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WD 2009/ 097529 PCT/ US2009/ 032642 PROPYLENE/ a- OLEFI N
BLOCK | NTERPOLYMERS CROSS- REFERENCE TO RELATED
WQRRBROTATY ONS [ 1] This application clainms prioPCT/ySionwom2642
US Provisional Application Serial No. 61/024, 698
(Attorney Docket No. 66701) filed Jan. 30, 2008. This
application is also related to 5 the following U S

005 wi i PRSP ERSAaGK Il it o

65044); 61/024,688 (Attorney Docket No. 66699)
61/ 024, 6ROSPAREFHRENER Q@REMTE@%/KPPMC@KQ% 698
(Attorney Docket No. 66701); 617024, 701 (Attorney
Docket No. 66702), and 61/024, 705(Attorney Docket No.
[1] 66703 his p@phcﬁupbéglggs gmorm“fmé@Ug JpuisionglApiication Serial No.
t t
o124 AREARSFiy ORERP ) Mt 050, 2000 L WG iyt o
the follcﬁilllﬁg[DJ SFProkisidnbMENEHt A plli2tiohR iakoifilecefini 80 2008 atltﬁSSeh@l Nos.
ase separategsconp03|t|ons of propylene/a-olefin

61/024 BY‘bE‘%‘FH%BéPB%}? hver &G4 1R 4581 (A&grsy k%@?i%reﬁ@é%%) 61/024,693
I Q4ogt r

(Attorn%nﬁoéﬁett NK)IDG%L O@f_ﬁg/(?iﬁv Eﬁﬁﬁ%toﬁleg%élkbotgﬁkg cégggym@§4 %61 (Attorney

Docket (N}mﬁﬁ@é Emécﬁléﬁi’éé@S(Atbcbrock@@ke@Not &7 BSanEommmpeses of United States

coval ent ound to sequences of unlike type. . .
patent Pfich B RETEIR LR ARLE A Fi TRnS F1egmpTpd fgystiBfce in ther
entiretySuch 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 copolyner, A and B
can be connect ed EHEID QIHBEE INMENFION f f erent ways and

be repeated multiply. It may further conprise
addi t b -
121 8 5ol EFhv BUEE Kan g ithodeBhRD ke X cipdhgchl 8 bropytencic-olefin
block imerpblynierowkh sd@rollef blockaeguenices andiacticled hadd foerk shdloinck
to the same atom or chem cal noiety) or conb-like
interpolyBeyirer s where the B bl ocks are attached at one end
to an A backbone. [4] A bl ock copolyner is created
when two or norgARKRYRBUNIPDECHIEINGENGHONET ent 25
chem cal conposition are covalently bonded to each
other. Wiile a wide variety of block copolyne
[3] ar chi Blaskisppelymers qoowsise besueaces (tbegks ofof bh%%‘lme monomer unit,
covalen?lpfa%PX(irFobﬁ%gu%vg y untl g COV ﬁock? ?%}dl:)@ c%élr%gcétfx? q a Varlea of ways,

such as @l—aBSM dlﬁléclezirﬁlSAOlIBI—lACtrlb-ldck\é@u&beQ[ @H&’é @represents one block and B

PCT/ US2009/ 032642 . .
represents a different block. In a multi-block copolymer, A and B can be connected in a number

of different ways and be repeated multiply. It may further comprise additional blocks of
different type. Multi-block copolymers can be either linear multi-block, multi-block star
polymers (in which all blocks bond to the same atom or chemical moiety) or comb-like polymers

where the B blocks are attached at one end to an A backbone.

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

bonding of hard plastic blocks, which are substantially crystalline or glassy, to elastomeric
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bl ocks form ng thernopl astic el astoners. Oher bl ock
copol ynmers, such as rubber-rubber

W@ 2008997152%®r - el ast oner), gl ass-gl ass, and PCT/US2009/032642
gl ass-crystal line block copolyners, are al so possible
and may have commercial inportance. [5] One nethod to
make bl ock copolynmers is to produce a "living

olymer”. Unlike 5 typical Ziegler-Natta
blocks BplEihermeplistc ruomet e s fpeicrBBIer Fysh pigbber-rubber
(elastorrRSRFIRS), | MU VBs ARl Y lask-RiistadideMo@N pBlyeR2G Al A possible and
steps and essentially lack chain term nating side
may hayeemnmeisil ifpertancpermits t he synt hesi s of
predeterm ned and wel |l -controlled structures desired
in b c r di:l.: t v Reys
51, s LEQBELUIEL colf LT FERRL LA ol Wi
typical BiegtefiNaitth ipolyndrizatdbregrot éke s\ gl tpoamekrizati @spebédséd ihyolve only
... . nonodi sperse gi.e., t he nol ecul ar wei ght 10 ) )
initiatiogiage Prapgeitg Sepsead enendal|nlagneinin erpinagng siflarspgtons. This
permitsﬁﬂes%}%%ﬁi% lof P?ﬂ@(eﬁ?fn%ﬁ ha& el oﬁ&?ll'lé?f doh Rk QY el Lin AbGh
is on the ofder of or exceeds the propagation rate,
copolymagrd A palymbsereted of a tléving ngsteoncanrhave n amsd e or ex@ahelpmsrrow

... I.n addition, these catal yst syste are characterized .
dlstrlbublgn Pﬁ@oiﬁcg]g.éwg@%bfmdgbe §§%ﬁ]‘agy PWQH%PC%‘%@ l:ev zheslirlplgg:ul%wel ght
distribuBbR UG Ser@iall) OFe)Y L §Viflg SdaBhQSKieARAR! MABIctdrRedby an initiation rate

~ polynerization process, "such catalysts nust exhibit
which i$ pw thegprddranf @ txgerdy the prapegatiaubtst ant thakbsereeef termibafi@] or

But adi ene- i repe bl ock copol yners have en
ranster i PR, GO0 R i SR s Bl ppgence of
single tpRpraRtivaditenROpBaudifh orRld SaIed olyhitr $£8l YeRhriedilation

addition, a certain anmount of one of the nononers is
processcyigh gatabadtsviysh exinbit dixinglchatactepfess tea pubssantigl estient.

nmononmer has reacted to substantial extinction formng

[6] t h%tftﬁdiéﬁe—i@!ﬁ@%‘fe bIBcIEES oﬂrﬂer@Weeﬁf ﬁtn%izeﬁe\% onic
nononer or nonmer Species IS Inttodlced and al T owed
polymetigatioracingtthe fcguontiahenomemenad@@orbiecialiquelHe spqueagsisaddaipn, a

. be repeated using the sane or other anionically .
certain %‘BPW_? PoEBH B2 THBRBITEYS COMBYEY &f.lt?l th Sy rnOnand ot
monom8r s §E AR toSHERarRD] BLtRRUSE ﬂﬁ‘rmi@&l@ Rist blocRCA BNBrin &h6unt of the
are not directly bl ock polynerizabl e by anionic

second trephmegeresondrrdr spémeray ertraclugest nid alloavetl emreacicafernuigeecond

i escent caonditions, .which neans,that th | ynmer is
block. {0 PO GRS PR ule WK PuPar Stherchipm ey HGaEee
monomBRU &N ev¥r, byl ahd Beher 2 1FRIDRRK MBfopy ¥R Buldn@M -Bctene, etc.,

highly crystallizabl e nononmer wl | crysgall|ze froma

are not gis¢atlyhherkf podymerizahleriycmiionde feganigvass cal | ed
"spherulites”. These spherulites range in size from
- il L N it
7 5 SRS 2 SR L TS, RS9
polymeAis|nas sudfjedral tpretheMxtqrhd Ineg¥ianitiddsees Suluissdibrfast cheling,

York, 1988. The. spheruljtes are conposed of |ayer |ike
homopQlymets madeiteam g dighbycystadizpble maneaer Wyt rigiellge Tiom & mglyand form

sphericg%trﬁ&ﬁfbg chl‘i‘ed&%bh@r{l}ites”. 2These spherulites range in size from micrometers to
millimeters in diameter. A description of this phenomenon may be found in Woodward, A.E.,
Atlas of Polymer Morphology, Hanser Publishers, New York, 1988. The spherulites are

composed of layer like crystallites called lamellae. Descriptions of this may be found in Keller,
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WD 2009/ 097529 PCT/ US2009/ 032642 A., Sawada, S.

Makronol . Chem, 74, 190 (1964) and Basset, D.C
woage7s2e M, Aley, RH, Proc. Roy. Soc. LoPCDES2009/032642

A377, p 25, 39, 61 (1981). The spherulitic structure

starts froma core of parallel |anellae that

subsequently branch and grOM/outmard fromthe core in

A savfigh Roitgotel Sieodielle AR A oehitbed Gacsh M Dy RH,

Proc. RS k] D:%E‘loh nA1;-77, pl2s, 36 AN1963), TXE 'dﬁlgarulﬁcl-strucﬁl're stdrts from a core
K., Macr onol ecul es, 316 (2001). [%ﬂl
ia

of paralfep lapesilag |ﬂm éu'fa;héiuerndm dernch and etqvnou,tm@tﬂ fpomrthe edre in a ra
dlrectlon B(l eneere yr%%rlf: o Clr?sd mta STk terla? %Ftsvpegrel Iiamelfar Branches as
orogT BSY I eert i Mecaskes” at’ion occu

descrlbéMhQI’thDeCﬁﬁlyﬂ aYJ:mrzgam IONLi, §ON, Ki. q&s "l Ma@ﬂimolecules 34,316

qui escent, such as durlng bl own or cast film
(2001).pr ocessing. In both cases, the 10 nelts are subjected

to strong external forces and fast cooling, which

US Ui RERAAGar O 1 6 154?}1 é‘@aﬂ% forced t

81 struc %ur}gs as Eésc\rﬂli %egé‘f k E'H%F : I\/Iachorr(fe ) assume

non-sph¢hditemérph@ogies irRfeytain caies. Ohe (sﬁ%ﬂ))l océum @»mes pheerrydtaliizagion
condltl%ﬁ?ealgql{%gi/?aw | lsa?h %gdlglen& c%\?%gggasmﬂ A t@?:e%syn%le%gglo&lscases the

melts a2 QUBROEE ko $orRleRMBM 608 RrmRiche O whidraihill@Srodd&d Bw-
charige in crystal type occurs because the conpnomers

nucleatfad@r‘iﬂhl@hikblyatf’(ﬁu”utturd&)as ﬂ@SCmBerm:fk l‘l\ﬁilldluMJaM%?@himyV eMlecromol. Sci.

cr, and, th f eth its
phys. 1 ELRTCR ophBHEIET GroniR D VD ydfe Vi e otecute
contain eRbEIHEST ahRBIctiRdr hﬁ‘&ﬁér‘”tyﬁ’é oft d@ﬁion@ﬁﬂ:k‘ ﬁﬂ%@vérﬁ* t}@rformatlon of
all-trans conformation. Eventually, e | anmel
lamellawilihlsjclhlag@lrt erﬁddmpmocs;orﬁmpw& tlzet contaiomef odrd nlslgalhyrto@bulky to
l.amel | r struc er f
pack wigfgn <Ry st H BT chF B pORaceer B gaSinifdn belven
comondRGEEMBEt REMALGGIhIRRY thibked-th RS &m@th ofkhatMedliedke inan all-trans
Met, S. Chum A Hltner, E. Baer, J. 20 Polym Sci.
conforngitlopoEmuaﬂiﬁygle largeflae mid qu}gggjaecogiqjsm thip that ghgin folding into

lamellaIUR Rhlte Al \AEI‘J) Ig f: lra\{)?e ltﬁ sef Fr %&1 celRF 8 %le% crystals are
Rl Tyt bR S hERL ARRIBE S0

ers er of ¢ton [ve e

observe)dl’mh HSschbadl ire$ . Bdnegpoh S .E(Mlntdli AoMuoeq Scbaum, AOHﬂ&Iﬂzr E Baer, J.
ae. As described in L. Mandel kern,
Polym. (E1gh: Ro it Phs R 1§%1a@f296>w§6&d%fﬁ0¢mp@éew@3 weigbgolyethylene

fraction$ k?o%%e ﬁ%ﬁﬁ@ﬁ?anﬁh‘% dJF ftl?)éraﬂ_\;[:ﬁlghltrn ?I)IilS@Eut 1&@%@& ek GfdGequired

units are required di ng. B
to formrawhbiﬂarfokoikd @Irinqllaenﬁs dm;K:tllse,d indwMaidetatmarA . ReisgthtR .06 Alamo, G.M.

fracti I hai n_crystal s ile .
Stack, Aﬂ@qrg@p 1/ éﬁé g%g{({/ggg(i g&?ﬁ]&rseﬁgp%m@aqlﬁwoo ethylene units
are reqlflfeﬂrf&e&am féﬂlh% SB@lGGJ tﬁfs%hﬁ)eﬁoﬂétﬁﬂ%@lﬁm{sy% molecular weight

nor phol og A fourth type solid state pol ymer

fractlonﬁmlph@it@gi,ﬁtd lshginisexstal owbide p@laethmleae afl tgpical thploalar weights form
s _made b tch_ani |c pol yneri zati on of
ﬁn@edﬁﬂ?i%%%ﬁi“?%ea ]ﬁﬂﬁﬁyﬂyﬁPré@(gylon of the resulting

polymer. At the crystallization tenperature of the
[9] et W k®ie t$egoEIdlid stakdBolymer 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 within a glassy matrix
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30 anor phous bl ocks can be either glassy or elastic.
Studies of crystallization within a glassy matrix -3
WOD020032997529 PCT/ US2009/ 032642 have used PCT/US2009/032642
styrene-ethyl ene (S-E) di bl ocks as described in Cohen,
R.E., Cheng, P.L., Douzinas, K., Kofinas, P., Berney,
Macr onol ecul es, 23, 324 (1990) and

N T T R
K., Kofﬁﬁ@ IS Berney, BT OpRLREAHI&S1323, g@@@l‘)@@@@r@ ethylene- Vlnylcyclohexane
'stallization within an elastic matri x has been

(E- VCPBt(i;bllpelés aﬁsdesrgledem h9o.ehé-, (RfﬁgrﬁéqthdA bRyané)).dPed @dks as

Macron@ %Curles géb{)a%ésr%élr%rzo 18E1u h‘?’rtl %éla%gggatfiﬁégp&%dsgldied using
ethylené&t$3- ﬁ@ﬂgﬂibweae)edlbﬁ)tw zﬁ;rtfés@ﬂﬁﬂhﬁ @m’amt B'UG)Reg(iﬁtéH RcAssmschand
descri bed in Loo, glste

G.R., Ryaii PotroMeeigmedecatss 393%3338((2 %@)and uWié ﬁﬂtYFF‘éler{&thnﬁ e\';ta/éene -butene)
h f
diblockg b @%E%%dgﬁibe t meﬁﬂ{?@&éﬁ y&ﬁ 3.8 &%n‘i’(ﬁ?&?ﬁs B 2365 (2002).
When tBet mutrixuwg themgdsslyveasclads bata\tnthm hizhaleggy ofkegragatiph basveen the
ck 10 copol yners such as s yrene- buggdlene st rene

blocks, h§;§§} 1d stafp shRicREC thoevedithe @@%@#ﬁa
copolyrﬁé}g%c,rhae{s@%qeﬂé‘&ﬁaﬂhg { H@kﬁS)ofn ﬁHl@fl% cﬁﬁ&%hy cﬁ?mglr@e ments

diameter. Crystallization of t et hyl ene segrren
were comstralh@tlat@mw@imnalmofmppmmatylywm iradlinedter.oCrysellization of the

cthylen S8 SF SERTE S s ER R dTE Feblt e PP epains.
Microd&hBRE eaPRkOThe Broibf §ERNBE YIndSHCH 1aRePR! PR Hafdlvast difension of
the plane of |lanellae, is constrained to < 60 nmin
a microglprasia, 98h gy ch@n@dlcular t'pgt,hq]—pjla@e pfylpm@gzne @sgsomstm@ned to < 60 nm in these
systems; qF Stnr Zrlf:g§p§ca éo %1{1?? cO sﬁral snoenstgle (()1 ant?ehesrpql%%he sipiheres talnd cylgldlers and
the thicki8ss SEhb 14md1 Rk it@k S0y, Jieh hek@talefat be ASerid@CloQP REs@phase
separated. Figure 1 shows the predicted |anellar
separategl nﬁigﬁfet hFlt%‘?éh% pﬁeéwt%ﬁ@ail§pi@ﬁ@@ thigka sl fen@raedisnesise
y [ [ I tal
propyle%/? hgfeﬁa?ﬁ)?l\(gék c%?glz/m%gs ﬂ 1{&% treur%deuegorl?&%%oll%cgﬂ% Véel,ll‘%het and A
ethylené &15DN%L THE ﬁguﬂemh}onﬁ%@& B, ¥ehyat valygergdidiff@e e @bethylene content
et hyl ene content 20 of the bl ocks, nolecular wei ght S
of the biq@kéwggll%rqugms goexcgysAs14+58:080 ﬁé@@ﬁ%ﬁ%ﬁeﬁ%%@rﬁc igge domain
s o ST e 8 ST THE A SRR D MLER s ety
complicaa3phd matiegionhad pmﬂmﬁg afithesethgedde s"ﬁhmcgalcnﬂattdmmphed the

tneoret TS Mg BV e P, FRBY et e bRk «
tempera(tﬂn% Wh489%, L8R tachlristic r&tf?f@%r ?taHH & ot éeﬁllgi f @78 g/cm The

characteristic ratio of 6.2, a nelt density of
correlatﬂanﬁ&t\gqt@rﬂshylérl‘wem@l@ % ond glvxalts Kiouqrrbmtdvasng étetaxipenmental esw@s of D.J.

Lohse, g’ )&‘rﬁ%gﬁ]fé ] g:hglé l{,ﬁ’%ﬂmoéucknall

2000. Formul ation, ed. D.R Paul, C B. Bucknall 2000.

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

arrangement of crystalline lamellae as described in Rangarajan, P., Register, R.A., Fetters, L.J.
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[10] Bl ock copolynmers containing both crystalline and
anor phous bl ocks can crystallize from di sordered,

WO 200009752han mni cr ophase separated, nelts and pPOHUS®ON032642
regul ar 30 arrangenent of crystalline |anmellae as
descri bed in Rangarajan, P., Register, R A, Fetters,
L.J. -4 WD 2009/097529 PCT/ US2009/ 032642

cr ono) ecul 4640 (1993). The |anellar .
Macrongig o 0T 19958 Thedams it iekics it PeT BeeRys fypentrolled by the
composHRARI thdlefulANcki PR # BUlA10M81 9 b sc@be P A fReHiQMKD@Surzio, E.A.,

described in theories by DDmarzio, E. A, CGuttnmann
Guttma@,Nf.-M.Hdeffman, J.0.. Dlacromele oo 3.ul1@4 and 3yhitmes, Mqd., Noolandi, J.,

i tnor . andi . ronol ecul es, . 21, .
Macronflecy R Sy VS Lo R utrae pal B GRS aRO BT elprimunn
thickned§shs thealy 56aling rédibrC MBS Mbrphbliogies Ysthakdrh@&s the @la&im®h thickness

t hese norphol ogies is the sane as the maxi mum

: . he
of a high epsityeodyetiviens iy vauetsistapood b hy| ene cryst al
whi ch is about 22 nm [11] Bl ock copol yners from
| ef i r red usi L V] : [ [ ot
1L ROt SRRk Al BRI rsion
catalystRose; redentirpvi€oad bg Do@skiNG. IB®Rasg,J. M.; Coates, Br 86kBalig,, A. D.;

M, in Prog. Polym _Scj. 32 -92, (2007). Sone of
Brookig Mo T AP Epat SE- Dotk 910280 forhisral T sSRORRH™ Heck
copolyrfdr@afb SROwEPHP RRL Q&N nfrpReTBEPHOHSoBhARKIGARJPYRIeSs such as

such as styrene-butadi ene-styrene (SBS). Several of

styrene htadenbistycknec S PO y hevresal o tiead hlock ypepadymens abntain crystallizable

e nts or, bl s.. and.crystallization of the .
sogmenBATIRSS. Pl Pyl PuigB L e VRGBS PR Cns vl primaiy
constrain@d td e k&S gl MigrdlofTaB@0 B§hMiStacy PéliypiopGleh€-block-poly(ethylene-co-

pol ypr opyl ene- bl ock- pol y(et hyl ene-co- propyl ene) and

propyleggridgy pt_aétkpmlymoﬁplyn@g@ﬁbﬁ@m@ﬂmﬂnye&%@ﬁp@ﬂ@ﬁ igRuokolainen, J.,
Merze 535 FRAH IR RER, . ot o Wi,

Macrorkaiedués, 3883);\851-86023 NHOS R foine iikreghasd 8dpdyateBddrpBogds with

. (2005), . form m crophase separated norphol ogies with
domain §izgs pensitens ¥ikigparadiserise Riack capplvarsiepd Bmp otrilarly,

)| It ) SRR By I : C T L Q.
polyeth g R B Ry B ED T Endeogrioed by Mpcsuely T Matui. S
Kojoh, 8eJakaghe¥.; byoukBY s INgikanol .T,.; Ivgitas Ui.;, K8hjwa, RbjioMacBmolecules, 35(13);
Takaqgi. Y.:; lnoue, Y.; Nakana, T.; Fujita, T ;. .
4580-431dAR; TR ceToHIoRAL s Bivip e RiaRasaispasyed mivhglpiioygdpecti
polyproijg@ggl)locﬁ_fp%lﬂaﬁgl%h@_@@pﬁﬁ)yt@%j SNBitHTh&FAP AR uRe PRI 8Rtributions
nor phol ogies. Atactic
(Mw/Mpet 187 odyd) ervedestrdek-ipGhinfieX . hatreMe S ppk 6pyil.eha)’s 1wl @ (2002), are
im0 BEAL LS R IR W O
polypropyRads, withldn{aZ3®2amoaptdus 96@Kdtﬁﬂeﬁ@c3—pfoﬁyl€h@)r&lﬁsh@e$1€50 — 100 nm.
_ separ at ed nor phol ogi es when bl ended wth isotactic
No micypphgssrseparpiésrewas giiseryed dntiichsliohloghennohand
pol y(et hyl ene-co- propyl ene) between 50 - 100 nm 25
[1212'|°om Mi&%@?@sr@r‘g?&%&@&%i’d&k‘%é aASE! YiEfn bidck R6pdnErs in which both

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

techniques. A triblock poly(1-hexene)-block-poly(methylene-1,3-cyclopentene)-block-poly(1-
hexene) copolymer, as described by Jayaratne K. C., Keaton R. J., Henningsen D. A., Sita L.R.,
J. Am. Chem. Soc. 122, 10490-10491 (2000), with Mn = 30,900 g/mol and Mw/Mn = 1.10
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[12] M crophase separated di bl ock and triblock ol efin

bl ock copol yners in which both block types are
wa@emepdses have al so been prepared using |ivi nRCDUSS0091032642

pol ymeri zation techniques. A triblock

pol y(1- hexene) - bl ock- pol y( et hyl ene-1, 3-cycl opent ene) -

bl ock- pol y(1- hexene) copol yner, as descri bed by

T R e
cyclopetahB) Wedabdfs R \Qi/dHDPolg' etyWel®l 1 3-dycldpentape-¥i2

2009/ 097529 PCT/ US2009/ 03264 di spl'ayed a m crophase
vinyltetgaspeah v ereed-bhaskpiredy (et lane tch-noyharneie) sndpolgetylenstdoyrmpylene)-
block—pélgfe%/t]e}%lré]?%cg —glﬁre_%%l’e f_:)g%llscz: ?egsggﬁe?dégﬁe§8€qu Whgzﬁhers, R. T.; Coates, G. W_;
Thomas/IENY! ineWhaeRiolrLRREIN D), 0213 PRI QOO hieh arsplay Rdtldphile Reparated

0iﬂand ol y( et hyl ene- co- propyl ene) -
morphofyegigsk - |p9§>étrﬁ§yhymé=le%cM?mf%é@)vlnﬁ§tra@§WL®éhbbyk-

. \] . . '_I'. . . _T .
poly(c R ciporb ARG, 12 in 3400700 1B MV e TR ormeing

domainslbB@8 ayd Mi2ormoplikiseths @pBi ch @dne-om pripeleag)-Esck-pbig(ethylene-co-
pol y(net hyl ene- 1. 3- cycl apent ane- co- vi nyl t et ranet hyl ene
norbormp B detk M) bQOAHBHEIARHONB Gt b hdys RS RigecsS - 36 nm.
These s4m 1e999m8£§!ﬁ'te (@B Qif%ﬁlmn:acﬁi-ef}ﬂq daRifdis &G0 hifA9as very high
domai ns of 68 and 102 'nm mhl|§ t he
moleculaovg{ghtsart exypired tparchpye end) lalgeaoknapol y (et hyl ene- co-
nor bornene), with WMh = 576,000 g/ nol and MW WMn = 1.13,

as d ins sized 35 - .56 nm 10 These sanmpl es .
130 0o nd PR AT BrFF o e WP G BB B ing oo
polymefi@atidi cad He MediViohd G tharielegiced @& havgi P n@f@v hfAedul2 & clight
achi eve such | arge domains. [13] These material s based

distribugians, peeallanvienMey/ Moy 5 hdr inpeie txmicadly with/MagMsy €4 iZpand
correspﬁ?ciilxgg 8% 8l G Vpqulﬂqg%tltﬂlﬂgﬁn)%g loﬁ%h%ﬁgﬂﬂ%dﬁéll séglgef?t‘? They have
avi very narrow nofecular weig I'stributrons,
also onliyyheeit atdnyinwd inhthdAdrivof<dillodk amiri®ldck @bpallymyrswinde thase e more
. < 1.2, and 15 correspondi ngly narrow nol ecul ar wei ght
readily ynghesizgd viadhdng rnipng PPl YmegizofiuRAn siEenteRt Withhigher pamphers of
blocks. &l SO only been examined in the form of diblock and
triblock copolyners since these are nore readily
synt hesi zed via living anionic polynerization than
[14kt r ucghigsinginibrophgpeseparami blosk gbpolpinecistphpliogjes usually requires

hi evi ' h ted bl [
onovo e T G SR B DR Blocks. o
charact€H2R8Y She/BlolyIHAE SRS i PAMnREEVERMIER SroRRUTR Wefohef. RePRsenting the
di ffefrent bl'ockS, as characterized by the

averagefilorkymplggganseighipmrMrmetypical mancwhpg dispsregudiblockedrghingg equal
resenti t he ver age bl ock | ecul ar wei ght ,
amountg B YEREMIO! i BLPIBRIEH SFSPSRLY K BORS Coics g for the melt
to displ&fIRorde REBHREDhA% MALHIBLPhs (TR0 DLk MEALbREIES 13, 1602
p%ﬁlue of x tfﬁ%s N g eat%? than 5.°25 for the nelt
(1980). This minimum value of ¥N to achieve order increases to about 6 for triblock copolymers
with equal volumes of the two block types. As the number of blocks per molecule increases
further, the required N also increases and asymptotically approaches 7.55 in the limit of a large
number of blocks per molecule as shown by T.A. Kavassalis, M.D. Whitmore, Macromolecules
24,5340 (1991). Although multiblocks such as pentablocks have been shown to provide a

substantial improvement in mechanical properties as described in T.J. Hermel, S.F. Hahn, K. A.
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to display an ordered m crophase norphol ogy as shown

by L. Leibler, Macronol ecules 13, 1602 25 (1980). This
worRewoiseyal ue of XN to achi eve order i ncreaseBCT/0S2009/032642

about 6 for triblock copolyners wth equal volunes of

the two bl ock types. As the nunber of bl ocks per

nDIecuIe increases further, the required XN al so

S T A L, S NE R

weight SNAVER Atblotks KA HS @dr% in QYHER to WiHet THRIr&quirements for ordered melt
Macronol ecul es 24, 5340 (1991). Although multi bl ocks

morphodegids. &;nqgethft armrgﬁct@guﬁgv@ltb@emosmmotmqaj nyeages shagly with

moleculéﬁlUbSt %gt com DR S5 qnlltﬁeénﬁgl?%grhgﬁllb}goko&%g/% %Blfa A2,
2009/ 097529 PCT/ U82009/ 032642 Chaffin, WW
[ISEGr beHIovaerFthSMeBaztl&ﬁJ,dld‘dH;@/rSWm ISéday) @ H. F0edrizk&éh, (20R3). ,Phys.
overal |l nolecul ar weight of these nultlblocks has

121, 49%@984 g NMConlger Ph: %éfonfq{éwkéqi?r PeleP0)hgve shown that the
mlmmu?I{ gﬁrfgldoﬁglleh M&%E@&C?&SC%%SQﬁ? pélﬂ&s JIIS[ f (ﬁle or both of the

rements to pr €ss a poly

block ty{[det Iy incrohsed UWaen Bethddck thpes HaoeaBidst ﬁﬂobﬁlﬂ@ Gfstrﬂﬁitibh @S length, i.e.
of such nmultiblocks may be |imted. 5 [15] .However,
the ratiq pfoight 2varags ( amBRer sy Craggplosk gicdecutgr P’(elgbrt éti-itg@iHmum value

o N T

is 2 for tfeal voluRieRwMh¥NwbGlodhrtdiessed sharpbell. Dg?oeanldﬁcS Q’aBEﬁSyu&SV Phys.
thegﬁplidlsper3|t of one or both of the block types

Rev. E. 5, QIR b¥X dor laskss i the srernfiglselémitai@isdowsistalue in N
translatgs to ahsuquargtla‘? re u?tli%r{ f?lnr&y%rallar\r}éllg%uq%r T,lghtkfo} Q ?neﬁt qrderec? multiblock

and, theﬂabghtadrcsp 1ﬂpréd&§sﬂi@ coseum val ue 10 of XN, where Nis
t he nunber average block length, in order to achieve
an ordered norphology .is 2 for equal vol unes of the

[16} wo birgeteet imppostagspis@ition mpds by ! otpa%wﬁﬁyul@vvnd also by Matsen,
MW, )E:@’} cLépXett W?4830&?§007§-1s c’iﬁZ Egl@ﬁ %n&&gr?ﬁ? hholo y, 1nf1ud1ng the

| ocks i n the nean- fle imt
transﬁmmfrd(hl difordemé atdes dbes ot Dubrstahnipitlglas nredmnbdlspersemlock copolymers.

over al | nDIec | ar.weight fo .t order mul ti bl oc
Insteadé\ﬁ%fe AHEBNE P COC&IS&PE %E?SRS p°8e 8@% bryndyyy §P°n§s§f“[ ‘ifg-ff'ofléef
boundaABO RS vel ARt RRftioR 08 dintdéQM: R @et@ﬂfmﬁ@h@‘mﬁ Phrtitions between

Panyukov and al so by Matsen, Rev. Lett.
phases. g@r e;gqlagkgﬂfp((lg@@pﬁ)rsq djblokksy ale@ﬁlethoam@ry @Wep,lm cylindrical and lamellar
Slt on fr m di sorder to

phases lg)lﬂﬂ g?ve tgg\é‘gor?] %?mnglgtk{(}%htggaﬁﬁ){rg} aélgel ag Wl%lﬁ % Bgllnéeg ¢ oned will

tend to BIr@CIG1i6EE0] YBE Sicinity\sttR@drdef-ARObRIeAbSuNIBG), ﬁ{b‘iecﬁfes with longer
coexi sting phases along each boundary. Al ong the
blocks mpy Ermpngadcred mpiplalo Bswhilghogs with shores hbzm fqnppin disogglered. In

some ceﬁ% Ja ﬁlﬁmreﬁ%&]egﬂl m%#rfnta &@ﬁﬁé ErLa]QH)i)ll(lgs%t V)ﬁ?e?n%lg/gly, the

ases. For exanple sperse s al ong
locatiorbﬁuhMrnyolbcﬂﬂNmnldi}d diredtadaakheasedter afréheloaderepth@nsias impysimilar

have the nore symetric dj bl ocks formlanell ae while
mannere, gleafguy%py?lgng) Hdtoggury when a homopolymer is blended with a block

copolymer (Matsen, M.W., Macromolecules 28, 5765 (1995)).

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

polydispersity has also been hypothesized to have a pronounced effect on the domain size of the
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tend to formcylinders. In the vicinity of the
order - di sorder boundary, nolecules with |onger bl ocks
WOorego90gised an or der ed nor phol ogy whil e those wi RPET/US2009/032642
shorter bl ocks remain disordered. In sone cases,
these di sordered nol ecules may form a distinct
nacrophase Alternatively, the 25 |l ocation of these
cul e ould.he directed to the cente f th .
ordered PRI dORaIFRC I SRR 11 MRLNSGT FIRek eofgymers i largely a
functio ¥tk 'aO&aééTQBIe@fﬂﬁHﬁv@lgﬁh@fna ﬁoﬂ@')@@ﬁh Y@ pichiBy &h BRAREL: of ~20-50
W th bl'ock copol yirer (Matsen, M W Macr onol ecul es
nm. Hpgves 7161318 beooprilicteixiryt pp}ydss@dtsﬂy daads tp larger doinaig sizes as compared
with eq}llvafe{lﬁr?lgr?oe 1%%?8%%)2?%' éns?rsa ooﬁ%éﬂeﬁ\%h)%%%jﬂ\l@ g/é%ca’m{tolecules
(2006), BQV(%@ mqnma&@ﬁdv[ewf @ﬁr Pivst NE @o0®), D] Slione(af. Theeffects of
WO 2009/ 097529 PCT/ US2009/ 032642 ordered structures.
polydispeysitisp1y phase behpeigrihaydalsereansdenpnsigied pegseimeataply o Matsushita and

f
covorkEERBLATER G ol AP, ) LU Ay SR RER e -
poly(2—t(i|n91p®r1dme)s((N0f(20¥ 5Cho, M THaweyar, Mitsushas Yoddacromolecules (20050,

icted that polydispersity |eads to |.arger donmain
3, 43754305 Kseebipad Eap S Howipriaed AtorhaleaiFDér sECpplgralystyrenc-
b- poly(&qg é@?@% gyt(tggsgii:@ GuGSQg f'\éontr?héd ra&ca@ol?@%ﬁ&%h %&Hhﬁlﬁe
(BendeJ(aQ@(IE) Poiginet, 10.9I@0ipt, Mhéoef Y elct Regifter, JolA, M&pemclet:zyles 2002,

35, 6648 O A ATy Lo o P A S ptar R LTS Mt od

MacromSlbXMésI005 538, R3O 8@1(? RUAINGeA 2 381ids&F ninoARpadé g&%{&lﬁllene—alt—
polystyrene b- vi nyl pyridine)s (Noro,

pr0pylenﬁ)s thied Kegrrochai ext éur@th g ockrof ME@wlﬂcad«t)ltémg(sm%@c
techmques th%3 7t%‘ocﬂ1%g(§ f;olydls rs&y in it D¢ polgfﬂ[s) lac%df,s:]) bliég dIn a'il ot tl?ese examples

polydlsﬁerﬂq} Mﬁ@@frﬁtkda@ecﬁiﬁnﬁbﬁﬁ sﬁe&:[ﬁg@ Qﬁllgg@ding $had gleaoﬁ)gﬁi\ﬂ:)[dl’:ﬂ(b Blve a greater
radi cal pol ynerization technique (Bendejacq
role in qugrygIipag doyain sizga An seme inytancesp golydispersity p;lé@ pg}dgised ¢hanges in the

type of ’}%l‘edgent {zl%ggl %?a%g% P%:gl?m?‘ﬁédfé %ﬁ%ﬁls O%/Elé tyfhngerse b]Mck

copolyn@ers 1d\a¢1remafi:y baittan@ 05 ¢sp381a11§ 808e d@8blhtrediak patyedsparsity in

ri es of nonodispers 0 It- propyl ene) s
multpl§ hlogk\pubile BADIHNER el RMV 5 fEY%ESeRO yer.
pol y(DL-1actide) using synthetic 15 techni ques that

[18].bnt r ofuEsAd 9@h§é‘f‘ﬂll&9 %fo'if'l(leyarﬂ cﬂeﬁrh@lo@@ l:c\(ﬂo@}m&a&fﬂ'l g{?))verall molecular

' lock. I'n all of these exanples polydispersity led t
weight disgibatior @Indjmgment @p@@ulﬁgwelgbu@@@@utm@ srtChathatth/MOnge% that is
mesoptr BT T 2o M EE ARl Bt B Bt utPub T bl ggrmore
blocks sdt@ngies i n the type of ordered nnrphology The range
of techni ques for syntheS|s of pol ydi sperse bl ock
polggers is extrenel imted, and it is especially

[19]d| f f i Budddigos. thers isdn elé¥11é% Hsrinesd dpismespphase soprragtl ploske
copolyrﬁérg %‘?‘chvmé t)gseﬁ%h"f)tr@ﬂﬁéﬂ%gma 18 "Afetd KB REQE block

copo
copolymers w1th 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.
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[18] It would be useful to provide an ol efin bl ock
copol yner with an overall nolecular weight
waele@vodtsed i on and segnent nol ecul ar wei ght di SRCT/D8200D082642
such that MM vn > 1.4, that is nesophase separ ated.
It would be useful to provide such a material wth
two, three, or nore blocks per chain. 25 [19] In
addition, there is f ille nmesophase
separ at ed bl ock éﬁ@@@@&ﬁﬁﬁﬂﬁﬂﬂ,l % d on
propyl ene and a-olefins. There is also a need for
20! ock A @aRRkYIGR cEmpliting hOMWatBhe prpdlenwRl B S intdyPolymer
[ EOO 000 /nnlé tha?hfo§n1donalng Pgr er than ?ﬁgze
comprifingwneiiaeticss %t@lélaﬂvél@mogw@py%ﬁa@wutah blosks eampyising differing
chemlcéﬂﬁ)gﬁéyﬁlcgarl g?ot gftg:ts %gg 8&88 | ﬂ}é g!; ?Téitfﬁk?%}lcﬁﬁhlogesé]ergésnﬁh%ﬁ c ntent,
said inte@faddcyime bocks &a%t&%ﬂb@%%@%nw hidﬁQ;ﬁﬁBdHD@ﬁﬁP&ular welght
SUMVARY OF THE | NVENTI ON [ 20] A conposition conpr|5|n9
distribugpn,| Vggg%m él?Feetb)d@lEﬁ/V @}Fémé)lquelpreﬁpqlﬂpgrrlé6h§;ﬁgprlzed by a molecular
weight B M D TS S e SRR, P p AT an ayerase block
index gosatep khagizeal angrugpperabowsl . (araddmmwemshmgrogyldné/ﬁeﬂﬁnnldodn
nol e, percent a-olefin content, 5 said intranol ecul ar
Hﬁﬂpd@nﬁﬁﬁgnﬁﬁg=§8§g¥?¥g by possessing a nost probabl e
nol ecul ar wei ght distribution, wherein the

[21%t hyl ﬁﬂ;ﬁfd’fh&i eel iBvdkion prdvided raﬁi?bp/ﬂﬁ{e/dt SleﬁhQﬂ&‘th%Ebl%lﬁﬁr wherein

a nol ecul ar wei ght distribution, MMM, int
the comlamgélsdﬁlalfar:@mqb@uan avezageanelpear vwei ghtzf @rasjer arangdi@Qigimol, a
t u 0
molecuB %g{gg’%ﬁltlgﬁ ei\%w?lglny gﬁ% AD g |o E‘Igl’rlil %)loockg keo %ou%‘z%, and a
differeﬂcél ﬁrﬁ‘ﬁlblﬂ peiEht b-1dTRS@PRAS Eet%aﬁﬂﬁtseﬂ blok@ ahd Hje Hand block of greater
addi tion, the invention provides a propylene/a-olefin
ﬂmnab@#@@%“@é@@ﬁ?ﬁbr wherein the copol ymer is
characterized by an average nol ecul ar wei ght of
[229r eat gfe {Ipvéﬁ'tlolhoalgp'\ﬁrog{dgpbn aficleRAREH R kheMo98 Hescribed
di stribution , In the range of fromabout 1.4 to
propyleat/ortlefth Boclaoapodymeli f f erence in nol e percent a-ol efin
content between the soft block and the hard block of

reat t.ha out 20
[23F hven C%‘?{d’a?lgg% a}?rp6%ﬁ68%’éw‘51ﬁ1°£r & |lsealﬁ%8réwhzf’§ r%l’tr%cees%fé%\}be
polymefl @&fohi J¥@de oPMORYARNIErdN BEiZAbR B6korEQP ProfeRbly ¢f33b or more
According to the present invention there is al'so

additiorppelymgienble HEBRBYS. Fspeciglhepropyeymind at deasoenegiopghyamegizable

comonoqi%r to%g%alb?&kggk%l%réfg ér?sn{g) gﬁ)ﬁéblo&{se&%%é%s 8f differentiated

polymeES@ﬁp‘os&idn)/or@iirﬁ];&yﬂl@n&paﬁdﬂyablobﬁﬁ@{ se@entS 0P bysiRg Uiffeding

comonomer incorporation levels in which the difference in comonomer content between the
blocks or segments is greater than 20 mol%, said process comprising contacting an addition
polymerizable monomer or mixture of monomers under addition polymerization conditions with
a composition comprising at least one addition polymerization catalyst, a cocatalyst and a chain
shuttling agent, said process being characterized by formation of at 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.
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20 comononer, to forma bl ock copol ymer conpri sing
mul tiple blocks or segnents of differentiated polyner
W@ 09p0o%ised on or properties, especially bl ocks BPET/US2009/032642
segnents conprising differing conmononer incorporation
| evel s in which the difference in conononer content
bet ween the bl ocks or segnents is greater than 20

mol % said proc Efiﬁﬁ&h%EQ%a&QEéﬂ?ﬁiB ﬁggnﬁggition

pol yneri zabl e nohon Ot =t xt rofer-s—ander
[24pddi t FRRPPYRbE Fahd ﬁl’édﬁ:%@lC{hfckﬁ’éﬁ o%éclﬁ ddshath for a monodisperse
conposition conpr|3|ngtat | east one addition
ethylen@f@ﬂymﬁbh@&k |cgpplmt‘:laliny with S@@cefteatly Block iipeat diftgirant values of the
shut n sald [0gess bej
backbo eorrnrona1 ulg%wg%ﬁ Kasure nVFnttl%nap %P? e &1%%&1&? vels ¥)f A octene
mole %chai ns under dlfferentlated process condltlons in two
or nore reactors operating under steady state
[Zsfolynerlzatlon conditions or in two or nore zones of a

eact BigUBpesat SCREMBHUEPepPIiR o af gy POFAmeF Forplymer formation
accordn‘é%(b%& gf@gént 1m%n¥\91 %%&%{ &%&%%ﬂ? Illtllj§gcq.)&g/ 032642 BRI EF
TION OF THE WNGS [24] Figure 1 is a plot of
the predicted thlckness of each donaln for a
nonodi spepbse H lolviB4 ol Mi hic A
w th 50% of each block type at dlfferent values of the
Genera cug ne nol ecul ar wei ght, as neasured by conventi onal
. different levels of A octene 5 nole % |[25]
Figure 2 is a schematic representation of the process
[26pf copRilymEr theinfapbBmeri@eoMpdindpieparbd @y poBaRiizing monomers,
invention in two or nore different reactors

whetherrpfdbepanng e G ermBODFVERT getgric R {RQlERaT G‘Ilbrf@h@ﬁé?fms
" intl [ y Y
oo b o Aol R Rl T AR L AR bl pgifcaly. the
term “pofyethlyk:ns ‘aimelwales hordo;ﬁcﬂﬁnelrstof t‘,t)hpk:ne Theé cgmhanéers of ethyiene and one or
r* enbraces the terns "honopolyner "
n““eCB% gﬁ?ﬁer " “"terpolymer” as well as "interpolymer."
More specifically, the term "polyethylene" includes

[27hOoNDPThy iRk S cAfstai Y eBpIB e, @&&@Itaaf @ynfefr (1 PYdsBRSs a first order

and one or nore C3.8 a-ol efins erm
tranmtwmrwgy%alhnm@'eltjng peimy (bype @|s dqt@m:_lngi by @emt@manmh&@alonmetry
I rstorder

(DSC) &9 qq%llva?en&echr%lqlcerrghe terna n%aé bl use({ 1 (t)erchéi,ng %atil t]Fe &rm

rm ned

“semici§Stamineng Tiad @%ﬂtﬂehfa)y ex{sPB(Htadkk of Gk b@éﬁedﬂﬁﬁél[ﬂr @HBtals, lamellae
The term may be used  interchangeably with the term
forming the giray ?/fsﬁlPHFlluﬂlFf»‘é ror aypgolated mellar orefyingsd Bicelar gyyelks The term

amorpﬁJ)t%S %%rsg{?%l@%g’nlleqwk Ifagr a &gféftﬁlth‘ﬁk ‘?1161411@%11'1@@ determined by differential

scanning calorimetry (DSC) or equivalent technique. The term “elastomer” refers to a polymer
or polymer segment having Tg less than 0°C, more preferably less than -15°C, most preferably
less than -25°C.

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

as the term "terpolymer"” (which is usually employed to refer to a polymer prepared from three
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formng the arns of spherulites, or as isolated
lanmel lar or fringed mcellar crystals. The term 20

WO amopiseus” refers to a polymer |acking a cryRCEUB100%032642
melting point as determned by differential scanning
calorinmetry (DSC) or equival ent technique. The term
"elastoner" refers to a polyner or polyner segnent

differen? %\é)lég gﬂg]g{l(l)rggrg}é]?ggp gr%q%n@é seels %&f{rﬁe&%@aﬁf Eg}saglytmrg:%ging four or more
types of hBAGh&S! ymer " means a pol ymer prepared by the
pol yneri zation of at least two 25 different types of
nononers. The generic term"interpolyner"” includes the

[29} er m Thoomy peapyleneighelefin inerpglyaier'yeasllyyeigrs to pobfuears
. 1. | ' I 0
comprify PRSI FLERRIFEALEL? 0ot 3hA0h HROTRE MRy
propylegérpbrapiegds kit mejoety holedrdaciby bR the piRMapEdmer, 0.8), pfopgRne EOmprises
WO 2009/ 097529 PCT/ US2009/ 032642 different types of
at least plb ARl pereenof Hheamkfrpalkyars Meveyeiegibhn geopyiene comprises at

least abBl?J m&ie .eﬂ:gntf, QkaR b r7@_m(§l¥ ?@1% ﬁf omrl]é)aqpﬁb%uf F@%le-r cent,
term "propylene/a-olefininte poFyrrer" general l'y
with the efbetastidl gempaihgeranf she wbelp pokiney cpmepyihe aeleatt dnanther comonomer
in havi.n&HZ. or, or nore car bog‘u_ at ons.

. a-ol 4
tat s e @B ) Gl SO P B APDE GO d iy PGP petene

copolyrh&r@tthé PR f&Qfed ddenpibitbe cBRbN IR prbpRene dInRRAY bRART than about 75 mole
conprises at |east about 50 nole percent of the whole

percent 96 therrelrole polymep pad ar edieng, copteopgf faprn abowtgy tosbgutads, preferably from

ast ut .60 nole.percent, .at | east about 7 | e
about 1QEF R 6 flocpert BBt BERGTR peSit SR neRERterdly PR 15 o
about 26wl paitdrlof FHRIPJIEB61yaiker. tHOE mARQ lpfopyRdn¥Martene @leﬁtﬂ'y&i:ﬂ’égthe
at | east one other conmononer that is preferably an

preferred_compppion §9MAKHSES agHoptens coafepbareatebihgn alypt 6fgpgle percent of the

whole ﬂ%yfp&laﬁ? 3/ bRELE G0t o(\foH)%]l YOSt 0 td Ql?ou‘? ﬁ@,ﬁﬁqgfe&%l from a]lq)out 20 to
conposition conmprises a propyl ene content gr eat er than

about 38l petbeF ehe vagyl€ poitymef, ahd enond plegerplslly Yiroet atsowd 2860 about 30
octene content of from about 5 to about 25, preferabl

mole pepgehPT REAUOISLR VB GUETEy RS RaTE SPObHIE W Referred
compos%%&%@gﬁs@qggﬁglfg?g %ﬁ‘gﬁ{\k%g%a\{erftﬁ@mb%gpm mbR egcilenﬁgpﬂﬁg whole

perc e polyner. For
polymepamayd ehgéiuutateat odomyabens]S tohdouiile peaferebly from about 25 to about

conposi tion c ri ses a propyl ene cant ent ater than
50 mol SRR gbirR T Ro @Rt a0t MoREU e GRS D HIopRE? Cupub S ole
percent Qﬁlf‘er\r?hdlé’ﬁél?ﬁfer.oﬁn fsRABOMU MR, the p nefolefin interpolymers do
preferably from about 20 to about 357nole percent o

not inclpéethekropredyprsidymiaw yighld omr @ npnesfasrcalbt gr dsradry-pliodutt of 8 chemical

t out 30 . nmoje rcent of the | e I r. For
processy RHG prPIeR LD LR Rlelian S gl f flore potymers
the as-pE€UiRES pitdpOIRn&/QaKfirsBEerpolpmeRydre€ fbsGaNAIBNburg AE@bREN Edhdftise a
~ about 40 nole percent of the whole polyner and an
major cemponeat ef igneasHpn grodueiorhadisdyrneniamtion Pelsetst 60,
preferably from about 25 to about

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

in pendent or grafted fashion.
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20 50 nol e percent of the whole polyner, and nore
preferably from about 35 to about 45 nole percent of

w0 b@pbske pol yrmer. I n sone enbodi nents, the PCT/US2009/032642
propyl ene/ a-ol efin interpolyners do not include those
produced in low yields or in a mnor anount or as a
by- product of a chem cal process. Wile the

[31 Lgpg g{]})@{i@leg%sl (gﬁ{ﬂfl: lglggnqﬁé)léglﬁé?lgg%g&%g o pr%gglene/a otlgl?ln block
interpolRhRRY(heR& e P R dtive PbEIRS! Y PRIpS1cRER- oﬁé‘%fr@éﬂ)dﬂ?fﬂei/s” or
pure and often conprisé a 25 major conponent o
variationg Hetdodn Bﬁdﬂ@l@ﬂe@((l alefmlnytﬁmdmr B mmpmwggyleqem}i Onp@r more
copolyr%leergznblebolro (r:rglrrl %81218%%1}’161’% in Bolpmerlgféﬁe r?:r)rr%gchc oe[%?er&n? F:)}/z b{ocLse 58 segments
of two &l hibre %Iynﬁ&ﬂb@ RfonOfes @Y RN Srif @insBemefabor g1l sicll @Bperties, wherein
"bl ocks™) eferabli oined in a |linear manner, that
the polynaers aregagsprpgse é@mﬁ%tﬁ JFﬂgat éh i RiapYlgnede-otefindterRalsgers are block
1 I bb (13
1nterpolgﬂ'{e}srsTe T:HI% Ztg {p% r?nli&f gﬁcgtgfo 0 trwéureFlg% %?&?%an%gabé\bherem
i n pendent or grafted f ashi on. -11 WO 2009/ 097529
[32]PCT/ US20:p8red 3@ 6dhdom|c®pdlyRrelro thenendsive polyneers passest isofficient

. rovide a new class of .propyl ene/a-ol efin bl ock

dittererfiy Gre e bR OPEHER S REET e DY o5B YAt ot seements, and

sufficient¥108Y lef 8/ iG uf! @Jﬁeeuwmsa&% YERER: oneQr ny&a ofttHeQRSired properties
thereof ). The propyl ene/a-olefin interpolyners

of true ldoﬂpmp@éyrmr@,pwle aethamibiasticislastenregic pregpoligsnehile atthe same time
being aen ?e EoNRNR 3 .entlgnl yﬁre?ri Zogdmf b characl o | Sh
5 ‘By 8obl 0 WSS R HERR BT P YL O B R Sy
continuBB W& IonUdll frserthialib® podek sbﬁerﬁﬁl@ﬂﬂng @htabticR}Stiteedlof polymerization
properties, wherein the yners are nesophase
catalysts.e i gqeéqyre Fhodjment; the b&e]@b@lﬁéf]@/tge amapptypr type of comonomer

1ncorpo};#%cft!élr pol?i y'ﬁﬁ% (?qn"gll a)ﬁ élti’é %g!éjoqt yﬁ%&%t@lg r%&g@g 8r§;gtb?ht£ &2 % ttributable to a

polymei off ®ich bamgedatibn, tetypé or deg[réi‘Zc}f teaiTpaBotattic srasyedidactic), regio-
copol yners, the inventive polyners ?ossess sufficient
regularigy ?Ifrégleﬁérégulaﬂtye: Frsrmmont of tiprghinge éncludingslongchgin branching or

. |4
hyper-tEEARE ik Rblnbeo by oy U Kol SERIEALS Ry, e block
copolyrae:rb'l pevahagieriged bpneiqod distrbud ey cvfelxwt}pommdt p@lgélspﬂﬁlt}t index (PDI or
bl o oI rs, .such t her no st neri c.
MM, g FES TR SR TR R gl R s o R s ibgtion due
to the quqﬁ@ﬁf&EésQﬂamﬁg M¥6%61 gls, ol efin polynmerization
processes, especially contlnuous sol ution

ol yneri zati on gpocesses empl oyi ng catal ytic
[33ﬁ uant Femgaredito plsicly sepdlyaeis oh thegyiotlaytsingluding egpolymers produced

by sequ@ﬁt?atl %{on%g}e? %’(9 96%&1 {%Pceatcﬁ%sqg %Ic‘ glogfct 0 eyn@er zgﬁ?r?{ggfﬁﬂaues the

copolyrdﬁ@ sf th, 1n¢dnﬁoﬂﬁmlﬂhhra0ferlzd§d/5j2 ﬁlhlhhélditsmbutlh@s cﬁij)$§trﬂér| polﬁhspersuy
ze attributable to a polymer of such conpositi

(PDI OrtM‘é(/M9b@dd? o@%}gflg@ dagtribyfon; tyilt{l)yw? 0% thregs predergbly two dlfferent block
compos?t}/d?lgl FhRGL Hﬁ«% n E?Qf&r dre%%ﬁd%éﬁty%oqge effe of the use o on or more

regiro-i1rregulari e anount ranc Ing, IncC I Ng
shuttling agent<imaiomtinaion iwnf}ga bigh 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 from about 1.4 to about 3.5, more

-12 -



10

15

20

25

hyper - branchi ng, the honogeneity, or any other

chem cal or physical property. The bl ock copolyners
wae@dndmeact eri zed by uni que distributions of POI/ES2009/032642

overal | polydispersity index (PDI or 20 MW Mh) and PDI

of each bl ock, block length distribution, and/or block

nunber distribution due to the unigue process naki ng

f the copol_yners. 3] ,Conpared .t o_.bl ock copol yner
preferafy FREASEF b5 B APSit 2 FUAPHG! BB BEIYREPS rutCBautbEy 2. or from
about 1%28WBHid2. nonomer addition, fluxional catalysts, or

ani oni ¢ pol ynerization techni ques, the copolyners of

the invention are characterized by uni que '
[34Li st r Thataspréiveblosks ghtie ipsnyvi klpel witerpolymey gasjraply possess a PDI

- ) bl i St i TR
ficing o P RO BRRY Sl idiiaBih Mt T s e present
polymeitfiBdtioni odbyeresults ia aprediex hadng vaoaberstidistinguishsblebloekd per
of the use of one or nore _shuttling agents in, )
polymeggihs{ (e BRTRFT M readiirg RT GEHRGHIFFaFtiAREAICS CBIPHEL IbEgdgocess, with
@ ol b o e R SR MRt G
having popryweet amlatistonguisbarie phystoas propbrties.s pecedvier dhd fpregafmemnovel
rodyced in a continuou rocess,. the dibloc .
PrOd“Ctg o] oi] fﬁ?ﬁ@%edea tofeRiieseRne 9Pﬁg§%r8§gp?3ﬂne¥ P %%E’(mef.fﬁr TResl in one or
more ofdROHsoSiateR %g)%é‘ﬁlaﬁforf Cq_l‘égés@&%{fe td edrl{ O ARAHbNa3 cRain M@ fnation
' -12 WO 2005? 97529 PCT/ US2009/ 032642 preferably from
withoutzgheinttransfsr taothg blain slutBingagdntrtosth) p frethes miner.fa polympidiend
. 1.6 to about 2.5 or.fro Qut 1.6 t .,about g.l. LSék
continiigdrn G BRBe0 S B ioroB el b it YRR REHky e Drephetdin cwo or
more pdlfinefi AR} Feictdie st Forbl YphassLinsede’Dl  fitting a
Schul z-Fl ory distribution rather than a Poi sson
di stribution. The use of the present 5 polynerization

[35 br oc .egtgn%yel%elﬂegcgly afppaecbqt%lgly_\’ thegkilied @rt'@alﬁ thep &y ongfembodiment of the
present gltv;ct}_[}fé:?%o cbehk e &9? Be R&ded OQIQE,WC tl?zgll'@lce &fﬁtetr&?tteingg;)e%r added

reactors of distinct reaction zones enp
continubusly tveeaph polyssrizavidnreacopal 2pde gpefiesblydihs initidlutneo Altibugh the
bl ock si.zes. This results.in the forpati on_of polyner
CSA mpy %m@g at ﬁa%nh@nmﬁ%m{yéal% i dﬁ?%ﬁ%ﬁaaméh%ﬁr%r RS PEne, or
even in Rh ARENEAIRS cofREERBhdudibt&ohRESS 'tﬁkgregk%\éﬁ{/e reREBAUS B nes, it is
may be fornmed in the presence of random copol yner or
preferatiie thap dley(riek be eddreldo ithe wadionrmik@iraprier tofinitiheomskpd ymerhtion, at

| yrrerj zation .processes due.to early or .intenti.onal o
the samBpigle RS Bh R IOUR TR PP i PRSERS hy e n
which pol\hdrizZafién Ag@REudt&dSMthe fifkt kAt®r.MEAGBLIgh Mi-ARE ¥IES Akin@Rehction
containing in situ prepared rubbery inpact nodifier or

mixturednTDp'aQ Pasisipaesk bynagyivb er grépaieng feviesssr oy userpf any stiming or
remfGEITERAEY B0 HETBH R Al BRI TR ARBAHI T P

artisan that in one enbodi ment of the 15 present
[36] nvenThétepdacessr bhgerCEfeknaygthetodaded gesace roloti deteimd@ning
domainosinch::?co(niltﬂggdr \g]lﬂtl ttlﬁ:n;blil)l/t)y tg gwglggoergains, creates the potential for domain sizes
that are much larger than what is observed in typical monodisperse block copolymers. The
ability for some molecules to be ordered and others disordered contributes to the formation of

swollen domains.
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conti nuously to each pol ynerization reactor or zone,
preferably the initial one. Al though the CSA may be
w@oedozmey a poi nt i medi ately prior to di scharBEr/U82909/032642
the first reactor or zone, or even in an intervening
conduit or conductor connecting the respective
reactors or zones, is preferable that the CSA be
dded ,to the reaptlo m xt ure, rlor to initiat
37001 y s P SRS SR, A Piogry dapEubymeri
blocks zir@ 181y kér&ghte o f8im bRRAA DM diNg @ySthBiRhddrCaithe PApHYIAS
the tinme in which polynerization is conducted in
Segment8he thdse systerasnistpoimarTheerstighedioiha gesoitinggpesademeiaasnd sieh
systemsgfn%l(}? tci:lee gef%rFé/ tg eaa grgn%sa(}splhgsﬂees%g% teQELgH%F ?rrlesg’(ﬁoar}laluﬁs (r:n i) Xtakegthe form of
spheres ERINAYSS dlafn@llﬁ‘@ %k B@leﬂﬁlofplﬁﬂgfle%ﬂ{rnb% fbﬂﬁoﬂ@@cﬁioﬂ
n1xture [36] The tendency for |onger block Iengths to

have a greater role in detern1n|n? 25 donai n_ si ze,

[38k onbi ABHINKEREVeLIEPUEHY §-PiFfindleskenferrpbyrariiaay baveay wdue of N,
where N Ebechp \Aﬁrglﬂéﬂ ae\lflera%g g)lrogg E@ilgﬂl t%?% rﬁl;r}g tg% [e%l’lgg Eﬁ%glﬁszout 2 to
about 2ﬁ,o;pcﬂe§abi§r B1. thd hemge abfrbmtapofio?.5 $®aiHJunﬂ)5 endInese peeférebly in the range

dered nd ﬁ}hers di sordered contributes to the
swol | en domains. -13 WO 2009/097529
PCT/USZOO9/032642 [37] As used herein, "nesophase
[39Bepar af thefollFHRAR deRriPHiSE, %ﬁsnuh{beymhwﬁosfé@ ¥R A€ appi@&ifSate values,
are locally segregated to form ordered domains.
regardlesg ydrethier theardrdnabsut’t ere "appiopimainels usedimeongedtion thrsewith. They

may vaSYf EIBLR PRLTETL XG0S Qi 016 DA BSU | Gehenever o

of from

nHI ns

numericalEm@phase isepaliaiteR" and hesspartisad Rﬁ'ﬁis i$scladBd taﬁ& Qufn'bér falling
formof 5 spheres, cylinders, |anellae, or other

within theg F39I88 F%ﬁjﬁe%lcklhb%df’i?fi 611 B%Ilt(lc%léb élpeyﬁeélpglmg[ Iggl}bq‘fhglthln the range
are spe%ﬁ(\!a?ln tdlé’c? S8 C}Qgﬁ%’%@{ é?lll E(f{la b:ﬂﬁ 001%1 rfroggll percent to

Ve'a value of ere I's the nu
100 perbérm ckthl ehperbentamdepesf et Abisyl pescann X ;ktecanarﬁg&rcm‘nt f4r emeent, 5

e S8 Ao S Rt rgbry o e tale o 1T
99 perc&ﬁn&el Ooq;erd‘eﬁp ViRV, §n§ ﬁ’urﬁ&%ﬁ rah@e ddifhdd I twbR hid@bers as

ol  owi ng description, nunber S di scl osed herein
deflnedan dleeqbpm)maﬂmx@ematalbsdlsclmﬁgar dl ess whet her the word
"about " or approxinate i's used i n connection

her e ar, per cent erce
[40 ercep some emgécrirle }/s \fl bﬁf cop%meé (r:%nel;;]et rep%een%féQ E@; the following

ﬁnmmknunerlcal range MAth a | ower I|n1t RL and an upper
limt, RU is disclosed, any nunber falling wthin
the range is specifically disclosed. In particular,
the foll owi ng nunbers vk iﬁrtﬁeB#ﬁnge 15 are
specifically disclosed: R=RL+k*(RU-RL), wherein k is a

where ‘W@ ARL& S ARG Bk PR iR AEEME” Fedresents a soft block or segment.

