ETHYLENE/ a- OLEFI N BLOCK | NTERPOLYMERS CROSS- REFERENCE TO RELATED

APPLI CATIONS [1] This application clains priority fromUS Provi sional

Appl i cat iwo 28@rdsz3esNo. 61/ 024, 688 (Attorney Docket No. ®66A%p009/Dbi785
application 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.p$fIQENE/ABIRANBLOCK IvFRYOPYAKERs No. 66702) , and
61/ 024, 705( Att orney Docket No. 66703). For purposes of United States patent
practice, the contents of these applications are herein incorporated by
reference in their entirety. FIELD OF THE INVENTION [2] This invention

rel ates to nesophase separated conpositions of ethylene/a-olefin block
interpolyners wth c@ROSY-REEEDENCK TEEREIEATES APPLI@ATIONSS made from the
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r ubber - r ubb@} This invention relates to mesophase separated compositions of ethylene/a-olefin

block interpolymers with controlled block sequences and articles made from the block

interpolymers.

15 BACKGROUND OF THE INVENTION

[3] Block copolymers comprise sequences ("blocks") of the same monomer unit,
covalently bound to sequences of unlike type. The blocks can be connected in a variety of
ways, such as A—B in diblock and A—B—A triblock structures, where A represents one
block and B represents a different block. In a multi-block copolymer, A and B can be

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

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

[4] A block copolymer is created when two or more polymer molecules of different
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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(el astoner-el astoner), glass-glass, and glass-crystalline bl ock copol yners,
are al so possible and nay have commercial inportance. [5] One nethod to
make bl ocwocopaldyseers is to produce a "living polynmer". PORIUSk@90370E al

Zi egler-Natta pol ynerization processes, living polymnerization processes
involve only initiation and propagati on steps and essentially lack chain
termnating side reactions. This permts the synthesis of predeterm ned and
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SO 11 T L e b Al S i A
honopol ypescessnAdE cAtilgn mustieghiby 1iGihy Shahdidrig Akl 6 a RBRGIAERA eechd crystal lize
froma nelt and form spherical structures called "spherulites". These

spherlgl ites 6j)an ti n si.ze fr gmc m c[)]g,rr%tsg{?s Lo, r;‘l rllt!leisgg eirasémjogicdi ameter. A
descriPpt i on®bf tHASHREIOBIRER 81 ThERPOBLFIINACTR 5 v

polymerization using the sequential monomer addition technique. In sequential addition, a

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

monomer has reacted to substantial extinction forming the first block, a certain amount of the

second monomer or monomer species is introduced and allowed to react to form the second

20  block. The process may be repeated using the same or other anionically polymerizable
monomers. However, ethylene and other a-olefins, such as propylene, butene, 1-octene, etc.,

are not directly block polymerizable by anionic techniques.

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

25  homopolymers made from a highly crystallizable monomer will crystallize from a melt and
form spherical structures called “spherulites”. These spherulites range in size from
micrometers to millimeters in diameter. A description of this phenomenon may be found in
Woodward, A.E., Atlas of Polymer Morphology, Hanser Publishers, New York, 1988. The
spherulites are composed of layer like crystallites called lamellae. Descriptions of this may be

30 found in Keller, A., Sawada, S. Makromol. Chem., 74, 190 (1964) and Basset, D.C., Hodge,
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Wodward, A E., Atlas of Polynmer Morphol ogy, Hanser Publishers, New York,
1988. The spherulites are conposed of layer like crystallites called

| anel | ae.wDesewwpissons of this may be found in Keller, ARCT/USaWa632705.
Makronol . Chem, 74, 190 (1964) and Basset, D.C., Hodge,AM, Odley, RH,
Proc. Roy. Soc. London, A377, p 25, 39, 6 1 (1981). The spherulitic
structure starts froma core of parallel |anellae that subsequently branch
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omeer t SeoPiEr- 304 {1587 AenSBRb e SRR ot D ST b WhEE L o) S are
obser ved nasgecdRs itk endu@h Sf arBg 0 %S @R anodher tylk B €donBmeMahevei.thdhum A

Hltner, E. Baer, . Polym Sci. B: Polym Phys., 34, 1301 (1996). Studies
of | ow nﬁ?@@&P%Pf%F%t %f%g%‘%cé}ﬁ%ﬂ ?W%lﬂ‘%‘ﬁ?ﬁ@%’%%ﬁ%m%nﬁﬁ%?é? uyuahlyi ng of

t he nunbeg, lﬁflk}ﬂt@%ﬁ&wﬁtﬂlﬂ én &hﬂxﬁ&@ﬁstﬂ Rhd, Qhefré}@ﬂe @i‘eﬁ\uén%élblf éftﬁder{e%nft@fnm a chain
folded | anel |l ae. As described in Mandel ker n Pr asa Alanb, G M

St ackS MiemsabrarRIoasTs cannot EEG qrsgdeyy hiskertesn e lensth o6 Bitkisadenst ingn | east
100 et hylaﬁﬂﬁné‘éﬁnrf&nﬁﬁ&l E@&Hﬁaﬁl?dthj: &heﬁg@\kz&lﬁ RAithBecoBE |s9‘t’lhﬁ tﬁhtsch'&ﬁﬁ”ber of

et hyl ene units, | ow nol ecular "weight fractions form extended chain crystals
while p0|fy1étngyntgjl~p@1e§'@r stppragea fis no longer favorable. In this case, fringed micellar or bundled

crystals are observed as described in S. Bensason, J. Minick, A. Moet, S. Chum, A. Hiltner, E.
Baer, J. Polym. Sci. B: Polym. Phys., 34, 1301 (1996). Studies of low molecular weight

20  polyethylene fractions provide an understanding of the number of consecutive ethylene units
that are required to form a chain folded lamellae. As described in L. Mandelkern, A. Prasad,
R.G. Alamo, G.M. Stack, Macromolecules, 23, 3696 (1990) polymer chain segments of at least
100 ethylene units are required for chain folding. Below this number of ethylene units, low
molecular weight fractions form extended chain crystals while polyethylene at typical

25  molecular weights form fringed micelles and create a granular type morphology.

[9] A fourth type of solid state polymer morphology has been observed in a-olefin
block copolymers made by batch anionic polymerization of butadiene followed by
hydrogenation of the resulting polymer. At the crystallization temperature of the ethylene
segments, the amorphous blocks can be either glassy or elastic. Studies of crystallization

30  within a glassy matrix have used styrene-ethylene (S-E) diblocks as described in Cohen, R.E.,
Cheng, P.L., Douzinas, K., Kofinas, P., Berney, C.V., Macromolecules, 23, 324 (1990) and
3



nol ecul ar weights formfringed mcelles and create a granul ar type
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matrix h%\ﬂ%lelﬂé Qﬂlyﬁgfé/lf)l@é}ﬁﬁ@@thﬁP@lbﬁ)gksEa)s d@gcab&ﬁhﬁoaw @es&%fséaﬁdz ANRGRhen
R E., Chen Douzi nas, K., Kofinas ., Berney Macr onol ecul es,
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M crodomai ns can take the form of sp e l'i nd |1 ae. The

nar r ownes COMIARRL O ﬁe 0 I B . B‘ior’i“aé‘é %%F%Eﬁﬁl %f%gﬁ‘?fest he pl ane of
| amel | ae cylifdefOfshnalae Thé farfovlS difbrstonton @S RCISYGEH RS uCH ds peipeRdEBarty Pi cal to

find constraints_on the dianmeter of the spheres and cylinders, and the
t hi cknes dhegtlaneios laneia. [isconstgined 3 < RANMIH essPlERP altds MARy tHical BXfEK ed to as

m cr ophagen&@Rar @l ieddiafibBusrehdsp eVt BnREE M LChe thidkadR b Ak 1408 R <
t hi ckness for nonodi sperse ethyl ene/ octene di bl ock cop[(l)elt%rrers at different

val uds of30mar Archrppterialy mey bioiefied smas nocehasn eepasfed. Fagurnleshopvg thee
denmonst f%Eé%i%otédh%ena?M&Halﬂfthlé’l&%éé fbﬁh&?odfltiérg@%%n&%%cteﬂe A%iRR oM ENLe Of the

bl ocks, nol ecul ar weights 1 n excess of , g/ nol are necessary to
achi eve ddhmém valugsas tadl naﬂecmmr wetebt dndghooring oode Yoy Thhiiigrine denans@arei thiabl e at

;Eggeg!s lg 26 rmallt %grljlzllaafrge yiv?ije%plct:ess 1968 enelcxn el lth'e%?oc‘l%s ngol‘l]&:uﬁg \C))vglléﬁtts L9 Qxcg'ss of
180,000 g/mol are necessary to achieve domain sizes of 50 nm. The high viscosity which is

20  unavoidable at such high molecular weights greatly complicates the production and processing

of these materials. The calculation applied the theoretical results of Matsen, M.W.; Bates, F.S.

Macromolecules (1996), 29, 1091 at a temperature of 140 °C, a characteristic ratio of 7.5, and

a melt density of 0.78 g/cm3. The correlation between octene mole % and y was determined

using the experimental results of Reichart, G.C. et al, Macromolecules (1998), 31, 7886.

25 [10] Block copolymers containing both crystalline and amorphous blocks can crystallize
from disordered, rather than microphase separated, melts and produce a regular arrangement of
crystalline lamellae as described in Rangarajan, P., Register, R.A., Fetters, L.J.
Macromolecules, 26, 4640 (1993). The lamellar thickness of these materials is controlled by
the composition and molecular weight of both blocks as described in theories by Dimarzio,

30 E.A. Guttmann, C.M., Hoffman, J.D., Macromolecules, 13, 1194 and Whitmore, M.D.,
Noolandi, J., Macromolecules, 21, 1482 (1988). For an ethylene based block copolymer, the
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of these materials. The calculation applied the theoretical results of

Mat sen, MW ; Bates, F.S. Macronol ecul es (1996), 29, 1091 at a tenperature
of 140 OQyvoaceymrmwsteristic ratio of 7.5, and a nelt demsirtus2@b/o82798 g/ cnB.
The correl ation between octene nole % and ¢ was determ ned using the
experinmental results of Reichart, G C et al, Mcronol ecules (1998), 31,
7886. [10] Bl ock copolyners containing both crystalline and anorphous

bl ocks camxahvs idknk& & fHeRMstilsR 1868t thds@dfiholoBRB isThEdARRadR separ at ed,
melts and produce a regular arrangenent of crystalline |amellae as

descri bedd<HnyRa fugkng;sHh a high deityipelyethylepe grystal pdiichdp abouf 22 niygacr onol ecul es,
26, 4640 (1993). The Ianellar t hi ckness of these materials is controlled by

the conposifigpn Mdap&%ws%rﬂ/@emomm&pﬁrlﬁ%@ém@ 1ﬁﬁlé%wdnaﬂdml n

theories by D marzio, E A, CGuttmann Macr onol ecul es,
13, 1194 cARsYieterraseatly fviwed ki Soayikii G- JJ’ROSR,HC%&H%LFI}@& Bpiig. A.4Bp (1988) .

For an etgiyligng Maﬁﬁ‘ﬂro?| Bn. %QP@Q 36'@59@2 (idﬁﬁif%rr[@mﬂebé ﬁKﬁlﬁl%s%ex@é blbbie

cryst alline regl on of hese norp hol Ogl es is th sane as he naxi mum
t hi cknes§0m1yfaerhiﬂ]g%s@§ﬁ§FW%@W@IOWOW OEWQIPMHSWC&IQOMW%Q)WMQ nm [11]

Bl ock CORR&%@%&&d{eEQtEEp%h%VI Eﬁ%%tg&re%ﬁ’&kggp#ﬁh&%cédté{h gﬁgstﬁhﬁk:}m@” zat | 0”

catal ysts were recen neKi Coat es,
W Boli gegrmentsmr bICBks;ekdwqwstthMtlon pﬁthPsmylent@@m thaye sgetm3Ras B0n@ily (2007).

mor phol ocy Sr "By i st af AR R PR L RRhE S

nor phol og S suc styrene
( SBS)10 Sevear@lyleoé) alnheﬁehdmiouc bokypnppylymmlvlech:myeamhenerzyssibsi:hbeckmbI e segnents or
bl ocks,

I zatio e ks in e Syst gns s primarily
const £ ai TENLE MoEihid Ry Pl o kel dr By R P! B ind B!
poIypropy}GﬂembMthw@ﬂhy&ﬁtﬁyheﬂﬂanmzbCmpﬁ &mmﬁmamﬂmsyﬁqnmkﬂctic
polypropyle e- bl ock-p et hyl ene, escriped i oko ai ne
F7 > ngn MO IARaTR e SRy wibRonadipgrst o fosh st (800 Tigha coat es,
G W, lrslﬁyaﬁryopayaﬁ}ué@smo&%{o%}(ethﬁéﬂe EHR3y 1€ RORY desdriebiMatsaphas e

separated nDrphoIo%les wi th domain _sizes con5|stent wi t h nonodi sperse bl ock
copol19ne a fU&G% S Txkags Y- yInoue Y.; Nakano, T.; Fujita, T.; Kashiwa, N. in

pol yet hy Im«%@lz&%%pﬁkm%@wg@ﬁ@g@mp&@ ayskﬁm)a@ ha @ ﬁ@@@ﬁhhmepawed\/at sugi ,
T.; Matsui, S.; Kojoh, S.; Takag Y.; 1noue, ﬁ% kano, Fujita, T.;

Kashi wa, DrPhAgisc AGAHF é@lmwregyle@ézlquolsdstsmmﬁa@?premg@)S Wl&r RUI@SsCri bed as
havi ng mnﬁﬂ&ﬁﬁ@%lgﬁ@cﬁﬁﬁ@ﬁtﬁ% (Mw/Mn = 1.07 — 1.3), as described in Fukui Y, Murata M.

Appl. Catal. A 237, 1-10 (2002), are claimed to form microphase separated morphologies
20  when blended with isotactic polypropylenes, with domains of amorphous poly(ethylene-co-
propylene) between 50 — 100 nm. No microphase separation was observed in the bulk block

copolymer.

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

block types are amorphous have also been prepared using living olefin polymerization

25  techniques. A triblock poly(1-hexene)-block-poly(methylene-1,3-cyclopentene)-block-poly(1-
hexene) copolymer, as described by Jayaratne K. C., Keaton R. J., Henningsen D. A., Sita
L.R., J. Am. Chem. Soc. 122, 10490-10491 (2000), with Mn = 30,900 g/mol and Mw/Mn =
1.10 displayed a microphase separated morphology with cylinders of poly(methyene-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, J.; Mathers, R. T.; Coates, G. W_;
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nmor phol ogi es. Atactic pol ypropyl ene-bl ock- pol y(et hyl ene-co-propyl ene)s with
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and M_A/ Mﬁor‘boi‘neﬁ% \g I’?g/f aé/% (ﬁ)O rﬁ&%ﬁ?‘ﬁﬁm/ﬁl@?gﬁ%ﬁg 61&%1%92 a9y —%%ﬁl.cyl i nders
:f about % nmw ge.

of poly(nethye ntane) sized
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T.; Coates, G W,Thorras, E. L. in I\/acrom)l ecul es, 39(5), 1913-1919 (2006),
al so di spl a[)13}n' dﬂlomaefiaé%@awmré@tm@hwlp@qm@sizatfm@r btzihg()hﬁn hyl ene-

1, 3- cycl n vin K

ot iyt o PBEMRD R Qs bWl ERRITER YGRS BLORRE) Mdrrpw mroteputar weigy o

al t erlfat idisgyibehainegs, ryplca]iy &8h ¥vdMb0O21. nmnovd'typlealtyheth Mw/Mn < 1.2, and

pol y(et hyl ene- | ock-paql y(eth e: ar.bor nene ith Mh =
D6 500 SPRapoR Rty A Doteudly el A iriicht S IS ARURECT LSRG HHALD 1D 7 o
denonst r abe: :ﬂstfneomﬂy beeh exdntiyied in tlmhmevf dibloclosral tribls¢kz@poly B} sinee t}ﬁse arery hi gh
nol ecul ar wei g@ s are .re LII red to achi.eve such. | ar e domai These

mat er i al s"Daked on n%‘&il{:ar‘i‘ AhiaRs TIYLT BARIPTZAE ORI RS ﬁ‘@thgﬂl%‘f’} prmbers

pol ymer i zabioeks, can be additionally characterized as having very narrow
nol ecul ar wei ght distributions, typically with MMM < 1.4, ,nore typically

AR W e S R Re ke A
of di bl oalfaacEble ispéOieK int@RBibN B SeehititCR e bIRS 6f tAf @ifferent blocks, as
characterized by the Flory-Huggins y, parameter, and high molecular weights. Representing the
average block molecular weight as N, a typical narrow polydispersity diblock containing equal
amounts by volume of the two blocks requires a value of x times N greater than 5.25 for the
20  melt to display an ordered microphase morphology as shown by L. Leibler, Macromolecules
13, 1602 (1980). This minimum value of YN to achieve order increases to about 6 for triblock
copolymers with equal volumes of the two block types. As the number of blocks per molecule
increases further, the required ¥N also increases and asymptotically approaches 7.55 in the
limit of a large number of blocks per molecule as shown by T.A. Kavassalis, M.D. Whitmore,
25  Macromolecules 24, 5340 (1991). Although multiblocks such as pentablocks have been shown
to provide a substantial improvement in mechanical properties as described in T.J. Hermel,
S.F. Hahn, K.A. Chaffin, W.W. Gerberich, F.S. Bates, Macromolecules 36,2190 (2003), the
overall molecular weight of these multiblocks has to be large in order to meet the requirements
for ordered melt morphologies. Since the energy requirements to process a polymer increases
30  sharply with molecular weight, the commercial opportunities of such multiblocks may be

limited.



nore readily synthesized via living anionic polynerization than structures
wi th hi gher nunbers of blocks. [14] Achieving m crophase separated bl ock
copol ynmrerwooophorssgi es usual |y requires unfavorabl e di sperdiSe@9iost7es act i ons
bet ween the segnents of the different bl ocks, as characterized by the

Fl ory- Huggi ns ¢ paraneter, and hi gh nol ecul ar wei ghts. Representing the
aver age bl ock nol ecul ar weight as N, a typical narrow pol ydi spersity

di bl ock contgj nifngyveQaY dleor@iRY fthdieddy ¥ ok YiRs, & 1t htddi Mol 70Cks:. PeVITES @
value of c tinmes N g);ﬁater than 5.25 for the melt to display an ordered

ni cr opha§874r€¥ﬁ)%d‘lné aSodisorSMacronelrgtasS?d. (ke (HI98) @dﬁﬁwfn@at thes02
(1980). Thh, ﬁg%{r&d d‘lrﬁorgfl?lg%}leﬁt&c@%& %é’tﬁﬁg&?&& e%{‘tgcﬁﬂﬁee& toth ﬁ?&“t 6 for

triblock copolyfters wt umes o

nunber ofold@kmxﬂcsmpmealm @ﬁwhéouhﬂmckaﬁes hfvgratrhest probdide dlsiqutroa@f ml\igtal SO

o b 3o T epDPADHERARL Sob s ARPBPSRAE PRkl DS G s B b gie o
Macr onol @amb eﬁxﬁ%he’i@}q(ﬂs thd 9&hder a:@érhgwﬂ@ik lengkit, ilbdroeks agish aﬁSrd@&ﬂt abl ocks
have been shown to_provi de a substantial inprovenent in nmechani cal

proper t i d€rR0logxdt? f958aua! Molypes qldheyiwo blaskypepapthowp by LI Hetgnki S-\py
Ger ber i Clpanfuksy, A3t &Koy, AVBEZ 0D | 1©08) BSmakiblodlSR tHedRA) ield NIt OVEE &lwler

nol ecul ar wei ght of these multiblocks has to be large in order to neet the

requi r emeAlus it 0K trapsdpiqsdel a meistaniid rgshietiangh excralbimgleeulahecighi dorgymeleepdereénent s
to prl%ceﬁﬁm@é?é HEherb R, Q?Fo? E&@ésﬂn%’gwtst h mol ecul ar wei ght, the

commerci al opportunities’o ocks may be limted.[15] However,
theoretical studies by S W Sides, G H Fredrickson, . Chem Phys. 121,
4974 (2004)[16hd Amower merektant predictiep mage by BotpnkiauPassulay ang alsa by Poe). have
ol vl sporal 1o e RSy oF BT R B P AR RRTE TR ot
bl ock typessitiengona divoier tproolsalsoes whit s¢aqui uepthyras of mbmd@tphrse blogk the ratio of

Val e of R ATy HURFE: Her METARE, Bt AEKH R A Honi el Shuri" sy ! T
achi éve aprdeomﬂer bxﬂmdmep hé o)@yali @nipofigen ﬁwadﬂewhd mm;e@t@mlrtehmwtn/\pnrmm k types

h 998) f
?nsﬂ f i E}M(;CE Ihpl%aﬁes #fg‘ Xafripéel Bé{ydlﬁge{s%%ﬁoc’ks fﬂ8 V\%tlhe l§oundary be?we’en 0391 Zdrlgzjl ) for

and lamellar phases may have the more symmetric diblocks form lamellae while the
asymmetric ones will tend to form cylinders. In the vicinity of the order-disorder boundary,
molecules with longer blocks may form an ordered morphology while those with shorter

20  blocks remain disordered. In some cases, these disordered molecules may form a distinct
macrophase. Alternatively, the location of these molecules could be directed to the center of
the ordered domains in a similar manner to the domain swelling that occurs when a
homopolymer is blended with a block copolymer (Matsen, M.W., Macromolecules 28, 5765
(1995)).

25 [17] In addition to achieving microphase separation at lower values of yN, 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, &, 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).
7



value in cN translates to a substantial reduction in overall nolecular
weight for a nelt ordered multiblock and, therefore, a drop in processing
costs. [ D 20000905 | nportant prediction made by Pot enkiPaT/uSacg0Bzyos and

al so by Matsen, MW, Phys. Rev. Lett. 99, 148304 (2007) is that each
transition in norphology, including the transition fromdi sorder to order,
does not occur abruptly as in nonodi sperse bl ock copolyners. Instead, there

are regi amg eFctE9%lyRlshba6 nPHARAS RhANE RACNPRURdanYnstre@BheliRen@iider - or der
boundaries, the overall conposition of a nolecule may determ ne how it

parti ti oRdatBkificnd cphierkess apirarimased pIYAISPEHIYAYi bigpeing & serigs| b 81e8odsRSHg t he
boundary p’ef(?iktgf‘eg@-;ﬁ%%U(an'[yﬁo%diﬁ&g (N&Hﬁkl t@%o,ﬁﬁ,afﬁéné,@}{; M&Y&nkh e more

symretric cks formTanellae while the asymmetric ones will tend to
f or m cyl iMdeenoledqufes (OG5S FiTtly#386). Ragistor apd cowpkons demdisgiermdangphalegiescul es

w th lon o -der. enlg i wi th shorter
blockg rgﬁ%ﬁﬁkg§§%¥%€%g%2;ﬁ%ﬁggﬂ%gggﬁgs, fﬁggggﬁﬁggghg@gﬁq%%%%cules may
form a dipshyinrdtativacecoples@enddjdcar DaPonsaiey V. tleeni¢addt iLon BIL.t Reeseermdl ecul es
could be di,rected t t ar. e i in LG lar manner
Lo the dctlifdfdsd Raghih ot Y oblo M SRR R TRLAT Lo PR A (e
bl ock coptliymper M( MaMeetmoMciiés 2008C3% 80381 D es/aR8ted 3 36 tes 0189b)dispefsd 7] 1 n

addition t chi eving m crophase separati at | r va of. .cN,. bl ock
engt b paPpa e oRe S SRR S o Ph P erb U sl o
ef f edd onyitheicdaiBiqiesshat éntkluddd@obriidpdreie) ia tHeyiyDESactili®eblsdkz €n aif ot he
m crodomai ns in nodi s ers%(PIQck copolyners is largely a function of the
aver age nuPREHPRIcsRRIYGRPeIR 1 ipgrase ,O%ﬁlasﬂaﬁmﬁr piessitng hhthe AW der  of
- 20- 50 nmlockioiY @lgreatel rdlém dee@ninfzedhGingie! MdtonRahysliceNpoisditperdi®ans to
| arger domaj n sizes as_ conpared with equival ent nonodi sperse bl ock
copol ymePEduessinbangepin the typspf ordgred morphglopy nbitedengedd techjaey forzgnthesedf- 6671;
Mat sen,  MoMdispdestr bloc%h‘)éﬁol%r;lers & &@806) lindtkd, 2hd Qt‘iggsé):cigmﬂiiﬁfcﬁ@g;i%tr&{uce

e

pol ydi spersity on phase behavi or have al so been denonstrate
experlPre meldispersiven siydtnle blogkdvhile wsikairiag a bighdser e A dlgsbicorfilypdr sity by
bl ending a series of nonodi sperse pol ystyrene-& pol y(2-vinylpyridine)s

(Noro, A ; [@BP. 1Bvéuld BKaReu tdfprovill@hubsishih bBek opolyBlef RMRhE6HAEMERANR0, 38,
4371-4376). Regi ster and coworkers found ordered norphol ogi es .
weight distribution and segment molecular weight distribution such that Mw/Mn > 1.4, that is

mesophase separated. It would be useful to provide such a material with two, three, or more

blocks per chain.

20 [19] In addition, there is an unfulfilled need for mesophase separated block copolymers
which are based on ethylene and a-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 OF THE INVENTION

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

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



in a series of polystyrene-& poly(acrylic acid)s synthesized using a
controll ed radi cal polynerization techni que (Bendejacq, D.; Ponsinet, V.;
Joani cot ,wil2podmas6sY. L.; Register, R A. Macronol ecul e®CZ082009852705
6645-6649). Most recently, Lynd and Hillmyer (Lynd, N. A ; Hllmer, M A
Macr onol ecul es 2005, JS, 8803-8810) eval uated a series of nonodi sperse

pol y(et hyl ene- /?-propylene)s that were chain extended with a bl ock of

pol y( DL- lcaghd€leld H?hlﬁ%le%}zﬂ@% RekhCide@GHoh MEBLL Make daRtd FdraLshoROl ¥ e spersity
in the poly(DL-1actide lock. In all of these exanpl es pol ydi spersity |ed
t o i ncr ed8@H 2ot by 28 B‘é?é@%‘ié’i“kéft?@@ espichian pae 2 roheped -Oppisk REeBve a
greater il &nilheARYERMIBL T ARIRA i ShaBpnd 0ol NSt ances, pol ydi spersity
al so produced changes in the type of ordered nor phol ogy. The range of
techni ques for synthesis of polydisperse bl ock copolyners is extrenely

linmited, ard®t isinadpisen.dhg pveliipp proyides anethylenegeleidn PeckPeBesi ty in

mul ti gl e JeRGKSe Wo'lﬁnéi@é BhALRHAQ aH'aGé}a,cherrﬁ&Edu@a@ wRlghPbagka G aRalpmen - [ 18]
It would be useful provide an olefin gﬁ@q yrer W th an over al
m

mol ecul arg/mg; &gmpledrletvrfrlﬁmdismbua@m Mw/dire i therginge Akdug ht telplout 2.But i on
such t ha deerencé'm%?le R,.&E‘ﬁ‘lt 9- o’f@lﬁ%ggtgﬁ%eﬁx?egﬁ‘ﬁl%ts&g Iblgl:l& al)&p[H(l: ﬁiar BlodR 8{ ul to

provi de such a materi , three nor e aln. [19] In
addi t i on,graatee than plkoua A0 oofeydefdet. ed need for nesophase separated bl ock
copolymers which are based on ethylene and a-olefins. There is also a need

for bl ock ¢ Pf' Y "B ifdnflod QY ABLAGHnSti NEARE fFork Mé’ abovetfdsBfplq 9/ ol ) t hat

form domai ns 1arger than those from nonodi sperse bl ock copolymers of the
pr i orlOar tethykagretojefigridepkeppaliagr. 60 nmin the snal | est di nension. There is
al so a need for a nethod of making such bl ock copol yners. SUMVARY COF THE

| NVENTI ON Tfhgy i nveﬂédoﬁﬂnéjﬂ’o%{é 680 An GNP Hefel QN CABPHEFA AGcAL rdr@RSt one

et hyl ene/ a-olefin interpolynmer conprising two or nore substantially
honogene®abnicrieationof erautrarorbidsielon pobmpsricailawgoninidre prafgatdhehinoedr nwre physi cal

properti %ﬁdl b p@?ﬁé% bR nfinb s eélg&(ij;]ug ;;,Eﬁgle‘ﬁe RS £ %Ak e Qé;f)fl 1 g%ﬁ’rg{; ent, said

|ntranDIecu characterl ossessing a no e nol ecul ar
wei ght dicsipidyudr] to rﬁornvmldp@q quolh@eectdm}drieimehaﬂtmleblbrks lok exgknentatoér poI ymer

:c fgm;ggh e{gnjlg%e9¥ol?/mgpéo%:p% bn WS ! PR ARRs oM NMhies el " @NQe Of
differing comonomer incorporation levels in which the difference in comonomer content
between the blocks or segments is greater than 20 mol%, said process comprising contacting
an addition polymerizable monomer or mixture of monomers under addition polymerization
conditions with a composition comprising at least one addition polymerization catalyst, a
20  cocatalyst and a chain shuttling agent, said process being characterized by formation of at least
some of the growing polymer chains under differentiated process conditions in two or more

reactors operating under steady state polymerization conditions or in two or more zones of a

reactor operating under plug flow polymerization conditions.

25 BRIEF DESCRIPTION OF THE DRAWINGS

[23] Figure 1 is a plot of the predicted thickness of each domain for a monodisperse
ethylene/octene diblock copolymer made with 50% of each block type at different values of the
backbone molecular weight, as measured by conventional GPC, and different levels of A

octene mole %.



about 2.8 and by an average bl ock index greater than zero and up to about
1.0; and, wherein the ethylene/a-olefin block interpolynmer is nmesophase
separ at edwo[28@}09r3s5addi ti on, the invention provides an eCchmyserns/az7o4 ef i n
bl ock copol yner wherein the copolyner is characterized by an average

nol ecul ar wei ght of greater than 40,000 g/nol, a nol ecul ar wei ght
distribution, MM M1, in the range of fromabout 1.4 to about 2.8, and a

di ff erence ) N0l eripgk 0604 pRr AnSikichdoanhentis Rethaetsly thasefd rhbggk and the
hard bl ock of Preater t han about 20 nole percent. [21] The invention also
t

provi des cHwleap/piodsiia cepelemers dhlluriecalbe delindencii bleek Biiny | eferRrseEs A bl ock
COPOl Y Melyhofe? BrfACGRIA Aol thekNB- REFSERL o bRCRD AkrfdIEt frd €8OV ded a
process for the polynerization of one or nore addi'tion polynerizable
mononer s thepwledle peaiiécy blotk capolyorer hayie thelgine comopeihsirrenteztabl'e " mdnBred$
especisal ldXﬁiI?éﬂ}(ilaﬁ%?ar%%q\xﬂ&lid \91?1515 mBier HIRNARPlf, comononer, to form a

bl ock copol ynmer conprising nmultiple blocks or segnents of differentiated
pol ymer conposition or properties, especially blocks or segnents conpri sing
di ffering dddbnoneligimdskepets die meltingipmperaiure agptifenrtionef ¢inpitye rle traditippal

conbnhone rralﬁlgﬂltcgpr%l??%W?Qtﬂyl@:&%—gfeﬂﬁéf ﬁw%eé%f‘g%{ﬁgxﬁg %ecfe%s&&ﬁ?ﬁegfeagiﬁ% n 20 mol %

said process c sing contacting an a ol ynmeri zabl e nbnoner or

m xt ur e efnswesohlewsvanrtbemvendide tntapolpobry trepicscatad by doorwdils) icanbit wettinga
conpositi [LSI t it ] | ri Lon |yst, a
cocataly§§ﬂgﬁgggr%ﬁgﬂgﬁgﬁﬁkgﬁﬁﬁﬁggggﬁg?ﬁé@?ﬁﬂﬁgg%ggéd%%#ﬁ%géﬁg%gg(%rized by
f or me0i omeddnggtoidt €Bs in degrees G¢lsinhandgteosiiynd, ip gtaysenbic haitingtaunvderein the

di fferenti ated. proce condi.tions in. t or .nDre reac 0 ing under
ot eady o CAPE Py RERT Dt Bt R wbBHG s RliCThE: 0r 2rb e RS Feact or

oper at i ngosindey>. pl ug fl ow pol yneri zation conditions. BRI EF DESCRI PTI ON OF
THE DRAW NGS [23] Figure 1 is a plot of the predicted thickness of each
dormai n for nodi.sper,se et hyl.ene/octene di bl oc | yner nmade with 50%
of "each bl datl type  Bred FrEr SHR0% BbREn ficd G SR BN TR TRFolt Ghe s
measur ed cbiyet@fi WAREFQealts. GREploantowitiefresl @atcedt@viehstraf NMR versus the infra-

15 red FWHM area ratio (methyl/methylene) of the ATREF peaks of random ethylene-octene

copolymer standards.

[27] Figure 5 shows the FWHM infra-red area calculation for a random ethylene-
octene copolymer (AFFINITY® PL1840, 0.909 g/cm3, 0.9 I, available from The Dow
Chemical Company).

20 [28] Figure 6 graphically shows that the melting points of ATREF fractions of

Example 2 are significantly higher than those from random ethylene octene copolymers, ATTANE
4203, 0.90 g/em’, 0.8 I, and AFFINITY PL1880, 0.90 g/cm’, 1 L, (each available from The Dow
Chemical Company) that are fit to a line representing (-5.7696 (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
ATREEF 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 I, and AFFINITY® PL1880,
0.90 g/em’, 1 1, (both available from The Dow Chemical Company).

10



octene nmole % [24] Figure 2 is a plot constructed on the basis of the Flory
equation for random ethyl ene/ a-olefin copolyners to illustrate the

defi ni ti omoabogydorsssk i ndex. " "A" represents the whol e, perfiset9nazTddm
copolynmer; "B" represents a pure "hard segnent”; and "C' represents the
whol e, perfect block copolynmer having the sane conononer content as "A'. A
B, and C define a triangular area within which nost TREF fractions would

fall. [25] [Bppure BgaeRiich ShbhfidBhitidABibesREE floblse oAopsly e folhAdnOf
density. In traditional random copolyners of ethylene/ a-olefins, the

mel ti ng PefaEdisg webe praseat ipyensop ELives ol HERSNEFEES. However, the inventive
i nterpolynmers (represented by di anonds) exhibit nelting points higher than

those of ranRgdpm copighyIRhSwPATREH bYRE0F (afl€BSpirktivedd ISP @hfchidt Bl @3st one
mel ting point, n_degrees Cel sius and den5|2%%@q, in granms/cubic
|

T I
centineték?ﬂmﬁﬁvgkdﬂﬂﬁ@mﬁﬁhﬁ%ﬁﬁékamﬁkdéén%ﬁﬁE%%ﬁ abl es correspond to the
relationship: Tm> -6553.3 + 13735(d) - 7051.7(d) 2. [26] Figure 4 shows a

refergnce c@bj brat Figire U8 kb sQlefRls AR FEC U8 QUL RMRArEONDANO0 RN ERNhER  Of
ATREF peaks. The plots show the nol percent octene from NVR versus the

i nfrar ed IEviIVDE 235 Welkds dhe(GoBtoR PRSP of fhe) TRIE Ragks spreamirgrbliR. okher andom

et hyl ene @t LRPBRIARPRALY Bt Bl aRdar dsnplds?4] 167 h8HS Rave mRAWELEN@nIWENE ! nfra-red
area cal cul ation for a random et hyl eneoct ene copol yner (AFFINITY (r) PLI

840, 0. 9@ontgntdmihg TREFpepothay tielCopiarafirotm The Dow Cheni cal Conpany). [ 28]
Figure 6 graphically shows that the nelting points of ATREF fractions of

Exanpl e 2 aig) si gnli:iti&@qmé VedM@heh JrRRGEMRSes fdi%h{pﬁ{@gm ehddBiRsoCt ene
copol ymers, ATTANE 4203, 0.90 g/cn8, 0.8 12 and AFFINITY PLI 880, 0.90

g/ cn80 1 1p2an¢@ach avail abl e from The Dow Chemical Conpany) that are fit to
a line representing (-5.7696 (nol %onononer of the ATREF fraction) +

127. 02 (solfizg) | i nepiguk39ks FddaipaRsoh @ RAEsA@ bloperf AW chifpafatile ah@at of
fusion (determ ned % DSC) of ATREF fractions of Exanple 2 are

si gni fi caremples wid Z han those of ATREF fractions of
[35] Figure 13 shows the relationship between I;¢/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 1/l 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 umz.
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random et hyl ene octene copol yners, ATTANE(r) 4203, 0.90 g/cnB, 0.8 12 and
AFFI NI TY(r) PL1880, 0.90 g/cnB8, 1 12 (both avail able from The Dow Chem cal
Conpany) .WBQpoigisse 8 is a schematic representati on of PChaSpeomsxss of

copol ynmer formation according to the present invention in two or nore
different reactors. [31] Figure 9 shows ATREF curves for (a) Conparative A,
(b) Conparative B, (c) Conparative C, (d) Exanple la, (e) Exanple Ib and
(f) Exanpl e[461 [32ﬂvlgllﬁlqursﬁ‘ovasqra%mmn&%péc%%f A s o ke d s SoBRaRL | ves A
- C and Exanples la, Ib, and 2 as well t he conmononer content of the TREF

peaks as 2rRDSOTIRLR qPRRZOnFras b?QS@Pr@%S@BWPWIWm%WINIﬁXt Bl plengx anpl es
la, Ib, qmﬂgblgﬁgﬁm%m%&@gﬁgwr content in the TREF peak than the
Conmparative C. [ 33] gure 11 1s a conparison of the GPC traces for
Conparative C and Exarrpl es Ib and 2. [34] Figure 12 is a conparison of the
tensi | e prddékti esFigireddshnarsdetierenes @ﬁﬁr@féﬁwp@w%n%ﬁ%ﬂ Blmsjof Erarpplgdre 13

shows st h%lJng @l a%ﬁﬁ&hx@sot% %ﬁ@@&rﬂp}&élbg rrf%ﬂﬂd @lrﬁ oF RRLINTPY ® PRTPRIASdIYferEXanpl e
B and Exanples Ib a 2. The sanples with D octene > 10 nol % have hi gher

val ues of(availgyle f_mltﬂﬁ@ﬁ HOWeClwwéﬁampw) eloanopirast (Wi thhspecticeldhpelilm & tae nol %

[36] Fig 5@9 Ptn?‘ ][ ded filns
of Corrpa?%ﬁ P\ljgr X@Iil I%e%lgg EQIQOQFIQQ&% 3@ Osg&gﬁeg&i%qgségg}n AFM i mage
of a Styrvelrwﬂ@n@llsodlk E@@lpplleﬂrfém ek BB aﬁ@kmf%@ntwwrtm%%éd@uttﬁate" in the
B- bl ock, M 5 64,000 g/ nol) at 30, 000X magnification. [38] Figure 16 shows
transm ssion él ectron m croscopy i mages of Exanple 2 at 15, 000X and 30, 000X
magni fication, respectively. The inmage reveal s a nmesophase separ at ed

mor pHél ogy. [4A] hi ghtigee 8D skfw refiey tananipectoy depmprssear welded filas of he domai ns are
predon nai i I t least 36
o, 3ok ppbBl FOME oIS BANRGO TR} OB BRI Ana B ERTEL oF 7

bl end of disxeimgl ie hdt xyildnks AfsheBrisopikategitintd X tamen@O HE00X-abegbing speaks on,

respecti \é?el AMso d-ggl%teld mage comparatives show less than 15% reflectance across evaluated range,

while Examples 1 and 2 display peak reflectivities near 50%.

15 [43] Figure 21 shows reflectivity spectra for films of Example 2 and the blend of
Example 2 with 25 wt% oil. Addition of the oil results in a shift in the peak reflectivity from

364 nm to approximately 415 nm.

[44] Figure 22 shows reflectance spectra of Example 2 blended with varying
amounts of Comparative Example C. Blending of Comparative C results in a shift in the

20  reflectance to higher wavelengths.

[45] Figure 23 graphically displays the increase in peak reflectivity from blending of

Comparative Example C with Example 2.

[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] Figure 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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reveal s a nesophase separated norphol ogy. A high | evel of |ong range order
is evident, as the domains are predom nantly oriented in the sanme direction
across arweanea/ofseat | east 36 nMmR. [ 40] Fi gure 18 shows PCaNsRAI00RTOE
spectra of conpression nolded filnms of Exanple 2 along with a conpari son
froma conpression nolded filmof AFFINITY PL1280G pol ymer (avail able from
The Dow Chem cal Conpany). [41] Figure 19 shows reflectance spectra of
conpr essi on49p! dedm%mle@ss&a‘wslixm@ﬂr Surdes?f BREMMES 1 - B2 HKQARANISIBpEERBNA
conpression nolded tilmof AFFIN TY(r) PL1280G pol yner (avail able from The
Dow Chem cal__ Conmpany). In contrast to the spectra of the filmof the

AFFI N TY a1 ol DE 28 Sesth e modbls 0 ahe 6 BT @ PRHORET 0ss ¢ he
measur ed & 3RgRue for@e)afitigt Bfampifles BXARPEEand HxamPle® XhisbiddSs, fespRakely.

refl ectance greater than 40@6ré¥|ectivity at 364BEHI [ 42] FigE?E 2% shows

refl ectance _spectra of conpressjon nolded fil ns of npar,at.i ve. Exanpl es B
and C. In a[éiloti on, '8f'F |2§r§g;§Par%<t fPpFEYref damainspaings t‘??%%@”ﬂ@&ﬂnscff’%%ol ved in

hot xygl em@sodigsbrdc@MI6 Wit @t &ind JVeRIIBMPasIRIn dn@ M,emove the UV-absor bi ng
species are also depicted. The conparatives show | ess than 15%reflectance

across eval uated rang i c 1Nd 0 eflectivities
near 50% [43] Figureﬁgﬁgﬁg ' EC F5pe a&—1d of Exanple 2
and the blend of Exanple 2 with 25 wt% oil. Addition of the oil results in
a shift iGenthaED¢aadonksef| ectivity from 364 nmto approxi mately 415 nm [ 44]
Figure 22 shows refl ectance spectra of Exanple 2 blended with varying
anount s of ar atj ye Exanpl e Bl.endi n f Co rative.C results in a
ahtc in tHee et edeeE BEmnE grap SUEREh Bkl e RE] Ao STl cai 1 y
di spl ays whathet sfchease or a diffeadat rypt.| Elod gemeriostefnn tpolppherhelnmgeestheGampar at i ve

Examl e with. Exammle 2. [46] Fjqgure 24 graphically.displays. reflectance
Exantos Chgeanma B ket G eyt AR YRR bR L
show peakerhefpbBethiyéhd Vindiides Go@bpoNaN@s engliyiche tah@todonendpastetHykaspheong fil m

or more Cs_g a-olefins.

[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 “semicrystalline”. The crystals may exist as stacks of closely packed lamellar crystals,
lamellae forming the arms of spherulites, or as isolated lamellar or fringed micellar crystals.
The term “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

or more types of monomers.
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[47] Figure 25 shows ATREF curves of Exanples 3-6 as (a) - (d)
respectively. [48] Figure 26 shows ATREF curves of Exanples 7-10 as (a) -
(d) respewOi2o@0p73649] Fi gure 27 shows ATREF curves of Eramulise@9niz7’a? as (a)
and (b) respectively. [50] Figure 28 shows storage nodulus (G ) and tan
delta as a function of tenperature for Conparative Exanples A B, and E,
and Exanples Ib, 4, and 5, respectively. [51] Figure 29 corrpares t he
neasured d N SPaic BG$did 1dnR - e ing nefill H&s di bl ock with
t he sane m?ﬂgfglall conposi tllgn and M. DE!O%%%PT ON OTM NTS OF THE

| NVENTI OQomansng¢thylete aqfl ap grodefmadnying per (ieeercarhiop atpsnsa Pederghlieratylednpound

pr epar ed By AL HIEALGH DhDRRIES S nVRRLEEIRE: | BEAABR: Ahpfdll ketent type.
The generic term pol ynmer" enbraces the tefns "honopol yner," "copol yner,

"t er pol yrkeut Sesnajgeparceasof thewkalp polymrer Mbrq\m@ra@tyeethfflpmaqqrrgprlsqsrﬁélea%r m

"pol yat h hyl et hyl ene
aha oo SpERS0 al AR o NTPRMY RS prcle PR 306k RORMIIRER i O 0!
refers t chesupginpimbremainder qdd@sd@é@}&)lﬁnérlmmprlmgiarlealstr(’an@ﬂter cmnanlomcr st al | i ne
nmeltin ol n T rm b rentd al n orirretr DSC
or equtv i e P AP EHE PEM M oSS el BABEGR W Th the corm
"sem cr ysbp;dlymere,"the ﬁihierred gtsnmjsmomagmmsan alsylateaokient@ieacd dmelapoypas ked

| anel | ar stal anellae form.ng the ar s ru S as isol ated
el | o 1Y P bR P el i okt R bR SR R o {0

pol yrmer Ipasf&umg fidnCaby st 1@l td hist@t PBblep@repa off theagholteiodyridrngd nitye ﬁllefefrz&ﬂ}e nti al

scanni ng cal ry ( ) equi val ent techniq The ter el ast onmer "
refers téroép PaB‘?Ut §§ ?Fe*?e Cg WIP‘PA‘?/P bme\‘glg‘?ré%aélyteﬂlé(ﬁn%@enermr e
prefer ablcypdmﬁ@fs tthaprefelrdeonifsitioR t@h@iseDAVethB&R cbhltaﬁt greh@ethah 28dut 60

"I nterpolyner"” nmeans a pol ynmer prepared by the p grrerl zation of at |east

two di fférﬂ%merfegab%fsth%wh%ﬁ@%@?&andﬂ%w@@ﬁ@rtffrts of %?rfha Ut @ FpBeYi s i ncl udes

the termy r&@r@&%l’ﬁﬁ{aboﬁt%%@ Bbdu® 35‘§1Hﬁlﬂe%e§c@|t&m1é]Q)I}Frﬁ‘ffredfndtn%r@- REAVKET
prepared fromtwo different m)norrers% as well as the term "terpolyrrer"

(whi dR i drousabart 3p e apeusy@ enolegperasnient theovhplppalyinerr For wpey alyleneguepylene
copolymers, the preferred composition comprises an ethylene content greater than about 40
mole percent of the whole polymer and a propylene content of from about 15 to about 60,
preferably from about 25 to about 50 mole percent of the whole polymer, and more preferably
from about 35 to about 45 mole percent of the whole polymer. In some embodiments, the

20  ethylene/a-olefin interpolymers do not include those produced in low yields or in a minor

amount or as a by-product of a chemical process. While the ethylene/a-olefin interpolymers
can be blended with one or more polymers, the as-produced ethylene/a-olefin interpolymers
are substantially pure and often comprise a major component of the reaction product of a

polymerization process.

25 [56] The term “block copolymer” or “segmented copolymer” refers to a polymer
comprising two or more chemically distinct regions or segments (also referred to as “blocks”)
preferably joined in a linear manner, that is, a polymer comprising chemically differentiated
units which are joined end-to-end with respect to polymerized ethylenic functionality, rather

than in pendent or grafted fashion.

30 [57] Embodiments of the invention provide a new class of ethylene/a-olefin block

2P G

interpolymers (hereinafter “inventive polymer”, “ethylene/a-olefin interpolymers”, or
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three different types of nononers). It al so enconpasses polyners nade by
pol ynmeri zing four or nore types of nononers.[55] The term

"et hyl enew@-2009073651 nt er pol ymer" generally refers to polPgwaISs000083I0F si ng
et hyl ene and an a-olefin having 3 or nore carbon atons. Preferably,

et hyl ene conprises the magjority nole fraction of the whole polyner, i.e.,
et hyl ene conprises at | east about 50 nole percent of the whol e polyner.

More prefygfialhyiheRbhY TBOGH GO -bRAS irkdrpd1Past cabpite cB1APhR HRIE BRte at
| east about 70 nol e percent, or at |east about 80 nole percent, with the

subst ant icapolyaerablg @rolyfn coRenoies & Rrbyyerized Easmpthiagicsgzagtby becks obne ot her
comonomere4nats drwh 6&%8&%’8 yhefRed@nMHoflel {}mtlf%lYﬂfé}El $n QlenfTDN 6 GRLPAN atoms. For

many ethylene/octene copolynmers, the preferred conp05|t|on conprises an
et hyl ene peanttiehtwhyreamthe poly ars aghoeRopIRSe prvhiatede dhaing, thsfethytraeiydéfen pol yner

and ai O(ﬁi grBGI ﬁgﬁta?@ﬁloag 1n{e¥p% n?elPso ultqeﬁer}ng “ﬂlP Q}?&lyrgér” afld &i}gfgﬂ'}%k’yaré H1 about 10

to about ercent o he wh and erably from
about 151mgrab@uwb2@ﬂﬂmle per cent of the mhole pol ymer. For many
ethylene/butene copolyners the preferred conposition conprises an ethyl ene

but ene. contont of TonfRath i BRoERREETR pSlubbBall Bl BoREKTRLANTS 1o
about 35 dﬁmr@cwnebﬂnlcaifpmmmemeeiaﬂm bl;yﬁte}hmtzarbdtwmn bloplrserfr eegalpings, indom about
25 to ab %Hitﬁm%g l:qgc!kqerp %qﬁ'é re sgecti \E:eolmg #o aCH% dé/ M or nlzo?e{ of TR ¥esired Ilnro%ertles

et hyl ene 'ene ¢ erre nposition conp

et hyliéne otﬁcmd: emd:k gxpekymers mah as abmﬂplaéﬁb/mﬂt@nqmrpm@ettlesfwm}wt tlohezhree ot ymer
and a pr%B ene cont I 9 %1? 2 ) pr.ef abhé>fron1about
25 to abal g%ﬁ“’“‘%ﬁb °8Eeupé%%ﬁ?n 18f¢°?¥$8 IROPEINBY %%‘an 1%%%*0#‘8 & PPeterably from
about 35 cbarimabaisoludibn pﬁbﬁe@&h@ﬁpﬁoc@;ﬁesteh@ld&h@l catapok yo®titied of pphyErization
enbodlnentsI t he et hyl ene/ a-olefipn jinter I¥ rs do not ingclude those

ot oduced PRSI RFRESGr e Froplocksglir e 3uoup BEbps Bepdiongpe

chem cal ifofoessd thMbin e tbRitptthydrenal @y sefllimtyl tht eFpallyRicaugibiable tdl ended

wi th one or_ nore_ polyners,. the as-produced et hyl ene/ a-ol efin interpolyners
are éébsﬁéﬁb@&?P§“5%F%n%ﬁﬂwBﬂP%ﬁ®%8W¥%F§€ QdﬁapéPméﬁﬁﬁBﬁﬁﬁW“%WC{H@“%eactlon

product Q%gu@arﬁo&rwe@muzagua% Q@RS At of[bﬁﬁlh@ endlRIip 1oR @flh traRGIngEer " Or
"segnent ed copol ynmer " refers to a pol yme
hyper- branc ing, the homogeneity, or any other chem1ca1 or physical property. The block
copolymers are characterized by unique distributions of both overall polydispersity index (PDI
or M,,/M,) and PDI of each block, block length distribution, and/or block number distribution

20  due to the unique process making of the copolymers.

[59] Compared to block copolymers of the prior art, including copolymers produced
by sequential monomer addition, fluxional catalysts, or anionic polymerization techniques, the
copolymers of the invention are characterized by unique distributions of polymer
polydispersity (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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conprising two or nore chemcally distinct regions or segnents (also
referred to as "blocks") preferably joined in a |inear manner, that is, a
pol yner cwoppésgionggschem cally differentiated units whi clrCaruS2¢00i0825ds
end-to-end with respect to polynerized ethylenic functionality, rather than
in pendent or grafted fashion. [57] Enbodi nents of the inventi on provi de a
new cl ass of ethylene/a-olefin block interpolyners (hereinafter "inventive

pol yner”, "@bhyl enlcdeQebivebidcRl 8 ROIYERIVS b}ocpfnv&ﬁdlﬁm&taﬁraﬁawo@@@a The
et hyl ene/a ol efin interpolynmers conprise ethylene and one or nore

copol ynmefDIasIng aichpiafhley disibrberiater happ Poissonidpaibution nfhecaprbdteri zed by
bl ocks or re%&g%f}hén%loh\%c% AR EInRYryTRS ﬂa%ﬁlg afﬁ'aﬂl%E'iPJf dﬁﬁh§1§shQB1E%ﬁ)"ck§19 in

chem cal "or physical properties, wherein e polynmers are nesophase

separ at eder hgneriequal gdide e@mwr@ﬁ@ﬁqomloeﬂnsmqt rererqaioperenpleyed inghepiecess,

i nt ergol yngr . Bk Dt er i

inter ? hangea oyﬁ%gﬁ%?%lg&fg%ﬁh Ogg%gié)rﬁe tTg%;}gsngg%o%%g%@f}rlr@rog pH?ﬁ% i nventive
pol ymer s ppelsste bavisgiifpraied and dibtilfgeismlﬁlysmalqnhrmﬂtte;al Moreopar the égggodsgpeci al |y

crystalli n%etlétodgft%mmﬁg 'B% Polrl%g?kﬁl R pr%seegce (g}lr%ido% coP y]{gllérl (%Ih%rrlllto 0 ylggrl%orrg gt hto

t he respec 0 achieve one or esir properqtl es of
true bl omkompmrhqmefrthe assmite@poljnhmzmnqai Iasd:elsseé dhasteatieon mtemcmpbahmnes_, whi | e

at the sarre.tl.rreb tion i tlonal ol efin

ol yier + Jm O aER R Ll ERR s bF e e BRI A RO IR BB st on

pr ocessepoBiiel Biyhdigpneatiag yitsize peppand iibbes itpacpaloyifier srzampaibikat akysés. 1 n a
preferred enbadinent, the blocks differ in the amount or type of compnoner

i ncor por AFPATE LM 9 MYHROIHBHZAIN TR QRERIRT ORSFAURE VEEEFY i nity, the

crystallite size attributable to a polynmer of such conposition, the type or
degree of t[atlicitlynfaydetadily gpedciatadrigitnd &ilteld @jtisari &gl idoagethsodihynt of

r egi o- |rregular|t the a f branchin i ncl d|n Ion chaj n branchi ng
o Shyper R R RO EN ATt b B Ao i e Rk er cal
property ada’dale:obtluﬁ@kslpmbwﬁ@yrﬁeﬁaﬁmﬁﬂaa&m%ﬂezgdfelaabwﬂnb tht(ial dhstributions of
both gveral |l polydispersity 1ndex (PDI or MvM IVh) and PDI of each bl ock,

bl ocKI erytRug €t FP AR AE, 2daeld 8 Post Wdfﬁ!ﬁ%éfrwrd? disehapstiTonthadiestt o t he
uni que pPrOERS sr 7BAK] A Gvé in bl S ORRl M Se orlcofducter bRRE gt BLREdkveCOpPOl yNEr'S
of the prior art, including copolyners produced
reactors or zones, it is preferable that the CSA be added to the reaction mixture prior to
initiation of polymerization, at the same time as polymerization is initiated, or at least during a
significant portion of the time in which polymerization is conducted in the first reactor.
20  Thorough mixing of CSA and reaction mixture may be occasioned by active or static mixing

devices or by use of any stirring or pumping device employed in mixing or transferring the

reaction mixture.

