at lea mal percent comonomer.has a DS elting.point that carresponds to the
equaton: T B e B B SRS oy 207
> (-5.5926(ma) pariesererioio megtrfimabesh -+ 3500 2Bhe relationship is depicted graphically
in Figure 6. [119] In yet another aspect, the inventive polymer is an olefin interpolymer, preferably
comprising etf8Aene ankt afé i encopidymperizallencaminemelstin Pobinepaecdéorm,
charagterized by multiple,blocks qr. seaments of two or mar. lymerized monomer 1 its differing in
choraal o Sh B e B o A SPAILLR copolymer,
said blockgfretpaipaiesdavinipht disidouian fidetdivinibh ehaesiiewebas 0@ wradass.&, when
fractionateg, y5ingrdREE NGRS enChRBE IR AR IDIRALB VBV RS &Mﬁ?&@@t AJ REE elution
temperature greater than or equal to about 76C, has a melt enthalpy (heat of fusion) as measured by
DSC, corr@Sp6Rtding to the equation: 70Heat of fusion (1/gm) (3.1718)(A1REF elution emperature in
Celsius) - 136.58, [120] The inventive block interpolymers have a molecular fraction which elutes
between 40CI8AH 130C hwitemfrgotidsapeey idsing TRER irslefrentde characlendréedin that every
fraction thathas.a0-AlREfelUtigigmperature between 40C and less than about 76C, has a melt
enthalpy (heat of fusion) as measured by DSC, corresponding to the equation:

i85] Highly desirably, the polymer products herein comprise at least some quantity
of a polymer containing two distinguishable blocks or segments characterized by a most
probable distribution of block sizes. The polymer recovered from the second reactor or zone of

a two reactor or two zone process, may be terminated to form a diblock copolymer, coupled
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25Heat of fusion (J/gm) (1.1312)(ATREF elution temperature in Celsius) + 22.97.  [121] These
relationships, a, Icted graphically in Figure 7. Specifically, the block in !’Ef? olecular
fractions w i(c)hg@%t%eg Jﬁé%ween 40C and 130 C, when fractionated using [R mgrgeagn;gn 20 hat are
characterized in that every fraction that has an ATREF elution temperature greater than or equal to
about 76 C, has a melt enthalpy (heat of fusion) as measured by DSC, corresponding to the equation:

et O AT AR CE i Rl

ween 40C and less than about 76C, has a melt enthalpy
(heat of fuBielyiag dragdsnias BY DS EEAsSPHOARIM IO SHuERbR AR ASIELINGM) <
(1.1312)(AIREFSltem temparatuiadncGslsivs 2.22, 9hobNRERReak.Comaneraas G@aposition
Measurement by Infra-Red Detector 10[122]The cotnonomer composition of the [REF peak can be
measured Y8F RGP AREFRUP I ARTRIEREJR NGB &AITABIE from Polymer Char, Valencia, Spain (http./Avwv,
.polymerchancom/).  [123] The "composition mode" of the detector is equipped with a measurement

sensof (CH2)[8AH compbsiticnosensori@imntrHtths dniReléeRare WisHHE ifeat ceepfitesintihe region
15 of 280Gs300R:.Ghikcdhe MRasHE e MeRbRenrQrdaisssthepathyienetahid) garbonson the polymer

(which directly relates to the pglymer concentration in solution) while the composition sensor detects
the methyREHSFYFETh S B tHE HOIHE e FhAR SR AR AN S BBIRpOLitieR S al (CH3)
divided bygheuaeastsaentsgicinaleid2didise rsiliy étertiencomeinomn éireontentoiiibéntneasured
polymer in solution and its response. is_calibrated with 20known ethylene alpha-olefin copolymer
standards? o?y[nlx%jeigwg Ig% egggﬁn@vsrg%i%see&%ﬁﬁaéﬁgiyfrﬁg : tlﬁ)gt}ﬁfr‘%eonﬂeﬁ?%ogf es both a concentration
(CH2Yandceonspeditibse(@:3) signal response of the eluted polymer during the TREF process. A
polymer specific calibration can be created by measuring the area ratio of the CH3 to CH2 for
polymers withgriown casnonomertepsignidpreiecalily paeasunied iyl MR} i2 prétideanonomer content
of an ATREA:} {pnee%nof a Q%P/m?ﬂr‘.%a_n e estlima_g}ggrqx a%%%ingitp}% I[ef%rfen@? caaklligr%%ti%p I(I)lt3 1the ratio of
the areas forthe individual Ch13 gnd ¢H2 rgesponse(zf. TarBa ato EESICH2Versus comonomer
content). ofjad5leTherarbrafvihes pedis carpblywatcdl afedensingpecfullonddiiithatermaxierum (FWHM)
calculation, gfiar applving s ABRIGRrIALe baselingsin iearale shenpdividyst signal Jaspagses from

the TREE chromatogram. The full width/half maximum calculation is based on the ratio of methyl to
meth{fenePFERHEASEAFERS EHBIEMST OB PRET TR rd HEtECESIC WHRPEIN AR tallest (highest)
peak is identifirthérom the basadipayapstdheptheVhMmiseis detekminedsdeatia distribution
measured ucﬁin an]éATRE A 1%a§n trrilge f\{}sll{_jll}:lk\/le rg%lisﬁg Filefi{g%d as thg area }fnder Q:e curve between Ti
and T2, wherd Trand T2 are pglnFs e'rmlne%f, 0 the feft 8prdhn% of the ATRE pé}a?(, By dividing the
peak heiglintptiwo corteinhetdeanihyg adisintiorigontatiidiflrechagedigrnthamientsrsopsatatleft and right
portions ofthe ATRER SHRYGment, L%ﬁ%ﬁélﬁ @EB&%&@nga&fféﬁFﬁ%ﬁﬂ@@Hﬂﬁﬁ%ﬁﬁe%ﬁﬁw e the

comonomer content of 10polymers in this ATREF-infra-red method is, in principle, similar to that of
GPCAETIRSY SRR HENE ISR REMO I bUARY Peferences: Markovich, Ronald P.; Hazlitt, Lonnie G.;
Smith, Linley: "Development of gel-permeation chromatography-Fourier transform infrared
spectroscopy i charadierizationve bétty ke epbhsedspolyolefirrcopokapresdd Rolyhaesic/ Materials

Science ang, EngingQing (1990 i 8000 RRSIBYIRIE: 35 ROBHNG-DrfErely greater

than 60 nm in the smallest dimension, despite having low molecular weights (Mw<200,000

g/mol).

25 [89] Those skilled in the art will recognize that the size of the domains can be
controlled by varying the molecular weight or changing the difference in comonomer content
of the block interpolymer. The sizes of the domains can also be modified by blending another
component with the bulk copolymer. Suitable blend components include homopolymer or
copolymer with similar composition of one of the respective blocks or segments of the

30  copolymers, oils such as mineral oil, solvents such-as toluene or hexane,
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15Shieh, E.T.; "Quantifying short chain branching microstructures in ethylene-1-olefin copolymers
using size I 0o gromatography and Fourier transform infrared spectEQﬂ; Yo § 8‘55' IR)",
Polymer (2%%%%@'@, g 1?L?O, both of which are incorporated by reference here@eln t Er entirety.

[127] It should be noted that while the TREF fractions in the above description are 20 obtainedina 5 C
increment, other temperature increments are possible. For instance, a TREF fraction could beina 4 C

increment, a Jojincrement, a2 f5iRBIEMERLe Uik GIASTRMERLA o[ 1281EAY soRabmers fethylene

and an a-olefin, the inventive polymers with two blocks or segments preferably possess (1) a PDI of at
least 1.5 ufF854 ek A ATCUEADRT Bipisca ot énprateiainysetfeaR - B sk g2y e Hebitigusion of
90 J/g or lasgeiBranRinyleraRbeontesof atlcasiainveighinRercantiniéd) Bralassgangition
temperatur%, T %hogd.ess thap -2t§C,t ore raeferatb{y less than -BOCB and/or (65 one and only one Tm.
[129] Furtiér Id i nvanise poilmere cih Rave a6 se OF in Combiation With any' St Broperties
disclo$ed herein, Gfstoragel maaiiisicGonsuchithat lagg (0" isagigater ithaerotheg tab teadBosk Pa,
preferably greatef han nt Sakie. LAME fphAde MPRIAIROhE00%AMRERONER Sig inventive

polymers possess a relatively flat storage modulus as a function of 38 temperature in the range from O
to 100C thEeFEnAIRchs CTsPEIGRK etshdNatie RS tmBr shepe RFBSGRIMSRFF Tcr aPsbRsHrrRIS polymer,

especially @scapalymer obrthylenrs: and Hae ahpeaakisahahaticamieiing (Bydivedenm "relatively flat”
in this context is m%gnt that Iog G']éi%PﬁcaLs de&reases bg%(?fgéhan ope ord§r of magnitude
between 5t &8¢ PEOC HEEFABTY S 5EWERA 0 ANHTIOES A S01A SR BB TS Lth{Téhe/a-olefin
interg6lymeestoan have a melt index, from 0.01 to 2000 g/10 minutes, preferably from 0.01 to 1000
g/10 minutes, more preferably from 0.01 to 500 g/10 minutes, and especially from 0.01 to 100 g/10

minutes. En ggriain emippdimeniseihenathylpretonpiefisrintespelymes s daveramelidndawd g, from 0.01
to 10 g/10 10 minutes, from 0.5 to 50 g/10 minutes, from 1 to 30 g/10 minutes, from Ito 6 g/10 minutes

or from 0.3t8'9 8P EY HiHREL S FPERH BB SGRHS RS IRSPIAbAErsrars &l ibfie/a-olefin
polymers isalgil@inninoit ¢sA Bpdy/ POlyNETutE] ,0Y38-GAPO MTHitds. o s§1i3d piThe pakyaersrean have molecular
weights, r 000. 0 . rgferphly fre Q ole,to 1,000,000, more
preferabli\//ll ﬁ%or%%%%gb'glgﬁ%gz@ tyg/I I%%% ?O%%%’pn%%’aﬁd é@%ééiﬂ%}%?}g?m Qldcg)’f/ O% mole to 300,000
ghnolé. THe eSSt sptrashviipRE 18oRmiEpbink b &nfRePATIBOH 0190 GrérHB éons predebably for

ethylene cpmtaipingaedmpers from Od@a giem$ to 0.97 g/icm3. In certain embodiments, the density of
the ethylene/a-olefin polymers ranges from 0.860 to 0.925 g/cm3 or 0.867 to 0.910 g/cm3. [132] The

general proc f making the mers h n disclosed in the following 20patent applications and
pablioations: D4, provibd e D o S I e o e ey
Publicatio RSV 200y rodE%e% ufl del Separmic 13.come eralay st wWhickdledintisapordted by
reference hgrrindrp theinRRbe cPHeRIRIEp AR SHERMSINORSAMRIIsS® BIasessTor the
polymerization of one or more addition polymerizable monomers, preferably of two or more addition

polymEriz&BR TRERBHRE e sEerPa iy fBRE ™55 difal 8t iaBtERioBBijine Asdbrifiehomer,
propylene anidrahteasidciercopilypobrizablaioamonomer having from 4 to 20 carbons, or
4-methyl-lI-pentene and at least one different copolymerizable comonomer having from 4 to 20

carbons, to fofgja copqly Wg-CAMBBLISIBE LR TEIIORS Pk enizahgifiersntiated prlymer

composition or properties, especially regions comprising diéfering comonomer incorporation index, said
process Cé?ﬁﬂﬁg]i?l at_hylene/a—o efin block interpolymer compiising two or more substantially

homogeneous intramolecular segments or blocks comprising differing chemical or physical

25  properties, said intramolecular segments characterized by possessing a most probable
molecular weight distribution, wherein the ethylene/e-olefin block interpolymer is
characterized by a molecular weight distribution, M./M,, in the range of from about 1.4 to
about 2.8 and:
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1) contacting an addition polymerizable monomer or mixture of monomers under addition
polymerizqg%mﬁjgg%gs, preferably uniform or homogeneous polymerizagiop geniigns,in a reactor
or reactor zone with a composition comprising at least one olefin polymerization catalyst and a
cocatalyst and characterized by the formation of polymer 5 segments from said monomer or
monomers; 2) transferring the reaction mixture to a second reactor or reactor zone and optionally

adding one or mere adﬁ;lgoga@éarﬁ%ﬁ@ﬂ&?mﬁg@m@}%mﬁ@@g{*@@@@@&%@%&gﬁ@d&, pgiorto,
contemporaneously with, or after said transtfer; and 3) causing polymerization to occur in said

second re 8B GPPELERIDERE T TEHN o PORAHEH SabiTethd il 480G R8RS from the polymer
segments fgamedHip step 1); said process being characterized by addition of a chain shuttling agent to
the reaction mixture prior to, during, or subsequent to step 1) such that at least some of the resulting

polymer molecules from step 3}-campyises twe;95morehemigally or physically distinguishable blocks

or segments. 15[133]The invention involves the concept of using chain shuttling as a way to prolong

the lifgtime of a gejymexk chain-erichitbata ShbirtaniatinRiom pbibanalyograhains axit at least the
frst reactor gf a myltple reactar series ot the first eacipr 2one I multinie Zoned reactor operating
substantla‘ri‘fﬁ/ under plugflow conditions in the 18rm'G polymer tenninated with a chain shuttling agent,
and the polyenerivhainaedpes erices giffe re gtypulipwideization@Ocohditiorbamtherakt reactor or
polymerizaliphzane. RifareRROMMEHEZAHRN SANAIUAPSELINGHASROCIEFERARIASS Ahgones include the

use of different monomers, comonomers, of monomer/comonomens) ratio, different polymerization

temperatufe s EEie 86 YA fEsprEdsdrR¥ S various monomers, different catalysts, differing

monq@ler gradients, or any other differ%celb?@di%%é%{prmation of a distinguishable polymer segment.
t ting ft

Thus, at least a portion 250f the polymereré'su ing from the present process comprises two, three, or

more, preferably two orthree, iffgrepiialed %‘P;EXH‘&G&@%@E@@E% hrangad spramalgcularly.

[134]Because the various reactors or zones form a distribution of polymers rather than a single specific
polymer coffiesR1eH veHE r@%ﬁﬁiﬁ@%ﬁ‘ﬁ‘@ﬁé@%ﬁ’s@?ﬁﬁ?@‘f@ét&%B@?ﬁé&"gwf@f’ﬁl?&%@m copolymer or
monodisperse: B eekaeRely MefenV¥Q1R9A0RIDEOL L HIl a0 032 405 1EL35]In contrast with the
previously discussed %eaguentifalgpol merization tecrgni ues wherein no chain shuttl{pg agent is utilized,
polymer pfBGtRYS Tsh KW Be ShEsined’ Sctbraing toThe hresent invertisn 15y Sef&tting highly active
catalyst conmgdosititndera patbtecdfrapidtranshercofopolynmente gnidrisaboth todandlfmeitya suitable chain
shutting agery SHeR IR SRIBRLRIAGKS LI BINR NASe R 106 fally sl oanseshlistinguishable

polymer properties. Due to the use of chain shuttling agerits and catalysts capable of rapid and
efficient exthafyesy erINiRgIsBRMIBIEN NS, the growing polymer experiences discontinuous polymer
growth, such that jntramolecular regions of t lymer.are formed under two or more, different
polymerization cé‘i%itiorﬂ@. i&fﬁ%ﬁl&é’&i‘&ﬁ?ﬁ%ﬁg é%%y%ﬁsa&ﬁ[& &5IR% ﬁisﬁ‘r‘% aatg1 t%are as follows.
[137]Catalfist108F 15 phi6-dil:miethidEthjTiphery &bardo 2+ sbpromy phemd) (Bl to about
naphthaleg-2-djy1(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared according to the teachings of
WO 03/40195. 2003US0204017, USSN 10/429.024. filed May 2. 2003, and WO 04/24740:
tsls]Catalyst (32) s I e i MBS U B o 1.0

and,
wherein the ethylene/a-olefin block interpolymer is mesophase separated.

{94} The ethylene/a-olefin interpolymers of the invention may be characterized as
25  mesophase separated. Domain sizes are typically in the range of from about 40 nm to about
300 nm, preferably in the range of from about 50 nm to about 250 nm, and more preferably in
the range of from about 60 nm to about 200 nm, as measured by the smallest dimension. In
addition, domains may have smallest dimensions that are greater than about 60 nim, greatex

than about 100 nin, and greater than about 150 nm. Domains may be characterized as
' 25



phenylene-(6-pyridin- 2 -diyl)methane)]hafnium dimethyl, prepared according to the teachings of WO

03/40195, é@o% 4017, USSN 10/429,024, filed May 2, 2003, and WQ.Q4(2474% 3,41 WO
2009/0975 2009/032705 [139] Catalyst (A3) is bis[N,N"

trilmethylphenyl)amido)ethylenediaminelhafnium dibenzyl: [140] Catalyst (A4) is
bis((2-oxoy1-3-(dibenzo-11-1-pyrrole-1-y1)-5-(methyl)phenyl)-

52-phenoxymeilyorelebaxangst. grQ!}{érH&QH'HMM%@@%%&B@H@@Q&&Q@ iglyeAccording to
the teachlr,ﬁs of US-A-2004/0010103: [141] Catalyst (A5) is (bis-(1-inethylethy1)(2-oxoy1-3,5-di(t-

butyl)phenVHfiriFHTRE SRR RS FPEpaISS ét%eﬁﬁm%e&ra.wgefﬁlméeté%m@é of 10 US

prOV|S|0n8écﬁﬂ@{tﬁﬁ&0dﬂ 6/ 658000 dilechMarnginkd (2004 e Redis00(08%14, filedddarch 17, 2005
and W020 /090427 bI| hed Se te%lber 29, 2005:. gCJl:L )3 CHég:HB 3 (% [ ZrX2 Inc O N
the me] amount

CH(CH 3) §?§0 Yh SRRy Sepafation in &/Tequirn o
bis-(142- metﬁkwigmexwm#%?(@%ﬁme@a@‘@tmmhfenwmmmlmunﬁdidemﬁprprepared

SUbSta”tiall%g‘E}&ﬁ{Qd@%@a GLeRAChINGRHRbHED RS Al @RREAIER,AQ/REIF0R: Jilsd Mareh 17, 2004,
and PCT/US0D5/08917, file
mesophase separation. The minimum level of incompatibility, expressed as xN, to achieve

mesophase separation in these polydisperse block copolymers is predicted to be yN=2.0 (L1
Potemkin, S.V. Panyukov, Phys. Rev. E. 57, 6902 (1998)). Recognizing that fluctuations

10 usually push the order-disorder transition in commercial block copolymers to slightly higher
¥N, a value yN=2.34 has been used as the minimum in the calculations below. Following the

approach of D.J. I.ohse, W.W, Graessley, Polymer Blends Volume 1: Formulation, ed. D.R,

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

15  The melt density is taken to be 0.78g/cm’. /v for cases in which the comonomer is butene or
propylene is determined using 130 C as the temperature and then performing an interpolation
or extrapolation of the data provided in Table 8.1 in the reference by Lohse and Graessley. For
each comonomer type, a linear regression in mole percent comonomer is performed. For cases
in which octene is the comonomer, the same procedure is performed with the data of Reichart,

20 G.C. etal, Macromolecules (1998), 31, 7886. Using Mn, the number average molecular

| weight of all molecules in units of g/mole, the following equation describes the minimum

comonomer difference between the blocks to achieve mesophase separation:

A{percent comonomer) > A / (Mn){)‘5

When octene is the comonomer, A is greater than or equal to about 4524, preferably greater

25  than or equal to about 4977, more preferably greater than or equal to about 5203, and may also
be greater than or equal to about 5425, greater than or equal to about 5656 and greater than or
equal to about 5880, When butene is the comonomer, A is greater than or equal to about 6933,
preferably greater than or equal to about 7649, more preferably greater than or equal to about
7997, and may also be greater than or equal to about 8337, greater than or equal to about 8662

30 and greater than or equal to about 9037. When propylene is the comonomer, A is greater than
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5 March 17, 2005 and W02005/090427, published September 29, 2005:  [143] Catalyst (A7) is

(t-butylam%qm%gy_{@w-pyrrolyl-l,2,3,3a,7a-minden-l- y1)silanetitaniygp.diraethyi prepared
substantially according to the techniques of USP 6,268,444: (H3C )2S iTiL?g H:E§2 1dC (CH3)3 WO

2009/097565PCT/US2009/032705 [144]Catalyst (A8) is
(t-butylamido)di(4-methylphenyl)(2-methy1-1,2,3,3a,7a-n- inden-1-yl)silanetitanium dimethyl prepared
substantially.a6eaiBg.ia e, teaehings atid>A2093004 38016 706 ARMSILARHE,

(t-butylanado)di(4-methylphenyl)(2-methyl-1,2,3,3a,8a-n-s- indacen-1-yl)silanetitanium dimethyl
prepared SHHSEAHRIGF SEMRARCHS INGR4OiNGE BrUS- Aot an A 86 2 I wetifdP(a10) is
bis(dhnethydigii exane)énde aeabout) ziniuineeisklarisie ot @guailablestromoSywasdidrich: WO

2009/097565F, -5/ C%flggga{g%%}%osmol%ldj}%f?g al g’t (Aﬁjhlg Eﬁfferenc in mole ercgﬂg octe

t
bisf(l-(2-me]%ﬁy cyclohexype -OX0y uty Sﬁényelmmlnos zirconiam enzf/]ﬁ prepared
substantialistaevottingrtbsthetaaehiriys spiteparedisilostartialgrasco thimgpredhd teaktings of

W0200519@&@5&%?%}&%%@%@%{&% 200 PabGREBYRIDercdhABlragh wf e metal

complexes (also interc erred to herein as procatalysts) may be activated to form the

active cat&’&?@f‘?’fé?ﬁb&éﬁ%’ﬁﬂtﬁ? LMo AR BT EUEREH e Sreteraibly s et abifiReFtocatalyst, a
strong Lewisasidpatancerahigation skiQfiriesbnkuecpratesras embadigent: then shutilingagent is
employed elt?::%{lq E%rn%igpp%%:eesnt? fi%ha%%}tion, the A octene value may be in the range of from about 20
10 mole percent to about 53.0 mole percent, preferably in the range of from about 23 mole percent
to about 50.0 mole percent and more preferably in the range of from about 26 mole percent to
about 45 mole percent. When Mn=51,000g/mo} and the comonomer is 1-butene, the difference
in mole percent butene between the hard segment and the soft segment, A butene, is greater
than or equal to about 30.5 mole percent, preferably greater than or equal to about 33.8 mole
15  percent, more preferably greater than or equal to about 35.4 mole percent and may also be
greater than or equal to about 36.9 mole percent, greater than or equal to about 38.4 mole
percent and greater than or equal to about 40.0. In addition, the A butene value may be in the
range of from about 30.5 mole percent to about 80.0 mole percent, preferably in the range of
from about 35 mole percent to about 76.0 mole percent and more preferably in the range of
20  from about 38 mole percent to about 70 mole percent. When Mn=51,000g/mol and the
comonomer is propylene, the difference in mole percent propylene between the hard segment
and the soft segment, A propylene, 1s greater than or equal to about 40.0 mole percent,
preferably greater than or equal to about 44,7 mole percent, more preferably greater than or
equal to about 40.7 mole percent and may also be greater than or equal to about 46.7 mole
25  percent, greater than or equal to about 48.7 mole percent, greater than or equal to about 50.8
mole percent and greater than or equal to about 52,8 mole percent. In addition, the A
propylene value may be in the range of from about 40 mole percent to about 95.0 mole percent,
preferably in the range of from about 44 mole percent to about 90.0 mole percent and more

preferably in the range of from about 48 moele percent to about 85 mole percent.

30 [95] The mesophase separated ethylene/a-clefin interpolymers may have

characteristics of photonic crystals, periodic optical structures designed to affect the motion of
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transfer and as the optional cocatalyst component of the catalyst composition. Suitable cocatalysts are
described i d)rorkpxigional Application No. 60/717,545, filed September Sy 2008005
W02007/035485, published on March 29, 2007, each of which is herein incorporated by reference.
15[149]Cocatalyst 1 A mixture of methyldi(C14_18 alkyl)ammonium salts of
tetrakis(pentafluorophenyeborate (here-in-after anneenium borate), prepared by reaction of a long
chain triallylaminecAtmeanipsMak bravalaniedsom AlvosNobaly itk Hicand b lIBICAES)4],
substantially as disclosed in USP 5,919,9883, Ex. 2. [150]Cocatalyst 2 Mixed C14-18
alkyldimetARSARBHTATYAY 6Y 20 BB IstEHERuBIBRE ‘}l%ﬁ?f?%%ﬁ?eﬁe&aﬁﬁf?&eeé@ﬁ?ﬂﬁﬁiolide,
prepared adeondingpol hER 6885 batit,abosd 6 baahaiwShuldtintgsAgertsaned boijeEh@derm, "shuttling
agent” or "chajn, shylling. agent:, Jefern i@ 8,50mRaUn U MIXTEA! FAMBRUNYS atisigapapte of
causing polymer[§/]I transter between the various active cataﬁ/st sités under the COHC?RIOI’IS of the
polymérizatibh. PRwr ponpesistersorHepblighan Sieag et delYs vats.toandFPont@nactividleatalyst site
in a facile RRYORIHLR: GRAEIASHIQRSRUTIRYAURNER HAVX IFRNSIET §PRAL. Gabsamtermination of
polymer chain growth and amounts to a one-time transfer of growing polymer from the catalyst to the
transfer agent,Desirably, the intermediate. formed between the chain shuttling agent and the polymeryl
chain s aufTcly statl Sy B e s i Er A SO SO L
10preferabhptass Mantsoh pegeemitr horegeafetabliplexsitidhang pardentlantembstidadintbly less than
90 percenﬁ\@i/ﬁﬁ?%‘@ﬁ@:ﬂ‘ﬂ%‘ﬁmy Meniar &é{@ RIS mInated, E’éi@x%@e?élﬁim@ﬂg% distinguishable,
intramolecular polymer segments or blocks.  152] While attached to the growing polymer chain, the
shutthflg abjerk Hlé*é’i"ébw doEAT Hithe MDY FSH R RIS THisR3EEYE BREHiBal monomer. That
is, the shufflingoagei ol b slogadolalsmpassesR Sigpifinaiohdatatybiepoapadiedar #he paianerization
of interest., Rather, the shuttli nt forms a metal-alkyl or other t interacti ith the polymer
ooty for b SEEE SRt Tt o et R N B L 5 cavmiy
site in a subsdgueetreactor may occur. As a consequence, the subsequently formed polymer region
possesses a distinguishable physical or chemical property, such as a different monomer or
20comonomer identity, a difference in comoggm_eg:ggmg)sition distribution, crystallinity, density,
tacticity, regio-error, or other property. Subsequerittepetitions of the foregoing process can result in
formation of segments or blocks having differing properties, or a repetition of a previously formed
polyrher corifi§stiion }t&éﬁ%ﬁﬂiﬂ@f%ﬁofﬁgerhtégﬁfoﬁdf/%%P?YW&W?W%W@@%W@&HB@%r zones
within a regsiheandgiaasing PrREvesthei feRCIBIRHERZANES of A Polyipess. of ithigainy eRtion
desirably are charact riﬁed b(}égt least twlg) individual blocks %r segmegts haéﬁng a difference in
compositi(fl’?uf‘%‘i‘?jr%lor‘n0 ¢ fb?%(b RV f‘eﬁlétth QiSfABution: %ﬁ%,egﬁja%)eaﬁt fockS fave altered
compositionomithirwthghpolymer ldndkamsize disthibdtford Mvitiloy greater than 1.0, preferably greater
than 1.2. [153] The process of the invention employing a catalyst, one or more cocatalysts, and
30 chain shuttling agent may be further elucidated by refg, where there is illustrated
an activated catalyst, 10, wiithdmantiisticdaaterep@ptingamder steady state polymerization
conditions or in a first polymerization zone operating under pluéﬁﬂ%"f’fpolymerization conditions forms a
polymer chain, 12. A chain shuttling agent, 14, added .along with the initial charge of reactants or later
in the, polymerization process, including just prior to. }durin transfer to a second reactor,or zone,
tachle 1R ol R St e R ey SRR R ahtion of the
polymer cHairegstigrotpremtiiriepth 8 Ise defidakbetoe of Horiw ol folhovpre sevteof (rmblificdhpdlymerization
conditionsgmtggumggp@%gtached to the chain shuttling agent is transferred back to a catalyst
site, and a' new polymer segment, 16, which preferably is distinguishable from polymer segment 12, is
10 produced. The resulting diblock copolymer may also attach to an available chain shuttling agent
forming the combination of a ch@néﬁfgﬂiﬁd&en@ﬁ/\ghg Iie:faYe lymer, 18 prior to exiting the
second reactor or zone. Transfer of thelgrolithg polymer mdifiprefitRes to an active catalyst site may
occur with continued growth of the polymer segment. Under uniform polymerization conditions, the

growing peiyerehaife s substantialy.Nemoaenagus,@thergBracre for the i® fraction

25 (preferably expressed in Kelvin}, Px is the ethylene mole fraction for the i'"™ fraction, which can
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15individual molecules may differ in size. The first and second polymer segments formed in the
process arg‘,giﬁgw;l}gble because the polymerization conditions in eXiStﬁE‘Eﬁ]%%’b‘ng{‘?& of formation
of the respective locks or segments are different and the chain shuttling agent is able to prolong the
polymer life time (that is the time during which further polymer growth may occur) until two or more
different polymerization environments are experienced. The 20 diblock copolymer chains, 20, may be

recoveredlgy,ﬁggm;g@g%mwg % hydRasHan M, walet on Othel e 1RBSAYLEe, OF o GHeRalized, If

desired, forming vinyl, hydroxyl, silane, carboxylic acid, carboxylic acid ester, ionomeric, or other

functional SEHHTRSCREHBINEROBIAKSE PR IAEATRIATY 30erh ARRSATIR BRAHR AL RSMERlymer
segment mRy ‘be AUl eek witha pely linaiopalceuplingagentissnecially aLduncdionatcoupling agent

such as 25‘1,9icJ1I\orodimgt V‘3//tllsilr<]sln or e‘%w Ien% !ichlqrideé atndfrt%covered1 as triglock copolymer, 22. It
is also possibie YT EontnUS PolymeriZation i 4 third reactor or sone tnder éonditidhs differing from
those In thesecondtieastbmrgozons; ahdrrgbovenigtheqssyitmgantiock eopolymedre 2. afdthe third
reactor's C?ﬂ@ﬁﬁ@é&%@?eﬁé%@@%“%' %{éﬂ%%%ﬁﬁ%ﬂ&%@ﬂ@%&@?tor or zone, the product will be
substantially similar to a conventional triblock copolymer, but with'block 30lengths that are a most
probable distrj %tion. O 20 9/0?97§1§5FCT/U82009/03 705 V!e154‘%§’ld?a‘lﬁl)‘y’ t%e rate of chain shuttling
is equivalent {3 Or faster than Thé' fAtE of BERMEFRETTIAE0A BV RS YT BT 18D times faster
than the ratengiogolymibrteninetiehand dighificantofitsiespect tothe vatehobpdlymeeization. This
permits formation of distingt polymenRlesksinMadirstiaRsIQE Ahgrne anddisaharag fgm said reactor
or zone 5 into & subsequent reactor or zone of a reaction mixture”containing significant quantities of
polyriiér clains therfaliPatad §AMtEHain shuttling agents and capable of continued monomer insertion
under distinguishable polymerization conditions. [155] By selecting different shuttling agents or
mixtures of agents with a catalyst, by alteribig g earfigerfier composition, temperature, pressure,
optional chain terminating agent 10such as H2, or other reaction conditions in separate reactors or

zones of aygactenAPgratingnEen VG flen:candiiapsmRelyRer RIRHMIS havinonsegnents of varying
density or comanomer concentration, monomer content, and/or other distinguishing properties can be

prepared. FoY SRIAGHIEZA g?%%ﬁ%nggsga@ﬁﬂﬁﬁfﬁgbfW COMRRLIEEE CORRBEBENHErization reactors
connectecdinisenes] ahdoperatingdodestoyiterngpdiymsrizati oarcon ditioms; ihe. Tbshsuilting polymer
segments wi Y vely ] g? E@i lar welght distribution ¢h istic. of typical olefin
coo;gﬁlatigé%ﬁ y%g]gr%éﬁ@r{%’%\{ggsgge era J@Pgé %ﬂgw%&r%b n@%{%&%‘%ﬁ% rr?%grlgl%pg%cr%gbly from 1.8 to
10, but wilFi&fean aPeBlasaTbipios owae il BrRug P SRRReRAio EbHENclsdn addition, certain
quantities %ﬁ%@ﬁﬂ%@iaﬁmgﬁﬁ faspalymeomay.aiep b irmed ceinaidentrthfermation of the

block copolymer of the 20present invention, resulting in a resin blend. The avera‘lﬁle block lengths in the

resulting pUISHAERPNE, BELCEREBINSE LY the GribRTUURIRY ris B tRs EBANIRE UM S{HASf CSA added,
and other pifecess tariabltes;suchrasipayaner frodudtida: ratécaina theghnrennds ofuopiifieal chain
termigation n as _hvdr , empl I k lengt f h_block type can be
indivic uall)‘/M ?gr?t% I fgé%ggty}ggﬁg%g%g%&ggs%%% g%gxﬁwn%%%#%%%0&0{1952%95%%%?@% éarsl%g% copolymers
comprise ar4earstivhdidtiaskeegrhemdgiacippighiiscidiheipbiyansrelaacstiplypropylene,
especially highly isotactic polypropylene, joined intramolecularly with one or more separate blocks
comprising an amorphous polymer, egpeially3 sopolymner ofcethylene and a C3_8 comonomer, or a
copolymer of propylene with ethylene and/or a C4_8 comonomer. Desirably the foregoing polymer is a

diblock copolygger, 30Agditigpal dagirahia ymersaradHhiack £aBRymaraaRNPISIG a central,
relatively amorphous polymer block bonded between two relatively crystalline polyolefin polymer

blocks. [13PKEH AR OS8R BT Fp rleifc RRRATO VR AR R fapdoon snn ditifiihg  agent

espegially adagtpd iantise TrRESiRcanhasBlesiedhycieantmeddhectiphopmiag Multiistep Sprocedure:

l. One or morg tcéitio(;r;r torl%(%eg%ab gh]prgfefa}gl% 8% ﬁ”gmoen&%e%% are Boe!y %@i%&g using a mixture
comprising a po ential ca alys and'a pofeﬁﬁgl chain sﬁiﬁﬁ}ng agent. This polymerization test is
desirably perfionviadr g gral bertinorgethibarshnreketdr (teaghsawithoutresefplysf wakalyst or

shuttling aggnihrRieteraply, withrelativel CORIANPINORAAISY § from a measured Py mole

fraction. Conversely, Pxo is the ethylene mole fraction for a random copolymer of the same
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10concentration, operating under solution polymerization conditions, typically using a molar atio of
catalyst tom&%%@ agent from 1:5 to 1:500. After forming a suitable guaptityRfRohsmer, the
reaction is terminated by addition of a catalyst poison and the polymer's properties (Mw, Mn, and
Mw/Mn or PDI) measured. II. The foregoing polymerization and polymer testing are repeated
for several different 15reaction times, providing a series of polymers having a range of yields and PDI

values. . Hl.dsRigiNsY. chainsbutiingaes pairsidemanstiating siarificantpalwaentrasfer both to

and from the chain shuttling agent are characterized by a poPIgmer series wherein the minimum PDI is
less than 2383 b Blek ABRPREL e oV RN HTORE PHstErs R &tz T 4 rafd 8itR®Fe, if chain
shuttling iseesusdngldbeMy. of the polymer will increase, preferably 20 nearly linearly, as conversion
is increased. Most preferred catalyst/ shuttling agent pairs are those giving polymer Mn as a function
of conversiongi polymefyigld)diting.a dngsdiber g@éﬁ&@ﬁ&&f@&@%&%@n@é@fsater than 0.95,

0

preferably greater than 0.99. [1581Steps I-11l are then carried out for one or more additional pairings of
potential e kar Bratve SRlaihd AR EP S8 P8 SN LS NSO E PR EERR fhat the chain
shuttling agesindaes aatseduce the catalyst activity (measured in weight of polymer produced per
weight of catalyst per unit time) by more than 60 percent, more preferably such catalyst activity is not

reduced bvowmkﬁ)fhan %MMBC@%@%IP?@F%H'?&%M% aREMINRLINE CatRliRldsipcreased

compared to the catalyst activity in the absence of a chain shuttling agent, A further consideration from
a 49 proc¥ssbicNpaRs IOtkdrert ABkdenthsixtel BAbMEF 88 LEse e iR AR/iBsity as possible to
reduce engrgi-eRRSIUNAE insRFeAUCing adiomMaganenuseaccnorfbsiure o CDNveybdg: the. reaction
mixture. In thig regard, a monofunctional shuttling agent is. preferred t ifupctional, agent which in
turn iggpre rret ]igné%ﬁﬁ‘ﬁ%e&%r‘%%qalgsélfl??tgf:?gﬁ]gﬁgu or‘é’gagflnlépté% ]?é)urte%i il?/!%gﬁiar%@eyd ‘t%%?apid throughput
screening teohidibu estisingeavfdmatetoe dctarsabne Safytic ppobes ared todbbriiatiomoof polymer
blocks havipg, diffetgahisHIouisling BIARCEIES:E AEPRMRIL AnauaesRhpglental cain shuttiing

agent candidates can be pre-identified or synthesized in situ k:g/ combination of various organometal

compounds WHRVaHEUL st StEhEbUrded HREROEOSERa Frededr ddlttarkd tda
10polymerizatiapreactien.emp mying fenokeiompalymasizaton catalésaampasitiena Bevaral
polymerizations are conducted at varyin lar ratios of shuttlin nt to catalyst a minimum
requi} me?]ﬁ‘,)’ Eﬂ%ﬁlﬂgf% 10 |%f §getﬁt%%8"r%e mg@ | 51(?)051rt05(§1&0eaalbc§§%§ g% %n(}/%(qﬁ?(\)/ariable yield
experimentbaas déstritbethal Oveiowhilet ndl sigmifibant ) Sovdres|y . Gffediion caratys? activiy, and
preferably jmproving catalyst activity, as above described. 15[161]Alternatively, it is also possible to
detect desirable catalyst/shuttling agent pairs by performing a series of polymerizations under

standard batc ction conditigns and measuyring the resulting number average malecular weights.
PDI and polyrﬂégl(ﬁjield M%ﬁ%ﬁﬁ%%ﬁ%’fﬁi#ﬁ%igg E¥ﬁiﬁbl)é%geeﬁ%éoé?féenc’ﬁéeﬁ S%P?Ere%f E%ya ti((fj‘%gv%ring of
the resultaint b withiolt rsigpifidantrbrgatieningoofiPidsor loss ofcaptiyinel fedtictionhinbyietdber rate).