Preferably, As and Bs are linked in a linear fashion, not in a branched or a star fashion.
[41] Other embodiments of the invention can be represented by the following formula:

A-[(BA)] or A-[(BA).B]
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100 percent with a 1 percent increnent, i.e., kis 1
percent, 2 percent, 3 percent, 4 percent, 5

w@ergevs29 . ., 50 percent, 51 percent, 52 per cePCT/US2009/032642
95 percent, 96 percent, 97 percent, 98 percent, 99
percent, or 100 percent. Moreover, any nunerical range
defined by two R nunbers as defined in the above is

0 S i scl osed.

BhE0arhE ey Rrstp R B By R hicauchas TeNT ot M &ethip- 0. 5. 6.
70, 80, A0hE00f ad Highat, rgy” refpﬁ:rsemlﬁ ahardblBckat sénBnlandtBr ﬁap?e@é'nts a soft block or

represents a ck or ment and."B" represents
segment, PRI 5 e BEME UBkENF o Bhosf EPLFRBPOR S eomehe SBR HF b on

linked in a linear fashion, not in a branched or a

[42t ar Fasinrembodindndsldf thE meentembadiberairsseatedttdyghe following

i nvention can be represented by the foll ow ng fornul a:
formulaa 1 (BA), ;1 or A-[(BA),,B] -14 WD 2009/ 097529

PCT/ US2009/ 032642 where n is at least 1, preferably an

I nt eger greaterfggggklgo§gq SBZHIﬁCAﬁ)]§3 10, 15,

20, 30, 40, 50, 6 : ?) 100, or higher, "A"

represents a hard bl ock or segnent and "B" represents
where ngis gbleastd) pegkeraply ag elgmtgreamrélﬁaélrla@ugh asfl 3aﬁoﬁ B9, k. &0, 30, 40, 50,
60, 70, h@ ?ashrg}g Ie]{]i ’ f G %eﬁgsra henﬁglgcﬁ 09%6%{’1’1%?1 (g‘ §rresresents a soft

block of Q:\gﬁfa:ht OPrefe@dbl PEAY zﬁﬁlﬂﬁﬁzﬁ“ﬁ tiake iy 4 lheaf khioW 1@ in Hbranched or a star
formula: A-(AB),,-A or A-(AB),,-B or B-(AB),,-B where

fashionp j s at |east 1, preferably an integer greater than 1,
such as 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60, 70,

[43]80 991 otﬂl%m@dnﬁérﬁb &he blofk C6 rﬁé@ ﬂFl?dllg d3aH h!t’xleoacdﬁlra 'type of

segment and "B" represents a or segment
block. Pr sillevthdyl embodsnems) eBsh afrtdodki Alaedi blorakéB hasmearonieas i @mr,lonomers

randomfSistiPhB R D Bl RS By AR gfamorises

two or Rofelefehty P&+ s@b- bl&lk@}:(kf didtthcBédrhposaidneiucBml adiphRphsnt, which has a
each of bl ock A and bl ock B has nononers or conononers

different geripedityordthen tepastof theittleikn t he bl ock. In ot her words,
nei ther bl ock A nor block B conprises two or nore

[44E§ 9 gep}t (?‘théroermb?'olﬂi?m«?IQMQi Ctﬁ%?)]ﬁc?k %Jo&‘l’%&g hP %19\%3 Y ﬁmtdI t?ﬂe of M6k or

segmenﬁmiﬁelreﬂeidﬁaﬂ Byhtte fRtwing fdrimalddl ock. [44] I n ot her
enbodi ments, the bl ock copol yners do have a third type
of block or segnent and C%P q§ represented by the
foll owi ng formul a: -B-

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.
[45] Other embodiments of the invention can be represented by the following 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
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A-B-C where "A" represents a hard bl ock or segnent,
"B" represents a soft block or segnent, and "C' 20
WO e@oesset s either a hard or soft block or segP@nUS2009/032642
Preferably, As, Bs, and Cs are linked in a |linear
fashion, not in a branched or a star fashion. [45]
O her enbodinents of the invention can be represented

block oy&/ L he f 0| «?p%ééf ts élt{m{éar}gqu] gJIfB g?f%li)lo&%%rss(eglileht ref%rably, As, Bs,

and Cs E)Flen%E@m é’hﬁ’é&r fﬁh%eﬁotgﬁ gdtRchdd @ star fR4GHN.AS 2, 3, 4,
10, 15, 20, 3,4,50 25 60, 70, 80, 90, 100 or

hlgher "A" represents a hard bl ock or segnent, "B"
[46} epr eE@tﬁl@@g embegmpents afghenpvetogwy @g ps zepresented by the following
formuld”CT/ US2009/ 032642 bl ock or segnent, and "C"
represents either a hard or soft block or segnent.
Preferably, As, Bs, and Cs are linked in a |linear
fashi on, not AqBﬁDpAanmheA{BKD@Bst@w AaBh)p@. [ 46]
Furt her enbodinents of the invention can be
represented b fo | ow n O,,-Aor
-(BQ), , - Borr 3ﬂ,, &r df(‘e& M - (AQ),, -B
or B-(AQ,,-C or C (AB),,-A or C—(AB),, B or
C (AB), , - C whar®(ABi,SA ator| agABYL.B proete(rAaial x an
i nteger greater than 1, such as 2, 3, 4, 5 10, 15,

20, 30, 40, 50, 60 70, 80, 90, 100, or
WapF Béetieastd. raferrbly B ineasF ssuenthan |- sy 2 B geﬁpﬂ%slén%os% 40, 50, 60,

70, 80, 9@ SO br HHRE kA O Feplele BLOMRNblockRr 88 el i < BARpARGhBSsobfock or
l'inked in a |inear fashion, not 1n a brancﬁed or a

segmentg {Peeferpbiys HisgRd Bf arpflinkeddp gHingsr Balian. opt is @ grasshed of eftaitashipn.

sem -crystalline bl ocks of polynerized units in which

[47PF OpYBAR” bfocRS 85&BIchR rafdr ANRHMcr BiARLEhlobiRT g@%&grlzed units

' 80 nol e percent, and preferably reater than nol e
in which grapetene iy pressmh gy anmelmt grelater ovted0 molgtpsrsens, and pigferably
greater glraggér 1 ?\E};elitcgréts %tl th%fc’ %Q}Jga&le comgg?rglfé n© (f‘elnp m the IPlard segments is
less thaB 20 @eblEPEcent, Andeprdfordbay Iés§tﬂi@1ﬁmi@b@1gh® ERe9n @(brhe éhbodiments, the

substantially all propylene. "Soft" blocks or
hard segraefHefrmBprissh all we substantipllyalharopykener "Ybt tlerkk or sggments, on the

I r [ i

v L AL SOt Py 0, ERTRIGTE RSP rer
20 moleZﬁerm.mlt epreferabingreatapthan 23 Bblerpéreerperc@ntO0 rhole pewent. In some

enbodi nents, the conDnoner content in the soft

embodigiehiteihf SOMQROBE Gonisat Wy the pofh seament can bs REeair thang%oeefﬂlsrpercent
greater Hans %l?ﬁé&eﬁeg&%@? thal BE M &Jaé}{l g‘lgatgpdhgn BS m@h%rlc%nt, greater

greater nol e percent, greaier 20 than
than 40 pmlc gercentggreateethan Ha m046p¢m¢re gentcethtn 5Qmedd parcertanm gh@iter than

60moleperce Qercent or greater than

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

pol yners of the invention possess a npbst probable
wale@vodtset i on of bl ock | engths. Preferred pol yP&r/E52009/032642

according to the invention are block interpolyners

containing 2 or 3 blocks or segnments. In a polyner

containing three or nore 25 segnents (that is bl ocks

epar i stinguishabl e bl ock) eac | ack .
49t BoEiBthsrto S Bty Py G rdpaRfSrsriae Gufarag pjtHematica
treatmeR G tﬁé:ﬁe@ﬁl'tlﬁgg Yneds Q'bﬁﬁéd' Ahb QBRI 1y RIEAPES pdr@feterskBatMR believed

2009/ 097529 / US2009/ 032642 [49]y Not wi shing to be
to appl}b@dh@l inygntayeypobemners aod é¢m@¢ﬁér@twthatt prpetiolly m\m})r more steady-state,
tical treatnF of . th resg Ll
ifferi

COl’ltll’lu U.S I'C r{a Ors otr I%OI’ICS CcCONNEC 1naerles
ase eore erl Ve r arre

which the gﬂoﬁki@gjpolfyﬂleﬁﬁ Rixpodeq, ﬂhB Bldcﬁ\l@@tﬂs\(ﬁ tlﬁwlbdmiﬁélsbeﬂl@formed in each
denonstrate that, especially in

reactor gf gagyvilcgpiorm te érqummbgblfs é@@@ﬂa@no@e@@ﬁ é%thé dpiting gnanner,

wherelﬂ }g %&&k?éq%bﬁﬁ}\é bf‘gool\%nfeéﬁr B{%}UBR |11|¥ g?%‘ﬁt%gg‘)é‘g‘%fp gtdtgltb'(l)%%ssequences

from cakzd!ysgfl hhothedleacy) oleytment beiangl (ﬁrmftml’ﬁiird mse@ptionsrapd aha@hods known
probabl e distripution,

ne will conformto a
in the agapfl i i racigineahe Bﬂﬁﬁ%bofrgﬁﬂa?ﬂzaﬂm Etglies g mplcylggarchitecture,
includidy fbaki (l)ﬂ th¥ss ‘%I:tldﬂplle)i&%n Iﬁ{e‘%ﬁﬁ&%lbmhht"hr@ nBteﬁfétc%ﬁ b\y | dhBin or block

respect to bl ock sequences from catal yst
lengths,tdmdchh@assmaptwrr élat papmnei chabagedthors cotrgptaded nh %am;a nlptrt oms

comparpfp F iaas eabf? Kidends Fi0g, i RPimetls B elmeR bt Mhclosed in

W. H. R, CNIMEGEMbE Scil Rd I SAdeeidl. Ehan U8, pt197@§§n@AtE0Hamle1ec and J.
reaction rate expressions that are not affected

F. MacGtegph “Belybleo Bractiogdgigheriagia Kt HeReiskarhpid Wn Gekdar, %ds . Hanser,
Mumchp %M &8&11%0{1 {soavs\%ur}nerdz tgctten.gh ?necgcg (éen%fgth fu}in slgl%lﬁlg reaction in a
given rdﬁetoh @éiﬁlti‘lﬁh\/tﬁe beaiatipn eva Qﬂgﬂe)powrﬁdﬂbﬁx&ﬁdwh&eas\/&aﬂdfer Bayhe chain
. Macronol . Sci., Rev., Mcronol. Chem, C8, 1 (1972)
shutthng ﬁger;&\tergunqtghp@y@ér tg@cﬂlﬁerenq:reamlé@@gg |and emsyrﬁé? different
polymeggﬁﬁ)tn' C&g%lgggé ﬁ?@[s‘l\}ﬂ Oiﬂ_f'é)é g%ﬁ?&lgﬁt (?c{%_fjg\réf c%ﬁ'ﬁé ithe fraction of
sequenc@s sﬂrmgthtrhlaﬁmgpt@kiuctddan deeubeoroi givbre bg Ixglinh, veliewd h lis arginteger from 1
reaction.in a ive ctor resuylts Iﬁéthe formation
to infinggy reRreSPR{g) et S sgm F SERRORORE NS 1 fshledy of t he
chain shuttling agent term nated polyner to a
di f fikenent (1-pgptor or ZOﬁﬁm@ﬂﬂbﬁﬁ@gﬁﬁﬁ%UBQoﬂb&ﬁ@k%@&m
polynerlzat|on conditions results in formation of
di fferent blffg For catalyst i, the fraction of
sequenceg. of ngth n being pr r or is
gi ven bfﬁx [hpi where nis aﬁnﬁgﬁégg?é$P%ﬁ$%%g%‘to
|nf|n|ty representlng t he total nunber of nononer
[SO]SPIOLZ rgora bqlngcdzg abét {.§f %slzgt((:i%_alpr’ggfégth(srnz_o%g, egct:}lsct:atalyst has a

probability of propagation (p;) which results in a unique average block length and distribution for

g Pgl% CI1 tzatlon condltlons to

polymer being made in that reactor or zone. In a most preferred embodiment the probability of

propagation is defined as:

o Rpl[i]
Pi = Rpli] + Re[i] + Rs[i] +[C]]

for each catalysti= {1,2...}, where,
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Ni = - -p; nunber average block length [50] If nore

than one catalyst is present in a reactor or zone,
we@awboemeal yst has a probability of propagat i BET/(§2009/032642

which results in a unique average bl ock | ength and

di stribution for 25 polyner being made in that

reactor or zone. In a nost preferred enbodi nent the

i1t ropagation is .defined as: A = [

Pore s ks of OB S Buimpapl by AR horpymd)
Rt[i] + Rs[i] + [C] -17 WD 2009/ 097529
REGH USL0RE 08 641 traf@ér dndFerkfalonrfof &tzﬂgfstrin(ﬂQﬂ&VL/tlme) and
consunption by catalyst i, (nmoles/L/tine), Rt[i]

Total rate of chain transfer and term nation for
caRalil/stLacal pipfedpin/shpiing with dorngagt pplymer.dewlesfldtimeyt
chai n shuttllng wi th dormant polyner, (noles/L/tine).

51] r ,

ST PO By ) Rl r B o Rt REPRAS LR ran
kp, , nuItijled by a total nonomer concentration,
apparenft Mte¢ cmtanm]dplt inpultiplieddyy a toked nhaywaier compertmaticat [Mh apfl multiplied by

e toesf e Eieniorsieh sl CmrOn, and shuttling rate |s

determned as a function of chain transfer to
hydrogen (H2), beta hydride elimnation, and chain
transfer to chain shuRlpli] ek, [M][@gent (CE%» The
quantities [H2] and [CSA] are nolar concentrations and

[SZfzggt ]L:fbgl%arulig' ?er efr}rllanlagglp( Il_q%fj lsélftaittlj,?g]rgt%r{§%&?%11]1gc£_as a feunctlon of

chain trgl?s‘fér%'ﬁgﬁr@gén }52:} betPh fﬂlte eﬂﬁhﬁ/ﬂﬁ'ﬁ ﬁﬂladhgﬁl tf'afn@fe? Ecﬁﬁ{aﬁgshutﬂmg

ner nolety transfers to a
agent (%A)etTlesquahamesr[éhbanddﬁéﬁdsasmmetar t:onceawtlm apdi BatCéloBuWQripted k
dor mant @g ﬁhaln 15 The rate of chain

value 15&?&%‘10[“%“ Tt P6PYer with catalyst i is given

as follows, mhere [CSAf] is the feed concentration of

CSA, and t herquantibyH{] [CPATCESARCoRyiegent s the
concentration of dormant polyner chains: Rs[i] =

kai [ C.] ([ CSAf]-[CSA]) -18 WO 2009/ 097529
[53pcT/ UB2UDDY PIbeEp chiiBujre sseated, wham 4 PRIy mEREOfEbY ERsfargto a CSA

and all E8REEGEERhadERRLFBR umdd 0 B¥h BE pﬁ%%%l‘i}hghoﬁlpa%t 881951%} Ehain.

The rate of chain shuttling of dormant polymer with catalyst i is given as follows, where [CSA¢]
is the feed concentration of CSA, and the quantity ([CSA¢]-[CSA]) represents the concentration

of dormant polymer chains:

Rs[i] = ka[GI([CSA{-[CSA])
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bl ock length distribution for each bl ock of the
resul ting block copolyner is a sumof the bl ock
WO 2009097524 stri buti on given previously by X[ n]PCT/US2009/032642
wei ghted by the | ocal polyner production rate for
catalyst i. This nmeans that a pol yner nade under at
| east two different polynmer formng 5 conditions wll

ave t t wWo dlstln ui shabl e bl ocks or, se nt
s40avn B oottt ot o e Prupaa Bt S b EEN B the overall
block ldﬁg@hﬁg’chﬁut%rpﬁ% cA@MIbdK &t tBe FsBldihb BlbckicBp@PmbHRal sufifS@he block
Because the polyner is conprised of two or nore

length cL$tnL1kt songiveyepyreinnsy wiiiXhn] ,aW@ghtp@ briée loeal fpokymnes ps¢dmgtl@n rate for

polyner d eag block or hem ¢
catalyst'1 ony Jis a}ns é)tolyrr]lbealn% (éer( 9 aétrtwtohdéﬁergnt poq Xr ogplng

condltlcm%lv@htha% atﬂ&isﬁﬁv&tﬁ &@tlﬁ@ilﬂlﬁbledﬂé‘zﬂ(ﬁ b tentn)s efaf:l@ m)ssessmg a block
adj oining 10 bl ocks or segnments, the resulting bl ock

length haggsbpryHraosiryghabig blgcly }?Flaililefilﬁﬁ%‘il% in ghigeglirars: cal
properties conpared to random copol yners of the sane

[55PF 0SS 9&%@% &1@' ogfsﬁ:i@(?s?‘wrh@%ed I-og’ ﬁllo glhﬁofem{? 'o? Eeg'f}heans which are

provi es a co tion conprising a copolyner,
joined tedpaca aingly podundr, andompl bynk or eggmpmk & ahgmiiqallp ok physidatlgd
distingtﬁ%ﬁie&%y | eH'EV -an lafrgogeog‘% Ter ] eacglgg Wg%ngn gr[)il'rti’on Sfa IOI% adjoining
blocks $129L@R% s GRERYLRINP %101352 Bpdil Bkl pehscREM fighe SHysRAVAICREmical

properties, especially regions of dlfferentlate
propertice pgnpared to jandern gopayinors, of Wireragiergrossechemical composition.

propyl ene/ a-ol efin bl ock interpolyner is nmesophase

epar fe the o o
[562 ol Z‘%% %gf:nt\ll_éenlgﬂ%c{ prg U fabs 5%@(&1 osmo s¥g | (fc%%gy%f es%emally

such a cdpBlynfek eb@patihy in polyherifetgan @fo;fy[dﬁmaﬁ@@ bpdlyhetifable

about 2.8. [57] The invention also provides_ a
Comon%]@f‘r’fp%'éq EQPOH RBIFBFIPSFIRG LHP OF BIREE INGABIOKICBIFY FAgHI £omPOsing

b r
ditern g R e P e L Rl Bmon o
1ncorpotﬂtmnkwheremr1he protpglede/ﬁxfcﬂefumgloc]h engrpalymer isphgsepbak separated.
|d i ntranol ec segnent s

erties,
Highly BieEy i cnwdh r§8§9§%9§§?ﬁ§°lf%€ ST OBYBrEioROManapf less than

2.8, preY@:!l‘tg in @b%ﬁﬂgeb}ftfﬂoﬁpabd’é@?réﬁb Rpbft® 8. Propyl ene/ a-ol efin
oc Interpolymer is characterized by a nol ecul ar

ight distribution, MWNM, in the range of from
[57hbout The invertionhase prRyean dompasitiey) cdmapisatg dtdeast ongrigopylene/a-
olefin bg)%k in tgl%o yc‘}ner}t mé)ln%lnggw df %?g’ su%ev\};]lrel{rlztéi?y h(%ar%noggeﬁa(%mis?rsftéga olecular

segmen’t/sajrgﬂﬁ:é(@goﬁﬁh%ﬁ% dffgegjﬁfg fcﬁ%rﬁiwﬂo d[ﬂl%ﬁlhﬂ p’r@lbe’itﬁd\a/s\% REAiifFamol#Bular
> -655 + 13735 - 7051.7 or -1
segmenphgyaggrizehb PEOIS/S@SQB(?GPG%mgle(fb‘?le?lﬁafc‘ﬁ%lgbtc‘il@ﬂb‘i@w pperein the

propyleﬁ?/ a%l@fﬁ{ biic g liﬁl(f&ﬁ@g}ﬁer Rehatd gteﬂ%(ﬁ@}% nflecaRf W%%’l? Iar{)éfrgaélgon,

raln an neasur e conpress
M,/M, finltina @hgd htéfrm@bymtelnzetoaabohei.s and:

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

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

Tm > -6553.3 + 13735(d) — 7051.7(d)%, or

-19-



i nterpolynmer, and has a density, d, in grans/cubic
centineter, wherein the nunerical values of Re and d

W@ 20009973529 he fol |l owi ng rel ati onshi p when PCT/US2009/032642
propyl ene/a-olefin interpolymer 5 is substantially
free of a cross-linked phase: Re >1481-1629(d); or (c)
has a mol ecular fraction which elutes between 40C and

&ﬁoc g fra(%lonated usi \% TREF, haract%{|ze '
at PHEARFGHEGRY HhgadicsruEre SrodsrenEdm Qrﬂereelﬁ St%ﬁm
and 1 cy@@flecasurQEN AR AlcoMpBREbN IAded IR othe PropRERBENESN

random propyl ene interpolynmer 10 fraction eluting
interpolysiepvaad hathe desite, d. errprams{Qubioscentpeiesi wheseih thecompaicabl e
values ofg}{]rf:o anno@ nde f!rJa IS$'yt£ go%ﬁ)lgvrfrtlgrrerfzg O%{lrﬁpl ql%ﬁ pfr]og)%len{a}m Olgfrllr(.li 1ntfr:,F8P1gmer
is substEQANR@RAR Iof 6 @RSseMinkéDpisRet on t he V\hol e pol ymer) wi t hin

10 percent of that of the propylene/a-olefin

i nterpol yner; or (@%;haqu6gmquge nodul us at 25C,
G (25C), and a storage nodulus at 100C, 15 G (1 00C),

?@3 er epqy £ fiBlebaht Ha&fon%lé)gl{sglltets (Bet(aze(eflf 4?‘?%&1(1 1530"@ \xt/ﬂ%ﬁ
a . . 'S

nge of about
fractionated naimg iR E1¢ dhioyctanzeahie itizegy ehebfiramtion ihasje rofpr eatmenomhbiacontent
zero and.u about _1.0; , erein the,
of at least %BV C‘é‘ﬁé%‘%eé ithatiof BGRWWE% 6‘1‘%1’“}%{6&% gRalymer
fractlon%@ﬁﬁ{%adee@een[tﬁ§];ad1@te?ffﬂ)@fawrep wHel&n kAY %aﬁlpaamerr%o%es a
propyl ene/ a-ol efin bllock copol yner wherein 20 the
propyleso p1§¢1yfﬂefrner bacthasaoe ewm«zrmndjgs) and hasey mglt indek edsmbigy, and

terth n
motar b8 oo Bftct RaRIe bR imif e PO s gt
pﬁmybﬁdﬁ(ﬂﬂhﬁﬁﬂﬁﬁdgmayoand a di fference in nole percent
a-ol efin content between intranol ecul ar bl ocks of

gheat gis 4 s!%éﬂag@ﬁ%hlus %stm' & RSO d a {tabe H¥Rulus at 100°C,

I nvention al So provides an article made ron1the above’
G’ (1008 swhérbimdhe gaiomf 652586 pYods ¢ 1 P Civiskih dlskrasgped apat 1:1 t@efjout 9:1;
Hi ghly desirably, the polyner products herein conprise
at |l east sone quantity of a polynmer containing two
di sti ngui shabl e bl ocks or segnents characterized by a

st  prehbablesizedlb J?Sﬁlf ai de Wloc®f indddx0€Katsit the$ zerdABd up to about 1.0;
olyner recovered fromthe second reactor or zone of a

and, Wllev%nt FOORMS 20090 Pied iderpobapgaomesabase sepaatedor or

two zone process, may be terminated to forma di bl ock

[S8FOPO | Y&l ditidnQ Hf%l iR6krtiBh %Wdes lﬁ%ﬁo lerfe/P8 elen'*bF(I%lﬁ c%@éllymer wherein

COUp I nNg agent to forma trib - or a nul
the copalymel ismbatacienie¢duloly myaverage molecular weight of greater than 30,000 g/mol, a

molecular weight distribution, Mw/Mn, in the range of from about 1.4 to about 2.8, and a
difference in mole percent a-olefin content between intramolecular blocks of greater than about

20 mole percent.

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

propylene/a-olefin block copolymer.

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

distribution of block sizes. The polymer recovered from the second reactor or zone of a two
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dendrinmers, or functionalized by conversion of

termnal chain shuttling agent into vinyl-, hydroxyl-,
wW@pione9752%i | ane, carboxylic acid-, carboxylic BCI/tS2009/032642

ester, iononeric, or other functional 5 group,

according to known techniques. [61] In yet another

enbodi nent of the invention, the shuttling agent

enpl oyed in the foregaqin rocess ossesses
reactor G4 440 PSFRE, T (FAURHE o OBB Ry HEP SR EGR:; cquplad through
use of al polyfuhctichal dBblihg &8t & B8N aQ@ABREk-b! HmbMBIFRRRbSSI§/er, including

which uni quely causes the formation of a pol yner
dendriners gu Eunctorglized by gomepudly ofeterniasldat whytthing ageat into vinyl-,
hydrox hn \él%’lq}l L Oy Co,ncta%ogil ﬁgaéig—r e Sk y1IEACRd dsltesft 'Ioplgrtner%g %lﬂépFurnctional

%égneﬁ%s alf t’er under gol ng se ent 4 pbﬂyner|2a ron In
group, dceBrdir6tkaben @chakpies connected in series. [62] In a

still further enbodi ment of the present invention,

there is provided a polynmer . mxture conprising: (1) )

[61lan or Hayfit @nether siohogiRsR ob reyifpgntiop e éhlgtﬁm agent employed in the

Forezol L DI ERS e BF SRR i PR R Ba i it
multi-canged,yavpedidbitve ceibreclombivhmmigiclyacutisgs2he forimhgakof a polymer

copol ymer according to the present invention or -
productrﬂo LISI0g CQB%léfF]&fsrﬂfj Prgngda ﬂgfflgxgggorl&fm‘iaﬁ“é% Reaqymore distinct
polymel S48 sQfeer LIdRe SRS bd@BhEa1 PORARHIRINN BAWBRERM s bldoreS connected

a matrix polyner conprising high density polyethyl ene
inseriepr i sotactic pol ypropyl ene and conponent (2) is an

el astoneric bl ock copol yner according to the present

[62]Id invenh{ Y 11??1?%;@1[ Ok LA olcf:%}g:t %ger%é %nlvl(f_:)lr?]ttiér{,] r?ﬁeéé’ %%Iéé)\g??(g %polymer

fferenii ated conononer

mixturedBgeisRN{1,) a Or@@PaTedigalid oot/ préRfabDES hotabesl$mef of ethylene

the matrix polynmer fornmed during conpoundi ng of )
or of pregylefsrra{cs acopolapmgr phythylpesyr PRRYIFRR ¥R PYRobMgtscopolymerizable

comond i £raha l(%')rﬁelgﬁcli Q@ﬁ&ﬁ‘%@%?ﬁlgﬁng %@%ﬁgt i%(/éﬂ{ﬁ)tnl'gr%ﬁep‘ﬁ'}édh

mai ns Targer t ose perse bl o
accordic®cathy percsssaff thdyeregmt orveatidn,. Inanekiyabde eabadimehb@m@dent (1) is a

.. nmin the spmallest dinensign, despite _having |ow
matrix Ry BEL AP EIEgHE L SN DOB e BOlEnS8T PHEHS PolpBRpYiFp Rt component

(2) is as&hdtbBbri¢ BlobD SoIm¥f deborifGA8MhZSre{dhtinvE oS AriBhg & or three
domai ns can be controll ed by varying the nol ecul ar

distinctwegigist of ahfferhatnayéchepnadrengir firfcormmaeni. An e pnefawedkembadiment,

of he bl.ock i.nt.erpolyner..The sizes of .t he donmi ns.
compor@ 4P EmPE 5t B ) BFUR I 5 BRE) O 0 ONaH g of
compmﬁh&hl)hﬂmby|k copol yner. Suitabl e bl end conponents

i ncl ude hornopol yner or -21 WD 2009/ 097529

PCT/ US2009/ 032642 copol ymer with simlar conposition
[63bf ondhemveréverbiegeiatarnAyBeydRian glesedigreieparats sirygtures 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).

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

component with the bulk copolymer. Suitable blend components include homopolymer or
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copolyners, oils such as mneral oil, solvents such as
tol uene or hexane. [65] Wile the foregoing process
wha®bersey descri bed as preferably form ng a di BEDUTE2009/032642

product, it is an additional object of the invention

to prepare nulti-block copolyners, including 5

hyper - branched or dendrineric copol yners, through

coupl.ing.of pol ner term nated with hai n shuttl |
copolyraahih SRR FmPAEIIGNE of Bdraenye Parks o srermsiys of the
copolyRdISERUERE ad @Al bilOfol A@REuck 84 luend oflhé At | onal or

pol yfunctional coupling agent. In addition, if nore

than two reactors are enployed, the product resenbl es_

[65k hat Méls thy/faregpingyproedsy may beeatdessibied appregerahy forarag a diblock

react o c : .
product ﬁ?s 1 {ddrtrovrfa Qbr]e&%g gﬂse eré&%nir%ﬁ%n%ﬁ?&rg?%%gblﬁé&lcgpgfyn{e?se, including
hyper- bﬁiirﬁhdid @rt)delndﬁm@frc aqbceyzmérar thyeigh kb eplanRcfGoNPQS itérnimated With a

particul ar, the polydispersity of the gresent
chain Sfmsqhyﬁégelt |e§1“§‘ér§1é¢‘r Krpyd reagter ?Ih%me Sorany $HOCG e BRAICERX OF zone) using
f ﬁQ% r

a drfunc’tk glacl)lrcg tpI grf %Balrgoqghr:r\%bgf\emﬂp glélnag?g toﬁyr? (rera(% Fﬂsan-{ gre/ag ors are
employed, tiidd predddtmgsemblesrtieatmads bytlhvingnprtpeeriotion éastoor han one reactor,

. e oyed . in t roducti on, in accordanc
with th RS e iR T Sosht BB POty 2 Tyt protgple
distribufld® oﬁﬂlgle(:gﬁpevkrghtsrhna c%%ﬁﬁoﬂ’f Inf PRt ABACHR rp%lydﬁsﬁb@rsrt}: of the
theoretical |imt / Mh ‘equal s the val ue of 2*(1
present pplynfepy is g@hernldy fegs @mm 2f42andrcgn pppropdsk S ferguodush sadé in two
ol ymer conprising the two bl ocks, in accordance with
he cal cul ati ons described in Macronol ecul es 40,
7061- 7064 (2007). [67] In general, the average nunber

[66pf bl ThK thebfetitd18inaibsENEENVIS gedotaplly ieg@alOthetvilRie@f €6 @Mn), where n is
ymers will be equal to the nunber of reactors

po
the nun@ﬁb%ry@aorswler@ﬂun 8@ RAIYPY PR yqtiogpirasepraprce Wikhhe
calculatid}§ o?Fl :Olgﬁléj. g?jg é(hef 9P reseh (EQ(?KV)mfﬂ h%&ﬁés%@ t\?% reac ors, the theoretical
nor ma antit1es of ‘conventiona yﬁe
limit fodMpeMi exgrabsrth¢ duedf 2°€il eficy2 pfvheted | pad (2 anglthe mass fractions of

shuttling. agen l.oyed under .t he ditions of the
polymebsorg)]ﬁrés‘u?gg %\zgﬂﬁ) c[cgg]m Wr%n@&wr%ﬁ]éq %teﬁcaﬂ%tfqnﬁ described 1n
Macrond&IRAY 78157644 0bE7)i nvention may be characterized as
Z5 nmesophase separated Domai n sizes are typically in
the range of from about 40 nmto about 300 nm
[67 br ef elagringral.rthe h@rrwwr of blogksalb st atsenaerafcouplinguat the present
polymers \gﬂ]trbe ugﬂo i pel gr ab S erprgltohed T s%elbe%fatrﬁj]sra%r\%ﬂl appreciate

nmto B <A asure
that the fgif@iulcﬁ@ﬁ thépreasgi lp@Iymdrﬁaﬁ’&ﬂWﬂl fdrmalldl Qrﬁﬁhhdesqdﬁﬁﬁ{trds&)\f €onventional
smal | est di nensions that are %reater t han about 60 nnkp
polymepgiepspding opdbe efbisigney othe pasticalarshytdiag agent Kaplayse ypdars
conmndH?of@&gﬁﬂﬁgaﬂ%%)ge characterized as cylinders,

here '009/ 097529 PCT/ US2009/ 032642

reactor:

[68] The propylene/a-olefin interpolymers of the invention may be characterized as
mesophase separated. Domain sizes are typically in the range of from about 40 nm to about 300
nm, preferably in the range of from about 50 nm to about 250 nm, and more preferably in the
range of from about 60 nm to about 200 nm, as measured by the smallest dimension. In addition,
domains may have smallest dimensions that are greater than about 60 nm, greater than about 100

nm, and greater than about 150 nm. Domains may be characterized as cylinders, spheres,
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| amel | ae or ot her known nor phol ogi es for nmesophase
separated polyners. The nesophase separated pol yners

W@ 09pi9zse9 ol ef i n bl ock copol ymers wherei n t he BEDUSL009632642
conononer in the different intranol ecul ar bl ocks,
whi ch may conprise soft segnments and hard segnents, is
such that the bl ock copol ynmer undergoes nesophase

se ationint nelt. The ui red unt of 5
tamellag G g e 0 REIS BB R R P BEF LB TOSFIcahase
separatdd $dlyR&GRoMPARNGIBER blodk €8p&l ks vHEreilBe HouRREEcdBEnomer in the
any desired conononer in order to determ ne the anpunt
different evjrainradetutay biasks.eviach mes Gplhiagée @étp@&gment@ and Tiivd sagmertsrts such
that the b?%c%:och)gglglmgrg 18% regt oleg Irr]rlle:s%),rgl%ah ara i3 ed S;é dnelt, '%oe r%ﬁltllllreedvaemount of
comondiRR @B Bedsredlif eold petcdr ab@ Véﬁ\ﬁzwlﬁh édch lcomoffh kA Balculation
S. V. Panyukov, Phys. Rev. E. 57, 6902 (1998)).
may be peals o azﬂmdgswdaqomqn@mea it @réﬁrstol@t?amm theapeah reqrred to achieve

mesophg%edsger il/r%%?c’ L '? rg]ﬁmr%hﬁ lev?q]nof ;;]rﬂ:o Wﬁl y{7 gil(%rgésgif\l&%N tf zi,c]:hleve
mesophlas%egép%ﬁgn ﬁﬁh&d&%oﬂ@dﬂﬁ%@tﬂ&k&'&ﬁolﬁﬁk%ﬂs BhddRned RO =2.0 (LI
Fol | owi ng the approach of ohse, WW G aessl ey,

Potemkirg [SyYretanBhleyd £/ o RaveE. 57, 6¥RrlP2)) . oRgcogdizing. tRat fRmtagions usually

T i A
=L
1N=2 85 M L5 PR o2 AR TRl o
D.J. Lohs naKeé mmmshg Poly®egr Beids ¥binnfeol: Foasekatiom edhDdh Rabhk C B.
nononer is butene or ethylene is determ ned usin

Bucknal35008. 4N oo be Camseied e Piodrct Aok ged MY poigreants 2 reference
VolumeI Nfbeé E]%l n%%r\b%lrr] a er%%e)e(lgléa?%lro%%%lgp Blel%Et %I{Eie g%&‘@a@ggiéhﬁqtz/d The melt

density Esotﬁk&ﬂ@rbequgv@msr Iv tdmﬁsesan Whm&he wﬁéxﬁﬁﬁérqpbmtenerr&l &hylene is
percent comononmer s performed. For cases in which

determiped evieg 130 Ctah éhedtonrperovee anct tlhen Qaﬁ@rnpng) gethterpolagon or extrapolation
of the d er fr(g)vrl in au]e E% Q%@? Tnce7 )8 ahd%r%sslee?h %ot earcr:g comonomer

rom) ecu e nu

type, a iyeRF @@esﬁi@h&@tﬂo&f pok&dng b@m@fﬁorﬂérhs pé’lﬁirﬁfew EBr td3ediinl Wﬁcl@f)ctene is
g/ mole, the foll ow ng equation describes the m ni num

the comepAwA sy samgi Frpesriics PdeTRsdvithde WREK ReidbagcHilegeal.
MacroW%&é?%&Sé epa r7§§6 oﬂsm’gb‘t(l\ﬁf rtﬁeemmﬁe(}@&ggg fn)olecuﬁ‘r (Ve}ght of all

h dctene 1 s°thé cononomer
moleculel anurdts of cglétablet the &bl ing 8dimtiop rdefceibabithy nghﬁﬂﬁrﬁ rcoinbadmer

25 or eq abouyt, 9808, re preferably greater
differereh BisE LR 80 SfBEE ritoBbAe AR al S0 be g eat er

than or equal to about 10690, greater than or equal to
?%Hknt&ﬁﬁﬁkﬁ&xjﬁgp/ pegual to about 11145 and

ater than or equa to 11580. When butene is the
connnoner A is greater than or equal to about 28600,
When ogtegé & thb bgmgncaaetreA i preatepthapqu aquzﬂ @o mu@ﬁimﬁf@«;rahkyrgeater than

BRI CE M TG T IR R 2 TN
greater EHaB @k 8ful '&ﬁﬁbo‘u@ $0690, greater than or equal to about, greater than or equal to about
11145 and greater than or equal to 11580. When butene is the comonomer, A is greater than or
equal to about 28600, preferably greater than or equal to about 31460, more preferably greater

than or equal to about 32895, and may also be greater than or equal to about 34300, greater than
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WO 2009/ 097529 PCT/ US2009/ 032642 or equal to about,
greater than or equal to about 35760 and greater than
W@ro0emeEEk9 t o about 37180. When et hyl ene is t hRCT/US2009/032642
conmononer, A is greater than or equal to about 9187,
preferably greater than or equal to about 10100, nore
preferably greater than or equal to about 10560, and
reater th to ab

|so b
or equal[[RARPRT Srepith UGn Ll ¢ G4 8T LU Seb uARl OR ppe 37150.
When eﬁfyléwqg HRlcohnaRey A b h9dwer diies Mnd6306Q 9@87“3ﬂref@%1y greater

He compnomer is 1-octene, the difference in nole
than or p@#aé mﬁbocqt:l(ém@ petapeferathe gieated thae grreaal amebauh 06k and may also
ment en reater than bou
be grea%rﬁ'ﬁn or %ual o c:beOﬁJ 116p1?)é ré’?% an é){g al 90 %[hoglﬁ ?Lr eq tter than or
equal tcadbaut 1 1B59 wrmérﬁwnezmo g/mBIQefnﬂ thé @cfrﬁcsraﬂhey igr-@afehs, tﬁd’@@ference
or equal to about 19.7 nole percent and nay al so be

in moleqiegcgnepctensetween thebar segmeignd theeol sppnentpe ogtene,, is greater than
or equap{o:a%%)lg{ 17?831%}]6 er(,ee%J ref‘éﬁbﬁpoé]rgé)tglﬁtélaxg B%Au%%ﬁ:a[b%g{}?e% Aot percent,
more pﬂsferaiﬂl}zi gie@n thahloe e@uedz@di gineit VA7 ueolopyrcbe and Mdy@liﬁWemér than or

from about 17.2 nole percent to about 53.0 no
equal topaé}oebfg g nkpg%pggg)& %)rez}tg]r thpm oy %ﬂy@go optr%lré g)ggugerc% and greater

than or E@Ja? tcpﬁfoﬁﬁm 3%1@989&&@11 Qd(ﬁ@(l)r? (REA S8Rhe #Ade HBE/ ®e in the range of
preferably in the range of from about 22 nole percent
from aboot Bhdutoledferomit €0 gaue 850 . mo gerctii—Re 8409 1rgvhnmzhngarmdi from about

the c butene, the di.fference
20 oot BvEre0 Sastc.agHoTABY MsPap ESGHEN o1 Dt Fare oy about 22
mole pFE&ATRIUboutM 3 moRUSBORt. WheINBaDES 00H 3 an@ téalontoRomer is 1-
about 55.2 nol e percent, preferablz greater than or
butene, ghpdifferepce mpale peent brggns hﬁéﬁ@@ﬁhe Frosegpedfapd Hisl spft segment, A
butene, o %rggtgrr thtaxg an ecfural oaaltI)oPh% 5g 2 oo eg ]taerc(:sefnt,tprgf?:f)a% LPF grrg%teggharq Erg equal to
about 609MEE8perc@iitMosy prefeddbl Y pre@@t éHantod egladtd atedit 63.5@d1€ percent and
percent and greater than or equal to about or equal to
may alsgihsgreater thangi|cgupldp abejit 661 2nmalgdergenth greata ghan g5 Geed o about 69.0
t "
mote AT RE 1Bt 08,00 LT ABOU 0000 R o,y gin
the A bmtamngmlm&f mhby benirathe wing6®f mthammt 6@ftmdle pabenttto 8kour®Denole
r ef

perce an nor e the ran
percent,alyeﬁa( %’301 f Ege OEHRM "f @Qy)mo RyIof © %’QPE%%WO?GW%WM and
more pM&T&@ SiDR0 r. r%@‘r?r% R HIIE 7 ¢ ATt tSatRuP¥0 BRG pdrifit. When

fference i | e percent ethylene between the har d
Mn= 26& Q@(:}rgmuolatndl thehmnswbmes sgtteriene, heatifigriersran nige gersantethylene

t.o,ab ercent refera
betweer, el seBR! wit b ol eelenh AR Soh i githep BRE aEEA apout 17.7
mole pddécit, §reXtaply2 et €RhRbr sRNtboBALES niofe phedHt, MOretréteradly
percent and nay al so be greater than or equal to about

greater Q@n 2r agiad tpehrape A4 neple aereentiang madralse)dnmreztt@r thiyoeit eqeal tp about
21.2 md[P Pgrcgn r%al?tt r 19 of dcﬁl%i & aboﬂ?%ﬁe o(:fq é%f:entt Ond g{egé'& tha% g gqual to

ene v
about 2B 0 rﬁcble péI&Blge I@ﬁddm@mntm)g ¢thyléhé. Vz.hﬁﬁh@ ReihakNtang® oﬂfi@tlntabout
percent, preferably in the range of fraom about

17.7 mo}q p?fﬁms to gt e tale PerBBit PikfsTaY & e raesef fre Fhome2l mole
percent RS Stk 38 Yol Bert:aﬁ ah&@ Hfe &fefé‘rﬁtﬁmr?alg %ng%?bf FRIEah 8§ Hole percent

to about 30 mole percent.
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PCT/ US2009/ 032642 [69] The nesophase separ at ed
wWpewpysee/ a-ol efin interpolymers may have PCT/US2009/032642

characteristics of photonic crystals, periodic optical

structures designed to affect the notion of photons.

Certain conpositions of these nesophase separated

ropyl.ene/ a-ol efin inter ppear . pear| escent
1698, "oy S5 Pl YeRurH N e raiefh Ao L Bove
charact&fipied &t }ﬁﬂ)tcﬁﬁ@&Xllstﬁﬁef)cﬁflo%h@(l)ﬁfchpstfu@h@ésQfélsbgHB‘d fo dredcl @tmotion of
i ght across a band of wavel engths in the range

photonsh dfenaemcaasition? g thepmme sephassxapgrhied peapyteaite-¢lefimmnterpolymers
appear ?e?lglﬁsscr%n lyufquv 3l ﬁénelg llrg tngf?s glorﬁ,sz (tafs tigultrrbe\én(gll)}{age\fl\%e\é)lcﬁatqd prﬂgylene/ o-

olefin intBrpoR@ndss tefRY( lﬁ%h@hcﬁ)ﬁé\@ bzfrﬁﬂﬂ&vavéleﬁg’thg Q0the r£H}O bBfWeen 200 — 1200
while others reflect in the infrared (IR

nm. Fo g?ﬁ%g@ple,fqeﬂmnafﬂms@ﬁpmtbaew%ﬂ@eﬁtﬁd lighOpw yeew [Vipdfampméited light.
t

Other Cglﬁ]lsg% é‘?‘,{qu% ﬁQ lhg{}f (Sl'lﬂlg"é ng?{@ V@fgg f?&fsi‘ﬁggeglpg ?ﬁ? vxmﬁe others
reflect lzght i &Ednfmredl dRaboige, frod apm@x&nﬁtellyéd()lnar W@,

distribution, MNM), greater than about 1.4. The

vera bl ock index, ABI, is the i ht average of t
[70& oc k%el? Hrd’&‘(h{le/grﬁ?ﬁrf Bierplymetrarg ?%‘fé YAPAEEPEN ock

index, QBRI HNG0is igheaRr GRAT REd ¥R JRERabbiie €0 and & AoldANRA WA dRfribution,

a pol ymer “by Tenperature Rising Elution Fractionation)

M/M,f greatei2d@ abreit 140 Ghewiverlagablock irslemmBi, iothe %lglmamtreg@hf the block

index (‘gitrlS tro(g rﬂgg ﬁt u(ﬂg%las frac%ré}tslgtogfgln?saﬁ hg‘l%}%jlra%e 'ngE](], €. fgactlonatlon
of a polyﬁn@r b%/ et élﬁﬁlﬁ?é(Rfsﬁfg Elngoh Fhctib@tiohPho@f20e0and MyEat ki@ an
ene a-olefin interpolyner obtained in

incremegf eg el theughrtiier temperofurg igciementsesughtas per.cehnt HYE» @po can be
used): the ith fraction. Simlarly, the square root of the
" second nonent about the nmean, hereinafter referred to

as the second nonent 20 wei ght average bl ock index,

can be defined as f ol | ppBE= %@W(BN) (Bh -ABI)2) 2 nonent

wei ght average Bl (N-1) ~ N where N is defined as

t he nunmber of fractlons with Bl; greater than zero.
where Blpis tablbclppldyxesr the Hcfricoion of Ble ihgentiet pf@@'leby/a%leﬁl@fnterpolymer

the two fO||OMAng equat i ons (both of whi ch, gi ve
obtained ghprepgrativa 1]]%]53 god ws 19 the wsight peycentage gi thgji Erﬁq:j;pn_ Similarly, the

square 1oBEhe second moment about the mean, hereinafter referred to as the second moment

weight average block index, can be defined as follows.

> (w,(BI, -ABI)*)
(N-DY

2" moment weight average Bl = \/

where N is defined as the number of fractions with Bl; greater than zero. 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, -1/T,, LnP, —LnP,,
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= 1/ TA -1/ TAB LnPA - LnPAB -25 WD 2009/ 097529

PCT/ US2009/ 032642 where Tx is the ATREF (i.e.,
wapabyeiseal TREF) elution tenperature for the PENUS2009/032642

fraction (preferably expressed in Kelvin), Px is the

propyl ene nole fraction for the ith fraction, which

can be neasured by NMR or IR as described bel ow. PAB

where 'J;j?slargl%e%ﬁgﬁgfllog ngqaﬂﬁ{cﬁ]t 'Iél%lg]g)t %}}%Eqno{eglté)?%]u\é@ ?(l)rethe i™ fraction (preferably
expresslédR ﬁﬁl%%@ﬁ@,tfi’;%ﬁ)the %?ﬁ@n@ﬂn&% feRfoR GorTBABUR&oRYwNVR 8 bd

and are e ATREF el ution tenperature and

measur¢chley NMIpor Bhas dastebedrbedaw.oRarf istheppropylendhmpele fsasgiap f gie whole
i ch. L 1. f th
propylehfifsiia Glelbob el O KR Rnalfi BERRGH ol oo Grurt by NMR o
IR. TaWAEPE ateltBe AMTREF &e@sERpeOFPasd thePopyerdnKs10\Wactid@r pure
. TA and PA values are set to those for high density
hard sgggnapsy’ s plricariefen nthp 6Ty HEine segmpnty aBthednterpel ymgiFAs an

. i f 115 7{: 1 S
spron STk BREIH RS A0 1A AUURTLCORGILTE 10l 06, 500%, an
P, valuBAds} sand thmsk éatligh damsitg pdlypsoplyteae homepdlymer. copol yner .

TAB can be calculated fromthe nole fraction of

et hyl ene, r by NVR) usin the follown
(718 qume Tomis B ABKBTEoppa ety By RGN SRR ofthe same
compositf¥h GRNAE 3R bayWak &b BRcRE FeL.EY MdBGlebMaBwEidhi RrAE 1@Bntive
using a 15 nunber of well characterized preparative

copolyiREH sk caie bé oxlsulated dropr hadnde fipetsin dfmthylenedorersured by NMR) using
the fo11§°-p°'e mer and/ or well characterized random et hyl ene
c%lﬂ)lgl §%1’ " with narrow conposition. It should be
noted that a and O may vary frominstrunment to
i nstrument. Moreover, Lapgswaul g +Beed to create an
appropriate calibration curve with the pol yner
conmposition of interest, using appropriate polecul ar .
[72ei ghtvhemsiipd e tep rpmdts Woirh&an B detramippdpyp stlfkyation using a
numberwgk%llfdhﬁ&k{eﬁe& EIQ ﬁﬂééé?f RER @&9&6&%@ ORI S Rfliohandom
create the call rgtlon. There 1s a slight [ ecul ar
copolynagi aghifor wellfchetactetized hedema lethyteat icopolgmesseviils nabivacoreposition. It
fromsimlar | ecul ap wei ght ranges, such effect
should G itef”fhat e fomay gy reghingimest ¢ i CuREM o Miva Yrrfing would
need to CRRAROIR HhIpPrRREGBRALY BB vAHthe holyRief Behpbditéh JiRerest, using
fractions of random copolyners satisfy the following
appropriaé¢ arolesnlsh gight rangesandx@mageMPATRERorthe pERarafige TREF fractions
antor R SSRGS Bt STRARL By SPIERS  pen
effect. 1fftBe s@MRatioACE it YbAnRdFRSh SindRf el ulah alkidht Aaide€ Sudthefect

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

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

[73] Tag 1s the ATREF elution temperature for a random copolymer of the same
composition and preferably with the same tacticity and regio defects that produces the hard

segments within the block copolymer (having a propylene mole fraction of P,g) and molecular
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segnents within the bl ock copolyner (having a

propyl ene nole fraction of PAB) and nol ecul ar -26 WO
WQeMINOBIH29 PCT/ US2009/ 032642 wei ght as t he PC/ESI009/¢32642

copol ynmer. TAB can be cal culated fromthe nole

fraction of propylene (neasured by NVR) using the

follow ng equation: LnP,B=a/T,B+R [74] where a and O

...are tw constants ich can he determ ned a .
weight 8 iR RO |5 CHURDEHC BRI h il baiope propylene
(measulRt BRN MR Vi§ind ol bR Qnai: a broad conposition
random copol yner and/or well characterized random
propyl ene copol yners wi th narrow conposition.
| deal |y, the TREF fract ilanBasra¢d ab prepared from
random pr opyl ene copol yners produced wth
ubst ' e : Ak :
74 0oL LA 9T i Ty BCLALYGH. 86 LORDAED wine
numberi dfpe@i it chatactedizat pre partiti ¥e0TREF if @htiortserfadiraddusodnposition random
differences that result in the 10 propyl ene .
copolyrpenAsflQr e hyragiEZehranetmB PFRPYTISITPP AL WD BHEPY egpposition.
Ideally, (RS EREFARACBEQfaSe bbdn SHFdted ABANThIGR BRINIBRE 2081$mBRproduced
. y’a%vai | abl e,C TREFa%]?r acntli%ggsef rom rando% é%g'pol yﬂggm procuee
with substodal g theppme ZisagillarcataNat assthe hadl spgmnetnevprected vpthoul theeblock

hi g lsotacti ol ypr.opyl ene can be ed. | hou) d
copolyria” i TPt & SRaVE Ray bRy TP T s et vl i the
propyleh® Sityk 4By -dubes BEYEAS froBN@CHRM! £hd 8 itsertfon@@os. &R such random

appropriate calibration curvé with the pol yner '
copolyragyapissiot pwtlable, ITREETeastiony fspmgandept eqnolyine's peduced by a Ziegler-

I | ar I gh e C t f
Nt P S 5 ARRER LR TRPRIEI AHRE 8L, § Bt b ot
that o abi$ B thdyo/agy fainEiniten@dkd bk@limem, Mdieser] sheavalld g¥dd to create an
mol ecul ar weight effect. If the calibration curve is
approprise ealibeRtioncyivCsY it (herPohend comppsitien ghinteratigising appeqpriate
ol > . ‘ .
L o L
copolymsanesaianposid the kalitZttidn. . Ehere tsheslightmoleompnweaight ¢ffqee If the
catbra PO BTt B Tk Sl e 90t 2 vl
essentil@@lepligbed fromLnPx = a/Txo + 0 froma nmeasured Px
nmbl e"fraction. Conversely, Pxo is the propyl ene nole
fraction for a random copol yner of the sane
[75k onpo$ks isshe AITREF temiperagueréoraonadrmmeepal yper ofrille same composition
(i.e thfg:ont enot on%nm%rg h% and 06 m-')tl) SC&‘l arsar\ﬁlgi Ii]ft:cul %r\lvd \zlllaggavallrrl] a
AsﬁﬁEFcten”perayl?re of nlt%l Wi Cf “28h "heTdaY ditat ro
propyleh® nfd¥eofractidh Of Pk, O'xShilBe cdbul@teBRSLN.R, ¥ 3/ TG OB frb¥ a measured
[ 76] Further description of the bl ock index

Px molgridiiotoICsgyersely r Rtoeip dirciapylpne malerfeietpe éulaarndyhperalgner of the
same co}égéoes?tﬁ)ﬁ’(i.é.zglgzgnﬁe RBmBlomat t%é & dontenbRGRRY ah&9nB¥cular weight

rence herel
and having an ATREF temperature of Tx, which can be calculated from Ln Pxo = o/Tx + B using

a measured value of Tx.

