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ETHYLENE/ a- OLEFI N BLOCK | NTERPOLYMERS CROSS- REFERENCE
TO RELATED APPLI CATIONS [1] This application clains
w@reonptsgo f rom US Provi si onal Application SeribtT/NS2009/032699
61/ 024,674 filed Jan. 30, 2008 (Attorney Docket No.
65044). This application is also related to the
followng U S. Provisional Patent Applications also
filed JanprfL 2008 - OLERINGLOYK NOPERPOIIMERSS
(Attorney Docket No. 66699), 61/ 024, 693( Attorney Docket
No. 66700) 61/024 698 &Atto; e¥ Docket No. 66701)
61/ 024, 701C BENGEIQ REEATERAPRLICAZION
61/ 024, 705( Att or ney Docket No. 66703). For purposes of

Unity ed  Steiiespphadten tclaphigsitdrigetrorh NS Boitiend] Appficatibe Sé&rial No.
611ﬁgllcatlons are herein |ncorporated by reference in

#6765 Jagy 50. 2PREAorey PIOEkdt RGERFFN Tsq appliFagon is also

rémy&mth@mmeh@t[ﬁg HréviQbhty PaB&/ apat fbha1® medman 30, 2008 with
interpolyners and articles made fromthe blo

Seril eYas it yfiE1088 (A rRaardRINES Ny 69642)- ﬁM@%ﬁﬂM“[fojy IppcketdNo.

BRI M PRE B0§ PAYRJ&%@)&E&W 661§, 6RI00& 61 )AREnel 'iﬁ)cﬁém%
monomer unit, covalently bound’to sequences of unl

66y anFRY0RH, PexAtteraey Becke N S67¢d. For parnpses g Upited States patent
p%é{c% (e %Sﬁelﬁ foth(%e &E';Igliéht%ng (ﬁh: If%ﬂa% ﬁé@?éa{(ea 'bg ké?%énce in their
structures, Wher e epresents one ock and

entgpiyesents a different block. In a nulti-block

copolynmer, A and B can be connected in a nunber of

di fferent ways andgheySPeaRatvitlibRl Y. 1t may

further conprise additional blocks of different type.

Mul ti - bl ock copolyners can be either |inear

miPti bl ockhis wention kilaesdo sthylengfgiojatiarbiock iinerpplyersang articles
nﬁ'd@%& tp&glgcglgte%eynwe atom or chem cal noiety) or
conb-1i ke polyners where the B bl ocks are attached at
one end to an A backbone 4] A block copol ymer is
creat ed when t A6k DRy 9

di fferent chem cal conp03|t|on are covalently bonded

t q3pach oglber eop\fﬂ'iﬂe& c@m%ﬁiﬁse&{@hbf%t(yblocks”) of the same monomer unit,

covalently bound to sequences of unlike type. The blocks can be connected in a variety of

ways, such as A—B in diblock and A—B—A triblock structures, where A represents one
block and B represents a different block. In a multi-block copolymer, A and B can be
connected in a number 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 blocks forming thermoplastic elastomers. Other block copolymers, such as

S1-



10

15

20

25

30

of bl ock copolynmer architectures are possible, a
nunmber of bl ock copol yners invol ve the coval ent
woendioprge®f hard pl astic bl ocks, which are PCT/US2009/032699
substantially crystalline or glassy, to elastoneric
bl ocks form ng thernopl astic el astoners. O her bl ock
copol yners, such asrubber-rubber
r&t%k@ﬁ%@éf‘%&as%rﬁé‘rte%mer) gh@sg?}asglaﬁ§ $1as@&¥ktalline block copolymers,
gl ass-crystalline bl ock copol ynmers, are al so possib V
aF%@“ﬂﬁémﬁ%thod to make bl ock copolymers is to produce
“living polynmer”. Unlike typical Ziegler-Natta
quy Mer i 2Gid AR BGRRS Bbck Edpolynekr0ky/FBdicé at'iifRg polymer'.
Lglrocesses involve only initiation and propagation
{ikpypigpdiedydntiagrlyyperigaion orpapiics, EYirg Rely MAgasprjarocesses
u{v%ﬁ«%tohf?ﬂl?mauT I8 Pﬁ%ggatuén L& Su %Es@ﬁt?dll? 12k cRAR Q:%hi%{&‘lg”s‘%&
| - control structures desired in a
r@éfp@lSy Ff’elrs permits dheysypihess efaredgtermingd and wlhgmtrsl}ﬁsit S@ﬁﬂ@@ﬁ
. ) r [
£ QP YR A BRTRLY QR 1Bk L A8« oo
eftrengely narfoey dmhblmna)lf mateicglht wel glstand bmssemallsmonodlsperse (ie.,
Srﬁo%ecu?a%lwe Yohf (lillgt}lbut%)n\llnl stgtlsng %1)6 %Iye t{_,IVY gpﬁrstasggtems {ll‘ﬁ
clraletrized bpan mmaaad&tet widclpisop ai@airdem f piatxegedathd ptdpagation rate,
ence of ern1 ation o tions. In
oS PSR o iRt srofen il ThBRRNL MRS v Byt are
chdifctgdizes ente pﬁzfserﬁe sf nghge typpef ativasite. e ppoduee a figh yield of
roduce a hi i el d of block
B) 6K GoRON AL %BO%P%RZQQ%“ PIg{fch Cji‘tcp a&)éisémﬁﬁ?‘lh%é%ﬁ’i“}ﬁ t
chdr¥dtdiBtiehah agdstintiftek@st. t 0 a substantial extent. [6]
But adi ene- isoprene bl ock copol yners have been

il CREE AT R I L —

palgiaieti 2000 udn€ BE b@jubntRMBYIdm@Taddinen @Ehdidie. MDRQORILS] ddgition, a
contacted with the catal yst. Once a first such nononer

CRE4N HEOHDE lPnE SF NG HRANSMETS At comiacted Bith Sbe GBI Y- rigncerdirst such

nfdnbSbr Hak RGkied B ©BJtifiaNe-@fBIoAto@find IME fiSe6RBE aFTRRARBRo&! of
nononer species is introduced and all owed to react to

thegspeaAne RONSBEHANBPBEKSPeTHES HIH9EResE apthiled (e fsagietorm the

s&ShdBlob ) eTIR PEQ m AL ﬁéeréli-e%i%li Qﬂhg e schPQx' &H@ ﬁhléﬁ‘@él?y
nmononers. However, ene and ot her a-olefins, “such

pakymgrizabie ragnomersy t@wverletbﬂ@wd ofhero-oleding spbtas gapelent. Wy
b%ﬁ’cc kt o@%hy RS La ' gea\PJ_t ﬁirg&'l %ﬂ)‘cg gbl?m%ﬁ& o bgftﬁﬁﬁ)mc[tgéhmques

enever cryst |zat| n o S under “qul escent

condi ti ons, which neans . N .
[7] Whenever crystallization occurs under quiescent conditions, which means

that the polymer is not subjected to either external mechanical forces or unusually fast
cooling, homopolymers made from a highly crystallizable monomer will crystallize from a
melt and form spherical structures called “spherulites”. These spherulites range in size
from micrometers to millimeters in diameter. A description of this phenomenon may be
found in Woodward, A.E., Arlas of Polymer Morphology, Hanser Publishers, New York,
1988. The spherulites are composed of layer like crystallites called lamellae. Descriptions

of this may be found in Keller, A., Sawada, S. Makromol. Chem., 74, 190 (1964) and
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that the polyner is not subjected to either externa
nmechani cal forces or unusually fast cooling,

wheompgisgorer s made froma highly crystalli zabl BCTYDRIN®032699

will crystallize froma nelt and form spheri cal
structures called "spherulites". These spherulites
range in size frommcroneters to mllineters in
B‘Qés@{r@t@rHo&edﬁfmr om/;gv RMH oﬁmtchm mem%nomﬁayzb% 61
found in Woodwar d ,Atlas of Polynmer Morpholo

(H&hk elhe rsnlkﬂmlgﬁéﬁfgcturmémm(&f)m a copgyg parFH@l laypallag that %0@§eqa¢rély
bRABPARE oW t)uth/@%/cﬁﬁ%dl tHER ot %ﬁ&%ﬂl 'dg&,%oﬁ ab}sgfgifieﬁggiyh@ﬁc chains

Descriptions o IS may oun . A
n@&ovalel the nsterilﬂlhﬂkq’f‘@mllam@ﬁehnanchmas des@ibed 964) LabbiBaSs efeung,

. Roy. Soc.
%ﬁ’a I—Qg%?%é\ A yag’adg%yeéuﬁs (}3'.4[‘98%)( e spherulitic
structure starts froma core of parallel |anellae that
sUBkequenttalyetiyican ard wadong e olefiowenelygers pbethtlpre copbefdrepd to

a?sufn@%bf'f‘ %%QhﬁﬁS ng ﬂ{c%?tﬁ 5dal20) ddé%fthﬁloﬁ %@é&éwﬁ@h

teria I ar branc as descri
cxyntal_uzgtl(m condiheny, areOlot ql‘xiesgpn]g, sukh hs quring blajvn, or Wt fikn prolg@sgng

Irg ‘Eﬁdéh I(\:/a%gsr ﬁle meel‘t ul es%lr)]]eg’tg'd to?’sg‘r% ere 1;21 f?r%es an(ﬁ) ?asy otopl rfl‘i%ch

random a- ol ef
ubuatlg pohdu@ rassunieattd o ‘smblekehab’t $tmcmtmplsl désoglbctelsn iAnKeller, M.J.

ta case it occur s, wh
R LSRR e PDHSB ) &Rt E broigay witkpso be
oBidink M Fh& @¥hoRiculea&Intdin édbui SRS 618G of dholhef §Yp€ 8S@Sionomer
the nelts are subjected to strong external forces and

tG prsYeng s feragtiongfilemellas ukhiy Shapeeda Gestat B prsEIs@stues B
coﬁgﬂo%ﬁrsl?ﬁr@ aliallPlob iy rt@ﬁacﬁ%vlﬂﬁ%re‘t@%e 'c&rsﬁl %ﬂﬁelhlﬂ)%for% a

. Machin, . Macrondl. Sci. Phys., 1,
smﬁn@ ohethylene ynits ﬁbb%ﬁ%ﬂn@gywwmqrs ging ey Thian o BysR ey thipken than

tﬁeh@ngfﬁ)(lt)f%ﬁé{l efr @1 & Ql—&%%gﬁoﬂﬁatﬁp BeRugiy, %e%mé’iﬁ%%%fd

typ cononomer to prevent t ormat 1 on
hivegrte becopie sTihis thehadwgefoldinggntpdanagllat gtpletuwcmmlom &yowble. In

tl{el{]ﬁa;%: gﬁyegaa 'Rt 5r%ug(§lg<?hjé/§/ta1% A BN ok Qe A ; WSt BLI.@R, 1.

cryst ore, a sequence
Mahiak,| A2 Moayf. &umnAbIéﬂtmseE I&@mdan&msScmaBn nﬂotym‘ &hm .34, 1301
ke t han h of that, se

(lq)::?g)sﬁ%d an{ lo ecu H)(;]}l]eth nn%tf act1 qs >Provt1cha anqllfllgerftla\ndlng of

ns &ort ot ven ["ame
thmmhmﬂhﬁ\cengemthe eﬂh[sl‘lénﬁﬁhlts fath arn altehaqunedn &i florth @lkchtim g)ldeﬂtlzﬁnellae.

C n o lo a n t h
A BB MR A PR B Bl Wkt Mpgonoledes, 23
3@%8(&9903 poBmeflERGT deB@Ents 6f DlealEN6 a®Rne dnits aM Bédked fék.chain
f(g&n%n?elpwyt]%ls nurg@r oﬁ%}ilene umtsE 10\5 ?neorlecul'ar welgt\llt fractslgrlls for?n

extended chain crystals while polyethylene at typical molecular weights forms fringed

micelles and creates a granular type morphology.

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

within a glassy matrix have used styrene-ethylene (S-E) diblocks as described in Cohen,
-3
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(1996). Studies of |ow nol ecul ar weight polyethylene
fractions provide an understandi ng of the nunber of

W@ e0eme1560 ve et hyl ene units that are required POT/USI009/832699

chain folded | anell ae. As described in L. Mandel ker n,
A. Prasad, RG Alamb, G M Stack, Mcronol ecul es, 23,
3696 (1990) polyner chain segnents of at |east 100

rett. Nyhe@Bep HNDbSziAseK ! RAHhdseH., B&he s itay N ﬁ&b&lh&&uzeg%om
this number of ethylene units, ['ow nolecular weight

Uf%ﬁl:%@@ﬁt)’“ﬁéﬂfﬁﬂ?ﬁ( tiléh%é@F En¥CH) diblpsksas slewghipgcsin Loo, Y.L,
nggkt)életR ! R9£1 %t 1, \DeR éﬁ" MIPLSHRWeRies 3349'89(%‘ ([206 19" @ stallization

I nge es an Creates a ar anu ar
withinnellas gy matiig hagpbeen giutliad tlglp@etbﬂew3rrdethxlépm@npmﬂgln@qs as

d@&ﬁﬂ’%ﬁo ll @yraﬁh J b%@&g %hz& Vl@ﬂrc'hgncﬁ(} I? yﬁ a{nnAtjl %A@ron%olecules 30,

copoly ani oni ¢’ po rizat
SBif @8V B ned hohd @hwldlelsiytymdbdlgbntabmtm) diblackeasrdesuibed img-oo,

YpI?hﬂ?%sﬁ%r 1§‘te tIQ%PgA¥S ézlcéolrnrzlzjo ec lg fj ?ég %?&e{%@é%r%hoﬁ thte he aﬁrlx was
eglheagmysymr mk elatticdut Bithua high degree:asf)segragdtuoz attween Bhb bk’ob]ﬂs the

GIETEERE hobe Pl hERRRY b o g Bogk popotsmers sen

aQQytéhdl&i&adléi}erst}lféﬁel (BBS), irRvhiclBge ldﬁ‘%‘ren@pMymer segments were
Macr o ecul es 24 (1990)
C%Tfsﬂﬁqng(ﬁléltq,rpﬁmdegleqné) Hé Fpéur{laéely/é@ulmdp giageles g@/stalhzatlon of the

cMOREE id3BENtk Th theR.systerhs wasFRBaSlEonsthiddd:to REREBultigJ -
Dee G T., Macronol ecul es 34, 8968 (2001)

miprodamaging. MAETogamaing sAnraksrhelors of wheiss oy lindsiss lagisliap, or other

i pHI R U‘{Fhé‘ﬁhn%%é’t'd%ﬁ&ls{o% oFBhlidthadavti e @&)h B2 Ipb’vrgeﬁfanﬁso the
described in Quiram D.J. ém%lster r chand

plangof lamglia, is agnstraingrhioroifbie éuthess Swm%ésls norgupicaliadind
trglgts%'ilgléf cﬁﬂﬁetéls(}f Yl{eesgﬁergst J}M' ?ﬂﬁl’egu&rﬁﬂﬁé thg:ﬁ(}?ésg Slktﬁe Bdhellae to

scrl Y. L., Regis

<MQamo |&9¢1emﬂele=§s @By bQ@&ﬁreé 2Q@2hicrophasn S«tm@tqqlatthuxe b\d@ws the
RCTs

DB PBE S 18 R 19RO e

atsdlffuehummeshfamﬂmblhelml vasght aad A naephobdle gy Thé figue dphonssrates

SBES  F RSP ERclit F BN B81% s PG MG ights n

eRRBSI180,0601g/nid! Sre Kbk AEORENRSveQfonRRNIARX b @h YTH hidhm
in diameter. Crystallization of the ethyl ene segnent s
VISFOStth @’éléchéil‘éftaéﬂ‘ga%%t Sb?h el PIP&‘?C‘E%M%EP%I%? geyhrcgmpHgates the

pfR8dniaR@ prSt&kiAs ML R Inatdl a8y @{tﬂl@ @ﬁblﬂ&l&@a@plﬁe’a&ﬁ‘e thB&ed QA Aults
of spheres, cylinders, |anel or ot her

o pHO N SBICTHG: Mriouaselet UG oRIR ptemperature of 140 °C,
a%ﬁﬁ&’%ﬁ@ﬁﬁo oPHG ,hanﬁscl & &‘ﬁgl@' & l(')'.?% /ctngs . ﬁ"ﬁ@correlatlon between

octene mole % and y was determined using the experimental results of Reichart, G.C. et al,

Macromolecules (1998) 31, 7886.

[10] Block copolymers containing both crystalline and amorphous blocks can
crystallize from disordered, rather than microphase separated, melts and produce a regular
arrangement of crystalline lamellae as described in Rangarajan, P., Register, R.A., Fetters,

L.J. Macromolecules, 26, 4640 (1993). The lamellar thickness of these materials is
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pl ane of lanellae, is constrained to < 60 nmin these
systens. It is nore typical to find constraints on the

walc@amdBs0 of t he spheres and cylinders, and t hBCT/US2009/032699

thi ckness of the lanellae to < 30 nm Such materials
may be referred to as m crophase separated. Figure 1
shows the predicted | anellar donmain thickness for

camnﬂaea P8k %@@&hﬁ%ﬁ@ﬁ@%ﬁ%@igmlo@ 6dth %@94 a\érn%g&lb@& in theories
di fferent val ues of total nolecular weight and

by HiatieionBiie Ghttrpna. G Myl fraamd Rs tM et @soledytes, 13e\1/1594 aal
Vﬁlﬁ{rﬁ/oré G803 l\gdoﬁ il n&ﬁ?ro%le?&l@se BE 1‘39@ ?Qg) p(gr aﬁllgﬁlér}ene I‘t)ased

, nol ecul ar Wwel ghts 1n éxcess o
blck Cmb@@ahg/mta@mamwth@k@ssj@frtm eryssilliesregion Qf)thnm moFplgologies is
[ (o
s ¥ 2 SR el By VRGN L ARZLA BB Wi i o
2&[11111 processi ng of these materials. The cal cuI ation
applied the theoretical results of Matsen, MW;

B s, F. .
YUEE, o PP PLBEH LR IR 1Oyt B sy
Chanattexizadkhst hadmgszbltyylauﬁw @107®th vAight ditiebwions, ¢fpatallp with Mw/Mn

det ne
<g)e(jp\é\$§ R ?@%H%&fgfgﬁa lé.ﬁlg va%%lt cﬁ‘%(‘e l&lrpon% gf Felr 1ng1V d?lgl
sé@wmanﬁhe}chdve als$ o819 $§:er&‘2kamﬁ188ﬁl th{a i@ oBIdﬂndxick(aoquibjm:kr S
tal ni.n ot h crystal h{y nethand f{)hous g an .
y%?eéf PGdhesE T S B A N PRI P }Sfﬁ%rézé‘ rontha
s@mmﬁésa\bﬁdhlgmlnhmbamdflpb@@uce a regul ar arrangenent of
crystalli ne | anel | ae as descri bed in Rangarajan, P.,

640
(TS © e opeb it Hen el ol RGRATR ﬁrggaefeén%%h%gs
pbl$ﬁ16ﬁialt10h bz&dyhywéﬂaeeoemﬁmesmwwny BolskipG. &c Roat, Il ghktes, G

W R & B R R et D20 YR Qb uee these

nib’ﬁodlépbﬁsé bl cofbiljinneRs &so sMoﬁ)ed thdeRkadl inorphology of amorphous block
Macronol ecul es, 21, 1482 1988% For an et hy| ene based
C‘EHOWY%WB Pﬁ/ﬁéﬁene P‘H%dl‘?P&xS s PRk kseeal Q%ffthetsﬁ'él“k copolymers

&g tRklall 28016 8GhRAs Of bibOB SR PNOOLH &Shd Rghbfts HAARe
as the maxi numthi ckness of hi gh densit

syEIYrerahPrieRElcGopstaged ihihe rﬁsp%lnaﬁw9d02@1%n¥yfc&qtfct¢h ese
p%ﬁﬁ?&l%ébl@ﬁ@ﬁﬁy(@t‘ﬂyl@ﬁé wpﬁwl %gncp%aﬁ@m@@w&y%e oRRk-
ddi t1 onal haracteri zed aving very narrow
Pl tlemea ps @%‘Hgﬁﬂ iR eqkolapgn | Jo ri\éezzmpi R aFtegrickpern Gy, Nfyamer,
1 d r [ u =Y
Ely P99 5&%&?&[&‘3 AANVY il alzh O, RLAGUSRE), W81 88tk (2005),
dlstr&g]utlon their i'ndividu FB ) ( )
form microphase separated morphologies with domain sizes consistent with monodisperse
block copolymers (<60 nm). Similarly, polyethylene-block-poly(ethylene-co-propylene)s,
as described by Matsugi, T.; Matsui, S.; Kojoh, S.; Takagi, Y.; Inoue, Y.; Nakano, T.;
Fujita, T.; Kashiwa, N. in Macromolecules, 35(13); 4880-4887 (2002), are described as
having microphase separated morphologies. Atactic polypropylene-block-poly(ethylene-
co-propylene)s with narrow molecular weight distributions (Mw/Mn = 1.07 — 1.3), as
described in Fukui Y, Murata M. Appl. Catal. A 237, 1-10 (2002), are claimed to form

microphase separated morphologies when blended with isotactic polypropylenes, with



10

15

20

25

30

segnents. They have al so only been exam ned in the

form of diblock and tri bl ock copol yners since these
wae@9noersel readi |y synthesized via |iving ani onPCT/US2009/032699

pol yneri zation than structures wth higher nunbers of

bl ocks. [12] Bl ock copol yners from ol efin nononers

prepared using living polynerization catal ysts were
db@&ianst %J@%@ﬂ@?ﬁe@%le@-% Efopyl@he) beiweBOSE®- 1d0 nm M\Io microphase

Coat es, Brookhart, M, in Prog.
sqpgrajigm wag pbsgoed @Gh@@tﬂk blpgosopolygistre of t hese

nmonodi sperse bl ock copol ymers al so showed the

cliagsi cal MppspRhRlsegyarf digiaBE RIAAHBIB S6n BIBRIPBR fSrs in which

such as styrene-butadi ene-styrene (SBS). Several of
bethdiask RSt ke cBgBIg Wettaxe alombash preppipd ping jiviagplefis Befuprization
té&ﬁmﬁlllé% ¢ %Stnbﬁf:‘lgp(ﬁf/(x Shteﬁl,ﬂeﬂ E@Ek B(Qy((ﬂ{etﬂ)ﬁ@le S@ﬂ&%ﬂ%@ntérﬂ:) -block-

these systens was prinmarily cohstrained
pplyElulexiirey conodynad orvaliesesibedSpnidy wrtae Ki €., Keaton R. J., Henningsen D.