20[164] Re&a&%@&%ﬂ,}tﬁm@?ﬂé@{ ARG AR SHHINGLROSRE IS IR Rdgmeant to refer to

a compound that is‘capable of preparing the presently identified block copolymers under the

polymerizafidrie shagohs havdifrupsdisaadiap b Bseatan & SRhtdnb BgeémsMo MsekaidifMiclude Group

1, 2, 12 orB3unetal GBROURGS QAR S ANING Ableasonmiek s2hhydiacarbyt geoup,

preferablyand up to about 1.0, greater than about 0.7 and up to about 1.0, greater than about 0.8 and up to

about 1.0, or greater than about 0.9 and up to about 1.0, In other embodiments, the polymer

25  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 (.3 and up to about 1.0, greater than about 0.4 and up fo
about 1.0, or greater than about 0.4 and up to about 1.0. In still other embodiments, the
polymer fraction has a block index greater than about 0.1 and up to about 0.5, greater than
about 0.2 and up to about 0.5, greater than about 0.3 and up to about (.5, or greater than about

30 0.4 and up to about 0.5, In yet other embodiments, the polymer fraction has a block index
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25 hydrocarbyl substituted aluminum, gallium or zinc compounds containing from 1 to 12 carbons in
each hydrqgcar and reaction products thereof with a proton sour B ﬂy&rocarbyl
3 : :
groups aré{?gﬁg%%%g preferably linear or branched, C2_8 alkyl groups. oé%e%()gr(gﬁe@red shuttling
agents for use in the present invention are trialkyl aluminum and dialkyl zinc compounds, especially
triethylaluminum, tri(i-propyl) aluminum, tri(i-butyl)aluminum, 30tri(n-hexyl)aluminum,

i(n-octyelumipu 16Tl or iz, Aeionalisd Suipblesuingsagens include the

reaction product or mixture formed by combining the foregoing organometal compound, preferably a
tri(Chs) allSFhaARHAEMGE SR PRI Y 2 8€aiHBM B0 VY Pecraf gAY M inum, tri(i-propyl)
aluminum, tri(i-butyl)aluminum, tri(nhexyl)aluminum, tri(n-octyl)aluminum, or diethylzinc, with less than
a stoichiomettidguantitinBddelative 4o dthaagarrbek oklhydrdcardyikgnbips)of ld®écodidasyti@mine or a
hydroxyl C%H%Q—’_O { &%@%B&@H’H&Wﬂb’z@ﬁ%ﬁﬁ B}EU&‘MHQ %MQEUQ&%@G& described as
2-hydroxymethylpyridine, di(npentyl)amine, 2,6-di(t-butyl)phenol, ethyl(1-naphthyDamine,

bis(2,3,6, 7liB¥fizo-1- azacycloheptaneamine), or 2,6-diphenylphenol. Desirably, sufficient amine or
hydroxyl reagent is used such that one hydrocarbyl group remains per metal atom. The primary
reaction 10prétiiiits of thetdersgaingheehpinationt:osbde siregdhneseusethe présdnhenverition as
Shutting SRR A RGPl SRR eU Ml S LRI OBV BN 7 i

bistclimethyl(t-butyl)siloxide), and n-octylaluminum di(pyridiny1-2-methoxide), butylaluminum
bis(dimethy4@eenstiAyEies@ited e Rty et BEHLYS SIS SRRV REThy IR Hiel 8y iR valupainL e
di(pyridinevgﬁmégggi%wggmwmﬁgs(di(n-pentyl)amide), n- 150ctylaluminum
bis(2,6-di-t-butylphenoxide), n-octylaluminum di(ethyl(I-naphthyeamide), ethylaluminum
bis(t-butyldimethylsilgxi le i di(bis(trimethylsilyl)amide), ethylaluminum

bis(2, ,G,ﬁlﬁi é%é?—'ﬁ-%;l;@g%gx:gpggg&rﬁde), n-octylaluminum bis(2,3,6,7-
dibenzo-l-azacycloheptaneamide), n-octylaluminum bis(di,m,ethyl(t-bu;[{%siloxide ethylzinc
(2,6-diphenylﬁmﬂoxidé?%{h’ﬂ’eéwwmﬂﬂ Wi Ry odPaa Prerard ddrigtify &B@Wt‘%tﬁ%ssess the
highest trapsigioraieamibpotypeeyikansiettgsonell-akfine Wighe sidranshetrefideieagies{teduced

incidences, of chain termination). Such shuttling agents ma sed in reduced.concentrations and
sl achien P b R B R L e
exchange Biiatarebsimpiolls indersrdeiofd dnatithaamiealivly wote sttty sigpveRiepsIYHer in the

reactps is lgweresh Arihesehy: redicing wiscositiafi o sarcian-Mpdivis-AFCcanaeaugatly reducing
operating costs. %165 During the polymerization, the reaction mixture is contacted with the activated

catalyst coMPBitON IS d TyRetitsBR hEIjRTE FRRBR CorlfioooHHEHrbeiss 18 desirably
characterizegidynitseliaicalevatet deimpasatiuvesein dopyessusesinHydragervmaydie Emglayed as a chain

transfer agent f ecular,weight control a ing t k%o hniques, if desired. As in other
similar po%/?rj’r(])gtr%%“ ions. it I|}sdlgﬁlgsh yradnégs‘?i?ﬁ) %lntiﬁgﬁ é% (r:n?gr?o(r)nmerps'%gr%ggglvents employed be of
sufficiently hiih purity that catalyst deactivation or 51 premature chain termination does not occur,

unless a block!&3polymBriFcariber patsrhd porBRlae e GLdR ApRIRAIS BRY $ECRAIGIE or monomer
purificatiofratipdhashievalatlizatiesratgeduebtipressye haonbasisdg smithTaajeestat Reyes or high

surface arg Al QL8 S P A O e O g g R R P SRS S Y O B RIS e
content higher, preferably at least 5 percent higher, more preferably at least 10 percent higher,
than that of a comparable random ethylene interpolymer fraction eluting between the same
temperatures, wherein the comparable random ethylene interpolyimer contains the same

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

the block interpolymer.
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5[166]The polymerization is desirably carried out as a continuous polymerization, preferably a
continuouw&%@&pﬂgmerizaﬂon, in which catalyst components, monon%%rfngggo%g%glly solvent,
adjuvants, scavengers, and polymerization aids are continuously supplied to one or more reactors or
zones and polymer product continuously removed therefrom. Within the scope of the terms
"continuous" and "continuously” as used in this 10 context are those processes in which there are

intermittent adggpns offeactapisamdcamevalal Ripoicist srRalbIaguer Ak fisgularinervals, so

that, over time, the overall process is substantial i: continuous. Moreover, as previously explained, the
chain shuttAg Ry &)y b GdH¥ G ahifPoihtatiting iREYBIfHRAZatn TR RIFE R he first
reactor or gene; at shengxit o slightycbelorestbe exirotdhefiisiorpactat, hetwean 1he fixst veactor or

zone and the 15second I?Hr %r%bﬁgl?é?{%ﬁuent r?éasgt%%grséone, oreven s Ielxéoéggnséegg@&or any

rcent, especia C1 { crcent, or 1ess than Oa
subsequerf TEACSITOr Zone & Gifterérice h méRomers: temperatures. presSiresér other

differehce inpokanienizetid gerditions between at least two of the reactors or zones connected in
series, polymer segments of differing composition such as comonomer content, crystallinity, density,

tacticity, regiggegularity, o0t cheysicakas phy siealdiffersage iwitbt thersame 29olecule are

formed in the different reactors or z%nes. Thq sizfg of7%ach segrgen#&or &ock is dete%mined by
continuous PORRPHESCRoITESREHIORE SAY ISPRAERRLIY RS MoSEhHBEBIS HtinatiSH* f Holymer
sizes. [16 JEpshereadtofdinithe berféY camnbe: speratedf undierdnjgiy pras suless solatidmestanty, or gas

phase polymepizatign,cenditiansy. i agpultinle 29ns.RANREYZAIR. Al Fenes operate 25under the

same type of polymetization, such as solution, slurry, or gas phase, but at different process conditions.
For a solution ﬂoéilmeri atign process, it is %esiratget employ homogeneous dispersions of the
catalCt compdEhts in (& RO BRIAPLS AR BBl Er < ESTEEI GRS RS Bofymerization
conditions miyplayed. fOne suehspfoceds pittzmgthyl@axtrahiedy dinélSilicangrsinikasaisplessing agent to

produce sysh SRRERERRANA A0 ANSHAP HsRRLHAT kel germall. sier e metal gomplex or he

cocatalyst is only p olu osed’in US-A-5,783,512. A high pressure process is usually
carried outidPiehipSfaparen s ANMIOOE 1o W EOR B#EFat pressures above 500 bar (50 MPa). A slurry
process typically uses an inert hydrocarbon diluent and temperatures of from OC up to a temperature
just below thd 189 peratursakwhichithemesthitingpaiwer detonmessubstantibllyisolglle in the inert

polymerizat] edi refer ! 0 & .pol rizat e )C, S5preferably
om BC e B B B B Rt e (100 kpa) to
500 psi (34:mrEYizedaGsTin S8t trehsteptisdlodcissistiosrindidtedyeissebe GintdiN ebntinuous

polymerizafigmepnditions arespigferablyepplayrdidisutss of sech palwmetizationcangitions,
especially continuous, solution polymerization processes, allows the use of 10 elevated reactor

temperatuPSChFIBR YIS & T bHE SEBREINR 41 POBT ISR S PEE SPERE ARG LB IERAMRIERS: high vields

and efficientiesprefdib68), THee cadblystmiayikie priepargd @sra2bomdgeneegisaompasdion by addition of
the r%uisiggng%gg%dﬁj%gplex or multiple complexes to a solvent in which the polymerization will be
conducted or in a diluent compatible with the ultimate reaction mixture. The desired cocatalyst

[116] In addition, the inventive block interpolymers have additional characteristics or
properties. In one aspect, the interpolymers, preferably comprising ethylene and one or more
copolymerizable comonomers in polymerized form, are characterized by multiple blocks or
segments of two or more polymerized monomer units differing in chemical or physical

25  properties (blocked interpolymer), most preferably a diblock copolymer or a triblock
copolymer, said block interpolymer having a molecular fraction which elutes between 40°C
and 130°C when fractionated uvsing 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 ethylene interpolymer fraction eluting

30  between the same temperatures, wherein said comparable random ethylene interpolymer
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15 or activator and, optionally, the shuttling agent may be combined with the catalyst composition
either prio Hg ously with, or after combination of the catalyst Wltli; Mehssto be
polymerlzaélwean(f%nyaﬂgdltlonal reaction diluent.  [170] At all times, the individua [#?gredﬁlents as well
as any active catalyst composition must be protected from oxygen, moisture and other catalyst
poisons. Therefore, 20the catalyst components, shuttling agent and activated catalysts must be
prepared %8&&9&?@1&@%@8!9&%&@&5”%%@ {reeaimOSRIARIEy PIRisHaRY URLRb ALY, inert gas

such as nitrogen.  [171] Without limiting in any way the scope of the invention, one means for
carrying oGP ¥GEH BRSO 2HIRIA RHSEES S FEVRRIRSTHP IS GH e Rt SHiFEa ¥R K or loop
reactors Op&lﬁt‘e{tﬁyut}\ﬁ%ﬁm&l@ﬂtﬁ@b&ﬂ@ﬁlﬁtﬁmm@@iﬂ@ft@ﬁ& tlne mememersite e nakmetized 25are
mtroduceq)i:o?(f:muous t%% W|t h an sol nt or d| uent one% rt of the reactor The reactor
contains a rer ve]ily 6 éﬁgoﬁg Gt }gﬁr seeé%r% O a ?/n%) B RoMmere ttogether with
any s<5lverW@nMQevﬂlQN@QimMaﬁqyoWid@keﬂememehments include C4-10 hydrocarbons or
mixtures thereof, especially alkanes such as hexane or mixtures of alkanes, as well as one or more of
the monomergl employetifoireobsmeritzatipbe Eﬁasﬂ&teasatosmgahleaﬁwmma@twnd a variety of

itabl tin di f th th, incl 53 of t
cperating IFGLIREE, SRETSTN R CUISPE 6167750 5 509 B RS B0 10 e I N

incorporatéd pytyefasanmdadends [373] Geted st @l rigavivel yCovate NRE Bnd-optidralbhyehains Snittling agent
are contingously OF INGIMFesHY IIPAUGRAIR (G J& @%ﬁ?é}lﬁ%ﬁqe%gﬂ%u% ARYJGEYsied,portion 5

thereof at a minimum of one location. The reactor temperature an w%:essure may be controlled by

adjustthg t§&ssdi@rit/srshered e iah 8 Aan SCHARIIEBRTAIB g R b U8 P oBhittg or heating

coils, jackeiss @dcta@ttthem@dnﬂbamﬁfﬂa@t;%@t%s@an&@tl@dets)acthertatexpﬁmﬁglmga@elttt@mrThe content
of a given monomer in the f«‘ﬂ}ﬁp merﬁtodu épfluenc by the ra%% of mo mers in the reactor, which

is controlléd Bi’/“ﬁt%?ﬂﬁtﬁé Hedpekivete 0&%@ %’58’@8 4% the reactor. The

ere

polymer product molecular weight is controlled, optionally, by controlling other polymerization variables
such as the téMpEraturdgmpAdaierigsiicefteagicnd siersyilisesrevapusiyeheritiorad ematirsRiittling

3_93';: or @l‘fél lﬁh iR e w%gﬂg‘g&ﬁ@@wm a@@aww@ﬂ%hdaﬁl@dﬁ@:yﬁmﬂaiﬁ@ﬂ?tﬁr@al@tg@@@(:ted (;0 the

ISC ge of the re Ctor a nauit or ot er means, IS a secon reaCtor,

e R e R B P e S R e AP et o Baetor

vv_ithout eutu_smang:atlg/ttenmﬂnadm agmilwﬂmngmfmm Beflidandivefirstmmd. SEoohd readiors, a

iterential 4 JeaslA0EREgesS® AR Aiahlshed Brelerably ok srngimaion of
nomers,

copolymer of two or more If erence IS the presence or a sence or one or more

comonomE&RPeRss @rﬁreﬁ‘éﬁdétrDHGJﬁzi%ﬁiéWébHé@ﬁtmtheptﬁﬂﬁ‘@%mfréaﬁ&%eeatﬁvamtﬁged ina

manner 20Qsimilak{nibe-86 G faasiarii tt&ﬁ@e%asm@yeb@wav@@@m@tt( Heanexiting the last
reac of theﬁ%erles the ffluent | |s conta ed with a ng létl g%%%t such as Wat r steam or an

alcoldh or Wit %et?dﬁrq e e ff%]’ & RESHENS Zvél b)?’ﬁ’ashmg off
volatile copupomnéats ot tedetion m&cﬂgm siuth ATRESIghaalt, pdornidens he ddalemtghtrbyd ubeed pressure,

and, i 25gcepsany, ONIPRIOG I deyolRilzaton i sQURMENLUEN A5 AGSYDlaYlzipo exruder.

In a continuous process he mean reS| ence time of the catalyst and polymer e reactor generally
is from 5 rifiadtEBES Suhturs handiprerereiy o dis 10¢aInGtBsItsBoRBBURoPOly T AJ4A Iternatively, the

foregoing palymeiizatien maybe.cariednuhingRbiadiondeagiannith-a-neanemen Falalyst, shuttling
agent, temperature or other gradient established 30 between differing zones or regions thereof,

Optlog@ lly accﬂmameq gra?‘tg%gt %Hg {HQ@HP ve polymer is an olefin interpolymer, preferably
comprising ethylene and one or more copolymerizable comonomers in polymerized form,
characterized by at least two blocks or segments of two or more polymerized monomer units
differing in chemical or physical properties (blocked interpolymer), said block interpolymer
having a peak (but not just a molecular fraction) which elutes between 40°C and 130°C (but

30  without collecting and/or isolating individual fractions), characterized in that said peak, has a
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catalysts and/or chain shuttling agent, and operating under adiabatic or non-adiabatic polymerization
conditions ;4 [ g%g%%gerably, the foregoing process takes the form of a coRiRIOLS, SQIuEioN process
for formingvﬁ)?o%k interpolymers, especially diblock or triblock copolymers, preferably 5 Il&rl;}ear diblock or
triblock copolymers of two or more monomers, more especially ethylene and a C3_20 olefin or
cycloolefin, and most especially ethylene and a C4.10 a-olefin, using multiple catalysts that are

incapable gfiiescenVERIan dhakiBring FRIRY SIS e Ml distiRata4RAef.a0ninyRMs solution

polymerization conditions, the process is ideally suited fo‘rPfonmerlzation of mixtures of monomers at

high mondH&FRIAVENTINE Ao eI tHELR 1 SO MEHEAHBN EoiiBRE s ARRHRG 3% the chain

shuttling agerdribithe Batalysébesamesragvantagediompaiad tgpehain growihhand hleck
interpolymers, especialiclinear diblock o tiblosk gopabymers a1 formed In niah, afficlency, Polymer
Characteristics and Properties’ ”['?L%TI? R veRtive interpolymers may be differentiated rom
convehtionalpgarfdbmidGdepdiyamersinpiySidM bissads lofpolymehsrandatsi sokpapblymedsprepared via

sequential moRRMEEARNIRR nivsenahcaalysmenie it ahcatin idngariWnerizatien techniques.

In particular, compared to a random copolymer of the same monomers and monomer content, the
inventive iRtEHRATIHAA AV BRA (Mg HENIh R ResistAifeR HspRTea by iR isdint, lower
compressiprgRlyprRitiCuideEyat alevatedviempasaitigsrdblefsipesstalaxatonithigher 20creep
resistance, faster setu e 10 hjgher crystallization (solidification) temperature, and better oil and filler
receptanc A e AR A ko B A Dt Rd branching
distribUtioreiationshipn@iaridithe nviehtive inmend diyhed th hiivekad elgivelyniargdldiffeience between

the tallest peakiemperating MRATIP LGNS R ¥RIAR I RRGARMMICHmlheat 250f fusion,

especially as compared to random copolymers containing the same monomers and monomer level or
physical bF&HIESsenyers Buldreastae brafrigh delssigr ol rrer an B b ibEbaen8Rk copolymer,
at equivalentiexerall density. vids believedithahthisvumgue featidreofibe inventivaimtgspolymers is due
to the unique distrjbution of mono inblocks within the polymer backhone. In particular, the
invenive FIERFNIARS i) Lo TG ATSIUHNG SoblbCRLRSE VAT AL EARER e Eomtant (nclucing
homdﬁolyhﬂw}:ﬂudk@nm Mmﬂ"velﬁﬁl_" ;imIgnpr@iymb_r@’masldatsdmdnipﬂwgluisfm@ﬂ&REFnum ber
andlor blogegiag, afealymal placks;ohifeHnc AenRbAALARTPRANIRHCBNIER el 1,3, Schultz-Flory
SO

type of distribution. In addition, the inventive |nterpoI§mers also have a unique peak melting point and

crystallizatfth feeRperatif deprofidighaPrRtam by Rhdeperdeh el FoRrRErH&ATty, modulus, and
5mOFDV}O|Q%%%ono[ﬂ}e?ﬂoﬁ&ﬁt&ih}}(ﬁ@@lﬁn@|ﬁﬂfc¢}dﬂi@|mﬁbﬂ§7@f§ié§@dﬁﬁbﬁﬁ%&fm§mﬁiﬂﬁ%&f&i}@ri?}V?ntion .
are preferably inteipo rs of et with at legst o -C20 a-olefin. Copolymers of ethylene an
o b Co0 SR AT U LI E b A R T HP S B P RS gicletin
and/dﬂalkeaﬂjifbbgimzyermevﬁaiga.jmemld@tuhatwawmmmmersyuseﬁjht@rem Ebd:wnmﬂghmgmith fathylene
Sfipenealinsalviaied sapRAmaERCaplkaied B; RoneaLoaied dienes.

include, fog i?@{p%%

polyenes, a(f enylbenzenes, ‘etc. Examples of such comonomers include’ C3-C20 a-olefins such as
propylene CiBBitgTefEYe ittt I Hkareb i - pistglsac aeaattol Ghéritehe herdpidimsat-octene,
1-nonene,odRCenenand-ine likeead-Bulrneand kostene Re-esnaciallytefesed fther suitable
monomers inglude s%rene, halo- or alkyl- 15substituted styrenes, vinylbenzocyclobutane,

1,4-hexadf8A&™ Fi5ctaditne, and naphthenics (e.g., cyclopentene, cyclohexene and cyclooctene).
[179] While ethylene/a-olefin interpolymers are preferred polymers, other ethylene/olefin polymers may
also B used.[Bi#fins aSUBePHSFSIPRFRIEPRY APPSR ara s B8 isezHIgh-bi8ed compounds

with at leagl-aRe 2R GA RN AP HRI BN - sonance (NMR) spectroscopy preferred. Using this

technique, said blocked interpolymer has a higher molar comonomer content than a

corresponding comparable interpolymer.

[115] Preferably, for interpolymers of ethylene and 1-octene, the block interpolymer
30  has a comonomer content of the TREF fraction eluting between 40 and 130°C greater than or
equal to the quantity (- 0.2013) T + 20.07, more preferably greater than or equal to the quantity
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20Depending on the selection of catalysts, any olefin may be used in embodiments of the invention.
Preferablyvg:g%@%fp)%fgns are C3-C20 aliphatic and aromatic compoundsw@g&g&gg \éI%LI,C
unsaturation, as well as cyclic compounds, such as cyclobutene, cyclopentene, |cyci)opeﬁtadiene,
and norbornene, including but not limited to, norbomene substituted in the 5 and 6 position with
C1-C70 hydrocarbyl or cyclohydrocarbyl groups. Also 25included are mixtures of such olefins as well

as mixtures o sushrolefins Witb:CHCAQ HialefincomRaunaSs el LAALEXaMRISSf #lgfin monomers

include, but are not limited to propylene, |sobutyI§ne, 1-butene, 1-pentene, 1-hexene, 1-heptene,
1-octene, TIHER&RE R §eigg emRAt - HSEeEarB "G-tetradecene, 1-hexadecene, 1-octadecene,
1-eicosene, 3-methyl-1-butene, 3- 30methyl- 1-pentene, 4-methyl-1-pentene, 4,6-dhnethyl-I-heptene,
4-vinylcyclohdkésie, vihykgidiohaxahe iporbapadiene patpylide desnobbdheene, thyciopemene,
cyclohexeng diexdlapaniadiane: LYFIROseBPn i BlRDaRiRElding et ipaliedhio

n

1.3-butadiene, 1,3-pentadiene. 1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other
C4-C40 a Brsmiae 2l tid inda o e MufnohiBsHiRieiRtabiinec autee RIBI6pY RNE - HURoke, 1-pentene,
- 5 hexengedoReianasE aambinationdhereai Althaugbnarmehydeacarbpmipeniaintega vinyl group
potentially may be used in embodiments of the invention, practical issues such as. monomer
availability, i‘?{"éﬁ&stﬂﬁ%"ébﬂﬁﬂ??o‘ﬂcyé}h%ﬁu R FRRAUES SR eHBﬁ%i?‘fP&Wﬁﬁ"‘é resulting polymer
may becomeradis (Mobledaticiadyther molec plafembig hatddfithd nrenblowr dogohymes tad higtk

10[181]Th&&%&g&@@lﬂ%ﬂ%&ﬁ%%ﬁ%ﬁ%!&’&H?&B%M@éh%ﬂ*&%ﬁﬁ%cﬂr&ﬁél‘r‘“0” of olefin
polymers comprising monaovinylidene aromatic monomers including styrene, o-methyl styrene,

p-metflyl shipeineates gaasnRAR inciRMeR kBT sEEGE ifdhantd hBIgHEr 86 6miiking ethylene and
styrene cagphduapasdday Hallewingtheieachings patein H2ptonally, seRelynars-eamprising
ethylene, styrene and a C3-C20 alpha olefin, 150 tionalla/ co r'sing}daia C4-070 diene, having
improved pOBEIEETEElh BB el AIER Pb REIPAETR HERCEEhTIGHEE HERS FBROMErEan be a sraight
chain, brartheg bhais:otleyclicchydiecarbes) diendahauingfrpmbideabBaartionicatoms. Examples of
suitable non-conju ' include limi Stral ' ic.di ,such as
L hexad B e B e e 2
205-fethyRelUniexasieng: 3n-antiegamoreiectaniehédaer amiaanyirle pebeistien@iand mixed
isomers ofdibysironaicene apdidihydesaaingie sinatentaNeyelin demesoskries 1,3
cyclopentadiene; 1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene, and multi-ring
alicyclic fugﬁ%‘%%f“fﬁ’ﬁbﬁgsé&orYH&"d"iéﬂé’&?@ﬁ&ﬁfﬂ%‘%’?ﬁﬁﬁﬁﬁeﬁéﬂgf?@ﬂﬁ Ry ¥roindene,
dicyclopentadiensh bioyelei@i2rhahe ptal2;ordienesadkeny valkylidone 285 pycloalkbthyt afivtle
cycloalkyli$ ne.n ﬁ%%&n%'ﬁ?e?’ such as 5-methylene-2-norbomene (MNB); 5- propeny1-2-norbornene,
5-isopropylidene-2-n b rnene, 5-(4-cyclopentenyl)-2-norbornene, 5- cyclohexylidene-2-norbornene,
5-viny1-2-norbomene, and narbornadiene, Of the dienes typically used to prepare EPDMs, the
partigglarly preftfed dieiEalie ﬂﬁ-ﬁ&ﬁd%%%%ﬁ@feewg?mﬁ@ﬁwé BRAYENB)S
5-vinylidenax2ensiciamemne i6UiNBhsbimailienastavinghorheire MME) demid dieyelapantadiene (DCPD).
The especially pr d dienes.are 5- ethylidene-2-norbornene (ENB).and.1.4-hexadiene (HD).

1153] One A G e et e e e
invention axsrekRisMEKIntEREoNPHY B ehay RPN EBRCRD b RThe FRIEP éwietignstoidene, and

_option_ally 9&%@@@%@@@@2@&%&% c?r@{@ﬂ%ﬂﬂ%’e‘@l?aﬁﬂ%f@rdﬂﬁﬁﬂj thisiembadiment of the present
invention are designated bX the formula CH2=CHR*, where 12* is a linear or branched alkyl group of

from Fto PIETON BTN EASAANES BRI - bR intutfe? b iPd rBRbPTRH o, propylene,
isobutylengrehthiutener tqueniene, dhahexyenediprethitopenteneTanchd roatenel Aapartcarly
preferred a-olefin.i lene. The 10 pr sed pplymers are generally referred to in the art as
At A G e R e e L S G G
EPDM type polymers include conjugated or non-conjugated, straight or branched chain-, cyclic- or

polycyclic- didhé8 comphisibARoRF1eBesH BerBuRa s erbmsd ‘dish s incRiaw a4 fentadiene,
1,4-hexadigarSHRibyligesr-na1bar aedend nyalapentanient  dyclohasastiene: fdyrerized

30  form, characterized by multiple blocks or segments of two or more polymerized monomer
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15butylidene-2-norbomene. A particularly preferred diene is 5-ethylidene-2-norbomene. [184]

Because tl}g E%U%fﬁ?gggining polymers comprise alternating segments or?&&gﬁg?gpﬁgw greater or

lesser quantities 0 iene (including none) and a-olefin (including none quantity of diene
and a-olefin may be reduced without loss of subsequent polymer properties. That is, because the
diene and a-olefin monomers are preferentially 20incorporated into one type of block of the polymer

rather than, ylQHBIY, 0% %HQR{EH}’MH%Q@Q‘ﬁ%@@rtﬁ’&%ﬂﬁﬁqe@ﬁ%ﬁﬁﬂl%‘i‘i &lag S%thﬁﬂ?zaed and

subsequently the crosslink density of the polymer can be better controlled. Such crosslinkable

elastomer&iRing'tee EilMeksRPQUEIE I & Blach gl ineidurias nalsdiney frariemeisie strength and
better elastiGiEeeemesyn 25801 e ethylers/R-olpkadatenelyRers saohe #oskiooalized By
incorporating at least one functional group in its polymer structure. Exemplary functiona| groups may
inciude. o S RHRIC S IERESAN LRI SY S G R oM AR S ihyionically
unsaturatgebmgmestarttadisenvcti O Al cdrbokylic terd anfvdndes;sadtsthereottandrestetsthgreof. Such

functional grauns mayibe.arafiesic Anelmvens/a-plefinntepelymarormay F0Rs,pekymerized with

ethylene and an optional additional comonomer to form an interpolymer of ethylene, the functional
comonomé&F BisaesplithiamyedtidlesrbRoBF<T2MeBh §ForngHATAY funeliBrarireRIpeIshIY:
polyethyleng; ane sieswibedianaxaopiedpddds iataniaiNes. 4,762,890, 4,927,888, and 4,950,541, the
disclosures of these patents are incorporated herein by reference in their entirety. One particularly

useful functional gfoup - 3malsls BONUATERon HASLT e ATAYR Y hiersuclionalgroup present in the

functional interpolymer can vary. The functional group can typically be present in a copolymer-type

functignalized interpolymer in_ an amount of at least abqut 1.0 weight percent, preferably at least about
5 weight percent,%ﬁhﬁ }éﬁoﬁ%zaﬁ?@?%fﬁeﬁf Fé’gﬁné’ﬂl?ﬁt“ﬂ}\‘feffdﬁ%‘gr%elﬁé Hhe functional group will

10typically be present in a copolymer-type functionalized interpolymer in an amount less than about 40
weight perEenitelststetzibhy lepictbrharaiota30Waiyhe percent, and more preferably less than about 25

weight percent. More on Block Index [187] Random copolymers satisfy the following relationship.

See P. J. Flof19tans. IbfeamdaSegecH the348:6195 phlvvidels isninkaiiponatpelhyeieference herein in
its entirety, 1 R Ir LrRIAHUL I Pg]é)one[%BS]nl_Q Eg&ation. 1 Ehe mole fraction qf %é/staélizable
tin

monomergle-{erlg Iated o the n'?éﬁ?r%ﬁl temper}éitﬁre, o oyﬁﬁgzggﬁoﬁg%%?ogﬁ%s theméning temperature

of the purdarysthfiaaietbPicpoRmeploTks arresserstion o simmilaictoolievaksdonetipfor the natural
20logarithghof thesmelefaetiomobaibyirne asalcinnelithereaniealefiheATRER elution

temperature SK) for various homogeneously branched copolymers of ethylene and olefins.
dibiock or triblock copolynier, said block interpolymer having a molecular fraction which
elutes between 40 °C and 130 °C, when fractionated using TREF increments, characterized in
that every fraction that has an ATREF elution temperature greater than or equal to about 76°C,

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

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

has a melt enthalpy (heat of fusion) as measured by DSC, corresponding to the equation:
25 Heat of fusion (J/gm) < (1.1312)(ATREF elution temperature in Celsius) + 22.97,

[121] These relationships are depicted graphically in Figure 7. Specifically, the block

interpolymer has molecular fractions which elute between 40 °C and 130 °C, when fractionated
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[189] The relationship of ethylene mole fraction to ATREF peak elution temperature and DSC melting
temperatuge for ¥ | élomogeneously branched copolymers is analogou%,tpﬂljzé eSS tion.
Similarly, é%é%)ara%@% EF fractions of nearly all random copolymers 25an 'rangom copo%lymer
blends likewise fall on this line, except for small molecular weight effects. WO
2009/097565PCT/US2009/032705  [190] According to Flory, if P, the mole fraction of ethylene, is
equal to the;cangilignal Rrabability thatane sihyiens waitwdlpiscedednr iollow areierktyene unit,

then the polymer is random. On the other hand if the conditional ﬁrobability that any 2 ethylene units

occur seqURARBRIMFTS gIesta et BTHHER TR ESP ofyritr A et B8RRI P8 Bie maining case
where the Genditiansl prahabilitypisless dhar Byyielss aliemdtingcopayimerss.17{3AIREF mole
fraction Ofe?tQ%’JﬁPe?n'”ers‘”rdeQ?é’%ﬁos'iTﬁag’g'% Hy determines & shecific distiluyon of ethylene
segments Whose ehystallizatfon behavior i turti is gov rhed by e minimum equi ibrium crystal
thickngss atnepgivenctesnpamadlf€. Aiddeefchen thowdiedyrver dnmetingthad TIREECE fpstallization
temperaluies, 0f i | uanvehlock sppaimAR A SRR 12ARNG MmAnuityda of fagfgyiarion from
the random relationship in Figure 2, and such deviation is a useful way to quantify how "blocky" a
given TRER'HERGHARS REIARSISHS Yardoth 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 15and one corresponding to constant mole fraction of ethylene.

These form fieEHdRR TR HERS AR TIsBasHIGYVE éashiduiene by InghalliistBiescthe definition of the

block index. [192] In Figure 2, the point (Tx, Px) represents a preparative TREF fraction, where the
ATREF elutiop ssmperajpiie.oliAnd (5 NMR stlvvipaa Rials, Iaciab X AigMEaskdialues. The
ethylene mole fraction of the whole polymer, PAB, is also measured by NMR. The 20"hard segment”
elution teripétdadrécsisePniorelsbie fiom PrnPaASheanBERIMAEY or else set to that of ethylene
homopolymesfos ethylsne.cepglymgrs. The TAB value corresponds to the calculated random
copolymer equivalent ATREF elution temperature based on the measured PAS. From the measured
ATREF elutio perafre, Ix, the. correspongding random ethylene mole fraction, Pxo. can also be
calculated. T e£§ uare o ih%o %%:'%nd& ?s dggined; tg’ ertﬁgGZSI?%?iovg thel%regl of the FPX Tx) triangle
and the (T HeA@dkaniesiSiksene(ght thrigidsadagrondranp dofatis dfidsas durssithe squared
ratio pf theglisfencesdiom (TAnP AR A8 ROr e thasraadanmiinge loadditionnthe similarity of the

right triangles means the ratig of the Ien%ths of either of the corresponding sides can be used instead
of the are&Q BT 1HIEN TR FAes ithe PABRET SR CTAREHB sOlpfies BVifeybe

2009/097 5ohRCsHidc 2008/ G832 70 PhELA8thit shidlsld:-henmoté chhal themitst petiecthblatkdistfibution
would cormgshond to. 2 whole @ﬁ%}%{ i 8 Sﬁ?%ele%%'{ﬁ% E%%’%&?ﬂ,@%%%, ps%'ﬂ(}%@@eo%?)’ because
such a polymer OUH preserve t et‘ﬁy eneysegment Istribution in t ard segment”, yet contain all
the comonomer content of the measured polymer in solution and its response is calibrated with

20  known ethylene alpha-olefin copolymer standards.

[124) The detector when used with an ATREF instrument provides both a
conceniration (CH») and composition (CHj) signal response of the eluted polymer during the
TREF process. A pelymer specific calibration can be created by measuring the area ratio of the
CHj; to CH; for polymers with known comonomer content (preferably measured by NMR).

25 The comonomer content of an ATREF peak of a polymer can be estimated by applying the
reference calibration of the ratio of the areas for the individual CHs and CH; response (i.e.

area ratio CH3/CH; versus comonomer content),

[125] The area of the pealks can be calculated using a full width/half maximum

(FWHM) calculation after applying the appropriate baselines to integrate the individual signal
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available octene (presumably in runs that are nearly identical to those produced by the soft 5segment
catalyst). IQ&/W?@S Sz the "soft segment” will not crystallize in the ATREFC(?%QE g%;% TREF).
Applications an gﬁgjebses [194] The inventive mesophase separated ethy ene%q)ztfe in?block
interpolymers can be used in a variety of thermoplastic fabrication processes to produce -useful
articles, including 100bjects comprising at least one film layer, such as a monolayer film, or at least

one layer Pas?dﬂwgii%ﬁﬁ&ﬁm;@mEsgmg?ﬁﬁL Pl GAlRRASHS . ARLGIUSIALCORING IPCESSES;

molded articles, such as blow molded, injection molded, or rotornolded articles; extrusions; fibers; and
- woven or ABRREESPEARsIaK! tPHRCRBISHSIrSRAZTF ared [helSeh i omdhtetiiT ifdde s a double bubble

or tenter frameoerssinlthe faeplagtisc0PRASKHIRRS TN PrsINgLbeséuentive thopalymangvnclude
blends with other, natural pr synthetic, palymers, additives, rej Ing agents,.ignifion resistant
acitives, TG e T B SR G o g RS Hpento, and
plasticizersefdkpartibalaratiiteate muk-compaonehtdibéis stk 43 ootdlsheathifilsers, having an outer

surface 'a}{{%{elﬁﬂﬁé@fiﬁi@Qeé}éﬁ%%tﬂ%lﬂ%Ftk%%l%iﬁ%%ﬁ%’ﬁl@ﬁ%@@é@lgﬁ&mp@m%985 of the

invention. The polymers may also be used in 20articles such as toys; jewelry, such as synthetic opals;
and, decofBfiverRERs 2dirnhaEemid o te bsieTiney thiairarsite HaalrbandsddtasiPrsdtsnic crystals,
photonic bamdg@pumaterials, or elastomeric optical interference films. Such materials comprise
periodic, phase-separated mesodomains alternating in refractive index, with the domains sized to

provide & phqjppie bandap e kY- ipble seciium, s as ase.UriaRaHi R Rajent No

256,433,931, which is hereinincorporated by reference. ~ [196] A photonic band gap material is one
that prohiiedtRerpie gag AddiEstiafectromsginstie. radEneRGvithm ar spiairidR §YESRfe (band) in

certain directiensibtat ise RansvaaRMAaralsvaRHIRERIN, ProRRgALNGI Gedainiirections with
specified energies. Thiség)heno??enon can pe thought of a&;ﬁ) com Iet§ reflection of electromagnetic

30radiatiof'815A parHEURAPHFBG DIl SR SPERE A SRR TP Y T AP ERE PE&Sh because of 61
the particulpecstousipydbariangem entof gepariate - tomainseldfie copsbniadrdnBaiefradtive indices of
those domgins, The structur entand refragtive,ingi f separate. j make up
hese mat L o e B e o o
partiddlar fraigheidy: (RvanmHopBUIbYt 6haip PPrbisEI B CRAHRURICRITNY ipRe FIOWBT SLight, Princeton
University BpRssnBneaofzedeld@DomOnersirsnsionataheianisskanc sarLn giefalscsiude

structural and refractive periodi(;)it in one diregtion two-dimensional photonic band gap materials
include perTGy Tt b PG a8 o P AT BB ATBA B B FAREH e HOlude

periodicityintthiesndieections. [197] The reflectance and transmittance properties of a photonic crystal
or optical 10interference film are characterized by the optical thickness of the domains or regions. The

optical thicknggsyis definedRsithe fredus: Atineaetiakthicknesstimesiis teftastiveingdex. Films can

be designed to reflect infrared, visible, or ultraviolet wavelengths of light depending on the optical
thicknidss BPEHEORAG: PLOBPERe i hAEPI S BHSIE ABHHULRs oA oLREF segments

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

[128]} For copolymers of ethylene and an a-olefin, the inventive polymers with two
blocks or segments preferably possess (1} a PDI of at least 1.5 up to a maximum value of 2.8,
more preferably between 1.6 and 2.5; (2) a heat of fusion of 90 J/g or less; (3) an ethylene
25  content of at least 50 weight percent; (4) a glass transition temperature, T,, of less than -25°C,

more preferably less than -30°C, and/or (5) one and only one Ty,

[129] Further, the inventive polymers can have, alone or in combination with any
other properties disclosed herein, a storage modulus, G’, such that log (G’) is greater than or
equal to 400 kPa, preferably greater than or equal to 1.0 MPa, at a temperature of 100°C.

30  Moreover, the inventive polymers possess a relatively flat storage modulus as a function of
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15characterized by differences in the refractive index of the material comprising the segments or
blocks_. SUW#%&%IJ{%%% can be made SO as to tailor.the rlefra_ctive index p i{gg%&ggﬁgj,ﬂgent .
domains to selectively concentrate or diffuse the optical field intensity produced by the structure. This
can be accomplished by tailoring the cornposition of the blocks. The refractive index contrast can be
further enhanced by blending components that have a preferential affinity 20 for one type of domain.

One approggids daLmplev.Righindexoanppaticle additveassushrecdreypryticles, which are

coated with a surfactant layer and selectively incorporated into one of the domains. Preferably, the

materials REFECEPEMBREAEE et Alefites MABXISH e Siy e P e BT R Eni B 2 SRS Sfeferably 0.02,
more preferaRly Q. Q8 ngreatasn LB T he pemodicity st urali arcange menhaameonet by creating
separate 25dgmains of size similar to the wavelength (in the material comprising the. domain as
opposedt (1 AR s B e o1 St et e e S e S ke by the
structdre, peefecalflydorigias of size no greater than the wavelength of interest. The refractive index
ratios between adjacent domains should be high enough to establish a band gap in the material. Band

gap can be diggessed withitrienenGeetothr 1@ rattive inees Katier{ naind) whene 305l is the effective

index of refraction of a first domain and n2 is the effectiye in of refraction of a second domain. In
general, HETAE} eI 2R VR TS R8T GBS B, i the
present ingentioN baddlgsplstailorediddipeaisby dranp fediete iing tlthreshs!diane teixtends in one
dimension,fgr.ong:dimensianal sysisman e imansiansdan puprdimensianal cupigg. e three
dimensions for three-dimens onaI/systems. 5Suitable choices can be’'made so as to ta%or the refractive
index profifimtehdratjfck it HdaikinsinselEetivé ip SO Ehiraratet, HvfndeeiesdStivantietdintensity

produced Pasmﬁaumgr/@e This.an he aceomplisadin the prassriinvemion Ry kiloringthe

composition of the hard and soft blocks. The refractive index contrast can be further enhanced by
blending dohBTeRtd SHATALRYES pRIEBMEFSHiniS/ BrbRESpe of domain. One approach is to
employ high index 10nanoparticle additives, such as CdSe patrticles, which are coated with a

surfactant layg3ahd selHstipelyniatomohate dipicsWensishie. ddmains. IR araloly, tadi@eeALMissimilar
domains op/seameals Aiiek I ¢Haclyanasx Bepbitakihie FAleRliNeJa Ta@Ni%MreX9f one to the

other is greater than 1, preferably at least about 1.01, and more preferably at least about 1.02 for a

contittious ¥b0U} soslernstRSPRfHE iR Q- A Rl Ot B efrBel abbBa 4B #6 about 1510
pm. in sone.embogineanis,dhesefiaative)irdery ationSdio predibio fbrkéh peaterabiyning1 to 1.06 and
more preferably 1.02 to 1,05 for-a continyous set of wavelengths |yi ithin a wavelength range of
from abouP(i}%Yeﬁ‘rsn cgna%%glg{%n;tﬁ) .8,6%?0%%: |ln'g 0ano %?lgg?qé?eg#n’t?o%:é\r%nesﬁps?#%se preferred
refractive ithigrnelticsesiistipmare ompas fum S oF waRR atsthsdy M IhiPA0eseiength range of from
about 300 rim to about 700 nm, and according to 70another set of embodiments, the ratio of refractive
index of one @b otheris @hleasprbdd QoM liR0-toyinds, Hakfarmbiy bR 10 thddb1andnpore
preferably 1.02 to 1.05.for a continuous set Qf wavelengths lying.within I h range of from
abou%@lloOli}rzi‘rtﬁ"ttoa Iﬁ%ﬁf)%aenggp Bt%’ei‘é% ﬁ%sg@ri%cﬁr%vsl?@%g?ﬁﬁigma Ogtr-%) ggaopﬁ%yﬁﬁ;%ﬁgéersion relation,
cannot sudpprnetecirbridnetid HalEstlicotrmMofrdiudneTéd3 Mhies thisdcbevaebenid idfilsited from

propagating, f3thragh.the.material g O0lERe, ROMET G a}&%&a@gl@ﬁ%@a@ﬁgmﬁwriw that, in a

disarranged state (not arranged with the periodic structure necessary for photonic band gap
properties iR SaRBFH AR AFSHSIRA B PEY TR BREOR SRt drtidAngrahierEgt i hen the
material is;aédeastp prériybikansparenhisrdhariostpomagnelisis agdinbasafipeiant, defests in the
order?egd dom({ai?lSOstructure 1of the B otoni%lgaoangq‘ %%g n?atggaéggfig& I?IQW@{S! ltlhr.gLﬁQ which the
elect maéﬂe t'FadiatoR B8 If)}grs% SRc8 e Siera %’rﬁocl‘%mg e radiation s ges’%royed.
comonomer having from 4 to 20 carbons, or 4-methyl-1-pentene and at least one different
copolymerizable comonomer having from 4 to 20 carbons, to form a copolymer comprising
two regions or segments of differentiated polymer composition or properties, especially

regions comprising differing comonomer incorporation index, said process comprising:
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WO 2009/097565PCT/US2009/032705 [201] In certain compositions, one or more of the blocks or
segments {S,gr. ' e.or semicrystalline. This crystallinity is one distinguighi % t f the inventive
interpolymgé g@:ﬁgg}rg& to materials of the prior art that have been used %@é’ 0 %ﬁqgﬁ)%zgt%grials. This
crystallinity provides a mechanism whereby the photonic behavior can be reversibly turned on 5or off,
particularly when one block or segment is crystalline and the other block type is amorphous. For

example, the reffﬁcﬁé{ﬁai%?g(aﬂfaﬁlﬂﬂgﬁ‘pﬁﬁmgé%@giﬁ%xﬁ%&)é?ﬁ%ﬂﬁ%ﬁé&b&@?%’ﬁl&?ﬁr}@&t of an

amorphous ethylene/l-octene interpolymer. Such materials can be heated above their melting

temperatufEdifpie re eSS RTce1Ef ARt ERDY cohPES i dvatessmp byl iBieBRgifaR teristics of a

photonic ceystaiciomavRhuR £aoligobe semicstaling dmaiarakcysiallizes.and restores the
refractive index contrast anﬁ, resu tin% %%(?&%nic roperties [202] Size of the domains is another

important Baranietar SHEXARG HE B ectl?%gcﬁefrﬁ?éj SHLHEBRERLRA RENEEAN be varied by
selecting thepwetat veomedet slamoneigittsmamgreompositions of the various blocks. Additionally, a diluent
(compatible solvent, homopolymer, etc.) can be used to selectively swell an individual type of domain.

15[203]In some empadirenisibelenenangeotearanderiapiatianatihe damains.aap.lig affected by
processin%#ﬁchniques. On%gsﬂuch processing technique involves treating a homogeneously mixed

spun cast HiH18y BrR Gy G B A5G RS ST S S R AR OH { ShSRTLER RO PYR i iieiting temperature
(Tm) of theaompor@ntsforadinme sitfickhtriayitodude the desired ordered phase separation
morphology. The resulting morphology will take 20 the form of the components separating into

mesodomains with shangsshahdarexamplessan Kescuipgiical-alqdikecsphgarigabhicontinuous

cubic, lamellar or otherwise. The film may be brought above the Tg or Tm of the components by
heatihy or??&r‘é‘?fﬁﬁ%ﬁ’g?ﬁ%@ﬁs‘gfgq*%‘lgﬁ%ﬁ?w&@ﬁ?m%’ﬁ%ﬁéﬁi@ﬁ%‘?ﬁﬁ@réﬁ re of the
components below the room or ambient temperature of the operating environment. Prior to treating,
the copolystigrmsitiehebiring 2bamhetamodynarmidady efrischbie sividio pieeve tyviiic Feaptirambrought above the

Tg. or Tm giifscompeneptewil sepasate i Madhemesodamains. dnrerainisianggs: the phase
separation in AB block copolymers will yield stacked lamella conS|st|n}i¥of alternating A and B slabs or

layers witTREHEA TR SR FREESSeT MRRAfRMe FRetuicely sophaic Ly isgn eughaplniiedistion, then
well ordered sgimbally oriented mesodomains can be formed. Other known 30methods of globally
orienting lamellar films are the use of surface-induced ordering, mechanical, such as shear,

alignpaent, bigxiah orienigtion,and eipairic figld Qrmaarels, feld alignment. [20410ther spbodiments of

the invention do not require spin or roll casting to achieve the desired ordered structure. For example,
simple corf5reEE1BR thammhgrsT BhaiBiRFB TR SERIRIY Esrtisrbofdbe peivmer sbairg sy gtohotonic
properties]disutpravidiage tEmendpusaduantage on derms ot iocessing LostapRthaktypical melt
processing techniqgues, such as. injection molding, blown or cast fi raocessing, profile extrusion,
Craan or Brae e R B R B R T B e e g
_te_chnique§:i\‘chay@ém@eﬁit@g&iﬂqm\/@éimﬂaphmﬁzéﬂo&gﬁw&@mp@mf@h@ﬁMS exhibit
irideseence,aid haneingse'R @5 she-rnale linridant fight R ha M chrpaetdz0gi The

inventive block interpolymers can also be fabricated to form mechanochromic films. A
inechanochFIRTREHING IS 20 1 R FARFhiBHUES S HaS W RS A B OIFRHEPRIES P! In these

materials, thaoaveiengibireftecietbchangeas peuansiblyaviththe-ARanpjiredscteais: gueito the change in
optical thic%gg%s;sés,%? tggofilsmmiés streetcszhcﬁ%, ;Qet g&a ngg ig tIfhe thickness of the layers cauges the film to
reflect diffgre‘r‘lflwavefeng%s or ﬁahE ASthe T isre axlec'ﬁ‘%’ﬁ%‘?é’f}é’%"‘%’ GRSaiBrigitAl thickness
and reflectitfielieryridinding svEdengfihs offe sbyiecoabebltreieflactrgityeraribestatl bred A mithe visible
thrmﬁh ”%@E@%ﬁ?&éﬁ&%ﬁﬁ%&ﬁ&%‘&ﬁ%}ﬁ%%s comprises two, three, or more, preferably

two or three, differentiated polymer segments arranged intramolecularly.