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

in its entirety.
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inits entirety. -27 WO 2009/097529 PCT/ US2009/ 032642
[77] Once the block index (BlI) for each preparative

WO REP/09T52ct i on s obtai ned, the weight aver ageChUskI/032642
i ndex, ABI, for the whole polynmer can be cal cul at ed.
In sonme enbodi nents, ABI is greater than zero but |ess
than about 0.4 or fromabout 0.1 to about 0.3. In

t her _enbodi t.s reater th ut. 0.4 and
770, ORERRE Do gl b R s R B5ctg i op fhed. the
weight AvRER Wéckl @R, A Utor hAwhdle %Q@H{er Qar'be ENQMBH OB sobhed
to about 0.7, or from about 0.6 to about 0.9. In sone
embodimeh§dARE it geatpBhal gerp hut laes tham gleowt)f) #mémr@bm 00.tg abput 0.3. In
other e ogf'l ! ercl)ts 9ABi {sg‘g@ele%er]gﬁ%n n;]lba ?’ 0. t4 aB t% a% o(r.})rf%trerq@ lA%itshould be

in the r@fg@ of ﬁQnﬁaHoQt 0.akeubod? 05, fiom zftfo@m) ghe uboda 037 b@fraﬁl%but 0.6 to
0.4. In other enbodinents, ABl is in the range of from
about 0fp dusome gmbedigsatr ABlas intherangplifiom. apouid). 4 pprlout 09, from about
f t
03 0 B 7E) B0l BRL00RIRYY ol kT oM pR0 afikfio
about 03, 8r fromabouttO. 3.tc0abo[uV8]4 AmotheeembdiimantseABbisiia tiof rahgmof from
i nventive propyl ene/ a-ol efin interpolyner is that
about Oiig aheyulel- g Jhest Bsdogbe 1n0’|°ﬁtfr@Pb@°§‘/‘E§r6 e 8hpH i 1o about
0.7 to ab&RIL0, PR MIuY OB to hbAR® B WBhLobohaH ohs abc%tl"ﬂ ned by
preparative TREF, wherein the fraction has a bl ock
i ndex greater than about 0.1 and up to about 1.0 and
[78% he pélnyﬂner clhgastaistio béthqllm’enme ptopygnefordléfin ingapolymer is that the
t han, about

invendi s 01e Bt ARG Foniiscsidl 1o ek R R R e can be

obtained B? pteplra®iva Mk B whe R2i24be YiacerDhasdi adiedéh gﬂéat@bﬂﬂh aBouf 0.1 and
up to about 1.0, greater than about 0.8 and up to

up to ab&@bh@ ang thy, pdymeji ks epolediddr vegiglitdigributione MM czradieiithan about
1.4. In %?Ige EllnBo hﬁﬁ{s gg}ﬁ @Ea%tl%ﬁo Eefs %9&&’1!‘%8& %ﬁgttglr g@ P@lﬁ %6 and up

ndex feMe
to abouf 1.0, grgdteathei albd’u@l‘) 7admluip t6 aBm&r’ld) \gpedted thahdout (.8 And up to about

greater than ab up. to about 1.0, greater

1.0, or $fﬁ%fﬁf hppagouy 04 aé]ﬁdlplfﬂ aP?Ptalk)Q)uItn ofhey embgdighenty, Bt Ry mgifaction
has a bl@?ﬁﬂl&ic%&%a@:? thalRbb® AP pltooaboh{]l §t érEAtelotg 5 oult R & and up to

nts e p0| yner ract lon Hhas a ocC
about 1d)x eaxheer thahahomﬂbijancﬂumtoaibduuho,t greabm:han ghdnt Ogrametuprto about 1.0,
reat er than

or greattslira]@g? agglgba“g@ 5 tPégg - B %lﬂtoé]?e P@gfh&l i, ¢ Bl fraction

has a blgclf'rln@@)g gféﬁtelf tha@RBbt 0. Pakt up Q) a\b%{lt @tj EatSNRR] hﬁ'@l@b% and up to
t he fraction has a ex greater than

about 0 awniepangheht mqaamcbummbpum X Or@r@mréhart Fhant @6@11(1 up t@about

0.5. In gnd t#grfgl%ﬁaboug %b r%og\%g?raf%%glﬁB 21% Ef%gf{l d%ﬁ &rearger t}&)a% Jbout 0.2 and

up to atRO0D, Brelter (hEQhbdut 0BIHdipaD abButds, BYEN @ RarPABRGK0. U AEEXp to about
and i ndi vidual fraction bl ock |nd|ces t he

0.7, or gregpythamabaut §5emdrmpitaebpyd §Gers are characteri zed by
one or nore of the properties described as

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

follows.
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follows. -28 WO 2009/ 097529 PCT/ US2009/ 032642 [80] In
one aspect, the propylene/a-olefin interpolyners used
W0 poogfatiseld ment s of the invention have a MV M PEDES2009/032642
about 1.7 to about 3.5 and at |east one nelting point,
Tm in degrees Celsius and a-olefin content, in
meight 96 wherein the nunerical val ues of the
vari a corr ond. to, the.rel ationshi
1803 S Bueasbeca B BrPAlee oAb B PugTopippass of the
1nvent1(5112ha%@% MVM Borf? |a§d‘)1itr])7 tb abbat P3 andBdeARbRe MeRIBRMYT,, in
Tm> -2.9 g wt % a-olefin) + 141.57 [81] UnliKe the
degreeStCEeému& ar@nalole 1aredotenic opwkighefes wherepr bpypheaasal velues phide variables
corresoPS & gﬁﬁ&kﬁ%n poi nts decrease with decreasing
pd% ? {HEPT nventi ve i nterpolyners exhibit nelting
p0|nts 10 substantially independent of the a-olefin
TR 209 (v bioteflmr WOVETeind pedfedably content is between
about 2 to about 15 meight % [82] In yet another
spect, the propylen lefin interpol ymers have a
o PSRRI @b BT -1 401 GRS PEGEIBEn 40C and. 130C
when fractionated using Tenperature Rising Elution
EraQQ@gg@&wQ@(ﬁ&$BEFi4L5pharacterlzed in that said
fraction has a nol’ar comononer 15 content hi gher,

referably at |east 5 rcent higher, nore preferably
816 &m

t | eh@hkq@leps@ﬁi@@n@l nangyte eopolymeis of Reapylshe/s-QJefisavhese anelting
pins ST DRSO T BG5BT PG
substanﬁﬁlQpiy‘lHemﬁdbﬁttoﬁ @0 hyﬂéﬂn Eofdndl pastidultel ysilieh o-olefin content is between

onononer (s), and has a nelt index, density, and nol ar
amluzé%ﬁﬁﬂ6ﬁéﬁw%%ﬁtént (based on the whole polymer) within
10 percent of that of the block interpolyner.

82" ef ef ARl ¥inothfie f féﬁ /%LOOIW fners h lecul

B o s e By b Ao P Vs  glecvlar
fractionbilock efures éxepmﬂey #OPC amtll HF Ctwieen footpeatabiiseng mmpqmﬂuymﬁrsmg

. s .a total, .G noner content, Wi thi.n 10 wei
Elution %?ac[tlﬂgiltlo&a(l‘ 'll“ﬁ QED)D F%[%RCt?%egr%gTay ﬁaéﬁi frat:tg?] hals 9[8 lﬂgcfomonomer
content RIRHIIEBLaBly dt sPs PRYER MR, qh@ffal ReferabBr R RlaYiRY Ser& QY Righer,

F%)@a st or agye Pus rafeél 0, BSC)/G@ 1000, ﬁa s
than thatt PHArAMPEably rarpioef Erpabllesre fnmmlyrmbfra@lon mtmgmeé\ﬁmnatbqt yame
temperzi%ure V¥ ereln%lﬂt? co(’renrpgrean c I'aBéOe%lé) OGFBIECI’IC nte é)rOFSSI o tsabnesrt@ee Sn me

comond2&d?&0, aabl lhyis h @fest ihdan dé&ltp efndandlar ¢@BShohida @oﬂﬁ;@ntﬂﬁﬁ%ﬂ h,the whole

or |ess than 40 Eer cent, down to a conpression set of
polymepy Vb]éh—l@é 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.

[83] In other embodiments, the propylene/a-olefin interpolymers have (1) a storage
modulus ratio, G’(25°C)/G’(100°C), of from 1 to 20, preferably from 1 to 10, more preferably
from 1 to 5; and/or (2) a 70°C compression set of less than 80 percent, preferably less than 70
percent, especially less than 60 percent, less than 50 percent, or less than 40 percent, down to a

compression set of 0 percent.
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-29 WO 2009/ 097529 PCT/ US2009/ 032642 [84] In still
ot her enbodi nents, the propylene/a-olefin
WO pioeopskymer s have a 70C conpression set of | BEHUS1891032642
80 percent, |less than 70 percent, |ess than 60
percent, or less than 50 percent. Preferably, the 70C
conpression set of the interpolyners is less than 40
ercept,.less t n 30 percent, than 2 o
8480”6 R a0 RO Ea ety gy s PGS e & 70°C
compre§iiRP&H HFEESSbhaﬁ ke erc@ﬁ)’ieﬁé"ﬁﬁ/aﬁ“m |p§1fcleﬁl 1eBd @hR @b)ﬁ@i‘%él@t or less than 50
conpri se, olymeri zed form at [ east 50 nol
percentp Eretf@nblymh@ ﬂ@f(g AeMpIITEsiPIases Oétlmomem&mn@ssﬂ logs th@t 4(ppercent, less

per cent referabl t han 70 percent
an 3055 By IOP el S0B hEF an RiF BBt BB P HRAL”: Ran ™o
to 50 percent and down to cl ose to zero percent. [86]
[85] n solreotheh@tboiinéss, thdrpropullehé/ ol Efkineopsil meBrcdmprise, in
possess a PDI fitting a 10 Schultz-Flory distribution
Polymefla%%f@mt s bBiokRsACe BiopyIsie rehavriie 6 (FOMpHRsien geteof less
I
o SO I EOPRAREI S s N 0040 B ML GRELARY s
40 to Shpercdnt and dswandclpgsteessi prgceat.nost  probabl e
di stribution of block |engths. Preferred multi-block

opol yners are those cont nore bl oc r
1868 et Srr T RGP ra OISR RSty pReos et EPABlGpe o
SchultztF16rycRRAbYHBY SitheNGaH dPodkon 8R&Ibuion 1PhOEopdPyhdi9 GleSfuther
segnents including termnal 15 blocks. [87] In
charactegtpgil ap Baving hethi 1$R¢@se511qy(};kdl$tﬁbmcp1(ﬂnyl yhgpgese distribution of

block s&gs Andltp%rs]?ersimﬁ %rn% < @{olbglgle %?str%ut ?E{eorck Ile%%bhs T—’r&n&ed multi-block

copolyrﬁm@ aw thoe o@ﬁfimﬁﬂgél OF nioR¢ Blocl@sﬂcﬂﬁ;legtﬁemts mbjdeng:t@fmm@nmb&s More
ynerized form are_characterized by multip
preferatﬂvdgk SORplymers dprivesat dfast wd O 2Rdleckper W@éacwﬁs fpinal
blocks, Units differing in chenmical or physical 20 properties
(bl ocked interpolyner), nost preferably a diblock
copol ynmer or a triblock copolyner, said block
[87] nt er podddiem, Hevinvagptiae bivick d:mtbla)plyfrr[eats:hzi\&radvlhioohl ahuacesistics or
ﬁgen 40C aﬂd.130 when frq@ylonated u5|n? EE
PfoPef“Sﬁa SFPFLANS TRy mELy greferably icBMPHELRS RT9pyfepr and one or more
copolyrRQIRBRMmoaeRtRNA polYintiEd f&ﬁleﬁl%rcﬁﬁlla}éteﬁked %}aﬁlhltﬁ)le blocks or
per cent higher, noreé preferably at | east per cent
segmentr qftiep or niteanpelbnerizest menqyaerpuita diféering i orpicapy Iphpisical
propertltes L,gge 7 a ﬁrr#gr 0 yré%cf?m gogte e:,]%lesrzéblri a(?iggr%pafgqg%g%ezﬁoa d triblock copolymer,
said bloRk R¥ipeendr ihhﬁh@@hﬁ’dr&fulzﬁrqulbﬁ esidhhgutsab@ween 40°C and 130°C when
conononer(s), and has a nelt index, density, and
fractiongs aising haragterizesrin tha é@é dragtion has inelae cerppRamRqrcontent

higher, BELHbly A1 highf2hodd plchs lﬁ# QEKEY 10K Hﬂlr HB than that

e, Bt AP LA sy moflcP BTt BEET DR REACHUTE] than ha

of a corhgarabls eandbinhpropllenepiateisnymeoif frﬁdm@h ehftlng haetvbdenalkfeﬁme temperatures
i nterpol yner and/or the conparabl e

wherein sald comparable random propylene interpolymer comprises the same comonomer(s),

and has a melt index, density, and molar comonomer content (based on the whole polymer)

within 10 percent of that of the blocked interpolymer. Preferably, the Mw/Mn of the comparable

interpolymer is also within 10 percent of that of the blocked interpolymer and/or the comparable
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-30 WO 2009/ 097529 PCT/ US2009/ 032642 interpol ymer has
a total conononer content within 10 wei ght percent of

W@ b@v/opfs2e he bl ocked interpolymer. [88] CononeGEDS2009/032642
content may be neasured using any suitable technique,
with techniques based on nucl ear magnetic resonance
("NMR') spectroscopy preferred. Mdireover, 5 for

. ol rs_or blends of pol rs havi rel at
interpoly el Mg 6B cOmRBstg onER MR g ehel Rt R e §oked
interpolyf¥eF; i nto fractions each having an eluted tenperature
range of 10C or less. That is, each eluted fraction
has a coll ection tenperature MAndOMIOf 10C or | ess.

[881Usi ngCemiosomeiseamtfing iy bsaneasyrdaing ape piptsbiertaehnidigy with
techmq@és ﬂaﬁ%isn%nr &g:gea? H?a? %t C%Edn%g%$€§%\g% R}PQ&%&%&FBS%BS? M}oreover
for polyhgsrpar Eibhds df poBmpes Haehg reldiveBrokt EREF abhys, thopolymer is first

i nt er pol rs of propylene and ethyl ene, the block
fractlona??tdélﬁﬁgﬂii@’r intqyfractions saAsEIE B@d—mtéﬁhfenasrer%%ré ragepof 10°C or less.
That is gﬁ%gflh%g ﬂ%hgs% E%nf{)ﬁly tégleS%r; %%o%é @%f?’(?fj otlymli@g PKing this
techmqprr, ohidbédaikyingrpedyreers hhlwﬂatdeasem,eaduch Grattien lopyvarg 4 higher molar

‘§W% 12362 T+ 14.837, mhg;e T is the nunerical val ue of
comon cRRGER thptR FRKCSPRNIRE Grckion Hfthe srampar 1@?@8}&%

bei ng conpared, neasured in C. 15 [90] In addition to

[891 he apfé‘f&a@§ﬂ%§ lﬁe@ﬁ@n&f@&%{rt)}bﬁ&l%@mﬂ% hRMebdk infeRRlymer

I nventive ol ymers can be characterized by one or
has a canpnemed Gmtfsmn?éi thec hREE taetionselpdrg batyyeemdD arshbYX'C graager than or
equal to tﬂggngﬂtb}/ (- %ﬁ :’TS-% ?13 38y %orF Igpeefél{]%%lgr%%aégrgﬁéjﬂ n%rreélual to the quantity
(-0. 1236)3DQ|1§/ 88T, Ivﬂﬁi@é (] 1§thﬁ’ﬁhﬁﬁféﬁ6ﬁ Vlaﬁlepﬁkh/d'@ak 2Rdioh @rAperature of the

characperized by nmultiple blocks or segnments of two
TREF fgictipg peing GPWH%@%’Z@%F‘SH{S‘%WB@ units differing in

chem cal or physical 20 properties (bl ocked

[90] nt er ol MRS to thPHovPh ?ﬂe@(s%ﬁh% %eﬂgstd'es&ibgg hereln the inventive

copol ynmer, said block 'interpol havi ng a nol ecul ar
polymefsrcaa tbe charabte g reddd yudresor nsdreveéditidiC chardet@30cCs. Where aSpect the

. .fractionated usi.n EF |an qﬁnts, characteri zed

inventiyg Ry RS PIELR G IRAGTSE I GO TE BBRGHEF epalPeAte one or more

copolyrikérgiBle.corloBb@eARh ¥)0@1Tméri%§(§ form @ﬁr&&&ﬁzeﬁ'b@’hﬁﬁltlpm&ks or
preferably at |east "10 20 o per cent hi gher,

segmentstrfiwp lpamond pdymnpfahabm@mrramd@ mffﬂrmgyn elganical or physical
propertltes L,gge 7 afi¥rr1'{gr o{y\r/r\ﬁ;]aecff, Irr?or%t el e&abrig a mu %tl W& Hélg%é &t block

ure ar ab m propyl ene

interpoliyHe€hp@h arﬁrolecmwabﬁ@swhiaﬁ eﬁﬂéﬁﬂae@x@éﬁhm ah&)30°C, when
pref erab is the sane conononer(s), and a mel t
fractlonawaelﬁmg Td%ﬁi%m@gﬁmeaﬁd chsncierized b Hohird Baefiartas epaelagcaspenomer

cmen G TR B A0 RS, 4 or
percent highea nied thati aftactopglayatser ran&orﬁlps@y\mnb timtarpolymer fraction eluting
between the same temperatures, wherein said comparable random propylene interpolymer
comprises the same comonomer(s), preferably it is the same comonomer(s), and a melt index,
density, and molar comonomer content (based on the whole polymer) within 10 percent of that of

the blocked interpolymer. Preferably, the Mw/Mn of the comparable interpolymer is also within
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-31 WO 2009/ 097529 PCT/ US2009/ 032642 10 percent of

that of the bl ocked interpolyner and/or the conparable
WO pdoeopskymer has a total conononer content WEHUS2009032642

wei ght percent of that of the bl ocked interpol yner.

[ 91] Conononer content may be nmeasured using any

sui tabl e technique, with techniques based on nucl ear

10 perc 0 S S BEFEL T AP anST BORELDF AODFHAP g agng] hot 8 otal

JhhGRBhHteADY Ak QQ'WH}%’AE% CRNSMAAA: driviackedehte I[’ﬁﬁléil ng
Comoncon'pargble fﬁterpo ner [92] Preferabf} tﬁg above

intergolyners are |nterpolyners of propyl ene and at
[91] east Copmeomeigantan mag bgardagney using sey ptablegethpigiies with

techniqg% ?&O%%%%a? rr%%hé(t soqn%lﬁcgé és ; eg 9}2\% F}Q Qc;(%}/ 8re§?r§e(f C’Usmg this

techniqlid hid ®1 sokeE nttdsr@alyab@ ths dhightremplar aﬁmnoh&,r ConeMOR®T a

t he bl ocked interpol ymer has a cononomer content of
corresppiingregrmpFrabie {NGROWNF i ng  bet ween 40 and 130C great er

than or equal to the quantity (- 0.1236) T + 13. 337,

[92}”TDr e P&T&Eﬁf{atlﬂl: ﬁb&reqa{eﬁfol%ﬁ@t@ af¥fin g mbQ Jf Rk 2 pg'%@tah(tl Yt least
0.1236) T 7, and nost preferably gr

one o- otﬂflnecgpatlaklpthohelmgvﬂymeys Havingl28BYIE pelyhBr 88msityvihem ebdut 0.855 to

i.S-the snunerical val of the peak ATREF el uti

about Oltggﬁrﬁéinét fpdmgge etsH%cm'lHEf'gr P?]gg}ef VIS rﬁﬁre ?‘Pp%h’oéla? mole percent

comondfRASE Bfbckéd faterpSlyBshas dcamttfhobie Borttentldi encAPRNVE fraction eluting
aspects and propertles descri bed herein, the inventive

betweerp Wﬁbl@"@zﬁﬁﬁﬂlﬁ@ threeragualtp feiusytiore 0d23@oF ¢ 13.337, more
preferabeiﬁ %rea e nl%ln orh: uﬁ% Iﬁ{e aht? ye% bri2§(:)}$1“e+?f£ ??‘} mglp!i Iﬂlost preferably greater

than or Bdi@ﬂ & t&B |q)z[a1ﬁﬂj7f'p{)l 12Beg Pﬂ@}ﬁBV egeraMds eeehu@ierid®iNelue of the peak
pol yneri zabl e conobnoners in polynerized form,
QLm»EMo

ATREF&%%%@@PP%H@ By thUiREpiractisnderg dompasdgmentis
or nore polynerized nononmer units differing in

[93F hem ﬁﬂdd@tﬁonotmfﬁé %Ve %ge)%ee{s%ﬂﬁ )?}(g)%ﬁle(s blgcied herejn, Ithe 1rklventlve

I nterpol yner), nost preferab di block or trib
polymewsogao by wharactsazadi iyl @elor mart edgobyateharheterisigs alnmieea@péca,rthe

. .fra itlon fgge ute enmef ﬂﬁoc and .130C,
inventi RO B8 S NG PR HEREHARERNPEHER BEPaENS dee pie or more
copolwﬁé}@ztab§%ﬁlofnﬁ§16§s| ifpolaRer@edRIrAY, cERERASR by mANpRMocks or

hi gher, preferably at |east 5 percent higher, nore

Segmenpﬁr%fft@p apmprapolymgyredigondger updls JHezmg ip ehareingl diiphhisieal

propertles f\)e(r)cbkgﬁtmtg}c 0 yrrrgegr mos?gﬁe?eirabqnd%?blgeo(g%trelﬁﬁf co%ol}(rréler said block

interpoly ERFPRA3AL @flecole FRLfors@hidh @mmafeabéeel 4080 dad BI°CpWhene
I nt er po conprises the sane conononer(s),

fractlonlgwéﬂ]éllng lﬂﬁ%}iﬁ tncregnqnﬁ;e chogppterzsAon Bk raid fractgmldlaé ar@q)lgr comonomer
contentthﬁg@%o?fgﬁg Xeasff]ad rgﬁlt ?ﬁg_lﬂ%f) 'Hé(ﬁ}g erl% ﬂ:tast( #basl ? P 25

percent bhlighek elhni thhtej’f paloytparablelaadan @higylenb hlﬁell’ldulyfvﬂibr(ffactlhteduting
conparable interpolyner is also within

between the same temperatures, whérein said comparable random propylene interpolymer

comprises the same comonomer(s), preferably it is the same comonomer(s), and a melt index,

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

the blocked interpolymer. Preferably, the Mw/Mn of the comparable interpolymer is also within
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-32 WD 2009/ 097529 PCT/ US2009/ 032642 10 percent of

that of the bl ocked interpolyner and/or the conparable
WO pdoeopskymer has a total conononer content WEHUS2009032642

wei ght percent of that of the bl ocked interpol yner.

[94] In still another aspect, the inventive polyner is

an olefin interpolyner, preferably conprising

ropyl ene _an ne.or nore copol ynmeri zabl e .conononers
10 pere i 1o R P S oS s S SetP By TR gher hos a ot
comond @b fte R wHBid MO gl fpelcdRt ST thATIT ehPNbIFR ARSI yHRROMET
units differing in chem cal or physical properties

(bl ocked interpolymer), nost preferably a diblock or
[94% r i bl Bestilcansdiey asnect. Sisi iavanttive Rolymes iyl glefén interpelvgies preferably

comprsRL RN RG: LECGHL Al COREhILED PRI Rcr OB Ao,
charact@lv@t &g tnaultigle bldcks bhadgnRvwerof tio a€ tioddpol himeiifgl onomer units

... comonomner. content of at |east about 6 nole percent, )
differing s chemyeqlior RBY i RtopPgrtisa (pckeddptemyl ypgutmash gregeraply a diblock or

. i J ' ; f
ok A5 54105 R GOARPETRE AT Sl 0 6 v
40 °C afid &30 (@ rwheadraati@BEdweling HREP mandmafts, ahaattedidddl i€ that every fraction

navine Rt 2Bl B A ST BT e 0 G irater than
about 108P¢ | PGr (B Mctib@ha iRy § ESRONA el @nicRerr&aUBLEO ol Peeent to
(-5.5926) (nmol percent cononomer in the fraction) +

about 6 138He perceritbevegpiradtipnyhas adHst hettinggeadtof abéng 1ilBjeEmr higher. More

ol r.is | efin Int l.ynme r ef er abl .
preferaff s Rgtigetiaoe idvind at e GRS abithm) haggyRSC melting
point thﬁ@éﬂi’fe‘:@li'ifﬁ{ﬁ td theRgliatiopr i zed form  characterized by

mul ti ple bl ocks or segnents of two or nore polynerized
nmononer_units differing in chem cal or h§sicm

Pop EP11Y89) (8] RREREY CPTRPRIPYI 1§ s fractiops + 15? dPerably a

di bl ock or triblock copolyner, said block
j nter [ D ' ' I
951 ot vem SO R BRS G TR Bpb S oh S IhEleRb referably
comprisiigEprop plene ahere, orghae acpdyinzezhblacdnmatonevemypol yraaized fiorm,
t hat . has .an ATREF el ution tenperature greater than or.
charact%glbytr%ulgﬂlﬁ Llj);lrocg%e{ sqggients %YV Ok molrleap%}gme?lﬁe-éidpo%(}mer units

differinf WS éRMicA%Dr gﬁ%ﬁéﬂl BebpeMicPEGocICArihR LN Gnds@ ptli&ably a diblock or
' equation: Heat of fusion (J/gm < ( .1718)(A%REF

triblockedopeliyorer.tseidgdeclt inteapdl pmeehayings) molegdigr §8ctionaigth Fhwees between

107 o LTI Bl 1 LS REE T R i g e et

that hasfahaCTR BR @fuéidn tshpgathifEdredtliCth@NBNdfial ©NBHACIET] E& hdlt enthalpy
that every fraction that has an ATREF el ution

(heat ofifasipek atpgasuisd bxd &Y. s0uesnogding 4 thetpqratitiout 76C, has a
nmelt enthal py (heat of fusion) as neasured by DSC

N , e o . 3
FOSCTRSTE Y 2 LSRNt oG 0
22.97.

[96] 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:

Heat of fusion (J/gm) < (1.1312)(ATREEF elution temperature in Celsius) + 22.97.
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-33 WO 2009/ 097529 PCT/ US2009/ 032642 ATREF Peak

Conmononer Conposition Measurenent by Infra-Red
W®ea00097529 [ 97] The conononer conposition of theCTRER09/032642

peak can be neasured using an IR4 infra-red detector

avai | abl e from Pol ynmer Char, Val encia, Spain

(http://ww. pol ynerchar.com'). [98] The "conposition

e B9, Spaihe) Lo e ARG B b B OE
fixed narrom1band infra-red filters in the region of

[97R800 Th8E&Hokdihek compBsitiBRs£Hhe TRHF SRRk bl fe@Giiréd tdify an IR4
met hyl ene (CH2) carbons on the pol (whi ch

infra-reddeteetor gvailablgtfeam Pelynies Ghar. chégzén Gt A gw v pelymerchar.comy).
solution) while the conposition sensor detects the

t hy f;
e Y R TS £ 08 BELIT. R TDETRAL e o
(CH,) ame asmpesient sensgnQlH;{ Balyre ifsced amsow ibued indratiaé fld:termn deeregion of
t ent f 10 the neasur ol in solution and
2800 - %@ﬁahs el iesMeasiTagcRt Sas gl C{dqﬁ#% %wmeﬁ%w (Eht) ) Gitpppg-on 'he potymer
(which 8 r&ft]yr}eﬁ%@ ) Wﬁ%ﬁﬁ&%ﬂ@éﬁ%ﬂtl&@gﬂ soﬂlﬁ)n§j %ﬁ@ Hférco‘Mb%E‘ltlon sensor

used 'wth an I nstrunment provid
detects temuethylr(&H;pgroupChfxhe an]d'rrmmﬁi@gnath@nat(c@l—r}l)logf greajomposmon
. nse .of the el uted, pol during.the T
signal ({;F%E(glgléied y lbeolinﬁwi:er%eﬁlé%g %/lgﬁi—lé ]isﬁF%t%P@nto élaencoéléonomer content of
the mea@ﬁ&@ BANRY iNBASESH 4 itsh8spRh&Bis calibated fwitheoWH3prbpy1&ddal pha-
or 15 poI mers with known conononer content
dﬁﬁnceﬂﬂﬁm@Y%mF§ﬂﬁmasured by NVR). The compnoner content
of an ATREF peak of a polymer can be estimted by
pply f
0o pE S0 S ShEl OGRS PV B b5 L onceno
(CH>) agdl cempaditién (GHlJ) 0igokddk i sy ef the Slutmmﬂﬁfurm@nhfeﬁREF process. A
[ 100] . The area of the peaks can, be cal cul ated usin

a
polymef et liRHAN FaHesETHIRY DB MR BanEt rao rhafte fo CH. for
polymeﬁ%ﬂ&’kﬁ@vﬁ Qc?rn@rﬂ)%é? Q[)ht@ﬁ R@éﬁtlly%ecasﬁ&d 'b?{tmkﬁt"ﬁletc,}&ﬁlonomer

I ndi vi dual signal Tresponses fromthe
content (olﬁ am AEtRIYT jpamk of hofymidr cam ti¢ bytinmzdtéd Ipapphying del refekedce onlibration

ed on. the rat | ene re
of the gl BE I e PO LR HrREECF P Ro P e tBe i CHTIC H: versus
comonoMiglcgh@ndne tall est (highest) peak is identified from

the base line, and then the FWHM area is determ ned.
For a distribution neasured using an ATREF peak, the

[10H\WHv Ahearep of Hefricpieraade z8lcplatedapig afdeyidivalicmaxigium
(FWH]\E) ({a\é}ﬁl;?nﬂlr?é &ft%{]%ap]—ﬁng meee{pgro}n&?e:b%a%ﬁieg oeitnﬁeglrﬁz\%_%ér_individ%al signal

responsbyfrdﬂn\thd TREFicheorpeakame I"Jgi&tfuﬂ)Wl(ﬂthﬂ}alf&ﬂﬁuﬂhhﬁﬂ:adfu&iﬂoﬁgs Based on
line horizontal to the base |ine, that intersects the

the ratiq g petaltornehylopmieerasms aish [ He/ChiprErmdthe (d REFipfra-red detector,

wherein the tallest (highest) peak is identified from the base line, and then the FWHM area is

determined. For a distribution measured using an ATREF peak, the FWHM area is defined as
the area under the curve between T1 and T2, where T1 and T2 are points determined, to the left
and right of the ATREEF peak, by dividing the peak height by two, and then drawing a line
horizontal to the base line, that intersects the left and right portions of the ATREF curve.
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WO 2009/ 097529 PCT/ US2009/ 032642 [101] The
application of infra-red spectroscopy to neasure the

W@ vngisey content of polyners in this ATREF- i PET/HS20891032642
nmethod is, in principle, simlar to that of GPC/ FTIR
systens as described in the follow ng references:
Mar kovi ch, Ronald P.; Hazlitt, Lonnie G; Smth,

(0b, e TSI 5B P2y comonomer cotent of

polymeSA8 Ghik QG iRl e lﬂ%tlﬁﬁit i8ih pAhtipre, Ginikl BYhaner GPSATIR systems
pol yol efi n copol ymers", Polynmeric Materials Science

as descralpagl 1Emlgq ﬁ@élewmggre(elgms MgBovigh- thmald p. aHdzlmbeshoaumuCer §mith,

R~J Rohl f i-n rt
Lintey: Ry slogpalt ek R rrin PhbTebedoh ot hiothifasiFf
spectrompsa FoteRaS cteiSatite c&leﬂgflfﬁﬁétﬂabl&i }Qﬂy@lbﬂil@ dgharh spoaﬁﬁe

Fourier transforminfrared spectroscopy (SEC—FTIR
Materighpfsjense apd dygyreenns (54213765 ﬁg‘?oi(ﬁ) ofnd \Afﬁ kwrigiseb.J.; Rohlfing, D.C.;

. b RGO I
T
using sizeietdhesiabdiremdegeiphphind Rowiee traotfoan iefchredispecodCopy (SEC-FTIR)”,
Polyme 08 ha e L O boR R ER SPGB SRS Ropee in their enirety.

increment, a 3 Cincrenent, a 2 Cincrenent, or 1 C

[102ncr e [RRAbuld Ibd A3ed iRl vAORThY TRES ok Hi:ARYAEMR,A Qe BiBtion are
a-olefin, the inventive polyners preferably possess
obtained i) a 3 *@Dicrehent othersmpdragire mgramqntsedre passible.akfon ipstgnce, a TREF

traction o Reip PP T, infisfien® B §RHsnE s MTRRl gu T oF crgment
nore preferably up to a maxi mum of 3.5, and especially
[103]p t OFa&r d@&lyﬁﬁﬁiﬂ @If pr3p§7lene( &)d aa deRr¥inOthe indgh6ve PdlyB6rshréferably
or less; pyl ene content of at |east 50

possess\yb) HRPI afe%td%aﬁf L. 3( m))reapr@fea@év trlgdss il O erleast Afepattdeast 2.0, and most
preferat;lig 3 Egst (2% %Btrt]ggglna Iiﬂy s e%f ﬁr(ﬁtuﬁ%%&eﬁ ?%gtt(l}@ aé}rﬁ&n of 3.5,
and espemﬂdannp toea pakiynmen of 2 an(2h a\heat ddlfavien off 80 Hg ooleks; ma)t d piopylene

content gf 6{]]3 o h Qercegltp rﬂg gsg&:}lslﬁ E%pglpglg lte?r?gee?at{l]rgr 'gg, 85 eé§ than -5°C,

more p&f@%l?[es?gﬂﬁl 13°€, afto (ISFQme RIES Y 8kl ¥y, greater than or

equal"to 1.0 MPa, at a enperature of 100C. Moreover,

t he |nvent|ve pol ymers possess a relatively flat

[104}t or a@erﬂmdthb uveadvepdlymetsicon h@‘fe nlonper i qprr@matlomhfelth any other

propertles Hgfz )(/)?Tetre h ;Qrgg:,]%st%‘rcglggplf) ngrug ! i nl%lﬁ% ant#lgé I(ér?llg: %li%f %ep han or equal to
400 kP« @M&Mﬁl@r re2&R& & dgyialoAAPPIPAMRTa tofnpiatRy beErm andicabsver, the
) _or nore é% or C4 8 aliphatic a 25 oleflns (By the
inventiyegrohymers pagsetsed iglativakyflat storagie snedyhitsensta fP%ctWéaﬁ ferppgagture in the

range fIJO nég ln(lf():’g élF %ESC(?JVZ\Q%CFI q@g& 8?@8%6@61%1?%? eatrngqllgre?(gs{e%n%ﬁ&gn for an

olefin capmiyriheﬂ €3pec1aﬂ13¢ @&bpé’l@diet pbpapllgne ﬁﬂtbor;&rc@mydre ﬂb/oa(h)]g eﬁp}ratlc o-
pol ymers can_hgve a nelt ind 12

olefins. z@odhafem Aty ﬂa‘p r”éF}Ei‘ SItSXtAY @ﬁ?lﬁ et ‘%Gl@@é’aw@) decreases
by less {Haﬂ léh@ §rdeFQf Rapliclde 'B@R\Le)én f5HafY 1801 8fe@er§91 b3 fwddn 0 and 100°C).

m nutes, and especially from0.01 to 100 ¢g/10 m nut es.
In certain
[105] Additionally, the propylene/a-olefin interpolymers can have a melt index, I, from

0.01 to 2000 g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably from
0.01 to 500 g/10 minutes, and especially from 0.01 to 100 g/10 minutes. In certain
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-35 WO 2009/ 097529 PCT/ US2009/ 032642 enbodi nents, the
propyl ene/ (x-ol efin interpolyners have a nelt index,
WO 2009097529 0. 01 to 10 g/10 mnutes, from 0.5 tRCBHOSHON@B2642
m nutes, from1l to 30 g/10 mnutes, from1l to 6 g/10
mnutes or fromO.3 to 10 g/10 mnutes. In certain
enbodi nents, the nelt index for t he propyl ene/ a-ol efin
ol rs is.lg/l0 nut es 10 mnutes or 5 g/10
embodifgepfi prepyf 6118@1 Ol?hne “H%‘iP;?H’é‘i‘f‘éS @%Vﬁ O K e 001 0 108710
: ' I Mgy :
mmutes‘é’?ﬂg er.g ’ktJ? y gﬂb ]?}161%%9 f?&rﬁ? et§ t?)g @/ 1@0%%gtegogorﬁ%rtg% §710 minutes or
from 0.pref@ g/éblnyinmtﬁes 1, @ﬁﬁlngdnnhﬂdﬁntrm SBOMOD Ondeg/fomthe prapyténe/a-olefin
/ mol 300, 000 g/ nol e and of
pdymeésdggé)da ﬁeé 3(%3/1(2 %Of %&fﬁﬁﬁaﬂ“%e density of the
|nvent|ve pol yners can be fromO0.80 to 0.99 g/cnB and
[106)" ef eTRbbyymers cafithbyd dRcERNRIghtsNMI, Pef Y080 §/nhéler §,068,000
g/cnB to 0.97 g/cnB. In certain enbodi ments, the 10
g/mole, d’é@f@iaﬂb’ &l QQ@@/}E\O@WI 16308 0pmerd prefssbyyref K0.0QMhg/awle togiA0.000

g/mole ﬂ[ﬁ% gpec1allglo%%é 0@6 gﬁ%ol 9(?((;3 @(70 é/ﬁm?e gq]doof 3%/dbﬁﬁ§sm%l]qu bOO 000

g/mole.dThed@sd of thetnh‘i\&nfmé beIwimB caﬂ Bk éfdim a|80|td) 03D gﬂj’mﬁf @kreferably for
publications: U S. Provisional plication No
ethylenggpnraiping pglymers Egm &8y elshbde 095, g/%esln cgFiginpgmpodiments, the

censiy BB L e Bl B B e g P R B o010

g/lem’. herein in their entirety. For exanple, one such method
conprises a process for the polynerization of one or

[10 r © ?H%%é%?ag (?g(?clleg g«?f%%l?abl Eggyg)r ﬁ%snlzfﬁg ﬁfgs%fos bcl h tﬁe following

patent a@ﬁﬂ@lﬂoﬁi hod lﬂ.ftﬂ’lléé(tll(ﬁﬁ eUM Pr@lisibRANppliCARNARR GOYTE 543 a8
conononer, propylene and at Ieast one copol neri zabl e

Septemb@nl@naﬁ)ﬂﬁ' an(hB(ZT;ﬁ;lbhm;mnzNQ av @@0@5&(}364&5’, figgd September 14, 2006 both

of Wthﬁ are orat rgftr% eenacrf} reln 1n“:3tl§1l 1T er(l)tlrety (];r eex%rl%tp €, 9pe such method
copo Heri za conbroner havi ng fro 0

compnséaakp@cnfess flo® tHledI@rﬁerczgﬁ@ﬂl yh&ie mmfelaamﬂgn Y nicighlsla snodbmers,
segnents of differentiated polymer conposition or

preferably 9pre pe@oregsigmaol ymerizgh ﬁ%OI@éTFPé% icgesiplly gromyeresgd at least
one copgg)ﬁpér}&giﬁl% gcbﬂl%?&ﬂglrh??g?ﬁnk DfeXe 18%&?596 P gﬁﬁechzable comonomer

C INg an addi t1on pol ynert zabl
having frblmoﬁmer2(hrartmnx,t afrdemethylrbipentens anthatéeast aekddifferznt copolymerizable

comonFgSTRRTA] 27 SH00L 0N RrclerabLY L OO eons o

segmen[s%%ﬁi%rel@t‘iaté@&ﬂgfl‘ﬂEr ZRPosMohbr Br&ERAR Sésiaé&ﬂl}pl%g%'s SbMPrising
| east one olefin polynerization catalyst and

dlfferlng scmbmry@tmmmomham acleersaglgrodnps torepriongrat i on of
pol ynmer segnents from said nonomer or nononers; -36

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

from said monomer or monomers;
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WD 2009/ 097529 PCT/ US2009/ 032642 2) transferring the

reaction mxture to a second reactor or reactor zone
wae@optseonal |y addi ng one or nore additional PCT/US2009/032642

reactants, catalysts, nonomers or other conpounds

prior to, contenporaneously wth, or after said

transfer; and 3) causing polynerization to occur in

Zald %econd react or or reactor é o form

byABHELNEARE reAFOIPIUP En T PHEB r?aft%of [f8<8b F?}}?earnd optionally
adding SRONERGS aHOHIIRA rbibtfieRathlyistsSRbAORER G SthePE&IMEbunds prior to,
characteri zed gg addi ti on of a chain shuttling agent
contempeyandpaslyeeitt, oo atter spiduransteprandr t o, during, or
subsequent to step 1) such that at |east sone of the

S SH G B TREn (TRASEN S5y LEOR) 80, DR aIPLA 55 o
polymeDbhe@@ltehtsahat @@@ﬁﬁfﬁrﬁateﬂ@rdniﬂﬁ]poﬁhﬁerlngrﬁél’(tB &ﬁn’ieﬂ\i@kt&ﬁ@,
the concept of using chain shuttling as a way to

prolong the |jf of a_ polynmer chain such that a
said Pr%a%shegt& Gharacteyiz f f% Eﬁd@tm ﬁwtfwtﬁttﬁe& 48514 tubhegeagtion mixture

prior to! @ﬁﬁ% oft §®sddubstto rs%?clt) Qhchotha@at '1@41%{ §oﬂte%frt§@féfsﬂ’tm§ g{)l'yﬁr%r

e first react zone I1n a nmultiple zoned ctor
moleculgp &roat $tepy3 sabgiresns ivad drymongdbemplally of ploywicatp dtstlngmshabhe blocks or
he form of polyner termnated with a chain shuttling
gent, and the polyner chain experiences different
pol ymeri zation conditions in 15 the next reactor or

[10810] Y MBR¢ ZREhtRsh iA0HIRes tRE LbRIepNST WdelgydrRIn shattiifdas a way to prolong
conditions in the respective reactors or zones

the lifetiyg p{i&iBolypsT ehsén gichdhitpanbyiantinb Hostansof teoprliigseehainsgxit at least

the flrst@&QélEJf/ a%ﬁmﬂﬁqgﬁcg&) sefidd (I)rCthe ﬂtsft Ee%]c%? Eor%%t%%ﬁlhé?:t ioﬁ@d reactor
nperat ures, pressures or part pressure

operatlngamb@tuﬁumynmﬂelr Slng diofvf @heition e at the Yatrsof ;djlfrﬁﬁftenmgnated w1th a

nonﬁrgﬁradlents or any other difference |eading

chain sidiling AR, B e BPIXPCHERAR RERSTENSSS |d§fﬁ€é?nt§)@@f%tzaﬂ%wdltwns in

the nex@tteaclt&aocil o?yrﬁéﬁztahgﬁl 2&e. %ﬁffte%t B&&Mﬁﬁﬁatfo%%h&t‘tlegs f‘nrtﬁmespectlve
he present process conprises two, three, or nore,

reactorsmrezbee&alhtljadd: the vee of dilfficemt rmblnbmersemm(atoeln:brp@lry mer

nment s e ntra ecul arly. Because t
monomG ST TGk e GFen, BISBeT 61 PP ERF Bubreom yor partial
pressur@AWABHSs MhdRErs IdIEBreft SitdIHtE dPREFIgl thénRRrYERIients, or any other
conposition, the resulting product has inproved
dlfferengc bffaémtglte Sorgnagion af p divtlognigabes! gakemercegmorio dingipent daast a portion of
25 | n contrast th.the previou

the oy 8t BT e e B EREP IR ot i OB Risdsnfyy o or

three, difeeréftiated p&ﬁﬂértsbglﬁ@ntagﬁ‘ﬁﬁgetif‘mtbdﬂlélb(ﬁﬁﬁly PR MRS the various reactors
products can now be obtai ned according to the present
or zoneg fﬁr@rﬁ distribpyonsef palymer rathethgn asinplpepectiapglymer composition, the
resultlng gf@fﬁé{ s %11?1;10 @gdﬁjgrtgrs 8%&2& Ig{ll{l Qﬁécﬁg gtlf %Iprg %{{&t‘f perse block
copﬂmﬁ@ent such that polynmer blocks or regions nmade by the
catalyst possess distinguishable pol ymer properties.

Due to the use o
In contrast w1th the previously cfhscus sed sequential polymerization techniques wherein no chain

segmen

shuttling agent is utilized, polymer products can now be obtained according to the present
invention by selecting highly active catalyst compositions capable of rapid transfer of polymer
segments both to and from a suitable chain shuttling agent such that polymer blocks or regions

made by the catalyst possess distinguishable polymer properties. Due to the use of chain
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- 37 WD 2009/ 097529 PCT/ US2009/ 032642 shuttling agents

and catal ysts capable of rapid and efficient exchange
w@Roogogrseng pol yner chains, the growi ng pol ynRCT/US2009/032642

experiences di scontinuous polynmer growh, such that

i ntranol ecul ar regions of the polyner are forned

under two or nore different polynerization conditions.

shuttlingég%{ts Re(ﬁéaéaﬁ?#%?&{p'&&}g 5ap[1cg¥ef% gfég{égf é}g:ﬁaltg&l %% %}réwmg %olymer chains,
the gro&i}?gp%lﬁlé}”&ﬂer%%w&lﬂohﬁhﬂ&ﬁ SOKImR T SPth( Grch SRR G ARYANERMar
y a-

regions 94 gietodyraer-age tirpled Gngsrrtiveion npre di)ffe)réméphlafn@)ri]zmrmqudition&
di met hyl, prepared according to the teachings of

o RS SRR RN Rl b % 3

Hf (H3C) 2HC CH3 CH3 [111] Catalyst (A2) is
5 [11QIN- ( 2(atathis{ A 1NBLNY(DR 6tdﬂ(sllm@hwwlkﬁéﬁydm)uﬁa)(Mbwbmenyibm

naphafy iy o 0 e B oA Rt (ehines of
lé ?ré%‘ & YPB (r;%éi Sfaé ﬁe{ %E rret hang%’lhafn

WO 03/8854,000%57 5020013 WSO 0429, 008N AW 2 2002 4nd MO @24VEYy: 2,
2003, and WD 04/24740: CH3 (H3C)Z~-C 1 HNHf O
(H3C) 2HC CH3 CH3 [112 talyst (A3) is

bis[N,N'"-(2, 4, 6- CH(CHa),

tri (met hyl phenyl)am d hyl enedi am ne] haf ni um
di benzyl: -38 WD 2009/0 Q

CH3 N HNC Hf X2H@H3HX= Cbé

(H;C),HC  y, CH;
[111] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-methylphenyl)(1,2-

10 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)H / }\I /
Hf
/\
(H:C),HC (g, CH;

[112] Catalyst (A3) is bis[N,N"*’-(2,4,6-
tri(methylphenyl)amido)ethylenediamine]hafnium dibenzyl:
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H3C\ 1 CH3 [113] Catalyst (A4) is

bi s((2-oxoyl - 3- (di benzo- 1H pyrrol e-1-yl)-5-(net hyl) phe
wo00p02752phenoxynet hyl ) cycl ohexane- 1, 2-di yl zi PCDOB2009/032642

(1'V) di benzyl, prepared substantially according to

the teachi ngs of US-A-2004/0010103: NPh Ph N Z O O

O 5 [114] Catalyst (A5) is

(bis-(1-methylethyl)(2-oxoyl -

he teachings of US

butyl ) phenyl )i mm no @
|
607553906, filed March 17,

substanti al |y accordi ng

provi si onal appldiTcat

2004, and PCT/ 5/ 08 17, %Li led March 17, 2005 and
W)2005/ 090427 HNb-I—i—SIbgd bten‘oa&d}@cGH%OOS C(CH3) 3

5-di (t-
H? benzyl, prepared

C CH(CH3) 3 - (H3C)3C O N CH(CH3) z
X=CH2C6H5 10 ( )3 N 9 2009/ 097529

PCT/ US2009/ 032642 115 alyst (A6) is

bi s-(1-(2-nmethyl cygl.e et hyl ) (2- oxoyl - 3, 5-di (t

butyl ) phenyl )i nm no) zi rcon d| benzyl, prepared
substantially according to t e teachings. of US
provi si onal application 60/553906, filed March 17,

113004, capfiydt @24 &JOZ;HI 3t (al R MREIG R rrofel 1-y 208 @t‘ﬂ?l henyl)-2-
020056654 ?7{ }%ubl(?g sl IR C?%I—B Jphenyl)
phenoxkﬁ@h@@dﬂ})l@xa@rm di¥iz@reni@nNIV) dibenzyl, prepared substantially according

to the teachings of US-A-2004/0010103:

Ph Ph
O’Zr:/

[114] Catalyst (AS) is (bis-(1-methylethyl)(2-oxoyl-3,5-di(t-
butyl)phenyl)immino)zirconium dibenzyl, prepared substantially according to the teachings of
US provisional application 60/553906, filed March 17, 2004, and PCT/US05/08917, filed March
17, 2005 and W0O2005/090427, published September 29, 2005:

C(CHs);
CH(CHs);
—N O C(CH;)3
7X,
(H;C):C 0 N=
L. X=CH,C Hs
(CHs)3
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CH3 X=CH2C6H5 (CH3)3 [116] Catalyst (A7) is

(t-butyl am do) di net hyl (3-N-pyrrolyl-1,2,3,3a,7a-rl-ind
W@peob/09xsR9 si | aneti t ani um di met hyl prepared PCT/US2009/032642

substantially according to the techni ques of USP

6,268,444: N C (H3Q2Si\ ,Ti(CH3)2 N C(CH3)3

[117] Catalyst (A8) is

ey B GRE T T By oo R opdor e ™™
butyl)pl?é'lgghﬁﬁﬁﬂ élr&’orﬁﬁtﬁ‘?ﬁwnﬁﬁ f)&pﬁﬂé@ (sﬁl%%ﬁhﬂ%(ﬁ%%gdlﬁgtdaﬁle teaécl}cl)lngs of

10042
US prowigorggpisrisg @op@m@m@w@@mzzzo 4 2] PCA(330p£@89(1 Aglyled March

S .