I I I
LR/ 61 Dh ok oy GSHAT PuB RO Lot
N@E/%FF béd displajRdokmoiceiphsn sepllra\tedlvbmpmi%' w1R1 gylinders of

k d
PRy Fonkopg B e i 13 Mg e 3™
c(zd@fé_ﬁt)ane tovimylkuemepiikse- tﬂ@ﬂtqro@t(etﬂylam Eholrleghes) addt h
glgggiy?e S.I é%?og%%n%ﬁ(t)c ntomw?té{(ﬁﬁ%o poor(ljolrg(grelén%? as descrlfbed by Yoon,
1) pMamtshRI BnCodits GkWpOIh,o&rat IE/ Immawmmpbl@wésemj)s 1918s1919
g)ia)a@ SO Sl@pla;r/ {nh(s%él gefeparﬁa%glﬁg)?lof?gws F"Bl}el Ho{ly(m?thylene 1,3-

YA ehiahe-cdNyiny RetiBRHO B¢ et etk soly (&B{1dre) do-HEBEENB B Hith Mn =

002) are described as havinng m crophase separat ed
1118 ngé\/lw{&{lractl 44, has alternating domains of 68 and 102 nm, wh11e the

p@l?leﬂﬁz‘lé’ﬁ@)éb%ﬁﬁalyp:hébcﬁlo&%&%&hﬂ%ﬁ&é&&ﬁbor%r%ﬁ&%ﬁ s 5% bbo

narrow nol ecul ar wei i stributions
gimadpnd Mav/Mascl-{hées qlqmainmémed ¥ -Nope & hme sagples deamnallrate the

dﬁflgli?ftz/ 'n g:c'lﬂ&lu{g%% v siZek & 6@'nﬁ1 g@%r% . éfl %I@cﬂ‘a%&@ﬁ@%% required

separ at ed norphol ogi es when bl en with isotactic
tqa%ﬂhymw&lll%gm@mam% hdomai ns of anor phous
pol y(et hyl ene-co- propyl ene) between 50 - 100 nm No

mgg0ph aS&ch%e%zﬂ%ﬁﬁ‘&fo@ﬂas@@&aa&%@ﬁ%ﬁ@oﬁ&y&%&gﬁd{o RsQKally
copolyner M crophase separated dibl oc nd
reqpires ungdyoesb dlsﬂ?emve emere@mI% hereeen theysegienth obde Hiffgrane Rlocks,

% é‘tﬁ?a%taﬁ&%etgﬂ}?é PIZIB,“ %%I/ ji gfh? t&eﬁ{& hg% k6 %q%r&?e%e_{flgsé .
Rppﬂe;e@hn@&x emagehnll@kknqmiuga( weighydseN e-tj/plaﬂ cyrcdvopendi res)ty
dR)lloOc% légr?t!au}{ﬁlg equal amounts by volume of the two blocks requires a value of ¥ times
N greater than 5.25 for the melt to display an ordered microphase morphology as shown by
L. Leibler, Macromolecules 13, 1602 (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
-6-
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| - hexene) copol yner, as described by Jayaratne K C,
Keaton R J., Henningsen D. A, Sita L.R, . Am Chem

w®Eew9/0932) 10490- 10491 (2000), with M = 30, 90BCTURING/032699

and MV Wvn = 1.10 displayed a m crophase separ at ed
nor phol ogy with cylinders of
pol y( et hyl ene- |, 3-cycl opent ane) sized about 8 nm

rﬁ%ﬁa@llcaf)&l)y&{@ta@ﬁés%ﬂﬁed i# T3 Hermel, S.F. Hahn, K.A, Chaff , W.W,
cycl opent ane- co-vi nyl t et r anet hyl ene) - bl ock- pol y(et hyl e

Gﬁg)_eggh moY- @@Wﬁé\ﬁ@ymﬁﬁf{gpules 36, 2190 (2003) the overall molecular welght of
94 $&h ﬂc Q{gQ Y4849 rrEEt‘%ﬁé‘reH&IreBA(eﬁIs ! &&‘&ec&‘ﬂel@ or

ornene escrl bed by Yoon
nEmRioEgies GSan the ThrogarsquiFemelnts th profgss p @nbrh@cmbl@sse SB@pE)Wlth

n?o?e]cgﬁ}ﬁ&g o #098)medd 3?8 hﬁﬁ'u of Thé&f rﬁglﬁé‘l%?ks%ﬁﬁ%e%ﬁ%d.

nor | és. e poly ene-
cycl opent ane- co- V|nyItetranetherne) bl ock- pol y(eth Ie

nd1Zlo- norlboraven deoreiifal huias by 350 Sots, (@Hrbredagkdomdy
sz%s‘.e‘%zl, 087 BbOELARD NI SREBA i, WracP5n 01+ 38, oY (436 tﬁve

shomythatttheyhairears gNpioopyléred eprpihblvgics padraatestals yHegrobydspersior of
b vp W 0 / Mn/ =1.13
0ﬂ§érq:>§gﬁﬁl t]ﬁégglg(?&té%es é%lncre%ség qﬁ’ﬁ n?%gg@n(%](atﬁ%qsggve a most probable

diemaisd sfaémyi, he. dk fatib ofivéight aRerdgdo@vinBer st Blosd iBel8cutar
60 nm_as very high nol ecular weights are required ta

Watght 8\ 7ethe (UM NIUAY e b R Hykere E\ﬁlﬂ}heﬂemb%f\ﬂVﬁ@g‘?ﬁ’ Fholshgiadn

oRRPRIRhiEE: & &@é&&&l%h&ﬂﬂg{ is PRERRRMIAL ISR s BB HE It\Jvcy block types as
reCILH res unfavorab di spersive I nter acti ons betweén

shaver bydgnBetemkipsS. Vh%andplfoVeP/@nt Ryt Bc¥ks 6908 1 ¥9%a Fargnudtitloaky in
tlgyméaﬁ %1eﬁ I%EX 'Hldg 9)'\)&)%? Vﬁ%ﬁﬁ %erInglrates g({' @Lt&ﬂ amldﬁc%%h A overall

epr esenti ng e "aver age fPecu
mm&og]at waghtMpr amely pide@t nnidtitd el apmltlyﬁiefsmeat Snopyn plotdsgigg costs.
containing equal anounts by vol unme of the two bl ocks

I res

B8 LT Aol BRaRlof of bR DS PRl Bl Sparfaic by
Magses WA, , BglysLRelLéetb 98r ],48]&%0([‘200% Ilsethatl ee@n tiBsitid 012m0rphology
1n(c%ud%n§;tf§%t§ant31 105 6r8mtrHJ%r¥e6 ?rfl?rbﬁloe& EOt ogaugrlh tﬁ%’ as in tr@,'onodlsperse
bkl %po‘]/}@hdﬂsﬁdﬁstéﬁ‘d, thae ate\MaglbhsO(ﬁﬂCoé)yﬂﬁg ph:ABs ilbues dmuhﬂb@rndm@
Agloc er gnlecu e i creas?s further th% equi r.ed

Feder boundariess the oV el CAMIQyiien SF o Hofrwle yay §eﬁe‘ﬁnme

hbW et gaitifiohs Bftwéenl pha@e RoiER&Npl1efpoBlddpkise MBlockl@gUhEbRSdary

shown by T.A Kavassalis, MD. Witnore
bWE?IbW%%F %néi lglgella;s Blgreées( rﬂ@glia)ve tI}gd TS %Wnetrlc diblocks form

lamellae while the asymmetric ones will tend to form cylinders. In the vicinity of the order-
disorder boundary, molecules with longer blocks may form an ordered morphology while
those with shorter blocks remain disordered. In some cases, these disordered molecules
may form a distinct macrophase. Alternatively, the location of these molecules could be
directed to the center of the ordered domains in a similar manner to the domain swelling
that occurs when a homopolymer is blended with a block copolymer (Matsen, M.W.,

Macromolecules 28, 5765 (1995)).
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mul ti bl ocks such as pentabl ocks have been shown to
provi de a substantial inprovenent innechanica

w@e@pestsses as described in TJ. Hernel, S F. Hatmpsi0%032699

Chaffin, WW Gerberich, F.S. Bates, Macronol ecul es

36, 2190 (2003), the overall nolecul ar weight of these
mul ti bl ocks has to be large in order to neet the

ragw r emeRtddifion wokkerigg mﬁe%whag@%pm ARGk RSver RIRSRF {A®lock
energ { requi rements to process a pol yner increase

lepgtrne) >§¢15WPT§1FV s lalse @Pealrhymﬁlwd tq breve @ prAmeyRed pffect on the domain
[%8 W% RQrok Hﬁ'o‘ir(?] e s%ctﬁllé TR (‘;1‘{ 'd?'ﬂ%%éro'aéﬁéalﬁ?m' rhéHohf% rsel btk

ver eoretlca
chprodydndre kdapely a fblobon ofPhg/average mlole&t@lmvv@gl@@lﬂ)i blmlﬁ, Noam is
) [ C I .
o5R28Fon it HREKENT AGHLSE R sERhRL RN Epes
ledé:ctloe}ag@sloasint Sh&r:ilpgslay dcbrsmer&wntlyequivalmemgmodbptme loibck he
C(r)]‘%)? mers E? g}l n$h (? i Cmcro ceuz ﬁé) %gé:lk66t7%{ ﬁf‘(ﬁmp %%{agse%,
MOW. V\Eurghhys al & 2i&99- @omm@@; H\eaziffaqe of)ﬂ)cﬂ}&kspmsltje onl b]aerSe

oif R bk petr iy by, §hs it Pt e

a%frdﬂféﬁtéd @Bl@/mbpﬂrﬁgf}bylbﬂienamfg@rse@%lw hlr%lii@dl&péﬁs pOlfystSIﬂ&ﬁe blwly(Q
oC t S as ot e

V@Wgﬂdltég ?N%O Eﬁ%@bﬁf&ﬂ%@ Matﬁm.kﬁw £y M%m@f%ﬁf s 4371-

4BEAN009) £ IR gisicRhdd cowdit@rd fOMRY ordiébdi@oipholeded manshatdgs t o
a subst ant| al reduction in overall nol ecul ar wei ght

pelyptyigneriipelygicedic seid sy rth e 268 ki contigdedpdicdl polynigriggsion
técﬁmeﬁ@@%&ejar&q 1§0§$n°sme{ 1Bl108dhar. 1Bs eﬂ'L“Ré%ﬁtleR A.

i nt erest nade enkin, Panyukov and al so

Magtagedecuigs\Ap, 6@%36;649 @02)) LMot re@otly. {488 en Ithilmy"ﬂ) (Liyad, N. A;
}ﬁlﬁ}ﬂ% r%cﬁn%%%bﬁkﬂ& b8 SAB-REQ Cf@@bﬁ)) dvAahddh Odiel BE

transitio Isorder to or does not occur
o pdigrersg pab(qthylmﬂwmrgmsé thit ocke dhoipekigndadsyith angoekad,

A e e
lagtida) ebldck chmbhﬂn}tds@cvcaofplea poiyHispandiey lediy inataeddanginspacings,
%%%%tfntg klgalg% lfon&wetfe‘;lockg as gas reaﬁ%rr?l\%érg (ril %Hnl’lmtﬁ%da{rga{l SPIZ nﬁn some
ilseueds| @lydidpasag amyrohm& chahngem the: t§]§6’ﬂmtd’erfﬁl rﬁkbrblhamgys The

f I | | whi | e .0,
ot R e araS s WS kS BT E plos comE i Sy iicea.
ahDly Dadpeciallpal fEedM ©Sntdhde JoBigPErsity MGkt praylobry wihiRMaintaining

ordered nnéﬁholo while those with shorter bl ocks

ahighdraRticn HUWEcaPY IS some cases, these disordered
nmol ecul es
[18] The tendency for longer block lengths to have a greater role in determining

domain size, combined with the ability to swell domains, creates the potential for domain
sizes that are much larger than what is observed in typical monodisperse block copolymers.
The ability for some molecules to be ordered and others disordered contributes to the
formation of swollen domains. The morphology of these systems can be termed block

copolymer-directed mesophase separation.
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may forma distinct nmacrophase. Alternatively, the

| ocati on of these nolecules could be directed to the
wa@eowmp756d t he ordered domains in a simlar naPEEUS1009/032699

the domain swelling that occurs when a honopol yner is

bl ended wth a bl ock copol yner (Matsen, MW,

Macr onol ecul es 28, 5765 (1995)).[17] In addition to

aqigevi ng %@1& @9 hm (S BRMdBhh BRfiA blotP¥Eol iRk WaS aRby&M
bl ock | engt ersity has al so been hypothesi zed

rrtOéﬁCHlawelagtpMﬁmﬁe EEmetMeruian & cigbhdibHbEpaCH HytheyfMw/Mn
SUNE ufk le:ie%gptﬁgé éégzho Cg Sk WEH@ aRo%Ee uQquﬂtB gro'ﬂd‘é SQPOMRABSI that is

i n nmonodi sperse K copolyners Is a function
ao)lfulm-h@clamoa@@r Wh@clmtlmutlmugm moﬁbeaomlgfd% N, and is
typically on the order of -20-50 nm However, it has

qu pr e%%ﬁﬁﬂoﬂ Bde RQh Mﬁ’f’uﬁﬁﬁfl ﬁééd}fml Iﬁ@s‘g?hatsgsép%ragﬁ tblock
donai n spaci ngs as cCo ar ed equl va

conshxseis phick erehssdion ety @o @@%kﬂlerel)s al\g 2 nHifor bock

G PGy o BB S y e

thpolthodé ﬁp@ﬂmmﬁsmsemiM@omymw of thh ang aall, sond)e ergater than 60 nm
in t%ms)mgﬁerstaciu%gns“?o p%féjere BNl n%e%%?% Fn% Id LEnaRd guc%[ocgr S
en a S

persit I'ng rres o
cqnmndﬂsperse polystyrene &rpoly(2- V|nylpyr|d|ne)s
(Noro, A.; Cho, D.; Takano, A.; Matsushita, Y.

Macr onol ecul es, §éﬁ@ﬁﬁRﬂéﬁﬁQF%égggﬁﬁTO§eg'Ster and
coworkers found or series of

pol ystyrene- & pol y(acrylic acid)s synthesized using a
cd@llr ol | etherimyinder prpoiligsrpegoinpatifioncanaeiing guleast one ethylene/o-

o HARREL Aoy iy CTI DG s o TR 88 o ope Bl o vioes
hé@@)@hfﬁeremn nrodepm¢einy q-olefin doerd, \Hndretlmﬂeretl(yLeyw/d ;oléfiin block
I
utt%%l%n)ar 1n¥1$ ractﬁnzgfbay a mofecﬁgr \?/eéi%o &buﬁbn %gﬁl 1n %‘he range of

eva series erse”
ﬁpoi appert ]IWloellbeut 2/ Sandrby py Iaeamgesblctcﬂtamdem@reatec thah rere xbdewd@dcbout

1 i Py s v Pl T RS e e S B PR e

pon(DLIactlde) bl ock. In all of these exanples
pdR3idi spersi ill\}entlcadal$0q>rbv1d¢sela$&d’led@’rmilafln$ﬂx&d§i11|Itgl$plymer

ting that | bl ock :
SRR PR SIS A E fne Gl sl i ik BhrekeRecn
nfotd pedeap@bktih Yoradis o/hpreddtc espobnn gehararterideg by ypevesdge

"g)gﬁ%g%gg@ggtr g%gogélﬁg g@ﬁg@@%&%{o&%gg glkjgﬁtgcff?té‘t%tion, Mw/Mn, in

R hi R BB kryml abBht1€0ko about 2.8, and a difference in mole percent a-olefin content

between the soft block and the hard block of greater than about 18.5 mole percent.

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

ethylene/a-olefin block copolymer.

BRIEF DESCRIPTION OF THE DRAWINGS

[24] Figure 1 is a plot of the predicted thickness of each domain for a
monodisperse ethylene/octene diblock copolymer made with 50% of each block type at

-9
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and it is especially difficult to introduce

pol ydi spersity in nmultiple blocks while maintaining a
whe@hb/od1sect i on of bl ock copol ynmer. [18] The t ePdENS3009/032699

for longer block |engths to have a greater role in

determ ning domain size, conbined with the ability to

swel |l donmains, creates the potential for domain sizes

dieh@dn: M16esr el Haéﬁb@f% mbieanar\w@ght P nselaﬁédftsﬂkoh%nwm €2, and

nonodi sperse bl o copol ynmers. The ability for some

dﬁﬁﬁ@ébw@éoféoﬁémvﬁ@é ed and ot hers di sordered

contributes to the formation of swollen domai ns. The

mth ol oo b 2 NESIB: SUKHRIE of A HASs bEMEBRrPEREGHon for random
yner -di rect ed nesophase separation.[19] It would

1%9@/@101?#1nt09pqiyr6¢;fﬁ theillayirats) the dedinkjog ok “Rlegkandarer M teRreagnts
t&Wo"I’é Fel?@a ﬁﬁaﬁrﬁlﬁ%q@?r&m“@lrégr&e%alp% AR s é%%éﬁ?ﬂand “C”

mol ecul ar wei ght tribution such that
repigenty Be yholsppratset Heghaonelrier hayinguthel sama cgmonsaney safterlt as “A”.
[ {
N U e TR i S T S T
[20] In addition, there is an unfulfilled need for

md3@phas @slégarwaat et dfinsekal éagsdivare mlaicen fr sandamed
@p1eﬁi/méle%ﬂ%o§dggn&s ol éﬁfu:naﬁm of ARifveld of b%@hp%algﬁ‘l%ﬁng Rmperature
ocC S Wt

copol y ow nol ecul ar wei ghts
of MAREB @e@:oemgflramte) Thh &itled wuarcslemesens dita pefors Obmmd finose

riﬁlg%g}hg}}lgg ?@sﬁﬁ?ﬁ cﬂkﬁﬁﬁﬁ&&?’o&wﬂﬁ E%ngfnllem i afl] the open

Asi on.
sqthes eepresentlda@ pamtlse@nhuﬁe(drfr(mn matld‘m) Uomtbgenaiqslyg)r&mhdnl ot yoamle/ -

Y. 2
ORI I ed 4 B ot Mk TONF L) hy e P

Kmnelethylene/a ol efin bIock |nterpolyner conpr|3|ng
one or nore hard blocks and one or nnre soft bl ocks

\I\ﬁé?]glg n a I*qlél{rfe iR (? eﬁdé 011'[1% ngt?%el%selgf reﬁtl {gl £Br r%gsr(])%)l?a%
seplaentealctl efini et cbyolﬁnem I(Iepmieated\h@ Idgilntondlsi) &t corhmiredcm xradltlonal

i.n thgT g d%f fromabout 1.4 to about 2.8 and
%%égﬁogggpgg e@?%’ﬁ Ha®RGteater than zero and up to

about 1.0; and, wherein the ethyl ene/a-olefin block
i 28l pol yH"IgIre b shavegi@h abdelts ﬂSﬂ@R‘@ﬂTAE 22} fulibgon of DSC Melt
E:nﬁ]la IRy %ﬁzgﬁgl%ssp%l)%{er vi %Sdla%{]on S re resen éa%dgrll gtfhyfgne?oc(%ene

copolymers; and the circles represent polymer Examples 29-40.

[29] Figure 6 shows the effect of density on elastic recovery for unoriented films
made from olefin block copolymers (represented by the squares and circles) and traditional
copolymers (represented by the triangles which are AFFINITY® polymers (The Dow
Chemical Company)). The squares represent inventive ethylene/butene copolymers; and

the circles represent inventive ethylene/octene copolymers.

[30] Figure 7 is a plot of octene content of Temperature Rising Elution
Fractionation (“TREF”) fractionated ethylene/1-octene copolymer fractions versus TREF

elution temperature of the fraction for the polymer of Example 5 (represented by the

-10 -
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conprising one or nore hard bl ocks and one or nore
soft bl ocks having a difference in nole percent
w@2@be9ism cont ent wherein the copolynmer is PCT/US2009/032699
characteri zed by an average nol ecul ar wei ght of
greater than 40,000 g/ nol, a nolecul ar wei ght
distribution, MM M, in the range of fromabout 1.4 to
cﬁaesqtané’-c&npam% Bol m&ﬁs@ﬁamrep&sémé@oyaﬁé eendynfoR) eﬁaen
content between the sof | ock and the harg bl ock of
dgmeadseeresrahtradiinel rw!osﬂ ﬁbﬂeneﬁ@fe@e AePOLMEEy. The
i nvention also provides an article made fromthe above
dqsgyr i beds r@the{E()ﬁSf%lct%ﬁé SonflnOSKTIEIPRAYiBRIted RNIHE/1-0ctene
S | PTI DRAW NGS [24] Figure 1 is a plot of
CORPEY AT SRIP QNS ders Y A KNS elugan temperatyesraiiths fragtiomfor the polymer of
EEH&H%Q 5SREFo CoRpryvee/ GhL &fired ké%ﬁré%&’ﬁ PeRARE E%ﬁplémﬂednd the
Wi t 0% of each bl ock type atdifferent val ues of
tfpaelebeneesens Pely enExamplght Alsashqmas thedTRRF tewnratmite Cbmlputlon
f tene nole % [25
f Egamgfégs (lg%r(]é %gico%g%gt{l‘r%ufgt(ce‘g\/@% t he basis of[th]e
Fl ory equation for random et hyl ene/ a- ol efi n copol yners
t d3201 | ustligure 9dsvvegraRf ¢fripg stonagomodubisge ik funsde of temperature for
o 1T R, R AL ahe PR SARRI TR coblyer
(ctuh‘ee Mand tor tpeethdene/ bb@eﬂc ey sbyahenerk amdmglth H@fegag@antltles of

N "A". A B, and C define a
{&8 anRHF rg%g%glgé\% hin \Nhl ch nost TREF fractions would
fall. [26] Figure 3 is a plot of natural |og ethylene

mdB2 f r adtigwe 16 sra pletred iebéackyiden edleulaspd for pachdFdityfnastign for
f "
f(ﬁlz Rglé/fnléﬁc%g Biaf %ﬁre‘séﬁé&&?ﬁle% %Q:arp %%%QE*OH( P}g dx of 0; the

rature or enperature
ttmlhs epresgp Pelyewnt 5 dah an pairage dlaobtiraier efi0.53; dlm sqamdompresent
eusl ed, et nefa-okefin co ner S, |
FRRRES VT s S RN S Ao P AR Bt il ERE BRI 20 M an
a@d@i@lbﬂt&ﬁnﬁdemfﬁa@ldom honobgeneousl y branched
et hyl ene/ a- olefin copolyners in DSC. "P" is the

et Ryl ene I raction: T IS t t r

B o (B LN Qi sl R D BIRR A i o
tW(Eblatk apshynprst te filted bphepese PalyaeetBRlaed iha opéndsks represent
PC&% %/msr s (represented by dianonds) as conpared to

P i onal

[35] Figure 12 is a plot of the average block index calculated for nine different
polymers as a function of the diethyl zinc concentration during polymerization in terms of
“IZn/C;H4]*1000.” “x” represents an ethylene/propylene block copolymer (Polymer 23);
the two triangles represent two ethylene/butene block copolymers (Polymer 21 and Polymer
22); and the squares represent ethylene/octene copolymers made at different levels of

diethyl zinc (including one made without any diethyl zinc).

-11 -



random copol ynmers (represented by squares). [28]
Figure 5 shows plots of delta DSC CRYSTAF as a

wo movedro of DSC Melt Ent hal py for vari ous pol ROBEUS2009/032699
The di anonds represent random et hyl ene/ oct ene
copol yners; and the circles represent polynmer Exanples
29-40. [29] Figure 6 shows the effect of density on
elagtic rgeRves¥% af}QJSt dﬂﬂ{%rsh@aﬁ‘é fo@t b thé%c&ﬁﬁrﬁorﬁéﬂ? Ab&k Bfeinfean
block copolyners (represented t he squares and
veightrvegge Alogk indgrdasd ﬁﬁwn@éﬁﬁvg%%Fﬂo QG- epresent ed by
the triangles which are AFFINITY(r) polymers (The Dow
Cheri cal EarP N a)repréRBaB SN LformSIADRS Bidkilel FOVATYIEMEDlock
ethylene/butene copol ymers; and the circles represent
CPRAERRTi ve et hyl ene/ oct ene copol ymers. [30] Figure 7 is
a plot of octene content of Tenperature Rising Elution

5 Friagpt i on aftll?nﬁa 1§ isEREfghted ]D@@%tdfm%&zﬂn&lt BbengtinglrioGt ene
copol ynmer fractions versus TREF el ution tenperature of

bl 3o iPae Ol CORBAVRE RS ObENgEr O and F

(represented by the "X' synbol s). The di anonds
r e[pﬂ]es entFlgwradV isi agiietl of ;g/Made mfeickiyh ef@é diffene: in octene content

1]. Fi qure a plot of _octene content
(G R st b i elrb o ettt T B o ger 10
fractions versus ATREF el ution tenperature of the
f r[dtlt i on Higure i §i& apoiEManagefof Ex aipdt e3.50@0 chagification.
conparative F*. The squares represent Pol ynmer Exanple

and t r nt,,Pol .
10 A Shountt 1t RS R R B i AR F AR S
Exanple 5 (curve 1) and conparative F* (curve 2). [32]
Fild3lr e 9 Kigura2¢shmmty anfAHM gnage ot aly@00Xpdagnifscatien of Ex. 34.
function of tenperature for conparative

ety ene/ I A
or 2zlpij Len elj'li el?ﬁ % I? g%gg%%g Ig)ﬁ@ of gté'fﬂe}ﬁ%e@ack%ggolymer (SBC 28 wt%

stgteng.| SSregl%- botaagian lthedirhloele déi wﬁ%@@ gf‘mdlé a0 0] rﬁéfgerﬂcﬁtg)n
guantities of chain shuttling agent (curves 1). [33]

Fijgsir e 1%1%1%(3 2> Rlos aOFEN ﬂﬁag@'a@ﬁi@ d00KENa %ﬁcﬁ%ﬂ;#ﬁi kor

each TREF Traction for four polyners. di anond
represent Pol yner F* with an average bl ock index of O;
15 HdOk r i arfiews ?é&ﬂ“@é@ﬂﬁ“ap’%ﬂ PRET T kiapiples > ave Aadpcomparative

rﬁh@&%obmﬁe& AFRIPB? 14506, SAHMIEFohCME BRI Ehemical Company. The

random copolymer shows little reflectance (<10%) of the light in the explored range, while

the inventive examples show higher reflectance across this range.

[47] Figure 24 shows reflectance spectra for Examples 29, 30, 32, and 33 and the
20 comparative AFFINITY® 1280G, available from The Dow Chemical Company. The
random copolymer shows little reflectance (<10%) of the light in the explored range, while

the inventive examples show higher reflectance across this range.