[62] The tendency for longer block lengths to have a greater role in determining
domain size, combined with the ability to swell domains, creates the potential for domain sizes
25  that are much larger than what is observed in typical monodisperse block copolymers. The
ability for some molecules to be ordered and others disordered contributes to the formation of
swollen domains. The morphology of these systems can be termed block copolymer-directed

mesophase separation.

[63] As used herein, "mesophase separation” means a process in which polymeric

30  Dblocks are locally segregated to form ordered domains. Crystallization of the ethylene
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by sequential nononer addition, fluxional catalysts, or anionic

pol yneri zati on techni ques, the copolyners of the invention are

char act erw@edodn7isni que di stri buti ons of pol yner pol ydi epens2aog/o$DF or
Mwv Mh) and bl ock Iength distribution, with two or three, preferably two
di fferent block conpositions. This is due, in a preferred enbodi nent, to
the effect of the use of one or nore shuttling agents in conbination with a
hi gh act isVidishtd TR iRke SRRRE BXpriRs SRS ARRIh aﬁtresfamng%e@éd@ﬁ{aiﬂsana WRhor nore
pol yneri zation reactors or zones operating under differing polynerization
condi t i onEstenvbRgy Reyetered £43s| esephass s a&ﬁﬁgea"hiwﬁ mesedomaing GauSkpiheéess, t he
di bl 0CK GORMeNTR: AndleS iRy oPORSERG IRl IABW ARG Miock cApdign@bout 8,
preferably fromabout 1.4 to about 3.5, 'hore preferably fromabout 1.5 to
about 2.5, and nost preferably fromabout 1.6 to about 2.5 or from about

1.6 to abou4h. 1. [BEinmEvs ¥byler(q-olefibploeikisteaolyha manpent 3 viuafadk

i nterpgol yiRfe \aShd AhDEr RRSSEDRocR 1R, fnl thd JaRg & rrRANAoRe THoQbYut@osSt ri buti on
rat her than a Poi sson distribution. The use of the present polynerization
process mexderpkly in the gange el abryy £Ade abastihb end wpredireferaply in 818 atige obfrgdks per
pol ynmer I nunber of reactors or distinct reaction zones enpl oyed
in the p?g§235§9%#Pﬁla pol ydi sperse distribution of block sizes. This
results in the formation of polyner products.having i nproved and

di sti ngui shi&Bl e phipgheipllopingdescripéa. alvpyakaredisclesiéhirgin agoipREPXiHeAe |l product s
may be fQLfied [ doBdidiEwREBS BROEord FaBARPARPLEPRALYE®Ls u9dd iR BMRA B e . med 1 n
one or nore of ‘the associated polynerization processes due to early or

i nt enOi ofddky whaivary bed peranti Hperednt, hagtcenthe, soopatiaresf1@rto £6 perbent.cWaerevehut t | i ng
agent ( . [ R a.pgal - (Rl ' ' repar ed
rubberycﬁﬁ%g§#&%%§$ F@?ggﬁkggﬁ%ggi%&ff?g%gﬂggﬁggi%f@%gg%ggpﬁh%ﬂﬁpor nor e
pol yner i Zdtinpwithie detrengs ipspeziindly dipptsed. i Ingaitioulse the dgllowiggl junhtersmaiyhib e
readily reci at ed . h kil ledrartis t hat. i.n one. odi.nrent qf the
resent et SRl Bt ReR U R b ¥ bines ARG SRR b

(1 nt er m tpeenitlty ) 00peraddeith € o péicent negdnyent, be ehchl gEodeyin@pezait Dperceagdt or or
zone,spreferab$§ t he i&itial gqe. Akt ou?h th§)CSA mey be adggd at a point

i rmedi’at r " t 18 : ven in

i mediat &5 PrT BYCTh-dPSRAERGe ! PSR P TPyt PEREEBY “OPesBhe PEFY i

an i nt er \DgmpefeentcPWNShdeht, 6F 100QREHIAT MMore®RNAG] hiferichBrafi@siefitdd Byawb@®act or s or
zones, it i ]Ereferagle t hat th% CSA be added to the reaction m xture prior

to numbers as defined 1n the above 1s 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 in 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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initiation of polynerization, at the sane tine as polynerization is
initiated, or at least during a significant portion of the tine in which
pol yner i 280i2009/49356sonducted in the first reactor. Thoromgh/us2onoos70§ CSA
and reaction m xture nmay be occasi oned by active or static m xing devices
or by use of any stirring or punping device enployed in m xing or
transferring the reaction mxture. [62] The tendency for |onger bl ock
lengths to fggve a gur@at &hbddRhéed JF tteh G ENDeFIBIeRed by fe FEIRWRANE Wi th
t he ablllty to swell dommins, creates the potential for domain sizes that
are nuch fP@EM¥er than what is observed in typical nonodisperse bl ock
copolyners. The ability for sone nol ecules to be ordered and others

di sordered contributes to thAhgtm;AQﬁB%tggy\gl(Ag@ _glomai ns. The nor phol ogy
of these systens can be termed bl ock copolyrrer directed nesophase

separatio [ 63] sed herein, "nmeso se separatio cess in
whi ch pol‘“aﬁéer‘}lé ab@%éﬁkjé’r%ffiré‘blly&&}é‘rt?%?r %%‘%bé%& éd“‘ﬁbaé n"? érlg’eﬁ%&od%ﬁé

Cryst al | ispa0, on sof 90, heo, f high&@nesegpetng a Hard $16&eor SYdh@iBnd ‘B REHERfitks hy
constrained to the resulting mesodomains and such sfystems may be referred

to as "meslbpleslser sepettaledrablrnssad s sedived e lngpr fhadicn. peidn B‘?aﬁ’?b@fl

spheres, gykhpderis, | anmel l ae, or other norphol ogi es known for bl ock
copolyners. [64] The i nventi ve et hyl ene/ a-ol efin bl ock interpol yrrer nay
have a val ue of cN, where is the nunber average block length, in

range of fri@M aboukn opher BmB‘EfB]E}Fnt%Ghe Heckcapalpmrs uppaily do pofligue %)?hlrfiltm‘hoébout

2.5 to abik dbsindat: BRb&IRERE RhAIBIdcR Al 48 IRRBEN9 Inch 698k 3PS ondmkR about
10. [65] In the follow ng description, all nunbers disclosed herein are

appr d¥i matnsloysy digsbutedyihigteddockh & pider wards. Reither blagodor '?}PCk'%ﬁ‘ﬂFlH?ﬁe?rat e" is
used in QP BF&Bfe%Qgrh&%J (%Y\éutl:)rbloc dﬁﬁ}{ct\ééﬁl sl?chn sdaff Eé:?plg seg gleﬂtecvﬁﬁﬂthas

percent, or, sonetines, to 28 percent. enever a nunerical range with a
| over | i midiffergut Camﬂosawnulpﬁ@éhe lieistmftthe bingk;, is disclosed, any nunber falling
within the range is specifically disclosed. In particular, the follow ng

numbers w tppn thelnro?tﬂz%m%cﬁm&ﬂﬁ%ef B16& doYo1ins |d9%§x¢!:at8r‘rﬂyi§50£lﬁ€ck &),
wherein k is a variable ranging from1 percent to 100 percent with a 1

percent ispameafancan jbe gepresgnt¢dsbylthyéllewing formylsr cent, 3 percent, 4
15 A-B-C

where “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, Bs, and Cs are linked in a

linear fashion, not in a branched or a star fashion.

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

20  formula:
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,
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, As,

25  Bs, and Cs are linked in a linear fashion, not in a branched or a star fashion.
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percent, 5 percent,..., 50 percent, 5 1 percent, 52 percent,..., 95
percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent.
Mor eover ,weangoamansssi cal range defined by two R nunbers a&sTdadstiomss27om t he
above is also specifically disclosed. [66] In sonme enbodi nents, the bl ock
copol ymer can be represented by the following fornmula: A-B or A-B-A where
"A" represents a hard bl ock or segnent and "B" represents a soft block or

segment . Prgbpr abl ura@Serdbtdi RS Pdrehd iha@6h Edh R rbir8@akd Eﬂ&l@!f&[bwiﬁg)t ina
branched or a star fashion. [67] O her enbodi nents of the invention can be

representf@@uy the following fornula: A-[(BA) n] or A-[(BA) nB] where nis
at least 1, preferably an integer greater than 1, such as 2, 3, 4, 5, 10,

15, 20, 30, 40, 50, 60, 70.B8.-A 98: AQBC)08 highemc), 4" represents a hard
bl ock or segnent and "B" represents a soft block or segnent. Preferably, As

and Bs are linked in a |linear fashion, not in a branched or a star
f ashi on.[68] Further enbdﬂ?ﬁéﬁ&égoﬁ“tﬁ%8¥§vgntWﬁ%“¥§ﬁEbe represented by the
following formula: A-(AB)n-A or A-(AB)n-B or B-(AB)n-B where n is at | east

1, preferably an integer ogrgaBgrAt han ClABUBh @a-@B)3C 4, 5, 10, 15, 20,
30, 40, 50, 60, 70, 80, 90, 100, or higher, "A" represents a hard bl ock or

segment and " @[ €RIESE déﬁ%ra%f’yfak i%ég?rr%ﬁeg%%tpgnegg% tas-o 2, Br£5ap2R! ¥ %ﬁ%é‘b‘d Bs

are |linked in“gﬁflnear I on,” no n a Star fas 169]

| n ot her 68:90W; e H0sor higher, T ‘oerkesertpoiaydhbeck ossgradnk nd(B™ reptesehta g eofigblackior d t ype

of bl ock -seénﬁnts tP-lrelfeJraerE J&%m@s@&@%ﬁ@m §1ine§%ﬂioﬁ),fnpﬂh QGIIﬁncﬁ\edad?g st RGlon B has
nononmers or conononers randomy distributed within the block. In other

wor ds, neit b|Q%$ A nor. bl ock B ¢ ri ses two, or re.segnments (.or
sub- bl ocks) 3 di ST PICUHBBSENFEA TS e Frdeeri T O BrRORRIZER is o
di f f eentin GAIFROGIhOR prdiadt it fadi@mt gredtet high Ho@CHO- mId Pdredh, Al PRIFerably
enbodi nents, the block copolyners do have a third type of block or,
greater than 88 mole percent. In other words, the comonomer content in the hard segments is
less than 20 mole percent, and preferably less than 12 weight percent. In some embodiments,
the hard segments comprises all or substantially all ethylene. “Soft” blocks or segments, on
the other hand, refer to blocks of polymerized units in which the comonomer content is greater
15  than 20 mole percent, preferably greater than 25 mole percent, up to 100 mole percent. In
some embodiments, the comonomer content in the soft segments can be greater than 20 mole
percent, greater than 25 mole percent, greater than 30 mole percent, greater than 35 mole

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

percent, or greater than 60 mole percent.

20 [74] In a preferred embodiment, the polymers of the invention possess a most
probable distribution of block lengths. Preferred polymers according to the invention are block
interpolymers containing 2 or 3 blocks or segments. In a polymer containing three or more
segments (that is blocks separated by a distinguishable block) each block may be the same or

chemically different and generally characterized by a distribution of 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
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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segnent and can be represented by the followi ng formula: A-B-C where "A"
represents a hard block or segnent, "B" represents a soft block or segnent,
and "C' repremarsseither a hard or soft bl ock or segnmeRCI/USc@besEbfy, As,
Bs, and Cs are linked in a linear fashion, not in a branched or a star
fashion. [71] O her enbodinents of the invention can be represented by the
followng formula: A-(BOn or A-(BCnB or A-(CB)n or A-(CB)nC where n is at
| east 1, BAgMiGH:PWMHicRhelidveid 801%@18& 8Xpokdifthe block WaidthdSf dhe pSlynfr betmg 10, 15,
20, 30, 40, 50, 60, 70, 80, 90, 100, or higher, "A" represents a hard bl ock
or segmenermed g each pragiek et zong wabganasmde k mast & elpblertistribitin. derivedsp thes ent s

el t her af&ﬂfv&Qné)ﬁlaﬁQi,twhgfe%}gﬁ iOhe EI%QM -of 561%;191" ﬁ%a%atid%sin a?étcto?-@/ghcs are
linked in a |linhear fashion, not in a branched or a star fashion.[72]

Furt her eesbeddinilptisseafiencdsdronheagnysic o nlheghedsicaldysp@pants dasedpn staedaid| | owi ng

formula: A 2) - - - r A - B- = [ = -BO
B (A O UPPEO By ReyiPgt B el ke g e B eGonfindfb-
pr ef er ablkynegies annmelgarargrobagcgyre tindwdidg the ustpfasmsPacti8n req¢tich, ratg @xprébion20, 30,
40, 50, 70 0 r Jhigher, "A' represent har,d. bl ock or
segrent Jhedor ffeeddy b or Gt sod 6 o SERLER P BPubENH U RER, 0 s
ar e | i nkedcanplaed inneary shas hime rpmpaotd torth@mberramqulesdﬂenee thharSdchskitods [ 73]

"Hard" bl ocks or se ts refe sem -crystall.ine blocks of, pol rized
untts i TR BERGERR AT b b e abisrbahec gt Esrurrengh CaBBuEH0 ol e
per cant , (a9vd) pided ot abhyelgr RdlUeF. Mit@iedd8 “FolymepRe st EnditkeahdyeK. yor ds, the
conononer_ content_jn the hard se nts js.less than 20 nol ercent, and
pr ef erabl%?lq?"%é‘n‘{ﬁ}aﬁe‘fgr’\@?'gﬁ?mﬁ‘gmﬁiz l%%ﬁ g‘barflglt’é?ﬂblbﬁiaﬁsélme ot g har d
segnent s igQdeatd &aBe @aln BhttFighsdcant indl diyenabdct tdyulieingne foedtion obh ials or
segnents, on the other hand, refer to blocks of polynmerized units in which

the corpmekBter Blogl aerepstrgistenplcthe ehayhshatlingngentienindnd Pobieer & adiffsregt eat er
than 25 nolcfr BESIHE Bhd expBsurOtoldferbR IpBlyRRfi SRIBh cordtions results in formation of a

15  different block. For catalyst i, the fraction of sequences of length n being produced in a reactor

is given by Xj[n], where n is an integer from 1 to infinity representing the total number of

monomer units in the block.

Xi[n] = (1-py) pi(“'l) most probable distribution of block lengths
1
N; = E number average block length
20 [76] If more than one catalyst is present in a reactor or zone, each catalyst has a

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

probability of propagation is defined as:

o Rpl[i]
P = Rpl[i] + Re[i] + Rs[i] + [C]]

for each catalysti= {1,2...}, where,

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



sone enbodi nents, the conononmer content in the soft segments can be greater
than 20 nol e percent, greater than 25 nole percent, greater than 30 nole
percent, Wyoeatwn97ichan 35 nol e percent, greater than 40 WROTAISP@VOE2ITHS
greater than 45 nole percent, greater than 50 nole percent, or greater than
60 nole percent. [74] In a preferred enbodi nent, the polynmers of the

i nvention possess a nost probable distribution of block lengths. Preferred
pol yners acger di NgrdrQ gies réa@tb@ﬂfe'p@f}nﬁf roPAffikn Faft RPRPEYIBASI aR3tadi Ning 2 or
3 blocks or segments. 1n a polyner ‘containing three or nore segments (that

is blocks separated b a—dl stl ui shabl e bl ock) each bl ock may be the sane
or cheni éBIPa}rgﬂt&it? Fsafy kearigulgRYRS by 3 thtal HaRomar SPRcsRERLgY. [%(Iloqnéltf?‘ilwltefion of
properti @ the16&l cOREnMkiSNbN Gl Rt DECiPAURHoRY any particul ar theory, the
foll ow ng mat hematical treatnent of the resulting polyners is based on
theoretically derived paraneters that are believed to apply to the

i nventive polyners and denonstratg that, cially in tw or nore

st eady-state, continuous reactorslf(g'ﬁ _%r{%@ﬁgﬁnnect ed in series, having
differing polynerizationconditions to which the grow ng polymer is exposed,
t he blSock |[@8Pt hs Bie dhhim tpostfymmminaﬁimgaridﬂhmlihgirmteéﬁdﬂtnrm'eadtam functionorfe wi | |
\%22]; g”? }5 ain trfaurl_ls%er t(p fé%a‘%%%lfl Iafoﬁid/elh% }mlngjt(l)(%fagg/nadcih%lﬁ tr;[arEs (gft(:_)) Ichau hugcllrrl]%a Rner
respect tagerbl(@&A() Slthe| e TiESs [szpamdqasaﬂ yi®tmdlar. coﬂ'deetritfme@meitdacla:tubtdr@aatdment IS
based on slt andard assun t| ons and net hods known in the art and used in
predi ct i N8"E Fe 3Ryt K hedPIrttor 24 on ki netics on rol ecul ar

architecture, including the use of nmass action reaction rate expressions
that are not affected byRifihal RufH,IPCiDE Kkell@hgt kg CSAMNE;]t he assunption that
pol ymer chain gromh is conpleted in a very short tinme conpared to t he nean

react r res nce e in W
el CTRERT 6 b MR il TRUQOHS cBKE W BEEL ALRYAHE! Frlias I Onees!
Ham eI ec aaahalll TSA nhoietiR dG egamnre d&ﬁmﬁleylrteeacﬂéa@alremlnmﬁngdqmemumgimer Khalrh
Rei chert .and W isle Eds. nser ddi ti it is
resoned (8 gughe ofin3hitine o Somab Rt e By iR o PSR MHER o1 Ven
react or 1MESAJ issthé feell benckaramad bOOS Afand tiei qughtRy JOSRAYCSADaekesenhi@ieeas
transfer of the, chghn shutﬁl i ng 1gent term nat ed poI ymer to a different
react or GPPEBREIARGERPBRNEYE &"UIF f er ent pol yneri zati on conditions results
in fornati on of a
15 Rs[i] = k[ GI([CSA¢]-[CSA])
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di fferent block. For catalyst i, the fraction of sequences of length n

bei ng produced in a reactor is given by X n], where nis an integer froml
to i nfiniwgnepementi ng the total nunber of nonomer uniPC/USROIE270F ock. X1
n] = (1-pOp nl ) nost probable distribution of block lengths N1 = ~ -
nunber average block length [76] If nore than one catalyst is present in a
reactor or zone, each catalyst has a probability of propagation (p ) which

results in @opni quEs AwsliesEhOTRESineeRBEicANR agliet, ftinRitte QBenf R4t tmvmﬁr bei ng
made in that reactor or zone. In a nost preferred enbodi ment the

pr obabi | ibigek dmeirdiysabpsion 801 epch Rledk i ghy ragting blocReppqlymerpg ¢ symrofithe plotk + [ C1]
for each lé:n%HladlMﬁBudon gu&:h p?evtort%l?f gy"&% we e'd]Fl%g/ iﬂllei_lgéﬁ (g?ﬁEleprgéucﬁprpﬂE@r

consunption by catal yst i, sIL/ . rate of chain
t ransf er ferrdtalyst iniThisthens fheta mra@y@qde |unde(r poleass (Mg differeit pokymebr Raiije = Local

rate af %Qﬁdl{‘oﬁ@}{ﬁh&defwle&étwo 99&1%%&&&9{)%5@ %gﬁﬂ%h{%%é&{ O& %I K dg[a7 iheiOr 2

gi ven reactor propagdtion rate usi ng an
appar ent 1¢Iathebasmrstaamostpk¥0hbl¢ bmkkngthldsdlbbyomut gtidealgmaonmer concentrati on,
[M, and rrultiplied by the | ocal concentration of catalyst i, [G],as

fol | ows: RD[E;H &%Je% np(%]n%r is &?ﬂ)n@@d 8 b ?pﬁlt)l%rbloctkg {)Ingeglggﬂtg) @hiﬁf;i/lglgogen

shuttling rate is determ as a ction of chain transfer to

(H2), beteinditdiforden ehglapolaneomd anblotlapmegmen sfabemicallcorahpsietiyt t | i ng agent
(CSA) . L [HR]..an A nd each
SUbSCr | p'&?s dlgglﬁ'ﬂl ‘31% égtﬁesr ta%rb ?ré(g%c[él%gt\xlg r%?{ (fr n'irtﬁ{: Qar %v%[gﬁf (2 %trlgétlo%g?:rm% RI[i] =

| CH2110[ H2§jo[nBig bleckk QJ%[gfﬁh]lts +thd ﬁaﬂl@ ql@bpolﬁ/m@q pdﬁmsmnnlq@@plymeal agthai ns are

T R T e

of chain shuttling of dormant polyner with catalyst i is given as follows,
wher e [ CSAf[B2] s t hEhefiewuhticnae@provides mn(pbsi@smomdinlghe:omlamm especially
([ CSATT - G dopb S RICES i Rink BEp PRGN F3k AN1QE 2008 IRy RO e chai ns:
comonomer, said copolymer comprising two or more intramolecular regions comprising
15  differing chemical or physical properties, especially regions of differentiated comonomer
incorporation, wherein the ethylene/a-olefin block interpolymer is mesophase separated.
Highly preferably the copolymer possesses a molecular weight distribution, Mw/Mn, of less

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

[83] In addition, the invention provides 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 about 2.8,
and a difference in mole percent a-olefin content between blocks of greater than about 20 mole

percent.

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

25  ethylene/a-olefin block copolymer.

[85] 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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Rs[i] = 1Ca 1[Cl] (CCSAf]-[CSA])[80] As a result of the foregoing
theoretical treatnent, it nay be seen that the overall block Iength

di st ri butworzodom7ach bl ock of the resulting bl ock copolPgwars2608/03278im of
the block length distribution given previously by X [n], weighted by the
| ocal polymer production rate for catalyst i . This nmeans that a pol yner
made under at |least two different polynmer formng conditions will have at

| east twondigtdseopi @@gﬂah&totatl%tf in@lagSRUBAL S t@R6dk- BPSHERBIOH cébonek | ength
based on a nost proba bl ock eng?h di stribution, in an ideal case. [81]

Because tildnding depdiimers, of eRsHPaEaeddTy qoprsrden efgeanin! éléqtlésfbltth%@%wﬂ@ whi ch
are ] oi ngg, ‘iOth%J}?! aatﬁt'n@Q!nﬁnQQ:'a%th a@f&d c%ﬁf&lﬁ'a@ﬁ“est@f 1&1%91@?@%r bifer

chemi cal l'y "or ‘physical l'y disti ngui'shabl e (other than by nol ecul ar wei ght or
mol ecul arfunegipephgrodp sicedrphing foknowhrtephniga¢soi ni ng bl ocks or segnments, the

resul ting bl ock copol ynmer possesses uni que physical and chem cal properties
conpaised t qgANdon,GRPHMIEESb&REmid 6f B8R RSB SRMHE Qéen@&ﬂﬁl@y%dtlh g [82]
The invention al so provides a conposition conprising a copolyne

especi al Ifgregaighpracesesy dPssaees walipleistesigr underﬁetngn?elwmz@%ctlmmtbtthwehe and a
o o) G S EE FRMER, R iR TR BT R OF BB fr

properti @soduetwexpnahg WWB@IWC@@H@ itd ﬂlenlt:mntmntoedtaummh@ﬁer mprecigitipdr at i on,
wherein t h / 8l r. epar at ed.

H ghly prp e g%h%ﬁtﬁ aﬁer%ng%r§&n$ goégféls IH%ZXH%&% 15 a?‘iﬁt&%@ﬁ? gnﬁ?st ribution,
Mn/ M0 ofcomtestsdtrhsanesz 8, preferably in the range of from about 1.4 to about
2.8. [83] In addition, the invention provides an ethyl ene/a-ol efin bl ock
copol yner ein i | ecul ar
COPol YTSE ST 1 SRR Y TRhodihc DRGS0 b, AR SRR ol

MV Mh, i polylmer maxvgre comprfisimgm(Blowtgafiic4r trmrabmlpblymes ,prfafﬂdbla adiombpeelenere i n

nol e per ¢ ol ef.in conte bet ween bIo K ter han about 20 nol e
per cent . o By G RPRRER ARt 3T -8R 2or PR R Eih W oD, Cove

descri bedo@rtlhydarmabﬂb aemnb@inierns, bhd@K a bloplotaopaBimer [u&ﬁidutgl tg Iﬂie;prekem ineelatiyn ot he
pol'y n[%r %;e%gtr%g accorcF rltge tlorthectgjro ersé gfethe prese%tal%E/en%lgrrlre Inqauﬁers]itraitbtlé/ embodiment
component (1) is a matrix polymer comprising high density polyethylene or isotactic
polypropylene and component (2) is an elastomeric block copolymer according to the present
invention containing two or three distinct regions of differentiated comonomer incorporation.
In a preferred embodiment, component (2) comprises occlusions of the matrix polymer formed

20  during compounding of components (1) and (2).

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

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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of a polymer containing two distinguishable bl ocks or segnents
characterized by a nost probable distribution of block sizes. The pol yner
recover eawbnrommh®ssecond reactor or zone of a two reacPOT/Uszo0vWE278DNE
process, nmay be termnated to forma di bl ock copol yner, coupl edt hrough use
of a polyfunctional coupling agent to forma triblock- or a nultiblock
copol ymer, including dendriners, or functionalized by conversion of

term nal chgpp shuivihiit iG FREESAe prodRs Nishébm destitidl @wﬂeferab%ﬂﬁm agitire,
carboxylic acid-, carboxylic acid ester, iononeric, or other ?unctlonal
group, adEuie Hés anrddiveni OPJé%tmﬁrhﬁu@@ntlyrete]prqpﬁrey@{ltléiﬂsk ROl eV e of t he
| nvent | Ofypdfigar At drlab AR Rbp AYTR Arwﬁféug&ohﬂ% JALEGREPRNACERRES
possesses Pl tiple sites er goi ng pol yner exchange, that 1s, it is
mul ti - ceshain slehttliog peeat exiting thewgcersheaatadr mm (@rhanu ilpaeUept reaires zqiee

for matsi onf &k ¥ARor PAIOAHGonG ARG I31:0%: CARRLN AR iPuBRARLAG LR e

i nvention contal ning th nor e tPnct polyner segnents arter

under goi n egdeyedi thaprogalt yavemblzathionaderby fiwmg peboteorsionin morggkancmanect ed i n
seri es. 7 u odinmen h (I \ t here
is provi %%a&]or thlathg EhﬂJeren eitﬁlgt e%ch ‘tﬁg@c C%the dorgsce%potl rr?er:p%o%aa%ses amosﬁ%rgﬂa%ﬁ]d

pol yner, dnmﬂmmombhydanmummngmmmompmﬂkmymennunﬂmomep@@@mkem@oamd/or a

copol ynmer_ of et ene or with one or & copol yneri able
cononomersssen s Se Gl SRS 4 bt e Peshin, 7 5% ofeGBE B M AR et on or
pr epaned raee®y. di ng to the process of the present invention. In a desirable
enbodi nent conponent (1) is a matrix polynmer conprising high density

Dotk copolhor achtorgeRa e B BR R MV ERTRERE tnt &P ER Three”

di stinct is kg nﬁmser@f redttbisenphiyedinatie p(ﬂymmrmbducﬁmn ipaxaddaee withnhea preferred

Gur i ng. COHBUETTR RL1erk SHoRanPS 0y S Vg oylh S Sy oiis THUNIe. bl ock

i nt er pol yisRFicl0ihi FESRPRRASYuASMaKalLE6f BT Ul k2 sheyd il Aindl o@é (s nhad¢ ger t han
t hose fron1nDnod|sperse bl ock cop oI%ners of the prior art, nanmely greater
t han 160 ARFHNs PhRlKRE wBWFiSiag hef¥p B Cksd@s‘ﬁﬁ?‘iréafﬁ%n‘?’?th @hel Bkt dgreabedue ghts

(Mw<200, GRaBYoRletules 40, 7061-7064 (2007).

[92] In general, the average number of blocks in the absence of coupling of the
present polymers will be equal to the number of reactors employed. The skilled artisan will
appreciate that the product of the present polymerization will normally include quantities of

20  conventional polymer depending on the efficiency of the particular shuttling agent employed

under the conditions of the polymerization.

[93] In some embodiments, the invention comprises a composition comprising at
least one ethylene/a-olefin block interpolymer comprising 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/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:
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[89] Those skilled in the art will recognize that the size of the donmains
can be controlled by varying the nol ecul ar wei ght or changi ng the

di f f er encwOi200900Ms80Mer cont ent of the bl ock interpol ymeCT/Ush@9ss2z7es of t he
domai ns can al so be nodified by bl endi ng anot her conponent with the bul k
copol ynmer. Suitable bl end conponents include honopol ymer or copolyner with
simlar conposition of one of the respective bl ocks or segnents of the
copol yners, \%]abs ShiG Rt Rt BhBEIRhg Fdihe, TS h YERNES RUGR, AR alRhHENE 10T

hexane. [ 90] ile the foregoing process has been described as preferably
form ng &AYubKieepiiticvherpip thesnugierigd aplvporfdi- 8Bjdeerresypnd ;éhg nvention to
prepare mihddbock copolyners, including hyper-branched or dendrimeric
copol ymers, through coupling of polyner termnated with a chain shuttling
agent exiting the second reactor or zone %gr any subsequent reactor or
zone) using a difunctional>®3pdHySisdioffall- 7€Bupr i ng agent. In addition

if nmore than two reactors are enpl oyed, the product resenbles that nade by
living pol ynefzat s sharagierigsd By phepstis freor@ndico i Peliientat SARPAref gfddhce t hat
each bl ogkq okylibgeRLRIAGH RAWPIEBEiSn RRRRE SRR Of Me EMSIndt QRARI € di stribution
of nol ecul ar wei ghts and conposition. In particular, the polydispersity of
t he preséhnerPplypheprdhsq dgasier dlip gramasabie peptinetes, vaigeeie Ba nappiehch 1.5 for

pr oduct i dh 1 r I it @%%%p general ly
equal s tﬁ%ﬂgz133%%?dgﬁ%ﬁiﬁ%?ﬂy%ﬁ%%§§g§ﬁ$?§ﬂ%ﬁ%Hﬁ%ﬁg&fm% I?Eghtors enpl oyed
in the pad spetpantellp froelofct ¢rovs;linked plwswr dance with the cal cul ations of J .
Appl. Poly. ScL , 92, 539-542 (2004). In a series of tw reactors, the
theorlétical limt for MV Mh edReari8iHe2%dlae of 2*(1 -fl*f2), where f | and
f2 are the mass fractions of polynmer conprising the two blocks, in

accor dance wi th t hieaseaddesubar fragiion ddsdhrelusescberweevd8iComd 1867 wleng0, 7061- 7064

(2007) . [f%%tli(%nh@dgﬁﬂgrfﬁbﬁ JhPﬁet%M%d%’ﬁa[‘%@ﬁ%ﬁoﬂfha% th% P cdflorofter absence of

coupl i ng e preSent polyners w e equal e nunber of reactors
enpl oyed .cofithw of ki Iedsedl perr¢nit Bghernvhdn thzippHr ewnparabld aadon ebylpreoduct of t he

present EI% IR A LR oMl ?ert‘%e%%ééa ‘ Qg' 196, QUanLL L sa%%c%f pgapuent i onal
pol ymer depending on the ef icrency or par icul ar “Shutt I'ng agent
enpl adyed ramiderethiyime croergolyimeniss dfe shine cprobnomer(s paklihana melt index, density,

and molar comonomer content (based on the whole polymer) within 10 percent of that of

the ethylene/a-olefin interpolymer; or

(d) has a storage modulus at 25°C, G’(25°C), and a storage modulus at 100°C,
G’(100°C), wherein the ratio of G’(25°C) to G’(100°C) is in the range of about 1:1 to about
20 9:1;or

(e is characterized by an average block index greater than zero and up to about 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 nm, greater

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



[93] In sonme enbodi nents, the invention conprises a conposition conprising
at | east one ethylene/a-olefin block interpolyner conprising two or nore
subst ant iaDI2godOMsgeneous i ntranol ecul ar segnments or bl @eckaISeanapsi7ss ng
differing chem cal or physical properties, said intranolecul ar segnents
characterized by possessing a nost probabl e nol ecul ar wei ght distribution,
wherein the ethylene/a-ol efin block interpolyner is characterized by a

nol ecul alcy MRieBNiphies t1ihdiaE bPSheMGEWA mokgholddRs ERMER0 T;shfasefsrepmte@ Piimdrs 4 toO
about 2. 8 and: (a) has at |east one msltlng10 poi nt, i n degrees Cel sius,
C

and a derdiFfigsophase;sppatethRI P eoTRRISE Ploln km@ﬂmeﬁs vhaeein m?earm%lall ofyal ues
of Tm an@oﬁoﬁ:&ﬁeﬁ %?tﬁ)ig @Gl“t ge%mteﬁ'@ a$ &JnﬂJakegQ§ mapm tﬂ_cnﬂa%d se%él@l%ts sﬁclil-éﬁZtetﬁé d -

7051.7(d)2, or (b) i1s characterized by an elastic recovery, Re, in percent
at 300 p@i(@éﬁ@p%xmfsnund@ims Meggpbhses sapsaasion éthpinieli. The apremicont ofol ded fil m

of t h% et Bﬁﬁln? er o aﬁlbghiegsdréglﬁ%?% ]%%Flt arﬁrllq i ttfeal gﬁ@&h&%meg Al 819%@({55/ C.Ub i c

centi et er . nunerica Ues of "Re and d satls y t | owi ng
rel ati onsmﬂy[bevwwn fatahy Hesired ecnadnefieninjondee tqpdsitermmere th@armnbsmamtqdab hehifveee of a

cl it os. bt R o0 A 115 606 GRGh S PRt TURAPAR cSrocrreet R ori ved

in that thgofhagCdepAitidaas thRsdFII@sspeREBREKEIpoaRER predicted o b@;@sﬂ oner cent
hi gher than that of a conparabl e randon1ethé$ene |nterpolﬁner fraction

el uting Beteikén Sthd ey ’tPélﬁia&‘atﬁjﬁés@O%\H@P nReRerziag s aprasiorandom

et hyligne J s HaM OB eN@Soridd Graf dih i LHRRCRERI bkk @dwly%%s @ sﬂ?ltlty hﬁ%hg
density, and nDIar conononer content (based on the whol e pol yfrer mﬁthln 10

percent ofN, & halbe gN=2 Aéhastleyn esaa Aathe nehijnny in therqatsblptiens;betow. Fdljowiagtha st or age
ool 5, ShufRy S R L PSSl P0G G 0PI e
or Paul, C.B. Bucknall, 2000, xN can be converted to the product of /v and Mb/p where v is a
reference volume, Mb is the number average block molecular weight and p is the melt density.
15  The melt density is taken to be 0.78 g/cm3. ¥/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)o'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 6953,
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 §692

30  and greater than or equal to about 9037. When propylene is the comonomer, A is greater than

26



(e) is characterized by an average bl ock index greater than zero and up to
about 1.0; and, wherein the ethylene/a-olefin block interpolyner is
nmesophaseweepav@rad. [ 94] The et hyl ene/ a- ol ef i n i nt er polPgwAIS2000/03170%
invention may be characterized as nesophase separated. Domain sizes are
typically in the range of fromabout 40 nmto about 300 nm preferably in
the range of from about 50 nmto about 250 nm and nore preferably in the

range of of éfm ARebi: 9687, P13 BRuer A8 oMfualds abBRASHMIBdnbY¥ ptdigasiyal | est

di nensi on. addi ti on, domai ns nay have snal | est dlnen3|ons that are
great er teFakT 48BGE c@o! tiFpouyd B30eind narlshs areatn than of cqmabiogbeit #9010 han about

150 nm  [AnRk fgn %Pé/unﬁto‘&B@th‘PlS%rahé Fa@PHYh b:rlél][%lsco aSROEIHRS, wiRhel | ae or

ot her knoéwn nor phol ogi es nmesop ase separa yners. The nmesophase
separ at eCMIEKﬂl)pﬁ@ ganad enpthe §@m@¢0@fer ri; Ippaterk, tb@élcﬁﬂegmeer ] mﬁi@pe@mmt edteneampunt of

conongne rbef B]I% ha fsg%rﬁ«%g QEJ‘&@ s&Pse %f-ﬁg}?{aﬁ %gtefleo hs;é;r'@atter thhn o? @(ﬂﬂﬂ’oqlbﬁlﬁ@'ﬁe nts is

such that t ymer undefgoes nesop e separatron in the nelt.
The r equm@dpqmu rptef@ﬁbIE greaieDtian orrmayalbe alpma3umeld perrempinerepeefebly and vari es

Wi t h eaCh S gnFec%UﬁIAfo%g‘ou(E li% %l e ercrr%y I&H?nag%ﬂs% be rea%n}fla gISelqrilglqO %gorr?norrer in

order to“déterm ne anoun |ev nesophase separation. The
m ni mum [2énelle pdrcenn @oeaeathiaib bt ¢quy1, to eb(qmt asseit mscenﬂ‘d,ndtgmaac hagveequelsophase

separatlo t hese di sperse bl ock copol rs is predicted t e cN=2.0
(P T 2 boBs P e B 0 a0 ey b S S REAETE bR e Sy oot o1 o
t hat 101 UGﬁd]ﬁpdréHﬁStow&UﬁBBY) 1els bert:ehle posfelably G $i0 b of frén Sbduit OB niolk pederEer ci al
bl ock copol yre to sli htI val ue hhz 34 has been used as

t he nini ﬁ%ﬂ%l‘%“hgqs%@ol?éﬂeffg’i‘ta?f‘ H\?R/[\Iylﬁgrq%%er? ba?fﬁlr?’d’é‘ﬂ?wp%?e% Lohse,
WW G ags&lt@y moRopeyddnt. Waled M&sv,@b@ymoﬂandawmﬂoabmans 1-b@@ne, heRViffaate, CB.
Bucknal I, 2000, cN can be converted to the Er oduct of c/v and Mo/ p where v

i s a ref b BRIEPCFSNENe REFVERD the, Bar] Seameent A\Fhespd BEBEE: MBHtenculS&Fealisi ght and
p is the gBld QNS db¥ut 3DHEMHNE bercdRPréftdbly Srdaddtlt 81an bPeRBl B-a6&HAEFRac1c/ v for

cases in which the conpnoner is butene of propylene is determ ned using 130
C as IPhe resapenatelraeraplyl Sronenthae P esuph th gbas 33.AMolqisreent and neny adsetbEapol at i on

of the data iR 'ofi&ﬁ;ai @ aﬁéﬁ?b& 9%note pelcdnP@rdalel Blaff BP%quyto LOS 83 3nhidS aessl ey.

For each conononer ype, a I'I near regressi on in e percent conononer is
per f or medercEang grsatsr 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, is 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 mole percent to about 85 mole percent.

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

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

27



in which octene is the conononer, the sane procedure is perforned with the
data of Reichart, G C et al, Mcronolecules (1998), 31, 7886. Using M,

t he nunbewoavevmgwssnol ecul ar wei ght of all nol ecul es i nPamiusgofo3ZFLhOI €,
the follow ng equation describes the m ni num conononer difference between
the bl ocks to achi eve nesophase separation: D(percent conmononer) > A/
(Mn) 0 When octene is the conononer, A is greater than or equal to about
4524, pr %@teadolderﬁfn%k%rmmraf @les&ﬁé&abha&@se@méa edl%ze/awﬁ uﬂét?f) ghRRl Y
greater than or equal to about 5203, and may al so greater than or equal
to about aBIA%PeaglP@a@t@w ey alit seime gyidasest idmsigh e n!?@%a?afrﬁépag‘#t@%?tbﬂelt%n or
equal to o@é@ﬁqﬁte@%gﬁm 21 Bt G8sd Shah B GATRAIELy thémhge ShgahepgLhan or
equal to about referably greater than or equal out 7649, nore
pr ef er abl 190@n@afelrex1amah esrtaiadiab appgardenutia RYGGed bgm butapllew gt thsasmyittedt er

t han aqr I t

ar oat o thn bl BB G e P She {RRRE (A Blee MR SBREEBRE 0 1
gr eat er todmrorfleglight it de atiowtd (BR8Tngepirah epabkipagheefit0em + Ih@(}ﬁ) mr. equal to
about 10100, nore preferably greater than or equal to about 10560, and may

al so be gr rt al

about 11483@aﬁd g?gt%teglﬁyk?ﬁ)gﬁ&%éﬁnéﬁ%ﬁ%g%gliljatrwf%%%@?y a%ﬁb@gli’ 000 g/ nol
and t he dolenndikmwhic islgregergha zetdwmddipfté eroente andha mleeulpewfugmdlsadmewe

bet ween t r than or
equal to l\g‘g%t rgaé&?%%%%t?lgg njthg%vgrgéeebrla?(lq{i@ f%g ésrtﬁ% et toérvgrélgégﬁh‘f?o about
22 mdle oock émlex (‘iﬁif)efoparaelﬁ efthbp(ylygmefaa:cewnstdbaamednn p[qpahtwce(ﬂmfdue 23 nol e

per cent ter t 19, ab ut, .24

ingbegleibit B B R v R e TR D NB e Rl T L
about 26 withl 2 ipe¢aanbf 5S°Craldaddih bwer, temist&atﬁieomdrﬁn@ltszaldhas ey 2tE 107C, bke range
of from about 20 nole percent to about 53.0 nole percent, preferably in the
range of “f?3m*8bout 23 nole percent to about 50.0 nole percent and nore
preferably in the range of from about 26 nole percent to about 45 nole
percent. \Wen M=51, 000g/ nol and Abngmmm&r is 1-butene, the difference
in nmol e percent butene between the ha segnent and the soft segnent, D
butene, is greater than or equal to about 30.5 nole percent, preferably

gr eatlér tware By isdrpuddcktindeabonthe t‘j‘?.r@timfehepiewmt cthylpnedo-plegh ént@fbd)lymglr eat er

than or eg%ﬁled noprglpa(%alf{ltve %%Eﬂ’, Qr}%ilv% iPEE & 1gilt }%rcenpgé/ otathg o fll)a%tion. Similarly, the
square root of the second moment about the mean, hereinafter referred to as the second

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

> (wi(BI, ABI)*)
(=13 w

2" moment weight average Bl = J

20  where N is defined as the number of fractions with BI; greater than zero. Referring to Figure 2,
for each polymer fraction, Bl is defined by one of the two following equations (both of which

give the same BI value):

_UT -UTy o LnPy —LnPy,

T, -1T,, LnP, —LnP,,

where Tx is the ATREF (i.e., analytical TREF) elution temperature 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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greater than or equal to about 36.9 nole percent, greater than or equal to
about 38.4 nole percent and greater than or equal to about 40.0. In

addi ti on,wOheoddIssene val ue may be in the range of fromcahisea09862785 nol e
percent to about 80.0 nole percent, preferably in the range of from about
35 nole percent to about 76.0 nole percent and nore preferably in the range
of from about 38 nole percent to about 70 nole percent. Wen M=51, 000g/ nol
and the GERRAQHES by ISMRI QBN heBeribel®e@inf fPRL RNBEeth er{EQh&e RESORNE e ene
bet ween the hard segnent and the soft segnent, propyl ene, is greater than
or equal cthyleaggplelimgnigrppiymsr ﬁef%ﬁﬁctwp%t@pbNﬁl&ﬂhwlsgrcelagemeesmﬁ by Gal to
about 44 TR POLE G ATHIN SuRlAbAhaRbIE b BRIAHIHDA OfackBN Al phi2 aDOUL

40. 7 nol e percent and may al so be greater than or equal to about 46.7 nole
per cent , “Brrdatgmrentsh awhioh reéfwmhemstab@asegm&ntﬁ ofiilegntpiplyent), Agreeat er t han or
equal s nel. o » 0 52.8
nol e percgﬁ%%haﬁgn %dﬁp ‘5 %rH ﬁlg t%r %Blglsg e&\rt/a§ Sl%n E%H?Ilrl]o tnhgl%lrafg%é% of
from abol V4mewbeet|@teﬂlo®rfbrlnigh deyoitt p@fﬁﬂ@lmlhempmlmm preferably in the
range of from about 44 nole percent to about 90.0 nole percent and nore
preferably t he nol e
percent. 9'??] The ?r‘gg g %IsTeﬁEfsfgég?g?Ogl? %{gpeﬁlﬁ %F!elﬁae fild ?lf&ftp fﬁ/ﬁfeﬁ?@%o%%ner S may
have ¢ harcampemtuslt(hmngﬁn quihdene miade Eaoion af Bys) preirmoldudaro*@ugmaﬂ the tnvemsivar es

mesopnasc CLihrSient TR AR TLRIRE AOR ERb] M FATRASLUL R NIRL (CTT )

eye. 10n mmgtherfslﬂcamngequaﬁwﬂ.rrs of t he mesophase separated ethylene/a- olefin
interpolyners reflect Iight across a band of wavel engths in the range
between 200 - 1200 nm For example,, cert 6I | ms appear blue via reflected
light but yellow via transmtted 6 her conpositions reflect light in
the ultraviolet (UV) range, from 200 - 400 nm while others reflect |ight

i n the i nftheggreeahd(f 4Ry tvrtm@getanw wbigh apphecderamminedl Py 7 5dibration ugio®@nwnberpd6] The
ethylene r | ock

i ndex, H%wﬁ% &tﬁrlilegtpg grgtlge?ﬁ% aﬁgcgle)g%&;?\%&?péot ?gm o &Hd()%b/&%%%ﬁlaepml ecul ar
wei ght dlasd/pr Weit ¢hamctemd\mndogr ghylere dopelpmers guth ndrrdw cfﬁhleosamr digbowdll be k

I ndeXI’S oted t1§at &di ?hfgr&%%%{ 1%9cﬁm?ent {oqgstg%n%%é | &gov)er I %ld n%c%t%ac h of the
pol ymér fractions obta prepar a ronation of a
pol ynmer byatenpepaprimecdlbsiting ClElVQIWlth) the pobater ocnnpzqsmm)l of mmnesﬂ @Bigg and 1100C,

appropriate molecular weight ranges and comonomer type for the preparative TREF fractions

and/or random copolymers used to create the calibration. There is a slight molecular weight

effect. If the calibration curve is obtained from similar molecular weight ranges, such effect

20  would be essentially negligible. In some embodiments, random ethylene copolymers and/or

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

[98] The above calibration equation relates the mole fraction of ethylene, P, to the
analytical TREF elution temperature, Txrrer, for narrow composition random copolymers
25  and/or preparative TREF fractions of broad composition random copolymers. Txo is the
ATREF temperature for a random copolymer of the same composition (i.e., the same
comonomer type and content) and the same molecular weight and having an ethylene mole
fraction of Px. Txo can be calculated from LnPx = o/Txo + P from a measured Px mole

fraction. Conversely, Pxo is the ethylene mole fraction for a random copolymer of the same
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with an increnent of 5C (al though other tenperature increnents, such as 1C
2C, 100C, also can be used): where Bllis the block index for the ith
fracti on wb 2069097388 ent i ve et hyl ene/ a- ol efi n i nt er pol ynmePCohtSaéoass2705
preparative TREF, and WLis the wei ght percentage of the i 1 fraction.
Simlarly, the square root of the second nonent about the nean, hereinafter
referred to as the second nonent wei ght average bl ock index, can be defined

as fol | owsmpdsithl.&, bk kamcd@hionsderd§pd 448 cOMBRLIndhe fahRGhIIQARr Weldht Blalgr eat er
than zero. Referri ngtto Figure 2, for each polyner fraction, Bl is defined
I

by one ofhatihgan AAREBaneRase eflatiiiiscap be tHcWaedfion hAndixo e o et Baiae Bl
val ue): By dacikdRaradds TIX0 LnP - LnP or Bl =- x xyno HTA -11T AB LnPA -LnPAB
where Tx 1s the ATREF (i.e., analytical TREF) elution tenperature for the i
1 fractiond&Breferably expressed in Kelvin), Px is the ethylene nole

fraction fdP7t he i FHtherdaseirsian ofhe Bleck idpemabadalesyds mjer B IR as
descr iSbe%&%rf?éf/l’_ecu%@#nﬁosw? Q’o?ﬁﬁ{ 209, ﬁipk@@i Gvﬁﬁﬁ hﬁﬂc&%}orﬁt@@b%@ér&lce

et hyl ene/ a-ol efin interpolyner efore fractionation), which also can be
measur ed hBspinNWRs @RtirgR.  TA and PA are the ATREF el ution tenperature and the
ethylene nole fraction for pure "hard segnents” (which refer to the

crystal | i ne1p@gmendcethe 810& ih&léxegBE’)%b’éE%ﬁ brepfgti R R4bARIIb AR thé OF
pol ymers where the "hard segﬁrrhpnt' conposition i s unknown, the TA and PA

val ues areigépveragetinsk endeorAli fm theeriole gelyedryan bysadpylriodd by ner . [97] TAB
i's the ALREEqiGleHS! Q81 & SRREF Bh't&o bRt leR tHaARIAMCAR Yot Boud].1 foBoR@NE

conposi tion (having an~ethylene nole fraction of PAB) and nol ecul ar wei ght
as t H@ i dwetei apgbodoproksy ABE is START than abeut 4] and luptetbofit bPn Prtsrabhyl, &Bir act i on of

hyl . i | i i oR- P = a/ TAB b
\?\;\e?eege asf}](gﬁ §éJ1rnqﬁie IQXgeW@orrpeﬁalothO.ﬁ H)e & dﬂﬁﬁgﬁ%b‘%ﬁl&tﬁ% Loy, BAR a *

bb o al T
are two constants whi Cah can eterm ne Yy a Ca?l bration
usi ng a nrbedy@r6 tofaibout 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 0.3 to about 0.7, from about 0.3 to about 0.6,
from about 0.3 to about 0.5, or from about 0.3 to about 0.4. In other embodiments, ABI is in

15  the range of from about 0.4 to about 1.0, from about 0.5 to about 1.0, or from about 0.6 to
about 1.0, from about 0.7 to about 1.0, from about 0.8 to about 1.0, or from about 0.9 to about
1.0.

[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

20  obtained by preparative TREF, wherein the fraction has a block index greater than about 0.1
and up to about 1.0 and the polymer has a molecular weight distribution, M,/M,, greater than
about 1.4. In some embodiments, the polymer fraction has a block index greater than about 0.6
and up to about 1.0, greater than about 0.7 and up to about 1.0, greater than about 0.8 and up to
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 0.3 and up to about 1.0, greater than about 0.4 and up to
about 1.0, or greater than about 0.4 and up to about 1.0. In still other embodiments, the
polymer fraction has a block index greater than about 0.1 and up to about 0.5, greater than
about 0.2 and up to about 0.5, greater than about 0.3 and up to about 0.5, 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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wel | characterized preparative TREF fractions of a broad conposition random
copol yner and/or well characterized random et hyl ene copol yners with narrow
conposi t iw0.200909%366ul d be noted that a and b nay vary f PomUSR@ROBTEHt tO

i nstrunment. Moreover, one would need to create an appropriate calibration
curve with the polynmer conposition of interest, using appropriate nol ecul ar
wei ght ranges and conononer type for the preparative TREF fractions and/or

random copaleY iRh abéis 62 ah@ugfo%%@t ¢.91&rdartk tHAh 86duP0.3 ah 18P B dbBud®.Slot@Rt
nol ecul ar wei ght effect. If the calibration curve is obtained fgrom simlar

mol ecul arthapePe0.4 adgedo abayeh’ anr pecater ol pPUbB-S aad Bt 3PY4P-hegl i gi bl e. I n
sone enbodi nents, random et hyl ene copol yners and/ or preparative TREF

fractions ofigzjandom @@Reh Wl Sesad biséyinddxnt HdiviMan gadiBh BldcRNRIeR thd-N P =
-237. 83/ TATREF+ 0. 639 [98] The above calibration equation relates the nole

fract i on c8pleag/ryaledidntemolymsrs i charngeyigstly oneREMOE QttheorioResify deseribpdeas
TATREE, fr@liowar r ow conposi tion random copol yners and/or preparative TREF
fractions of broad conposition random copolynmers. Tco is the ATREF
tenperature for a random cot%glﬁérrer of the_ same conposition (i(.)e., t he sane

comononer tHPY andBREDREY yiepgo-glehia biask suepalymaisivgstin shodimenthgl an

et hyl ene g GentibRRLVeAMIM, Rom abblit 05 EABoREs. SRk leali@de I RNl bORX TS, @/ TX 0 +
b froma measured Px nole fraction. Conversely, Px o is the et hyf”ene nol e

fracti on degeesCalardamdenspn dy egraps/ cutheceaamees Npein the pupgrical valyep af heme

conmononer, L YRE AR 6aNLEN adnihe same nol ecul ar wei ght and having an
ATREF t enperature gf Tx, which can be calculated fromLn Pco = a/Tc + b

usi ng@a neasur ed val ue of Tx. Nl&gg} Further description of the bl ock index
net hdfol dgy> 1085%-&f-dPeRé®d TR 1 ¥kl ool ecul ar Synposia, Vol 257, (2007), pp
80-93 which is incorporated by reference herein in its entirety. [100] Once

the bl ock inggx (Bih)chfn%lti@%ﬁt/ﬁér%ﬂﬁEe@itioﬁﬁq\}\%ﬁﬁ'fusfrﬁt@@Ini Qpurk 3. ORtiRd caed, the
wei ght average bl ock index, ABI, for the ol e pol yner can be cal cul at ed.

In sonme dérgbardEmden camlypes g eaylene/«plahns eiose peling gigtsiisgirasamotit 0.4 or
from aboufcOasihelden@RQUhe thvantivk 'i‘nt%gl?ﬁlef%mﬁgi%%lﬁé?ltb%ndi:ﬁﬁindk)%xﬁi‘%ﬁ%eﬂngt han

about 0.4 and Up to about 1.0. Preférably,
points substantially independent of the density, particularly when density is between about 0.87

15  gf/cc to about 0.95 g/cc. For example, the melting point of such polymers are in the range of
about 110 °C to about 130 °C when density ranges from 0.875 g/cc to about 0.945 g/cc. In
some embodiments, the melting point of such polymers are in the range of about 115 °C to

about 125 °C when density ranges from 0.875 g/cc to about 0.945 g/cc.

[105] In yet another aspect, the ethylene/a-olefin interpolymers have a molecular

20  fraction which elutes between 40°C and 130°C when fractionated using Temperature Rising
Elution Fractionation (“TREF”), characterized in that said fraction has a molar comonomer
content higher, preferably at least 5 percent higher, more preferably at least 10 percent higher,
than that of a comparable random ethylene interpolymer fraction eluting between the same
temperatures, wherein the comparable random ethylene interpolymer 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.