17.200; tail%&‘{9%%’%/%"%%7’(PEPH%ﬁeﬁyﬁeBﬁén#ﬂ 717 Mt hyl -1, 2, 3, 3a, 8a-
ri-s indacen-1-yl)silanetitani umdi nmethyl prepared
substantial ly accordi ng he t eachi ngs of US- A-
2003/ 004286: H3C CH3 Sl Ti ( $H: H3C C(CH3) 3 5
[119] Catalyst (A10)y]
bi s(di net hyl di si | oxane) (i ndene- 1/yl) zi rconl um

di chl oride avail able frenySygm dr %13)3( H3C) 2Si ~
ZrCl 2 I%Zr}Xz \QI /
(HzC)s
X=CH,C¢Hs
(CH3);

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

yD)silanetitanium dimethyl prepared substantially according to the techniques of USP 6,268,444
(HCRSI T1<CH3)2

C(CHj3);

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

H,;C &
\©\ CH3
Si :

\ ) TI(CH3)2
Q 1|\I
H.C C(CHz)3
3
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O [120] Catalyst (AIl) is
bi s- (1-(2-nmet hyl cycl ohexyl ) et hyl ) (2- oxoyl - 3(t -

Wb a9y skenyl )i mmi no) zirconi um di benzyl, prepBCEUS2009/032642
substantially according to the teachings , 10
prepared substantially according to the teachings of
W2005/ 090426, published Septenber 29, 2005. -41 WO

g 2035 ST RSB RS R A L85 o

indacen©f - yh iRl Alunt GRRHSX BfephRUSAbdttRING B&ﬂﬁ&ﬁ? key tHeQéa%hfn%@' of US-A-
to herein as procatal ysts) may be activated to form

2003/0Q4@86:act i ve catal yst composition by conbination with a
5 cocatal yst, preferably a cation form ng cocatal yst,
a strong Lewi s acid, or onbl nation thereof. 1In a

preferred enbodi nent, thg tling agent is enployed
bot h for purposes of chail sfer and as the
opti onal cocat al yBiC.comrone t he catal yst
conposition. Suitable are described in
U.S. Provisional Appl \66H717, 545, filed
Sept enber 15, 2005 and 0354883: publ i shed on
March 29, 2007, each o ch Ns herei n i ncor porat ed
by 10 reference. [122 atalg 1 A mxture of
nmet hyl di (Cl14_18 alkygaannnnlun1 Ps of
t et raki s(pent af | uorophenyl )borate (here-in-after
armeeni um borate), prepared by reaction of a |ong
5 [11@]h ali anfdl?dtK»&ﬂﬂ)ﬁls rbﬁ;(dlﬁfef@mmxwﬂéﬁndmal yBhik@nfur®Bichloride
zo- Nobe and Li[B(C6F5)4],
avallab@émémmaam@cas di scI osed in USP 5,919, 9883, Ex. 2.
15 [123] Cocatalyst 2 Mxed Cl4_18
al kyl di met hyl ammoni um sal t -Qf
bi s(tris(pentafl uorophen
i de, prepared according t\

)

[120] Catalyst (A11) is bis-(1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3(t-
butyl)phenyl)immino) zirconium dibenzyl, prepared substantially according to the teachings ,
10 prepared substantially according to the teachings of W02005/090426, published September 29,
2005.
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6, 395,671, Ex. 16. Chain Shuttling Agents [124] The
term "shuttling agent” or "chain shuttling agent",

WO 2600097520 a conpound or 20 mixture of conpouPKiBEUS1089/032642
i s capabl e of causing polyneryl transfer between the
various active -42 WO 2009/097529 PCT/ US2009/ 032642
catal yst sites under the conditions of the
pol ynmeri zation. That is ransfer of a polymer
fragment occurs both t@
site in a facile manner
agent, a "chain tr%Q: ex_agent "
pol ymer chain growh and anmounts

transfer of grow ng pojxaer f o talyst to the
transfer agent. Desir;bly,\gﬂé I NN diate 5 forned
bet ween the chain iqg’égent and t he pol yneryl

chain is sufficie apl e t chain termnation

| ess._t hdn T6<ber cent ,
hofe preferably | ess
y less than 90

is relatively rare
preferably | ess than &
than 75 percent and no$§ttldes
percent of shuttling agent- eryl products are
term nated prior to attaining di sti ngui shabt e,
i ntranol ecul ar pol ymer segnents or bl ocks. 10 [125]
CocataMRisl e attached to the grow ng polyner chain, the
shuttling agent desirably does not alter the polyner
tructure or incorporate additional npnoner. That s,
(12fhhe " Sheth o thymatie AemPlgyesahgintgrcasngsakly delerred hhareinan
r‘ I r‘ . . . . .
procat b e R T P X SR TR 5 By Cgmbinadion with
cocatalysetpaitfembkyd casiondomeng tyqpealysit estangilewinidid, drheopbinaten thereof.
tijre period.suc r.ansfer of

In a prefgi<alibonTatynt SaAPEaERy i HEPGHET P Rrase P, A ransfer

and as thé bBtidral SochRulEUBSBAMRAE of BAEAENy s RYnFOGkBh. SARatde cocatalysts are
conseguence, t he subsequent | or me ol ymer region

describgsbindé§sBrovisiahiab Appligation Aot éO)é hy.8¢+ T dllebept¢rabdrdal 2005 and
I ch as a dihff nt 0 .0 comnone
wo2odERERS Yo 8GN oy ekl ad R0 as T SR SR B0l by
referendd, st ri bution, crystallinity, density, tacticity,
regio-error, or other property. Subsequent repetitions
of the foregoigg process can result jn formtion of
[12Z)e gnefesatdhyshl ot kuxtyes oiigetiyidi s malkybaparniues salisof 5
kisfpeR@HubioBA BrafO(nRFEML K5 hdnd QTR Y d ion of
wua]Sggnpos§P?6ﬁ8&@e%%n%ﬁﬁb on the f%tes %%&% I ﬁ%?y?yn%wuono 4
long cheix¢hakglemimureren'df MPEAC horileblerfrao AdgoNabkl, ina), HCI and

. reactor, and transport. eactors or zones.
LiTB(CoFRE OPYHBRLY EoRe R IS S S0 G ESaty ar e
characterized by at |east two individual blocks or
[123jegnebeatdB¥t 2Mixdd,f fQiendigetiy1GRMBAGH dabfand a
~_nost _probable block | ength distribution. That is,
bis(tris(pefptaideqipphapybeakemmngy-d-wideeylseidazhide girepaser ydcorsiing toHéSP
6395593H%9?B.and a size distribution (Mv M) greater

Chain Shuttling Agents

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

mixture of compounds that is capable of causing polymeryl transfer between the various active
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25 than 1.0, preferably greater than 1.2. [126] The

process of the invention enploying a catal yst, one or
worere/ogrseat al ysts, and chain shuttling agent PEHUR09/032642

further elucidated by reference to Figure 2, where

there is illustrated an activated catal yst, 10, which

in a first reactor operating under steady state

pol yneri zati on. .con ions or.in a r rizatio
catays 3Gt 5 oA e PO T 5050 B PSP oy me? fragment
occurs BN 4 dORSm R BBy e ¥ RRE inChAkile mlgnerAh? B&MtRist to a shuttling agent,
shuttling agent, 14, added along -43 WO 2009/097529
a “chailPCmsiis 2809/ O@E@ﬂ@ﬂnmatlhn pheolymet ¢hain glesitlyandgmounts to a one-time
transfer. o?aCt antﬁ%o YRS 2?rtlcr))remr %1re cPtapyst 29 é( [Tg ! Ifgraatiglgrgtg flg srr%l:bels, the intermediate
formed @e@@eﬂl teed@indhu@ling 5t al ﬂqa@bg@&ﬁ dhb]ﬁ ip @.Jtﬁﬁmenﬂ;z kxabl@ that chain
produced by an active catalyst site thereb
terminaipe {rlafingly ree nieairatn low tharel (bl?ﬂr%‘i’érpr%fﬁ@lbw Isvs than p@ percent,
r
more pr%):etr %ﬂg h‘gﬁ 75 %%%ﬁ%@?ﬁ%% gé%r%g}}fl?%ﬁtgar{ %é&@ rﬁ of ﬁﬁﬂg%g agent-
polymebyl @Odduﬂtsta&:i&ﬁdrnh&dtﬂmer chatainisd D idistingg skeadp) ﬁntrasnolecular polymer
transferred back to a catalyst site, and a new
‘wgnwnﬁdF$§§§&segnent, 16, which preferably is
di sti ngui shable from pol yner segnent 12, is produced.
[125he 1 oatiletaiashedich R o G RRAYNYTRE: JNBM, ate%ﬁu@tﬂgarglant&sﬁtabry does
avai |l abl e chai n shut I|ng agent formng the
not altetthmppbametr@h‘u@ﬁreaorcmrrpreﬂwﬂdlltlpngl ra@emeerhht ig,tthe shuttling agent
| ock co or to

does nogi %lg% P%%sesgrs%%léﬁcan Ciart% Hg? Biopgities F]og)%e %%r\ln?%nﬁ% o)r?er?g?rﬂgrest Rather,

the shutflitlg dgeh€fokrh {8 $nek-a8Hy1 € bih¥Ltypatiéni&ionSi e thkGolBYerafsibiy, for a
with continued growmth of the polyner segnent. Under

time peyipd pushhasrappier Pte Pehymes ety fosactvh@olymsyizagon catalyst site in a
[ I
sabscai By U SHRSSOLE s RIGORG el g esin
possessandldiseeguikhaplel phpEical e gh@nicsl properad sidh dsht&hffér@ﬁﬁr&ﬁn@mﬁ or
di st i ngui shabl e because the pol ynerization condit
comonqmeTd45TD e ACUTRENGEHE COMRBORIT QOGHIRRNIOB (BHOHgE: CTyStllinity, density

tactrcrt;f E%‘?@Qrtr v %r h@P{%B% S&EHEN et t%@@tlt% sfo?E}%%re%Bgrgtﬂ?&ess can

uttling a is a prol ong the~15
result 1rpfmlr1ylmmcvn ofi SEngntHBr bloklat haveng m&ennymoﬁMHem@rMBMtron of a

urt her rowt h ccur or re
previoug BT aLo BTy RERIS AN ST PEHONS B af B9 SR E e Eagge. number
of reactdR&rIbRsQFikhik QQQJchfeafndCt%'sﬁ@t b&Qeen {ﬁ@)real%?org BE RS, eq}h@fz{olymers
term nation, such by reaction with water or other

of the Hpteotl@nd@aable'@re draraqtftmed byrableastéwo individoslibledks of @frgmermgs having

a drfferfgré:eén (é r{%?srtrony agrﬁi & r%?set é)rdbgﬁfje l:?%céﬁy le?t%cjt}ﬁ ?%strgbuéc ar g?‘ﬁ%y i85 aa}dj acent

blocks IgHve dpsretl @o P@érﬁ@rﬁwﬁtﬁﬁr tBboIymehbitd 4 kingdidgidation 2Aw/Mn) greater
Al ternative t he di bl ock pol ymer segnment nay be

ﬂmnl(bﬁﬁéﬂ@@hﬁﬁwﬂahﬁblgfunct|onal coupling agent,
especially a difunctional coupling agent such as

[12 ' chi ?ﬁ@gtlog&tshiflﬂ% 1&; Jlgﬂ (%)hl?_{ég @zﬁglé/g]{)l% 6rqﬁo e%gatalysts, and
recovered as a tribloc SO

chain sipogiap lagcmttnmydmrﬁlrtherealucrdated by reference to Figure 2, where there is

illustrated an activated catalyst, 10, which in a first reactor operating under steady state

polymerization conditions or in a first polymerization zone operating under plug flow

polymerization conditions forms a polymer chain, 12. A chain shuttling agent, 14, added along
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pol ynerization in a third reactor or zone under
conditions differing fromthose in the second reactor
W@r00209%529 and recovering the resulting tribl ocRCT/US2009/032642
copolynmer, 21. If the third reactor's 25 conditions
are substantially identical to those of the initia
reactor or zone, the product wll be substantially
. siml to conventjonal triblock copolyner, t with.
with thyoihiat ShaskSpFistRRLE O BT 21 5RO DTBIBHS BOHr St e Bineghst rir t
or duridgk#afkfel Gealdc¥nd FaBtof 8F Lonef atfldRdsho SRS hBScHath produced by an
~€quivalent to or faster than the rate of polymer
active cpiahyist sitetthemby presenting teningicy ofdhepolyoer ehareprigrdgteptering the
second %elga ﬂolrt 1|p zgoa{l%?tlr\% t}gziprgsgelg’l%eg%f{mé(glﬁ% gglgflglgzglzzgi%% C%Plgitions, the polymer
block a@@hydrey thé @haif RhuttlHgSagbtiftrhSsfédddBrick @a 0htaldkSdileN®id a new
pol ymer bl ocks in the first reactor or zone and )
polymegjsegaieat. d&. Vhishprs{piablydadistpgwshablsrfeom polymer segmenp?, is produced.
/ 032642 . S - r :
The res G e e e O & S AR i MARE BB forming
the compirativn bf eshah sipnatlngegentorigi ths ditdodk dopbBaheny t8pridras pxiting the
shuttling agents and capabl e of continued nononer . )
second [e4EQF T ECurdRITer g She gﬁ@%ﬂ@w&r@ﬂﬁwlyﬁw}%w gh active catalyst site
GRRAH {ABRued déth BYins b Slet B nthint f Bh&NtunFBHh bblyAtrizati
ey OCagent s or trlrfi: xtures of Eg@ﬁeﬁ% t ﬁl a cat aillnyst , tpbyy%&élza on
conditicaist the igmgving @olyorro nlmare s wibstposiltyi omogereruer Athong) individual

ressure, .optional .chain term nating agent. such as
moleculgy ey diniBRize o Bt g ahdreopd BARIeh Seelibaripans LB process e
distingt®éhaBRMHREaRE tiR JRAREP/aiOR 86 RLiiidE iHRLRIencdAtUBe film@Wr formation of the
condi tions, polyner products having segnments of

respectiyg pipickgortegsienty agr didforaphanvethe chancewitlingtaigen, is aila dampiolong the
polymef RILLEHE ghé’}”sd(h%rﬁn?et G oAbk Rithe? hél”ﬁuef”r%%%ﬁ oG e Cﬁ"@ bl two or
pr epar ed. " For exanpf@, in a prcg process npfo I'ng
more ditféfen€ péllyinet Stk tbhrBehtP e \eRPErichatd. OThd @BOER ESpolPner chains, 20,
connected in _series and operating under differing
may be geeoyexse by A¢PBrativandichap Ry reacHen W8 aterpy othss pyaiest source, or
: n b Ve :
functiofFREH deshkd AR K Ik RS Lot AR D BB acid eser,
ionomegoair ithea tfuranopd ltgrmanal 2adipsmo ceplak yist chaindhattBn@abdent.a
MV Mh from 1.7 to 15, nore preferably from1.8 to 10,.
Alternafjygly,the fh%ll%}lq p@é}fmqrﬁggrﬁgﬂtmr lg)ef ‘i?ﬂlﬁ%g Wj pol%lélctlona? coupling
agent, edpdci By A runPRbYATRS L ARE 28BN G AR AL diBMSrod|Re B {e

certarn quantities of "a“conventional random copol ynmer
ethylenddichtaydelasdrdsevdrod pedtridddakaiogelymeni 22h If sratmetjossiblefto thrginue

R N A
reactor besotle! Al e BRIV ke 10BNt REH BRI OpbI§ther, ) . e @RAd Feactor’s
shuttling rate of the A, the anpunt of CSA added,

conditiggy @reptubetantit bodersioghioi thesieed the igifighreastoper 3aney the product will be
substanﬁgl?ydsl'{ﬁltﬂlta @ Ca&n%él%t%%gd gr%?ocl%%gﬁagmg}t b \t)vitﬁ) %?()lck(i%l%lt}ps that are a most
er’ni nati on agent, such as hydrogen, "enpl oyed.
probabl&dak@ggion) ock | engths of each bl ock type can be
i ndividually controlled

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

polymer blocks in the first reactor or zone and discharge from said reactor or zone into a
- 44 -
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[129] Hi ghly desired copol yners conprise at |east one
wWhb@eksed segnent that is highly crystalline PCT/US2009/032642
pol yet hyl ene or pol ypropyl ene, especially highly
i sotactic polypropylene, joined intranolecularly wth
one or nore separate bl ocks conpri sing an annrphous
espec . a_caopol ynmer _.of .pr ene W
subseq B YRR B & IO B Hn GHEH i g BT Hes of polymer
chains (ERRIBSRH REthZPaROhWAERg Acend MRhSMe SORALMIRI monomer insertion under
ddi ti onal desirabl e copolyners are tri bl ock
distinguitiypbleynobymerizabapeomiittensa central, rel atively anorphous
pol ymer bl ock bonded between two relatively

128505, BB BRA Y BBhuBrBas KAB yfiie QieSian o cavatyst by

alteringGBOPOBOAdINT cOMPPSitisn, Ngmpah@dtey ptessitoaptiahylThainadehifating agent
chain shuttllng agent especially adapted for use
such as gy @ thergRaghion SeNAHPRYNIGPHHE AZACHNS PIHONEHP BIFRFG operating under

pue R RS BRI o R B T L o comonoe
concentpaglopmeonamer comtans,iand/oa omexdnsnmgmsiﬂrqtg prspageacqaiegepaaed. For

catal yst .and a potential chain shuttlin ent.. This
examp ldeP ¥ 1£8) REGCSH FRAPYING tHR §?r}tg)61|098 fjé??%l%%}ﬁ‘gﬁ%%aﬂ@ n geactors
connectP@iE{RE afEPperRiCihdeL@etah E)Bl@'ﬁferlkﬁlonvﬁohhfﬁ'éhs the resulting

resupply of catalyst or shuttling agent), preferably '
polymepsagiments| il aach tza\@m@taalwﬁlyrhm@imolew@mwgght @stribntion characteristic

qutl tign tlons
of tpicgF R g AT el Rl R e 7 5 VU SRAT 7 o 15,
more pl‘éfé@zﬂﬂ% fiogh REeM0,foueWillidfletOthd pother ASrhRH vh@EthOiffering
sui tabl e quantlty of 10 polynmer, the reaction is
polymerigatipnicapdidonsy Taddritiopncesinaduaatifies,afta Gosyensionalrandae copolymer
may alsB %lexﬁgeéi coHc?@LMtﬁz?renéag’}gtnl 8%}1& B;ﬁ%rw Mﬂon og ﬁ%l p)reﬁent inyention,
resultlng @54 rersg1 esd. rﬂnﬁﬁteﬁ@efbm’ckﬂmgﬂﬁsah thb feb@tieg polyﬁﬁﬁ{:rhapbe controlled

prov series of pol ners havi n
by the c@famyslhgqt]é@g raflﬁ'oofr_ﬁ%f Q4 theamqupg of pn(é ﬂ%p}hprocess variables,
such as %Gﬁ&rwr :pﬁ?irugns Lo %fé(tﬁ e%%%ﬂ%?ﬁ&% foP?lo%h&leﬁﬁlﬁgtﬁ]n agent, such as

hydroge;h annplolyn@, Agenage bloek tngthaof eadhzddckty pacpobeyimgividuetly esntrolled
by al rein thebgé mum PDl is |less than 2.0, nore
yatmﬁﬁ%ﬁ%?ﬁ%V@“ﬁ 4N EHRTCACS. and nost preferably |ess
than 1.4. Furthernore, if chain shuttling is
[129)Ccur HiglJy désied ¥hp@imbReoRPri¥ERI levk bhe bIAEK 8A%Bment that is highly
preferably nearly linearly, as conversion is
crystalling ppbggwipne m@plypmwbmﬁeqﬁp@aalm Righly istastic|pohgprenydane, joined
ho s o)
1ntramo'Pe%ufa§l gxlngln oorr%g% ; a?rge BP Cg{"c: mév?hsu%an a%&%ﬁ&u Iﬁqﬁ{ler 8spec1ally
a copolﬁrhat dqu‘rd)p?}aénemlﬁi:btﬁyl@ﬁe élf@()r o€, gEt@adIimdr hBRsiGabpthe foregoing
preferably greater than 0.99.
polymer is a diblock copolymer. Additional desirable copolymers are triblock copolymers
comprising a central, relatively amorphous polymer block bonded between two relatively

crystalline polyolefin polymer blocks.
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[131] Steps 1-111 are then carried out for one or nore
additional pairings of potential catalysts and/or
wW@eiandrse9 shuttling agents. [132] In addition, PCT/UB209/032642
preferable that the chain shuttling agent does not
reduce the catalyst activity (neasured in weight of
pol ymer produced per weight of catalyst per unit tine)
5 by t han 60 .per cent ref er ab| uch . .
1315, o poR Gt ORpg TR e By B o Had Shain shutding
agent edPREIGR N hdapdikoR RSt heP&if 8K BOLe k@l B Mehnsaftith/fol¥wilg hili-step
catalyst is increased conpared to the catal yst
procedwet i vity in the absence of a chain shuttling agent. A
further consideration froma process viewoint is

%hgé% élh@OI[C Rl tlo?lgj ﬁ&érﬁaﬁleé%%ﬂjrgoly §%§%§%‘%§be}rg%ﬂ; %Qbrmerized

using a Hﬁﬂuk&ﬁﬁkﬂisﬂ%%ﬂ&entﬁlm edtgly stcodsipveshtianctaiodeding agent. This
honD eneous reaction m xture or conveyl n? t he reactijon

polymefizatolhiest 1 desiraly PF@@%W usie oML ACE B chaenstan(fhagis, without
i

e PGPk FAFUETHAAS Ao PR MBSt g

concentf gfoagopangfingaskler s)lmtemq»dlynadzapbm dondl)tlcvrmpty@lcnhy uuggl plmuolar ratio

screeni.n hn| usi ng aut.o ted react ors
of cata 4 AL B OBESEN o TP Lo TG T Bf 1581 pe PPty of
polymef aiyd fégcu&lﬂ if teem@itedtySdddneH o%m dAh1 % BOI8HH hifBthe PBlymer’s properties
exanpl e, a nunber of potential chain shuttling agent

GWHIh@aﬁddUh%@én@mﬂDBen%meddent|f|ed or synthesized in
situ by conbination of various organonetal conpounds
r
ﬁleyé] yo?%o?#%%ﬁﬁg%%ﬁ%a&l%g %{18 %3]}%&‘9 esgg I&r%rIFIi)o %%%rfgg several different
reactiorﬁdﬂfﬁb@ptd’l@dlﬁgl aQergdsiof pb@lrr)ﬁi@havlleg a ﬁmgé af gieistand PDI Values.
conposition Several 10 pol ynerizations are conducted

at yar lar ratios of shuttling agent to
Ut QP?g/tSt/ din shutging; aggi RaEy GPMeRKiRting signiticntgpolymer transfer both

to and f?(ﬁh'&ﬁel dhﬁﬂl s"ﬁgﬁpﬁ%qa&'h?aﬂe RASG R Waﬁ%ﬂ?ﬁe@seﬁl Tl wq’igrehr?t?l% minimum

. e yreld experi s as describ
PDI is lastscthan 2. Wmnbe preferabiygiess themh] ymhmivmmﬁhljﬁbb/flfsmhamg 4

cata Vit and cata
Further§ais, g et s ioeGaafi e B ghla p TRmeE b ARin iy Pitrably
nearly lin®a@ %’ Sa@ CQQ\%‘félgﬂl 3 15&693%8eMos@'ﬁ&f&rﬁt@cﬁtalyst/ shuttling agent pairs are
catal yst/shuttling agent pairs 15 by ‘performng a

those giyingi pedyrodr Yo lay awiictian iob penvirsdiest (0 palnrd@r siebBtfghing a line with a
statistica Lpacct:llmgrrl] %no%“ 1féa ‘%hanrbj% \}\)ée&fsﬁ%g) ngq retharlr? gbt ' Ng

er "averag el ar and pol yner
yield or productlon rate. SU|tabIe shuttllng agents

[1313]r e chepatiiehiczieh byribdverfongneodr mhre atesiohilgiatringd of potential
thout significant broadening of PDI or |oss of
Catalystaéthlfm Plvat{‘fee%!i@tﬂil&ﬁgei“ﬁ yield or rate). [135]

Regardl ess of the nmethod for identifying, a priori, a

[138hut t {] DQiRGE Ris pfehﬁ’aﬁl@ A Eh% chd AB@Me dRenf &e8hol I‘Ed@ce the
Compound that is' capable of preparingtHe presently

catalystiagawnity fmeadutet] o kveight 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 process

viewpoint is that the reaction mixture should possess as low a viscosity as possible to reduce
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copol ymers under the pol ynerization conditions herein

di scl osed. [136] Suitable shuttling agents for use
weeesrsehcl ude Goup 1, 2, 12 or 13 netal coP@DUSIGI/032642

or conpl exes containing at | east one Cl_20 hydrocar byl

group, preferably hydrocarbyl substituted alum num

galliun1or zi nc conpounds contalnlng from1l to 12

carbon ch 2 drocarb and reaction
enerey (ROHGET & DROVGEY - P PHEGeBF bESH Q0P Bke Sprngy pedte reacton
mixtureéN YA KA AR, a nESRURR i8R sﬂtﬁthiﬂg QERUP Prefd &S B adkfudctional agent
| inear or branched, C2.8 al kyl —groups. Mbst preferred
which ig s Pm@wgé@@mﬁmﬂlmbagent the present invention are
trial kyl alum numand dial kyl zinc conpounds,
spec £ V: i (.- : .
1 PECHRL AP BT e R A e
using aﬁtbin@féd@é:etcydré ahdiafatyte probdseintiyd Gamlatiorpf ©olytlechlbyiszianing
Addi tional suitable -47 WD 2009/ 097529
differenpeisfipgsiefing propediss. EHUPEMPly 2 ayebesof ppdgntigechafieshuttling agent
candldage%?:ﬁﬁ boq@ Ereoirdgﬁjt&)f?éd d's %I%ést&gdem siHi Wgo&¥1n‘ﬁggff1) bW bl |afganometal
or egol organonetal conpound, “preferably a
compoundis #@ih_v V&)loaﬂ mtonesbuwemarm the Cdm()@ln(ﬁ)r reddkiph praduct added to a

polyme, PIIRREAROp F MRTStseH YT S p B HSREA o Wéﬁ'ﬁ‘y%%p G igheral

polymelitdtlons Q&taehaﬁdtmtwmmgﬁmfﬂr%tmélo@smthn athntl t@%aaiybtanwa
stoichionetric quantity (relative to t 5 nunber of

minimuyqoicemeyt suieblepbiyttlofe ageste @mntdiaﬁfqﬁh@tmrﬂ@cma RDIyfdessthan 2.0 in

. .. camound, especi al |. I S(tri. JSII

variabl SRS P RRR A et okt TR S sty B R hecting
catalystCic(iVity, Rea bb@fér@ﬂf;yﬁﬁlpro'&m@ i1y st kéb'ﬁ\yi{y) @@Qﬂﬁlﬁ descrlbed

et hyl (1- napht hyl') am ne, bi s(2, 3, 6, 7-di benzo-

azacyclohePtanean1ne or 2,6-di henylpheno

[138esi r AbE§patiegly fif 5iaiorpostiblsdo ?teﬁ;ﬁ&ﬁlé@%w cyt@lapflhuttiing agent pairs
I

by perf(g*tﬁgﬁ% 3 #ﬁle% t&? ?Bl %ﬁrzg%oglt :&gg&%}do gg@?dé&h fgﬁffoﬂ%ﬁ%[loﬁ@éﬁ
measuringtiegesulgng ntllﬂnbdfraivemgs nrobestulad egiighesd PDd rand pelynter ytedd or production

ent jnvention as shuttlin ents. _are
rate. SjtaBfe S&Pﬁill&ﬁﬁl&?ﬂrﬁ i CBr LY ﬁwgfﬂwf)t%%eawant Mn without
significhntGRkh AL WIPEH B} RisS GEANRID Xlle(iﬁctlotﬁtﬁ Xf@l@ bt @xdyde) , and
n-octyl al tm num di (pyri di nyl - 2-nmet hoxi d
i -butylalum num bis(dinmethyl(t- butyI)S|onane)

[135]- but gpgardammnh@m(wcfolrmmfmgw pyipyianbleying agent, the term is

meant to re%'c El t¥): %lolr'lnﬁoﬂ 3 m Iglssgco ?ﬁ ble Q eﬁreﬁziu}qlgﬁﬂ% gl)‘eser)tly identified block

copolyrﬂe@ ﬁh&’ér&lﬁdﬂbﬂlfﬂm&hiﬂtﬁﬁ %oﬁdldbns]&rém Ruts@henoxi de) ,
n-octyl al um num di (et hyl (1- napht hyl ) am de),

et hyl al um num bi s(t- butyl di net hyl si | oxi de)

[13¢d; hyI v nEhndng Bg@(t% for HﬁW%.lWW‘a@M@l 2, 12 or 13 metal
compougﬁigw &l %%Qﬂaﬁﬁlﬁﬁeﬁ 16asf one %eg)o hydrocarby][ %rlo:j?ﬁ pﬁﬁfﬁ:{ably hydrocarbyl

enzo-1-azacycl ohept aneani n-octy
substitulgds(l@nBiué, galdivbenzand congraongcémiteping feani de)? carbons in each

hydrocagleﬁ)ﬂr 1|?Hi %H%‘I Qaggtrlgngﬂ)rg& | gﬁ%ﬂ,}élﬁ%/ but Xtog%lalllrg%( hgTe;ffrFFéi hydrocarbyl
groups R a!HHll %i‘dugﬁ)preferably linear or branched, C,.s 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, tri(n-
hexyl)aluminum, tri(n-octyl)aluminum, triethylgallium, or diethylzinc. Additional suitable
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20 [137] Preferred shuttling agents possess the

hi ghest transfer rates of polyner transfer as well as
wo b@dghest transfer efficiencies (reduced i nRPCTHERNO%S032642

of chain termnation). Such shuttling agents may be

used in reduced concentrations and still achieve the

desired degree of shuttling Hi ghly desirably, chain

shut t ents with l e exchange site a
shurding g b Mg a5 oqte e of Rl B fEmBrT Betn B Riscpregeine
organoM&h Bdm RHund NG eRLIb 2}“’:?&1(@‘ g)tﬂlgylraﬁﬁﬁﬂhﬁﬁl drtidCQWRAIRA, zinc compound,
t hereby reducing 25 viscosity of the reaction m xture
especialy) d‘leéluﬁ@lenpuem |ty (irpeefid) Hgmoper.dtifirytd bénginufng 88-hexyl)aluminum,
tri(n—ocpg) l Jot Pt he (? ﬁt},l%/ z{r{cz attlhgfés t}tl tr]lea srtel tohlt%p m Xt é’l ty%relghve to the

numberaﬁmﬂm:myl g}oapty osH ls&ca)lahﬁyraahw@fra Eglrd c@@@dmﬁd @ﬂﬁtmally
process is desirably characterize %@use of

bls(trlrr@rhé/%salf/k)amtr@wbbvtal(@lﬁr@éh%domn@s%ﬁvé@xwny@w gfingadi(be
penty) R By B i B R B e b lor
azacycldlmarnedmméﬁg ar2,edipeenydphenbla qu:snhly’lly‘Efufﬂaémtmm&ne bt hydsoxyl reagent

hl]y desirable that the nononmers and _-48
is used %%ghw?s ylieearpylropReteer met! pam. sT]é%B‘i“E)‘?ﬂ‘é’de%félOBmed“Cts

of the f&@%&hg t&Mb n)itnmsgrﬁo@ ldEélfe)ﬁ fBlhﬁre 119 ﬁ{eqlré(s%ht ﬁ%@@rﬁfdnva@sh&ﬂlr%" agents

ure chain termnation does not occur, unles
are n- Odjylahlmlnmpolh(imétnrrmdmlmyé)dnmﬁ) yirpppylrloductm bs(diesthyde.

) sui.t abl echni rif i on such
buey s R T T B S By b e SRy g
bis(dimWihl/it-PRY B Wx@he)Si- SM?F&I&Emﬂﬂn%s(§Mfrfn@&§yl§i[ﬁ)%nﬁhé}%B@byla@t'imlnum
a conbi nation of t foregoing 5 processes nay be

dl(pyrlctmppﬂmhpxuﬂeﬁ319'}ut5{1hbmp0m§1rbeq(ﬁhﬁlaperﬁml)argldabsqucajda minum bis(2,6-di-
t- butylp%en?xu?e bl’l(l) l()lct:tg??um Gl | 1Lenh (féslileﬁ)?l %ﬁgpo e"iltet alu num blS t-

contrnuo ynery 2atl on.

butyldlm&hylaﬂ@;aa@l Yt lahAMpenetbss(trifIeyTE LS )antds, etﬁﬂhhﬂﬁﬁlhﬂl)bls(2,3,6,7—
sol vent, adjuvants, scavengers, andégolynerlzatlon

dibenzog|-gzacyelehenspermidsis)- 90%@}}911%@1 Big2.3gh&ddengyle

ey SRR, RO AL EE RGN RIS

diphenylglentxidep usd ethpdidcqebttorides| y" as used in this
context are those processes in which there are

j.nter te t ad itions of reacta and.re
3o et e deRat st RS RS PRy poDimergranser a
well as Eﬂéa}ilghe‘é’ﬁ/@insfér gﬁlméﬂ&f‘es%é@ﬁé’édl 1n&ﬁ&§:%§ of d:l?amc'ééﬁﬁfn@ﬁ@)ﬂ)a@u)éh shuttling
contT nuous. MNoreover, previ ously expl ai ned, the

agents mhjabmugldun tddungi q@l@mt{a@pnm %Jél agbiterd thet deanigd ffbmrm of shuttling.

Highly geSérgplgrr c}barm slg gtél gngéfln{ %tgllt I?l slnn c:h %1 tﬁ?tetag e?r%}?lgy%%due to the fact

that the @fflettivef mbloeuldibwéikhisdf th@pkﬂ&fﬂér 1nh;ﬁ& y&etdr Ish@wéﬂeﬂsﬁhereby reducing
reactor or zone and the second or any subsequent

viscosity @hghegeagsion ziisgire ans caiveaieBidy Edycing oppratisgedstid or any
subsequent reactor or zone. Due to the difference in

[138|]E ng ﬁn I g}bﬂrﬁ‘éﬁgaﬁﬁm, tRe feildiEmillire % &ﬁlrtacgédf \Lﬁﬁ BeCRtivated

tion conditions between
catalyst composmon accordlng to any suitable polymerization condltlons The process is

desirably characterized by use of elevated temperatures and pressures. Hydrogen may be
employed as a chain transfer agent for molecular weight control according to known techniques,

if desired. As in other similar polymerizations, it is highly desirable that the monomers and
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| east two of the reactors or zones connected in
series, polyner segnents of differing conposition

WG awb/ogrs2conononmer content, crystallinity, denBCT/Y$2009/032642
tacticity, regio-regularity, or other chem cal or 20
physical difference, within the same nol ecule are
forned inthe different reactors or zones. The size

ach ock is eter by conti nuous
solvent e {iRart bedour Ltk peid Fsgiali Sreilasey o erifys chain
terminaRbR A& Rt b ikt la Mo RfcopSly Wiz hloﬁif?e@%ol)[tﬁ&%ocﬁ:@@ﬁ desired. Any
reactor in the series can bé operated under high

sultableﬁp@glgqmefor @gngme@unfgpmtr such@p deygdafilightagieat reduced pressure,

pol at.i on cond In.a-nultiple zope . :
contactlnglvylrrﬁg 1no Zegltllar slevey Fh Leh nSlelrS ac(::)epa(:)rf:aa %lumarhad §rr ac Q}tnﬁtéons%f rFlele foregoing

pnmegéyﬂﬁyﬁéem@kW&@rlZatlon such as solution, slurry, or
gas phase, but at different process condi tions. For a
sol ution pol ynmerjzation Erocess it is desirable to

[13%npl oy hriBriygErHesine 1s drsipelysaping it at meorHpgryrelymerization,
preferalﬁg gﬁﬁm&ﬁs s%hﬁloh 4 13t iMER w'hﬂ:h\@a{a t E(K}ﬁ (ﬂf%h%nﬁﬁ)n%rﬁers and
bl'e” under & po ol ymeri Zation con it | OnS enpl oye
Optlonafm e(_)lsemhacpumess scayengers iand p@l[ymemtzrtmmeil@s drée pentgiubuda swplied to

simlar dispersin ent t roduce such a h
one or MaieAP3FLrs gy g?i’&? ST OROWRET B‘ioﬁ g‘cfr"ﬂ‘é‘i“l‘%‘z“l@d e@PY??gtgo‘%E‘Qm Within the
scope offBfe@trnBOBhE08E” 4d¥e cERGRIoaLI f: bs hedRks BAREA MreS@bitiBeesses in
is disclosed in US-A-5,783,5 -49 WD 2009/ 097529
which tmrwatgsm@mt@aemlom af wcgahtaptswé uesoyal of emsiucts aUSudl tegular or

1rregu1a5 ?nrééré/ ol%%toexéerg egget ur(:%gl I{{/rﬁ(ge)ss 18 &“gftﬁf%} yﬁlpgtéréuogs Moreover,
as previoM§ly eRplhdhedIBS ciddin biR(lihg AyeHtQg b @R adildd@Ahy pdid€ during the
tenperatures of fromOC up to a tenperature just bel ow

polymetiggiondngdudiag djy thedtrstipacédr arene, aediglexitog s]p_ghtlyﬂa@fore the exit of the
first reag%?,aﬁg\??ezll{?? %ﬁs? Eﬁéélgiok Xr f‘c%lr Leégg ?Irlée% éﬂfoelj n%gr slj:ﬁlé%nt IIfhactor Oor zone,
or evenSblahy ty thotegord biza@ty sabsegentire@orad CongrBiietoahé differae in

60C up to 115C, preferably up to 100C _ Pressures
monomﬁvpﬁeermewurfs% e Slfr%?ﬁ %f?ﬁd%%ﬁfép?ecln@@@l%ﬁé?% grmslfepny between at
least tw()%'fﬁle MRRrs ok 24des cbfind? éd 1{?fseﬁé§e€(§lgﬁ1§19@ RRn o@gﬁ?éﬁ%composmon

conti nuous or subst antl al y con uous = polyneri zatl on
such as comdndmen®ngme cpysefllemigh kiynsa!]y'pﬂad.ycaqr re'giterelgsbtnoj os othier chemical or

meri zati.on condi ti.on a conti nuous,

physicalByHEE sty eNi) s DT URE BEdSRB AN R REIEE Wyrones. The
size of @lcR\&dcht bEBRLRIS &e‘i‘&ﬁﬁﬁe@%ﬂhﬁﬁﬁﬁ%&lﬁo[ﬁﬁéﬂr&aﬁ:tlbﬁ c@)ﬁtﬁtlons and

econom cal production of the present 'bl ock copol yners
preferably iy glest grpledblisdismiuad pcpayweietzes] 142] The cat al yst

may be prepared as a honogeneous conposi tion by

[14@2dl It gg&sr%{lctgﬂ% th{ %eglléts %51{ fe %le(ti ﬁl?({gf) Ihﬁ%);l rﬁgés Slzq}aéf E(J)l{?tlon slarry, or

gas phavé ﬂ)dlyﬂnenzalﬁn Q:Oﬁtﬂtiﬁlﬁﬁdnarmﬂllﬁpla Z0h¢ pelpinetiodatrval alb k@lé@llopérate under

the samte rt];peuolftplo{?ngeerlz;ggr? tsllc?hnasns]oi(uttl%gleslurl-geor%gss Il)}gaesg b%? (E:lta (th?fler)é:nt 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 dispersion wherein normally

either the metal complex or the cocatalyst is only poorly soluble is disclosed in US-A-5,783,512.
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or activator and, optionally, the shuttling agent may
be conbined with the catal yst conposition either
W@ei0o091se9 simul taneously with, or after conbi PEE/USW0W32642
the catalyst with the nononers to be polynerized and
any additional reaction diluent. [143] At all tines,
t he i ndi vi dual ingredients as well as any active
st _be rotect

A high g%al %Srtolcf%%%é OSI ﬁ%ﬂ'ls% ﬂB‘faté%fP%qri’l fes 6&% E&%Hto 400°C and at
pressurds HoOE %@bart(B@ Mz alaydhrry fREBRNGNERLY wBUAL IneR%hyaaRAbon diluent
and activated catal ysts nust be prepared and stored in

and terr@nra@;@sg@frfrora RACmpite B terepdrataee jastrhstphtedemperatuey atbhjich the
resulting ﬁ/ ¢ bgcréfnes sugstantr% lugﬂz in nllnt | oggfmerlg ltlon] me 15910 li;referred
fglpmtrn In any e SCOop e Frhg rnv en 1 on,

temperdi@@0 £ Qﬁrr? @bryﬁieﬁgatldﬂﬁre $1tbﬁh3@i’ QY Ffey 1y Zdinh GO @ﬁ}ﬂﬁfﬂ% °C,
is as follows. In one or nore we stirred ta

preferably gp to LR CorRyessures émqeaé]m rﬁ%qﬁﬁ(@{@ atnephelior 00 kPa) to 500 psi (3.4
MPa). pol ymeri zation conditions, the nononmers to be
pol yneri zed are |ntroduced conti nuously together with
any solvent or diluent at one part of the reactor. The
[14t]eact braltofithafarsg@ng ptoatisee IcynthWQQmMQtsnﬂiallyLdodtimlnase
osed substantlalhﬁlof nono

her with an
POIYme%%é‘rfP“%‘POEﬁ e eRteaRly eprieyd er}’é? 9‘25@ Q[Yé‘?eé’rzﬁé%}l donditions,
espec1aﬁﬁl:(\frﬁﬁ‘1‘h§ué @&hﬁ@l&}amm%ﬁzad&qﬁ@&@g& OfIRwATthdMiel dTefated reactor
thereof, especially al kanes such as hexane or m xtures
temperapfren hiphgesultasn thEGCMOMIOIOBLE28 oPHF/PUSLOCTII3RGAHmers in high
wkham@ b as one or nore of the nononers enployed in the
y B FURYI At i on. Exanpl es of suitable |oop reactors
and a variety of suitable operating conditions for use
[1421her eThé¢ batallystahasdbagrepdied s€héthogdidbils q@ngpoksieieR by addition of the
reactors, operating in series, are found in USP s
requisite mgtat complex@r gndting goBAkxeHoREIVERIN Wk Hleaqoév%@rlﬁn will be
conducﬂea 3P {no 51%6?1% E[tﬁ)ﬁee&lﬁ ulﬁnlhgeék@% tlgﬁttﬂkéﬁ% 'Fljleo&glr% I:(Q:atalyst
cocata yst an ptlona y chain shuttling agent
or activetonhnd) kbpti&iaj{lyothelshmd'mgi dgbetnhhybé Mmlmdutwdh |the cIatPéyst composmon

react or I|qU|d p o[ any .rec, portion, er eof
cither pgpr o, HHIRY HEFAUSH ‘Hﬂb F BrsGoBpinafRg ?gﬁfaa@ﬁwf ¥ é GEgpgmers to be
polymeARd MGHSUHEiIRN PR 6RANLGY! €d Dby adjusting the
sol vent/ hononer ratio, the catalyst addition rate, as
wel | as by use of cooling or heating coils, jackets
[14Hr  bot\hall Timesgbé indivifvadingsediens as well aomty wsttive datblyst dgnposition
must be rRa)r%)]tgecr:Ttgri fr%%{ ?)Hy 2t 151%@1%’6 %nr(fo gg%rtcapa?ys?ontsﬁrgsﬁ]ce re%‘o@ %e catalyst

comporfeatsl Qluﬁiln% a@dmaﬁd Sctiviiteti RetalyB &Gh Mt be Whparediadd S@d i@l dneftygen
mani pul ati ng the respective feed rates of these

and mO@B% HRe ARosplere.rscfeebbt wider THEY. prSI A St Bdlipgen.

nol ecul ar weight is controlled, optlonally by

[144‘]ont r WI[HOﬂghﬁﬁt fin Qﬁlr Wrtﬁezs%()gt IBf ekdvehl ﬁr? oﬁﬁ GlkafStor Qgrrylng

t'enper at ur e, oner centr on, or
out suclpa pv]ymmlzgztmmbcersm echsdblddws. sinunt lor rn}pr@gelh Btlrr@i’ taak ohhiop reactors
term na | g qent such as
operating under solution polymerization conditions, the monomers to be polymerized are
introduced continuously together with any solvent or diluent at one part of the reactor. The
reactor contains a relatively homogeneous liquid phase composed substantially of monomers
together with any solvent or diluent and dissolved polymer. Preferred solvents include Cy. 1o

hydrocarbons or mixtures thereof, especially alkanes such as hexane or mixtures of alkanes, as
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15 hydrogen, as is well known in the art. Connected to

the discharge of the reactor, optionally by neans of
wW@2@oM0e52e or ot her transfer means, is a SeconeCT/US2009/032642

reactor, such that the reaction m xtur e prepared in

the first reactor is discharged to the second reactor

mﬁthout substantially term nation of polyner gr ow h.

ween e first and s d reactors, a differential.
well as PR B ML SR PG S CER oSG e TG e izalp M R of Suitable
loop redRt 8RARL¥idtPbf US@bIHPEALARLLANSs Br GRRAE¥FRA, AEIUHMS the use of
or nore 20 nononers, the difference is the presence or
multiplg lpop medstas, opaeatiog imssries.cosrbrioder §58rs 29Ui, 231e H 889 jand
concentrati,o Addi tional reactors, each
6,683 1%??3}1(8%%re hﬁ’reén men é)Fat%J]lﬁ%’ AF {0 the second reactor in
the series nmay be provided as wel | . Upon exiting the
[143]ast Ceabtsoilond witheosilygsind optienalfyfchbi@nhuitisnCapeheat ed
with a catal yst kil] q}gent such as water, steam or an

continugysly Hb]nteéml%nflﬁ igrodugerbin; th@ re36ieh {1qu1§§hE13f4g]anyﬁeé:ycled portion
0]
thereof 5@?%{11}1@910%% g{]attlgﬁ.o ?H@ I'ei;iltét%g g&gﬁ?%ﬂl%%nggéa{sgﬁg Eﬁéﬁg}eq;ofltrolled
by adjustﬁ@ tﬂel sdlvervmoomensr aitiod fHewwatal ysaaddigctucex apweﬁ ssbe psamfd;oohng or
ssaré nduct i ng further dev L% zat o 0
heating éaﬂﬁ At 05 hRt- dde 2ol é‘t“?r} §alg 1§ §ORKR hé I E\’ie catalyst

additiorE OTHd SHARMS o4 GBS thohbReMRARe hEIShIdE PrRlutd 1§rﬁlfﬁlf3née!31%y the ratio of
catal yst and polyner in the reactor generally is from

monomgrsii thetreacterp wlidhas centradied by medngruddsing the mypeklivarifeediratss of these

comportefesJo B Eaers The oGS u&?ﬁ%&@%’ USZ&?@%S’ Rt optgnally. by

controllpgy &aérrpoqeﬁn&;ﬂaublm vaidMldiGuéth SNhE eafpe@itui, fldnamBPERIBtration, or
cat alsﬁ shuttling agent, tenperature or other
by the pyevien meatengs|chainehutiling agsan off PR foiminedng gge such as

hydrogd gé {%Qx?eut Bwi0h:th Bjc ' g 8%&8&%’8@&%@% ?}’he r%ﬁ’c%&%ft%nauy by

1on O Cat yStS an aln s
means @fmd:oﬁﬂﬁit at other terdft needhg o saz:oﬁxlt reacor, adctathat uhe rEactlon mixture

pol yneri zati on conditions, JﬁPr ferabl
prepared i é@ }rﬁdez&t@dé §§clilaé&eéjstott}‘1f'esepglp e@;tohwga?ﬁtl ngsd%&tlally termination
of polytﬁgll }V@’F lﬁ’étgféglfﬁle ffrg’trantl(gé nﬁg nglt&gkﬁ difERhAAlY TBfefst olne process

espec ock or trl copol ynmers, preferab
conditidn meaabhﬁedhl Biekerabrly fori usk m:formapmi yihecepobfmdrnud two ommoes

monomgrg nt%g%gf?eép?%rlgﬂl%sﬁ%%ja% (lgyalbgencg ﬁh g%ﬁgrtargg@ﬁg%}% %Dli%gres o(r) a dafference
in comcﬁ’l()ﬁféy t&Ren@itthnd A@ﬂilt?&laﬁreﬁl:t%fs' BachUSiafRBed® ahidreP lsﬁnlar to the
cat al ysts that are |ncapa of interconversion. hat
second regctot fethe a@raﬂsyga}sbeaprgvﬂh@m wg]l | ylpom p)sltlng the, laagm@a@tor of the series,
i on itions

the efﬂue gt nu%%tséd | azr ?a(gardg%??ﬁe, ange%% gl?c aglvgla f slgfz: 5%1*1 %],F&lol or with a

couphnglagéﬂﬂr es of nmononers at hi gh nonomer conver si ons.
Under these polynerization conditions, shuttling from
the chain shuttling agent to the catal yst becones
[146] The resulting polymer product is recovered by flashing off volatile components of
the reaction mixture such as residual monomers or diluent at reduced pressure, and, if necessary,
conducting further devolatilization in equipment such as a devolatilizing extruder. In a
continuous process the mean residence time of the catalyst and polymer in the reactor generally

is from 5 minutes to § hours, and preferably from 10 minutes to 6 hours.
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advant aged conpared to chain growth, and bl ock
i nterpolyners, especially linear diblock or 15

W eioblogrskd copol yners are formed in high ef ficiPCYS2009/032642
Pol ymer Characteristics and Properties [149] The
i nventive interpolymers may be differentiated from
conventional, random copolyners physi cal bl ends of

y ock co mer s prepar ec d vi uent
(148403 i Einair ey e TR o e ey 2o Do il Gitaf & b low
reactor %ﬁh'a‘:}ﬁbr%nllérvéd@zqyﬁ OJMIBRS Zgtht, @¥np&&RIR SURRer drallidfl established
particul ar, conpared to a randon1copo|yner of the sane
betweern@l;ﬁfgntgg gorps pr neghensghereoin ppienally hecompapeedtbiy\sgparated addition of
catalysts artl (rnp (91&1¥1g13hu%th}q$ \e{gen eatntdeor CI(J.FI ecqe)r aglagatlcroersnlo%ta gtlg S
conpression S
polymeﬁ@dtidn(‘déh@ﬂtlbys at el evat ed t enper at ures, lower str ess
rel axati on, higher creep resistance, faster setup due
her crystalllzatlon (solidification)

to
[14$1enpe?%ﬁfw@y thadorpeqing prasets talkes dhg forme acoptanons slutigsprocess
t

for forn g Bloci Mtclp BRI K IS LR b RLR Qo DBt perably lincar
diblockroe Itniiﬂbdnsipxop/me“fhaf twosor rhére monverets, vieore p¢pecipby prpyiene and

have a r tivel ge |fferenc bet ween t he
ethyleng gy § 4o Oj%fa&kort“ey 8!1 g AL DRSPS Usl?rﬂlgy leaevaae ArCpq @-olefin, using
multiplOSfeal§sts hat WRGhEHALIC fof hﬁaieom%&sﬁﬂl STIRM is, BRR&FA W] Me @Remically

conpared to random copol yners contai ni ng the sane
distinctmbndaerontianels sabwionwelyimeviehtiayy co‘mkiygm@,ahe ptogerggs wieally suited for

er.s uch as a bl end. qof h densit

polyme T S hsai B il Bedlhfigr S ns. PRTRse
polymefl 2itfintcn&i@ipRd, ¥Amtlingdtor eiél dhalnedhlitt BYEigeht todBE Sithlyst Hebomes

is believed that this unique feature of the inventive

advantaged eqppnrgdrier dhainsgrawéh. nad bleek intergabymers erpasiatly dineyrdiblegk or
he pol yner backbone. In
triblock & %W}mga& @?lﬂ‘lﬁ%ﬁﬁ\?}l e|tf€éelgllnc terpolyners may conprise
alternatlng bl ocks of differing conmononmer content
Polymex Charactdristiys bodrBpapleytiesr bl ocks). The inventive 5
i nterpolyners may al so conprise a distribution in
[14%u??2?hgﬂlq/ @t}]\ée 1{1%%0%#?%1%%3% rrﬂé%?(il%f%%fltlg%& Fr\l(lg\% c%fﬁventiogal random
copolynzas) LﬁhtyZlcEﬂ HéEndstof p@lyﬁferfd lafd blobk tbslyménn pré}ﬁﬁﬂdt \11@ B\:qublhlﬁll
inventive interpolymers al so have a uni que
monomgi3qditigy, Saﬁmalaﬁa@hesf% ARIgicios §REBYC llvlémselryate@rzéﬂ%wsfhm@es In
GRS
partlculhlg S{)J?lhgr,e& gﬁ% }a%ﬁ%frnacjo%%ﬁgg{&g Sﬁ%@?%@%‘ ]nﬂ;_lnﬁgl%}ym m rtc}fntent, the
inventi\perinwypoéytﬁéla-ha{fcelbatter (ngler plday nsisganos edmeasutdueby melting point, lower

enbodi ment s o EW §ﬁ£ﬁ%3§pgﬁr§wg{§%§{3§%éﬁa@lﬁgmﬂcﬁfp

Comprerﬁ?rb%d%aWFél
resistan€d I’ﬁ@t&"?s@tu%rzdu% ffeder @it ftion (gaﬁf?ﬂlé/a@i%ﬁﬁteﬁfpeﬂﬁﬁ&ydn@rb%tter oil
lfefin”are especially preferred.
and f111¢rrap@qppm1cy nmer s
[150] The inventive interpolymers also exhibit a unique crystallization and branching

distribution relationship. That is, the inventive interpolymers have a relatively large difference
between the tallest peak temperature measured using CRYSTAF and DSC as a function of heat
of fusion, especially as compared to random copolymers containing the same monomers and

monomer level or physical blends of polymers, such as a blend of a high density polymer and a

-52-



10

15

20

25

may further conprise C4-C18 diol efin and/or
al kenyl benzene. Suitabl e unsaturated conononers
W z@pd7stor pol yneri zing with propyl ene i ncl udeCT/U82009/032642

exanpl e, ethylenically unsaturated 15 nononers,

conj ugat ed or nonconjugat ed di enes, pol yenes,

al kenyl benzenes, etc. Exanples of such conononers
lower dinsbwtcgﬁ%l%nf%gﬁcgﬂgalgéloggﬁﬁgi%gsuays Z{It %&%Hé{édﬁﬂ%’éﬁ élﬁj@ue feature of
the invehtiRE RitE@PElymbrLG AR thd uRRE ARribkndR GE AR cortbomBLin B1E&s within

-Butene and 1- octene are especially preferred. O her

the polygugrtbaphbonep Fopastienlam &eud@nyw réerpolymelromay) rroraplkgpl alternating

blocks Sfucp Fft]t;]rllrfl(g:%)en(ljon%tn}%%neteﬁt (1n§ﬂ}£hn nozrr?(%}/o(rfllgng% ocks) T 'néentive

I ene eni c¢s
1nterpolgzﬂlefs)/rﬁhﬁﬁ1§@ E@ﬁﬁnse@tﬂﬁbtﬁbﬁﬂ@ﬂﬁ rﬁllﬁd)eﬁ yi§d/eo81b808 e of pddyiher blocks of
ile propylene/a-olefin inter ners are preferred

dlffeﬂns érswérog cOBPRYRCT GonispY ey blaeTannltpblayybips ordistgienpén
f
addltloﬂjlj ?]Igegltnmélatﬁ/fg éﬂ%&pgfyéfgea?? sg ﬁ%xgésegudr[ §1§eﬁ% g%gn 115/‘%6?%1@/ an cr%stalhzatlon
temperavie peafilb dint csasubsmntu:tdmybh(&pbmduﬂu of pdpendidangit@maddudus, and
el ection of catalysts, any olefin nay be used in
morphola@yodi nents of the invention. 25 Preferably, suitable
ol efins are ethylene or C4-C20 aliphatic and aromatic

[15R0NPOYRESpORh& LI inVdrPAY nersURSAIIhAEIBBdinRRts ¥ the RFention
cyclic conmpounds, such as cycl obutene, cycl opentene,

are prefdiablycintsprn yaedis e gropatede natho lerenene af rﬁ;dlymemg (oo 2motolefin.

limted to, norbornene substituted in the and 6
Copolypgsiaf |P6‘?PY\}\‘£“FHH€1:£ LB g dtnrByrpssiallypey %%r%almolymers
may fuI%{ Bl%grl C(il(%i?ﬁ 13 Cckgr zflﬂény%bgf:rn\z?\ng eOfS&igl%a 6)18 %urra{f]:acgl%onomers

useful fepﬁm%eﬁlﬁn% w'ét% p‘%}ﬁ&%%&%&é 28 eP g@%&?%&%ﬁ? A8sathrded]

|l es of olefin nononers inclu ar e not
monomblrsno:cme@amd @tlﬂhywm@atadsbhms yp@mes,_‘allmvbnezenis pmthemmples of
ene

such COTIOIPlgl)élgIg 6%?}8(16 @? rolaalglgg%%ucﬂ fS hsé;gnog 618’nre butene Clehexenea q -pentene,
0 c | ne, lind 1-
e OEARRE Pl GRS o) B RO
octene de Espﬁ:yiaﬁy (pke:ﬂa[eede r(et;hemlmtytbkeyﬁd)mamelude 5tyrene halo- or alkyl-
nor bor nadi ene, ethyljdene norbornene, cycl opentene,

substitutselytypRsse Hdy! anw&?lab%@f‘adﬂewéa eyl lobettasigne. ead paghthenics (e.g.,

cyclopeq{eﬁgecgcloh@)génEQhﬂg g%ct&@) limted to 1,3-butadiene,
1,3 nt adi ene 1,4- hexadi ene, 1, 5- hexadlene

1, 7- octadlene 1, 9- decadlene other C4-C40 a-ol efi ns,
[152ind t Méhileipeepyl¢ne/a-ckefin antarpetyvoits m@rﬂrsferrtd]eolarr@rsebthnr is

ene 1- buten 1- hexen e or
propy B REAP R iy A5P b A Eh oGy Ry B BLaE § i of
unsaturéit@dﬂh?drﬁtd}GorﬂbNﬁeH)émeBM v e RMdsBbreYcafBin-debckdidebRbdna.
enbodi nents of the i1nvention, practical issues such as

Dependifigrohie seloetianatficriaypts. eselefiamy bemeediyianbogiments of the invention.

Preferal?lggs\&?t?i;ﬂ% %tlép S ﬂﬁ%@ﬂﬁg@@%ﬁ%%&éf; aﬂBlQanIearndfafo%tfcn:%mpounds 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-Cp( hydrocarbyl or cyclohydrocarbyl groups. Also included are

mixtures of such olefins as well as mixtures of such olefins with C4-C4( diolefin compounds.

-53 -



10

15

20

25

30

nore problematic as the nol ecul ar wei ght of the

nmononer becones too high. [154] The pol ynerizati on
wWEe@emesses descri bed herein are well suited foPCT/Kg82009/032642

production of olefin polyners conprising

nonovi nyl i dene aromati ¢ nononers includi ng styrene,

o- net hyl 15 styrene, p- nethyl styrene,

but Ist nd the articul
1131 or Bl 6 0 roopagrsidiagt-BrE S ae bofFemetidrse
isobutyRh&PEEEENDY - }feﬁ{elnéw\]! R&kehbe -h§aatRi NGsteh€1ehdhene, 1-decene, and 1-
Optional Iy, copolyners conprising propylene, styrene
dodecengad- t@trmc@zolélb ciieet onfadogont etk pynoopebs-hugene, 3-methyl-
ene roRer can
1- penterrl)? élprgf:télafji [pigqgﬁle, ,é ?g%qtlgﬁnon g%nrof]:j % ga 1'1cc}/clé')hg)ﬁeene V1n81 mg‘clohexane

norborn@aidnd %tl@/hﬂbﬂifﬁﬂl(gbéméﬂika lcﬂﬂclo%bd’ h@ﬂ:lcﬂi@ﬂd&tﬁa didQcloper@itidries
hy drocarbon di ene having from6 to 15 carbon at ons.

cyclooc%nﬁnﬁoﬁer@&u m%lmil@g hahnotémﬁfeagatlédblaﬁf@ﬁl@s i3ndngagéene, 1.4-

trw

hexadicgych, S geaiope: hdsosfitiong 1T b PR T B £ Fetlfdn BHEHe ike. I
certain émgocﬂﬁn%ﬁtg | &0 %LLOI@EI?@ 3 b g—'_bglteﬁg%/ ]ﬁ—b«%rﬁetfty ? eRened y%lateﬂé ora

1, 4-hexadi en ) 1, 6- oct adi ene;
combin@tjoh ttﬂemifef h&lthdu,gﬁ-any ﬁl&(ﬂnoeatrbomncohtmihi(gch vinglggrewsp@éntially may be

used in gh%%%?%r%ﬁ%@grﬂ&gghgggga 93%{16%%3&/@3%3 (lmel%(&;vgig@ﬂity, cost, and
the ab111]ty {]0 SHGLABS: ﬁafé'rrﬁﬁv@ ’umJeaéte@ YrﬁJn@QﬁF adinane re’%ﬂﬁ'mg polymer may become
5-cycl ododecadi ene, and multi- ring alicyclic fuse

more Prah]@rrtatlp dey et molpgplai vegight, of shecmongmerdtecathyiooihighene,
net hyl tetrahydroindene dicyclopentadiene

[154@I cy Cll“ﬁ?( égl%ne ;2810% Cpr C(fes %e? lgi%c?‘(t}gd hgreln XWell%luﬁg(i fog ﬁﬂ productlon

cl oa ene nor ornenes,

of olefi® pﬁl@hﬁﬂ @ﬂﬂar&ﬂ@%bﬁvﬂ@ﬂﬁeﬁe%‘ﬁhat@ nﬁjheﬁlefsyihcladmg styrene, o-methyl
nor bornene, 5-isopropylidene-2-norbornene,

styrene go- {ngthé@, éqygyﬁléntrl@“ylpt)yrqmn@}dﬂb'ﬁ H]gﬁ dn partigplar, interpolymers comprising

propyleﬁé( ng %{‘I? Ib]a ot e I%p?ﬂg B? E&ﬁﬁﬁe% ghse\{%e[%l ggthl%ﬁp @g@%@\%ly, copolymers

compns&ﬁ)g)@ioﬁglzﬁa StyPEIE/ dd8200808 25042 olafge dptianafly epmpﬁsﬁgﬁ)m Co0
the particularly preferred dienes are 1, 4-hexadi ene
diene, hapng improyved prapgeiss capbepicpyiefene ( ENB) ,
5- V|nyI|dene 2- nor bor nene (VNB),

[153) et ?Ml't#ﬂlg Al ﬁ%‘&{éﬁﬂ@né%@@ Jé‘gﬂl ) §t¥a§%}%ﬁ%aﬁiﬂaﬁaﬁd chain

(‘DCPD y prete I enes ar
or cyclib hgdlbyirbdledﬁﬂéhmn@fmme@@ 15 &NR)n ands. I xbdnipdosad iseitble non-

coeb Pl LTRSS T
hexadlehg\éle@()k@@leﬁé 9 ’?b@é&l@ﬁ@a i L qdABRAE YrHIRES cIRfin RYRRY LRAS, such as 5-

yl ene, a 'C4-C20 a- olefin, and optionally one or
methyl-ddleexdilieneg %dxm@hﬁ 1 Poetdiened, adohehylns7-boadigaeaichmixed

somert Py STRSSTE T S50 RE ST TR B g o 15

cyclopehtal ; Bl-c n 1en c multi-
yclopehtaQRAE; PL-chEIBRGABRNE! lkﬁ'/Jc% b&MRYi éﬁ dndam-dyd1Sdo@cA&RnROMd mul

atonms. Exanpl es of suitabl e a-ol efins

ring alicyclic fused and bridged ring dienes, such as tetrahydroindene, methyl tetrahydroindene,

dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkenyl and

cycloalkylidene norbornenes, such as 5-methylene-2-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
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10 include, but are not limted to isobutyl ene,

1- butene, 1-pentene, 1-hexene, 4-nethyl-I|-pentene,
wW@rw9I9ses ene. The propyl ene based pol yners arBCT/US2009/032642

generally referred to in the art as EP or EPDM

pol ynmers. Suitable dienes for use in preparing such

pol yners, especially multi-block EPDM type pol yners

used to hg?e%h%ﬂé%}g@ﬁj - %ar%gglg{ly Ea?e Cé)({’] %8 %Ef"g% ek %%.grlt]f:te@ﬂg) S5-ethylidene-
2- norbo@ﬁ’efﬂér(ENBZgS @fn?ﬁliéhetpn&@oﬁféﬁ@ VS B), - 1%%@1"}/[6%@ 20 A3B&Sene (MNB), and
i ncl 4-pént adi ene, 15 1, 4- hexadi ene,

dicyclopengadigrici (@QPé))zThWSp@mﬁlénEreffmqeiybqtr@p eret methatidsne-2-norbornene
exa and 5-butylidene- 2-norbornene. A
(ENB)%ari %‘ ?wq%igferred di ene is
5- ethylldene 2 nor bornene. [157] Because the di ene
[156€jont aDnE oRsPal desiditde polypiersSBatadah & madde 1Y aS@HIIROE S/ithr
bl ocks . contajning greater or |esser quantltles of th
embodigyegtiof therfemmOﬁglr%amma%méprmlémﬁﬁ qflnﬁ%ﬂyéaxena Y]ﬁB‘?’wé‘)C4 -C20 0-

otfin, QpEHEy D 4rt s Pl BB e P sy Tty o in e

embodifle@Psthe pRsent idlention alberéa?gﬁaaed bethdifeneula0i,2CeIRef Where R* is a
nononers are preferenti al i ncorporated into one

linear of brgacherd abryd gkouprof frpan bée %ﬁ%rb@lam@ns HExamplesiof ewitpble @plefins

e L A e

and 1-ocensi Tlye @bpylbee b:nedi poBmeesdie gendvaltyt efercdnd ﬁlothlead as &ifcdr EPDM
crassl i nkabl e el astoners,  and the cured products. have
polymegsy\paiifeblg dipnss EPaist IneRreParing sueh RYYREEhePesiahy mug- “block EPDM

type pogfn{e?é"ﬂ&:fnd@@gn gat&ﬂir @nagé @a[e%cgt}’a‘?%ﬁt or BrankARBhail & yclic- or
ylene/a Tin interpol’yners can be functlona1|ze
polycydbig- dmmﬂﬂpnqmmuggnan4tbé&smbomﬁimﬂﬁntddnabsgmb@plvhpmtahmw
I r truct e., Exenpl ar i onal

Lo PRR e PR S et AR PR i G Uy lidene-
2-norbodtGhedin }ﬁa%ﬁ&lla@}nﬁilef&%@éﬁéhé §-c@flidSne- @Inhbﬂo%n@ al ly

unsat urated nono- and di-functional carboxylic acid

anhydrides, salts thereof and esters thereof. Such

[15Flunct ng‘raalpe e dligns cralpiniee prlamesdsomprise alternating segments or blocks

contain Y AT 1G Bl biro S PR Tuk T etufls TR RS finciuding

none), thé apyll artitgd dkne apd bohdln @agbé re!dnaéd W00 0o¥e bf Subséqiem
an interpol ymer of E! yl ene, the functiona
polymeg pliopaigiger Tlafﬁds Sptavsh e “é‘ftaﬁér“ Aslid AoReMEs)are pistientily

L

the pol§41;1692t'h¢§3 88, maectiidGi@BD, Biliked tinksubsepicogy thesraklitlhdasity of the

nts are inco n by refer ein
polymeP TR B SoutpTiot S o RS S/ BF b it (g ducts have
advanta%é@ﬁﬁpbﬁle@nﬁh&]ng'Ht@h@f lefl§ile dibRSth ahlSe@MURLic RlcoldlS.
unctional group present in the functiona

|nter§olyner can vary. The functional group can
[158]y pi cdh¢ yro@glep@/gg@qtﬁn 1nt¢rgol§@9f§| apprbe funghienalized by incorporating at

least one r?calogalgré\)l\éa ts p%ié%q& stﬁi&e fe, Ié‘xeﬁﬁ)ﬂﬁmf %ﬁlon)al Ogi?ayslnclude

rcen prefer 8astt
for exampllegchhylenlcally unsaturated mono- and di-functional carboxylic ac1ds, ethylenically

unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof and esters thereof.