[48] Figure 25 shows reflectance spectra for Examples 34, 39, and 40 and the
comparative AFFINITY® 1280G, available from The Dow Chemical Company. The

-12 -



Pol ymer 8 with an average bl ock index of 0.59; and the
"X" represents Polyner 20 with an average bl ock i ndex
w@2009/02G60 [ 34] Figure 11 is a plot of the bl ocRCT/NEER9/032699
cal cul ated for each TREF fraction for two bl ock
copolyners: the filled bars represent Polyner 18B; and
the open bars represent Polynmer 5. [35] Figure 12 is a
rdRlah cBpol G sBYBS RAE rdpleGcel (DR &@lequﬁlgaﬁﬁge éx%fortﬂi MAfge, while
di fferent polynmers as a function of the diethyl zinc
thedmecanye aemplss shavi highas sifleawrieastopothisirtngeer ms  of
"[Zn/ C2H4] *1000." "x" represents an ethyl ene/ propyl ene

bl agk COFIQ%METQG sHORRIr¥IRfaneeXpectalt6r E\Whpids28A8H 6 These
represent two et hyl ene/ but ene bl ock copoléners

exqopnlgpraew dittle raflpgtapes (dte) ofhe lightdn tha explefgd Faege.
represent ethyl ene/ octene copol yners nmade at different

5 | gg@l s ofFiglir@bNikla AbtivE Shdd Al WdddAGitOfRL ERBRIReVId BRUb ardY1.
diethyl zinc).[36] Figure 13 is a plot of the square

r of the second nonent abouf the n i ght

a&gi]ag e bI'8tk % f?(fé%l"té’%dflﬁﬁ & Sfﬁl%ifor{[%%ﬁl}ngﬁg #{ otfnd 31.
[37] Figure 14 is a representation of a normal DSC
priet]i | e frRgurang olagflotof BO 6C Kotpediyisdt vs PBE¢ AHogBtagnplds 26,
L s,.a weighted DSC profil e obtained by converting
2%ﬁ%ﬁ?ﬁ®l4. [39] Figure 16 is a 13C NWR spectrum of

Pol yner 19A. [40] Figure 17 is a plot of 110/12 as a

f UABK i on Wurt Beisdi [flétex dae & as nfvacticard tagriatunrt fdrfahfple 0?6
t%sjhard and soft segnents, referred to as D octene

POr Exanpl es 24-40. [41] Figure 18 is an AFMimage of
Ex. 32 at ~3,000X magnification. [42] Figure 19 is an
AHMI] mageFigdre Bk is a3Botaif Tan & 35 D@t amed nanipecaaire for ExpbBles 27
Fi gure 20 shows an AFM i mage at ~3, 000X magni fication
agigéx. 34. [44] Figure 2 1 is an AFMimage of a
styreni c bl ock copol yner (SBC, 28 wt % styrene, 83 nol %
" H6§lane" Higurt BRisB-idtef kg sMrage nGetiuBR@s gfumolion eftterB@rH@0 Xor
nmagni fication. [45] Figure 22 shows a TEM i nmage at
Eéggaﬁﬁ%gﬁﬁgﬁhification of Ex. 34. [46] Figure 23 shows
refl ectance spectra for Exanples 35 - 38 and a

15 cdA@lar at i Rigure 33 is a plot of 70 °C Compression Set vs Shore A for Blends 1, 2, 3

and 4. Blends 1 and 2 comprise 35% OBC, 50% oil and 15% hPP and Blends 3 and 4
comprise 28% OBC, 60% oil and 12% hPP.

10

[57] Figure 34 shows a plot of Heat of Fusion vs. ATREF Elution Temperature
for fractions of random ethylene-octene copolymers and for fractions of inventive Example

20 34.

[58] Figure 35 shows a plot of DSC Tm vs. mol % octene for ATREF fractions of

random ethylene-octene copolymers and for fractions of inventive Example 34.

25
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random copol ynmer AFFI NI TY 1280G avail able from The
Dow Chem cal Conpany. The random copol yner shows

wo 2aovlog7s6@f | ect ance (<10% of the light in thePerRpEmOEW2699

range, while the inventive exanples show hi gher

refl ectance across this range. [47] Figure 24 shows
refl ectance spectra for Exanples 29, 30, 32, and 33
and t he compgrRipPMeNGFEMBODMBNTES BRGHEMA ERDION f rom
The Dow Chem cal Conpany. The random copol yner shows
little reflectance (<10% of the light in the explored

Ge tin e the inventive exanpl es show hi gher

refl ectance across this range. [48] Figure 25 shows

r E[Bb]ect aneelyaRechéans h psly ﬁz(gmwn%gyg&ﬂ reﬁe&edl @gfblﬂ% ]
t he conparatlv AFFI NI TY 1 aval | abl e from The
MIAMeet %ﬁg aﬁﬁféf‘rf%f%ﬁ@ﬁ’ﬁ] dBp&IGHE 18 hBAEMEY FRpRces

tHeQéﬂn@oh@ﬁ SR 1ntek @%op@fyntehe "teipBinel MhstWe@ a8 XiplegfoBEndrange,
whi | e the i nventive exanples show hi gher refl ectance

ST o oA atessta arbomrrmrRde B e Sighat o

twd Hﬂfﬂe&nf @f)éseﬁhﬂ)ﬁsﬁelé <Tﬁ%en@1ﬁc AL "hiegdlynhdd" thbRJIGXR @frd
ran gure 27 is a plot of Shore A vs Densit

“Soop s rﬁtﬂhl§§ BBl ed ST o § By R e §regTeren

R OherQf asNRA W ¥in apSlybn¥r f RhicEXaRRIE S npRoyed o reRP cANd
31. [52] Figure 29 is a pIot of 70 0OC ConpreSS|on Set

pvlgmsm@ﬁ@rw O thseatifierant tpgs obmponaguerygin §f asp. enf@m)assep gelymers

e E%F(ﬂyrﬂél%ng%ur-r(ﬂ'%&e %/?esaoffn%}lgl:nieﬁn_ of tenperature for
es 26 and 30 Figure 31 is a plot of Tan d

as a function of tenperature for npl es 27 and 31.
[ 5[6}] F| guTh@ tegm |e§1yé?n§/malef@1flnt|e@gly§teér%?@éra}lrwéﬁrw Redymers

C£IH netaﬁﬁrﬁ)@& %Ieﬁﬁ %aw %3 EXABR! c@ﬁ)og 4tofRdpRteratl] Sﬁ’ @lhylene
Flgure 33 is a plot of npressi on Set vs oreé

cPEes B SrifEitg oz Hragtiemef 1 WEHOTREma" b ety lensrpompEess at least
at’goglz%@gg: p%%}n (% gqug)(}/cl%o{%rﬁ lé/l%%go ﬁlﬁ%gf}setﬁylé&dcoﬂipnses at least
about 60 mole percent, at least about 70 mole percent, or at least about 80 mole percent,
with the substantial remainder of the whole polymer comprising at least one other
comonomer that is preferably an a-olefin having 3 or more carbon atoms. For many
ethylene/octene copolymers, the preferred composition comprises an ethylene content
greater than about 75 mole percent of the whole polymer and an octene content of from
about 5 to about 25, preferably from about 10 to about 20 mole percent of the whole
polymer, and more preferably from about 15 to about 20 mole percent of the whole
polymer. For many ethylene/butene copolymers, the preferred composition comprises an
ethylene content greater than about 60 mole percent of the whole polymer and a butene
content of from about 10 to about 40, preferably from about 20 to about 35 mole percent of
the whole polymer, and more preferably from about 25 to about 30 mole percent of the
whole polymer. For many ethylene/propylene copolymers, the preferred composition
comprises an ethylene content greater than about 40 mole percent of the whole polymer and
a propylene content of from about 15 to about 60, preferably from about 25 to about 50

mole percent of the whole polymer, and more preferably from about 35 to about 45 mole
-14 -
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[57] Figure 34 shows a plot of Heat of Fusion vs.
ATREF El ution Tenperature for fractions of random

we@tdvglogrses oct ene copol ymers and for fracti ons BET/US2009/032699

i nventive Exanple 34. [58] Figure 35 shows a plot of
DSC Tmvs. nol % octene for ATREF fractions of random
et hyl ene-octene copol yners and for fractions of
pét@é’rﬁ BF ih¥ ‘%vh@é%ﬁln%r 34 LErR(RIT3 AN e EMBIRL %M% ifErpdiRers
NTI ON General Definitions [59] "Polymer" neans a
d@ eptyheévdedh@sé PERIUPRY 1p FapEpldE o 2B NYTABIOURE ¢S ABKEFRdPe of a
cH\QﬁE;ﬁ %focgsfs Wle%@é @hﬂénef& ﬂéﬂrf fale E;gytly HP&m by?)ﬁang&ﬁ\@irtﬁ Sne or
term "polynmer"” enbrdces t onopol
mbcfo}pmmmrthe' S"nr@th@i stivdente/ @@eﬁueimtetmlqu:rﬁ tal@rsp'@ﬁlt&]lﬁ‘eﬂy pure and
onar S SRRk YFbone FRERR Al YRl PLERAY Sl Aecss
nmononers. The generic term” intenpolyner i ncl udes the
t db%h " copBieyeray “erysiglinehifiegpipyadirg 9rs evpreyaer ar@ spgihent that
e S
e S fe Bt TRl BRRRL A Shi O YR bt Pl SRERE o
ddfepingyledartningregfogmetrp (laS@cﬂr)ermwalprt eq@ame@b f¥hererimhmaebe used

ing%r]%@a L ?eagly rrvté%gt%% §/e%% N 9 mftaﬁl}le” I"Il;he %ry%&lse N2 nF YRS s?ack% of closely

four
padkad terefar c{rﬁ]la]ls, ]rdmellaeefomningtﬁqdrmm ef s@helhhﬂéﬁ for as 1solated lamellar or

P PRl TRt G ge 87« A B v lhine

nglth@poinPredeasiabieyt by @iffeydnenecanmgrcabemetri €DI®) @ egiiyalent
l.e fraction of the whole polyner, i.e., ethylene
t%&ﬁﬁﬁﬁses at | east about 50 nol e percent of the whole
polymer. More preferably, ethylene conprises at |east
at[em]t 60 Teltanpendebiock adpol yemst oﬁbégﬂien?da cﬂpdlﬁnﬁé refa@ntg a

or at | east about 80 | e cent, with
QBER ST aIne Pt OB PP c Al REA 62 B 3 bstvesehfglep gy o
aatbldRES lprePérRb1 P §oMRId if @ MBEWD ARAndr B4t id, & ppryﬁi‘ee&@lqirmn@ Rhemically
a-olefin haV|n%ls or nore carbon atons. Fo

deferRprigiRd PREEN %wregﬁﬁﬁl o ndpathyr ure BRSO Y1t

fERAPHali6 2 fadRP ttah 1Y peaBEh: 6 PG RN fadi QAR K pldi@R d3BMYYIMAR:, the
nol e percent of the whole polynmer and an octene

bloglat EHer ip theramorts dype of C‘?IEOI}QB}%{HC‘ZBOMEFI drearinshgdenpipzthe
aRBeHbf «],-tgstﬁl‘ﬁnﬁ}h %tcrgsgallﬁ‘@ Lige RE{HREBI Oh pgﬁﬁleymlu&‘l composition,

the type or degree of tacticity (isotactic or syndiotactic), regio-regularity or regio-
irregularity, the amount of branching, including long chain branching or hyper-branching,
the homogeneity, or any other chemical or physical property. The multi-block copolymers
are characterized by unique distributions of both polydispersity index (PDI or My/M,),
block length distribution, and/or block number distribution due to the unique process of
making the copolymers. More specifically, when produced in a continuous process, the
polymers desirably possess PDI from about 1.4 to about §, preferably from about 1.4 to
about 3.5, more preferably from about 1.5 to about 2.5, and most preferably from about 1.6
to about 2.5 or from about 1.6 to about 2.1. When produced in a batch or semi-batch
process, the polymers possess PDI from about 1.4 to about 2.9, preferably from about 1.4 to

about 2.5, more preferably from about 1.4 to about 2.0, and most preferably from about 1.4
-15 -
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pol yner, and nore preferably from about 15 to about 20

nol e percent of the whol e polyner. For nmany
we@edvglogrsed but ene copol ymers, the preferred conmpOBUS20091032699

conprises an ethylene content greater than about 60

nol e percent of the whole polynmer and a butene content

of from about 10 to about 40, preferably from about 20

td £bodosIt I BonoiRl tBat p%@ﬁm afd “stegﬁeﬂedagl B BRY M%ﬁmnt@l@ﬁlangeably
nore preferably from about 25 to about 30 nol e percent

Ipadditips., thp sl Oékspzi IRerpolymarbavereltiyl ia theyprasef Frappperet to about
2%0 fem%r rthd A lef%foﬁ{ £tk ﬁ@Méﬁt@ 39%&&81% edréfsém B the e pange

et hyl ene conten greater t about 40 perc
Ofﬁ@mwh@néSﬁOHVné23and a propyl ene content of from
about 15 to about 60, preferably fromabout 25 to

t 50 Aolsed H&Elﬁe%esgghaggﬁpm%ne Hfé%syarﬁsoessqql@/hq%r}ﬁlymenc

eferab from about to about 45 nol epercent of
bioks axp iicallypekipaased tolfernserdered Adyarinsedrygallization of the ethylene

%ﬁnﬂétsqﬁ] e?e s?%tg%lvs {/slplgﬁ‘f&ﬁ[)pc%lnyt%{eﬁ tchQle Q&glrgrl{l)lg r?]ﬂtey(gir%m%fsﬁg gﬁd such

uce In a m nor
byenprrmmhctref@fre@tocah émiesp@hasp seporssl’. Wiisk exesdilemains can take the

f(%%ng%l %s cg(i)ln e}trls rfanllemtag roﬁ% h\érn%rnijhél%%les own%nrdbqgck co%)(r)]ymers

e as
Tat hgﬂc@sreeﬂ chmﬁlhsm‘m af a|dnmempmcly asep@peadxemsuﬂosmmaneajf llaynemlues s

B e Sy SRR o P R S SR B P O SRk ot the

insemnyiatvalkibhne"” if enployed, refers to a polymer or a
segnment t hat possesses a first order transition or

crystalli s dete

di [géer entﬁlal i r% T bg?%‘ mt%?f‘l/mef Bs&{’avgra b G.O\f/ Hietere N
isf tBe fumh tepu &Verél'geebldck rlem]gma_m tberaugeed fiont sioahangdatl 29, }Weiefnbly in
the ter r The ¢ al s nma st
tetanse T BpmoPich 30 gk d8 A RS Sp T ge RS 3 0
ab&tmd.ng the arnms of spherulites, or as isolated

Ianellar or fringed mcellar crystals. The term

h t | tallin
el bo Bt LSV Be e ARy ery ielie f el Bl apig e
V@laéwfdgﬁiﬁteﬁywlﬁdﬂﬁﬁ)heﬁﬁor& Oaboviétlog ﬁippf(ﬁﬁfilzm: g ased[id® &}nn&hbn
term" ngjti-block nment ed copo

opol se
theggvihs Tihey may,¥ary hy P%ﬁ%nf%fir?f‘é‘t é\ﬁﬁrcg’i“ ot CCHEM a‘i? ?9/
pélic&it] Mafendveg MiSerlRhl RGN Slo(ad 15Rit T8 bR dpJep it R, is
"bl ocks") preferably joined in a | i near manner, that

disglosed. gty nytrigpT ialing PitBine BReS seacifipaldy dirdessiht Inpagigular, the
F&l Tl MR R WA in@ kHeE aRRPeck iReaf istiblel: RETARER '), wherein k

pol ymeri zed et hyl eniC
is a variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., kis 1

percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percent, 52 percent,...,
95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any
numerical range defined by two R numbers as defined in the above is also specifically

disclosed.

[67] Embodiments of the invention provide a new class of ethylene/a-olefin
block interpolymers (hereinafter “inventive polymer”, “ethylene/a-olefin interpolymers”, or

variations thereof). The ethylene/a-olefin interpolymers comprise ethylene and one or
- 16 -
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functionality, rather than in pendent or grafted
fashion. In a preferred enbodi nent, the bl ocks differ

WO pooblog7semount or type of cononomer i ncorpor at BAT/US2009/032699
therein, the density, the amount of crystallinity, the
crystallite size attributable to a polynmer of such
conposition, the type or degree of tacticity
ok SQpBHhiehiz e EY¥REH 84RGHhfls in b ?hl@nfe%qyrln@ chdr¥ct@fzed by
regioi rregularity, the anount branchi ng, incl uding
nugpde RIpgkis 9T BasBE chHV R Rfp Bl Betase MoRgmet Yidts differing in

R4 %Peﬂ)fsﬁéﬁl e&éﬁjﬁ?t \9[? ocﬁﬂ%g)ggllr&%l arOhe IPYRE € arated. That js,

pr opert polymers are characterize
th@;ﬁtfw&ﬂnq/aeol@ﬁnsmiem@btrmme bloclh mtctipQherelipsifenably myulti-hipelk
- g
nfg{%){):l%l%&sw (&% se? Jlr utt%’rglﬁ %&é& 1y’:'fl;l&h gﬁ{%ﬁn 31331%9%‘%@%% of
irrtaklilan'eatbbfehemp olinyspmpe smbdvtiments pleccinflii dddckeopaijreer can be

ontd nuqus process, the polyners
r&)reser%ecgli’)ﬂltlhefoqlom #Bﬁlq?rom about 1.4 to about 8,
preferably fromabout 1.4 to about 3.5, nore
preferably fromabout 1.5 t@Babout 2.5, and nost
preferably fromabout 1.6 to about 2.5 or from about

1. @8]t 0 at\%gre glsjat lemqn%lgfe%%yﬁqnﬂe%: gréa%} ﬁﬁn ?rsuch as2,3,4,5,

sem - bat ch process mer s sess PDI’ from
18.bidu0, BOHG @0 &Boltk 32 .99, 109y exfhegheb| )" frepaereatb @ bard blogk po

gl B SRS ERSHRR . LERIR PRy B
lih¢ar mhmot@d intataanchiyl ockts )‘ash@nd “Had(renie(s yéferap blogksedf

pa g{rn%}ﬁ%%j'u%}tse it %%?ykfe etl%%resegg inan gpoF?tg?ﬁea elsl{)h%{q léi I\)V%Ig[hEo}De?cent,
ﬁkb}ﬁlﬁferalblﬁgregwre]ﬁa&w%b)l/@(ght Percdie. rranm wakdsf the cviab@uter 2ordent in

t@gﬁ{f{) %grtn%ntf 5 legsgﬁ{l gD E)%fﬁfjenrt %gd égeigegahh)gﬁeéﬁr tﬁ:?[gf wglfghtf ge(r)crynt

Il $ERECRIRIRRBPAE ﬁﬁﬂd@égmdﬁ&aj@ﬁlpﬁsd)dlnﬁ@ﬁl&tdnﬂal‘l’}“dlpd”ﬂhylene “Soft”
pol ymeric bl ocks are |locally segregated to form

SCEMFAR e W6 APHISN CFIFS ks S BRIP4 HsaR ByIch s comonomer

SRR SatdrIhdn S Qelf el BprbSrablyl di@idrlianBOAG EH: PLR&H, drater
the resulting mesodomai ns_ and such s¥stens may be

thagfl@ meieltt pesceas or pisaishihas & weighipsfcepf In Wbodlments the

c&ﬁ&%&?@érﬁ&t GPde LKL mBRs EATYD g?éate? RGN %velggﬂaér&éﬁﬁ loeater than
| anel | ae, or ot her norphol ogi eés known k

28 @@tglhyme@t gEaEr hap pOweight recgeah glie@tﬁr tbﬁn & Woighipyrcestygigater
31 40 %Je%%[‘ﬂérr ea?@,feate? htaH 8s We%ﬂ?peg en %f@?i et ﬁlen 50 %eléht apseécent, or

genera er t an abo nmn t neso
geaoathat é@inllgbm@rccoipol yners of the instant invention.
[69] In some embodiments, A blocks and B blocks are randomly distributed
along the polymer chain. In other words, the block copolymers usually do not have a

structure like:
AAA—AA-BBB—BB

[70] In other embodiments, the block copolymers usually do not have a third type

of block. In still other embodiments, each of block A and block B has monomers or
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[65] The ethylene/a-olefin block interpolyner may have
a value of cN, where N is the nunber average bl ock

wo eovgiodrs6o n t he range of from about 2 to aboutP@DUS2009/032699

preferably in the range of fromabout 2.5 to about 15,
and nore preferably in the range of fromabout 3 to
about 10. [66] In the follow ng description, al
cOHERRESs @hdmllp aﬁ,&lbh{%a &lifinth&bBRR TR GHERH Brd¥ HelB block A nor
regardless whet her the word "about™ or "apprOX|nate
B<@BIPHifes Bn ARBPICSPEdET (eniubtPlockhey distyct gamposhipngsuch as a
tlg @ééﬁ%‘ﬁ[ 'whzchﬁﬁg & ﬁﬁ}ferenisc oSifdh thalthe r&f! L Bloek. 10 to 20
ercent. \Wienever a nunerical range with a | ower
limt, RL and an upper limt, Ru, is disclosed, any
nUfbler f alteietity lapp/uHilgfin inemoliges ¢fghesipeiipn ey pgcharacterized
aghﬁ&}pﬁac-s@ gepafa'ﬂadp Hohnfafi AL arettg}ﬁcarl lidh @ﬂé"rﬁ}%_ Bf"ﬁ@lﬁ ra§odN4b Rfno
the range ‘are specifically osed RL),
abghie PR mmjorpfsraplyvia ticayige of pgiaheptHP om te ab@n é’é(hnmt :@dp@@e
p%z{r%gﬂ %n’ tﬂ%}ag%(?%%fﬁo?l’? E‘t%)%pé()r Iil:r{ei] ?}({ QJEE{EOO nni, %s me%ufe‘a b} the smallest
dpam@emmxhaspaﬁﬁwpekmsnm¢pEndmﬁand@nprm@ﬂMpe&meﬁﬂﬂwmsQr

c%?nd@r%r ? cfditlo Salir?senrl%lthav%rgﬁfegtecfpl%ensm%s ng{ g nlteatfng t%an about
6d efnl, gteatelttgaalt afsx(»uR 09wy ends grasertean arb’edt 150 ntrh eDcaimnzsena;Sae

PO ol e e R B aERRIREr Badbier hos
cEpodarers. The hpedphasersepafhal wilyadrs esmprisavefih bloek paoyyimeis' wherein
"et hyl ene/ a-ol efin_interpol iations

therpatoupir gt compRRoTeSt HY e Al ?gHIFé‘F F%an?ﬂag’fflé% %{?Hﬁrt%e haghisemers is

s@hhdt ﬁ{éﬂal@k@oﬁmﬁn&’fdﬁﬂ&geé@ QRAPHARS degaitid idtHeIngfld. Mhe required
cononQmers in grrerl zed form char act erized by

appayR OBF%H%HOH’ER@% WEHHEA IS Mgl PEENIGAd Kijtes WWBIcherompagmer.

ARG HAY b mddd fof ily@sikdd ©HRAd R in OfdePRYiSlefiRihe the amount
properties, wherein the polyners are nesophase

reg iyt tgtaé]@}evep}q@pphage seppatien. phhe apjpingnplewsl jofincompatibility,

e%f;sgécpfgl )%\FEJ hf € mlg%(g)ﬁgse S%H.?JUBH A ﬁﬂg{é"’l@’%%{% lﬁmkycopolymers

I nterpolyners or cop
premﬁeqamlbysrxw =2, Oa(nﬂ Poapxkhysar 'Pam;rlmousmlgis iRat. &, 6’71369@@61199&))

t he i - bl ock . copol
RO 50 B B SRRO00 g Y T St R PSR i HByoree
block copolymers to slightly higher xN, a value yN=2.34 has been used as the minimum in

the calculations below. Following the approach of D.J. Lohse, W.W. Graessley, Polymer

Blends Volume 1: Formulation, ed. D.R. Paul, C.B. Bucknall, 2000, xN can be converted to
the product of /v and M/p where v is a reference volume, M is the number average block
molecular weight and p is the melt density. The melt density is taken to be 0.78g/cm3 and a
typical value of block molecular weight is approximately 25,500 g/mol based on a diblock
at an overall molecular weight of 51,000 g/mol. /v for cases in which the comonomer is
butene or propylene is determined using 130 °C as the temperature and then performing an
interpolation or extrapolation of the data provided in Table 8.1 in the reference by Lohse
and Graessley. For each comonomer type, a linear regression in mole percent comonomer

was performed. For cases in which octene is the comonomer, the same procedure was
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[68] where n is at least 1, preferably an integer
greater than 1, such as 2, 3, 4, 5, 10, 15, 20, 30,

wd 0095975660, 70, 80, 90, 100, or higher, "A" rPQI/ESENY/632699

a hard bl ock or segnent and "B" represents a soft
bl ock or segnment. Preferably, As and Bs are |linked in
a linear fashion, not in a branched or a star fashion.

PR w8 AR o R Bhre [P DY AL WiucRfm R TTBIdoR 291 Uk, SThe
|n whi ch ethylene is present in an anount greater than

CYENIIRPYH fnobé\ﬂé@ﬁ?lghta‘hﬂﬂ?‘plﬁ &tberalily Cyindgirael it takan toge 1 1. Using
(el %E&meﬁ G inithfin A EE clé\'ﬂ{c% onbil& c%ﬁ{éHﬂQ AR AALEBE,
I n e ar segnents Is | ess an 5 wel ght percent,
respettipelef 28 B0.§ or LY ntomr@ntvwheghlne qearopemer. is Peiensobrene, or
' e t
oRRRHL AL s L RBEA SATRRL B GRORALIS AL p R g
bcﬁwher thkhhand segneneandt the tdfios@gmelum p@brysms rereneed thaniot equiahto about
2@.@ Irngoéfh }?erceélf & ore %‘rgﬁe;ab? ogr(te er tha%nh ?%A(;ea}bé)ﬁtt%gné(g% \éveﬁrlf(gltt] Elnd may
algo baglreatet thanor]eQua/lm gmut mennole IpEnceIﬂr grepit@ath a@ror edpah tol% mole
nents,. the cono

PR BT PR O LG A RLE BT b e AR cpgpual o 26

B ]gzlﬁienp €h aédition, gfe%l@@énetvhﬁe nﬁ§ byl gh fan@@bﬂfﬁﬁﬁ about 20.0 mole

reater thgn 30 wei erce greater th
%‘?‘Eé‘h’t‘b"“ APl pere ﬁn‘h OfRet" Fﬁa 1Bt Lgpnge @?g PO‘F ﬂgﬁl"le

péoented atit 40618 Bercer@ WhdLthe EhAGhoRr WAL Kifkine PBE ifREenceddih mole

greater than 60 weight percent. [69] In sone
PEIREI BRisReE Ve thy hféfl?%egalﬁer apd flegel sesaieat. PANFIRY iy sreater than or

guass Io"alb@ﬁ’tt%% n%le BécddEnite Ip%,@ﬁblj; Bahr thAMordqBA o ¥8Jf$3.9 mole
h ck copol yners usual ly not have a structure

peicknd .ﬁndammz alpgnbeppenterpmn or gjual fp e@pwe?ﬁ ‘enple dpieRIHt Foatgriigan or
I
SR RELRBLYFRER EAP Lk 40,001 BOES Wy U
thah ot kqua! tfeabourgOmir sldgrapotireo Adwitens valataleyrbs/indhestangenfties

utt E(a B éfollje péeﬁ&% ab(%lﬂ 36 Elp)?er e\f\&hg Erefqujl)g Hletfle B.h &fgfégggzgo)ut

I'ses two Or nore segments (Or s
3 &9 nn:hlesparmnt tocabnq]@@ imdlfomrceslu @teftasbla intthp r@g@afefrmn alwioi Bdhmole
on_t

%rlcent & ﬁf}l}tﬂ% e pertc% P ente HoIe” pr?fer?{)llﬁ in &‘1{: | ah e Errr%r}l égo 3¥ ﬁné)le
peraste fd dbont 40ayiold @exehar\ﬁhérethe Z(ﬁﬁbrﬁ)ﬁleﬂﬁ Wy&ae, tﬁfﬁ(ﬁﬁélahc&dn

Dgemi ﬁ(ir(]epgll)r%gy en%rb%tv&}eXﬁ) Ith%%ard seglgnrl]entt Qr?d tlil ogfte seEg’Inentr 8 propyl%ne is
greater than or equal to about 40.7 mole percent, greater than or equal to about 44.7 mole
percent, preferably greater than or equal to about 46.8 mole percent, more preferably
greater than or equal to about 48.8 mole percent and may also be greater than or equal to
about 50.9 mole percent, and greater than or equal to 52.9 mole percent. In addition, the A
propylene value may be in the range of from about 40.7 mole percent to about 95 mole
percent, preferably in the range of from about 44.7 mole percent to about 65 mole percent

and more preferably in the range of from about 48.8 mole percent to about 60 mole percent.