31



should be in the range of fromabout 0.4 to about 0.7, fromabout 0.5 to
about 0.7, or fromabout 0.6 to about 0.9. In sone enbodi nents, ABlI is in

t he rangewof2odwmeabout 0.3 to about 0.9, from about 0. BCraSadwows2705 8, or
fromabout 0.3 to about 0.7, fromabout 0.3 to about 0.6, fromabout 0.3 to
about 0.5, or fromabout 0.3 to about 0.4. In other enbodinents, ABI is in
the range of fromabout 0.4 to about 1.0, fromabout 0.5 to about 1.0, or

from about Qo to Rk etltb&hmfaﬁt@%@@Wne%wﬁeﬁrpm@mﬂﬁm&sQa efhanxaheut 0.8 to
about 1.0, or from about t o about ) 101] Anothervongractggrstrc of
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whi ch can be obt'ai ned preparative TREF, wherein t fraction has a bl ock
i ndex gr eartcent, tsnemalbrb@ﬁatha@ 09 palnohtdpsSttl@ﬁna?@o?otcem @flesﬁdhatlrt@ ppsEsindawnias a

nol ecyl ar,, éﬁkgﬁllgtﬁgqgﬁa%ton Mv Mh, greater than about 1.4. In sone

enbodi nent raction has a bl ock index greater than about 0.6
and up to about 1.0, Hreater t han about 0.7 and up to about 1.0, greater
t han about [@08 andlndp ohepgpadiments, thgrethyjeagioelefinatsrraboigrs lgvea 26§ up to

about 1. Q:Rmhl%s &T's%t 1 anh"é@%&%em & ti?é?t'%g%tceﬁtr RCL hap d‘p;’]eﬁce B f%gsktgé J1dex

greater t out to a réat er t and up
to aboutSQp@rmgr@aﬁeﬂﬂtHanﬂﬁﬁogmpﬁﬁﬁxandﬁumem@nuhomﬂsmlﬂsﬂgné@permthan

ab OUt 0. 4} sgpﬁn IS'? ﬁérgetg’ﬁgs%éha% 2% tpet%le?tgan%%a[ té&%ﬁ & oﬂd 0 rcen?‘nd up to about

In st ra Bae'a bl ock i ndex
greater than about 0.1 and up to about 0. 5 greater than about 0.2 and up
to abdut 0.H08lgr ealnether hrhodionis, tie: @h)am/meftminﬁmﬂlﬂmﬁs gmpise,gh eat er t han
about 0.

Fract i on RADELAR Hftp APRG S8 mre A b e o B YT
greater MMamOabmom:@B@H@bdeuphmﬁKabonnumhﬁsﬂ@né@p@rmmhmntabbabbde@ and up
to about 0.7 ép rea P out 0.5 and up to about 0.6. [102] In

addrtrontygﬁgno emmla%1 PR g%”éﬁd‘?ﬁﬁrvrdual fraction bl ock indices,

t he et hyl ene/ a- oIefrn |nterpolyners are characterized by one or nore of the
properties [d8%cri bladoms efbbdimeasss, thelOal}i-tlorkenpolaspre possesshddtirydzene/ a- ol ef i n

bl ock “té;%{uﬁt)z' PO Ryt %Qn f[ﬂ%ﬁg IR SR t{uQS ‘rﬂé’ceo%%fy%sﬁ?é’%rtﬁer'\""’/ My from

about "1 east one ne
characterized as havtng both a polydisperse block dtstrtbutton and a polydisperse distribution

of block sizes and possessing a most probable distribution of block lengths. Preferred multi-
block copolymers are those containing 4 or more blocks or segments including terminal blocks.
More preferably, the copolymers include at least 5, 10 or 20 blocks or segments including

20  terminal blocks.

[110] 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 using TREF, characterized in that said fraction has a molar
comonomer content higher, preferably at least 5 percent higher, more preferably at least 10
percent higher, than that of a comparable random ethylene interpolymer fraction eluting

30  between the same temperatures, wherein said comparable random ethylene interpolymer
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degrees Cel sius and density, d, in grans/cubic centineter, wherein the
nuneri cal values of the variables correspond to the relationship: Tm>

- 6553. 3 WOWBFOM65- 7051. 7(d) 2. [104] Such nelting poi RCIASP@00$2705
relationship is illustrated in Figure 3. Unlike the traditional random
copol ynmers of ethyl ene/a-olefins whose nelting points decrease with
decreasing densities, the inventive interpolyners (represented by di anonds)

exhi bit mBinbRg HRQhME SorfdHRaleARY, hid Ha¥ a hRUSRRR %ﬂgltwﬁné 8@ bMer

particularly when density is between about cc to about 0.95 g/cc.
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g/cc. In sonme énbodi nents, ng poi nt of such polynmers are in the
range of bidsked ln@mlmr@@d/atbb@comr@@b@@nmwr@é has 4 tpta egvgaomer eamiedt 875 g/ cc

to abgut fgn%l%:ﬁh‘gélgﬁgeké@ecuqa%%?é bl@a&hﬂﬁé}ﬁﬁzﬁg the ethyl ene/a-olefin

i nt er pol raction el ut es between 400C and 1300C
when fractionated using Tenperature R sing Elution Fractionation ("TREF"),
charact eri zZd#1li n t Gamonpajes canteit tiap he igasueedrsing ancBrBPle Fashnigemvéht  hi gher ,
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hi gher, t at of a conp e ran ne 1 n yner fraction
el uting Betpebmrers prdladsref EOéynpm hatvmgetslatlvﬂinebleamTREE couemp e ablyser aigom

ethyl ene f}actgo%%ﬁ uXIETg‘rREE”ﬁt@'fJ‘amB gac?%e &ngeﬁép%%urf‘&ﬂ%«l‘ﬁ?ﬁoac gel t index,

density, onononer con wi thin 10
per ceit ddss.t Tt 1sraéach leltdall fmct{on hﬂsercplhdcymmrempaaeﬂrtewmkibw of 107€ dviisivhUsohg t he
conpar abI [ g er n 10 rcent of that of. the bl ock

o or por yie R Ren Bispia R A r B P raon by e ighHadirer

cont ent wnmbnmndc@omtg’fm aperreohdind fridiah obthe thrapdpdtdeiateirpliyangeol ymer . [ 106] In
ot her enbodi nents, the ethylene/a-olefin interpolyners have (1) a storage

rodul s 1ty © (BRI GH 00 gl oA b BLSRRM LB L0 10,
80 per ceniie APREF peakhiksiyig ItlesfSV Hhﬁma?@lqnmuoﬁ NThe aeeapefclnea@elay cdrﬁ&t&alchhﬁ:dGO
Eg :Tgfl tSS Iuglﬁg E é@lp%{bttgg%@%%gﬁ?ﬁf(FWHM) calcu at1orr1] afétle(% a&%n%g appropnate gasahnes

to integrate the individual signal responses from the TREF chromatogram. For this random

ethylene octene copolymer, the full width/half maximum area ratio of methyl to methylene

response area [CH3(61.0)/CH»(77.5)] was 0.786 from the ATREF infra-red detector, wherein

the tallest (highest) peak is identified from the base line. For this ATREF peak measured, the

20 FWHM area is defined as the area under the curve between T1 and T2, where T1 and T2 are
points determined, to the left and right of the ATREF peak, by dividing the peak height by two,
and then drawing a line horizontal to the base line, that intersects the left and right portions of

the ATREF curve. The octene content of this random ethylene-octene copolymer was

determined to be 3.9 mol% after applying the comonomer calibration curve shown in Figure 4.

25 [113] In another aspect, the inventive 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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[107] In still other enbodinments, the ethylene/a-olefin interpolynmers have
a 700C conpression set of |less than 80 percent, |less than 70 percent, |ess
t han 60 peocem097s®s5 | ess than 50 percent. Preferably, tRETAB@I®2TPF €SSi ON
set of the interpolymers is less than 40 percent, |ess than 30 percent,

| ess than 20 percent, and nmay go down to about O percent. [108] In other
enbodi nents, the ethylene/a-olefin interpolyners conprise, in polynerized
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si zes "and poBssessi ng a nost stribut’ion engt
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or properti o) spect, the YNer s ferabl conpr.i si ng
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are cloar acineiidnze@doiynt Within 10 veeilt pelentoF taegrRblscked idtsiPolpimerromme f@dl ynmer i zed
nononer unl iffering | hem cal physi cal . properties | ocked
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400C and ;1300C when fracti onated usiE%VTREF characterized in that said

fract i on 'hidsntdiefbiony the b Hamard Benthedty Hvgmeris dgperiaidaioys dsribaiat 5
percent hiGRAREd usiRr B Lrrefresal] e BWvHM aRh islfiRGS £ arkl @8 the E@N that of a
conpar abl e random et hyl ene |nterpolyner fraction eluting between the sanme

t enpePat be@gen Whandel> nWb%: ) nbarasivs deeraormdetonyd letiand nghe ope Y donpr i ses
i ep e t 1n 1Z0 0 e

Lhe. Same pEATBRARRI{he paRMRAS AnTEL daEX i dENSL hiticoRHlo R Ale fRTDNOME!
cont ent 6based on the whol e "pol’ymer) percent of that of the
bl ocked ithat évtqyedcisriks left and right portions of the ATREF curve A calibration curve for

comonomer content is made using random ethylene/a-olefin copolymers, plotting comonomer

content from NMR versus FWHM area ratio of the TREF peak. For this infra-red method, the

20  calibration curve is generated for the same comonomer type of interest. The comonomer
content of the TREF peak of the inventive polymer can be determined by referencing this
calibration curve using its FWHM methyl : methylene area ratio [CH3/CH,] of the TREF peak.

Figure 5 demonstrates the calculation of this ratio for a representative ATREF curve for a

random copolymer.

25 [114] Comonomer content may be measured using any suitable technique, with
techniques based on nuclear magnetic resonance (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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Preferably, the MV VMnh of the conparable interpolyner is also within 10
percent of that of the bl ocked interpolyner and/or the conparable

i nt er pol yWwor00a®7#s5t ot al conononer content within 10 weipgmtusp@onsatns of t hat
of the blocked interpolyner. [IIl] Conmononer content may be measured using
any suitable technique, wth techni ques based on nucl ear nmagneti c resonance
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interpolymer is also within 10 percent of that of the blocked interpolymer and/or the

comparable interpolymer has a total comonomer content within 10 weight percent of that of the

blocked interpolymer.

20 [117] Preferably, the above interpolymers are interpolymers of ethylene and at least
one a-olefin, especially those interpolymers having a whole polymer density from about 0.855
to about 0.935 g/cm3, and more especially for polymers having more than about 1 mole percent
comonomer, the blocked interpolymer has a comonomer content of the TREF fraction eluting
between 40 and 130°C greater than or equal to the quantity (- 0.1356) T + 13.89, more

25  preferably greater than or equal to the quantity (-0.1356) T+ 14.93, and most preferably
greater than or equal to the quantity (-0.2013)T + 21.07, where T is the numerical value of the

peak ATREF elution temperature of the TREF fraction being compared, measured in °C.

[118] In still another aspect, the inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or more copolymerizable comonomers in polymerized

30  form, characterized by multiple blocks or segments of two or more polymerized monomer
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havi ng a peak (but not just a nolecular fraction) which elutes between 400C
and 1300C (but without collecting and/or isolating individual fractions),
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technlque
diblock or triblock copolymer, said block interpolymer having a molecular fraction which

elutes between 40 °C and 130 °C, when fractionated using TREF increments, characterized in
that every fraction that has an ATREF elution temperature greater than or equal to about 76°C,

has a melt enthalpy (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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t echni ques based on nucl ear magnetic resonance (NMR) spectroscopy
preferred. Using this technique, said bl ocked interpolyner has a higher

nol ar corwon®r09emat ent t han a correspondi ng conpar abl e PCmtusSe@ologares . [ 115]
Preferably, for interpolynmers of ethylene and 1-octene, the bl ock

i nterpol yner has a conononer content of the TREF fraction eluting between
40 and 1300C greater than or equal to the quantity (- 0.2013) T + 20.07,
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where T is the nunerical value of the peak elution tenperature of the TREF
fracti on 'YepSHUIE SHBEF iGN ongsaalp abPyt A0 (G hap 4 1elt enthalgydien KAutid) ehe above
aspect's andaREPREHSERBrdGRRahORINDELE: HAPo! MNENLING POIVBISTREP be
characteri zed by one or nore additional characteristics. In one aspect, the
i nvent i velysioh yammerange griCadiesd i-r 3.8, e’rlpleIeymifractmnélﬂaéha%ﬂlwﬂb%@mmmg et hyl ene
and one i

char act e Se By SERRr T B Rk LE TR TECEh A KRR LT s | e
monomrer  umaswedlhyf DEE aegeipandihgtwi thadquationp Mgsti of &lsiqur@pe t<i (@4 3 D A

i nterpol I di bl ock or triblock copolynmer, said block
i nt er pol );gr:?\;lf)?lhem\rﬁ%%urg eéﬁefsu%)r)aérz%gr action which elutes between 400C and
1300C, when fractionated using TREF increnents, characterized in that said
fraction has a nolar cononomer content higher, preferably at |east 5
percent higher, nore preferably at |east 10, 15, 20 or 25 percent higher,
than thaty ptppp Iﬁl‘r@(ﬂ#ﬁ{\%\) i oh PO-YIRE O ion eluting

bet ween tAhe sarrgﬁ?g%gl?dateur es tg)r It’ahl)ﬂra]a%ggﬁ ﬁggﬁpar%gﬁag regﬁg)trm et hyl ene

i nt er pol yrrer corrprl ses the sane conononer(s), preferably it is the sane
conmon8ner (si22land BherpemonprefeRmparati ¢fyhe PRsk &7n beoneeise psieotht Bt  (based
on the mﬁtaere@glatm&ravambmr&n PO REF ORI vatencuﬂ%algf the bl ocked _
interpolyner. Preferably, the the conparable interpolyner is also
wi t hi n 10hteywewtpobinerdiag.cont). t he bI ocked i nterpol ymer and/or the conparabl e
i nter polyrrer has a total conononmer content within 10 wei ght percent of that

of the bl ocjies) i nt'ﬁ{eogbﬁﬁﬁ@sﬁtlon[rﬁ(;dy’ of thehat AR 1Y equihpRd %ﬁ‘é@néa&lﬁ@rﬁ&@kéﬁ@&f S are
interpolynmers of ethyl ene and | east one a- C}e fin, ecially those

i nt er pol ﬂﬁﬁz)sanﬁavmmlt@nm@%(%} (rateare ﬁéqﬁlsqafryw’oa@ﬁnnﬁb@m 1grg@she region

15  of 2800 - 3000 cm™. The measurement sensor detects the methylene (CH,) carbons on the

polymer (which directly relates to the polymer concentration in solution) while the
composition sensor detects the methyl (CH3) groups of the polymer. The mathematical ratio of
the composition signal (CHj3) divided by the measurement signal (CH>) is sensitive to 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
concentration (CH;) and composition (CHs3) signal response of the eluted polymer during the
TREF process. A polymer specific calibration can be created by measuring the area ratio of the
CHj3 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 CH; and CH, response (i.e.

area ratio CH3/CH, versus comonomer content),

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

(FWHM) calculation after applying the appropriate baselines to integrate the individual signal
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to about 0.935 g/cnB, and nore especially for polyners having nore than
about 1 nole percent conononer, the bl ocked interpolyner has a conononer
cont ent oVOb@/0PREE fraction eluting between 40 and 130@Crgrse@vms27vhan or
equal to the quantity (- 0.1356) T + 13.89, nore preferably greater than or
equal to the quantity (-0.1356) T+ 14.93, and nost preferably greater than
or equal to the quantity (-0.2013)T + 21.07, where T is the nunerical value

of the peakofdHEsm hLtRINCHEIREEALUTRe Afll Wiy TSR @6 bhON 2R R 98as6P npar ed,
measured in OC. [118] In still another aspect, the inventive polyner is an

olefin i ﬂpébepfév?ﬁfefflet!‘ﬁrt‘eméﬂlélﬁpglreémﬁfﬁr areg KgT:& Hy freWéheaAERBH@ferre%r e
copol ymerg.zab] %zh@&ﬁﬂﬁ@&ﬁés% (nghea%é/aﬁ{% Id%ﬁfheﬁ%m th€ DAL #6L 8hk 4R tHQNFVVHMt iple

bl ocks or segnments of two or nore polynerized nononerunits differing in
chenmi cal amammn@@rl Peiopdsttibwon ihpukdeingraneY P prek ) the RYEM picefser abl y a

di bl ogk I ' I I
Fract Pon S G LR dARE e SRl o 35 Ty R P BN P oa v ng
TREF i ncrdetganingd, tecthe tedicand righted thenA TR p@keb}ydlfndmgtthmalh beighidpy awe.@annoner
cont ent feél%travia_i El @' lponz?ntgl tmaleeiaag) ellin%et%lt’ 1ntefasgctg‘ thrr?ef{ aniag I%th}%o?ttl(%lg %Félt er t h an

about 10 0se Tractions hav Vi ng ononorme F om about 3
nol e per &éfRER@rabout 6 nol e percent, every fractlon has a DSC nelting
poi nt of about 110 OC or higher. Mre preferably, said polyner fractions,

having at ﬁ?@t eﬂ% aggﬁgaﬁgr? Bfﬂgnﬂg?ég]?sgg%é%?? to Q Rte TR ({ SR c%hte%ltl oq‘t

corresponds ion percent cononomner
fracﬂDonpownmﬁmnﬂﬁsATRBFeﬁhrabhwﬂﬁﬂﬁph(mﬁmﬁﬁﬂﬁmﬁhnwt@ewﬁ@ﬁCHﬁﬁhmmmmmr |n

the fractiqn e at i gnshi C or a h| a in Figure
6 116] o AbRea R g DBl Rk BT RA, RoARh ThRdN O SR ot

i nt er pol yrnmey; “peeflgnant yf gebmrmle&ldﬁghﬂmmdgapﬁyﬁﬁﬁh@ nengﬁdsﬁrrﬁmfrered

copol yneri zable c oners in pol r char act er mul tiple
b1 bk o PEBGHERY 1 SRS A AL BOr e PYSHE SR <t PO er 1 ng |
cheni cal Mfredphiy sdi&b aRf PRGkRdeHRS ({91 Chsd-il06. emaDeylaeridrs, PIDRohFmef BIGAPl Yy a

di bl ock or trlblgck copol mer, said bl ock |nterpolyner haV|%%ha nol ecul ar
fr actPon Sk eIQP@§IBE$ﬁB§ﬁhﬂG begachipgmicsestyeturel Herihlengdlr ¢l ed usi ng

TREF i ncregp@minthérs uGhedi acdx@1ukid £ ehroMaloBAbh EMRMbufiérafhifein InfdtedRp&ud o REF
elution tenperature greater than or equal to about 760C
(SEC-FTIR)”, Polymer (2002), 43, 59-170, both of which are 1ncorporatecf by reference herein

in their entirety.

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

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

[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 T,

[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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has a nelt enthal py (heat of fusion) as neasured by DSC, corresponding to

t he equation: Heat of fusion (J/gm < (3.1718)(ATREF el ution tenperature in
Cel si us) wo28®/®835[ 120] The inventive bl ock interpol ymecs/usane/ o7l ecul ar
fraction which elutes between 400C and 1300C, when fractionated using TREF
increnents, characterized in that every fraction that has an ATREF el ution
t enperature between 400C and | ess than about 760C, has a nelt enthal py

(heat of (fHisirR0): ifhe 'ﬂa%%é%ﬁd) B 088Chat GO HaRSRANM J1B1dcR cofdBne@ahd on: Heat of
fusion (J/gm < (1.13 I2)(ATREF elution tenperature in Celsius) + 22.97.

[121] Théseafer apknongrppy el eplyeeeaspgeialbht earrlyner af gingeneand one or
Speci f1 cahdy ¢, Qg)h?c%cgogglefiﬁg. BD MR B3y IPHAEH @i bl Al Wi 8P el ute

bet ween 40 OC an 0C, when fractionatedusi ng TREF increnments, that are
char act erinAtagcaisp dedneasesdrydesy tfan ot prder af aagnivuds barweATREMJING, oreferablper at ur e

great er 0 about 76 0C, has a nelt enthal py (heat of fusion)
as rregsutrbg%%lglgbﬁ%%@%}frespondi ng to the equation: Heat of fusion (J/gm <

(3.1718) (ATREF el ution tenperature in Celsius) - 136.58, while every
fracti on thdd0lhas AfdiRaTRER the ¢fhylens/q-elatie msrpalengse capdiane 4 BLindsy. lh.ess t han
about 76 f i '
correspo g'gﬁ‘“ng 6? %)aztoﬁ Lg{alg Slg%lin‘ggh Bﬁéﬁ%t%a%?ﬁfou(g |LE(§) Irlﬁb(@\]%/ gﬁ%ﬂ {Egﬁe?%ﬁ%g E%{e(r %?‘gEF

el uti on themp@phton08 g1l nUsitss, asd espe@dlydyom 0 AT REFORAHkm@owenwmertaiConposi ti on
Measur enen I nfra-Red tector 22 he conmpngner ¢o itiqn,af the
Trer pear eantish RSE T SRR Misrbrilibn I S RERRAET & FEEP I8 ¢ ¢ om
Pol ymer Ghiadites, Hahne0E o050 aPiaminhulehtfidm 1 B/ pPoininies cian 1 eOeEN 0 nfidka]or The
"conposi tion de” t he detector i s._equi pped wth nmeasur enent. _sensor
(G2 andrBopgs 4y Bhmbisof cangenongieab by el i ST HHIFG r oc
filters ipalyhRes ik @8l @ minkes28000 miRPQGr6my1h mindidge Measur ement sensor detects
the nethyl ene (CH2) carbons on the polynmer (which directly relates to the

pol ymer co tratjon in solution) while the ositian senso etects the
e R A Al k) R LR SO R S o R R S

conposi t ighflols, fyralably Ed3) 1,000/4/601 t6Y,0001800TRRSLIFEREBLY f5drg DALOW &hid)e th S
sensitive to the conononer caontent of the neasured pol ynmer in solution and
its rlés D éHgQOQ %/m&lﬂ P%%F@&l%f{qﬁp 10,000 g/mole to 300,000 g/mole. The density of the

inventive polymers can be from 0.80 to 0.99 g/cm3 and preferably for ethylene containing
polymers from 0.85 g/cm3 to 0.97 g/cm3. In certain embodiments, the density of the

ethylene/a-olefin polymers ranges from 0.860 to 0.925 g/cm’ or 0.867 to 0.910 g/cm”.

[132] The general process of making the polymers has been disclosed in the following

20  patent applications and publications: U.S. Provisional Application No. 60/717,545, filed
September 15, 2005, and PCT Publication No. WO 2007/0354835, filed September 14, 2006
both of which are incorporated by reference herein in their entirety. For example, one such
method comprises a process for the polymerization of one or more addition polymerizable
monomers, preferably of two or more addition polymerizable monomers, especially ethylene

25  and at least one copolymerizable comonomer, propylene and at least one copolymerizable
comonomer having from 4 to 20 carbons, or 4-methyl-1-pentene and at 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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known et hyl ene al pha-ol efin copol yner standards. [124] The detector when
used with an ATREF instrunent provides both a concentration (CH2) and
conposi t WO 200H8Y568i gnal response of the el uted pol ynmer pduiftiseepobaoy REF
process. A polyner specific calibration can be created by neasuring the
area ratio of the CH3 to CH2 for polyners with known conononer content
(preferably nmeasured by NVR). The conmononer content of an ATREF peak of a

pol ymer can be) esithdiat ﬁﬁja&ﬂmﬁ%l}b{ﬂe@ﬁaﬂl@ﬁmﬁ&ﬁ&ﬁ)@%@u&%k BhhdrotnRf the ratio
of the areas for the 1ndividual CH3 and CH2 response (i.e. area ratio

CH3/ CH2 wadigesplprefivatien cangiipan pieferablpayiforpor hpagegeous palypietiaioean be
cal cul at ed,8b0in& rEddldr oWeQ&E&/ Aoad tvuﬁf%b;migl : amr&@g GYdR¢de %1e?1‘ht er

appl ying the appropriate baselines to | he 1 ndi vi dual
signalr esvpbn@esatlfon@mtﬂlwmnmE@acﬂHWSbmit@g}aqmmmbe tifeformagjonl ohpdahdr maxi mum

cal cuI at| met hyl to met hyl ene response area
[CH3/ r%%li? egaidl'&%u—(grﬁﬁfo?g}obg[a&g’et ector, wherein the tallest (highest)

peak is |dent|f|ed fromthe base line, and then the FWHM area is
det er mi ned. F8r transgkrgng thp irarisem fﬁ’é&’é‘tj@é’cﬁeeﬁﬂﬁ@%@ﬁ OWEREPT 2980 k1d qptiengty\HV ar ea

|s defi ”%’dg ohd 5t n%rggdmg{]rea < BeM st??ﬁﬁ@ Brs B} ﬂt‘glg%_?@guﬁﬁ@g{(&t and T2

are points term ned t an y dividing
t he peak Chmﬁlgmralhﬁpuxlywﬂthandftmfﬁetdtdlmafw ngia Ilne hori zontal to the base
line, that intersects the left and right portions of the ATREF curve. [126]

The appl i cati an Qi g%%{y{%lehgﬂloﬁP@&&EP&%S&HXe&Rd PRASHE G4 ZGRBRQAET Ccont ent

of polynmers in this F-infra-red nethod 1s, |npr|nC|pIe simlar to
t hat 16f @EPGIETRISYS thahrre dgfaiensigted o thepalpreerfsogheni fegmedaheepies:
Mar kovi ch, Ronald P.; Hazlitt, Lonnie G ; Smth, Linley; "Devel opnent of

gel - per meayi %e&%‘éﬁ’i@%;ﬁ%&%& b}: Qifid Sl of b ﬁ&l%lﬁﬁt‘i{h Egehf%‘%ﬁe RR&Gh hERGRPY for

characteri zatl on of “et hyl ene- based pol yol efi n copol yners Pol yneric
Mat er i al Prisciocetir@garduiBagienetersicnd) (uch 9y at 165t so98-of 0©. reSUétm pobsleauri ers, PJ.

, Rohlfi %lecgleg:fmm%@ %ﬁcoxﬁ%&-ses twq%f?ﬂﬁ‘ré E%&Iﬁ%llﬁgpéﬁ USI (lﬂStle a‘ﬂﬁ OCkS

m crostructures in et n copo g Sl Ze exc u5|on
chr omat o@r sggmenand Fourl er transforminfrar ed spectroscopy (SEC FTIR)"
Pol ynmer (2002), 43, 59-170, both of which are incorporated by reference

her ei 13 [133] The invention involves the concept of using chain shuttling as a way to prolong

the lifetime of a polymer chain such that a substantial fraction of the polymer chains exit at
least the first reactor of a multiple reactor series or the first reactor zone in a multiple zoned
reactor operating substantially under plug flow conditions in the form of polymer terminated
with a chain shuttling agent, and the polymer chain experiences different polymerization

20  conditions in the next reactor or polymerization zone. Different polymerization conditions in
the respective reactors or zones include the use of different monomers, comonomers, or
monomer/comonomer(s) ratio, different polymerization temperatures, pressures or partial
pressures of various monomers, different catalysts, differing monomer gradients, or any other
difference leading to formation of a distinguishable polymer segment. Thus, at least a portion

25  of the polymer resulting from the present process 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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in their entirety. [127] It should be noted that while the TREF fractions
in the above description are obtained in a 5 0C increnent, other

t emrper at (W@ 200998¥68nt s are possi ble. For instance, a TREBETfusaawiosvozoul d be
in a4 0Cincrenent, a 3 0OCincrement, a 2 0OCincrenent, or 1 OC increnent.
[ 128] For copol yners of ethylene and an a-olefin, the inventive polyners
with two bl ocks or segnents preferably possess (1) a PDI of at least 1.5 up

to a nmaxi mysyal UeIth)ntZastitme%r@[(ﬁlgl‘?}rd?s'@hs‘éecbé%ﬁﬂ@ﬁﬁ'l pbiyenediRliod-t&hniqads @ heat

of fusion of 90 J/g or |ess; ~an ethyl ene content of at |east 50 weight
per cent ; Whateipneghamishpitlggaigent srittizeh @plyngr rrodupgs cappoy e ebtaipghaceomlme npr e
pref er ably ;hle%e%%ﬂl&t Iﬁﬁi@nt‘lo%qgfgelﬁ@tﬂgjh%hlb( 2hivOBRa1AN doRPdsHioR D EaplBik of Aol  Fur t her,

the inventive polymers can have, al'one or ih conbination wth any other
proper t i érgngferdpolyedr segmeits both ta anslrfeapea s@bleghain chuttligg egent sugh thabg (G ) is

greater - r - ar to 1.0
Va3t §OpmepbloBtftcaldh Hfl b7 R e b B reBES, Qs a
rel at i velBueftd toe ust ofrchgie smdink agensssand citalysss capable of epipemd eificent exchidnge r ange
fromO to.1000C th is..char erjstic of block g | yner s nd _ her et of ore
nknown 58S tedfer B AR Bote Xp e S P R RS n ome
or nore GEchBhalintpnaidcolaaregloas ofithe pglRyert dieforeeduddeetwatdrwelrydiffe@bt’ in this
context is meant.that .log G (in Pascals) decreases by |less than one order
of magni PARECBEIIRBER B ™Sind 1000C, preferably between 0 and 1000C). [ 130]
Additionally, the ethylene/a-olefin interpolyners can have a nelt index,

| 2, floom 0.[0361 0 2RGBesghtddveraniysesnd pragf dwalkigagtntam $.f0llowso 1000 g/ 10

m nutes, nore preferably fromO0.01 to 500 g/10 m nutes, and especially from
0.01 to 10 10 m l. rtain i ent.s. . hyl en -olefin

i nterpol yrrelghhavgb gawlksg?‘%l)ilﬂé\lgg’? d?(gm e&‘?%%}%ggnfb%ﬂgd@@% éﬁio(gyl&ﬁeﬁelé(g's, fromO0.5
to 50 g/ Dhaphthaleuaeyl(6pyhn-2-diybm@Rang)libMivm giuetbd, prépagdrctording © thy 4Qhingsrefit es or

from 0. 3 W@ 038195, 26030064615 USIN RRID B3 iRARAGL Y, Snd WH84/ABLE: | ndex for the
ethyl ene/a-olefin polymers is g/ 10 mnutes, 3 g/10 mnutes or 5 g/10

m nutes. [131] The pol yners can Have nmol ecul ar wei ghts, My, from 1, 000
g/nole to 5,000,000 g/ nole, pref :@- chicetp, 1, 000 g/ nol e to 1,000,000, nore
preferably from 10, 000 g/m)leto _
(H3C),HC SN }\1 / @
@ N X @
Hf:
\

(HsC),HC CH; CH;

15 [138] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-methylphenyl)(1,2-
phenylene-(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:

(H;C),HC /CH }\1 /

N Y

Hf

/\

(H;C),HC ¢y, CH;
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500, 000 g/ nol e, and especially from 10,000 g/nole to 300,000 g/ nole. The
density of the inventive polyners can be from0.80 to 0.99 g/cnB and

pr ef er ablwof2009/t3%§1 ene cont ai ni ng pol ymers from 0. 85 gPCRAISC@9035¥5 g/ cnB.
In certain enbodi nents, the density of the ethyl ene/a-olefin polyners
ranges from0.860 to 0.925 g/cnB or 0.867 to 0.910 g/cnB. [132] The general
process of making the polyners has been disclosed in the foll ow ng patent
appl i cati ong3gnd pgabdgﬁ@mpngn Npﬁw mqy|5|onal Application No. 60/717, 545,
filed Septenmber 15, 2005, and Publ i cation No. WD 2007/ 035485, filed
Septenbeﬂ“ﬁ@ﬂwﬁﬁﬁﬁﬂﬁﬁvﬁﬁ@?ﬂﬂﬁﬂéﬁn%ﬂ%ﬁmﬁ@dmﬁﬁﬁéted by reference herein in
their entirety. For exanple, one such nethod conprises a process for the
pol yneri zation of one or nore agditign pehynerizable mononers, preferably
of two or nore addition polynerizal pnoners, especially ethylene and at
| east one copol yneri zabl e co i, _pfropyl ene and at | east one

copol yneri zabl e cormonorer h§vi ngifroi 4 to 20 carbons, or

4-met hyl -1-pentene and at |, gas{ Jne @ifferent ﬁgQQIynerlzable conmonormer
having from4 to 20 carbons, to 6rnu§{copolyn€r conprising two regions or
segnents of differentiated Qol ynsr cgnposition or properties, especially
regions conprising differing nonpFex. | ncor porati on index, said process
conprising: 1) contacting an ang i gol ynmeri zabl e nononer or m xture of
nditions, preferably uniformor
honogeneous pol ynerization conditions, in a reactor or reactor zone with a
conposition conprising at | east one olefin polynerization catal yst and a

cocatal yst @nej chacaalyst (Az§d Bt &@yf DIdBNZ@NHG yridRL Y PB5-(ERGFBPeayh om sai d
nonomer or nbnone transferring the reaction mxture to a_second

react or grplﬁe%%{‘é’fn@?lyg@ﬁlohéﬁﬁ?&eép?ﬁhé]r%qw‘%lu%dﬁf)rf@e&ﬁé RyPaRs sELSMPLY onal
reaCtant$waﬁﬁh§kMﬁé§mmHQ@@FES§AQ@Mﬂkﬁ@ﬂBCOﬁpOUﬂdS prior to,

cont enporaneously with, or after said transfer; and 3) causing

pol ynmeri zation to occur in said second reactor Qr reactor zone to form

pol ymer segnents that are dyffe t hg pol yner segnents forned
in step 1); said process beNag cha 3t eN Z# addi tion of a chain
shuttling agent to the reaction™Nf He pRI i G , during, or subsequent to
step 1) such that at |east sof tt(e )esul -Rg pol yner

[141] Catalyst (AS) is (bis-(1-methylethyl)(2-oxoyl-3,5-di(t-
butyl)phenyl)immino)zirconium dibenzyl, prepared substantially according to the teachings of
10 US provisional application 60/553906, filed March 17, 2004, and PCT/US05/08917, filed
March 17, 2005 and W02005/090427, published September 29, 2005:
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nol ecul es fromstep 3) conprises two or nore chemcally or physically

di stingui shabl e bl ocks or segnents. [133] The invention involves the
concept ovousiwmy7sshai n shuttling as a way to prol ong thecCridsesons270f a
pol ynmer chain such that a substantial fraction of the polyner chains exit
at least the first reactor of a nultiple reactor series or the first
reactor zone in a multiple zoned reactor operating substantially under plug
flow conditions in the formof polymer termcpai,gd With a chain shuttling
agent, and the polynmer chain experlenqg% giff erent polymerization
conditions in the next reactor or polynerlgi zone. Different

pol yneri zation conditions in the r—xpggfiv- n%ClBis zones i ncl ude the
use of different nonomers, conongirers,zQr nmohon#r/conmononer(s) ratio,

di fferent polymerization tenpgra res/;%res:ures or partial pressures of

various nononers, dif{&sFshr—at al ering nononer gradients, or any
other difference |eading to forag Héa sl sti ngGHshHbl e pol yner segnment.
Thus, at least a portion of the p % ! resultlng fromthe present process
conprises two, three, or nore, pre ePény two or three, .differentiated

pol ymer segnments arranged intranol ecularly. [134] Because the various
reactors oragnes Ealied St AULLAN AL, RALWTRES ALRGL Shd a singl e
speci fic pol ymer conpos i on, e resu tlng product has inproved properties
over ar évn@@nhmbmryme}m@pmmmgﬂmrg@r@l spstancialhotogomding|tq 88 jteachingoMt r ast
with the £t i S wherein
no chainlﬂiﬁx%%#%hxg%CE&yﬁiﬁg?? gle% Pﬁ%@&g%%dﬁéPgﬁggﬁgﬂgm/ g obt ai ned
accor di ngvidrch t’héOfwzeﬁéﬁ@%ﬂﬁwﬁﬂﬂoputbyh@ieﬂe@tembngz%Q@ﬂﬁl y active catal yst
conpositions capable of rapid transfer of polynmer segnents both to and from
a suitable chain shuttling agent suhat pol ymer bl ocks or regions nade

tion

by the catal yst possess distinguis pol yrer,),properties. Due to the use

of chain shuttling agents and cata capap rapid and efficient
exchange of grow ng pol yner chains, tlhe gro mer experiences

di sconti nuous pol ymer growth, such ﬁg;ﬂ n ecH@P)sr egi ons of the
pol ynmer are formed under two @ Lkf er pol ymeri zation conditions.

[ 136] Representative %§E?bys
33

CHs X=CH,C¢Hs
(CHs)s

[143] Catalyst (A7) is (t-butylamido)dimethyl(3-N-pyrrolyl-1,2,3,3a,7a-n-inden-1-

yl)silanetitanium dimethyl prepared substantially according to the techniques of USP

6,268,444:

(HsC)zsl T1(CH3)2

10 C(CH3)3
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[137] Catalyst (Al) is

[N-(2,6-di(]-nmethyl ethyl)phenyl)am do) (2-isopropyl phenyl) (a-

napht hal emo2e0avopr368- pyri di n- 2- di yl ) net hane) ] haf ni um di meChgtiszoopnsgras ed
according to the teachings of WO 03/40195, 2003US0204017, USSN 10/ 429, 024,
filed May 2, 2003, and WD 04/24740: [138] Catalyst (A2) is
[N-(2,6-di(]-nmethylethyl)phenyl)am do) (2-net hyl phenyl) (I, 2-

phenyl ene- (1§a9yr i dCRaBsAiag) 1sNRbMRR ARy ghdBhVhethPL ERABLH-ACCOr di ng
to the teacgiﬂ s.of,Vé?g%%20¥85,§200§%%%204g%gf%%§ N 10?429,024,ﬁ?iled May
2, 2003, inflsa-lvDsdaresiprivg: ¢imshy! rrepagidysybstanaglly acsouging[taythe teachings of 3 -A-
tri(nethbbg? ky-am do) et hyl enedi am ne] haf ni um di benzyl : [ 140] Catal yst
(A4) is bis ?%¥oxoyl-3-(dibenzo-lkayr tole-1-yl)-5-(methyl)phenyl)-

2- phenoxynet hyl ) cycl ohexane-1, 2-diyl zirconium (I1V) dibenzyl, prepared
substantially according to the teachip of US- A-2004/0010103: [ 141]

Catal yst (AS5) is (bis-(l-nmethytethyl){ ;ﬁa | -3,5-di (tbutyl)

phenyl )i mm no) zi r coni um di benzy 'dﬂ..ubstantially according to the
t eachi ngs of US provi sional app . 3906, filed March 17, 2004,
and PCT/ US05/ 08917, filed March 17, 200% ap@iQNe2005/ 090427, published

Sept enber 29, 2005:[142] Catal yst i
bi s- (I -(2-nmethyl cycl ohexyl)ethyl) C%H
zi rconi um di benzyl, prepared subs antiall% attording to the teachings of US
provi si onal application 60/553906, filed March 17, 2004, and

PCT/ US05/ 08917, filed March 17, 2005 and WO2005/ 090427, published Septenber
29, 20605 : [433] CaatalypslAN) AX)-bitglamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,8a-n-s-
(t-butyl am [ 3- Nepyrrol yl - | ala- . i -1yl
si|aneti?%%gﬁﬁgéﬂﬁépﬁ§%%ﬁ?8%%?é§p%ﬁ%§?éﬁ%?%%W%agﬁg%#ggﬁgs?%m%ﬁéo géhniques
of USP 6,28@)340428¢C( CH3) 3[ 144] Catal yst (A8) is

(t-butyl am do) di (4- et hyl phenyl ) (2-methyl - 1,2, 3, 3a, 7a- h-

i nden-1-yl)silanetitanium di net hyl prepared substantially according to the
teachi ngs of US-A- 2003/004286: [ 146 atal yst (A9) is

(t-butyl am do) di (4- net hyl phenyl ) ( 2- |, 2,3, 3a, 8a- h-sindacen-

| -yl)silanetitani um di met hyl ¥ dlsykfstantial |y according to the
t eachi ngs of USA- 2003/ 004286: eﬁiiﬁL\

[146] Catalyst (A10) is bis(dimethyldisiloxane)(indene-1-yl)zirconium dichloride

o

(H5C),Si ZrCh

8

10  available from Sigma-Aldrich:



[146] Catalyst (AIO is bis(dinmethyldisiloxane)(indene-I|-yl)zirconium
dichloride available from Sigma-Aldrich:[147] Catalyst (Al) is

bi s- (I - (2woenéwdIeses| ohexyl ) et hyl ) (2- oxoyl - 3(tbutyl ) phemgr)tisaono ad705

zi rconi um di benzyl, prepared substantially according to the teachings ,
prepared substantially according to the teachings of WO2005/ 090426,
publ i shed Septenber 29, 2005: Cocatal ysts [148] Each of the netal conpl exes
(al so i nt erghmngeaphmyselrany Reit@-(hefehyicy@Rphdyde@lBlYsbsl3(ay be activated
to formthe active catal yst conposition by conbination with a cocatal yst,

pr ef er ablbytyArkeay)srming} sicarueskibenaylyryepared sebstatiglly agprelingdy the teyehiges ,

conbi nat {afhaleh iR ehtiailyhoforlh {AHE RAIFRRANT 05 0BL6SH Il R BABR 0! ©

enpl oyed both for purposes of chain transfer as the optional cocatal yst
conponent208¥: t he catal yst conposition. Suitable cocatal ysts are described
in US. Provisional Application No. 60/717,545, filed Septenber 15, 2005
and W02007/ 035485, published on Mareh29, 2007, each of which is herein
i ncorporated by reference. [149] o dlyst 1 A mxture of nethyldi (G 4_i8
al kyl) amroni um salts of tetrakis(Q af iforophenyl ) borate (here-in- after
armeeni um borate), prepared bymcéactyon of a)lo
(Armeen(tm MHT, avail able from Akzo- Nobel,
substantially as disclosed in USP'5‘§&9/§88
M xed G _i 8 al kyl di et hyl ammpr \n1salr&ﬁ
bi s(tris(pentaf! uorophenyl) - & e
according to USP 6, 395,671, B 6 Chai n Shuttllﬁgﬂﬂgéhts [ 151] The term
"shuttling agent”™ or "chain shuttNing a ~“befers to a conpound or

m xture of conpounds that is capalsicE)o |ng pol ynmeryl transfer between
t he xgrious active catal yst sites unde e’ conditions of the

polyneri zation. That is, transfer of a pdlyner fragnment occurs both to and
froman active catalyst site in a facile nmanner. In contrast to a shuttling
agent, a Cochtalystst r ansfer agent” causes term nation of polyner chain growh
and

g chain trial kyl am ne
), HA and Li[B(C6F5)4],
2. [150] Cocatal yst 2

[148] Each of the metal complexes (also interchangeably referred to herein as
procatalysts) may be activated to form the active catalyst composition by combination with a
cocatalyst, preferably a cation forming cocatalyst, a strong Lewis acid, or a combination

10 thereof. In a preferred embodiment, the shuttling agent is employed both for purposes of chain
transfer and as the optional cocatalyst component of the catalyst composition. Suitable
cocatalysts are described in U.S. Provisional Application No. 60/717,545, filed September 15,
2005 and W02007/035485, published on March 29, 2007, each of which is herein incorporated

by reference.

15 [149] Cocatalyst 1 A mixture of methyldi(C;4.1g 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.), HCI and
Li[B(C¢Fs)4], substantially as disclosed in USP 5,919,9883, Ex. 2.

[150] Cocatalyst 2 Mixed Cy415 alkyldimethylammonium salt of

20  Dbis(tris(pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared according to USP
6,395,671, Ex. 16.
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anounts to a one-tine transfer of grow ng polynmer fromthe catalyst to the
transfer agent. Desirably, the internediate forned between the chain

shutt | i ngvageeoszssd t he pol ymeryl chain is sufficientlyPsraish@owbads chain
termnation is relatively rare. Desirably, less than 10 percent, preferably
| ess than 50 percent, nore preferably less than 75 percent and nost
desirably I ess than 90 percent of shuttling agent-polyneryl products are
ter m nat qghaRf Sfetitn® Aleh® Ni Ng 2 di stinguishable, intranolecular polyner
segnments or blocks.” [152] Wiile attached to the grow ng pol yner chain, the
shuttling agent desirably does not alter the polyner structure or

i ncor por at e[qggdi ti%?rnh%%‘ﬁ}é?g ag?ﬂtatori;@amtsﬁlétﬂgﬁﬁ'ﬁ?qti’ﬁ?;feréd‘é?lfOIER?é‘Ed fot al so

possess shigiid dreabouidl aadik c&pable@P sarufsing PofyBieryl BEnsR bYNREA ddtvhifus Qétive
interest. Rather, the shuttling agent fornms a metal-al kyl or other type

i nt er act CAALW SRS Wier the PepdiionyB the polymeizagon.  That isel¥r3nsigr Sfcplyeit tr ansf er

of the polyARh: JARIrEbMh tPar@FrAFAd MBvPkMTR LiteZAh irRNe GAMALY B codlh§d D @
subsequent "reactor may occur. As a consequence, the subsequently fornmed

pol ynmer rbyiliag agens ge'shain transiir 4g4nh graseh ssminaperyefi pokimes chaihgieivérandpr oper ty,
such as I ) } J LY i I in
comnoner 5ot L e IEREr B G OB ROy ARty fuothd CALRPARRL D, 1,
regi o- er Msirabdy, thgtihermqgiiasplorngd beBudsseltpuhain shetfagiagénoasd be peleelybelegoi ng
Process (fsaﬂlff"ic?gnltlllytsta‘aﬁ tlﬁ?rcﬁa% le ingtﬁon%g%ﬁir\]/fﬂ? r?rg. Blesg&glg/ fégsvthﬂlgl e];(}cegr! ng
properties, or a repetlatlon Of a previous or ned pol yrer conposi tion,
depen@i ngraerabliadess ditie SO pércgno | yore pgferanye hantt® 75mendser andfimasedesirdislessr zones
within a reactor, and transport -between .the reactors or zones. JThe polyners
of the © DSy L hAdRE SR pEAETR e BP5LRT it BT divi e

bl ocks odissiegrizhabls, ihamhdsleeudar golfyfrer @goents or Wlodkposi tion and a nost probabl e
bl ock Iength distribution. That is, adjacent bl ocks have altered

conpositio it hi e _bo r. and a size distribution (Mu reater than
170, pr et orBtY o MNP eRTB ne3Sy e i feigh b Bte il Mt G
enpl oyi ngoaaleathalpylyiner oretudd orfidogpotoe additdional woncared Thaiisnths Rdttling agenagent

furth | uci dat.ed b fer to Fi 8, .wh th
o) 1 st Haro af BEL ERaCur G TACRS b BRPT e ELE PEELS Batper at i ng

under st egdhuslit@eR@biivRImaaAtallen oCahditigeqmBration wittathé polsinePabdiytyefor Zat i on
zone operatin nder. plug _fl ow polynerization conditions forns a pol yner
chai n, p1él.me/?egﬂ‘g?“r‘fhél}?gfri“}gsf‘?ﬁﬁgﬁﬁgﬂlty, eﬁlﬂ?le%(daé‘éla‘é‘IVBﬁ@lymenzatlon catalyst Sf?e my

a subsequent reactor may occur. As a consequence, the subsequently formed polymer region
possesses a distinguishable physical or chemical property, such as a different monomer or

20  comonomer identity, a difference in comonomer composition distribution, crystallinity,
density, tacticity, regio-error, or other property. Subsequent repetitions of the foregoing
process can result in formation of segments or blocks having differing properties, or a
repetition of a 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 polymers of the invention desirably are characterized by at least two individual
blocks or segments having a difference in composition and a most probable block length
distribution. That is, adjacent blocks have altered composition within the polymer and a size

distribution (Mw/Mn) greater 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 §, where there is
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with the initial charge of reactants or later in the polynerization
process, including just prior to or during transfer to a second reactor or
zone, attwohe®/weseshe pol ynmer chai n produced by an acti PeTamb@ows170sit e

t hereby preventing term nation of the polyner chain prior to entering the
second reactor or zone. In the presence of nodified polynerization
conditions, the polyner block attached to the chain shuttling agent is

transfer m@trb@@ kn ﬁdﬁvﬁ’te@é‘étﬁ%)éfslt() ®hicBin @-ﬁqt Radi&WpPALIYIBIdeSRNIB Mase 16, Whi ch
preferably is distinguishabl from pol ynmer segnent 12, is produced. The

resul ti ngobmisrigaion copblignrer ln@efystaqoy@leah@@ta)@woeeoopﬁrﬂtlag andeaplug floWai n shuttl i ng
agent for B]y%r&;ﬂﬁn COMHR IR ELAR a?)t)lyﬁlei: Bakd) 15 hitchhih BRL@gS QéenWlh hy e8! ock

copolyner 8 prior to exiting the second reactor or zone. Transfer of the
gr owi ng pmlyhﬂemltmmltarg@mé reariaeis of lpteain the pelyigerization groeessiincdudugjugeearow t h

cont i gueq, Qﬁr tﬁn&fer ﬁo*&%eé%%}i}‘é?é{or rﬁz%ﬁ? Mtachtl! ‘%ﬁe a{%ﬁf{ {%rcﬁalﬁglo‘é{]@e bg%i on

condi f'i ons, grow ng pol ymer alnis su nogeneou
al t hough ar:tmd:l oaialmedlte itheireby lptewsntmyermlmaftlen of the solzmer c‘ﬂam frior stengemidg $econd

p0| y mer ;g(tg} Orea%tor 9 anhenprgseR COO%?I?OSChf% %0 %1239%%' hCﬁthl’lg Feéqul’lsl t he

pol ymeri n-con I Ons exi stence at the
r espect i \béocklaogksed torthes@@mshmshr@ragetd iif t&zelskrred baakl ¢ heatdpakiee, sidid bdw ng agent

is able to ol on fe tinme. s the tine Jng whi ch
furcner BoMiserePane B EEEubY b b S o gp ke topdFule:

pol yrer i padduedl. armvkersomngﬂﬂasocarcepoeym@rnha@medttacﬁheaﬁihhﬁlmkcmp@lhm@r chai ns,
20, may be recover term pation, such as i on ter or

ot her pr 6‘5‘8}%?%]&} e ¢ bl‘F%‘HBPF%ﬂ&H Shagjling aﬁelﬁé’é‘ﬁ‘rt S‘ %#3 Wl;V |Prior

hydr oxyl ,to siitid@e S DK & 7816, Arar R BOXY gtosvuag:p&iyrﬁ@tn«aﬂmpw am@marahc or

ot her functional termnal groups to replace the chain shuttling agent.

Al t er nat iAgEYeFARbRESIEGINEY SERIT BathyRpfnusS gwm of fag PHlenesagNEd Wndes uaiform

pol yf unc;pb%@hzmﬁebﬁdﬁ@o@%@gmwﬁ%%gln@ér kiai RisQlbsen bl oRaloocRUR, hiighuggent
such as chlorodlnethyIS|Iane or ethglenedlchlorlde § recovered as a

tri blldck iedyjora) meteculppmay diffesingizg o Tho Yt Hidse¢and pehimientremprss Jaraed ieth¢ on in a
third reagl QL Qf dlzt Bis b c 5RO BHe tob B it oh @6ddigbnk E@&&&Qé%th@u&@@fz ieCf’Pd

react or or zone, recovering the'resulting triblock copol yner
t he t hi r domwgion @frths regpaqtive blocks onsegments sreaififdrentlayd ihd ehain shalttlinpagehose of t he

i tial 1RG0 Bk (RORRd e BLOMEL: o bhe B AlBRLARIE oK R B TO 2

convent i onal OpO yner W
may occur) until two or more different polymerization environments are experienced. The

20  diblock copolymer chains, 20, may be recovered by termination, such as by reaction with water
or other proton source, or functionalized, if desired, forming vinyl, hydroxyl, silane, carboxylic
acid, carboxylic acid ester, ionomeric, or other functional terminal groups to replace the chain
shuttling agent. Alternatively, the diblock polymer segment may be coupled with a
polyfunctional coupling agent, especially a difunctional coupling agent such as

25  dichlorodimethylsilane or ethylenedichloride, and recovered as a triblock copolymer, 22. Itis
also possible to continue polymerization in a third reactor or zone under conditions differing
from those in the second reactor or zone, and recovering the resulting triblock copolymer, 21.
If the third reactor’s conditions are substantially identical to those of the initial reactor or zone,
the product will be substantially similar to a conventional triblock copolymer, but with block

30  lengths that are a most probable distribution.
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| engt hs that are a nost probable distribution.[154] ldeally, the rate of
chain shuttling is equivalent to or faster than the rate of pol yner

t erm nat iw0,20evemsedp to 10 or even 100 tinmes faster tharCThus20001082705

pol ynmer term nation and significant with respect to the rate of

pol ymeri zation. This permts formation of distinct polyner blocks in the
first reactor or zone and discharge fromsaid reactor or zone into a

subsequent EHCt Or [4411yZ AR atObf hain@B6HINGRs @quma%feto%ems@i MaRthesh80f f i cant
quantities of polyner chains term nate chain shuttling agents and

capabl e FPIYEBREETHIPAEPIBYFNEC | hieaven HP0 Wnerdpstetitean thgyiatesh aplyBehol yneri zati on
condi ti O'Eému{aaéﬂncﬁ\{glﬁﬁéaﬁ%uﬂ'&sﬁyci tB%e%Ee of BMB/fnL:ﬁﬂgot?‘gﬁﬁg ﬁerf‘?ﬁts FArbdes of

agents with a catalyst, by altering the conohoner conposition, tenperature,
pr essur e,of distincy Relymehklpks tethadfirsataapigr ergent arsluhwhzarge fipm saifl rescwEer 2088Ct | ON

condi ti Ogﬁ?aQu&Q@%gf\fe?ct&%?% ro? a?éahé&ﬂ’ﬁﬁmﬂé ccﬂlta[u‘ﬁﬁg&gﬁi\f}gér?l%@aﬁlhg& dgnder plug

fl ow Conditions mer products having segnments®o ensity or
conononepolyorc drinsatrinpmtednthorhem sbatling rag<?nt%1md/capab¢¢t df epntﬂiusd mpgenahi ng

pr Opertl ?I?Seﬁ%n FECI‘HISFH ls%gble mgrlz%.rrgng ndltlong typl Cal pr ocess errpl Oyl ng two
cont i nuous sol 'on reactors connected in series and

operati ng under dlfferlng polynerization conditions, the resulting polyner
segnment s wi [1FSleachBhealestiag diéfeeent shettingnzentsl onmlxeaed eirgenti ith a ditgystityut i on

charact er, 0 I pol. rizati lLysts,

pr ef er abl itgﬁdgm}\? %\%&%B}H&a&nﬁ) ? E&?ée pr%arlgegb ? EF’ a iné]%?rc%aﬁn@%@rﬁ?& a%eﬁ/tbut Wil |
refl dét tsh@h qsd{zymlmthet orantagh qondiaq)nstlmsepdrata‘teaqtmgomhysrmmrzmqropermtmgd| tions.

In addltlonf5 ﬂf q antltﬂes a1 GQnvent i onE r and go ynmer may al so
be for med"¢GP “é’u et R POP/%W% “CBS aY‘ﬁ%Wﬁ“&’“@”ééﬁ%% “§rr§‘%“ " the present
InventlOmpmbﬁﬁthDM@nwmuﬁJﬁ@ﬁmmrbhﬂﬁdanWbﬂxHMRﬁﬁ@gnbh@gﬁo#ﬁmgkhﬁben t he

resultin rs may, be controlled by the chain shuttling rate. of the
Con |t ho PERRiTHT EreCableoR ADP I RISt RO CEe Coape P R iz ' rrer

product i @énctond @nn@m ih b@ied BUGPera@ihg Qitlel ORI n€pAY el datitions, agent, such
as hydrogen npl oyed. Ayera?e bl ock | engths of each bl ock type can be

- ndi VPduAREYing GRETSY 1SSHHs WA PR AT 4JF UMDY a PERFU YHE S oESRt or

[ 156] Hi ghiicelesit bfegpi@,leﬂufbﬁre%ﬁufaam)ﬁd1§Iﬁe&tau$@@asﬂys@nﬁrekblrmka Rfw/s@gent t hat
is highly crystalllne pol y | ene or pol ypropyl ene, especially highly

i sot act i érogb %g} b%wo&]@efe}ra@}y & 1.8 to 10, but will reflect the polymer formed under the
differing polymerization conditions. In addition, certain quantities of a conventional random

copolymer may also be formed coincident with formation of the block copolymer of the

20  present invention, resulting in a resin blend. The average block lengths in the resulting
polymers may be controlled by the chain shuttling rate of the CSA, the amount of CSA added,
and other process variables, such as polymer production rate, and the amount of optional chain
termination agent, such as hydrogen, employed. Average block lengths of each block type can

be individually controlled by altering process variables in each reactor.