Such functional groups may be grafted to a propylene/a-olefin interpolymer, or may be
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percent, and nore preferably at |east about 7 weight
percent. The functional group will typically 10 be
WEe@smeos29 n a copol yner-type functionalized  PCT/US2009/032642

interpolynmer in an anmount |ess than about 40 wei ght

percent, preferably |ess than about 30 wei ght percent,

and nore preferably |ess than about 25 weight

ercent.. More on Bl ock Index [160] Random copol yners
copolyrBGAEE N NMBPFIGH 13 Sg PHET A BT isonOame (DR Ig Fyrpolymer of
propylefé @RS funcnal 86 38R EARd opRdnal §4thdr LIRBhom¥d)C Mdahis for grafting

i ncorporated by reference heréin inits entirety. 1 f
functional groupp ofto(pp)yprap ek, argdpscripadipl examplgdmbiso Patentstes. 4,762,890,

| e fractdon.of.c stalt'zabl nongners. P, .S . .
4,927,8?§|agf1 él ) O§4?htéle d}ﬁgf ; 1|1rrf]:£s:] 0 {élﬁ,spe ag nlgsr zér’e 1 r(])’rl?o’ratg%i hFrﬁ:len by reference in

their enfifp| @A partib@aili asdfell fuhd®nhegioep atmilgicehhydaiepur e
crystallizable honopolymer, Tm The equation is
simlar to the relationship for the natural |aogarithm
[15%5 t héhoamawtef thefupstinhabgrogp gpyend i thedunctiopakinfespplyner can
vary. T %nf%pgﬁﬁﬁg??gﬁgﬁﬁﬁ% selﬁliH}a'cB@ol&r@]gg%@tfﬁﬂcﬁonﬁlﬁ)ed

162 ere propyl en raction to
interpol NHRER qreakowsit of atdpast elqued &X weight nabnDSEfamblyi atdeast about 5 weight
t enper at ur e r vyariqus honpgeneously branche . .
percent SR gRaSoBPRE LbOt ASEIE Py el holh G Eep ¢l ypically
be ' ] , b < :

P O i o R LA pp ShEL b o R R b ¥t 40
weight papaityprefesabintgsy thad ebout 3P otoyghs petskrtn dyd mprespraferadly less than about
25W@i%§ctkguty and regi o defects likewse fall on this

§ |H%2]%XCept for small nol ecul ar weight effects. -56
WD 2009/ 097529 PCT/ US2009/ 032642 [163] According to
More onlBlook IndexP, the nole fraction of propylene, is equal
to the conditional probability that one propyl ene unit
wi || precede or follow another propylene unit t hen

[16Q]he ng“W?é? corolymers stishithedAlowing grlationshin. fSeg Rel. Flory, Trans.

Farada$ 999! 5 1, %ﬁé"(l ﬁSQW&ﬂ {sti¥cd: teBBY réferddbORUERNR i Qhﬁl%ty.
occur sequentially Is greater than P, then the
copolymer is a block copolyner. 5 The renmi ni ng case
where the condifionmal proRability is |ess than P
yi el ds al t er natimg5co hsP [164] The nol e
fraction of is Wacg#c p yV¥ene in random copol yners
primarily determ nes a specific distribution of

160, P bR O oAl SO AR A 28] BB AR ML pfled to the
meltingttlinpdin@ss 7at ofahg copyheanmerthd mieking Thrapahmreof thépure crystallizable

homopolymer, T,.. The equation is similar to the relationship for the natural logarithm of the
mole fraction of propylene as a function of the reciprocal of the ATREF elution temperature

(°K).

[162] The relationship of propylene mole fraction to ATREF peak elution temperature
and DSC melting temperature for various homogeneously branched copolymers of similar
tacticity and region defects is analogous to Flory’s equation. Similarly, preparative TREF
fractions of nearly all propylene random copolymers and random copolymer blends of similar

tacticity and regio defects likewise fall on this line, except for small molecular weight effects.
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10 copol yner nmelting and TREF crystallization
tenperatures of the inventive bl ock copolyners are

WO 200902718249 0 t he nagni tude of the deviation fr oPET/K82009/032642
random rel ati onshi p, and such deviation is a wuseful
way to quantify how "bl ocky" a given TREF fraction is
relative to its random equi val ent copol ynmer (or

andom eqyi val ent TREF fraction). The term bl ocky"
1163131 or Rcadinao ERtreni Pothe i ool Jermii: FRsei Bicor

conditid¥al YiFBAbiAMRAL 1R DréPyRGIein@fwiRQYryd¥BE bZ Ml oWDRHSIRE BroPlyleh® unit,

comononers. There are two random equi val ents, one
then thecpsrl ysipis matideg. t@n theresheamend diheecndificaabprabatslify that any 2
ponyiBR LGP BDEL el By 20BEARL Ry 1 Bl P QBH o
The ren@hifg c{sEXvherX thelcopdieis & psobabPit e RAEAtthmep ViREF dteaatihen,

where the ATREF elution tenperature, TX, and the NWR
copolympgreny| ene ol e fraction, Px, are neasured val ues. The

20 propylene nole fraction of the whole polyner, PAB,

j1s al . . 1har Bkt d .
i e i S S
determieedt a spetidnt dstribhtgm erofgyberichsagmerits whnsd ggitaltizaton behavior in turn is
ropyl ene._honopo|.yner repared by a.stereospecific
sovem Qb PR T Ceatn g8 e S PR s e aomor et o ierpfgre, the
copolyml@Bndah8nF PREETPRMS,aki8n kddeptalfdbatHRAn' @Y Block copolymers are
copol ymer equivadl ent ATREF el ution tenperature based

related trthe hagnsedsunt ¢l @ABtioRrftom theeandsas rl@nAREMd2Bch deviation is a

el ution t erature, Tx rrespondi ng . .rando .
useful b PR TBRE BT p i pREF RIGRERCEMEY ¢ AT Eifamsguivatent
copolyni&i€osfiHas® eghivhleet PRBE krabfslHX Ths tatef Thiettyt eefbe tb BR extent a

ratio of the area of the (Px, TX) triangle and the

particulpripolympayglyaction £n gplymesiceraprisel @lacky it pelymangidagonrgrgers or

i . i .

comondt s WAL By Lo U8 SR e B, o and

one corfeapieling torrensthit mcld ifitatthon oft prepylenan Thasd foymahe sikes ¢fi pfight
triangles neans the ratio of the |lengths of either of

triangley he correspondi ng sides 30 can be used instead of the
areas. -57 WD 2009/097529 PCT/ US2009/032642 BI =1/

165X - 1The Bfifke ?f Bl lepRXerts &pRYQrative TREF Hctidn,/whtABHNCAREF
- LnPAB [166] Tt should be noted that the nost perf ect
elution FimyekataiesTx.idpd theoNMid ptogyleoe medpioadionoPsa arevmodsared values. The

ol wi th single eluting fraction at .t oint ..
propyiep RN Ehefton e BuBte ol v e g 0RO AP e
segmenPT QYdrLRMPSRAATE AAd Fhod frdeieh] @N, PR, Edifbe AanfhtRieg@BRLset to that of

yet contain all the 5 avail abl e octene resunmably in

an isotagfiggrophilgne hemopadamey/(preparad byad stergotpseidie Zdedlerulaitn eagalyst) for
propyle%«!J gofo?{/&ers. The T4p value corresponds to the calculated random copolymer
equivalent ATREF elution temperature based on the measured P4p. From the measured ATREF
elution temperature, T, the corresponding random propylene mole fraction, Py, can also be
calculated. The square of the block index is defined to be the ratio of the area of the (Px, Tx)
triangle and the (Tx, Pap) triangle. Since the right triangles are similar, the ratio of areas is also
the squared ratio of the distances from (74, P4p) and (T, Pyx) 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.
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segnent catalyst). In nost cases, the "soft segnent”
will not crystallize in the ATREF (or preparative
WA REBI752ppl i cati ons and End Uses [167] The i nRENUB2089/032642
nmesophase separated propyl ene/ a-ol efin bl ock
interpolynmers can 10 be used in a variety of
t hernopl astic fabrication processes to produce useful
articles, includi jects conprising at | east one
filmlayer, wl/?é _a?&mo&ag?g 40w _gﬂpm | east one
layer in a nultilByet/Tjl mprepaled, byntgst, bl own,
cal endered, or extrusion coating processes; nol ded
articles, such as blow nol ded, injection nolded, or
[166]ot ondsisbewld &e npterdkat thexmpsigedae;bledkisistybutignawowld geespond to a
wnote RRRRHERY AR B TREB I Bl P ER 3t} s
would fré@R thé pEHFFene TEeAdid Alsafution GOMRORA s0FIBeRO Nk t&ithig all the
the inventive polynmers include blends with other

availablg petgna Preyunaphy Hatipg thabig merdy idgetinal fa@ese preduseg byithgysoft
Caniti o e Lo
camen PR . LOObY GERLT AhABd A e QL LB aeTEsr o
preparadigemREF).bl owi ng agents, and plasticizers. O
particular utility are nulti-conponent fibers such as
. corels tp fibers, having an outer surface |ayer,
1 JLd Uses; a5t in part, one or nore pol yners
according 20 to enmbodi ments of the invention. The
[1670! Y MRS invBitiwl Hi8s0PBasd S€shratBd prdplTeh€%-s1eEMbdek ffdtPolymers can
jewelry, such as synthetic opals; and, decorative '
be usedjip arygricty of theagoplastipsfablicagign prosessety/pradeieuseivh prtiglaseincluding
. Lo form phot.onic crystals t oni -
objects 5By oY BUPLORYGGE MALE Poaf I PR 5. PRI e jyver na
multilayay €ifim Paé fRird deth ySca Q Bw 1S €alpderad] o€ ex tpiaiecoatifPp proat 8 ek; molded
) mesodomai ns alternating in refractive index, with the
articles (g philowi pelded.dniseiénn meldgd. s rererodind artiderd cyapsion: tibgs: and
Vi) ot : . ‘
voven SO RLTBRSE VI THEL A IR0l AR Ry iy coue
bubble oeterteefieme prde8ssWI2E08p109i1¢52en poETibSAHNR DB2B4 2nveh G GOpolymers
. A photonic band gap material is one.that prohibits the . .
include M%B%@’é‘?‘l%l??r GRtuEH O s YIY ﬁ:rP@ﬂYrEerF’a?&fig{VieBﬁewqrﬁmﬁ agents, ignition
resistan® R i ¥ds Ehtfok RAHE NGYbili A€ & ol PaRd kxieﬂd&@,r&@ésﬁnking agents, blowing
directions. That is, band gap naterials prevent |ight
agents, hnbptagicorsag &0f prgticwarngilitpire multisonponentdibers wpkees ¢dre/sheath

. energies. This .phenonenon can be thgught of as the .
fbers, I fHstite ap i RO SRS R OTRGREE e e Ay SR Bfery ccording
to emborlimérith b thle afivehtieflUERE Yol e RGhSHa1as bd hedMmbRiciedlsudasabys;

| east one direction because of the particular

jewelrystuch @ siyhetigrapaligaife decositived parsasuchds féinhs of t he
material, and refractive indices of those domains.

o ‘ five i nd
[16ésﬁeSa?g{%ﬁ%‘g%@g&ﬁgﬁﬁ% toﬂfgﬂn DRblORRdrY&ark PbESE: Rhd gap

materials, or elastomeric optical interference films. Such materials comprise periodic, phase-

Appl

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.
6,433,931, which is herein incorporated by reference.
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these materials form photonic band gaps that inhibit
the propagation of light centered around a particular
w0 e@guoegrsey. (Joannopoul os, et al., "Photonic CPEBUS1089/032642
Mol di ng the Flow of Light", 10 Princeton University
Press, Princeton, N.J., 1995). One-di nensi onal
photoni c band gap naterials include structural and

efractive dicity in.one directjon .
(16310 ariiirbnndsaritetd oo Gronbfehe arepagHionple
electrori‘?zﬁérnleﬁéj kel dtdon i W tHi NV sﬁéc‘iﬁ‘&it frQiency?iaflgd (HaB@:iflicBRAA IdRB&kons. That is,
phot oni ¢ band gap materials include periodicity in
band gappnaterials pr@yentdxgbt frpmmq)pagh@ng wfdegtanaghestiensgvith specified energies.
This phE:rE(%arQec’n%] tctaﬁ EC e:até Irtlrge:comc le%e gf;}gecgma?% ??:1 er:’otrr?ag&e%c ratdlnatron of a
partrcul@rpﬁrecﬁ@hcﬁ @rr&:lt’d'dﬁ& $heQr§1attei‘i§1 i QRSSO dirt&PInHeBausé b€ the particular
optical thickness is defined as the product of the
Structuralc%rrﬂagemﬁm@i rerpsate dpmpaing ok theanatgral; and rehiprtive indapqsipf those
f. I
domarng lalthreg?/rluoﬁ%ftl g{%\g@?ﬂ: ?}‘L ct \Q: E(ﬁ(:rgsgof es%%aﬁ%tg d%glra]lﬂrtrs I%Iéat make up
these mafetinls dbrnt pharbime $)8nd)garis hlmtdldﬁ’ﬂut . pr{)ﬂa_git]rorUSfelﬁgHt centered around a
, erials for photonic applications contaln .
Pamcul%%?fﬂéﬁfl“sv slopniaiter e ho{eriss £ P Saalding tinglon or Lighe'
Princetdl) frr"i‘fgrtsity ®rdsl Cierl‘ncetfont Nq r@gff OAk-GABR bl Blgoterlﬂ@ band gap materials
segnents” or Dbl ocks. Sui'tabl’e choi ces can be nade sO
include agugtora amd efrattine peeiodmdy iivend didekioprteordimenfionahphotonic band gap

materiafipTEberiod 5 R B il Tide EORERBRER Bl b eop

materrafstrﬁélﬁ(‘iél &iodicltyiig tradditdgeonpl i shed by tailoring the
conp05| ion of the blocks. The refractive index

contrast can be further enhanced by bl endi ng
[17 (Ho mpohbhicflectgage WghviEnamytaatepiopeitigs ot Phaiprig crystal gheptical
r
1nterfergr§:8tfr>f191ﬁaé§ Iéhag%t?el% d bgjlgel %ﬁ%&&%ﬁ%&% oggle@a%fs (;P ?gr The
optical ikitk@iBssak efi@tae dhenprobua os t}refaaﬁiahthﬁcldnags&rm@nd; refractrve 1ndex
se| ectively incorporated into one

Films cp} be %q,sagﬂeg to fqﬂgctnrﬁfréqefia‘frgrb]{eagreulga@p%elt @/Iaée{g%gth%of hght depending
on the Jﬁ%ﬁ:ﬁﬁﬁl‘ék s bgﬁ@)&oﬁ{arﬂshe segnents or bl ocks of 0.01,

re pre era 02, nore preferably 0.03 or greater.
-59 WD 2009/ 097529 PCT/ US2009/ 032642 [172] The
[17Her i obsefut matenalstfoigtoterad araﬂicatmgercentaimldncltsearrsegm@ys

c arate domai.ns.of si.ze sim.lar
charmet G AP ERETeh L MG HRRAPF Aes Qe S R R BT sggments o
blocks. CRRABREhbRed Fanfbe MAFLSBs (b FAB5 FRGEActRE index profile of the adjacent
el ectromagnetic radiation desirably effecteg

domaing [tekastively comeentate ot diffuse thaqppsical fadid ;ntw#mpr@iuem by the structure.
This cal) 8e %c%?{ %sh &/ntaﬁgr%%%vﬁg %gr%%%r&or? I)f tlhn%FocEss t Th Trie?ractrve index

contrastSd?uﬁl]ble(furblﬁier leh@ihcedﬂ bugkntiag Qﬁfn@bherﬁhthat llibazﬁd I@abrelnfialt dﬁﬁmty for one
material. Band A gap can be discussed with reference tg
type of flymaine (Qngappinach hidermplay ek Hden aynonarisieadditives, gk as CdSe

paﬂrcle?f\;ﬁgﬁ hé&oa @gﬁ?ﬁ aosfurira ﬁtaiﬁ%%r%ﬂd &eeamfe Eﬁ: I%B%d%é;g&e of the

I's the effective i n ractl secon
domarns Preferably, the materials have a difference in refractrve 1ndex of the segments or

blocks of 0.01, more preferably 0.02, more preferably 0.03 or greater.
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30

domain. In general, the larger the refractive index

ratio (refractive contrast) the larger the band gap
w@e@9/0971524 he present invention, band gap is taPCDUH09/032642

be above a predeterm ned threshold and 10 extends in

one di nension for one-di nensional systens, two

di nensi ons for two-dinensional systens, and three
17gimeni.bons for. three-di nS|ona zé»tens Sui t.ab d
178hoi c48° REIPH Yﬂﬁ&@“%%ra ALMEGTERS $rORE brYeCF‘?aé%‘EuS%arate omains

of size {iMEI8XtoRh® {ial@eith lil8hARhREEN o e HOMARI 8 Gbp¥RH Yo in a
concentrate or diffuse the optical field intensity

Vacuunmfmdf&p@e@) bﬁ/elt:moreftgngm mﬂ@tlomldperabanefb?etméﬂmkﬁe he thej syructure,

prese inven tailoring.the OfDOS ti.on.o

preferal%lﬁeo raingof rs]1 € Qo gred L rocal?tﬁ{e Vele e%t}rl g% nlte;fés(%l AL r_aL(;étlve index ratios

betweerf &djhdeAsorf@fs Elﬁ)uidlbd lhigh eﬁcmgam@ @6tallyshhal lﬁllﬂdlgﬁﬁ in the materlal Band
onents that have a preferential affinity for on

gap cantl%eggsc&p sed iy igference t@ﬁﬁrrgfé%qﬁlvp dndeg r@tpﬁj{n@,(}ylg)q W@ﬁrq rhd%ghe effective
index of‘?e@r%pt%l{e dA fi‘rs?ﬁcﬂhﬁlh\éﬁé ﬁLfﬁ@ef?é:ttlgg §ﬁie %ﬂ LGl i&v oﬁ PG
are coate a sur a%t ant ayer an ective
domaini Incgenpat, ahekrgentie rofractoe indes ratﬁi@ (refr@xsive Ebﬁtfrzet)ahé la,rger the band
j acent, dissimlar domming differ in refractive

adj
gap and| fBR PEaEH IRYERLOR AN 48P b '§Horeq oD e A PrEFSterTRieg teshold and
extendsqﬂ ®nd erﬁe!?ﬁloﬁtf&e&ne' (ﬁmgﬁﬁéﬁaq rs§stt$}ﬁ§] two dﬂﬁ@ﬁsﬁfr@ l%lyt\x%t dimensional

| east about 1.01, nore 20 preferably at | east
systemsa biodithrek. cﬁ@eﬁmonsafoc dma thmw&oeétsysrﬁmwaﬁelltmh@wmcels y:amge made so

as to g el O e BB P LISTHES Perica0ry v Eopstatse o
diffuse fRatdplicalField fn@é’ﬂsﬁ% Pﬁ)dh@ed]byl@e sRE @RI aliycah bR hctdnplisHéd in the

and nore prefer 1.02to 05 for a conti nuous set
present mvemra%bjetﬁglpheg thei Q@glmﬁmhn ot ﬁlﬁh@t@@rﬁ@ﬂlbb@ﬁﬂg dhefeffactme index

n 0 m According to an
contrast cranlf)e fur er en ance?1 E%gfeenélrné fc:grrnlpelaents Flg% ve a rgfteré:élg(lal a%%lmty for one

type of ﬂ@hhl(ﬁs O?dél a@brd‘a@lﬁ isao 2mpleyIHipi talds nsﬁpaﬂfclel\@idaﬁﬁﬁgiuhﬁ as CdSe
%bmnthin a wavel ength range of from about 300 nm
partlcleﬁ ovla fe cogtod With 2 aiH@caeClaydiong stlectiisbt Weprpgrtedgnto one of the

domalnt?. Egl%ﬁég%ﬁﬂg,tr i actsgtfed séﬁ'ﬂlﬁr ?&851% ﬁﬁfetr ITIIY Ieeﬁlagt(?\?%in?éox %ﬁ% 61f1a9 the ratio of

S east IS Trom
the refrzmtleé em&bloy ofle @lthe othtr Begremel thar & ppefefabhyadillyasdatiddt 1 61, and more

for.a co nuous.set of wavel en ying wthi
Preferaéy #alrattehgittd - Mﬁ@é CBRUTYOHHTH 96 mavalelegqﬁ%fyn%gow%nmWaveﬂ*fngth
range ofr H@ﬁeabghtei 0BG kSattuf WG LY, 88 sof¥ @hl@b&ﬂn%tsat}{%@gf}acg@@ ihd®x ratio is

heir dispersion relation, cannot 30 suppor
ﬁDn11@OEnti@qm@hebbclQhVehoéan¢emnapmﬁidEnm@aawé@Sﬁhusanwmummset

e . waves are in ed fr r the
of wavelGlRFi¥RE SRt s Do bt et RRS08Y) Bs6 bR HD iy
Accordihi3@o R tHEREE 6f itidderhelte (Bdre prded&l R f infad ﬁflb@émst for a

that, in a disarranged state (not arranged with the

continugesy jebelf walengdsuyiagathée 8 arayelepgth mﬁt&e@nﬁ onbalreat gehnm to about
700 nmpr O er 5rd?n£1tolaﬁot%5r é‘f 8{5 émb(pdrjl h tellnt%l t&lg rat qs\f\gfganc%{\]f% éﬁ(%xtori] %ne to the

roma etic ra 1 on 0 n’teres
other is Qialeaftl 120 ot is fidim 1,664 1. 1papﬁ:feadtﬂy 1on a@$10)6raﬁﬂtmdr@pte|&ﬁ'ably 1.02 to

el ectromagnetic radiation of interest, defects in the
1.05 forg epatigpoysssaeinvavelengths lying within a wavelength range of from about 400 nm
to 50 um. These dielectric structures, exhibiting a band gap in their dispersion relation, cannot
support electromagnetic waves at certain frequencies thus those waves are inhibited from

propagating through the material.
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5 structure of the photonic band gap material define
pat hways t hrough which the el ectromagnetic radiation
W@ 2090092529 si nce the criteria for blocking the PEHUS2000082642
is destroyed. [174] In certain conpositions, one or
nore of the blocks or segnents is crystalline or
senicrystalline This crystallinity is one
|st| [ feature, of the |nv ntive interpaglymners
(178 BPRS L FTE ShPuiehe e oF Materia 1 B Gt sace
(not arrtSRE vath (ABBEGEUIE st indéSsary RbrSphbibnid Mﬁlﬁ%b RbgeMies) is at least
provi des a nmechani sm wher eby t he photonic eﬁaV|or can
partlallb@arrsear@ntsmbheyelmﬁm@agn@ﬁc mdlat@flfof ingeresti Whien theymegaeipl ip pleast

part1a11¥ lransparsenta tsr(’%gggelectroln%a CE: ¢ raX llE{tIIOPIe f ?I%Q%regth&e%ﬁ?%% %enr thg lolP(ﬁ: dsd domain

structur@ﬁ)f fHé@h@fbnﬁﬂiﬂn@rg‘ﬁﬁ E@Jtdriam ﬁeﬁmi pﬁﬁ{\b%ls emoubls whith tBaslectdsinagnetic
that of an anorphous ethylene/ - octene interpol yner.
radiatioggamh PRABEICE Shescrigerin figs blpsking cﬂhf‘alﬁév'élotl kefestraxad: i ng
tenperature, where they lose the refractive index
[174?]ont r ﬂ?éerﬁﬁlc SMIOBQ dnd I'& Hiotre SME @fo&:ﬁg blsstekﬁvﬁrén@fis @rygélline or
photoni ¢ crystal. However, upon cool i ng,
semicrys@tiner )Rlﬂsadrbfstmldannﬁtselneailstmgylshlag If¢ters ofifie inesttior @gerpolymers
e refr e index contr nd, resultin oni c
comparﬁff E?p‘&?tﬁfl %‘fﬂ’;‘jor &t ghat gf‘Vfi nd‘é‘?fja‘fsréof%maﬁ%&@ fs This
crystauinmyw@&%s ﬁﬁé@ﬁﬁisﬁ{wﬁér&%ﬁtthh RlofohR RANON M beREAREDLY tBfhed on or
the material. Domain’size can be varied by
off, par@eﬂ@rbt when ottveblpeH @itsegmento emtaarne\mdglm gtherdriokck type is amorphous.

For exaa}pﬁg)gﬁ re%r%c %ﬁg{lﬁi‘%ﬂhg ngog e\l}%%]?llcr ﬁﬁ%%@éﬁ%b&}gﬁg & tijé/ Szbn?ecag that of an
amorphB&s &th@end/ 0-o8@he titérp6lyyhes Wehdh @iketifldicii BaIBdatddyMvOtheir melting
domain. [176] In some enbodi ments, the |ong range

temperagpigevhern dhearlpesrtharafetivg indpe colsig rrseisany thexhibiticlamegristics of a
photom{t.% aﬁ{a? Cﬁ%@c@&b\%}s %%'oﬂﬁ' Ihe Qﬁ%c&%%ﬁm%rn%&&%ﬁ' {}gtﬁaill)l(zeeé and restores

i'que 1 nv t|n nogeneousl
ﬂwre&ﬁﬁmﬁu&&&koﬁﬁ&ﬁh@ynﬁmkmgpm@ombp&h&%ﬁmthe hi ghest gl ass
transition tenperature (Tg) or nelting tenperature

conponents for. a tine suffici
“@r o Slze 98 S é%otﬁ?rdgweaalﬁwaga@l%@ﬁé@a?%%e photonic

propertﬁ? 6P A% ial THR MBS YLt REBABY QQ¥ctigl the tR etlecular weights
form of the conponents separatihg |nto nmesodonai ns

and commsmoslh apthe vatiaus blpdss. es(hhrtmnal,ly,@ahhbet (@ympatmlc sellventor
b [
nomopier o R B e ftbrse R RBL B RN A6 P Rgo R0 T

of the conponents by heating or, for exanple, by the

[176}s€ Ofn @nsdnvigsHtimudits Ghe lopwesiSe dr@fﬁ‘ ahfl @AShthii@Nof the domains can be
tenperature of the conponents bel ow t he room or

affectecdpprepessing igrdnigugy-eOB sucheroGsingyeghugpoyyghros treating a

homo gétﬁrgé—é\s#?ﬁ%?e%{ ﬁtofg eAe f1 M Egrb V\F{ﬁ% gzﬁ)\()IVE ﬂ{y}‘ﬁ Eﬁes}_rg éé socfantsfalo

e cop 0 eln nam C a
temperanmt(ﬁgloe mdmﬁggdemppimaﬁ‘e (TWi et hihe sdneponbnte oyt tuab @NfélciehEto produce

or Tmof its conponents wi|| separate into the
the desiRATRAPALS SPRTEEM PP HEY okt g myHRRlogy will take the form

of the c§ﬁB§ﬁe§ﬁ§ s%BaﬂaﬁngA‘Eﬁt@hlgg&o%ﬁ’&l \W@i?glﬁlp& Jhth, Y(.Breelxgmple, can be cylindrical

or rodlike, spherical, bicontinuous cubic, lamellar or otherwise. The film may be brought above
the T, or T, of the components by heating or, for example, by the use of a solvent which lowers

the transition temperature of the components below the room or ambient temperature of the
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stacked | anella consisting of alternating A and B
slabs or layers with different refractive indices. 5

WO pooaiolised on, if such copolyners are roll castPET/U82009/032642
solution, then well ordered, globally oriented
mesodonmai ns can be fornmed. O her known net hods of
gIobaIIy orienting lanellar filns are the use of

urface-indyced orderin hani c such as she
operatify Gy REREN B0k IS G o SPFURTERNG b dcp P P gy unstabl
single pRBGNGAILE, Wil to@h GhsWRhe T[ 3/T], o th&mSIMREiVIRRESarAE into the
the invention do not require spin or roll casting to
mesodoarcamSe\I@ cert@in frseangdess theeﬂlam oo i 4Bthledk copelymers will yield
of t nvent

S Si di e
stackedFI‘arfle r?e Crdsr,ls%{én %ff aolé\%:rn 1n % al} a: t aL oglggerf X/ltl?l dlﬁortegtnreiéracetlve indices.

In additRsmQ [fesﬁltm e8pol$rhetS afy roMicditTdna sdlﬁ@(ﬂ’ﬁ mlfknuseu @dmat @gBallyoriented
ternms of processi ng costs. Clher typi cal nel
mesodogiadisecss ibf dotnegh Qiﬂtj?ﬂ kgows isthogls of gle i;élbt PIELIRE |1'@n¢1@r films are the

r
use of sg}fg%ﬁngéce(gﬁ)gélﬁqrf r%‘g@l{a%?%? ﬁg{}?%sns%gﬁf Flg@éﬁ:" tt blilz‘fﬁélﬁgmen atlon and
electric Clehiv@nhagnedt fipll afigementel t pr ocessi ng technlques
be used 15 to achieve simlar affects. [178] Sone
xanp s of the f|| exhi bit jridescence and changi
07861 or © §6Wﬁ8dlg}?§Fse° thg muVﬁ‘HfOc‘j‘eUIﬁ’tnqti“‘éh’freéHmt%éo F‘fsﬁ‘*%
the des@aa&g&@d strdcl 9. ToEetdyRatiMEle RbABkestiBh %[o@ahg BEfR 1§x%'ﬂtlve
al so be fabricated to form nechanochromic
polymerseaah @@y ofing tifat Hisplags phatenie rprcallertm; tbhs pl@spbtrgdrs trtmendous

aavantsfE PR EgRAt B RpEE: DL Rl Ber s iR Gl Rl

1nJect10ﬁ @fﬂ]ldhﬁg HbwAbAcAualh Qr&h@llfga PRERe EXnBRIN, BRkwnt SHbIKAE SBer
the filmis stretched, the change in the thickness

formatl@f, celsadarigend oghay servenfiandl ipphymes nediffreeassigg fachpignes. may be used
of light. As the filmis relaxed, the
K”mhﬁﬁgg?%gggg?ﬁrn to their original thickness and reflect
thelr original wavel engths. In sone cases the
[178]ef | eBbinwiekymplanoibe fidink extabit frideseenbeand chabgi@gtchlfoougithe angle
. .hearinfrared regjnmes with applied stress. 25 [180] The
0f”““¥ﬂﬁéﬁ¥P@gwﬁﬂ CLﬁ%@?polyners may al so be used to form
polymeric reflective bodies for infrared, visible, or
[179;I tr aTh@lrﬁfEnﬁ\hﬂﬂ@)ek AeerpseeisRas alsd bbEatrhRA %o form
, 711,176, whi is herein incorporated by reference.
mechanpplirgmyafikms: f&mhar@ehronm éhnaﬂ gmaieainl whishfrenpaeds thyleformation by

changing SoIdtS i PheS malftus) Bt SgPRleVlR vifoc P & Tots 2B SlEpe appied

strain didMo tBE€ alllzﬁl-ge Thepticav@idkin¥ s, 1AM e fidh YO&fetchad &ha dhfaal@t: aged thickness
over these materials because they do not -62 WD

of the lpgroyper?shofiincty @Q@M@smwlerneawf &ighth &s éhepléis jsvelaxed, the
layers r@tﬂ& &ﬁﬂélp Hﬁ%lﬂﬁlocﬁl%ﬁﬁés nd g?Pﬂe g?ﬁ %ng@gﬁg\)’eléﬂgﬁ{smﬁ}!&ﬁe cases the

rusion, tTo form
reflectivity can be tailored from the visible through nearinfrared regimes with applied stress.

achieve

[180] 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 because they do not
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[181] The optical interference filnms of the inventive
bl ock interpolyners may al so be wuseful in a variety
w@Roogpeiseal applications such as Fresnel | enseBCT/UB29N/032642
pi pes, diffusers, polarizers, 5 thermal mrrors,
diffraction gratings, band-pass filters, optica
swi tches, optical filters, photonic bandgap fibers
. i cal des, onnldlr ctional reflecH
require IR R SR reT PR BR e S BB epipaign. o form
the reflddfi€e bp@sparent el astonmeric optical interference filns
of the present invention have a nunber of uses. Such
mat eri al s can be used in window filns, |ighting

[18Hppl i Ehe porsl intq{?rwéﬁmﬁ ef Benrngye plock dugrppiymesy ay also be
V .
useful iff ngéuﬁ%tgus ef)#l@a]ﬁ] n%ﬁ%sgérg gSélgl:}] g?#%g@esl leLf{\{ Elgflt e@{)és gltffuégrg Polarizers,
thermaldﬁ@@mtiifﬁectlﬁlgia&gsulsaridypaapﬁltm@ﬁdptmlsswﬁhés op@i@umlltel;s photonic
the filns may be used for acka i ng which display
bandgap Fhefgi Rjicalo Hregpidet: @Hudirep @nalwgtkﬁgarﬁ@%hmﬁfw}j@n%ﬁnent filters,
and the§ik@ped items will cause the filnms to stretch in a
vari ety of ways and exhibit unique color patterns.
Toy or novelty itens which change col ors when
[182t r et Thetanspacht dsstdBehadptoohmtaferawh ddsedf hatpresentsnvention
si,bl e s.or senent s

have a fisibepat YR SPULTaTEN APk o SRk A Jieblife AP Rons.

pressurd §Hn'éd)1@ nsiivaty Fitersf é)ie"ﬁrbﬁéct"{’dh cablatdignydetvapiorRtive tapes,
mechani sm causes a pul sating col or change effect.

greenh@[umfs]msmécl@gmgc@lys pid evedty atgae. ddcorasivefandisecysite g@mlications. For
examplér‘,,rw eﬁfn% £l WE% P%&%ﬁ %&L?gglﬁgl wfhﬁsh (ﬁg) %ha\%lg{ngi%m;or\ﬁ@ {téis. The
wrappiﬁghbf(ihreg.ﬂ@r Dhpddieenghowal diSise thi €ilink |td’T$tf.‘e$¢h in20y apietyn@deayk @nd exhibit
) reflect a broad band wi dth _of |ight. Because of the

unique gplgispatigrmsy Tay of peity jtgms whieh shangaeaers warepstetchgl. such as
balloong Hlaérﬂ is@éd att % altséi1 ﬁ%{?iﬂlgn %m%ﬂ@&gag%ﬁg%éﬁrgents may be
fabrlcatekdam thdh (Sﬂ&ﬂ&@tsﬁbtchtﬂgaﬂ potthnas bf ﬂm fdarbyben infaldort/deflation

refl ect |nfrared P L tain times of the day, and
mechaniyg faUSEs PYIAtg£qor ﬁﬁﬁé % ransparent to visible

l'ight. Even when stretched, the filmwll continue to

[1831ef | e¢he HpddaPiiQt@éncwan b %f‘gfel'iﬁ’esegtﬁn{/éf%h mid¥&also flnd use as solar
el astoneric filns of the present invention ray al so be

screens weeeh J@ﬂe%tdpﬁnmé bikt. Inifighs with| vaeyisg ﬂmkpih@mfghfa@walby the film can

r et.c e f.il it t eflect different
be made\:Nanvrg fexh Gt andlelgﬁ,]htocf ll.ﬁﬁy slge ause (% tflff ﬁlasetlcué Soé I% e frllms the infrared

reﬂectlﬁgﬂﬁfﬁct@ﬁtlw tBd §in iaybelnded t@@[ﬂe@:ﬂhﬁg&h@fﬂrﬁﬁ TRusl &pending
known that plant growh is 1 nfluenced by t

upon thqvggq.geéﬁggqqct@flsqqs g‘ll‘l? filacan bemagy tq feélegs ighigred gurlng certain times of
the day g{ngﬁg%%ﬁ{?ft%%? @%‘ﬁﬁal{spgﬁ%ﬁl\&z@g ;{lgflt! qésv en stretc?ed the

film will camtatiie 38 radlect @8aWble? GASIOPBIB29 PCT/ US.2009/ 032642 of
a specific wavelength of light is desired as the angle
[ISZﬂf | n‘ﬂlf(:j glggtgmgglc 1 l’plé (I)fgt?lg p%erggr?t r?vsen(tjlgrrl Irnr;g 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 transmission

-63 -



10

15

20

25

the day, the filmmy be adjusted by stretching or

relaxing it to nmaintain a constant transmtted
woewelgrsgt h. [ 185] The filnms of the present i NRERNUS2909/032642

may al so be used as pressure sensors to detect 5

pressure changes and exhibit a col or change in

response thereto. For exanple, the film of the

o s RS R B B PR SE5 AT Sh PRy

the day2thé il nhy &Cidjlﬁ&d%ypsrtl%&%ﬁfgeorqaakﬁi% li b I @n ARSI nstakWefhsmitted
an elastoneric filmsensor may be  provided which, for

wavelergtlinpl e, reflects red when an under-infl ated condi ti on
is encountered, green when there is a correct

[18@2‘;3??5@ fllrﬁ‘gigf LF% g%]séﬁﬂl as Hgﬁ ﬁlag)g}sﬁ)ltbﬁsﬁ%} gszllﬁ‘és'sibl@;ieg%ot?gto detect

1 on oner i
pressuré cha@géd ol dxmbltai &dorf dhatigdingegdnsd thaiev. Jastgesmple, the film of the
stress coatin A filmof the present |nvent|on
present jpyenten may &g fa 10@‘1@@ ingg Arcragm & alfiven topngther Afpepwface such
as that )%ptﬂ% €5adtQs @ fﬂlﬁgﬁtsérﬁgr Ofnfshh §1 b RESC fRY s V\iﬂ@@lﬂmay be
neasur ed reC|se using a spectrop ot onet er

prov1dedwsziﬁa;1’r éor dxbmplh wf@etsmeﬂ whmehremgtelrrmﬂatéd gintlitioafib eldoadtered, green
fromthe film r surface a as may.be

when theg 18 A CQITGFHATCSS IS "I“}dlr tﬁ%?"%‘%g‘ Berf‘é%%mn PYe ‘ftﬁ%co ton.
[187] El astoneric films of the present invention are

[1861s ef UElakdonfedil a1 @4 of ineré¥t inSettidnasay A8SGHd BRsistain gauges or
Uni ted States Patent 138, 173, mhlch i s incorporated

stress copsingp.nAjfHm Qfsrh@nlteisfrrémyvebyon mey be dmcigatesiethe dhgpeagfg structure,
and thel‘?l E:)?pofser:(? fhus eﬂta yﬁgﬁo%afagn 8 tﬂg @ur?actegna tﬁgrll @%/ {n n%“?%@fg%lggy using a

an eye-ca , or raw a
spectropmﬁ@rhétbﬁwﬁich Inﬁda@u@ﬂthélcﬁﬂig%)ln Mavélefigth aff ﬁghﬂi’@ﬂé@ed from the film.
di spl ays are often used in _signage ., outdoor

Extreme]y |l3rge gipépse aFds sty dstcoxsrigh gt thefifm g tbépreaﬁﬁat IBREIoR; de
variety of 20 packaging materials. It is particularly

[ISﬂdvanEﬁgﬁ)%c'fﬁmg of {%wré’%n@lﬁ%tﬁﬁ)n'ﬁ?éj@sehﬁ i PABRA (ﬁ%(l)% such as

as a function of view ng angle. Such displays,
describabin’ [oErutedrStaihs Patemt g, tissiy3ayhich iaimeorpotatatiaitie ieiemntirety by

referenge: SU\‘A}('IhéP ays %%rle %%Elgluls%gas??gﬁ%g%}esrtéﬁistafagglzlﬂégtggtfoﬁ%]an eye-catching

mannerB&GK ldrdw SicGRioAYXS a l's‘ﬁééhﬁtgarﬁcl\é%kﬁslp)faﬁr fePSal& qlhese displays are often
arrangenents ma e made using the filns of the

used in pigasgarie. g .rontdoor gﬁlboaﬂde apd steegl siges)i meklwé:e,oand@m a wide Varlety of
packaglplgcr:r?a‘% ﬁsh tI¥lS artlcu‘ijzg\ﬁp dﬁxntage%tutsﬁ gp IT’%? ca 2be ma(&ef tofc ilrrlﬁe color asa

arce i on
functior® pﬁﬁt:waig-aag@u Bad¢h dESIRGY. kh@sn am:ommlf ibpleyd" s&t @Bticeable even
froma lanp to create a desired lig I stribution

when viged gpipherH]ys andajeq forfirect @8 yjsved's mtffmwpﬁ@ thei gtiect on display.
reflectivity of the filnms, produces a nuch brighter

188! OfBgék'iR'd 1088 ihS 2 vEEGY ofbbdtaf ' g:h be made using th

S0 o1 ByaSR OB 07 oBTE0 6 ek RANBE P60 R oy gyl sine e

films offthe pfes¢mBnehtiomeTlx aseneviny eedd ron ne@ysai¢y bsedisplay, but could be
. ong ftlon W th %Adls rlbu%

a luminaire 1ght source which uses the combination of film spectral-angular properties and

wavelength emission from a lamp to create a desired light distribution pattern. This recycling,

coupled with the high reflectivity of the films, produces a much brighter color display than is

seen with conventional displays.
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i ght source or several point sources, just as
conventi onal backlights are now used for adverti sing
WG R@neIse9 conput er backlights. A flat refl ectiREr/U/51009/032642
uniformy colored by optical interference, which
covers the open face of a backlight will change col or
as the viewer passes by the sign. 5 Opaque or

ranslucent lettering.of a chosen dyed or. pignented .. .
11891 oy THE s Plestiienfiel MRE BF attd e SubBefn witf gisgibuted
light sohR8 8F s&era? pHRE BorRédsNfuking bR GdHRoAMnck k4B ALIWMREY for advertising
' interference reflective lettering conposed of a

signs ordionfpatespacidightr ddflate¢flastve (b funifermbyagelerhd by epéeal fritpnference,
i B B BB R TG B0 e s,
OpaqueCdian@suédnt Cdlefihg of 4 OBt By&DYMefighedtBd cofean Beaipplied id the

‘displgys a‘green to magenta change with angle, while )
reflectiyerovefilnpyierichgr SHORPTALRR eRpigUeo Adcastivelhantralcsnse reflective

. - r [ [PeTakS .
etering S5 SPE o | B Yt R BB SR o R RGan ALE b applicd
over cufoutsmaderin ahsaveefilns,edith te'l¢teviagldisplagitgethe npposite change in color

nessages, or even_objects that are not visible through
from the RVef {NF, SE- poafes BIm AP arervedp e cBinEe WivBTae. While the
letterind SN a Mhsin®] @ MLIAENRRr Ble ARETRbIS MAACHEE oS binati
eenn%ice-svaers%.nThis “reveal " éffé%t ca%615 Hgg COTRT COMDINAHONS
are possalkleanpplellshed usi ng specific color emtting lights in
t he backlight, or by dyed colored lettering or
bj ec under. the .refl ecti cover film, [191] ,T .
96)) oo e td8abeS i FGH HEn St in hhhed i arnFligrne
messagéd)6r evisidbfecef thithge hackiibighhroug@iettmMt I4g O hgbdof incidence, but
reflective interference film In this sane manner, the
becomedijgllx [visile Mhen pigmvgd @enepmal ieedegre 19K g'y:e(ygfﬁab"ghis "reveal" effect can

e scsIASLIT B PP B LEPETORGFEN) Y 4 v

or objegtetifideir theaefleutive cdirg fimi. ght ness of the chosen col or may
suffer in this case because of its transn ssion at

ert aj ngl es through the Lininpg. | his js. . :
[190] desithe Brightngs @? ﬂﬁ&@%ﬂlwa&&wﬂgﬁgﬁzi{nela%rf%@mde of the backlight
cavity &t ﬁ%ﬁ@qe@é’ctﬁ@ ekt efed¥i1ARARARG shihP8lanhdd HeWyERNZolY Balance of
of the appropriate col or and absorbance. [192] The

the displafdapdeicortreltdddryddhing b lnwregflealaser Geitysath 4 reflective film that

combi nation w th.dyed or. pj nt colored, filns o
prefereiR sty 1Y oG TrE b Ea0” s el e ufrerin i
case be€liSé bEits @RlsRisstt COlaif Hfdle@throhGhe lini@h | IRl Uh@edrable, the

color shift on the lettering while producing a col or

desired gpliof balagcetran lbgreaeted by ¢omingpruotbard linerdilgnwitk adyeof the

' e colored filmcould be applied to
approPr%%?g$18€%§nab§ﬁ%al§%6e of the sign, such as an

illum nated cube, or a two sided advertising display.
[192]165 WIheQOBEOm2&e®PETh WSRO KE3R6d 2h cdrfiddtionhweitlt diadsor pigment
f th toi ti | b dt t
colored\oﬁémis @xtelshpté?e aﬁtghorll tnh\éevri]evlve?r;idﬁg a?hig?e a geslijrg colo? cgnrtr% Sl?ChaaS, e.g.,

eliminating a color shift on the lettering while producing a color shifting background.

[193] The backlit sign need not be planar, and the colored film could be applied to more

than one face of the sign, such as an illuminated cube, or a two sided advertising display.
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backlit displays. In these displays, at |east one

pol ari zation of light froman external |ight source,
wanioehrseyy be sunlight, anbient |ighting, or aPCT/US2009/032642

dedi cated light source, is nade to pass through the

interference filmtw ce before the transm ssion

spectrumis seen by the viewer. In nost 5

ppl i cat i.ons his is.accanplished by usjing the .
(19807 er 185 BRESORbr hioss GBI RARIS ANGOEHSSH gt s ety gf non-
backlit 8Rp1AYd. Th MY SHKHIAGE at 1OWE Bn@ pSMFif ALA JTBYhPRom B external light source,

exanpl e, a conventional mrror of the type formed
which mdyr lmﬁglhllaletp@@btenblﬂglmgn@taaqleshca@dﬁ@ht shveer, iremnade torpass through the
1nterferf(:jr|1 gl r%tt()vllcce %I 1€ tth Qi o @EOB It nrr?{s Ben Fn fHeQiewdr, n most

ar 2|ngqﬁ? ﬁiﬁ§T1%%) it el Terence ? s of

apphcaﬁi(hﬁ i EiS aedon pIsREd lb}O{ﬂsm%bhe bﬁeﬂ&t@ﬂceﬁﬂﬂl‘{@ﬁﬁ aatantiioy wiltDa reflective

in conbination with either specularly reflective or
or polarging iy EACy. Fush|asetipcremay) be. deeexample)jafcpyyeational maigos of thegype

f,

formed UL BBt BE GRS 8 ol S tpdu AL C BRI E 0 Rl ymeric
mirror srgfoleziredilhy t he substrate) to be di rected out of the

plane of incidence, or at a different angle of

eflegtion int ne of .incidence, than the c
[19$]| ght Wgithy e I[j?é?:f[;F il.hm o g the "eQE‘EtéBV‘[*}WOP FRRyrhey %F‘? agVantageo“SIY

in comBiRGIoRRYitRdiIHRWMRGuaR§ rMIRWSE of Al ¢ FRRA QirReEVe A fusely

the transmtted and 15 reflected colors. Diffuse white
reflectingyubsieass |s pelchredsSush ractubstmca@sesstm ﬁdcesransmateei@yvth@ film (and

a diff ef lLective whj. te
subseaq Rt oS By e R Rl BB Ebg 0 hfia BpFS Y Bpoeler ata
different g1 @ﬁreﬂ%@tll&f inwhé plaAdef 1@61dE:ﬂc9:6]hah fheOddM@ed BRRQHAITE Ricgularly

the diffuse surface, or portions thereof, may

reflected fpg rﬁlmﬂxlﬁeﬁlerféw aflpwaieehe ViRDe! xdipgineinat b@twqeaél@ gaysmagges and
0
reﬂecte|8 %?Ité)@f ﬂlﬂ‘tgse | J%?f{aﬁegsf SLcﬁ a%?rd%?ock%msmﬁc%g r%t%ﬁ' \x}?tthgac(}(lffusely

rference as at least one o |ca
reflectitelniiek paint; elegpdcidliygidy aroygiout hethstathey wipereme afdispldiethat changes
ectrum over which the ink absorbs. The characters in
COlOrthﬁéngésultlng article will then be invisible at
certain angles of viewing but clearly visible at other

[19(?“9I € étﬁet‘%n‘iﬁdd@tﬁeﬁt? GROiBkGe TRYace RE pURRALs ftﬁérre&aﬁlﬁ tﬂemselves be
i spl ays by matching the reflective bandw dth of

coloredi Ferextmpken e diffusk mutfacetchatairaigs mkpﬂhm@ntetﬁan@ly bf lanheated]W)th a

enbodlnen the te ce fi
itererpie 1 Can g 5T ALCOPG8! SHEAAER! R BT R T s Sy resion of
the spe@RIPHRG WHMh thehihiCibsBRY. i @akRedrs RRBE HBuRing article will then be
translucent. Translucent is defined in thi's context

invisible gt epstain angles whstearing bt djearly aieblie gt pther gy (@ similar technique may
be used%g gﬁg Jhgéla t])‘§}c rﬂgtclql%g %lflg rl%ﬁgctive%ahg\%/ﬂﬂ t)f\vl\ﬁle ?ﬂtettfprgnce film to the
in i anm nate 0 a rte or

absorpttb@b@ﬁ@ df the ﬁlﬁk’n)CB], sti\l\lfbtb;eh e@r&fd)dlrhérﬁﬁ lttie iatesferdnee pitrh Mts€lflcnbe printed
-66_WD 2009/ 097529 PCT/ US2009/ 032642 | 1971 In still
on withgy digpseamrortrreired inknwhichimay by eitheopagve At Iraslupayt Beanslucent is

defined 43 Bfs &Jhté%&ﬁ?hi%ﬁﬁlhg Bubstantially transmissive with a substantial diffusing effect.
Alternatively, the interference film can be laminated to a white or colored surface, which can

itself also be printed on.
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with a substrate that absorbs the wavel engths
transmtted by the film thereby allow ng the col or
w@Roovig7seld spl ay to be controlled solely by thePCT/US2009/032642
reflectivity spectrumof the film Such an effect is
observed, for exanple, when a colored mrror film of
the present invention, which transmts 5 certain
vel en s.in the. visible eqgi o of the spectru
1995y ¥ B e ity dber ortBe Ryt BBY B if fnbination
with a suBQFhtd MaCHIBIN M Vv rghhsardpbAftedDyRBd fidh &herbBP Blowiig the color
optical films and devices of the present invention are
of the démlafyéb be coufrollgdsolety b}f @Gaeclactivitppeectramct thesfilokAuck hn sffect is
r|va ications, the o

ndo .such, a
observe i exa %h‘g enparcé SOeI'r? rrluﬁr\ere ﬁ% eplhmgresgnt 1ngen on WHICh(E ansmlts

certain ﬁr@{ﬂdléﬁg@ﬁﬁ i@nhWitible 1@ EioaSf EgPesnaith Snd fefle€@ lﬂ)‘t/}&:lﬁ twaoaahgths in the
gl azi ng 10 mat erial s such as plastic or glass. d azing
visible yegtosy isarsed Preoprrieion it blaghpithstratéan be made to be
pol ari zation specific, so that the fenestration is
[19?3,SS emﬂg@l)f)t}/ca flﬂﬂssﬂfar IQ{ceg 8% fﬁ i)késéﬁt 11994&% 2/ %u?cgblgffor use in
i ght but” su stantla 'y reflects a secon pol ari zation
fenestratibng, isgdit gs skigbglebyr plivacy matdavgs. dr suchcpplicagionyg ltleer epticdhi@lms of the
' erties of the optical filns can al so. be

hysi.cal 0
present ﬁ%‘éfl?l‘?ré’alagé géfiﬂglﬂtcoﬂlél%tﬂor? Wt H 3t coppR YISy W&Ventlonal glazing
matenaﬁesh@ﬁ h@b1asti drlglds€f GeGing h@BEial9hrePRRAGA tlﬁ@fn'ﬂnner can be made to be
pol ari zations within a certain region of the 15
polarizagiga speaifie, (Se thpt thet fheesmtwregle@w)ltlaﬂmtrarepaneatntgm firs§ prgarization of
. | h f...on bot h arizatign not.her .re
ighebuf ¥ty 2R R A GRLRA G I BT g
glare. Tﬁmryh@ﬂtprblﬁhrﬂésﬁfmﬁ@@i&ﬁ:aﬁﬁﬂﬂlsﬂ Gatal @Mz, mydifEE®as taught herein so that
reflection and transm ssion of sPeC|f|c wavel engt hs
the glazgngnmpferigls iwill zeftpct Belt@hopepr bothpelageaians within @ geifgimgegion of the
spectru[?!’t?. Ottlﬂ‘feﬁt\/ﬁjgé}loﬁg éxglzllt t@%%ﬁ?&%ﬁght [0} 819% Iﬁqglé Bgléh {ons in another
region (prgQ\the:ielsthSMg@hb VE&his 20pdrengaly ﬁﬁpo@ﬁaﬁt mﬁgreﬂfnhblli@mpp‘hctatlons where
ht of specific wavel engths. Such fenestrations

reﬂectl%?eaqaistealsmfsawn o ﬁ%ff?pﬁl%wa‘feéengﬁlﬁa%ap bg ubifacd ticonte)) R%imtcgrowth
I bl ue or gold), or nmay be used
ﬂowen&faH%?%%ﬁ?ﬁ%%%ﬂ%E%%egf%ereof’ as through the use of
wavel ength specific |ighting panels. [200] The optica
[199]i | s Tbé¢ optival fiinesefithe prwemﬁm\@ntiﬂmmab elsbrbe as@btogtredde decorative

erials.in v ers as are
renesta e TN ot Pegi it Dk bl ottt R ey be wsed. for
exampld R $mpdrfa spei @& TR REIoiPidta robRe e @RWIEAdr dolld)NSr @hEbe used to
adhered to all, or a portion, of the outside surface

accent the decogther¢afgasrthrosgh e, use of waxelanate spasifiq lightinatpaesis.wi t h

the use of an optical adhesive. In another

nmbodi i
0O 1y R IS o LS 1SS YD
materiaBrid vhtieusrresinetsi ztsgtrecbrmvﬁstlotthe s, asnioongloca@itiad or Bxtousion. Thus, in

fenestration the optical filmnma

one emlgqc@@ﬁntaw oggaqlgh@ls' are a[d§9 fiéo 6]l1 q{&d)(olr% OE glegau¥81cigvsurface of a
glazing %@ﬁ&{ﬂ) fegeia"iﬁiﬁé,sby 1afifhatiéh AR ONEA AN %9{% HRAPQAR032 GAther

embodiment, the optical films of the present invention are sandwiched between two panes of

r%ducmg

glass or plastic, and the resulting composite is incorporated into a fenestration. Of course, the

optical film may be given any additional layers or coatings (e.g., UV absorbing layers,
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antifogging |layers, or antireflective layers) to
render it nore suitable for the specific application
WQ ol Tsko it i s directed. [201] One parti cul arPgr/Us2009/032642

advant ageous use of the colored filnms of the present

invention in fenestrations is their application to

sunlit w ndows, where reversible coloring IS observed
antlfoggjﬁ% hely Plsv\ﬁ)lhadléwﬂegtlgqh ]f?ty%ﬁSDg@ r&&cﬂe&&tﬁrppg&; SB&P. ﬁgor tfle spec1f1c application
to whichii@0ane&as&d.ve properties of the filmtoward sunlight.