[134] Because the various reactors or zones form a distribution of polymers rather
than a single specific polymer composition, the resulting product has improved properties over

a random copolymer or monodisperse block copolymer.
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20[207]The inventive block interpolymers may also be used to form polymeric reflective bodies for
infrared, vigi (BL}%n/iolet light, as described in US Patent 3,711,176, M&%E@rg&g incorporated
by referengve?J ?g@pateﬁt describes materials that are formed by extrusion of multip é po‘{g%cneric
materials to create ordered layered structures with layers on the 50-1000 nm scale. The inventive
interpolymers are advantaged over these materials 25because they do not require the expensive and

tedious procergen techplos IR HIGRIRIPLRUUS R G IGIEEKeadiaR.[208]The
optical interference films of the inventive block interpolymers may also be useful in a variety of optical
applicatior§h§tich RcRyEsHeN RS asenidhripliFed; RAFGNE RPN 8 thEFRRIHRM GFSCEIMCtion
gratings, bang-passfillerenopiicakswiiches santicalvdiiarsy photanicihandapmibearsmpaptical wavegu
des, omnidirec{ion?I r?flectors, bri%q)tn ss-e ncementbiilteﬂs, ar}l}d the like. Zggl The transparent
elastomerit Optical MiemSteRed fiims B 15 %re‘rsoéjﬁf1 Vention have A AumBer SFIsEL" such materials
can bé ug@@lbnnmMﬂ@WﬁkmsgibghtmcapotlmkDﬁssﬁmwmm@ipnvhfugﬁfihmmrgye protection,
colored digflays id VisPrQUEEHNSHARGS, MERD ngéﬁaﬁg{mC%@@er}gpi@mae@ﬁcmv%ﬁgys,

decorative, and security applications. For example, the films may be used for packaging which display
changing %I@PH&I@%W@*\M%HI%@%W&@BF ehEpeHRsRI SRR SE L RRIFIRAS XS Sthetch in a
variety of Wiaysianchexhibidcunifkeiealalr paliesnscf Qe ssmaeiiems whithechavgatcolors when
stretched, such 10as balloons or embossed patterns are also possible. Pulsating signs or
advertiserie t‘é“’fﬂﬁ%?ﬁ‘é‘f%‘b‘ﬁ%ﬁ?é‘d in which selective stretching of portions of the film by an
inflation/deflation mechanism causes a pulsating color change effect.  [210] The optical interference
films B¥ the prdsiht inv&sherianial alsaiaintisuss sirsoiarEineasenitipsidfiestsinfrared light. In films
with varying thickness of the domains, the film 15can be made to reflect a broad band width of light.
Because of tHa ¥psticitgaodithe ilims, [ the ihirareddefleciing ehbracteristiesobihadiyn(may be changed
by stretchingihie, fims; TRYs-arpeading-weamihe;desirdshaasiRisics el canbg pade to

reflect infrared during certain times of the day and then be’stretched to appear transparent to visible
ight. EverNioheH L SrcRBE LA v S AL R NP VIR 20[21 ] The
elastomeric films of the present invention may also be used as adjustable light filters in photography by
stretching the film to cause it to reflect diff velengths of light. The films of the present invention
may also find use in agriculture. As it is kn at plant growth is influenced by the wavelength of
light received by the plant, a greenhouse film may;be/for itwaries the transmitted wavelengths
of light desired. Further, if 25transnfisSi f a gpecifigwa of light is desired as the angle of
incidence of sunlight changes during th ~thefilgd mayYeadjlsted by stretching or relaxing it to
maintain a constant transmitted wavele 212] tmspEte present invention may also be used
as pressure sensors to detect  pressurecshan . and exhibit a color change in response thereto.
For example, the film of the 30 present invention may be fabricated-into a diaphragm or affixed to

another rubbery surface
15 [138] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl}amido)(2-methyiphenyl)(1,2-

phenylene-(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared according to the teachings
of WO 03740193, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO 04/24740:;

(H:C)LHC  y, cH,
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66 such as that of a tire to act as a pressure or inflation sensor. Thus, an elastomeric film sensor may
be provided, whigh,ipEgexample, reflects red when an under-inflated conditigryis.&goppigied, green
when there is a correct pressure, and blue when there exists an over-inflated condition.
5[213]Elastomeric films of the present invention may also find use as strain gauges or stress coatings.
A film of the present invention may be laminated to the surface of a structure, and then exposed to a

load. Deformafigy) of the:gurfacesmay theR Re-measgired precisely using a spectrophotometer which
measures the change in wavelength of light reflected from the film. Extremely large surface areas may

be covere WEHETRN S TR ERE AR A SRB R rEALiomeric films of the present invention are
useful in colored displays, such as described in United States Patent 7,138,173, which is incorporated
herein in its entirety by reference. Such displg e fréguently used as a means to display information

in an eye-catching manner, or to draw attentig a specific article on display or for sale. These
displays are often used in signage (&-9., doorAillboards and street signs), in kiosks, and on a wide
15variety of packaging materials, It | partiﬁularl;é@dvantageous if a display can be made to change

color as a function of viewing anglei@ plays, knowh=st¢etbr shifting displays"”, are noticeable

even when viewed peripherally, and serve {o dirgctthe viewer's attention to the object on display.
[215]Backilit displays having a variety pticgFarangements may be made using 20the films of the
present invention. The actual device neg& ale(s essarily be a display, but could be a luminaire or a
light source which uses the combination of filmSpegtral-angular properties and wavelength emission
from a lamp to create a desired light distribution pattern. This recycling, coupled with the high
reflectivity of the films, produces a much brighter color display than is seen with conventional displays.

25[216]The fildbf the(pradesti b idin(hayopk st i ed Runetder ith rd@nstibuiéeniibht source or

severgl poinfireMrSas IS aRAusNtoNalbackligints arke amenusedionadueBising.gigns or computer
backlights. A flat reflective film, uniform\f%/ colored §) optical interference, which covers the open face of

a backlightHAFERRRYELBRRERE Visner PALEO B the sign. Opaque or translucent lettering of a
chosen dyed or pigmented color can be applied 30to the reflective cover film via laser or screen

BT ttef{ng composed of a different colored
& made in the cover film, with the

pecific color emitting lights in the
backlight, or by dyed colored 10lettering ordhbje the reflective cover film.  [218] The
brightness of the display can be enhanced by lining-the inside of the backlight cavity with highly
reflective interference fihn" In this same manner, the overall color balance of the display can be

controlled by Hﬂi'ﬂ? a Iowa@{ﬁ@@@gqs%}g%yﬁil%}g%{gqﬁgy&mmilg%meferentialIy reflects only certain

colors. The brlghtness_ of the chosén color may suffer in 15 this case because of its transmission at
certain angHE¥ AREUGHERE MmO s e SitaRred BT ¥SRiBRANEE Barbbgetected by
coating a hrogebaneninesfileacwitbe e, the eprrepriatectalanard 2hssrbanse?, filed219] The
reflective galored film. may also in.combinatjon with d jgment colored films with the
latter on tii‘é‘??@ﬁér %ﬁ %(%\?}%g@g@%%ﬁjeé’ ® }5@%@%&%}? Ogég% e.g., eliminating a color shift on
the lettering while producing a color shifting background. [220] The backlit sign need not be planar,

and the colored film could be applied to more than one face of the sign, such as an illuminated cube,
or a two sided advertising display.

42



[221] The films of the present invention may also be used to create a variety of non-backlit displays. In
these displ&&sz&wg@%tﬁg)ne polarization of light from an external light 25 s%ﬁ% W&bﬁag}@ be
sunlight, ambient lighting, or a dedicated light source, is made to pass through the interference film
twice before the transmission spectrum is seen by the viewer. In most applications, this is
accomplished by using the interference film in combination with a reflective or polarizing surface. Such
a surface may be, for example, a conventional mirror of the-gype formed through deposition of metals,
a polished metal or dielectric substrate, or a polyn}g}rl{%@;g or or polarizing film.  [222] While the
interference films of the present invention may be/used ag geously in combination with either
specularly reflective or diffusely reflective s acé% din &Eﬁﬁ@%ubstrate is preferred. Such
a substrate causes the colors transmitjed-Hy the fifgX{and subséquently reflected by the substrate) to
be directed out of the plane gf ieideriCe, oNgt a diffrent ngle of reflection in the plane of incidence,
than the colored light that is specularly reflected by the film therely gllowing the viewer to discriminate
between the transmitted and reflected colots. Diffuseriffiite surfaces, SUEH as card stock or surfaces
treated 10with a diffusely reflective white pal¥it;®we especially advantageous in that they will create a
display that changes color with angle.  [223] In other embodiments, the diffuse surface, or portions

thereof, may qu%selveéa%é%glgg L or ﬁx?r@%y%%m%%ﬁ%@ggzc&%gﬂr}’g(%lllray characters may be

laminated with a interference film that has a‘l_éast one optical's tuned to retlect light over the same
region of IBthdEashisrmbve Eiielthéitarzabssepacet pebetiarabierechidie rediatersngelef will then be

invisible af ge i&l@&ﬂl%‘%ﬁic\ﬂ%ﬂiegfﬁm@%[iyd\dm&% at ole!, apglesSTiasiilRbiechRigue may be
used for backlit displays by matching the reflective handwidth of the interference film to the absorption
band of th&iRY. 1y gﬁﬁ%?ﬁ%r%%g%%ﬁgﬁg; Bl isRetrareERRimritscan be printed on with a diffuse
white or colored ink, which may be either opaque or translucent. 20Translucent is defined in this
context as meaning substantially transmissive with~a subsé?&;]i | diffusing effect. Alternatively, the
interference film can be laminated to a white g ored sukfaceé; which can itself also be printed on.
[224] In still other embodiments, the filmstfthe fivention e used in combination with a substrate
that absorbs the wavelengths transmitted bythe Iﬁun}, O @ (HEpthe color of the display to be
controlled solely by the reflectivity spe ny of the #ibm. Sugh alf effect is observed, for example, when
a colored minor film of the p&?%‘?'&t iny#ntioly, whi : its certain wavelengths in the visible region
of the spectrum and reflects othéf wavelengths in the visibigmegion, is used in combination with a
black substrate. [225] The optical filnrsakd devices ofthe pres)émn?}ilﬁ%Hrﬁion are suitable for use in
30fenestrations, such as skylights or privacyowi such applications, the optical films of 69 the
present invention may be used in conjunction with, oras components in, conventional glazing
materials such as plastic or glass. Glazing materials prepared in this manner can be made to be
polarization spitific, sothalthie 4h estratioyl iselsgdintablyl (Pakspardnt-1c28 st palarikzation of light but
substantially. refl egon larization af liaht, -elimipatin jag glare. The physical
properties %}?St‘%g}%c%%%%g |ﬁ%§%§r&1} pgiss%ﬁég Sr%%%{%géﬁgﬁrg??gﬁ%%r%%]E%%lgﬁi'{%ge?ggging materials will
reflect lighf8P8+é%r both polarizations within a certain region of the spectrum (e.g., the UV region),
while transmitting light of one or both polarizations in another region (e.g., the visible region). This is
particularly important in greenhouse applicati Wherffie}ection and transmission of specific
wavelengths can be N

(HBC)ZSi\ P TECH3)s
N
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10utilized to control plant growth, flowering, and other biological processes. [226]The optical films of

the presen{,dav&ta%&gsagy also be used to provide decorative fenestration§,¥yp/i8§2H@E®1yHight of
IC

specific wavelengths. Such fenestrations may be used, for example, to impart a specitic color or colors
to a room (e.g., blue or gold), or may be used to accent the decor thereof, as through the use of
wavelength specific lighting panels. 15[227]The optical films of the present invention may be

incorporated ifigglazingmaierialg)in %lﬁyﬁzﬁléﬁaﬁ@rﬂéﬂﬂrﬁﬁ%@W@ﬁ%@?@fb,§,%£Wz9¥9h coating or

extrusion. Thus, in one embodiment, the optical films are adhered to all, or a portion, of the outside
surface of AGRZiNG Wareffar s ERepl e mrethitston st diae Brimteisteaasadiéside. In another
embodimergotmmemgical films of the present invention are sandwiched between two panes of 20glass
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
[228]0One particularly advantageous u€é-s tns of the present invention 25in fenestrations
is their application to sunlit windows, whereg ipf.is observed for day vs. night. During the
day, the color of such a window is dictated primariytRy thaiteasmissive properties of the film toward
sunlight. At night, however, very little light is géenjin transmission through the films, and the color of
the films is then determined by the reflectivit e film toward the light sources used to illuminate the
room. For light sources which simulate daglight,the reSUTt the complimentary color of the film
appearance during the day. [229] The films of the present invention may be used in various light
fixture applications, including the backlit and non-backlit displays described earlier. Depending on the
s, apphaTon, TN ThLy Be (AT CBN AP BN T S rick S e speciral
selectivity iedache- bltErild teitransmitrosthe flpepone siietaasifbchuavtiengtihe angiings themore, the
film can bgsrr_g 48 (liect or transmit light of only one polarization for polarized lighting applications
such as-polarized office task lights or polarized displays incorporating light recycling to increase
brightness, or the film can be made to transmit or.10 reflect both polarizations of light when used in
applications where colored mirrors or filters ar' able. [230] In the simplest case, the film of the
present invention is used as a filter in a backlit Iig re. A typical fixture contains a housing with a
light source and may include a diffuseof-spetulartve ) e element behind the light source or
covering at least some of the 15interior s thaegticaj;cavity. The output of the light fixture
8., Jight source from direct viewing. _
t fixture is directed, the light source may be
a fluorescent lamp, an incandescent lamp, a\soligrstatd or electroluminescent (EL) light source, a
metal halide lamp, or even solar illuminatigs, the Iatter%(gﬁ’d?transmitted to the optical cavity 20by free
space propagation, a lens system, a light pipe, a polarization preserving light guide, or by other means
as are known to the art. The source may be diffuse or specular, and may include a randomizing,
depolarizing ddf8lce usEatmlvebMMdtEr i Lydintargme Kk rHedramumdishidignt fixture
may be arraagsddfirvarBipscondigerations and may be placed within a housing as dictated by
aesthetic and/or functional considerations. Such fixtures are 25 common in architectural lighting, stage
lighting, outdoor lighting, backlit displays and sigps,.and automotive dashboards. The film of the
present invention provides the advantage that t
changes with angle. [231] The color shifting he present invention are particularly
advantageous when used in directional lighting. Higl=egficiency lamps, such as sodium vapor lamps

30commonly used in street or yard lighting appli;ﬁhons, typically have spectral emissions at only
(H3C}25é\ ZxCh

O

44



one major wavelength. When such a source which emits over a narrow band is combined with the film
of the presgi} ipyeRdiaRs highly directional control of the emitted light can hg-gaghisNpshsERjsexample,
when the inventive film is made with a narrow passband which coincides with the emission peak of the
lamp, then the lamp emission can pass through the film 5only at angles near the design angle; at other
angles, the light emitted from the source is returned to the lamp, or lamp housing. Typical

lrnonocr]:lromatiga]ﬁcli poty&ﬁugagﬂ@&ig?lﬁg@y(ljg@t?@wﬁ@&keﬁ&q%dmr}]@ge@&d ! nesgodium lamps, mercury
amps, flugrescent lamps, compact fluorescent lamps, and cold cathode fluorescent lamps.
AdtionalR A TEHACHAR FH HEGH b0 RECR- R B SH 8 AR AL A Dh e
monochromaiicesioutses it igayoninb eclbnechssar gtV BIDRESAI9043S, thiblsinglSvpearetengdth emission
at a specifigangle of incidence. This means that a reflective film having, for example, a square wave
reflection spectrum which cuts on or off at a wavelength near that of the lamp emission can be used as
well. Some specific geometries in which the light source and film of the present invention can be
combined include, but are not limited to, the {6 g: 15(a) A cylindrical bulb, such as a fluorescent
tube, is wrapped with film designed for norma neeiransmission of the bulb's peak emitted

angles of incidence substantially away frompggr 1a
can use a film that is designed to transmit the 25la ission at one or more angles of incidence
away from the normal angle by providing one or more~gppropriate passbands, measured at normal
incidence, at wavelengths greater than the lamp emission wavelength. In this way, the lamp emission
is transmittagahpRgles where the blue shift of the passband is sufficient to align the emission peak
with the passband. (d) Combining the angular distribution film described in (c) with the geometry

described in @il give aextingdricalpull Rohiehengisep-naua iretinn roRirahokthe emitted light in

a plane parallel to the long axis of the bulb. (e) A polychromatic spikey light source, for example, one
having emfE8riEpiKaua I ASE B iefre feRPIRE ANEHG AL ¥4 AP RYH A RE MR AHIRVERR e film having
only one passhand, methaushthaicthefilin irenamiisonkronelehihathiae cotonispikes at a given angle
of incidence an ch emissipn peak is transmitted at a different angle. Such a film c e made using
il e S B S e B
one grouprsmmgmh@ﬁeﬁmdeEMmm.df e M@ﬂbﬁ@ﬁ@k@ﬁfrémrc@ri@é}?dyvidth 10 region
and consegpenily the widib-eL G DayMANEBRNdNIES SRRES60T SHS AR Civp dsBlers,

transmission gaps between the first order and harmonic reflection bands, The combination of this film
with the pafehiahRic298HEy At ket hmudesoea iy SR SRapBARSHIRP Hitite” light
source intgyteggparate colors. [232] Since the rate of spectral shift with angle is small near normal
incidence, the 15angular control of light is less effective at normal incidence compared to high angles

ofingigence qn e INVaOY{YR a1 AR IERSRHING mISBAIAHA RHG gD emission ines.

and the bandwidth of the passband, the minimum angular control may be as small as +1- 10 degrees
about the FofHh(pertadugreney It fegrda s BrLaRyH ey RIS DO PERHSE Pofesfige Hrfe emitting
lamps, thegs iscAg Maxipmiapglasenirel T | tmayhedesirable Nesc2Qeithenapsiletic or energy
conservati , to limit.the angular distributio es less than the free space available to
the lamp, \ﬁﬁé@%%%ié‘;ffymﬁ?gé %ge%?g?é)éef#]%#eg %r%&%gfg éﬁiﬂ ’Fio%r'izontal and vertical planes. For
example, depending on customer requirements, one may wish to reduce the angular range to +1-45,
+1-60 or only 13075 de§resedalastighlisng fes ofafcidsnedy ivpadussabgfees or 60 degrees to the
normgg of the filapeangidaneentyal isumueh-25meLe pifectiveadnatbeewardsdalthessangles, the
passband shifts to the blue at a higher rate of mm/degree than it does at normal incidence. Thus, at
these angl%é?%ﬁzb*lgf‘c&gnrol of a narrow emission peak can be maintained to within a few degrees,
such as +1-5 degrees, or for very narrow passbands and narrow emission lines, to as small as +/-2

degrees. [233] The films of the present invention cah also be shaped in a pre-designed fashion



30to control the angular out put of the lamp in the desired pattern. For example, all or part of the film
placed ne%@%@mﬁggrce may be shaped to corrugated or triangular wayg{g{{%%og}dgg(@ that the
axis of the wavetorm is either parallel or perpendicular to the axis of the lamp tube. Directional control
of different angles in orthogonal planes is possible with such configurations. [234] While the
combination of a narrow band source and an inventive film works 5well to control the angle at which
light is em'@ﬁﬂ;?ﬁlﬂﬁi%%fﬁgﬂﬁ%e are only a limited number of sources with narrow emission spectra
and therefore limited color options available. Alternately, a broadband source can be made to act like a
narrow band pyree to ﬁcf:hiteve Si ilqr directip,nOaL% Qtrq ogﬂthe emittedegghtt. A broadbagd source can
be covered b§ a éolor seleCiVe filth (At transmits in Certain har oW ban v@ae/glgﬁngl-o?]ég%ns, and that
modified 1@isousce canpiherddayseckintdonfsmatigpwimer secondfilrthewinige threisasmetivansmission
spectrum s i3t (e UL emitedam, Deqcslcnlanse epia imeambingliangen again pass

through the inventive film only at the design angle. This arrangement will work for more than one color,

such a&s WSS CBIGABIOREERBIE 35618 FRIBY TEp T SEIEKI B BEth RIS 3 &o%emitted colors

will be trangmitieda-atthe desired-angie.fhotbeianglasnifieeamisadndscnayelengshaavill not match
every or an (Passband, and the Iight source will ?\gge%{ dar'!< or a ?Iiffetrent color{, Since the color
shifting filrfi CHIF B2 Rt B RS RiF S VP P ROAG ARG S S ADa SR bR a8 385 Bbtain virtually
any color drdicbhtrdidimangdlare dimsetioroven weichathehemitted digin b is! deseriyeatj28bdiDirection
dependentJight; SQHices, BRYE MUl MANYAPRICHIRNS, F0r 20.XAMPIR s fightaouges of the
present invention can be used for illuminating automobilé instrument panels so that the driver, who is

viewiHly theriiaibinistsinp hasrrentaiigrs REdsoidnHetiranshitsentigbd Rt desraghx B&uld not be

reflected afftheowindshieidianvienable by aRagsebaandacaussihey would be.atigifangles to the
instrument@.‘SimilbglrltélJ iII,uminatﬁd i nsior targgts can t{)el?c nstructed using the direction dependent
light sourcB& BEHE brEs BB TE B8R EE TEEtAE A 58 Berceived 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 oE58blor isWHifstirteerae dretmyrg privadifetantheoibr i ictettaftembhiristfer angle.

This would,he usefdl pBPjFrﬁéiamQ&ﬁlrM k@@%&&'@%&ﬁ%ﬁﬁ%cﬁﬁ%@ﬁpﬂﬂm%%WH&EM@H@%, such as
for a carwash or eﬁrpission check station. The combinatigqnéglf inventive film and l\it;%ht source can be

30selected %S MAE BPg VR tIE AR SR IREE SRECRRHTH AR B & AR HRECT RSP WAL Vs the film a
non-normahastgielsntoativa isigm ontyegried hylight iweaudgbb énvsiblenbuitithiee peigmiveadoiety tfansmitted light

\évc?rl;bir?atliz[)lrﬁggz&n% e AR g}’ls 5%%;&%}%@%%;’&’%%?%{2 t%t%ﬁ’_agﬂfvgoﬁ(gf%aﬁ%zg%H‘&t&?}/EP%ﬁé'gln The

the inventive film and a narr urce is als as a security device, wherein
the film is fSeRtUACBECHORIARTAEEE, ARd ONHRLSEFCBATHRppBE WA e d arlENRTISIRed as a

simple verfisation devicashanexampleshihe fdbrgian deperdenldighisamendidhe present

invention are described in more detail in the following examples, ,L236] _(Pectrall selective films and
other Bpti AV HURET LBl vhSUES TS E b FagIREgTer Composition distibuition, erystallinity,

density, tacticity, regio-error, or other property. Subsequent repetitions of the foregoing
process can result in formation of segments or blocks having differing properties, or a
repetition of a previously formed polymer composition, depending on the rates of polymeryl
exchange, number of reactors or zones within a reactor, and transport between the reactors or
25  zones. The polvmers of the invention desirably are characterized by at least two individual
blocks or segments having a difference in composition and a most probable block length
distribution. That is, adjacent blocks have altered composition within the polymer and a size

distribution (Mw/Mn) greater than 1.0, preferably 'greater than 1.2.

[153] The process of the invention employing a catalyst, one or more cocatalysts, and

30 chain shuttling agent may be further elucidated by reference to Figure 8, where there is
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with the teachings of the present invention which are ideally suited for applications such as
horticulturew@ i &oncern for the growth of plants in greenhouse envigpam AgchdOagricultural
applications is that of adequate levels and wavelengths of light appropriate for plant growth.
Insufficient or uneven illumination can result in uneven growth or underdeveloped plants. Light levels
that are too high can excessively heat the soil and damage plants. Managing the heat generated by
ambient sqiatlighd i, 3. $RANRABLRDIeM w%?@ﬁ%@'hﬂﬂr%@%ﬁ@r&!iﬂ%ﬁlﬁ&er%ﬂ%%?ﬁ&e spectrally

selective color films and optical bodies of the present invention can be used in many horticultural
applicatiomS WHEFEHi T8 BRI EPTiE? BT BPERSERT ShEMRORIEEIR HYTRE BvsighTihat are optimal for
controlled piamigiawth.dondiasanipiersa fibly candei apimizetde fillerbigtdest prosidingidifrared and
non-efficiery yigible solar wavelenalhs In ofder fo deliver, the most. eficlent waxelengns yggd in
photosyntﬁvess 0 Spee ol plant growth and to ma g% Soirand ambrerit empe?d?urgs. 1238] Itis
knowr$ thatiplarits tesptsndoto differbrsacionel eprthastaddn e diffarelntsariasf nhusivagedivthncycle, as
shown in FlG 32 M0HaNAaLLHY &R%W&f%gcaé%mmmwﬁéeg@émmm 2RO 28 B-adRge are largely
inefficient, while wavelengths in"the 400-500 nun and 580-800 nm ranges illicit a growth response.
Similarly, SFAARS 53 PSR e o IR RIFATRIE AGTRS T BHXBISTE B AMINAREHROPRBISE a significant
part of solarerigsinsd sotkerovakivitheselssmvelengtbsdicmkhe solasispeatumicarsignificantly
reduce heating and allow far concentration af additional light at wayelengths useful.for plant growth.
1239] CompHB L AR I T BT s L et e B R A0 nesis and other
photdfesporgesedf flantssBuhdiaings arelyost woyroniadseraas 30khjsptereditgtdingatural,
unfiltered Solar fighiin b ADRS M SRILENIA A PIUL RO AQ0: KR PG Bithefetk(@lgut 600-700

nm), or near IR (about 700-800 nm) are used in accelerating growth. One common commercial
grow-lamp b iRe S SIH! AR ASiPh & CA80 AR 56 6fihe, AR THRR BRI Bl fa Ehtiths beyond
700 nm. AR@these0mRn Sevcedias highemissionn bran yelane:rednand Nigh-emission in the near
IR Wavelenglths. Lamps which emi}t15 Wav.elengths in ﬁhe r.an%gz oféS 9 80 nin are re{%rre to as "safe
lights" becZUS8 THET EhTIZLSITIE i oW TESPORSE rEYion and does not Sigrificanty aftect plant
growth, eithéivisemkficialiyier detriiféntallyze. T24Gkitight svondawlsed nagemer Atigitingtare often
paired to a60mPlishSIMIRLASEWIR L8 SFBWHO R0l BEAHIBA WaYRIERAhSHLom,Seme sources

actually retard growth, 10but this can be compeénsated for by pairing with other sources. For example,
low pressdfEssumiAf thsdesafshee Apciibies)stiedis GfermarephiIEstRRRBHUERE 18fPbiessure sodium
is combinedwith flieresee pbRhincaRdascanhlanmps: Neahphotesyuthrsisopest grdmamples of
common pairings of corpmercial Ii%hésf%lsed inégree.nhtouses includetgizﬂhigp gr.ess%re,lshodium and metal
halide Iam’f‘)’é}y ﬁ%cﬁféﬁnﬁlretgsou%r%% iGm ARY B r@ﬁ% é?ﬁlpeél;vtﬁl 1S pregsuPerfLe‘gg%diumeand
fluor@écendiblrdkimoprigiescehtitanriits namd-¢ivonetat fralidenamd inc srmdlesdenetanmpswith [R4@t In a
areennouse GRVPARIMEGAIDE EPlhaRiaeNa Trs.aps ertidal Qﬁ%ﬁﬁﬁ@?ﬂﬁﬁﬁ%wﬁ&ﬂ@”’ when

used alone as color filters or in combination with reflective backings, are useful for concentrating light
of the desieid-RATEIHE A6 St PRSI PEPRFHHU TR TSR CBRER daRleCHTEY Pifised with
normal unfiligraebselat lightearihey MavdhgocReohinadomith antificatbiprdbancklight sources to
control the V\@aé/elen tqsof Iig,ht emitted from g]e 3§urcte. ch Iight sourtcesﬂnclude, but are not limited
to, incand&$ H’E%P%ﬁ il ?&%%eﬁ%’ﬁﬁ%%aé ch 4 SHSEBF SO chtnEa8 I%‘fr%p%s; metal halide lamps,
merc2fy vapbidantips;thithimedierpressichéosddiam nopsregolid: stédedbreetetirodarfinescent (EL)
ights, or natyal arflteregh salar by hatimpnlicalyceualadiohe slor saleatiiedimeveral

75fi|tration%co entration systems will be described in more detail that may be used to manage heat in

the greenHEIBAEHRARCRATERRNIVIFIRE RNV ENTe 28 TRCTEATEIRRIUHI NS ekt RRRIEBRgtHs optimized

for photosyniesissang: et alanibphetorasRensas; identibétd] dibe interfarangeditns andeptical bodies
of the present inyention can also be used with one or more_ direct g;: gre-filter d artifici?l light sources

s0 as to oA TR A EE RSB R  SHB Y e SRR QTR HTHSE TP EERE CHSELD RIRFAy be
desirable tengtisyion athemiseprobable distribution.
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couple the interference film directly to the artificial source so that in effect the light source emits
primarily t%dvﬂ)\ﬁ?} g& s desired for controlled plant growth. The film ma)i)ells/%gaz%ﬂl H}%ged directly
to the clear panels which make up the roof and/or walls of a typical greenhouse so that much of the
light that enters the building is of the desired spectral 5compaosition, or else such panels may be
extruded to include one or more color selective films within the panel itself, In order that all of the light

entering the t{‘i%ﬁfl”g weslgibenf aRraciae navaienoternesdf wepidhe desimblsiehave the films

mounted on a heliostat or other mechanism that moves to compensate for the angle of the sun's rays
throughouPPHEBAIPTSIRAHR AYSRRRIRHTCEGRFP AL B fatfighsand 3t 8A™veekly or monthly
change in the:Heangladrapitheticornzoniglor waricatoanpeiieamguie TiellRisets foaddbene or more
reflectors can also b used o directthe fitered.lignt (o degred Jacations, and,Lisanderstood that
various ph())/sé%f% gﬁé”s’%‘flf & teftector anaisrintefierefite fifh can be used 16 aim or Spread light
across desired pdntgnsnof¢heooarmena cdditionido theseedestribad simpdésufqmseiitee ¢ilm can be used
as a filtereghwrapring. (o individyalinlants, s A ellectanplagedibshuasmplanspe soil either in film

form or as.slli/%{o‘r chopped muich, or as reflectors and filters for use in aquarium lighting for aquatic
plants.  [234]iR7 BeftiShtBEHE PPl RSlERF deitreadpittrally 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 anitfifiit of r& HeghttingiiéHyeromn abayt H66-68Q mmyeand e @0vamoumtightdryred light,
Wpically from. Aoyt L0RGHAR YR S5ReA A Haalik B cantie planh otth.lb i hegn.ahown that

the ratio of red t0 far red light should be maintained at'a level of 1.1 or higher in order to reduce
elond&tionsaFitefdieeopRiAts T BiethepnaitisRs pRGERE A IR SIRIAE Y A9RIRT HETSEN SRERE®WLh.
Additionallys Ry predisslesantigiingthesedifancadiatio anhthe sequencingafiwavelength exposure,

many plants can be forced into a flowering state or held i%wZS he vegetative state. Some plant varieties
0

e
can be coRBREANTRACASTRSE PRIRIE S HE8 AP SR AGHTAS BT RSB S48 Yot and far red
Iight haye m_@m"db_géﬂtmmmpld, Wa Byaicad, pedclss %misbﬁmgim&bﬁﬁth}e_ aﬁdﬂérwblmmmtitaﬂon with
o M eroEATAS R0 R L BASRRETHARPRKI ARG, LA IA SitoRee 56572 (1969
and in Theo J. Blow, "New Developments in Easter Lilly Height Control” (Hort. Re. Instit. Of Ontario,
Vinelbhd 3098 RolMHe! 1S@RPE OVl Py DB0Y 0 SF6S BT SROB oM 2738t d[PUB} Y evious
attempts terzenikelstheorediasiradratioddve sl izadilighhblocking iguidsrtaalipravpimped into the
cavity between panes in greenhouse twin wall constructié)ns This has not been satisfactory because

of the diffictit) i’ dQdmd RRPERIBOIGTERE 1idi0d CoRHE P LSSt R BRE A AT RS T Colored film
for the roofligfedinqdbuhérisdifficoltdiodeortralifitie, planivquetyies ife: grecaitounsérendnges

frequently or i t ifions. i i tign is ideally suited
for this ap[(%gé]t%r%?%%g\l%zs?/%%Fg%%gaggl%%rgi%ﬂeq‘g&ﬁgﬁggggyg{{g%ﬁ%%%ﬁg%%%%s&g Igﬁdient or by
chandfhg thresanigie oittipie RS HErmTetHeDi s ddvavEIenbler: dsneie e PSS To compensate
for varying,giitdermegnelitiens Al¥arying aradsehsifereniniant yarieles.dbs tinessnieferably
10positioned within the greenhouse in such a way that it can be either used or stored, for example, by
a rolling sRAGEBROREPHNE PR RIS VR AR R HPERIACH TS FBHER AP 8P, SPUAHE Rt pulled
horizontalleahiawsothe: piantbie g hiy ddternatelyioiedivishab enclodukes bf thfeedidmbéark hecanstructed for
separate plants.or.grou lants. 6  film. of.the_present invention can also be used in
conjunctigﬁgv{/’%v}fggggr?\?g%fﬁ@%%m}%rs%él rgé%w%?&%ﬁ%ﬁéﬁt%}nesﬁté Sgggn%'desired portion of the sunlight
spectrum that reaches the plants. Generally, it is desirable to expose plants to a constant level of the

wavetengths &fintendiiFty HgAETheraPoPpin AL EPERR At tRASLRIT Utk @ areeaE 2B iR ¥ical sunny

day, howewsextihadigblylerel-peaksadimbpuit noespandithigliphtieseicpaly pregxaessive:for many
plants; the, I%r%f tempe ?yt%ﬁ often rises, which d%ﬁ)rC ases the. Iaannt 20ef1‘i1(1:(i)gzlglc¥1 It iesr preferable to

r [
reduce the level o Ilgfhr reac ?ﬁa%{en%}i%ﬂ?p&ﬂ%ﬁg mlci-%oe{l)}p%Slp vide & more tinitorm level throughout

the day. Fesnesihpiecsdpsdioweihsost affidéntyovianasposedapoly rrpdhiinright kel of 600 p
molisec-mgyapddthievetis, QEeR AFeVetlsirably the foregoing polymer is a diblock copolymer,

30  Additional desirable copolymers are triblock copolymers comprising a central, relatively
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by 11:00 am during the winter months at a latitude of 45 degrees. Reducing the light level between
11:00 and 1.:0Q improyes the plant yield. The combined usage of conventi | ith our
Wavelengt#sge%g@t%sg%‘fer:’ns can be used to change the intensity of light dire%%leéﬂt%%?g%@ ﬁring
different hours of the day. For example, the use of a visible mirror can be discontinued during the
hours of highest solar incidence by redirecting its angle of reflection to reject that portion of light from
the sun. Other sombinafi ' ) | gth selective
films to 00%1%% the i%%%}éigﬁéff%%g%Ehg%([ﬁz%%\]%g%%grlf%%%%&%ﬁg@%ﬁgggﬁfﬁwﬁg%@%&d components,
and the ill&§¥kdiversion of controlled materials such as explosives, is a serious and pervasive
problem. For 78 example, commercial aircraft maintenance crews regularly encounter suspected
counterfeit pats§7but lasksaitdliabtereans todisisigisinlystyweendiygh arhdehpartb@richcounterfeit
parts that gie,ratkied Re.TisRINGResliealionsy SllaLyy 12 L500rRA b URIG AR Rereent of all
laser prlnte% cartrﬁ?ges that are sold as new are actually refurbished cartridges that have been
Srepaékageecadiidepresented as new. Identification and tracking of bulk items such as ammonium
nitrate fertilizer usable in explosives is also highly desirable, but current means of identification are
prohibitively exp&nshie or 248} Eauerabmearisabkistrdergrifyclhnautienttcitywropalyierirethe integrity of
packaging, 61,9 faqg (e, aign A1NAILS, PTIRANENS AdJaM MAIGTAR ST ! se 10devices
are ambient verifiable, some are efifia fe wit geparat ﬁghts, instruments, ett., and some combine
aspects ofPbbticEsaivipless bfdgevibbsnesioanier thgaReRioHIrtbrghertaibp BcRAGEYhtegrity
include irideseent iks AR BIAMRNES. apatiabitersandiwatermarks,Magneatisdaks and coatings, fine
printings, holograms, and Confirm@ imaged retroreflective sheeting available from 3M. Fewer options
are a\fhilaBRETSRERL AHERIGS BrES S HEHRS MBTHAYIRP GARYE Wy RIS AR driBifie ébhstraints.
Proposed systeinmstinclbde shagnetigéiimsand: hiegreied Cirevitohipsa sui24d Miorotagfants have
been used tq trace controlled materials such as.explosives, [als are typically multilayer
polymers 1?102¥ are éhrgﬂer? q‘d’é‘ gﬁangfgsgeég% a}(ri\%(ls')ut ne?) f))r%&%%{;%?e% %ﬁ?ﬁgﬁgﬁgﬁ%}g% the microtaggant
can be depodedissiddgraMopaedMuitrbseopPei2oteyisd. information pertaining to the date and location
of manufacture. There has been a long unmet need for a security film product that is both ambient
verifiable and mathine faagablepdhatda mbnuiadprabler butinpteasihydupfisatedrthéifiadtexible and

can he used on a variet of.gart sizes ran ing.from near microscopig o | heets, and that may be
. 1ion L SEFies 1 3 éﬁci YHP 5: .

code%?wnﬁegﬁel%ﬁléfnreﬁa line-réadable inf ?ﬁg’ﬁg}_%ﬁ%égﬁﬁ%ﬁrﬁs a{;naa?(cf)ptlcavl 1;é)files of the present

invention can be tailored to provide a security film or device useful as a backing, label, or overlaminate

that meets all of IHede?REEH <P RULPE AREHP AR AR EHECAvI R AHBE S &ituration at
oblique anglgsiataprapettiestiiatrariine exploitedinrdtifpelyyidepsihacecismentompackage, and
spectral detail can esigned infa the films to proyide uni spectral fingerprints that may be used
> 30icenth) BT B LR e et R aag e s HRTRY el
bodies caffipthtaileredifohreflebvies ropdediredlsovtion 8fahel wpecwihingrisudipigioisite, infrared, or

ultraviglet. \When; poly.covertidentfication isdesiied Rilmaanemade Hist:3pReAIR RNsparent in

the visible region of the spectrum but that has varying transmission and reflections bands in the
infrared re@idiy &\ikpEbAEOVEHS BERRE Frifeighitts SRS RRIHTaHGK LA 2EsH 8 EHRdded in the
security fi'@?ﬁi@éﬁlﬂtﬁﬂﬁ&@idﬂ({ﬂ%@ﬂﬁ[@'&r than (.95, preferably greater than 0.99.

[158] Steps I-HI are then carried out for one or more additional pairings of potential

catalysts and/or putative shuttling agents.

25 {159} In addition, it is preferable that the chain shuttling agent does not reduce the
catalyst activity (measured in weight of polymer produced per weight of catalyst per unit time)
by more than 60 percent, more preferably such catalyst activity is not reduced by more than 20
percent, and most preferably catalyst activity of the catalyst is increased compared to the

catalyst activity in the absence of a chain shuttling agent. A further consideration from a
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present invention by several other methods, either alone or in combination with the above described
methods o(,‘)@%mgq%gﬁtensity and position of transmission and reflectiori,ggngﬁﬂg%ﬁ ple,
individual layers may %e tuned to the infrared portion of the spectrum, and overtones in the visible
region can be controlled to produce unique spectra. 10[252]The spectrally selective security films and
optical bodies of the present invention may also include relatively thick layers either within the optical
stack or aﬁl%@%%t\ﬁfé iQH@Qﬁéé&%a&%Eﬂﬁﬁﬁr@fﬁ'{ﬁd’ﬁéé’s@§§93l?§v&1§%ﬁ69siwB@B&&fi@[&éﬁo” that can

be decoded by optical inspection of a cross-section of the film. The films may also be combined with
colored priftiits GPYRAIES PR iBPEH S SEBPREERIGN tHEHFA T PrEV IS Tufeia it may 15 be
hidden or wevsahlg:dapending ordhe angla ofvabsernalion!i folees aanpasimeaydediehigvad by thinning
the optical Iae{%rshloﬁally. Within }Qi% glﬁeg%elijﬁg%%%} anew color that also color shifts is evident against
the unaffettsd r‘ggﬁ%n%nrtgr%#e%ﬁea%ca ized thinning oafg%yers, the preferred method is embossing at
temperatures above the glass transition temperatures of all of the polymers in the film and/or with
suitabfe presddfl} LocaliZePtreang G oriftyardivataralds BosbenrVEH B BERSHST BRI with high
energy pagigigsutiifaseniesshermioionmnisgrddsernlsingand:stieponing: Aswithifiaother color
selective fg%]fs alread de.s§ribed, theE_ seclgritg filnr%gga incgrg%ate a har coatfla}:r}.antirefléactive
surface, o R |’ﬁ%u&g g{%(i%efrﬁeﬁrov%r tirab) ity ARG Contr RS e CELLR 9 Hﬁﬁgsaﬁ%y also
incorporateaadidmit acthviatedeonpresslee serfsitizedadhagive tonfbinetion efsvarialedgauiieicat. 25[253]For

most applicatigns J0&SeCRHIRRALAIREE ARiieal Badiss:Rf e RieESERLRYERHAL: Ga] be

appropriately sized and laminated directly to a document or packaging material. The spectral features
of thd8e filPRY BIEIEMHRAIRAGERY HarlointorfereEP R RPN SAtBuHIOMRMti QP hife Y@l spectral
features opérenfim wibhtypicadydbedinitesia thadnir aees 50 asmoidageactyderinedogument or
package, the character.and color of the film may also be 30used to enha the appearance of the
Tt R S T R e e i,
be us__ed inva_rhblk ymat_baiq:lekiyng_mmdj;niysthﬁ)ﬁ&aﬁmzo,avbﬁwdms'@ndicﬁsﬁgmlmgstﬁ& @ffﬁ;w_deg into _the _
material. Rainis. coatings Ang- kSR RRRdupUlRIRR om;aroNnd 4R platglsss utilizing the films of this

invention. In cases whére the bulk material may be an explosive, it may be desirable to avoid using
oriented Smaterial if substantial relaxatign would occur during.an explosion, Optionally, the powder
ay b5 contel]Gih an ABETYR s ot SOER A B A SECE T ATy U REr L aRblosive
event. [Eﬁ@pﬁhmmaﬁméﬂm@ahmmmwmmm ahnﬂefqbtesérmmgnmondﬁﬁays@aciead by a
combnat Rl APIEOLSHIsAR P XA pIB IR prasacerph aplgien.ISiaaye fim on 10an

article, possibly com with identifiable performance at non-normal angles) and instrument

verificatiorPradasinile aisachivd et Rz tscsn shulateditrihy lepeeeapistiidiy Meveral low cost

spectrophqipraatersihesed B.SaRdatepiosanaYs aevavalaklashighimest the needs of this
invention; preferably, these include a sensor head connected to the spectrophotometer with a fiber

opticgable. Th #poct SpGIAMEla"f2 HARHAASHEIRIINAC e pecliplsads gl measuring

light incident on article at a predetermined angle o €s, which ca ormal to the film at

oblique angjkas bt o alsipeipPLOf Bths caprBlg|ahraiaiivmtbs Brptoilingleneisgiietproperties of the

films of th%@{@§%}§r§3\{ﬁ@;i% &gﬁ@&{g&%gggﬂgﬁﬂﬁ@%}@@ meghagical properties of these films can
also be 20utilized. Thus, for example, the films of the present invention can be intentionally designed

to have low regisiance g, IntGHay G S A0NaHaN: GIe Y RIPHIBQ ANT-ATPSI N capabilities.
compounds or complexes containing at least one C,_5 hydrocarbyl group, preferably
25  hydrocarbyl substituted aluminum, gallium or zinc compounds containing from 1 to 12 carbons
in each hydrocarbyl group, and reaction products thereof with a proton source. Preferred
hydrocarbyl groups are alkyl groups, preferably linear or branched, C;.5 alkyl groups, Most
preferred shuttling agents for use in the present invention are trialkyl alominum and dialkyl
zinc compounds, especially triethylaluminum, tri(i-propyl) aluminum, trii-butyl)aluminum,

30 wri(n-hexyDaluminum, tri(n-octylDaluminum, triethylgallium, or diethylzinc. Additional
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[257] As noted elsewhere herein, the color shifting properties of the films of the present invention may
be used.awg%%g%%%g in numerous decorativ.e applicgtio_ns. Thus, for em%gz&ﬁ%fé% of the
present invention may be used, either alone or in combination with 250ther materials, films, substrates,
coatings, or treatments, to make wrapping paper, gift paper, gift bags, ribbons, bows, flowers, and
other decorative articles. In these applications, the film may be used as is or may be wrinkled, cut,

embossed,, cORNERGHIRI0 AHE(n AL A REWIRE SEAGA Lo RIAANGS BARSIEILRIGALBIRC! Or o give the

film volume.  [258] The optical interference film of the present invention may also optionally

30include BSriNayEEBRBHE! 6P BBtHTIh PRSI the Him AiPHerai Prier e HpYisdca 81 blend

of a substaphipbyitaesparant elasiomernicyelymedomaterial i, aslbstantiathiia) sparent,
nonelastome%}gol meric né?terg avin subséa tiailzl}/ the same index otf r?fractit%n as ttg.c? elastomeric
polymer. OIBHOHAH B SRS e HA BRI AT TS S THR)E RIS BESHE BPHi elastomers
which maKesanpd¢he thitermatingflaydroofithe pptipsl Sintederdayarfim: on phefecred @xgrmplds, the skin
layer reta'@@@&ﬁf%@@ﬁ&%@ﬁ%&ﬁﬂﬁ%,%Mgﬁﬁﬁ&ﬁ%%%@ PIRVAInG. 1N AlTHwih aypfotective

surface which is nonblocking. The skin layer also remains receptive to lamination of the film to other

surfaces akejeliaainecepive-RyiHiRh srdtRby P bihsHARRE: PS8R iRPeRtR/4 block interpolymers
can also bg psesbiefaHfilms With inmmievethhohareepreperiigscerHciinaterialarean be used to form,

for example, bladders jn ?}gggtic shl?yeé?. Thfe)s materials.have ﬁ)psr icular advantages for barrier films, in
which the Ba#i8H ﬁ%ﬁ?ﬁé?&c Bl ‘”t%cé“e}fe%@?ﬁw%%mﬁﬁrc SA54H timé 18 EaifBHST saturation
of peHetraptsdisomé therfoadivientsarboladhng rmesn Bevystiaibinesd ontaipscordaiperativittriong range order

may showfecieasesin e smeRhiliy oLABRLMAIRCRS AHARAS Arygen A pter relative to

similar 15polymeric'materials. Such properties may make these inventive copolymers valuable in
protective Paicikegihy GrsposE e dstharhiorstiiduaria an SBEnsity hratstsidehe-inventive block

interpolymers eahaise dispiavdnsiaased laxxearmek maigianas conpared: e mulil ayerfilms.
Microporous films 70[260]The i.nventive copalymers can also be used to form microporous polymeric
films, whic%’%évéﬂﬂ@é“wmé(ﬁy%ﬁicdﬂgﬁg’%%n ‘§"§JE}I EEh 8L R 8’513151’&3/ separators, as
descfibed satl] S 2OO8NH269 366 ivehiaty lishtereiteinsarpokated by éferbyice fopipbypesesnf US patent

practice. (24N RAFIGH A A YRR E INREAANG (iR ThaRs lifess ore 20gencraly

thin, polyme aving er of microscopic pores. Mem iiters may be used in

filtering suapsladizairaiap@ut bF tilbrascol-isasl Bhagrrpaanticatiyecsepliranon EX@mPids of different
types of mgmbrace filfeysiinehsiedassepaationmemimaasmcidlvsisiaenedialysis. ppaebranes,

reverse osmosis membranes, ultrafiltration membranes, and microporous membranes. Areas in which

these type@@f%@ﬁ%@%ﬁ?ﬁfk’ff BRISHBIERGI S ERTAE )analytical applications, beverages, chemicals,

electronics, environmental applications, and pharmaceuticals. [262] In addition, microporous

polyraéric filmdehhy belisEaredsbattiery axspkraecresh dihigbest waaif s aaeso prlvridtarelcehemical
inertness gand.tnermal RaRer tiasfIngieiRak reduced incidences of chain termination). Such

shuttling agents may be used in reduced concentrations and still achieve the desired degree of
shuttling, Highly desirably, chain shuttling agents with a single exchange site are employed
due to the fact that the effective molecular weight of the polymer in the reactor is iowered,

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

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

30  techniques, if desired. As in other similar polymerizations, it is highly desirable that the
monomers and solvents employed be of sufficiently high purity that catalyst deactivation or
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5role of a separator is to allow ions to pass between the electrodes but prevent the electrodes from

contacting NGS) mgﬁglms must be strong to prevent puncture. Also, in Iig”&' m§9@#99§5%i585 the films
should shut-down ?stop ionic conduction) at certain temperatures to prevent thermal runaway of the

battery. Ideally, the resins used for the separator should have high strength over a large temperature
window to allow for either thinner separators or more porous 10 separators. Also, for lithium ion

batteries '%%%ﬁﬂ%ﬂﬁﬂ’%%ﬁﬂ&%&%&%@( sdesipatoweyar s ImmishmainiaiRmechanical

integrity after shut-down. Additionally, it is desirable that the film maintain dimensional stability at
elevated t@FRpEEAfedred (253 PHENSIEOHERUCHMEYRER S BHSERB RN YRR e iR in any of
the processasced pRplicatiensReMestHbadmibuinet bmited iosfthe fellawing:paients and patent
15pub|ication§g all.of which are herein incorporat%gﬁ?%{p nger nce for purposes of US patent practice:

W02005/00TO3EXE: BOYEOTEART 158, %86,138: 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
2000/34384AH66] 264 BOBSHBREASDLS BErARYY F AHGE R RS roSREBRNBYSPRYAVER copolymers

90provide sexeialy N PEaY BN RNVRL the REelaibioh farmng- MG e ReKgs PRl merisiikins. The
ordered mor hol_o%i S result inﬁgﬂgreater degree of control over the %gre size and channel structure,

The phaseSePRISPAHTHRY ToASHBIBYY SEETTIRTRS MMRIVIRRAFLTT e AR ARG RE Efore imparts a
greater dimgnéiahal meltrstalod ityatican dn 20085 phd pelgeparatedonmatenials sBhetoriedpaper, Organic

Sensors, Rolymerizeg6TRoSISs. sieZalARSlneiReions gl s inyentive aterialsith certain smal

molecules results in swelling of one or both of the domains. This swelling produces visible color

chandf@és tlsatieaehmsemareeshir abdisiaie rradneratiien) aiddens of2eToiterorea1as having low

vapor presgyieauthe.syeling dsiseyersiiia s pasreMaper aionvihimieatidrs.can pesed to create films
that act as photonic paper, enabling a reusable paper or recording media requiring no pigment for
by shhsaos

color displ&SPHA"HRUY TBRUHEIS JONETaKT pRORERI &Y EtE TR MR HR ERU NI Eh Y892-896
[267] In otherddsies,dhepsivetiningale polacedmpbshedwitly anmetérial¢thatican-be fixeteafter swelling

1t or sIf -re x.o . T -t el.t-e 0 -
to make a gtable compesie mareral ﬁﬂétﬁpéeé fling A9ENtR CRRINGIMAE RRoNMEsizable monomers

to create polymer tomposites (for an examp of colloida composite systems, see: Advanced
Matetials 26007 217 bBAReRt Asee rerma s Trelels BadesrgdsicHoTgutfEthaterials  [268]

In some ephagimentsofihe inuantignsdhe anmermieys, patkeafthesalldamaismakes them

generally mgre amenable to swelling than the sernicr%/stalline hard 10domains. This selective swelling

provides a BRSO} RRMEHVE ERB TRAI S RSO of the X8 B RRT Wi cACEA AORRB AR
differentiatedqpispestieseDigtripntedt Beedbaciobhaser®n s§2b9} dhednveative polymersiianyalso be

used as a ggﬁ@ﬁ%@%%@é@?gcg%—qgL{ltﬁgtgg%g DRk lAssl.A diphintgdiesdhack lasets alype of laser

diode, quantu ero
20  molecule are formed in the different reactors or zones. The size of each segment or block is

determined by continuous polymer reaction conditions, and preferably is a most probable

distribution of polymer sizes.