25 [156] Highly desired copolymers comprise at least one block or segment that is highly
crystalline polyethylene or polypropylene, especially highly isotactic polypropylene, joined
intramolecularly with one or more separate blocks comprising an amorphous polymer,
especially a copolymer of ethylene and a Cs g comonomer, or a copolymer of propylene with
ethylene and/or a C4 g comonomer. Desirably the foregoing polymer is a diblock copolymer.

30  Additional desirable copolymers are triblock copolymers comprising a central, relatively
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intranol ecularly with one or nore separate bl ocks conprising an anorphous
pol yner, especially a copolyner of ethylene and a C3_8 conononer, or a
copol ynerwof2ogropsssene wit h et hyl ene and/ or a C4_8 conpmowars2000@3i7oabl y t he
foregoing polyner is a diblock copolynmer. Additional desirable copolyners
are triblock copolyners conprising a central, relativel yanorphous pol yner

bl ock bonded between two relatively crystalline polyolefin polyner blocks.
[157] A sHiotBLEpERRPHck bOficd BRRVCES iwiteRaled %S§itallifOFd aé%sﬁsomﬁ*&d a chain
shuttlln% agent especi ally adapted for use herein can be sel ected by neans
of the f&l9%%wi ng nul ti-step procedure: | . One or nore addition

pol yneri zabl e, preferably ol efin nononers are polynerized using a m xture
conpri si ng @spot enfisgikabfeloglpysitiorfddthpdisin@ ol iddockBRbNariUhbinisR@aagent . This
pol ynmeri zation test is desirably perforned using a batch or sem -batch
react or (eHAeEsHesallyidapisd forpeshsdin gandte sglaetad hrmey of hgtellavwing Bykintp

pr ef esablyyoing& relatively constant nononer concentration, operating under
sol ution polynerization conditions, typically using a nolar ratio of
catalyst to chain shuttling agent from1:5 to 1:500. After formng a

sui t abl e quanti 9§ SmeIepYdigen Polyeerizabletrderably ofelin MARIME APORIRATEEDN of a

Cata'YStu@ﬂ%ﬁ%ﬁﬂﬁﬁ@oﬁ@ﬁg&géM&%&hl&nﬂ&&&&f&b&éu&N%thﬂmﬂﬁ@q,&%/WESOF PDI )
nmeasured. |IT. The foregoing pol ynmerization and pol yner tes§|ng are repeated

for sevemalymgrirationét is deaeplyparfpintpd $15ing A bYtcl Phigir balel reaglonfthaps) yiteruss havi ng
a range Qésu}s%lg L)fjéataﬁ%g of s@httl\ﬁ%] %’?ﬁ% gkéférabl%}ifﬁlré’l%\/el)p&%tgnt%mﬁt)fnkf ng agent

pairs denon ating significant polyner”“transfer "both to and fromthe chain
shut t10i ngorggamatioar eperatiag nedee sdluten polynzripaioprerdigens| ggicallyarswiga nadier ratini num

PDI is | f . . . . ferably
ess ¢ hant VR Aol nTBE BEFARRER Yo | 0P AdBReduik o SLITHERIRE FTECTY
pol ymer wolyimer,nioy reasion isgemfieatebyyaddeian lof/a tdtapspbigon @d tsopplgneison i s

i ncreased. st preferr cat al shutt]ling agent pairs are those giving
pol ymer ﬁﬁﬁggw5@Qthni%ﬁqgwﬂ%%ﬂ%%é{Pgﬁml%% polynmer yield) fitting a line
with a statistical precision (R2) of greater than 0.95, preferably greater

than 0.99. [188TheSoeygsing pplymerration hehpataneritednput réronted fre soreraidifierent
addi tl'San‘«LaCHgﬂ tﬁ&@@ grogfdi&%t S%Hésl & Ipolymers having a range of yields and PDI values.

[I. Catalyst/ chain shuttling agent pairs demonstrating significant polymer transfer
both to and from the chain shuttling agent are characterized by a polymer series wherein the
minimum PDI is less than 2.0, more preferably less than 1.5, and most preferably less than 1.4.
Furthermore, if chain shuttling is occurring, the Mn of the polymer will increase, preferably

20  nearly linearly, as conversion is increased. Most preferred catalyst/ shuttling agent pairs are
those giving polymer Mn as a function of conversion (or polymer yield) fitting a line with a

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

[158] Steps I-1II 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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catal ysts and/or putative shuttling agents. [159] In addition, it is
preferable that the chain shuttling agent does not reduce the catal yst
activity woeasvmessi n wei ght of pol ynmer produced per weiPgimtusedoomai7as yst per
unit tinme) by nore than 60 percent, nore preferably such catal yst activity
is not reduced by nore than 20 percent, and nost preferably catal yst
activity of the catalyst is increased conpared to the catalyst activity in
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Sui t abl e shuttling agents are characterized by lowering of the resultant M
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measuring the resu ting nuinber average molecular welghts PDI and polymer yield or

production rate. Suitable shuttling agents are characterized by lowering of the resultant Mn

without significant broadening of PDI or loss of activity (reduction in yield or rate).

20 [162] Regardless of the method for identifying, a priori, a shuttling agent, the term is
meant to refer to a compound that is capable of preparing the presently identified block

copolymers under the polymerization conditions herein disclosed.

[163] Suitable shuttling agents for use herein include Group 1, 2, 12 or 13 metal
compounds or complexes containing at least one C;.o 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,_g alkyl groups. Most
preferred 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,

30  tri(n-hexyl)aluminum, tri(n-octyl)aluminum, triethylgallium, or diethylzinc. Additional
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copol ynmers under the pol ynerization conditions herein disclosed. [163]
Suitable shuttling agents for use herein include Goup 1, 2, 12 or 13 netal
conmpoundswonromypicsxes containing at | east one G -20 hyacoasedglo3zgndup,
preferably hydrocarbyl substituted alum num galliumor zinc conpounds
containing from1l to 12 carbons in each hydrocarbyl group, and reaction
products thereof with a proton source. Preferred hydrocarbyl groups are
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20 [164] Preferred shuttling agents possess the highest transfer rates of polymer transfer
as well as the highest transfer efficiencies (reduced incidences of chain termination). Such
shuttling agents may be used in reduced concentrations and still achieve the desired degree of
shuttling. Highly desirably, chain shuttling agents with a single exchange site are employed
due to the fact that the effective molecular weight of the polymer in the reactor is lowered,

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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(2, 6-di phenyl phenoxi de), and ethyl zinc (t-butoxide). [164] Preferred
shuttling agents possess the highest transfer rates of polyner transfer as
wel | as twe 2hidgless transfer efficiencies (reduced inci @emas2000/0327b&ai n
term nation). Such shuttling agents may be used in reduced concentrations
and still achieve the desired degree of shuttling. H ghly desirably, chain
shuttling agents with a single exchange site are enpl oyed due to the fact
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polymerization including in the first reactor or zone, at the exit or
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zone and jf gl%es, polymer segments of differing composition such as comonomer content, crystallinity,
density, tacticity, regio-regularity, or other chemical or physical difference, within the same
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, solution, 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 such 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

52



second or any subsequent reactor or zone, or even solely to the second or
any subsequent reactor or zone. Due to the difference in nononers,

t enper at wepogemsur es or ot her difference in pol yneri rariusrooeoszing i ons
between at |east two of the reactors or zones connected in series, polyner
segnents of differing conposition such as conononer content, crystallinity,
density, tacticity, regio-regularity, or other chem cal or physical
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be polymerized and any additional reaction diluent.

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

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

[171] Without limiting in any way the scope of the invention, one means for carrying
out such a polymerization process is as follows. In one or more well stirred tank or loop
reactors operating under solution polymerization conditions, the monomers to be polymerized

25  are introduced continuously together with any solvent or diluent at one part of the reactor. The
reactor contains a relatively homogeneous liquid phase composed substantially of monomers
together with any solvent or diluent and dissolved polymer. Preferred solvents include Cy.10
hydrocarbons or mixtures thereof, especially alkanes such as hexane or mixtures of alkanes, as
well as one or more of the monomers employed in the polymerization. Examples of suitable

30  loop reactors and a variety of suitable operating conditions for use therewith, including the use
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copolynmers in high yields and efficiencies. [169] The catal yst may be
prepared as a honbgeneous conposition by addition of the requisite netal
conpl ex owormésidpied conpl exes to a solvent in which thepPpolusp®iozzos on wil |
be conducted or in a diluent conpatible with the ultinate reaction m xture.
The desired cocatal yst or activator and, optionally, the shuttling agent
may be conbined with the catalyst conposition either prior to,

si mul t angp Hﬁlltb{)lé’%&ﬂ‘ma&&s aJp%ﬁfln%m@h&a&h esun@fin URP sGat7aby st IWoloRo hie nononer s
to be polynerized and any additional reaction diluent. [170] At all tines,
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rate i s CORPIOBESP é@pdbtspnﬂﬁ@tqb §I@doPreéeé@t&y §p§pse in formation of a copolymer of two or

more monomers, the difference is the presence or absence of one or more comonomers or a
difference in comonomer concentration. Additional reactors, each arranged in a manner

20  similar to the second reactor in the series may be provided as well. Upon exiting the last
reactor of the series, the effluent is contacted with a catalyst kill agent such as water, steam or

an alcohol or with a coupling agent.

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

generally is from 5 minutes to § hours, and preferably from 10 minutes to 6 hours.

[174] Alternatively, the foregoing polymerization may be carried out in a plug flow
reactor with a monomer, catalyst, shuttling agent, temperature or other gradient established

30  between differing zones or regions thereof, optionally accompanied by separated addition of
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addition. The content of a given nononmer in the polynmer product is

i nfluenced by the ratio of nononers in the reactor, which is controlled by
mani pul atwogoede7sceéspecti ve feed rates of these conmponemrC3/useomios27peact or.
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concentration, or by the previously nentioned chain shuttling agent, or a
chai n t ercalRad hiWorrB8REh&HHE agshe DA bRIR e vlerladia¥R]clor kR¥Matallc t he art.
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Pr ef grzabl f tgkﬁﬁ sol ution
b ocase Fapolfiers AL SAPLIRIRIBERRE Mok 1opdohlh e PALLRRENE OD) ek

copol ynmemspnopeefdditob] fjuxional catalysts, anionic or cationic living polymenzauon techniques. In
particular, compared to a random copolymer of the same monomers and monomer content, the
inventive interpolymers have better (higher) heat resistance as measured by melting point,
lower compression set, particularly at elevated temperatures, lower stress relaxation, higher
20  creep resistance, faster setup due to higher crystallization (solidification) temperature, and

better oil and filler acceptance.

[177] The inventive interpolymers also exhibit a unique crystallization and branching
distribution relationship. That is, the inventive interpolymers have a relatively large difference
between the tallest peak temperature measured using CRYSTAF and DSC as a function of heat

25  of fusion, especially as compared to random copolymers containing the same monomers and
monomer level or physical blends of polymers, such as a blend of a high density polymer and a
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  blocks of differing comonomer content (including homopolymer blocks). The inventive
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| i near di bl ock or triblock copolyners of two or nore nononers, nore
especially ethylene and a C3_2ool efin or cyclool efin, and nost especially
et hyl ene woao@/0@45680a- ol ef in, using nultiple catal ysts trhatusasg/os2romipabl e
of interconversion. That is, the catalysts are chem cally distinct. Under
conti nuous sol ution polynerization conditions, the process is ideally
suited for polynerization of m xtures of nononers at hi gh nononer

conver si @RSmpolYRLRMANER %oﬁlﬁhyer%létﬁﬁﬁtloﬂnn R hhABlockHE bf pAgmEr BIeKE he
chain shuttling agent to the catal becones advant aged conpared to chain

growt h, RAdiffsriag ensisy @r@mw%@rsconté%tp@bmm aSchpieBlerydiyps Sckistghution Bl ock
copol ymer, ﬁdlﬁ{)ﬁ" tﬁe% flyd fﬁte‘ﬁ%&ﬁn@ri £1k&h:§«@%Bﬁmqﬁ%éﬁﬁ{%n%gioﬁﬁ%ﬁd &?Mlﬁé‘m@ﬂd

Properties | e i nventive I nterpolymers may fferentiated from
convent i mra@eratura rl?mfﬂfr Gatos buprtantally pﬁf&em@aﬂlt o belsiaisr desipompdelps andnd bl ock
copol ¥ ne&&r@{(ﬁgred via sequential nononer addition, fluxional catalysts,
anionic or catironic living polynerization techniques. In particular,
conpared to a random copol yner of the sanme nononers and nononer content,
t he invent i@l nt eFisoitrenes-tlefineiniserolanery vied Frethy embedimenss pistharnyenties

measur ed ,fy epr%+a%%xggtelg)% ers Af% fenQRJ‘fEHBP%I ﬁﬁé é‘ft RidfinC 'fﬂogn% kﬁﬁel@tof el evat ed

tenperatur ess rel axation, p resi st faster
set up duethylznbaghe3-Chy stddfin aza&spedialbqﬁéfkﬂuf [ TIﬁﬁM&ip)»lyhﬁﬁpﬁy&fhﬂhi@ and
better oil and filler acceptance. g%177 The inventive |nterpolyners al so
exhi bit &ouRTIHfet-Ei§dipkiin podien s naihenzeiea ntkrtle e et asdasonpmes bfyldeis hi p.

That ff
pet wetn’ PhaeAE S Eylol HREL XA nR G R AT R ATRETEY b as
funftloncomug@@dmumnﬁmﬁgmnddempemﬂﬁmbya&mnm@mpamedwtdkmap?QMMmdgolyners
cont ai ni n e sa nmononer i.C nds

gmon Mers 1n ugD Q% ?&8 _I_U, Oqer}d ns Slﬁch cf‘e HIS'OIP%/ enc lﬁogll,lrgfén dou?en'abl Eexe

pol yners,  SUEH 45'"s ower %%n3|ty

copol ymemen@fe, @qwtﬁs@ll%htege/qr@bdenmr&tew 1- Ao&leﬁelea@één@\aﬁ&l tﬂehﬁé { Wugenkini que
feature of the inventive interp oﬁéners i's he uni que distribution of

t he conprdfiociepe BE sTReaNY praferred. Hathpioiuiipe m@am@ﬁléludqa ﬁylism thpleuplkylt he
| nvenki V%uﬁsmlﬁéd%%lr%(l{gg Mvin ihs ﬁgﬁgﬁdtﬁﬁyf‘h e {a?efnh r1)97 QAtﬁﬁ&% M b ch&tdsng

conononer content” (I ncl onopo
|nvent|vé¢9teﬂbmbmﬁ@¥swmﬁyX%mgndqwkpmﬁgé a distribution in nunber and/ or
bl ock size of polyner bl ocks

[179] While ethylene/a-olefin interpolymers are preferred polymers, other
ethylene/olefin polymers may also be used. Olefins as used herein refer to a family of
unsaturated hydrocarbon-based compounds with at least one carbon-carbon double bond.

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

invention. Preferably, suitable olefins are C3-Cp() aliphatic and aromatic compounds

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

substituted in the 5 and 6 position with C1-C2( hydrocarbyl or cyclohydrocarbyl groups. Also
25  included are mixtures of such olefins as well as mixtures of such olefins with C4-C4() diolefin

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, 1-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,
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of differing density or conononer content, which is a Schultz-Flory type of
distribution. In addition, the inventive interpolyners also have a uni que
peak mel twogogaioniésand crystallization tenperature prof iPC&/ushew/08x05
substantial ly i ndependent of polyner density, nodulus, and norphol ogy.

[178] The ethyl ene/a-olefin interpolyners used in the enbodi nents of the
invention are preferably interpolyners of ethylene with at |east one C3-C20

a- ol ef i Nn.yifRRBXEMES nbiboMhfi¥he BRyRREe AorbSm&kOcRiPeREA) cRIshetsRECT al |y
preferred. The interpolynmers may further conprise C4-Cl18 diol efin and/or
al keny| békzelReentagifng gyFleodipnsat ¢nap difnesosivg eyt nps Epifpd fook3-pergisass i zi ng
W th et hylgﬁ 08 daGL UdBhe L 9hn ‘?E%ﬂ]%k%dien%,t AN ROY h,é-déc'}‘%gén&ro%e‘%&f@{boam S
conj ugate Bt nonconj ugat e i"enes, pol'yenes, a eni1 enzenes,” etc.

Exanpl es oRffin§ W@ tHe (KB NB®RFt&in leRBbd BRntc.Ih & Glefin ¥ @bHpyIcS LGRS 1 PERPH, ne,
i sobutyl ene, 1-butene, 1-hexene, 1- pentene, 4-npethyl-I-pentene, 1-heptene,
1- oct &ne hexenpohegiene of a qambiRationgbeqfy @lthpyeh any hyspcarpon gapaiping Ve ar e

especi al | quu?rp%Ieﬁﬁﬂ@dna@ehﬁéd HehioaBhRnRRPBEBN3ndidAC habR aBkIEE AR abal o- or
al kyl substituted styrenes, vinyl benzocycl obutane, 1, 4-hexadi ene,

1, 7- oct adieqarer Jiadabiliponepidcle ghiliy to conyeniglyieape Ungsperd RERYRY fepmy

cycl ooct en&ksultinkdlyny irrla? bEIIe rﬁ&@{pﬁ)bfélnﬁﬁi: B thO hBIRPLYREER AR dBhef r ed
pol ynmers, other "ethyl ene/ol efin polyners may al so be used. O efins as used

herei n r @&peamesdooghighami |y of unsat urat ed hydrocar bon-based conpounds with at
| east one car bon-carbon doubl e bond. Dependi ng on the selection of

cataliysts, @gy ol efhdhdliYerRfidhSRokelRs GXBALMBRISarO el MGrel RAGR | ON.

Preferably, suitable ol'efins are C3-C20 aliphatic and aromati c conpounds
cont ai ni wEPdvEtgpl df elefinpalymertdopmrising mgapvinydideraarpipticapenongridacludngh as

cycl obut epe.. CyY Gl GRERLERE bRy G RRENLAL) AARORED BT DGR 1ar] NCI udi ng but
not Iinitgﬁﬂ§b, ﬁo?ﬁ%&hehg sgﬁgﬁ?tufeg ﬁ#ﬁﬁ e 5 and 6 p05|ti5%’mﬁth Cc- C20
hydr ocar byterpolymegsciooiyisinpethy loyd and soymps cantbesyepagrs] hydeldoveing theitsachings of such

(1501 xSRI OPuFRT PSSPk Shick Rulte Bighoeh PR Eif o oo e

pr opyllsen@ptionally comprising a C4-C2() diene, having improved properties can be prepared.

[182] Suitable non-conjugated diene monomers can be a straight chain, branched
chain or cyclic hydrocarbon diene having from 6 to 15 carbon atoms. Examples of suitable
non-conjugated dienes include, but are not limited to, straight chain acyclic dienes, such as 1,4-
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, such as 1,3-
cyclopentadiene; 1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene, and
multi-ring alicyclic fused and bridged ring dienes, such as tetrahydroindene, methyl
tetrahydroindene, dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene,

25  cycloalkenyl and cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (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-norbornene (VNB), 5-methylene-2-
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i sobutyl ene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1l-octene, 1-nonene,
1-decene, and 1- dodecene, 1l-tetradecene, 1-hexadecene, 1-octadecene,

1- ei coserwQ 280ameUrIepl - 1- but ene, 3- nethyl - 1-pentene, 4PaEitusgéooioszpent ene,
4, 6-di net hyl - 1-heptene, 4-vinylcycl ohexene, vinyl cycl ohexane, norbonadi ene,
et hyl i dene nor bornene, cycl opentene, cycl ohexene, dicycl opentadi ene,

cycl ooctene, C4-C40 dienes, including but not limted to 1,3 -butadiene,

1, 3- pent 3¢itBARne apmsmmglﬂc%@pemﬂadénéﬂ@@d))eme especlall pteddi@ngonedar®sdecadi ene,

ot her C4-C40 a- ol efins, | ik In certain enbodi nents, the a-olefin
is propyFﬁﬁb?ﬂ@J%M¥@ﬁ@ﬂwiE%Eh@@He%h%@dﬁ@%@ﬂ@ 1-octene or a conbi nati on
t hereof. Al though any hydrocarbon containing a vinyl group potentially may

be used in @gPodi "B SaBlor HRBABIOYEPER That BIndelhfRlin ASSMBTeSHEN as nononer
avai lability, cost, and the ability to conveniently renove unreacted

mononer  RABAIAKES OB Y EVEREPIFT SIABINeRE NBOBMS RS cBY sno i GnG20 ¢-okéing he
ol ecyl ar,g escfprggg] é}é‘ﬁn By &g%?fﬁ%&&g@rntbng{ﬂﬁe[ %ﬁe}é edE1 88l &E{séza“ on

processes arel i are wel I Suitec pro duction o efin
poIynersimdmpﬂMEﬂmgmHQthpmymlmeﬂmoam@nhmgmumhnﬂh@ﬁxmuméﬂhd@ﬁ@*swmxene,

o- et hyl _st. tyrene rene, and the |ik I n

parti cul &% IX aFBPI?rW?é?‘ial%@r%%p Erﬁmf %’Xléﬁtﬁmgt gf‘aé‘?%escoéﬁmﬁa 1§ epar ed
by foll O\Mlemgs tnla}mdé eacht ngdichiexdesd, propPhe, Gmhdy}e;le clopadng e panténe/Tphéxehd) g
ethylene st rene and a C3- C20 al ha ol efi naII sing a C4-C20
di che, e iPe s s ER: SetRaHeserRpa Rl B G (48] o

non- conj tpg@tyede Bised pol N BIQ ARY ©n&ally Re:rdd & ihaheH asEHPedrIEPDIM poighed. chai n or
cyclic hydraocarbon diene having from6 to 15 carbon atons. Exanples of

sui t abl e HEMRIC AR JAtUse NdireRfEas Fyrl PalyatersyePecily Rgt- BlqefEPRAT fy(ge strai ght
chai n acyelyinfersdh@i®@Soonfudbd &Snoh-cnjubREA 8RR or Brafchod tiash-eRlic-bor 7- OCt adi ene,

1, 9-decadi ene, branched chain acyclic dienes, such as
5- et hy| PPlygyqlisxdignes sempring emdinyd carbens.oRieleied disnes include 1,4-pentadiene,

3, 7-di nEthlllexhdlzneo %ﬁﬁih&‘éﬁ% Qarﬂﬂbd?héﬁ@%léy%%&{édﬁfe @cﬂ%g)fa‘aféﬁé laG&RE and

di hydrooci nene, singlé ring alicyclic dienes, such as 1,3- cycl opentadi ene;
1, 4- dycl @He/%émeé’n@rquglecy\cnmi%|pe”~tﬁe“rednbpn$ isr-eplidsdodaerdimsae, and
multi-ring alicyclic fused and bridged ring dienes, such as

tetrahydroifgdgne, BRGME hd BEl-RRNEAMRPIENRrs Dnf¥icd 9%&&1@9 k&&hfents or blocks
bi cycl o- ( 2, 2 I)-hepta 2, 5-di ene; aIkenyI al kyl i dene
conta1n1ng greater or lesser quant1t1es of the diene (1nclud1ng none) and a-olefin (including
none), the total quantity of diene and a-olefin may be reduced without loss of subsequent
polymer properties. That is, because the diene and a-olefin monomers are preferentially
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/a-olefin interpolymers can be functionalized by incorporating at
least one functional group in its polymer structure. Exemplary functional groups may include,
for example, ethylenically unsaturated mono- and di-functional carboxylic acids, ethylenically
unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof and esters
thereof. Such functional groups may be grafted to an ethylene/a-olefin interpolymer, or may

30  be copolymerized with ethylene and an optional additional comonomer to form an
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cycl oal kenyl and cycl oal kyl i dene nor bor nenes, such as

5- net hyl ene- 2- nor bornene (MNB); 5- propenyl-2-norbornene,

5-1 sopr opybDi2d@vm®75nor bor nene, 5-(4-cycl opent enyl) - 2- noPODMUISR000/035505

cycl ohexyl i dene- 2- nor bor nene, 5-vi nyl -2-norbornene, and nor bormadi ene. O
the dienes typically used to prepare EPDMs, the particularly preferred

di enes are 1, 4-hexadi ene (HD), 5- ethylidene-2-norbornene (ENB),

S-vinyli dang ntaptsftt%glta@n@eché MNB) onabediRinBY bR v sl %&%eloﬁbth@és) and
dlcyclopentadlene The especially preferred di enes ar

et hyl i defdeaps f%ee&%éﬁect@erteyouaﬁantq P@mﬁxée}tﬁ sspdeseiigyl forexgmple @hE-S| ass of
desi 1 abl ¢uRALWIRI£7d:1Bb, £677.438. m@;mem%&t@m&a&vttthgse%tag@l ofents of the
invention are el astoneric interpol yners of | ene a-ol efin,
especi al Iuycomoeqesgd leervan barederense iotheil Extirgisie Ope pttrmléartﬁ uspiv] Fropremmel gours ef er r ed
a- °|ef'”§%5% Iﬁﬁﬁn#” this enbodi ment of the present invention are

desi gnat e t ormula CH2=CHR*, where R* is a |linear or branched al kyl
group of frontl to 12 carbon atons. Exanples of suitable a- ol efins

i ncl ude, butl8&lr e nbie 4yt efdhg fynctipngpyouprsesentgp hgtiyncapral inferpely @pyecan

1- penten t ularly
preferre? J%o e ?ﬂﬁ?gﬂﬁggﬁgreﬁeéﬁﬁﬁéﬁégmtﬁﬁgﬁéd'géggﬁaﬁﬁeﬁgégﬁgre general |y
r ef err ed interpplymichie aaramoast oERX logst #RDM .0 eleightpacenSpicfebble adeashdmuf r use in
preparin 4 ncl ude
con] ugat gvﬁ ?B%‘gf%_t aE{E ke a;fréfgl%i al te\ést &07\% %?gﬁggl. a}fﬁnf’cut?l?ah g.l%l‘ﬁé_%ﬂgr

pol ycdycl |tmcadiyene$s@mnmco@mtyg1ef typaﬁmcu@laﬁﬂadaatmtpo]ymer i%ramfaeroumdessl ittenes

i nclude 1, 4- nta X dene- 2- nor

i oye opdhtiAPSRER SRR Safpoat SRR S PE bRy 1ox

parti cul atidnyabput@beveightipadcene i s 5- et hyl i dene-2-norbornene. [184] Because

t he di ene containing polyners conprise alternating segnents or bl ocks

cont ai ni reghen Qr | esser quantities of the diene (including none) and
a-olefinﬁggg§ﬁuégﬁ§—#g%e) the total quantity of diene and a-olefin nmay be
reduced wi thout |oss of subsequent polymer properties. That is, because the
di ene and ad8Tlef i nRRantlnwrrepalymers spisef the énlpwatglrylaﬁmmppdmlt ddFlont Gragne type
of bl.Qck y a 0 ughout t he
pol y 9 P%Hu%y§?£9#b$§{%?$ﬁeﬁéd%P &m |%thé%9 S%REL% $M£§¥e crosslink

den5|ty of the pol ymer can be better controlled. Such crossllnkable
el astoners and the cured 1 1 [ R Jl » "
n

T, T

m

AH,

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

20  logarithm of the mole fraction of ethylene as a function of the reciprocal of the ATREF elution

temperature (°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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products have advantaged properties, including higher tensile strength and
better elastic recovery. [185] The ethylene/a-olefin interpolynmers can be
funct i onawvDze@/t9ysesncor porati ng at | east one functi onal PGTaIsRO09 31705

pol ymer structure. Exenplary functional groups may include, for exanple,

et hyl eni cal | y unsaturated nono- and di-functional carboxylic acids,

ethyl enically unsaturated nono- and di-functional carboxylic acid

anhydri des,[16@ t S ALRrBRS ol 88 P ahS mblREFLAEn of K enE UNEJUaPBahe Or OUPs may be
grafted to an ethylene/a-olefin interpolyner, or may be copolynerized with
et hyl ene capditiens! eipbabi Fhanensi athydma unic BithPIseRSR of BlIpw aRetasTicHENpSNHRG of

et yl enend i dRCL&AR! Of HIRARMRIn e ORHRAR dribaBiRAHaCATDIARRAES) - Means
for grafting Tunctional groups onto polyethylene are ‘described’for exanple
in U'S Patteercsr sagntiglyzi 2reg@othan Pohen Bgeopolmer 4 08ecks4polympre Tescl osur es
of these ' rety
One' per e AT S 2SR L IRRATELAISES . B A VRSBSOSO 5,

anount of the functlonal group present in the functional |nterpolyner can
vary. The fldftti onBie yeledrgctivart efieaainiryndoe qopely@ars primaslycisisonipeet - t ype
function

percent, 3 (lie er létﬁlfuﬁ{og% ?t{e{g{sﬂtlé %B@%’%@gﬂ&g%g&{alﬁgﬁ@gﬁ? £V1@rq thm ilSegg pr e (pgrvabl y at
| east abaolgt mipinen gquﬂﬂyremermtal thikblenef Lt @ tgivon &lmgraoup Wdrdrfomewbﬁ cedlymdye
present i C n n | ess

t han abouelt 288 ?%rég%gﬁ?&H:&élg ﬁﬁp%%?gQE&*ﬁﬁﬁk%b (?Wﬁgng%g%%&percent
and ndre tlprrrazftgmtadiﬁ (;ftﬂl@k@iatlhlaﬁombhﬁﬂan(ﬂﬂil mtlghﬂhimarﬂzgmz aMbsLeh«iawBiqmok | ndex

[ 187] Rando olyne at . Lhe fo rel a ee P. J
Flory,  Toanaul v g GRS citely’s i kB FURRRI IRl b,
refer enC&qllile:lilentI’ctopd‘]ymérs{oﬁﬁﬁdolheéqmva}eht TREF fradtoﬂ]. THe tdfrm ‘tblc(cl@\jr‘l’ refer{ @8&] I n

Equation 1, the nmole fractjion of crystallizable no , Is related to
i el § R B e riion g CYRer CBHBR B PP BB ek g EBBer at ur o

of the pubfonomers. There are two random equivalents, one corresponding to constant temperature
15  and one corresponding to constant mole fraction of ethylene. These form the sides of a right

triangle as shown in Figure 2, which illustrates the definition of the block index.

[192] In Figure 2, the point (Tx, Px) represents a preparative TREF fraction, where
the ATREF elution temperature, Tx, and the NMR ethylene mole fraction, Px, are measured
values. The ethylene mole fraction of the whole polymer, P,g, is also measured by NMR. The

20  “hard segment” elution temperature and mole fraction, (T4, P»), can be estimated or else set to
that of ethylene homopolymer for ethylene copolymers. The T4 value corresponds to the
calculated random copolymer equivalent ATREF elution temperature based on the measured
P,p. From the measured ATREF elution temperature, T, the corresponding random ethylene
mole fraction, Py, 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 (T4, Pap) triangle. Since the right triangles are
similar, the ratio of areas is also the squared ratio of the distances from (74, P4p) 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.

T, -1/Ty, LnP, — LnP,,

or Bl =—
vur,-1T, LaP, — LnP,,
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crystallizabl e honmopol yner, Tln 0. The equation is simlar to the
relationship for the natural logarithmof the nole fraction of ethylene as
a functi omoaboydeeseseci procal of the ATREF el uti on tenperarirseoo90Bd70f or

vari ous honogeneously branched copol yners of ethyl ene and ol efins. [189]
The rel ationship of ethylene nole fraction to ATREF peak el ution
tenperature and DSC nelting tenperature for various honogeneously branched
copol yners [1§3anal REyss BethokddQha the%n(?sﬂHéfdc%ockSl1§H1ﬂ)@1’bhWouf?lrc%ﬁ@d'p@ﬁd e TREF
fractions of nearly all random copol yners and random copol bl ends

| i kewi se Yhalepobinear i asingle el‘é&?@éﬁ‘?thw therpeint <%P@éme%uswémﬂolémﬁéct s.[190]
ACCOT AT NG,y frb@Rbind dinfTencl BE IR S ALLAGH th Ak qaard%%mr@n?et dofafiGiihe L0 the
condi tional probability that one ethylene unit wTl precede or follow

anot her @Vﬁiﬂbk@r@éteuﬁ(mesumh@m it iyes the a}m@arlvsdemammomrqdqeeddvﬁbfr softand i f t he
condi ti 0 « en ; rally is

gr eat tgr F E%m&é&{%ﬁggt Ihﬁé)tsi%geg?@?m%ﬂ% a b \‘%111';1{2;('%E o I%éé{n.tﬁ‘g}%zﬁrﬁglrgfgi ni ng case
wher e t hereaperadivd TRERL probability is | ess than P yi eI ds alternating

copol ymers. [191] The nole fraction of ethylene in random copol yners
primarily de gtgd%gﬁ&ﬂdm&cl fic distribution of ethylene segnents whose
crystalliZatrtom penmavior th turn is governed by the m nimum equilibrium
crystal thickness at a given tenperature. Therefore, the copol yner nelting
and TREF crij84lal | i Tagtipumtivempwphase pagragyd efrydenp/avalefin Reckintgerlyespolayner s are
rel ated @ ulden FRAN bl loph iR YAl (Beck M §:B8uck ARSI ABRET P i 1
Figure 2, and such devi ati oﬁ a usef way to quantify how "bl ock a

gi ven OTRBBjefts aempiang at laags oae ifnlre layer, puch ap amowam il adr@hleast oprolayarer a (or
random qulI{htYl e?@ltlm-gEEEreﬁ ngésl %ﬂa)w I%H&ld'él%& rgr Qértg%fl coatEr% ?&%ssteé) rﬁJi(?edeXt ent a
particul ar pol ymer actron or ynmer conprises bloc d olyneri zed
nonormer s agiclesoiwolnartdos mOqu:érlejeamQﬂ moﬂ/dedr ammm@tgdlavt&ﬂeemmsmmseflbm raed pondi ng
to constant | STRELALE £,30d ARG RALTERRNM! G LLCONRLARN, MBhE G acti on of
et hyl ene."“tRe€e™Formt fie'si B yal‘ld,h% 171 angle as showh f @ gure 2,
whi ch i | |dastile aitede drhﬁltdéfam&lpfrd)oeﬁ. dheﬁﬁ@labﬁ@@impomdens compB@hg the iliegtivee 2, t he
poi nt (Tx r epr.esent re ativ frac e the ATREF
Brutiian pehperbabERSHE NG cheP RERRR bty S PR P Bty o

measur ed ignition resistant additives, antioxidants, stabilizers, colorants, extenders, crosslinking agents,

blowing agents, and plasticizers. Of particular utility are multi-component fibers such as
core/sheath fibers, having an outer surface layer, comprising at least in part, one or more
polymers according 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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val ues. The ethylene nole fraction of the whole polyner, PAB, is also
nmeasured by NVR. The "hard segnent” elution tenperature and nole fraction,
(TA, PA) wocaw/desesst i mat ed or el se set to that of ethylPemashanmopybymer for
et hyl ene copol yners. The TAB val ue corresponds to the cal cul ated random
copol ymer equi val ent ATREF el uti on tenperature based on the nmeasured PAB-
From t he neasured ATREF elution tenperature, Tx, the correspondi ng random

et hyl ene yplaidulaSticaRal aﬁéﬁgenﬁéﬁ{bf@&@@a@@o&ﬁﬁs@fIt@rﬁgenam%d st R ifdicdshe
bl ock index is defined to be the ratio of the area of the (Px , Tx )

triangl e CAH@se ¢rmainsAThesamytural pesgigpraent apdheedragtiye indigps of %eparaﬁ?gip@gmaﬁ@t simlar,
the ratiq gt uﬁEh%éémhténé}é RPmpB&oRE %%@gﬁ}ﬁ b lﬁhlgft tHehRo b RADE ﬁ§ht Eﬂ%@ﬂe& TA,

PAB) and (Tx,” Px) to the random|ine tion, the simlarity of the
ri ght triasavgfl e@anﬁéldwsfrqqh@lcwa(ﬂwmn@foutomeet Iale thktsm@ﬁr}étaﬂm&ol@mg @h@low of

PSPl GRS HESE B o AR Bl bkl 11O 0
m)st per fogtdriakyl 1mdlkdec$ns¢tmabmd| roﬁnaovmpaiwdmrty asqmmldeu@natwmbmgnspmlayner with a
singl e el Hgtomg bfuh e‘gaé { at?n% S 1£cqude rpérl?&l(alg %Ei? %)ubnsbgl%ftﬁgeg dﬁrﬁenalo%alpm ymer

woul d preserve ene seg I”s ionTn segnent", yet
contain @hbtomh@am/@lpImadndrfalsdmtlmieqaeﬁpahewmﬂﬂqulmatwmns that are nearly
identical to those produced by the soft segnent catalyst). |In npbst cases,

the "soft s nt" ] [ T ive TREF).
Appl i cati on@gﬁﬁ ﬂ)émrlﬁgeaa%h%{ﬁ/t %SFglélttla%\C\%é) ﬁ%e%tleégnﬁhs t%{lgce rgd% %tfe%f

et hyl1@ne /iaeddredce tilio Iamodhananb]e?zep@b/yhvmpsicai ariclyessud gk domams ‘mareg@hy "Hfe

t her nopl as brica |on ces ro icles, . including
ob ect o o il SRR BEESRT of fs PP HEGarS Tty Shirafu o m “or Vat
| east on&ilnayei bé dbs@nemdotreﬂeaylafralfedlmluﬂé e aladioly waadéngthblodsht de@heinger ed,

or extrusion coating process nol ded articles, such as bl ow nol ded,

i nj ect i o™ WG ﬂB&‘ g ‘%@d‘mértl cles; extrusions; fibers; and woven or
non-woven fabrics. The polyrrers may al so be used in oriented filmnmade in a
doubl e bubbjl188lor tEsetflarma‘tdramOWImamR&pprfdmﬁbmmmhaﬁtBlm:ksommgmbmtis ons

OB G NS e POLHITR s nehle, b S 1, 04 Dt o
addi ti veslocant Suibld andises cai Bdiinhdez81as to taidraticadirsctive kiden pefik, of EHeQEfkénki Ng
agents, domains to selectively concentrate or diffuse the optical field intensity produced by the
structure. This can be accomplished by tailoring the composition of the blocks. The refractive
index contrast can be further enhanced by blending components that have a preferential affinity
20  for one type of domain. One approach is to employ high index nanoparticle additives, such as
CdSe particles, which are coated with a surfactant layer and selectively incorporated into one

of the domains. Preferably, the materials have a difference in refractive index of the segments

or blocks of 0.01, more preferably 0.02, more preferably 0.03 or greater.

[199] The periodicity in structural arrangement 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 (n;/n,), where

30 ny is the effective index of refraction of a first domain and n, is the effective index of refraction
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bl ow ng agents, and plasticizers. O particular utility are nulti-conponent
fi bers such as core/sheath fibers, having an outer surface | ayer
conpri si Nyoanodmass in part, one or nore pol yners accor @cmg/staonsiyodli nent s
of the invention. The polyners may al so be used in articles such as toys;
jewelry, such as synthetic opals; and, decorative itens, such as filns.

[ 195] They may additionally be used to form photonic crystals, photonic

band gap ofBt&ohdlisinaiR Tn SLRE ARCIder @R tdffullive iRIRThR) @FFRtfd dofRas)IHE
material s conprise periodic, phaseseparated nesodomains alternating in

refract i Jagsibreband @i #1d Mehipspaen higvation Papdeaprivwlaed  bsbeent ¢ band gap i n
the UV-vigidpf eﬁmﬁ@@éﬁ}ershﬁm aHGdRen@Sinldae %ﬁnéi‘lkl%ﬁ k&%ﬁ@' dinﬁbng&d?@}s%‘éﬂﬁ

6, 433, 93f which is herein incorporated by reference. [1 A’ phot oni ¢ band
gap mat erdim¢nsioss fomeve- Rianengipisth pystents, adghige dipzgsionsgnr fbreeéluré@tsmmlesgﬁ@m c

radi at;i on, é@&ﬂ&c%s 58190%'&1(1%90 by t%%l%?ﬁ%é é%f?d%g% nRaNdd itk %f GHE LhAldAc erﬁa%st I ons.

That i's, ban ap materials prevent rom propagating in cer
directions se\lwcnhels p@tcmitraeecbreltrféusg theoptiddh ifisldpmemwwmdncedam thyestituhigregy chlsof as

the Corrplcglri be ac% Cfslh P tl?e rg efit 1§1V ”8‘199 al1Grid R % I i t1% hQ%grt Iaﬁcﬁ“so%{
at the mat at reast 6

frequency di'rect ernal irection bécause ofthe
parti cul ditocks. rﬂletraﬁratlv‘amdangmtrmutardfe fselpmmltaeoadld:yﬂﬂmﬁmgfcompmemtﬂmtl al, and

refractive indi 0se. domai n The structur arr nt . and

et ract Y8 hF GBSl 3 Nt i Qb k0 SRRBEY RN 'S form
phot ani ¢ narspdrtigRpsiditingd sichlas Odse ﬁalﬂt@mr wmag afeicomedwith hgllitfac&ﬁﬂlhﬁi’raﬁﬁ around a
particul ar, frequen oannop et "Photonic. Cr | s, Mol ding
the Fl owSOfCtYF ‘Peo‘g‘ﬁﬁartig‘fm‘@&%‘ﬁ Ogﬁ’ie\?@i“%‘u Igrﬁ‘?eé"?%‘/ ‘%F‘ieﬁk Qisﬁiﬂiy Jransyos)

One- di meRgd e diffé1ah edia6tiRandtxGagh RIS Ilaﬁkl) Sf thO fIidEte e Shded OF biicab t@tther
refractive periodicity in one direction, two-dinensional &)otonlc band gap

mat eri al 45 PRAFUBRD lpérqf%trlzs Plgast o0 Hirpd oreghizferaiy At lepst abouyil 98 fizonal

phot oni ¢ patflogeR: SaLREIAdSs lyRe Wit PREVRALE raﬂgelo@ frbi86utdiob afteh Abste [ 197]
The reflectance and transmtfance properties of a photonic crystal or

optidal ilRtarflapene embedineny. eheapfirctize Bpwato Byfranh 0Bt | EQPrefiplkAdds of the
donai ns Qf 1 HEIhPRSre plI& QR I8 1b§¥&‘&r&%§t§mb§s s@?&* WRRAIeAstnd B oRIigdUet of the

actual thickness tines its refractive index. | ms can be de3|gned to
reflect iwsvelangsleirangd afi fixing abayt 1Q4) i gpvabohitehQ mw@b@rﬁglgh@awhelr bglef dependi ng on

the opti %ﬁ!bo&im—eﬁt@nﬁgsg pﬁaffe&ela?efgagﬂ% {idex ratios exist for a continuous set of wavelengths

lying within a wavelength range of from about 300 nm to about 700 nm, and according to

20  another set of embodiments, the ratio of refractive index of one to the other is at least 1.0 or is
from 1.00 to 1.10, preferably 1.01 to 1.06 and more preferably 1.02 to 1.05 for a continuous set
of wavelengths lying within a wavelength range of from about 400 nm to 50 pm. These
dielectric structures, exhibiting a band gap in their dispersion relation, cannot support
electromagnetic waves at certain frequencies thus those waves are inhibited from propagating

25  through the material.

[200] The polymeric structure should 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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[ 198] Useful materials for photonic applications contain blocks or segnents
characterized by differences in the refractive index of the materi al

conpri si yorzh@/weprent s or bl ocks. Suitabl e choi ces canPb@/usaae/03y0Rs to
tailor the refractive index profile of the adjacent donmains to selectively
concentrate or diffuse the optical field intensity produced by the
structure. This can be acconplished by tailoring the conposition of the

bl ocks. Theppgf r acty ¥Raih BtE¥osiRAL, lbAS br HER ob%efb!Uckb&rse%ﬂé‘)ﬁﬂ@ el stadinBbendi ng
conponents that have a preferential affinity for one e of "domai n. One

appr oach seiceystadipg dhis KIvghallingaéons éﬁaw%hirt& featgrg of EhWIé@ntl‘@u%‘ﬁrP&b’n@éFSe
particl e phibeh rﬁét&la@@&ttﬁéipﬁ%taﬂ ttht ﬁwefbééhtlﬁl@& asj RicaRdeaR egld vely

incorporated into one of the domains. Preferably, the materials have a
di f f er enceysiaHinitg praveded e@ephrmmm wier¢tyahasghpranin kehavionsiap bk geverkibly, tomed por e

pref ex ablo?( off: Bticu m(é%vhgﬁ 6k 1 ngane%t Rl faﬁﬁ{e%d th[a%ﬁl%} Qgi&ﬁgtlyﬁﬂs' Od[SIC' ty in

structur arrange can credating separate
simlar tamomineummbmnrgﬂda tl(elrnfretCItme melc)ecpﬂracblteo@ﬂmcrysuaﬂge phlgettigeme inthes opposed

toina Y %gsn}l Ori:gI? glggiﬁ)ﬁgl)s eﬁlf le% er a{)ﬁ%%:éﬁa}lrﬁerr % haltnatgnalsd ga%lbe% lth ef fect ed

or bl ocké ructure NS of size no greater than the
wavel en gtaho@fthemﬂnelneg tempéheire, exfhle&ahewlesa thhekractae umisx brﬁttmelaceashrﬁme nt

donuai ns shlggt be highaf'f H‘g‘fh to ets lish a band.gg&;glin t he terial. Band
gap can BTG SLPELAGTGR WF SHE@L (TEOWSYED PRYYQRITR, DR Sl o n 1 2),
wher 0n  insatdrecredchlfl edsiav@ res toeke Xhetfrictifve et eontradt afd fekilGig Shoromidpraptied? | S
the effective index of refractionof a second domain. In general, the |arger

the refract i X r refractive cont rast e band gap
and, | n tnel2Bflesenttss ol ferbiff Bftel TpSe bl AR P 2R agbhEien
predetermmnﬁdwtbf@shmkdﬂaﬁﬂmemtﬁndﬁnbavmnﬂtﬂmman&@mmH%mnwﬂm&bdﬂnensiona
syst ens, di mensi ons fof two-di sional . syste and thr i mensi ons
Tor ¢ hr iUt CORRF P Pl Yorss PIabie AShioBUG - 6 ANiopE hage Losohemt o ¢ ai I or
the refr a@mby@ymadax ) BirOel Used @fselediereBdivall @R inddadtal fype bodoaelect i vel y
concentrate or diffuse t he optical field intensity produced by t he

structure. be ac |ISh in the pres i nven tailoring
The domosi M of Mnge ALPAIEARS At PhrbeiuBEFRE Shen iR oF I8 ook Hont r ac
C?P be flb?hﬁ@d’tecﬂf}*}ﬁ&%@ﬂr;@%clﬁh@ﬂdl(ﬂ@ @ﬂﬂp@ﬁ@ﬂtﬁg tetsllilaquehmblevea uﬁﬁtﬁ%ra_r egtl al
affinity for one omai n e approach is to enploy hi i ndex
nanopar t |h81’18g%‘6€ﬁ43’ %SS@BGF&S%@“@HQE“%‘%)‘EF"&‘TVE@G Weétl‘gn%F Easiied with a

sur f act aRdmperii@e (ah @dr melting temperature (Ty,) of the components for a time sufficient to

produce the desired ordered phase separation morphology. The resulting morphology will take

20  the form of the components separating into mesodomains with shapes that, for example, can be
cylindrical or rodlike, spherical, bicontinuous cubic, lamellar or otherwise. The film may be
brought above the T, or Ty, of the components by heating or, for example, by the use of a
solvent which lowers the transition temperature of the components below the room or ambient
temperature of the operating environment. Prior to treating, the copolymer will be in a

25  thermodynamically 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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selectively incorporated into one of the domains. Preferably, adjacent,
dissimlar domains or segnents differ in refractive index such that the
rati o of wbeoesormsti ve i ndex of one to the other is grearas2eiaas7i;
preferably at |east about 1.01, and nore preferably at |east about 1.02 for
a continuous set of wavelengths lying within a wavel ength range of from
about 100 nmto about 10 mm In sone enbodi nents, the refractive index

rati o is pfdcR4Richl, QRH R sleat Qlighhék, AR Yridntfibn! HaL1LBicaRM FFHLndtlcafers abl y
1.02 to 1.05 for a continuous set of wavelengths lying within a wavel ength
range of igWM§iabout 100 nmto about 10 nmm According to another set of
enbodi nents, these preferred refractive index ratios exist for a continuous
set of wavehemgt hsoi¥i d8ooM didhdbraneNaveatienas Rotrapge csi@fl of foltaafigd 300 nmto
about 700 nm and according to another set of enbodinents, the ratio of

ref ract i wehipYrdbsdesiredprdered stiushire s £x3maple simplaeqmpressiop malding ¢fghs 1. 00 t o

L. 10, 5D G bl it puckidls AANIA S BREADbpdi 2tk Opiby@Bgfi0r

conti nuous set of wavelengths lying within a maye?en th range of from about
400 nm t dre8Eneays adyqaigge djterms of pogessing gestur(éther tenignl me?t iPFR§eRING 4erHNIgHs: i n
their di I; {: r : i certain
Frequenci og T R e A e R T e b e

mat er i al .fibp2fo0hatiPhecafroliarmgrand ogier epovantiena polyingr inelt predessio teqhntigwdsahay hat , in
a disarr%n%§%¢§gaﬁgwgﬂg} akranged with the periodic structure necessary for
phot oni ¢ band gap propeﬁ¥|es ‘Is at least partially transparent to the

el ectromagnetic radiation of interest. Wien the material is at |east
partildl | y ti28%lsparsmee exomplee obthe itmorvhipitatidascangel et dhargingf colars aythsangladef ect s
in the or i - t f the photonic band gap material define
pathmays(?ﬁ%gﬁgﬂ%aﬁ#gﬁé%H%%éﬁég?gonagnetic radi ati on can pass since the
criteria for blocking the radiation is destroyed.[201] In certain

conposi ti ong06lone Bie invanévoplogkhiaterobikess ean adse pardabrisatpdtodppst al | i ne or

sem cr Y%?écheida&mﬁ'ﬂy fAmS" Xsrﬁé%h‘ln{o fnlbxnd FlinC9 & n?d'té%a* \Qﬂﬁﬁ% ?e%(ﬂlgs Ioe&EdHnﬁticﬂlf the
inventive Interpolyners conpared to materials of the prior art that have
been usedyabangigtcolvr.clnrth¢se magdrisls, thiiwe vedengdt raflédtedi chynges mvendidyy witntbe hani sm
wher ehy t he. Qni vior. ) : rsi ’ r f.

par 1 01 aPRael ouee iy SR SBRTBGANE ) Betubif NERAEE Warkeinney o0
type is amokmeksoafshe 1E@rs @usapedlnt th eefleef ditiatitwervelngehs aflighoAs ér film is

sem crystallin ol yet hyl epe. is the. . o
y rglaxed, t%e Paye1¥ retu1¥1 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  Dbecause 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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same as that of an anorphous ethylene/ 1-octene interpolyner. Such

materi als can be heated above their nelting tenperature, where they |ose

t he refr awOi2o@®/09mBeX contrast necessary to exhi bit char crarseewiosyodf a
photoni ¢ crystal. However, upon cooling, the semcrystalline materi al
crystallizes and restores the refractive index contrast and resulting

phot oni ¢ properties. [202] Size of the donains is another inportant

par anet ergi@fs dﬁ@kdn&goarnb pl O@t&amaswgﬁaas esinfflirdcREnaREBE D] brighRe®l N si ze
can be varied by selecting the relative molecul ar wei ghts and conpositions
of the va&RhBGEMEI HERS. ansi\élmltkieonal ly, a diluent (conpatible solvent,

honmopol ymer, etc.) can be used to selectively swel | an individual type of
domai n. [203bo]l N souErRKRAG: BRAS Serid dpRcd MNETEARY BB Stafe SBEnORHIGRbAL | on of
t he domai ns can be affected by processin technlgyes One such processing
t echni qu&aTEVHINRES of ysent Jushy MateKalnsaebretsed inywinflove flnsp lightig $PPlicptieashy

bri ngisng pkéssﬁ@%%@or& Qﬁv%y@hé&t ey R&Scoh abidrtd &Epl&;@nﬂ?@rﬁ‘ét%ﬁze tapgy, or nelting
tenperature (Tm he "conponents for a tine sufficient to produce t he
desired @regahage bhrsssea%@%& sy erd pryelhibtnay gecomtize. ragd ﬁﬁCPTlelPPﬂmﬁbWI ogy will
take the gg&; hapes
t hat , fog%Pg F HQ?ﬂ&QEBQB@F&ﬁg@?%&%@&%Q%u%?#%kﬂ%ﬁ%% calpm%lcontlnuous
cubic, | Mﬂlmofoneguﬂdn@ha\m@eemﬂ"hél dauﬂertherrhlmstb@stb:t@ugIatvalaftmvfewa}’ﬁ@nd' g or Tm of
t he conpap ti 0 nt ,whi ch
over o ¢ Raph Sl R anS oy bl PRI B el U fhe ARRMIE B

anbi dit taeh:pmoas azrrembof,sedi pateuparmlsor@sﬂbimmﬂmnmgmgnsm adverttsomentenny bg, t he
copol yrer, mnl al.l stabl.e s | e e whi ch, when
b ought - At AEVih il TREMPET o tPE AR 6 P SeBOHEs e
mesodonainnghantism wsésalpnlsnmgc&mwangé b#feqphase separation in AB bl ock
copolyners w | | yield stacked | anell a consisting of alternating A and B

sl abs or h different ref.ractive indices i.f such
copolyner s 0 r of ISRl TIACH d il BFduigh Raf 860 aPBis g
or|entedsmeamdﬂmﬂnﬁﬂamammbﬁl@bwdﬁﬁhnihh&ﬁmymgwmmmammﬁdadoﬁmgkohaﬁhy

' fil t h f rf
or cerPng LB S EHe AL Sigth O i P GRSy o o ane
el ectri c iffr@tdrefécting gneidtetisfi¢salf dleailmgiiujﬂj@tchadgg@g} stedtdrerg tBeimel, mpog,s of the

invention do not requir in or roll sting
depending upon t%e des?reg gharactenstws the %1?m can be made to reflect infrared during

certain times of the day, and then be stretched to appear transparent to visible light. Even

when stretched, the film will continue to reflect ultraviolet wavelengths.