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

characteristics of photonic crystals, periodic optical structures designed to affect the motion
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about 300 nm preferably in the range of from about 50

nmto about 250 nm and nore preferably in the range
w@boobogrss@bout 60 nmto about 200 nm as mneasuP€riUR3009/032699

the smal | est di nension such as perpendicular to the

pl ane of |anellae or the dianeter of spheres or

cylinders. In addition, domai ns may have snal | est

oﬂ%ﬁ@éh%' @BRaik B@fﬁpd@fti%ntgéfqﬁés@ hlegcnﬁgse%@@%e@é%hﬁéﬁe/og&@m er
an about 100 nm and greater than about

iteyRely Mers RAReAbRe B PEPH OV 67§ A8 doras insipnendd s ,Of @pﬁ@ﬁ@%lase
s%ﬁ%dl rlesngf(x éfﬁlelﬁte E{g%gé Igﬁéc‘% # ﬁ‘tf&%@s {Qa{ndl%k %%le Fgths in the

separ te pol ymers conpri se
r@lgebq:twe@l abokt ?é)@pym ty ntb@tg 13@(enrei Fortewamplangritin difms appear blue via

RS S AR REITEAL 3 SRS
ulindieley 0£¥) nmgoﬁrhmsabowép& naittd alpouk H0G e, wte]etotheirstreﬂect light in the

1nfragelili(i dar{flrm omagout(%g)émn?o oup?(X)Obe measured in nole
Ao Va conononer. A cal cul ati on

nay be made for any desired conononer in order to

dd73r m ndntstiee arnmﬂimerrte@im inm;itimoccanmiswaecmsipmagmnprising at
RAL inco

3098 Bl Bl o D B A B kDB AP el an

ohehﬁsmorp obfybliog{sewhaeib It@cﬂmyrmmpmgefaﬂsoalﬁntprpemmet sd:hanactlaezed

cN=2.0 (I.l.. Potenkin, S.V.. Panyukov,. Phys

o )RS YA SR R MR TR R4 D aboae 2.8 anc
usual |y push the order-disorder transition in
conmmer ci(a)l bh@céz( lecastpmb ymfbmg poiat, gl ghleglyem@egzh@r agly a

deng%r in agtrarrolsr[lcubb ﬁegtlmetﬁro iWF r\%n r%l?e I%%réeng%l Vra ug t%] "f n nﬁ?]
cmhﬁﬁﬁﬁﬁoﬂ%%ﬂmﬁmaﬁﬁsley, Polyner Bl ends Vol une 1:
Formul ation , ed. D.R Paul, CB. Bucknall, 2000, cN
can be converT,es-45638hel3pssductoaf7(@f,wrand M p where v
is a reference volunme, Mis the nunber average bl ock
ol ecul afb) weisgihtraendzed by s hbdtef fosldn, dHmsI/p yand Thieltael t

d Lty i t .t [ cnB d I |
augOE AT Rt S gelired s P RERBR e bhl SR esh e’
tallgit MBIC feals &l thtadles CRIYSTIA Fadeald ivh@reat Bk hui@icacwilha@s of AT

wei ght of 51,000 g/nol.. c/v for cases in which the
am%%ﬂ%ﬁﬁﬁ%?ﬁ$gwgﬁg@» Ilél?lp“bropylene i s determnined using

130 a and then erforn1 n

i nt ﬁa @%#@E@'&% e fﬁ? ?%‘H U3 7R 4P 5P Bﬁ’o@% ded in

Table 8.1 int re nd G aessle For

each cononone@ t‘%%éiﬂ“ﬂi $ i§§Z¥0n in rmley
whgrglrnctl?enéRggmg pgzﬁi is determined using at least 5 percent of the cumulative

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

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

interpolymer is substantially free of a cross-linked phase:
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was performed. For cases in which octene is the

conononer, the sane procedure wasperfornmed with the
waladoa/ogfseRei chart, G C. et al, Macronol ecul es PAB983009/032699

31, 7886. The entangl ement nol ecul ar wei ght at 413 K

(about 140 0C) in kg/nol is taken to be 1.1. Using

these paraneters, the mninumdifference in comonomer

content is deterni nRd>tR1b@ompopect i vely, 20.0, 30.8

or 40.7 nol e percent when the conononer is octene,

but ene, @ PHAPYhEREIar\WACHor M CIEAIRIBIREen A aRETRRE,
the difference in nole percent octene between the hard

wheelirpsinpateteingeR b £haraceagizedhin thay thsdfrastien hgs g nglaat er
corﬁ&f%ﬁlepéon%%'@i] at 'iéast%q%went‘?lgg&r HHL ﬁlap&f aCc%H{paraHE réhdom
preferably greater than or equal to about 22 nole
ethplencciatgtpodymerr firagtical ebusing detgicernthe samchtamperptugaguahertio sadout
I
corf il inREH G Lne AR AR, QnetBBhoh g dn B met
indpre demity, sad dnajpr @amenonten gonterty (imsed)cm theywable poly@er)vothen 10

C t.he D octene value may be in the
pergentoptﬂat()f:‘hrec?%gng)&t 5“ te%)}ymerer cent to about 60 nole

per nt n fer she r f
52 h%se ? %tgn Bdlﬁ%S at??‘!g G n@ls d} aélfi%eﬁ)t?ag% oduﬁlts ﬁ? R)%%
G’ (d()m’ﬁm@merem the tatiowtf &M@ 5°Q) heGUil 6G°EY smm:she iramgarof @opel: t entbout
91butene bet ween the hard segnent and the soft segment,
Dbutene, is greater than or equal to about 30.8 nole
percent, nore preferably greater than or equal to
aboffit 33s harmotes zqidrycantveraguoblowkyinddxpoeare thgn eatoand th mbout
or dequal to about 35.4 nole percent, greater than or
e?qual to 36.9 nole percent, greater than or equal to
about 38.5 nole percent and greater than or equal to
wherbiouhbe &lyléne/d-ole@qmblioth iorerpdveer i3 besoplmse sephagdmay be in
the range of from about 30.8 nole percent to about 80

ggb@ per Cﬁl%teth ngfaq{l Rbl}{te ?rsoefréagi?ac%fnz&f I%g&r Za&glla{g%li)l?ck

1.0

ent to about ercent
mdnx,tAw W‘emgﬁ wéatdritionm zatvont uB & hobel. Q)@ttd:zemoletldara?mm 50

d[lg oG 15)11% %ﬁ@% eg%&ger Iﬁ?an%b tqf er"[%? Ia %A%n_lﬂtl&% 1{&” gglt?»lofs\;\hé’ g‘ght

er cent o ab
at?d‘n&gemﬁ ﬂwﬂkalmndes (¢ {Blb}ify)f erk of thheolgimbf ﬁz{oammohtannmtoh greparative

ent | en he h rd se d .the
TR RURRIOERE BEYMETS TPGogRatR P Fidion 3P abiGe ) fom
2abOuiid Y0.°T, with £n perctentof S§Ceathengt dhdt t@npeequra linckd@nents, such
about 44, 7. e percent, preferably greater than or
a%gdgﬁ éoi%ggg{soﬁ%‘.@'ﬁ?ff)e percent, nore preferably
greater than or equal to about 48.8 nole percent and
may al so be greater than @Iﬁwigﬁip

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

second moment weight average block index, can be defined as follows.
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about 50.9 nole percent, and greater than or equal to
52.9 nole percent. In addition, the D propyl ene val ue
worayoloe7ssm t he range of from about 40.7 nol e pRPCT/ER1009/032699
about 95 nol e percent, preferably in the range of from
about 44.7 nole percent to about 65 nole percent and
nore preferably in the range of from about 48.8 nole
percent to about 60 nole percent. [&2] };Zc ?ﬁphase
separ at ed et byl g9l Rl Brak OB PLDOL tel ave
characteristics of phot oni ¢ Gryst pebrodi ¢ opti cal
structures designed to affect the rmtl ondf phot ons.
Certain conpositions of these nesophase separat ed
et[§]l ene/weheod Bfid defined & hohymnter sf Gppieny w;tieah keseethhn byo.
I.nst
R e EB T S g R BbF S ORN e o 81 gy fllowing
efuagbis (B6th @8 $/hizh R dheadamadI ehl@e)gt hs i n the range
bet ween about 200 nmto about 1200 nm For exanpl e,

certain filns appear Sl ue Vi a refl Etgd : i;_;ht but
yeIIOWV|atransm£/ xpions

reflect light in theé/Tltvdvi oI et (UWPArﬂhig‘éB from
about 200 nmto about 400 nm while others reflect

abattrd Bt o TREB] -G’ ERBEL AR T i R sion

(preforaplyies@sssad ﬁﬂ(ﬁlﬁﬁ) Pk o;rth@arryiemﬁnmg fiattidndfausthe ﬂffeactlon, which

oG S B SV gL G LRS! SRR 29205 o

whiiB eth@leﬁe/&h&fﬁtuliwﬂpsnﬁ{eacb@foeé frattibhQiok), WhlcBaRelcydTBS méSured by
characteri zed | ecul ar weight distribution,

NMItPIMR. Tapng Ra a’feé%'éTBrEF Flugmm ﬁﬁ]@ﬁﬁatuie andithe gpyepe molg fraction
for PO “hirdke ts2{whiCRfdfer @8 fhe ¥B/stailHe s@%eﬁﬁs,of H®intkipolymer). As an
degr ees | sius, and a density, d, gr ans/ cubi c
PRESHINRRSL QS fOr RRhtes harhbe nbare pecaent \Famfa@%tl%lfls TRKOgHE: e Ta
ancC® r\'/ra%? %@ettte tﬂiolg'@fog &l ﬁtdbl%ﬂ? Ebl@eth)-ﬁgﬁ@ho él%/m%r
13735 35(d) - 7051. 7( f I's” characterized by a

heat of fusion, DH|n andadelta guantity, DT,
i 17¢legr ecksdeihg M§EF§@F1OH dENREEAYIR doradAsiopogplymer of the same

cgth{)ésﬁfo‘ﬁlﬁﬁ'ﬁur%%tll‘%ﬁ{%&n& Rf1d @t 1§1§5f %ﬁﬂ%&eﬁm welMit as the

| est CRYST eak, wherein the nunerical val ues of
iy OBHY ety T ap P tfecgalcexﬁe,feﬂéroneqhamomawmof cgylese (measured

%@%@%ﬂg‘}ngtheﬁl%ﬂm%gegfgmgﬂ greater than zero and up to
g,

Ln PAB = (X/TAB + B

where o and B are two constants which can be determined by a calibration using a
number of well characterized preparative TREF fractions of a broad composition random
copolymer and/or well characterized random ethylene copolymers with narrow composition.
It should be noted that o and B may vary from instrument to instrument. Moreover, one
would need to create an appropriate calibration curve with the polymer composition of
interest, using appropriate molecular weight ranges and comonomer type for the preparative
TREEF fractions and/or random copolymers used to create the calibration. There is a slight
molecular weight effect. If the calibration curve is obtained from similar molecular weight
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DT > 48C for DH greater than 130 J/g , wherein the
CRYSTAF peak is determ ned using at | east 5 percent of

WO b@oersad at i ve pol yner, and if |ess than 5 pePCENE2009/032699
t he polyner has an identifiable CRYSTAF peak, then the
CRYSTAF tenperature is 300C, or (c) is characterized
by an el astic recovery, Re, in percent at 300 percent

randdst @ich A8 whuRiie leGe ARAS tﬁegdglm th Bmé @H%B&&%h@ﬁ‘s mitfieeq in
i[mof the ethylene/a:

efin inter and has a
Flga@r% rangom gthylege gqubﬁrleé&ﬁélﬁ@r eEpvRtiet EER %;#?@P%‘i ¢ raem
ggﬁﬁ Calsr Ml BESwe 8, d satisfy the foll ow ng
copl té SRlltp V\E n t%gtllene ini [

I ons a ol efin interpolyner is
substantially free of a cross-Ilinked phase: Re
>1481-1629(d); or (d}"Ras-287 fdilewmat 5P-0F? acti on which
el utes between 400C and 1300C when fractionated using

TRER, charRabevd @getaliéh etqlh@dontra@teé R GtdIORadlids ofethRER! P, to
conononer_content of at |east ercent higher than

therpaplytfal AREB fIyHPAEI@ETEMNY dmrrer: rﬁen TSHEWiCANBP Ny ARdom

cf)ﬁo@ﬁﬁér@ﬁhcﬁér%&épﬁﬂup@f NEL fadtidfs m&&%%@&&&raﬁ(ﬁ)m copolymers
wher ei n sai arabl e random et hyl ene i nt er pol

Thas th%éTBEﬁéerm@%ﬁ@f@ra(r@)doalr?@pﬂa@erapfrm fane geiaRrosition (1 e., the
S{ﬁ@fdéﬁ%gin@ﬁg?@d%%ﬁéﬁ{mﬁg Lanfe S 1ERar %?g%??ﬂﬂqﬁvﬁlg @n ethylene

In 10 percent of th
neichipdcene B0l lebican btadquppeddyfmen Lok = (ko hdisfram g tipasuga Px

LR 4335 5 P8 0 L8RP Frcrr
sﬁmﬂﬁmﬁrmﬁsnﬁmtﬂhsmmangemmhwab@dammxmmmgEa?@msa@bﬁmﬁfﬂm
RGN TR A gl S5t

qﬂkhyweﬁa{aﬁmkﬁﬁﬂwahbothlnterpolyner i S mesophase
separated. [74] The et hyl ene/ a-ol efin interpolyners

argochar an a bIo k |ndex
ilrh | o T e 5ol B EURLERE, BRI Ry e,
MmP@mMcafar Weiyghita, §bs157] (2007)0pp S(MM Which grisai@ratédi@nreference

h%g%ﬂﬁngaﬁﬁa;he aver age bl ock index, ABI, is the weight
[79] Once the block index (BI) for each preparative TREF fraction is obtained,
the weight average block index, ABI, for the whole polymer can be calculated. In some
embodiments, ABI is greater than zero but less than about 0.4 or from about 0.1 to about
0.3. In other embodiments, ABI is greater than about 0.4 and up to about 1.0. Preferably,
ABI should be in the range of from about 0.4 to about 0.7, from about 0.5 to about 0.7, or
from about 0.6 to about 0.9. In some embodiments, ABI is in the range of from about 0.3
to about 0.9, from about 0.3 to about 0.8, or from about 0.3 to about 0.7, from about 0.3 to
about 0.6, from about 0.3 to about 0.5, or from about 0.3 to about 0.4. In other
embodiments, ABI is in the range of from about 0.4 to about 1.0, from about 0.5 to about
1.0, or from about 0.6 to about 1.0, from about 0.7 to about 1.0, from about 0.8 to about 1.0,

or from about 0.9 to about 1.0.
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average of the block index ("BlI") for each of the
pol ynmer fractions obtained in preparative TREF (i.e

wo ca@edBe@t i on of a pol yner by Tenperature R SPELUS2009/032699

El ution Fractionation) from20 0C and 110 0OC, with an
increnment of 5 OC (al though other tenperature
i ncrements, such as 1 0C, 2 0C, 10 0C, al so can be

US{S@'}) Aalxno‘theﬂr WBctekk i VB h&inBtntive ethl ?ﬁan@& %felﬁn'lﬁl%?ﬂyfn@f is that

the ith fraction of the inventive e | ene/ a-ol e
theripenpvl sfpdeneshelafimiate Ry e papHLes @@eaﬁRerc p%ﬁ@?rmptson which

c% Mu@&tby?ﬁ%}t ﬂ?@@ﬁEP fwﬁel&:‘?n tk @ragt{(ﬁ%ﬁ) g E}od§ e n%%e;t&’ than

e square e 'second nonment a
abat 8il nlaﬂ tpto abeftel:¢ agl thopdgmerievisge climliecnianwnughtvvbstlglmtlon

| . ’ .
R B e T

intdae grratebrn dfouf 0.6etd gqn® abputi. OBglkgﬂeetaaIeabotlﬁaﬁ arkypoto about 1.0,
greatere {hfln Ql%a& @ 8 an(g P& a%%)lht 1CU£ of g?r](@:a Iﬂg%ly a%%ﬁte(}; % glfdt ulgﬁo hlz%l(lg th In

othkr enhiboclimegitsy Ghetpthn&ﬂfmctBh hesad blegk in@ix gréater thanlabow Orl 48K up to

= InPx - LNP \ILT -11T LnP - LnP where Tx i TREF

ST, A ka9 D BRI O B BB of g o oo

1101; greﬁtemmn zcu‘cbut((m @ffcﬁ[p&b layoue X jor @sgi@derltmnniﬁebuuom and Iap td anut
ene |onfor he ith fraction,

1c9aﬁn 8 %FE H‘rbgg‘m&ﬁ}ts ‘E}Vm?rﬁmﬁgmﬂléaééﬁl% dd5EEtsfer ?hA‘BabOUt

0l1Santl RE iyl @5 %rd'ﬁf&r €hah aB6i Othn@fl T oud s .@reater than about 0.3
et hyl ene/ a- ol efin inter pol %ef ore fractionati on),

aphiR:1e 28PY Q- X aherper ke ‘b&;ﬂ NW ahouf &S. imyespdeIPA ar e
eﬁlhsdl&lﬁﬁ%he%dﬁtm&rﬁakmg @'bl&ﬁ iABg gItth@r tﬁarhwoﬁmz R lﬁa tg about

fraction for pure "hard 8msnts which refer to
00 grsutal thamabogeyprisnivt wp tefabqqﬁ i areeppbinyaper) 0.4 musl uprio aboic 0 7,

gtggghgpatgog{b 5)£ndfl%rto Bﬁ?clu)(ﬁ%r s where the "hard segnent”

conposi tion |s unk the TA and PA val ues are set
to those for high denS|ty pol yet hyl ene honopol

[ 181] TAB Ingdditien mmzmrégth@%nndeéﬂp@r@tvml ﬁrww%/abloalﬁwéws
tﬁ‘e%ﬁﬁhe)ﬁ%foléﬁn M&ﬁ)og%{@ s 410 Bi&?a?c'térﬂzé’d‘bJ HRGr %rea& el %}éﬁe?{k%

nol € fraction of PAB) and nol ecul a wei ght as
dpssubatasyellovspol ymer. TAB can be cal culated fromthe
nol e fraction of ethylene (neasured

[82] In one aspect, the ethylene/a-olefin interpolymers used in embodiments of
the invention have a M/M,, from about 1.7 to about 3.5 and at least one melting point, Ty,
in degrees Celsius and density, d, in grams/cubic centimeter, wherein the numerical values

of the variables correspond to the relationship:
T > -6553.3 + 13735(d) — 7051.7(d)*, and preferably
T > -6880.9 + 14422(d) — 7404.3(d)%, and more preferably
T > -7208.6 — 15109(d) - 7756.9(d)>.

[83] Such melting point/density relationship is illustrated in Figure 4. Unlike the
traditional random copolymers of ethylene/a-olefins whose melting points decrease with

decreasing densities, the inventive interpolymers (represented by diamonds) exhibit melting
2
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by NVR) using the follow ng equation: Ln PAB = a/ TAB +

b where aand b are two constants which can be
waledoenmisaed by a calibration using a nunber of P@EUE2009/032699

characterized preparative TREF fractions of a broad

conposi tion random copol yner and/or well characterized

random et hyl ene copol yners with narrow conposition. It

poiRULEL e aMOh8S et ofBNEEnbiyTBYri V@YY FAQMehHStiS BRE about
to instrunment. Moreover, one would need to create an

O sfas e Raouk0.85pice r Bariestmplertemaliinspeipfeof seghyaelmers are in the
rﬁ%&Eﬁﬁkﬁdﬂ@°@ﬂoh@ﬁ@ﬁﬁ?%EwMﬁhﬁQm%ﬁ%&QPﬁbﬁkﬁﬁ%%k%Q&hﬁﬁt0895
ranges and conononer typ he preparative
gFRER fongenibodimeandhomektiap dont &fopdi gobenass yrs énthe mange ebabeut
rati ' I i,ght
1A b B3 € e By [ R 88 DB EML D SR
simlar nol ecul ar wei ghtranges, such effect would be
ed84nt i allnynetheylabpschihe. ethyteng/gratefiaribietolyaersscomprise, in
t hyl .
Pl T ITOEE ichs, Bl e e pl R B B L R I B o
deged Gflyiug, Mefirfedlab dmitengperasira fordimsthilgst DifferdAtial Scanning Calorimetry
(‘é%&ﬁ%{) ?ga/rl](-l;lﬁ-grR F n%ﬁrggﬁ%e {07@6#%@3 t@ﬁ&alﬁza‘%&og Eﬁgls gﬁctl(%natlon
(1O Srvet’ ’ypearkalnd A REH offugioh dml/g, v andliraed AHAIﬁ%Eﬂheffoiﬂowmg
%}1 composi tion random copol yners and/ or
eg PEPAPRY i ve TREF fractions of broad conposition random
copolynmers. Tco is the ATREF tenperature for a random
coptTl yri 2 A he 63 &hendprfrosily i on (i.e., the sane
com)norrer type and content) and the sane nol ecul ar

61 SN 0 0B DB ot o of P Teo

measured Px nole fraction. Conversely, Px o is the
et T en@ 1285%(4Hx + 6%9P%.0n for a random copol ymer of the

same conposition (i.e., the same conmononer type and
for %@pﬁéﬁtﬂtlko §RAdMA&veRNT i RJueCH |of5‘§;re)ﬁ€1l @M 490k AMi AGhte@ Bhan 130
érature of Tx, whi can be cal culated from

VgL RhPRR YSTAF prakis Beterstipgg A M AR AVA thgfeurpulative] prgjmer
(thaF W M&Z)ﬁ Clgiﬁﬁéf Eéﬁéséﬁ% Q};Sttj grcplllt%@ hle Cﬂgﬁfétl{;@};m{;&s QRYif Ile%s than

refer I n Macr ono ['ar Synposi a, Vol
5 p¢2@0 7 the pply8Or 198 anpjfreohfidbie CRY ST HD paatkedlemshe K‘éﬂé?rTe’ch e

temperature is 30°C, and AH is the numerical value of the heat of fusion in J/g. More
preferably, the highest CRYSTAF peak contains at least 10 percent of the cumulative
polymer. Figure 5 shows plotted data for inventive polymers as well as comparative
examples. Integrated peak areas and peak temperatures are calculated by the computerized
drawing program supplied by the instrument maker. The diagonal line shown for the random
ethylene octene comparative polymers corresponds to the equation AT = -0.1299 (AH) +

62.81.