[167] Each reactor in the series can be operated under high pressure, soiution, slurry,

or gas phase polymerization conditions. In a multiple zone polymerization, all zones operate

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

30  dispersion wherein normally either the metal complex or the cocatalyst is only poorly soluble
is disclosed in US-A-5,783,512. A high pressure process is usually carried out at temperatures
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15 clinical fiber laser where the active region of the device is structured as a diffraction grating.. The
grating, kn@gﬁqaﬁﬁqggibuted Brava reflector, provides optical feedback fortheslases sh4png
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
laser as described in W02008054363, which is herein 20 incorporated by reference for purposes of US

patent praglige; oo-l2 (PldRe Rracediegsessrpiometihesoresent iRvantiop-i fotiptended to be limited
to films and may also be present in other articles or objects. [271] Fibers that may be prepared from
the inventE Ry RREARYEra5rReR FHERRE &b BT eT RS S St ABEPE BRI REMponent,
sheath/corge tafigiadwang meRpflilrmectiZbySyitable:fhesfeumingtHatocesssis inchsdecsspinbonded, melt
blown techniques, as disclosed in U.S. Patents. No. 4,430,563, 4, 663,220, 4,668 nd 4,322.027,
gl spun BRSPS o e AP e BRI S, as cisclose
in U.S3 Papeefetdoly3ra85,006 nprsiiitresferabtly frotm SUER-fidessuresinaivgiiylends ath other fibers,
such as p‘%%%&ﬁi’eﬁ%%b%ﬁ?@fhd%@(@Qf@fmﬁd articles, extruded shapes, including profile extrusions
and co-extrusions, calendared articles, and drawn, twisted, or crimped yarns or fibers. The new
polymers desgcrihed herein are also useful for wire and cable coating operations, as well as in sheet
exttusion for L um TN Spe e LB S I R MR TG e of imjection
molding, bpolymeclding: pracessyoreqteoitdingnprocessd e ConvpositiardyBieceatiorising the olefin
polymers ¢an aisp.e. formed dnig fabricalaaiariciss.sHERBR those previgrshmeptipned using

conventional polyolefin processing techniques which are well known to those skilled in the art of
polyolefin %‘Fdé@éé‘ﬁi’@?qriﬁéfgeﬁ%% iR BB ETREF A BE dxtion Jptie arerapeleds attractive
in fabrics apgulexiesn sughagdefiectma-rhaelor-changing characteristics. 10[272]Dispersions, both
agueous and non-aqueous, can also be formed using the inventive polymers or formulations
comprising th me. ISl ' I r , as
disclosed in Cés'lﬁappligg%gr% %%@cﬁ%@ép{%ﬁg%;gé@%%%ﬂg@ gs %%%glﬁ gﬁg%flgbﬁgﬁ%d as
WO02005/02485 % TREISEIRIECRTBY Bo BERKTSS P RSH P Ay HiBWheReA RS riEgBRrakithe use of
pﬁrOXideﬁ @Jﬁa@té%edé& iﬁ)@r;@ﬂhezﬂéﬁﬁx?@ﬁiﬂ@w‘i’ch@ﬁ@%&tf‘rfﬁ@r&iﬁﬂﬂ%ﬂ ;&afhﬁéqmﬁ}egiagl@@wmﬁ%ﬁﬁn also be
chemically modified, sych as rafti or example by use of maleic anhydride (MAH), silanes, or
othen §raf G BTG A S AT B0 G B e A PR (573
Additives anbeapijiovantsimaiab@wmblvded on divy forminationod omprisiyg: thighitwentivenpohimners.
Suitable agg%gi\{%% dnclude (fiiIiggﬁaﬂ&ghgﬁggg%igﬂemQrganic particles, 20 including clays, talc,
titanium diox é)e, zeolites, powdered metals, organic or inorganic fibers, including carbon fibers, silicon
nitride fibers, steel wire or mesh, and nylon or polyester cording, nano-sized particles, clays, and so
forth; tackifier@?gﬁl exte‘ﬁ&%%flﬂ%lﬁﬂ?ﬁa E%S%E%%Pﬁ%ﬁeﬁ? SNE"EAG other %?&?bral and synthetic
polymers, inslpelingothest polymers:ddeardinggto. embodmaedtstiof ttralgsgrtioms. TiRTApSuitable
polymers i IFnAPC IR PAlvMERLS AekCIna d0.cmbadinRia albe-iprenion slds
thermoplastic and non-thermoplastic polymers including natural and synthetic polymers. Exemplary
polymers it Slegrdiapd medifde pBRA oM E: . (BefRritip A86 thodifyine Baforep\ I e egtactic
polypropylene, atactic polypropylene, and random ethylene/propylene copolymers), various types of
polyethylene,[itiduding Wighopr éastirg, ifreey 30yrdaticabieDDP e ZegieioN atta hbbPomataiiecene PE,
including multiple reactor PE ("in reactor” bl f Ziegler-Natia P ‘ [ PE, such as
prodiucts Liegd Tae s AR SRR, B COAIE o TR LS oo 7, and
6,448,341 yeetoyiemeryivg wistael (EnmplainyisHemaayliseph AcHIsHMSET S PORAPIFEREIMpact
modified paly s AYIRRIeRytadians SIYE eI AR 8) Elvssne i agienariock erpalwmers and 5
hydrogenated derivatives thereof (SBS and SEBS), polyisobutylene (PM) hamopolymer, PIBisoprene

m
copolymerEP EP AT tRSAREPFAS HRTBOIFRTaHH 4B RHEHH SHERESIS PRITHIE SO A ¢k in
plastomersogeitiee lastomersylethyte mdwndprogiyiehediasedcofotymersstiocexample palymers
available ynder the trade designation VERSIEY,T ilable from The emi any and
VISTAMA ?ﬁaé%gllfaﬁg rg?ge a%%%?}o o |i§ é?:ﬁ rrl%?lé%%{%glr%ga%y@%%% gﬁrg}%té% %%ﬁ@sé%%%%gmponents
in blends cotiprsimpothadraveltivenpoiynsey smplqeabipAkiiitidyiatertiios eEipaRlgecé EHERIms and
fibersgosoftxés%yq@a&%gdaﬁuﬁyGl&@?tepmm@ bandles.and apriancehandias igaskaisngdprofiles;
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 15 other thermoplastic polymers such as high density polyethylene, isotactic
polypropylene, or other olefin polymers; coated fabrics; hoses; tubing; weather stripping; cap liners;
flooring; and viscosity index modifiers, also known as pour point modifiers, for lubricants.  [276] In
some embodiments, thermoplastic compositions comprising a thermoplastic matrix polymer, especially
isotactic polypropylene, and an elastomeric block interpolymer of 20 ethylene and a copolymerizable
comonomer according to embodiments of the invention, are uniquely capable of forming core-shell

type particles having hard crystalline or semi-crystalline blocks in the form of a core surrounded by soft
nr alactaomeriec hlocke formina a "chell" aroirind the onceliided domaine of hard nolvvmer Thece narticlac



30solidifying, these regions become occluded elastomer particles encased in the polymer matrix. WO
20091097363 B6d fd2gP09/032705  [277] Particularly desirable blends gigthesmpriestis polyolefin
blends (TPO), thermoplastic elastomer blends (TPE), thermoplastic vulcanizates (TPV) and styrenic
polymer blends. TPE and TPV blends may be prepared by combining the invented multi-block
polymers, including functionalized or unsaturated derivatives thereof with an optional rubber, 5

including eenyvanirRnabplesk GORYIVNErs £ aRRsIally R0 BSINockcopoiymey z andwgntignally a
crosslinkriTrg or vulcanizing agent. TPO blends are{%enerally prepared by blending the invented block

interpolyrefS Wit 2 Bl Sre T AR (POFRGFIR Y &rB<&ittking or vulcanizing agent. The foregoing
blends may be used in forming a molded object, and optionally crosslinking the resulting molded
article. A simildfBrocedintel issimg iffark aeesmpbrehestitas ioduen shrelisgiatpalislosed in U.S. Patent

NO. 6,797 ffnuodd ﬂﬁ%ﬁﬁl&&%ﬂﬂﬁﬂi&@&l Rlack-copalymaisderthis aprlication desipbly possess a
Mooney viscosity (ML 1+4 @ 100C.) in the range from 10 to 135, more preferably from 25 to 100, and

most refdPaBg oM Ry BE! SR N BBIYDIEARRS L SRR AP ENE Sravlr Gemealed
polyethylepeagialypeopylenetineloingatactiehd satagkicsdimointactios and: impackd bf ¢oeiliied versions

thereof) and poly(4-methyl-1-pentene)..Suitaple styrenic polymers include polystytene, rubber modified
potyatytent (T e e e T A (o e et i SRR Azs) and

styrene matitiemhlgridecopolyrabien mofRAgY Thédhbehdrenrpipdystpraphrees &/ imikingior kheading the
respective, compeRents akaleMRaIAIUIe Aesnd 8F aRauR the Mel et demeeiature phpne or both of

the components. 20 For most multiblock copolymers, this temperature may be above 130 C, most
genetdlly SBBVENERS © Bigaia5t HRErRPRINHBBUR 1BOIS IRy Sigkab SlyrmstoNfing irrHEing
equipmentgaabisepadlieaffeaching theidesirediampe ratirasand melmpdastfiyingribierdrixture may
be employed, These include Enills Iéggg% lrl%t,i.ne}xtruglntir%r(g?(&tlhiis}ip‘a’?&r(?t s&ggwaagrg é[\é\f: -asscrew), Banbury
mixers, call’é/n%% ST and the' & ﬁe séquence %?%lxing and method magy éepen on 25 the desired
final complositizaen Aeg ormieih BtiomrohBanburybetettathivahs disdheagutiviubea sentirareprrapaidy be
employed, 3UGh 35, 3 BaRPURLMIXREIGHOWRA-LY & millmixes follower B an pitHdemikupically, a TPE

or TPV composition will have a higher loading of cross-linkable polymer (typically the conventional
block EopdiiArrsEL By itidirg arataT dishiEship st o AP e ciBhpMb D s&R R 4lly, for TPE and TPV
compositiaagaitiEouaighéliaiia efolQicopMerional hiack cepalymendah|ockinriengalymeandnay be from
about 90:10 to 10:90, more preferahly. from,80:20 to.20:80, and most preferahly from 75:25 to 25:75.
For TPO 7 AgBSATNL H VISIONE A BSTS0L oAb EFB DR BT ba S Rbout 46-51
to about 58&emorepeefatabliffram8H 65 faboytol 0ISendEer wiedifi cebstyremio patyneer applications,

the weightzafip. pfBlock InIRIRAYMIREIA-RAIYOICHR DAY AIRAHE y&%ﬂ‘ﬁ*ﬁ%gﬁ&ﬁliéla%@‘?llt 5:95, more
preferably from 35:65 to about 10:90. The ratios may be changed by 5 changing the viscosity ratios of

the vélfious BBIHpB s OPAdraIS o B I R diaRipaiffdstratily tHERARRIIEREIF dinging the phase
continuity hyabpsaingthesviseesityeratiossattheicomstittienisofia blendtbrbapessarskilled in this art
may consult iflneac%ﬁa;ssaé)ﬁq [(%283 Certaitn compositions of the inventive block copolymers also act as
plasticizergfl,& ?ﬂ i §§ e |§%§H organic compound incorporated into a high molecular weight
10 polymer, such as for example a thermoplastic, to facilitate processing, increase its workability,
flexibility, andibfXisten3isiIgr Hfiise PORRISE PSS HSEIEHE, %rﬂéﬁlaﬁﬁo?gf, TSIaR e FRIHREFRG

thermoplagtignthahis generally sl ang s¥an hetiebelewinoen dernreatyra.espes@lly for highly

stereoregular polypropylene. = [281] Some embodiments of the Lr;%enggvn ¥;)ﬁé.(ﬁvi,ole misc%%lre blends with
0 Ic’

ne ]
15potyprof§i&naBy &f?ﬁgfgl{%?f PR SO R A SRR LR 510 RS
poIypropylhnmayhdimiapﬁmmlmawlemimmmwf}ﬁ@iycpmp;denépcﬂlymgiiasﬁmrmast_tion tempergtyre,
storage moghihis AhYIRCoRILIE DISINCHBANRLOBNSNS, AT ANEIRD, BXSigereasing the ransition
temperature, storage modulus and viscosity, the workability, flexibility, and distensibility of
polypropylene improves. As such, broadened commercial 20 application for these new polypropylene
blends in fiIm,[]fiFﬁdgrs ant RIS Brit s 98B BARERT EHBREAROPS SHBASHbIE BF2 8 duct design
utilizing thesetaowéhblendsoan beafusthenexiended: hyitpkingnadvanbag erafitheestahistedd comonomer
incor rat'oen 2 irclg't control pos '_I ith metall lysts, both of
i e R B B e e
interpolyrner.



25[282]These plasticized polypropylene thermoplastics may be used in known applications for
polypropyl sitions. These uses include, but are not limited to: hoﬁgaﬂ}s?g@ Y3, pressure
sensitive a heg%g)gb ?éé% an adhesive component, particularly when the polypropy eneﬁﬁas %ow levels of
crystallinity, e.g., amorphous polypropylene); flms (whether extrusion coatings, cast or blown; such will
exhibit improved heat sealing characteristics); 30sheets (such as by extrusion in single or multilayer
sheets Wh@éél?%d@ﬁﬂ/&%dﬁyﬁ{u@ﬁ plasticizad RelvRLRMENS therppPlasticsamposition of the
invention): meltblown or spunbond f%bers; and, as thermoplastic components in thennofonnable
thermopla8ft BIefF{eRSengi4eRs thermoplastic elastomer ("TPE") blends where polypropylene has
traditionally been demonstrated to be effective. In view of these many uses, with improved low
temperature 3p7SpertieBrafrchinerdmdoc:gronkabilitss thkeplkasticize dfpolyptiopytenelthiermoplastics offer a
suitable replggREptIAsaiaaRy ARalicalings, RERIBHARIRMARIENGINEEN GlorerlpfS] The

[

blend compositions may contain processing oils, plasticizers, and processing aids. Rubber processing
oils antl e A B &HPOBF SPBARETIED A EEE SIS B AIPEITEL IS o f Wee 2BetiBY Mg fitshh about O to
about 150 parts, draicops fgsakimabaliddcspe-ano el 0 ansa and, mostprafamihuftem about 0 to
about 50 parts of ojl per 100 parts of total polymer are employed, Higher amaunts of oil may tend to
mprove B LA P HE S ChIRG RODNEELN bl e SRS STMAT DS e, Additional
processingjaﬂtg thmmmwmmommmsans_,mmm caldiynvistédoate or zinq stearate,
(poly)alcohals including shyaols.(Panlaleahol sthers niprudindglabathersapaliesters, 15including

(poly)glycol esters, and metal salt-, especially Group 1 or 2 metal or zinc-, salt derivatives thereof.
(28411 15 RSO RAR ToRRHYROBCHEAM S GEI. e AB NGB G G GBI EFRBEF orms of
butadiene grvisapienexifatedingack-eanolmaersdhpienpatafier-dispe-ralbearsd: suaikawer resistance
to UV radiation, ozone, and oxi atiorc'l,,c?ﬂm%ar d to mostly or 70 highly saturated rubbers. In
applicationtg1 Sla%cggq 188 M ATe HrolT &b % %f i18h€§'cc¥0ntaining higher concentrations of diene based
rubbers, it is known to incorporate carbon black to improve rubber stability, along with anti-ozone
additives ddyaNsti{hatnetrdsiisioed ifrepptisners according to the present invention possessing
extremely low levels of unsaturation, find particular application as a protective surface layer (coated,
coextruded ol PBithminakbdinyewieratherpebisemnfiinba diéred isted fietosclarrpeeb firdmaedeiventional
dienq59Ia%@[}b%ﬁ@%‘?m?y@i@ﬂlwmé%p@m&gi%a-b}ocﬁzg\gddf%&@w@;%i@@aéaTsB@eJ@/, and TPE

applications, carbon black is the additive of choice for UV absorption and stabilizing properties.
RepresentX{eBXABIEE Jf ErBR HERS it A MG 1T PP RIZOBONOZTINO34IN 242,
N293, N299;&3kb, Nopared0dNI30dM3EDoN3 R pINB4 35 iNSdi dnMNEEI aiNGEBu B 2o NEBXHN550, N582,
N630, Ne4g, Neso,  Negg, N75d, N762, Nids, NZe. NT87, Naor, Noos, Nagn and Noo1. These
carbon blacks have 16 mé,a'%'so'rptlons ra g‘%ng rom 5 i6 ﬂ‘éﬁg?kg and average pgrpe volumes ranging
from 10 toleSerewBi1esien Generathiadmalide yaadictapizadrearivoniiackadraatimplogbe, to the extent
cost egnsidgrafious AR PR SHER aRpUratians.ihe Masant Rigskinieerelingrs and 5 blends
thereof require little or no carbon black, thereby allowing considerable design freedom to include
alternativﬁ’ﬁféerﬁ%‘h?é’%@ﬂif AIGTRERES -at all. Multi-hued tires or tires matching the color of the vehicle are
one possibility.  [286] Compositions, including thermoplastic blends according to embodiments of the
invention mayl Bigb contttin iamtkoro e bmansiasodalnts thanare knowhitotenabb éraiskimgst of 10
ordinary skill, The: antia0zonanss fayibeRnysisal Pialestans.AUeh &3 Wiy dnalesalsdhangome to the

surface and protect the part from oxygen or ozone or they mr%x{ be chemical protectors that react with

oxygen or B78iEe? Sitakie BrnRERHHOIEASASIFAYIeS A4 prRS(s BatiBteardtitrated phenol,
butylated difgimethytbenay)) Rhengkephenylensdipalingss butiyhaied maciian poaduets aidp-cresol and

dicydopeniglaocii}igrrlllgr It:a)v% ol:gzﬁlysicai blends of polymers, such as a blend of a high density polymer and a
lower density copolymer, at equivalent overall density. It is believed that this unique 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

30  Dblocks of differing comonomer content (including homopolymer blocks). The inventive
55



15 polyphenolic antioxidants, hydroquinone derivatives, quinoline, diphenylene antioxidants, thioester
antioxidan (af%g thereof. Some representative trade names of su%&@g&};zﬁ? \%/ingstayTM
S antioxida&%]?a'g)o ystay TM 100 antioxidant, PolystayTM 100 AZ antioxidant, Polystay 3 0
antioxidant, WingstayTM L antioxidant, WingstayTM LHLS antioxidant, WingstayTM K antioxidant,
WingstayTM 29 antioxidant, WingstayTM SN-1 antioxidant, and 20 IrganoxTM antioxidants. In some

applicationg, the; Ant:0x|dants, and Ani-oarnanisdSe gl ar Sleraahe e NRsSHRINING: 8Rkks

non-migratory. " [287] For providing additional stability against UV radiation, hindered amine light
stabilizers HAESIPE NSy AhSAHIBRNSTAPBES StHGEdY2 BrEeRarpted IS aIndYinTm 123,
TinuvinTmadditi o | BmeViVER G2 2T HAUMIRETNA 146 Bavhi A Wivild b akOn e ghip Linknar y8ui2&iavailable from
Ciba Specialtﬁ?Chemicaﬁ, ﬁ}r:g.Ch ngisorgﬂTM 4244 avayable from Cytex Pg!aﬁtics, Houston TX, USA.
A Lewis adiPREE B8 RIGHIG SR SR GaR Wit SPRIATY SRS iR S B Mentale superior surface
quality, asmkisphodex)in U.S. Patent No. 6,051.681. WO 2009/097565PCT/US2009/032705 [288]
For some compositions, additional mixing process may be employed to pre- disperse the anti-oxidants,

anti-ozonantsyig®ibon biaekity¥mhsoral saiendionlightstabilize ssainiaimna Brantamateinand
subsequently to form polymer blends there from 289] Suitable cross|inking agents (also referred to
e e AT LR A S A OE SR DO BeE R B B G phenaii
based corepuidsExamptes efdbafaregaisgamaiecrlscareTiauinaipcihe aftninchuding 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 8575844 81ip i85 urlipEabipsyioRnzento Syt A B OB RLIF WS Phre

emplayed 3sagleratersansisus-astivatorslomamde wsed: agiwelk Asarleraiarsare used to control
the time and/or temperature required for dgnamic wﬂ;:anhz)ation and to improve élgggp operties of the
r

resulting cFEBSFHRE A AMRVHS BHE LB ARINEAES 2 LGS LS Stor bF PP lerator is
used.The psinanyhaccalceko s nay-befiisedich totabamountsotandng, framaieolitBxeria dbout 4,
preferably about 0.8 to about 1.5, phr, based on total composition weight.In angther embodiment,
15combin&6BI58% 2SIl PENE S JeRaE EEr B IGHt BE e dTnitA & sdcBHERRy
acceleratosrdeing isedriregradliidy prefoumnts, Gteh asiibiomabont 0. Obltdabewhs, phig-inreikigr to activate
and to.imprqve the properties of the cured.article. binati rato rally produce
articlgss ha%‘?ﬁ%%‘b&rlgges%gg%ig%n }gegé(?‘ngggv%%t%%e%’té%%gﬁa%%lgéq;’ﬁé ?1%%41 %é%iz%?g%%%e accelerator.
In addition(ceielayelgriatin. sveblarapr sriaydecggag)which are not 20 affected by normal processing
temperatures yet produce a satisfactory cure at ordinary vulcanization temperatures. Vulcanization
retarders miglt7iso bewsaeeBuitable dlgiesiat gedelenatars ihétrradyddemsedinthe present invention

are amineg, diailfides, aunidings, Iiouieas, ihipgalgs RS, SUIRDAIYes dilpiocarbaniates and
xanthates. Fe?era%F , the ]grlmary gccelerator IS a sulfenamide. IT a secon accePérator is used, the

secondary-asdetaretdy docishorebaradpappyadioivid] dittiecanpeatiue-writhivdepkledgidound. Certain

procgésincn@&ﬁcﬁﬂg&% aqtivatersr SWal as algasicracithand £ Manaisadewiesk When peroxide
based curing agents are used, co-activators or coagents may be used in combination therewith.

Suitable cHRGERR AR HNEIRDIE IRSBAAR fiadry RILPEER P RA P ARARE BRI S ne trimethacrylate
(TMPTMA otiialivl cyanuralethi@botrialiviispoyandraigidiis) saimangyetharsablse of 30 peroxide

crosslinkers and oPtion | cQagents, used f?o]r rtial or complete dynamic vylcanization are known in
Bl i

1l C .
the art andHiERBEEE 1o BREMBITIRP HBHPLTERIA8 RAORANZASTSH P RIS er, Vol. 74, No
3, JuIy-Augmlﬁtiﬁ&@ciin thEZSir}d/ﬂip;eniﬁhe bﬁdck?inféwhixdma&bgkﬁgbsﬂigmdmpnﬂbbﬂ@nd@& l@_hst partially
crossjipiced, AR feares, ol crarsinicing:may bemeasured o dissolving the composiion n

compounds.

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

30  methyl-1-pentene, 4-methyl-1-pentene, 4,6-dimethyl-1-heptene, 4-vinylcyclohexene,
56



5solvent for specified duration, and calculating the percent gel or unex tractable component. The
percent g%g@%ﬁp{eases with increasing crosslinking levels.For curef;i&rﬂfbl%ﬁ;%ﬁgﬁ ing to
embodiments of the invention, the percent gel content is desirably in the range from 0 percent.
[292] The block interpolymers according to embodiments of the invention as well as 10blends thereof
possess improved processability compared to prior art compositions, due, it is believed, to lower melt

viscosity ayis1cy R s PAYSEARERSH OhIRIAVSBING IRCIPIIBRNIES cTdpkkefbe composition or

blend demonstrates an improved surface appearance, especially when formed into a molded or

extruded éﬂ?é’l@omnfﬁ%@m‘ﬁﬂ%mﬂ%%&éh@%?ﬁﬁﬁﬁﬁﬁﬂg S dRdE e reoPUMbIGBYy possess

improved melpstiengtl RrepgLtiasntherehyda;alowing theRre senslogkinteipelymers,and blends
thereof, espemally TPO blends, to be usefully employed in foam and thermoforming applications

where mel@@fféﬁ@ml@%ﬂh@nﬁwﬁﬁfaaban'a@éunerf@gé?wféﬁﬁ%tﬂa&w@@médmmﬁsb@@mm@ 0

embodimenig.af thelpvrRion R, eentain Wﬂ%ﬂigﬂ{nmﬁj}eﬁﬁhﬁﬁﬂlﬁé&%ﬁ%é apgitives such as
starch, talc, calcium 20 _carbopnate, ?glass fibers, polymeric fibers (including nylon, rayon, cotton,

polyester, %ﬁﬂ%ﬁ%&%ﬂ?’d@?yrﬁ%ﬁ? et i APEE LR paadHi é%rsesd“gﬂf@ates phosphates
or carbonatespsuthasiadidys, mmaanﬁlkﬂwalalummapmamnﬁgmamsmalcmdmﬁnmmﬁams carbon

whiskers, garhon et paneRarisles Daling sanolbesolasionis SURRY S, Sellsg and

ceramics, such as sflicon carb &, silicon nitride or titania. Silane based or-other coupll agents
may also Be@mpidgedif better filler bonding.  [294] The thermoplastic compositions according to
embodiments of the invention, including the foregoing blends, may be processed by conventional
moldirg technjitflgs suchasgdhjeetionioojtingssextiesioredieidinghesmalerdninghsiush molding, over
molding, ins ert (r;aoldlrflgﬂel%!g rl'noldlngdland other technl yes. FI|de includin W éalyer films, may be

OF1 £ 1ers TTS11T O[R0V1 ene aromatlc monom
3Oproducé°(§0by cast or tenterin processpe iHciual ngrBiown film processes

2009/09756BPE THIS200 993270512457 ﬁtﬂaaméhtttylﬂﬁy%ow threl o dr mrtmehé/a olefin
interpolymgsal3entR0 oG HdRAMANRE hatds deserined.lndie folowingikd R.migsional

applications, the disclosures of which and their continuations, divisional applications and

contlnuatlélﬁfﬁﬁanH"a?Bﬁ}Ea?Rﬁ?Q q1eS ﬁemﬁfeﬁ}lé}ﬁ%féfgﬁéé Hera i asroamstr-51)
"Impast-Mgglifigatioachihermoplasiguwil RilenafroQlefRporlibSe.aedddiard0/717,928, filed on

September 16, 2005; 2) "Three Dimensional Random Looped Structures Made from Interpolymers

of Ethylene/a- ins and.Uses Thereof', U.S.. Serial No. 60/718,130, f|| te r 16, 2005;
103) "Polymel ?é?indsf “m‘ SR EF S E R RO BER R bf & Seatsly ICI%am %Eﬁ%geg 25. filed on
Septemberhbd; 2005ic hydty’dwimosﬁyelhdexg lﬁnqmrofrecv wmatﬂwmmnﬁﬁmmnmfﬁllabﬁ Serial No.

60/718, 12% Itll &géé&p&m%ﬁ&@dezgggare not@mf: ég(%s sMﬁgﬁt Uﬁ?ﬂﬂ %}Qf?éy(ﬂé%% %t]ch as 1,4-
Ethylene/a-OleU.S: Serial No. 60/718

hexadiene, 1,6-octadiene, 1,7-octadiene, 1,9-decadiene, branched chain acyclic dienes, such as

20 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, sach as 1,3-
cyclopentadiene; 1,4-cyclobexadiene; 1,5-cyciooctadiene and 1,5-cyclododecadiene, and
multi-ring alicyclhic fused and bridged ring dienes, such as tetrahydroindene, methyl
tetrahydroindene, dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene,

25  cycloalkenyl and cycloalkylidene norbornenes, such as S-methylene-2-norbomene (MNB); 5-
propenyl-2-norbornene, 5-isopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-norbornene, 5-
cyclohexylidene-2-norbornene, 5-vinyl-2-norbornene, and norbornadiene. Of the dienes
typically used to prepare EPDMs, the particularly preferred dienes are 1,4-hexadiene (HD), 5-
ethylidene-2-norbornene (ENB), 5-vinylidene-2-norbomene (VNB}), 5-methylene-2-
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15filed on September 16, 2005; 6) "Fibers Made from Copolymers of Propylene/a-Olefins , U.S.
Serial No. %5&3 /%g% Jiled on September 16, 2005; 7) "Adhesive an%Mﬁ{}gﬁg}szitions
Made from interpolymers of Ethylene/aOlefins", U.S. Serial No. 60/718,000, filed on September 16,
2005; 8) "Compositions of Ethylene/a-Olefin Multi-Block Interpolyiners Suitable For Films", U.S.
Serial No. 60/718,198, filed on September 16, 2005; 9) "Rheology Modification of Interpolymers of

Ethylene/mem@@mc&gg RUARIGHRDAS), SRUBNALB0(£48 A3 Bied 08 September 16,
2005; Foams Made om Interp dymers of Ethylene/a-Olefins". U.S. Serial No.

2560/717, 8531488 SR SRPIERHETTE hexa EHN- Molecular Weight Ethylene/a-Olefin
Interpolymer as Base Lubricant Oil", U S Serlal No. 60/717 ,875, filed on September 16, 2005; 12)
"Foams MadéIBm Intensclianerbiofittyenpip:rOlefingt by, BaBeniattvolaeoMithge0, filed on

September 6, 2305 3% 3 ﬁ%%ﬁﬁgémeméﬁmlﬁﬂ@éﬂ) 0 MuitisRlack interpplymggfor Blown
Films with High Hot Tack", U.S. Serial No, 60/717,982, filed on September 16, 2005; 14) ‘Cap

Liners) c|@smeglbmma@raet§uﬂr@mmmim@kWmmm@en@er@leiﬁfeeé@m#lsszﬁ)rﬁ!@d on

September, 16 20@diment ofkRl &&Wﬁ@&%&ﬁ@{&ﬁ@@&!wm%&%E@yp@ﬁ/@*ommu S. Serial
No. 1060/718,245, filed on September 16, 2005; 16) "Anti-Blocking Compositions Comprising

Interpolym‘fe‘réso"f}E’l‘i*"f’yﬂ8]‘hE\V&‘@Fé’rﬁq@’1 &8P SEREMN0'°607 $1P HBE R d ARk lErYs %2005 17)
|nterpoIymnf&@frﬁth@éenﬁ/a@ietfmﬁlenﬂ@mpﬁéﬂmiﬂ&m@n&;eashead\/laqienﬁﬂerefmmneu S. Serial
No. 60/71§ 16%#:_ QSe b(egteln% 005 1 g"Fél ed Ié’ol m rCom OI}'UO Made from
Interpolymers 0 Weneffal % efins and ot 0 §erla f 17,587, , filed on
Septéfhbeprepyipgbased P@W‘*@@)hﬁ@@@iﬁ@h@ ﬁfﬁ‘m%m/@f@l@ﬁﬁ fIWLﬂf Bk H*ﬁlélﬁpmymer For Elastic

Films and ¢ aminaies.esYorusSHRHNRR0HL8 R Indiled ?@cﬁ%@%@lﬁﬁﬁé& 28998 ype  20)

"Thermoplastic Vulcanizate Comprising Imerpolymers of Ethyleneha-Olefins", 20U S Serial No.

60/718.18B HBEF DI SRIREAMIRTIS, F 68 coniugdiFdniitiat A%P@F&@ﬁ‘é’%@r‘ﬁcl&%ﬁ 'Y.%. Serial No.
60/754,08401fledian @ﬁﬁﬁmbﬁﬁtﬁim@ﬂ@ﬁa @0 carbad)y. "Prenatiehakneditiatia 1temoldraess,

Compositi and Artlcée re are efrom an E_gﬁ ds for in the Sa " , U.S. Serial No.
60/718,18?;15}?e 8 ept)%h 1(’5.l 0 (SgeneE dBE die fﬁgg ’\4'?1% ,&9 owmg examples are
provitied tquislfi!atte-tnerbwmes@@ﬁmellw@enmfermdlﬂmmes Cehalidowrdpmibomstgre made with some
existing polymers. The examples are presented to exemplify embodiments of the invention but are not
intended to liiigdhe 5 BveRtiomtaithe spﬁaiﬁmgm@dmue;s@efmﬁmdﬂnge@;mwemekme

contrary, all garts and .perce ta%es are.b &e AII E e |cal values are 2pp {axi te. When

numerical rangeéngr% glVéﬁrl S Oﬂ?é%lg USI'I erstoo one 3 sdgu Sl e g é?éd ranges may

still fall withinehéscopbatthieyinidrtionnEpebific detalls mé‘gwdoedhﬂuebzeh axampirishiould not be
construed a3 RecesSANRaties O G NVEPUAMe and a-olefin monomers ate preferentially

20  incorporated into one type of block of the polymer rather than uniformly or randomly
throughout the polymer, they are more efficiently utilized and subsequently the crosslink
density of the polymer can be better controlled. Such crosslinkable elastomers and the cured
products have advantaged properties, including higher tensile strength and better elastic

recovery.

25 {185} The ethylene/o-olefin interpolymers can be functionalized by incorporating at
least one functional group in its polymer structure. Exemplary functional groups may include,
for example, ethylenically unsaturated mono- and di-functional carboxylic acids, ethylenically
unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof and esters
thereof. Such functional groups may be grafted to an ethylene/e-olefin interpolymer, or may

30  be copolymerized with ethylene and an optional additional comonomer to form an
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10 Testing Methods  [297] In the examples that follow, the following analytical techniques are
employed: od for Runs A-F and Runs 1-35 [298] An automat %JF g) ing robot
equipped vﬁﬁ%ﬁﬁ% needle set to 160C is used to add enough 1,2,4-tr‘|?"c c})qr% e%%i@tabilized
with 300 ppm lonol to each dried 15polymer sample to give a final concentration of 30 mg/inL. A small
glass stir rod is placed into each tube and the samples are heated to 160C for 2 hours on a heated,
Ofb'ta"Sh%@‘JQEBFQH%@E@%ﬁ@%a@ﬁcﬁ%ﬂﬁ%ﬁﬂ%ﬂn@?%@g[aé&la!ﬁgﬁth%lt%%&iwﬁ‘é‘ﬁs@ 1 mg/ml using
the automated liguid-handling robot and the heated needle set to 160C. [299] A Symyx Rapid GPC
system is YSSGEH SRR BRERRG RICHRS WS BN etidcrsy 98 Gaerbed fp R EbH 850 pump set at
2.0 ml/minpHlessrs atesistirseck¢o, aLamp dssliua-pososd [, edictinmbantena spalizgegewith 300 ppm lonol
as the mobile hast,e roulgg thr%e Plgerlbgho.mictr.lorpet r u%l\ég%d B Plggmtx 7.15(§nm columns
placed in SeFd 05%%35?1% o L66EA off/]fﬁgrlfgbs g Stector 18 ased with the Evaporator
set to 250@z#ie dbpdiiider set to 165C, and the nitrogen flow rate set to 1.8 SLM at a pressure of
60-80 psi (400-600 kPa) 25 N2. The polymer samples are heated to 160C and each sample injected

into a 250 gl Ip@gjusingrifeatishis-bandlfagcmhet @sehpheaied neeria Setfiahanaysisaidne polymer
samples using fwo witche?l Ioce‘gﬁ and Qv%{la\gepin injections ﬁre used. The sar’nﬁle data is collected
and analy28t'u ?ﬁd?@’i}?‘r?ﬂ% BRI SBArS PESRE L SRRUARY te gratEa AR the molecular
weight infanmatidyreportedunoowréatéaaghinst & pelgbtyrenenstandantgalibratiohocufve. DSC
standard Melhipd derudiag, s Adand Rupssh9)..i LA Rk Seanr e Galarmetry
results are determined using a TAl model 5Q1000 DSC equipped with an RCS cooling accessory and
an aufdsaiipieH NoRirseRIN Pur§erg R abIW RS BOCHINHIRS DKsRoTRer 4B Hpte e prsss Eitinto a thin film
and meltedyputh® pgss: pbARAU LS BNdthem alkoto oted R ORI eMPRIalblep eREb1 134 mg of
material is then cut jnto a 6 mm diameter disk, accurately weighed, placed in a light aluminum pan (ca
50 mg), aﬁ%afh%ki?‘éfrh%‘é“’agéhﬁ??@?ﬁ% thermal behavior of the sample is investigated with the following
10temperature profile. The sample is rapidly heated to 180C and held isothermal for 3 minutes in order
to remove MayenBlogk #ndaxal history. The sample is then cooled to -40C at 10C/min cooling rate
and held at -40C for 3 minutes. The sample is then heated to 150 C at 10C/min. heating rate. The
cooling and sp@hd he&indwcu nvgslianerecoirde the 3QIdvwihe RIS miaiiinfepak Banedsured as the
maximum j rat ith.re ' ' r en -30C and end of
e, T S R AT 50 and the
end of melting using a linear baseline.  [302] Calibration of the DSC is done as follows. First, a
baseline is obtained by running a DSC ftom 90X wjthout any san@p)le in the aluminum DSC pan. Then
7 20milligrams of a fresh indium samplé&js analyzed by heating the sample to 180C, cooling the
sample to 140C at a cooling rate of 10C /min followed by keeping the sample isothermally at 140C for
1 minute, foll by hgating the le fr 40C.to 180C at a heating rate. of er minute. The
noat of fusior W) e CHOBL B B I e o A BT A LHEL R o be withi
0.5C frommsB18Cefoperisvonset of elingiana withine786(513/g o2 P1 ¢grfee the of fusion. Then
deionized walghiis.analyaspdyroctng arsmalldianiofifiesh sannis.b e PSCRan.dem 25C to -30C

ata cooli?]% rate of 10C per minute. The sample is kept isothermally at -30C for 2 minutes and heat to

300 20 HBRHIT-REBF NE SBF HAMOL ST RO T LB HABIRA Bt ratEn Al e AT KAESERD be within

0.5C from @faperature (°K) for various homogeneously branched copolymers of ethylene and olefins.

[189] The relationship of ethylene mole fraction to ATREF peak elution temperature
and DSC melting temperature for various homogeneously branched copolymers is analogous
to Flory’s equation. Similarly, preparative TREF fractions of nearly all random copolymers

25  and random copolymer blends likewise fall on this line, except for small molecular weight

effects.
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GPC Method [303] The gel permeation chromatographic system consists of either a Polymer

Laboratori%d\gg(g)%ﬁg@?lo or a Polymer Laboratories Model PL-220 instr&;@)ﬁ%z{@%ggbgnn and

carousel compartments are operated at 140 C. Three Polymer Laboratories 10-micron 5Mixed-B
columns are used. The solvent is 1.2,4 trichlorobenzene. The samples are prepared at a concentration
of 0.1 grams of polymer in 50 milliliters of solvent containing 200 ppm of butylated hydroxytoluene

(BHT). Samplgggre prapasadyagitaling Hghtyi0s anaursonkdffe., The inestign volume used is 100
microliters and the flow rate is 1.0 ml/minute.  [304] Calibration of the GPC column set is performed

with 21 nafFER HRBTERINERCLEY Sl sth i HRFoN Lpreecsta iy Lot i Breeat Weiliits ranging

from 580 te:8pé0RRP0Q, rastRngedn e caaekiaill imbduradiviitinpbleasha deaaste; of sepakation between

individual molecular weigpts The staigld%radspatrhe?%l%chasqd from Pg{g er Laht?oratoﬂ%s (Shropshire,
p at 0.