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 reflect 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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achieve the desired ordered structure. For exanple, sinple conpression

nol ding of the inventive polynmers can provide a filmthat displays photonic
properti e80 200ww7s0vi di ng a trenendous advantage in tePOs/uskoopszressi ng
costs. Oher typical nelt processing techniques, such as injection nolding,
bl own or cast filmprocessing, profile extrusion, drawn or blown fiber
formation, cal endaring and ot her conventional polyner nelt processing

t echni qU§eh J¥BlYat BEa K8 QS adt @s ApRLEWEr ShTHkibRLendd! §6LS an E1RASherROE LXRFP! es of
the filnms exhibit iridescence and changing colors as the angle of incident

li ght on mqy@eﬂ)mvmeﬂsvheqhaf?géépmqlezwectrﬁ%l Virpentnds-iplagdeonditier ol ymers can

al 0 be ARk Aol il HERCNAROSBATE ohd LITE wnéh ABE0ZARGRGOM Gl M 1S 2
mat eri al which resSponds to deformation by changing col or. t hese

mat er i al sonditken. wavel ength refl ected changes reversibly mnth the applied
strain due to the change in optical thickness. As the filmis stretched,
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i nfrared, I \Yi | | Patent 3,71
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naterials that are fornmed by extrusion of nultiple polynerlc materials to
creatl® or delPédl | ay€lagomeniqiilos of g prisert ihvaytemsurowsefuh 1 @lpradderlam sicake. The

| nvent| V%eéc%ﬁ B%M@EE&te%%e@[dﬂ%gtﬁg%l&vﬁ nc%&%?a?edmh% Ind s%n@x%gﬁog,se they do
not require the expensive and tedious processing tec ques ly

m cr ol ayeefeente: Badhalisplaye afedrequanble usesifas emaamou@dlagsnfomml 1nTatme‘:y@th i cal
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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 recycling, 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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filters, and the |like. [209] The transparent el astoneric opti cal
interference filns of the present invention have a nunber of uses. Such

mat er i al swoanodne7issed in wi ndow filns, |ighting appli caPCors20000858ur e
sensors, privacy filters, eye protection, colored displays, UV-protective

t apes, greenhouse filns, packaging, toys and novelty itens, decorative, and
security applications. For exanple, the films may be used for packaging

whi ch di spHeMvCR@R G Qgr_nF&le@ bf PAERANDIord R INLIP R thaf thel Y QI HHh hn SlB3Ped
items will cause the filnms to stretch in a variety of ways and exhi bit
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causeg acgﬁtg l&ﬂﬂmﬁ?&@@o&ﬁﬁﬂggwﬁffECt [ 210] The optical interference

il ms of resent ention may also find use as solar screens which
reflect |nfrared light. In filns with varying thickness of the domains, the
filmcan bel2hde tBhercslarsbanges i thsaagverditer o alsmbopsed tghevealBdaitgtine of t he
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certain t %@%&sﬁegﬁmﬁggpec? ?ltoagrgltt%fghlggth s‘?+ ﬁl@%g?litl@htag &”I%Bar ent to

vi si bl e I| ven to reflect
uItrdﬁloﬂemﬁmgmeﬂ$m@um9awmﬁﬁﬂyxﬁhem&kﬁhmoner|c films of the pr esent
invention may al so be used as adjustable light filters in photography by

stretchi ”90[?*f§‘]hf' Rty ﬁt%E?s%f'tﬁe 1a#§£$ &fénh%éeﬁﬁ& filthe WRVRLGNGRS of 11 ght.

The filns e prese Inventio use“in agriculture. As it
is known baﬁarlghmaalm wigln aghly refdeciivef llnusefnme@ figdyn, tlin ﬁnmvelrmmguhthcbvetralgmlor
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specific tMp&lfe&ﬁgﬁahy affletts gy cermld@ﬂmrs.adleaﬁgmth@s ahigk eh@én ¢diai menoéfeich

sunli ht changes duri.ng the.day, the fil tretching or
ol axding Tt S8 OFAHCLT R A GEROP AN e (R s G s Frondesr S,
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 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
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[212] The filnms of the present invention nmay al so be used as pressure
sensors to detect pressure changes and exhibit a col or change in response
t heret 0. Wonoe@xanpse, the filmof the present inventi onPoaysh@9faiyns cat ed
into a diaphragmor affixed to another rubbery surfacesuch as that of a
tire to act as a pressure or inflation sensor. Thus, an elastoneric film
sensor nmay be provided which, for exanple, reflects red when an

under - i nfghe s@foﬁﬁaﬂthfdugmdép%sﬁa&wﬁé@g aholi HeQ AR MOLMeORE SubsGatd QT I €Ct
pressure, and bl ue when there exists an over-inflated condition. [213]

El ast ome@PLyIRFF iefor pRlgigpeElht i nvention may al so find use as strain
gauges or stress coatings. Afilmof the present invention may be |am nated

to the surfagg of What iHeGhi&encdfitind brane ,Iefmaﬁﬁderm@nﬁlay@@dsedmforrratI on of
the surface may then be neasured BreC|s usi ng a spectrophot oneter which

nmeasur es ¥atagpemilydn rombiaytionayigsithesrspeq refieehieceraiffyselyweftagdve surfages.

Extrenel y d@ﬁsg réﬂ{arca Kb AR F@éheges&ﬁ\é%ﬁ@sqmﬁé‘cﬁlﬁé A8 ciots rl?aﬁimﬁtg@b)pr esent
i nventi on. omeric films of the present invention are useful in

col ored dh%flpirla(yﬂ%d S@ﬁﬁﬂﬁefzi@ r@ﬂ%’@ﬁlbﬁél@? substge) tokp deated qutpAthepang 0of 38, 173,
whi ch i s ;) REQEHYF é‘[ G %%% lsaf‘rehécgloﬁ fﬂf th Blade BinliGInEL SRGGhe HGL ﬂ%h? pl ays

are frequent y used as a Ime Information 1 n an eye catching
manner, dlrat isspeluianly atiicetetl by nhetfdmeth@%mllbwmgahtt viever todisditiphtapetoreet die sal e.

These d' %Bhgylﬁe@‘gn% erflécEeIa cgl%Fsd D&f?usg I\V%R@'gl?fag& g{ch a® éf‘!(ﬁ&j 88{(1( (Q!Sllnlfg:gg‘{rga%edand
street signs), 1n Krosks, and on a wde variety of packaging erials. It
i s palti outhardiffustivefitcagevtise pdintaarepppdially adamtmomjdehat dney h@hgeateal or as a

function of  vie displays known as "col or shifting
dlsplaysdmphyg“%%%%§ é%h%“@ﬁ H\ihen vi ewed peripherally, and serve to

direct the viewer's attention to the object on display. [215] Backlit

di spl ays halR3g a MaMRmtmb@ﬁmQM$kbaﬁﬁammaﬂgsnuabskmaﬁwmefnmddmu§ﬂmgsthe
films of ;th ent_inven he act.ual |ce need C r|Iy be a
i spi ay, BT RHA S bl o R b8 B HRy YR T in BEETFRE

conbi nat iimerfeénck ifllmtisprotar hstangoptanl yeck perd tesflan dghaveal tenginte regivissfi on

coupl'd WRORCHE: RebRPEBARaet ropey e i b RapBRBE s T teR obr Yt er
col or di spliayle bh@fainSngleest Wéwihs B rRIeany LidibR! at diheidng@ls (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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[216] The filnms of the present invention may be used in conjunction with a
distributed light source or several point sources, just as conventi onal
backl i ghtwoan@/aewsused for advertising signs or conput @CThsei0gdTns. A
flat reflective film wuniformy 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 pignented

col or canmdife@RiAhi@bof Ral Beudeid @mbun¥ECRME br {4 doMp¥hedtd iRSBhyeliomEr €en
printing techniques. Alternatively, |nterferencereflect|ve | ettering
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t he backll ht dyed .colored |l ettering.or ects u reflective
cover 1 einpEtreuly SRR RS e Sy Sty ekt B b k%1 | i ng
the i10si deéligdd tb benuddplkht @bt th Cliowdrivig uintl lbthiat Bibloyichlgirb@edes.ve i nterference
film In this sane manner, the overall color balance of the display can be

controll ed i ni ref ctanc h areflective filmthat
pr ef erentla refﬂ%c‘%pucag\rfllms ranenc W%“lé’n%‘ﬁﬁé”BP ? QEOVISF "t he chosen

col or rrayleémitfvelfenematnbnmmalsearbﬁmaigﬁeof@f)edlﬁawmre&ngm s&mb fler@ttragiond i@ayn angl es
t hr ough he I| If this is un eshrablﬁ, t he des g col or, .bal ance can

be ef fect 86‘56613/ 068 NG (UHRE AR A HEF AP N PR Sgd BeSF 20'e OLBpY opri at e

col or anaeaksias bess@he deddStherdbeayd @fdugiCthk ige &TolQEIefkth klcbifid@igh@leSsAndle used in
conbination with dyed or pignent colored films with the latter on the

ol o1 shi {1260 el TPEay s ok Bt BeisPbaten g v Berep Pk fifng Ebkor ound.
[ 220] Thendaanklih barfdug mafeedasidd kivevnpb aRaikt, asiitbugiheattd ofdudiod. Meeuhd be
appl i ed to?le 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 films 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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nore than one face of the sign, such as an illum nated cube, or a two sided
advertising display. [221] The filns of the present invention may al so be
used to cwoab@/@73sari ety of nonbacklit displays. In theseTdiSs@bayxys at

| east one polarization of light froman external |ight source, which may be
sunlight, anmbient lighting, or a dedicated |light source, is nade to pass
through the interference filmtw ce before the transm ssion spectrumis
seen by tfifchhGUrRt dadibh Rt re AR ih6 @bhPNSentdrPbSlol St (RCHI LahRd ayngusi ng the
interference filmin conbination with a reflective or polarizing surface.
Such a stksd¥¥e may be, for exanple, a conventional nmirror ofthe type forned
through deposition of metals, a polished netal or dielectric substrate, or
a pol ymeri C[2!Z9]rrOrTlerfﬂH@|oﬁfhb¥)ké§&1tf1ﬂvlaﬁﬂon[n%%faﬂe W ih&atihie light Bechier ence fil ns
of the present invention nmay be used advantageously in conbination with
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t he di fflése %%rface, or portions thereof, may thensel ves be col ored. For
exanpl e, fuse surface containing ink characters may be |lam nated with
a mterference filmthat has at | east one optical stack tuned to reflect
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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 particularly advantageous
when used in directional lighting. High efficiency lamps, such as sodium vapor lamps

30 commeonly used in street or yard lighting applications, typically have spectral emissions at only
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diffusing effect. Alternatively, the interference filmcan be lamnated to
a white or colored surface, which can itself also be printed on. [224] In
still ot woemhodissents, the filns of the invention nayPo@/Uss@d/ 082705
conbination with a substrate that absorbs the wavel engths transmtted by
the film thereby allowing the color of the display to be controlled solely
by the reflectivity spectrumof the filnx Such an effect is observed, for

exanpl e, oab8R;joR wa M8 WHeh s&h o ol ShichRE1iP 6EFAHarrbWBEAE ik C8nbivkl ith
transmts certain wavel engths in the visible region of the spectrum and
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The o tlcal films of the S inventj on m por.at into glazin
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or a portion, of the outside surface of
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 wavelength. In this way, the lamp emission is transmitted at angles where

the blue shift of the passband is sufficient to align the emission peak with the passband.
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gl azing material, for exanple, by lamnation with the use of an optical
adhesi ve. I n another enbodi nent, the optical filnms of the present invention
ar e sandwvohea/dveisdeen two panes of glass or plastic, amdTiuseom®s3zrbsi ng
conposite is incorporated into a fenestration. O course, the optical film
may be given any additional |ayers or coatings (e.g., UV absorbing |ayers,
antifogging layers, or antireflective layers) to render it nore suitable

for the spacdiiifingdhRlah&akd drituiodhif hes‘cﬁbédsin T)r\xﬁ@ltt eohéaﬁhesen&d in (a)
partlcularly advant ageous use of the col ored present invention
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toward s At n owever ittle light .is seen
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films of chhieenRbi@sEREK sMMBGHikONacRYT&REnURAE Jubh ¥ &lrh CMSbel thaRtusihb ¥uwipe
applications, including the backlit and non-backlit displays described

earlier. SrpenAdiRrRs Srehtafavhirbarhiestataliffarems anrdength 15aions. Ot fafybeyaadsnimer m v

col ored Q%e%ﬁhﬂ@ﬁﬁ { al dIh@PRSRY: BRELharBBficl NBe SRRE bf Ak riRebREt danbilaran be
altered to transmt or reflect over the desired wavel ength range.

Fur t H€r nweseon andeonsepyant » thefyd diied thethgrmaniq kapd wislthst gag s gpntrollpdigtgist only one
pol ari zaty.qpf t&ﬁsn@a“ eé?&t&;&%ﬁﬁé 9t &H&'ah&f}&ﬁrf%ﬂﬁ réﬁb%ﬁorﬁﬁanHQ'TﬂE' zed office

task lights or di spl'ays incorporating Iight recycling to increase
brightn e@gmbmathnhé this film weth thegpolyghiemanc spileaydight soorce mefildeppeap ot dplit light

pol ari Zaf}o?ﬂ‘?eg;}oalje{g@htw g%hlt!?oeuq%eﬁﬂtoqg% a(f\’a%% Qg where colored mrrors or

filters are e si case, the filmof the present

| nventi on '[%?éﬂsed ﬁﬁceatﬁé ta'tﬁ[&rsRécﬁaﬁshﬁﬁ&zﬁh biod fs%&llﬁ a?f len?al QideydRi @l fixture

contai ns a housing Wt I ght source and nay |nc Iffuse or
specdﬁaran@ﬂ@enan@féﬂEMQnﬁeﬁéﬁundtthMMmgH@wsgmnwﬁuhph&@weﬂpmq?at | east

sone of t ?den E%(?I{ t!hg { V?IH[ O 1381r extallﬁ leocfe%%;l%ﬁllg O(ilat}{é &/Ydth gﬂﬁe B}’fltp%ﬂ{iss%fn the

l'i ght fixture contains a
lines, and the bandw1dth 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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or diffusing elenment that obscures the |light source fromdirect view ng.
Dependi ng upon the particular application to which the light fixture is

di rect ed,wOheodaogiss source nmay be a fluorescent |anp, amCrasamdeszent | anp,
a solid-state or electrolum nescent (EL) |light source, a netal halide |anp,
or even solar illumnation, the latter being transmtted to the optical
cavity by free space propagation, a lens system a light pipe, a

pol ar i zatihRheRkR%E iéiwiGefot \eidéh fdfulle s phipeRliNBLr (HBRARIs BB thd Ifngdpn to the
art. The source may be diffuse or specular, and may include a random zi ng,
depol ar i Aifsgtiguat soatrel efsliféerens apderin Rebegsnallangs s PP With ¢k source. The

el enent s gfrdfiohd 9ht fixture may be arranged in various configurations and
may be placed within a housing as dictated by aesthetic and/or functional
consideratigns. Such fixtures are conmmon in architectural |ighting, stage
lighting, od@fHoor Whinthesgmbiaeqe qf ngirayp Panfssorise 2ad PrigvensmliBuyeidt i ve
dashbaar g tJ Béhtfol thlaRfle hVEhi B B MenlifRER WERA PRV feSniy NeindRYAMNLBGe T hat

t he appearance of the output of the [ighting fixture changes w th angl e.

[ 231] Thef ewiress withinpurp i gmissiopspestra pnvkethereteselnmitednpton opiéans ayaslaplar ti cul ar | y
advant ageqiss, WS b E6hnl @o&lb{ &Gtk ‘i’%ﬂé td dcBiike Whrrold ?{uide% &lfe! amps, such
as sodi um vapor® | anps comonly used 1n street or yard lighting

appl i cat isom&y dirgquiond byirdh alibe spatet tight. Abredbadsoate omlbg gnererajyor color

wavel engt h.. e . whi 1 nar.r IS ;conbi ned
W th ¢he peruteananE bRy SOH! SR MNAGR R o Bby S0 S RRIDA BP0 Mhe
em t tled Isbyhd capaienibe vaghin evebinatkemrwidxasepdrel, filwmaming e same eatsmissidnl | m i s made
wi th a narrow passband. whic incides with the.em ssion. peak of the | anp,
then ¢ he P BRTRE AR R8P RleT Tt e RO o EP RS B by ¢ he
desi gn ampgisehroagh theé heentte diliaonlytaneheldeght anghe. Thie drringeimeiitéll o fof moge
returned to the |la or . la housi ng. Typj cal nonochromatic an

ol ychr o Sk Sy gith 0 S FeereetiBHF St AS e S aRE rps,
mercury Ifampshe dohitted @86 Mill betiadSmit@0 APAE Hesirbd MRS A€ Bihel MARS, tha@ited! d

cat hode fluorescent |anps. Additionally, the reflecting filmneed not
necessar i"Y?’yelB‘égﬂbng%l nr‘?h‘in?tﬁb\leﬁé%%r A0y ﬁéssgﬁ“ﬁ‘c@{d the Heht supschilloneter ek 808 ces, it

may only drElR eSS Blnke the BloP kAL fiRASSntHE 8d4phdadb GaN@N e eNYbdaERhssion at a
specific angle of incidence. This neans that a reflective film having, for

exanpl e, “évelgigihse oRgapa obn vagyally ang prder and aenirel B1g apgitlar diyction oyerwhich g

vavel engtyh HEaLd fidhals Bberldde | amp em ssion can be used as well. Sone
specific

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

20  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

25 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 for a
carwash or emission check station. The combination of inventive film and light source can be

30  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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geonetries in which the light source and filmof the present invention can
be conbi ned include, but are not limted to, the following: (a) A

cyl i ndri cab 2baglde756such as a fluorescent tube, is w appe@#Cmiuskoobiobamsiesi gned
for normal incidence transm ssion of the bulb's peak emtted radiation,
i.e., the filmis designed with a passband centered at the wavel ength of
the lanp emssion. In this geonetry, light of the peak wavel ength is

em tted n@hihited Aot woalishife @ irddef tHeQRglt WhRettheydttidw S b RP, Bdxampled) An
arbitrary bulb geonetry in a reflectrve |anp housing can be nade to radiate
in a di r @ermae hepigal Thegomhimatiingféhegnvantze fqglumdr?glagsyrhaﬂbeO@gﬁee%v&i ng the
openi ng Widely R afsbduhS@RNRELGEdR te AN Midd &L a {6 WrRinge REAK 18R sbied

radi ati on. The openi'ng can face downward or In any other diréction, and the
| i ght wi [Wragped witweerame dim anesedas 4 impledienfeatipo feviesy Qthier ¢xgmples opthane of t he
openi Rg ht t LG ~ ; ti.gall ) mal . (c)
A tor ot oot eRnd AR Bk LR HERE Gt R bk Afe bEQP)RE T2

desi gned followingeraumiptest he | anp emi ssion at one or nore angles of incidence
away fromthe normal angle by providing one or nore appropriate passbands,
measured at rmal ¢1.ngl ; : t : em ssi on
wavel engt . 2To ¢ SREEYRRPRG T B SRS bl PR b “her e

t he bl ue vathithe teadhintgh ef hapeiem chvestiocnpftfi¢hoire iealtysuied fpnapplieatmms sshen peak
with the d i.ni i Stri ron fil cribed in
(c) wi t h tPRGIRAE S b RN Aok IR NS Lot ORETL

whi chH0onagcantutzhemplidatioae tsitien ot oletjuand leudls dridewarichgtedofl lighhdpprapriate fdrane
parallel to the |ong.axis of the.bulb. (e) A polychronmatic spikey |ight
Bource. Pt B PROrRitaCoreied Suhodion Tl s WRE Rk P er ont

wavel engtunderdsalpéiplamsiidighe tbvials tHat &l toohigindan\e@ceksil a1y henv tha goid midydaaiage
passband,landp@uch tga t he fHdPtr nsniﬁs QHLg one of th three1 ol or

spi kes at'RSgMIBRIEGF ReAb PG R REReRhtP B Jieh! R ATYEIERPIRERY PR8N t t ed
at a dif fsekteearh cegke. Such a filmcan be made using nultiple groups of

| ayers, each of which reflect at different wavel ength regions, or it can be

made ysi ng gro of layers and their higher order ﬂarnnnics. The width
of tHE i 1o der MEAREMTY RVUEF ORI aBhuGHaRe Iy of HE PR VBN IoF e
har noni ¢ ch@abelde d idsanyditidagu@ Dippli@tibatwhdde [iivdsigkeisb Filek duk an@dik®ii on gaps
between the first orﬂer and har nonj c reflectign bands. The ,

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

20  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

25  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

30  supplements to natural, unfiltered solar light. Lamps that emit energy in the blue (about 400-
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conmbi nation of this filmwth the polychromatic spikey |ight source would
appear to split light froman apparently "white" |ight source into its
separ at e WOI2009919736232] Si nce the rate of spectral shift pairtus2enybmos s snal |
near normal incidence, the angular control of light is |ess effective at
normal incidence conpared to high angles of incidence on the inventive
film For exanple, depending on the width of the |anp em ssion |ines, and

t he bandwiodhi) 3éd tabsut BBGSERRE), of A&r MR RbEMTOAROGhAS art A iRhceRYaiRE as smal |
as +/- 10 degrees about the normal, or as great as +/-20 degrees or +/-30

degr ees. AW ddRes@mMYeHCosIeial erqvrlamarias its prgistamPaximaRes 0 4nd 6AGNHaxXi mum
angl e confifiQlud dfikdion éﬁwa[@%ng%ﬁs &ﬁéﬁd ﬁi@'rﬁn ArBfhefidnlifdn REREAKH ﬂlgh or energy

conservation reasons, limMt the angular distribution to angles | ess than
t he free espsioa uathalbh)ebneresioartdﬁ@hl @;mtﬁﬁlommltlt@hlemistwle@agthy L%mpgwhld]egmées in

one ol b %a@elglfé%ﬂsnﬁ tﬁquﬁg%%?géd 5% \fﬁ%r %ﬂeﬁr@cl to%'s NSy h't:s":a 'Bec%ﬁ%qﬂ&faemgs‘?&? ndi ng

on cust omer ui rement’s, reduce the angu range t

+/ - 45, +/is B0 low reypbnpe *dgioilEanddgfrseemlglAﬁcalntlg hffemglae@rowthl ﬂ&lﬁdmncﬁqlalbamh as 45
degr ees QL n@r%n%ﬁ rees to the normal of the film angular control is nuch
more ef f &6tive-"1'n ot her words, at these angles, the passband shifts to the
bl ue at a higher rate of nm degree than it does at normal incidence. Thus,
at these anghdls, ahighdsanrceored ol geofraldighting awobien gied v weakplohninglr

mai nt ai n?gsu §)t ghet %n I{tEWI'ﬁieecgl [gu?%&/ava%ngﬁlsq’% éorr?e sggrgg a[%ﬁiall)(? %eigr gﬁ)w?ﬁy

narr ow pass &r'r ow em 5si on as smal I as’ +1- egrees.

[ 233] 10Th duf tlhisrCBn bé cmnmmemy pamlgrmﬂmm&ramredssﬁorl@eam]gbmpe\d p'reﬂsuae

pre-desi gned fashion to.contro qut t .of the int
oo rea parrneRE o SR Mhyd"G AR tngR iy ple St S R, ho®t i gh
sour ce meymbes vap@doe@enair ﬁmgmieecﬂ:nolampf inanmgam bMtosyaMen‘lmmns Bualpldat t he

axis of the waveformis eith aral lel or to the axis of the
h © ubEoREo B Py e oRBit e Uiies e BT Bge T PGP Pl SHBRIRH anes | o

possi bl e andl tktaShdide CRRYs] @Y high pRBSire {0dRA] andhihdreury Renps oD IR poRrOf a narrow
band source and an inventive filmworks well to control the angl e at which
| i ghtldi s sedinaadfigeresrantapd sgandeprentdargpss aprhily) medlibajiqeand raprlescedt lagigyr ces

wi th narrow em ssion spectra and therefore limted color options avail abl e.
Al t er nat el y[248 br omdba&ahsGH EferoamBntDde BBI6Eseledti Actilnds aK@otichledod Rwobdad

source t %reasgrﬂln?v\égtlon 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  filtration/concentration systems will be described in more detail that may be used to manage

heat in the greenhouse environment, while delivering an increased amount of light at

wavelengths optimized for photosynthesis and other plant photoresponses.

[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 further. In some cases, it may be desirable to wrap or otherwise
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simlar directional control of the emtted |light. A broadband source can be
covered by a color selective filmthat transmts in certain narrow band
wavel engtworegionss and t hat nodifi ed source can then beCwamsdono032705

conmbi nation with a second filmhaving the same transm ssion spectrum so
that the light emtted fromthe source/color selective film conbination can
again pass through the inventive filmonly at the design angle. This

ar r angenmeplplihk hntWedrénct Gim ARERY kDA aRIRiC MuRle so SHE Th fectthd Rt séiéee col or
red- green-blue system By proper selection of the filns, the emtted colors
will be trinsHmetikdhayaeiasiedisiedionayitellcdplagierarth oy e madsodti tted
vavel engtiisiniid binlfl | TRE ERPARAY wREn ARKe ARSS RAAdna ke, Lpfillt source wi |
appear dark or a different color. Since the color shifting filnms can be
adapt ed teeeenhawns i thatayush of thedighidh#tgniges thf buldingliveighhdesirghweeesh obt ai n
virtuall L0l o 'ng ' 0 ' 1 he
e 11 2 PARIRE: Biet GROAEARHS Hoy bR OB e i Rk BT LT FE ST e
utility iwithirathy paepitielfaln codes thaFalt ofshahgit entetitgethe bgjhtingsweni¢ bsofof predie pr esent
| nvent I 0%‘%@1@ l%l?ra'fllgee (?t v]:/(%lidﬂ l (#]e"sjirr]lbﬁ]e tolhgge t%%J %iPmrmrlPlg)llm ed o%Stl{eﬂgs'% r{tor Qt%grel S SO t hat
t he driver, WO 1°S°Vi ew nget g instrunents at a normal ang?e, can view the
t ransm t tnecthdnigithat extes tdh@nipeglate faothe dnglodf thesumsfriyacliredehofif the fkey. W ndshi el d

or viewahl e by a.passenger be se the ul d be of f les to the
Phst 1 oneripeGRAR RS R b S Bl P P g oo Lo B bt e
usi ngot hangek feal thonoremansdesitichl gh pers@irques wefl akbe present invention so
that they can be perceived only at certain angles, for exanple, normal to

the target gr,.sign, but not at other. angle N ternately,. the filmcan be
desi gned sd2tat O Pyt i sitiediegt SRR e EhF Bl S nen Aeateut

di f f er entlocadbr andst id @hdedtadal tRatatri@n @hjwdal shagdsenf thEhdeSeaausnd/obmteuferihed , f or
exanple, Jn directing.the approach and st i.n oijnt for vehicles, such as
For & carlsh® by IoeHocuin gy s RUCIERL R0 Srired RO OBl e Bin gAY R0 111 m
and | i ghtdes@béCRodR0f bR, ®Ekias tadbesRed Dol filted&l Vrap@hd for endap@aDpleMneds hhe
illumnated sign and the driver was viewng the filmat non-normal angles
tot Hé sitgfifetop H]!a%dd%eé’&fﬁ‘?n Plagtpndeil edlt_hf)re‘n V18 feypeor ap it of pepped mulch, or as

per cei vegtfRrsiinatredrs ARt inRphshs Nbfdng trér dgBfliclantshe angl e where the
vehicle was to stop, for exanple, normal to the sign. The conbi nation of
the inventiye filmand a narrow band source is also useful as a security
devi ce, whel2d#n ¢ hlb iiltin foahe BEHORLY de '%?&rsmcyaﬁlwﬁ?%ayeeﬁﬂngﬁ%ﬁtaaq fght source

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 plant varieties can be controlled with as little as 1 minute of red or
far red doping. Plant responses to red and far red light have been described in J. W. Braun, et
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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w apped with the sane filmis used as a sinple verification device. Qher
exanpl es of the direction dependent |ight source of the present invention
are descrwbedoswae7sedre detail in the foll ow ng exanpl es. PLC285p00gpe2rns al | y
selective filnms and ot her optical bodies can be made in accordance with the
teachi ngs of the present invention which are ideally suited for
applications such as horticulture. A primary concern for the growth of

pl ants in gnggnhousgyiemViuAPRBOEShud e ANl Edﬂi’b@lﬁv@lﬂﬁizé&ﬁ%ﬂt ofekihs that of

adequat e | evel s and wavel engths of |ight appropriate for ant grow h.
I nsuf f i cilighids 8iat YnawePed inIodhA Gy briwedirPapess b BECCRIPUERTBUR WAy PRI I ligPs.
under dev eﬂh%ﬁﬁg @R8¢ ﬁfisf‘aét&‘?tbeéa%kl@éﬁhé %lgiecuﬁ{z f 48R Rh@RnEAMENLRRRL Vel ¥ heat

the soil and damage pl ants. Managing the heat generated by anbient solar

| i ght i s Gtharereropis pretheanmadedp aesd ealdrgd film fop the Meaf iglaging nt &gs diffiegto The
spect rzal | : i I i i ent

hvent oftni S PR SRR b EREBNGE R e B3 Ruadd GeBBE=E

desi red tcondifi¢nsehanget Therfilinrod e mpreses peentionds wevlbl sited fos thof appligtiont et ar e
optimal f troll | an rowt h. r..exanpl e. fil an iImzed
0o 111t er yuf AL B e b illog R SR cRbn Bl ol RSB 4"
wavel engttiesfilnnto@eichér the desited wwetlerighe tonesth thé plants.€Fit conpesdaerfgt Wasyinsed i n

phot osynt hesi s to .speed plant gr and to na il and anbi ent

P enper at o sondaiRye Spfinghiedt o e it Q- PRES IRe Bt P Lo

wav el1engtpbsitiched ivigirtthé feeidtsedakiich aobaytthiitcaf bovikHer 6ycaloesto@s, fshown in FI G
35. Throughoyt the gro cycle, the wave|engths in the 500-580 nm range
are Iargégi‘)nl%iﬁéﬁ‘yfai% %%gﬁag%%fl%&\%é‘efgﬁ%ﬁ&%ﬁb t et%éw%‘(’)w‘s?fdo 5 Wn " B8b- 800 nm
ranges i lshideicloti@p@rle@wbitzoh@S P abse theSilant haibhty Altdrh @8I Sindif RiuAINSEBSrdsiof et 0 | R
wavel engt hs past about 800 nm which conprise a significant part of solar

eni ssi on,filggap BeRpsiruced FphspaGRIARISOR gIOHES ¢ Pk he sol ar spectrum can
significantly reduce heating and allow for concentration of additional

light at weeebengt g fugedtube freventth@ntioé@udd.be ud9h cégunraseiwvah | anps used
i n greenhouses are effective in accel erating dohot, osynt hesi s and ot her

phot dPes [5BMEALON MisrosnioLonteq] dhe I3 of Ay JAsEEd RAsHRRIH| e yakight seectrum

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 yield. 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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suppl enents to natural, unfiltered solar light. Lanps that emt energy in
the bl ue (about 400-500 nm, red (about 600-700 nm, or near IR (about

700- 800 rwp 20090908d | n accel erati ng growth. One conmonPCOIUsR000i034705
growlanmp has its em ssion nmaxima at 450 and 660 nm with little em ssion
of wavel engt hs beyond 700 nm Another common source has high em ssion in
the blue and red, and high em ssion in the near IR wavel engths. Lanps which
em t wavekanat Reminfrdid1 Qiréral 8RifdnafQAr&BAe QMBS Qcb Rt ki Peb i cdstertsiaf €

| i ghts" because their emssion is in a |ow response region and does not

si gni fi caaty pudpskerieliglleameang fodiptinguish ereeerd glepinds partspné eouaestielt Rt al | y.
[240] Li gl aR G655 HREGh slaeaﬁi&gﬁgés. Slchigy |08 Bfcfie@ lihefb B fokehoragCoMpl i sh

simlar results to the "grow é out put wavelengths from sone

sour ces aseurtintey cugidgedithgirasevdid asnew arhiatuadlamefdisbehpratidegsdlat have Uggn pai ri ng
with Qth . ; g . [ . e can inhibit
Synt ndsi < R8T Lh RgER T ha e e B B M B R G e w
f | uor escemmarun moakdetizntisabRipsxplosovessl alpHaghdsgasirids ibst ooearseangExanpl es

of common LN of .co rcial .lights used in greenhouses include (i)
hi gh pr es“%églrakelcast%g?rﬁrﬁr%ﬁ%mn% %Tp%]ilnsé S de | anps; (ii) high pressure sodi um and
mercury lanps; (iii) |ow pressure sodium and fluorescent and incandescent

| anps; and [2#8]) nebeakrahmkind exiand vemiy dirdegicendityl cddapgem| e ibfegrity & gr eenhouse
envi ronment,,. the col or selectjv il t] [ ofc . he present
vent T of ALK oo &l Bre bt PPy PRP AR Rl AR

ref | dét i devibackd ngisent aedfiabiefarhe fro verdfabhkorithrapirmg lightghtstomebthetdesidr ed

wavel engt hs for,.optiml nlan rgwt h., The fi and. 1c bodi es be
hoed i OhORe R SORPR ol s dhapioR shid B 0RMEIABEOER ab Bk
artifici ghckapomefzandntlo@itidsoent 0&s aiidpigaeits, pecid @bsmawe] enghhardsf | i ght
emtted fromthe soyrce. Such light sources include, but are t limted
Lo i ncartAeRTSIEk Aahseating). gy BepEgt hoREHE e b TRB Mased A S ode

| anps, mMeh&kindataildisle FraMPM. FERECHTHnY AP aVai BT RS autheftita@ditbflcomppieagsur e
sodi um | anps, solid-state or electrolum nescent (EL) |lights, or npatural or
filt dred RSiaAUY toghe cOffatnddurabiity gonsirgints fippaser Yt incligle SRzagicdds ve i m
Several fihd intatdi@vikcoegps.rati on systens will be described in nore detail
that may be used to nanage heat in the greenhouse environnent, while
deliverin increased anount of |ight at
g [%29] M?'crotaggants %ave been useg 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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wavel engt hs optim zed for photosynthesis and ot her plant photoresponses.

[ 242] The interference filns and optical bodies of the present invention
can al so We 20735t h one or nore direct or pre-filtere@Cansedoosabs| i ght
sources so as to optimze the spectra afforded by these filnms even further.
In sone cases, it may be desirable to wap or otherw secouple the
interference filmdirectly to the artificial source so that in effect the

l'i ght So%ﬁﬁ@al BHidsaR bt fRblel Yo fehl€ct WM ahe atAs pslash safe §ﬁé5tnﬁ1@riﬁcflﬁ1ﬁ%ed pl ant
growh. T | m may al so be | am nated dlrec¥ to the cl ear panels which

make up tVH®R dufared gy Wiraviglpt Yhsn oalytcwﬁr@é?nt@re@&nhw@@e% 8 filmgen basapdeof t he
light thgts Q}')He%rs %rahs}i‘ﬁreQHh lygll Ag01k §eg93cn dt t&?e sﬁi@éﬂuﬁ%t FRCHs vaJyllngfEBQﬁls&brP n, or

el se such pahels may be extruded to include one or nore color sel ective
filnms wi tahd rﬁﬂpﬁ@nphmls inj the giffared|regiQyy @@mparhacovaitispesfrakfingelpiight entering t he
bui |l ding woul d be of a precise wavelength range, it would be desirable to

have the f'[lrzﬁﬁ] MO URESR @5 @nRL 'b9§ﬁc%¥1ed% t@s'@&fntﬁﬁﬁrﬁ%ﬁ%ﬁ&éah%dd&‘fﬁﬁ to
conmpensate for the angle of the sun's rays throughout t day. Sinpler

mechani spEcssiidneasondyserertlpdicn mefhane pishoipiope op yombipeteal withghe pswe hl y change
in the angl&nld QBLLRGs Q@?lné%&ﬂienﬁ{y ah§ BBAI&&' &Hs ?s'i&%ﬁ%ﬁi&@ﬁ gkl al so.

[243] One or nore refle S can a e use |rect t tered light
t o desir édr txaomwld, oWsidiahidydrs ma$b@wd€dr t@tthﬁddfralhépomam plobs spehygicall shapes of

the defleclod ?{ﬁq{lovrm\afé L EE a%%g%oﬁt%oﬁlr%&) e UG L §.9.@l mor spread |ight
26" portions of the fonto th

across desire eSe descri bed nodes
of use, the fil m can be used as. a f| I.te.r ed wrappi ng for individual plants,
as a l0ef | eci2d?] pl ateecsppreitalie sxleqtiva prcuritadidms aid opticalihedied of the prasehor m or  as

S! it or #\%Ht@(ﬁldm ilgohm Qﬁe I%ﬁm{ug{r ﬁ&ﬁtl%;&s d%trﬂgr \Lftl“l ﬁlre% Iu%rl stﬁ'a(eor aja 8RR I um

lighting Tor a u fion to the previously descri bed
spectr al lthe mbacstaclv endi thlestslaydrmﬂnax:asp treustdiiol impent! 111f<nmtatlemt$lm cIan be decefi¢dect

i nfrared and ht th for h afilm
bos! omed o8 P el o b dPon oPul B AR s KL 4RY BRI, 2 60! T

nm and tchleredpointihg @fgriphics pedied bghtybstrytp belaWItt;e ﬁlmmpab/matm(ﬂﬁﬁ) {hﬁﬂﬁhayﬂ m is

|1 ful .t trol I t It h b h that t ti
of -t SRS oyt erBtnePral e abnettat G agnr bRt B Gher i

order to byeluges &kopgal jagsrs el oviden disaiffesed Rgldhantdw ellofapRgabler
resulting in thicker, denser I ant g%r ow h, Additionally, 0waypre i sely

controll Isplléts ﬂstﬁé(lqﬁgt(ﬂgfugﬁt t]ileelalaf SGeHIeZIRp: "]Eonaé‘fect a localized thinning ers, the

preferred method is embossing at temperatures above the glass transition temperatures of all of
the polymers in the film and/or with suitable pressure. Localized thinning of layers could also
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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sequenci ng of wavel ength exposure, many plants can be forced into a
flowering state or held in the vegetative state. Sone plant varieties can
be contr oWbedoowvdorsssas little as 1 mnute of red or far Pew/uSe@oNaR70P ant
responses to red and far red |ight have been described in J .W Braun, et
al., "Distribution of Foliage and Fruit in Association wi th Light
Mcroclimate in the Red Raspberry Canopy, 64(5) Journal of Horticul tural

Sci ence 565232 ( 198Q)%0R8 8pglitatitis helsecurBl Bh madewudeaveh oRRBMtsial by East er
Lilly Height Control"” (Hort. Re. Instit. O Ontario, Vineland Station, Ont.
LOR 2EO. [g2adpe edimdnfs axevdensnd dispereins the gpwea antp &ig/maierial. d@infsa £9agngray e
utilized ghj gt ot RGKINGackd Hoth Souhd B pRERAUMDEE dleHifs bPGiGAVnlidn, RSt ween
panes in greenhouse twin wall “constructions. This has not been satisfactory
because @hses hberdithief fudiumatgridlmayddiap gxrlerdver &may iba geditakle t¢ gpgicdiusin®digntedt t enpt s
have Rhee - - i ry L r - ' Ry

i 711 cal AL AR F B bl B aul il RBlosh 35 Bl ppbacrioy

f r equent Ibg coated Witloat dhdasive wagerihlesucle asvd actydas togthemly enerFhduring lamexgflosivee  pr esent
i nventi Orévin? ideally suited for this application. The red/far red ratio can
be contrdlTed by varying the thickness gradient or by changing the angle of
the filmto permt the desired wavel engths to reach the plants. To
conpensat e 26%] var Viesgcwity dbaoyand opikiat bastes of thevpagsyitrgy eneedsayte dad yer ent

pl ant varjeties t il mi.s, pr I 0S| L Lt hin . gr.eenhouse in
uen o vy oplpSFon drfcleht By ?hoF el RESLRRY g bR I OE RREBNCEE
shaddoOal angrtickepaossibfy doibeneddwiithlidenéfiatdepatfoanumcd atmonerormalahglds)apd or by a

shade cloth ﬁg%l edfpa%[)i ht. Alternately,

st t verifi A)nlt ah lr}{ c t%loveeadtrhnel@ﬂ;ea%t sthele ugijg a
i ndi vi dudl> eREToSUr eS8t P RS T TN CAH ‘B ConsTIUCT &8 "1'6%  separat e pl ants or
gr oups ofspgtraplicsomdtt48dverbhwl dostapedtroph@opées dadedion CEM dadsrtat arraylas® be used

i n conjunct,j i.th conventjongl mrrors to control the intensity of any
desired ASEPBM T ek the dhrds ph hisBusntipt pro Rablvy e pedide g s PLad

Gener al | Yonriettell $o @€ Spec@bhetohfR @ XRaSibel Pt Salile The SRUREbFOonlcRY & used tot he
wavel engt hs and intensjity of Ii,ggt useful for plant growth throughout the
entirla dagtermene fespysiralaods pifhs fithahy medwEelieht ingidens opithe Hglept Heaks at about

noon, angddBiefminéddtsld BUBLIeIBHiARACHCRFHAMSE tﬁeq{Im@BMic?_E andiss, ot he | eaf
tenperature often rises, which decreases the plant efficiency. It is

pr ef er ablcemp@atiiRidethy he | evel of |ight reaching the plant during nid-day
to

[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
20  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

25  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

30  include a skin layer on one or both major surfaces of the film. The skin layer comprises a
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provide a nore uniformlevel throughout the day. For exanple, roses flower
nost efficiently when exposed to a maxi numlight |evel of 600 m nol/sec-n2,
and t hi s wWowet9/i9%566f t en achi eved by 11:00 am duri ng thePairniSesoomserohs at a
| atitude of 45 degrees. Reducing the light |evel between 11:00 and 1:00

i nproves the plant yield. The conbi ned usage of conventional mrrors with
our wavel ength selective filns can be used to change the intensity of |ight
di r ect ed pidRF ARbSta il 'y@ﬂnﬂiafeﬁ%l@s’fﬁmé?fé%ﬁgnféﬁc hﬁ?en@ﬁyﬁh FQibs@xampl e, the use
of a visible mrror can be discontinue uring the hours of highest solar

i nci dencdrapipareat PPREASIONSTIF PRIy BIAHS @afélrlalrhéwpééqhsahtwtﬂd theejamgtindeRat portion of
1ght fromdcen &R ot GRTRRAOL AR LTndalldiRsicaBnfkHE halds fap al so be

used with our wavel ength sel ective to control the intensity of |ight.
[ 247] Couskindayerinpy hgyorerad themlegwrwhldp@akpé P shezplidrnatongpleyrs of die opiadl t he

|11 e9al dhuarsi@m Al LaRkEl LahoTRIAL Al B aGHnt s SRl ASINGSeulifs el | 0us
and peéervasive pro or exanpl e, COMTEr ¢ alrcraft mal ntenance crews
regul arl yraemmum whﬂe&uspémgehi fdmumither frefettiveanifae whikh ik agriblaking] Thdbl e neans
to disti n%lﬂllg er atﬂgo Me%%n hl (?‘ g?nu%% lti?f t%ngﬂrﬁ 90 or&;le? sur?ac%s %ar tll[S strhcae I\ re

mar ked as nmeet f I'S repor & 1ha pto ten
per cent mdimkkbrdt&séorrrprotfpﬁﬁmgcartr| dges that are sold as new are actual ly
refurbi shed cartridges that have been repackaged and represented as new.

tortilizor el e 1 Bytcy SRS E Rdtp B ARAVTIMAM YA Pt roans

of i dént ibﬁirieapnopasruw eSuph[ mhiehils r:anelieylsai(tpémm Va. ex{nﬁﬁl&]blﬁdﬂlﬁﬂl&dtthlﬁ‘&@ﬂ@eem st to
verify t aut iCcit |nt r|t C i.n, or .to trace
Vhe ori o TeBrdERuRlE NaBludtaldh e fof Bu BN b REES AR iipefed o oo

are anbi eatauvethé ianyab IpEysuﬁﬂj?rElCma& tmeﬁnné to&ithhbmmhatﬁﬁpaﬂi aﬂ[&nétr@h;t Some
mstrurren%n?? detc sone con@ s of Ies of devices
used for e %P‘isffic gogﬁmbfryéf ot ‘H’Paé Sa‘?]f DFECK 8“% ‘H‘P%eg? Ty "Prctlide

i ri descenftcreddkSinaRcheph@IBENY 6f snsadafoleduldsishras oRytén wad Qﬁt@ﬁﬂ’elﬁﬁve {vRghieiri ¢ i nks

and coati ng, fine printings, holograns, and Confir i maged
r et r dPef IPABIICYE Mefraalsi REChRFORortas MY fpakrilSA inpeiss cong Yn&?ﬁ%"a&’ra@eé’@/al | abl e for

aut hent i Gaj@Re Qickﬁgil?@ﬂ@&l Snd IR hlo¥sadeignd Hr hdfve HASHals. M gl [Tty

constraints. Proposed systens include nagnetic filnms and integrated circuit
chi ps. block 1nterpolymers can also display increased flex crack resistance compared to multilayer

films.

Microporous films

20 [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
25  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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[ 249] M crotaggants have been used to trace controlled materials such as
expl osi ves. These materials are typically nultilayer polyners that are
ground upwerrdosdiozméer sed into the product. The indivi dualPCirayseew/08270% he

m cr ot aggant can be decoded using an optical mcroscope to yield
information pertaining to the date and | ocation of manufacture. There has
been a long unnet need for a security filmproduct that is both ambient

veri fi ablagaipmd IppEbiHRSs, rbe@@la%iat Rherhib@t, el rfBAUE RSO AR SRt arRaST | Y
duplicated, that is flexi bl € and can be used on a variety of part sizes
rangi ng ﬁﬁ@ﬁﬁﬁ@@ﬁﬂﬁicroscopic to |l arge sheets, and that nmay be coded with
speci fic, machine-readable information. [250] The filns and optical bodies
of the presggl] | NVRNHABN, GABroBSobApdIRRER 1M RIaQ¥E d&dAs B/GYY deb¥rafols M or

devi ce useful as a backing, | abel ,” or overlam nate that neets all of these
needs. THvECaEA rthairrasy ofpAnpEsturR: Shoien! HicgRess ad Bemma) propersiid Thepigicipal
saturati %!e%?a %?hﬂagiﬂ?s BBV Sond EpaRd Bh@x%etn'tﬁeseléé%aes%ﬂ @?en@kh@'ef?:b&@dést 0

uni quel y identi docunment or package, and spectra ? detail can be

desi gned fiomt @ntan@ng Hengs. the f@nbmpﬁ@eam@uep@p@épmwrﬁ|Aigterlphthnmswtlhat may be
used to i |

appl i cat ianares it AREHeb ol Qb o oy LR AL P

reflect dheemalanyavdesi tledbam tlileubly ghe tehles gq@écftrrtbmepiirn@t shduhildhavé kighl e,

i nfrared, o] r i £1.C S a

f11 m can Belebalt FiEf EhoesIR AR R, dHBR b B e SRTLISE,
specﬂDunmﬂmmm@haﬁmmasﬂumnmumgmtmaﬂﬁnwashmnkamdmngﬁMm@tmememmddeewm the
infrared ion to i fin rmation
can' ai so dsePalut e RR bhePabRF ey SRR Ry o AF Bt My ub ISl or esen
i nventi omhdfylnsrﬁadﬁraﬁidlméltsernarmﬁbltmgzlst,elceiatehearmmkames or in conbination with the
above described net hods of varying t he intensity and position of

transm ssi nd reflection b For exa i ndj vidual | ayers nmay be
tuned t ot Ha®Thi r aftse rpgh Py s M o b Bl B Bt e i oF b e
region C@mcbeemrmt)pltﬂahad atsdeqaflbmlleGouumtmm&teﬂpemdfaﬂoW12§ﬁdteﬁhmd$a&ﬁt rally

sel ecti ve securit optical bodies,.o resen nventi on nmay

T 56 IPne PBESHsedl] eyt A BeroR ayererdihaRefines fF oPRERE Rt VA ER: hok o

adj acent pietitdaVORIOsMal 9BHAcW 02808/ 100965482; |[aSEFa$ N&Y,58b,388; RS Uae ot 0 i mpart

i nformati on thf' i@n be decodgg by o tical SRFcéion of a _cross-section of
ﬁg4 0 At

the filmOF 006{)} 834860V @,ﬁ@d% lP 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 [265] Interactions of the inventive materials with certain small molecules results in
swelling of one or both of the domains. This swelling produces visible color changes that can

be useful in applications such as chemical sensors.

[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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colored printing or graphics printed on a substrate below the filmto
provide indicia that may be hidden or viewabl e depending on the angle of
obser vat iw0.2009al9a365cont r ast may be achi eved by t hi nni ngPChaSe@ioszbs | ayer s
locally. Wthin this affected region, a new color that also color shifts is
evi dent against the unaffected region. To affect a | ocalized thinning of

| ayers, the preferred nethod is enbossing at tenperatures above the glass
transiti QaushiEPHALUEERiRE mRlih rQfuirn3&0 RUNEXEFOP ch1Br dikjayf dsldRABL ©F a W t h

sui tabl e pressure. Localized thinning of |ayers could also be achieved by
bonbar dmsatoigd! Photanig Ry seme gy graed %qteégtls @pﬁ’rfés%ﬁ% &, thernoforning, |aser
pul sing and stretching. As with the other color selective filnms already
descri bed, g secmrdiey cdskd, MB¥IING S ROLBSBpIRhOEN[E L Rhseri@NhARLd beef | ective
surface, or an absorbing coatln to inprove durability and contrast. The
secur ity pd pier paglling g@dﬂ%ﬁ%@éfﬂb@r%@@%e%ﬂabcﬁqﬂ@% éwe%ﬁg B S WCWERIsi ti ve
adhesisve BB/rrfeHQ&tlé BB A%eréolRRAR poneg b@mﬁdﬂtes (E(%éi%]axfnﬂfle 5@0%1101@919:]0hﬂ5§stﬂeons

t he securlty films or other optical bodies of the present invention can be
appropr i avednys, siez Advasend Meieriea 2@, 47.rlé21 P4 or pregl gsewranto aratgdabkdgi ng

mat eri al . tures of these filns are typically very narrowto
reflect th gﬂﬁpﬁﬁg%%{%%%ﬂﬁg of light. Wiile the spectral features of the
filmw ll typically be limted to the infrared so as not to occlude the
docunent orl2 ﬁ@ckagésomhéméﬁhmﬁwﬁéfmaﬁwﬂﬁﬁmd$eém0ﬂh@mmMW@@ﬁwﬁ%ﬁ%o be used
to enhangghije nﬂE&%ﬂén@g&ﬁraﬁl}; rﬁdi’@arﬁénfabﬁ k&5t %bthfrpt‘fle M_]Baécmlhé ff4i ons, the
security filmmy b di1h a bulk material by grinding the f|In1|nto a
powdef ardmdingpEhis bakestivhevgiovgdaevidestagnganefonatleative Fhenpenl nrodificetemtdf thys and

i nks can ets utilizing the filns of this
|nventloﬁgﬁﬁéﬂ%ggggkﬁgéég @%ﬁﬁﬁgFﬂmnag(%ghﬁLnay be an explosive, it may be
desirable to avoid using oriented material if substantial relaxation would
occur duMistyibateddepdlnck daserept i onal |y, the powder may be coated with an

abl ative material such as an acrylate to absorb energy during an expl osive

event. [255pggjhe 5?&#hh%%u%'ﬁﬂﬁmﬁ@@m?@ka§Ju@84ke§c9&,&Qﬁtﬁ{ﬁﬁﬁﬂﬁmhayent'on
may be rea by a conbi nati on nbi ent verification (for exanple,

presence f@ﬁdb%?kd@ﬂebrédhﬁrﬂé*ﬁqdééﬂb@(é( lpser i aotpipeadf laser Hielle ,ﬂ_ﬁmgﬁﬂrléﬂbphed
with 1'5der3)tp£1£a'1 @Igél’eid&? ijhglrerfﬁ@ chlvgtreg(g‘}pof'qtﬂé q@\hceaﬂ gslrﬁécélre@ Qg a diffraction grating.