[85] In yet another aspect, the ethylene/a-olefin interpolymers have a molecular
fraction which elutes between 40°C and 130°C when fractionated using Temperature Rising
Elution Fractionation (““TREF”), characterized in that said fraction has a molar comonomer

content higher, preferably at least 5 percent higher, more preferably at least 10 percent
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herein in its entirety. [79] Once the block index (BI)

for each preparative TREF fraction is obtained, the
wowioglop7sever age bl ock i ndex, ABI, for the whol BCPUB30N®032699

can be calculated. In some enbodi ments, ABI is greater

than zero but |ess than about 0.4 or fromabout 0.1 to

about 0.3. In other enbodi nents, ABlI is greater than
h%lﬁé’tu thaf tfht é!fhdcoﬁl%altagle b elh)@ene ?ﬂt&?@l&ﬁ‘l@ﬂ ﬂact1&5&lu§wt\geen

be in the range of from about o about 0.7, from
theisae t@lpsraﬂae%Wé%rpmohqcOnmarabledmdaﬁmﬁlﬂyl@eentﬁwole(a@ufontams the
S

Q%Qc%nldgoglg{(% g@tgggﬁ Hl%ﬁ‘itﬁl}g)r( ’gi?nhs& aﬂdr}nt?lﬂectofél@g(gﬁ rQEnt{eﬁtqmsed

op thefwhotn pebyougr) Vit 110 peroentof Gatof tietdenkahowpolydie8 Proferably, the

ng@)ﬂ‘{ onh t‘pr %qu}%?%glggﬁg 1rs a%rqrb%g HI 1($Re§cenp<gltlflart gfrt;hg BR)EIE

intapgjgmorf anﬁtoo theabmpira@e mtttrpolalmmltas 4 t@3l comomenady oorterd vBthin 10
out 0 t 0.6 to about 1.0, from

S ReiRRe e Ll LR LoL? 678t o about 1.0,

or fromabout 0.9 to about 1.0.[80] Another

cH8élact erlnstill enagier bépecti o _ethwlev@a@tdﬁiylimﬂeblam@tsafd qharacterized

bl?/ Erﬁ &h RIC re\,{covery,lc lg%%r? §‘ée§1p § 3'0{9 \éng% t st?au? Erpqy &1 f’é/ eagu ? on a

cumpremcmanolbei filiot Qf an&dlylme/prowmnmbrmg/mEREEd hamefeeslty d he

as. a i ndex ter bou .1 and

el b Bl e oM s B R RGP 2 RBibcf B0
roMg@loghtip ohat éth)buieV(Qﬁleflefdbﬂmlngér&ﬁwbEtaﬁtﬁ(ﬂ&i figd ofit crdssdinkéd
Eone enbodi nents, the polyner fraction has a bl ock
PPHfex greater than about 0.6 and up to about 1.0,
greater than about 0.7 and up to about 1.0, greater
t hake abBui1609(8); antpeferdbty about 1.0, or greater than
about 0.9 and up to about 1.0. In other embodinents,
th kod ARGt an has. a, bl ock i ndex greater than
ab?ﬁ?ggéTﬁg%édﬁﬁ 0% ou?BT'O greater than about 0.2
and up to about 1.0, greater than about 0.3 and up to
aboRg >1500,16g¥ dnbed eveharmrafreigrably. 4 and up to about 1.0,
or greater than about 0.4 and up to about 1.0. In
stl > odi nents, the polyner fraction has a

ﬁi ?ﬁggézgggater than about 0.1 and up to about

5, greater than about 0.2 and up to about

O .
gri8%k er tHige Ankrrs the Ffeghef depsityenaisiie rego\sry f@r uw@atpéfﬂms
nfaB@foAREMLin Brofic ﬂﬂgpd{ 49 alﬁp@éﬂﬁtlogal“rirandoﬂl o‘gt)lgﬁlteﬁe 'For the same

enbodi nents, the pol yrrer fraction has a ck 1 ndex
degsenttey blp¢kalntem@{mers{)ha@e avigtagiallyduglisoelastic recoveries.

[88] In some embodiments, the ethylene/a-olefin interpolymers have an
elongation at break of at least 600 percent, more preferably at least 700 percent, highly

preferably at least 800 percent, and most highly preferably at least 900 percent at a

crosshead separation rate of 11 cm/minute.

[89] In other embodiments, the ethylene/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
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0.9, greater than about 0.3 and up to about 0.8,
greater than about 0.4 and up to about 0.7, or greater

wo b@n/ogiseut 0.5 and up to about 0.6. [81] |n apdi/UBING/032699

to an average bl ock index and individual fraction
bl ock i ndices, the ethylene/a-olefin interpolyners are
characterized by one or nore of the properties
1é§§§ﬁﬁ TOpbcas eflaiWiess h8260 pedcedn GesdBRLSH pert;éh@ or less than 40
hyl ene/ a-ol efin interpol yners used in enbodi nents of
pﬂﬁ@m Jovarie p 6PMPASEONECMAONIST®BRlOM about 1.7 to about 3.5
and at |east one nmelting point, Tm in degrees Celsius
andoidensim¥ill Hihed @A C ety LR8O oM §fiterpph RcRIHAVE H0°C
nuneri cal val ues of the varlabyes correspond to the
c?r@prgﬁqugrﬁglmféess then S0 pgsegs, lgss_]:haj}gﬁggl(cgl}t lgss-,t@rgl1607p(eg}agt or less
t}ﬁﬂ% BE@érﬁr ?ﬁkéfab-[%]ﬂ?e 70880 68810:1‘1486'12(% (tIQ?) 1nt'erp%ﬁ%§1g Gk than 40
nore prefera
pemz% lgs(s dt}ag_a 30[pg@}3ntgé@sﬁh¢m2(meﬁgntp @tpdfmyl)dgq@vxmyto about 0 percent.
relationship is illustrated in Figure 4. Unlike the
trggi ti 0r1ﬁ'ot1{e@é}99c§@uﬁé}fé§3 'tﬁéfEﬁ{y%n@/fa (ﬁéfﬁlylhéﬂ)%iy%e?d &hipie, in
whose nelting points decrease wt decr easi ng
p@ﬂémgquégnn whleast AU mete peeEcentptisiane Iapdrb%vg a(IPEpeaapsersien syt
1é§é e) & BihblTRL IR b&behe SURSLAIN dofHek¥ ferabl
In epen °n g# ]% 9¢§n§ﬁty@bpar{|cu%tﬁpfb%% ntgﬁgﬁnzem'y
1dssthb@t40\@e5rﬁ) rrivonttang dgwn ¢ desett@zappertend. 95 g/ cc. For
exanple, the nmelting point of such polynmers are in the

r 6[9916 of Iﬂ@@rﬂ& erﬁﬂ&hrggltg ‘Phqul‘ﬂthl(}t§§ 8@)%/&’1@?@03@%@§ 'Pby f1tt1ng a

ranges from 0. 855 g/cc to about
Selmbiadilore dtsglbutlmraﬁ’@t thamg Ppl@ﬁqntdlsmbuggm hTtpmoywﬁmsrs areefurtlmer
t . : Sity
oG BRPR s8R PGrd QoPAhnden AT, BOSR AR
danduher ofafécplﬁcstzes ddegpogsebmyi genepsa pobetle disiribtieenpd|bjave degths.
Pﬁe%g{ged énuglil b}oclﬁg é)lilynee%%, érgc ofgﬁ(,) c([::loC aér}el%:lgé larel;glgre%?%]fsogresegments
isthglingeer@ehg blesks. dddre @ﬁader@lﬂy,tt]lmaodpe]lyplersana]m@ af easttShe) or 20

est Differential nning Cal orinmetr "DSC eak
bf’ﬁcaiﬁ%(g S?%enfselﬁi}'é‘?% ﬁpﬁmf‘ Oclkﬁg tal | est Cr));sg al li Z)at Pon

Anal ysi s Fractionation ("CRYSTAF") peak and a heat of

f U93lon i ﬂn&ﬂ@tioﬂ:)lﬂ;e iaveatiZTblackdn®tpobmidarsiaye tdritidnal ¢havecrgstics
o{ grlogérhes %n m?e aspect, the interpolymers, preferably comprising ethylene and one or
more copolymerizable comonomers in polymerized form, are characterized by multiple
blocks or segments of two or more polymerized monomer units differing in chemical or
physical properties (blocked interpolymer), most preferably a multi-block copolymer, said
block interpolymer having a molecular fraction which elutes between 40°C and 130°C when
fractionated using TREF, characterized in that said fraction has a molar comonomer content
higher, preferably at least 5 percent higher, more preferably at least 10 percent higher, than
that of a comparable random ethylene interpolymer fraction eluting between the same
temperatures, wherein said comparable random ethylene 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
-27-
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DT > -0.1299(DH) + 62.81, and preferably DT >
-0.1299(DH) + 64.38, and nore preferably DT

W0 00022986DH) + 65.95, for DH up to 130 J/g. MPEDUS2009/032699

DT is equal to or greater than 48 OC for DH greater
than 130 J/g. The CRYSTAF peak is determ ned using at
| east 5 percent of the cunulative polyner (that is,

iﬂt&lﬁol?ﬁ@ﬂ‘anw Eherc@ﬁbﬁﬁﬁ@ ﬁnt@ﬂ)olkfﬁ@isﬁas 5 t&ﬁrcﬁﬁeﬁorﬁ)efr c&'ﬁ@nt within 10
cunul ati ve nd 1f less than 5 percent of the

Wistglhypﬁéﬁfenh@fstﬁﬁr@¥r1@é> kﬂ 1a@r@1WSTAF peak, then the
CRYSTAF tenperature is 300C, and DH is the nuneri cal

vabgie of ¢digord8RE cddfent M8 BNMERuLA Ssind/PyEsuRie RERRAVE, with
the hi %hest CRYSTAF peak contains at |east 10 percent

teshnififs basgrhen Argleas ngnsfisapsongmcy (i NME)ShespesePy Pic&dredat a

Md¥ovkR Y&%ly\&ﬁr&ﬁ loYdXBE S8 p’%%rﬂ&eé RavBS r&l%ﬂf EbAEREF curves, the
exanpl'es. I'ntegrated peak areas and t enper at ur es

pelyeei ifiey; fratiogateg uiine TRBI®R @aqtlz)eﬂeadg BNl wert tamperature
ra?h%Q B 1(?@ of )é d Pi@af | Setaglygfﬁt@{l @G s 4 &ﬁlegtﬁo%qgrﬂeérat{nle%ndow of

own for the ran om et ene octene conpara
19°61 grri@s sUelog rhée&stpdmdsle,t saldtﬂh@kemralablqursmﬁve:at st YuqhDHction

hav1%:il Ié gnsoo rc moXoerB rg?&% %hkél%:ceﬁgs\?bn&m%fg?ctlon Iof the comparable

iffteraclymen  whi ch eI ut es betvveen 400C and 1300C when
fracti onated using Tenperature Rising Elution

Fr[g t I Onalfgl ag&hérk%-é%gtftﬂe 1nx%ﬁ€il{; tlﬁﬁér%s Alﬁlir%iﬁgﬁp’o%eg, preferably

fr a cormno cont en
cpmmisarmlh}yeratandi eEsdr n&'orp eqpoemtenhal:geh@monnmm ipp@jmerddet] yorm,

bl
FherdieLonrBRL RS orb et SRRl b B R RRR B
pb]lymeﬁmﬂendnemaemaﬁs difesing Whehesiidal Mmmmrpmpaﬂnhe(bmmib m
.eth I t t h
R RS R PR g PO ARG YT Bl GG Thvine

pEXb&ot fubasieéle@iar tilaetioh) Ghh Rt Befwee i ¢l aid 1@0°Q€(61£t®ﬂfhout
of that of the blaock interpolynmer. Preferably, the

CRMGENPE VXK I8 B bR TaCHDBY s 2o BASIAgeRn s 4.0

c@rﬁ&ﬁ%& cfterd Batmaedd dyherrhle@GlectBic8pPRha®&paidLhg 4 REl
%arabl e |nter£ol ynmer has a total conononer content

O b plh meine Gy HYa e Aricdttionplas apAvartss oplggrmonomer content
hlg?{:}le{)t@ﬁalrmz{t lea[sﬁiﬁlleréeﬂt ﬁ%ﬁér mé& 9%@&5b1§§tﬁ%¥ 10 ﬁé?@ent higher, than
e

y ene/ da-ol efin |nterpo yners are C haracterized
that ot a comparable random ethylene interpolymer peak at the same elution temperature

and expanded using a full width/half maximum (FWHM) area calculation, wherein said
comparable random ethylene interpolymer has the same comonomer(s) and has a melt
index, density, and molar comonomer content (based on the whole polymer) within 10
percent of that of the blocked interpolymer. Preferably, the Mw/Mn of the comparable
interpolymer is also within 10 percent of that of the blocked interpolymer and/or the
comparable interpolymer has a total comonomer content within 10 weight percent of that of
the blocked interpolymer. The full width/half maximum (FWHM) calculation is based on
the ratio of methyl to methylene response area [CH3/CH;] from the ATREF infra-red
detector, wherein the tallest (highest) peak is identified from the base line, and then the

FWHM area is determined. For a distribution measured using an ATREF peak, the FWHM
-28 -



10

15

20

25

30

by an el astic recovery, Re, in percent at 300 percent
strain and 1 cycle neasured on a conpression-nol ded

wo pdogrogfse@n et hyl ene/ a-ol efin interpol yner, aneCThas2089/032699

density, d, in grans/cubic centineter, wherein the
nunerical values of Re and d satisfy the follow ng
rel ati onshi p when ethyl ene/a-olefin interpolyner is

aHRSdeantd Al the/aréar ﬁfaepehe aur% 9&§eénl Nkad TPRASR: Tlaﬁd T, are points
>1481-1629(d); pr ef erﬁggg Re >1491-1629(d); and

dﬁfﬁ?ﬂ@n‘?ﬁr b lfiapd e 5t Gz gk bygheidieg i el beisht by owo.
aﬁ)([ 185 5@9]&1& Re :lqgﬁgonga@ ﬁ%@%ase [hﬁg ]tha't:irfaéfge%ts(%hesllgﬂ Wed ﬁ%ﬂ? 8ort10ns

ect o ensi t Yy on el astic recovery unori en
Of thle el Riclichairver dngadibration enryyd foe Romwemp@inmm gnagdpdsing random

' I i
U A R
r@ioaﬁ thecT RFEH:pwlgr Faghis [Iﬁl&}red me$10¢1mhee¢aﬂ1bdtlme¢urm is gherated for the
Sébm q(nleo%fe)mgli t?q) e flliltelggto %g F% e%]re IiIlSeI' Q(% eent a{el‘F ] %%to% ﬁle 1nvent1ve
pblgast can®e dperntiedtt by Ihfegelmbmg mleéaelbabbly cuit/e hmts BYAM methyl :

ent, and i ghl ferably at |east 900
bR breafihg (RS EARLd LI AEkon Vate of 11
cmmnute. [89] In other enbodi ments, the
et[Bgll ene/ (éemﬂmﬁiencdntmemppbg/mmmrehameg (udy) sutalsd¢ erlaggue, with

dul us ratio 250) / 100C from
tegﬁ%ﬂ‘éerg %6?63 Op PRHTY Q‘F‘Sn 6, nbie° QW%E: L) YEFC?%‘WZ“W gsing this
te@ Rl e, s;(iah)loakeﬂ@lﬂ@pﬁlymaf e8 aihitheS@blapfonha@smei dvatenBBan a
er cent refe abl%?ess than 70 percent, especially

CPIESER B3 oYPESs t han 50 percent, or |ess

than 40 percent, down to a conpression set of O
pgpTient . I[r@l@iab]ynf(ﬁ trtdrpol@hbie lof etridletH amEnt&ent ke block

. et hyl ene/ a olefin inter ave a 70C conp Si 5

nGpelyies 1 & PGS CErE S TREEQRE ot P S SePien 10 and Thoc

ghe@®Bthafl aquﬁﬁ)l t@ &feQﬁﬁlﬁtlty ©010.40e 8T 41607 3801p @fdff&ﬁlily greater than or
Preferably ression set of th

Y @rtb?)ﬂ‘iﬁﬁ@rys< b %0]|3é § 3 Zﬂilz?gnwlﬁée bériee H‘fmer}céls‘?hier?é Heggak

eRA6E RRperal @SS thd"ARER BRI B8IRE codPpedBiadfeddavn. t o
about percent. [91] In other enbodi ments, the

et[gg]l ene/Pagure ?fglra?)hllcgﬁye(ie%g:ltsyag%r %oglmn'gtrofsfﬁe block interpolymers of
ethylene and 1-octene where a plot of the comonomer content versus TREF elution
temperature for several comparable ethylene/1-octene interpolymers (random copolymers)
are fit to a line representing (- 0.2013) T + 20.07 (solid line). The line for the equation (-
0.2013) T + 21.07 is depicted by a dotted line. Also depicted are the comonomer contents
for fractions of a block ethylene/1-octene interpolymer. All of the block interpolymer
fractions have significantly higher 1-octene content than either line at equivalent elution
temperatures. This result is characteristic of the olefin block copolymer and is believed to
be due to the presence of differentiated blocks within the polymer chains, having both

crystalline and amorphous nature.

[99] Figure 8 graphically displays the TREF curve and comonomer contents of

polymer fractions for Example 5 and comparative F to be discussed below. The peak
-29.
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pol ynerized form at |east 50 nole percent ethylene
and have a 700C conpression set of |less than 80

w@eoogentseo pref erably | ess than 70 percent or | BCEFUS1891032699

60 percent, nost preferably less than 40 to 50 percent

and down to close to zero percent. [92] In sone

enbodi nents, the nulti-block copol yners possess a PD
efutihd 68 4@°§ml3bftcz pREQEDL F{b&tdopcbtbt%@@ fdr Bbih OM% &actionated

Poi sson di stri buti on. e copolyners are further
ich&riaereaenty etictnd) dataForrthrep of the fragiony Hir Epample Saregekresented by

i i Bt f

oL DA BRSPS 8 DAl 958 o
ctrisoudted fon gtmpqurﬁelefwmhrddﬂmrmg chmeltdnm korgam tflttymerthie ATREF
témrpofa ure H:ﬂuefse ?’Irrﬁr}%%liﬁybﬁu ?(agi%raﬁgr? cc::ur\sz’er 1§ ! B}gg{‘%? usm% %omparatlve
uﬁﬁp@ibflylﬂie fo the Rrhelnlen@ter$, pacsératy ra’hﬁo@ rcoﬁdlylbd:r@ alade @ing a

se ments including term nal bl ocks. di tion,
OFHG 8ht F?félomoé oS fRBISLIHEF Lo a{?‘E’ Ja\‘“dcﬂﬁqil?c Fgpolymers are
cﬁ‘zﬁﬁft@&&(ﬁby 8 o8 c@MiordhRPEdkdne SreatbNth@N@e AFPEEterntitd from the
i nterpolyners, preferably conprising ethylene and one

cforafsn Ui pPS ists A TRER L oRRBRRAETS: Arefsttlfasigypercent

gleleMmARE PrefeplPa @kd afdrdel: JiHdri Pl € bl ocks or segments
of two or nore polynerized nononer units differing in

cal or S|cal properties (bl ocked

i H&@]pol ylﬁéii‘ﬁjl 10n,{ghe 3foxs E%P%\%ff 3rdPropgriies dpicpbgd herein, the
1Iﬁ/@ﬂtﬁje ersSh Be BhRserizBd B iRl of ke NRAKIOAS cBari®E@Eibd, A one

fractlon whi ch_ el utes between 400C and 1300C when
agpegle the GHAREE PGS ISPREET NG EIPY IS iPrderably coRpfisingfthylene and
ohd @&Ghé® RofdhRinediz Mt @Jm&%HEQQH?BIK&@PEe@@&nh 'cﬁﬂ&‘crtenzed b%multlple

Epeferably at least 5 percen I gher, nore prefera E%
bipeky argegmen Qaye éhmoumpg}y@[}eruft@mwomatml@fdlféer@@ Abelteatigad or

n

pﬁ)ﬁse Slg%ngérf‘éfs (BI3BkeldR ﬁtg@?@lﬁ%o& DRGEHAD  Glutf-i bl{g}?ke Q?B%%P said

t enper at ur erein sald conpar a
bleck yitapaymerthaying lyrrdeculan frpgtios edichipduteschetves o HO R omd r1 S,

R i

cahordngr cauftertt highdyl mcfee@ly atﬂ@ﬁtpﬁopeyamrhlgm eﬁ@e ablfeyably deast 10,
ra dnterpo

g ek At b RERELAg aon BB e ami R b B

fractivpaiaink eeuwreheuhp sdiyaempérasred, Wigdrdh sdd mnmmﬂﬂe aaduneéthylene

.wﬁt&»n 10 wei gh ercent of Eat oflthe gjocked

"HPREY PET P @4%%8’6‘8‘6%? SHIEARY fdy B s fPager(s):

ahkba Mgl adalyx, E‘duhdi@bdrﬁ ni@4{toingh@ner\dbiitbnt (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 interpolymer has a total comonomer content within 10 weight

percent of that of the blocked interpolymer.

[101] Preferably, the above interpolymers are interpolymers of ethylene and at
least one a-olefin, especially those interpolymers having a whole polymer density from
about 0.855 to about 0.935 g/cm3, and more especially for polymers having more than

about 1 mole percent comonomer, the blocked interpolymer has a comonomer content of
230 -
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techni ques based on nucl ear magnetic resonance ("NWR')
spectroscopy preferred. Mreover, for polynmers or

whb@nas75ed pol ynmers having rel atively broad TREET/US2009/032699

curves, the polyner is first fractionated usi ng TREF
into fractions each having an el uted tenperature range
of 100C or less. That is, each eluted fraction has a

t&ormfﬁacqen LIEARESR) 42 0Wh FAC QfeattPBien OF ectﬁlstﬁ thetéﬁlhﬁrgy (-

his techni que, said block interpol ynmers have at | east

Odﬁé6)§lht ﬂr3 B9 aieare prsemly grgater thagheavahin the Jewstvin oAd#50) T+
18981880 &eﬁbfér%rr{aﬁa? F&&H%r chx]af {o’%‘ffé% Ir]tgf( ot2'6?3)T +21.07 where

corrpara I nte r aspec
Tiipthe rmtlmvecaﬂmalmrthq eeal A TREEfelution rﬂrmewuy aethe TREF fraction

bggggﬁéﬁg&ynﬁgﬁghrﬁqyg ethyl ene and one or nore

riza conononers in polynerlzed form
characterized by multiple blocks (i.e., at |east two
bl[4@Hs) din s8kégrasier 3spset, tllwventlwwpbmf@bls;ﬂﬁ@hﬁzle@remhmer

BTy SRy SRS T o cBRUSIAR ARED LR,
pelymetizeddorm, shar@btd:ﬂzo@ ky mntt@teriﬁMcsrer seblawmtm gf @opealord but

p%%}&hzeﬁt O%g%lﬁ%(q% |d enn ﬂl %Q,)a (])r é)h swa(:f pf'(l)Hgl% &)EOV(\:ECGJI

mtapd)lamen)gn@sm phieteirabiad nmltalnibctlmm@g)lymeh aendi bloek inzeepblymerthaging a

Rl FEon Sk PLER DR TR eK LD ARG I s it pine TRER
intrediienishetlafacteaxddnit tha EHMrracios avied € ednadnbomes cdﬂa:ﬁt (&Tht least
nol ar conononer .content hi her

avera |
a?‘?é‘éét’r%ge &gk hes 4ip HB% POlPFcﬁr%a‘t‘?Srﬂ@Pé‘g%l 9062{ eﬁf ﬁ‘é)fe P:f%?“ons
h@@ﬁ§£rum&hbglee&ont&1hﬁanhb@k 3%01@1)&@&@@%&!\&5 has geaa,nt every
et hyl ene_i nt er pol ynmer peak sanme elutio

ff@@f?ﬁé’ﬁ%& BPE rsiineiaid hekril Q%@ Oéhlsbﬁrl NareipIsjepEbly, seid polymer

BRI AVi0 S Mt RLRAP&GAnE tdiRdnofRy, KEDSE MekBieGoint that
conpar abl e randonre?hylene i nterpol yner has the same

CRBITDNSET the pauatien:has a nelt index, density, and nol ar
conononer content (based on the mhole pol ymer) within

10 paeqeyR928f(mbhgdiceaf cdnttBoRbois kiRt dcbBLPBISTET .
Preferably, t he Mh of the conparable interpol ynmer

so wthin ercent. of that of the bl ocked
i ?{il@r]pol Vit aélﬁé‘FfoEBP‘i"ﬁé %ﬁ%’&?’%‘? Ber g éwsrllwé%m%ger
Fe@drad] @&ﬂ%ﬁ: hy@dB b &DEneWr ifirdicobBlywRHgdMe ddaloasmtrs of
pthz;t %f eggsgg%gd |n€§réoly§g% yThe'fj I mndtﬁ?half

PRRARPHEAh PPWAWraGHiZed Patbirle todks seigepants of two or more

polymerized monomer units differing in chemical or physical properties (blocked
interpolymer), most preferably a multi-block copolymer, said block interpolymer having a
molecular fraction which elutes between 40°C and 130°C, when fractionated using TREF
increments, characterized in that every fraction that has an ATREF elution temperature
greater than or equal to about 76°C, has a melt enthalpy (heat of fusion) as measured by

DSC, corresponding to the equation:

Heat of fusion (J/gm) <(3.1718)(ATREF elution temperature in Celsius) — 136.58,
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the ratio of nethyl to nmethyl ene response area
[CH3/CH2] fromthe ATREF infra-red detector, wherein

wo b@owgdskest (hi ghest) peak is identified fronmtheshvases2699

line, and then the FWHM area is determ ned. For a

di stribution nmeasured usi ng an ATREF peak, the

FWHVarea is defined as the area under the curve

beyygpen T"ﬂhe@ﬁ‘@nf[?e blw,lelﬁt%rp-g nﬂz?s%aq;@a alofecBa} fMdSion which elutes
determ ned, to left and right of the ATREF peak,
befyveen 44° Guan@ 1%%@ \ﬁl@awraﬁ@ww@ ubpe TREL ingRingnke phagacigpizeinghat
ellér? ﬁa& t1¥a‘€ H%]saa!n ARENQuRASEmbdrAGre tefiten hé“cee{nﬁ%‘s*s $hah Bout

ortions of the ATREF curve.