At night, however, very little light is seen in

transm ssion through the filnms, and the color of the
[20%)i | msOng Pﬁ%léhladétaéi’%ﬁt%@luﬂ)‘%etoﬁ éhercstiored fifips pfythe praseres invention in
1 .
fenestratlohms t.ﬁ_@%p%c%@ Lto Srg@téts‘%%{g‘gg%él#@n% g%lglbééaéﬁ%fgff’s%b%%ged for day
vSs. mgh’c eEuhhg tie dal;lﬁthe Qopk bfamrharyindew @ diofatddi@inhdrllfby the transmissive
pearance during the day. 10 [202] The filnms of the
Propertlﬁ? BCBA { I ouA Saﬂh%yAb@gh% BEVPYFIVYEY BUL lighisiseen iy trangmission
1
oo REH SR 05 S B D880 TN g i
toward gqepight sturam us¢che iflimmanethe beonurfid d)llghﬂ spucmeh ehédth somulate daylight,
[ scent. in ara and the ectra
the res“!:l.t gaﬁom Vleé%yg@mé?{tgi? QHHFBPW*H}% finghedd¥i ect over
the desired wavel ength range. Furthernore, the film
[2052N DEhBHRs 6Qhé ﬁfels@ﬁtin@'htlbﬁ #1a mﬂetuséd @htariehs BedcYixane

pol ari zation for ol ari zed ghting applications
applicagepshingkiding] the bzz«Té:étt @11 @ebztcahkdlsplgm @smbeécﬂadmr ZAaepending on the
desired %ﬂﬁgﬁ%ﬁélz St}Slé HPn? orb% L r&F St %d%s%glgt iRa é}?ﬂ a%a%%g and the

spectralfsefek @ity cdﬂ@d’hlt@f&d&b Itréﬁirm@ Bﬁre@fsctl dv@hthe\ﬂéﬁfbduﬁ@fildnlgth range.
applications where colored mrrors or filters are .
Furthergpgkg, thefilen candigapaderio pefleck pingns gt lighs ef only ene ppliggtionfar
. pr ' i l i 0
polarizqIBRERL bNAINAReh 3+ BHeAotPeg Lk REnd Be BofffEditplast
incorpovdtinlg light Jiegjnﬂlngau Ilm:eeaael biri gtetyesis nad thiel élna cali bd e @rtransmit or reflect
pecul ar Iectlve el enent . behind the |ight source or
both Pof%%tﬂ‘?fﬁg’ élﬁ § WBRY USG AL RBY ORISR Slpred iR ThEr e
desirab@Pt i cal cavity. The output of the light fixture
typically contains a filter or diffusing elenent that
obscures the light source fromdirect view ng.
[203jepenlj1 thg supdest che, thedilmi of wheapresgnpiniveatidroin usesl ast falker in a backlit
light flxtturﬁ uo E(téz};lfef{n?&rg rggrrtlal%s gllhéﬁs%%lidgtg rell&}:llen IF‘]t:e an urﬁzc}:ayelnn'fau}[ie a%lffuse or

speculaf ffliei vl @AérBerbeBing Ehd lﬁlghlﬂ RIS 6 vefifEk it 11311@ Bémé& 6£Hhe ntedor
nmetal halide |lanp, or even solar illumnation, the

surfacey gft the PPiies AV ityr Eh% prtputeef tholighdixgpe tpasallysontaynspyfilier o

t
o S EPRRSEEL 8. L PR YL A AL o
partlculaSapqﬂleatlﬁmamthch thh éighrr fix tuithie dseued; ehaight beurde friay de adtuorescent

specul ar, may_.i ncl ude a random zi n depol ari zi n )
lamp, a (A BSECHS 2@1}? 3 SEBSIaHAR! AFF UK O NES PR 38 ﬂlglgtrfpug:su% et halide

lamp, ofl Q\%n%loﬁﬁrﬁm&m%oﬂ, e lhﬂt&melngqgansmltted to the optical cavity by free space

propagation, a lens system, a light pipe, a polarization preserving light guide, or by other means
as are known to the art. The source may be diffuse or specular, and may include a randomizing,

depolarizing surface used in combination with a point light source. The elements of the light
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WO 2009/ 097529 PCT/ US2009/ 032642 fixture may be

arranged in various configurations and may be pl aced
wawaboers2o housi ng as dictated by aesthetic anedDES2009/032642

functi onal considerations. Such fixtures are conmon in

architectural lighting, stage |ighting, outdoor

lighting, backlit displays and signs, and autonotive

fixture %%85? glg'élgg?eﬂ érT g%\]ﬁiﬁt‘:ga%g‘{rﬁé‘fhn% r % egaé:é%l Sxtnﬁ]?n flﬁgusmg as dictated
by aestlféltﬁ% @H&o@fun%ﬁ@ndl ciiddrgtions de&h‘HX@uI‘é@%%@ﬁm’MﬂtlH afdhStb&ural lighting,
[2 The color shifting filnms of the present
stage hghﬁmen@utmprélgetlpgrbtadduldaiﬂl%ys adyd alngtlege@ agtomeﬁ deghbgaridp The film
ci_enc

directional tin f
of the presan dnye alOICI) Prqv%ess eg%dr\ﬁm 4 fge fia I {he < gppeatance eeﬁie ou%lput o? the lighting

ﬁxume&t@@ég@ghamgélcatlons typlcally have spectra
en1SS|ons at only one najor wavelength. Wen such a
ource which emts _over a narrow band is conmbined with
[20‘!1h e fiTharder shoftingdilygs ok ﬁﬁtprfr'SﬁvtelﬁY%wn agg ptiqularly advantageous

vhen oSO SRR AE SR L AR B s commns

used in Necke onwyartl lightiag apphcm bapdalihhave pectnd iedesions ihotlene major
ak of t | anp, then the |lanp em ssion c

wavele%]%% S.EEH SOHEEE M 1<|‘,h em]'t%/ovglr agﬁgp‘géaﬂ% combined gith éﬁ film of

the pres@RGhSent@h, RERE diRBES RS coﬂtnﬁ of ﬂef&m&m g @aﬂi bORHiNRA. For
source is returned to the lanmp, or |anp housing.

examplayhiendhe myattverfdmais ineada vd thooharohy parsband velpelk egintideshwith the

emis R AL b S S TBNS  F H CE R B St e

the desighen@le] A otteabhaee tid 1uit e met fréraMSsouAddi fdnanad tothe 1408, or
reflectlnq filmneed not necessarily be of a narrow

lamp hqyging. Typieal sneneehroatip apgd pelypkematis epikeylight sourices inghade low

pres surd de?IR ?ar{n]ﬁc g%?%@/ la%s?hg&éscgéﬁ ]@ﬁ%g‘ c%t]ﬁaacti[#db?%s?erg lar{%%s. , and cold

cathode'lﬂ’ll(ﬁesﬁ‘aﬁﬂsmpsh atddéianefly,ehd te\ﬂecting fiin hlﬁa?dl g nedesdarily be of a narrow

a square wave ref] ection spectrumwhich cuts

pass tYR?r?”ES:P %ﬁth MANOGhIGEGET ERIHETY: HEMY oY PHRGCCHR IRPI9kRY pass the
el FRLER AR R PR PRI PRI SRR REATERA i
having, iforvexatripba acqumrd ezawrdﬂene«zh $p¢cﬂrmdezvhldu¢utame on«mﬂf at a wavdehgth near

t he foll ow ndrt bul b, h . a
that of hF s Soise™ CHbS vied Woaeflo SO TS TSGR Sahrgne feht source
and filn06f (M8 lpresbMGh LRGSR cﬁr{ %%ﬁﬁé@ﬁcﬁlfdetmﬁ aRUl P hﬁnféﬁ% the followmg
emtted radiation, i.e., Imis designed wt
passband centered at the mavelength of the lanmp
(a) A cyBTRdfSAI Db, kitch R ST EROBA ! t)be, i WRbp&f with €ilReRk gARI for normal
mavelength iIs emtted nalnly in a radial direction
inciden¢q anstssiandfshesbulbp gedwrsltte(i pydigtienak-bi the éﬂlyl 1bd¢sngned with a
passban% cgrrlrt%%erdyat It}pe v%rlavre?engﬁ tfl € ka(z)nrpg 1rs] olgr? | IHth(s: afr:]ome ¥ ﬁt oﬁhe peak
wavelep@h! & ghgitted anaing ubzyra@(a\}’ airbddntthen ﬁ&ﬂﬁilmgloﬁfgfahlsa film
selected to transmt at the bulb's peak emtted

(b) An %‘ﬁﬁl@f.‘t i)lﬁE §eomgtr§9 ek }eﬁgctcl:vae a ougng CNPDE ma(lie {0 TadiRt% in a direction

normal to the plane of the housing opening by covering the opening with a film selected to

transmit at the bulb's peak emitted radiation. The opening can face downward or in any other
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WO 2009/ 097529 PCT/ US2009/ 032642 direction, and the
light will be viewable at angles in a direction nornal

W@ 200vke7spd ane of the opening but not at angl eBCD1S2009/032642
i nci dence substantially away from normal. (c)
Al ternately, the conbination described in (b) can use
a fil mthat is designed to transmt the |anp em ssion

i nci.dence a from:t
directiof e Beal iy AT eBadt § A et P i of the
openingP8ii %@ﬁﬂ%ﬁleg@ﬁﬁféf(ﬁﬂc@ubﬁl@ﬁﬂiﬁiy dvt& fEEA G8smaat

wavel engths greater than the | anp em ssi on wavel engt h.
I n thi em ssion i s transmi.t

(c) Alte%lgéﬁ%%%@n@%@ cﬂ)qsggbedslﬂ I(IP)[canus? ﬁéﬂrﬁé]%% b%léﬁlgngé to transmit the
lamp erﬁlls'glt)h Gl @rﬁtortrﬁbré Iaf;}%@s &ﬂﬁcﬁ@ﬂ&%‘x&? fREAMeWMolklall d48le by providing one
passband. ining the angular distributiion™film
or mormb@gmmb@d)alswa(ldé nwiasired hienaymehistidynaesicwavséuhgihy gieafer than the
dri cal n whi.ch one c have
tamp erfssign Fegfiefesy ngh B e P £8P G RIS e he bue
shift of B pikitRhd iOsufti@ent@d Gh?ﬁh@ effissidiEpcaki Wath th€pasfband.

polychronatlc splkey i ght source for exanple, one

(d) CO‘R%?V' g f’ar 3%1 ilﬁﬁatdﬁ t\%ﬁelh&ar‘ivlﬁ?&ﬁ%ﬁ?q%rwﬂqsmbed in (a)

will glv@ %%'yﬁﬁdﬁlﬂl Mulg ne Wiﬁ?e?lschﬁrc‘:gn hé\'f’kddlre%ﬁ&lﬂ cotdll of he e?rh{téﬁ light in a plane
transmts Ony one of the three color Spl kes at

paralleldo therloamagptie obtheibnth. dence and each eni ssi on peak is
transmtted at a different angle. Such a filmcan be
A 6!?&@ MEHE 1idrekéu ééf&ré%é 105nd BYEH S emR3OR sPike M ¢l
€ Ap lect 1@\%%%9 ger ent wavel engt h ?egl on%emor |tsﬁlcgn ©
dlfferenmmtgela]sgthg caphe ccgnbmpd oiithlaayevestiantim heving hikytee pas&bemd and

S e N M ARG W LI —
each enR &SPk IS iratdideacaQitte@hl £E31d Sué ¥ B1ARah b&€fhade using multiple

transm ssi on gaps between the first order and harnonic
groups e%lray@e,tqaeh] obwhig reﬂﬁ«?éatc,(bffbtienhwamlﬁngfh regiogs, driif gantietrpade using
one groﬁ]gf%f ayT: (tria}elrh Cléeﬁ %Ig%:gé?en ics. %g%()v%\%;]mf%eq atpcﬁ? rban8w1dth
region zﬁﬂ%ﬁ@qhéﬁtﬂy tht i@ AR e ehio lb‘énd\{naﬁﬁx] cal %Qﬁntrbﬂed @igve desired

of spectral shift with angle is small near normal = )
transmipsid} gpé)ﬁ@étwqeﬂ ghe faqugndgrra Rgpic écfﬂqcpglhpaqu;; Theseombination of this

f I

film w1§1ftf1g P%l(lgf\ﬂﬁgﬁ%telg 112?}1 héllﬂ %{)/%E? Igv\?g %Qﬁr‘%ﬁ ]élﬁ 1@1@&@% a%fﬁarently
"white" djheswdirergin@nity shpamtediotbrsxf the | anp em ssion I i nes,

and the bandw dth of the passband, the m ni num angul ar

[20530 ntr Sinca&y: he odispsimal shifasvith/ ang i2 Smdik gegamrabloutidedve, the
or as great as +/-20 degrees or +/-30 degrees,
angularepn%%lmf Jight s> §ffﬁ@tw@ ¥ pergnal gxfidenragomapd o igk AReIFgof
1nc1den§poﬂ.@1é' ﬁé]ﬂi Xraﬁilpl E%éndlnl LonTRY W}?(ﬁh dedenah %mlssmn
or eit aest et e ne Conservation reas

lines, aridothk bamdwmtheofahgpzisalvanm &mrrmlbunmm Iangldalzmgtrehmhﬁbs ag haarﬂ as +/-10

degreest$gytftgee ? dels g\lé/egllf |2 Jg/ ﬁqée%ﬁet'eelg %F l—l—Z—gB He%ﬂeest E)é course, for single line

emittin® R pE O R is ﬁ@%a&ﬁﬁﬁm%ﬁ%le RbARSISimiEar mﬁﬁ 88REGrabRe R REh&Gesthetic
on custoner requirenments, one may w sh to reduce the

or energy conservation reasons, to limit the angular dlstrlbutlon to angles less than the free space

available to the lamp, which is typically 4+/-90 degrees in one or both of the horizontal and

vertical planes. For example, depending on customer requirements, one may wish to reduce the
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-70 WD 2009/ 097529 PCT/ US2009/ 032642 angul ar range to
+/-45, +/-60 or only +/-75 degrees. At high angl es of

WO ppdersee, such as 45 degrees or 60 degrees RCI/UR09/032642
normal of the film angular control is nmuch nore
effective. In other words, at these angles, the
passband shifts to the blue at a higher rate of

nni de oe nor na nci deng.
angular e g o OGN ST BB B Mg P POl Gridgaitgipeh as 4
degreesRRBY d‘égl@e@@ the H@ﬂn’ﬂeﬂ 3f R0 aNdulldH Bniol i€ WildB W RE Sfe &N NI other
as +1-5 degrees, for very narrow passbands and
words, pfghesewnglas.dkeé MSbandéhlftStt@ thesblegrall 4 higherite Df degtegess. than it does at
normalg (Pe]n Thﬁluf ! It HRes® gn tlfr:]sealli) Sen}ltrolnv anr}alrr%n Callrs181a1|hseoakbcan be
Taped in x Precadiy gndF Fashion SNt T OrYthe
malntalﬁ&gw Vaikhif dtfew dbgi@ts, blih elsaim@ derdeb), Q)rCfSISdfdr? daPék pagsBands and
For exanpl e, % or part of the film placed near the
narrow pigiondBig-de aﬁﬁyalb?zﬁ Yhapesteaso corrugated or triangul ar
waveforms, such that the 10 axis of the waveformis
[20 h e presetit 1 Isg be e desi ed fashlon to
' the‘T ﬂ[ bethe BF. mrﬁ%ﬂﬂbﬁk‘é JG § P Sprafdelidh
Directional cont ro erent’ ang In
control dretdmgg]ranaﬂlt ok ahes larsp poths ldbftlmd\pattbrnsﬁmhsxample all or part of the film
ile the onblna on of

conf at I ons. 07
placed l?Fé‘F 5%“%‘30‘%}? é %}Jr?ﬂvg;?? ?Oﬁ%ﬁi‘? Ve g %F‘K“sf"(/(}éfl puch that the
axis of e veRBid@lis biter pRALSI &pelfithRulal @he hRis ©MtHet 186 p Yibe. Directional

detected, there are only a |limted nunber of sour ces
control wf difffercat pegleeimicsdiogenas pkoey ia passible mathesiolr eorfigwiatiods.

color options available. Alternately, a 15 br oadband

[20@our C@thﬁqm? 1? orBt gtl f%cﬁanllo l?an% ORIkt 91¥\£1 ?rﬁ eﬁt?v%rfﬁ% $v8rks well
chieve 'sim i'Tectional” contro

to contrbl @Btangld abﬁvﬁftﬁb@ﬂdls?eﬂﬁt’té‘(ﬁoﬁﬁibchﬁ, fReveire dnliya lémit&d Mimber of
selective filmthat transmts in certain narrow band

sources i {fenastigt pmiseign shcraand thapeipronaited elorseptiraeawdlablenéffernately, a
broadbe@ﬁ sHﬁ’I%g caﬂ Be ﬁlgﬁp{o%t iR, %ﬁ&v ‘Baracf“‘go%? tt) 'akﬂ%b@éﬁmgr Eh?ﬁmonal

transm ssion spectrum so that t
control bf mmarheedslmghtcﬂlbmﬂdbandsmumetdan be ﬁ:oizmd:byr‘a) mlat pedertivatilm that

agai n pass throu elnvent|ve fil .oI at the
tr ansmla;ég o ARGy bﬁ*’P’f? ?%W Wdiztgatv%?(g}l?(g? Uhiesr @nithgibe used
in comlﬁﬁ‘zﬁlo‘ﬁ%lﬁf a sUEDfifg h%lhg tht sahﬁrtlea%srﬁggl‘aﬁ sh&erugl &LMalthy 'ﬁght
system By proper selection of the Ims, the emtted

emitteddino the smmltcrs/Cbk@r s¢lecive ilmt eochbanatioh e‘am egnu Q@Bsahtgugh thAtlnventlve

) t her angl es e emtted vel e not

film onlgr\fflé?lv %P n é‘ﬁ%lep gﬁgﬁl&genbeﬁ}gaﬂlﬁgoﬁ?%ﬁpog% QNG o r such as with a

three cAf8@orédatiuddys@nfliByf RogdscleOlidH of thé MRS, k@@ tolors will be
shlftlng films can be adaptedtotransmt over a

transmifiehafcthe eesijed anglaairertbergmples, thaemited Wéﬂngth@ mrltl wat llnytch every or

any pasg\\%%dzﬁldﬁtﬁé P%lil %ggrgg gvrﬁl Il)ea} Hg %@%L&lfg ren?tzc&z szé color shifting

serve

films cz@hﬂﬁ&ﬂdﬁﬁﬂ td trgﬁtnlsw ﬁ@&aﬁ&ﬂ@dﬁf iwdvelenjz s, I’HilBy:an obtain Vlrtually any
plications. For exanple, the I|i ‘ght sources of the

color aI’ﬁr‘@@@H}( the gyt Greciamotss whighithe 6mitted light fraghspigyed.

aut onobi l e instrunent panels so that the driver, who

[20?%]{51 eVi BYeAebrt (ib%elil({bﬁt fifg&ff‘%@ﬁﬁe@ﬁav@ u@iﬂ[;nﬁl mﬁﬂ@pﬁlieﬁ%ﬂs.\ﬁo‘?‘é’xample,
the light sources of the present invention can be used for illuminating automobile instrument
panels so that the driver, who is viewing the instruments at a normal angle, can view the

transmitted light, but the light would not be reflected off the windshield or viewable by a
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transmtted |light, but the Iight would not be

reflected off the windshield or viewable by a -71 WO
WQeMINOBIH29 PCT/ US2009/ 032642 passenger becaRGEUS19689/032642

woul d be at off angles to the instrunments. Simlarly,

illum nated signs or targets can be constructed using

the direction dependent |ight sources of the present

SRR TR AR W G RN T IR,

targets Sndd coBttuctd¥Olsirt th@ﬁﬁ@é’tm%ﬂﬁh@tﬁienﬁhélﬁ kO@E&! o thd PRsdnlt ifVention so
can be designed so that light of one color is

that they cambhparcaitedonly aberastagmnayigees, fouexamplef fasmehto thotagget og sign, but

not at 0916} 23@@@ A?tern&te?\ég]% hF lrm {:zhngbeadeair rPlle an(ljfj%}%qg% éfc’lﬁﬁ éé'iof 1sft1{%¥18m1tted

at one ahgre vahi diffegnt lsitls aaeét@me at @Iaitmahgle I' Thi€ WoSk susefif Cisr
station. The conbination of inventive filmand |ight

example,dpy diectigrihe epreachand gtoppingipeiit fora\se klgpetijch|ag for a carwash or

emissioft Qﬂé&as?ﬁﬁ)% ﬁ“?@féthﬂ)lﬂgﬁ&la&fqgveﬁtlgg fifth & hghtdsrohﬁcg eaBS selected so

non- nor mal ang [es®to t si gn,
that, as alvlelylclgra@pmabhe@hhe humhidatbe sigh anhd ke, drhfkit whieiepérgcthe ‘ﬁdid at non-
nsmited |ight 10 would shift to red at the ang

normal M@?Set%%ﬂ%rﬂ ér%klgli‘td"%@ Be Vistile. dRbihsIPsICegH ﬁr&rlsr{lléted light

would s'hﬁ?tosﬂeg Qt the EH% Q&qué t'ﬂ@tvblﬁele%astta §to nf()? @J{érﬂ ,f ﬂdrmalaﬂth@mgn.
narr ow band urce i s also useful as a security

The cord@uatam ofwhe meentivehfdnf ardm mzsrqysbdldas@ulacesedm geyul as a security

P RIS ECNTE M ATRAE M-

film is @%@APh §8npM véri¥Reatlbh 86¢iEQ @tﬂ@fr&a Eféts of uﬁhﬁrecé&yaeq)@n&ﬁm light
the present invention are described in nore detail in

source qftthe prgb¢ndwivisgtiex anpsicessibed 5n mpgudet@piwche lloyiveexenplese
films and other optical bodies can be made in
ccor - P
[ZOﬂnven S%ﬁﬁ%%%tgﬁegﬁ?ﬁ gg p{hglgczllat? al 6#1@?8 (%ilgg) :ﬁfl:aéitelln accordance with
the teachingh ofithe pieht iaudrtionevhidh ptidaarly seicsaicfer mpﬁlmatlctﬂseuch as
wth of plants in _greenhouse environnents and

homwlﬂ@? i @rlf%ﬂaw%@i for heigspethiof plansy ingrreeaavssnuirp)g)tyand
e R RNEHGR) Day OB AR L L oPh R Sppcgt o i
growth.j Insuffieivmmrgmevmhllommmde caiexeshlo pewhe’xen ptoavth sr uhdegdetveloped

plants. Jallggt ]I& B@t Nae;ﬁ? él%%l\gglli]] ggo[eﬁgxrf]e& ﬁgz?tﬁ img%ﬁléﬁg{ag% p@?ts Managlng
the hea@dFREQAR b%ﬁﬂnﬂfleﬂt'sgﬁlf 11%1% i8a eSO p%lﬁ@tlne@peﬁﬂﬂbeﬁl' @ulhérd Aimates.
sout hern'cli mat es. 0] The spectrally selective

color filnms and optical bodies of the present
[21§]nv enThorpestinll hielastizel colar ﬁm/audmmc@momqsmf the present invention can

be usedqﬁ) B{anﬁ]%%)ftlcu ur%i' g}f_{p%cﬁt'ions%h% «% ¢ des ?d %11‘&% F st transmlt specific

wavel en

waveleﬁyﬂﬁs dralght ovat rembptiolal fal cplhtaj’lledgﬂiiwgfhthOIF’or&)Kaﬂﬁpleﬁa fiém can be
filmcan be 25 optimzed to filter out. heat produ0| %
sin

optimizpeh$q ftes puh hent ﬁEﬂﬁiﬂélfng ilefraed and aepeléicicst wisiblgaspdireviyelsas
order to ({éhg&dtﬁé n‘L@t AfikieY a&éﬂ&tgﬂﬁ%e(?gl ﬂp}{ﬁgcgsgﬁth\é\ﬁé’% S%QQ& Bﬁnt growth and

used in otosynt esls to spee growt h and
to managa naid) endsambleandm@nﬂamm t enper at ur es.

[211] It is known that plants respond to different wavelengths during different parts of

their growth cycle, as shown in FIG. 35. Throughout the growth cycle, the wavelengths in the
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[211] It is known that plants respond to different
wavel engths during different parts of their growth
W@ ywbe97sas shown in FI G 35. Throughout the grBU/HS2009/032642
cycle, the wavelengths in the -72 WD 2009/097529
PCT/ US2009/ 032642 500-580 nm range are |argely
inefficient, while mavelengths in the 400-500 nm and
80- 800 nm r owt h
500-55Q R ¢ b g e bl SnH GRS ST Sibagang 550-800 nm
ranges ﬂ?cﬁtta ?@Wﬂﬁ resfe NSy Chla® BRI ih $Rsifive tOIN fvh G8HgtiRAakt about
ar em ssion, so renoval of these mavelengé%s
800 nmf wahmh@pgsﬁ aslgsﬁ@@mtrmm of aplag ¢@wsﬂoncwmwleﬂ \flease wavelengths
and allom1for concentr tlon 5.addi tiona
from thf: §& p%ftruv\rlg Gap 3 l%gltﬁﬁanﬂ u(fer]} n%ii Oé)vr %)r canefl%z_a&ﬁn of
addmor@p [Igl&fa‘t‘ lvxi&k/elbﬂg'tﬁ§usl¢$1ﬁ(foﬂ;?1l ﬂrge@wmouses are effective in
accel erating photosynthesis and ot her photoresponses

of plants. Such | anps .are npst commonly used as
[21%)yppI ERBWICECinldamps u%ﬁ in gigenheysey ¥g eéfsvta\fe njagpleratingyps
photos;Ta ‘(s)lﬁt%ﬁlé %gl%g ch%rl%%bnts&eo lzﬂﬁs gﬁgﬁ? Ecltl’n :&%g% %iggt Oc(g)) i n%nl{/ G as
supplennmmﬁtmmtmdcmhfdteaetd sw@;argrghmﬂhmpl GhaDemitcmergyrin clonbtes Cabaht 400-500
Its em §shon at 450 nd 660 nm

nm), reﬂ%ﬁ*’?’ﬂ“‘i &ﬁ?ﬂg) m%)mog BF5 6?“’%3&? éﬁ@?ﬂé a‘&e‘% it 2ar6plerting growth.
One coﬁ%ﬁ@%hﬁﬂ@%‘o%ﬁﬁl@%ab a8 i neMx3Sh AN430add B0k Syith little

and red, and high emssion in the near IR mavelengths
emissiop @rﬁp@vvlhngths eariond Ky etne A@pﬁ@r tommhe sowramg@;s logh 803:s®80n the blue

referred.to as. saf
and red A RS0 T el I, 81 e Liman SERE oL ¥Eilgnerns n e
range oS5@N5$0 f@Ankd defafddastas péa@@ﬁgmg W¥chuse @hdin@hisbien &f inGi 18t r¥sponse
or detrinmentally. 15 [213] ght sources used in

region gdrlopunot| Silgj%ﬁwaﬁgy afféctcpﬂztmé Brqyeir dher bef@élé’@lhzi oF defrimentally.
simlar results to the "grow |ights". The out put

[ergavel E{é@ﬁ Bl ds QR B néﬁyflg’ﬁ%gaﬁ%%ﬂ aife 8 aéko p‘i"%l Bimilar

can be co nsat e ring mnt
results oahe bgsw lighrs” ERanpitigyt wavalepgtas ﬁurrmo&mchoumes uﬁadlyaﬂeﬂamda growth

oGS AR YT S50 LRGP BB 1% 2%

used aldrf@:Q:%H das6ie Wnth AR ’chﬁ%ﬂf@h RDQLES HRUHE P s RE GHAiSm i is combined
Exanpl es of” common 20 pairings of commercial |ights

with ﬂuuseedent or glcelei@hmms blmpsnmrualsplmtpsyhﬂghls press ampbadial gpmmon

palrlng cgmerleg‘,@ts 1(1§e|d|1151 nFegW%.\sg%@uipgh glg g}gi}sl,ﬂlfésﬁarsé%g&%m z?nrgidmetal

halide lﬁrhisl@ éﬁﬁl‘ﬁgﬂ bredfiffe k@GRS %ﬂéur!’y@dﬂgés (i@Nthw pré}suféclium and
e and i ncandescent |la In a greenhouse

fluoresagpt/gndoneandescentamps ang (e Irr@éztl ihgledef 4r1drm<:@dq8<>©m lpas.
bodi es of the present invention, when used al one as

[21@0I oryfi lgltegﬁlﬁ)ugégﬂﬂroﬁ { téo%} s\é’le&{]\é sgacn]h:ogﬁ%algpdies of the

acki ngs are usert u r concen
present ﬁlh&nd@s iwhed usad/g@bengt dﬂﬁorffdtersacplt in m‘ainbpiaanm \x@tﬁl(‘rwﬂéulva' beckings, are

and optical bodies may be used with norma
useful fahcrqnp%%lag@ et the gesired &@V?lﬁggﬁhﬁ% OrBEm@b%Ptr%aWW tljge films and
optical bodies may be used with normal unfiltered solar light, or they may be combined with
artificial broadband light sources to control the wavelength of light emitted from the source.
Such light sources include, but are not limited to, incandescent lamps, fluorescent lamps such as

hot or cold cathode lamps, metal halide lamps, mercury vapor lamps, high and low pressure
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artificial broadband |ight sources to control the
wavel ength of [ight emtted fromthe source. Such
WO p@hozseur ces i ncl ude, but are not |imnmted toPCT/US2009/032642
i ncandescent | anps, fluorescent |anps such as hot or
cold cathode | anps, netal halide |anps, nercury vapor
| anps, high and | ow pressure -73 WD 2009/097529
. PCT/ US2009/ 032642 sodi um | s, .solid-state_or .
sodium e P17 Q6 B0 LB (L) NSRS 95 0UPEN oGFpre celpelieht tha
is optic upl h r seleeti lnt: Hevofral i&Y/corfee 1 ms will be
80 @&upled@hthel RASr seledtiRPiIInE Bl draCOlRl ST cd R chiRidRAl Qe
' sejecylve film Several filtration/concentration '
describegl/igtraers dafalllthaenaydeesised beatanagerhsaten diet gicenhobes envaipnivent, while
deliveri\lr;:lg I%iq é&c?eciig?al %rg(r??ngg)?giﬁhtinaﬁ { %eglg{éé“ﬁg Q tlm?l]t%e(g o\f:plﬁlé otrsr}?rg%ésis and other
plant phged@agishs optim zed for photosynthesis and other 5
pl ant phot oresponses. [215] The interference filns and
optical bodies of the present invention can al so be

[21)sed Thy terEnencedilps pad gpticat bodies @irthe prepené ingigntion can also be used
v ongpf EELEA A b BRLISPUY £6R 3000 bR BRU 18 Bphle. SRkt
afforded by fheye Himdeshfalthe. Incomeapsor it otaydewiesieable @uyptap or btherwise

interference filmdirectly to the artificial source so .
couple ihﬁé‘%telif?fe’é?effgﬂ d’f??élylt‘? ar‘élfé?}?lcsgugﬁisP &hat gp ﬁ??“ﬁﬁ]ﬁlﬂfg?ﬂt fpice emits
primaﬁw{@ hapatishdgsit thricBhrsiat il clogslyinl R fih Q‘YQPQISOBQQaminated

ilmmy also be |lamnated directly to the clear
directlypge tel cdeantpandis which maketupethe owff andvdr wellwel 4 typishl greenhouse so that

pi, C eenhguse .so t.ha much of the |ight .that
mach of PR pRLSRIT PRSI OF il pebind subBg 3% ese suen
panels BOBOStFided to RichRk $8e SHE0Bre RAGSELRCARYiIRS wXiih WeteshnkDitself. In
i ncl ude one or nore color selective filns within the

order thaalepf the Sighfentqring the beikdinhapuldte b pregise wajteengiyi@pgahgl would
v desi b RO 8 BB SRRt PUE I PR

compendath b1 the hiadle of thetshe's raye clirangisit thealay rSivpdertngechanisms such as south
. conpensate for the angle of the sun's rays throughout ]
facing pagels d&g%}l ondy weg]glyr?é a1oRE % ghangg ap the angls frgn t}feahﬂr]ﬁantal or vertical
can perﬁ%‘%}élﬁf‘e&eﬁlrhl Ly a weekly or monthly change in the
angl romthe horizontal or vertical can perform
quite well also. [216] One or nore reflectors can al so
[21Gle us©de pomdie etlectbivecahialsbdeaded foghtect the didtsieddighp® desired

. locations,, and.it is.understood that. vari.ous physi.cal
ocationsp (L R APg shat B P NG i B e R PRV erence
film caPBe W&8do high 84 $prévd I?M _@é:}éss| degindd ﬁ&ﬁ@ﬁofdﬁé fdoad 1Raaditienfo these

of the room In addition to these described npdes of

describggbimodesind up¢.|the Glam chebaigsed aas fidtered| wiappiag ferapdivisgak plants, as a
I ndl Vi | f ) lL.aced b
e LS PAH Sog B3 g 4G5 250 AR . o
reflecto€aFe cbraidh aks inQiquasum lightigctopaguatiagldid.t ers for use
in aquariumlighting for aquatic plants. 25 [217] In
[ZIz]g:jlegl{qos\lnﬂéﬁt?qqt tgghqp];{g%/ilogé; ld%/%:%%gg Ell)etc):?rglli Ee?gcttirvg Ifillr)rlls that can be

tailored to transmit or reflect infrared and/or green light that is not useful for plant growth, a film
designed to control the amount of red light, typically from about 660-680 nm, and the amount of
far red light, typically from about 700-740 nm, is especially useful to control plant growth. It has

been shown that the ratio of red to far red light should be maintained at a level of 1.1 or higher in
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tailored to transmt or reflect infrared and/or green
light that is not useful for plant growh, a film
waele®ogyrsed t o control the anount of red |ight, PGPUSNI/G32642
from about 660-680 nm and the amount of far red
light, typically fromabout 700-740 nm is especially
useful to control plant gr owm h. It.has been shown
order to:fga ¢ ﬁ%}@r&taléé g {o&;& angs tét?r&n%foqmré}%étfltes{]?g&tlga 1r\/@1cker denser
plant gram/ﬁQﬁﬂtf@l%ll? CIZEI PISE QAP LAy the r&lffar bl (a8 WEEthe sequencing of
el ongation and force plants to branch or pr opagat e,
wavelenrgt gXpdsng, imgny plagtseqan be&grsed inta Hawerynoyiats.or held in the vegetative
Addi nal |. e II|n r.red .
state. Sonall% P%lng naale{l se caSeq CeOH{é'OI?]e(i %%tﬁ Wel\{ﬂg:l [?]ﬁlug of1€ f%r red >(/)plng

Plant re@l%] dREsStoGadakefal efdaatht hidetbean de@ywBed Hal. SV @ﬁu@ ret HE| ®1$tﬂbutlon
e veget at ive state. Sone p| ant varieties can
of Foliagg ap¢ bruigig Adisediatey vith Light dicrpchimatgde tlﬁerfdel&laS@PemaQampy, 64(5)

f

soumalf SN s FLASSs PE6009G R 1659 0, 'R0 Bl i

Easter LilDy $eigho Conool" (HbrtFRe.iTage. @hOnfario] VinetanASsamnaOnom.OR 2EO.
wi th Light Nlcroclinate in the Red Raspberry Canopy,

Journal of Hort ltu I ence 565
(218]nq”) RreREs agempis 40 Li}ﬁefﬁé/?%ﬁﬁ‘g i ape ngispdiehE bt IoFling
liquids {Hat 80 HufApRY b the(cHoft)tf betﬁ%en Akid % reEihdedd Afih Qvall constructions.

Vi nel and St at i on, 18] Previous
This hagnethepe sattS&Ctmm bmlusct pfcthe étfﬁf:ualty m@ddmatalnd rﬂaveng the liquid. Other

attempts hiwe '{Zeﬁlg n&ag hqt 1}1/8% C f%cgﬁlnb i{ﬁr etg UI d aé]té%h%]ﬂ & d ng@gq (fontrol if

the plarft @Sty W the @RcenhouRichan12s fﬂé@ﬁerﬁl@ﬁiﬂ 1f3cﬁitdicﬁfr a\EHa%V chRG@HS @hange.
of the difficulty in adding and renoving the |I%UId

The filnpoh e presepeppiniionayisleplberited der this applacation oFheredifared gtio can be

connonb B SRIy A Ll 5 ALV SRSAT Bl i

desired Qravéléngthi thoeschwhaphats. To radnnpercsa& fohangmg ouﬁaa)er é¢ﬂdﬁn1cm‘s or

present invention is ideally suited for th
Varylngaﬁgﬁqlq datikfegygnt pray vadgigsgthe fdgp 1p a{eiffgal&lg rpoggoq_egi w1th1n the greenhouse
r hj
in such g(\’fgh gt?zlht gl?%ﬁg% ae%tg Iyﬁs@ of ﬂ@re o?nié?%ﬁgle %ﬁfo?lﬂﬂg Q%gg%ﬂron% the roof
line whish\ceh badtawe dawir @aoﬁed tu[e op bantsbadeTdotbguflehbat zonfadly above the

out door .condi tions g /aryi ng needs
plant heagq‘ftf %ﬂ%ﬁ?te b MVlé ICEQIP%ges f{{]ée %I ﬁp #r} @ fﬂnéﬁ”é“rt%\{)f%? separate plants
or grouptOsti flifeled wi thin the greenhouse in such a way that
it can be either used or stored, for exanple, by a
rolling shade al ong t he roof Ii ne which can be drawn
[21?iown 6%6 fibn joé theyppesept inpgntign shn dlso & gsdsl ipgPnjsgction with
conventio or{g.'l ﬁl%g(hlg :tJ) é%@f%g\é}herlégg%l \% ?fpan§?feflpe% C&)tl]tg% eﬁctég ;‘tﬂﬁ{%ct ééjé:ctrum that

reachesfth)er plaepaGateeal B, &n¢ Gesirable@s oxipse pfanpltantconstid 18]el dhede
filmof the present invention can also be used in

wavelengdlhy anddpiepritigfilight pishvldat planfaarovh thipughey thoertirpray. fn a typical
sunny dagtlﬁ)r\]fx%v@/ tlﬁ:fh@m/evg él[(? 2@)8{1‘][ ﬁ&)ﬂ fd t]hﬂqllﬁiF levklgt?%ty lloes excessive for

ect rum’t reac ep ants. Gene
many pliesi thali¢af t¢roparxiposaftenl résas, sviich deccemat thaplanesféicienty.tihs
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
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25 wavel engths and intensity of |ight useful for plant

grow h throughout the entire day. On a typical sunny
wal2009/0seever, the |ight |evel peaks at about PODOS20891032642

this light |evel may be excessive for many plants;

the |l eaf tenperature often rises, which decreases the

pl ant efficiency. It is preferable to reduce the

e i Yoy L G250 TR AT ST TR 420) 10

1mprov&xtﬁ5rﬁiaﬁt yieRIS€hRe EoANRE] IRSE ofEdveh@dal iNGRRvigXAR SR efefgth
O maximum | i ght | evel of 600 nol/sec-n2, and this

selectlvrs énhes cusbayfsed o eltsnige thed nisysitylofd@hh dirented tng)lamsréunm different
hours og 81[0 %/ta& glgosr%%arggcl-r /d gg%g% (2 Oaz?jwuecmhr%ohrteCﬁIWbF tdles%? nueg ﬁurlng e hours of
hlghest b@lhmefdleﬂcﬂe 80reanébtihp QO anbIRTIF QMRStiIGN B Ii@je@ﬂﬂhab/}bcﬁhﬂn oflfight from the
nbi ned usage of conventional mrrors with our
sun. Oﬂvwem@wgflﬁns fdagiiasiapd cprtpipg capdsdle wisd @vithoud eryglengtheelective
ﬁhns&hﬁ&&&ﬁhgﬁuﬁkugogﬂg directed to plants during different
hours o or exanple, the use of a visible
mrror can be dlscontlnued during the hours of 5
[2201i ghe€&butalfeiting aod fhegme obylocuatkintseidi cogrpohentg ragh éheaflegal
reflecti to L& t hat ortlon of light fromth
diversioq g COEY‘N&% YR Jﬁé‘f‘i §XB]P BaH 1] LETEHY a‘%ﬂ?‘?&?‘%ﬁ%ﬁ Rrghlem. For
exampl@lc%ﬁm}i&cﬁﬁﬁg:ré[ﬂ tRifRdHanWBMENE %ﬁr?@n@@ﬁﬂt&%m éc{eﬁ‘%oﬁﬂ’terfelt parts,
control the intensity of Iight 0] Counterfeiting
but lackam:hfabip gesags mdlm@mwﬁnduglbg@dn em@ndamdntﬂfelt parts that are
d|ver | on of..c ntro e terials such
marked gy g e, el Ry RO PiEE i B LBRC B G Peih AT pser

printer @?ﬁ@iﬁ?bﬁha@z&@ﬁ@lﬂ% abwaid sdtadlly reRiritIRAARE dEsH& have been
e arly encounter suspected counterfeit parts, but

repackagzed Rncrepien et & rrmﬁ@emléw@ﬁl@x andgtrckingiobbwkkeitems such as ammonium

nitrate tlaftﬁ{%elgﬁs%gl% iR %%1151881@ gﬁp ﬁ]ﬁ § gestlra rltnl?t c{lﬁ‘?ﬁt rﬁ%a?ls of identification
nmar ked as neeting s im

are proHiBipioelyespédsate. up to ten percent of al | Iaser prlnter
cartridges that are sold as neM/are actually

efurhi shed cartrid hat ve bee ackaged an
[22f1epr c SeRAdnGEs bt © raey @F ARhERH A an 1 e ﬁweﬁgweﬂty
packaglﬁg'l cLﬁr th L8 ABthe léﬁ@lnaocf AR HShdRs, Hn AL Shakeélald. bbﬁl@ rof these devices
le in expl8sives 1's al'so highly desirable, but
are amtnfmt rvelmfhahieanme@fe vedémblerwrdampemte lagles pnsshvingEints, vtel, pnd some
ensi v 1.0 verif
combing SHRER ¥ By, ESThalRS v dhicel R ot M roer PO o dbrlagiyand
packagé)fntég@lt}’E ndRRe ii@s&nt GkR a8 pRAdnSs, s SR EBER A vARIMAAW, magnetic
materials. Sonme of these devices are ambient
inks and/eqdtingafing privgngs, Aplogiaars prhbprfiim® fmagedaetereflpgtiyhtsBeeting
oSt C. '
availabfp SR8 SR8 s B LT 8 G SE B cls oy aue v
size, costoguh@irhtsilignn sk Ry podatl 8 geterhy inchele wetgnetid filksCadtintegrated
.. inks and pignments, special fibers and watermarks,
circuit Ghifnet i ¢ i nks and coatings, fine printings,
hol ograns, and Confirm(r) inmaged retroreflective

[22?]heet M]Qrotaggants have been used to trace controlled materials such as explosives.
These materials are typically multilayer polymers that are ground up and dispersed into the
product. The individual layers in the microtaggant can be decoded using an optical microscope to

yield information pertaining to the date and location of manufacture. There has been a long
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avai l able from 3M Fewer options are avail able for

aut henti cation of conponents, nostly due to size,
w@omp/097ed durability constraints. Proposed syBTENS2009/032642

i nclude magnetic filnms and integrated 25 circuit

chips. [222] Mcrotaggants have been used to trace

controlled materials such as expl osives. These

anmet TR0 Bl g BLERL e Mol LA PN 84 LR Eudable, that
is manuf @b BaH ndt@UQTSdpliciB® (HAtGS Aéa8LaRl c&@Be RRIMRGOHRHRLy of part
usi ng an optical” m croscope to ield information

sizes rapging &ionl pgr macrobrepitap darga shdetse and bint why hapededovity wecific,
madﬁntheraghgg been a |l ong -76 WO 2009/ 097529
%&?ﬁ' 200870382842 unnet need for a security film
product that is both anbient verifiable and machine
[223leadafthefilhhaid optisalbdidsat the @bleat iventivditcad dsitdijored to provide a
duplicated, that is flexible and can be used on

security fim e gevise ysefut as abacking el AROYGmirahahmerts 88 3;5 fhese needs.

mhecob RS S PnLURY, BBy SR hupREAl o
propertiepthac edn tpodipgstedito tmgugy edsanty & dv@midnonr garkagre and spectral detail
ajlored to provide a securit i.l mor. device yseful .= .
can be diSiea% Tig i gfIme dg BfQVld&ru%wrSPa%{ai SPecPHAY hat vy Rsepfo identiy
specifictlBR&E s@REEFfilm 1€ de RhAVidsll dpblifioh§ tHarsec @l filth9hnd optical
~reflectivity and col or saturation at oblique angles
bodies eanédepritgyed ta reflectivatr anarebieccepqtion peidie tspeatming imsdlyding visible,

e 35 8, SR %y BRSSP o v

appearsIR@GHAr&t ifl thRaeiPleir&ition bh@t spayrubebi3RM hhOvdrdidRtiahymisdidn and
specific lots of security filmto code individua

reflectiqfys andsinithhmframdaegien (e jMBare 3 ¢ovsrtgnectabiingypridodi es
can be tailored to reflect over any desired portion of
he s o . . e ) '
(22472  SBRGRLATh A B DA ILPE socub s AR Blical bodies of the
present flegnti@dby several otheamethedsreithert dlade orap peabmatio@withaheattove
. ip the visible region of the spectrumbut that has.
descrlbsﬁ;mhﬁas ehramshe 8 laﬁn%wdandr@ﬂt@mf GHE B Spcyefgion bands. For
examplé, Hhdidfdas lﬁffgk By b8 th {935 theBnfrA¥8 HbriRR&RE heddpectrum, and overtones in
fingerprint. 15°[224] Information can al so be encoded
the visibla r¢ghen sancherdonyrofled wepradute opique apedvodi es of t he
present invention by several other nethods, either
1220, 2738 Qg PRS0 5 R R B L sent mencon

may alsblidlsdd BEkioelyanidk 18t sesthbonithianBSoptial sta@X@djRent to the optical
i ndi vidual |ayers may be tuned to the infrared portion

stack, apgl theprelagpre srayiahio etsed ieirsasiqrmatipmetayeag; s decodegibyrpptical

. . | t . i . .
ot B GEALEBY S8y P9, WO S PRSI 8 LS v
or grapliodpréiteddn t hebspaedendw thevant tognovidaindadisthat mey belkidden or
Viewab]rgt%lggépldé?gl %Hﬁthglégglp lo? ég{q%@%llgér &élg}m cgnlgrlars]t rgllé]}? bf? aﬁ)cthligv%ld by thinning the

optical layers locally. Within this affected region, a new color that also color shifts is evident
against the unaffected region. To affect a localized thinning of layers, the preferred method is
embossing at temperatures above the glass transition temperatures of all of the polymers in the

film and/or with suitable pressure. Localized thinning of layers could also be achieved by
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stack, and these |layers may al so be used to inpart

informati on that can be decoded by optical inspection
W@R009/0g15e5s- section of the film The filns mayPEI/E6200%032642

conbined with colored printing or graphics printed on

a substrate below the filmto provide indicia that may

be hi dden or 25 vi ewabl e dependi ng on the angle of

serv Col or ntrast may be hi eved by .
bombarfie b R sn T e WhRhao i gtonEn e ine and
stretchifd. fRCH Kl tHeQEhQRoloR sE18MVeF]1RK alrBaty Rk&fHeahe rsecilli‘l't)t tifim nfay

evi dent agai nst the unaffected region. To fect a
incorpofate alhmz:ié@iatt zm airgftpctive swalpse.or ap labsqyb@g Ssprteg tﬁemhweudyrablhty
and co ?rg;q %ﬁe f‘il [IREL at 1188 §2o agP Y&a flea(:t‘ Aradl (;rr Al S31|1rte s kitive

THERp PRI TIaY [BSAY G PRYPSG) rrerS| VAR YT
adhesivaRslfidection fdn ﬁueltcamlleecmr essure. Local i zed thinning of

| ayers could al so be achieved by -77 WO 2009/ 097529

PCT/ US2009/ 032642 bonbardnent with _hi gh ener

22Q]ar t i EPBOStIPPHGLSRT. Ehe seewdly M orPHg Oﬂ’t%féle'?o feﬂosﬁ%mesent
[§
1nvent1(?'n% aﬁjﬁﬁgﬂhﬁgfesslzg?ll Wgéﬂnﬁiﬁgdgiyggtﬁ ?)351 @cuﬁl%hte&lﬂagﬁagmg material.
The spectrgldeqgoreatoé tlaasm&hnk:znattypiwhlyamty nafdvett ieflectshe Iﬁlanm,urrm“mount of

light. Wigs e gect et Oas oF ey T Mgt B e Pilagectso as not to

occmdenﬁélao@ﬁﬁenv 8t Sk Oe, ReRaHERr 8NSIb ManSfiBARESI YR BeQsed to
function as a la eI or die-cut. [226] For nost

enhancathplapecringnof theletidecurity filns or ot her optical
bodi es of the present invention can be appropriately

[22@I Z englns%nl aé{ngﬂggt o%s CUT% gecuhércf% d gg Womnh a g)full% 1i;|1ater1al by

ackagi ur es
grinding tHerfﬁmalhﬁ:) d ym@ealah& dMpéryingalid p'tvwde@ inte ihee@hiteti e PAnG Ed4ngs and
anount of ght. Wile the spectral features of the

inks cag bg fﬁrwlaredtfm @&rqngl upeplatelgistubidizing thaElmyefrthisdaveggomdn cases

t
where tﬂ‘ﬁ%%ﬁé%%aé‘%rp%n C g%gre&ggsféfﬁ Gl pﬁp?%e %Sl&gfé(t%glggldulggl orlented material
if substanharedtexatibie mpkclea:mrrm&mgfantdxploamhl @pmna[ugzﬂa]a pEWdexsnmyabe coated

a i cation he secu il be used in a bul k
with an ShBiE ReteByr Sughitnar A ebrabosdt HE8Y SUFBRAR Bl et
di spersing the powder into t he material. Paints,
[228j0at | THS sR0Lty ﬂﬂﬂi‘ssanﬁ%ﬁtl&ﬁ bb@k Ul @b st QR GHioH 'ﬂ?aylHé read by a
platelets utilizing t I ms of this invention.
combingégesf allﬁnmﬁ e/pleflcahl@nkﬁfﬂr kexarapler thalprasencetsd azrlaesg Ir@iéﬂcwe film on an
article, béss%@%s%b ‘rmtﬁb eél)t(l‘gl bl%VOIfd Qrnt Y3 Icg CCISOH 5 Btr Ienangdes an(? Instrument

Venflcaﬁ61§)|f0§1|n£ﬁ]e nﬁbﬁlh@fﬁahéﬂ/mai Bkﬁccﬂl@t&ﬂ@éd a%g b@p&ﬁﬂbl@cﬂomﬂeﬁ tSeveral
an abl ative material such as an acrylate to absorb

low cosg H@FE?PW‘PYWF@YS&%@S% eSsPidstesisarrayy Zrpgyaiiphle whichmaeythe needs of
this 1nv%111t ég%ﬂ%alﬁgt thgs% 88(% & §en9£r ﬁelag cBﬁt%%%ﬁtto k V?Q tfog)ﬂ lgg?ﬁ/eter with a

| nati on of anblient veri
fiber opeix anfk €Thet dpectm;msmmeroi usedao deteadine tief dpectidl vedd of the Gilm by

e e e R R SR S S LU o o

to the film at oblique angles, or a combination of both.