The grating, known as a distributed Bragg reflector, provides optical feedback for the laser

during distributed Bragg scattering from the structure. The inventive polymers could serve as

the distributed Bragg reflector. The inventive materials can also be incorporated into a
dynamically tunable thin film laser as described in WO02008054363, 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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instrunment verification. A sinple machine reader nay be constructed using a
spectrophot oneter. Several |ow cost spectrophotoneters based on CCD

det ect or wOraga92368 avail abl e whi ch neet the needs of tRCI/USPMQM05170H;
preferably, these include a sensor head connected to the spectrophotoneter
with a fiber optic cable. The spectrophotoneter is used to determ ne the
spectral code of the filmby neasuring light incident on the article at a

predet er phaesle ARG1o8s, Qhile ARG BBt clM i SRR tRRED R Inpt @ydrheorf it ate QR | que
angl es, or a conbi nati on of both. [256] In addition to exp I0|t|nﬂ t he

opti cal pebpert desgitst hewin ¢ g vesultipewise aakribld Gppere PRomUPBY 28 delhnp {1y
appl i cat i;ons ex 3B FTHARBAINE ?Amﬁ{g%gﬁahbrﬁsarﬁffoﬁﬁﬁg fholdel ARicR@Nn@hER: B use

utilized. Thus, for exanple, the filns of the present Invention can be
intenti or@éllhy:ctdéls inpirbek, t‘@OWaméldlf@WPl’Oé%ﬂS’sPaﬁ@‘@nlobhll%ﬁ)w?%%er (Guhppsitiont i on,

t her egy Q 191&1&11%9{1@@&#1'[ ::pg %fs' 0% gl@(p%p ' #)Iln{ed ﬁ% Fa%ﬁzgte%ﬁrﬁglgg %gche!iss ﬁl%eer e

her ei n, e Cco properties o resent 1| nvention
may be usve@mdl\yamtmg»ecmsiuyg |cnnwutmcmabtpslyd1@ﬁmrmtqessmgawphnlws wdmsh arfhwe] f or

exanpl e, k‘il own L% {Lllmf‘ s%ﬂlehhl? (Y za.?ts ? spolyfoﬁ]ﬁ\f%ntr(l)c ssbnS% BV RS ers i 89 fr 1%' tEleh gopo ln?e?se or in

conbi nation” w mat eri coati ngs,

t r eat mentnsy also exhika opti@p piopgtigrageacti vginf fabraped texg]ei,tsud:lazgmaﬂefcnbé:)mlorbows,
flowers, and.other decorative articles. In these applications, the filmmy
be used §ang§1goc MRV HE wr i nkl ed, cut, enbossed, converted into glitter, or
otherwi se treated to produce a desired optical effect or to give the film
vol une. [25[872]The Dppérsialhs ibathe nquepenerel hoi- mqueéust een pisesenformeds @nbg oe may

al so opti.onall

1 PhdRaRie Pyt S8 B atons ¥ EReBr 8 sl SRt e FeheRSRE R "
el aslt gg;aﬁm\@nqadl )pﬂBzfrle&r inasaheraltlsglr |b§1I tfbrrﬁedsubxst &E\nﬂbﬁﬂl grlllt pams p@plﬁmtlor: Ngx of
et ract oh AdSRGOLIEE, Shal et e opid antinyt 2 ¥ oepiuiARE o1

pol ymer i @olyiedy hay} alkdibd HiBsshkidd Hy&ﬂl?ﬂm@iﬁl}’ nleensPRRhaf tHehBe 6f p&bQ0E eRecttbt Ch
makes up the alternatlng | ayer of the optical interference film |In
pr ef éPr ePeERatiine L2dpn %%rﬁrqsag,lgkmg stchpifee. ofas PehvRrss cag REP RetbFPisties and

t ranspar eevriedh ke RrVidiing Eod@xihp1b dsh oft nRlld egyuMee BMAHACSIa MR 60 1S
nonbl ocki ng. The skin |ayer also remains receptive to |amnation of the

filmto &thsegraingrgedshajegapaiqn, argmpt@@eﬂ{lfopgwn or other chemical modification.
[273] Additives and adjuvants may be included in any formulation comprising the
inventive polymers. Suitable additives include fillers, such as organic or inorganic particles,
20  including clays, talc, titanium dioxide, zeolites, powdered metals, organic or inorganic fibers,
including carbon fibers, silicon nitride fibers, steel wire or mesh, and nylon or polyester
cording, 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
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to inks or other fornms of printing. [259] The inventive block interpolyners
can al so be used to formfilnms with inproved barrier properties. Such
mat er i al swoanode7issed to form for exanple, bladders i nrathiSewwo’xzhbes.
These materials have particul ar advantages for barrier films, in which the
barrier is inproved because the |layers physically increase the tine to

equi librium saturation of penetrants. Sone enbodi nents including

sem - crystaldet Bﬁn@%ﬁlé@e@ﬁatla@i@ﬁ&i Wettahodeﬁ@gEr aRgas %Qﬁets RIBY10SAU0NY 1§Cr eases
in the perneabili smal | nol ecul es such as oxygen and water relative to
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air sen5|t|ve mat eri al's. ﬁ%ﬁe inventive blockK interpolyners can al so display
i ncr easedolybasener agedoniwdd Sutadiere stpmpra(ABS X @tyrmb/buuaély@r bip¢k pepolyvhesy esbr ous

films 5[ 26 %]no%&%teh%ﬁ%ﬂv%ethgtg&o(ISﬁ%'h& SEBY), %hﬁ&g@tﬁylgﬁee&é%ofnﬁigmgﬁki? IEpROr OUS

pol yneric ave use I'n nany a ons t’hi ng
shoes, fiijopens commlndn,aEHHMym@ épem@dasne polagetiemsr Hbeldg@mouﬁommel@% 6

WhIChIS rei.n. inc rat efor rpase n
pr ac tice oh]e([? 6]11 st?mer B Ie?au ognepsy et Il] nspr%paflen%%a%ge o%rﬂ?zmeg f%%x rrEé)le
filters. polyeses a‘vmllatb&nmda[rthe gmeleaglhajnon h’iEJR,SIIﬁbTvamﬂade frorh Wee DawiCGhgmiral ar ge

Cuspended PO b OIS TARTA R HEVBPE dab b Ful Uil TEOPUD) StplFLed O

Exanploes u@éfulohsfcﬁmp@mhtsﬁlymeﬁdsef)mpﬂﬂﬁ)g @aenveatve@oBnieRcl ude gas separation
menbr anes, dialysis/henndialysis menbr anes, reverse osnosi s nenbr anes,

| fil oMbl anes.
ypes. of mafbrance g BLeupRer DB RN Bl TRRS s BT ple WhED 1o

bever agesootlc hewsh haldss aedl q&fﬁlmﬁn&llﬁﬁdle@ Bake® lamdapﬁoalesﬁqmpém@atmdnsing adminelt

pharmaceutjcal s . 2624 | n addition, mero oro po ric fi .may be
oed as HHNFEF bhEPaorE BEcetresr Rurh EabamBrAn i aet SheE TR cal
i ner t nes su@nsetiHEFai land pRPI®K | foBH. code(bBhi dpeh R clbdeeDf; iBpfepRAGEERfol S t O
allow_ions to pass between the el ectrodes but prevent the el ectrodes
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 or elastomeric blocks forming a
“shell” 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 unique physical
properties of the block interpolymers which enable compatible polymer regions such as the
matrix and higher comonomer content elastomeric regions of the block interpolymer 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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fromcontacting. Hence, the filnms nust be strong to prevent puncture. Al so,
inlithiumion batteries the filnms should shut-down (stop ionic conduction)
at certaiwoemprasures to prevent thermal runaway of tireThsbeoenyg2705 deal |y,
the resins used for the separator should have high strength over a | arge
tenperature window to allow for either thinner separators or nore porous
separators. Also, for lithiumion batteries |ower shut-down tenperatures

are desi red[zhgwevepar&&@arfyl lamiapet bRBIN e rahémg;?amcc sblyblRtie Witdd¥ africs!
shut-down. Additionally, it is desirable that | m mai ntai n di nensi onal

stabilit yheém@wéwiaé@meé%@ﬁa(@ HE b sheppepdystir NICRRIENGEP YUK Styraic aelympe
present iyant i@k MRYTPE HSRA hiy BOY pR F%rF@%pro%%ﬁégeﬁleO{nvé&{?&i hoRfbBAS as

described in, but not limted to, the | oW ng pat'ents and patent
publ i cat ipohiersariclugfng fhncsianalized hlemréatnratqqlc@rlp@rvaft thareply witk e opinanel fubber,

e R U i U i
U. S. Pat .a ¢ossligki7gl 9r kOB anizibg SgerPat TP(Ndlenfs 32 ¢St lla nusi@re20Q0bBAG84 Alle [ 264]
The meso@nv%ﬁt%d %%%ﬁ I?ttélg)gl %e%suv%ﬁﬁ” ?p Bﬁ%}ﬁlndae l%%go@ l?lsr al gr%s%ﬂ%h € o Oﬁ?alﬁ'zrrl‘far S

provi de several e prior ar m Cr oporous
pol yneri agétl rﬂihe Tdregomrgjbreedis may fleohedi iesformeimgl £ niofded @m@at ard d}ﬁgmelday of

control over ore size and channel. structure. ° e se ated nelt
o phol ody M PrfSuthd FRRlpRHR ngS s HE R o DR S PRER Er BRI LE o
greatier deeremeviondl disadstd Bt1aBi Pdtdry Noh@no7,7vonon- phase separated materi al s.
Phot oni ¢ paper, Organic Sensors, Pol yrreri zed corrposites etc. [265]

I nteractio f th ventive s wWth.certa

asel tott 8| | it E Ry SolEHREL epiyielrof B Bole R St RSN s
vi sible (NDd)(mEy cikangeMLhat @ &h0°08 inihe Fange frlmalppb ﬂ@ﬁtmmpre&mbty tmmaﬂam caI
sensors. Wth | ecul es,_hayj ng | i pressu swel | i ng

> overs: b0 by st B 30 S0 Sup Pt sl RNy BebEpe Pt [ hat

act as ph@ﬁ@t@l ol R dne, @a@pdopylgneanﬁuaabg aRapeiso@dtic; 8gaTicthdtd aRIdirApact
requiring no pignent for color disp as described for a coll oi dal

phot dri ¢ RAAEidnersiPIA RGN INDET P%?FIE/Y Sogriene) 5 Suidble gygnic Pelymersinglpdtar
cases, thglysirht,] ABb&ARNEcAGERIRIhS NEItPY tfreReMBLRRILAL doBalymERNSAN),

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 multiblock copolymers, this temperature may be above 130° C, most generally above
145° C, and most preferably above 150° C. Typical polymer mixing or kneading equipment

that is capable of reaching the desired temperatures and melt plastifying the mixture may be
employed. These include mills, 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 continuous mixers
may also be employed, such as a Banbury mixer followed by a mill mixer followed by an
extruder. Typically, a TPE or TPV composition will have a higher loading of cross-linkable
polymer (typically the conventional block copolymer containing unsaturation) compared to

TPO compositions. Generally, for TPE and TPV compositions, the weight ratio of

30  conventional block copolymer to block interpolymer 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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fixed after swelling to make a stable conposite material. Suitable swelling
agents can include polynerizable nononers to create polyner conposites (for
an exanplwoahowolhicsi dal conposite systens, see: Advance@CAiSee0aBx02005,

17, 179-184) or netal precursors to create hybrid organic/inorganic
materials [268] In some enbodi nents of the invention, the anorphous nature
of the soft domains nakes them general |y nore anenable to swelling than the

sem cr ystaalbﬁdan&lshﬁé dvegg@mue Sf bibRk ﬁlte%ﬁ 1?1%&1' %SoBRIh il IR d6sue d0.58aNs for
sel ective chem cal nodification of the soft domains, which can inpart
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as a diff oR, S
refl egt or Bﬁ%ﬂév grs&%% |Igg@§ gg%{%g? 8@%}% ?asg}eg%ﬁ% F(lﬁg %’iﬁglterali ted Br agg
scatt er i nidusfratorg tt:dimicstsrﬁqcthm@mg Teehhsewcentinuite bp@héylgmgshecus,doslltssenmfabe t he

di stribut ggsg%eg‘g%f 58 (? &1tat ac%ﬁrﬁon%{qlllga/ %{Hl ﬁ lay fc ﬁllfsnegggaral so be

i ncor porate una mlaser as described in
WO2008054363, whi ch |s here| n i ncorporated by reference for purposes of US
patent praci2B@le. [Q%Gin Fmepopitieredithyinderice blsck orpobimerhdspaaeseplasticrrosnt i on

i's not i % ?ﬂgtgc(iiz& ?s an[e%.}li]atnlezﬂgén?c c{)njﬁg(funaqgc at@tl ?n?o Q?“% ?n%?e@ la} %hper

articles ] ects prepar e Oom the inventive
pol yrér s polynisk, endsam fnr;etnadxple dothe¢rmmpRstvgto ﬂaC1ﬂnatee[n]‘o¢essln§ tirpdaee iftd Werkshilityow,

mul tico a rrent Sui tabl e fi ber

for i ng. probbueBBRENe G B hlsieBmern By PRPOie. REER oL bR diethgh B s o
in U S RBaraoplasticNbat id gél&@alfyﬁs'il,ff dnd 663, el béoﬁﬁ&rﬁﬁﬁnpe@ﬂﬁie%sﬁ&&ll@%n gel
spun fi b%-éél as discl ose U.S. Patent No. 4,413,110, woven and nonwoven
fabrics I SRRy PP p{ﬁpgen%atent No. 3,485,706, or structures nmade from
such fibers, including blends with other fibers, such as polyester, nylon
or cotton, [tzmﬂr nof Sonne derabddilaées , ofexthe uﬁi&dn@dmag&s\/idé nalissthilngblpdf i wieh

gi_(;[ Lééhogagszﬁg)pﬁlpnqe :(t ui}ieggl}ﬁ% ngtW?nqgr%&%era Ii) alst(l:c1zee§s w1tﬂ po(ilypropylene \%sotacud or
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 polypropylene improves. As such, broadened commercial
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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pol ymers descri bed herein are also useful for wire and cabl e coating
operations, as well as in sheet extrusion for vacuum form ng operations,
and formwg 2owdesssarti cl es, including the use of injecPtcomsawdas2Tgs bl ow
nol di ng process, or rotonolding processes. Conpositions conprising the

ol efin polyners can also be fornmed into fabricated articles such as those
previously nentioned using conventional polyolefin processing techniques
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knomm nean@ﬁﬂ@mpm&asnhhedQSQithpmpmwmdyamehe¢pw@wnﬁehkwdsHW&ﬁe, azi de, or
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[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 laminated) 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, S315, N326,

30  N330, M332, N339, N343, N347, N351, N358, N375, N539, N550, N582, N630, N642, N650,
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nodi fyi ng pol ypropyl ene, isotactic pol ypropyl ene, atactic pol ypropyl ene,
and random et hyl ene/ propyl ene copol yners), various types of pol yethyl ene,

i ncl udi ngwbi2gw/qrassure, freeradi cal LDPE, Ziegler Natta&CriSpmw/osval | ocene
PE, including nultiple reactor PE ("inreactor"” blends of Ziegler-Natta PE
and netal |l ocene PE, such as products disclosed in U S. Patents No.

6, 545, 088, 6,538,070, 6,566, 446, 5, 844, 045, 5,869,575, and 6, 448, 341),
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conponent RIS t he inventive polynmers. [275] Additional
end uses ?lr?cf)ftg qﬁae%g ?P(fsmgglgnd fibers; soft touch goods, such as tooth

brush handl es and appli ance handl es; gaskets and profiles; adhesives
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enbodi nents of the invention, are uniquely capable of formng core-shell
type par PPEPRIORG\AHE it IWFI’S%FI&P‘F‘? AT VSe MIEPRS afiphenyleny JRiKIaRSt he

form of qni6Qk® aftixiRHRIRM h¥nds Aeked®r SSJn@-%ép%E@ﬁtht?vlea@@ kemé0sMuBgpRdugdel 1"
around the occluded domai ns of hard pol yner. These particles are forned and

di sper sedrawhirgsiyt'he apse¥idsntplysaer™ 690 RO dIG é’solxsmm A Aduntigidagd] t
Cormound'P'aQ/st%/TM 200 antioxidant, Wingstay™ [ 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, Tinuvin™ 144, Tinuvin™ 622, Tinuvin™ 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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bl endi ng. This highly desirable norphology is believed to result due to the
uni que physical properties of the block interpolyners which enable

conpat i blwopoetyasesesr egi ons such as the matri x and hi ghePCtarseeome270&ont ent
el astoneric regions of the block interpolymer to selfassenble in the nelt
due to thernodynam c forces. Shearing forces during conpounding are
believed to produce separated regions of matrix polyner encircled by

el astoner. [9g@N sokdrdiohnki daehp o&1ﬁ@1§sea<ﬁcﬁt%rﬁﬂ§m9§§ ReQGRAMEE BmBlodst R
particles encased in the oI ymer trix.[277 artl cularly desirab e bl ends

are ther ﬁﬁﬁpré%fhe&ngﬂxgﬂén@fqnﬁ %PWSC lack, RBYf AsprogE: Flasi/@l light akilzeBt ends
(TPE), thefampl ﬁét&&tc%uérﬁl%ﬁbségﬁe%ﬁy( oo pBitheSEINE L Mcre RQLYTEr bl ends. TPE

and TPV bl ends may be prepared by conbi ning the i nvented nulti-bl ock
pol ymers, i ncI udi né; functionalized or unsaturated derivatives thereof with
an opt i onal [2BUpber Suitahlg| wremknyineorarertilehferddelas copes gmBHenizngeensl |y an

SBS bls0cko,CRRPAEEIERIudNG1APbAsON ?Je}o)éld@ b‘éie@séﬂ ﬂh@ﬁdlf&%aﬁhrd c%HJpG@dE‘l's 4 “EEEQmﬁ!Q@ nt.
TPO bl ends are generally prepared by bl end |n8 the invented blo
1

i nt er pol yidhes fagpaoingampisiiglp|aes foynd almdheomtu igelH ng i &P .oBajgrty NOng3 65(8 643;
vul cani ziy r% %9?”505%% fan(ﬁ bng, 1§b§9ﬁ545@2y8 4%57%4 ”4§9artl ga[é’s hded

obj ect, otlona cross |nk|n e resulting S|m'lar
proceduréﬂi@&&@ 4d31f1f6é83m5 @%ﬁﬁi’@nent s has been previ ousl y disclosed in U S
Patent No. 6,797,779. [278] Suitable conventional block copolynmers for this

applicati 0”[%9635' r 2ffn¥n RARS BR%d @ué\%oafg% Xﬂe%ﬁa%?dy%&( a(:&\@ieréltzﬁr% a@ 1809k the

range from 10 to 135, nore prefer from25°to 0, and nost preferably
froml80 tenyse.useiastvesdl Aquolbmptsiredrp nsedé@ pentioh the ylmerﬂ@ﬂ/ud@mlpmﬁéw regyirddgor

density @?LMEE Qg c%ﬂ?atlof?%a dd Qyﬁ’%&%ﬂtﬁe éfo%&ltlgsd e ‘%s)%ﬁﬁl%grosk SRRk iGe. m

syndi otactic an d ver ns t ereo
pol y(4- memhydmbodpmnt eaesmgISmcp@lma@r scury pPemAKy pcﬂeipmrs i5 mis¢dudeTlpolpyistayy ene,

rubber mdi HI PS re el acr ile copol (SAN),
ubber oot er Bk BRUETF ittefRliny Pt IR R P ek PERRR T Trnr o,
[ 279] The.dltendsutrd)s, qelrpbagaared gl RbMpoRi}icmr wlergeadl hg ahditherr espeatiheme

t I t t d b t f
oL B TSy IS, ROl o08 P ETEEL AL ©
t enper at ueldimyr frgngaldey & shaMeCameTms! s@ﬁ e fidhnl aboad O kbbutG, phand ofds to

prefer abla%:ltlvaélt)eogr?d &)5811p?ove-r elp(%gilertles 0% the cgge()i(la?t cleo ' Clérrll ?'n(glltlgr% gfqgclcglrerrag)trs
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, thiazoles, 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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that is capable of reaching the desired tenperatures and nelt plastifying
the m xture may be enpl oyed. These include mlls, kneaders, extruders (both
si ngl e scwewoe@d7i6di n- screw), Banbury m xers, cal enderspcan$2aim3i7oke. The
sequence of m xing and net hod may depend on the desired final comnposition.
A conbi nation of Banbury batch m xers and continuous m xers may al so be
enpl oyed, such as a Banbury m xer followed by a mll mxer foll owed by an

ext ruder areliidingah e arPanbiRfsc®sed RBY e CAMOR thé Blb1vhdidn, MBskid VughiBsaibRaedi ng of
cross-linkabl e pol (typically the conventional block copol yner

cont ai ni HERSEATAT Y0 iﬂﬂd%930%hb%W%@“¥@lTPo conposi tions. Generally, for TPE
and TPV conpositions, the weight ratio of conventional block copolyner to

bl ock interpofynmerwksy he vidcRMn m&0échbhitife LOmPOsitidDAie apn@fstemhhwy from
80:20 to 20:80, and nost preferably from 75: 2% to 25:75. For

TPOappl i CERSHIEMed. thedesygs; gftfross hipking @ﬁy b arersurgst B fistofvieg the copepsyetrei h may
be fraem abQui f&%péclflé(ﬁt@ﬁﬁﬂtané c%@ulat’fﬂy the r@efnﬁéém Nne&(r%b%co%oh&lt apput

10: 90. For nodified styrenic polyner "applications, the weight ratio of
bl ock i ntPeicpd| geterormglly dnsredses jwithrringreasing cpsslinking Myelst FOr sured cartigleut

5: 95, nor afcdidi %ﬁ{ %&ﬁl&lélﬁ%fséﬁ @I?\leh ¥ heué/eréegt %9 coﬂ-tgl‘?t i %Eélﬂﬁly[l’[ﬁéll}é;ﬁlngg'anQEd

by chang|ng t viscosity ratios o ari ous conponents
consi der dvineS to H0@matcemte i ||l ustrati ng techni ques for changi ng the phase
continuity by changing the viscosity rati os of the constituents of a blend

that a per S[@QZ]SK' | "h%dolbcﬁq 1&1@ etrs 5@:& %Hboﬂlineﬂt@%?ﬁﬁﬁﬁ‘yenu[)@§50‘}velp§§ tai nA

conpositions of the inventive b ock copol yners al so act as plasticizers.
pl astliOci béands therpehposadsh ymanVQﬂ@ramss,abdmym@umed iequiop evt gpwgositirms, duehit gh
nol ecul ar, h r

faC|I|tatemﬁigcgggﬁkéﬁﬁﬁ%gﬁggg qﬁ?g@m% qﬁpﬁﬁpé§bgﬁéﬁgﬁt@§%b§m3%dlggi

di st ensi bmtbnpblyrm)f The, melwnmos;tlmrymﬁWhEnmateﬁ @n isr@ngl w;rfacesa@narance

engineerln I stlc hat ene y stiff d even. britt| e | ow
roomterrpel%é]taH {é e§6§%$ﬁl b |grf?{sé%#%§g%gd? ©por %6P§p§Fé%ﬂwn 281]
Sone enbednpediias @ﬁd bleeds thmedsﬂ urﬂ)qnepzr ¢sedeinmreeid nhedt hieegtdq)rwettfes thereby

poly ropylene E such i nterpo ticizer i th
bol Y ropawge FLarad R R EPshrERE, METRurBr e e ToPbthisne the
atactic pedfypy epylogse, folihengli@ssoforaing iapplamatidm el 8 rekio sa@erenmdul us
and VISCQSItg of the bl ended pol ypropyl ene are | owered. By
inadequate.
[293] Thermoplastic compositions according to embodiments of the invention may
also contain organic or inorganic fillers or other additives such as starch, talc, 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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decreasing the transition tenperature, storage nodulus and viscosity, the
workability, flexibility, and distensibility of polypropylene inproves. As
such, br osdes@dcssamer ci al application for these new polPgpruspylesEobl ends
in film fibers and nol ded products is apparent. Furthernore, the
flexibility of a product design utilizing these novel blends can be further
ext ended by taking advantage of the enhanced conononer i ncorporation and
tacticity cppsrol ROYAiHBh o WetdonB R 1QKaNS 18Rz a&ﬁlﬁfntehﬁamaﬁ&@@@y%an be

catal ysts, %ogh of which can reduce isotactic ypropyl ene crystallinity
prior  t o Usdefdiangiatger Hhathis asciehe ipeths §9BRW1nat‘§fSpcﬂr9/\ﬁ%?nal [2PBIYatiqife dle

plast i ¢i zeeicRaby b ORkh SAE it AmRLASK! SisfR Qarephyﬁﬁﬁls i SROHELBRRLL AL T NS
for pol ypropyl ene conpositions. These uses Inc but are not limted to:
hot neltaadhégmvegﬂngneygadbys@ﬁgm@h@@mamﬁ@ng@§W(as an adhesi ve conponent,
particularly when the pol ypropyl ene has |ow | evels of crystallinity, e.qg.,

anor IO'SOUS pol XEFI&BXJt%&i)ichaEbﬁ Bﬁﬂe}‘ﬁi@ﬁlﬁ%s \%ﬁ Eth ?leﬁaa @?éﬁdsﬂ%ss Se@singr bl own;
such wi Il exhi roved heat sealing characteristics); sheets (such as

by extr u$0oh7.PEs, §1|1€ﬁ1g4ne§eﬁ'i€mﬂ?ﬁl k6, Bfper sheets where at Ieast one |l ayer is
apl astici zed pol ypropyl ene thernoplastic conposition of the invention);

nel t bl own or  spuiRQNSinfehH61a% Rafidth LidPed SEIHRA Madd ffort HIRPNSRES of N
t her nof or mabl e thernopl astic olefin ("TPO') and thernopl astic el astoner

("TPE") Bltetens/onfietias 3dIUspt Bsyetnd) hadsrig N io017oh a3, ﬁlleﬂ@éﬁeﬂéwbﬁslﬁr ated to
be effectjpye. In view of these many uses, with inproved | ow tenperature
properties and increased workability, the pl asticized pol ypropyl ene
thernDpIastlcs offer a suitable replacenment in selected applications for

pl astlilci zed p8l Rehwwar Bigpdpfrpadnie er pRigBylenseOfifiend) € o¥AsiskNe-i ons may

contain Q;bgq@g@f; %QedQHs%pteHl'b@ISlté shsers, and processing aids. Rubber
processing oils and paraffinic, napthenic or aromatic process oils are al

suitable for use. Generall fron1about 0 to about 150 garts nor e

preferably abdliVierosisy BABURIPIOG! foalpkricagreomresiiops ePey apia) Nor T Bbi3dt 0 to

about SOH%ygggémmﬁk}upgmﬁloo parts of total polymer are enployed. H gher
amounts of oil may tend to inprove the processing of the resulting product

at the expense of some physical properties. Additional processin

i ncl ude conveﬁ}I%W%ﬁMﬁ%&%@ncpa@ﬁvméef§m§5pygCH§HEﬁIé§ %%WkN%ﬁpgﬂgégéte or

zi nc 13t eafi@t & sebRalbyy A, 6gdre!l s i ncl udi ng gl ycols, (poly)alcohol ethers,
i ncl udi ng gl ycol ethers, (poly)esters,

6) “Fibers Made from Copolymers of Propylene/a-Olefins”, U.S. Serial No.
60/717,863, filed on September 16, 2005;

7) “Adhesive and Marking Compositions Made from Interpolymers of Ethylene/a-
Olefins”, 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”, U.S. Serial No. 60/718,036, filed on September 16, 2005;

10) “Soft Foams Made From Interpolymers of Ethylene/a-Olefins”, U.S. Serial No.
25  60/717,893, filed on September 16, 2005;
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i ncluding (poly)glycol esters, and nmetal salt-, especially Goup 1 or 2
metal or zinc-, salt derivatives thereof. [284] It is known that

non- hydr ogertatsad7ssabber s such as t hose conpri si ng pol ymecirasdoobosarss of
but adi ene or isoprene, including block copolynmers (here-in-after diene
rubbers), have | ower resistance to UV radiation, ozone, and oxidation,
conpared to nostly or highly saturated rubbers. In applications such as

tires made fr o ¢omRAskidRVgeisiRHididHeRPORKS MREPSIONELRIBRE L @RRagiOiIf ene
based rubbers, it is known to incorporate carbon black to i nprove rubber

st abi | i t J-SaleHANWoPH 1 2873, fl&?i‘dweseatéﬂlib?rl Wed003hd anti - oxi dants. Bl ock

i nterpolymers according to the present invention possessing extrenely |ow

| evel s of unsaburaihORadd Fofh IR0l a6 BRAbILADIBNs 28, R SBiANRCt i ve surface
| ayer (coated, coextruded or | am nated) or weather resistant fil m adhered

to articlo85178p0mdledransispebiivicht: 2&Ral di ene el ast omer nodified pol ymeric
conposi tions. [285] For conventional TPO TPV, and TPE applications, carbon

bl acksis the agi)dicrompem@éns%h gu@@na‘:/@rowhﬁ RROBREL maergmmatfab Bldvéd Fins
properties. resent ative exanpl es of carbon bl acks jnclude ASTM NI | G,

o o35 o Ratis U oSl Nogs 1 RO8E Heagmeseprame: |Gl vess NGBS
N343, N347, N351, N358, N375, N539, N550, N582, N630, N642, N650, N683,

N754, N762, NT@B(hNZﬁ&m NK@&ESh@ﬂimhﬁ@@@nLM@ﬁ@BB&@P&@&&f’Theaﬁnﬁﬁmbon
bl acks have i odi ne absorptions ranging from9 to 145 g/ kg and average pore

vol unes ©OH7 AgH flfntsPetbest®. €87 100 g. Generally, smaller particle sized
carbon bl acks are enployed, to the extent cost considerations permt. For
many such appl$c®biyaksBiches IFIbﬁﬁﬁﬂafpol}JnQﬁskofiHilﬁﬁérﬁQﬂ-@mﬁﬁS, g saiends t her eof
require ll71%§f§ no carbon bl a t hereby all ow ng consi derabl e design

freeddm 108 G dAne PR ROER K- gﬁ)(&?rent s or no pignents at all. Milti-hued

tires or tires matching the color of the vehicle are one possibility. [286]
Conposi ti ons, 16)nmlnucttlagqﬁgheasrﬁmitﬁa§ Cempii eipdatea@lmiclt GREthyenbofinent s of

L LR 38, SRS P B0RRS, O Ll oxi dants that are

physi cal protectants such as waxy materials that cone to the surface and
protect the pari“lite@olyoxisgs EtHytene/zabiefinrBlefi vindrBiypfike athendkeadMade

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.S. Serial No. 60/717,587, filed on September 16, 2005;

19) “Compositions of Ethylene/a-Olefin Multi-Block Interpolymer For Elastic Films
and Laminates”, U.S. Serial No. 60/718,081, filed on September 16, 2005;

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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protectors that react with oxygen or ozone. Suitable chem cal protectors

i ncl ude styrenated phenols, butylated octyl ated phenol, butyl ated

di (di net wbhewzpijssphenol , pphenyl enedi am nes, butyl at e#Cramet0ns7ps oduct s
of p-cresol and dicycl opent adi ene (DCPD), pol yphenols anti oxi dants,

hydr oqui none derivatives, quinoline, diphenylene antioxidants, thioester
antioxi dants, and bl ends thereof. Sonme representative trade nanes of such
products are Wngstay(tm S anti oxg&aMpLES! ystay(tm 100 anti oxi dant,

Pol ystay(tm 100 AZ antioxidant, Polystay(tm 200 antioxidant, Wngstay(tm

L anti oxi da Wngstay(tm LHLS antioxidant, Wngstay(tm K antioxidant,
W ngst ay(t o, an?l?eoffeﬁ%ﬁg ?xwpiﬁﬁea@mlﬁsd glystrafs Coxttame! theiavafiyanox (t m
ant i oxi dgBfysers CeHRAINR oAMPRsORALE HAGe with CordWxisti@X bSIgNES. aREleRdfiples@RONaNts
used wil I preferably be non-staining and non-mgratolga%.i 287] For providing

: . . ) [ 28
addi t i ondressitebiolerepldy smhedimenss phie HYVERION bH HelBotdpfender fRlimitgiet st abi li zers

( _HAL S_)j a%eh%r@t@%ﬁs%@&ﬁc DRYodARerd sPfoh e @nle%-‘iingli@!\)cla@toth , ﬁlpﬂrﬂé de
Tinuvin(tm 123, Tinuvin(t 144, Tinuvin(tm 622, Tinuvin(tn 765,

Ti nuvi n( teacemIs aegrhy Weighty AH Cpwpricadgalues\aes Jparsikendte. oYhe panesalaprges gre

Chem cal s; ) avail r } . Houst on

T "ush, ByePaeEBeyaadnbilnd ookl IRIE o SR ok B L
order t o thecheppevd teipemiion. Sperifiacletaduddseribed imeachlpswipdsddulidmotheSonfakent  No.

6,051,68%§h§§§$aﬁg&uéggﬁ?%gggg%hyions, addi ti onal m xi ng process may be

enpl oyed to predisperse the anti-oxidants, anti-ozonants, carbon black, W
absorbers, and/or light stabilizers to forma nmasterbatch, and subsequently
to fdom pestymaMethiodnds there from [289] Suitable crosslinking agents (also
referred to as curing or vul canizing agents) for use herein include sul fur

based, peroppfie bagghh exAmpRYGRPINIGY @S foGARANNASH (EHAGRS &2 oAlp1dyBe

foregoing materials are found in the art, including in U S, Patents No.:
3,758,643; 3,806,558; 5,051,478; 4,104,210; 4, 130,535; 4,202, 801;

4, 271, 04$:PG Myshpdgen Rups Agpand/Buny1-357 g82: 4. 311, 628 and 5, 248, 729. [ 290]
When sul fur based curing agents are enpl oyed, accelerators and cure
activators [zag be Mﬁ@ﬂoﬁ&temdfldid-hmﬁlg IRt QfuHpad Fithls BehtéOnee@BEEQH 1607€ tine

and/ or tenperature required for . . .
is used to add enough 1,2,4-trichlorobenzene stabilized with 300 ppm Ionol to each dried
15  polymer sample to give a final concentration of 30 mg/mL. A small glass stir rod is placed
into each tube and the samples are heated to 160°C for 2 hours on a heated, orbital-shaker
rotating at 250 rpm. The concentrated polymer solution is then diluted to 1 mg/ml using the

automated liquid-handling robot and the heated needle set to 160°C.

[299] A Symyx Rapid GPC system is used to determine 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 (um) Mixed B 300mm x 7.5mm columns placed in series and heated to 160°C. A
Polymer Labs ELS 1000 Detector is used with the Evaporator set to 250°C, the Nebulizer set
to 165°C, and the nitrogen flow rate set to 1.8 SLM at a pressure of 60-80 psi (400-600 kPa)
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 needle. Serial analysis of the polymer samples
using two switched loops and overlapping injections are used. The sample data is collected

and analyzed using Symyx Epoch™ software. Peaks are manually integrated and the
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dynam ¢ vul cani zation and to inprove the properties of the resulting
cross-linked article. In one enbodi nent, a single accelerator or primary
accel er atwo 2009/093®d. The primary accel erator(s) nmay be Be®aIS2009108178%
anounts ranging fromabout 0.5 to about 4, preferably about 0.8 to about
1.5, phr, based on total conposition weight. |In another enbodinent,
conbinations of a primary and a secondary accel erator m ght be used with

t he secongaéXiapGeghehfrRhtidgtRetell S8Gbricfted AR ds€f pAYRH S andita RaBtadonom about
0.05 to about 3 phr, in order to activate and to 1 nprove the properties of
t he curedVgfticle. Conbinations of accelerators generally produce articles
havi ng properties that are sonewhat better than those produced by use of a

singl e agygt S{aﬂaﬁrd-Mbmoé@ﬂiélﬁdiﬁ? RURY AVesherbAON3HCCel erators may be used
whi ch are not affected by normal processing tenperatures yet produce a

sati sfactor ure at_ordinary vul.cani zation tenperatures. Vul canization
retarders nesaﬁt al gfeff'é‘“ﬁlgﬂgm%ﬁlﬁrﬁpngV%té agsdelepinpd Psipgd fAfwai‘é may be
used 5N tQ@OPDSERQLippAMEIR 4ORCSES]IR 'm@ogcunauhhﬁtd%pl@.umﬁt%gaﬁm e

t hi oureas, thiazoles, thiurans, sulfenam des, dithiocarbanates an

xant hat e$2s fpe e/ yun ig H%’?dp rTftlﬁ'éPrf%Pl%EcPéqS&dé‘PtBIa thig fijm ang melied i e prgss aty

second aGe&l gy OhnditfenUfitDolell REroSRGANFRANAEPE) €186 Ay of hakFigf i€IRRLY &
guani di ne, dithiocarbarnate or thiuram conpound. Certain processing aids

and cur e igepiovam gianeiy etk epscuieliricishag Rlcah it Zibt papingnsrinten Wsag). anthen
per oxi de jaasech,ey W RAITRAGIHS] @Jh@viHls(ﬁqlile s%&-g?e% 1n\{1@srti§£t§(li Qh ‘ﬁ{%%_smiﬁ% may be

used in conbination therewth. Suitable coagents i'nclude trinethyl ol propane
tri adfyl dtrepefaryepile. t Thersamplp liolapidbydwated tor 130EE hecheld imetberpmMerT R)inutes i al | yl
cyanur at ' j (-FAl St of

per oxi de%&%@%i’r%&(yf g“éﬁ%"%%ﬁ%%%ﬁ%% geT-rl%}t%sS %glg?@%?m%%? ? (;; aA'I0 éé)Jrﬁtecorrpl ete
dynam ¢ V0f@axm ewiing rage andlhnlovan -40AC fdre raimbitea nthediampleosthen haatedax dhpiceati n t he

publ i catilggb " P Eﬂ%(ligg%.v Iecc%rgi.zati on of . Elastoner”, Vol.. 74, No 3,

Jul y- August 24b en l?‘?eanglseoccoﬁldlh?lattlélgﬁ%ﬁvf/srfaé? reg%rrq?%i ni ng conposition

is at least partially crosslinked, the degree of crosslinking nmay be
measur ed byl3@1]ssol TheldSE heltmg ppaksis measurddras ghegudxiamn iff lorat Bpe citd (Véhg) dur at i on,

and qal cyl.atl ctttg'ﬁlef?@ga‘%%gstengeeémv% oA %‘a'e%g SPJHB RE e hEQteofgl%ﬁ&eF‘t gel
normal’l y ‘1 ncreases w i'ncreasing crosslrnking I'evel's.®For cure articles
accor di ngs easer asliharereh sinddr tieheeliinp/@intel lenweeh R0°@ end tn endyefl mad ong witg a S

desi rabl ¥, L0, L15,{ ange

[302] Calibration of the DSC is done as follows. First, a baseline is obtained by

running a DSC from -90 °C without any sample in the aluminum DSC pan. Then 7

20  milligrams of a fresh indium sample is analyzed by heating the sample to 180°C, cooling the
sample to 140°C at a cooling rate of 10°C /min followed by keeping the sample isothermally at
140°C for 1 minute, followed by heating the sample from 140°C to 180°C at a heating rate of
10°C per minute. The heat of fusion and the onset of melting of the indium sample are
determined and checked to be within 0.5°C from 156.6°C for the onset of melting and within

25 0.5 J/g from 28.71 J/g for the of fusion. Then deionized water is analyzed by cooling a small
drop of fresh sample in the DSC pan from 25°C to -30°C at a cooling rate of 10°C per minute.
The sample is kept isothermally at -30°C for 2 minutes and heat to 30°C at a heating rate of
10°C per minute. The onset of melting is determined and checked to be within 0.5°C from
0°C.
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from5 to 100 percent. [292] The bl ock interpolyners according to

enbodi nents of the invention as well as bl ends thereof possess inproved

pr ocessabwbizbg/oodspared to prior art conpositions, due, PCI/USsoMmBi7eved, to
| ower melt viscosity arising fromthe pol ydispersity of the inventive bl ock
i nterpolyner. Thus, the conposition or blend denonstrates an inproved
surface appearance, especially when fornmed into a nol ded or extruded
article. ddcMgngpne tine, the present conpositions and bl ends thereof

uni quel y possess i nproved nelt strength properties, thereby allow ng the
present blo i nter olxners and_ bl ends t her eof ecially TPO blends, to

be useful| y[%%]pl oy PHBEHHOR ST RSB 5o FHY C%ﬁﬁf.oéatﬂil%ﬁ&msre mel t

st rengt h rlaforeliE£Nbie! PLIAIRHN BbOmel Zd3tarotte MBI BSbI(Cin GRMRAS | THeR@BRimn
according to enbodi ments of the invention nmay al so contain organic or

i nor gani @nd FrpEsELCOBIPARMpRSY arg @BGTARY aisl 48 e h Th@e SelypenLl-aboggteries d GiMEeQRn
Carbo@at@Am&iB%%mhh@%kﬁmapoh%@ﬁR&ﬁlél@@%§mﬁh&%hﬂgkn@h@¥&ﬁﬁxa&ﬂ%&ﬂnﬂCOtt0”
pol yester, and pol yaram de), netal bers, flakes or particles, expandable

| ayer ed ) i:@a@ré@twmfd%baramé@f mly@%rrlbéﬂ miki§terssaf splvens centpiag 269 prm ok | i ca,

al um na, al car bon
fibers, ng opapgahkggﬁ%ﬁ%Iﬁgpng%gggggggﬁggéaBf?%&ﬁﬁgﬁgangra.l?%%

zeol i t es,16816d Therzedtios yolome lysealds $00 miponitaraatsi theflowirdt¢ sd) ml/mmutte or

titania. Silane based or other coupling agents may al so be enpl oyed for
better Ti |l @pgpONdifirarlofBfhe HIR: doBHIRPLBEHhnA MRS b O SIARERE di N9 T o
enbodi nents of the invention, 1ncluding the foregoing bl ends, may be

pr oce¥s edvelight dismbpiner mryrmlsmmdﬁwmmm‘ég veigits lagglnmfremtiiiatp mol di ng,
extrusio I M Vv sert

nol di ng, 3 @B il Ql?‘é ‘(% 0% gD%f% e%lﬁt%%ﬁ%%géﬂ &E&ica& e rfﬂ}) a!ug%l ﬁ%weé ti-layer
filns, nm}dlbéuqi)nmthquledwbghtsaﬂe smarndmelmmemhwgaSpd ﬁom%snerlnbdmtdnﬂg bl own film
processese

Ltipn to. the above et h ol efin
Ptor pol yApenar- (i E bl bR nesth o bBE gl ELEIAY SR

fol | ow ngolkderﬁforpn@VGuﬂ;ar orhtsanpdl itc at grents ,thatnhG()Od]OQO,l ang Omégramfs im0 ch and their
contl uati.gns nal | i cati ons ngr @'n ti part
appl i'car oty & habrnoraR e TR fi GO Rt P eBRp i

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, J. Polym. Sci.,

20 Polym. Let., 6, 621 (1968)): Myolyethylene = 0.43 1(Mpolystyrene)-

[305] Polyethylene equivalent molecular weight calculations are performed using

Viscotek TriSEC software Version 3.0.
Density

[306] 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

[307] 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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1) "l npact-Modification of Thernoplastics with Ethylene/a-Aefins", US.
Serial No. 60/717,928, filed on Septenber 16, 2005; 2) "Three D nensional
Random Lowpedosgrisst ures Made from I nt er pol yners of Et hpCensieo@szhs ns and
Uses Thereof, U S. Serial No. 60/718,130, filed on Septenber 16, 2005; 3)
"Pol ymer Bl ends fromInterpolyner of Ethylene/a-Aefin", US. Serial No.
60/ 717,825, filed on Septenber 16, 2005; 4) "Viscosity Index Inprover for
Lubr i cant,e£edRasp be Qs> psi I8GkPaE6! BhidNeol1o@R4 By 8.3 M8h fof B Lt 00 megplceber 16,
2005; 5) "Fi bers Made from Copol ymers of Ethylene/a-Oefins”, U S. Serial
No. 60/ 7MPafgy3 nyin.| By fgp isthse eepdest in fig presggath rgpningmolfbyatensid e YPafar 1

Copol yneng, OfrmdX 5091@%&3@1'8?1 hidideh @ifhh@ﬁlé used-fot opﬁ@ﬁl'ﬂ%as%nen@s%n?l }ehsBOtbhatibs, €d On
Sept enber 16, 2005; 7) "Adhesive and Marking Conpositions Made from

I nterpol yners of Ethylene/a- Aefins", U S Serial No. 60/718,000, filed on
Sept enber 1@9812005/;\d%9nf0~ fop FRSIS ST GRS OB QRIIFA) ICRHRSIAIZENE i n Ml t i - Bl ock
Interpolyners Suitable For Filns", U S. Serial No. 60/718,198, filed on

Sept esberrrdimisdioR BleciPon VMRRERedp9 gyENPdi fi cati on of Interpol ymers of
Et hyl ene/a-A efins and Articles Made Therefront, U S. Serial No.

60/ 718, 036, ,f4l €d an Sept enber 16 005: 10) "Soft Foans Mde.From
ot et pol yreP Wt e yMERIF g e g Wee ot by B el B WRIRKEAS ™ 1| ot o
Sept enbergrabs, of O hieil Adtwednqwl yéatadiooroethy W shbdts &xtdhyikteme 8 arilGhiek) hintint er pol yner
as Base Lubricant G J", U S. Serial 60L 717,875 il ed, on_Sept enber 16,
5008, 2y ok AR BRI EP T RarS Rofor £ HyF e FloBF AR B BRI e
Serial N@0,0601bf1Th&6kh ark tHe@dofled inapd geRer0,d®), 1b83 00&r diffeyent Gavipisg t | ons of

Et hyl e(\)ne/a-C],efi n Multi-Block Interpolynmer For Blown Filns with H gh Hot
Tack"l0 ucendigQns; o) No. 60/717,982, filed on Septenber 16, 2005;

[310] The compression molded films were trimmed so that sections could be collected
between the skin and core. The trimmed sheets were cryopolished prior to 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 (III) chloride hydrate (RuCl3 x H20) 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 UC6 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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14) "Cap Liners, Cosures and Gaskets From Miulti-Bl ock Pol yners", U. S
Serial No. 60/717,824, filed on Septenber 16, 2005; 15) "Pol yner Bl ends
From | nt ewpabgmerssof Et hyl ene/a-d efins”, U S. Serial ROT/USQ¢03DL327035,
filed on Septenber 16, 2005; 16) "Anti-Bl ocki ng Conpositions Conprising

I nterpol ynmers of Ethylene/a-Aefins", US. Serial No. 60/717,588, filed on
Sept enber 16, 2005; 17) "Interpolyners of Ethylene/a-defins Blends and
Profiles papg Kipakicd Sudpde Therefront, U S. Serial No. 60/718,165, filed on
Sept enber 16, 200 . 18) "Filled Polynmer Conpositions Made from

I nt er pol yne Et hyl ene/a-d efj ns and Uses Ther eof Seri al
60/ 717, 587, [33% ed %er%ly@amwﬁngf%ca%dgew as'feB%“ogFlh%ﬁéo grare foaaed”

Et hyl eneligo ghe gs anj\maﬁléteﬁiogs% MaRF el i MRlle Q%o RhRSS Held bhdhd b§RGose
Lam nat es”, Seri al ) 718,081, filed on September 16, 2005; 20)

"Ther rmp|cb?§tn A G Bﬁa(ﬁﬂéésgbloesbmapplsqdﬁ@thprﬁ?léfrtwt%@#lgdeéﬁt £ 15 doeAdr. O ef i ns”

u.S. er a 36 e o} 1 a € Iti-L
El st o AT Crah Mo FERuEihel (o Raag LR B AREEa Mpe g e T K o7 00!

and 22) ‘renewed ifiopethe Sl agil éreipallat plasking lf%@msaw@ irp dsiding drescydimebr Af t i cles
Pr epar ed bﬂ%ﬁ(% | J180%n @cﬂ:g) WEQQE 5P M ﬂﬂtrﬁﬂ@m%@{ﬁ%gsu e%«ﬁcon@pr Rk fN:

60/ 718, 184, ed on 6 2005. EXAMPLES OMAng
exanplesI@wbdplbvﬂddeﬂmﬂmhhMSthte the synthesis of the inventive

pol yners. Certain conparisons are made with sone existing polynmers. The
exanpl es \Lepffegsented to exenplify embodinents of the invention but are
not inten ed tolimt the invention to the specific enbodi nents set forth.
Unl ess indicated to the contrary, all parts and percentages are by wei ght.

Al r@meri cil3lval uslt ddex.05 br 5opaastred inppeaidanehith AaTM Rdges Capditigt ven, it
shoul d bqoydeisiHadet Patx, SPRPRI NGB RedsuPdif 8@ rdai& wirh§dvBRERS May still

fall within the scope of the iInvention. Specific details described in each
exanpl e $hoditidn h°CHO kgonst r ued

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, I.R.; Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
incorporated by reference herein in their entirety. The composition to be analyzed is dissolved
in trichlorobenzene and allowed to crystallize in a column containing an inert support (stainless

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.
13C 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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as necessary features of the invention. Testing Methods [297] In the
exanples that follow, the follow ng anal ytical techniques are enployed: GPC
Met hod f owORwWIAS6E and Runs 1-35 [298] An aut onated |i qairarshenbing r obot
equi pped with a heated needle set to 16Q0C is used to add enough
1,2,4-trichl orobenzene stabilized with 300 ppmlonol to each dried pol yner
sanple to give a final concentration of 30 ng/nL. A small glass stir rod is

pl aced i npovERGPectiYRBeRRkrds &lcﬁagrmlaé%t REGhahQ@3tRferdcd ofl FIMIR! TRe @gws on a

heat ed, orbital-shaker rota at 250 rpm_The concentrated pol yme
sol ut i on areAcepiEaq Hging &P%trftr@le&ts ﬁgr/c}ﬁa fije Wﬁg atorrecond iyt egeritiongaloy- ﬁanon ing

robot and.{ibg Peahed s@ﬁrﬁ% ﬁo1§@[tor &&n&éﬁp&na[y%% 9[11u1€‘p1§¥1§i¥)f11§%@ agldga:) C systemis

used to determ ne the nol ecul ar wel g data for each sanple G | son 350
punp set tegether. GThelsperitial Widgws 2a0e0 Hz Wutb@dnmmmyﬁb stielowﬁﬁiém g@dts The

Chrough CRrge B Sl At et 0 b B0 PRGBS ThES BEEPRLBOBIRE | oced
in seriess @mimhedtusdg R@nm}@m@d detiRgl ReedallLEGs JEE Rey OWacrDabe Chen. Rhys.used
W th the (.?l\éaﬂﬁrﬁ%gbgf sth1c 1S E]%ﬁ%ﬁ}i eﬁ%g'}'&Q encezh%re11§1?1t1%68tér8p5 0C, and the

ni trogen ow rat pressure o p5| (400- 600 kPa)
N2. The pol yner sanples are heated to 1600C and each sanple injected into a
250 nml | dopymegiBrgctidnativbn hy TREFAakb kngwn abBreparadiva TRIdDed needl e. Seri al

anal ysis of the polymer sanples using two switched | oops and overl appi ng

| nj ections gy Useﬁar%'r&%b%ﬁ{ﬁﬁ ﬁac%ﬁﬁoh?s Gl h?s%l%ﬂ%lé‘@@' Hg&lﬁﬁﬁéﬂ A9 Synyx

Epoch(tm software eaks are manual I nt egr | ar wei ght
i nf orl@at ilicass pleldf tedhlarekeorane €TER) la’gﬁalﬂrr&fma‘l poiryatlpd €n elhstpatydier sbletidni br at i on

curve. D§Cfo g@g%g m%@@%afﬁé&% H%ht%gi C{ﬂ&?‘%}fbﬂ Fogg‘pdGr gf)h'gﬁa %mi?t)eelkglg%l

Differentia l'ori metTy resu m ne nodel
Q OO0 DS@adgd ivpihedOwiot(h: Varmlmsofﬂ@ch%h@(@@@és@msyhe&nd aehnanat watymlrss A

hi n Pi 1 AeharaaRte o ol il Bue HE Bt bR P Rk RbE BB Rel " §
room t enperh002& (020()).didneld Cngwmff shoataetiladle fregn Péllers, Bidi 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 ml of methanol including the final rinse). The filtration
step is performed on a 3 position vacuum assisted filtering station using 5.0 um

25  polytetrafluoroethylene coated filter paper (available from Osmonics Inc., Cat# ZS0WP04750).
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, I.R.; Determination of Branching Distributions
in Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982).
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into a 6 nmdianeter disk, accurately weighed, placed in a |light alum num
pan (ca 50 ng), and then crinped shut. The thermal behavior of the sanple

i s i nvestwoab@dInicsh the fol |l owi ng tenperature profil e. PCHAISS@IPBE05 S
rapidly heated to 1800C and held isothermal for 3 mnutes in order to
remove any previous thermal history. The sanple is then cooled to -400C at
10C/ mn cooling rate and held at -400C for 3 mnutes. The sanple is then
heated t a1dipSurBifetRt 10C/ nin. heating rate. The cooling and second heating
curves are recorded. [301] The DSC nelting peak is nmeasured as the nmaxi num
in heat flow rate ( with respect to the |inear baseline drawn between
1300C and dritlof nléél\r%%?{a}gthr%smég?asaﬁdfbe@ﬁlaﬁa.%plﬂaéagfw@atea tqhta o4 under
the nel ting dedewe 2et he fith a8 0Rfanddshelc? apRoxiffateclBl S deBied SAING cquiliblaBRy

basel i ne. [3021 Calibration of the DSC is done as follows. First, a

basel i ne thessapigteapnldd Giorrl( axHnwes. thepsEFip Bihat 9epeadol trpIEN%HZ-Yanpl e in the
al um gum . 1l 1.1 f I j.0di i | yzed by
neati g R T B A o e S B AR Tt
of 100C /ofiaerefenitingwipel Idoyted &@inmcpetdveths dieptith ansotdieativaldf ¢.4anm/bsdd0Thé or 1

m nute, followed .by heating, the sanple om 1400C t o..1800C at heat i ng
Fare of 10tesER BaF R S AT AR For SRR TUAEER R 1B g of the
i ndi um samEieumRdsitteore Atdad dndg deeckBdlefigede thei rhdli sireBgth. BiChé e 56. 6C
for the onset of l.ting.and within 0.5 3/ g froam28.71 J/.q for the of

fusi on PBSHBEBATYBHTOgRB e it bIPey SR rSIgE f r esh
sanpl1® i Rvak fkePBCn@lagtrehp@MTRO ek Srend@ACreabrdad mQehdM@vtomt@Nof). 100C per

m nute. The sanple is kept isothermally at -300C for 2 mnutes and heat to

300C at h aii nﬂ ratg of éoocﬂoe’ mnut e . The onset of melting.
det er m ned® e FEEHSRIAERCBIIER QY £383] The gel

permeati on chromat ographi ¢ system consists of eit hér a Pol yner Laboratories
Model PL-21B1%2r a POINNRspdcabeopyt oitheaschivide kndin B2 drofot masseribg The col um

and carousel conpartnents.are er ated 140. QC. Three Pol.yne
Labor at or PRE L FHCHSH IR 3842 %8216%%%@5#@%0& Eg‘? hipgac 48 F%HE!G‘% frér $eo 4
tri chl or ebendiamen of 06m &Rk Esntént GorRIHERAE/BCblefin 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 BC NMR
spectrum under conditions where the intensity 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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at a concentration of 0.1 granms of polyner in 50 mlliliters of solvent
contai ni ng 200 ppm of butyl ated hydroxytol uene (BHT). Sanples are prepared
by agi t atwogodweghiesy for 2 hours at 1600C. The injecti orCraiSaom/oseyesl i s 100
mcroliters and the flowrate is 1.0 m/mnute. [304] Calibration of the
GPC colum set is performed with 2 1 narrow nol ecul ar wei ght distribution
pol ystyrene standards with nol ecul ar wei ghts ranging from580 to 8, 400, 000,

arranged lg{s@m"cocmsalth mBth¥d As@SesMiltthe @n-d088t peakAa€ adR & soteRahdti on
bet ween i ndi vidual nol ecul ar weights. The standards are purchased from

Pol ymer 0abet gt Bethedhesmaishetibe miouhesqpeakpin 4 léwrgry ohengle sl dRecHR &
prepar ed @l in0dr Ot §é§§neh(‘c ofitibd. ik "sﬁ‘e"céal%flatéloahéé%l%erﬁlfhés ﬂﬁ@hﬁgﬁll&é oei ghts
equal to or greater than 1,000,000, and 0.05 granms In ITIi1ters of
sol vent ftlorsoffobgiaant mntm@atlght%the 8@ ppm peak. Il,leml)tfa@@@ beuvhf@n ﬁ@lrg@wﬁ(bﬁb

st andard r Nt r utes. The
narr o?v s?gﬁlopgﬁlgglﬁﬁlﬂé%loﬁt?sgéﬁgggglgﬂtr;]\dtt(ﬁ t(gt&l%éjﬁgk ?gﬁ%}?atr gm’re&cfggtgggas@ng hi ghest
mol ecul arSevmdgtht netep emeloys moemplmaimwtidtegﬂiazd@frbmmacﬂmw podsytther ene
standard wei ght dto..

wei ght s Lcl:gtlg?‘ Sts f ée??n%ﬂ% Cgl\}\% cn r[% é)o%d@ Earﬁ? &Eegocnlll? 91&1519 %%{Ye% gftrrg

. Polym cSmposuR(ml Vhid, ﬂ&:tmethodﬁ;seﬁﬁ&h:(rd@@)e)lt cdh’gmslylem,hlgﬂ lenksezment

0. 431( Moai 305] .Pol et hyl ene ui val.ent nol.ecul wei ght
cai oul o CEHEPHE e Rg AR Ahy ST SRS B PP e moBR e o 3.
Densiioy [cal06ihte BaaRkES ghorit cdRIiBUion tHERIIGH-SOBP pR1IS. Wﬁﬁ(&fneébpamf chhang to

ASTM D 1928. Measurenent s are de wjthin one hour sanpl ressi ng using
ASTM D79 PrOMgaes dhoge! ieyfficigt t‘b&%ﬁ‘é‘?%"e%"“ﬂ@é‘ﬂmg‘i r‘r’?ﬁ“‘H‘r Sl‘tfeﬁherﬁ‘ﬁf‘?m ckness are

conpr essicontehteh the thatdSskfiferds 8 Ww. FiLAS, (hCarenid siirehels thARRPse4MBLRO0LR) . The
pell ets are placed between pol ytetraf] uoroethyl ene sheets, heated at 190 0C
at 55 psicopRefiqumEpm the POm3GPRN Peaks Pmatwhqregulwlbad? igfo the fifshstemdle t hen 2. 6
MPa for Jp&ientepd B réfehi@y h§u1talite1@s&t@%ﬁérgbncbﬁ'@rg%@esl§ aMidvRd WHBIN GGt d Wat er
at 1.3 MPa for 1 mn. The conpression nol ded | s are used for optical
meas Upemét§tagonrrgulisders ithaa Openali ¢ifferepae gqr tmtqnﬂﬁqyelflertherseftlswe&ﬁce and ot her
optical characterization.

[321] Validation of the measurement is accomplished through the analysis of several

rdJ

in situ polymer blends. By design of the polymerization and catalyst concentrations the

expected split is compared to the measured NMR split values. The soft/hard catalyst

concentration is prescribed to be 74 % / 26 %. The measured value of the soft / hard segment
20  splitis 78 % /22 %. Table 1 shows the chemical shift assignments for ethylene octene

polymers.

[322] The following 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 solution column to the bottom. The sample tube is then left in the

heat block for at least 24 hours to achieve optimum sample homogeneity.