764, uhbfr faltﬂﬁlé) ﬁnthalpw@eit@f fusombrsonessuredby BAE, ¢0sre$mdémg191 they
@Emg9n1ethylene/a ol efin copolynmers, plotting

onononer content from NVR versus FWHM area rati o of
the TREF peak. For this infra-red method, the

cal Hent af fusian gnpe<i(k 1 YSHATREE¢Iftion tanknsrasermen CAster grigrd/.
type of interest. The conononer content of TREF peak

ATREF P&K CHifdHoméE donipbSitibn $PdasBentdft Ky MMtRLRePPetector

referencing this calibration curve using its FWAM

met h I . nmethylene area ratio CI_B/CH'ZE& of the TREF.
pe[é [QG%C@WWFOQB%%tOf%TW% Sy RednEISHIRGUSARA AN
Il%Min"f@Q!:@dét&@d? RiAM4Ble fnf Pol} BGHaf WBEnbASGAMAiON Nucl ear
rragnetl C resonance (NVR) spectroscopy preferred. Using
(htpirbw [ .98 bl ocked i nterpol ymer has a higher
nmol ar conmononer content than a correspondi ng

Cqpsr abl Bl BERAUMMRIde” bAKd ddRERSres @Rlpped HARK a measurement
mterpgjgl ynmers of ethylene and 1-octene, the bl ock

sqriserdChlo) 4pdPmResition sebit fdim haup fiae nasow head W%EFfed filters in
" r@@&ﬁ 8 sBbYboM&n befﬂéerﬁéhs%m@iﬁ@erﬂsélo&%cg;rtﬁé%%yl%ﬁ@(@}%
equal to the quantity (- 020121% T + 20.07, nor
cpperfsenghy golynaqwbich tiﬁ%mly aelategigahe R%ymﬂéowatmtiopyn solution)
of
W(hth th%Q:%é})osthlon%l]msgz detg%stg? Hl;gtéllyg(fdl-h ﬁ %ﬂat’f%gé tl%?dé) uﬂle
nb@en@ﬂ@d)rquaroé the cnmag@moad;lgnnl 085) (ﬂl@l@ﬁ:d 155; @g n@asﬁrement signal
(@1[1%% %‘ geﬁﬁ 1\{% tlgghe %r%«%]r C%gglgtg)é q%%ea erﬁée Bﬁ%lg{gr elﬁ golutlwnt and fltS
rdshense csmahlmmed wmthﬂrhem eti@esugphRREHF i nadopdly mar sttmatpt&ls ature
for several conparable ethylene/1l -octene

0P YR DAL PRA ISRy
coricrmration (€ He aequanpoemo(l (C18;) 3@ 8 yresponse D1 th Eluies! rohbypice theihg

C Orﬁﬁ n]?rgct:egsd A Ilnorl]yemer specoflc can:)ragloendca% rbg c}egt%d %y megs%ﬁgg the area

ratio of the CH3 to CH for polymers with known comonomer content (preferably measured
by NMR). The comonomer content of an ATREF peak of a polymer can be estimated by
applying the reference calibration of the ratio of the areas for the individual CH3 and CH,

response (i.e. area ratio CH3;/CH; versus comonomer content).

[108] The area of the peaks can be calculated using a full width/half maximum
(FWHM) calculation after applying the appropriate baselines to integrate the individual
signal responses from the TREF chromatogram. The full width/half maximum calculation

is based on the ratio of methyl to methylene response area [CH3/CH;] from the ATREF
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for fractions of a block ethylene/ 1-octene
interpolynmer. Al of the block interpolyner fractions

whane/03isemi fi cantly hi gher 1-octene content theoT/E@s1009032699

line at equivalent elution tenperatures. This result
Is characteristic of the olefin block copolyner and is
believed to be due to the presence of differentiated

ifHa0ek 3et¥\1t$1hbvﬁertalhf€h&9ﬁééU@Mgh@:ﬁ}%(ﬁﬁ is ilairBg rrRtde base line, and
crystal [ine and amorphous nature. [99] Figure 8

thgp W HM gregjis slpteryiged. Heor FRBribgion @exHgd #nd Ab b REF peak, the
F%@M%Péasis @Jﬁn@@h tﬂgﬁreg ﬁﬁfe} [hg Qgr\l% gFt 'FEL@ "152 @)ﬂgre Tl and T2

conparative F t e di scusse eakel uti ng
afermmtﬂmntr@d 18 0ed: 1t prdaight efihe Afl Raﬁwpe@oby tlmdgmm prrak height
e i .
GRS PTG ol ek BRI Al bike e T LAFERL S R bHPho
ppmpngshmi@EREQCMW¢angles. The skllled artisan can
appreciate that an appropriate calibration curve may

b nSt ML ﬁ?hcfa% SRS Fé‘a's}f&%&ﬂi% Engals&r]; e c%ﬂlonomer content

conn oner co |tted to the eratur
Oﬁaﬂu@6$uﬂhsﬂéﬂﬁﬁ1mﬁasutmewadmbmaﬁh@pbcmeGWoQmobﬂﬁﬂﬁﬁﬁﬂi

s%s%err];sgas %gﬁnplg eefo 1 1%# Pe?eanc (. %/clja f(OVqule R%&%P?Pl]gﬁqp i%nme G.;
Sorithpitihley; Inmm:igmnem los gﬁﬂ@tﬂﬂleﬁﬁd)n dmpnsgraphyrFouﬂibmmnhfeﬁn n

R R R e B e

Poryoiayit heicerls Soteatd ol Kiglnee gt (11008, $aN08- ADRER Bedliurers, P.J.;

tenperature, preferabl | east per.cent reater
Rﬁg]?‘g p$ %s:f é’f"%i @%at Qpagyi Xmglﬂloﬂéﬁ%‘&gfan@l}%%‘[“écf SUpqtyEst in
e@gRhd-i Refin@opdIgmab adisy ﬁ,@ep@;@IuSloﬁi Bﬂoﬂlﬁ@@ﬁﬁlﬁy 2% Fees&TthaBSerm
herein, the inventive polyners aracterized by

i eedspeqigpeoPy fRFG-F SRR Feaies 1092 )- 484 0sL 701 bptiypevhidhue: |

icBf ottt ¥R nBMN YR n théir &irQ).ef i n i nterpol yner,
preferably conprising ethylene and one or nore

I b] d f
CHARUE ol Sy SRR Aiepie 6 ARG P Gl bl SO dggtin ae

obRMm8d ROl ¥ RMEimtE RN BAGTEN émmfesn&érﬁén@srdr@{goslslmec efinS@hce, a
or physi cal properties (%Iocked |nterpzﬁy%1 nost

TREEf et Gruld hain & G liRsEqmesd gol “(Fripgremen iggaement, or 1 °C
ilcpgmpol ymer having a nol ecul ar fraction which el utes
bet ween 400C and 1300C, when fractionated using TREF
increments, characterized in that said fraction has a

mlBH ¢ orkist 6PROLY necs e ity lafie RN o-BleBndhativsntiye PPIsHE 5
pRENHostd 9 181 PDTRE & 184:e1 .87 A8k Yreddrat1f 8Sitasd D5, at least 1.7, or at

least 2.0, and most preferably at least 2.6, up to a maximum value of 5.0, more preferably

up to a maximum of 3.5, and especially up to a maximum of 2.7; (2) a heat of fusion of 90
J/g or less; (3) an ethylene content of at least 50 weight percent; (4) a glass transition
temperature, T,, of less than -25°C, more preferably less than -30°C, and/or (5) one and

only one Th,.

[112] Further, the inventive polymers can have, alone or in combination with any
other properties disclosed herein, a storage modulus, G’, such that log (G’) is greater than

or equal to 400 kPa, preferably greater than or equal to 1.0 MPa, at a temperature of 100°C.
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15, 20 or 25 percent higher, than that of a conparable
random et hyl ene interpol yner fraction eluting between

WO b@9o®gaFe0 t enper at ur es, wherei n sai d conpar abl BCT/2RZIOND32699

et hyl ene interpol ynmer conprises the sane conononer(s),
preferably it is the sane conononer(s), and a nelt
i ndex, density, and nol ar conononer content (based on

Md?@ov\@p @ﬂeQn\FéﬁhVéW))méM f)&ls&s l@elﬂ%&%ﬁ stBfa M%\;; ﬁ@@ul@sf astarfﬁnctlon of

| ocked interpo Pref erabl vy,

g b the ra\ng@frﬁlaloyﬁé%th apihaj lilhﬁtrﬁtes!@n Eléld@é)rﬂnd &fgure 32
tﬂah%tché)rg Ll ﬁﬂg&@&pbﬁﬁﬂgfspﬁldmof%%Qﬂovynr}gr i &glﬂ?mer

I nter pO yner as a conononer content wt
esperight a paobyarer obdthitléngtand png ¢rendst 6k diphptit @pletihy By the term

“Ieia%ulg 'ﬁ%@ i [h"f‘sbclo?(textt E%e%%a? 1& r& %[qol%lsé/a@g? 18cr@s& y l?sls I,t]l’lan one

I nter ners ene ang ast ‘one a-o
ogbpei:m@nitydet Heomen |5ﬁtm¢ PUry meeferably\betvgea 0 wib1@°@ol yner
density from about 0.855 to about 0.935 g/cnB, and

”C[[’lf’.’,]es PegdAdninf, He e‘?t%h (ﬁ%#lﬂ‘PIYlL gg%lﬂi?ér&a% Al R0 Indz]:%, L,

percent conononer, er pol ymer
froorfbilowe00¢ o0 entutest plh@ra‘bREiﬁom D& tto HiW0ey 1ﬁ)t ningteh etoreen

p%:?ef%ggfr%% A g 55@&& mr)nrlréu ! geb?illlytfr%mt (F &1 t%::'i%g tﬁ} 1g)¥ni£1ﬁtes. In
ﬁwaémlﬁdduhhﬁs qm&ﬂiyleﬁly/a(olﬁnﬂﬁ&ﬁjoly'ﬁierslkﬂave3 ;medtrigdeRpIS tfrom 0.01
ably g er t or. equ to the quanti
f 3 @5 U¥e froy 5@10 &ﬁ@Pé‘“‘T“t?Ss §lrf)?ﬁlel A éﬂéﬂ%a&mﬂ%ﬁa@ e 6
gllb@mﬁlﬂ@skorm 3@d U8 &/00 miRiRRE 1ddih R Afbolli@nttREE melt index for
fraction bei ng conpared, neasured in OC 102 I n

therethyleng/gcrlefiy Pohapraris et A@inygse A el 1\9émwpwe‘>rg/ { Gmypytes.
ol efin interpolyner, preferably conprising ethyl ene

angi44ne OrhelPaIyeneeLRA i veahblgamr &/eChBDRQNEES 11000 g/mole to
polﬁ&ﬁrlzed forQ%*characterized gé%nultl pl e bl ocks or

>IREHENe/g 0l PiefisAbdy from @00 Mpleee it PR 0P msreprefzbhsfrom 10,000

gﬁﬁ%lé & 5009)00 B/nfdie Hh&@lpe&iuyrfhy@ n@@(bo g)ﬁlela% B@@@oo(g%h%k@ﬂe
I nter

ynmer nost pr eféra [ ti-
densgp pgfhé rnve%tafe@olfyrr@éskcan e &P?kﬂy 8fte :0 9ﬁ£(ﬁ'|nh g’ln@ pwéqr@én fosr
e{hgfﬁﬁé é&l&lﬂi@é ﬁ(hylﬁ!njs' 8%/ (pﬁ é’)@rﬁntom%/&ﬁw e 3fn erﬂmﬁﬂnents the

ffracti onated usi TREF i'nhcrenents, characterlze I n
densiy obthe psblykn%(@plegn phkviersganges BRADRCIEEI B.87T g/Am’ of0.86 to
09§§g l.,About 6 nole percent, has a nelting point

gredter than about 1000C. For those fractions having a
conononer content from about 3 nole percent to about 6
mdES]per cEstgenasygrgeess of making the polymers has been disclosed in the

following patent applications and publications: U.S. Provisional Application No.
60/553,900, filed March 17, 2004; U.S. Provisional Application No. 60/662,937, filed
March 17, 2005; U.S. Provisional Application No. 60/662,939, filed March 17, 2005; U.S.
Provisional Application No. 60/5662938, filed March 17, 2005; PCT Application No.
PCT/US2005/008916, filed March 17, 2005; PCT Application No. PCT/US2005/008915,
filed March 17, 2005; PCT Application No. PCT/US2005/008917, filed March 17, 2005;
PCT Publication No. WO 2005/090425, published September 29, 2005; PCT Publication
No. WO 2005/090426, published September 29, 2005; and, PCT Publication No. WO
2005/090427, published September 29, 2005, all of which are incorporated by reference
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fraction has a DSC nelting point of about 1100C or
hi gher. More preferably, said polyner fractions,
whanwbogrsed | east 1 nol percent conononer, has BCDBE009/032699
melting point that corresponds to the equation: Tm >
(-5.5926) (nmol percent cononomer in the fraction) +
135.90. [103] In yet another aspect, the inventive
hBRInABleireftiRl. Pbekhmple ¥re B MBS colpet&lcdRthdting ethylene and
conprising ethyl ene and one or nore copol yneri zabl'e
opténme o Aier & nase prslitamaolymeaizatde mpnQipray efberdhdnadhylqng under
.t 0 .. : . ymer i zed
R o SRR St L IR BBl
properties (blocked interpolynmer), nost preferably a
mul e aginigeke aprstigmpioducs giseltipg fem comb@iysol ymer havi ng
a nol ecular fraction which el utes between 400C and
5 1300G.a rhienrfiheEhicARatos @atkisbihevihiREighR6 MEAEI: $acorporation
_ Characterized in that every fraction that has an ATREF
indgf.ut i on tenperature greater than or equal to about
760C, has a nelt enthal py (heat of fusion) as neasured
by BS&seonll bRER gasnglineﬁzati@n thayRawahd OEsmdneakr BEorbbiadiéHindex
(J/g < (3.1718) (ATREF el ution tenperature in
lesggpi? cent, pregeraily fespthpn Jheereny; ipst Rreferplydgss than 5 percent of

mekﬂﬁﬁﬁﬂ&ﬁ%ﬁﬁéﬁnﬁéﬂﬁu@kthﬁﬁﬁléb,&Mﬁ?tiOn whi ch elutes
bet ween 400C and 1300C, when fractionated using TREF

i ncrenments, characterized in that every fraction that
10 has' A “EFREMIENL3Bh t enper at ure bet ween 400C and | ess
t han about 760C, has a nelt enthal py (heat of fusion)

ag1163as urrghrddyntidSe cat@ 9tk espaamh shgtling abbes a6datollons.
Heat of fusion (J/gm < (1.1312)(ATREF el ution

t r at i n sius) +.22.97. ATREF Peak nonomer
cambls 1 iala T BT ohy g Pue Al reey B O 20g)
isbp@pFIPRERD (B HaphMARASL dij 10N paidid-haiylirthapefafman digethyl,
neasured using an R4 infra-red detector avail able
prepassl W%to %}%ga}chvﬁ %fnwpegy@é%,p .S. Patents No. 6,953,764 and No.

15 60kh 6P ahd WiroHedMper char. conl ). [106] The "conposition
node" of the detector is equipped with a measurenent

sensor (CH2) and conposiiiqn sensor (CH3) that are
fixed narrow band i nf rad}f(@f@% in
(H3C),HC s }\1 / @
O 10
Hf
\

(H;C),HC  cy, CH;

[118] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-
methylphenyl)(1,2-phenylene-(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared
according to the teachings of WO 03/40195, U.S. Patents No. 6,953,764 and No. 6,960,635,

20 and WO 04/24740:
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the region of 2800-3000 cm 1 . The neasurenent sensor
detects the nethylene (CH ) carbons on the pol yner

W@ dbob7sed rectly rel ates to the pol ynmer concenPCBUSZING/032699
in solution) while the conposition sensor detects the
met hyl (CH3) groups of the polyner. The nmat hematica
rati o of the conposition signal (CH3) divided by the
nmeasur enent signal (CH2) # ensitive to the cononomer
content of the neasured Hsn solution and its
response is calibrated w hyl ene
al pha-ol efin copol yner. stand 7] The detector
when used with an ATREF royi des both a
concentration (CH2) an
response of the eluted
process. A pol yner spegi; %gcc? pation can be created
by nmeasuring the area ratio o the’CH3 to CH2 for
pol yners wi th known conononer content (preferably

Mggpgyr ed @MmENRAS)EQEqﬁ@ﬁDQQHQ§ content of an ATREF

peak ‘of a pol'ymer can be estimated by applying the

tm(eteélymh@@d)@allldomt@thmdlamﬁneﬂhﬁlénlmatilt@nvﬂ the areas for
the individual CH3 and CH2 response (i.e. area ratio
CH3/ CH2 versus conongper cont@ﬁt) [108] The area of
t he peaks can be caIcuI. S|ng a full wdth/half
maxi mum ( F\WHV) caJ af ter applying the
appropriate base i nes Nto ifnt egrate the individua
si gnal responses, fro f%heciﬁREF chronatogran1 The ful
wi dt h/ hal f maxi miym Cakcul atjon i 8~ ba3%5E% on the ratio
of nmethyl to ne?ﬁ%L;g, response area [CH3/CH2] from
the ATREFinfra-re t eg+0K, wherein the tall est
(highest) peak is ig tgl'? fromthe base line, and
then the FWHM ar ea |% deterwi ned. For a distribution
nmeasur ed usi ng an ATREF peak?H%he FWHM area i s defined
as the area under the curve between Tl and T2, where
Thapd T [ t fit d right

. of[ e A%%%ﬁsngglﬂ%%s@gl O\?‘F’%ﬁ}ﬁngﬁ#eﬁ%@éﬁlgﬁ“hgﬁg 1 gby t wo,
(IaﬁbyltnhewlﬁEfawrwgyraethylmclhmmama hedliyl zigcanfven J¥s dibkiayk prepared

it - t I of the

B R ELTEE Tyby Ry ag%‘@f% SR NERTIR Pl
spectroscopy to neasure the cononomner content of

polynmers in this ATRER r-= vt 's, in
principle, simlar h. 0 w- stens as
described in the fol g Sﬁeghn ﬁ NhrkOV|ch

Ronald P.; Hazlitt, L--||e G
Q O’Zr

[121] Catalyst (B1) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(1-
10 methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl:
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Smth, Linley; "Devel opnent of gel-perneation

chr omat ogr aphy- Fourier transforminfrared spectroscopy
wo evovobms@ct eri zati on of et hyl ene-based pol yol BET/0S2009/032699

copol yners", Polyneric Materials Science and

Engi neering (1991), 65, 98-100.; and Desl auriers, PJ.

; Rohlfing, D.C; Shieh, E.T.; "Quantifying short

chai n branchi ng n1crostructures idcgl,hyl ene- 1-ol efin

copol yners using size excl usj, Sl eR )c ronatography and

Fourier transforminfrared/Specty opy (SEC-FTIR",

Pol ymer (2002), 43, 59-AFN I HCHse

[ : £ /helr entirety.
[110] It should be rd t X whi/l e the TREF fractions
in the aboV&Cy€ * fobtained in a 5 0C
i ncrenent, other teapeglatur ecipghement’sCae@Hpossi bl e.
For instance, a TREF fkg on could be in a 4 0C
increnent, a 3 OC increnment, a 2 0C increnment, or 1 0C
increnent. [Il1] For copolymers of ethylene and an

a- fin, tiisV, I ssess
(D1 by A B B B Bl B PR S o,
nikthyjeyelbhdxghs mnfinojmethy]) @toxbglagircopiudy diberdyirost

preferably at least 2.6, up to a nmaxinumvalue of 5.0,
nore preferably up to a maxpisum of 3.5, and especially
up to a maxi numof 2.7; (2 eat @tufusi on of 90 J/ g
or less; (3) an ethyleng.content of lat |east 50 weight
percent; (4) a glass transition te ure, Tg, of

| ess than -25C, nore prefg 0 : do
and/or (5) one and o one Tnng[ll‘ rther, the

i nventive po“% rs in conbination
wi th any ot he g%?op

nmodul us, G, such th 0g (G)
equal to 400 kPa, preferahly %9 §r than or equal to
1.0 MPa, at a tenperature of 10 . Moreover, the

i nventive polyners possess a relatively flat storage
modul us as a function o erature in the range fro

5 o ilioodeatalystdhlas (¢ ‘ﬂﬁiflam}q%wtaﬂéw e hle Tariginden-

15188 idRiuinheth§l fedparaaGhekdngbilyCacObraldk Q&fﬁe GRRALYIRE 81,5
and heretof ore unknown for an ol efin copol yner,

PaigpNg. 8120344+ copol ymer of et hyl ene and one or nore
C3-8 aliphatic a-olefins. (By the term"relatively

flat” in this context s antdiis$ log G (in
ope

Pascal s) decreases by | t ha

(HCRSI - Ti(CH;),
N
C(CHs);

[124] Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,7a-n-
10 inden-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of U.S.
Patent No. 6,825,295:
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order of magnitude between 50 and 1000C, preferably

between 0 and 1000C). [113] Additionally, the
we@edvglogrsed a- ol efin i nterpol ynmers can have a nePCT/URIIEX)32699

2, fromO0.01 to 2000 g/ 10 m nutes, preferably from

0.01 to 1000 g/10 mnutes, nore preferably fromO0.01

to 500 g/10 m nutes, and espeC|aIIy from0.01 to 100

g/ 10 minutes. In certain enbo nts, the

et hyl ene/ a-ol efin interpoly ave a nelt index, |2,

fromO0.01 to 10 g/ 10Hfiqutss, 0.5 to 50 g/10
m nutes, from1l to 30 g/'nut
m nutes or fromO0.3 to 1087 MOs;

feom1 to 6 g/10
enbodi ments, the melt index or\t ‘et hyl ene/ a- ol ef i n
polynmers is Ig/ 10 m'nute g/ 10 m nutes or 5 g/10

(@ﬁ% In certain
m nutes. [114] The pol an ltavg);nol ecul ar
wei ghts, My, from 1, 00 3(i;/rmle to 5, 000,.000 g/ nol e,
preferably from 1000 g/nole to 1,000, 000, nore

I8 o ST a0 BB B B B & B 1 Ffdh s

sﬂhﬁfasert yybfilabdiganiuvw dimteithyd plpep:irydmrbstan:tmﬂiy hecotdingmo@hd©adhings of

Lﬂ%%gﬁgééngygﬁgggreferably for ethylene containing

85 g/cnB to 0.97 g/cnB. In certain
enbodi nents, the density of the ethylene/a-olefin
pol ymers ranges fromO. 8 o 0.925 g/cnB or 0.867 to
0.910 g/cnB. [115] The g process of naking the

pol yners has been giscl gse he fol |l ow ng patent
applications and pub on
Application No. 60/558 998 f]

S. Provi sional
Provi si onal Application No.>%Q/ 662887, filed March
17, 2005; U.S. Provisi Aple cation No. 60/662, 939,

&M ch 17, 2004; U. S
filed March 17, 2005; ProVi si onal Application No.
60/ 5662938, filed Muyeh 17, 2005HpCT Appl i cation No.
> PCT/ US2005/ 008916, filed March 17, 2005; PCT

Application No. PCT/U82005/008915, filed March 17,
2qQ0%26] PCICApIykt (Dd) is ois(dlme thPIAMILSAO0 0 AEH8 89 Yzircbnilu@ dichloride

ch 17, .200 Publ i cati on No. WO 2005/ 090425,
a%\’%ﬁ‘?&“&%@b%&%ﬂ 29, 2005; PCT Publication No. WO
2005/ 090426, published Septenber 29, 2005; and, PCT

Publ i cati on No. WO 2005/ 0904 publ i shed Sept enber
orated by

29, 2005, all of which are D
referenceherein in their ent ii@ For exanpl e, one
such nmet hod conprises contacti -—-thylene and

(@)

(H3C)ZSi/ ZrCh
AN

[127] Shuttling Agents The shuttling agents employed include diethylzinc, di(i-
10 butyl)zinc, di(n-hexyl)zinc, triethylaluminum, trioctylaluminum, triethylgallium, i-

butylaluminum bis(dimethyl(t-butyl)siloxane), i-butylaluminum
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optionally one or nore addition polynerizabl e nononers
ot her than ethyl ene under addition polynerization

wa@oeovdiopisems with a catal yst conposition conpriBCTIgS20091@32699

adm xture or reaction product resulting from
conbining: (A) a first olefin polynerization catalyst
havi ng a hi gh conononer incorporation index, (B) a

bRRE@RHe BV 161 RAMRRY mn@&ymaﬁﬂrﬁﬁl &@&ﬁhﬁé@ n'i@lexﬂQ) Fis(n- octadecy1)1
conmononer 1 Nncor poratl on index léss than 90 percen

bty fuspipgyi-usddunipgr Bodigepesiiamidepgrogsylalp@inas) §is(p é it
f
oL R RR! 800158 AR RIBE MG ALAOLA O

, a chain sﬁ agent
bRe|skragthylsitoxidgs ethatabiny sy dibis tithethylsibhamide), gy tadpamingm

bFF\ﬁ @% éﬁb%h% OY\EAZaCk&ﬁt]e%ﬁ%%ﬁ%}%hy—P§tg}|ranﬁla1i(i)1§b(rb‘t_)is(2,3,6,7—dibenzo—1—

azasmjol@:p@hq:;hed@] 1) Qctylalumlnum bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-
dg)hen,é?%qleiloxu?el) ande th izgncé cl)xd(h -2-di yl ) met hane) | haf ni um

‘epare i'ng to the teachi ngs of WO
03/40195 U S Patent s hb 6, 953, 764 and No.
6,[9%], 63 refamblwme Okt oAV oce[sS_I_QBﬁs tigafosth pE 4 cqni@ious solution

p%(r)g%srgé?rgﬁgm S)I?FIE h(% ley'fn Ysl ):s%em:ﬂyyl r}nzﬁmb%cl(Qopolymers preferably linear
muli-ploenydpetyerefscof py o bdmnreZHQiuomler)snmbﬂaas;@):ﬂahﬁémmam and a C;.50
repar ed accor.di to the teac S.0

of i Sh SO RPEHE M sh et ST Bt mifipre

chal9 &0 thaCdre 1rﬁﬁ}dlblélaf Oér2shiéfion 1 Tt iCatieadapiBists (aATheinRally distinct,
ISIN N '-(2, 4, 6- o iy - ,

"F‘F? (%B?WP%W@‘H&?P}’B%“&B?@PH §onifiogs-dh RafasSIe fedHy suited for
pBiyenzZaibn of h&@]re e tnadnydikrs(@ABikh hi®nomer conversions. Under these

bi s((2-oxoyl - 3-(di benzo-|1 H pyrrole-|-y

p@ﬁ@@ﬂgﬂ% R iopS DGR S EE HYA e lesaskTa e cobysyecomes

adVah Q8 dMpate o SaleRgin, almrrﬁﬂarb@&k%g&ﬁ;rﬁa& ie@belcdlly linear multi-
according to the teachi ngs of tent .

bpcBopokypers grg formediy aghefficiemyy j s
I, 2-bis-(3,5-di-t-butyl phenyl ene)(l-(N(Ilnethylethyl)

| M2910) ”Eﬂﬁ)ih\)eﬁﬁv&ﬁ@yﬂo)yn@ri GabddTreke R tonl déREntional,
Cat al'yst (B2)

rqndomigpgolyrgers, pé!lvglfal Blsnds ¢ wehiesnandlogkqopglymers prepared via
s&ﬁémﬁh ﬁ%ﬁé&é}%&aﬁmn IR AR AY | ah{ofic B @t ohi il Vi HiRrization

benzyl
techmques In particular, compared to a random copolymer of the same monomers and

monomer content, the inventive interpolymers have better (higher) heat resistance as
measured by melting point, lower compression set, particularly at elevated temperatures,
lower stress relaxation, higher creep resistance, faster setup due to higher crystallization

(solidification) temperature, and better oil and filler acceptance.