[229] In addition to exploiting the optical properties of the films of the present invention

for security applications, the mechanical properties of these films can also be utilized. Thus, for
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verification. A sinple machi ne reader may be
constructed using a spectrophotoneter. Several |ow
W@ omp/ogisect r ophot onet ers based on CCD det ect or PEF/D82089/032642

are avail abl e which neet the needs of this invention;

preferably, these include a sensor head connected to

the spectrophotometer with a fiber optic cable. The

oneter .is used to determ ne the

exampl BEH PO reb g oS hiact PR P e e TR o prstance
to interRYdr del @nifhtich, RIeRMSIREVIHIA ?Qnﬁ-ﬁ%ﬁerﬁfg @paiBGes. Whi ch can

be normal to the filmat oblique angles, or a

conbi nation of both. [229] In addition to exploitin
[23@]he opsinetsH eﬂﬁﬁwbeﬁethee%n dhe eqler fhifiting peFpettins op thesfélms of the present
1nventldn p{' %éi ag?cru%tﬁ%%{f{l#r Tll%/ r&%ﬁgﬂgksc (g%co%@%e ah@fﬁa ﬁsh %ﬂl‘f‘% ?!)r example,
the fllmfs @If the-p?&eﬂﬁnﬂ&ﬁﬁ]n&ﬂ%ﬂ?&us@@dﬂﬁ%ﬂ@ﬂé &ﬁﬂ@éﬁlblr%ﬁaﬂmlﬂh other
the films of the present invention can he
materialsn Rt PERERIC) PBYN I BTG FR-CC MHKC MEIPRIPRRARRET: &if6 paper, gift
bags, rlblﬂ}ng rﬂ(ﬁyse ﬁo@@}sagﬂ(ﬂ?t %co}aﬁ% XleF rlﬁ\ﬂll&E ggp ical 1ons he film may be
nti-tanpering capa l1Ttres. [230] As not ere
used as hl‘E(DIHmﬂj{ bd Weinkledl aut,simtfos $e|dgccpwepei nteglitodr, QﬂmhefrWHMreafed to
th sent nvention sed advantageously in
deu“h%ﬁeﬁsgepﬂﬁ%s %FPﬁg)@ﬁﬁH%JQF} ¥1CThus, for exanpl e,
5 the filns of the present invention may be used,
[23ﬁI t he‘l’h@b}%‘[&l Rlierfdlerfe® 'fil’ﬂn"lﬁttlheoﬂeWnt thvehdsr mhphIgs bﬁduﬁ)ally include
: strates, coatin or treatments, to make
a skin lweag@ PAgopkgik majeyi Sﬂrfacmpét ,e fglnf t Thepggslayer dopwises Hbwad of a

. d .d y
substané%l%i\’\lﬁ%@sp?rgﬁtselc%%ﬂlg&%cl Eeoﬁ}cl)lﬁ%ill& %lglte% legil g%ubstzﬂltlaﬁ ?rgn%)arent

nonelasWnheik! @llym&t ma@ARIARS BE, subaameidly ebe Mﬂieomgéxl 6ﬂ1€fractﬁfn as the
otherwi se treated to produce a desired optical effect
elastomgtic pelygieieOpHenallyy WP\?E?ISESPH?HCP@W%E] matpigaldp fhecskin layer may be
L
on o YELELLERRFR Ll BGOSR AR IR0 .
preferreslu:lxﬁmpm thé skihéayki FeminJélestekeric tlmymnemnpancste&sparbﬂl@ndhﬂe
substantlally transparent e] astone

prov1d1%g15 dilmy wigh 3 profectiyp syrkgce 1<|:}ylstntog Blgp%,n{l‘ile skln 1 ylg}sarlllsg remains

receptn‘@:QG &lrRS L QSRS (e AR YOTBhECs MR ds%elf‘%\%%tﬁé‘ ReinROb# Sthé¥forms of
he sanme i ndex of refraction as the elastoneric

pnnUngmalyner. Optionally, the elastoneric polyneric

material in the skin |ayer may be 15 one of the

| ast t he aI nat i a
23 S el os Rt bt o BRI Bt Blralipiorovea

barrier ﬁﬂ@p&tlleﬁy&fchrrﬁitéﬂlzﬂ§ cgl Rsisedes fdgme ft&reaﬁ:ﬁlﬁlkl Bladdess mndhletic shoes.

transparency while providing the filmwth a
These myteriadehavpeatiinas advanagen fardapeibllmerin grichrihe bayienis improved

I i

because| tﬁ? ﬁlryte% }%1? 1%%[921& %gscere tgg gig{e V% ?ﬂﬁlggh‘?lg] ng@l%eltf?)lﬂ o?%eﬁé@f;ants. Some
embodintehBrindloding sahi-crpstilhine dgmaid® of Ri32is v@ﬁﬁelongl vangk iovder magyckow

interp olynenitcan al so be used to formfilnms with

decreasesn;ﬁrtge/%efmeab y of small molecules such as oxygen and water relative to similar
polymeric materials. Such properties may make these inventive copolymers valuable in
protective packaging of food and other moisture and air sensitive materials. The inventive block

interpolymers can also display increased flex crack resistance compared to multilayer films.
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barrier properties. Such materials can be used to
form for exanple, bladders in athletic shoes. These
WOoreien) ks have particul ar advant ages for bar rPE&r/US2009/032642
films, in which the barrier is inproved because the
| ayers physically increase the tine to equilibrium
saturation of penetrants. Sone enbodi nents including
. sem-gcrystalline domains or layers with |ong range
M‘crol’(?r%‘égrﬁ:lﬁéy show 25 decreases in the permeability of
smal | nol ecul es such as oxygen and water relative to
[233$1 M | Ahe irRehHRIDPE] yiREEEIna o beSMEd tPfoPREhictPOrdiB YolYikeic films,
t hese inventive copol yners valuable in protective
which hexe kegginmepngfappBestionn sichiap elotivpg shaese fiipig. adrbatterysiepirgtors, as
t. l.
descnb%ﬁaiiﬁpéa ?{b(?f%)g%g%s ég)ﬁfﬁﬁ]‘ 1L }{grepl ag&goﬂag{ig)rﬁprg%%%l%é Yor§ é)glrllgo% eS8 US
pmmn;ﬂmhkelayer films. -79 MD 2009/097529 PCT/USZOO9/032642
M croporous films [233] The inventive copolynmers can

1234 Ve e et TR e RoRemEtion fifercl B g are

generalﬁnﬁﬁlssp gfoﬂé%@ "fﬁrél% gﬁkq mglﬁ‘?:ztﬁgcf ﬁsfurﬁge?ga:'f %il?lﬁg%o p0$05?§ MRSk filters

may be neddeindriceing snspeudqiosatter ofit QfSlcﬁucimtr@aﬁesmr é@tqwetltap%zb]paratlon.

xample] pPEpEI<A Bk sofFr e R N, 8RR midh AEBPYREY i o

dialysisfHehi®elidh¥d MBmBranay, g@veﬁéfﬂéﬁfos@fmdﬂﬂﬁﬁ&%Cﬂﬁhﬁltﬁﬁﬁﬁﬁlembranes and
Menbrane filters nmay be used in fllterlng suspended

micropgrgus @embanes fArpisgaivdsclothespdspes rmdnphraggsandy beanpligable include
n. d t.t
analytlc?fﬁ%%rhr%étlo?lntl?evg?%%&o Sc’:ﬁérgl%glsax%lllx%ﬁ)n?crgh%nvll’lgﬁﬁlelqtilb%wgt%% and
phmnm&umkysjs/henndlaIyS|s nenbranes reverse 0snosis
menbranes, ultrafiltration nenbranes and m croporous

menbranes, Areas in which these types of menbranes na
[235he  ap #edififine MisePeraus PRINEEYE Filiat map Be paet 3sdpkery separaors

becausebcﬁ*fﬁé@&%% of ﬁﬁﬁﬁ@agﬁké ché&hR&lt 158%e§§ anBR¥IAA %Wﬁﬁh?és The }?]rlnmpal

applications, and pharnmaceuticals. [235] additio
role of metpampunmusalm pnetd gas§ bétweemty eﬂmtruéﬁdmmsrdyantttm ylectrodes from

contactigggﬁft%tg?t Flﬁ 3 bec %ﬁ@%{g ﬁ(té B%Ig'rsntgnﬁl%gtéu?e{. I@a nuf ﬁégu%—?o’n batteries the
films sHould¥huR@bwn (s%;?lo‘ﬁfc @nAERRNFLQerthh tERApSahPW tb PRSvehOthermal
pass between the el ectrodes but prevent the el ectrodes

runaway pfaﬂne b@ﬁﬂb’akkﬂlﬁbg theH@smeusqdlfer thie |separatosshogll katve brgh stigngth over a

large te&n ure o H a?l[ow oT el‘t ert 1|nr|16§r|gle ua%t'o?sno batr‘éer Io%‘g’ ft:lglrators Also,
g OU 31 own StO n?c con&uéf gns F P

for hthlﬁﬁlrlbﬁl bﬁttetri%ﬁwatshﬁte@owrpteﬁfperaﬁn&s B @lesTRdd Homawedie Gilmtonat
battery. Ideally, the resins used for the separator

maintaig [eghiiead Videity ﬁftg]t thafrgewn oydtitignallypit iggegiakle thaé thetfilemaintain
dlmenswnﬁlds?é%ﬁtg a?lele?é’é’eé E%Bﬂ%gat(t)ﬁ}%. thinner separators or nore

rous separators

[236] The microporous films of the present invention may be used in any of the
processes or applications as described in, but not limited to, the following patents and patent
publications, all of which are herein incorporated by reference for purposes of US patent
practice: WO2005/001956A2; W0O2003/100954A2; U.S. Pat. No. 6,586,138; U.S. Pat. No.
6,524,742; US 2006/0188786; US 2006/0177643; U.S. Pat. No. 6,749,k961; U.S. Pat. No.
6,372,379 and WO 2000/34384A1.
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for lithiumion batteries | ower shut-down tenperatures
are desired however the filmnust naintain nechanica
WO paoegeisey after shut-down. Additionally, it iBCT/US2009/032642
desirable that the filmmaintain dinensiona
stability at elevated tenperatures. [236] The
m croporous filns of the present invention may be used
in any. of th rocesses or atians as
1237hos or oI TPh s e HGEONT A pProbied REtiegTsgtivpgoolymers provide
several RAPBNEReRY GV&QB@gﬁor PURL t&Atih @RSorofdrbudfol WRESHIBAE The ordered
herein incorporated by reference for purposes of US
morphofrgiesriesul pnacgreater degp2 00 5o 00d 95 enthe pmmhﬂ&@m)xsﬁueture. The

phase s%géé?(gat Ié.}lgl\%ph 58%6%?]%13}% %{gﬁﬁhn%(afge Hb%l Ké"r%forft:J %nparts a
greater BinfehSiok AGhelt MalityRRbn idNDN-pHasS deparhtdd ARGNO
2000/ 34384A1. -80 WD 2009/ 097529 PCT/ US2009/ 032642
[237] The nesophase separated structure provided by
Photonfqpaper, @rganjeS RSB \Fiobma erb?“é‘\ﬁ“&ﬁ’%@% EH i nprovenents
over the prior art for formng m croporous polyneric
[238ﬁ i nslntérlg@cld?lr de Eh%qnvé'ﬁ‘?irvg %Ité?ﬂﬂse@ltﬁ et sthll ﬁlogé'cﬁﬁts ®dsults in
degree of control over the pore size and channel
swelhng of st arrbeth Jittbe dpmage. $eparationg preducesisibheotabeychahges that can be
ful mts f|In1 hrlnkagq in the nelt and therefore
uﬁau]?ﬁB@F?gmgsug gt SEral §PeHsi onal melt stability than
i n non-phase separated materials. Photonic paper,

[239P ganWGthS@bRetISs hRahy IR Vo peoiRas tHe@Svel|BleGs rdvéd@le upon
Interactions of the Iinventive materials with certain

evaporaigg) Ehwépzéw @3 be 59} tograte filgyiethpt ashasorhogrnic BapepRblETS 2

reusabld Eﬁ)eg 81“%' Iﬁé(ﬁ ?é’éﬁ IJi eg‘ﬂ% [B%l%ghltcfgf cc\’lbféh oﬂﬁlgy ﬁgheﬁgnbed for a

es t "&an n-app S’ suc
colloidat lpﬁﬁﬂoﬁﬁl syﬁ@ﬂi’u&ﬂﬂﬂvarﬂc@d M’cB&]laN\EO‘BB o) 8248%s havi ng | ow
vapor pressures, the swelling is reversible upon

vapor a on Thi s fure can be d to create fil
[2405 hat Ll’b? %rscaﬁfﬁothﬁﬁwéﬁﬁ@ﬁé}l be éﬁ%’ﬁ‘l"ﬂlfﬁ edywith @ paatggial ﬂﬁ'é i} be fixed
after sw‘é[hnrgqg bl DG PR o R rfal il %l&b&mﬁhﬁgoi efRIcA include
di spl ay as described for a | oi dal photonlc system

polymerlmb&@jman@mdrs thmealloty@@%mpwtes g8B2-ag@gamplepdpolleidal composite

sysemp iR e Ml B3 120> e B PR ERahRPRGo Pl Rrc

mganmgn@%a@bguﬁgﬂm95|te material. Suitable swelling agents
can include polynerizable nonomers to create pol yner

conposites (for an exanpl e of coIIO|daI conposite
[2413y st e Fssomseambosimanic efithan winfign.shogogrpheys natyrg Oiézﬁ)sogrdomams

s S BTt EGSOLB BT SOARMAE A o
selectivt keelding pphades anadans €orofelectiee ﬂm‘rﬂlczd @maafification of the soft domains,

which can impart differentiated properties.
Distributed Feedback Lasers

[242] The inventive polymers can also be used as a component in a distributed feedback
laser. A distributed feedback laser is a type of laser diode, quantum cascade laser or optical fiber
laser where the active region of the device is structured as a diffraction grating. The grating,

known as a distributed Bragg reflector, provides optical feedback for the laser during distributed
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20 makes them generally nore anenable to swelling than
the semcrystalline hard domains. This selective
wenbI0975e0 provi des a neans for sel ective chem BEI/US2009/032642
nodi fication of the soft domains, which can inpart
differentiated properties. Distributed Feedback Lasers
[242] The inventive polyners can al so be used as a
conponent in a distrjbuted feedback 25 laser. A . .
Brage sGRETRRI e erBut itk eaDEivE BB B PATERS U difgibuted Brage
reflectofl UTHE UNeRBRC AR ThRSAR aflb BRAhEGPbraldddfic a dRR@TicMiakiBable thin film
the active region of the device is structured as a

laser asdiepdribgd tin FHOFVABODAE03. Whechgis detemyincokpaoiigrl big rederence for purposes of
US atdks&{%&yted Bragg reflector, provides optical feedback
PHFGPENE | aser during distributed -81 WO 2009/097529
PCT/ US2009/ 032642 Bragg scattering fromthe
[243]t r uCTH¢ precddifg teveapliviy ef the lpydveritsin Cantiod iSastvfteAded toebe limited to
: di stributed Bragg reflector. The inventive materials
films andRayplse by arepeid oF pheatibgles At ePigCttynami cal Iy tunabl e
thin film |aser as described in W2008054363, which
[244&S hef@ify thACRALPBE Yy QY bRl @E eGSR0 !bo%e?@@le_ﬁleﬁgfis include, but
S patent practice. [ 243] The preceding description
are not gimiteldetopsteple Hibeisnvent inolticompoagnt, shieathdock, trwiskel, andrintamgfilament.

i filnms and may. al so be present.in other .articles or .
Suitablg, s Tpihig SIFFEY Lo RAPOHAG: BE e PERn RS fiiShed in US.
Patents] R¥EBUBYS6POL YoBBIR00U dBRSBES a6 13008827 betl spak €ibeRtas disclosed in

limted to, staple fibers, tow, multiconponent,
U.S. Pajprialip/ ¢l 8,1 10wivovens andrrpnmonon ifibifrsnas dislisedinel.S. Patent No.
i b form r.o, sSesy ifcl u Spi N d, .qelt bl
348570 0 e AL B GEREEy iy WErRRpBIPAR wiTRher BB, s as
polyesték, AB0n 26 Zottdn, th&thoZ&theddrB88s, 2RBudé@nshades3 22108y p@File extrusions
spun_fibers as disclosed in U S Patent No. ]
and co-gxtyustongq eplengguedrartielas. MeAWENEh tatRd. ©5 cripped iy 95 dpersn The new
polymels ReciERreiiiee oRgi Ronf 16 e liiEle p PSRk well s in
sheet exasisiopdbyextrai, fonyingpermticwy, tuxhfortnivey moldod medlear inclmdag, the use of
.. .. extryded shapes, including profil|e extrusions and .
injectiog gnelding, BiPYRTOIing BIRASH o EIAMEIIie, PragRisy dvimpositions comprising
the olefiM §3188ersOfarCaisBPEY YRS ifth fabREel&t alttfesNSW¥h1Rs those previously
pol'yners descri bed herein are also useful for wre and
mentiorgdblsengeauyemtepnoppolavlietn pro@ssing kdchaigu¢snwhicheet well known to those

. extrusj on for. vacuum fornm.ng operation and formn o
skilled H]D{ha ea&t %ﬁ? quwlg r’1 pf%&fsﬂﬂﬁ n lb?ﬁe[gﬁlieeﬁ%m tﬁf: ﬁf%‘ﬂf/’ingﬁ may” also exhibit
optical NRbpHrHE; aﬂfaQWVéTQh_dfa!Bﬁcp e EXtileR! st %Dk@eﬁﬁve or color-changing

processes. Conpositions conprising the olefin
charactgsistigsrer s can al so be fornmed into fabricated articles

such as those previously nentioned using conventiona

ol yo LI: pr.o Si chni ] [,ch .

A DB BFRS o e TP Salehe o Slsohe SRR using ehe
inventiyer pclgasirnN@r fbirtbelnsomadempridng tthe sampol YF@hed rfaymal®mprising the
hi b

inventeg X plollj}lfrrtlers can also be formed, as disclosed in PCT application No.
PCT/US2004/027593, filed August 25, 2004, and published as W02005/021622. The polymers
may also be crosslinked by any known means, such as the use of peroxide, electron beam, silane,

azide, or other cross-linking technique. The polymers can also be chemically modified, such as
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optical properties attractive in fabrics and textiles,
such as reflective or color-changing characteristics.

WO 200809 Bes per si ons, bot h agueous and non- aqueoRST/US2N9/032642
al so be forned using the inventive polyners or
formul ati ons conprising the same. Frothed foans
conprising the 25 invented polyners can al so be

fornmed, as disclos d in P
by erafsgi G5 SOPE7503, LR FUYISEE DIAHODKEs, qy other graftng agen),
halogenHh, 'a%ﬁﬁgloﬁssmg@é{ Q24@2che 1€l RN fI®ISn. MRY al so be
crosslinked by any known neans, such as the use of
eroxi de, el ectron beam S|Iane azi de, or other o
[24@) 0s s AdfitivEn gnd exdhinvianiiemayths melugadns anynfosmslstige comprising the

oven TR 5 AL S0 2 EOORLAR i s

includinpatiays; taohyehivge d(dﬂ\dﬂ) zedittapesideed Bl ogaalct d')m@orgamc fibers,
agent) hal ogenati on, am natiaon, sulfonation,
1nc1ud1rt& q@él?oncﬁqlg:ﬁ? @g}co%btpfl? @Q@rs otieel [vxzy%c]r MeHHi @qci\,@go%lﬂlapolyester cording,
nano- 819&11] Xﬁ‘l@f b@nd ng! f&i‘&ld th 1ﬁ@r¥ oAl Q}’tleﬁﬁegf incl gm araffinic or
rising t & “lnventive pol ynmers. Suit e addi ti Ves
napthemcn oilsu ched forHelr @ntiral swd yatbetor pelpmerso inciulanggatheicpolymers according to
b dgg les, 5 including clays, talc, titanium di oxide,
embodi BF| g?lnﬁﬁmﬂgred metal s, organic or inorganic

fi bers, including carbon flbers silicon nitride

[2471]i ber §ultﬁﬂ@§blyﬁdefsefd9 IbléTRIS Y wﬁH dh@}ébl@'ﬁle@sr a0t @S tEEmbodiments of
cording, nano-sized particles ays, and so forth;

the invepfed fincdpde, thermoplrstien ded yonrth@trmiasgc umhaflerrs ningluging natural and
synthetlg O}F)otl 1%n1ls | ncrﬁ]al&?y go 8/%){%:?8 f&afﬂléfl(% nggé/ glgﬁlgg(ipa/lene, (both impact

S, accor

modlfyﬁgb%lyﬁ%}iﬁerﬁf Isb@.ctlcflvpdilltyptb@yleih@ [al’e(%:?l}: Pl yipadilyeene, and random

pol yners for blending with the ﬁners accordln%}
ethylen%/ﬁmaﬂeﬁ%ﬁpgoldmer%),héamw@émqwf IP‘HEE‘Ft yena, He¢lHHpE Jdgh gressure, free-

radical EﬁgEnzﬁigfe? WaFEQ @Lﬁiﬂ é;(e?eﬁ otORIBE i I F&{rlr%}i?g ﬂ?) %Fera@ a)r %gld( in reactor”

nt he nmers. enpl ary
blends omZiegléemahWWMeﬁaﬁoce(tlb(Hﬂ] sua’rpm:produmd disyliomgl in U.S. Patents No.

6.545.0881 ¢ SSERY. s, S“@g@%ﬁ?&ﬁ;?@“ A b D, bhylene-vinyl acetate

(EVA), C‘aﬂl‘%e‘)ﬁgﬁ‘ Ayl \ﬁ?cro'hQ}JSC EME]%%rSOf PQR]IE)%%Q% iBp8et IMdiHEd NSblystyrene,
hi gh pressure free radi cal LDPE, Ziegler Natta
acrylonittibPBtadrencaklyome n@ B¥H, stynaielditavigenaubloélp cepalpaeits oandPydrogenated

(M reactor’ b of Zi.e PE and )
derivatifgy JprEo ep PEmL P e T YiRrUety AEMRICaaRPholmer. PIB-isoprene

lyrdtéd EPDM N thsnedhPaséié Sol &3&1&701{ Rod&RoAd B0l h lefi
COpoys 844, 045, 5t 869, 5;,1755 Spa?n}glrﬁ 4438, 342) Oéet ﬁyl gﬁgnﬁrsn?lm a8 o

plastomgeseqngt elastegw) etlé'ﬂml @Weprowlﬁw based otepplyswspofprmsxample polymers
avallablgglrn)%g’ %r t%?lﬁ? r?a%anene ILF%’QM aga%%%gr’g&e’rhe Dow Chemical Company

rene
and VISTXNVEXEKI tag gl ghike fldho EKX@IQ{ZIOHH]/ 10k fich Cdmyihop enatBd b20useful as

derivatives thereof (SBS and SEBS), polyisobutyl ene
componepisgy bisafppnpiraig thpiipentpppelpmers.
[248] Additional end uses include elastic films and fibers; soft touch goods, such as
tooth brush handles and appliance handles; gaskets and profiles; adhesives (including hot melt

adhesives and pressure sensitive adhesives); footwear (including shoe soles and shoe liners); auto

interior parts and profiles; foam goods (both open and closed cell); impact modifiers for other
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copol yner, EPDM and t hernopl asti c pol yur et hanes.

Honobgeneous pol yners such as olefin plastoners and
wWeb@svoisey s, et hyl ene and propyl ene-based copoPGRIES209/032642

(for exanple polynmers avail able under the trade

desi gnati on VERSI FYTM avai | abl e from The Dow Chem ca

Conpany and VI STAMAXXTM avai | abl e from ExxonMobi

em cagl Conpany) ca | so be ugseful as, 25 c onent s
thermogTASS] BHHECBONBA &1 G HE P PERET Dol FHERS P BRIEne. or othe
olefin p¥IghnbisORBhte@ MHbMSEDokdC | iR ehRathbr sirigpify; af fdPer Booring; and

~ sott touch goods, such as %ooth brush handl es and
viscosity pipdex apedii¢rardselsrovgaaskous peintmpdiiers, & lubiifantsi ves
(i ncluding hot nelt adhesives and pressure sensitive
dhesives) . re (i ' 50l e .shoe :
24t ner ) S, PRl h BRI g BRSOk EoMPt R g gmmopiast
matrix p&Igtier,ocpecialndisotaate pobplkdpylenempat tin rabdidnhe@lcsblbek interpolymer of
other -83 WO 2009/ 097529 PCT/ US2009/ 032642 ' '
propylepg, @p%pqogg{ylnéerﬁélpl? rFOPONGMEH a%i:grqqrp%ﬁo ggﬁ)gfhtr%ents of the invention, are
iquP R i) S0 641 SR 50 BIEE o sty
blocks inetht liemm sf a icpgei sugroundyol by sugt e elhdtomeriaflockntbrming a “shell” around

Iscosity index nodifiers, alsao. known as pour point -
the occlyggf foyatns ?fglaarﬁi mfm%{m lesp PAGICI9SATS cf%n%inwdﬁﬁaﬁﬁg% within the
matrix EBE/B{éPFUyaéHe' for&RMRGSTdd 8fsn € A bsthP@indidcher BRAAAS! | This highly
matri X pol yner, especially isotactic polypropyl ene,
desirablgnophokeligrgs bakevicd thirosRt ilwt tor fol yrewe pliysiqet opypesive of the block

. and a copol ri zabl e. comopnoner accordi hg to . .
interpoldHss et haTe STl o e FEONin P Yty LapRAIrE gpd higher
comondni¥rMoR@n€ BlagombAat lrediyReoP@E thlsdkeintahgdlymer dadelf-assemble in the melt
crystalline or sem-crystalline blocks in the form of
due to thepppdynal¢ derisered SBariaf foress diragtnouadipg gk delieved to produce
' iy [ ] 0 d | NS har -
separaiqeIBD B p BN Aol b Ol ORRLUUET LIRS Rhe "Bete regions
becomevdcthidad elagod@r paticlexeqpabadninnhdyolyer matiickes i ncurred
during nelt conpounding or blending. This highly
esirabl e myrphology is believed to result due to the
[25‘ﬂng qugalaﬁ%nﬁzage%ﬁag}?e iess e tﬁ%sr%%%s&w prpeks e (TPO),
thermopMN e 12GRL EHIERIPAIFE! BieRROYAR FBGINDARsSHPN) 8%d tRenic polymer
matri x and hi gher conononer content el astoneric

blends. r efflorred ofPY hideidsoolayi bt eppwplasedeby tcondahihg abs entdnged multi-block
the nel.t _.due tq.thernodynam c forces.  Sheari.ng forces
potymely Frol b, AU AT G a o DR BYC 180 B olEiee) patioan SHGSRI rubber,
includi fahtRhal BIBLIR RSP mEm! ;ésipéci@ﬂ)ﬂ{]k(ﬂ‘SBSelﬂ_@éH €My R, and optionally a
_elastoner. Upon SO|IdIfqug, these regi ons becone '
crosslingig] erdadicagizang agenr. PROthlends e genesdly praparhé bp dlgpging the invented

block bl 7o B i A Gyl PRLE MIGTES: Binizpe geent. The
foregoitd ddndsrefiayobendsd (I P&ming he koddddashieet, Mbd eatibddlyesrosslinking the

. (TPV) and styrenic¢c polynmer blends. TPE and TPV bl ends .
resultingggolfed pitislsar & iBYaicHiRBRIh ysips diffgrirosporents ihap begikpreviously

disclosed in U.S. Patent No. 6,797,779.

[251] Suitable conventional block copolymers for this application desirably possess a
Mooney viscosity (ML 1+4 @ 100°C.) in the range from 10 to 135, more preferably from 25 to

100, and most preferably from 30 to 80. Suitable polyolefins especially include linear or low
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20 polymers, including functionalized or unsaturated
derivatives thereof with an optional rubber,
W0 p@beisey conventional bl ock copol ynmers, espeRCEHUB2008082642
SBS bl ock copol yner, and optionally a crosslinking or
vul cani zi ng agent. TPO bl ends are generally prepared
by bl endi ng the invented bl ock interpolyners wth a
.. pol efin, a crosslin
densiy Do ity ABPorh o iR g b1 878 ey iotistigqand impact
modifiedNyerQbid ﬂﬁre%f)”ﬁﬁdjgglygbhl% y]- l%ﬁteﬁ ' Sﬁ@iﬂlé/ styremc polymers include
crosslinking the 25 resul ting nol article. A
polystygingg rshbeprivedifiad epq}g&tyrgnftjl(HIB$)enatyr@m{p@m@mtglehagp@mnrs (SAN),

S at ent 97, 179.
sber RSN S SEARS S kP B bR el o o
application desirably possess a Mooney viscosity (M
[252]+4 @ROBkends By bé prepaed ®ynii@Ngldd kheadlidbthe ME¥pective components at
referabl from25 to 100, and nost preferably from
a tempeggiegrama osghprnhe s wté?mﬁ%ra@gfp%fans|qr§?oshrﬂ,f| Qgggomponents. For

most m tl'Bﬁ)%fq cBpolyA¥s ﬂ%%e}ﬁge%gﬁgﬁglg%g%gov ?jddézg‘g)?(n %&%ﬁaﬁ% above 145°

ensity pof yethyl ene; pol ypropyl ene (i ncl
C, and mbaquefenablmmaeﬂﬁ(l" C. s“]y;dtaitpatymar naiRthgi arraeddingwphifred that is

capable rrcfc’alg ing tée( %.s {1%5 and lg(i'l ngﬁ E%tlfM @Jgt eng%eemay be employed.

These iRdRENi PR ab&S, é%@tlu}ziéts XI'S&H Qingldl LR and twin- screw) Banbury mixers,

styrene/acrylonitrile copolyiers (SAN),
calendermpdind thedikeANIh¢ ARBenee Qim)ﬂr@rmhdanth@h@awdtmnd oarthqldﬁsurd@ final
copol yners. 5 Th ends ar.ed
composffi? X P Bipn gk P ineR B BERr M SRR ER AR e Bay atso be
employé® RRET @t LB gnba-PHHiekr @611RAME; 4 Mell Altdr fRIRIVHEA Byeliiu@tiel, €
one or both of the conmponents. For nost nultibl ock

of
TypicalpppdiRFer BV epnposieetpeibiiayea mgher ladggafsrossdingablepgkymer
|
(typlcalgsfﬂg_rcgl!l\le% 181%? %Foc%%gﬂglgrneﬁ%tﬁﬂﬁ%aﬁgzﬁgﬁégﬁi cérﬁj%?e\ﬁﬁﬂ oy

compositionsC &i&ﬁhiaﬂy,cfbr TEBahd MgVt dib@pﬂﬁﬁﬂohﬁ dhd ‘@'Hi[gﬁf atiooé Sorairédtlonal block
astifying the m xture enpl oyed. 10 These

|t
Copolyr{lr?e{ctp @@ék ﬁ?tpxpglynkqﬁ@é?dé?esfroréﬁb?ﬁa&br@ tedGR: BorPisfesatly fjom 80:20
to 20:8(?}:3&% Tﬂ%éf‘eﬁrm froBETSE $ fg L R h}ﬁﬂgfé%&ls @1@%%@{% ratio of

sequence of m xing and depen
block inttérpolyewi teepblfolntuh mag drpnsi thon 49/51 coatout ét950 moodf preferably from

Banbu atch m xers and c ntlnuo S m xers m
35:65 CGBUbYEAD. EOHOUGH SERBLPY RIS o0 “ByEhs i 7t Pock
1nterpol$]r?é?fo ﬁ&&él@ﬂ‘@%a?)ﬁls@@)e@?@rﬁ sk 49:5T%9 hl%ﬂt 5Y5, ﬁlo}-ﬁP Fref¥rably from
nposition"wi Il have a higher |oading o

35:65 tplwis 1@ Phkdbe eatmln}aﬁéle cj.langetiqu changiyg thﬁ;eflf@@si%emlpbﬂ%ﬂhe various
bl t d
componﬂg%c lﬁ“&lgr?fi:,gg ggl%s eﬁ%ct)?e E%rr,]aé?rg lust S? %g:fl [ﬁ?é%alg%? cfc rr%%gleng tfle phase

continuft® BP @Bargiie visoesiarh@b off tﬁé téhsﬁfueﬁt@ RY @ Mldnd it alPe@ok skilled in
copol yner to bl ock interpolymer may be from about

this art gy gonsuy ifi gecgeraryipore preferably from 80:20 to 20: 80,
and nost preferably from75:25 to 25:75. For TPO

[25:§]ppI | eakkif Qémpgﬂﬁoﬂge(;fgﬂé invahdw vk copolymers also act as plasticizers.

A plasticizer is generally an organic compound incorporated into a high molecular weight
polymer, such as for example a thermoplastic, to facilitate processing, increase its workability,

flexibility, and/or distensibility of the polymer. Polypropylene, for example, is an engineering
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bl ock interpolynmer to polyolefin may be from about

49: 51 to about 5:95, nore preferably from20 35:65 to
W@bwan7s®2 90. For nodified styrenic pol ymer PCT/US2009/032642

applications, the weight ratio of block interpolymner

to polyolefin may al so be from about 49:51 to about

5:95, nore preferably from 35:65 to about 10:90. The

rati os may be changed b hangi the viscosity ra
thermogfietBenadeng s ErAgE rant ETTR R RGY foonL G Hairapecialy Tor highly
“mfmﬁghhgbggyﬁ@ jehbustrating techni ques for changing the
hase conglnuity by changi ng the viscosity rati os of
the constituents of a blend that person skilled in
[254)5 t hibemaembagineatafithe 1mV¢ntmd§@Vs1d¢ isdibig Bjendwwithipalypropylene.

By blenglg‘{ﬁpsglgl'l Htgrgﬁllyge% gﬂgtlélp%g Qfﬁth;f)%lygalngpé}rfen%gﬁg eaﬁgc? g@p@l §glene

syndlotmgqmﬂ@rmmwﬂd atae€o ppIgpRip§lEne Ntz daRit@Rsitioh eendeadture, storage
such as for exanple a thernoplastic,

ol
modulug 6n<? HerPsTy &t B éleml@%ﬁéé SPhgronyier SEEvered. By IREBIR (pe transition
temperertl!n%xét&'ag fl%duﬁ‘@ ?{1&) GisClhsi eﬂﬂé erkdb‘il}/t Olfle)ﬁll;lﬁ I)p ohy H‘g{enmblhty of

Pol ypr opy or exa i's an nglnee ing -
polyprop@ief¢ B85 26s. %TdUUﬁiZﬁﬁﬂieﬁa&ﬁdkﬁmetchzé rapplpdagst far thdfsatnews

ener g | st'f nd eyen rltt e bel ow roo
POIYng@?fﬁ EJ&P%? FfélaP njoldediy éﬂ%tﬁ 1S 2pRareir ?&HP%FFHOW the
ﬂex1b1119§91)1y:pf)1%ﬁﬁcl:t%§i n Lé&h4he BRI 6V gfynamnsoe%nhaeexwﬂme@w RMking

provi de m sci bl e blends wi th pol ypropyl ene. By
advantage ehthiereghangeth comoreempa] 1y¢r@porpll<asandcta<ztent§ ogitrdl possible with

metallog%:eégr o%lr g?]%lo el'dl(sﬁglté%a C zil?/ség %8?‘@?;0 ‘E%ylFe gzﬁig)eguci%%&écﬁh Spotlypropylene

crystallinfitg pSioF tobledBAP SiBIRY Bverfivebd@® inf¥BbyHs. and vi scosity
of the bl ende polypropylene are | owered. By
decreasing the transition tenperature, stor%g
DSﬂod ul &iBes§ rpérlswlé%fbg?lwrowlﬁ@e (K)@FIR%IBPEMC? gnayfbe aiggchin noyn
I
applica@9 6F BERTPAC LomlichSy ¥RECR SO LERAPHE oL ARied forhot met
adhesivpQ Ipyqzmmpyérsmetﬂdhmlﬁesl(m an zid]nesme benporent pamicdkdy when the
products is a ent. Furthernore, the 10 flex bility
polyprogyleqe E?S&&W&?Vfﬁgg{ GESHIPIY £ PR prRBR RO IS Silgigytvhether
extrusiddohtthdsN8dst EXBI8RHEChchYvil @%khiBg imPANRAHhEARelng tclﬂgracterlstlcs) sheets
enhanced comonomer | ncorporation and tact|C|ty control
(such aplyssithisnvin singlemetrallfibyendieets ovhetehas ﬂealaquglem ous plasticized

cat al ysts th of which_.can re e actic
potyprof i HRPRR st Pt Ty s 0 s B B g bep] oers: and
as thernbdPaskio ¢ 8MbbY@ tLin AR iohd B aBR tlriélﬁ{ople[st?lé 8lefiheBEO") and thermoplastic
plastici zed pol ypropyl ene t hernopl astics nmay be used
Gy

elastomph("[l“ﬁg\'}\)»blglglsaﬂmrqt g@ypr@pglefl@hasfj@q ngpy begredemonstrated to be
effectlvg 01%231; %f 81]@?6 mlrgﬁ&s%s u\%l%’?l Sv&fjl%vv tQ her% e El%ga%’] e@altlc? ﬁilcreased

Ves,; essure se
workab(lﬂgz‘s tHélpladitQ&ld\{ﬁlﬁﬁdimﬁﬁﬂhernmldsh@slﬁfa{r|a)€uiMilﬂél rdpﬂteement in selected

pol ypropyl ene has |low | evels of crystallinity, e.qg.,
appllcawrfﬁh@aglcﬁ@ﬂyﬁ}Ydﬁwl ghleyide fEYGk  (whet her
[256] The blend compositions may contain processing oils, plasticizers, and processing
aids. Rubber processing oils and paraffinic, napthenic or aromatic process oils are all suitable

for use. Generally from about O to about 150 parts, more preferably about O to about 100 parts,

and most preferably from about O to about 50 parts of oil per 100 parts of total polymer are
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extrusion coatings, cast or blown; such will exhibit

i nproved heat sealing characteristics); sheets (such
W@200099rse rusi on in single or nmultilayer sheetBCTHI82089/032642

at least one layer is a plasticized 20 pol ypropyl ene

t her nopl astic conposition of the invention); neltblown

or spunbond fibers; and, as thernoplastic conponents

emplovt RS SIS LIS P S5kt s A BF e E0hing produc
the exp@f3k ¥PEGRY {Jlﬁﬁﬁcah F&pé{ti@gi Ai@RBhAYroRedn 4P IR 8AvdnPional waxes,
be effective. In view of these many uses, with

fatty acidmgiteveeh towldenpaturiezipg gpaptei @9¥>éﬂdoliqi$:méhlsim glycols,
o A, e ME B PRI A ol cter an
metal s@€| @pt@slYErappl diChine@Ns: £if¢-, plleddrivaiiveadhdredyvi nyl
chloride (PVC). [256] The bl end conpositions nay
contain processing oils, plasticizers, and processinq )
[25%; ds. tpubrern PrioresRydigecsricd rabherpaichrs fhese compiptpppplymerized
forms of But@ﬁl@ﬁ?&l 1%0}51’&19& Extudihe BloBk o lgrméﬂé '(ﬁ&@—lil?—aftérq{ieﬂéslﬁbbers), have
Generally from about to about” 150 parts, nore
lower rppisednee &abUY mbiation,®zboe, abd ukidi@éh, pampsred tamdstipsat highly saturated
rubbers 2 gggﬁggég%;s%?}??ggr%g%} gmggogﬁgo_sgjg)n%é%aggdgé%é ggrgc entrations
of diendWabbRABOQ/ R 32614 n BTRIRYG e BN BacRIB UREDVOfutdkt stiBity, along
~ tend to inprove the processing of the resulting
with anfyrogoncaddatives tahé artx pridgiets o Blasknetepolgnaahcqordipg ta the present

nvent i ona

. .Addi ti onal processi i ds_include c l. waxes
imvent it 307 5 BERTS o IRl St POV RR P AR s o
protecti$é S@fRt ayel ROL] AdeRRdE drNshisdicdYohyaRdrSesistant film adhered to
, pol y) al cohol ethers, including glycol ethers,

articles %@meg)f@gm epryentional dignn glagteatey Myidified| PobgResfcscomiegitions.

netal salt-, especially Goup 1 or 2 netal or zinc-,

al t [ ' r : L n t : e
! S ASLANED TROLAPL 2 ka0 R e o

choice fioo UMralssozeihn ahd stabiliafngqudgattien R apresestapverxamplasalf waibog blacks

includem @ﬁ@?&ﬁgﬁ@@gﬁ@&'%ﬁ;&ﬁ@%g@g ARIBDELY N3B8 B30, M3z,
N339, N30 ABLPIN3 FORR3R 310 NBBSL NY5®INIRRINb Y0, 349! RbSE! N683, N754,
rubbers.” I'n appiications such as tires made from

N762, NtPpdgi7.i N, DOAT ANPIGH HNRD ghe N9Qbnd erercattiondacke havfe iodine
di ene based rub S, It is known to incorporate rb

absorp S Fpelt TpPyA 7 AbEAP ST Pos OuBguTag hom 10 @130

cm’/10@B! Gef&ang safidet par@sle aR8d 8dibbn BrLIadRE 8mpRlye€ ko the extent cost
i nterpol yners according to the present invention

considefnsioge BefiMYy Kortmanyshgh arpkicpéans|the presanh Sleck inteipelymers aiyl blends
thereof Ee%(rl)ﬁrlf Gfigieacgr R Ir ogle%éc?(n thl%rc'eb. all &g‘ggec%ﬁllsi\([igra? r(fegi%ﬁ f]!e%l%{oerfl to include
coat ed, coextruded or anrnate or weat ner esi st ant

alternatfvielpigragtheseb pigmeatstat all.eSIul-hoRDtifes 0Mieo Matrhingthalcolor of the
.. diene el astoner nodified polyneric conpositions. 15
vehicle presgie pegtibidihvent i onal TPO, TPV, and TPE appl i cations,
carbon black is the additive of choice for W

[259bsor phi3BsiAbk, fcARiild ko PABP Bidni SecoRBRE BPERB R Ss of the
exanpl es of carbon blacks

invention may also contain anti-ozonants or anti-oxidants that are known to a rubber chemist of
ordinary skill. The anti-ozonants may be physical protectants such as waxy materials that come

to the surface and protect the part from oxygen or ozone or they may be chemical protectors that
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i nclude ASTM N110, N121, N220, N231, N234, N242, N293,
N299, S315, N326, N330, M332, N339, N343, N347, N351,
WONB8/0979375, N539, N550, N582, N630, N642, N65PCT/NEBB9/032642
N754, N762, N765, N774, N787, NI907, N908, N990 and
N991. These carbon bl acks have iodi ne 20 absorptions
ranging from9 to 145 g/ kg and average pore vol unmes
rangi ng from1 cnB/ 1 era
react wish PN 0" 67 Seq TURHIEA T GER OEF S L DG SarerHs dFHENoIS butylated
octylate@PheRd1, B@STatedCRASh&@YBEARMSHHRA D IpheMAENJMRMYInSY G htylated reaction
appl i cati ons the present block interpolyners and
productp peprggesol andrdieyclapsyiailicae KE@‘PD@ potyphenaleransinxighateidydroquinone
deI‘lVatl%QSe Fp%bghal l pvl\{leng rcl:eogn 109(16 an t%loes er gnrhoxgcﬁlngs (fl‘t%enc}s thereof.
€ rn nmﬂsorno rmMs

Some ré‘ﬁﬂés*ehtahid@&add ﬂa@@es@f sﬁdhﬁﬁ@dﬁmft &8 lwlﬁlgﬁtblﬁfMC@ hgtfox@dant, PR1REy™ 100
vehi cl e are one possibility. [259] Conpositions,

antioxiqang [Podystay Y HE? né@ﬁdentbP@Iaé@yTé‘c itiRgidapt, Wingstay™ L
ant10x1cﬁ1ﬁp Q’gi g?tg b BltILS gﬁtloh&é’nec‘ a%gtaw Ka’cln%l%xfagﬂtt WlﬂgstayaTM 29

nt's or anti -oxi t hat are known
ant10x1dalﬂb b)@mgsthﬂm SN-lafntioiddntn ad/Irgdiok ™M adtivexidants. -Iozemanpslications,
be physi.cal protectapnts such as waxy materials
the antiRIganEGIRE A0 PR A6A Prieraphy edop- SE%‘%}HE 4R¢ npp-ghigratory.
oxygen or ozone or they may be chem cal protectors

[26(’5]h at  FoBfoVRird0R{ RALDEDI RS HekR2009/ DA ZEAR hiddeRatanhd Hght

ygen or ozone. Suitable chém cal protectors include
stablhz@ts {Jﬂéhﬁb et Hweqb@q)@ersbuawbeaalgdusedc Syitdﬂ@ dxa‘mmdmmdude Tinuvin™

d
123, Tt o e Rt e TR S 6 AR YOO pbBipisn 750
availabR-fEIne E@Ma %’é@laﬁz ChehRREN had CeARIsOATPIDA4 Pk e Aokl Cytex Plastics,

anti oxi dants ydrqu|none derivatives, quinoline,
Houstogyil ¥h By e/r\éuea/rlﬁ acik maz e additipnalsinelideghvith RitihlS sompeind in order

oL SRSy, PSSR PEN BN 06 BB o

100 ant|OX|dant, Pol ystayTM 100 AZ anti oxi dant,
[26Hol ysFa[ysBMeZiMh}msitiionsgiadaimibnal\ﬁﬁlxggtmydélbt may datinpidyddind pre-

dispersc%/Ns.hﬁ gg{i %T %glaLn%ag{]qtnla%)s( nt ‘t‘}@q% glts\} %m&% %rl] l)ro éhq %trall ilizers to
form a ARLEBHCABH. suBRubTGAD PRV AP hiePBI AR hSre fhdin SOME
applications, the anti-oxidahts and anti-ozonants used

w || preferably be non-staining and non-mgratory. 10
[2631260] SHtrdlperosslinking agefets (almfer@ﬂa@ as cnr;ngagaaumtuzmg agents) for

use hererlr‘ri1 Sllu%{?{e asbﬂsfgr?%aesF S,rp(:égox{il bas ci 09 éa‘?lc %Qéeldl SH] Sexa ﬁpl'l:rs amples of the

foregoith gﬁﬁllatéﬁﬁls B bviha iMhe L?t&ncf[idﬁtg\/lh rUrM Batéhnts Ton BW %W?) 62806,558;
INnTM 765, TinuvinTM 770, and Ti nuvi nTM 7

5,051, 43k | MoI0: frl Mk SOP T G 4147). BReh AR detal 131 4.927,882;

T944, available from Cytex Plastics,
431152@%@%%gﬁgX¥yUSA. A Lewi s acid may be additionally

i ncluded with a HALS conpound in order 15 to achieve
[263uper M&ren?bu]fﬁldmat{u&irigtzggﬁntaaredirﬁ}dbm dedeterdgorS.anPatierictivators

may be used as we ﬁll gccelerators are used to control the time and/or temperature required for
dynamic vulcanization and to improve the properties of the resulting cross-linked article. In one
embodiment, a single accelerator or primary accelerator is used. The primary accelerator(s) may
be used in total amounts ranging from about 0.5 to about 4, preferably about 0.8 to about 1.5,

phr, based on total composition weight. In another embodiment, combinations of a primary and
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[ 261] For sonme conpositions, additional m xing process
may be enployed to pre- disperse the anti-oxidants,
wa@pavogsenant s, carbon bl ack, UV absorbers, anelDpS2009/032642

light stabilizers to forma masterbatch, and

subsequently to form pol yner blends there from [262]

Sui tabl e crosslinking agents (also referred to as

or vul. cani zi n nts 20 use herein

o seconfii ety ip s S BE e ber Bhsaieleb o gfidiagispe in smaller
amount§a8&a COARAYBEHD.0F%AHBBLES pf inf H8er hACGERE A t@qh@[*dv%'tﬁe

are found in the art, |ncFud|n in U S Patents No.
propertl:gs P5keguRd agtlcgc)ﬁCglggmatlgnmEc gatogs gapgraplyproduce articles having

povendh 30830 R EBin T A8 S RO
additior ﬂéﬁ?e&ﬁtioﬂ@ccﬂﬁ@ﬂbﬁs Iﬁﬁﬁb@{fwd(wlﬁdh RGO hEEREASn@ Al processing
cure activators 25 may be used as well. Accelerators
temperagyrgs patguoduse dgatistatonyiare atnedinpy/ plcanatien wmpestures.
Vulcangt%ﬂ Ire%ngrQ [nfl %ﬁ@ rﬂe(ﬁs &“ ﬁﬁ&'bfeatgf%&rbf %E(gjeéérgtoksrm%toﬁ{%i f)@&sed in
roperties o he resu t|n cro [T n art N
the premmtanvmtiondrermnmss ahgmilfntgals,egmmiaieertatc(mlrea@rthmzolﬁarﬂylurams

ccelerator, is used. The pr accel erat or (
sulfenaigiles i qeaTtapRis A saHEer é’ﬁﬁfFﬁé% b s saop e

sulfenal"ﬁlﬂféu tIf #5ecBh& E&reﬁ%tbfr ﬁtﬁ@é{f e s%c&rﬁiaﬂb&l&lei]até* is Pfgférably a guanidine,

based on total conposition weight.” In anot
dithiocagbdyoae we ftiyramominipeatd.ofsrtah paJCpsmngamgis @mbbur@ &tid@xors such as

2009/ 29 PCT/ US2009 2642 n ary accel era
stearic ggi ?ﬂdo 73%8 %T}a'%er?sfﬁ %@Bé’ﬁ{%i bzi‘é ?“éP&taéFntBé’ier}tjeé co-
acuvatd@&dcdagerﬁmay B us@NRALBIBinaBbE hedsyitt, WRiABRWoaLrddintRide

about phr,”in order to activate and to inprove the

tnmethﬁpkmmmfs giaceylate iﬁEMﬁIﬁédtranqthsclp@ror@@wmmqha@mbtedff MPTMA),
triallyl ca/anura? @t )t H%?I 1socya¥u1%{ @Aﬁ@%arrrtlolnc' %ﬁer@ a se gf peroxide

are SOI’TE an 1

crosslinRéQAHE 8ftidnal Usepemfs usedsion ghigiaPGCRInglét aynanhid Vﬁlcamzatlon are known
addi tion, delayed action accelerators nmay be used

in the agtjapg ﬁlsgbée%@( exgrple iptpe th@ﬁtlﬁﬁ; "Pﬁfqgcé@sgplﬁgnzatlon of Elastomer",
t e [f |produce a satisfactory cure at
<VOI74:ﬁgghLﬂ %&E?ggﬁﬁzatlon tenmperatures. Vul cani zation
retarders mght also be used. Suitable types of
[264ccel Wl&nmhsblbﬂahltemmylyber cazeaning cotripesipoe sseateast partially

crosshn{kf:# 6{1]% (Iée%geea{fetﬁranhliﬂggg glrnge!ﬁgl?r%d Qg asn%lgiﬁggﬁg composition in a

solvent @il sPLafad @@1‘5@6@ 2nd @Qlcﬁl@ﬁﬁéiﬁfe%rceﬁtr & %f éiwaractﬁbl% component. The
prinmary accelerator is a f enam de. a second

percent acb@reralslr/ aircrfragemlél@l 1ncrdaelns@cqml@ltdmyg keels) Ema«ttmd agicles according

di.t hi ocar bar.n Le; t hi i ure

to embo%é%% g %%rté% tigﬁlécog?eélgls fa i %u¥ in %‘8 FnS OF%S to 100

percentsuch as stearlc aC|d and ZnO may al so be used. Wen
peroxi de based curing agents are used, co- activators

or coagents may be used in conblnatlon therew th.
[26yi t aby "ebl@élégé‘?ﬁ’@lym%ﬂ wrgerding torpaihedinetnsy effhpanvention as well as

blends tIhELle&e% ss@sts % %ﬁéglﬁ%} M&Ir&f BRHE art compositions, due, it is

trinet hacr y
believed, to lower melt VlSCOSlty arising from the polydispersity of the inventive block

interpolymer. Thus, the composition or blend demonstrates an improved surface appearance,
especially when formed into a molded or extruded article. At the same time, the present

compositions and blends thereof uniquely possess improved melt strength properties, thereby
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15 triallyl cyanurate (TAC), triallyl isocyanurate
(TAIC), anpbng others. Use of peroxide crosslinkers
wae@optseonal coagents used for partial or conptBUS2009/032642
dynam ¢ vul cani zation are known in the art and
di scl osed for exanple in the publication, "Peroxide
Vulcanization of El astoner” Vol . 74, No 3,
2001. [264 bl ock i.nte l.ynmer
atoving O e b Ao eI O PN, o e
usefullyCéRgIo L d ireHam tahe aeabeemefe HpAssldnokinBe: HBY sthRgth is currently
nmeasured by dissolving the conposition in a solvent
inadequiatr  speci fied duration, and cal cul ating the percent
gel or unextractable conponent. The percent ge
or ma i .
[26€IeveI lgilé( o:ﬁf gﬁ?éﬁﬁg&%ﬁﬁ%s eaggo;r(g@ rtg grrr]lg&ﬂﬁ%h{s%g tlgaginvel%tlon may also
contain @kgdnlveor invigaitit Gillerstdrettipe hddiivesgalch aosnthieh} talcs cAleain @abonate,
in the ran%e from5 to 100 percent. 25 [265] The
glass fibgre pRIYRATCTHRSTS gleding BYPR; rﬁgort . 6°WRHb Bl YERAK andpolypamide), metal
fibers, AREEBE %ﬂgclg NBAHldaBi 1a ﬁk&@ﬁca‘&eﬁﬂﬁhﬂ&sﬁ%ﬁﬁ)ohﬁ@g QY&fas clays,
proces conpar to priof  art conpositions,
mica, sitios, alumma,salurheiosleh\zads oit Duihowphospbhtts,\chboosittiskeas; cabogfibers,
nanopalitlﬁf rénll%:glﬁ(y Xn%ﬁﬁ:gg rv%%li%tog%ﬁ,:ﬁgggl{q%\é%%&e\gngngi:,f:dtramlcs such as silicon
carbide AGRRIMSTifi L @9 (iBid. "AAY Bk Wr HBRE cARPREARMEmay also be employed
especially when formed into a nolded 6r extruded
for betterrfilles bendipg. t he same tinme, the present 30 conpositions
and bl ends thereof uniquely possess inproved nelt

[26 tC_rI_/e B%%H%%ﬁ%gésﬁﬁ %h}pﬁg?\lnoﬁsb z}/ccHrd%?ﬁ sl %ggrfngn%{gf%%e invention,
includirgnthe Fqregyne bnad) chay! t%qﬁ«scets fargadonvatipasl mblding lEniques such as

bl ends, to be wusefully enployed in foam and
injectiop FreleipE Grupign apiing éh?rmowa&élwéwolémge%@f Fqlding, insert
moldm% l’brl(g\@ H{ollcyin 'atﬂa%ﬁﬂﬁ] gécﬁm L&S %Mﬁf&%i& ]ha er films, m
I't1ons accor BT odlnent & nventi

produceatelyy CBIIS‘S(]D‘ ter&em}g]pmwssm gﬁmdmng)blowncﬁﬂwo@sédsl l ers or
ot her additives such as starch, talc, calcium

o DR o BE0 RSPy BE TSI ) S B 1% can e

used in ABhher thhii8 USscribb@lifide @cﬁll(ﬁﬁﬁ% S §oviGisRa ﬁgﬂ@éaﬁoh@ﬂ%(ﬁ%losmes
silicates, phosphates or carbonates, such as clays

of whichijagd thegi qom@guatlgnu i visiona |agphigadions ar@atoggnuﬁﬂon -in-part apphcatlons are

1ncorporatfl:J({Tl'.!) GI‘}QS eql%treei‘r‘?’ n tgl%irr %gp rewn ke %rrssMa& a rgr% ?%esfg of
nano es | nc Ot u ast O

Propyle@é/&m)]eflﬁs” 29! Seii@BNo afsml7 meg@rrfﬁba onSSHptEnﬂfer $6) I 20061 W1l as
carbide, silicon nitride or titania. Silane based

or
“Propylgpg{@olefuuiork teigeheriraly - SISsiabo TGy B filedpn Plarghe}s, 2006
filler bonding. [267] The thernopl astic conpositions

accordi ng to enbodi rgRéFNGE MBPHIGIYENT | ON,
ATREF

[269] Analytical temperature rising elution fractionation (ATREF) analysis is conducted
according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.; Ryle, T.R.;
Knobeloch, D.C.; Peat, I.R.; Determination of Branching Distributions in Polyethylene and
Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are incorporated by reference

-90 -



10

15

20

25

i ncludi ng the foregoing bl ends, may be processed by
conventional nolding techniques such as injection
Woriodionng29 ext rusi on nol di ng, thernoform ng, slBGHUS2009/032642
nmol di ng, over nolding, insert 15 nol ding, blow
nmol di ng, and ot her techniques. Filns, including
nulti-layer films, may be produced by cast or
cesses i ncl udi

herein i ip gfl%egﬁegn:tﬁg%d £ F%rﬁp?%tl‘flht@ bgﬁla bc{ iﬁ \g{n%if)]lglggl IP trricc):ﬁlor Sbenzene and

allowedXORPYkLRLY if-aQloffthiNcdiMifiR Cﬁh){ﬁ@'f Suppbst Qstﬁﬁl&s@ﬁeel Léﬁ&‘;* bl Blowly
a manner that is described in the followng U

reducing theviesiperagire pHlI° Coanicopling miveofdl BB CObfmmmethpped with an
infrare(fa ({]eq%ctt heiy n &?REF c 90t I o raﬁn::“ Vleslls nen englp %8% elhﬁ tﬁe %ré/stalhzed

nua 1 on-1i I ons ncor ora

polymebyanﬁlﬁé aoanNGe cbl@tfrﬁll H}/ s!ldSkVIyl'lﬁd:I’éaﬁlﬁg the @érﬂperatﬁf&h&’f tBe Mﬁd@% solvent
Copol yners of Propylene/a-Oefins", U S Seria

(tnchlomen@m)ﬁzcrmé@so 1299Cet agte Qb At SRR 16, 2005 as wel | as
"Propyl ene/ a-ol efin Block Interpolynmers”, US. Serial
d on March 15, 2006 TESTI NG
POlym%ﬁ%zﬁ%ééﬁrgglﬁfzw] Anal ytical tenperature rising
elution fractionation (ATREF) analysis is conducted
[27@]c c or bagg-stde RERfeadtiodatiesis carbied by dissh1BingARt 2(hg of\polymer in 2

iters of g iglproP e RN Ut 06 i Lot RGRRY B GPlution i

forced by i )HP@. RitidB6h ofb Y] BBIEb AR MBIcEn x 12 cROIsHR) column
gﬂ .QJ gﬂb441 455§ 1982) mhlcﬁnarexlncor ora?gd b

packed mather @hEb(v: OONInOF E)@/ID@?HQ@O PET (US3PITIC E@h@icam?léétyrglass
beads (%@115&? Il p(gtketrrse ﬁ%ﬁftﬁgse HE %%I)(&boﬁrofqvxpo%da’?gbygﬁﬂ) hi¥d stainless

orobenzene and

steel, 0.02§ S0 rhml @iahRted cGOWLEThdt Ontadhble finaPelicne Iic. 58 PRAIsErial Drive,
stainl ess steel shot) by slowy reducing the

North toa?fﬁ%rrdat NYe1flb2020c“§h§t~‘olam@d§>rmm@rsrs(étrba Bermalhygomirglledrpib jacket, set
1n1t1a11y2t\$_FEEgnCl THEAHIRREY £ LBo1R8 bal'hﬁtflcfaﬁ &g 19@3@311%{/ sloi%'?:ooled t0 20 °C

Cthﬁ‘HtO ram curve 1S ener at € e
at 0.04 t@ eercminsiteadrldi }E'»kﬂfoh') opohyure Frash Ml B isf ingodiché acdloun6s tnjv/mln while

slow y. i.ncreasin I erature of the eluting
the tempgypy 1“%?%?@?ﬂ%?%£é%2@' MUt om 20 to 120C at a rate
of 1.5C/ mn. Polynmer Fractionation by TREF [ 270]

[27161ar geAﬁﬁﬁ)lxﬁnQEa?EOt)O AR tpoRitk 0P Blub St 166 kheBstePafative TREF column are
i ssolving 15 polymer in 2 liters of

collected i a4 6tstatiohd Iwmldémz@wecqlim@)fbgf he pplyrienis dopgenrabpgdlin sacht fraction
using a 0181%: ekx-&r[g(aera Or Pr{tggagﬁs gén @B,oml of t 0]%(;191%1%1? sdol tH’o(n?lre]%lalns 9The

concenttded §9lutsdng Q&e ARwsano @@ﬁ& G%Mgﬁlhbﬁoﬁtchdﬂﬁlg(éd(céfs)s nliEtPﬂan@f filtering,
30-40 nesh (600-425 spherical, technical quality

and ringng@gProse des S Qhpa Pl @g?hénqlrlmhuﬂnag therfénal fasedt h@ﬁﬂtraqen@t@p is
perform%ﬁ%n%o_? p(%ﬁtg)m%n adssted ﬁﬁ%g s@zﬂg)nsl}sﬁfg@@ ﬁﬁl polytetrafluoroethylene

coated filter paper (available from Osmonics Inc., Cat# ZSOWP04750). The filtrated fractions
are dried overnight in a vacuum oven at 60 °C and weighed on an analytical balance before
further testing. Additional information regarding this technique is taught by Wilde, L.; Ryle,
T.R.; Knobeloch, D.C.; Peat, I.R.; Determination of Branching Distributions in Polyethylene and
Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982).
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steel, 0.028" (0.7mm dianeter cut wre shot
(available fromPellets, Inc. 63 Industrial Drive,
wormwm7senawanda, NY, 14120). The col unm i s i nPEF/E8009/082642
a thermally controlled oil jacket, set 15 initially to
160 C. The colum is first cooled ballistically to 125
C, then slow cooled to 20 C at 0.04 C per mnute and
hel d on hour. Fresh TCB is introduced at about 65
DSC Stapday 41 the tenperature is increased at 0.167 C
per n1nute [271] Approximately 2000 ml portions of
[27H uanbifi&emidl Bearigpasistimegy Heals 6l déeBimaHed ushigla BAL ©ddel
in a 16 station, heated fraction collector. The
Q1000 PSCyaquipred wibrindHey sedingiascesseiti and ae eitopampler. (/S inifgpean purge gas
flow of rSBtn%/er Y ﬁ? [ alth% allﬂﬁfaez 1%@96@ ldteln%o ntglglnfgl‘ '%I{H dm cidt F%he n%ress at about
190°C z&fd&h@ﬂ :hﬁwcded Q) @bmﬁdmpmﬁfﬂd: @seChes- <DtD éngasfdhatgriAXCHes cut into a 6
met hanol , filterin and r|n5|ng (approx. 300-500 m
mm diagretegiskadfSPratel¥ Metd %ﬁa Rlacediin A lightalyagpm manecs PP gt ngihen
crmpe R B B e T ar o ST Ry g merature
profile. chiat chpld is rapidlydpeted (@230°Calnidenefd mnohé]smab lﬁwrc'ism[mn:es in order to

Cat # Z50WP04750).. The filtrated fractions are dried .
femove 4D PHIVEHE ﬂi“iﬁm&%é@@b rl B EHPAE Isdlencogid tRe? Ejead 1§ gigﬁn cooling
rate andPRRd ¥t -0a&T fhal ARGRsDEhekEnplb W B hedi&Pld 139 - AR dipbERNA! heating

i nformati on regarding thls techni que is taught by
rate. Thaidogling Bnd sqRphéheatigRurveKagoetaddd. D. C.; Peat, |.R ;

Det erm nati on of Branching Di stributions in

[27330' y eiﬁéf Qggﬁ@gggfgﬂg S %8541% %%ul% in ROUOHBw 28! (wig) with

respect R(Ihe U242 Gkadvn BiSEest b dagidniMgtanadnd 87 @klting. The heat of
Differential Scanning Calorinetry results are

fusion ig gegyuechascthe eA gnderthy metglcuraistueenste begingpeandheignd of
meltlngﬁdlg%nﬁcﬁ1&9%&8@%@%@%?&?% @F&g%@pﬁ%ﬁggfﬁ%@$ﬁrcogélyﬁxﬁés, the

en purge gas mn is use
beginniﬁ@ﬁbinelting iptypRapd obstivedebethiéan F addriat@ Trd tesdlting etithelpy curves
press at about 5 190C and then air-cooled to room
are anakygaehfor fedly melfing tympegatyry. agpebrndReas Gryftalligatigngampgrptures, heat of
Nt r ed, placed
fusion a{nﬁ hgatﬁllfg:ﬁ\{sml%{%%ﬁﬁ%%%pagg lec%g D%gfér&;r{gawsgg Jf dl\q'{%:g]&p eri nped
shut. The thernmal behavior of the sanple is
[274]nv esChkj;la'aéoh ol the XSGeisfdoh¢ asiohlgws e Rpetr abasedne prabtdihesl by running
4 DSC a5 B Fah h05 75 YHTWIR 18404 HUBNder L. biferbF Bjligrams of a fesh

indium Q%g@s ?sua%fb%?{i Bﬁhle;mn%ttﬁé Xaﬂ)p-li? got gﬁgﬁg ﬁéttll?ee&n‘gjg% efthOt’g ata

cooling¥ht8 bF €6°C /Hhi@ fSRGPED Y Eeebhm%rth@ et 16l i JotheZBMN 1 atat0°C for 1 minute,
10¢ mn. heating rate. The cooling and second heating

followed lpy\hestirg the sauple desdn 14PC3p IBAYC BSChaneihg iratg op EHK” peg minute. The
heat of P%lo%uarrlg(%heag’nstep S r{lTeﬁ%(linglélmhie anl}gr%tsa}cnll)i)f:vgrfr: gft:tgrn(li\rll\fl:(g gn&ﬂf‘:htegked to be
within 0.5°C from 156.6°C for the onset of melting and within 0.5 J/g from 28.71 J/g for the of
fusion. Then deionized water is analyzed by cooling a small drop of fresh sample in the DSC
pan from 25°C to -30°C at a cooling rate of 10°C per minute. The sample is kept isothermally at
-30°C for 2 minutes and heat to 30°C at a heating rate of 10°C per minute. The onset of melting

is determined and checked to be within 0.5°C from 0°C.
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respect to the linear baseline drawn between the
begi nning and end of nelting. The heat of fusion is
wore@symseh as the area under the nelting curve PET/VE®NI/032642
t he beginning and the end of 15 nelting using a |linear
basel i ne. For pol ypropyl ene honopol yners and
copol yners, the beginning of nelting is typically
GPC §£ved between 0 and -40C. The resulting enthal py
are analyzed for peak nelting tenperature,
onset, and peak crystallization tenperatures, heat of

[275]USI Omh@@@i Aatatidh chfonsdtedrhpaat yedn canihtaoNeiBENE Polier
anal K es of interest. [274] Calibration of the DSCis

LaboratggpeMagel RJi-L Hhar 2 E@lb/mer Labgsateers MedplsPloB2@insampyt. The column
and car(g#gpéoq%)mr%%e?s pér%t%g]as?ﬂ) ‘(C:f V\.h]iljgg Eglg&%}( L?B?‘&Ri{’] ﬁeé PO hﬁgron

Mixed-Baohingnsiase ﬁsﬁﬂl )7{216 dolbyntheap M@chhﬁotﬁ:ﬁm’jﬂee The sﬂrﬁﬁl@s are prepared at
cooling the sanple to 140C at._a coolln? rate of 10C

a concenftpny | ]o%':lalslﬂf PR]é/@ftﬁf HgSQ ellibiterpplesal sat srataaing 204 ppm of
I
oy A DB Sl GRS BTl
The injmmen vhbate wekd ﬁs,IIEQOGnlcacrlrleI‘s hed dredétw oite 1vdl.Q mgniodtet he
indiun1sanp|e are determ ned and checked to be 25

i t hi 6C f.or..the onset.of nelting and
278§ ¢ i Mngimfesh® Feisht sty ' dPAREA b sME bt B ngipcular
weight @@trfb‘ﬂhél@ gol‘éﬁty%e s@nadia Mi’(ﬁ’ﬂ PB%’I’I&@ Plab&dtoRie§ MsICal PP rHging from
fresh e in the DSC om 25C to -30C at a
580 — 76681006 @/md@bmcqonmql?mwﬂh]thm dutiotheolgman| Ene eslulo@bmt

poon FROCEIBL Bl A0E LG ) D o0 DM} BR

coefficiksts datpil yprogdernds @dfseﬁkéﬂfb}f 'Oh. UE Sehdlfe, N.10J Meifidrim HCM
-92 WO 2009/ 097529 PCT/ US2009/ 032642 GPC Met hod [ 275

]
Schoffeiqges. god A rretrandin ] chrRNERIBGr afini2e: 1St e S2dA Bt @C%tporated
herein Bé) Iref%?réenrc@lfrgi O(yonfsg rrfnléf& Had IBB%{E% ggﬁ ﬁ?}%)?%?r{legt I%Qrﬁle Y. Hellman, P.
M. Mugixal Mmronaﬂebudmr HUKE I(IQﬁﬁpmotrpmalbé haretn ppefated) at thd Mark-
Three Pol yner Laboratories 10-micron 5 M xed-B
Houwi M are used. The solvent is 1,24
trlchlorobenzene. The sanples are prepared at a
concentration of 0.1 gramp) ofkyol yner in 50
milliliters of solvent containing 200 ppm of
but yl at ed hydr oxyt ol uene (BHT). Sanples are prepared
where Kyy - A§DE&, g, 101 Phtang K,0r 1. 260004 ras, -&t70260C.  The
injection volume used is 100 microliters and the flow
ate [s / m nut.e. 76] The nol ecul .ar wei ght .
277het or hiwEiPaint Sadleiitiah ot g Ta oot oA sineg
Viscotek@isticOllirs Veihu 1.n _pol ystyrene standards (from
Pol ymer Laboratories, EasiCal PS 1 ranging from 580 -
" 7,500,000 g/nole) in conjunction with their elution
CNMBo| ures. The equi val ent

[278] The copolymers of this invention typically have substantially isotactic propylene
sequences. “Substantially isotactic propylene sequences” and similar terms mean that the
sequences have an isotactic triad (mm) measured by BC NMR of greater than about 0.85,
preferably greater than about 0.90, more preferably greater than about 0.92 and most preferably

greater than about 0.93. Isotactic triads are well known in the art, and are described in, for
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pol ypropyl ene nol ecul ar wei ghts are determ ned by

usi ng appropriate Mark-Houwi nk coefficients for
wWEiogpsspy| ene (as described by Th. G Schol t e, PEUI/LS2D09/032642

Meijerink, HM Schoffeleers, and A MG Brands, J.