30
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Transm ssion El ectron Mcroscopy (TEM [309] Conpression nol ded sanpl es
were prepared by placing approximately 0.5 granms of pol yner between

pol yt et r aVDrovI®r3e§| ene sheets and within a 3 m | thickpCZ/USe@l/osi7asret er
chase. The pellets are pre-heated to 190 OC for 10 mnutes, followed by 5
m nutes at 20,000 | bf. The filmare then cooled in the press (20,000 | bf)
under different quenching conditions. [310] The conpression nolded filns

were trimee 1SThbRh ﬁﬁﬁmsggﬁn&&tﬂoﬁtﬂ@eﬁ@bt@gg@qaot)ﬁtet\@en the skin and core.

The tri med sheets were cryopolished prior tn staining by renpving sections
from t he—BH6 600 -,. ; C rer—phases. The
cryo-poli Hﬁ%‘ﬂ bl ocks wer e st§( ( i1.h the vapor phase of a 2% aqueous

rut heni um t et raoxi de sol uti o&og@@ mnnrs at anbi emztl tenperature. The

stai ning solution was prepar adobg(rw&b ghing 0.2 gmof ruthenium (I11)
chloride hydrate (RuCl3 x H2®pobatra) a gl ass botthleswth a screw lid and
adding 10 nL of 5.25% aqueou§0§99|(f@ﬁ1 hypochl ori télfto the jar. The sanples
were placed in the glass jar @ % gl ass sllde vi ng doubl e sided tape.
The slide was placed in the % i'n order to syls(pend the bl ocks about 1
inch above the staining sol ukbeBe mections of appyoximately 100 nanoneters
in thickness were coll ected atoambi ent tenperatuses using a di anond knife on
a Leica EM UC6 microtonme andXpbeced on 400 mesh ¥ixgin TEM grids for
observat @S Tensile Propertf€8 [311] Stress-str&4 behavior in uniaxial

t ensi on i &fasured using ASFRED 1708 ni crot ensi P& /speci mens. Sanpl es are
stretched™W’th an Instron at %880 % nin 1 at 2 10&€*Tensile strength and

. g O 6.Q3
el ongat i t break are repo from an average o 3-5 specinens. Pel | et
Bl ocki ng ggengt h [312] Pell gppohlocki ng strength;£an be neasured as

fol | ows: Lnl ets (150 g) arexk into a 2" (535:11) di anet er hol | ow
cyl i nder that is made of twoxkabmas hel d t oget hess.lsy a hose clanp. A 2.75
b (1.25dkgys"l oad is appliedXPOEk he pellets in tPed7cylinder at 45 0C for 3
days. Aft&ro® days, the pell @95 I oosely consoli déft(é | nt o a cylindrical
shaped plyg, .. The plug is mm)

XEOEE 34 68
CH, 6B, EOE 34.66
CH BB 000 33.90
CH, 3B, o 32.31
CH, off 00 31.63
CH, 1y XOEEO 31.07
CH, 18" XOEEE 30.60
CH, 4B o 30.20
CH, 58" EEE 30.10
CH, 4s 29.66
CH, By OEO 27.91
CH, B&" EOEEX 27.41
CH, 5B EOE 27.35
CH, B&" OOEEX 27.25
CH, 5B OOE 27.19

000 26.95
CH, BB EOEOE 24.69

OOEOE 24.55

OOEOO 24.40
CH, 2B, o 22.99
CH,; 1B, 0 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-ds at the same

sample height as the polymer solutions. N, gas was used for temperature control and to flush
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renoved fromthe formand the pellet blocking force nmeasured by | oading the
cylinder of blocked pellets in conpression using an Instron(tn) instrunent
t 0o measurwoh@/o¥spr essi ve force needed to break the cylPcmdseooonszyopel | et s.
Melt Index [313] Melt index, or 12, is measured in accordance with ASTM D
1238, Condition 190C/2.16 kg. Melt index, or 110 is also nmeasured in
accordance with ASTM D 1238, Condition 190C/ 10 kg. ATREF [314] Analytica

t enper at WEprbbeS Erégatﬁq!gl@am@@ dhi R RAL Joom &A\I&E@llt%ﬂﬁhﬁf&e&ehmqmduct ed
according to the nethod described in U S Patent No. 4,798,081 and W de,

L.; Ryl e respluron, beplsissi i tamgerd g Sanpéeatpinning did nqvsteaificrmihtatiset tf - BNMRhi ng
D stri bUtths@l%é i ttPO;loYﬁﬁéM)é’cHQ tﬁé}&o@ﬂﬂs\/{kesﬁé‘ct&%?é Mﬁﬁeﬁ without sPﬁJpYem ScL, 20,

441-455 (198 are i ncorporated by reference herein in their

ent i r et y spiFhiag cﬁm@gn@tlw cupfule shimaleg ze genertedi kneohape df kess than CHE or obenzene
oot st odB D IR e Py SOATRCA Rl B EBul 10k SR,

cool i ng rlxt ebsafe PuldeGhinihg weil’di@rlélodl fombothshee 4@ apxpéHChﬂmmdhs yrdetemfiimatierdofdet ect or .
ol yror < G A B it B BOSBRRTT LT 2L B MA%LISuSINEN o “Phe
el uti ng s0230gmin. Achuisiibopaiedazs weje 1.3 omq@Bition tiilﬁomfe‘laaatla deaaalyelnm% d.5C mn.

13C NWR A Si 5 s are prepared by addi ng approxi mately 3g
of a 50/ égl%rﬁl&f“ﬁﬂ%&gt?%?%({]sfgbsﬁgm g%?vﬁ?ﬁﬁlgd / or t hodi chl or obenzene to 0.4 g
sanple in a 10 mm NWR tube. The sanples are di ssol ved and honogeni zed by

heat i10g tCaalystbe and its contents to 1500C. The data are collected using a
JEOL Eclipse(tm) 400MHz spectroneter or a Varian Unity Plus(tm 400MHz

spectromet giy qicOT rﬁ?apcgﬂﬁg“ glaﬁgt%r’alf]u\?& Ee?ér?[bai‘t?at b agﬂ’& Hﬁé{elgfm ]tgﬂmﬁs Miz. The

data are ach|red usi ng ansi ents per second pul se
repeti ti aerndedbay tem‘[neraanéﬁ ef@s o aempernsregi2D-26 GENmidske eon “gixathblkb@sT ve

gt R NI O R D e
trade designation Isopar E®, from ExxonMobil Chemical Company. In the event the name of a
15  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) is bis-(1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3(t-
20  butyDphenyl)immino) zirconium dibenzyl.

(H3C)3G

%

X = CH,CyHs

a) Preparation of (2-methylcyclohexyl)(2-hydroxy-3-(t-butyl)phenyl)imine
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sanpl es are analyzed at 130 OC in a 10 mm broad band probe. The conononer
i ncorporation is determned using Randall's triad nethod (Randall, J.C. ;
JV5- Rev. wWhanevmlsesChem Phys., C29, 201-317 (1989), whipci/usgomomszynpor at ed
by reference herein in its entirety. Polyner Fractionation by TREF (al so
known as Preparative TREF) [316] Large-scale TREF fractionation is carried
by dissolving 15-20 g of polynmer in 2 liters of 1,2,4-trichlorobenzene

(TCB) by stirgiBgyfMeyifadApasrd mabl) LoERE«© - hﬁt}ﬂ%meﬁ‘éx ﬁfatn@w ARl & sfAr ced by
15 psig (100 kPa nltro en onto a 3 inch oot .6 cmx 12 cn) steel

col um  paereeplni e styrignt apbigny teyaperaise foyf7 hserszﬂ@ SAigEqR V(aeeleceﬂzgh%ﬁezeé P¥eri cal ,
t echni calonguamhilt %aﬂitﬁ&%ry@t@l@ﬁﬁmécﬁ?@d orRBbBwds caidtakd ®rasouk NdUshE brggnal HC 30 Box
20, Brown

: od, TX, 768 and_stain st ee 28" (0 di ter cut
e shoto0Ro AR g lieRet Fibt Sotphs gyt Qi ot (TN B H°
TonawandMRdpectibdbpOInd GTMEScol umm is imMmersed in a thermally controlled oil
jacket, set initially to 160 OC. The colum is first cooled ballistically

to 125 0, PPeIBQano'ﬁ|oPéﬁ/1sQ@%e%ﬁ/k§910?:Q<yﬁé &Bbélf%-(%utﬁﬁh&l%f%uﬂ%ﬁﬂgEl?coﬁ‘lﬂﬂ dh)@ll@?l for one
hour. Fresh TCB Is Introduce mn enperature is
increased at 0.167 0OC m nute. [317] Approxi mately 2000 ml portions of
eluant fromt ﬁé"lﬁ‘r“élp?éd; phsleygipte I&MAML%—M@@M@Q“—MI 2 gaugleiede j on,

heat ed f r@gdt RRI0GH!HEALDL solu-ﬂ%aofFZQ% 0P8, (1 SquBalRGei tdl@h€ drie Res@acdvofutidGt | ON
using a rotary evaporator until out 50 to 100 nm of the polymer solution

remai ns. Y R GHCEWET PEHIYST Y TSV IRPY AR e CY R and over ni ght befor e

addi ng excess nethanol, filtering, and rinsing (approx. 300-500 m of
met hafol i ndReidi ngMMAOfrbﬁaalto rn'odﬁeal mefyalfndxanag b indivotstyéduinmupenddificied on a

3 position vacuum assi dfilter stati si.ng 5.0 mm

ol yt et r SHBTGETF Eh B sorat ] Bo AR eRGAPBI 1T om csmoni os 1.
Cat# Z50WP04750). The filtrated fractions are dried overnight in a vacuum
oven at 60 BZ7]and Gecagdled 10A na'mtueermfln}dth}dxﬁ{clbalaﬁmbamberﬁwmealtﬂnft her testing.

Addltlon 0 tion a hi t hod is.
e Jisma L e Hkae Nt TR nb i B, kol BF pesbign® £ 1 ons
| n PoI yetldsngl chnia tadklylihiny (emnee S0NdbYTevailable frofP@lkysrNobe Lnc. XQiCMhﬂd 455

g;g?lzll)Sa’;/ﬁ_ ﬁqgégﬁ)éfglﬁbgfa#?%@&s%bflﬂse tl%%rggtPatel(ltl\@& 519%9,6??33, %geéj by using a

[328] Cocatalyst 2 Mixed Cy415 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,

20  SA1), di(i-butyl)zinc (SA2), di(n-hexyl)zinc (SA3), triethylaluminum (TEA, SA4),
trioctylaluminum (SAS), triethylgallium (SA6), i-butylaluminum bis(dimethyI(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-

25  octylaluminum di(ethyl(1-naphthyl)amide) (SA13), ethylaluminum bis(t-
butyldimethylsiloxide) (SA14), ethylaluminum di(bis(trimethylsilyl)amide) (SA15),
ethylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA16), n-octylaluminum

bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA17), n-octylaluminum bis(dimethyl(t-
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mnm di ameter, 20:1 die with an entrance angl e of approxi mately 45 degrees.
After equilibrating the sanples at 1900C for 10 mnutes, the piston is run
at a speeaoaho9lnIrsssh/ m nute (2.54 cm m nute). The standaca/useew/osEnper at ur e
is 1900C. The sanple is drawn uniaxially to a set of accelerating nips
| ocated 100 nm below the die with an acceleration of 2.4 mm sec2. The
required tensile force is recorded as a function of the take-up speed of
the nip rbquh)gloxm@swIemymlﬂce(a%tdlﬁeil%ﬁ&lo%&ﬁsmd) Métmmﬁéﬁ@ bli@%ide] S
defined as the nelt strength he case of polynmer nelt exhibiting draw
resonancé>Afle tensile force before the onset of draw resonance was taken
as nelt strength. The nelt strength is recorded in centi Newmons ("cN").
Bl ock Copol ynmer Conposition, Hard Segnent Wi ght Percentage Measured by NWR
[319] 13C NI\/R sectroscopy S the technl que known in the art for measuring
1Gengral | hhroyghpyiBaralle i0 ) ddonsf t hi s techni que are
descrisbed f[@BO]t he ﬂﬁ%ﬁér@aﬂ@ﬂs'a@koﬂﬁuo@éﬁrﬂ@ﬁ%%ﬁ th%E%{]ﬁ: ¢, pRand lgm&lnﬁ:ﬁ%{tl%nm efin
copolynmers in Randall (Journal of Macronol ecul ar ience, Reviews in
Macr onol é@:ﬂqtoaﬁPP@iém@bWroah@iymﬁvgﬂmglog@Q gnq. anormyatedghstantighiyaqeesigm)y and
Zhou et se{JOULI. o B0 IBORSH] SodRESONRIC fhy B dADRMRE> 235) . whi ch are
i ncorporated by re erence herein inits ent asi c procedure for
det er m nicpgplytheizegensronmendwrdtae h30 ©F an@lrﬁioe)sﬂ{?ﬁ(élﬁ@b plitb eihylengoedgpadng mer
i nvol ves iHNJ N u Ltiaon tensity
of the peg@é%g%flr%%lgrg%g&mg@ga&ﬁo%%l ftgtrg g%abgsar ggné |%es\ég@§§§%%£%tlggdl rectly
propadpt i aredontigtddie apahiBl prassthercagbr @BR1 canqutsediof 48Uodieidual neartoe calriph e.

Met hods for ensy orti n |t kno in.the art and involve
1 ovancd TSRS Rk A SuERe S ePRRRRS S, Tuf P Buin oty o

i nverse gall QCBOG@QDUEhdhnﬁllﬁﬁﬁﬂﬂﬁérﬁu%S&nd ks ¥ad dnardll @0 eie §m@quo¢ub@1 Byl ke. The
relative intensity of a peak or group of peaks is obtained in practlce from

its conpuildyidypd ﬁfémag Ei‘jidi‘“ﬁt &b Pnomgrigat a"étﬂ?%ﬁ%gﬁb(atrh@fe Spwibed disscidnto

i nt egr at igROPEREni PRAKSArdIREBE aREAKR AHROCLALRGeadkAD a&h@oo@l@mrhqa&fto%&l
assigned. This assignment can be nmade by reference to known Cgect ra or

| i t erlat ureactoneelhy syingsiasd deaprarvaiarlyditss wkedpliaies.c Bhfpadei adationsy t he use
of i sot opjcay eleanle@Q‘PJeﬁéj(zt%ﬁﬂé {Bnt Sb—oc@éne ‘c!§1'n!919>n?er Pf4%%§5t(*) 21y ﬂ@él@g&tﬁf‘s‘(m oped

internally. The nole %onononer can be determ ned by using matrix nethod,
as descr isheting agent in the indicated amounts, and finally, 0.3495 pmol 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 polymer are weighed and the difference between this weight and the tare weight gives the

net yield of polymer. Results are contained in Table 1.

Catalyst/ Shuttling 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, t-
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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in the aforenenti oned Randall reference.[320] First, the method assunes al
the non-30 ppm peaks are fromthe soft segnment only. The nethod then

mat ches twe 2n@xi90x50f t hese peaks to a library of singl eCxaiSalogss27spectra
to determine the soft segment conposition. The spectral match al so

determ nes the magni tude of the soft segnent contribution to the 30 ppm
peak. The difference between the neasured 30 ppm peak and the soft segnent
contribution to this peak is the hargggggnment contribution. Second, the

met hod enpl oys an enpirical equation derived fromreactivity ratios of the
catalysts to deterning the corresponding hard segnent conposition for the
gi ven soft segmertilco ﬁﬁ@@ﬁﬁﬂb —¥§§ ﬁ%g ? MwMpe hard segnent
conposition, the hard s nt caontri m peak, and a random
copol yner chai n propagat #on rmdQIOS@o 6‘853% at @%W@ hafg segnent
contribution to t®e non- ppn18é§ﬁs WL EhdotBol yhet chain propagation
nodel is sufficieft to déscribeltfe cdiPddd ti d-bidst ri-bltion since the
octene content inlthe hdfPl segmBrgs i 91049 FPe3dy, tHe nethod subtracts
the hard segnment &ontri BaPion fPIAtt h&7hés 3019 “1peak§7and iterates the
results back intolihe filB8é ef:23The 08bAYE EpY7ar et $®peated until the
results converge. 1ConverZZence |@0ﬁ%M|e@éﬂSwhemS%UhcesBB&e iteration results
| ess than 0.1 nol % di f f efZ2nces 6.0852t hel3ene 9,892 i h22 he soft segnent.
[321] Validation & the 7Teasurederit3 | si@Ewonpliddned the®ugh the anal ysis of
several in situ palyner 10llends.0.Byicdestigig7of tiigopol yneyi zati on and

catal yst concentrations 1she expgedxsd splig7 i s 26gmpar ef2i o t he neasured NVR
split values. Thegsoft/mpd cat@byt congentr abj2om i si.prescribed to be 74
% 26 % The neasured value of the soft / hard segnent split is 78 %Y 22 %
Table 1 shows the chenical shift assignnents for ethylene octene polyners.

[322] The f er| nta S e used. A sa e i s prepared
by atidi ng 03387y 11 RO RRS 3 B b B e EEFDaRIoY rhe ot ock
sol venth ipﬁlyﬂiﬁ{iﬁ‘s@%ﬂ\ﬁw&ﬁﬂbMMﬁQeCQtog)ogﬁfedﬁﬁtﬂ%rﬁh@dAlF trhlcéuﬁdi&a@ersQMnnme in 30
m. ortho-di oropbenzene wt chrom um acet acetonate (rel axation
agent ). ?Héfﬁéﬁaﬁﬁﬁ%gmﬁhmi%@nvﬁﬁ@*h%“EﬂF@B%P%@eB&Vﬁéﬁﬂﬁvl&@9%?'ﬁ%%ﬁnt Wwith
pure nit mEgdeRlynlREpSHIR @ alrbtReor] Spdch@f ahept fshilbawch, Balel My hOKctor 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
10  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/ Shuttling Agent Selection Method 2

[333] The previously disclosed high throughput polymerization conditions are
15  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 MMAO in place of the shuttling agent. The
best compositions are then selected based on a combination of greatest molecular weight (Mn)

20  reduction, greatest reduction in PDI, and least reduction (or actual increase) in polymerization
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set at 150 OC. The sanple tube is repeatedly vortexed and heated until the
solution flows consistently fromtop of the solution colum to the bottom
The sanplwotoi#9rsst hen | eft in the heat block for at | eastus2eblosins to
achi eve opti num sanpl e honogeneity. Table 1. Chemi cal Shift Assignnents for
Et hyl ene/ Cct ene Copol yners. Carbon Structure Chem cal shift CH2 aa XO0O0O
(mm 42.4 XOO00 (mmm 42.3 XOOOO (nrr) 42. 1 XOO0O (mr) 41.9 XOOOO (rrr)

41.6 XOOR: ( Séléc)teddclanéir%mw%% tftbed r&X Eadidiby Hih Bdul rd prddenttd- O XOOCE
(rm 40.8 XEOCE (r) 40.3 XEOOE {m) 40.2 CH gd+ EOO 38.68 +d+ EOE 38.30

CH bg oo 3gleid: CH bd+ OOCE 36.03 CH2 ag XOOEO 35.57 CH2 6B6 OO0 (U)| 35. 42
CH2 ag XXEOEQO 35.22 XXEOECE 35.16 CH2 ad+ XOOEE 35.07 CH2 6B6 OCE 35. 05

[334] By reference to Table 3, suitable combinations of catalyst and shuttling agent
may be selected. It is to be emphasized that preferred catalyst/shuttling 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 “ SA15 0.19 0.93 6.29
10 A2 SA19 0.27 0.73 0.18
11 A3 SA2 0.29 0.80 9.74
12 ¢ SAS8 0.38 1.01 1.15
13 ¢ SA7 0.60 1.06 1.38
14 ¢ SAll 0.65 1.04 1.43
15 “ SA3 0.65 0.86 4.601
16 ¢ SA17 0.66 0.95 6.36
17 ¢ SA20 0.68 0.82 4.37
18 A4 SA9 0.52 1.12 2.32
19 ¢ SA7 0.53 1.07 0.91
20 ‘ SAll 0.59 1.11 2.47
21 ¢ SA14 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 ¢ SA13 0.59 0.97 0.93
27 ¢ SA3 0.63 0.95 0.93
28 “ SAS 0.79 1.10 1.19
29 A6 SA13 0.83 0.92 0.67
30 A7 SA6 0.63 0.96 0.66
31 ¢ SA7 0.74 1.15 0.96
32 AlQ SAl14 0.54 1.10 1.14
33 B SA10 0.59 1.10 0.77
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OO0 (mm) 35.2-35.0 CH2 ad+ XEOEE 34.68 CH2 6B6 EOE 34.66 CH bb OOO 33. 90
CH2 3B6 O 32.31 CH2 ab O O 31.63 CH2 gg XCEEO 3 1.07 CH2 gd+ XCEEE 30. 60
CH2 4B6 QGweQo®9CGd2 d+d+ EEE 30. 10 CH2 4s 29.66 CH2 bgPCE@S21099327¢GH2 bd+
EOEEX 27.41 CH2 5B6 ECE 27.35 CH2 bd+ OOEEX 27.25 CH2 5B6 OCE 27. 19 00O
26.95 CH2 bb ECECE 24.69 OOECE 24.55 OOEQO 24.40 CH2 2B6 O 22.99 CH3 IB6 O

T 0Cy7I€nperature was

to flushthe probe.

14. 17 [323] The 13C NWR spectra were acquired on a Bruker 400 VHz
spectronetffess W T h«a Or oadggpd oObSer vg@r obe at J4p O.

cal i br at edgy Tepkaci|ng tdg JWR sanppg,tube Wi th (g Tube copkai ning 80%
et hyl ene gtycor—and20% DVBO-d at the same sanpte terght—as tte pol yner
solutions. N2 gas was used for tenperature control and

El evating sanple tenperature to 130 OC did not result
Comparatives A-C, Examples 1-2, Continuous Solution Polymerization Reactions

in inprovenment of the

[335]

Continuous solution polymerizations are carried 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 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

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 pelletizer.

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 8§,

and Table 9 and in Figure 9, Figure 10, Figure 11, and Figure 12.
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resol ution,

but

| eads to | onger TIs.
affect the 13C NMR |ineshape in the pol ynmer spectra,

Sanmpl e spinning did not significantly
therefore NVR spectra

wer e obt avoedosiordsout sanpl e spi nning. The magnet was cacefuskéog/osimimed to

generate a |lineshape of less than 1 Hz linewdth at half height for the two
hi gh field’@& solvent peaks. Prior to data acquisition, the observe pul se
wi dt hs wer|& vera fied for both the 13C and 1H channel s by determ nati on of
the 90 pulise widths. The center of the spectrumwas set at 32.5 ppmw th
spectrum wi@tgpse{oat 250 ppm Acquisition paraneters were 1.3 s
acquisitio@@h%wa‘ra axatjon delay time 6 s tol 3.7 s, and 800 to 8000
scans for |data averaging. Catalysts [324] The term "overnight", if used,
refers to ja ti of~ apgroxu:mtely 16-18 hours, the term"roomtenperature"”,
refers to é‘,:,t[_% @ra{@re 0f3820- 25 0C, and the term"m xed al kanes" refers to
a commercijal F'y~obt & ned? nmXture of C -9 aliphatic hydrocarbons avail abl e
under the trade desi gnation|lsopar E(r), from ExxonMbil Chem cal Conpany.
In the eve% g[ﬁe%am& of a conpound herein does not conformto the
structural ree$entati on t hereof, the structural representation shall
control. The S)&t‘hesi s of all netal conplexes and the preparation of all
screeni ng lexperinents were car rEed out in a dry nitrogen atnosphere using
dry box teéh s. Al sol /entg used were HPLC grade and were dried before
their use. Cat & gst GA | ) =i s
bi s- (1 - (2-[ethyd &ycl Shexyl ) et hyE) (2- oxoyl - 3(tbutyl) phenyl)inm no)
zi rconi umdi benzyl . a) Preparateon of (2-nethyl cycl ohexyl)
(2- hydr.oxy & butyl) phenyl )i nEne3-t-butyl sal i cyl al dehyde (2 mol) is
added £o 2 lyFeyct ohexyd amin@ 3 nmmol ) in 5 nL methanol . After stirring
at anbgent|S rature for J hodrs, the solution was placed in the freezer
but onky a small quantity of crg¢stals forned. The solution was concentrated
to aboyt 13 ofs Eh& Brigi nal votuwe and replaced in the freezer. This
resul teed g torhat oE Bf & 3r|gﬁtgyellow oil that was pure by 1H NWR
spect rgscopy and GC/ VB, b) 3repaarf'atlon of (bis-(2-methylcycl ohexyl
)(2-ox§yl-%(g-é:)gtyl)phenyl mnErw) zi rconi um di benzyl A solution of
(2- netfyl c@l&@&yf)’(’z-’hy’d oxy%(t butyl ) phenyl )i mne (2 equivalents) in
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toluene is slowy added to a solution O Zr(CH2Ph)4 ( 1 equival ent)
The resulting solution is diluted to the desired concentrati on and

t ol uene.

used wi t o0l on of the conpl ex.

met hyl al unoxane, a triisobutylal um num nodi fi ed net hyl al unoxane avail abl e

comrer ci al |

from Akzo- Nobl e

nmet hyl di (G
(here-in- a
trial kyl am
Li [ B(C 6F5)
Ex. 2. [328
bis(tris(pe
according t
agents enpl
di (n- hexyl)
triethylgal |
(SA7), i-bu
di (pyridinet
i -butyl al um
bi s(2, 6-di -

am de) (SA1
et hylalum n

bis(2, 3,6, 7
bis(2, 3,6, 7}

bi s(di net hy
(SA19), and
Pol yneri zat
t hr oughput ,
t echnol ogi e
6, 030, 917,

4 |8 _al kyl) ammoni

fop eF éabneeniunlbor
fé & 'At e
4], substantially

<GCcat alyst 2 M
5~ UsP 6, 395, 671,

SA3) o Lrieth
S = buty

zﬁlm%mﬁqm

umi s(di (n- pent
bity Ibhemnoxi de)
§ S exhyl al um num
um di (bi s(trimet hy
crflzagycl
§§5%852h6§c|
uf yT $SH 8xFde

Bic. 5 Fleve o

PP

~—+

(=
o
=3
(72}

H@ =

kg/hi® 3
Q T

Cat AY’ Y G@C@t o €ecab
Flowcc*nJ
0.348"

0.072©

Cat A1°
Conc.

ppm Hf
231

T
°C
130
125
111
120
105

H,
SCCl’l’l1
120
0
25.6
0
0

CsHie
kg/hr
1.8
2.2
4.5
4.7

C,H,
kg/hr
1.47

0.40

Solv.
kg/hr
13.0
12.0
14.0
15.0

Ex.
A
B*
O
la
1b

Table 5. Process Conditions Second CSTR Reactor.

660699A

n(tm MHT, avail able from Akzo- Nobel

af lu@ gphenyt )+ al umane) - 2- undecyl i m dazol i de,
Ex.
D ed i nclude diethylzinc (DEZ, SAl),
wyl al um num (TEA, SA4),

2- met hoxi de) (SA9),

| zi nc (t-butoxide&
[380] Rolymerizations are conducted using a high
i zatizpn reactor (PPR) available from Synyx

in
[ 326] MVRO r ef er #CraSeaendiosizesl

Cor poration. [327] Cocatalyst 1 A m xture of
um salts of tetrakis(pentafluorophenyl)borate
ate), prepared by reaction of a |long chain
Inc.), HCO and
as disclosed in U S. Patent No. 5,919, 9883,

ed G _i8 al kyldinethylamoni um salt of

pr epar ed

[329] Shuttling Agents The shuttling

di (1-butyl)zinc (SA2),
trioctylal um num ( SAS),
| al um num bi s(di net hyl (tbutyl) sil oxane)
(trinmethylsilyl)amde) (SA8), n-octylal um num
bi s(n-octadecyl )i -butylal um num (SAl O,
yl)am de) (SAIl), n-octyl al um num

(SAfZ), noct yl al um num di (et hyl (I - napht hyl)

bi sG but yl di met hyl si | oxi de) (SAl4),

16.

| silgyl ) am de) (SA15), ethyl al um num
ohe@ aneam de) (SA16), n-octylal um num
oheg aneam de) (SA17), n-octylal um num
SA18), ethyl zinc (2, 6-di phenyl phenoxi de)

(SA20). Ceneral Hi gh Throughput Parall el

ed §ubstant|ally according to USP' s 6, 248, 540,

306, 658, gand 6, 316, 663. Ethyl ene

[N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylphenyl)(o-naphthalen-2-diyl(6 -pyri

* percent ethylene conversion in reactor
> R-2 split is the weight percent of polymer produced in Reactor 2

* comparative, not an example of the invention.

! standard cm®/min

2.



copol yneri zations are conducted at 130 OC and 80 psi

(550 kPa) with

et hyl ene on demand using 1.2 equival ents of cocatal yst 2 based on total
cat al yst weediv/7seri es of pol ynerizations are conduct e@Cirrusaoogaszns el

pressure reactor (PPR) conprised of 48 individual
array that are fitted wwth a pre-wei ghed gl ass tube.
is 6000 nm.. Each cell

each reactor c

el |

controlled with stirring pray ¢lesbiiYeridhdia¥elih@bn Bhial ri Ng paddl es. The
nononer gas and quench gas (air) are plunbed directly into the PPR unit and

control | ed—by

each reacftor c

autopatic valv
el | Rﬁ?c@gﬂfi nge

S .;and the rpqprﬁ?ﬁlFeagﬁIWBW’i‘Cti s_mxed_al kane

reactor cells in a 6 x 8
The wor king volume in
is tenperature and pressure

(0]
2S.

The order
conononer

(Ex43

of adafsity

om’)

i d2mi X

(defgingm

h

ed°atiRar

pl(&/emoa

1es Izol

ent

Iho'fe t

\

(4 nMw et

L i #inalye

hy Mhe,
t (g/mol h

1- oct ¢

M

ne
at ed

afm*f

anount s,

i Qe307y

013495

93 c 4

Adgyain)
it all Pst

ANl

Af tldrt08ue

nehPey,

t R

reactors jarl& c

o® B8

and 20he

al0e’9861

iIbes.8ar

¢ 08l d

adé#200rhe

tHhbe®

ar é.7

transferred’to

a0.gent

riflige/

v acqam

Ir yBAg

unixQ

and 5doDed

Bl 0QLZ

ha8dr s

at

60 OC. The taub

es ncont

ai ni’ng

dra.8981 pq

| yter

ar 1.0

i ghgdoand

Bhe0ai

f f ereng

e

bet ween thi®

vei gt

andni’he

t Qygy7wei

ghto.gi

q
e9.8t h
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Resul ts ar e2c0|

nt ay’ne
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it alhgst

Shut
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Met hod % cbididdkfiveAo&BEda@Sle fthe @EENyidnENE/
usi ng C?.tfaidl}bsisolaﬁdd|fromfitsheadtb1fbf%feﬁé piad)ictivd mastegun poRversirong and one of two
pot ent i alnagchdrmlishiatt|i ng agents, tbutyl di methyl siloxydi ( isopropyl)

al um num (TSA, Runs A-F) and diethylzinc (DEZ, Runs 1- 6),

I-octene polynerizations are conduct ed

using the

f or egai Nibki 7 Rolly e OOGHPusttiop ArIFEik by &0 NMRt@dDNSIData The resul ting pol ynmers

are neasured for nol ecul ar weight (Mv and M) using GPC. Pol ydi spersity
| ndex ( PBF=Ma-Mh)—s—talcul-atedfor—each—polyrer Pmbu! ts—gre 5*.;,'“‘LI ated in
Tabl e 2.TaEgI6e % R&’H%@Efé@%i on OFCRT i§ MNA%@C it (98 OLsMvolY ikl ) A 25
0.052 495, 28%Pksp 079°k%11 B g‘)f& ‘}?‘Tt)f% d %ég“%z;, 781 4. 39 1%8 Q. 102
490, 448 210,174 2 33 (ol % (ol %) o)
A 6.23 10.2 0.44 9.8 14.6
B 6.93 10.9 0.5 94 7.5
Cx* nd' nd' nd' nd' 9.6
la 16.5 37.9 2.3 35.6 nd'
1b nd’ nd' nd' nd' 16.5
2 16.8 34.7 2.0 32.7 nd'
! "hd = not determined
Table 8. ATREF and DSC Polymer Characterization Data
ATREF | Solubles' | T. Twm | Twm-Tc| T, | Heatof Fusion
Ex. | peak (°C) | (wt %) °C) | (°C) °0) (J/g)
A* | 96.4 55.9 1107 | 1259 | 152 | -50.1 2.41
B* [93.3 13.2 1032 | 1219 | 187 | -56.2 104
C* [71.8 55.5 90.2 | 1049 | 147 | -679 59.1
la |65.8 25.3 86.7 | 103.6 | 169 | -66.4 60.2
b | 66.0 25.2 80.3 | 99.14 | 189 | -66.1 58.6
2 1667 214 80.4 | 98.8 184 | -66.3 59.7

* comparative, not an example of the invention

1
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Weight percent of the polymer eluting as the soluble fraction in the ATREF analysis



D 100 0.131 510,722 260,894 1.96 E 150 0.194 871,458 194,801 4.47 F 184

0. 235 605,453 137,957 4.39 1 26 0.0589 8,908 6,477 1.38 2 52 0.0852 12,393
9,592 1. 28020WM9@565173 16,570 13,176 1.26 4 101 0. 1416 PCTABZ009/M3B95 1.23 5
151 0.1923 29,187 23,715 1.23 6 200 0.2752 41,043 32,203 1.27 [332] It may
be seen the polyners produced in Runs 1-6 have a relatively narrow

pol ydi spersity (Mwv VWn) conpared to polyners in the series A-F. This
indicates that DEZ is an effective chain shuttling agent under the

condi ti ormbRf9. tFtyrp@l Ohahitéddtivn, Dather eas TSA is not. Pol yners prepared in
a reactor, especially a |loop, sem-batch, or plug flow type reactor or in
two or nore—Ssuep—reacto "Oﬂf‘nn:cted HA-sertes,—+h g, ranner to—expose an
active c ta% st g}nte o 29% eakt two 't?IPgt ent et?%gt‘%}a:ti n conditions,
especi al |y €bndj £'8fis| el gj}Psassi di f gg%)ﬂcea\a n [ndh /:or‘ﬁg) oher ratio,
woul d t herefore gd%er M vk D ogudVEDh o LM )r.,-!t:q e bl o&ks| or
segnent s | u_ég_b [ : s_woulld be expect ed
to possess_&ﬁo_pprtzppq resa®hl i ng o opdl Jmnrlgl()md dildt | ngui shabl e
fromthoske & randdm fopdh-ymers & sinmi O gf o84 domA8ner | caM eht .

Cat al yst/| SHatt] iy AgentO0.8el ectiOdn Met Red 2| [883] Th&7previ sl y di scl osed
hi gh t hr qughput| pod'yneri z&%i on| céndi ti ol arp 8Rbsgt anti6al | y deébeat ed usi ng
various clat a ysts,59cocatal.gst [, Odnd| potiénti al 0.8hut t15%g afents. | Et hyl ene
pr essur e # sompagatiea@dart exadPR of fe ifkendodVPa) . Over 500 reactions are

per f or med. ndheor @swhtriedg et hyl ene/ 1-octene copol yners are tested for M
and PBl and pol yner production rate conpared to rates obtained froma
control using MMAO in place of the shuttling agent. The best conpositions
are then sel ected based on a conbi nati on of greatest nol ecul ar wei ght (M)

113



reduction, greatest reduction in PD, and |east reduction (or actual
increase) in polynerizationrate. Selected conbi nations show ng the best
resul ts (warke@donissMvh reduction) are presented in Tabl e PBI/US2B403BYS
reference to Table 3, suitable conbinations of catalyst and shuttling agent
may be selected. It is to be enphasized that preferred catal yst/shuttling
agent conbinations may in different enbodi nents be sel ected based on a

desired objgstj ve, C&Hﬁﬂatf%s RBXE O HIRLESIHIR0s hlepdYid @labidB Qegi@nt i n
production rate coupled with nore nodest M reductlon Additionally, the

above reshytligzae@tpagmprrgiyed batldrookdeiepelymenprepaedyith Aichykiridd), bithe
effect, ige &Hé/mnc%fm YcRBe G} mﬁéjt%vooﬁ(l)cy(méﬁ&éa LOA o&@ﬂhdi dnfe3 k@l so be

considered in selecti ng the final conbination of catalysts and shuttling
agent ( s) theTabipl i8Tyrparanily elsthaingenter a Fpireesilap b @y drablocis inGapalyheyh

Pol yrgr i g)u 'ax%H uB‘i’e@‘&{e R rJa@t%?lonﬁﬁl%fj &?&hﬁaa?a?'vé‘b‘ ke &%‘eX&E?E&%&Eﬂ ons are

carriéd two conput er contro ave reactors connected in
seri es. Ei&@hylmmcals uead as gheejain plpadhnwagdmt alrxaimpleetarrall 1B differ arthe Raetpf i ed m xed

al kanes %Ol V?:R re(lrll &18[&%1‘ Sir%ctor wﬁ%t) %9'150 i(E Qn 1%?5)(’8 eLPl%Ic llvegf(;eltﬂege sam ersrpany)

et hyI ene, PG ene use ar e’ 0 a reactor
equi pped hawve An odeneae B@éﬁ 3[4(11; arideiPple mpmleelgz oPd¢lymbr caaﬂctanzamnn exsulal for

cont 1ol | &Sy £ EX Ot Tl B 2GR B OpeCar P Be e <P eht | ow rat e

and puoessube 9tadd Fiperds @aet or . At t he di schar ge of the punp, a side streamis
taken to provide flush flows for the catal yst and cocatal yst injection

lines and t reac Lator sured tion
oot Fow vl - aht ARET SrPLon s SEEablia € BRGe T BRG] Pemer i ihe

adj ust e mtsombleﬁﬁeﬁﬂrﬁof\EaIS\{Eﬁ:entTﬁhe GPatade (gwell Vastealss bm‘mlbndlmilammighﬂ-

oct ene, | ene, wher e use and fe t he re ctor. A nmass
row condratap e et 6 ahs SERoTyiFaBEteL Sile PR e HEBEM, The

t enper at Wiemdfing HiR) eRkeAtidRRMPERIures Thit TORS i $7 CONTRAE kRdtshire tsis@ht @ heat
exchanger before entering the reactor. This streamenters the bottom of the

reactlor. WRdhCRICRTTSeXR arhy S biendeidva pelymstsdiaige diierige fumisiss-and nass
flow neters and are conbined with the catalyst flush solvent and introduced
into the boBBoIm of THNETREREUrGE fronh IBRamplad b OFigirs 9) showk h edlcht bsIBI°Catithe00 psi g
(3.45 MPa) wi .t h vigaoraous

purge fraction ot 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 results are consistent

20  with the properties expected of a block copolymer.

[340] The ATREF curve from Example 1b (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 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

25  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

30  with the properties expected of a block copolymer.
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stirring. Product is renoved through exit lines at the top of the reactor.
Al'l exit lines fromthe reactor are steamtraced and insul at ed.

Pol yrrer i 28i0i2009/093568t opped by the addition of a snall anmpamtusedowai’es i nto
the exit line along with any stabilizers or other additives and passing the
m xture through a static m xer. The product streamis then heated by
passing through a heat exchanger before devolatilization. The polymer

product is [Bﬂ@]overﬁcét&ysﬂ% Fopbi®i O BhdHi 1H§Flg%réjf32‘/£1hqtabiel9zh1&9re$é<atl bitdRhcand wat er
cool ed pelletizer 336 he shuttl | an %& (where used) is added to the
g fuaply

first r ea%ﬁhsmhawhblew @wnaaé%tafpﬁéﬂmwp 51 and 2. vxuitpughd- §8ndent
(m xed alckapesy (¢ ﬁ&b@%ﬁﬁda@;h&e AQMA hﬂ?é Hoh VMR LRAMODS oo 6T R §ad | NC. ) -

Conpl et e operating conditions for the two reactors are provided in Table 4
and Tabl @b@ut tyige thewensihy sigagthi elduisp emmm td gtveismenegbindingshedrarptles spch Tabl e 8,

and T bI a 5%1%’ 699A
Tabl e%4 ﬁgocggsi%ghll tllr%lr?ge ab(g?gh%é%?{e ealg eﬁteﬁ%ﬁtﬁ%ﬁg tgh%;éﬁ& 6a((?at Cocat
MVAO MVAGreSA SA C H R-1 Solv. C2H4 C8H16 H2 T Cone. Fl ow Cone. Fl ow Cone
FIl ow Cone Flow Conv Split Ex. kg/hr kg/hr kg/hr seem1 0C ppm Hf kg/hr ppm

B L L e L
0. 141 9120 u@ulI3heu 1iOBNNRRLESICIATONSH 0. 064 BI05¢:0L2 Foka 120 0..30 0

0.043 0. Q:%Jmﬁlm%ntg%? the ?nvgntg)ve%f'%kq%tglg mygéf?é v91thQi1gt16g ofé?lgpr?alie%tais\fﬁw Iﬂgﬁeran

exanpl e Aventi on st
[ N-(206- ahnc(ld:cumevvht)ghetah@h)/hh@]myst thambldd) m&rpodmmmwyh pjvenwo)e(fm content The

Shut 1 ngt aane b B ar R ot oy Sl e N B T e eEnt ai mec
1- 3 nol %H¥MARle H)led’s oent @209 gem e eBadgghdnand, ¥Ieastorin comparison, Example
1a has Mw = 78,800 g/mol, I, = 14.1 dg/min, and I;¢/I; = 10, Example 1b has Mw = 82,000
g/mol, [, = 10.1 dg/min, and [;¢/I, = 9.8, and Example 2 has Mw = 97,300 g/mol, I, = 4.3
15  dg/min, and I,0/I, = 9.2. These higher I;¢/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 1b 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 1V, MultiMode AFM operating in Tapping Mode with phase detection. The tip

was tuned to a voltage of 6-7V and the tapping ratio was 0.50 - 0.85. Nano-sensor tips were
115



R-I split is the weight percent of polynmer produced in Reactor 166699A
Tabl e 5. Process Conditions Second CSTR Reactor. Cat Al 2 Cat Al Cocat
Cocat MVANDONMRDIGEFM R-2 Solv. C2H4 CsH1 H2 T Cone. Fl owCTarse009/6B1yes Cone

Fl ow Conv Split Ex. kg/hr kg/hr kg/hr seemli OC ppm Hf kg/hr ppm kg/ hr ppm
Al kg/hr %83 wt % A* 13.0 1.47 1.8 120 130 231 0.34 1709 0.30 123 0.05 89 68
B* 12.0 2.2 0 125 0.072 0.10 0.05 9 1 C* 14.0 0.40 4.5 25.6 111 0.020 0.023

0.03 73 lys@ whtt/ tiPpak&fetbls 026, 0253k, Gp Gkiol-b5-00 AQ2SRin@ tenhnP18723506m0 110

conparative, not an exanple of the invention. standard cm/mn

[ N- (2, 6- dpt104n8Bidizet hyl ) phenyl ) ami do) ( 2-i sopr opyl phenyl ) (

a- napht hal en- 2-di yl (6- pyri di n-2-di yl ) net hane) ] haf ni um di net hyl percent

et hyl ene copygrsi opgh@ 16L8aR REuR1Z: $Bl AFN $midee oPE€bdfracRICafatc &f pol yner
produced in Reactor 2Table 6. Polynmer Characterization Data * conparative,
not an exapsKiEEly 3% mogntisagan 1 Thrsorages indistta reerophaseriappiaten seadingor

bef or g preRAbmE ir%lis%ﬁit;b&tgﬁ@tv&o;bhry%al?éfe?l@ B&n%&@ﬁt&.oﬁxa%nﬂélc’ d\Qkesaminkcabl e
Tabl e 7. Polymer Conposition Analysis by 13, G NWVR and DVS Data nd = not
det er mi neldgrFapi iaca@upajliiRyrs gridemstbpaieyaraer dopaimact eri zati on Dat a
conparative, not an exanple of the invention 1 Wight percent of the

pol ynmer el uByfg asrithie 190 5tdsan AFRE Q8 of QotPRaNERER Pk NSt T 2bbEX 9-
Pol ymer Characterization Data * conparative, not an exanple of the

i nvent i ornagniigationn dhisdeagsrinfigeey BBTphadegpeansiseyedthn wadcrtalive rardest cal
bl ends prgpay.gd. i n absence of chain

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 1b 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 a 2% aqueous ruthenium
tetraoxide solution for 3 hrs at ambient temperature. The staining solution was prepared by
weighing 0.2 gm of ruthenium (III) chloride hydrate (RuCl; x H,0) 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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shuttling agent. Conparative B is a diblock interpolynmer prepared with

di ethyl zinc CSA, but the difference in 1-octene content of the two bl ocks,
reported we 2ywrE8e, is only 9.3 and thus the sanpl e | ChatS2em/08aspl e of
the invention. Exanples la, Ib and 2 are block interpolyners prepared under
t he sanme reactor conditions as Conparative C, with the exception that
diethylzinc is used as the chain shuttling agent. Exanple la and Ib differ

i n the reafidrant 85REkabH h Galal- 70N @ndBRQRL @aaﬁetrgr Thehth£dds wee pb<0 0C and 105
0C, respectively. These sanples have D octene = 34.5, 34.1, and 32.1,

respect i PEICpssedpiingddobebapathogr/i%ati on resul ts “for Conpar ative C and
Exanples la, Ib, and 2 are contained in Table 6, Table 7, Table 8, and

Tabl e 9 and3Fijgur es &elash&v%SﬁMTrhﬁ'%erEﬁn@wermg &mg%m@ra%éswﬁlage(ﬁ gure
9) shows a peak at %1 8 0C and a soluble fraction of 55.5 percent. The GPC

trace (FisgRiFsedmyrrhlopatiwily tpiyhel thobRE shawn ndigyr [4i HewavButhesmansy M, of

3.7 far thyife MOBRAEL BlokV BiRYIE arSATR Bree RRpigAMSWS M4 f f erence in the
mel ting and crystal Ilzatlon enperature,” Tm>- Tc, of 14.7 OC. These results

are consistent with t properties expected of a physical blend of two

pol yners havPHg di Flfé'éfﬁlﬁ@h%’\égn“éﬁl‘{[ jigages P%tﬂ;gjolew]@f IPRIEEe WY W0 Eltitpl e 1 a
(Figure Qhaghaws h%@@ﬁ‘l@s?has@@e}ﬁra% Morpib1Sey UGS 6 ACsH @S sidmndn PET CENE .

The GPC trace (Figure 11) reveals a very narrow nol ecul ar wei ght
di st ri buthigye 1vwithe expeppiop of gpck laresr dapajater sanpl e. The DSC shows a
difference in the nelting and crystallization tenperature, Tm- Tc, of 16.9

0C. Thesgpgaﬁgk&ﬁgﬁ@iegonsi stent with the properties expected of a bl ock

copol ymer-. REF curve from Exanple Ib (Fi gure 9) shows a peak at

66. 0 vaif/@ pur e fraction of 25.2 Bercent The GP ace (Flgi; re 11)
reve ?@ nar RORFFRSE B RasmiRRs G VETE FRUBEIR H: 2 WW dfodeT 60NNyt hi s
pol ymer sampissy) Bkbgraﬁ}ggpsdﬂ@V@eoaraldﬂ“fdeffuemﬂectancetshedafm |W1éie rﬂgst aBhted on both

crystalliza t.e

consi ot ent ikl TR VREREPARl Bt b Pans ferha FOnte R RS S RS B 1,
ATREF curpeetrfl rapes iE@a?-ﬁ@F 13202 nhFilgastiewigth asmmssralarewélakn wigre Bﬁmind)ﬁ}: spedtigmayas

sol ubl e f Eq%‘r‘réd Wi Oy Boe A TIRGS &R on ™ SRR s kileR Gbho(dal b Be shibple &Y GRS tBmVErY

narrow nol ecul ar
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 film 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
25  remove UV-absorbing species. The reflectance spectrum of a compression molded film of this material is

shown in Figure 20. This sample displays an increase in peak reflectivity to approximately 65%.

[356] Figure 21 shows reflectivity spectra for films of Example 2 and the blend of Example 2
with 25 wt% oil. Addition of the oil results in a shift in the peak reflectivity from 364 nm to approximately
415 nm.
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wei ght distribution, MV Vnh, of 2.1 for this polyner sanple. The DSC shows a
difference in the nelting and crystallization tenperature, Tm- Tc, of 18.4
0C. Thesewpesumzseare consi stent with the properties expetiusdoofndzobl ock
copol ynmer.[342] The tensile properties, shown in Figure 12 and Table 9,

al so reveal differences in the physical blend Conparative Exanple C and
Exanples 1 and 2. Although Ex. 1 and Conp. Ex. C have simlar Shore A, Ex.
1 has abaytndl@r EkiRple 2 iBECoMbAGRE ERAmple ®Or eak and about twice the tensile
strength. This is inportant to give strength in finished articles such as

films. EX. has hi her hore A and exhi bited even her tensile strength
and el ongat ééﬂ at ‘ﬁ FHR O Flﬁﬁ@]we@]@“aﬂlaieflﬂlﬁiﬂ%ﬁx?@?%F"é‘gg‘?ml?%’i‘tg’elﬁ’i%@ﬂlﬁ ve

bl ock i ntcer@lpYd¥eferd Sleddd@bisihd a HhgRlAY&d DRAIIY DG BrmSRASK ark M@ i MChble
characteristic in the nelt. At a given nelt index (12), some enbodi nents of
the i nverfi Reflgstasexshertasfsompranan wpided Rioyief sredilers phovaiaFigdres?have hi gher

ol ecuyl arre%@l'e@ﬁia&h@%vélék%éﬂ@fﬂ‘{ édﬁ%effe&@ﬁbe%a@%ﬁedtéﬁlﬁf tﬁ&ldyl{geﬁﬁe}%ékh | ower
a-olefin content. The relations m@g between lio/l12 and octene content is

shown  gr apiieé §PmyB6H A gsrmeatiExamels ARG V& nEia s ens WRSSWA= 74, 200
/ nol / Ex le | h Mv
9 T8, oo Sopdvig! B itfthel il hisSadbicted ?bf‘f&“%“b%i’f@% e b has W =

82, 0009/m)l I2:101dg/mn and 110zl = 9.8, and ExaaneZhas Mv =
97.300 g/hable 10, ﬁlendaof:«;E@gmlﬁ%anda@mnnamlzwzar&plgcz These hi gher 110Z1 2
vaI ues indicate that the polymer under high shear stresses flows nuch nore

readi |y [TNaRqa [T Bekgid ErQQh}éﬁ%ve\MXTaﬂlpie@\ 0T QORMEQMEMm) [|344] This
enhanced flow ils vegypuseful torfhe coating of pressure sensitive

adhesi ves @izt req&l@)des easy TlO\@f I[ may|at so at zgy thie uge of higher
ol ecul gr—wergt POIgYTET S 1T dUIIE?i ve for lmmﬂszg%\l'/l_ﬁ_ﬂ'ﬂy result in

= ~

b

| I’OVGC_% €St ance —ant not n ower—Btend Examptile 2 with G|
n lrer ﬁ,'?'; :n%ln D \ap + b o A?nt’vnfwnnl nnvnfL??nn n:Pl |
345 Blret T eXafipre——zZz wWtn—a tarottreateta atrat nre—ott, Paral ux 6001
2 il e £y ol
(avai |l able C_' A-Chey 7 onfexaco—G-ehal—tubriHeants) vév, prepafed using a
Haake mxe?.'zzf om-¢ éorc, M-cr oscm:y [ 3461+ Conpar avsl res—A-Cland Exanple Ib
vere st udi#438slir ngt 6§ppl ng hode A?g;m c 715
10  Reflectance of TREF Fractions of Example 2
[358] Example 2 was fractionated using TREF into six component fractions (Table
p g p

11). The dried fractions were pressed into thin 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.
15 Table 11. TREF Fractions from Comparative Example G

DeltaH Mol %

Fractionation Tc melt Octene Mn
Fraction Temperature Wtfraction Tm (°C) (°C) (J/g) (NMR)  (g/mol)  Mw/Mn

Purge 20 0.04 96.6 60.4 2.8 nm 22,800 3.5
Fraction 1 20-60 0.46 96.5 775 471 18.5 39,600 1.9
Fraction 2 60-65 0.24 99.3 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 1.9

nm = not measured
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Force M croscopy (AFM . Conpression nol ded sanples were first polished
using an ultram crotonme (Reichert-Jung Utracut E) at -120 0C per pendi cul ar
to the plaiguew/mews the center of the core area. A thi nPseatseam/03zss pl aced
on a mca surface for AFMinmagi ng using a DI NanoScope |V, MiltiMde AFM
operating in Tapping Mbde with phase detection. The tip was tuned to a

vol tage of 6-7V and the tapping ratio was 0.50 - 0.85. Nano-sensor tips

ver eused pahipidsiaPr 20 @b aimicas Sotion PolynRsifon Réibal i © = 5-10 nm Spring
constant = - m = - ; rgure 14a and Figure 14c show
AFM i mages qf Conparative A and at approxi mately 3, 000X magni ficati on.
These i rrage[§5?]ndi c‘g?‘lémﬁ%rs@ﬁﬂ%%lé&%‘@ﬁ&ﬁg@}séﬁ LY VP Fﬂﬁi"i@féonmlﬁd

i M sci bighiotMvéfeadible cdiecBdystaal HabieRe&RRMPRY Svith B aitha sGrédi cates a
hi gher degree of inconpatibility as evidenced by the | arger domains. [348]

€ ! . y .
Fi gur e 14HriEsbnscdAlkarpselney glsamr Conpatatle rem B aen Mpt @hanenl £PYrann0ooXx
magni i caidyRie, 1Thhel Jﬁﬁ%?dlb?éﬂ (R%z%l%%sé% HRISBHHA WY a 0881 SLHPLd Witk B jaRket
sem crystalline random copolyner. [349] Figure 14d shows an AFM 1 mage of

Exanpl e Ifer tarpp@[pipﬁemntﬁﬁtam? gn é,te@m seeprpepaiple.c Bid soiventhedstojthraigectariows a

mesophas C SiAlg, - t e size
Fange. of TRATALSLEDATHRANGAgr Vel iBle ed b Bk FERERN B2 Ger
t han t hoskewohteandpressdiestp eregieaddro &k thealirohargeeef thd pimps iavide atreampis eakerh r - wei ght .

B bl ok, PR Bt BBt B Tt bR 8o s AR PR D, TS chown

i n Filgur &hts. flohsansmessicd hy HieoiMaiwnvass Ose opyer{ aidMpn3k0 by Mortphedlogi es of

t he sanpl e re exam ned using.transm.ssion.electron m croscopy, (TEM.
Conpr o5 iR et SRetrEnt 3 ety [ a oAt SR an BRI Corl ect ed
bet ween tobenskihgleagidnd bydogehtehdre bsatpshdrheetise wedter. X yapdlowsdvadolpiisor t o
staining by r Vi H}gjgsecti ns fromthg bl ocks at -60_0C tlo F)(revent sneari ng
of the el'SStBABYVepRELRSEN Orite rearioh 2 Idh dde BRI TheT e STEPHBG WY h t he
vapor phastiéd is @06l 186 B MéSf b bt eRdhdider BEORMNtedBg BRIreHctoNTHiOktrednNr s at

anbi ent tenperature. The staining solution was prepared by
15  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 the addition of a small
20  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 pelletizer.