UH{S OCCUr 8¢ t1ally 18 ered 11 OpPOLVITICT I8 CODOIVINEY,
UK). The pgfys?yrene%‘t]an ards &re prepared 25 Sr Sin"50 millilitars of solverit for molecular

weighfs eqomkiving greatbethdn 40000 OB0prababdi05 ghanibin BOitBmiliditersngfospiemefor molecular
weights less than 1,000,000. The polystyrene standards are dissolved at 80C with gentle agitation for

30 minutes. Themarrowsiansiamie mixbires asge i fitshandgol pidey g dacreaaiaghighest molecular
weight compo ené,to,Fninimi egradation. Jh%golyst¥{ﬂﬁpe sta d%rd.geakmmolecularw ights are
converted e(b%lﬁ/ ltﬁ[)} BHEHIOIEE al%"w"%%]h Izlssuvs‘flngsetﬁg 0 6‘\77va|ﬁ%neﬁu&é‘ﬁolnl?asrﬂéss%?i‘ﬁénae in"Williams
and Ward ik lﬁbfymn&gu,ilizﬂﬁfmlmstﬁshi,@pﬁz llt(aQﬁsa.)ﬁwpqsﬁlyeth?lerﬁomomd@MmeStyrene)
[305] PO'yﬁaﬁﬁg‘;ﬁﬁ%ﬁﬁﬁ'Sﬂ&&ﬂk%@i‘dﬂe\‘}{sﬁégﬁ%'%{ﬁé'%ﬂ?e%?&ﬁ%@&ﬁ&ﬂﬁé@ga}é%88[@&&3”SEC

Y

software Version 3.0. Density ~  [306] Samples for density measuremerit are prepared according to
ASTNPD 189 8n2ssireai thsrHevitsiandravadl WrARTIRBY ISR AnsHre pransmehisrgtiasM D792,
Method B.,QpiicalRiapektiasfy HeR 7hiobms efd.dnmrEthieknrssi ara Lo essiaaomolded using a hot

press (Carver Model #4095-4PR1001R). The pel re placed.hetween polytetrafluoroethylene
Choets, 6P HBEN SRS PR N A RERS 1015 IOl B 3 KIS 13 isand then 2.6
MPa for 3_mtmt‘ﬁh1alﬁkr_nla’ts phbmeobiedién dn_eqiye&s woitkprisemidgckolel myerea'tzdds?_nMEalwci min. '_I'he
compression MoIeH s &re.4sed {25 APUGAVIGAS WEMEHS AR RIS RENRYIA hera 28] Add info

for reflectance and other optical characterization. 5Transmission Electron Microscopy (TEM)  [309]
Compressidf PHBRRSES RV BRE PYe ATt PR A R oXiNGERARID BegiidRiS bt B8Ymer between

.polytetrafigareathylene shests.ang within g it dhickic2 inch dametesghags. The pellets are
pre-heated to 190 C for 10 minutes, followed by 5 minutes at 20,000 Ibf. The film are then cooled in

the press (20[99% Ibf) Lﬁ'ﬂ%élgjéfgr%tp%ﬂﬁq%p;!'%%)%Qﬁ%@gi[.éofﬁfeparative TREF fraction, where

the ATREF elution temperature, Tx, and the NMR ethylene mole fraction, Py, are measured
values. The ethylene mole fraction of the whole polymer, Pug, is also measured by NMR. The

20 *“‘hard segment” elution temperature and mole fraction, (T4, P4), can be estimated or else set to
that of ethylene homopolymer for ethylene copolymers. The T4y value comresponds to the
calculated random copolymer equivalent ATREF elution temperature based on the measured
P4p. From the measured ATREF elution temperature, Ty, the corresponding random ethyiene
mole fraction, Pxg, can also be calculated. The square of the block index is defined to be the

25  ratio of the area of the (Px, Tx) triangle and the {Ta, Pap) triangle. Since the right triangles are
stmilar, the ratio of areas is also the squared ratio of the distances from (T4, Pag) and (Tx, Px)
to the random line. In addition, the similarity of the right triangles means the ratio of the

lengths of either of the corresponding sides can be used instead of the areas.

_ VT, -liTy or BI = _LnPy —LnPy,
T, -UT,, LnP, — LnP,,
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[310] The compression molded films were trimmed so that sections could be collected between the
skin and cqre. immed sheets were cryopolished prior to staining by r @% ions from the
blocks at -%%%Cg{%&g%%t smearing of the elastomer phases. The cryo-poﬁs ed%?g?:%ggvgv)de%re stained
with the vapor phase of a 2% aqueous ruthenium tetraoxide 15 solution for 3 hrs at ambient
temperature. The staining solution was prepared by weighing 0.2 gm of ruthenium (Il) chloride hydrate
(RuC13 x H29)qgt0 a olags hattle yith anseionlid qaraddiog. 10,0867 @50 Ag4eoussadium
hypochlorite to the jar. The samples were placed in the glass jar using a glass slide having double
sided tapeirple REYEGTAS BIasea frrlHBNSStae PP GidBF 18BLISeAdethemBik s aha BP idh above the

staining salidignxeaetions efhdR apRiaxinatalidRHanameiasitthisknessouene callgeted at ambient

temperature using a diamond knjfe on a Leica EM UC6, microtome and pl ce%on 400 mesh virgin
TEM ar<Ht BBSSHERo P SR SRS G S (Y B LT FBERR h S8 onsion i
measured segingpASHEMsD. T¥08-25rmicy otenSitdt spaoiméngliSamipiesdive strdtchd® ttwan Instron at
500 % m”}aﬁe&&frﬁg 'ﬁ%ﬁile strength and elongation at break are reported from an average of 3-5
specimens. Pellet Blocking Strength [312]Pellet blocking strength can be measured as follows: pellets
(150 g) are loaded into a 2" (5 cm) diameter hollow cylinder that is made of two halves held together
by a hose e AgoBs - ) load is applied to the pellets in the cylinder at 45 C for 3 days.
5After 3 days, the pellets loosely consolidate into a cylindrical shaped plug. The plug is removed from
the form and th@4pellet BiscRrisgTorcecrebssread Byitdadin s the -oJie blosk bistrel palerlin

compressignydsing anansyrentMdnsiimentinmersie g compiessiverdforcengesder dmpreak the
cylinder into pellets. Melt Index 10[313]Melt index, or 12, is measured in accordance with ASTM D

1238 Conthiitsts TEHeTS A% FARIERI W,a%?rtﬁug‘&%%lﬁ%%ﬁééﬂiﬁ’éﬁééQS%SEWWé%M D 1238,
Condition #R00436 KigmAdepirtd [B1 ddAnsiyticat ienmerdtoretisingmiution: fractenationidd REF)
analysis is_15conducted.according to the met escribed in U.S. Patent.No. 4,798,081 and Wilde,
o, T S B iane
and Ethylerev@opolymepyed fisigm 18eipoponas 14651 b8 pjedunicreated fidorpeatac by reference

herein in thgifpengisste Jﬁ&?&@@%@%&&.bw&wggi&giﬁgeéxﬁmra:&fiﬁmg ROZRRE:ARA allowed to
crystallize in a column containing an inert support (stainless 20steel shat) by slowly reducing the

tempbtatuPEPsBAoSE YR LRI B AT PR E TR R B MG HEE Wit g 2R80 e tector. An
ATREF chranmiatogramcuddxiscthenigeniaraiedabiliedutinglthmmrysialiiced polyigimerppls,from the
column by, slowly increasing the.temperature of the eluting solvent (trichlorobenzeng) from 20 to 120C
at a rate oﬁff?&%rﬁﬁ?.n é“@sﬁ& Cﬁéﬁ;lllgs'iss %ﬁ%%]ﬁaﬁégs%%“g?e‘é“g?%%ré%?%l ?l%/egéafrlgga%pproximately 39
of a 50/509%isdupathffibers, having an outer surface layer, comprising at least in part, one or more

polymers according to embodiments of the invention. The polymers may also be used in

20 articles such as toys; jewelry, such as synthetic opals; and, decorative items, such as films,

{195] They may additionally be used to form photonic crystals, photonic band gap
materials, or elastomeric optical interference films. Such materials comprise periodic, phase-
separated mesodomains alternating in refractive index, with the domains sized to provide a
photonic band gap in the UV-visible spectrum, such as those disclosed in US Patent No.

25 6,433,931, which is herein incorporated by reference.

[196] A photonic band gap material is one that prohibits the propagation of
electromagnetic radiation within a specified frequency range (band) in certain directions. That
is, band gap materials prevent light from propagating in certain directions with specified
energies. This phenomenon can be thought of as the complete reflection of electromagnetic

30  radiation of a particular frequency directed at the material in at least one direction because of
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tetrachloroethane-d2/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube. The samples are

dissolved enized by heating the tube and its contents to 150C. Tk lected using
g hame I deinais.col

a JEOL Eclipse MHz spectrometer or a Varian Unity Plus TM 99 4 spectrometer,
corresponding to a 13C resonance frequency of 100.5 MHz The data are acquired using 4000
transients per data file with a 6 second pulse repetition delay. To achieve minimum signal-to-noise for

quantitative analysis, DiHtRle data, 15 Areaddad Lastner Pk SREGHA! WElRAS £ 088 ke with a

minimum file size of 32K data points. The 5 samples are analyzed at 130 C in.a 10 mm broad band
probe. ThecBrtsHEMERInEBY pErstUAl IR HesHTMelUSHY Reradire iy hvath daREnEEN, J.C.;
JMS-Rev. MacrgmabsGhagaRem fit%noba3d £398R)imnnvenisingamartediRyrelpeease herein in
its entirety. Polymer Fractionation by TREF (alljg?o)g kn%Yvn, S Preg(azrrative TRiF) £316 Lar%e-scale
TREF fraciSHRHSR IS CAMdE By s URANE P820 o bt polyliaPih Pt ol 182% ik Brobenzene
(TCHYby $tighirlg Honkiooursi a¢rdiGOBeFherpaktome hsblufdh i Oterdadenyidkipsgtéh@bkibgapitrogen

ontoa 3in : ) | mn.. i 0; , ix gf 30-40 mesh
(600-425 4 %%ﬁgﬁ@gﬁztﬁgﬁ%%ﬁﬁ a%i&t}f/% é?%@%&%’%@&%@%ﬁ r%gptc%tgé%\gnx{%‘({i{%ﬁes, HC 30 Box
20, BrowniNeérniabend aap T)apiths taipkdssrstislicg 0pg ™ (o ipaeHn i anteispediwirsi et (available from
Pellets, In@hg@ﬂmgi@@ﬂy@ﬁg@}{ﬂmg&}@g@w% M¥e HhEEns he 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 COW 020 £ at .04 C per minute and held for.one.hour. Fresh TCB is intrgduced at about
65 milmin wht fle rer et e g e B B e b B, 2000 m
portidAs ofEhutemiee MIharpebpariived REFbeARiRdaes tofltetéaniains 16 seifah, Hetated fraction

collector. TRgRPINNSEIS CRREBRI ek ipeakh fragtianus g kelanQviaRREaIGHMnHkabout 50 to 100
ml of the polymer solution remains. The concentrated solutions are allowed to stand overnight before

adding excdS& ERa BT EMtE R Rt ARG raiDfoR” 300408 Hrut msthanbi it sty ise final
rinse). Thefiliatiprcsielikpeyiarmedonmas3 position vacuum assisted filtering station using 5.0 um
polytetrafluoroethylene coated filter paper (available from Osinonics Inc., Cat# Z50WP04750). The

filtrated fractippggare dr{%gfgygmggmsi@&Mﬁggﬁ;@wagﬁg&@&gg&@ﬁdo}@g@@ge napsanalytical balance
before further testing. Additional information about hits method is taught in Wilde, L.; Ryle, T.R.;

KnobRloct s terpad by Bitepsarsii Atior 8t Brieri Bt S mrBinsl leHadiPEthylene
CopolymetgocksPalyimbiSehoi2es ddlbdbhdd 9829 (3tilMeleStfength indSd SlokielbStiengtadvS) is
measured by using a capillary rheometer fi with a 2.1 lameter, 20:1 die wijth an entrance
e 2 e b e o o e st
is run at a sipeadeof thinehpdrigee (R B5hSChn/ itenies Mo dmioicde telonseratheads 00T, The
sample is grawndmiaxiallydora-aet ehacrelesdting ains Jossted- 108 mal kel theia withan

acceleration of 2.4 mm/sec2. The required tensile force is recorded as a function of the take-up speed

of thehip fBNENT FETEALPHIH 1SITE RPRSPEENH R 4 7ot v g dod e SR RO REirE dSttrRs 1Sk &frength. In
the case of pedyineic mel-exhibiéi ngpdkawi e seodneenthe densilefarce:hatuajbaenseab ohedraw

resonance 10was taken gs e!ggr n t%& e melt strength is recorded in en[g\lr(\ewtons "cN"). Block
Copolymer Ch AR e SOg R SV e LA R T e 5 NI
spectroscopylizietédinigoe kridovmbin tHE antdor preéesbitiiyldormgreimer incorporation into a polymer.
Examples of this technique are described for the determination of comonomer content for

ethylene/a-olgfigptopolymepsiodrandaltddotraph®ingement can be met by creating separate
25  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 enough to establish a band gap in the
material. Band gap can be discussed with reference to the refractive index ratio (ni/ny), where

30  my is the effective index of refraction of a first domain and n, is the effective index of refraction
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15 Macromolecular Science, Reviews in Macromolecular Chemistry and Physics, C29 (2 & 3), 201 -
_317 (1989)&7632%(%?)%95% al. (Jo.ur.na! of ngnetlc Reson_ance: 187 (2007) %%%&%%t’%yg%gre
incorporated by réference herein in its entirety. The basic procedure for determining the cémonomer
content of an ethylene/olefin interpolymer involves obtaining a 13C NMR spectrum under conditions
where the intensity of the peaks corresponding to the different 20carbons in a sample is directly

proportiongy Losé*a&ao&%mege%&g QH&Q%%@&H@%%H?&Q SIRMBIR; Mathods [8heNsHRg this

proportionality are known in the art and involve allowance for sufficient time for relaxation after a pulse,
the use of Hgerdee Gardruetvlplify wermiidoe tetakatibaradeiioranh i tbreaise The relative intensity

of a peak grgreumaf-peaksisiohiaingshin prasticenftasbiisGamniieraenaiatedintegral. After
obtaining the spectrum and integrgs(t):[i%% the 75 peaks, those peaks associated with the comonomer are

assigned. TR B CHRBEIHE GBIy e fOfEEE (S RAGHT S8 FsCT TSNS S8V B synthesis
and adalysisiebiaobelecompbundseco by theilselefidotapicatiyclapeltid cOhondmers domaitaing a
prediction v inter T le % mer ¢ determined by.4sing matrix
e TSP STl The ROl MR SR e

2009/09758BRCTISPHOTH 3Pthe Fresquioy Fiken fid akeine dhasouprsitian ffahsdrdephiviipeaks are
from the sgftgeorreOtoRM: ENgIMEbRE: them Matches theialias Phibese Rslipkary of single

catalyst spectra to determine the soft segment composition. The spectral match also determines the
magnitude BTt R SO U R o R RIS RS AE o p SRR F R & (R PRI BNEER the measured
30 5 ppm pealpandithe daft-segiarent Cat bttt tothis peakisdhddarshisrgmentepatdbution.
Second, the, methpa employs an smpirical equation deriyed om,reactivity ratios of the catalysts to
determine the corrgspon ing haroPsegment composition for the gfven soft segment composition. Third,
the methoseasestibifrang sdgaientiedmpoditbar, teedimral segyraemtosnndoy b tthdadhspm peak,

and a randomaRRolMer shRiRmyoRPRAiaNMPde! Iadlselsriatathenald ssamenbegpiribution to the

non-30 ppm peaks. A random copolymer chain propagation model is sufficient to describe the
compositiGIHEHHE At PEME HIE BEIERS B8k TRk eH J2086 M iR L B9y hethethod
subtragts themardrsegieeniredniibulion feprariive maex3atparrpanks@rd e aiesiasiyasults back into
the first st e above steps are a til the results conyverge, Convergence is achieved when
uecoasy TR e BT R [ e S B e RS R o segment
[321] Validetisdeog theapge al fiondouisl 8¢ comphshed! throudistheliaa dbyaistbéswbefal in situ polymer

blends. By.dggign.gfihenelyrmerization.and. caialysk eeReRN RIS HhsoaXRaded sRiLiszompared to

the measured NMR split values, The soft/hard catalyst concentration is prescribed to be 74 % / 26 %.
The meastidd VARIE BRI S8R 1Rags SbHRTBAPIHSHIR 1878 WP POPTFANS AL HBWE the chemical
shift agsignmoenisséobethiefimectene palymatsractiid2aickhsf tollowing @xparmanial poagedures are
used. A sample is.prepared di 25 g.ina 10 mm NMR t with 3.29 of stock solvent. The
stook sonNa O o ey D R AR P o G ot B recR e
ortho-dichiirebetigegibs\viiin 0025 259y clargthitanea cé tyhaic etonbt@{retaaiibnragéhtye The headspace

of the tubey|s; puYrRed-Qf OXYISRBX: AISPIAGE E‘Mﬁ@}r%}%ﬂ%ﬂ%&&b@aﬁﬂ&%gHHe Is then heated in

a heating block set at 150 C. The sample tube is repeatedly vortexed and heated until the solution
flows consiEEHRIFEBRT TP BTt SOMRIBRUEATIAR ot BOtBYRS HRhéSiipdampenerasatingtt in the
heat plockdesatleastidémaurs to achieve optimum sample homogeneity. 30 Table 1. Chemical Shift
Assignments for Ethylene/Octene Copolymers. CarbonStructureChemical shift CH, auxX0000

(mm)42.4 xo%fmm%%lﬁgmpsgméfﬂ%@sﬁou]d be made of material that, in a disarranged state

(not 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
30 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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X0000 (mmr)41.9 X0000 (In)41.6 X0000 (rm041.5 X000E (mr)41.4 X000E (mm)41.2 XO00E (rr)41.0
X000E (m é%%l;%%E (040.3 XEOOE (m)40.2 CH 78+E0038.68 CH Sth%B{?ﬁ%%) %—%fg@?OOSGAl
CH WOOES36.0 éyDXOOEO35.57 CH2 6136000 (n)35.42 CH2 ayXXEO . 3 EOES35.16
CH2 arX00EE35.07 CH2 613600E35,05 000 (mm)35.2-35.0 CH2 arXEOEE34.68 CH2 6136BOB34.66
CH 0p00033.90 CH2 3136032.31 CH2 afi0031.63 CH2 17XOEE031.07
[201] In certain compositions, one or more of the blocks or segments is crystalline or

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

compared to materials of the prior art that have been used as photonic materials. This

crystallinity provides a mechanism whereby thé photonic behavior can be reversibly turned on

5  or off, particularly when one block or segment is crystalline and the other block type is

amorphous. For example, the refractive index of molten semicrystalline polyethylene is the

same as that of an amorphous ethylene/1-octene interpolymer. Such materials can be heated

above their melting temperature, where they lose the refractive index contrast necessary to

exhibit characteristics of a photonic crystal. However, upon cooling, the semicrystaliine

10 material crystallizes and restores the refractive index contrast and resulting photonic properties.

[202] Size of the domains is another important parameter affecting the photonic
properties of the material, Domain size can be varied by selecting the relative molecular
weights and compositions of the various blocks. Additionally, a diluent (compatible solvent,

homopolymer, etc.) can be used to selectively swell an individual type of domain.

15 [2031 In some embodiments, the long range order and orientation of the domains can
be affected by processing techniques. One such processing technique involves treating a
homogeneously mixed spun cast film by bringing it above the highest glass transition
temperature (T,) or melting temperature (T} of the components for a time sufficient to
produce the desired ordered phase separation morphology. The resuiting morphology will take

20  the form of the components separating into mesodomains with shapes that, for example, can be
cylindrical or rodlike, spherical, bicontinuous cubie, 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 environment. Prior to treating, the copolymer will be in a

25 thérmodynamically unstable single phase which, when brought above the T, or Ty, of its
components will separate into the mesodomains. In certain instances, the phase 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 mesodomains can be formed. Other known

30  methods of globally orienting lamellar films are the use of surface-induced ordering,
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CH2 78+XOEEE30.60 CH2 4B6030.20 CH2 8+6'BEE30.10 CH2 4s29.66 CH2PYOQOE027.91 CH2
138+EQE 4 5B6EOE27.35 CI-12138+00EEX27.25 CH2 5B60 3 8R326,95 CH2

howal |
I313EOEO }98&‘(%%@4,55 00E0024.40 CH2 2136022.99 CM, 11360??%@%23%%@ 13C NMR
spectra were acquired on a Bruker 400 MHz spectrometer with a broadband observe probe at 125
0.1C. Temperature was calibrated by replacing the NMR 5sample tube with a tube containing 80%
ethylene glycal and 20 RMRQ-d8 AhiBG SAmesaieRiaibriahh eRAR RRlyBISLaalkioRsiIdN2 gas was
used for temperature control and to flush the probe. Elevating sample temperature to 130 C did not
result in in%b%()?ﬂent of the resolution, but leads to longer Tls. Sample spinning did not significantly
affect the 13C NMR lineshape in the polymer spectra, therefore NMR spectra were obtained without
sample spinni2gdThe roeignenwadivansfollyhshiveneehtdogen erateasiimeshapestiessthan 1 Hz
5"neW'dtha%Liae.Lf&1@@Mé%ﬁ%émmm%P&&ﬁp&%{ﬁ%ﬁ@%&eﬁm ipfale gequisition, the

observe pulse widths were verified for both the '3C and '1-1 channels by determination of the 90 pulse
widths. The CBHIsRf X HES Sap RiTids e B aBsBIBEmRDRABRIS FERRIHT Wieh REEY 4250 ppm.
Acquisitionrfasamaaters esse inxdnacasiierimeo Asretaxationidalay i pecessiig tinsgasd 800 to
8000 scans for data a,vera%in : 1gCataI sts . 324§ The term "tsolverni ht", if used, refers to a time of
approximatéiy T E U B SR Sb Y BeTa e et fo ATEmBel 5P 20125 C, and the
term "mixéibal kamesiore taisdzergonneneralbp ehtadneldb mypxturereit G S aliphatibrigdrocarbons

available %r%q]%él?g ggg%gec%?l ig&pat}%gtg_sopar E(r), from ExxonMobil Chemical Company. In the event

the name of a 15compound herein does not conform to the structural representation thereof, the
structural
10 [205] Some examples of the films exhibit iridescence and changing colors as the angle

of incident light on the film is changed.

[206] The inventive block interpolymers can also be fabricated to form
mechanochromic films. A mechanochromic film is a material which responds to deformation
by changing color. In these materials, the wavelength reflected changes reversibly with the

15 applied strain due to the change in optical thickness. As the film is stretched, the change in the
thickness of the layers causes the film to reflect different wavelengths of light, As the film is
relaxed, the layers return to their original thickness and reflect their original wavelengths. In
some cases the reflectivity can be tailored from the visible through nearinfrared regimes with

applied stress.

20 [207] The inventive block interpolymers may also be used to form polymeric
reflective bodies for infrared, visible, or ultraviolet light, as described in US Patent 3,711,176,
which is herein incorporated by reference. This patent describes materials that are formed by
extrusion of multiple polymeric materials to create ordered layered structures with layers on
the 50-1000 nm scale. The inventive interpolymers are advantaged over these materials

25 because they do not require the expensive and tedious processing techniques, namely

microlayer extrusion, to form the reflective bodies.

[208] 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
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representation shall control. The synthesis of all metal complexes and the preparation of all screening

experime r Tied out in a dry nitrogen atmosphere using dry box i olvents used
were HPL@%&%@%’H‘E\Were dried before their use.  [325] Catalyst (All) Eﬁ{%@(?i{)ﬁmﬁ%&

-(2-methylcyclohexyBethyl)(2-oxoy1-3(t- 20butyl)phenyl)immino) zirconium dibenzyl. a) Preparation of
(2-methylcyclohexyl)(2-hydroxy-3-(t-butyl)plienvnimine 3-t-butylsalicylaldehyde (2 mmol) is added

to Z'methﬁﬁXFJ‘?ﬁlﬁ?@!ﬁW&l%égpfﬁwﬂ Sﬁt?cﬂiwb%gh?&%!-dﬁfﬁ?&i?é&r&%lﬁi%ﬂg%ﬂ%PE&%H?R&@”re for 7

hours, the solution was placeéd in the freezer but only a small quantity of crystals formed. The solution
was conceftidieane et s $heH&driginal volume and replaced in the freezer. This resulted in
formation of a bright yellow oil that was pure by 11-1 5 NMR spectroscopy and (JC/MS. b) Preparation
of (bis-(2-met29R}ycloh@hyIh(quoyit -Sab:butyitpipenyd furenionelczifdoniofmbdiberayl inverdigolution of

(2-methyleyolohexyh)(2-Lwdroxy-3-(1- Dph imipe. (2.equivalents) intol 2 IS slowly added to a
solution o%r?&%%%ﬂot Seeqsuivg%ﬁ%g#%%ggﬁj%%ggﬂ%g%smggﬁ‘%&ﬁﬁ%}gg{é% L%I%Pg?%%fﬁlégdesired
concehtralitrsarfc eRseth viRtatit et sreaTaRe tompiexed Ofg2EIMMAerpeRiFsetspAbdified

methylalumexangsadiiisopatialyminymmedified methvialumexaneavaiiablesammersially from
Akzo-Noble Corporation. = [327] Cocatalyst 1 A mixture of methyldi(C14-18 alkyl)Jammanium salts of

tetralcis(pERtANEBRIpHENHBD Rt tharedieaRias e dh dhiboirie) apriisdaray TeattibiF of a long
chain trialkylampinecfArreeen Bivkdd Hemawéil able=ftionti kzio-Neloe! itncvirid® dne §64i[B(C6F5)4],
substantially as, disclosed in U.S. Patent No. 5,919,9883, Ex,.2. [328] Cqcatalyst 2 Mixed C14-18
alkyldimetﬁ)ég’rlr%r‘ﬁnﬁ?{n‘ftﬁjrcr:1osoallnlfJ z(i)thrFs?(trig p%ﬁ%f?&%rﬁ?%%%ﬁ%&%ﬁk&arﬁ ence(izl- -Su‘?lfdeencé;:/}ﬁér%hdegz}ﬂos |§1e, prepared
accotfling ®aI8PG 3081HPiscR patens IR0 Mgty e Fisaspiadhstisges emiphsyed include
diethy1zing (7 2GS AU VIARICHSAR) pAH B XA AR ieslabuiphm (TEA, SA)
trioctylaluminum (SAS), triethylgallium (SAB), i-buf'[ylaluminum bis(dimethyl(tbutyl)siloxane) (SA7),
i-butylalunBEERAEBI AR A RRIVE SIS B% S 5 octylaluminum di(pyridine-2-methoxide) (SA9),
bis(n-octadecyl)i-butylaluminum (SA10), i-butylaluminum bis(di(n-pentyl)amide) (SA11),
n-octylaluminZ#0bis(2, Bl artios) iphefroside )i {SA Yha prserstinabmiin umaydilet i srgshtigh amide)

(SAL3), ethylaluminumbist; Rutyldimsthwisiaxide) doaldhatvalumipum JiRisrimedyisilyDamide)
(SA 15), ethylaluminum bis(2,3,6,7-di enzo-l-az%%gloheptaneam|de) (SA 16), n-octylaluminum
bis(213.6, ZHIbERH RIS b REShRESTIGL) pSher) Beousrattbsiiiseaitsdyrg: the
butyl)siloxidesa t&lcathylzine(:Gsdiphe i phanaxde) (SA) basdeathiylz ine {ibstaxide) (SA20).
General MEnThimudtdl Paralel Bolmergalion Gandiions Sl UemsTatamArg conducted
using a hig throughput, para e?po ymerization

certain times of the day, and then be stretched to appear transparent to visible light, Even

when stretched, the film will continue to reflect ultraviolet wavelengths.

20 [211] The elastomeric films of the present invention may also be used as adjustable
light filters in photography by stretching the film to cause it to refiect different wavelengths of
light., The films of the present invention may also find use in agriculture. As it is known that
plant growth is influenced by the wavelength of light received by the plant, a greenhouse film
may be formed that varies the transmitted wavelengths of light desired. Further, if

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

constant transmitted wavelength.

[212] The films of the present invention may also be used as pressure sensors to detect
pressure changes and exhibit a color change in response thereto. For example, the film of the

30 present invention may be fabricated into a diaphragm or affixed to another rubbery surface
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reactor (PPR) available from Symyx technologies, Inc. and operated substantially according to USP's

6,248,540,‘,900% 9%925 362,309, 6,306,658, and 6,316,663. Ethylene copiggzl[z}gs%&}{'gﬁ%%re

conducted at I nd 80 psi (550 kPa) with ethylene on demand using uivalents of cocatalyst
2 based on total catalyst used. A series of polymerizations 10are conducted in a parallel pressure
reactor (PPR) comprised of 48 individual reactor cells in a 6 x 8 array that are fitted with a pre-weighed

glass tube, Lhearkipd Yl i caeb.ERACIp GRS 6000 i Badh eRl i armRsiplute pnd pressure

controlled with stirring provided by individual stirring paddles. The monomer gas and quench gas (air)

are plumb&HUheBiRYitte YHechPR EHirRifd CHRED B P hefoHgRic VANRSCINEtiRN i8agents are

roboticallyaddgadiearklriraciorcelh Ry fipgasanddhelresarvpihsrl venrtdadeadalkanes. The
order of addition is mixed alkanes solvent (4 ml), ethylene, 1-octene comonomer (143 mg), 0,419 timol

cocatalyst“ Sttty agent in the indicated amounts, and finally, 0.3495 [Imo] catalyst All, After
quenching, the reactors are cooled and the glass tubes are unloaded. The tubes are transferred to a
centrifige/vadéldh dryiBiptinmean dinieef 12 MZRBUIY SIED TATABAEBE Y sotAIINE DBEFRel polymer

are weighed-anebthg diffaranse habyeerdhisswrishhanddhatarsvedaht slyesdbenetiyield of polymer.
Results are contained in Table 1. Catalyst/ Shuttling ?f%ent Selection Method 1 [33%%A series of

ethylene/ FE5CREAE RO EHZ Sin L SF ETBBHAT St BEUSIY C At I W YR E RHG THORGIREr
conversions gntghetofibne pbicntiahehainishtitiling iagentdete@Sobiipfidiafietinydsilaxydy Siopropyl)

aluminum kgé Y% FALARIHEREDEE, Bithd vt YeiRo I fRsaoifg hiah throughput
polymerization technique. he resulting polymers are measured forrmolecular weight (Mw and Mn)

usin%GPC. Poléglispersity Index (PDI=Mw/Mn) is calculated for each polymer. Results are tabulated in
Tabld®. Tablé¥Run EUHRERSTER R GINRE R SRR 09§ ATYH (ihad displays, such as

described in United States Patent 7,138,173, which is incorporated herein in its entirety by
reference. Such displays are frequently used as a means to display information in an eye-
catching manner, or to draw attention to a specific article on display or for sale. These displays
are often used in signage (e.g., outdoor billboards and street signs), in kiosks, and on a wide

15  variety of packaging materials. It is particularly advantageous if a display can be made to
change color as a function of viewing angle. Such displays, known as "color shifting displays”,
are noticeable even when viewed peripherally, and serve to direct the viewer's attention to the

object on display.,

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

display than is seen with conventional displays.

25 {216] The films of the present invention may be used in conjunction with a distributed
light source or several point sources, just as conventional backlights are now used for
advertising signs or computer backlights. A flat reflective film, uniformly 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

30  to the reflective cover film via laser or screen printing techniques, Alternatively, interference
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reflective lettering composed of a different colored reflective film than the cover filim can also
be applied over cutouts made in the cover film, with the lettering displaying the opposite
change in color from the cover film, e.g., cover film displays a green to magenta change with
angle, while the lettering shows a magenta to green change over the same angles. Many other

5  color combinations are possible as well.

[217] The color changes in the cover film can also be used to "reveal” lettering,
messages, or even objects that are not visible through the film at large angles of incidence, but
become highly visible when viewed at normal incidence, or vice-versa. This "reveal” effect can
be accomplished using specific color emitting lights in the backlight, or by dyed colored

10 lettering or objects under the reflective cover film.

[218] The brightness of the display can be enhanced by lining the inside of the
backlight cavity with highly reflective interference film, In this same manner, the overall color
balance of the display can be controiled by lining a low reflectance cavity with a reflective film
that preferentially reflects only certain colors. The brightness of the chosen color may suffer in

15  this case because of its transmission at certain angles through the lining. If this is undesirable,
the desired color balance can be effected by coating a broadband liner film with a dye of the

appropriate color and absorbance.

[219] The reflective colored film may also be used in combination with dyed or
pigment colored films with the latter on the viewer side to achieve a desired color control such

20 as, e.g., eliminating a color shift on the lettering while producing a color shifting background.

220] The backlit sign need not be planar, and the colored film could be applied to

more than one face of the sign, such as an illuminated cube, or a two sided advertising display.

[221] The films of the present invention may also be used to create a variety of non-
backlit displays. In these displays, at least one polarization of light from an external light
25  source, which may be sunlight, ambient lighting, or a dedicated light source, is made to pass
through the interference film twice before the transmission spectruin is seen by the viewer. In
most applications, this is accomplished by using the interference film in combination with a

reflective or polarizing surface. Such a surface may be, for example, a conventional mirror of
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the type formed through deposition of metals, a polished metal or dielectric substrate, or a

polymeric mirror or polarizing film.

[222] While the interference films of the present invention may be used
advantageously in combination with either speculatly reflective or diffusely reflective surfaces,
5  adiffusely reflecting substrate is prefeired. Such a substrate causes the colors transmitted by
the film (and subsequently reflected by the substrate) to be directed out of the plane of
incidence, or at a different angle of reflection in the plane of incidence, than the colored light
that ts specularly reflected by the film thereby allowing the viewer to discriminate between the
transmitted and reflected colors. Diffuse white surfaces, such as card stock or surfaces treated
10 with a diffusely reflective white paint, are especially advantageous in that they will create a

display that changes color with angle.

[223] In other embodiments, the diffuse surface, ot portions thereof, may themselves

be colored, For example, a diffuse surface containing ink characters may be laminated with a
interference film that has at least one optical stack tuned to reflect light over the same region of

15 the spectrum over which the ink absorbs. The characters in the resulting article will then be
invisible at certain angles of viewing but clearly visible at other angles (a similar technique
may be used for backlit displays by matching the reflective bandwidth of the interference film
to the absorption band of the ink). In still other embodiments, the interference film itself can be
printed on with a diffuse white or colored ink, which may be either opaque or translucent.

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

surface, which can itself also be printed on.

[224] 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
25  allowing the color of the display to be controlled solely by the reflectivity spectrum of the film,
Such an effect is observed, for example, when a colored mirror film of the present invention,
which transmits certain wavelengths in the visible region of the spectrum and reflects other

wavelengths in the visible region, is used in combination with a black substrate.

{225] The optical films and devices of the present invention are suitable for use in

30  fenestrations, such as skylights or privacy windows. In such applications, the optical films of
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41,043 32 532] It may be seen the polymers produced in Rung, 1- atively
narrow poli/%gé%%g?é?; s( w/Mn) compared to polymers in the series A-F. Trﬁéﬁ] |c€g\t{%%/§3t%?é? DEZ is 5an

effective chain shuttling agent under the conditions of the polymerization, whereas TSA is not.
Polymers prepared in a reactor, especially a loop, semi-batch, or plug flow type reactor or in two or

more suchyeariQns GRRARGIGHNREIES i hiDAMN JHERASC ALBRIME ifalal-silg O at least two

different sets of reaction conditions, especially conditions encompassing differences in
monomer/E3ABhBIHer Hatia vl tHe ERIAsSy SHiFHte BRI ISFBUGEIE HAY M POSeRie blocks or
segments finvertive inekintarprimeks)hkhesepelywners iweddlthdBly transparent to a first

polarization of light but substantially reflects a second polarization of light, thereby eliminating
5 orreducing glare. The physical properties of the optical films can also be modified as taught
herein so that the glazing materials will reflect light of one or both polarizations within a
certain region of the spectrum (e.g., the UV region), while transmitting light of one or both
polarizations in another region (e.g., the visible region), This is particularly important in
greenhouse applications, where reflection and transmission of specific wavelengths can be

10 utilized to control plant growth, flowering, and other biological processes.

[226] The optical films of the present invention may also be used to provide
decorative fenestrations which transmit lght of specific wavelengths., Such fenestrations may
be used, for example, to impart a specific color or colors to a room (e.g., blue or gold), or may

be used to accent the decor thereof, as through the use of wavelength specific lighting panels.

15 [227] The optical films of the present invention may be incorporated into glazing
materials in various manners as are known to the art, as through coating or extrusion, Thus, in
one embodiment, the optical films are adhered to all, or a portion, of the outside surface of a
glazing material, for example, by lamination with the use of an optical adhesive. In another
embodiment, the optical films of the present invention are sandwiched between two panes of

20 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 directed.

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

reflectivity of the film toward the light sources used to illuminate the room. For light sources
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expected to possess properties resembling pure block copolymers and distinguishable from those of

random c%%gy(?ﬁfogimilar gross comonomer content. Catalyst/ Shuttli%.ﬁ%g%égﬁgggn Method 2
T

[333] The previous disclosed high throughput polymerization conditions are 15substantially repeated
using various catalysts, cocatalyst 1, and potential shuttling agents. Ethylene pressure is increased to
200 psi (1.4 MPa). Over 500 reactions are performed. The resulting ethylene/l-octene copolymers are

tested for \nang,RiNARG Ralymer-RraducHoRd AR SemR e dofatesiahgipetaffonagiagntrol using

MMAQO in place of the shuttling agent. The best compositions are then selected based on a
combinatié‘he&%reatest molecular weight (Mn) 20reduction, greatest reduction in PDI, and least
reduction (or actual increase) in polymerization rate. Selected combinations showing the best results
(ranked by Mi22&#uctiofeafidnprettutpddenTiabio 8] 384]Byuseftrenoecto Tglslé8vsuitable

combinatiogs,ef gaialystand ohutiearosrhaasiselealedallistode Auphasizen nat preferred

catalyst/shu .Iin(g agent combinations Smay in different embodiments be selectéd based on a desired
objective, SERIFGPRICRIALNTNFSIICHEN Bs M SN SRRFERRIATIHF ISFEAUCHRRT FRRE AU IBYE with more
modest MepeghrtinniAnditionallydha abevareselismse basatd-onarhaiehragiprawgdeereas, in

practice, the effect, if any, of using continuous polymerization conditions muyst also be considered in
Celocting (RETHAPABIBIH 8RB SA S e SRR RORRE) OB PAb S SHANEAlyst Shutting
Agent Relatilsgiivih IRblatveP RhiRekativg raiewl A SAB0 G 70881133 polarized displays
incorporating light recycling to increase brightness, or the film can be made to transmit or
10 reflect both polarizations of light when used in applications where colored mirrors or filters are

desirable.

[230] In the simpiest case, the film of the present invention is used as a filterin a

backlit light fixture. A typical fixture contains a housing with a light source and may include a
diffuse or specular reflective element behind the light source or covering at least some of the

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

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

25 common in architectural lighting, stage lighting, outdoor lighting, backlit displays and signs,
and automotive dashboards. The film of the present invention provides the advantage that the

appearance of the output of the lighting fixture changes with angle.

[231} The color shifting films of the present invention are particulatly advantageous
when used in directional lighting. High efficiency lamps, such as sodinm vapor lamps

30  commonly used in street or yard lighting applications, typically have spectral emissions at only
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one major wavelength, When such a source which emits over a narrow band is combined with
the film of the present invention, highly directional control of the emitted light can be
achieved. For example, when the inventive film is made with a narrow passband which
coincides with the emission peak of the lamp, then the lamp emission can pass through the film
5  only at angles near the design angle; at other angles, the light emitted from the source is

returned to the lamp, or lamp housing. Typical monochromatic and polychromatic spikey light
sources include low pressure sodium lamps, mercury lamps, fluorescent lamps, compact
fluorescent lamps, and cold cathode fluorescent lamps. Additionally, the reflecting film need
not necessarily be of a narrow pass type since, with monochromatic sources, it may only be

10 necessary to block or pass the single wavelength emission at a specific angle of incidence. This
means that a reflective film having, for example, a square wave refiection spectrum which cuts
on or off at a wavelength near that of the lamp emission can be used as well. Some specific
geometries in which the light source and film of the present invention can be combined

include, but are not limited to, the following:

15 {a) A cylindrical bulb, such as a fluorescent tube, is wrapped with film designed for normal
incidence transmission of the bulb's peak emitted radiation, L.e., the film is designed with a
passband centered at the wavelength of the lamp emission. In this geometry, light of the peak

wavelength is emitted mainly in a radial direction from the bulb's long axis.

(b} An arbitrary bulb geometry in a reflective lamp housing can be made to radiate in a

20  direction normal to the plane of the housing opening by covering the opening with a film
selected to transmit at the bulb's peak emitted radiation. The opening can face downward or in
any other direction, and the light will be viewable at angles in a direction normal to the plane

of the opening but not at angles of incidence substantially away from normal.

(c) Alternately, the combination described in (b) can use a film that is designed to transmit the
25  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 wa{fe}engﬁl. In this way, the lamp emission is transmitted at angles where

the blue shift of the passband is sufficient to align the emission peak with the passband.
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{d) Combining the angular distribution film described in (¢) with the geometry described in (a)
will give a cylindrical bulb in which one can have direction control of the emitted light in a

plane parallel to the long axis of the buib.

(e} A polychromatic spikey light source, for example, one having emission spikes at three
5 different wavelengths, can be combined with an inventive film having only one passband, and

such that the film transmits only one of the three color spikes at a given angle of incidence and
each emission peak is transimitted at a different angle. Such a film can be made using multiple
groups of layers, each of which reflect at different wavelength regions, or it can be made using
one group of layers and their higher order harmonics, The width of the first order bandwidth

10 region and consequently the width of the harmonic bandwidths, can be controlled to give
desired transmission gaps between the first order and harmonic reflection bands, The
combination of this film with the polychromatic spikey light source would appear to split light

from an apparently "white" light source into its separate colors,

[232] Since the rate of spectral shift with angle is small near normal incidence, the
15  angular control of light is less effective at normal incidence compared to high angles of
incidence on the inventive film. For example, depending on the width of the lamp emission
lines, and the bandwidth of the passband, the minimum angular control may be as small as +/-
10 degrees about the normal, or as great as +/-20 degrees or +/-30 degrees. Of course, for
single line emitting lamps, there is no maximum angle control limit, It may be desirable, for
20  either aesthetic or energy conservation reasons, to limit the angular distribution to angles less
than the free space available to the lamp, which is typically +/-90 degrees in one or both of the
horizontal and vertical planes. For example, depending on customer requirements, one may
wish to reduce the angular range to +/-45, +/-60 or only +/-75 degrees. At high angles of
incidence, such as 45 degrees or 60 degrees to the normal of the film, angular control is much
25  more effective. In other words, at these angles, the passband shifts to the blue at a higher rate
of nm/degree than it does at normal incidence. Thus, at these angles, angular control of a
narrow emission peak can be maintained to within a few degrees, such as +/-5 degrees, or for

very narrow passbands and narrow emission lines, to as small as +/-2 degrees.

[233] The films of the present invention can also be shaped in a pre-designed fashion
30  to control the angular out put of the lamp in the desired pattern. For example, all or part of the

film placed near the light source may be shaped to corrugated or triangular waveforms, such
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that the axis of the waveform is either parallel or perpendicular to the axis of the lIamp tube.
Directional contro! of different angles in orthogonal planes is possible with such

configurations,

[234] While the combination of a narrow band source and an inventive film works
well to control the angle at which light is emitted or detected, there are only a limited number
of sources with narrow emission spectra and therefore limited color options available.
Alternately, a broadband source can be made to act like a narrow band source to achieve
similar directional control of the emitted light. A broadband source can be covered by a color
selective film that transmits in certain narrow band wavelength regions, and that modified
source can then be used in combination with a second film having the same transmission
spectrum so that the light emitted from the source/color selective film combination can again
pass through the inventive film only at the design angle. This arrangement will work for more
than one color, such as with a three color red-green-blue system. By proper selection of the
films, the emitted colors will be transmitted at the desired angle. At other angles, the emitied
wavelengths will not maich every or any passband, and the light source will appear dark or a
different color. Since the color shifting films can be adapted to transmit over a broad range of
wavelengths, one can obtain virtually any color and control the angular direction over which

the emitted light is observed.