[130] 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
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[123] Catalyst (d) is
(t-butyl am do) di net hyl (3-N-pyrrolyl-I, 2,3, 3a, 7a-

wh20mae1ske vyl ) sil anetitani um di net hyl prepar edPCT/US2009/032699

substantially according to the techniques of U S.

Patent No. 6,268, 444: C(CH3)3 [124] Catalyst (C2) is
(t-butyl am do)di (4- et hyl phenyl) (2-nethyl -1, 2, 3, 3a, 7a-
afm hi RAEH- aoryyﬂe} sid ARGLS &amw&g@w&&t hydq up«a@%v%ﬁg density. It is

stantial'ly accordin e teachi ngs of
bﬁw%ﬂlawbw uequQEatzl%of[th%yenea% @Itfy@qur(l@sp qug to the unique

d&gr'bgm)ry e%?ﬁ}(gﬂo & IH%EJ&KA @Hﬁmﬂ{ rﬁo(?}rn%% oﬁe 4n gal‘?laﬂﬁaﬂle

. S-In ac [ anetitaniu
IIB/QMQIGam?HPa]YWTSHCWMPHQE tligrahieg blegkslof d@fgn@g CQm®0mer content

@ ?ﬁsu?lg %‘py ?yd:@e%% oggsinegn%glg%}letﬁgh%ré@%mé% aﬁo compnse a

ddtrtblutiolr inchembveand@bbleck sionefPotymeer Blodksi of Idlffeﬁmg aﬂtnS_lty or
coS h(l)'lli(%rlle:rgl tAIlg gﬁich TE:%:/ lgftthtlor t)%g ? {%%%t?/(ﬁo lzlfl)%%(gti(l)nljﬁlleUde
1Itvbntatehlytb@blymer$lﬂ1no Havé Dadigydegletlmalting pdint zﬁﬁlmy;lsgﬁiizhﬂimm
i but yl al umi num.bi s(di net h t - but si | oxane),
t%mpsﬁw B it B Ry PL ! oS b BN modutus, and
toghal um num di (pyri di ne- 2- net hoxi de) ,
bi s(n-octadecyl )i butyl al um num i-butylal um num

bi i (n- tyl ide), n-oct [ um . .
o148 &Rt HRThERY iR Y MaRbs tsigetively prepared in
adio(cahclfby\k/ﬁﬁ en‘ﬂlﬁ:fdhhéhyd Jfaimd idedntiomt lﬂ)ellaaioum ppilitations, reducing the
th t | sil d th |
TR EIE e AN L L .
uﬁérﬁﬂ)fec%ﬁall@dlﬂmdé SRRZ6n &ry@ﬂﬁﬁé’&k@ﬂﬁ PrHadWRAN 8 be obtained by
Nn- 0C alumn

chiosing Chip Shpiclinggests PG Ry 8 HBREAPIEAY Tesponse to hydrogen or

e P&HaM BintHAAY Ak ddksS (SPEABEAMY | i€ tre REGR YL vSHiONbAR
0etehﬁmmtnc (?E gH}; %né pa!ti:])e;nloxhlede)w a\ﬁﬂd1 Ipl?hyl SSI Irl%hly
£

cystaine ety pey is n[qez&elfcepw & gBinyterntipasion Grugly i Bygisp pblexsisagen)
tﬂaﬁ lﬂ?escalan%t IfeQ;{oanlfe fé} }fr&ﬂltcing %Liéss%ﬂ,sfﬁﬂng %oﬁﬁf&?@e%ﬁleﬁtqguch as

form ng ‘bl ock copol yners, “especi l
thyoebI hygher eomane@tinedypgratiGng eegro- mrtqram@cwlﬁwdbwp@) then

fi . r | .
et g0 OB SorTRIQUER Sy BN FeERASH {n}i t@'iﬂ%%ln%l i Hftons of

a ﬁ\g(&?O?gﬁlﬁo%@ Cc OOﬁ pe k% aéS ecCl al yB ons o
thet poyyinesn. eNatrrdﬂ)aare:thezicmltngeérnmatetdgrws mylstta]hpb éutgtoaltyrstimition,
at .are L nter ersjon. That . the.

therh gﬂl)ﬁ/cryss’talgrrle )hmer f(&rérlllP%IC gelxl 31 (s once again avallaiﬂ% for relfitiation
of polymer formation. The initially formed polymer is therefore another highly crystalline
polymer segment. Accordingly, both ends of the resulting multi-block copolymer are

preferentially highly crystalline.

[132] The ethylene/a-olefin interpolymers used in the embodiments of the

invention are preferably interpolymers of ethylene with at least one C3-C2() a-olefin.
Copolymers of ethylene and a C3-C2() a-olefin are especially preferred. The interpolymers
may further comprise C4-C1§ diolefin and/or alkenylbenzene. Suitable unsaturated

comonomers useful for polymerizing with ethylene include, for example, ethylenically

unsaturated monomers, conjugated or nonconjugated dienes, polyenes, alkenylbenzenes,
- 40 -
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Under conti nuous solution polynerization conditions,
the process is ideally suited for polynerization of

worRow09Bs0 of nonomers at hi gh nmonomer conver si BOIBUS2009/032699

Under these polynerization conditions, shuttling from
the chain shuttling agent to the catal yst becones
advant aged conpared to chain growth, and nulti-bl ock
eROPQhYPES & su@@&)%ﬁinéllnlaﬁé ihdg@r;- Y d- b1@hﬁ>§§ﬁc1§§>sq&bwi@l

are fornmed in high eff|C|ency 129] The inventive
isohttelepn 1 ybwems, Intxeize 1 -ghefith ey, Mdtla/ﬂed)eﬁtememl drapcemsnﬂmotead:

PR Lapary ey o REpkPuERe ! ERiTe A AR iRatn A oer

s@ith@ietrh@idmefsl 1hb11i1dél’$éylreﬁéallia@d y)&‘shl&yl @Bi;tﬁ!ﬁtb@ st@fen&@at i oni ¢

livin i zation articul ar,

V%Wﬁ%’%égg? ta&erla‘ﬁéw 168? ai“ﬁ Eg@ﬁﬁﬁwﬁ{fr&) fgfigpentene,
6heRERQHAE by Gtdteadt | the | nventive interpol yners have
etter (h| gher) heat resi stance as neasured by nelting

C SSi on. set articul ar t ele ated
PR oo VBl SRTRETE S PR Thay BES bt o pelimeEy. §

eth@Rh&bIBAE Polyhas hel aBebe PsedU ©1dfts B glee he@fn}fsﬁaadolal fzxaﬂy en
(soli d| fication tenperature and better oil and

up§afyraed hydeocatbapdased pampgunghwith A lgast pRrearbrpsaBer Jenblecbond.

DRp&RIRIRI R deletidbrRHAIYSE Yol Bl elfih 28y b8 s RANA e ABSNGBAR OF the
distribution relationship. That is, the inventive

invartiEanpBiefarhlys SHEDE oefing P@t%@laq/ahpaatg?eanduafomﬂé fempounds

CBESERAIE LG5 2501 AREC AL e i ine

cpsqecicad, ldicyaspanodac, eadd horbmamdzo mchldpxglbynlmt $imgted toa hovborgene

the ne noners . l.ends

PR aP o g ehe G0 W BB SR a0y FFira] CuBALT G PPy e
AMYn@ude@WRY mABAS df ¥uh QIR nY BB vell & m&EIEGE M 018 Mdth!C4-C4g

density. It is believed that this unique feature of
diohedinicningeinidy.e i nt er pol yners is due to the uni que

di stribution of the compnomer in blocks within the

p‘{h?/cﬂe r t@&kﬁ?%@ Bf olL:f]n Hl@ﬁ&hé}y ln@fude tb'ﬂ?aré H%tqmﬁtg\ﬁo ropylene,

i nt erpol onprise alternating Iocso]?
isgbtitflend, rig])umnﬂnmmtetne clotrexenst 1-hppieteu diopignd dmopaiey hdecene, and

t r '

1o 1R el Bk, PEPRISCER. T eltBien B SR APRIAR. o
nigthyt k- pexEned it fethryil-f g)edtems “ioydimethglbhrbepmener 4-gimmicgeidhexene,
Vlna’ C?Pl%]ohexan Hor'tj)om%(é% t[l%l(feg@g l’rIOI‘% rnéjnescg %10?)81’&61}26 \ycioﬂexene
diepelopratadeak, cyaEbddtang, @HCAY dﬁmfd;, mblylsltngbhu noatimoed to 1,3-butadiene,

1,3-pentadiene, 1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4-C4(
a-olefins, and the like. In certain embodiments, the a-olefin is propylene, 1-butene, 1-
pentene, 1-hexene, 1-octene or a combination thereof. Although any hydrocarbon
containing a vinyl group potentially may be used in embodiments of the invention, practical
issues such as monomer availability, cost, and the ability to conveniently remove unreacted
monomer from the resulting polymer may become more problematic as the molecular

weight of the monomer becomes too high.
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tenperature profile that is substantially independent
of polyner density, nodulus, and norphol ogy. [131]

w@edogoersso Wi t h hi ghly crystalline chain ends ceem/Dg82009/032699

sel ectively prepared in accordance wth enbodi ments of
the invention. In elastoner applications, reducing the
relative quantity of polyner that termnates with an
anmpsfhousril Rekneriesidn GoctRes éle@érﬁfeﬂﬁlz@ﬁl%@&/elﬂédlt{%& fdf €he
effect on crystalline regions. This result can
PP eion e 01@§m eplyBssIsgMERANSMSPRYIYIIAeNG a5eyeatic gnoalﬁ@lers including

I Oy | o) h
R L e Sl R
int¢reolpmessicywprisikg @hwl‘me@@dl sieenp cagHieyprepatedtbalfpliavangibe yagelrings
hét%lnnapt?%nagf %8;231%&?& &) lﬁsn%l e@h)ll ’ ngt);}g{e 4 a@u(ﬁg) ;?]gha%feﬁn,

use o e “cat'a yst responS|

opti e tdig)rtsh@ al (Q]SSQ@dhyﬁd; BhingiepROky pRpeSegamt plepet.
as t hrough hi gher conononer incorporation,

ilo-error, or atactic polynmer formation), then the
hI g}ﬁ]y C r%}léttalgp PP %owagyﬁél}eng BGREAETS ) beja straight chaln branched

cparuefnecryem @Irécﬁrbeﬁ) Riéh@h & idghPort 84T N@kbdAQEdhOBRarflest dFuitable
t only are the resulting term nated groups

n@@ m@a{eﬁﬁ@new{:lu@m 51t AreRqtligded &n strepg{*é chﬂug quyhc 1enes, such as

1qrﬁé§5(ﬁtl:de| g o@t@hl}fﬁ@eﬁ 7f&r.ameﬂ9 1@@&5&’1@1&: Bilah&eli eha? K clic dienes,
qz%aun avallable for reinitiation of polyner formation.

as Pringthydi 1 ayheadipnes 3 g olimerbyl- §.&oethdienst dr alimetbylhlef-octadiene
%Ne}f %s%%:l%lssto"{lld zfﬂ%nﬁﬁte}ﬁ%ﬁd §1E?dg§£btmen€,‘cs %{eqju{égilh&vch@ (aIelﬂes

eres g multi copol ynmer “are
swhelfs ér3eqytloa¢ﬂtgﬂ1dm|egh4l yydetyesatcmnlei hecyjlagadienhend 1,5-

c%ct nggci’{)ggcagfe? g gmf El ngna%cﬁicﬁc)flq%d %nd@r?cfj énréé{lllgnes, such as

I'on are pr
teltlrahﬁi‘rqnocﬂeyla”ﬁnahydftetahhybmdﬁlewht)l'u:l@bnthﬁal&t biondo-C32, (2Idpta-2,5-

f ethyl d - C20
g S T S e T TR
nﬁ&W]efnbl—QtﬂbﬁfonﬁHﬁB‘ﬂVINBe fQﬂ‘oﬁEh&l tlinotbefetie, 8Asbpedpylidene-2-
unsat_ur at onmer s us

al ken enze Sui t
nPf('?PmB%q 5&%&@%&% ﬁ narRYIcBhe ‘iyﬁ]@ﬁ‘r‘iﬁggenf' Q %wé vinyl-
28olyokRik,cad hyrbbins@tnd oF 8@ dBARORBIES]ly BeMjoyahRASIIIMs, the
nonconj ugat ed di enes, 1Hgolyene al kenyl benzenes, et c.

PSR ITed diehes apnbhbfisrisns (il drsholdans g norparagp fENB). 5-

Vﬁlyﬁéibn@a HHRYENE WNBB %qﬁé{hmé&nﬁnor@o@eﬁeqmls)1a1{aﬁﬁé3%pentadlene
ent ene, 4- netﬁél-l- pent ene, 1-heptene, 1-octene,

@C hdheespecigbprpigreddiencs jgee I-¢tRdidenc- BupbpmensENB) and 1,4-
ndzQcheffppre especially preferred. G her

[137] One class of desirable polymers that can be made in accordance with

embodiments of the invention are elastomeric interpolymers of ethylene, a C3-C2( a-

olefin, especially propylene, and optionally one or more diene monomers. Preferred a-
olefins for use in this embodiment of the present invention are designated by the formula
CH,=CHR*, where R* is a linear or branched alkyl group of from 1 to 12 carbon atoms.
Examples of suitable a-olefins include, but are not limited to, propylene, isobutylene, 1-
butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, and 1-octene. A particularly preferred a-

olefin is propylene. The propylene based polymers are generally referred to in the art as EP
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sui tabl e nmononers include styrene, hal o- or
al kyl -substituted styrenes, vinylbenzocycl obutane,

wda evlersedi ene, 1, 7-octadi ene, and napht heni cSPCEUS§2009/032699

cycl opent ene, cycl ohexene and cycl ooctene). [133]
Wil e ethylene/a-olefin interpolyners are preferred
pol ymers, other ethylene/olefin polymers may al so be

oHBBOM [ RhdrISsiAGblE ARMedTOF Rlefin mfaﬁfngts@chqooﬁ}@ﬁeri )ésﬁéf:lally multi-
unsat ur at ed hydrocar bon-based conpounds with at | east

bloske ERRMbigRe polyBerh ingbidp cenivasird. or peperidvastsdoitraighieor branched
cgaﬁ% ) %_ﬁchg rbr?t)lggfcth@l é{?&ﬁ:\% 8%1955} su%I ch B ¢ (fa%ny Sﬁgfe d dienes

odi nent t he Pref era sulta
inglugit il spearadic@3-l@2@xaditnsh értethah@ﬂnd 2amdmmqne Ch@nbwmthene

c%&%e@éﬁ%{égan\ﬁ% t}lfﬁeﬁw§ ﬁ&%{)ﬁ%ﬁeo nA 8 flﬁﬁl@J rﬁrgf%rr&y c?llaﬁecls 5-
onpounds, such as cyc ut ene ene,
ethyidenk-Gporioamtnene, and norbornene |nclud|ng but not
l[imted to, norbornene substituted in the 5 and 6

p i on 0 - -

DI O Mlchite e dil] B AL B0 R Mler VonpHE SRAEAALBeBbh or
bigekd coa@irmlg@r@ﬂt@@r tefsses chmtlod:secff |thesiiwet(m0h14m§4lon6d jand ePlefin

(1%15)1["@18%J ngne l[leilt% 1 %uaaf?l tty of glene a do o~ gleiﬁrrl1 ng Bef‘ r@lrlgéd w1t%01litqg§s of

ene
sﬂbsbcpkmrmlynier pmpbmne Thht isebeems«; th]:dllmphmhepleﬂn cmnnemer,s are
none

and 1 -tetrad
PRI AR Ea gt b baha MR A el R BRg Mrormiy or
rabdbityah@pgtdut tiie pblyiner, Ihep are ia6re effidiciey htylllzeﬂ afEdubedg@ently the
4, 6-di net hyl - 1-hepten 4-vi nyl I xen
APp Sﬁ&?f‘l dgrsiy Hts}(lﬁ H%lymﬁ’b‘faﬂg?re REHr & fo‘f%‘?- hé})i ﬁ&%’ﬁ inkable elastomers
afDIhb BB PRIuctykdve REh BB&] proYEli@NiaXIadiag higher tensile strength and
di cycl opent adi ene, cycl ooctene, C4-C40 di enes,
bEtE FAHCTECWER- not linited to 1, 3-butadi ene,
1, 3- pent adi ene, 1, 4-hexadi ene, 1, 5-hexadi ene,

1,[13@Ct aditerenylche/d-dkehaidiefd8meds da@be el edWy@hdofSorating
and the like. In certain embodi nents, the a-olefinis
aHP@bVF?H@””T”@H?@ﬁ%“SEﬂWB@ﬁFBﬁEm fxﬁéR%ﬂﬂhmTﬂﬁﬂﬁgﬁ@SB?y

iR 1UONBE HAlipRNethNEKi €Ay undrdrhey sdnéd Md B fihegdh BQRboxylic acids,
contalnlng a vinyl group potentially may be used in

c@prispiglhemsyugied pmo; Hgehrfinsonabeapaxylignciq anyyddes jalss thereof
aﬁ@&%@&e@&a@u@pfdnbﬁdﬁm gfr@@ﬂst eagrbq g}ﬂﬁd ?tpziﬂ étﬁ}){eﬂeﬁb olefin

conveni ent | y renove unreac nononer fromthe

intergelympi gr pay haneopolympritpd o hectivdens apd abprsientliadditignal he
cgml)lﬁ)(f‘ﬁélr & form an interpolymer of ethylene, the functional comonomer and optionally
other comonomer(s). Means for grafting functional groups onto polyethylene are described
for example in U.S. Patents Nos. 4,762,890, 4,927,888, and 4,950,541, the disclosures of
these patents are incorporated herein by reference in their entirety. One particularly useful

functional group is maleic anhydride.

[140] The amount of the functional group present in the functional interpolymer
can vary. The functional group can typically be present in a copolymer-type functionalized
interpolymer in an amount of at least about 1.0 weight percent, preferably at least about 5

weight percent, and more preferably at least about 7 weight percent. The functional group
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wei ght of the nononmer becones too high.[135] The

pol yneri zati on processes described herein are well
wawee7sbor t he production of ol efin pol ymers PCT/US2009/032699

conpri si ng nonovi nyl i dene aromati ¢ nononers i ncl udi ng

styrene, o-nethyl styrene, p-nethyl styrene,

t-butyl styrene, and the like. In particular,

will t;@rce@} Mé”rﬁ{es%nplﬁ meb@yrﬁ& & é“ﬁbh&[b%al%&’ iRy S18MEr i 3R alBunt less
ared t he teachi ngs herein:

thstag‘é}’fﬁ af nghbw@ny efahlpy ha,gsr than ﬁ@uéiqq\yq:létﬁé)ercgmym@ﬁ@)re
p%%gﬂﬁﬁﬁ§s&@@mﬁﬁpﬂ@w8§ﬁf RentOPtional 'y conprising a

di ene, havi ng”i nproved properties can be
prepar ed. !136] Sui t abl e non-conj ugat ed di ene nononers
Mazrg an Block | i ght chain, branched chain or cyclic
hydr ocarbon di ene having from6 to 15 carbon atons.

Exaum! es rindsMichgdd Berd 0GR £6U84H By %r&ihtﬁﬁh@lﬁpl Kl rldl€Rlory,
but are not limted to, straight chain acyclic dienes,

Tstien axadey Sacndle 44 €985, whigh eﬁclfl%imﬁéd bnrefer‘ats? Bererdeits
ettirdydecadi ene, branched chain acyclic dienes, such as
5-met hyl - 1, 4- hexadi ene; 3,7-dinethy|-|,6-octadiene;
3,7-dinmethyl- 1,7-octadi ene_ and m xed i soners of

di hydronyri cene land1di hydRo %1 pene, single ring
alicyclic dlene§~ spnﬁ gHi cycl opent'adi ene;

1, 4- cycl ohexadi ehe; "1, 5-cyc¢l ooct adi ene and 1, 5-

cycl ododecadi ene, and multi-ring alicyclic fused and
briil4ided rln fﬁgu@tioarieme nglciacgisn bé«trysaﬂ;imbl@i maiemers, At mldted to

tli()eentlerlgl If%tgrr(lgérgtglfee)n e k thgff)nel%t anéh%nn?ﬁllknegntelinper tlu{( qf tl%f é)ure
cqymllaailkmyépoamb czy,ﬁl Oiad dqyahua]hemﬁnﬂ@]rtbmlrme]a&msh$dcﬂ1haﬁatural
l(gaﬁﬁ?gb&ﬁ% mgl ﬁrg?tgoglr gﬁlggn%g%%é?tgﬁyif h& é%c&rgcal of the ATREF

erﬂlﬂblb Qﬁfp@ﬁﬁue OK( 4s mywh apEigte BYfby vatioBOdNeBRIdEas]ly branched
l.iden nor bor nene, 5-vinyl- 2-norbornene,

cl oh
CQ%’Iﬂﬁ? %@ﬂ?éﬂ O%Qfsthe di enes typically used to

prepare EPDMs, the particularly preferred dienes are
1,[4431ex adAselrIlest(ath)m Fiyuet ) Heircdetesiip 0oethgemande (i, to

- | i dene- 2- nor bor VNB) , .
ATREE T BB B DR SR 4 S HeTaiocs, o it b essaeously
bR opolfigere &Fhﬁ@lb%dds Yo Plogf ﬁéqh@tﬁi)rﬂ |S@rﬁﬂ§rlyaﬁ1%paratlve TREF
5- ethylldene 2-norbornene (ENB) and 1,4 exadi ene
fragitgns of negtly albradern gerolyperydng rﬁlgbqrrécorggiygﬁgl,olgnqswggw%gﬁgll on

el N ER cptToPGEA ARG R Welch: &I nent s of the
invention are elastoneric interpolyners of ethylene, a

[1% According to Flory, if P, the mole fraction of ethylene, is equal to the
conditional probability that one ethylene unit will precede or follow another ethylene unit,
then the polymer is random. On the other hand if the conditional probability that any 2
ethylene units occur sequentially is greater than P, then the copolymer is a block
copolymer. The remaining case where the conditional probability is less than P yields

alternating copolymers.