[360] The shuttling agent (where used) is added to the first reactor along with catalyst
25  Al, Cocatalyst 1, MMAO, 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

30  the molecular weight. Examples 4, 6, and 7 have similar hard/soft ratios (50/50) and were
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wei ghing 0.2 gmof ruthenium (l111) chloride hydrate (RL1CI3 x H2O into a
glass bottle with a screwlid and adding 10 nL of 5.25% aqueous sodi um
hypochl orwoeotdnorsse jar. The sanples were placed in thePgTaSg009a82705i ng a
gl ass slide having double sided tape. The slide was placed in the bottle in
order to suspend the bl ocks about 1 inch above the staining solution.
Sections of approximately 100 nanoneters in thickness were collected at
anbi ent  tesmRes@Et URiaHBCHL fRIM QV@EIFhﬂléﬁﬁlf)ﬁaﬁﬂ kiRl R dffld: 14GRe Hdigdeot one and

pl aced on 400 nmesh virgin TEM g s for observation. |Inmages were collected
on a JEOEOWEWPHQ@GCQ?B@EQP]@dEWP@G f\ng 8 bayeeyigtlaripek compesitig betsliffesct ed on
a Gatan. 19he AR %l @LLa0GAEL 3S%sHE. 9TBYRS). WBLAPROS IPLRCASAEE ST NG

Adobe Phot oshop 7. [351] Figure 16 shows TEM'I mages of anple 2. This
i mage sh@mlaahwéégfprﬁa@@@éﬁ@amatw fmdqahtskié@ylrsthmcrrmosm@npﬁ@%? hytd bﬂd@é SBC

shownsi n '

i nter poI f@ﬁ%ﬁg&%@%&}@@r g’rma esp tgg%:eggl F%&Sﬁgﬁﬂb%gg’% m%négi;;l}lr%g%oﬁhshows

TEM i nagesimiar chepdsitendo thrl'eh@déam{l@f Qlawatﬂplezmmmmuw FRiprsentntigenagdrsb shows

a rresoph r.at 0l.Q9 h n Figure
%?%d §eéiX1§ él%ttl?r% r{eac‘[orr)lf' E% ?’g?ﬁ Q;I{At ere%o?e §1 rg%og%%n%% t%vmard 4 353]

Ref I ect amdekafithat sampkmﬂxt Hzrmemﬁpemtlf)a 1\]{\/&1ﬂcbd1ffeds Inem:rﬂgdl thg hdrd/aoﬂ_ahs pEver e(tm

( model ay\/&;{ﬁA ASSY) integrating sphere. Spectralon(tm diffuse

reflecta tAndards were first nmounted on both sanpl e and reference ports

of the integrating sphere and the baseline correction was perforned for the

spectlal r dBdg2 fr ofeRflete oﬂzaﬁ)tﬁhgmmndﬁhle fet the twe adhdioranct sEedtdriaTable$Dhnt i on

were 2 n ectrum n tralon(tr’r)
ot andar o VRS oher PRRGVRITABEm BRE AT BOrb TR HE ¢ TS ount eq
in the sangllae thofetzsaFlgare% gdeigrigee QT]C]ndlddmen , Higre2 & shobvb@toﬁa@émioéulbeam No
backi ng terial sed and_the fil sel f i de th on| ans of
Tant " FetPeand fing Ry seieaar brpaaiioer jope Rt EHORG faRs AR e and
refl ect amsxempRE ¢, r4aarmf5 eqpgtiegsi on nol ded filns of Exanple 2 along with a
conmparison froma conpression nolded filmof AFFIN TY(r) PL1280G (avail able
from The Dow Chem cal Conpany). The phenolic antioxidants in the

AFFINITY(r) material absorb a significant fraction of the Iight bel ow 300
nm but otherw se the sanple shows high
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transm ttance from 300 - 1000 nm In contrast to the spectra of the film of
the AFFINITY(r) material, which exhibits little or no reflection across the
measur ed wang®/ofsedavel engt hs, the Exanple 2 fil m exhi biPC3/us2m0mB2705
reflectance greater than 40%reflectivity at 364 nm [355] A sanple of
Exanpl e 2 was dissolved in hot xylenes and reprecipitated into nmethanol to
renmove UV-absorbing species. The refl ectance spectrum of a conpression

nol ded filmof this material is shown in Figure 20. This sanple displays an
increase in peak reflectivity to approxinmately 65% [356] Figure 2 1 shows
reflectivity spectra for filnms of Exanple 2 and the blend of Exanple 2 with
25 Mt% oil. Addition of the oil results in a shift in the peak reflectivity
from364 nmto approximtely 415 nm Bl ends of Exanple 2 with Conparative
Exanple C [357] A series of blends were fornul ated using Exanple 2 and
Conpar ative Exanple C. Sanples were bl ended using §,Haake m xer. Details of
the formulation are listed in Table 10. Refl ectancg spectra of conpression
nmol ded films of the bl ends shown in Figure 22 reved ed that the wavel ength

of the peak reflecjaﬂge was_af fected vycblegdlnc. @he peak shifted from 364
nmin the neat Exw@gmzilgbm%onﬂﬁnnﬁiwiheﬁlemd wth 38 w %
Conparative C, these differences are al so depictledSgraphically in Figure
23. Tabl e 10. BIe@ﬂ@gof EBxanp e 2 -andConpat at inje Eanpl e C. Refl ectance of
TREF Fractions of|Etafpl &2 E358R %@%%gﬁgfr@:@u onat ed usi ng TREF
into six conponent fractlons (Tabl e 11). The drled;ﬂgactlons were pressed
into thin filns, ¢ gef [gct @q@%@@t@g R R @%as@rgd (Figure 24).
Unfractionated Exarn§902§ho@ @@ggrg fe atx364 nm and Fractions
1-4 all show geak| reflectance at | ower wave engthSw able 11. TREF
Fractions fro@ICo arativwe Exanple G DeltaH Ml Wbﬁr ctionation Tc nelt
Octene Mh Fraetio ‘Ee%n@rgtupev vfr"aehoanméCC).o(QC) (J/gq) (NWR) (g/nol)
Mv Mh Purge 28 0.004-966 60.4 2.8 nm 22,800 3.5| £
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Fraction 1 20-60 0.46 96.5 77.5 47.

1 18.5 39,600 1.9 Fraction 2 60-65 0. 24

99.3 8 1.1 6 1.2 13.7 42,300 2.0 Fraction 3 65-70 0.15 100.2 84.0 73.4 11.1
55,400 1.woBr@uwirss 4 70-75 0.07 102.6 87.8 84.8 9.0 54pe@®lsiod/oBz7agti on 5
75-80 0.00 107.5 92.7 88. 1 nm5 1,500 1.9 nm = not neasuredExanpl es 3-12,
Conti nuous Sol ution Pol ynerization Reactions [359] Continuous solution

pol yneri zations are carried out
reactors connected in series.
Purified m xed al kanes sol vent (lsopar(tnm) E available from
1- oct ene,

stirrer.
ExxonMbbi |

Chem cal

Each reactor i

Conmpany), ethyl ene,

in two conputer controlled autocl ave

s equi pped with an internal

and hydrogen (where used)

are supplied to a reactor equipped with a jacket for tenperature control

and an i nternal
by a mass-flow controller.
solvent flow rate and pressure to the reactor.

t her nocoupl e.
A vari abl e speed

The sol vent feed to the reactor

i s neasured
di aphragm punp control s the
At the discharge of the

punp, a side streamis taken to provide flush flows for the catal yst and

cocatal yst in
measured by N
or by the man
conbi ned with
reactor. A nH
as needed. TH
use of a heat
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agi tator.

V€S

These flows are

nd controlled by control valves
5. The remai ning solvent is

hgen (where used) and fed to the
el i ver hydrogen to the reactor
pnoner solution is controlled by
regactor. This streamenters the
it Solutions are netered using
W h the catal yst flush sol vent
DT .2 The reactor is run

raus stirring. Product is

= . .
» reactor. Al exit lines from
Pd gneri zation is stopped by
D % exit line along with any
he& i xture through a static
p&§i ng through a heat

not applicable

[N-(2,6-di(1 —methylethyl)phenyl)amido)(2—isopr0pylphenyl)((x—naphthalen—2—diyl(6—pyridin—213;1}ﬂa i

The chain shuttling agent used was diethylzinc (DEZ). The DEZ solution also contained 1-3 mwl

+ percent ethylene conversion in reactor
> R-2 split is the weight percent of polymer produced in Reactor 2

! standard cm’/min
na
-122 -

2.
3
6
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exchanger before devol atilization. The pol yner product is recovered by
extrusion using a devolatilizing extruder and water cool ed pelletizer.

[ 360] Thewetwaxdorssg agent (where used) is added to the PCraiS2¢00m81705 al ong
with catalyst A, Cocatalyst 1, MMAO, and sol vent (m xed al kanes
(Isopar(tm) E, available from ExxonMdbil Chem cals, Inc.). [361]
Conparative D represents the material produced in the first reactor for
Exanples 3 - 9 and therefpfife NAPA S Whh@bte§ARBRPEI ON to the hard bl ock of
those exanples. Exanples 3 - 5 have simlar block conpositions and

har d/ sof t ratios(50/50) and- ronly int he—nm—eeui—apgweu—%mf Exanpl es
4, 6, and 7 havé)eél?lgﬁ llar ard/ soft| ratibs (50/1\@0%' and werlefr@dided at

const ant ICSA: fled&cig) qi(deime) i hidle |[mpledwob ar tIsSMpYYIn i KO °Ch | t he

oct ene contl®ht| h99%e se2dhd [hf8EK. B8l els 58978 | adel 9 |havd-%inil ar bl ock
conposi ti on§ but0-8ﬂ7\8fer #.08 t NeB.A%ir|d/ 96060 r at 43.57%x. 496 50/ 582 Ex,| 8:

65/ 35, EX,. I53H8) .| EkaTple232,| 1005.600d 153860 e s2Abldr h8ed/ soft ratios
(50/50) aJndSCSA G.&8B8ds |buf.7&i f|f1dr25i |n 13e/00onp63i5L0 gn P9t he h&@idd bl ock.
Conpar at i ve6E [r épmdent s2.1he |nat3dor|i al 19pr00duiced,obmm |t he1?i rist react or for EX.
10 and therefore.gms 4 si.pdl dr8.cdNposiddoon t @oj8be |har.do bljock7of t hat

sanpl e. Conparlatg.g&sF [r epresenuitiheiamioer i jalsopr@ducedsin thegfirst reactor
for Ex. 1I-3Z7 langlgdgieret@p¢ Nag4a ST M@0 Compase ti onado [thejh@ard| bl ock of
that sanpiez+ BX.gdg&11 § Shg 1 dr56® |:x87gm and 44bbd er Sy BRI Y 7 The

(@ul

hard/ sof t ' Tt T10 { &91 1271 355 671 85 gs@Per £y g COﬂG—;[l ns for
the two reagtor B UYII&II_EL 5§§Tdul(ﬁ€06 angy, 3gé)i € %%7 ot yggr—properties
are provi cretd ii" [$2c 140'7|at517;:9g.'_, &0'6 16 ’49@”0‘ To‘fB? 17 QB'OV\IEII as

Fi gure 25—7+ ang—H-gute 27. Fgtte28—5hows st or age
rmgul us (& pr:;%% ve!(?"é as ;54 Aet dvfsg:é‘ %r a*‘%’fsé‘ for S\Lr.mar ati veg
Exanpl es e%mpBratlaﬂdoﬁneam[dplE»amplira&ndidn 4, and 5, respectively. 66699A Tabl e

12. Pr o¢emsdiso diateid dirosn frist 18ictdcSERrdi@adictibn waabeghh inh€aicofdeadtorCocat SA SA
C2H4 R-1 Solv. C2H4 C8H16 T Cone. Al Cone. Flow Cone Flow Conv Split Ex.
kg/ hr kg/ hr kg/hr O0C ppm Hf Fl ow ppm kg/ hr ppm kg/ hr %} wt %

5 Table 15. Polymer Composition Analysis by BC 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
5 164 32.1 1.8 30.3
6 18.0 40.5 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
E* 7.8 nal nal nal
10 16.9 24 .4 1.2 23.2
F* 0.46 nal nal nal
11 7.8 27.5 1.5 26.0
12 nd’ nd’ nd’ nd’

' na = not applicable
? nd = not determined
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kg/hr Zn3 5 D* 14 1.44 0.38 120 89 0.203 600 0.244 10014 0.140 90.8 100 3

50 4 14 1.44 0.38 120 0.210 0.242 0.098 91.6 50 5 14 1.44 0.38 120.5 0. 165

0.198 0. 086 200/@7%8 6 14 1.44 0.38 120 0.165 0.198 0. 098CIAISESO3T014 1. 44

0.38 120 0.180 0.209 0.098 90.4 50 8 10 1 0.26 120.8 . . 0.130 . . 0.157 .

. 0.098 89.7 65 9 18 1.87 0.48 120 . . 0.230 . . 0.277 . . 0.098 89.8 35 E*

13 1.31 0.67 . . 0.182 . . 0.219 . . 0.098 9 1 100 10 13 1.31 0.75 120.5 .
0.200 . . 0.241 . Tapl 1@9&r19@1:élcﬁﬂs@ﬁolgl&erlc@ac@er&&%nnam0 235 . . 0.283 .

00989051001116 .65 0 124.8 . . 0.257 . . 0.309 . . 0.098 90.4 50
12212.13”1’)'—?“’2'-?““4nn 098 0”.5 65 st andard-cm-/m-n

[N-(2, 6- ji | - e IREH I)am do) ( 2- i sopgrodyl|phenyl|)

a- napht hall &#- 2 %gT((Cé yﬁ‘&%l??%/ | Y netthane) ] haf ni ubs di né?%?fF ¥ chain
shutt!ling_agent used was @& & hyll féli (DE9) [ The DEZ(&Ql ytionUMso cont ai ned
1- 3 nol % MARQ) 7%)@rcent 85 Ayl end 8dAver 40bh i nlteagt BR[ spllid is {he

wei ght per cent 7d# pol yid8.8pr oducdad.li n Rehét or 1986699R.3Tabl e 18t Profess
Condi tions Secdhd CSTR|Réfctor. &AL A BWTat Bbat &3cdat| MWACGIMVA CPHA R-2
Solv. CH4 £ H/1.2T Cong¢35A Conel81Al ow %Bdhe | 016Ny $8l5 t| Ex. Kg/ hr kg/ hr

kg/ hr OC jppén Hi2.How pppasg/ hr pproAl |[Flasw %4 w96 |kgf7tw |kg/ hrs2D* nab nab
naé na6 na67 natc.nabd nab3nagd na6 a6 Na6oB412 07.55(4.48.81Q5 89 £ 090 H00

0.093 98 0.412788.6 50| 37.7 78.3 104.1 258 | -68.4 34
9 [77.2 30.7 88.5 | 102.9 144 | -68.3 81
E* |52.6 46.6 64.6 77.1 125 | -45.2 76
10 | 48.4 41.4 59.4 71.8 125 | -68.5 35
F* |98.2 16.3 113.1 | 125.2 12.2 nd’ 176
11 [101.2 28.6 1159 | 132.2 163 | -67.0 119
12 [101.2 21.6 116.8 | 132.6 158 | -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 27.9 1.9 740 42
3 62 1.63 0.08 3.1 0.9 447 138
4 65 1.46 0.07 3.5 0.6 514 44
5 62 0.85 0.03 2.6 0.3 585 20
6 58 0.42 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* 95 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 29.6 2.8 886 55

* comparative, not an example of the invention
' Estimated from the >C NMR spectrum
* nd = not determined
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4 12 0.55 4.5 0.090 0.077 0.002 89 50 5 12 0.55 4.5 0.065 0.078 0.100 90.5
50 6 12 0.4 5.3 0.062 0.074 0.097 50 7 14 0.64 4.1 0.075 0.089 0.100 89.4
50 8 15.5wv0.20m/®785 . . . . 0.113 . . 0.136 . . 0.100 8PC3AIS2002031¥088 3. 18
0.025 0.030 0.030 90.1 65 E* na6 na6 na6 na6 na6 na6 na6 na6 na6 na6 na6
naé 10 12 0.51 3.27 105 179 0.083 600 0.100 131 0.050 90 50 F* na6 na6 na6
na6é na6é na6 na6é na6 na6 na6 na6 na6 11 11 0.59 3.5 125.1 89 0. 100 600 0O.120
98 0.075 90.2 50 12 9 0.42 2.3 125 0.052 0.062 98 0.060 9 1 35 standard cm
/min [N-(2 @og (| -mmneém &%a@m&mgtm 2esdr AREAREI RS niquely

- napht hal en- 2-di yl ( yridin hane) ] haf ni um di net hyl The chaln
shut t | i nguigRgdat amb@@om@qlan& PAFIO rﬁ@%@elghrﬁlémmpls@ﬂ@mcmolan@b cont ai ned
13 ol %6,y gk fipi w%tﬂla%%ﬁl@a FRINELTHAN ihdudeSBELREs R 2 SPLIT TS Lhe
wei ght percent of yner uce eact or na = not applicabl eTabl e
14. P6I ywemp@?oémbhlgrds zmploa)lrmg D@rlaomﬂmpapla@lpfx@s, (Tﬁ@ﬁ edpstogeesnpideasof t he

I nventio omfirst reactor before production was begun
in the Sg%%%g9?%%%<§§ﬂﬁﬁ§ﬂakg5 Pol ymer Conposition Analysis by 13/ C NVR na
= not applicable nd = not determ nedTable 16. ATREF and DSC Pol ymer
Characterization Data * conparative, not an exanple of the invention 1

Wei ght percent of the polyner eluting as the soluble fraction in the ATREF
anal ysi s ChnipdrafivéRtanddsas, onesliohabbletidn/Pol f1aérlaksn, CaalyaCA PAI ZatDEym Dat a

[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 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 (Isopar™
E available from ExxonMobil Chemical Company), ethylene at 2.70 1bs/hour (1.22 kg/hour),
15  1-octene, and hydrogen (where used) are supplied to a 3.8 L reactor equipped with a jacket
for temperature control and an internal thermocouple. The solvent 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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conparative, not an exanple of the invention Estimated fromthe 13/ C NWR
spectrum nd = not determ ned[ 363] The pol yners prepared according to the
present iW0Oenwoeesepr ocess are uni quely suited for appli eariusee9naxyosri ng
narrow nol ecul ar wei ght distribution and bl ock pol ynmer architectures.
Exanpl es where particular utility is found include adhesives and

conpati blized bl ends enpl oyi ng thernopl astic pol yol efins (TPO, el astoners,
and as Viaagiasdstad pRYink R Sixfudd thkdbBlk h S@A¢ SixeCOTRY SV re il AMEEKeafed

Conti nuous Sol ution Polymerization, Catalyst AI/A 11 + DEZ [ 364]

Conpar at DY@ singrirecha hegt exghangpreétie dylasiHaaten Thopdwurerdspryifrer prepared
as descr !rpc%%rla@b)%x%'usigﬁ Eéiﬂé a h@rola%iiiéiﬁg ExRaer anti'\x}a?éil c%&&&lllézer.zﬂggqsés wel | as
U S. Serial No. 11/377,046, filed on March 15, 2006 and U.S. Serial No.

11/ 376, 998tailainsigesuits ard conrfaied @il abk, 182 Gelgctedpmynerpnensttivs pigtpirmded in

pol ymari za}j.qgs are carried out in a conputer controlled autoclave reactor
equi pped wth an internal stirrer. Purified m xed al kanes sol vent
(Isopar(tnm) E avail able from ExxonMobil Chem cal Conpany), ethylene at 2.70
| bs/ hour (1.22 kg/hour), 1-octene, and hydrogen (where used) are supplied
to a 3.8 L reactor equipped with a jacket for tenperature control and an

i nternal thernocouple. The solvent feed to the reactor is neasured by a
mass-fl ow controller. A variable speed di aphragm punp controls the sol vent
flowrate and pressure to the reactor. At the discharge of the punp, a side
streamis taken to provide flush flows for the catal yst and cocatal yst 1
injection lines and the reactor agitator. These flows are neasured by

M cro-Motion nass flow neters and controlled by control valves or by the
manual adj ustnent of needl e val ves. The remaining solvent is conbined 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 tenperature of the solvent/ nmononer solution is controlled by use of a
heat exchanger before entering the reactor. This streamenters the bottom
of the reactor. The catal yst conponent solutions are nmetered using punps
and nmass flow neters and are conbined with the catal yst flush sol vent

- 126 -



and introduced into the bottomof the reactor. The reactor is run
liquid-full at 500 psig (3.45 MPa) with vigorous stirring. Product is
renoved twocoemesest |ines at the top of the reactor. APCTANRM09/082765 from
the reactor are steamtraced and insul ated. Polynerization is stopped by
the addition of a small amount of water into the exit line along with any
stabilizers or otheradditives and passing the m xture through a static

m xer. The product streamis then heated by passing through a heat
exchanger before devol atilization. The pol yner product is recovered by

extrusion using a deyolatilizing extruder and water cool ed pelletizer.
Process detail 85and=Zresults are contained in Table 18. Selected pol ymer
properties are|proVvi ded in Table 19. 66699A Table 18 Process details for
preparation of |thyll ene/ a-olefin block copolypers. |Ex. C8H16 Solv. H2 T
Cat Cat Al Cat %% =4 Cocat Cocat [C2H4]/ Poly Conv Solids Eff. ' kg/hr
kg/ hr seenl 0C 2 Fl ow | 3 Fl ow Cone Flomﬁiggg Flow [DEZ] 4 Rate5 %% %
ppm kg/ hr ppm @/hr@fokg[%lr ppm kg/ hr kg/ hr G % §11.3 120 71.7 0.14 30.8
0.13 0.17 0.43|3%4320. 2619 1.64 89.6 11.1 11& 3 8| Jonpar ative, not an
exanpl e of the|inventionzl standard cnB/mn 2 §¢%§“6-di(
1-net hyl et hyl ) phe 5tz ami &0o) ( 2-i sopr opyl phenyl) .
a- napht hal en- 2{%dEy¥|6- py& di n- 2- di yl ) net hane) ] hafdi ym di met hyl 3
bis-(l;(2-npth%L$ycl)hexﬁg)ethyl)(Z-oxoyl-3,5-dg(§§qytyl)phenyl)innino)
2|rcon|un1d|be1g§1 4 mol & ratio in reactor 5 Fy#wer| production rate 6
percent ethyl erie2caryersifon in reactor 7 efficjengy| kg polyner/g M where g
M= g Hf +.9 Zr| Tabl|e|19. ZProperties of et hyl ene/ a o| efi n bl ock
copol yner§' 9A T@g% and N¥R:Data [365] Table 20| aptabl e 2 1 |ist TREF,
DSC, IR &nd NVR=dEa fog gonparative Exanmpl e & Tablle 20. TREF Fractions
from Corrpijg_ratiue Exampl e 5GE -
2 59 glo &7 0|3
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Mol % Del taH Fractionation ATREF T COctene nelt Tenperature ( 0C) (NVR) Tm
(0C) (J/g) 60-65 70.5 12.6 106 45 65-70 73 12.2 108 48 70-75 77 11.7 111 5
1 75-80 w0 20®/B75%33 57 80-85 84 9.8 115 68 85-90 88.5 PCU/UB1®@9IBR79D- 95 92
5.2 123 110 Table 21. ATREF Peak conononmer conposition for Conparative
EXAnple G Ml % lInfra-red Octene FWHM Mol % TREF Infra-red Infra-red
CH3/CH 2 Density COctene TATREF Peak FWHAM FWHM Area Exanple (g/cc) 12 (NVR)
( 00 ra-r Area CH3 Area Ratio G 0.8786 1.5 NA 82 11.4 77.56 1
.0 0. 1l detector calibration: Ml % Cctene = 133. 38 (FVWHM
CH3/CH2 Area) - 100.8 Calcul ation of Block Index [366] Wth reference to
Fi gure 2[3e¢5he cwaﬁwmarﬂnrdbiepﬂmkmﬂrdm@msmﬂwm ddtd £ doipatdrive
Corrparatl ve Exanpl e In the calculations, the follow ng caI i bration
equat ilsampte Used: Ln P -237.8341/ TATREF + 0.6390' 9A where P is the

et hyl ene nole fraction, and TATREF i the ATREF elution tenperature. In

addition, the fol | owrnge Bar #RBEBF2dHs Frol S Enpafadl @ARh e ¢val ue Expl anation
5

Mol % DeltaH
Fractionation ATREFT  Octene melt
Temperature (°C) (NMR)  Tm (°C) (J/9)
60-65 70.5 12.6 106 45
65-70 73 12.2 108 48
70-75 77 11.7 111 51
75-80 81 10.5 113 57
80-85 84 9.8 115 68
85-90 88.5 7.0 119 83
90-95 92 5.2 123 110

Table 21. ATREF Peak comonomer composition for Comparative Example G.

Mol % Infra-red
Octene FWHM
Mol % TREF Infra-red Infra-red CHJ/CH,
Density Octene  Tatrer Peak FWHM FWHM Area
Example (g/ce) 12 (NMR) (°C) (Infra-red) CH, Area CH; Area Ratio
G* 0.8786 1.5 NA 82 114 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:

ILnP= —237.8341/TATREF +0.6390
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T A 372.1 5 Analytical TREF elution tenperature (OK) of hard segnment PA
1.000 Mole fraction of ethylene of hard segnment PAB 0.892 Ml e fraction of
et hyl ene w0 208va19es6pol ymer TAB 3 15. 722 Cal cul at ed equi vaCentS2@maabars cal
TREF el ution tenperature (OK) of whole polyner from whole polyner ethyl ene
comt ent [367] Table 22 gives details of the calculations for Conparative
Exanple G The 5 wei ghted average bl ock index, ABI, for Conparative Exanple
G is Q.531, and . the square root sum of i,ght ed. squar ed devj ati ons
about Wlise b Gneuy e 3T beicroand Frarpits AT REGiovERBRtL Sy bh 11 acti on
Bl gr ealigion! defol&RViRe pS8RcRe! fe dsdel oW) is 0.835. 66699A Table 22.

Fractional Bl ock I ndgex (Bl') Calculations for Conparative Exanple G
Fraction # Wei ght ATREF Mol e Fraction Wi ght Random Random Fracti onal

Fracti onal Respgietenei gfdled Recovered (g) El BxplaRat®@myl ene Fracti on

Equi val ent Equi val ent Bl ock Bl ock I ndex ed Squared Tenp (NVR) Recovered
ATREF nol e | ndex based78r5Fr abnalytic@ieVRBF elutian temparpre (fiK)afthaseh based on
Loge of nole al Block tions abegme(it OK) ture from ethyl ene Tenpera fraction
I ndi ces the NVR from tuoeof or Malafraélighbeethiziemel afrrerdEBGMenor nul a Mean

Vei ght Tenper  Eracti angbre i Gadlor oP&hyRinet Wb Blyndlame- > Tx Px W

Tco Pco Bl, B, w * g 7% * ceRlitated@livalent analytical 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 weighted 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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1 3.0402 ( Note 1) 0.859 0.165 ( Note 1) ( Note 1) O O O ( Note 1) 2 1.9435
340 0.873 0.106 307 0.941 0.659 0.659 0.070 0.0017 3 0.7455 343.5 0.883

0. 041 312w0.29eb@9@56622 0. 622 0. 025 0.0003 4 1.0018 346 0P88AISCOHE2785 11
0.953 0.676 0.676 0.037 0.001 1 5 2.3641 350 0.896 0.128 318 0.960 0.607
0.607 0.078 0.0007 6 4.1382 354 0.895 0.225 317 0.968 0.684 0.684 0.154
0.0052 7 3.5981 357 0.902 0.195 320 0.973 0.665 0.665 0.130 0.0035 8 1.2280
361 .5 0.930 0.067 334 0.981 0.470 0.470 0.031 0.0003 9 0.3639 365 0.948
0.020 343 0.987 0.357 0.357 0.007 0.0006 ABI 18.4233 Total Weight 1.000
Normal i zati on check Wi ghted Suns 0.531 0.0135 Note 1 : Fraction # 1 does
not crystakld zg i the anal ytical ATREF.apd |5 assigned Bl, = 0 Note 2

The wei ght &d; $§uat gd «devBat baB @BUE 3 BeSwefyht ed nmean use only Bl 1> 0' 9A
[368] The B&j@Bi P aer al @ﬁl 3K BERE SABI, For exanple 2, is 0.26, and

t he square root of sum of Wwei ghted squared devi ati ons about the weighted
mean is 0.33 £3¥able 23).55 Tabler23.« BRER<FEractionation Data for Inventive
Exanpl e 2. Siiyaiti ve Exanpl e @ SN Eraét Bod& @bl % Fraction Fractionation
ATREF T Ccfene<Bel t aH nekEt Bl9¢k A Rde® ReTovér ed Tenperature (0C) (NVR) Tm

(00) (J/fl) 20,0.04 20 NM 96.6 2.8 20-60 0.46, 64.5 96.5 47.1 0.18 18.5
60-65 68. 579058t 1 .2 0.46 omor sworn &
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0.24 13.7 65-70 70 100.2 73.4 0.33 0.15 11. 1 70-75 72.5 102.6 84.8 0.23
0.07 9.0 75-80 0.001 78.5 NM 107.5 88.1 Wi ght Average Bl ock I ndex 0.55
Squar e r ow0 2009/we50f wei ght ed squar ed devi ati ons about PChaSasmogbi7esl nmean
0.65 Figure 29 conpares the neasured domain spacings to the predictions for
a’Monodi sperse diblock with the same overall conposition and M. The
nmeasured val ues were determ ned from TEM i nages and the domai n spacings are
t he average repeat distance, or periodicity, between two 10 successive hard
or soft domains. The predicted domain spaci ngs were determ ned using
Equation Y with C =8, Mond = 1 g/nol, and ka= 0.00324. The GPC-determ ned
val ue of [3¢8] was Tihseckigtaed ﬁ\l‘teagaaﬂcb’dkdn&emmcfdrakamﬂie@hts 0. M)land fesqaknsol ut e
nol ecul ar wei ght was cal cul at ed asMabs = * xc ) where
xcs i 4094 Sbwfawglﬁ%ﬂ %lufilfeéc,dwléﬁowﬁrabeet @ﬁévelw%m@a% Os’f%o@ébkr%ée t he
measur ed domai n spaci ngs are nuch larger than the spaci ngs expected for a
nonodi sperse di block 15 with the sane val ue of nunber-average nol ecul ar

wei ght, M. Tabl e 24 shows the neasured and predicted val ues.' 9A Table 24 -
Measured and _Cal cul ated Domai n Si zes  Exanp Dsp (TEM nm) DspL (PDI=I, nm
| & 103blkeld TREfSgagtpongtian batp fgnlnyentive 1&@@11%91 9 [369] As discussed above,
the bl ock interpolynmers conprise hard segnents and soft segnents. The soft
segnenjReh/e B@mpieesent in a block interpolymer fromabout 1 weight percent

Wt Fractional
Fraction Mol % Block Ind
Fractionation Recegi/ged ATREF T  Octene DeltaH melt oc ex

Temperature (°C) (NMR)  Tm (°C) (J/g)
20 0.04 20 NM 96.6 2.8

20-60 0.46 64.5 96.5 47 1 0.18

18.5

60-65 024 68.5 13.7 99.3 61.2 0.46

65-70 015 70 11 1 100.2 734 0.33

70-75 007 72.5 90 102.6 84.8 0.23
75-80 0.001 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 C,, = 8, Mpenda = 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 M,y = M, *
(1 - xcg + 4 * xcg) where xcg 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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to about 99 wei ght percent of the total weight of the block interpolyner,
preferably fromabout 5 wei ght percent to about 95 wei ght percent, from
about 10 weigiwoopssscent to about 90 wei ght 10 percent, PComsawoms2705 wei ght
percent to about 85 weight percent, from about 20 wei ght percent to about
S%Ameight percent, from about 25 wei ght percent to about 75 wei ght percent,
from about 30 wei ght percent to about 70 wei ght percent, from about 35

wei ght per 0 out 65 i.ght cent .. from about 40 wei ght percent to
about 60 méﬁﬁk?ibé éﬂF??@FwﬁﬂgQ?gﬁi%¥n%%SR@?ght percent to about 55 weight
percent. Conversely, the hard segnents can be present in a simlar 15 range
as above. The soft segnent wei ght percentage (and thus the hard segnent

wei ght percent age) can]g@nqggqg&@ﬂgpynmyRDg[Qigm:ﬁ%ngennnstrated above,
enbodi nents of the inventjon proviﬂg a nem1é1§&§ of ethylene and a-olefin
bl ock interpolymers. The it ock int 6polyners qg@ characterized by an
average bl ock index of gré€ater th zero, pref r%bly greater than 0.2. Due
to the block structures, 20 the bl ék i nt erpol ners have a uni que

copbi nati on of propertiesdor charad®eristics mdtd seen for other

et hyl ene/ a-ol efin copol yners. Mreover, the block interpolynmers conprise
various fractions with different block indices. The distribution of such

bl ock i nkfi6dks hdys Hifusifdatevoihe Hecloipsrarlymprrompaise Brgpestrus 2kt sathe bl ock
i nt er ggéfﬁémg.sThé loft s%g{?l%ﬁt%'cg{i gﬁé&s&ﬂ%g%l&ﬁ?rg?@%nﬁ&q}dn?%dﬁft 1&%5%%9&&

i ndic y adj usting e po rization con s, thereby a ing 25
t he alo hbdut @9 weight aetcont dfitlee wéd iwegght pHihg rebock. in@uiyhéropilefaratle fipol sboek § have

many end-use applicatigns.. For exanpl e, the bl ock interpol s can be used
Lo MaREBEIRSHEN BIBAUSY YeigHReroent (e dhayf HA e prrerl © RRRH PRAYREN pase
oilhs, peient, HoliboatYaak ??Leré‘é}ﬁ G HRIR8S Qlelght ?&%elﬁr BoRARBBLET wiiht OGS
skilled inthe art.'9A [371] While the invention has been descfibed wth

r espede abent 0 wenght gdreantnfrem abouebwdigheprresnt thaboyp @z ivkight peraenir isemabowdne
enbodipent. .shoul d not b tt.ri buted t.o other ,embodi nents of t i nvention.
o o iR Rebo Bl EhaRt SR yRrD O S TERHL PERGR  peditRouvell, °F
sone erhes, A fHhout NEweRPA& Lt @Nsbdk cOBINDE perdimt, bm&mdﬁoﬁtww&ﬁlﬁ 3)
conmpounds or steps not nentioned herein. In other enbodi nents, the

conpoderaenite apputist wejght 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/a-olefin copolymers. Moreover, the block interpolymers comprise various
fractions with different block indices. The distribution of such block indices has an impact on
the overall physical properties of the block interpolymers. It is possible to change the
distribution of the block indices by adjusting the polymerization conditions, thereby affording

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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do not include, or are substantially free of, any conpounds or steps not
enunerated herein. Variations and nodifications fromthe described

enbodi nerwe 2e09/®t365The nmet hod of neking the resins i s destnishedoasos
conprising a nunber of acts or steps. These steps or acts nmay be practiced
i'Wany sequence or order unless otherw se indicated. Finally, any nunber
di scl osed herein 10 should be construed to nean approxi nmate, regardl ess of

whet her bout" or. oxi nat s used in. descr t he
rrber AT 20T SO0 hnyeRlion AR e kBed pidir e TrU st Bhe and
vari ateh%&rﬁe%@ @ﬁe‘ §p@¢§ileféajﬁllr@S bhéheSHeRRiREnt lsheull R¥Er dt@fbu%%'% GHRLMS: 1. A
conposition conprisSing at | east one ethylene/a-olefin interpolyner

conpr |emh®glnt1€ms erthmwentmbsl‘tl@ﬁnglalelngbwmm enepieseritatveatoll @spactrofthock s
conpri.sin sic nd havi ng a

i 1 e D00 gl PR S o G PRl op el o o b o ok
char acbgipbaRil PYtepOasEasitdPe@héoRt 1pbeHeabMBodBleatUhacod@bydhbnrshéthédst i on,
wherein the ethylene/a-olef n block interpolymer is characterized by a

nol ec @yt dsiugiat orgire sybisatialbnhireavnl pmy cqmmumés PiaYigRs not eRyBRRiEB batein . 4

about Vi n out
10 R e A BN BT BBt U AR En ARl P TR Hniélg%%ﬁﬁé’e 10
separ at<ih is deschibed et chymﬁmaigaa mlrﬁf)drrd)f bd:t@@k stepﬁt él’m:@d: ytﬂpsrormfcts(ﬁl@t b8 ﬁ.ract\td’edr ein
t he bl ocks have a PD| in the range of from ahbout 1.4 to about 2.8. 3. An
et hyl é?né%se&P%‘?‘ier?fPFﬁeéPB]GF%/‘PFB?YWé%?nLBg %tFﬁgF’cI\ﬂBY’c?rnYr?BF’é’%%%lP%Fﬁtheéﬂ“Py _
hqpogeN&Al e cGﬁsfu%@I‘P'tc?ElHé p%ﬂfh‘é& HRﬂés%'of‘gthﬂhEIf @E hgd efpilrcel  or physi cal
properties and having 5p ferenCce in nole percent a-olefin content,

sai d i"appraxmoiagdyl] mmsaﬁgr@sﬂrﬂnm@@amh@m ZB¢ d})pel}[ltedsid!ﬂmﬁ miggerad tmwtvermlbtbastml e
nmol ecul ar..wei ght distr.ibution, wherein the ck copol ynmer has a nol ecul ar
e gnin ket iR Bise YOBUS BEA6TE Shif fueHiSahase ceparated. 4
The et hyl ene/a-ol efin block interpolyner of daim1l, wherein the value for
cN, where N is the nunber average block length, is in the range of from
about 2 to about 20, preferably in the 20 range of fromabout 2.5 to about
15 and nore preferably in the range of from about 3 to about
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10. 5. An ethylene/a-olefin block interpolynmer conprising two or nore
substanti ally honbgeneous i ntranol ecul ar bl ocks conprising differing
chem cal WO 2péyrsal properties and having a differencePCh/useéoe/opEntent
a-olefin content, said intramol ecul ar segnents characterized by 25
possessi ng a nost probabl e nol ecul ar wei ght distribution wherein the
ol ymer is characterized by an average nol ecul ar wei ght of greater than
40,000 g/ nmol, a nol ecul ar wei ght distribution, MV Vi, in the range of from
about 1.4 to about 2.8, and a difference ini 99A nole percent a-olefin
content between the intranol ecul ar bl ocks of greater than about 20 nole
percent. 6. The ethyl ene/a-olefin block interpolyner of any of the
precedbﬂgﬂié,ai ns, wherein the a- olefin is styrene, propylene, 1-butene,
1- hexe -octene, 4-nethyl-I|-pentene, norbornene, 5 1-decene,
1, 5- hexadi ene, or a conbination thereof. 7. The ethyl ene/a-ol efin block
i nt er pbl &mp@ntmwnmﬂsm&et lp¢5éemﬁthbger@(0a¢lﬁ%n intRep@y mendempsing évepceoren nol e
per cent t | at ed
BeCor i e Bl o Wl LS R Rl § 6 10
whe? ei n pvhpdriestané haninge difigvemcaigenoto percent grolefimi aghtenipfaid iritramolegelat Wecksn units
of g/ nol 7 wherein
the - comraerfabyToRksTHEL oy Bfabfl sl WL RO TR, PheshhEl | 757
pref er abétyylgreéablefin bloaknrmarpcdwued is tlmraa;tmzed ﬂﬁ&ﬂ@lecuﬂm 'eelghtecﬁmﬂabioy greater
than or gq about 056 [ eat er an. or_equal to
about 110980 i Be PR b domaboud B T Zs3e BT aR A BRI R aeEler Ponn o
equal tme&bmutupldg&ﬁu 19; an) &vhetemtheethyleme/oblefih blook imdcpolpiner ip@leyophaseof C ai m
g@er ein the conononer is octene and A is greater than or equal to about
45 pr&PUPEY y greater than or equal to about 4977, nore preferably
greater than or equal to about 5203, and may al so be greater than or equal
t o aboit Tie4Rylengfoeatfan blbtiamtenpol paeralf Clamadbetiérein@bbblacid lgveaPBI intthan or
equal

range of from about 1.4 to about 2.8.
3. An ethylene/a-olefin interpolymer comprising two or more substantially homogeneous
intramolecular blocks comprising differing chemical or physical properties and having a
15 difference in mole percent a-olefin content, said intramolecular segments characterized by
possessing a most probable molecular weight distribution, 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 N, where N is the
number average block length, is in the range of from about 2 to about 20, preferably in the
20 range of from about 2.5 to about 15 and more preferably in the range of from about 3 to about
10.

5. An ethylene/a-olefin block interpolymer comprising two or more substantially homogeneous
intramolecular blocks comprising differing chemical or physical properties and having a
difference in mole percent a-olefin content, said intramolecular segments characterized by

25 possessing a most probable molecular weight distribution wherein the copolymer is
characterized by an average molecular weight of greater than 40,000 g/mol, a molecular

weight distribution, Mw/Mn, in the range of from about 1.4 to about 2.8, and a difference in
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20 to about 5880. 10. The ethylene/ a-olefin block interpolyner of Caim7
wherein the conmononer is butene and A is greater than or equal to about
6953, preavenradlop7sgseat er than or equal to about 7649, mpCe/Uysc@boszIbS y
greater than or equal to about 7997, and may al so be greater than or equal
to about 8337, greater than or equal to about 8692 and greater than or
q% 25 to about 9037.99A 11. The ethylene/a-olefin block copolyner of any
o] ainms 1-7 wherein the a-olefin is octene and delta conononer is greater
than or equal to about.20 nole percent, preferably greater than or equal to

about 22mpRIpercp@rocélBtin cotibene bgrivedretha ltm@letalablodkl df gRbteLa@mhbduo2@holet 23
nol e percent and nmay al so be greater than or equal to about 24 nole 5

per cent ,Pgf8ht er than or equal to about 25 nole percent and greater than or
equal to about 26 nole percent. 12. The ethyl ene/ a-ol efin bl ock copol yner
of any ofe. Cliai étlbyléne/fi-o¥bfin Blotk inkegpdlyataifiany bfth® plecdtingdlsimd el liedein GBAOMEr i S

greater than or equal to about 30 nol e percent, f er abl reater than
or equal qqg‘“dbﬁﬁ‘i"“%?.“@y%ﬁf:’el'%?'Eehg?x%rlé&ﬁ?“éf %F%EH%?@’F%%‘P%%“?’H%M‘IO or

equal t o 1akette, BS-mxdtdne, RardabinaBbsltheRryf.al So be greater than or equal to
about 36.9 nole percent, greater than or equal to about 38.4 nole percent

and ‘greater_than. or equal to about 40.0Q0. 13, The et hyl ene/ g-olefin bl ock
copol yner’- pTheaeﬁaVI"(i‘F/ "d?iﬁg'i’rjélo k?‘tm?”@?rr??laﬂ%oghﬁpléﬁcﬁ“g ‘galﬁﬁsd‘%’f}fc@h ®and delta
conononer i &ffefefdtif imdidgatcedt oWl cohtentdeBiben M2 ibtrdfRdlecupe biRRY is 15
preferably greater than or equal to about 44.7 nole percent, nore

pref er abl y grilatedraceerding &e thedellawingeBtioR: 40. 7 nol e percent and nay al so be
greater than or equal to about 46.7 nole percent, greater than or equal to

about 48.7 nole percent, NERRE cdheHdnRF) £AYan’® about 50.8 nol e percent
and greater than or equal to about 52.8 nole percent. 14. The

et hyl ene/ a-ol efin bl ock interpolypmer of any oﬁ the precedi ng cl ai ne wherein
2019 he etMiprdmings tedpmietavaage pRlssroEsi sk oia i“g’é?“@& HETHS ogﬂé‘r" ‘n the
donmai ns have a

8. The ethylene/a-olefin block interpolymer of Claim 7 wherein the comonomer is

propylene and A is greater than or equal to about 9187, preferably greater than or equal to
about 10100, more preferably greater than or equal to about 10560, and may also be
greater than or equal to about 11010, greater than or equal to about 11480 and greater

15 than or equal to about 11935.

9. The ethylene/a-olefin block interpolymer of Claim 7 wherein the comonomer is
octene and A is greater than or equal to about 4524, preferably greater 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

20 to about 5880.

10. The ethylene/a-olefin block interpolymer of Claim 7 wherein the comonomer is
butene and A is greater than or equal to about 6953, 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 8692 and greater than or equal

25 to about 9037.
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smal | est dinmension in the range of from about 40 nmto about 300 nm

preferably in the range of from about 50 nmto about 250 nm and nore

pr ef er ablwoiznoddeesesange of from about 60 nmto about 20@cCmrusS25/03The

et hyl ene/ a-ol efin bl ock interpolynmer of any of the preceding clains wherein

25 the ethylene/a-olefin block copol ynmer has been conpressi on nol ded. 16.

Jﬁﬁqethylene/a-olefin bl ock i nterpolynmer of any of the preceding clains
erein the ethylene/a-ol efin block interpolyner conprises domai ns wherein

t he domai ns have a>99A smal |l est dinension that is greater than about 60 nm

gr eat er t han.aborke effylene/e-oléfin Iockadopblyineaof @nlp @ Clalh§ 147whelein thElweolefimy| ene/

a-olefin block interpolyner of any of the precedin | ai 16 wherein the

et hyl ene/ o' 8f%&Rg ar?%ﬁ%g?: T‘?‘P{"E’r"bbsl%?f‘éerr thagor gq‘f?gfoea@fi?taﬁ) MRIF GHESYr eat er t han

about 250 Sprefermly. grdfler tidtforeii ke iRt 22 MbRipeftef| M6k préteRbRYUr4R thaforany of

the preceding clainms wherein the ethylene/ a-olefin block interpolyner has

an aver age $IU8/dR apoti @R mpleparesnt pnayplin e gredd thanof eqipd ta abgut24gnele a

mol gcul ar welr@ht, ofllalt fHaR '8 LAl toMBbRYRS ntI€ AdrEdnt hiPdleAQRAN dr-effual IPabolihe

et hyl ene/ a-olefin block interpolyner of Caim 18, wherein the average

bl ock 10 i n#femoleeicgntt he range from about 0.1 to about 0.3. 20. The

ethyl ene/ a-olefin block interpolyner of Caim18, wherein the average

bl ock indexjd s iThelelifyidnd/adstetid BIB2RPLIMEr 8f dn9 oORSths 1-70vhedeln thEEo18tiMY! ene/

a-olefin block interpolynmer of Claim18, wherein the average bl ock index is

in the rangé bw:eeﬁrﬁréltf@m cemanomgr igseater dhap or gguabto abppie3let MoledsESENta- ol ef i n

bl ock i nt er ROteYdBRS or@iterch& dPedfal tYARNLEITS AR RYRhARRrOprekkablyHEMer tRad N the

range fromabout 0.6 to about 0.9. 23. The ethylene/ a-olefin block

i nl@r pol yneer eapal @ ahowt 184 mefrapestent andananadsodgerestes ehanjondeyal fosabpyt 36k r ange

f rom about gl@ SEI%erﬁg%}%terotf]Zn 01%%u%[5'900%‘ 8k GRS pefceRl £ld! gRedbdr ARk o BY S PO! ymer

of any of t recedi ng clal s, erein
to about-40.0.
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 about 40.0 mole percent,
15 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 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.

14. The ethylene/a-olefin block interpolymer of any of the preceding claims wherein
20 the ethylene/a-olefin block copolymer comprises domains wherein the domains have a

smallest dimension 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.

15. The ethylene/a-olefin block interpolymer of any of the preceding claims wherein
25 the ethylene/a-olefin block copolymer has been compression molded.
16. The ethylene/a-olefin block interpolymer of any of the preceding claims wherein

the ethylene/a-olefin block interpolymer comprises domains wherein the domains have a
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20 the bl ock copolynmer has a density of |ess than about 0.91 g/cc. 25. The
ethyl ene/ a-olefin block interpolyner of Caim?24, wherein the interpolyner
has a derwotzgodae7iche range from about 0.86 g/cc to aboutrCc®/S$r009/082705 26. The
et hyl ene/ a-olefin block interpolyner of any of the preceding clains,
wherein the MV VMn is greater than about 1.5.i99A 27. The ethyl ene/a-olefin
b,%@/gk i nterpolynmer of Claim26, wherein the MMM is fromabout 1.7 to
about 3.5. 28. The ethyl ene/a-olefin block interpolynmer of any of the
precedi ng clains, wherein the MV Vn is greater than about 2.0. 5 29. The

et hyl ene/ a- ghAlkitdihémih thadiSFrpRéthdy aboihit 40l nan, Fredber thalQb&ItN100 i, ddgrddteri S from
about 2.0 to about 30. The ethyl ene/a-olefin block interpolynmer of any of
t he precedi‘ﬁ@“ o8t IO "Myherein the et hyl ene/ a-ol efin interpolynmer is
characterized by at | east one nelting point, Tm in degrees Celsius, and a
density, d,17.n drheredyldnblocolefnblodkein@ipolyide bCany dflite prodedingeddimd Oheralnues of

T dd to t | ati hjp: T - 6880. 9 14422(d) .-
7404, 3( ) 2. S SN FREo-of g TBigp Ben b EAe S QYSRN RFBET B AH R70 ¢ e

presedi ng cymb® characterized by having at |east one fraction obtained by
Tenperature Rising Elution Fractionation ("TREF"), wherein the fraction has

a bl ock ind greater . than out 0.3 15 and_up to about. 1.0 .and, the

et hyl ene/ a- ’gg'(ef iﬁ’eﬁ%&%e@b‘ﬂ%l'b'yﬁ@?k Rigpo %PEE’@I %fﬁh‘?/\%rF“gqqf"g&?aé?‘? MBEEI%on,

Mv Mh,  gr eaheethiRadIadRBiatbldck 4nterpdlymERRas&ih RYregeslackohedx dieddraidn 0 Biter pol ymer
of any of the preceding clains, wherein the ethylene content is greater
than about &% tﬁ‘iﬂ "é"’b‘é}*gé’ﬂﬂ?mS@?“‘%‘éelé‘{tHVFé’h‘é‘P%v- /¥ %fe"t‘fFrotg?P ?ng‘ﬂ?ol yner of
any of the preceding clains, wherein 20 the hard segnents are present in an
anmount f r omaabouthe2tylencalsiefin 81656 iaerpsBingdhof faitne, witdréih pied averge block

10 v index is in the range from about 0.1 to about 0.3.

20. The ethylene/a-olefin block interpolymer of Claim 18, wherein the average block

index is in the range from about 0.4 to about 1.0.

21. The ethylene/a-olefin block interpolymer of Claim 18, wherein the average block

index is in the range from about 0.3 to about 0.7.

15 22. The ethylene/a-olefin block interpolymer of Claim 18, wherein the average block

index is in the range from about 0.6 to about 0.9.

23. The ethylene/a-olefin block interpolymer of Claim 18, wherein the average block

index is in the range from about 0.5-to about 0.7.

24. The ethylene/a-olefin block interpolymer of ahy of the preceding claims, wherein

20 the block copolymer has a density of less than about 0.91 g/cc.

25. The ethylene/a-olefin block interpolymer of Claim 24, wherein the interpolymer
has a density in the range from about 0.86 g/cc to about 0.91 g/cc.

26. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein

the Mw/Mn is greater than about 1.5.
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34. The ethylene/a-olefin block interpolyner of any of the preceding
clains, wherein the hard segnents conprise at | east 90% of ethylene on a
nol ar baswe.208#975kke et hyl ene/ a-ol ef i n bl ock i nterpol ymecTafS2emp327H5 t he
precedi ng clains, wherein 25 the soft segnments conprise | ess than 90% of
et hyl ene on a nol ar basis.99A 36. The ethyl ene/ a-ol efin block interpolyner
E Aany of the preceding clains, wherein the soft segnents conprise |ess
than 70% of ethylene on a nolar basis. 37. The ethyl ene/a-ol efin bl ock
i nterpol yner of any of the preceding clainms, wherein the bl ock copol yner
di spl ays a z7ef | eltieiethyleapracdiefitnblodicinterppayaite of GlaiaR6ovieifthe MaAUn 0 5
percent wt %he regl on Bf infrared, visible or ultraviolet light. 38.
The ethyle 9’53 UL 4 {740 B rnterpol ymer of any of the preceding claims,
wherein the bl ock copolyner is pearlescent. 39. An article conprising the
bl ock i ntersol yrikhe ediyleasi- a)éflrtﬂslecmneqmmxmg ot higyi ofBhe ptecediblgeladms,ivdleeciof Cl ai m

39 wherein e Co film a nolded article, 10 jewelry, a
toy, an opté’ﬁg/{w%lféfeéter li 5@[ ve article or a combination thereof. 4

1. The article of Caim40 wherei n the optical article conprises a photonic
bansl gap nel%r i athewthgteae/a-oMfar dock infeepoiyater of Glaith 28, wiretkdn tlefMwé¥Indsct i on of

t he segmentts ha%/)i n? 3 déffgrence in nole percent a-olefin content is 1.00
to 1.09 for 4" 19 8PUEt of wavel engths lying within a wavel ength range
of from about 100 nmto about 10 mm 15 42. A process for the

pol ymeri zat3ton dfheethylene/ardefen dek ihieqrolymadr pfremyi of s Iseammgmmims twhefedm m a

polyrer cortberYEonesieTao B Brise ™ BRgreatdattd st mloh BF) B act i ng

an additi orue@aleycelsuuz,abhedmmp,rmﬁn mmmbwluealtmfetmmﬁ thewndericaddi ti on
pol yneri zat i P,Pdltlgns in a re Fr or.reactor zone with a conposition
coﬁ%ri si ng “628 f (S’H’gesé’f’%qfoﬁ AR¥Bati on catal yst and a cocat al yst
and characterized by the formation of poI ynmer chains from said nononer or
monomers; 2) transferringThe6880act 16122a) xt7d4043@Y. a second react or or
reactor zone and optionally

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

Fractionation (“TREF”), wherein the fraction has a block index greater than about 0.3
15 and up to about 1.0 and the ethylene/a-olefin block copolymer has a molecular weight

distribution, My/M,, greater than about 1.4.

32.  The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein

the ethylene content is greater than about 50 mole percent.

33.  The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein
20 the hard segments are present in an amount from about 5% to about 85% by weight of the

interpolymer.

34. The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein

the hard segments comprise at least 90% of ethylene on a molar basis.

35.  The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein

25 the soft segments comprise less than 90% of ethylene on a molar basis.

- 138 -



addi ng one or nore additional reactants, catalysts, nononers or other
conpounds prior to, commensurate with, or after said transfer; and399A 3)
causi ng pabyneriozsti on to occur in said second reactor @®CTUSa@vo8278HNe to
form polymer chains that are differentiated fromthe polyner chains forned
in step 1); said process being characterized by addition of a chain
shyttling agent to the reaction mxture prior to, during, or subsequent to
step 1) such that at |east sone of the resulting polynmer 5 nolecules from
step 3) conprise two or nore chem cally or physically distinguishable

bl ocks or swgnMenths etfeacmidlefindtlodN idelpolbaie bf aBrofitse precamiaiems eprreat ed.

10

15

20

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/a-olefin block interpolymer of any of the preceding claims, wherein

the block copolymer is pearlescent.
39. 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 about 100 nm to about 10 pm.

42, A process for the polymerization of one or more addition polymerizable
monomers to form a block copolymer comprising two regions or segments of

differentiated polymer composition or properties, said process comprising:

1) contacting an addition polymerizable monomer 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

pdlymer 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
prior to, during, or subsequent to step 1) such that at least some of the resulting 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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