{235] Direction dependent light sources have utility in many applications. For
example, the light sources of the present invention can be used for illuminating automobile
instrument panels so that the driver, who is viewing the instruments at a normal angle, can
view the transmitted light, but the light would not be reflected off the windshield or viewable
by a 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 one angle, but a different color is detectable at another angle. This would be
useful, for example, in directing the approach and stopping point for vehicles, such as fora
carwash or emission check station. The combination of inventive film and light source can be
selected so that, as a vehicle approached the illuminated sign and the driver was viewing the
film at non-normal angles to the sign, only green light would be visible, but the perceived
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transmitted light would shift to red at the angle where the vehicle was to sfop, for example,
normatl to the sign. The combination of the inventive film and a narrow band source is also
useful as a security device, wherein the film is used as a security laminate, and a light source
wrapped with the same film is used as a simple verification device. Other examples of the
direction dependent light source of the present invention are described in more detail in the

following examples.

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

southern climates.

i237] The spectrally selective color films and optical bodies of the present invention
can be used in many horticultural applications where it is desired to filter out or transmit
specific wavelengths of light that are optimal for controlled plant growth. For example, a film
can be optimized to filter out heat producing infrared and non-efficient visible solar
wavelengths in order to deliver the most efficient wavelengths used in photosynthesis to speed

plant growth and to manage soil and ambient temperatures,

[238] It is known that plants respond to different wavelengths during different parts of
their growth cycle, as shown in FIG. 35, Throughout the growth cycle, the wavelengths in the
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 significantly reduce heating and allow for

concentration of additional light at wavelengths useful for plant growth,

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

supplements to natural, unfiltered solar light. Lamps that emit energy in the blue (about 400-
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500 nm), red (about 600-700 mm), or near IR {about 700-800 nm) are used in accelerating
growth. One common commercial grow-lamp has its emission maxima at 450 and 060 nm,
with little emission of wavelengths beyond 700 nm. Another common source has high
emission in the blue and red, and high emission in the near IR wavelengths. Lamps which emit
5  wavelengths in the range of 500-580 nm are referred to as "safe lights" because their emission
is in a low response region and does not significantly affect plant growth, either beneficially or

detrimentally.

[240] Light sources used in general lighting are often paired to accomplish similar
results to the "grow lights". The output wavelengths from some sources actually retard growth,
10 but this can be compensated for by pairing with other sources. For example, low pressure
sodium used alone can inhibit synthesis of chlorophyll but when the low pressure sodium is
combined with fluorescent or incandescent lamps, normal photosynthesis occurs. Examples of
common pairings of commercial lights used in greenhouses include (i) high pressure sodium
and metal halide lamps; (i1) high pressure sodium and mercury lamps; (iii) low pressure

15  sodium and fluorescent and incandescent lamps, and (iv) metal halide and incandescent lamps.

[241] In a greenhouse environment, the color selective films and optical bodies of the
present invention, when used alone as color filters or in combination with reflective backings,
are useful for concentrating light of the desired wavelengths for optimal plant growth. The
films and optical bodies may be used with normal unfiltered solar light, or they may be

20 combined with artificial broadband light sources to control the wavelength of light emitted
from the source, Such light sources include, but are not limited to, incandescent lamps,
fluorescent lamps such as hot or cold cathode lamps, metal halide lamps, mercury vapor lamps,
high and low pressure sodium lamps, solid-state or electroluminescent (EL) lights, or natural or
filtered solar light that is optically coupled to the color selective film. Several

25 filwation/concentration systems will be described in more detail that may be used to manage
heat in the greenhouse environment, while delivering an increased amount of light at

wavelengths optimized for photosynthesis and other plant photoresponses.

[242] The interference films and optical bodies of the present invention can also be
used with one or more direct or pre-filtered artificial light sources so as to optimize the spectra

30  afforded by these films even farther. In some cases, it may be desirable to wrap or otherwise
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couple the interference film directly to the artificial source so that in effect the light source
emits primarily the wavelengths desired for controlled plant growth. The film may also be
laminated directly to the clear panels which make up the roof and/or walls of a typical
greenhouse so that much of the light that enters the building is of the desired spectral

S5 composition, or else such panels may be extruded to include one or more color selective films
within the panel itself, In order that all of the light entering the building would be of a precise
wavelength range, it would be desirable to have the films mounted on a heliostat or other
mechanism that moves to compensate for the angle of the sun's rays throughout the day.
Simpler mechanisms such as south facing panels with only a weekly or monthly change in the

10 angle from the horizontal or vertical can perform quite well also.

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

reflectors and filters for use in aquariuvm lighting for aquatic plants.

[244] In addition to the previously described spectrally selective films that can be

tailored to transmit or reflect infrared and/or green light that is not useful for plant growth, a
film designed to control the amount of red light, typically from about 660-680 nm, and the

20 amount of far red light, typically from about 700-740 nm, is especially useful to control plant
growth. It has been shown that the ratio of red to far red light should be maintained at a level of
1.1 or higher in 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

25  the vegetative state. Some piant varieties can be controlled with as little as 1 minute of red or
far red doping. Plant responses to red and far red light have been described in J, W, Braun, et
al., "Distribution of Foliage and Fruit in Association with Light Microclimate in the Red
Raspberry Canopy, 64(5) Journal of Horticultural Science 565-72 (1989) and in Theo J. Blow,
"New Developments in Easter Lilly Height Control" (Hort. Re, Instit. Of Ontario, Vineland

30 Station, Ont. LOR 2EO.
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additieh ofraesgmadid within the greenhouse in such a way that it can be either used or stored, for
example, by a rolling shade along the roof line which can be drawn down or rolled up, or by a
shade cloth pulled horizontally above the plant height. Alternately, individual enclosures of the

film can be constructed for separate plants or groups of plants,

[246] The film of the present invention can also be used in conjunction with

15 conventional mirrors to control the intensity of any desired portion of the sunlight spectrum
that reaches the plants. Generally, it is desirable to expose plants to a constant level of the
wavelengths and intensity of light useful for plant growth throughout the entire day. On a
typical sunny day, however, the light level peaks at about noon, and this light level may be
excessive for many plants; the leaf temperature often rises, which decreases the plant

20 efficiency. It is preferable to reduce the level of light reaching the plant during mid-day to
provide a more uniform level throughout the day. For example, roses flower most efficiently
when exposed to a maximum light level of 600 p mol/sec-m?, and this level is often achieved
by 11:00 am during the winter months at a latitude of 45 degrees. Reducing the light level
between 11:00 and 1:00 improves the plant vield. The combined usage of conventional mirrors

25  with our wavelength selective films can be used to change the intensity of light directed to
plants during different hours of the day. For example, the use of a visible mirror can be
discontinued during the hours of highest solar incidence by redirecting its angle of reflection to
reject that portion of light from the sun. Other combinations of baffles and curtains can also be

used with our wavelength selective films to control the intensity of light.

30 [247] Counterfeiting and forgery of documents and components, and the illegal
diversion of controlled materials such as explosives, is a serious and pervasive problem. For
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amount of water into the exit line along with any stabilizers or other additives and passing the mixture

through a %iﬁ)g%@;sﬁghe product stream is then heated by passing thropygh 2 hgas g3ehanger before
devolatilization. The polymer product is recovered by extrusion using a devolatilizing extruder and

water cooled pelletizer. 25[336]The shuttling agent (where used) is added to the first reactor along with
catalyst Al, Cocatalyst 1, MMAO, and solvent (mixed alkanes (IsoparTM E, available from ExxonMobil

Chemicals, ngp)e CORMPISIE PRAMAING SABRIHANS 0K the e, erREpR Af& RIQViderl irFable 4 and Table
5. Polymer properties are provided in Table 6, Table 7, Table 8, and Table 9 and in Figure 9, Figure

10, FigurePH1S JHH GG Aris PP I 6251  flistiosuish BREre(m o8y BRI LRIL GO 0B R LB  m orp..0 < t -
aLC: rnmhataehB0eba2 ng &0 LebiTcilt Similarly, it is reported that up to ten percent of all

laser printer cartridges that are sold as new are actually refurbished cartridges that have been
5  repackaged and represented as new. Identification and tracking of bulk items such as
ammonium nitrate fertilizer usable in explosives is also highly desirable, but current means of

identification are prohibitively expensive.

[248] Several means exist to verify the authenticity of an item, the integrity of

packaging, or to trace the origin of parts, components, and raw materials, Some of these

10  devices are ambient verifiable, some are verifiable with separate lights, instruments, etc., and
some combine aspects of both. Examples of devices used for the verification of documents and
package integrity include iridescent inks and pigments, special fibers and watermarks, |
magnetic inks and coatings, fine printings, holograms, and Confirm® imaged retroreflective
sheeting available from 3M. Fewer options are availabie for authentication of components,

15 mostly due to size, cost, and durability constraints. Proposed systems include magnetic films

and integrated circuit chips.

[249] 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
20  to yield information pertaining to the date and location of manufacture. There has been a long
unmet 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.

25 [250] The films and optical bodies of the present invention can be tailored to provide
a security film or device useful as a backing, label, or overlaminate that meets all of these
needs. The color shifting feature and high reflectivity and color saturation at oblique angles are
properties that can be exploited to uniquely identify a document or package, and spectral detail
can be designed into the films to provide unique spectral fingerprints that may be used to

30 identify specific lots of security film to code individual applications. The security films and
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optical bodies can be tailored to reflect over any desired portion of the spectrum, including
visible, infrared, or ultraviolet. When only covert identification is desired, a film can be made
that appears transparent in the visible region of the spectrum but that has varying transmission

and reflections bands in the infrared region to impart a covert spectral fingerprint.

5 [231] Information can also be encoded in the security films and optical bodies of the
present invention by several other methods, ¢ither alone or in combination with the above
described methods of varying the intensity and position of transmission and reflection bands.
For example, individual layers may be tuned to the infrared portion of the spectrum, and

overtones in the visible region can be controlled te produce unique spectra.

10 [252] The spectrally selective security films and optical bodies of the present
invention may also include relatively thick layers either within the optical stack or adjacent to
the optical stack, and these layers may also be used to impart information that can be decoded
by optical inspection of a cross-section of the film. The films may also be combined with
colored printing or graphics printed on a substrate below the film to provide indicia that may

15  be hidden or viewable depending on the angle of observation. Color contrast may be achieved
by thinning the optical layers locally. Within this affected region, a new color that also color
shifts is evident against the unaffected region. To affect a localized thinning of Iayers, the
preferred method is embossing at temperaturss above the glass transition temperatures of all of
the polymers in the film and/or with suitable pressure, Localized thinning of layers could also

20 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.

25 [253] For most applications, the security films or other optical bodies of the present
invention can be appropriately sized and laminated directly to a document or packaging
material. The spectral features of these films are typically very narrow to reflect the minimum
amount of light. While the spectral features of the film will typically be limited to the infrared
so as not to occlude the document or package, the character and color of the film may also be

30 used to enhance the appearance of the article.
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[254] For some applications, the security film may be used in a bulk material by
grinding the film into a powder and dispersing the powder into the material. Paints, coatings
and inks can be formulated from ground up platelets utilizing the films of this invention. In
cases where the bulk material may be an explosive, it may be desirable to avoid using oriented
material if substantial relaxation would occur during an explosion. Optionally, the powder may
be coated with an ablative material such as an acrylate to absorb energy during an explosive

event,

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

combination of both.

[256] In addition to exploiting the optical properties of the films of the present
invention for security applications, the mechanical properties of these films can also be
utilized. Thus, for example, the films of the present invention can be intentionally designed to

have low resistance to interlayer delamination, thereby providing anti-tampering capabilities.

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

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

[258] The optical interference film of the present invention may also optionally

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

to inks or other forms of printing,

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

films.

Microporous films

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

purposes of US patent practice.

{261] In particular, such films may be useful in membrane filters. These filters are
generally thin, polymeric films having a large number of microscopic pores. Membrane filters
may be used in filtering suspended matter out of liquids or gases or for quantitative separation.
Examples of different types of membrane filters include gas separation membranes,
dialysis/hemodialysis membranes, reverse osmosis membranes, ultrafiltration membranes, and

microporous membranes. Areas in which these types of membranes may be applicable include
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analytical applications, beverages, chemicals, electronics, environmental applications, and

pharmaceuticals.

[262] In addition, microporous polymeric films may be used as battery separators
because of their ease of manufacture, chemical inertness and thermal properties. The principal
5  role of a separator is to allow ions to pass between the electrodes but prevent the electrodes
from contacting. Hence, the films must be strong to prevent puncture. Also, in lithium-ion
batteries the films should shut-down (stop ionic conduction) at certain temperatures (o prevent
thermal runaway of the battery. Ideally, the resins used for the separator should have high
strength over a large temperature window to allow for either thinner separators or more porous
10 separators. Also, for lithium ion batteries Jower shut-down temperatures are desired however
the film must maintain mechanical integrity after shut-down. Additionally, it 1s desirable that

the film maintain dimensional stability at elevated temperatures

[263] The microporous films of the present invention may be used in any of the
processes or applications as described in, but not limited to, the following patents and patent
15  publications, all of which are herein incorporated by reference for purposes of US patent
practice: WO2005/001950A2; 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.

[264] The mesophase separated structure provided by the inventive copolymers
20 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.
Photonic paper, Organic Sensors, Polymerized composites, etc.

25 1265] Interactions of the inventive materials with certain small molecules resuits in
swelling of one or both of the domains. This swelling produces visible color changes that can

be useful in applications such as chemical sensors.

[266] With molecules having low vapor pressures, the swelling is reversible upon

evaporation, This feature can be used to create films that act as photonic paper, enabling a
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reusable paper or recording media requiring no pigment for color display as described for a

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

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

organic/inorganic materials

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

soft domains, which can impart differentiated properties.
Distributed Feedback Lasers

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

feedback laser. A distributed feedback laser is a type of laser diode. quantum cascade laser or

15  optical fiber laser where the active region of the device is structured as a diffraction grating.

The grating, known as a disiributed Brage refiector, provides gptical feedback for the laser

during distributed Bragg scatterine from the stracture. The inventive polymers could serve as

the distributed Bragg reflector. The inventive materials can also be incorporated into a
dynaniically tunable thin film laser as described in WO2008054363, which is herein

20 incorporated by reference for purposes of US patent practice.

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

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

271} Fibers that may be prepared from the inventive polymers or blends include, but

are not limited to, staple fibers, tow, multicomponent, sheath/core, twisted, and monofilament.

25  Suitable fiber forming processes include spinbonded, melt blown techniques, as disclosed in
U.S. Patents. No. 4,430,563, 4, 663,220, 4,668,566, and 4,322,027, gel spun fibers as disclosed

in U.S. Patent No. 4,413,110, woven and nonwoven fabrics, as disclosed in U.S. Patent No.
3,485,706, or structures made from such fibers, including blends with other fibers, such as

polyester, nylon or cotton, thermoformed articles, extruded shapes, including profile extrusions
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and co-extrusions, calendared articles, and drawn, twisted, or crimped yarns or fibers. The new
polymers described herein are also useful for wire and cable coating operations, as well as in
sheet extrusion for vacuum forming operations, and forming molded articles, including the use
of injection molding, blow molding process, or rotomolding processes. Compositions
5  comprising the olefin polymers can also be formed into fabricated articles such as those
previously mentioned using conventional polyvolefin processing techniques which are well
known to those skilled in the art of polyolefin processing. IFibers made from the copolymers
may also exhibit optical properties attractive in fabrics and textiles, such as reflective or color-

changing characieristics.

10 [272] Dispersions, both agueous and non-aqueous, can also be formed using the
inventive polymers or formulations comprising the same. Frothed foams comprising the
invented polymers can also be formed, as disclosed in PCT application No.
PCT/US2004/027593, filed August 25, 2004, and published as WO02005/021622. The
polymers may also be crosslinked by any known means, such as the use of peroxide, electron

15 beam, silane, azide, or other cross-linking technique. The polymers can also be chemically
modified, such as by grafting (for example by use of maleic anhydride (MAH), silanes, or

other grafting agent), halogenation, amination, sulfonation, or other chemical modification,

[273] Additives and adjuvants may be included in any formulation comprising the
inventive polyvmers. Suitable additives include fillers, such as organic or inorganic particles,

20 including clays, tale, titanfum dioxide, zeolites, powdered metals, organic or inorganic fibers,
including carbon fibers, silicon nitride fibers, steel wire or mesh, and nylon or polyester
cording, nano-sized particles, clays, and so forth; tackifiers, oil extenders, including paraffinic

or napthenic oils; and other natural and synthetic polymers, including other polymers

according to embodiments of the invention.

25 [274] Suitable polymers for blending with the polymers according to embodiments of
the invention include thermoplastic and non-thermoplastic polymers including natural and
synthetic polymers. Exemplary polymers for blending include polypropylene, (both impact
modifying polypropylene, isotactic polypropylene, atactic polypropylene, and random
ethylene/propylene copolymers), various types of polyethylene, including high pressure, free-

30  radical LDPE, Ziegler Natta LLDPE. metallocene PE, including multiple reactor PE (“in

85



la na2 na2 0.8781 14.1 10.0 78,800 35,400 2.2 Ib na2 na2 0.8774 10.1 9.8 82,000 42,700 1.9 2 na2
naz 0.87 7343 @00 47.000 . PCT/US2009/032705

reactor” blends of Ziegler-Natta PE and metallocene PE, such as products disclosed in U.S.
Patents No. 6,545,088, 6,538,070, 6,506,446, 5,844,045, 5,869,575, and 6,448.341), ethylene-
vinyl acetate (EVA), ethylene/ vinyl alcohol copolymers, polystyrene, impact modified
polystyrene, acrylonitrile butadiene styrene (ABS), styrene/butadiene block copolymers and
5 hydrogenated derivatives thereof (SBS and SEBS), pelyisobutylene (PIB) homopolymer, PIB-
isoprene copolymer, EPDM and thermoplastic polyurethanes. Homogeneous polymers such as
olefin plastomers and elastomers, ethylene and propylene-based copolymers (for example
polymers available under the trade designation VERSIFY™ available from The Dow Chemical
Company and VISTAMAXX™ available from ExxonMobil Chemical Company) can also be

10 useful as components in biends comprising the inventive polymers.

[275] 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

15  other thermoplastic polymers such as high density polyethylene, isotactic polypropylene, or
other olefin polymers; coated fabrics; hoses; tubing; weather stripping; cap liners; flooring; and

viscosity index modifiers, also known as pour point modifiers, for lubricants,

[276] In some embodiments, thermoplastic compositions comprising a thermoplastic

matrix polymer, especially isotactic polypropylene, and an elastomeric block interpolymer of

20 ethylene and a copolymerizable comonomer according to embodiments of the invention, are
uniquely capabie of formiing core-shell type particles having hard crystalline or semi-
crystalline blocks in the form of a core surrounded by soft or elastomeric blocks forming a
“sheil” around the occluded domains of hard polymer. These particles are formed and
dispersed within the matrix polymer by the forces incurred during melt compounding or

25 Dblending. This highly desirable morphology is believed to result due to the unigue physical
properties of the block interpolymers which enable compatible polymer regions such as the
matrix and higher comonomer content elastomeric regions of the block interpolvmer to self-
assemble in the melt due to thermodynamic forces. Shearing forces during compounding are
believed to produce separated regions of matrix polymer encircled by elastomer. Upon

30  solidifying, these regions become occluded elastomer particles encased in the polymer matrix.
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- [277] Particularly desirable blends are thermoplastic polyolefin blends (TPO),
thermoplastic elastomer blends (TPE), thermoplastic vulcanizates (TPV) and styrenic polymer
blends. TPE and TPV blends may be prepared by combining the invented multi-block
polymers, including functionalized or unsaturated derivatives thereof with an optional rubber,

5 including conventional block copolymers, especially an SBS block copolymer, and optionally
a crosslinking or vulcanizing agent. TPO blends are generally prepared by blending the
invented block interpolymers with a polyolefin, and optionally a crosslinking or vulcanizing
agent. The foregoing blends may be used in forming a molded object, and optionally
crosslinking the resulting molded article. A similar procedure using different components has

10 been previously disclosed in U.S. Patent No. 6,797,779,

[278] Suitable conventional block copolymers for this application desirably possess a

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

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

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

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

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

[279] 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,

20  For most mukiblock copolymers, this temperature may be above 130° C, most generally above
145° C, and most preferably above 150° C., Typical polymer mixing or kneading equipment

that is capable of reaching the desired temperatures and melt plastifying the mixture may be
employed. These include mills, kneaders, extruders (both single screw and twin-screw),
Banbury mixers, calenders, and the like. The sequence of mixing and method may depend on

25  the desired final composition. A combination of Banbury batch mixers and continwous 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 Joading of cross-linkable
polymer (typically the conventional block copolymer containing unsaturation} compared to

TPO compositions.  Generally, for TPE and TPV compositions, the weight ratio of

30  conventional block copolymer to block inierpolymer 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
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applications, the weight ratio of block interpolymer 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 block interpolymer to polyolefin may alse be from about 49:51
to about 5:95, more preferably from 35:65 to about 10:90. The ratios may be changed by
5  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 persen skilled in this art may consult if necessary.

[280] Certain compositions of the inventive block copolymers also act as plasticizers,

A plasticizer is generally an organic compound incorporated into a high molecular weight

10 polymer, such as for example a thermoplastic, to facilitate processing, increase its workability,
flexibility, and/or distensibility of the polymer. Polypropylene, for example, is an engineering
thermoplastic that is generally stiff and even brittle below room temperature especially for

highly stereoregular polypropylene.

[281} Some embodiments of the invention provide miscible blends with

15 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 temperature, storage modulus and viscosity, the workability,
flexibility, and distensibility of polvpropylene improves. As such, broadened cominercial

20  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.

25 [282] 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);

30  sheets (such as by extrusion in single or multilayer sheets where at least one layer is a
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plasticized polypropylene thermoplastic composition of the invention); meltblown or spunbond
fibers; and, as thermoplastic components in thermoformable thermoplastic olefin ("TPO") and
thermoplastic elastomer ("TPE") Dblends where polypropvlene has traditionally been
demonstrated to be effective. In view of these many uses, with improved low temperature
5  properties and increased workability, the plasticized polypropylene thermoplastics offer a

suitable replacement in selected applications for plasticized polyvinyl chloride (PVC).

[283] 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 0 to

10 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)aicohols including glycols, (poly)alcohol ethers, including glycol ethers, {poly)esters,

15  including (poly)glvcol esters, and metal salt-, especially Group 1 or 2 metal or zinc-, salt

derivatives thereof.

[284] It is known that non-hydrogenated rubbers such as those comprising
polymerized forms of butadiene or isoprene, including block copolymers (here-in-after diene
rubbers), have lower resistance to UV radiation, ozone, and oxidation, compared to mostly or

20 highly saturated rubbers. In applications such as tires made from compositions containing
higher concentrations of diene based rubbers, it is known to incorporate carbon black to
improve rubber stability, along with anti-ozone additives and anti-oxidants.  Block
interpolymers according to the present invention possessing extremely low levels of
unsaturation, find particular application as a protective surface layer (coated, coextruded or

25  lanmunated) or weather resistant film adhered to articles formed from conventional diene

elastomer modified polymeric compositions.

[285] 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, 5315, N326,

© 30 N330, M332, N339, N343, N347, N351, N358, N375, N539, N550, N582, N630, N642, N650,
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N683, N754, N762, N765, N774, N787, NOO7, N90O8, 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 block interpolymers and
5 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,

[286] 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

10 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),

15 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 antioxidant, Wingstay™ SN-1 antioxidant, and

20 Irganox™ antioxidants. In some applications, the anti-oxidants and anti-ozonants used will

preferably be non-staining and non-migratory.

[287] For providing additional stability against UV radiation, hindered amine light
stabilizers (HALS) and UV absorbers may be also used. Suitable examples include Tinuvin™

123, Tinovin™ 144, Tingvin™ 622, Tipuvin™ 765, Tinuvin™ 770, and Tinuvin™ 780,

25  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,
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[288] For some compositions, additional mixing process may be employed to pre-
disperse the anti-oxidants, anti-ozonants, carbon black, UV absorbers, and/or light stabilizers

to form a masterbatch, and subsequently to form polymer blends there from.

{289] Suitable crosslinking agents (also referred to as curing or vulcanizing agents)

5 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; 35,051,478, 4,104,210; 4,130,535; 4,202,801; 4,271,04%; 4,340,684, 4,250,273,
4,927,882; 4,311,628 and 5,248,729,

[290] When sulfur based curing agents are employed, accelerators and cure activators

10  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,

15  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

20  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, disulfides, guanidines,
thioureas, thiazoiés, thiurams, sulfenamides, dithiocarbamates and xanthates. Preferably, the
primary accelerator is a sulfenamide. If a second accelerator is used, the secondary accelerator

25  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

30 peroxide crosslinkers and optional coagents used for partial or complete dynamic vulcanization
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are known in the art and disclosed for example in the publication, "Peroxide Vulcanization of

Elastomer”, Vol. 74, No 3, July-August 2001,

[291] When the block interpolymer containing composition is at least partially
crosslinked, the degree of crosslinking may be measured by dissolving the composition in a

5  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.

[292] The block interpolymers according to embodiments of the invention as well as

10 blends thereof possess improved processability compared to prior art compositions, due, it is
believed, to lower melt viscosity arising from the polydispersity of the inventive block
interpolymer. Thus, the composition or blend demonstrates an improved surface appearance,
especially when formed into a molded or extruded article. At the same time, the present
compositions and blends thereof uniquely possess improved melt strength properties, thereby

15 allowing the present block interpolymers and blends thereof, especially TPO blends, to be
usefully employed in foam and thermoforming applications where melt strength is currently

inadequate.

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

also contain organic or inorganic fillers or other additives such as starch, tale, calcium

20 carbonate, glass fibers, polymeric fibers (including nylon, rayon, cotton, polyester, and
polyaramide), metal fibers, flakes or particles, expandable layered silicates, phosphates or
carbonates, such as clays, mica, silica, alumina, aluminosilicates or aluminophosphates, carbon
whiskers, carbon fibers, nanoparticles including nanotubes, wollastonite, graphite, zeolites, and
ceramics, such as silicon carbide, silicon nitride or titania. Silane based or other coupling

25  agents may also be employed for better filler bonding.

[294] 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

30  produced by cast or tentering processes, including blown film processes.
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[295] In addition to the above, the block ethylene/u-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:

5 1) “Impact-Modification of Thermoplastics with Fthylene/a-Olefins”, U.S. Serial No.
60/717,928, filed on September 16, 2005;

2) “Three Dimensional Random Looped Stuctures Made from Interpolymers of
Ethylene/a-Olefins and Uses Thereof”, U.S. Serial No, 60/718,130, filed on September 16,
2005,

10 3) “Polymer Blends from Interpolymer of Ethylene/c-Olefin”, U.S. Serial No.
60/717,825, filed on September 16, 2005;

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

5) “Fibers Made from Copolymers of Ethylene/a-Olefins™, U.S. Serial No. 60/718,197,
15  filed on September 16, 2003;

6) “Fibers Made from Copoelymers of Propylene/o-Olefins”, U.S. Serial No.
60/717,863, filed on September 16, 2003; '

7y “Adhesive and Marking Compositions Made from Interpolymers of Ethylene/a-
Olefing”, U.S. Serial No. 60/718,000, filed on September 16, 2005;

20 8) “Compositions of Ethylene/a-Olefin Multi-Block Interpolymers Suitable For Films”,
U.S. Serial No, 60/718,198, filed on September 16, 2005;

9) “Rheology Modification of Interpolymers of Ethylene/a-Olefins and Articles Made
Therefrom”, 1.5, Serial No. 60/718,036, filed on September 16, 2005;

10) “Soft Foams Made From Interpolymers of Ethylene/o-Olefins”, U.S. Serial No.
25 60/717,893, filed on September 16, 2005;
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absence of chain shuttling agent. Comparative B is a diblock interpolymer prepare lethylzinc
CSA, but the difference in 1-octene content of the two blocks, reported as A octene, is only 9.3 and
thus the sample is not an example of the invention. Examples 1 a, Ib and 2 are block interpolymers

Sprepared underltﬂe‘ﬁémsmsg;m@i{ieﬂgfﬁe@pm%qﬁv&ﬁ%\%ub 08 R GBI ING  diethylzinc is

used as the chain shuttlin%agent. Example la and Ib differ in the reactor temperature in the second
reactor, which WE&TY VHhG 505 BetoanseiaRi Hhel®¥amples have A octene = 34.5, 34.1, and

32.1, respectively. Polymer characterization results for Comparative C and Examples la, Ib, and 2 are
contained in Tabl& 6 ;FrableMadEdbter8ingnpol0Tablef Sthpldreigupédias12).S. [338] Nhe ATREF curve

from Compgrafivesty (ridure<R)Rhaws 3 Prik.at 71.8 C and a soluble fraction of 55.5 percent. The

GPC trace (Figure 11) reveals a broad molecular weight distribution, Mw/Mn, of 3.7 for this

comparative polymer sample. DSC, shows g difference in the melting and crystallization temperature,
TR of 147 T ReRRsane o e R R D A eB R ar R BSca plond o
two polymershhagingdiferkigldsnSaied No. [BB9] THE AlRER SepeenfroniEx80Aple la (Figure 9) shows a

peak at 65.8 C with a purge fraction of 25.3 percent. The GPC trace (Figure 11) reveals a very narrow

molecular weight distgibytigRMuiiMneof i LiokdRis el Wit $ARRIP.1TRePSC shasna adifference in
the meltin%(gnd %?t llization tem eral('téjre Tm - Tc, of 16.9 'C. These results are consistent 20with
the propert] glg;%‘e ARSI RSP y%qg? [340] The ATREF curve from Example Ib (Figure 9)
shows a peak at 66.0 C with a purge fraction of 25.2 percent. The GPC trace (Figure 11) reveals a

very narrow moldé&uldtalvaighB s bavisinorreiimest of Bthylarpsfoigiiner. Shmpleid A DSC shows a

differgnce 4n/the msltiesandsepystaltizagiomtgmperature, Tm - Tc, of 18.9 C. These results are
consistent 25with the properties expected of a block copolymer.  [341] The ATREF curve from

Example 2 (Figure.9) sho t 66..7.C with a.sol fraction o 4 perce .he.GPC trace
(Figure 11) revez:ll% a@%&%%%\%%c% g%%?%\g(é%? 8?%‘% é%%%%izﬁc\i%ﬁ/lgng%%}ﬁp H?o(}'?f’ﬁjf:sgg%lymer sample.

The DSC $hbwsmabifferediée/inhditpé ringeaianbeystali?8lion temperature, Tm - Tc, of 18.4 C. These

results are consistent 30 with the properties expected of a block copolymer. WO
2009/097565P CTNY 9269 3rO6f Ethylene/q-Olefins Blends and Profiles and Gaskets Made

Therefrom”, U.S. Serial No, 60/718,165, filed on September 16, 2005;

15 18) “Filled Polymer Compositions Made from Interpolymers of Ethylene/a-Olefins and
Uses Thereof”, U.5. Serial No. 60/717,587, filed on September 16, 2005,

19} “Compositions of Ethylene/a-Olefin Multi-Block Interpolymer For Elastic Films
and Laminates”, U.5. Serial No. 60/718,081, filed on September 16, 2005;

20) “Thermoplastic Vulcanizate Comprising Interpolymers of Ethylene/a-Olefins”,
20 U.S. Serial No. 60/718,186, filed on September 16, 2005;

21) “Multi-Layer, Elastic Articles”, U.S. Serial No. 60/754,087, filed on December 27,
2005; and

22) “Functionalized Olefin Interpolymers, Compositions and Articles Prepared
Therefrom, and Methods for Making the Same”, U.S. Serial No. 60/718,184, filed on
25 September 16, 2005,
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[342] The tensile properties, shown in Figure 12 and Table 9, also reveal differences in the physical
blend Co L ple C and Examples 1 and 2. Although Ex. 1 an ve similar
Shore A.,né%(a?&hﬁg%@é%o%t 10 times higher elongation at break and about ?\fi/clec%}{%ﬁéd?gﬁ& @%trength.
This is important to give strength in finished articles such as 5films. Ex. 2 has higher Shore A and
exhibited even higher tensile strength and elongation at break. [343] One additional feature of this
inventive block interpolymer is that it displayegapypygual shear thinning characteristic in the melt. At
a given melt index (12), some embodiments of the inventive block intetpolymers with high a-olefin
materials havg, higher 10malecular weights and 110/ alyes than block interpolymers with lower
molofin contelt e el SCRE B EER S 010 e AR S LAE SRt i Fgure
13. CompadsiverExarmple Bhas Mws=a£47200 gitnobpke =i QiBzdglmierarthe E84hdkesi@. In
compariso EXAMRLE R NS 505800 &/ MOkywehlch S/ B A LA0H2 FhPuExample Ib has Mw
=82.000 g/mol, 12 =10.1 dg}/mln, and 110/12 = 9.8, and Example 2 has Mw = 97,300 g/mol, 12 = 4.3
15dg/min, ‘AHEN 1202 he porifihaabodigias 18/t alurieshiitiafetharths e Yupniet LittdBrRfgh shear
strﬁsses ;I%w&mag@a ﬂ?@b@fﬁﬁgﬂyhmamb}&%dmﬁ%@%a@@r&i_tﬁal@wm ¥ gnﬁlﬁ@ﬁ%@nﬁngeﬁ%é] ThisfI
enhanced flow is very yseful for the coating of pressure sensitive adhesives which requires easy flow;
i may asE B RSP BT G BT BTN HEAHBRRFS PAMULLE SN Toh rmay
result in imircveet crfgbp iresistamc8panii didiflg qrowidr 20 Blgnekabiixampld Ronithc@ikrugd45] Blends
of Examplgs%ggm&h%qggggg}%qﬁyg}mghg oil, Paralux 6001 (available from ChevronTexaco Global
Lubricants) were prépared using a Haake mixer. Atomic Force Microscopy  [346] Comparatives A-C
and Example Ib were studied using tapping mode Atomic 25Force Microscopy (AFM). Compression
mold&d sa f&g%"rg'ﬁ&& polished using an ultrarnicrotome (Reichert-Jung LTI tracut E) at -120C
perpendicular to the plaques near the center of the core area. A thin section was placed on a mica
surface for ARM Thagink dsisgraDeNbrdSopa vy iMloftintoota /W spbriahss 4 TasHtAMode with
phase detection. The tip was tuned to a voltage of 6-7V and the tapping ratio was 0.50 - 0.85.
Nano-sensoP¢ipd sslesé forsBaawith-FipmpbRametieds of: L = 235um, tip ratio = 5-10 rim, Spring constant =
37-55 N/m, FO=164-188 kHz. [347] Figure 14a and Figure 14c show AFM images of Comparative A
and C at appr&é@ate|y&1QQ%£E@QIHﬁﬁﬁH%HB{?%%@@Qﬁﬁe@@@@%@&% aphAsS-pRPAYEON resulting

5 from the immiscibility of the two physical blend components, Example C indicates a higher degree of
incompatt 44 LU SACEE P P A 235 i PEAB GABlUS ST AERFmage o
Comparativel Bnat appreximately 000X -magdidicafidh niEhid imagadiditatesa-sias phetagy consistent
with ?e”}h“tp/ét%'l' '%%@QQ%%&S Y ReL I APEARRHR L RN, A AGM imapg of Fxample b at
approximately § 00X magnification. This Image shows a mesophase separate morpehology similar to
that of SB®@ksept tmesidde sprpsiaed pHseiee dorh airbentilgodiaih el Exsinpi@db are much

larger than thasgof & MeRAsisRE e R IackcoRelumaEdithsimilagreolecular weight. An example of an
SBC polymer (28 wt% styrene. 83 mol% "butene" in the B-block, MB = 64,000 g/mol) at

15approximatﬁlyg?o,oog)%mg%nﬂgqg ?ﬂﬁ S%Q%‘{%QS'QJS@Q orge%e?‘hline the molecular weight data for

20 each sample. A Gilson 350 pump set at 2.0 ml/min flow rate is used to pump helium-purged
1,2-dichlorobenzene stabilized with 300 ppm Ionol as the mobile phase through three Plgel 10
micrometer (pm) Mixed B 300mm x 7.5mm columns placed in series and heated to 160°C. A
Polymer Labs ELS 1000 Detector is used with the Evaporator set to 250°C, the Nebulizer set
to 165°C, and the nitrogen flow rate set to 1.8 SLM at a pressure of 60-80 psi (400-600 kPa)

25 N The polymer samples are heated to 160°C and each sample injected into a 250 pl loop
using the liquid-handling robot and a heated needie. Serial analysis of the polymer samples
using two switched loops and overlapping injections are used. The sample data is collected

and analyzed using Symyx Epoch™ software. Peaks are manually integrated and the
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Transmission Electron Microscopy (TEM) [350]Morphologies of the samples were examined using

transmissi e}g@ égg'croscopy (TEM). Compression molded sheets We%w’ egegfhat sections
could be cg\flgctedy etween the skin and core. The trimmed sheets were cryopolished pr?tgr?to staining

20 by removing sections from the blocks at -60 C to prevent smearing of the elastomer phases. The
cryo-polished blocks were stained with the vapor phase of a 2% aqueous ruthenium tetraoxide solution

for 3 hrs ap ambientiemperatHiathgpiaiing, sl Was preparas Ryveidhing Qi ambef ruthenium
(1) chloride hydrate (RuCh x H20) into a glass bottle with a screw lid and adding 10 mL of 5.25%

aqueous sotlliim hypochlorite to the jar. The samples 25 were placed in the glass jar using a glass
slide having double sided tape. The slide was placed in the bottle in order to suspend the blocks about
1 inch abob&GHeseimid §thoicixSeditnBwisapdf exdnBtely 1-06)nanometers in thickness were
collected at-ambient temperature using a diamond knife on a Leica EM UC6 microtome and placed on
400 mesh virgsadEM grigsefencabsesvatip: Images eseicolieatechana JEe JEM @) operated at

100 kY accelerating., voltage and col d on a Gatan-791 and 794 digital cameras. The images were
oSt ploce S0l b RS GRS TOTmE TSEPEdE AP SO ey MHEGEL Y B 2
This image=sHtwsd Fesbpirasesep i edumbrphotogyd sindilathio tHat ofdthelSBQ SivopwsirtFigure 15.

However, e demaing Hfafihe JRYGRHVE RIQEKMIRIRahI pes-ade mueh larggn daspiledls lwer Mn.
[352] Figure 17 shows TEM images of the blend of Example 2 with 25wt% oill. Thls%e also shows

a mesophdye s8parLIEHISIET IHEIGGS SRy tiehedt B tRe S BEBRANRRE RGeS tH& exception
of IrlnUCh(j'%QﬁJ&M%@eﬂrbﬁuS.Tﬁ@@&gﬂ?gfmﬂiﬁﬁﬁgﬂ&&éﬁﬁﬁﬁﬁQ@‘Eﬁ@ﬂg&@!ﬁdiiﬁaﬁsﬁ’@iﬁﬁﬂlﬁg fSp%c;fra were
collected with a Labsphere(r) (model 60MM. ASSY) integratin re. ctralonfm diffuse
reflectanc SIRHARYS W%}% f)il;é? FABEIST A %%3?\:%@@%} i &élr%ggsé}%%)%ag?%gelll:‘ﬁ{léjéersating sphere
and the baselider coreectieryasperioninec fonithe s pEttredmphge fromr@063 ©200°6Gmt The slit width
and spectial-@agl IR PIE 2RI A4 RPRSULIMAIER A UBHWIO dATURRIN, The-Sppctralon TM

standard was then removed from the sample port and the film 15sample mounted in the sample port at
a 90 degrdd ihtiiankedrgiatto The oltaBbspbBHERIAY TRRIETIECHEedused and the film itself
provided the only means of light reflectance. [354]Figure 18 and Figure 19 show transmittance and
reflectance spaétia of chOmpreSsiantingopeeldifiims of &anip en2xalong iwhbaaftompar{¥diafrom a

Comwfssi&ﬂm%g&q i mﬁ%ﬁwM%’Maé%ega%%ﬂé%df@m&%%wﬁ@%@ﬂ?@} fagmpany). The

phenolic antioxidants in the AFFINITY(r) 20material absorb a significant fraction of the light below 300
nm, but otHeRfisEredeasimpies sHEMWeigK am st dstecrd B0 cnd B0 el IRIBRE AP &G the spectra
of the film pftha, AERINITY(r) material, which exhibits little or no reflection across the measured range
of wavelengths, the Example 2 film exhibits a peak reflectance greater than 40% reflectivity at 364 nm.

L35OLA samnjegf Exarppie daaslssed oL enss cedepiediieledigeinan to remove

UV-absorbin cies. The retlectance spectrum of a compression mo is'material is
shown in ﬁigmie&@mﬁfiérs@ﬁﬂé@hsmsm _haerelas;e e paakineflebBityaro approXimately 55%.
[356]5dgure, 1. showsy reflesfiviby. SPesiiader fims.of Examele g.andiie Blensbef Gxamale 2 with 25
wt% oll. Addition of the olil results in a shift in thé peak reflectivity from 364 nm to approximately 415
nm. WO 20091097 56510CTAsSI060/0827 05 B lendSdioBrd ipleinithComplratitemedimple C

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

25 0.5 Vg from 28.71 Mg 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.
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[357] A series of blends were formulated using Example 2 and Comparative Example C. Samples

were blendgg ysislguaskiaake mixer. Details of the formulation are listed in JaplgsdfhdRgstaatance

spectra of compression molded films of the blends shown in Figure 22 5revealed that the wavelength
of the peak reflectance was affected by blending. The peak shifted from 364 nm in the neat Example 2
film to 715 nm in the blend with 38 wt% Comparative C; these differences are also depicted graphically
in Figure Z3pdaklenk@. Blends of Example 2 and Comparative Example C. Blend Example 2 (wt%)
Comparative Example C (wt%) Peak reflectance (nm) Ex. 2 100 0 364 2C-9 91 9 423 2C-17 83 17 477
2C-23 7793 {303] 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 carouse] compartments are operated at 140 °C. Three Polymer Laboratories 10-micron
5  Mixed-B columns are used. The solvent is 1,2,4 trichlorobenzene. The samples are prepared
at a concentration of 0.1 grams of polymer in 50 milliliters of solvent containing 200 ppm of
butylated hydroxytoluene (BHT). Samples are prepared by agitating lightly for 2 hours at

16G°C. The injection volume used is 100 microliters and the flow rate is 1.0 mi/minute.

[304] Calibration of the GPC column set is performed with 21 narrow molecular

10 weight distribution polystyrene standards with molecular weights ranging from 580 to
8,400,000, arranged in 6 “cocktail” mixtures with at least a decade of separation between
individual molecular weights. The standards are purchased from Polymer Laboratories
(Shropshire, UK). The polystyrene standards are prepared at 0.025 grams in 50 milliliters of
solvent for molecular weights equal to or greater than 1,000,000, and 0.05 grams in 50

15  milliliters of solvent for molecular weights less than 1,000,000, The polystyrene standards are
dissolved at 80°C with gentle agitation for 30 minutes, The narrow standards mixtures are run
first and in order of decreasing highest molecular weight component to minimize degradation.
The polystyrene standard peak molecular weights are converted to polyethylene molecular
weights using the following equation (as described in Williams and Ward, I. Polym. Sci.,

20  Polym. Let., 6, 621 (1968)): Mpolyetrytene = 0.43 I{Mpotystyrenc)-

[305] Polyethylene equivalent molecular weight calculations are performed using

Viscotek TriSEC software Version 3.0,
Density

[366] Samples for density measurement are prepared according to ASTM D 1928,

25  Measurements are made within one hour of sample pressing using ASTM D792, Method B.
Optical properties

[3G7] Films of 0.4 mm thickness are compression molded using a hot press (Carver

Model #4095-4PR1001R). The pellets are placed between polytetrafluoroethylene sheets,
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510 2C-27 73 97 571 2C-38 62 38 715 10 Reflectance of TREF Fractions of Example 2  [358]
Example vaaa g%‘h; IQpa ated using TREF into six component fractions (Tatil%ﬂﬁ)s {‘pﬁ gyﬁg{ fractions
ssed Into t

were pre in films, and reflectance spectra were measured (Figure 24). Unfractionated
Example 2 shows a peak reflectance at 364 nm, and Fractions 1-4 all show peak reflectance at lower
wavelengths. 15Table 11. TREE Fractions from Comparative Example G Fraction Fractionation Tem

erature WhEachion §and Go)s5p4QhReliahldeltdl) MR)wed@stenaubME MidOlnd then 2.6

MPa for 3 min. The film is then cooled in the press with running cold water at 1.3 MPa for 1

min. The compression molded films are used for optical measurements and tensile behavior.
[308] Add info for reflectance and other optical characterization.
5  Transmission Electron Microscopy (TEM)

[309] Compression molded samples were prepared by placing approximately 0.5
grams of polymer between polytetrafluoroethylene sheets and within a 3 mil thick, 2 inch
diameter chase. The pellets are pre-heated to 190 °C for 10 minutes, followed by 5 minutes at
20,000 Ibf. The film are then cooled in the press (20,000 Ibf} under different quenching

10  conditions.