Appl. Polym Sci., 29, 3763 - 3782 (1984),

i ncorporated 15 herein by reference) and pol ystyrene

ri d cka, R J. Roe, N Y. . .
examplé_g? 5[2%38 f WF ‘X\’l\gg BQ/P ;743\}36?%% |t%g18|1%)§act1& SeqHeq IfSﬁrﬂ‘S of a triad
unit in th8 @Qﬁdlﬁhé‘it Iﬁglebﬁﬁleé}ﬁup(‘let&ﬁ{l%ﬂbﬁ@t NMR sﬁb@cd\@ rNM Wird re

equation: {rj}=KMa where Kpp =1.90E-0 app = 725
determigelasfofowy.. 26E- 04, ap, = 0.702. 20 [277] Polypropylene
equi val ent nol ecul ar meight cal cul ations are perforned
Si ngl3
[27%&27 8] e 1 o%a%Ftro coéﬁg o%g .tfg%l[lﬁl\tl)glﬁ fStEcglql 69 163 nﬂl}{g art for

measuridigksin@nbdmal inyoripsatiag irit6 a @bmmére A& examgleeomlels techmque is described
"Substantially isotactic 0 ene sequences” and
for the detefpiBRUOpGN sEMABGHCT dRatent frs g’a'lf‘é’éf?a%lﬁ@é Soppiyiaergin Randall

(Journal ﬁlﬂl{/lﬂ%hl%lécﬁla? c&ﬁ@@ RN LN aRYontotled %Q{?ﬁ%q‘hafsms C29

an about 0. 85, pre erably greater t
(2 & 3)ne 1‘1r7€(ﬂ 28Apl ri]hegbasaimocddhmfoaBﬁaﬂnlﬁlr@thaCWinMer content of an

otetn 1§ BET dhen s SEHSTn N RRHR e B B o i e
intensity 83th@@e%%%&1@%\7/@@81 RETHMSRORA O3BGAn tl?e)%%%heeps dHellly
%, 04,172 and 5701745 that refer to the |sotact|c

Pr0p0rt®@e|1LIe lasatokah nu@bﬂisof@bn@ilbmtln@dud@mntthq yantphee Methotly fagensuring this

proportlé)B%Iéttyragea%I}own 1&12{1 If;n ]leg Ve?gP%g%%ﬁgfle%@?ﬁé relaxation after

a pulse, YRGS ASERAYdcbSuptng t&dhnRuBY FEIEKatidh a@aENing URSIikeI OFMR reRtive
the art for 5 neasur| n%t conmononer i ncor por ation into a

intensity gf § peak orgrowxefishks isfobtajied ip prasHPliem;it cgaypptarigeerated integral.

s o 8 954 S0 00 BOTRRRTRL CAIAST By e

comondms:rramlsgﬁed aThlsa'ssegmﬁ;nt Em/lbeemde lmy Maaeairab (kﬁu‘bvﬁ Epectra or

stry and Physi ¢s, , 201 -
hteratur(el@fé@ﬁ yyntheps apé apalysiy %fcl@a(éﬁl éoma?u £ ¥t the HEf ?fHéOtoplcaHY labeled
comon F&lo1& %qéo%gnoﬁfer &4h b@é&éﬂnﬁnécﬂgf&lg QheY, _thé [N r¥iES

0 talnlng t C NWVR spectrum under conditions where

correspoitingd © thehembertof nodleg M&op&mbmec tmrtheapmdlls rcgrrespotlihleg to the
ons

di ff
number S T IGHAT ROPERETE e IR B, BT g Rgndall. for

exampl@ucl ei in the sanple. Methods for ensuring this
proportionality are known in the art and invol ve

al l owance for sufficient tinme for relaxation after
[280] The data is collected using a Varian UNITY Plus 400MHz NMR spectrometer or

a JEOL Eclipse 400 NMR Spectrometer , corresponding to a C resonance frequency of 100.4
or 100.5 MHz, respectively. Acquisition parameters are selected to ensure quantitative BC data
acquisition in the presence of the relaxation agent. The data is acquired using gated 1H
decoupling, 4000 transients per data file, a 6 sec pulse repetition delay, spectral width of
24,200Hz and a file size of 32K data points, with the probe head heated to 130° C. The sample is
prepared by adding approximately 3mL of a 50/50 mixture of tetrachloroethane-
d2/orthodichlorobenzene that is 0.025M in chromium acetylacetonate (relaxation agent) to 0.4g

sample in a 10mm NMR tube. The headspace of the tube is purged of oxygen by displacement
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a pul se, the use of gated-decoupling techniques,
rel axation agents, and the like. The relative
WO paoesgisey of a peak or group of peaks is obt aPCBEUS1009/032642
practice fromits conputer-generated integral. 15
After obtaining the spectrumand integrating the
peaks, those peaks associated with the conononer are

. assi gned.. Thi s SSI n be mad refe n
with pugs S SE e A al pororgreeyed priraBedheRe ahd e
content@ A1 308CSwiff pdIRAR! reARXRL UHSted BY hOM shh@ndp&iRfic vortexing of the tube
i sotopically | abeled conononer. The nole % conononer

and congeats.- be determined by the ratio of the integrals
corresponding to the nunber of noles of conpnomer to

[ZSthe | F&ig{r ?% %a&%ﬁ@&f%ﬂ”ﬁ’l' Qﬁﬁéﬁﬁ] {ng}%%l: @#e%ﬁﬁ%gfm‘é}?éeﬁ% the

mmmmOtﬁiifaﬂl 0190 Ippﬁialbﬁi&ichcltj ﬂrthe exdnple (ming 80]etekhgnddiafi@m itlfe methyl
collected using a Varian UNITY Pl us 400MHz. N\VR

mtegralé RSB OF g rigg Giogd 128098V 490 "MNRAG S ghg? 8pm). and the

v SIGEEPM Ik ARG MGG BRI, 0 s

of the nye ltiéwt ydthe cumrd theemou amnt artdatr mlzeisJBﬁ pilapydene2Bhylene copolymers

uisition in presenc the rel axati.o
made Wﬁtﬁga@gﬁg%?n&ca{ﬁﬂ ‘élEF mqtajggla,tami, ﬂ“der% ﬁ)bgand
cata1ystga@5@ﬁb@dub%v9)eehe %Ir@%lt)h hseeor@céﬁ&cetpﬁk&earfder@geLetrfo@ By subtracting

el ay, spectral h of 24,200Hz and a fi si ze” of
the con@ibKtigmframpti@eed PREL Fot tlhesepmob}éertﬁe%thylheecmlmeriw Cregion is

T l e | d ddi [
correcteghfgb?stgglgﬁﬁ:e %}(ﬁrregf) IP %@rsggﬁ?cgplg glﬁ]e%%oﬁlglptgu(%%lnqraotn? bbEgamd EEHE For
copolyrfledk Wiﬁhmﬁ’ér%m@m&@;ﬂ@dﬁd&%akﬁth@?e@Mnls f GiMk, QA WA 1, the

acetﬁlacetonate (rel axation agent) to 0.4g 30 sanple
integralp forghesg wegipmiRre sialartylserrpetad ) a@éraﬁfmg He 1ptgreripgpeaks using

s BRSSPSR0 B SPGB, 2908, RO R

examplélitsmblyethgandribosfogpolynets &y dneat lengls oh ﬁlohdllner moopbtasion, by
contents to 150C with periodic refIUX|ng initiated b

literaturg @i RNt Y 13R4PRIH LADEL % ©Of 8iehgeans Yhish pipdeovwayy the art.
contents. [281] Follow ng data collection, the

[282]hem £&l co%Blyfn{e?s ﬁ‘iﬁ@e hfﬁﬁgg § A8k h¥tali §leRE Qfﬂcgtgldcetnféré(i1 %eéroaryl ligand
nmmm pent ad "at .90 ppm Isotacticity at the t rla

catalystl gablas (ipseyibpd HdétSe Pmenfelalbﬂncaimrt INe. mmomlhttbeg FPEINMR peaks
esenting the tr|

comespp R Dir bt o0y S aHaCRHd s ot AL BFE L g of
stereosddtitve 2INRsRAHE 8ALRAGE pRIpyIak Al inkd the drSwietRIyFhdrRHaiRY In

d|V|d|ng t he |nten5|€ of the mmtriad by the sum of
generalg figg a lgﬁqen ule:tn qonfqnpt ddgher Roelspf apsio-eriersdedsytogriewering of the

t al

melting Ha%’? %4 Oral%&r:{glgs oqué Fol&ﬁl vMisl%: 13%&{ lgx?%% }_C%.# ?(F | g%l]léprﬁgltmg point
and a hightahy&ilug sfaie polpadr.above) the nr region is corrected

for ethylene and regi o-error by subtracting

Matrix Method Calculation

[283] For propylene/ethylene copolymers the following procedure can be used to
determine the comonomer composition and sequence distribution. Integral areas are determined
from the '>°C NMR spectrum and input into the matrix calculation to determine the mole fraction

of each triad sequence. The matrix assignment is then used with the integrals to yield the mole
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the contribution from PPQ and PPE. For these

propyl ene-et hyl ene copolyners the rr region is
w@ompeersed for ethyl ene and regi o-error by subPCEHUS100%032642

the contribution from PQE and EPE. For copol ynmers

wi th ot her nononers that produce peaks in the regions

of mMm nr, and rr, the integrals for these regions

corre subtracting the interferin
fractiontjs 5pd (ap el St RS ORI ook et agaren RS PR bR
Randallh@(\J@uI*ﬁﬁle(Ff Mﬁtﬁﬂﬁlbfebﬁlgr Cﬁ&hfstr? aRd PRy R&S REBPIk S heMaciddlolecular
exanp anab§2|n8 a series of copol mer s of

Chemlst,raran@ Qbys}l@s‘/ €128 ( B by, ]i%@bmp&]pétnil ledptp include the additional
peaks an(h tse%glgrt\}&%\rs ?%r%ar g 90 nglgte%for b%["ﬁblg’ %t s:?l%' [%élléegl]%?elgraq g%gr%sl a%td rlad
designafiBgkeudes imthe ALt ahdt@€.eNR, nuified asC@Mted ®eth each carbon 1nd1cate in
heteroaryl ligand catalyst, such as described in U S.
which regiop af thegpeqtaa 1tawll EEN2903/ 0204017, the 13C NVR peaks
20 correspondlng to a regio-error at about 14. 6 and
[284?1bout h/ﬂa%r a?i@me)a{h@ Noslik R &Hod R BBl @cg{a%%ﬂl L where M is an
Stereosel ective 2,1-insertion errors propyl ene
assignment matrixnt @ 4 $pecguowdw yepor, e f ischable. frdchiog eo@paditiorf vactor.
g|v n conononer content, higher |ev of ,
S“CCCS%?‘Q eéﬁ“?“&ﬁ“é’nl gg‘%f Matr e‘PIS(R@ it nuvi thtah@ J ARt Begiepechuch that
the resu?tﬂ% éc‘flﬁtlm Wk tdsmBled b 6V&Qie)@ﬁ%[ned\’{€ﬁdaﬁoﬂ PRI ind &Rt equations
o a higher nelting point and a higher nodul us
than Vamblcﬂi @ng dleysarbtion 26 thmwt;@nl\mlm tahpldcatar grofn28®h neegssary to

et O R TE  L PALBEABERFFEN rcmine

the elen®hts HQEIESEFosHicHt Vet ] Phe elbfefE of khial @36 sAb@Id be molecular
determned fromthe 13C NVR spectrum and i nput into

paramefeFreselpgtodite pravidadtaciusH ipfermatiqy ghorbthe psters beingsiliqdo fror

copolyrﬁérs &%Q%OEE%IEQCt o?%%ea ?ers W&ﬁld{%t %yﬁﬁiﬂ%sécﬁ&ﬁl%ggé)m Ql%{hlly peaks

teg ra
from 1n&1@QEI/aD@féBs?9re E’éﬁﬁbhﬁ'l@%ﬂ @&3%2 anfl eagttb assigf, tlﬁﬁ&hle triad aiktribution
he matrix calculation is a |inear |east s

is the momf@ﬁéﬁgc}j‘m th1$ COMPORLAY XEtor. (Tj’@l}l;l?‘%ﬂ fopthe E 9P copolymer are EEE,
EEP, P]@'@CI‘W@IP? 13@ EFPIaRl EPEY R HB& CRain BFYéaQ%K%blerhlgh molecular

Macr onol ecu Chem stry an SI CS,
weight C1LBAN) g/iR89 )heﬁ?ﬁ NBER ﬂmrlmeedcanooi digtinggshtHEP from PEE or PPE

from IS el MarBS ey P oonSiE R RS e agled el b PEREE ahUEPP equal o

each otﬁerr' e eéuﬂi@ﬁf&ﬁfﬁlbﬁ’ s Hﬁ(?s@n 'f(ﬁr thO AnASHLRAAERNS WAL The same
he nunbers associated with each carbon indicate in

treatmenhwmanefgi o1 fof PREhandsipeitt Theahave wivp kquadipreatristiofo@djice the eight

triads 1115|Yb %%qn eté)lleg(?eﬂ}]t ¥%nab§eswi<lg§ Sﬁpﬁrﬁ%so%{hﬁcompgm 1%5 Xe goprz‘tcl% Fﬂ}‘n

represefitdivby @t eipht traidel. Thé §q1f&11t'5131|e§tr1f:ﬁ@&t dr® mplempMmed b Mernal restrictions
vector. Successful inplenmentation of the Mtrix

when sqyinB s matiri r1ds seqead sip in theaMats Methad s toaleliae Bt sppirum vector

s. Usually the elements of this vector will be the well-defined integral regions in the spectrum.
To insure a determined system the number of integrals needs to be as large as the number of
independent variables. The third step is to determine the assignment matrix M. The matrix is
constructed by finding the contribution of the carbons of the center monomer unit in each triad
(column) towards each integral region (row). One needs to be consistent about the polymer

propagation direction when deciding which carbons belong to the central unit. A useful property
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10 the resulting equation is determ ned or over
determ ned (equal or nore independent equations than

wo a000a1ses) and the solution to the equation cREIE/HBI989/032642
the nol ecul ar informati on necessary to calculate the
desired structural information. The first step in the
Matrix Method is to determne the elenents in the

sition vector f. The ements of this vector
of this SRR SE IS GF St S BRI S0 dbs B geeabons in
the cent®f iMEbihakriddWRICAR! the BoRBtbr bM@e 30451 eMsRGLANGY ShvBl Bfbcked
For 15 copolyners, a reasonable set of par ame%,ers
easily apg thud ppevents pomd gomma ddtasentiybutoron. Nor mal |y peaks
fromindividual triads are reasonably well resolved
nd e
[28% g%t%r oﬁ}s&ﬁ&i@rlge 5&@#62?@%%}(2% ?duzlﬁc[ui/ S/%%Eap?eedﬁ_ho be
perfornet] @dSthEDWotdg ethEhBmeersfl 1ynerily ﬁfdepéiEEr,lt coltloihs IREES toffeRyreater or
PPP, PPE, EPP, and EPE. Far a ynmer chain
equal tq 88 SR & mqlegﬁn#@r BiAblgs in s Rjﬂiiuc(t yectqy, Iéé@ rgaltﬁlmfaﬂs the
redunda%@? 3L MR, RHRENS ¢ H%Btba&@fmtﬂ% ol Is lélhé pe@%%t)lofnrtﬂ e lreglons
PPE 20 fnrom EPP.” Since a Mar k o I an copoly
and theﬂn aadefmeh thenmsdignrheraoatox until tREEedandhnEpPPhefuabadsed. eac h
other, the equality restriction vvas chosen for the

j.npl t at | |
P! SRR R e Spe TS PR rsicons
or constr@ftsfié Sleh@Pehah YHIGENBA Sf RIvelTh thd mh@BSMI tAE Gys&drXis overdetermined.
i ndependent variables. For clarity reason, the

The gregignihosdiffierancy sdhomofe fhs syttemis ovesgatergunede dr lwnaueloverdetermmed
the systgllng{ilt ntugrf: ?hg:SMat-lr_& Ehod cﬁﬁ é{or e%ﬂ‘ o? Ede%gér 1 V\ﬁonsmtenlt data é)vhlch might

ernal St ctioons
arise frdrﬂ ente@htidrXof [ GAC @NhiSt (GIN) Mtib Aeta Mat Fairtkal Mett1eidn io$ sdrfe
define the spectrumvector s. Usually the elenents of
resonanegy. s vector will be the well-defined integral regions
in the spectrum To insure a determ ned systemthe
287 CTROfindIUAAL B SoIASRE Ty DPiRS 4 ExAfitch i MILIBRSHE Excel by
i ndependent variables. The th ep Is
using tlde&oévemfmm:tlbhe The Solyameniks ﬂvatfrrsbgum singheesateian veciag (molar ratios
anstructed by finding the contribution, of th
among, PHeTayL TGSt B Vet PLesT RE SR e 3 L ey rences
betweert HORARS1aRAG oA Q& andQBE APul hrolet vERSr HEEKESS 1080 lets one
consi stent ‘about the polyner propagation direction
lnputreml@homﬁe@mnﬁgmmﬁmilcﬁér bons belong to the central
unit. A useful property -96 WO 2009/097529
PCT/ US2009/ 032642 of thif lﬁ§§ gnnment matrix is that
the sum of each row shoul daequal to the nunber of

Cor AR, REEACT Bl o G i el 70
casi 1y and thus BYRYBRECEedTARIARIO entry

Ar r Ar o r 271

it :;Stsu&m:a;z;f:;:m igicrard” RegoRdpy 2, [ Region for 3
words, the nunber ofl linearly |

_ndepende
EEPumis el or equal Ato the ndf®er of
inde_pende t va%abl e n tlhe product|vector. [|f| the

matrix faghs t

Anccol Nl’\ml’\
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EPEHCO CH3 3 EEEE ~/~ / ~/~/~ K K EEEP K H3C EEP
MC CH3 PEE MJ CH3 PEP N C CH3 CH3 98 WO
WQeMINOBIH29 PCT/ US2009/ 032642 Triad Struct urBCRESI0091032642
for 1 Region for 2 Region for 3 Nane PEF GO CH3'
P FF CH3 XPPQE H3 H3 J F 0O CH3 XPPQP H3 H3 H3 J E

I
faVa O
C

0 CH3 PPQPX H3 H3 )4 DQ CH3 PQPPX F B P CH3
If\ '
n

P=prepylene—E=ethylene, Q=21 -ipseriecd propylene.
Trihd Structure FRégion for 1 | Region 1or 2 | Région for 3
Name
PQE H F G 0
‘\9/\3/
by
QEP Hy F F
k\(i\g
CHj3
XPPQE ] F 0

Ejvf\ﬁ/\}

CHj

XPPQP s o J E 0
1\2
CHs

PPQPX Ho o Hs I D Q
M‘\T/K/y

CHs

PQPPX Hs -]C;HS Ha F B P
1\2
CHs

P=propylene, E=ethylene, Q=2,1 inserted propylene.
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-99 WD 2009/ 097529 PCT/ US2009/ 032642 Chemical Shift

Ranges ABCDEF GHI 48.00 43.80 39.00 37.25
W@2008097329 00 34. 00 33.60 32.90 45.60 43.40 37PGUUSHINYE32642

35.40 34.50 33.60 33.00 32.50 J KL MNO P Q 31.30

30.20 29.30 27.60 25.00 22.00 16.00 15.00 30.30 29.80

28.20 27.10 24.50 19.50 15.00 14.00 [288] 1,2

i nserted propyl ene c s cal cul at ed by

sunming all of the s ?@éﬁf LR3I ene cent er ed

triad sequence nole fractions. 2,1 inserted propyl ene

A S|compositiqn ( i cdl cugat €d bF summigg all ¢f the

48.00 Q[ CERRET €035 hpad. Soguencad R & T35860 1 P00 T €33H0 €] 32.00
45.60pjl 2340 'j3‘7%b"“ 35,95 y§5”9" “'3{45 P '”3’365" ré;é.d(?L Y32.50

LUU. \ 7 L,UII}J DI IUII S ucuotcrimi CU Uy DUU C T
the P and Q nol e percentage val ues from 100. anple 2
Met al | ocene Catal yzed: 10 [289] This exanple

J deponsgrates cplculatign of cogpositiog val uespfor

“B . \ e Q
31.30PT PPY5OSIeE- e‘z!@%oen- oY YTENSTRAe | Ui a 'T%fﬂd 0CeNnS oo

30.30““13'29281) SYTORSRY ZFd AT A S0 B 15 1300 I8P 1400

nr N hvid ' Sne hAANATL™

ULV, UUS. IIIC M UJyI CIIC C My Tt CUOUpPpuUT yITe I O

nuf t.ur ed acco n np US Pat ent
s e B SR E S S R Bl SRR r e
stereore%ﬁﬁ@ bb({[b?fenb Serdbi@ll Yﬂzﬁﬂse@ﬁeﬁc@ Ind PVEactihe. datifser@d propylene
d using a Varian UNITY Plus 400MHz NVR '
composstp@c(ﬂ}) onetlafateg by @mm@%rpgoﬁmﬁwt@e {hreatergigriad seignecemole fractions.

The moﬁ gget%? C?yca culajt'fp(pb mll\ﬂflllzﬁ) a;ﬁ ?g u'rﬁol‘é If on nabas‘gJl g%a?qzaclo%lposmon is

0O ensure (g atlve

determlhéﬂ by eutpresanGe Pcﬁndt@monse;beam&ag@mage nbm f0te data is
acqui red using gated 1H decoupling, 4000 transients
er data file, a 7sec pul se repetition del ay,
Exampleyectral wi dth of 24,200Hz and a file size of 32K data
points, with the probe head heated to 130 C. The

mjogeﬂescgg@p@fed by addi ng approxi mately 3nL of a
50/50 m xturé of 20

t et rachl or oet hane-d2/ ort hodi chl or obenzene that is
[289d) ozEMsieﬁamhk&mmts@s@tqaﬂcaz&eémmépeme&imraMuérsdnr a@emlteyle-

le.in a 1 W The headspac
ethylen% F]()é)otl%rﬁer ma epuus%néea dmoffaﬁocene ca f ts)p syéathes 126 dceording (o, Xample 15 of

USP 5 @llﬂﬁﬁémI'[thl’e%@’ylen'ﬂlﬂhﬁaiﬂﬁo@olyﬁle(ﬂh§1ﬁ@[hdf@du1&ﬂdcm&i@g$@Eiﬁﬁple 1 of
t|ng¥fhe tube and its contents to 150C wth

US Paterpé ﬁp@}jq:aélop p@{Q,’Z@f&)lﬂmTlhp gyl - qt}é}é@neg:@ﬁolymer is analyzed as
follows. The data is collected using a Varian UNITY Plus 400MHz NMR spectrometer

corresponding to a C resonance frequency of 100.4 MHz. Acquisition parameters are selected
to ensure quantitative C data acquisition in the presence of the relaxation agent. The data is
acquired using gated 1H decoupling, 4000 transients per data file, a 7sec pulse repetition delay,
spectral width of 24,200Hz and a file size of 32K data points, with the probe head heated to 130°
C. The sample is prepared by adding approximately 3mL of a 50/50 mixture of
tetrachloroethane-d2/orthodichlorobenzene that is 0.025M in chromium acetylacetonate
(relaxation agent) to 0.4g sample in a 10mm NMR tube. The headspace of the tube is purged of
oxygen by displacement with pure nitrogen. The sample is dissolved and homogenized by

heating the tube and its contents to 150C with periodic refluxing initiated by heat gun.
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-too WO 2009/ 097529 PCT/ US2009/ 032642 [290] Foll ow ng
data col l ection, the chemcal shifts are internally
W0 doeogrseed to the nmmmm pentad at 21. 90 ppm PCPUS20pD032642
net al | ocene propyl ene/ et hyl ene copol yners, the
followi ng procedure is used to calculate the percent
ethyl ene in the pol ymer using the Int egr al Regi ons
ssig nts identified 5 inth ur nal
2900acr SRTRtIe 4R hlreER, R shfimisnpuy Bt ety etrrgnced to the
mmmm fagrgpbggg gfn Chem stry and Physics," C29 (2&3),
01-317, Tabl e 2 A I ntegral Regions for
Calculatlng %Eth | ene ion Chemical Shift Integral
[29%r ea FospigHegens ﬁr%lﬁ@é/elhy cppalymersq hefgdowing gra@gdure is used

to calcu%at%e é% p%rci%%ﬁylg‘lep%nglé é?l@éﬁg ES@&E%}%&%&@%?@%%&% ﬁ‘%lﬁgédentlfled

5 inthe] ourﬂﬁ o3 M&r&ﬁoletﬁl%herﬁ@trﬁ ZnCQEhyslch.‘aieweR)@s id0BactoiRegtwar

is calculated as fol (G- Q/2. 10
Chemlsﬁé@P%HhESl‘Fss AP ek i %Qﬂl é%? f(b?ﬁ%m E=RQHG QI 2.
The triads are calculated as follows: - 101 WO

2009/ 097529 PCT/ US2009/ 0326k3.ATabl e 2-B Tri ad
Cal culation PPP =(F+A-0.5D)/2

Integral Regions for Calculating % Ethylene

Region Chemical Shift Integral Area
Designation Range / ppm

A 44 — 49 259.7
B 36 -39 73.8
C 32.8 34 7.72
P 31.0-30.8 64.78
Q Peak at 30.4 4.58
R Peak at 30 4.4

F 28.0-29.7 233.1
G 26-28.3 15.25
H 24 — 26 27.99
1 18 —23 303.1

Region D is calculated as follows: D =P — (G - Q)/2.
10 Region E is calculated as follows: E = R+Q+(G-Q)/2.

The triads are calculated as follows:
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PPE = D5 EPE = C EEE=(E-0.5G)/2 PEE = G PEP = H
Mol es P=(B +2A)/2 10 Moles E = (E+ G+ 0.5B + H)/2
WO 289097429 di scussed above, the bl ock interpol yp&r/ES2009/032642
conprise hard segnents and soft segnents. The soft
segnents can be present in a block interpolymer from
about 1 weight percent to about 99 wei ght percent of
the total weight of the E,I %ﬁhnterpol ymer, preferably
from about 5 15 wei ght. pefR&ft Pt o about 95 wei ght
percent, from about 1a‘r¥/@@ig"l‘\‘€“ﬂ§898ent to about 90
wei ght percent, freppabput s150%p)ght percent to about
85 wei ght percent, from about 20 wel ght percent to
about 80 wei ght percent, BRIbmabout 25 wei ght percent
to about 75 wei ght perceﬁéP fromabout 30 weight
percent to about 70 weig Fpé ent, from about 35
wei ght percent to aboutp 65pwei gt/ 2 percent, from about
40 wei ght percent to about 60 weight percent, or from
about 45 wei ght 20 perceEEsGbout 55 wei ght percent.
Conversely, the hard seg Sfan be present in a
simlar range as above. e soft segnment wei ght
percent age (and thusMole FharBl+grent wei ght
percent age) can be neasured by NVR [293] As
denonst rat ed abovdoles ot méht -3t +HHE i nventi on
provi de a new class of ethylene and a-ol efin bl ock
i nterpolyners. The bl ock interpolyners are
characterized by an 25 average bl ock index of greater
[292]lhan pediscupedplavgbihy bigckdnterpol yiagrs 0omprifyard gegneats and soft
segmenpsl. olchlé s%%trs nérhéﬁt? Zdn bet o{i}gselﬁt 1%04( lflloc% 1%%%8!)1&&%{ ?r?Hlaa\ﬁ%Pé 1 weight percent
uni que conbi hat ron propertires orcharacteristics
to abou9d weighnpdrednt odtheabtabivBighestahabke intérpelypel yprefefably from about 5
.. Moreover, the block interpolyners conprise various )
weight peragntitoAROuRP? Fedaht peiicentt fr@%%kﬂﬁ Kuivelght pergrat to about 90 weight
otr i huld ' I Do . '
percent e B R BBl AT LB Aok PR 20 Hight percen:
to about 8§ eeight yaredms.. frdrh absut2ésedigteetenictoabget tSheeighk percent, from about

.distribution t he bl ock indices adj usting the .
30 weighh PRERIS 8500 RN PP AL, h?ﬂleaﬁ’eay?%w& e !013)2“%/@ weight
percent 2089/28850% & JRAORY B3R EcweikhepdRint i dr ii@h ARbut @5 kRight
the desired polynmers. Such bl ock interpolyners have
percent paalyoue A wesght peigphti €anivenely, the hawhsagmbets cathbe pleeark in a similar

range a# %S/rpg fﬁlé{ 05t g’eg(%rzlierr]lt Qv%ig%? Sgrcet:ncgage And Rl%ls ¥h%el{ar(? lseeg?rgesr’lt weight

percentage) can be measured by NMR.

[293] 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,
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
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films, nolded articles, lubricants, base oils, etc.
O her advantages and characteristics are apparent to

WO bw9eIskd | led in the art. 5 [294] Wil e the | PUBENS10091032642
has been described with respect to a limted nunber of
enbodi nents, the specific features of one enbodi nent
shoul d not be attributed to other enbodinents of the

.invention .sin e enbodiment is r ntative o
the abitl S GB ne WRRIE iy o STOHTRONK iecRmER AT Hahy ghd-use
applicafifiR. FRFBLHS1E ARSbIREK IREDPON thefPBdani HRGIHER MAMESA er blends, fibers,
conpounds or steps not nentioned herein. In ot
films, maliasigirielas. dubrichets cenyp o, tefco rfdther adventlag@sanﬂ@h@r@ctnmtics are
a meﬂtﬂ)QUdeﬂgﬁé r&%zugbstantlally free of, any conpounds
pparery eps no Nehutrer at ed her ei n. Varlatlons and
nndlflcatlons fromthe described enbodi nents exist.
[294I]he M Hirdh©fnverkdngs bben desesbatiswitls redpst kd DEMIBE number of
rising.a nunber of acts or steps, These steps or

embOdlﬁ’@fl Wﬁypftféﬁfpffﬁwcqé@ne Pﬁlbaﬁlyl@éwé}f’c@t&ﬁ agriheted (hetbsis
embodlﬁ'nteﬁé oM REn | dHllo atl\ﬁ)dsm%_f Qﬁbb&imeﬁpﬁé ré}ﬁf@%ﬁ{atlwa §f:£ﬂ)§§)gcts of the

erei n shou e construed to nean appr oxi mat e,
inventiaore darsdine smboflinvdnés, Hercontpesiiondor' raétbods' maly inthide numerous

compou;lag g%%élla;nr&tt gﬂlreﬁgoﬁlq%i[}%i%gt b‘ln(&tgg%ic}nrﬂl%ﬂ%hrg rﬁaége (r:]éjrrql?oesmon-g o? methods
do not IfBIAHE,Iof Bt BSaRly Al AL dr uhd@ drisBs Woi dhufheb1&4 herein.
scope of the |nvent|on 2009/ 097529

VariatiPETNUSRUGBROERGEOM tmnasmnedlembwd@mpe sxitt. GFhequathed ef mgking the

resins is c&)%rll asltaﬁgggm%lsmg%l en%/ gﬂabcz nstttl[pglt %Q%Ls}(fg)g [gﬁ él%ta gnay be practiced
in any se&iidn@&} @bl @fledlo@Rwise oREd&d. Man4lly, by hitgb& BRI hékin
hysi cal properties and having a difference in nole

should ¢Q§1émedat0cm@maﬁp@e5ﬁﬂ@mreg§éieas @fﬁt’li*@éliiﬁilﬂé%wpﬁir 'aBoWi' et ks
approx\%@?%ﬁ/otl$ﬁé ? %)S%éngh %St@ilzlﬁrg?er Tﬁgﬁf)%e{hﬁig? Clainys 1 Oﬁ{ngf%.lj' c&Ver all those
modifichtieskand Magatals \aeedlling withar the b&@ipe o€ fhebyveﬁltlb’ﬁl ecul ar

wei ght distribution, MWMi, in the range of from

about 1.4 to about 2.8 and by an average bl ock i ndex

greater than zero and up to about 1.0; and, wherein

t he propyl ene/a-ol efin block interpolyner is nesophase

separated. 2. The propyl ene/a-ol efin bl ock

i nterpolyner of daiml1, wherein the bl ocks have a PD

in 10 the range of fromabout 1.4 to about 2.8. 3. A

propyl ene/ a-ol efin interpolyner conprising two or nore

substanti ally honbogeneous intranol ecul ar bl ocks

conprising differing chem cal or physical properties

and having a difference in nole percent a-olefin

content, said intranol ecul ar bl ocks characterized by

possessi ng a nost probabl e nol ecul ar wei ght

di stribution, wherein the copolyner has a
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15 nol ecul ar wei ght of 1,000 g/nole to 1,000, 000
g/ nmol e and i s nesophase separated. 4. The
woe@ppdsee/ a- ol ef i n bl ock i nterpol ymer of any BET/UR09/032642
precedi ng clainms, wherein the value for XN, where N
I's the nunber average block length, is in the range of
fromabout 2 to about 20, preferably in the range of
CLAIl\{[élzom about 2.5 to about 15 and nore preferably in the
nge of fromabout 3 to about 10. 20 5. A
propyl ene/ a-ol efin interpolyner conprising two or nore
L. A%ﬁi@@f&ibﬁ'cbh‘lpﬂ@iﬂg dEREN WHe pidplyleAbml Q&fith RiterPbIQEIES comprising two
conpri sin iffering chem cal or physical properties,
or moreggipgfantially ogeigonp Intemsdecylas plocks cppBRE wferlng chemical or
. Si . . l e | | ' e
physicaBEPERE AR o TRES A FERRREN PR RSPl o bcenr. spid Jpgmolecula
blocks dhrazferav®bagesseBimcimast prebhaphd mofec@aeatight dib@ibudéh, dHrein the
g/mol, a nolecular weight distribution, MM M, in the
ethylen?/gr%@dlrblpbﬂf %ra%glpr @_c}paliaétegg%lgy zz_m@’lecgkna wglgins distribution, My/M,,
' : . "ol ef
i the e o e L e o e B & LB SRk ey dE i3 sero and
up to abwnt &.0pard; emtrein tht @dopyWDeR0018fi0 BUER IntBXPOl B2 00BEQRROEXeparated.
6. The propyl ene/a-ol efin bl ock interpolyner of any of

e precedin | ai wher ei n .a- olefin.i )
2 R pRiEREEp A G B0 s PEl el of (il te MhStellipg Rigeks have a P in
the rangt-dF&fdmy hbokt Petb@Bsut 219r bor nene, 1- decene,
1, 5- hexadi ene, or a conbination thereof. 7. The

propyl ene/ a-ol efin bl ock interpolynmer of any of the
3. Priverdpnego-eledinrateiiobyragrtoptpsising typfof arsn gubsfaptiphly komogeneous

eamelRLEpocks Oy PSR REHAE S BRI S
differenice i melef prdedvvbiodefBsaten@raidAGpancleailadoski eiiragtePizel By
M1) 0.5 wherein i s the nunber average nol ecul ar

i

Mh un
POSS@SS%(/@ igRestarobable mered washiflisHPrion fvhgrebihe copgymenpas a
molecuRf QRYHEDE] Bo@LAAAIL ] BOKODERIMOANIR ncRbpt{a@ldParhied.

in the conononer 1s 10 octene and I'S greater

than or equal to about 8915, preferably greater than
4. dhe peppailene/a-aA¢foublocloggpolymer obaref drthdbpipceglimptlaims; Waarein the

or al to about 10250 d al.so be greater than
vatue et e N PR Rise Fuda n e e Gk Popt bRt o
about 2809bferablly BAhE Fanlgh3NfroMm HYUEL.5 k@alN0Us add AdRe efbrably in the range
greater than or equal to 11580. 9. The

of frompgbewd ribput . ef i n bl ock interpolymer of daim?7
wherein the conononer is 15 butene and A is greater

5 N e P SRR BT IR o
intramotdculng bilck$ cormlriviig APBADg claamicaiey pal sl peopgrieas @id inhamolecular
blocks (?hraracterized by 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 mole percent a-olefin content between the intramolecular blocks of greater than

about 20 mole percent.
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equal to about 34300, greater than or equal to about,

greater than or equal to about 35760 and greater than
wW@er00egemEkd t o about 37180. 10. The propyl ene/ a- BCBEUE2009/032642

bl ock i nterpolymer of Claim?7 wherein the conononer is

20 ethylene and A is greater than or equal to about

9187, preferably greater than or equal to about

100, bl t th |
6. Aeaey Rl ol it BEp it B préfifi SRR pein the o
olefin islkQbfe, o @HeL1-bLRAR, Rhe @A al- oét@neahfiﬂéthj;‘llﬂgglt@&d norbornene, 1-
he

greater than or equal to about 11935.
decene,prppgrtadivar aoral eoibindsioo dkergeft er pol yner of any of the
preceding clains wherein the 25 propylene/a-olefin

7. Eh@g@%ﬁ&'ﬁ 02%% 81§{§t9nglﬁé—§§1ﬁ Wzﬁfz{ %ﬁ% gﬂeQ cfl@%ele%EE\krﬁ‘%eln the
differend® ifolepeade@tit- okt Mcnﬂbﬁfv@érﬂbﬂe}dnﬂrmélb@litﬂﬂ@@(s OA(pkrcemn
-105 WD 2009/ 097529 PCT/ US2009/ 032642 about 50 nmto
comonagpssitis O ang acentling fosthp felfcsyiappguatiant he range of from
about 60 nmto about 200 nm 12. The
ks copol ymer of Claim1 or Claim
§Epvwgéépgpo§{l %l‘egfb Mc) octene and the difference
in nmole percent a- oI efin content between the
wheré¢ih Ml tR€ blirAberkiveiRks mofecubir Gle@att 6f all hdlecOles @Ouigits df@/mole.
about 17.2 nole percent, preferably greater than or

equal to about 18.9 nol e percen more preferably
8. 'grtl%atoew epg{grplefin 'élaalatnttrao a%aef é@m? mstlf‘éelaétec%torm?r is

octene AHWYA 153%1\%86@@1&9 be u%f tol 4080 Y1 SG&Q?Qram? g&gﬂﬁi tha%Q)r @qﬁ@ k& about

percen greater than or equal” to aboit
9808, npee pefﬁtrablalgobagarelmnen etthario abowrd (250, and atagutsobz gBeamt:rI than or

cat gt S RO R S 5P 5 g5 R 15 and
greater 8Afl ot Bgualltd fEyzENCE i n ol e percent a-ol efin content

between the intranol ecul ar blocks is greater than or
qual to about 55.2 nole percent preferabl greater

9. ifhenromfleee{aaﬂeftrbblabl@utterpel@mr fof lairp grwlesiein t onomer is
buene SEAT! ABLG OLEH Sl BBl QAP sl Bb s

31460, ﬁbwlbreﬁaﬁatﬂy gfﬂaer feneeBiyal @ sedue32895aBndmag qmalbetgfbater than or
69. 0 nole percent and ?@eat er than or

bout
equal ot 3600eggaPr than apeHal tPrabgumsraatcy Speneavalse ihouttﬁEO and
greaterg{aahwg@h@{(?%@uegy gbl ock copol ymer of Claim1 or Claim
n

e a-olefinis ethylene and the difference
in nole percent a-olefin content between the
10.  The pm]ee@’atqiq:ﬁrbblodki;lterpelygleeat €him Havhayein dlipradmanpmer is

erce abl reater than or
cthylen§ b it §edist ot FSI6T R &1 €L ARTED B H bl o o about
10100, SlofapBferdtIBreater Bl ef®al 2DMWHut 20560, AR BraPars6 BB lgrédfd than or
ma
equal to ab)(/)ut 11010, greater than or equal to about 11480 and greater than or equal to about

11935.

11. The propylene/a-olefin block interpolymer of any of the preceding claims wherein the
propylene/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
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al so be greater than or equal to about 21.2 nole

percent, greater than or equal to about 22.1 20 nole
wQeeeeyts2and greater than or equal to about 23rPOI/bB1089/032642

percent. 15. The propyl ene/a-ol efin bl ock interpolyner

of any of the preceding clainms wherein the

propyl ene/ a-ol efin bl ock copol yner has been

ot 5 QTR Bl S5 SR B LR R PR s

200 nmt he propyl ene/ a-ol efin block interpolymer conprises
domai ns wherein the donai ns have a 25 smal | est

di mension that is greater than about 60 nm greater o
12, Thaproaplsne/ eidefimbiocloeonplwnered Glaan! oaﬁmm 418liergighthe) @-olefin is

octene %}Eﬁh@ Ei?f%}{%’l%g %4 &I'o%:: Ir%:%(i:e\%\l% gjrogff(fﬁl (%OIE]%:%E B [hqultrf}ﬂ(%{leﬁgjlar blocks

rece ene
is greatd tﬁmkon dafuelr p warelﬂ J@sledpeiding @wfa[rabwr@hér tgfireait efual toabout
about 250 g/nol. - 106 WD 2009/ 097529

18.9 maseperogongicomoisibly gigaterthan oF Al Enahoat b-émale peregy and may
! ' .
also be bRLRE &f&hm@ }aém%ﬁe g{) gtnE(ﬁ BLRERCk ke trdh P A EPdBuc 21.5

propyl I nt @rpol yner s an
mole peacenr.age gidace khanngexugte abart 22 3anole pouent. ess than
about 0.4 and a nol ecul ar wei ght distribution, MN M,

3. BheBiebrbeP bt dnhel 194k [ RhG ”e/na‘tflﬁe'égfwﬂ? arglefin s

butene $OBK differéddd &x rrio?e lini‘cénlﬂ 8-d1&dNDEnkd @ BeRes theQnékah SlcdR&Wlocks
0.3. 20. The ene/ a-ol efin bl ock interpolyner of

is greatqy tharher eﬂuabto ‘é,ir Fhmpleepescear, @g@‘e@bbcgreatﬁ:rrfh@xon &Juphto about

60.7 molQ gel{:?\ﬂ r‘gf‘e?a%?]y %liegte hlaﬁ tog ?%Léﬁ to n%broug %&am }grgerieq 7"1nd may

also be ‘gﬂﬁt’ee t}ﬁtntoh qus’rlﬂ@cﬁ agait B6.96kole pardent, igateNthaher EQRY e dHoat69.0
about 0.3 to about 0.7. 10 22. The propyl ene/a-olefin

mole peseesE RN] grealehtiry REPIWSE tagbgiher equatro a@ﬁ dihmpkeressrat-age
block index is in the range from about 0.6 to about

14. th Pﬁ?len&ﬁ%l&f@ﬂﬁkl@%o@yrﬁéﬂf 'd]aﬁlﬂ PBFCla%QLr\Qﬁ’éréfﬂQﬁe Qhlefin is

wherel n the average Index 1's In
ethylent hied tha nlgféerénaenm aldeiperfer ot defald o(mtterﬁ ,bEtweZA theTingamolecular blocks

s sl BBt PR e PSR e ARy S g

19.5 mdle 9@1’@§ﬂtt MoRf prki%ﬁﬁ)l}t %\%Htea@ﬁﬁ for Ol tdbmt 282 mo-[@ Percent and may
propyl ene/ a-ol ef i n i nterpol yner of Caim 24,

also be gfratee thantoi eqia ﬁ«eatmllt Qh@rmcriagercantdgnfrgﬁet thap or edueal ttazrt@elt 22.1

mole percenrt'nal? gr%%ltero ¢ %rg ?{@:}qtba]l Oczkbogp .)# Pp(ﬂ%" &Fen(f 26. The

of any of the
precedlng cl ai ms, wherein the
15. The propylene/a-olefin block interpolymer of any of the preceding claims wherein the

propylene/a-olefin block copolymer has been compression molded.

16. The propylene/a-olefin block interpolymer of any of the preceding claims wherein the
propylene/a-olefin block interpolymer comprises domains wherein the domains have a
smallest dimension that is greater than about 60 nm, greater than about 100 nm, or greater than

about 150 nm.

17. The propylene/a-olefin block interpolymer of any of the preceding claims wherein the
propylene/a-olefin block interpolymer has a molecular weight greater than about 250 g/mol.
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MV Mh is greater than about 1.5. 20 27. The

propyl ene/ a-ol efin bl ock interpolyner of C aim 26,
wob@pe971524 he MV Wh is from about 1.7 to aboutPGI/BS2088032642

The propyl ene/a-ol efin block interpolyner of C ains

1-26, wherein the MV Mh is greater than about 2.0.

29. The propyl ene/ a-ol efin block interpolynmer of Caim

, _Wher ei M is from .25 ghout 2.0 tq about .
13, §he oitylcelt sy Hewsmy o essos B abbascodes A Wherein the
propyleREARNEBNBI0k Rlt&@bbIPmiePh&! MOIVEIBE bRick dibex Wredidt@han 0 but less than
precedi ng clains, wherein the propylene/a-olefin

about Oidrandrapodlgedar weightristabuteen, MbdMaygraater dag ebovd . drel ti ng
point, Tm in degrees Celsius, and a conononer

' j 9 i - i
10 PSRl o DS of LRV, B ok
index is”intEe R0 {rom%baund.eté sout0B41. 57. 31. The
propyl ene/ a-ol efin bl ock interpolynmer of any of the
ecedi cl ai characteri ze ving at. | east one

20. &F%e&qpasﬁ%%/st%fnﬁi'abblyl%mw@f a? %ﬁﬁf@ ?ﬂa ; h%rﬂnléﬁe average block

index isih@%d faRBAELRAMBOuIRER dbou@r €1 n the fraction has a
bl ock 1 hdex greater than about 0.3 and up to about

1.0 and the propyl ene/a-olefin block copolyner has a
21, 'irb¢ poplne/peilefin blatls intérpelyingnof ClaompivlVhwheeimahe avarpgerblock

. .about 1.4, 32. T r | ene/ a- ol efin bl ock
HKEX1%%?%?%%5?ﬂ%?“%?“2§§eﬁgﬁ%ﬁgﬂpreceding clai ms, wherein
the propylene content is greater than about 50 nole

22.  Wh¢ pepylendd-oldieblpelopydrpsigmar of €faims Pl10cWhéminath avara@ block
) .of any of the preceding clains, wherein the
index 1y if thesirpeelamaAbopt Ge ks kPP se hard segments and soft

segnents wherein the hard segnents 15 are present in

r . B0 % | i aht
23. e g}ﬁggﬁhe/tﬂ&&ﬁrgﬁee% géeé%%lgnﬁpﬁfééflaﬁﬁs/q Ry, %ﬁ.élgiglkthggvér% block

i nt l'ymer. 34. yle a-olefin

index id inttler pogey/ frem abbu@.aiterat8Bt Oviher ei n t he hard segments
conprise at |east 90% of propylene on a nolar basis.

24, 38 B RRIHEN G Pl 8 by L B% U o R B o e

block c&folphemAs RNty of 18R|tadn Hasi .91 2Rc36. The
propyl ene/ a-ol efin bl ock interpolynmer of C aim 33,

wherein the soft segnents conprise |ess than 70% of
25. Eh@g}gﬂp@}q:ge/@rpl%flq@pglf inggrgplymer 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 propylene/a-olefin block interpolymer of any of the preceding claims, wherein the

Mw/Mn is greater than about 1.5.

27. The propylene/a-olefin block interpolymer of Claim 26, wherein the Mw/Mn is from
about 1.7 to about 3.5.

28. The propylene/a-olefin block interpolymer of Claims 1-26, wherein the Mw/Mn is
greater than about 2.0.

29. The propylene/a-olefin block interpolymer of Claim 28, wherein the Mw/Mn is from
about 2.0 to about 8.
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37. The propyl ene/ a-ol efin bl ock interpolymer of any

of the preceding clains, wherein the block copol yner
waele@plogrsed a refl ection spectrumthat reaches aPUHUSZOW32642

at least 10 percent wthin the region of infrared,

visible or ultraviolet Iight. 25 38. The

propyl ene/ a-ol efin bl ock interpolyner of any of the

ecedi cl aimms, wherein the bl ock copo IS .
30, BhE PRBk R b 0s B s pens RS s baisin the
propyleﬁ@/(x AXiPInkdrpdISme PRRAhRLRE AW, Q'l%koﬂéﬁl@lﬁﬁg ha?szﬁ? rTrﬁ’fln degrees
any of the preceding clainms. 40. The artic Claim

Celsius gmdvheaneinenteh eordenti ol veeiglyrfpr Whasinghd pymerical miueﬁefzf Tmand o-

arti cI e a toy, an optical article, a
olefin Carres tov%le\ggl?tlé/qsmpm a conbi nation thereof. 41. A

process for the polynerization of one or nore addition

Tm > 2000y Ve iczelbiig) Fonpsers to 5 forma bl ock copol yner
conprising two regions or segnents of differentiated
| ynmer ositiaon or properties, said process
3t EBrrpyl eﬁaar%ﬁrb'alﬁf%mrﬂ YERT RIS BYGF‘;%%& t128b1 e
charactéﬁ)zrég 5 'haPin tg it T&taéiro%e Plac BN MBS By Geh geﬁgﬁjé& RE@ Elution
yneri zation conditions in a reactor or reactor zone

Fractlomtltoh (&IRightp owh@rﬂmrth@ taprangiang bledk ihdasgregacthoh efdun 0.3 and up

to abouf AR e o bR e Ao B T B Tlsclibyveishs istibution,

M,/M,f dreqeshdlaorpener or nononers; 2) transferring the
reaction mxture to a second reactor or reactor zone

and optionally adding one or nore additiona
32. Thaptoriiess/ocdefdn Yseksinterpplamer of By ithepreesiipoelagns, wherein the

propyleHé lé&‘gstﬁt reﬁ@mﬁﬁﬂ&ﬁ%zﬂéﬁ Eerc ¢ after said transfer;

S|ng pol ymeri 0" occur in said second
reactor or reactor zone to form 15 pol yner chains that
33.  @hepaplfeae/antléfat Bldck irmsrrpbllymepof yrryesf tbmp\deufsiiﬁg)cla’mk wierein the

e Bl P e gk ST S P en

are pres@ﬁﬂ 19 fantathoun 6 R8ou®¥% S RRRE Q%tbyt@elgltltecﬁ tﬂf) 1n§3lr'19ctly1tnglat
| east some of the resulting polynmer nol ecules” from

step 3) conprise two or nore chemically or physically
4. dhe pliqulsm@/hac&ttf@ blogle inserpelymse ginelain 33wbereinthe herdisegoknts

comprisé QR ?eagtrg%f% ois prop;sflo eh 87 & nio r%ragltsed - 109

35. The propylene/a-olefin block interpolymer of Claim 33, wherein the soft segments

comprise less than 90% of propylene on a molar basis.

36. The propylene/a-olefin block interpolymer of Claim 33, wherein the soft segments

comprise less than 70% of propylene on a molar basis.

37. The propylene/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 propylene/a-olefin block interpolymer of any of the preceding claims, wherein the

block copolymer is pearlescent.
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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. 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 polymer chains from said monomer or monomers;

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

commensurate with, or after said transfer; and

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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