[310] The compression molded films were trimmed so that sections could be collected
between the skin and core. The trimmed sheets were cryopolished prior tc staining by
removing sections from the blocks at -60 °C to prevent smearing of the elastomer phases. The
cryo-polished blocks were stained with the vapor phase of a 2% aqueous ruthenium tetraoxide

15 solution for 3 hrs at ambient temperature. The staining solution was prepared by weighing 0.2
gm of ruthenium (IIT) chloride hydrate (RuCl3 x H2Q) into a glass bottle with a screw lid and
adding 10 mL of 5.25% aqueous sodium hypochlorite to the jar. The samples were placed in
the glass jar using a glass slide having double sided tape. The slide was placed in the bottle in
order to suspend the blocks about 1 inch above the staining solution. Sections of

20  approximately 100 nanometers in thickness were collected at ambient temperature using a
diamond knife on a Leica EM UCG6 microtome and placed on 400 mesh virgin TEM grids for

observation.
Tensile Properties

{311] Stress-strain behavior in uniaxial tension is measured using ASTM D 1708
25  microtensile specimens. Samples are stretched with an Instron at 500 % min at 21°C,

Tensile strength and elongation at break are reported from an average of 3-5 specimens.
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Mw/Mn Purge 20 0.04 96.6 60.4 2.8 nm 22,800 3.5 Fraction 1 20-60 0.46 96.5 77.5 47.1 18.5 39,600
1.9 Fractiqg ¢ £Qsfmes4 99.381.161.2 13.7 PCT/US2009/632705

Pellet Blocking Strength

[312} Pellet blocking strength can be measured as follows; pellets (150 g) are loaded
into a 2” (5 cm) diameter hollow cylinder that is made of two halves held together by a hose
clamp. A 2.751b (1.25 kg) load is applied to the pellets in the cylinder at 45 °C for 3 days,

5  After 3 days, the pellets loosely consolidate into a cylindrical shaped plug. The plug is
removed from the form and the pellet blocking force measured by loading the cylinder of
blocked pellets in compression using an Instron™ instrument to measure the compressive force

needed to break the cylinder into pellets.

Melt Index
10 [313] Melt index, or I», is measured in accordance with ASTM D 1238, Condition
190°C/2.16 kg. Melt index, or Iy is also measured in accordance with ASTM D 1238,
Condition 190°C/10 kg.
ATREF
{314] Analytical temperature rising elution fractionation (ATREF) analysis is

15 conducted according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.;
Ryle, T.R.; Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
incorporated by reference herein in their entirety. The composition to be apalyzed is dissolved
in trichlorobenzene and allowed to crystallize in a column containing an inert support (stainless

20 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.
B3¢ NMR Analysis

25 [315] The samples are prepared by adding approximately 3g of a 50/50 mixture of
tetrachloroethane-d*/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube. The
samples are dissolved and homogenized by heating the tube and its contents to 150°C. The
data are collected using a JEOL Eclipse™ 400MHz spectrometer or a Varian Unity Plus™
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42,300 2.0 Fraction 3 65-70 0.15 100.2 84.0 73.4 11.1 55,400 1.7 Fraction 4 70-75 0.07 102.6 87.8
84.8 9.0 54,209, doFJrEREtion 5 75-80 0.00 107.5 92.7 88.1 PCT/US2009/032705

400MHz spectrometer, corresponding to a ~C resonance frequency of 1005 MHz. The data
are acquired using 4000 transients per data file with a 6 second pulse repetition delay. To
achieve minimum signal-to-noise for quantitative analysis, multiple data files are added
together. The spectral width is 25,000 Hz with a minimmum file size of 32K data points. The

5  samples are analyzed at 130 °C in a 10 mm broad band probe. The comonomer incorporation
is determined using Randall’s triad method (Randall, J.C.; JMS-Rev. Macromol. Chem. Phys.,
€29, 201-317 (1989), which is incorporated by reference herein in its entirety.

Polymer Fractionation by TREF (also known as Preparative TREF)

{316] Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer in 2
10 liters of 1,2 4-trichlorobenzene (TCB) by stirring for 4 hours at 160°C. The polymer solution
is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot (7.6 cm x 12 cm} steel column
packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 pm) spherical, 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,
15  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,

[317] Approximately 2000 ml portions of eluant from the preparative TREF column

20  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 m] of methanol including the final rinse). The filtration
step is performed on a 3 position vacuum assisted filtexing station using 5.0 pm

25  polytetrafluoroethylene coated filter paper (available from Osmonics Inc., Cat# Z50WP04750).
The filtrated fractions are dried overnight in a vacuum oven at 60 °C and weighed on an
analytical balance before further testing. Additional information about hits method is taught in
Wilde, L.; Ryle, T.R.; Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions
in Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982).
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nm 51,500 1.9 nm r- not measured 118 Examples 3-12, Continuous Solution Polymerization

Reactions {339l{zopsiyeus solution polymerizations are carried out in two gempilsiGRtRlled

autoclave reactors connected in series. Each reactor is equipped with an internal stirrer. Purified mixed
alkanes solvent (IsoparTM E available from ExxonMobil Chemical Company), 5ethylene, 1-octene,
and hydrogen (where used) are supplied to a reactor equipped with a jacket for temperature control
and an intggagldhefp@couple. The solvent feed to the reactor is measured by a mass-flow controller. A
variable speed diaphragm pump controls the solvent flow rate and pressure to the reactor. At the

discharge of %qﬁump’ﬁe‘?ti%%&%ﬁ?&?) E"sﬂﬁlee%s}gmd by using a capillary theometer fitted with a 2.1

mm diameter, 20:1 die with an entrance angle of approximately 45 degrees. After equilibrating
the samples at 190°C for 10 minutes, the piston isrun at a speed of 1 inch/minute (2.54

5  cm/minute), The standard test temperature is 190°C. The sample is drawn uniaxially to a set
of accelerating nips located 100 mm below the die with an acceleration of 2.4 mm/sec’. The
required tensile force is recorded as a function of the take-up speed of the nip rolls. The
maximum tensile force attained during the test is defined as the melt strength. In the case of
polymer melt exhibiting draw resonance, the tensile force before the onset of draw resonance

10 was taken as melt strength, The melt strength is recorded in centiNewtons ("¢N”).

Biock Copolvmer Composition, Hard Segment Weight Percentage Measured by NMR

[319] BC NMR spectroscopy is the technique known in the art for measuring
comoﬁoxner incorporation into a polymer. Examples of this technique are described for the
determination of comonomer content for ethylene/g-olefin copolymers in Randall (Journal of

15  Macromolecular Science, Reviews in Macromolecular Chemistry and Physics, C29 (2 & 3),
201 - 317 (1989)) and Zhou et al. (Journal of Magnetic Resonance; 187 (2007) 225-233),
which are incorporated by reference herein in its entirety. The basic procedure for determining
the comonomer content of an ethylene/olefin interpolymer involves obtaining a *C NMR
spectrum under conditions where the mtensity of the peaks corresponding to the different

20  carbons in a sample is directly proportional to the total number of contributing nuclei in the
sample. Methods for ensuring this proportionality are known in the art and involve allowance
for sufficient time for relaxation after a pulse, the use of inverse 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

25  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 isotopically labeled comonomers, or using a prediction method developed
internally, The mole % comonomer can be determined by using matrix method, as described

in the aforementioned Randall reference.
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provide flush flows for the catalyst and cocatalyst injection lines and the reactor agitator. 10 These

flows are RigsyEgobysMicro-Motion mass flow meters and controlled by gQpLyalye$:94py the
manual adjustment of needle valves. The remaining solvent is combined with 1- octene, ethylene, and

hydrogen (where used) and fed to the reactor. A mass flow controller is used to deliver hydrogen to the
reactor as needed. The temperature of the solvent/monomer solution is controlled by use of a heat

exchanger bqf:fm entering: the Eﬁfﬁaa_raggmﬁe§ug@§% H&ﬁﬁ@%ﬁ@mﬁmmf%&tﬂﬁ geacsgtgnn%me_ %atﬁlyst
Component solutions are metered usi pumps_and mass 11ow eters and are combined with the
catalyot ISR SORORELITE IRSPOUUSEE Mt TV ABAT BF the ok RP oI MELL (AR P TI Rrul &t 500
psig (3.45thEla)imeibihMgﬁrwsﬁrdmgp6&ﬂddmdfﬂs spfnmwleda!htmlghdeadu_nﬁnm ta_te thectomdd die reactor.
All exit "”‘?5? ot %5‘5?8&9&%%%& ‘%S%t_rﬁ%? o dingulated. Polymerization jssigppeshby the addition

of a small 20amourit of water into the exit i ng with any stabilizers or other additives and passing

the mikturerirptiHedshatotmirereTHoprdmticndt Sfi rakHe fhe bab tr B A SSIHEFIBligh a heat

exchangexbefgiegleyelatilizationy sThe:polvineeprachichis vesavereshbv axtrialonusing a devolatilizing
extruder and water cooled pelletizer. 13601The shuttlingqﬁggent (where used) is added to the first

) is ad
reactor alSAGWith CAERTEIIERE HERANLRE PRIVAD AR EEGITEHO T &lkemEd (PE8PAPTM E,
available ftompbsonNbhi, Grramitatspdact)e [36d [Eamparativeiirepriesbats stpmmaterial produced in
the first reactor. for mples.3 -9 and ther. imilar. co it] t ard block of those
examples.g ng%u&%% §X%§ ﬁéa%%sﬁ%%rggﬁg%ﬁgé%%&% it %ggg%%ﬁé%%lﬁiﬁo %%%O) and differ only

in 30tRe nvoleelarariodigidt sERrem e b Woa e teape 36 RitiaPEake/ SO fRrdBBSCCPOIB By afitiere
produced glpapsianhfosd FEREIHOGIVE SininkmRlesuiWeiphs-utidifigrdp daeegipne content in the

second block. Examples 4, 8, and 9 have similar block compositions but differ in the hard/soft ratio
(Ex. 4: 5050 EK RIS SAE SeEmeisis oy, ERahnibe BeRydaniu i h R St cUsoft ratios (50/50)
and CS A fessishidndiffer incthencurppagition ahdhehardiieckulb tadnmpanatfedsceprésents the

material pr%g‘gced in the first rg%%ﬂ:rtgor Ex. 10 and the&efore has a similar composition to ghe hard
r

a € Steps aig repeate e resilts conyverge. onvergence 1s anf‘ue 11 SUCCGSEI
block of that samp?e. E?onll)paratlve epresents the matenar Eroduceé in the Yirst reactor for Ex. 11-12

and therefirerhesrassimikns dermpdsitioie it nendi ol sek astanatesahipibe Boft sZiesimilar to Ex. 11 and
differs mainly in the hard/soft ratio (Ex. 12: 65/35). 10[362]Complete operating conditions for the two
reactors are paatided invTadbigch2&he rhableekded? tlymempiopet imsalie theavidedinfkaldeall4, Table

15, Table 16,.and Tablebéléléz eléas Fi‘tgf%e égmll%l ure.26, and Figure 27. | ddit'{gtn, Figure 28

in $ind polymer . esien of the zation ‘and catalyst Concénirafions the
shows storage rﬁoéﬂﬂus ndytan §E| a as nction oPtempera ure tor Comparative Examples A,

B, and E, arpkEschrpies dompargd dosheangrsotiveNMR vl 2000970918 68RBTAYS289/032705 too Cl
TO,,00  concentration is prescribed to be 74 % / 26 %. The measured value of the soft / hard segment

20 splitis 78 % /22 %. Table 1 shows the chemical shift assignments for ethylene octene

polymers.

[322] The folliowing experimental procedures are used. A sample is prepared by
adding 0.25 g in a 10 mm NMR tube with 3.2g of stock solvent. The stock solvent is made by
dissolving 2 g perdeuterated 1,4-dichlorobenzene in 30 mL ortho-dichlorobenzene with 0.025

25 M chromium acetylacetonate (relaxation agent). The headspace of the tube is purged of
oxygen by displacement with pure nitrogen. The sample tube is then heated in a heating block
set at 150 °C. The sample tube is repeatedly vortexed and heated until the solution flows
consistently from top of the sclution column to the bottom. The sample tube is then left in the

heat block for at least 24 hours to achieve optimum sample homogeneity.
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Table 1. Chemical Shift Assignments for Ethylene/Octene Copolymers.

Carhon Structure Chemical shift
CH, oo XO000 {mrm) 42.4
XO0O00 (mmm) 42.3
XO000 (mrr) 42.1
XO0C00 (mmr) 41.9
X0000 () 41.6
X000O0 (rmr) 41.5
XOOOE (mr) 41.4
XOOOE (mm) 41.2
XOOOE (11) 41.0
XOOOE () 40.8
XEOOE (1) 40.3
XEQOE (m) 40.2
CH" EOQ 38.68
CH & & EOE 38.30
CH By 000 36.41
CH p&* OOE 16.03
CH, oy XOO0EOQ 35.57
CH, 6B¢ 000 () 35.42
CH; oy XXEOEQO 35.22
XXEOEOQE 35.16
CH, ud” XOOEE 35.07
CH, 6B, OOE 35,05
000 (mm) 35.2-35.0
CH, od* XEOEE 34.68
CH; 6B EQE 34.66
CH BB c00 33.90
CH, 3B 0 32.31
CH, off 00 31.63
CH, vy XOEEO 31.07
CH, v&" XOEEE 30.60
CH, 4B, 0 30.20
CH, 6°8" EEE 30.10
CH; 4s 29.66
CH., 3y OEQ 27.91
CH, BB“L EOEEX 27.41
CH, 5Bs EOE 27.35
CH, [38" OOEEX 27.25
CH, 5B; OCE 27.19
000 26.95
CH, BB EOEOE 24.69
OO0EOQE 24.55
OQEQOD 24,40
CH. 2B4 O 22.99
CH, 1Bg O 14.17

[323] The *C NMR spectra were acquired on a Bruker 400 MHz spectrometer with a
broadband observe probe at 125 + 0.1°C. Temperature was calibrated by replacing the NMR
5  sample tube with a tube containing 80% ethylene glycol and 20% DMSO-dg at the same

sample height as the polymer solutions. N> gas was used for temperature control and to flush
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the probe. Elevating sample temperature to 130 °C did not result in improvement of the
resolution, but leads to longer T1s. Sample spinning did not significantly affect the PC NMR
lineshape in the polymer spectra, therefore NMR spectra were obtained without sample
spinning. The magnet was carefully shimmed to generate a lineshape of less than 1 Hz
Linewidth at half height for the two high field ODCB solvent peaks. Prior to data acquisition,
the observe pulse widths were verified for both the °C and 'H channels by determination of
the 90° pulse widths. The center of the spectrum was set at 32.5 ppm with spectrum width set
at 250 ppm. Acquisition parameters were 1.3 s acquisition time, a relaxation delay time 6§

to13.7 s, and 800 to 8000 scans for data averaging.
Catalysts

[324] | The term “overnight”, if used, refers to a time of approximately 16-18 hours, the
term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed alkanes”
refers to a commercially obtained mixture of Cy. aliphatic hydrocarbons available under the
trade designation [sopar E®, from ExxonMobil Chemical Company. In the event the name of a
compound herein does not conform to the structural representation thereof, the structural
representation shall control. The synthesis of all metal complexes and the preparation of all
screening experiments were carried out in a dry nitrogen atmosphere using dry box techniques.

All solvents used were HPLC grade and were dried before their use.

[325] Catalyst (A11) 1s bis-(1-(2-methylcyclohexyhethyl)(2-oxoyl-3(t-

butyDphenyl)immino) zirconium dibenzyl.

(HaCs
HC
..H.._._N\ O
/Zr 2
o] N
X =CHCH,
CH;

N

i

s

C(CHa)s

a) Preparation of (2-methylcyclohexyl)(2-hydroxy-3-(t-butvijphenylimine
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WO 2009/097565PCT/US2009/032705 Table 14. Polymer Characterization Data Illl DA Density

(g/cm3) 0.
110,100 5

10

15

25

g‘o§%%%o(g§%m)110/12 Mw (g/mol) Mn (g/mol)Mw/Mn G' (ZSC)/P%H&%G@/O;M}J;S 81

30.8778 4.188.78 94,040 ,47,570,1.96

3-t-butylsalicylaldehyde (2 mmol) is added to 2-methylcyclohexylamine (3 mmol) in 5 mL
methanol. After stirring at ambient temperature for 7 hours, the solution was placed m the freezer but
only a small quantity of erystals formed. The solution was concentrated to about 1/3 of the original
volume and replaced in the freezer. This resulted in formation of a bright yellow oil that was pure by 'H

NMR spectroscopy and GC/MS.

b} Preparation of (bis-(2-methylcyclohexyl)2-oxovl-3-{t-butylphenyl)immine) zirconium dibenzyl

A solution: of (2-methylcyclohexyl}2-hydroxy-3-(t-butvDiphenyDimine (2 equivalents) in
toluene is slowly added to a solution of Zr(CH,Ph), (1 equivalent) in toluene. The resulting solution is

diluted to the desired concentration and used without isolation of the complex.

[326] MMAO refers to modified methylalumoxane, a triisobutylaluminum modified

methylalumoxane available commercially from Akzo-Noble Corporation.

3271 Cocatalyst 1 A mixture of methyldi(Ci4.45 alkyl)ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a
long chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.}, HC1 and
Li[B(CgFs)4], substantially as disclosed in U.S. Patent No. 5,919,9883, Ex, 2

{328] Cocatalyst 2 Mixed Ci4.1¢ alkyldimethylammonium salt of
bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared according to USP
6,395,671, Ex. 16.

[329] Shuttling Agents The shuttling agents employed include diethylzinc (DEZ,
SAT), di{i-butylzine (SA2), di(n-hexyhzinc (SA3), triethylaluminum (TEA, SA4),
trioctylaluminum (SAS), uiethylgallium (SAG), i-butylaluminum bis(dimethyl(t-
butyl)siloxane) (SA7), i-butylaluminum bis(di(trimethylsilyl)amide} (SA8), n-octylaluminum
di(pyridine-2-methoxide) (SA9), bis(n-octadecyl)i-butylaluminum (SA10), i-butylaluminum
bis(di(n-pentyl)amide) (SA11), n-octylaluminum bis(2,6-di-t-butylphenoxide) (SA12), n-
octylaluminum di(ethyl(1-naphthyl)amide) (SA13), ethylaluminum bis(t-
butyldimethylsiloxide) (SA14), ethylalominum di(bis(trimethylsilyljamide) (SA15),
ethylaluminum bis(2,3,6,7-dibenzo-1-azacycioheptaneamide) (SA16), n-octylaluminum

bis(2,3.6,7-dibenzo-1-azacycloheptaneamide) (SA17), n-octylaluminum bis(dimethyl(t-
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9.240.8778 1.95,9.37 105,600 ,53,86012.16 8.4 5 0.8754 0.78;11.25 137,700 67,520F2.09 7.9 6
0.8760 2.11:4339b49,400 162.920:2.12 10.9 in 0.8707 1.308.53 116,900464,860§:2,497%9 8

butyl)siloxide(SA18), ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzinc (t-butoxide)
(SA20).

General Hish Throughput Parallel Polvmerization Conditions

5 [330] Polymerizations are conducted using a high throughput, paraliel polymerization
reactor (PPR) available from Symyx technologies, Inc, and operated substantially according to
USP’s 6,248,540, 6,030,917, 6,362,309, 6,306,658, and 6,316,663, Ethylene
copolymerizations are conducted at 130 °C and 80 psi (350 kPa) with ethylene on demand
using 1.2 equivalents of cocatalyst 2 based on total catalyst used. A series of polymerizations

10 are conducted in a parallel pressure reactor (PPR) comprised of 48 individual reactor cells ina
6 x 8 array that are fitted with a pre-weighed glass tobe. The working volume in each reactor
cellis 6000 pLl. Each cell is temperature and pressure controlled with stirring provided by
individual stirring paddles. The monomer gas and quench gas (air) are plumbed directly into
the PPR unit and controlled by automatic valves. Liguid reagents are robotically added to each

15  reactor cell by syringes and the reservoir solvent is mixed alkanes. The order of addition is
mixed alkanes solvent (4 ml), ethylene, I-octene comonomer (143 mg), 0.419 umol cocatalyst,
shuitling agent in the indicated amounts, and finally, 0.3495 umol catalyst A11. After
quenching, the reactors are cooled and the glass tubes are unloaded. The tubes are transferred
to a centrifuge/vacuum drying unit, and dried for 12 hours at 60 °C. The tubes containing

20 dried polvmer are weighed and the difference between this weight and the tare weight gives the

net yield of polymer, Results are contained in Table 1.

Catalvst/ Shuttiing Agent Selection Method 1

[331] A series of ethylene/ 1-octene polymerizations are conducted using Catalyst
A1l with differing monomer conversions and one of two potential chain shuttling agents, ¢-
25  butyldimethylsiloxydi{isopropyl) aluminum (TSA, Runs A-F) and diethylzinc (DEZ, Runs 1-
6), using the foregoing high-throughput polymerization technique. The resulting polymers are
measured for molecular weight (Mw and Mn) using GPC. Polydispersity Index

(PDI=Mw/Mn) is calculated for each polymer. Results are tabulated in Table 2.
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Table 2
Run Conversion Yield Mw Mn Mw/Mn
(%) (g/mo]) {g/mol)
A 25 0.052 495202 159079 3.1
B 51 0.086 455,178 103,781  4.39
C 75 0.102 490,448 210,174 233
D 100 0.131 510,722 260,894 196
E 150 0.194 871,458 194,801 447
F 184 0.235 605,453 137,957 4.39
i 26 0.0589 8,908 6,477 1.38
2 52 6.0852 12,393 9,592 1.29
3 77 01173 16,570 13,176 1.26
4 101 0.1416 21,387 17,397 1.23
5 151 0.1923 29,187 23,715 1.23
6 200 02752 41,043 32,203 1.27
[332] It may be seen the polymers produced in Runs 1-6 have a relatively narrow

polydispersity (Mw/Mn) compared to polymers in the series A-F. This indicates that DEZ is
an effective chain shuttling agent under the conditions of the polymerization, whereas TSA is
not. Polymers prepared in a reactor, especially a loop, semi-batch, or plug flow type reactor or
in two or more such reactors connected in series, in a manner to expose an active catalyst site
to at least two different sets of reaction conditions, especially conditions encompassing
differences in monomer/comonomer ratio, would therefore generate polymer products having
multiple blocks or segments (inventive block interpolymers). These polymers would be
expected to possess properties resembling pure block copolymers and distinguishable from

those of random copolymers of similar gross comonomer content,

Catalyst/ Shuttiing Agent Selection Method 2

[333] The previously disclosed high throughput polymerization conditions are
substantially repeated using various catalysts, cocatalyst 1, and potential shuttling agents.
Ethylene pressure is increased to 200 psi (1.4 MPa). Over 500 reactions are performed. The
resulting ethylene/1-octene copolymers are tested for Mn and PDI and polymer production rate
compared to rates obtained from a control using MMAQ in place of the shuttling agent. The
best compositions are then selected based on a combination of greatest molecular weight (Mn)

reduction, greatest reduction in PDI, and least reduction (or actual increase) in polymerization
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0 0.9349 1.16'5.85 104,600 51,3802.27 7.6 0.9082 0.7417.99 112,800 49,9002,35 5.0 MIBI 0.9263
0.377.44 12.(,400,R6+8602.55 5 * comparative, not an example of the investipp Pipdush igelated from

first reactor before production was begun in the second reactor 5Table 15. Polymer Composition
Analysis by 13C NMR Example Overall OcteneOctene in (mol %)Soft Segment (mol %)

rate. Selected combinations showing the best results {ranked by Mn reduction) are presented

in Table 3.

{334] By reference to Table 3, suitable combinations of catalyst and shuttling agent
may be selected. Itis to be emphasized that preferred catalyst/éhuttling agent combinations
5 may in different embodiments be selected based on a desired objective, such as maximum
reduction in Mn or improvement in production rate coupled with more modest Mn reduction.
Additionally, the above results are based on a batch reactor, whereas, in practice, the effect, if
any, of using continuous polymerization conditions must also be considered in selecting the

final combination of catalysts and shuttling agent(s).

10  Table3
Run | Catalyst Shuttling Relative Mn Relative PDI Relative rate
Agent

7 Al SA7 0.07 0.88 1.33
8 ¢ SAS 0.18 0.85 0.57
9 “ SA1S 0.19 0.93 6.29
10 A2 SA19 0.27 0.73 0.18
i1 A3 SA2 0.29 0.80 9.74
12 “ SA8 0.38 1.01 1.15
13 “ SAT 0.60 1.06 1.38
14 * SAT1 0.65 1.04 1.43
15 - SA3 0.65 0.86 4.61
16 “ SA17 0.66 0.95 6.36
17 * SA20 0.68 0.82 4.37
18 Ad SA9 0.52 1.12 2.32
19 o SA7 0.53 1.07 0.91
20 ‘ SA11 0.59 1.11 2.47
21 “ SAl4 0.69 1.07 2.12
22 “ SA18 0.69 1.10 3.16
23 * SA12 0.70 1.07 0.97
24 “ SAS 0.93 0.95 0.81
25 AS SA2 0.29 0.92 0.71
26 “ SAL3 0.59 0.97 0.93
27 “ SA3 0.63 0.95 (.93
28 “ SAS 0.79 1.10 1.19
29 Ab SAT3 0.83 0.92 0.67
30 AT SAG 0.63 0.96 0.66
31 * SA7 0.74 1.15 0.96
32 AlQ SAT4 0.54 1.10 1.14
33 “ SA10 0.59 1.10 0.77
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Octene in Hard Segment (mol %) A Octene erlV) 4.1nal nal nal 16.633.51.9 31.6 15.631.8 1.8 30.0

16.432.1 18,303 fsb8,040.5 2.5 38.0 7 14.027.3 PCT/US2009/032705
¥ [ © SAS 0.74 1.01 0.72
35 ] © SAIL6 0.82 1.05 2.62

Comparatives A-C. Examples 1-2. Continuous Solution Polvmerization Reactions

[335] Continuous solution polymerizations are cairied out in two computer controlled
autoclave reactors connected in series. Each reactor is equipped with an internal stirrer,

5 Purified mixed alkanes solvent (Isopar™ E available from ExxonMobil Chemical Company),
ethylene, 1-octene, and hydrogen (where used) are supplied to a reactor equipped with a jacket
for temperature control and an internal thermocouple. The solvent feed to the reactor is
measured by a mass-flow controller. A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the discharge of the pump, a side stream is taken to

10 provide flush flows for the catalyst and cocatalyst injection lines and the reactor agitator.
These flows are measured by Micro-Motion mass flow meters and controlled by control valves
or by the manual adjustment of needle valves. The remaining solvent is combined with 1-
octene, ethylene, and hydrogen (where used) and fed to the reactor. A mass flow controller is
used to deliver hydrogen to the reactor as needed, The temperature of the solvent/monomer

15  solution is controlled by use of a heat exchanger before entering the reactor. This stream
enters the bottom of the reactor. The catalyst component solutions are metered using pumps
and mass flow meters and are combined with the catalyst flush sclvent and introduced into the
bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45 MPa) with vigorous
stirring. Product is removed through exit lines at the top of the reactor. All exit lines from the

20 reactor are steam traced and insulated. Polymerization is stopped by the addition of a small
amount of water into the exit line along with any stabilizers or other additives and passing the
mixture through a static mixer. The product stream is then heated by passing through a heat
exchanger before devolatilization. The polymer product is recovered by extrusion using a

devolatilizing extruder and water cooled pelietizer.

25 {336] The shuttling agent (where used) is added to the first reactor along with catalyst
Al, Cocatalyst 1, MMAQO, and solvent (mixed alkanes (Isopar™ E, available from
ExxonMobil Chemicals, Inc.). Complete operating conditions for the two reactors are
provided in Table 4 and Table 5. Polymer properties are provided in Table 6, Table 7, Table §,
and Table 9 and in Figure 9, Figure 10, Figure 11, and Figure 12,
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Table 6. Polymer Characterization Data

Reactor 1 Dual reactor product
Density I Density I Mw Mn

Ex. (g/cm3 ) | (dg/min) (g/c1n3) (dg/min) | T10/l» (g/mol) {g/mol) | Mw/Mn
A* 0.937 1.1 (.8993 1.0 7.1 114,400 25,900 4.4
B* 0.948 20 0.8986 3.8 5.9 74,200 44,500 1.7
C* (.91 11 0.8757 8.9 15.0 115,100 31,100 3.7
la na’ na” 0.8781 14.1 | 10.0 78,800 35,400 2.2
1b na” na’ 0.8774 10.1 9.8 82,000 42,700 1.9

2 na na (0.8773 4.3 §.2 97,300 47.000 2.1

* comparative, not an example of the invention
* product isclated from first reactor before production was begun in the second reactor
* na = not applicable

5 Table 7. Polymer Composition Analysis by C NMR and DMS Data

Overall Octene Octene in Octene in A Octene | G’ (25°C)Y/
Example (mol %) Soft Segment | Hard Segment G*(100

{mol %) (mol %) °C)
A¥ 6.23 10.2 0.44 9.8 14.6
B* 6.93 10.9 0.5 94 7.5
C* nd’ nd' nd? nd’ 9.6
ia 16.5 37.9 2,3 35.6 nd'
Ib nd' nd’ nd" nd' 16.5
2 16.8 34.7 2.0 327 nd’

! 'nd = not determined

Table 8. ATREF and DSC Polymer Characterization Data

ATREF Solubles’ T, Tm Te-T, T Heat of Fusion

Ex. | peak °C) | (wt %) O | CC) CC) (J/g)

A* 1964 55.9 110.7 | 1259 15.2 -50.1 2.41

B* 933 13.2 103.2 ¢ 121.9 18.7 -56.2 104
C* | 71.8 35.5 90.2 | 1049 14,7 -67.9 59.1

la | 65.8 25,3 86.7 103.6 16.9 -66.4 60.2

1b | 66.0 25.2 80.3 | 99.14 18.9 -60.1 58.6

2 1667 21.4 80.4 08.8 18.4 -66.3 59.7

* compsrative, not an example of the invention
' Weight percent of the polymer eluting as the soluble fraction in the ATREF analysis
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Table 9. Polymer Characterization Data

100% Tensile Flongation

Ex. Shore modulus SD Strength Sb at Break SD
A (MPa) (MPa) (MPa) | (MPa) (%) (%)
A* 90 6.4 0.2 27.2 0.8 833 19
B* 20 5.6 0.2 34.0 1.7 1210 17
C* 45 0.1 0.1 0.2 0.1 29 190
la 51 0.3 0.1 0.5 0.0 377 65
ib nd’ 0.3 0.1 0.6 0.2 676 162

2 59 0.8 0.1 1.8 0.2 596 -

* comparative, not an example of the invention
' nd = not determined
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[337] Comparatives A and C are physical blends prepared in absence of chain
shuttling agent. Comparative B is a diblock interpolymer prepared with diethylzinc CSA, but
the difference in 1-octene content of the two blocks, reported as A octene, is onfy 9.3 and thus
the sample is not an example of the invention. Examples la, 1b and 2 are block interpolymers
prepared under the same reactor conditions as Comparative C, with the exception that
diethylzine is used as the chain shuttling agent. Example 1a and 1b differ in the reactor
temperature in the second reactor, which was 120 °C and 105 °C, respectively., These samples
have A octene = 34.5, 34.1, and 32.1, respectively. Polymer characterization results for
Comparative C and Examples 1a, 1b, and 2 are contained in Table 6, Table 7, Table §, and
Table ¢ and Figures 9-12.

{338] The ATREF curve from Comparative C (Figure 9) shows a peak at 71.8 °C and
a soluble fraction of 55.5 percent. The GPC trace (Figure 11) reveals a broad molecular weight
distribution, Mw/Man, of 3.7 for this comparative polymer sample. DSC shows a difference in
the melting and crystallization temperature, Tm — Tc, of 14.7 °C. These results are consistent

with the properties expected of a physical blend of two polyimers having differing densities.

[339] The ATREF curve from Example 1a (Figure 9) shows a peak at 65.8 °C with a
purge fraction of 25.3 percent. The GPC trace (Figure 11) reveals a very narrow molecular
weight distribution, Mw/Mn, of 2.2 for this polymer sample. The DSC shows a difference in
the melting and crystallization temperature, Tm - Tc, of 16.9 °C, These resulits are consistent

with the properties expected of a block copolymer.

[340] The ATREF curve from Example 1b (FFigure 9) shows a peak at 66.0 °C with a
purge fraction of 25.2 percent. The GPC trace (Figore 11) reveals a very narrow molecular
weight distribution, Mw/Mn, of 1.9 for this polymer sample. The DSC shows a difference in
the melting and crystallization temperature, Tm - Tc, of 18.9 °C. These results are consistent

with the properties expected of a block copolymer.

[341] The ATREF curve from Example 2 (Figure 9) shows a peak at 66.7 °C with a
soluble fraction of 21.4 percent. The GPC trace (Figure 11) reveals a very narrow molecular
weight distribution, Mw/Mn, of 2.1 for this polymer sample. The DSC shows a difference in
the melting and crystallization temperature, Tm — Tc, of 18.4 °C. These results are consistent

with the properties expected of a block copolymer.
it4
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[342] The tensile properties, shown in Figure 12 and Table 9, also reveal differences
in the physical blend Comparative Example C and Examples | and 2. Although Ex. 1 and
Comp. Ex. C have similar Shore A., Ex. 1 has about 10 times higher elongation at break and
about twice the tensile strength. This is important to give strength in finished articles such as

5  films. Ex. 2 has higher Shore A and exhibited even higher tensile strength and elongation at
break.

[343] One additional feature of this inventive block interpolymer is that it displayed
an unusual shear thinning characteristic in the melt. At a given melt index (1), some
embodiments of the inventive block interpolymers with high o-olefin materials have higher

10 molecular weights and I;9/T; values than block interpolymers with lower g-olefin content. The
relationship between I;0/I; and octene content is shown graphically in Figure 13, Comparative
Example B has Mw = 74,200 g/mol, I, = 3.8 dg/min, and I/, = 5.9. In comparison, Example
1a has Mw = 78,800 g/mol, I, = 14.1 dg/min, and [,/ = 10, Example 1b has Mw = 82,000
g/mol, I, = 10.1 dg/min, and 1o/, = 9.8, and Example 2 has Mw = 97,300 g/mol, I, = 4.3

15 dg/min, and I;p/I; = 9.2. These higher I,5/I; values indicate that the polymer under high shear

stresses flows much more readily than a block interpolymer with low octene content.

[344] This enhanced flow is very useful for the coating of pressure sensitive adhesives
which requires easy flow; it may also allow the use of higher molecular weight polymers in

adhesive formulations which may result in improved creep resistance and holding power,
20 Blend of Example 2 with Oil

[345] Blends of Example 2 with a hydrotreated paraffinic oil, Paralux 6001 (available

from ChevronTexaco Global Lubricants) were prepared using a Haake mixer.
Atomic Force Microscopy

[346] Comparatives A-C and Example Ib were studied using tapping mode Atomic
25  Force Microscopy (AFM). Compression molded samples were first polished using an
ultramicrotome (Reichert-Jung Ultracut E) at -120 °C perpendicular to the plaques near the
center of the core area. A thin section was placed on a mica surface for AFM imaging using a
DI NanoScope IV, MultiMode AFM operating in Tapping Mode with phase detection. The tip

was funed to a voltage of 6-7V and the tapping ratio was 0.50 - 0.85. Nano-sensor tips were
115



156 * comparative, not an example of the invent on 1 Weight percent of the polymer eluting as the

soluble fra&;’qgé%g JREF analysis 2 nd = not determined Table 17. P?’J\ﬁﬁrséi}gmg%gizaﬂon Data
0 MO a

Ex. Shore A Ulus (MPa) SD (MPa) Tensile Strength (MPa) SD ongation at Break
(%) SD (%) 93

used with tip parameters of: L = 235um, tip ratio = 5-10 nm, Spring constant = 37-55 N/m,
Fy=164-188 kHz.

[347] Figure 14a and Figure 14c show AFM images of Comparative A and C at
approximately 3,000X magnification. These tmages indicate macrophase separation resulting
5 from the immiscibility of the two physical blend components, Example C indicates a higher

degree of incompatibility as evidenced by the larger domains. -

[348] Figure 14b shows an AFM image of Comparative B at approximately 3,000X
magnification. This image indicates a morphology consistent with a semicrystalline random

copolymer,

10 [349] Figure 14d shows an AFM image of Example 1b at approximately 3,000X
magnification. This image shows a mesophase separated morphology similar to that of SBC
except for the size range of the observed domains; the domains of Example b are much larger
than those of a monodisperse block copolymer with similar molecular weight. An example of
an SBC polymer (28 wt% styrene, 83 mol% “butene” in the B-block, M, = 64,000 g/mol) at

15  approximately 30,000X magnification is shown in Figure 15.

Transmission Electron Microscopy (TEM)

[350] Morphologies of the samples were examined using transmission electron
microscopy (TEM). Compression molded sheets were trimmed so that sections could be
collected between the skin and core. The trimmed sheets were cryopolished prior to staining

20 by removing sections from the blocks at -60 °C to prevent smearing of the elastomer phases.
The cryo-polished blocks were stained with the vapor phase of 2 2% aqueous ruthenium
tetraoxide solution for 3 hrs at ambient temperature. The staining solution was prepared by
weighing 0.2 gm of ruthenium (IIf) chloride hydrate (RuCl; x H,O) into a glass bottle with a
screw lid and adding 10 mL of 5.25% aqueous sodium hypochlorite to the jar. The samples

25  were placed in the glass jar using a glass slide having double sided tape. The slide was placed
in the bottle in order to suspend the blocks about 1 inch above the staining solution. Sections
of approximately 100 nanometers in thickness were collected at ambient temperature using a
diamond knife on a Leica EM UC6 microtome and placed on 400 mesh virgin TEM grids for

observation. Images were collected on a JEOL JEM-1230 operated at 100 kV accelerating
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voltage and collected on a Gatan-791 and 794 digital cameras. The images were post

processed using Adobe Photoshop 7.0.

[351] Figure 16 shows TEM images of Example 2. This image shows a mesophase
separated morphology similar to that of the SBC shown in Figure 15. However, the domains

5 for the inventive block interpolymer are much larger despite its lower Mn.

[352] Figure 17 shows TEM images of the blend of Example 2 with 25wt% oil. This
image also shows a mesophase separated morphology similar to that of the SBC shown in

Figure 15, with the exception of much larger domains.

Spectroscopy Studies

10 3531 Reflectance and transmittance spectra were collected with a Labsphere™ (model 60MM
RSA ASSY) integrating sphere. SpectreﬂcmTM diffuse reflectance standards were first mounted on both
sample and reference ports of the integrating sphere and the baselne correction was performed for the
spectral range from 200- 1200 nm. The sit width and spectral resolution were 2 nm and the spectrum was
acquired with 1 nm/point. The Spectralon™ standard was then removed from the sample port and the filin

15  sample mounted in the sample port at a 90 degree incidence angle to the sample beam. No backing

material was used and the film itself provided the only means of light reflectance.

[354] Figure 18 and Figure 19 show transmittance and reflectance spectra of compression
molded films of Example 2 along with a comparison from a compression molded {ilm of AFFINITY @
PL1280G (available from The Dow Chemical Company). The phenolic antioxidants in the AFFINITY®

20 material absorb a significant fraction of the light below 300 nm, but otherwise the sample shows high
transmittance from 300 — 1000 nm. In contrast to the spectra of the film of the AFFINITY® material,
which exhibits little or no reflection across the measured range of wavelengths, the Example 2 film

exhibits a peak reflectance greater than 40% reflectivity at 364 nm.

{355] A sample of Example 2 was dissolved in hot xylenes and reprecipitated into methanol to

-
LN

remove UV-absorbing species. The reflectance spectrum of a compression molded fiim of this material is

shown in Figure 20. This sample displays an increase in peak reflectivity to approximately 55%.

{356] Figure 21 shows reflectivity spectra for films of Example 2 and the blend of Example 2
with 25 wi% oil. Addition of the oil results in a shift in the peak reflectivity from 364 nm to approximately

415 pm.
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Biends of Example 2 with Comparative Example C

[357] A series of blends were formulated using Example 2 and Comparative Example
C. Samples were blended using a Haake mixer. Details of the formulation are listed in Table
10. Reflectance spectra of compression molded films of the blends shown in Figure 22
revealed that the wavelength of the peak reflectance was affected by blending. The peak
shifted from 364 nm in the neat Example 2 filin to 715 nm in the blend with 38 wt%

Comparative C; these differences are also depicted graphicaily in Figure 23,

Table 10. Blends of Exampie 2 and Comparative Example C.

Blend Example 2 | Comparative Example C Peak reflectance (nm)
(wt%) (wt%)
Ex, 2 160 0 364
2C-9 91 9 423
2C-17 83 17 477
2C-23 77 23 510
2C-27 73 27 _ 571
2C-38 62 38 715

Reflectance of TREF Fractions of Exampie 2

[358] Example 2 was fractionated using TREF into six component fractions (Table
11}, The dried fractions were pressed into thin films, and reflectance spectra were measuored
(Figure 24), Unfractionated Example 2 shows a peak reflectance at 364 nm, and Fractions 1-4

all show peak reflectance at lower wavelengths.
Table 11. TREF Fractions from Comparative Example G

DeltaH Maol %

Fractionation Te melt QOctene Mn
Fraction Temperaiure Wtifraction Tm(°C} (°C) {(J/g) {(NMR)  {g/mol)  Mw/Mn

Purge 20 0.04 96.6 80.4 2.8 nm 22,800 3.5
Fraction 1 20-80 0.46 96.5 77.5 47.1 18.5 39,600 1.8
Fraction 2 60-65 0.24 89.3 81,1 61.2 13.7 42,300 2.0
Fraction 3 65-70 0.15 100.2 84.0 73.4 11.1 55,400 1.7
Fraction 4 70-75 0.07 102.6 87.8 84.8 9.0 54,200 1.7
Fraction 5 75-80 0.00 107.5 92.7 88.1 nm 51,500 1.8

rnm = not measured
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Examples 3-12. Continuous Selution Polvinerization Reactions

[359] Continuous solution polymerizations are carried out in two computer controlled
autoclave reactors connected in series, Each reactor is equipped with an internal stirrer.
Purified mixed alkanes solvent (Isopar™ E available from ExxonMobil Chemical Company),
ethylene, 1-octene, and hydrogen (where used) are supplied to a reactor equipped with a jacket
for temperature control and an internal thermocouple. The solvent feed to the reactor is
measured by a mass-flow controller. A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the discharge of the pump, a side stream is taken to
provide flush flows for the catalyst and cocatalyst injection lines and the reactor agitator.
These fiows are measured by Micro-Motion mass flow meters and controlled by control valves
or by the manual adjustment of needle valves. The remaining solvent is combined with -
octene, ethylene, and hydrogen (where used) and fed to the reactor. A mass flow controller is
used to deliver hydrogen to the reactor as needed. The temperature of the solvent/monomer
solution 1s controlled by use of a heat exchanger before entering the reactor, This stream
enters the botiom of the reactor. The catalyst component solutions are metered using pumps
and mass flow meters and are combined with the catalyst flush solvent and intreduced into the
bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45 MPa) with vigorous
stirring. Product is remnoved through exit lines at the top of the reactor. All exit lines from the
reactor are steam traced and insulated. Polymerization is stopped by the addition of a small
amount of water into the exit line along with any stabilizers or other additives and passing the
mixture through a static mixer. The product stream is then heated by passing through a heat
exchanger before devolatilization. The polymer product is recovered by extrusion using a

devolatilizing extruder and water cooled peliletizer.

[360] The shuttling agent (where used) is added to the first reactor along with catalyst
Al, Cocatalyst 1, MMAOQO, and solvent {mixed alkanes (Isopar™ E, available from

ExxonMobil Chemicals, Inc.).

[361] Comparative D represents the material produced in the first reactor for
Examples 3 — 9 and therefore has a similar composition to the hard block of those examples.
Examples 3 — 5 have similar block compositions and hard/soft ratios (50/50) and differ only in

the molecular weight. Examples 4, 6, and 7 have similar hard/soft ratios (50/50) and were
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produced at constant CSA feed to give similar molecular weights but differ in the octene
content in the second block. Examples 4, 8, and 9 have similar block corﬁpositions but differ
in the hard/soft ratio (Ex. 4: 50/50, Ex. 8: 65/35, Ex. 9: 35/65). Examples 4, 10, and 11 have
similar hard/soft ratios (50/50) and CSA feeds but differ in the composition of the hard block.

5 Comparative E represents the material produced in the first reactor for Ex. 10 and therefore has
a similar composition to the hard block of that sample. Comparative F represents the material
produced in the first reactor for Ex. 11-12 and therefore has a similar composition to the hard
block of that sample. Ex. 12 is similar to Ex. 11 and differs mainly in the hard/soft ratio (Ex.
12: 65/35).

10 [362] Complete operating conditions for the two reactors are provided in Table 12 and
Table 13. Polymer properties are provided in Table 14, Table 15, Table 16, and Table 17 as
well as Figure 25, Figure 26, and Figure 27. In addition, Figure 28 shows storage modulus
(G") and tan delta as a fonction of temperature for Comparative Examples A, BB, and E, and

Examples 1b, 4, and 3, respectively.
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1 Estimated from the 13C NMR spectrum 2 nd = not determined WO

2009/097565P. T 2009/032705 [363] The polymers prepared accor t inventive
process asr‘(g%)r%%deq@s%ted for applications requiring narrow molecular W%E%{Rglg;ﬁﬁgpd’??r?%nd block
polymer architectures. Examples where particular utility is found include adhesives and 5compatiblized
blends employing thermoplastic polyolefins (TPO), elastomers, and as viscosity modifiers for
lubricants. Comparative Examples G, Continuous Solution Polymerization. Catalyst Al/All + DEZ

[364] Comparative Example G is an ethylene/octene multiblock copolymer prepared 10as described in
U.S. Serial No. 11/376,835, filed March 15, 2006 as well as U.S. Serial No. 11/377,046, filed on March
15, 2006 and U.S. Serial No. 11/376,956, also filed on March 15, 2006. Continuous solution
polymerizations are carried out in a computer controlled autoclave reactor equipped with an internal
stirrer. Purified mixed alkanes solvent (IsoparTM E available from ExxonMobil Chemical Company),
ethylene at 2.70 Ibs/hour (1.22 kg/hour), 151-octene, and hydrogengwhere used) are supplied to a 3.8
L reactor equipped with a jacket for temperature control and an integnal thermocouple. The solvent
feed to the reactor is 'abfé‘ speed diaphragm pump controls
the solvent flow rate aAdH %seu% 8 @@r%ﬁo@ m%@c%@ e oﬁthe pump, a side stream is taken
to provide flush flows orfhe catalyst and cocatalyst 1 injection | nes%and the reactor agitator. 20These
flows are measured b ¥CI0- Mation massdlew-meters-and-gaon roIIEd by control valves or by the

manual adjustment of (Bé@ﬂe valids. T1E RiFaRify3dventistominad with 1-octene, ethylene, and
hydrogen (where usedl) and fed to the reactor. A mass flow con rollgé used to deliver hydrogen to the
reactor as needed. The:té&mpera&ire & thesahvanginiosofer %’utlcm B controlled by use of a heat
exchanger befor%ente‘ﬁr@ the 25 reagt@. Ihis Stiéam Eriets %e bt‘m&m of the reactor. The catalyst
component solutions are metered using pumps and mass flow etejl‘sgnd are combined with the
catalyst flush sol\%nt aadéin&r@glﬁed into the bottom, of the reactor. &Fhe reactor is run liquid-full at 500
psig (3.45 MPa) ylth I@cwoas“st%lng Product is removed through @(l-t—,llnes at the top of the reactor.
All exit lines fronf;the teactor are steam traced and insulated. Polyrr%r&atlon is stopped by 30the
addition of a sma| amqgjra & waler ifbFh& Ritline @I @my&%lllzers or other additives and
passing the mixtie tHegughEa stalic raler=rRepraductissegniis thgrcheated by passing through a
heat exchanger befor¢ _g:levolatlllzatlon The polymer product is reccweﬂed by extrusion using a
devolatilizing extguder %n@ \Eaterzzoled; pellgtizer; Progess detdils andéresults are contained in Table
18. Selected poIEner Svoperties Are provided in 5Table 19. - 126- g =
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Table 14. Polymer Characterization Data

Density I Mw Mn G (25°C)y/
Ex. (g/crn3) (dg/min) | Lo/l {g/mol) (g/mol) | Mw/Mn | G’(100 °C)
D* 0.9084 5.71 5.81 110,100 50,940 22 25.5
3 0.8778 4.18 8.78 94,040 47,570 1.96 9.2
4 0.8778 1.95 9.37 105,600 53,860 2.16 8.4
5 0.8754 0.78 11.25 137,700 67,520 2.09 7.9
6 0.8760 2.11 13.39 119,400 62,920 212 10,9
7 0.8707 1.30 8.53 116,900 60,860 2.19 7.9
8 0.8675 2,72 14.21 135,400 66,920 245 4.8
9 0.8901 0.60 7.43 121,600 62,170 2.49 11.6
E* 0.8871 2.18 5.97 87,810 41,220 2.31 77.2
10 0.8691 1.56 7.67 120,000 57,950 1.74 11.7
F* 0.9349 1.16 5.85 104,600 51,380 2.27 7.6
11 0.9082 0.74 7.99 112,800 49,900 2.35 50
12 0.9263 0.37 7.44 127,400 58.600 2.55 5.1

* comparative, not an example of the invention
' product isolated from first reactor before production was begun in the second reactor

5 Table 15. Polymer Composition Analysis by C NMR
Overall Octene Octene in Octene in A Octene
Example {mol %) Soft Segment | Hard Segment
(mol %) {mol %)

D* 4.1 na! na’ na’
3 16.6 33.5 1.9 31.6
4 15.6 31.8 1.8 30.0

5 16.4 32,1 1.8 30.3
6 18.0 405 2.5 38.0
7 14.0 27.3 1.4 259
8§ 24.1 39.6 2.4 37.2
9 8.9 227 1.1 21.6

B* 78 na’ na' na’
10 i6.9 24.4 1.2 23.2

ki 0.46 na’ na’ na’
11 7.8 27.5 15 260

12 nd” nd* nd* nd’

! na = not applicable
? nd = not determined
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rie-?4..i..6r 5:1 WO 20091097565PCT/US2009/032705 TREF and NMR Data  [365] Table 20 and

Table 21 |I&}J§’ [P:%DC IR, and NMR data for Comparative Example G.J@H@sﬂg% Fractions
from Comparative Example G Fractionation Temperature ATREF T (t) Mol % Octene (NMR) Tm (C)

DeltaH melt (J/g) 60-65 70.5 12.6 106 45 65-70

Table 16. ATREF and DSC Polymer Characterization Data

ATREF | ATREF Te » Te
Ex. | peak (°C) | Solubles' T, Tw T, Heat of Fusion
(wt %) (°C) (°C) (°C) (Jg)
D* | 73.0 25.3 87.5 102.1 146 | -334 118
3 724 33.8 82.1 1014 192 | -683 54
4 1736 37.0 80.2 98.7 186 | -68.2 31
5 [71.2 35.7 81.4 08.0 16.6 -68.3 51
6 |724 39.5 80.9 98.4 17.5 67,7 52
7 1760 35.6 85.2 102.4 17.1 -68.8 56
8 |76.0 37.7 78.3 104.1 25.8 -68.4 34
9 |77.2 30.7 88.5 102.9 144 | 683 81
E* | 526 46.6 64.6 77.1 12.5 452 76
10 | 48.4 414 59.4 71.8 12.5 -68.5 35
F* 1082 16.3 113.1 | 1252 12.2 nd” 176
11 11012 28.6 1159 | 1322 16.3 -67.0 119
12 101.2 21.6 1168 | 132.6 15.8 -60.3 156

* comparative, not an example of the invention
' Weight percent of the polymer eluting as the soluble fraction in the ATREF analysis
* nd = not determined

Table 17. Polymer Characterization Data

100% Tensile Elongation

Ex, Shore modulus SD Strength SD at Break SD

A (MPa) (MPa) (MPa) | (MPa) (%) (%)
D* 93 7.51 0.09 279 1.9 740 42
3 62 1.63 0.08 3.1 0.9 447 138
4 63 1.46 0.07 3.5 0.6 514 44
5 1 62 0.85 0.03 2.6 0.3 585 20
6 58 042 - 0.05 0.5 0.0 227 60
7 69 1.41 0.06 4.4 0.2 623 27
8 nd” nd* nd” nd” nd” nd” nd”
9 86 5.04 0.05 17.5 0.3 650 7
E* - 89 4.65 0.04 22.6 1.8 750 28
10 56 1.67 0.05 5.9 0.9 669 34
F* a5 13.47 0.31 42.2 1.3 845 19
11 93 8.43 0.18 18.0 1.7 971 75
12 96 12.39 0.35 206 2.8 886 55

comparative, not an example of the invention
Estimated from the *C NMR spectrum
nd = not determined

o=
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[363] The polymers prepared according to the present inventive process are uniquely
suited for applications requiring narrow molecular weight distribution and block polymer
architectures. Examples where particular utility is found include adhesives and

5 compatiblized blends employing thermoplastic polyolefins (TPQ), elastomers, and as

viscosity modifiers for lubricants.

Comparative Examples G, Continuous Solution Polvmerization. Catalvst A1/A11l + DEZ

[364] Comparative Example G is an ethylene/octene multiblock copolymer prepared
10 as described in U.S. Serial No. 11/376,835, filed March 15, 2006 as well as U.S. Serial No,
11/377,046, filed on March 15, 2006 and 1U.S. Serial No. 11/376,956, also filed on March 15,
2006. Continuous solution polymerizations are carried out in a computer controlled
autoclave reactor equipped with an internal stivrer. Purified mixed alkanes solvent (Isopar™
E available from ExxonMobil Chemical Company)}, ethylene at 2,70 1bs/hour (1.22 kg/hour),
15  I-octene, and hydrogen {where used) are suppiied to a 3.8 L reactor equipped with a jacket
for temperature control and an internal thermocouple. The solvent feed to the reactor is
measured by a mass-flow controller. A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the discharge of the pump, a side stream is taken to
provide flush flows for the catalyst and cocatalyst 1 injection lines and the reactor agitator,
20 These flows are measured by Micro-Motion mass flow meters and controlled by control
valves or by the manual adjustment of needle valves, The remaining solvent is combined
with 1-octene, ethylene, and hydrogen (where used) and fed to the reactor. A mass flow
controller is used to deliver hydrogen to the reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the
25 reactor. This stream enters the bottom of the reactor. The catalyst component solutions are
metered using pumps and mass flow meters and are combined with the catalyst flush solvent
and introduced into the bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45
MPa) with vigorous stirring. Product is removed through exit lines at the top of the reactor.
All exit lines from the reactor are steam traced and insulated. Polymerization is stopped by

30  the addition of a small amount of water into the exit line along with any stabilizers or other
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5.2123 110 Table 21. ATREF Peak comonomer composition for Comparative Example G. Mol

%lnfra- red‘% M Mol % TREFInfra-red Infra-redCH3/CH2 Densﬂap&ggﬁﬁ 09/032705
TATREFPea WI—?WS\%VHMArea Example(g/cc)12(NMR)(C)(Infra-red) CH2 Area %I—(ig; g\reaRatlo
3"0.87861.5NA8211.477.561.00.841 Infra-red detector calibration: Mol % Octene = 133.38 (FWHM
CH3/CH2 Area) -100.8 Calculation of Block Index [366] With reference to Figure 2, the calculation of
block indicgsis,exMm F@H‘éﬁﬂg%&ﬁ&&ﬂm ARG S Mhihg LRlGWRoNS, fe illewing calibration
equation is used: Ln 237.8341 frATR 0.6390 WO 2009/097565PCT/US2009/032705 where P
is the ethyRriesHBE FasHbA MeHE AR PR EATRE EER o e RPERSERE RS i dition, the following

parametersaretisad: &mmﬂm@k&ﬁm@mﬁ@exﬁé&%axﬂgﬁ&m&wﬁa@lﬂ@&éﬁﬁutl@r@d@m perature (K)
of hard segme tPAl 0 tOMoIe fractl n %ebqw gne fha({ g‘ ment PABO 892Mo|§ dractlon of ethylene
of whole poffy%ernld,&ggg B PRAIRT aPedaec?uwaleen anaR/(%g TREEBITHSS é?ﬁ’berafbre (K) of whole
polym&r fréaplvhible polymer ethylene content [367]Table 22 gives details of the calculations for
Comparative Example G. The



hts with
32705

(see note 2 below) is 0.835. WO 2009/09756%%%%%‘%%@%2%

-0-orN 0 CO CC)LI1 22 co 2 .92"-0,-01,0coccO ca cz -54000000000(0(0(0(003,000) wuccz 0" -cnz 6

yiations about the weighted mean is 0.136. The pa

ey

%qﬁt%ﬁ%an Zero

5weighted average block index. ABI. for Comparative Example G, is 0.531, and the square root of sum

of weighte
fraction Bl grea

x
(2]
N
o
[92]
c
—
p— TLTL-
o
c
(@)
[e]
o\
Ll
[c]
o
M_,\.. 09 (43 81 101 071 56 07| 00TES | 009901 | L9 86 &1 9880 D
N (ueorad) (Do) Do) | O] Do) G0 | WA/ | (ouy3) | (ow/3) | /T T | (o) | Xy
N B2AY qead [ AVISAMDy [ AVISAED Y °L Y, UOISH | U MIA Ajsua(]
- AVISAAD g, Jo 1ol
_
ol
_._PLV szowATodod Sdofq uirao-n/RuAYe Jo sonradoif "6l J[gel,
@]
5
(@)
=
<
w 178 + 31 8 = W 8 aroym [y Sprowkjod By Kouonyye |
L 101981 U UOISIDATOD SUdALie Jusdiad
- aje1 vononpoad sowkjod
c 10)0821 Y OYRI JR[OW
o [Azuaqip wnmnoonz {ouruui(Auayd(1Amg-Nip-¢*e-1Loxo-7)([Apa(AxagodorAme-g)-1)-s1q
T o Aqieunp wnarayey| (auepsu( A~z -LiptAd-9)ip-z-uspeqgden-n)(jAvoydiddosdost-z ) opran(jAuoyd(Apaidyiew-1)Ip-9°2)-N1 .,
o _| I/ LD PIBPUELS |
M M uonuaAut o Jo opdinexa we jou ‘aanmrediao]y
O 0 £'811 It 968 FO° 1 oy 90 erLl PO LTO tl'0 B0c 10 L1L OZ1 - €Il 91 O
o % I3y FOTEST wadd  ngEy 2 nyfay wdd Ty wdd
Sl % % Aed IZAC]D MOpL dueD Mol duwel  mold (LY MOLL IV Do W00 xA 8y
Q@ E JE spros awoy  Atod /[PHEE oo weed ZHA ZUA o’y W ED ®) €L CP alog HFD xyg
© LW
o w
- O
% W srAjedod yooq uygs[o-nRURAYIR Jo uoneiedaad 1oj sprelop ssad0ad "8 S[qRL
© m
© ?Q
© 5
S ~
© o V66939



ON- CO 3t 0 3- IN3- _NNCONFOCOCOOCiIfi OD c-,00003-3-00..c6 6 6 6 6 6 6 6 ct) a) C9 CD Is- wt
ON-N N C@%%Og%gg Oc)0COCDCOCDCOCOCc)666666C0" g T -wto LO N
N-0COC (ngoco co-stco66666¢cz3a> 0C... IF,..... (T c9 Epi},s &}B-I%gﬂéooco Cco -
N. c.)0 Td 02 0 Ewa, (DLD 'Kt '0- L.0 LO LO r- 00 00002 A C>0 0s,c,coC.=51 C) 0) a0) 07 CO CO
COr0. toEca=E5.cix-HE .-5 uiz66666666 c)a)coc

TREF and NMR Data

[365] Table 20 and Table 21 list TREF, DSC, IR, and NMR data for Comparative
Example G.

Table 20. TREF Fractions from Comparative Example G

5
Mol % DeltaH
Fractionation ATREF T  QOctere melt
Temperaiure )] (NMB)  Tm (*C) {J/g)
60-65 70.5 12.6 106 45
65-70 73 12.2 108 48
70-75 77 11.7 111 51
7580 81 10.5 113 57
80-85 84 9.8 115 68
8590 88.5 7.0 119 83
90-95 g2 5.2 123 110
Table 21, ATREF Peak comonomer composition for Comparative Example G.
Mol % Infra-red
Octene FWHM
ol % TREF Infra-red infra-red CH,/CH.
Density Octene  Tarmer Peak FWHM FWHM Area
Example {g/ce) 12 {(NMR) (°C) {infra-red) CH, Area CH, Area Ratio
G* 0.8786 1.5 NA 82 11.4 77.5 61.0 0.841
10

Infra-red detector calibration: Mol % Octene = 133.38 (FWHM CH:/CH; Area) ~ 100.8

Calculation of Block Index

[366] With reference to Figure 2, the calculation of block indices is exemplified for

15  Comparative Example G. In the calculations, the following calibration equation is used:

IinP= '2378341/TA’I‘REF + (.6390

- 128 -



cc>, C33_X63CpraCtco0ClaEu_5E2-c¢,_ itOYOToUJO20,NN ,-coN--co4coTo 740 r 3- w-

33-N CO %{M@@%@ﬁ LLII---04ZCD C.311J_EEL.OccvC.)zg?2 csr%(cg%[%%ggmg%g) 00r--00

crcoO4Lo 00 alcaorr0o,--cv,-6>0c?rt-as666666 ncire _ccc.4.cco-50
CO 2.5)gsEO3Cc)CONOLONOCO.0ft u_5,-x0INOD CO 6) CY>0Cw)xI-Cen

where P is the ethylene mole fraction, and Targer 1S the ATREF elution temperature. In

addition, the following parameters are used:

Parameter Value Explanation
Ta 372.15  Analytical TREF elution temperature (°K) of hard
segment
Pa 1.000 Mole fraction of ethylene of hard segment
Pag 0.892 Mole fraction of ethylene of whole polymer
Tas 315.722 Calculated equivalent analyticat TREF elution

temperature (°K) of whole polymer from whole
polymer ethylene content

[367] Table 22 gives details of the calculations for Comparative Example G. The
5  weighted average block index, ABI, for Comparative Example G, is 0.531, and the square root of
sum of weighted squared deviations about the wei ghted mean is 0.136. The partial sum of

weights with fraction BI greater than zero (see note 2 below) is 0.835.
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€0cCo ....0,... ..c Ca-cu- H- ctuco.. .. t..1> C-,- N rizpio toO5CU 0 u (-4V.tz 3- N COLO 0 N CO CDO00
Nlu_<Z Z Q‘ﬁ%ﬁ@{’g %%554 WQ 20091097565PCT1US20091032705 9A_% %‘g@o%%%l ﬂted.a\./erage
block index, , Tor éxample 2, is 0.26, and the square root of sum of weighted square deviations
glout the weighted mean is 0.33 (Table 23). 5 Table 23. TREF-Fractionation Data for Inventive
Example 2. Inventive Example 2 Fractionation Temperature Wt Fraction Recovered Mot %

[368] The weighted average block index, ABI, for example 2, is 0.26, and the square

root of sum of weighted squared deviations about the weighted mean is 0.33 (Table 23).

5  Table 23. TREF-Fractionation Data for Inventive Example 2.

inventive Example 2

Wi Mol % Fractional
Fractionation Rigifg; g ATREFT  Octene DeltaH melt Block Index

Temperature (°C) (NMRY  Tm (°C) {J/g)
20 0.04 20 NM 96.6 2.8

20-60 0.46 64.5 185 96.5 471 0.18

60-65 0.24 68.5 137 899.3 61.2 0.46

65-70 0.15 70 11 4 100.2 73.4 0.33

70-75 0.07 72.5 90 102.6 84.8 0.23
75-80 0.0601 78.5 NM 107.5 88.1

Weight Average Block Index 0.55

Square root of sum of weighted squared deviations about the weighted mean 0.65

Figure 29 compares the measured domain spacings to the predictions for a monodisperse
diblock with the same overall composition and M,. The measured values were determined from
TEM images and the domain spacings are the average repeat distance, or periodicity, between two
10 successive hard or soft domains. The predicted domain spacings were determined using Equation Y
with Co, = 8, Mpong = 14 g/mol, and k, = 0.00324. The GPC-determined value of M, was used for
the backbone molecular weight, My,. The absolute molecular weight was calculated as Mgy = My *
{1 -Xcs+ 4 * xcg) where x¢g is the overall mole fraction of octene, Figure 29 shows that the
measured domain spacings are much larger than the spacings expected for a monodisperse diblock
15  with the same value of number-average molecular weight, M,. Table 24 shows the measured and

predicted values.
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ATREF TOctane (t)(NMR) Tm (t) DeltaH melt (J/q) Fractional Block Index 200.0420NM96.62.8
20-600.46% 5%@??@;%%85 60-6568.599.361.2 0.2413.7 65-7070100.27%%?‘332%6%327 .

70-7572.5 9 '8 0:979.0 75-800.00178.5NM107.588.1 Weight Average BlIo¢k Index gquare root of
gym of weighted squared deviations about the weighted mean 0.18 0.46 0.33 0.23 0.55 0.65

Figure 29 compares the measured domain spacings to the predictions for a monodisperse diblock with
the same overall composition and Ma. The measured values were determined from TEM images and
the domain spatihgé atdenerarbiag s répraediSiemed siptriodicity, between two 10successive hard
or soft domains. The predicted domain spacings were determined using Equation Y with C GC = 8,
Mbond = 14 g/mol, and ka = 0.00324. The GPC-determined value of MO was used for the backbone
molecular weight, Mbb. The aBsaiuéemidle CTEVMWweighthvas(@altdlated)as M

la 103 36.6

2 136 43.5

3 114 43.1

5 : 5 163 549
[369] As discussed above, the block interpolymers comprise hard segments and soft

segments. The soft segments can be present in a block interpolymer from about 1 weight percent
to about 99 weight percent of the total weight of the block interpolymer, preferably from about 5
weight percent to about 95 weight percent, from about 10 weight percent to about 90 weight

10 percent, from about 15 weight percent to about 85 weight percent, from about 20 weight percent
to about 80 weight percent, from about 25 weight percent to about 75 weight percent, from about
30 weight percent to about 70 weight percent, from about 35 weight percent to about 65 weight
percent, from about 40 weight percent to about 60 weight percent, or from about 45 weight
percent to about 55 weight percent. Conversely, the hard segments can be present in a similar

15  range as above. The soft segment weight percentage (and thus the hard segment weight

percentage) can be measured by NMR.,

[370] As demonstrated above, embodiments of the invention provide a new class of
ethylene and a-olefin block interpolymers. The block interpolymers are characterized by an
average block index of greater than zero, preferably greater than 0.2. Due to the block structures,

20 the block interpolymers have a unique combination of properties or characteristics not seen for
other ethylene/g-olefin copolymers. Moreover, the block interpolymers comprise various
fractions with different block indices. The distribution of such block indices has an impact on
the overall physical properties of the block interpolymers. It is possible to change the
distribution of the block indices by adjusting the polymerization conditions, thereby affording

25  the abilities to tailor the desired polymers. Such block interpolymers have many end-use
applications. For example, the block interpolymers can be used to make polymer blends, fibers,
films, molded articles, lubricants, base oils, etc. Other advantages and characteristics are

apparent to those skilled in the art.
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-abs = Mn * (1 - Xcs 4 * xc8) where xcs is the overall mole fraction of octene. Figure 29 shows that the

measured gwodnz%iﬂrb/sg)%%iqngs are much larger than the spacings expected f%r arﬁ%no%ﬂsg%%e diblock
15with the sanie value 6f number-average molecular weight. Ma. Table 24 h W’ é%Sured and

predicted values. WO 2009/097565PCT/US2009/032705 Table 24 - Measured and Calculated
Domain Sizes 5 Example la2 35 Dsp,L(PDI=1, nrn) 36.6 43.5 43.1 54.9 Dsp (TEM, nm) 103 136
114 163 5369] As discussed above, the block interpolymers comprise hard segments and soft

segmentstSTHé soft Skt BRI PSR SerBIGER ity poTprREionpliruisd urrmbasight percent to
about 9@weighieraentefihe dolalweigbhothsRiasninicsarivnes. Rigislakindromeabout 5 weight

percent to about 95 weight percent, from about 10 weight percent to about 90 weight
embodiments of the invention. No single embodiment 1s representative of all aspects of the

invention. In some embodiments, the compositions or methods may include numerous

5  compounds or steps not mentioned herein. In other embodiments, the compositions or methods
do not include, or are substantially free of, any compounds or steps not enumerated herein.
Variations and modifications from the described embodiments exist. The method of making the
resins is described as comprising a number of acts or steps, These steps or acts may be practiced
in any sequence or order unless otherwise indicated. Finally, any number disclosed herein

.10 should be construed to mean approximate, regardless of whether the word "about" or

"approximately” is used in describing the number. The appended claims intend to cover all those

modifications and variations as falling within the scope of the invention.
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10percent, from about 15 weight percent to about 85 weight percent, from about 20 weight percent to
about 80 weight percent, from about 25 weight percent to about 75 weight percent, from about 30
weight percent to about 70 weight percent, from about 35 weight percent to about 65 weight percent,
from about 40 weight percent to about 60 weight percent, or from about 45 weight percent to about 55
weight percent. Conversely, the hard segments can be present in a similar 15range as above. The soft
segment [ Qt percentage (and thus the hard segment weight percentage) can be measured by
NMR. s demonstrated above, embodiments of the invention provide a new class of ethylene
and a-olefin block interpolymers. The block interpolymers are characterized by an average block index

of greater than! zero, PretEtapTHERCAIBPTRIDG 8t 3535t ane e Bsdelefinthlesk oo biek
interpolymgssifiay ex Widde: CMbIRANAR afiRreRrRIes 05 bRy asissistias BOtSRRNIRLAtES,

ethylene/a-qlefin copolymers, Moreover, the block interpolymers comprise various fractions with

differenPBYSta RERREE P Ra RGP R A BT e b IBRkS RETEEY: Rl elinifrpisat cithe Bvarlciy sical

propertisp&isibRakloek HERqvmRearsn itispessibintachangalthe.dishiudienabihehlosk ndices by
adjusting the 9I eﬁirzé%iion conditions, the ebgafford'ng 25the abijlities to tailor the desired polymers.
Such bISR FHE 15T RoF R RGPS dE COE S TAHONE: PEHSSEAnBIRSHh BTERR AR RefYimers can

be usedidatmakapolyinat blends. sfitdrby ilms.crapiderarticdes. dubiieants, hasarlep ea Gther
advanta d characteristics ar rent to those skilled in the art. WO ‘ :
2009/09%%25’88?&%&8 fB’é(;?(fgegi%g’? ]‘R}ﬁﬁ)eo(i &' \}éﬁfﬁosﬁﬂ%gebggg?fﬁ%’cribed with respect to a

limited number of embodiments, the specific features of one embodiment should not be attributed to

other embodindents of e thxientiorolois Shagleieinibodimentisieimasaviiatiie tbe Allakpéets of the
invgntioprin,same.eRRediments. she gompositions or methods may include numerous 5compounds or
steps not mentioned herein. In other embodiments, the compositions or methods do not include, or are
substantially free of, any % pounds qr steps not enumerated herein. Variations and modifications

~ from the described erhBd %ISRk EHEo BRI h B e Siherendecdrisel as comprising a

numberahabis e Isiepsolbaser SeRs T agisiay R RIacticedi0 IMeROAMERGRGhAIRN unless
otherwise indicated. Finally, any number disclosed herein 10should be construed to mean
approxiffREE*f&yardiess of whether the word "about" or "approximately” is used in describing the
number. The appended claims intend to cover all those modifications and variations as falling within
the scope of th invedtigrethgendinsielia wonkposition vommidiigmatleabtenetethyibreda-giefm block
 IMEEPOMEN A0 RRHLIGMLD Al Ml 0OMEAgRneRUR MIAmBPSHIALD PEKSEAIRLENY QIR0
chemical or physical properties and having a difference in mole percent a-dl fin con ent, said
intramolaagtpSismcks ehhbaadmase byipesbessihg entsstigromable Molecular weight distribution,
wherein the ethylene/a-olefin block interpolymer is characterized by a molecular weight distribution,
Mw/Mu, in the sange Théefyledet-&iantbby afeaveiage: BIoCkirdexgeatetHbasseraang up to 1.0;

and, wherein the ethylene/a-olefin bjock interpolymer is mesophase separated. 2. The
cthyiend A BRAHEEK FETSghiE EF BT EhE TP ORI SO & molecula: weigh

distribution, Mw/Mn, in the range of from 1.4 to 2.8, and a difference in
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10PDI in the range of from 1.4 to 2.8. 3. The ethylene/a-olefm block interpolymer of Claim 1,
wherein the block copolymer has a molecular weight of 1,000 g/mole to 1,000,000 g/mole and is
mesophase separated. 4. The ethylene/a-olefin block interpolymer of Claim 1, wherein the value
for XN, where N is the number average block length, is in the range of from 2 to 20, preferably in the
range of from 2.5 to 15 and more preferably in the range of from 3 to 10. 5. The ethylene/a-olefin

block interpolymer of%Q im. 1, }(I\{t’&g %' e copolymer is characterized by an ave age mo ecular weight
of greater than 40,00 (é%rrri%ﬂb% mo%ec% %Oﬁg%%%?ﬁgﬁg%ﬁ%% %%%yﬁ?%c%{gno SSFHFOME 4 to 2.8,
and a ditferere@dreent. mole percent a-olefin content between the intramolecular blocks of
greater than 20 mole percent. 6. The ethylene/a-olefin block interpolymer of any of the preceding

claims, whereip the @@é&ﬂﬂ&ﬁ%ﬁﬂ@fﬁf@@éﬂ%ﬂ%@w%f@ﬁﬁﬂ@;ﬂé&@ﬁ%ﬁcﬁiﬁ@?@&&fpeme”e’

- 5 norboniene, 1-decene, 1,5-hexadiene, or a combination thereof . The ethylene/cc-olefin block

interpoI)?i‘ﬁé’r‘@?gﬁ)irgéﬁﬁ’éi%I%T@@éﬂﬁ@eciahﬂ@%héﬁ?ﬁffﬂ% diffeieiied-matiglel pereene.a-olefin content

betweendha intamoleseldy; blogksdgsaiculated assariiagie the following equation: A(percent
comonomer) > A/ (Mn)" 10wherein Mn is the number average molecular weight of all molecules in

units of g/mol 8T he.ethvlene/azolefin block interpolymer. of Claim 7 wherejn the comonomer is

propylene anc(ia] Ais g%éetgr %‘%ﬁ%%%ﬁ%@%ﬁ%?ﬁ?e%%ﬁ%ﬁﬁ%ﬁ% Cgﬁgﬁﬁﬁ%ﬁ@ 88 more

preferalthg driaterdhmmnor e gerakn G-05680, andenidyetiserbb ginatentbariobhagialiiedd0ild greater

7than o eqy . LHASH and- areater.than or equal to 11935. 159.The ethylene/a-olefin block
%Lf\r%aim% v%g?g%n%{ll ik

interpolymer e comonomer is octene and A is greater than or equal to 4524,
preferably greater than or equal to 4977, more preferably greater than or equal to 5203, and may also
be greater than or equal to 5425, gkéiserh aprernsgoel © 5655MaNd greater than or equal to 5880.

- 10.The ethylene/a-olefin block interpolymer of Claim 7 wherein the comonomer is 20 butene and A is

greater thanksreguahta BR5Hnmelaraklyarententhan SueeallisdR4d-nargnele bl greater than
- or equal to 7997, and may also be greater than or equal to 8337, greater than or equal to 8692 and

greater than ogequal-tp 9037, ) e ethylene/a-olefin block copolymer of any of Claims 1-7
wherein the a-%]efin iigoec?%hg aEESS ?Egcfﬁgﬁ%r% ﬁ%‘?@gﬁcﬁ?ﬁ%ﬁ&%ﬁﬁl% SOBRE ettent,
preferalpsopyeatetthdniopeglaliber?® wipld pefé it mmdrmiphefeeatehytigre atergindnooitequahtes23 mole

percent 20 0.be greater than @ 4 mole percent, greater than ual to 25 mole
percentpg% greg%er?t zfln or equ‘ﬁato 2% %ﬁ%ﬁ&%ﬁ 1% nggT %%rgf%/l%rnee lalgﬁgfﬂﬁ%&r%%ﬁrolymer of
any of CGlam®s sa¥ahiect&fd Arradzetetm tsabueearalie déf35comonomer is greater than or equal to 30.5

mole percent, preferably greater than or equal to 33.8 mole percent, more preferably greater than or
equsl to 35.4 mole pargephifand MapRlsedRe AEaMer kARSI ANE 36:2 HNOl8 RESERIRL greater

than or eq[ual tod?8.4 mole percent and greater than or equal to 40.0.
octene and A is greater than or equalto 4524, prefeg,ably greater than or equal to 4977, more
preferably greater than or equal to 5203, and may also be greater than or equal to 5425, greater

than or equal to 5656 and greater than or equal to 3880.

10.  The ethylene/a-olefin block interpolymer of Claim 7 wherein the comonomer is |
20  butene and A is greater than or equal to 6953, preferably greater than or equal to 7649, more
preferably greater than or equal to 7997, and may also be greater than or equal to 8337, greater
than.or equal to 8692 and greater than or equal to 9037. | ' |
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13. The ethylene/a-olefin block copolymer of any of Claims 1-7 wherein the a-olefin is propylene and
delta comonomer is greater than or equal to 40.0 mole percent, preferably greater than or equal to
44.7 mole percent, more preferably greater than or equal to 40.7 mole percent and may also be
greater than or equal to 46.7 mole percent, greater than or equal to 48.7 mole percent, greater than or
equal to 50.8 mole percent and greater than or equal to 52.8 mole percent. 14. The
ethylene/a-olefin block interpolymer of any of the preceding claims wherein the ethylene/a-olefin block
copolymer comprises domains wherein the domains have a smallest 20 dimension in the range of from
40.nm to 300 run, preferably in the range of from 50 run to 250 rim, and more preferably in the range
of from 60 rim 1b 200 ARethyleng/ampialaiineierachiafier blookyinfebotysmied oftansinfithe-preteding
claims inet ~qlefin: A iQn molded. 16. The
ethylengya%%naﬁ(?cg&%ﬁgﬁ{%ﬁrﬁg&g an%&ﬁ%%g%r%%%%?ﬁ?g%r%%%\%%ﬁg’% 5632 aegglt%fgﬁ%/a-oleﬁn
block inl@?ﬁ(ﬂ’;‘/ﬁ‘ﬂé?lt?@r%%ﬂ%‘é)% BRIRTAIm SRS IR dB RTINS AR vE eaushiallstdimpsrsion ahdt is greater
(hais 60 . afsaics han 40 5ilkgauealerdaR LAt R e Tk eilbdens/asslali blogkntetpolymer
of any of the preceding claims wherein the ethylene/a-olefin block interpolymer has a molecular weight
greater fRAFSBE GRS AR 2AAYRHBIESIEfN block interpolymer of any of the preceding claims
wherein the ethylene/a-olefin block interpolymer has an average block index greater than O but less
than 0.4 and alholectlaretinight tisttitfintidockl Mpddmereatertbanitids 197 R-iyiene/aralefin block

interpolymer. of Claim 118, wherein the average block index is.in the range from Q.1 to 0.3. 1020.The
ethylené{%% etin %ﬁg@ﬁ(ﬂtfin%g%% ymer %fg&?%{leﬁ% %ﬂ %‘h%q%%nt?h%}gv@%a@ ‘f?ﬁ%‘ﬁ’ ??f&gﬁifai@}’ngfﬁ%t%nge from
- 0.4.to 1.Ban or pqual he3&tRytene FeolafintockrrfterhbhmercotiGiaim B altbeRindbi: average block
index is Jn ihe ranae fr 4904 couafia: ethylene/a-olefin block interpalymer of Claim 18,
wherein the av%rage b cﬁ ?L%#l%%?(rigqi%amﬁ%e %%Z%O r%ﬁ?rﬁ?gt fd‘%{f@tf’ ' &aﬁﬁrfﬂg%{%%éf?é’i@-%lefm block
interpol egrefnC ket ian Hevein tyeaverdly® block indexe range from 0.5t0 0.7.  24. The ethyl
ene/a-olefm block interpolymer of any of the preceding claims, wherein the block copolymer has a

density of less fian O1% aioacR0a% T sibulengiasaleiilack fuisipalimes ALEIAIM 34, hereln the
interpolyrner has a densit%/ in the range from 0.86 g/cc to 0.9 g/cc. 26.The ethylene/a-oletm block
P

interp ON%PWWW @E’éﬁﬁﬁﬁ‘ﬁéﬁﬁ&%g}@?@r equal to 40.0 mole percent, preferably -

_ greater than or ¢qual to 44.7 mole percent, more preferably greater than or equal to 40.7 mole

1  percent and may also be greater than or equal to 46.7 mole percent, greater than or equal to 48.7
mole percent, greater than or equal to 50.8 mole percent and greater than or equal to 52.8i mole

percent.

14.  The ethylene/o-olefin block interpolymer of any of the preceding claims wherein
the ethylene/w-olefin block copolymer comprises domains wherein the domains have a smallest
20 dimension in the range of from 40 nm to 300 nm, preferably in the range of from 50 nm to 250

nm, and more preferably in the range of from 60 nm to 200 nm.

15, The ethylene/a-olefin block interpolymer of any of the preceding claims wherein

the ethylene/o-olefin block copolymer has been compression molded.

16.  The ethylene/u-olefin block interpolymer of any of the preceding claims wherein

25 the ethylene/u-olefin block interpolymer comprises domains wherein the domains have a
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the Mw/Mn is greater than 1.5. 27,The ethylene/a-olefin block interpolymer of Claim 26, wherein the
Mw/Mn is from 1.7 to 3.5. 28. The ethylene/a-olefin block interpolyrner of any of the preceding
claims, wherein 5 the Mw/Mn is greater than 2.0. 29. The ethylene/a-olefin block interpolyrner of
Claim 28, wherein the Mw/Mn is from 2.0 to 8 30. The ethylene/a-olefin block interpolymer of any
of the preceding claims, wherein the ethylene/a-olefin inteipolymer is characterized by at least one
melting point, Tm, in degrees 10Celsiug, and a den5|ty, d, in grams/cubic centimeter, wherein the
numerical values of Tsr?i‘%lﬁ:a 8186‘7%@&%3 {6 $Frétreredh iﬁmwrsate%@@@molng(a;am@m@(d)z
31. The efiylene/a-olefin block interpolymer of any.of the preceding claims characterized by having at
least one fraction obtained by Temperature Rising Elution 15Fractionation ("TREF"), wherein the

fraction has a hlock index greates than-0.3 and to.1. O an the ethylene/a-olefin block copolymer has
a molecular welght dlstrlbut:ggn M%N?FHP g?aec%tléllﬁgt) 9 ft PADEHIIN gal&jéfl

interpolyffettis! @ll‘r?}ﬂoﬂéfméé@dqm@i@lmﬁﬁsﬂmh@remm&@@mmgmgmwr thayr@atey/then 50 mole

percent. 2033.The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the

hard seg ments1 gre p@mw@e/@mgﬁﬁtﬁr@m iB08185% by alM?'Qh{h%fﬁﬁ%é@ﬁ‘?&@m%erem34 The

ethylene/a- n block inter mer of any of the precedi bq claims, wherein the hard segments

oI
compris Sﬂ SPYB SR TR TR A ST AR RV erage %Wﬁ@‘@?ﬂéﬁ@ﬁlﬁléﬁhibﬁ@&@n

|nterpolwmrﬂfaaﬁyi@cﬁﬂlaﬁm%}ﬁdmgﬁlagmﬁMjnprne@rgaﬁmfgpfjt segments comprise less than 90% of
ethylene on a molar basis. 36. The ethylene/a -olefin block interpolymer of any of the preceding

claims, wherein 9the tha 70% n a.molar basis. 37. The
ethylene_/a—ole in blosigntegg%%/gr@e%% any o#( t]hi ceding c&g r‘r% ?\gfn‘g%lgfﬁ%tg‘eo%@[f‘%%%er
displaystedesfieatitie spestfoomtfdtiredshes a value of at least 10 percent 5within the region of infrared,
visible or ultraviolet light. 38. The ethylene/a-olefin block interpolymer of any of e preceding

clajms, whereinghe bml%ﬁg@&lMQﬂé%ﬁ)%ﬁf&ﬁ%&@%olyme?8f@ihﬂ£“?ée Somarsing.ine blagk .

mterpolymer of any of the Precedlng clalms
index 1s in the range from 0.4 t0 1

21, The ethylene/u -olefin block interpolymer of Claim 18, wherein the average block

index 1s in the range from 0.3 to 0.7.

22, The ethylene/u~olefin block interpolymer of Claim 18, wherein the average block _
15 index 1s in the range from 0.6 t0 0.9,

23. The ethylene/o-olefin block interpolymer of Claim 18, wherein the average block

index is in the range from 0.5 to0 0.7.

24, The ethylene/v-olefin block interpolymer of any of the preceding claims, wherein
the block copoiymer has a density of less than 0.91 g/cc.

20 25, The ethylene/a-olefin block mterpolymer of Claim 24, wherein the interpolymer
has a densﬁy in the range from 0.86 g/ee to 0.91 g/ee.

26.  The ethylene/a -olefin block 1nterpolymer of any of the precedmg claims, wherem
the Mw/Mn is greater than 1.5. |
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40. The article of Claim 39 wherein the article comprises a film, a molded article, 10jewelry, a toy, an
optical article, a decorative article or a combination thereof 41. The article of Claim 40 wherein the
optical article comprises a photonic band gap material wherein wherein the ratio of the index of
refraction of the segments having a difference in mole percent a-olefin content is 1.00 to 1.09 for a
continuous set of wavelengths lying within a wavelength range of from 100 nm to 10 um. 42. A
process for the polymerization of one or more addition polymerizable monomers to form the block
copolymer as defined in Claim 1 comprising two regions or segments of differentiated polymer
composition or properties, said process comprising: 1) contacting an addition polyrnerizable

mahomer or mixture dftmengtenss uner Bidditionpalymenzationisoneitionsdn areacianpsreactor
zone witggam C me;igion comprising at 20least one olefin polymerization catalyst and a cocatalyst and

characterize by?he formation of polymer chains from said monomer or monomers, 2) transferring
the reaction mixture to a second reactor or reactor zone and optionally adding one or more additional
reactants, catakfsts, mbashEkneoteéinddnspcuidsabyiortof comaidnsprateliniit omaftenaaid transfer;
and25 e NHIRHSING-PREHZAEON to occur in said second reactor or reactor zone to form polymer
chains that are differentiated from the polymer chains formed in step 1); said process being
characterized additi%% of a chain shuttling agent to the reaction mixture prior to, during, or

subsequent to &tep 1) SR RNERAISLETL SIRESIRIFP POSTRTRE HiHmes ribrsetidbertdm St s 3) comprise

two or nfese aemigally or physically distinguishable blocks or segments, wherein the block copolymer
is mesophase separated. : o ' :

- 30.  The ethylene/u-olefin block interpolymer of any of the preccdjxlg claims, Whérein
ther ethylene/o-olefin interpolymer is characterized by at least one melting point, Tm, in degrees
10 Celsius, and a density, d, in grams/cubic centimeter, wherein the numerical values of Tm and d

correspond to the rélationship:
T > -6880.9 + 14422(d) — 7404.3(d)%.

31.  The ethylene/a-olefin block interpolymer of any of the preceding claims
characterized by having at least one fraction obtained by Temperature Rising Elution
15 Fractionation (“TREF”), wherein the fraction has a block index greater than 0.3 and up to 1.0
and the ethylene/e-olefin block copolymer has a mg’lecular weight distribution, Man,. greater
than 1.4. -

32.  The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein

the ethylene content is greater than 50 mole percent.

20 33.  The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein

the hard segments are present in an amount from 5% to 85% by weight of the interpolymer.

34.  The ethylene/o-olefin block interpolymer of any of the preceding claims, whersin

the hard segments comprise at least 90% of ethylene on a molar basis.

1}

35, The ethylerie/a—oieﬁn block interpolymer of any of the preceding claims, wherein

25 the_'soﬁ: segments comprise less than 90% of ethylene on a molar basis.
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36.  The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein

the soft segments comprise less than 70% of ethylene on a molar basis.

37.  The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein
the block copolymer displays a reflection spectrum that reaches a value of at least 10 percent
within the region of infrared, visible or ultraviolet light.

38.  The ethylene/u-olefin block mterpolymer of any of the preceding claims, wherein
the block copolymer is pearlescent.

36. An article comprising the block interpolymer of any of the preceding claims.

40. The article of Claim 39 wherein the article comprises a film, a molded article,

jewelry, a toy, an optical article, a decorative article or a combination thereof,

41, The article of Claim 40 wherein the optical article comprises a photonic band
gap material wherein wherein the ratio of the index of refraction of the segments having a
difference in-mole percent a-olefin content is 1.00 to 1.09 for a continuous set of wavelengths

lying within a wavelength range of from 100 nm to 10 pm.

42, A process for the polymerization of one or more addition polymerizable
monomers to form the block copolymer 2s defined in Claim 1 comprising two regions or

segments of differentiated polymer composition or properties, said process comprising:

1} contacting an addition polymerizable mohomer or mixture of monomers under
addition polymerization conditions in a reactor or reactor zone with a composition comprising at
least one olefin polymerization catalyst and a cocatalyst and characterized by the formation of

polymer chains from said monomer or monomers;

2) transferring the reaction mixture to a second reactor or reactor zone and optionally
adding one or more additional reactants, catalysts, monomers or other compounds prior to,

commensurate with, or after said transfer; and
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3) causing polymerization to occur in said second reactor or reactor zone to form

polymer chains that are differentiated from the polymer chains formed in step 1);

said process being characterized by addition of a chain shuttling agent to the reaction mixture
_priorto, during, or subsequent to step 1) such that at least some of the resuiting polymer

molecules from step 3) comprise two or more chemically or physically distinguishable blocks or

segments, wherein the block copolymer is mesophase separated.
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