[145] The mole fraction of ethylene in random copolymers primarily determines a

specific distribution of ethylene segments whose crystallization behavior in turn is
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ol efin, especially propylene, and optionally one or
nmore di ene nononmers. Preferred a- olefins for use in

wo biog/ogrsbodi ment of the present invention are PCT/US2009/032699

designated by the formula CH2=CHR*, where R* is a
i near or branched al kyl group of from1 to 12 carbon
atons. Exanples of suitable a-olefins include, but are

gs&&nédwtﬁeelqmﬁr@um eqlﬁpmhﬁln sthlstﬁ’i@kﬂe)@ ﬁa%weﬁte [#0€. Therefore,
pentene 1- exene ? pentene 1- oct ene.

the c,smlt/mew@MgfalﬁrTéﬁaFrqrésaalbzatlem @mpﬁrar%esmf &WP‘@H@VC bipek
BEPLPSE BRER BB, 318 BSUAOALLY AELAAEER Aol
Figyrepd, @pﬂawh gle‘g@ttm 1mug¢fré My tegaeilydiovy bingky | ddiorak BERDM
fJaXtR)% &’%t Q(lg?[ ovits! x 41&{1 dp%c {;vgfcllﬁtft%ﬁ&gfﬁfp for &g&ri?orﬁ Qﬁu)}%%l'i %ﬁEF
fldctmmesTlmdnqm tﬂcqug felfewm04;h¢ ext@a patlbda@olylﬁneeﬁactroa@r polymer
oG BB 05 RS RURER I o R ) v o
eq‘gi@dlﬁitﬂe xaxckt oerreonding tcﬁcdnsmlyclt@lﬂ]&m:&urﬂ -an@oﬁmronespendﬂg to constant

i cul a e
oBf i kel BB ame! F e adishi cengn Wpunp Fiewre 2
whtlmnsﬁategtheabﬁ{rﬁm@fctmmmmﬁdeal ternating segments or
bl ocks containing greater or |lesser quantities of the

di (i di ng none n olefin (includi one
CHERE ot o PGRAR B07 4 e R O b e T REE TR, wher
tHeeldTR:IﬁUel\Mldﬂ’t@mperhtﬁﬁ:S TQfans ﬂb&&qﬂeﬂiyleme hipreefiacioPRJ dré #8asured
That | because the die ol efin noners
Vhret éljrhﬁ RtyiEpe yroje ﬁ@ﬁ??}b?féﬁ%ﬁﬁ?qﬁl’%y‘?}?{e 1y B %fm%F‘Hﬁ‘ﬁg%?JMR
Thé enap@icyg iRt Rt Be fendpBRturd i df 618 tictdh, (TANBIQda) be estimated or
t hroughout the pol yner, they are nore efficientl

else pqt |t0zfé‘6‘ Oéﬁ@lygeg%%%w@}m f‘irﬁ%lyk?% sy s va%@ t he

cORYSRE (RO cDeuIRES LaBlork %Howlér 6§Lwa§4ﬁ@ A TRESSHtioR l@meﬁature
el astonmers and the cured produc have advant aged

bsed pa ﬁheuné@surﬁdwewu dramg thmn@qa@%rect AFRBEF elugen epgetatugh dx. the

c@t’?ésf)&{du%] r%?tfo'rl{:etﬁﬁ&f%\ﬁ%lé/ frac[tl%ﬁ 91]’ oTc,laﬁ aﬁB By !:a%h?;{téi' Oﬂ‘h% hlﬂlre of

|nterpo yners can functionali zed y |ncorpora |ng
thetblgck ardex mfm@m@the @hﬁahtug@fdh@ammﬁ the(Fyolyrwangle and the (T,
IN¢ r r el
Ps tH%He ﬁnc@%&%h?&%n%lg{eﬁ% 51%122 ttl%rrgttﬂg%f a%% %)s_a@s% géjs‘%luared ratio
Oﬂthe dismotdsdreal (T@dPAbmljdl(TE Pariodis:, rae«tthy]u@n ile adidltyon the similarity of
thlilenrs %E %Eatlgs meanF gle r%athoeorfg%ef len nltl:tof querr é)% ! é:(?r)é OS dg%csll;] es can be
uﬁetalnnstteadmﬁthegre@u ps may be gr af ted to an

et hyl ene/ a-ol efin

_ /T, -1/T,, or Bl = — LnP, — LnP,,
T, -1/T,, LnP, — LnP,,
[147] It should be noted that the most perfect block distribution would correspond

to a whole polymer with a single eluting fraction at the point (74, P4p), because such a
polymer would preserve the ethylene segment distribution in the “hard segment”, yet

contain all the available octene (presumably in runs that are nearly identical to those
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i nterpolyner, or may be copolynerized wth ethyl ene
and an optional additional conononer to form an
wo paoeopsby mer of et hyl ene, the functional conoPOTIER20891082699
optionally other conmononer(s). Means for grafting
functional groups onto polyethylene are described for
exanple in U S. Patents Nos. 4,762,890, 4,927,888, and
pfbddaQ.b34ie som@grﬂé@ eitsaw)" e[ﬁ nffst dab@S@e PFERE SR &ill not
incorporated herein by reference in their entirety.
copelliza i the MTREF yorpsegriative TREF) onal group is maleic
anhydride. [140] The anpunt of the functional group

Ap?fi@d‘ﬁ%ﬂj andEhd€sdsunct i onal interpolymer can vary. The
unctronal group can typically be present in a
1 R R A

ci &f Reapl aWaﬁEty'o@ astmedaut faﬁnmlloﬁ Eioc@s@ésqs Blodu@\defiPEiEcles,
pr ef er abl %/ | east about ercent. The
S

lqcl}}ﬁltl’(& Birss cgmpipv 4t|lea§tﬁ§1ie élgp |la}yeb éuc'yraé§@mnoyaﬁeréﬂm or at least

oﬁ@fa%r}{ﬁ@ bl BRr ﬁh&‘ﬂg&: baas 03’ @a@td b!o%eéaﬂb%héw@ for é{lnﬁﬂ?an coating
anount | ess t'han about 4 ht percent preferably

prasssses; Wgkled Biiges. 3ochysi bl msbhe njectionmepldagy er rpoarokied prtigles;
thﬁﬁﬁ)]ng t}ﬁ)@ggm A OpOF ofl\ﬁ‘dng\p(gveﬁ? 1%5": "J[:]hel\& o}’?ﬁlegpmﬁl QQA(beI Jlg@fﬁ

ners satis
origited fillonwhdepn agel@l%/?oubj)le or F&n@rfram?pmgss ¢ra@ay\stg(m>mpos1tlons
X g . .
ﬁrﬁ?ns? #%Ihc% Pnl%?lﬁpve iﬁ?#ng{l )}ﬁ&fdf}%%dg gz{t@b&lg I?%‘HEI 1 @%1}?&91@ Plgmers
afidigietsi reimfayéing agwtsailghiitizmkﬁs'stalmddim;%s anthmdaatsrsmbdtzed ¢aborants,

@ gor Bhf TRab el e SSEERY f Bk
ntvtiiro@oponafiberk ktchths chleBhegutibdrghavisg &i dutdratrfice 14ybe

relation hltp for the natur]S, | o ar(lith{n ofbthe nol g%
CPPRICYREA "B 1R PHY ICBRH Y AL ROPINEY ‘c‘)orﬁ 8% ‘19 OPE%qnbgroé
nﬁ/fantldihe TAd RElFmersiidyasotbe iiRRlriabrticRs fidKas &5 s;500MF, budh as

gure 3 for various hono eneously branched copol ymers

SH’Fheélf RPHE B deerrefheriens, supt apdfMAs ™ j | | ustrated in

Figure 3, the relationship of ethylene nole fraction

t Q149TREF TR knag latditiomly eepexiad thie paAbidnoSkysfaBl pliodghic band gap
n}a?egglesr(?rte arst%nfeg(r: OI\)/t%rai 1nHe§fer|2:g(££D f%glrslegucill r%{atenals COIIlpI‘lSC penodlc
phase-separated domains 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.

[150] A photonic band gap material is one that prohibits the propagation of
electromagnetic radiation within a specified frequency range (band) in certain directions.
That is, band gap materials prevent light from propagating in certain directions with
specified energies. This phenomenon can be thought of as the complete reflection of
electromagnetic radiation of a particular frequency directed at the material in at least one
direction because of the particular structural arrangement of separate domains of the
material, and refractive indices of those domains. The structural arrangement and refractive

indices of separate domains that make up these materials form photonic band gaps that
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branched copol ynmers is anal ogous to Flory' s equation.
Simlarly, preparative TREF fractions of nearly all

wo andomseopol ymers and random copol yrmer bl endsPeT/K820%@32699

fall on this Iine, except for small nol ecul ar wei ght
effects. [144] According to Flory, if P, the nole
fraction of ethylene, is equal to the conditional

u@ﬁlﬁ%@bﬂobﬁ@éﬁ&h@ft11gﬁ9@en§z§eﬂ%!r&ﬂl@ atlbaftfcum fréqueﬁ@cggﬁme]somos et

| ow anot her et | ene unit I yner 1S
ak d R ARic Gy stabie Mstdheg &l ?flegfne Pélé?ﬂﬂ?ft @ity Press, Princeton,

N, 01@955' bhf Muﬁelﬂgﬂ)naq Motgmgt)%ﬁ(il g%%ﬁl 'afs?nc lé{ructlllral and refractive

sequentla IS gr ater t en copolyner 1s
peridsliaiykn emfpbteytm@r twordigensonal phatepicband gv«mna@rlalh eclude

i. .0r b . i C
PSR L REEIRCL e by RO Co e e e
petidiydig e three di@erdom copol ymers prinmarily determ nes a
specific distribution of ethylene segnents whose

c r[¥§f al i T_‘(I%trF : G%taggéjﬁl\éltﬂflsﬂuﬁaﬁcg ?%@ﬁl@?éﬁe‘{ &%H}nﬁycr%slaﬁ or optical

mni mum equi riumcrysta ness at  a
inttefapecafilm are clﬁ#recrt@izad @y tltehnetlmb pxbctkylm rof ﬂeldpmngs andgiPREM he

gtlic){lf' th?clknesg %tdeﬁnecf € epdv CE he actu #nef ﬁs %frgghve index.

ynmers ‘are efa e nag n
de\v cat bdms@nemirm tdectnafmtfenglsﬁjlator Oltmhbht wavelangs ef 2ght
and .such devj useful way to quantify how

delsdiagg" U 08 l?PiH“ FPSPIERST's relative toits

random equi val ent copol yner (or random equi val ent TREF
f r[&s2]i on)TheThfmctieer mdited dokpatate édnagiss dfohet drmcteses antl periodicity

BB TRRLNTSE AR SR BRI SRR g

agfirggeinam is matdqmr@mfg vephart dmaoRef sios siddpan dieh;gwbl@ngth (in the

Con.sf ant te csﬁture and one correswdl ng 5 nst ant .
REIR! RS RS HesP B BRE S B S B P e L Elegordeneri

rddigioh dédidaBlR GFfect@Boraied bythEk@ithle, drefeiblg Aomhinsist diRtres
the definition of the block index. ?5{3146 In Figure 2,
greper B‘S’P Hie waylengtlpgf inteyest, The iefpelivg inges gatios brtyserqgine rpgaeent

dbh@g 101 DU bl (S ESETisBh BhidddAp tEIHB Glatdidl Bandlap.can be
and the NMR et hyl ene npole fraction, Px , are neasured

dipgysiraswitisEerence if thhesTReVE i1des Etiod /s, e Twppihe effective index

opf?:krﬁ&ﬁﬁvof Eﬁ?&t dblﬁauﬁ |a§(9nﬂ?§1%‘éff€(91v@¥nd% reﬁrg&w IE@E gecond domain.
segnent” elution tenperature and nole fraction, A,

Iipgenerak dlre Ipigercthe feftaeted lerex gdtipgrediactiegontiast) thsf lakge ;:r band gap
chQ PR Ip}@;@{t 11Ivgﬁt1o?1!: lpa)ﬁh %Qf?m Qaﬁﬁ%d%gﬁé §bovg-la?)re-5€t§1‘rﬂ1ﬁédjtﬁreshold
and extends in one dimension for one-dimensional systems, two dimensions for two-
dimensional systems, and three dimensions for three-dimensional systems. Suitable
choices can be made so as to tailor the refractive index profile of the adjacent domains to
selectively concentrate or diffuse the optical field intensity produced by the structure. This
can be accomplished in the present invention by tailoring the composition of the hard and
soft blocks. The refractive index contrast can be further enhanced by blending components
that have a preferential affinity for one type of domain. One approach is to employ high
index nanoparticle additives, such as CdSe particles, which are coated with a surfactant

layer and selectively incorporated into one of the domains. Preferably, adjacent, dissimilar
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corresponds to the cal cul ated random copol yner
equi val ent ATREF el ution tenperature based on the

wore@aswmad PAB- From t he neasur ed ATREF el uti onPCT/US2009/032699

tenperature, Tx , the correspondi ng random et hyl ene
nol e fraction, Pxo, can also be calculated. The square
of the block index is defined to be the ratio of the

d8hias &f sebhlentd l?a?@mg aTdifféreﬁcre iARBlegeRBA LOEFiL JhienPABEr in
triangle. Since the rlg ht triangles are simlar, the

refeeetivs 1ndexgpeniga tbe gt thp éef@ata@r@éfmépn%wéhe qths is greater than
d]%réitef’a'ggfeﬁ 1 qm)l(t-[/bl @g m(ﬁ‘ﬁ? Ge-Bﬁ:)l it )ﬁ%as{ %ohmoaﬁpgggﬁtmuous

I tion, Sl
sgtrof a/ngﬂlmthﬁésan&wthe arvmwlongﬁlﬁ ranhfeOﬂ feavg alhput b@O 18 tawboutof0 um.

Iﬁ Q)?ne e%l:[())ﬁﬁlpe%gn_ﬂhg gei_}%' t%j,\?esin e§gatpoelﬁ H’éﬁldl é)(gti?ﬁtlel%d}))(lgferzﬁaz}?]'_ﬂl to

106 Iaifd mBrd_pIéférablyriFO&Bo _[11)4'1'§>r d tonginou$ gt bewmetengdths tyatg wilhen a
wva\lnllg%ltn erra]fl%e/ec(gf fp | o%:bﬁ)up 10%)t 0 a‘i:)o t():’\ﬁgl dcé:r 1{;1% oszpno e{ %e? ofa

a S|ng eoel ractron
emmbmnwmiAmmPﬁBﬂxmbeﬂﬂmsanﬁmﬁhmamm®kymmacmmmhdmpmﬁﬁerve

t et hyl.ene nment. distributjion jn "har.d
SR g S1 DGO FERg! BORApahPAT R epge: 00 . and
aédordsdarabier sbt of léﬁﬂi)o&hﬁhts ahé€rake af teyra¢tie Mide€ af odeQo the other is

s e L0 o hefors % < D fttocaly FY ol SEMGLAGE piesisthif Dheo 105

foﬁ:ﬁ%gﬁtu{u@ﬁs R 6PANRIeh MBS f?ﬁ%@lthuwﬁ/hb&éfgtmaﬁgeaﬂ troENtholdS®Y nm
[148] The inventive nesophase separate

‘e hyr e hbysa dislesricnTBgEk ermb@pgebwg Ht%\‘ﬁlr BisPgigieprelasion,

cNifot ﬁbyorp&e&mragﬁh@ﬂc bk Cat E@f&m ﬁéﬂfub%sﬁﬁlﬁ(ﬁié Q2vdsQure inhibited
produce useful articles, including objects conprising

ﬁ@ﬁ”ﬂ@ﬁ@ﬁ“@ﬁ@bﬂﬂlW?pay%@l such as a nonol ayer film or
at least one layer in a nmultilayer film prepared by

cg$43] bl o, poflefRd@iE@se siuldet iR ioP thaefatthfi%in a disarranged
processes; nolded articles, such as bl ow nol ded,

safs; <e@tarré¢geﬁrm1@é@e pegiedic SHrestiT desgsapt for Phasoniabangd gap priegertics)
i de %%Et%mﬁﬁ? tr%ﬁ%}éﬁ@nt% tﬂa%ﬁcwﬁgfﬁeéa%la&&x ofmgreg}owle@ fie

al’'so be used in oriented | mnmade 1 n a doub
Hm@blbl ie aleast pavtially trangneenpfogbedsctromiagnatio pasion of mterest defects

i E‘Bgfél b8 % fie S g fl&‘é ik BY, ﬂ“g; YAl FIFRE BathNEysHiiSugh
Hg@en S eV\/I IE‘ 0 r ﬁat ur g OII‘11 synt Et I C ? IWE?%, %LS He
which the electromagnet1c radiation can pass since the criteria for blocking the radiation is

destroyed.

[154] In certain compositions, one or more of the blocks or segments is crystalline
or semicrystalline. This crystallinity is one distinguishing feature of the inventive
interpolymers compared to materials of the prior art that have been used as photonic
materials. This crystallinity provides a mechanism whereby the photonic behavior can be
reversibly turned on or off, particularly when one block or segment is crystalline and the
other block type is amorphous. For example, the refractive index of molten semicrystalline
polyethylene is the same as that of an amorphous ethylene/1-octene interpolymer. Such
materials can be heated above their melting temperature, where they lose the refractive

index contrast necessary to exhibit characteristics of a photonic crystal. However, upon
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addi tives, reinforcing agents, ignition resistant
addi tives, antioxidants, stabilizers, colorants,

wezxaoenams&, crosslinking agents, bl owi ng agent BCT/ERZNN9/032699

pl asticizers. O particular utility are

mul ti - conponent fibers such as core/sheath fibers,

havi ng an outer surface |ayer, conprising at least in

c&ﬁfn%; th® E@nlarystmm&m@@hm%rsm%gQ{d%gﬂ&ei Be RHROEHTROK T oftfast

he 1 nventi on. The polyners may al so be used in

a@fi@ﬁ‘éﬂ@@%ﬁﬁi@%@s jewel ry, such as synthetic

opal s; and, decorative itens, such as filns. [149]

Theys may aeditehOonalding lbﬁlo%mngo@taﬁt%fmmtaﬁwuﬁ the photonic

crystal s, photonic band gap materials, or el as%omsrl c

pEpeitiens! hamaerigr Bloswisizeran bayuied iy sdeqtiag sedelapye melecular
%tsod‘fih @@mﬁﬁﬁﬁ)ﬁs éﬁH@Cﬁkﬁle@&&H'A@&u%héﬁf A @ﬂdeﬂg(cblﬂpatlble

ractive index, wth t domai ns siZed to provide a
s?ih‘mt awimeplEmer, gtap cimbe lh‘ed tgxwll gl heedogiamst qrumpthenrabesas
No. 6,433,931, which is

ﬂ&"r&Zfa {lwglg%r?ﬁlgg]}ﬂuglcf %ygf?fg& g%rn'ence [ 150] A photonic

band gap naterial is one that prohibits the

pr[éiﬁig at ilonom¢ embedimemsriliprieny rwngeaadilerand prigaitation of e domains

Clefeb @8 b 1%9&&@1&1 YechAQGE. OREAE phdte SRR 1

PG00 PRANTAFL-A QRS RONEh plite G Bhigue imvplyepeating

aﬂlpmngq@p@ph/gam@ gpun wase &ttt &y hrintingie thayn shevhiighﬁst%@ iréns@ipn

SRSERLELrY 0 SIPTRREPETALE AR o5 R e
pmdmtd tbeitiaired odepae mc;ophhsesqta&uiechnomh@ogyatﬁlemaslulting natrphology
cause.

]‘[f C %h% Zlimdl e? (t:olrrgﬂ%?ﬂ%s SCP&I‘H.téH&aIIrl tr%esggoﬁ%;:ir%gv!/ig{ Sh?.}heg that, for
exalpde¢, icar be @ﬂlddni(ﬁf dilaﬁdililMESphﬂﬁhat; ®Roﬁtﬁnubhm3$1odhnﬁila“r$r othhBvise.
,@ ctur% arran t angr fractive indices of 1

& b s Doy AORNTARE T OO TRt et ey i example,
bp h@tu@@ bfCa mat xglaﬂslokx}a@tthmdmd@iubn tdieRRP 0Bt t@pddbnts below

ght centered around _a particul ar frequency
ﬂtle BAR AbPBRIFHemReratye of the PRI @ ViFpnpgng | krior Rﬂ)‘i“?ﬂ“ﬂ% thehe

G fwiltbghita melﬁroupml@m Wi Sihd1Y pitis€ $dich Ry hahaRd s
V\%] , 1995 One- di nensi o%al phot oénlg band gap *

abryedlhe; B o8 Tiny9f L6 RIMRANP I il SEPArAIR Aty Brepugspdapeains. In certain

u{%%ﬂ:é% dh e hieé/ophﬁke@é]ﬁrﬁ'oﬁ GEAB %ck%&%‘lﬂh&‘?@zﬁl A0l PhUARIG
dga materials include periodicity in two

censrsetzg p tg_rnaamﬁjAtah@ Bela prdasirovidh diffasnoigiractiya mdiqga pln
RG] LGS RO Rl TSR G86LL S0 s
na:sq;}mgi‘abm ican lmfpgmad Other lgtmwrx;ra‘tthods of globally orienting lamellar films are

the use of surface-induced ordering, mechanical, such as shear, alignment, biaxial

orientation, and electric field or magnetic field alignment.

[157] Other embodiments of the invention do not require spin or roll casting to
achieve the desired ordered structure. For example, simple compression molding of the
inventive polymers can provide a film that displays photonic properties, thus providing a
tremendous advantage in terms of processing costs. Other typical melt processing

techniques, such as injection molding, blown or cast film processing, profile extrusion,
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interference filmare characterized by the optica
t hi ckness of the domains or regions. The optica

wo boogkomss | s defined as the product of the acP@BS2009/032699

thickness tinmes its refractive index. Filns can be
designed to reflect infrared, visible, or ultraviolet
wavel engt hs of |ight depending on the optica

df)aPJnCdf BRS fier fobﬁatﬂﬁ[r&?&taﬁm{gléﬁa]othxf]@onrvaﬁ{oﬁﬁ doMeel RicCes

t
separate domai ns o e structures, and périodicity
prosesstng (Rehuifegs: Aey bgedriochiess emilgiafiseted t o neet
desired criteria. The periodicity in structura

arg8)9e med¥me xafiBles OMh&fiRAtdx Bt HiERAFAL Card QRIS Bfors as the
size simlar to the wavelength (in the materia

aperph ingifeny lighteon sl gkanggshosed to in a vacuum
(freespace)) of electromagnetic radiation desirably
effisnt ed THe iRtk odRYine HRIyBIckUkh UIs6 be RIbAERERDIfYm
domai ns of size no greater than the wavel ength of
meghappehgpmicfiias.r afpeghanogiaomicddins s pyeria) sthighdpspagsae ent
dg@ﬁﬁdtﬁﬁ by laf?éhlggl RE1oP! Bn&E ﬁﬂ&'ﬂafs,the%ﬁ@ekl)én'gﬁlr}e@@c%r&ﬁar%ép
in the naterlaﬁ. Band gap can be discussed with  ~
rqvefsieittle the@pplivd siraif dag toj theechiapgpain optgal igknassi Ay the\ijarie
D . : ti /0
N S e S S S
waedenrthsdd fraftnAs tha fidre neichked, thedayersrrefarn t teeirafzgmatthiokeess and
réfl%gtetﬁeif aji%il?al (X)’a%l&%ﬁ{s! xf so‘l"rpergage@.‘cfﬁe) reﬁ%ﬁvig)aéa%%%.t&iﬁ?edl%%ﬁgl the
gap and, in the present 1nvention, band gap is
visdild thromgh herrib&amt mgena wirhegpetiet stiessed t hr eshol d and
extends in one dinmension for one-di mensional systens,

t i mensj . ' ' .
aiteeS] onedienl b KIHERIAICAARA, SN (B poll e
reflroiicdsdieafor dranaideisible, asultrovitletiligbt, at drscnitefl imtt iPaent

i-n profi.l e of .t he adjacent domains to. selectivel.
S R E e R s
aperfodhudey eRyusidreofstultipdé polemerdidhimsetAntolrecaseoadinil iagdietstiuntures

t resent i ntion by tailoring the conposition, of
idesREr it DB RBlekcdné e e Marbe Fog S FRGRkina Sler
tHeeikReils Baauddehdyludobinbereq@ BN eganddye dat @dghul @rocessing

C ngonents that have a prefﬁrenﬁial affinity for one
tﬁcﬁﬁ UGS DR REP IO IRTE S IP B R FOrdhe TIESHYE 89%ifT gh i ndex

nanoparticle additives, such as CdSe particles, which

ar[@ejoat eThewptitnl tntGfeidnae fikm of ltd/iavendeblsed i@@tpok@hdfs may also

i ncqrporated intqQ one of the domains. Preferably, .
b3 HicRd dht ,Vartffys%fr Oﬂ?P‘Fag PRRDITRH S S‘if?‘ a8 ByRshieassy aléﬁhﬁglpés’ diffusers,
pBlafifc@y, @RERalinfirrOR| @R SESHhti s Mabll-phks GidBs Espticlishiteties] dptical

refractive index such that the ratio of the refractive
filtpry eshoppniciapdgag fibgrs. iR Waygugﬂpé%pdlfeﬁtéqpal reflectors, brightness-

enhancement filters, and the like.

[162] The transparent elastomeric optical interference films of the present
invention have a number of uses. Such materials can be used in window films, lighting
applications, pressure sensors, privacy filters, eye protection, colored displays, UV-
protective tapes, greenhouse films, packaging, toys and novelty items, decorative, and

security applications. For example, the films may be used for packaging which display
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1, preferably at |east about 1.01, and nore preferably
at | east about 1.02 for a continuous set of

woanelogrsed hs | ying within a wavel ength range oPCT/I8IM9/032699

about 100 nmto about 10 mm In sone enbodi nents, the
refractive index ratio is from1.00 to 1.10,
preferably 1.01 to 1.06 and nore preferably 1.02 to

cllan@fg caror gatfeaﬁt THRURY 1§ge&f ik dl\ﬁ\éﬁzif%@ atswh H/éaﬂ& Mé filthsho
a wavel ength range o roma out 100 nmto about 10

stEgieh Indoarety REWVeYS 2aA 6xiHbIf urigie cofor @atssRt renersnovelldisans which
gg ELb& @/h@f? Etf@(ﬁlteh Vsﬁcﬁ zﬂqﬁﬁo n§to* %ﬁb(ﬁ@dﬁ}ahérﬁg ar@ also possible.

cont 1 nuous set of wavel engt
Pulastaigeregs br adaﬂgeemﬁfntSfmayrheetblumates owhiah sadecaiositetchOR afim

B G A1 A ADRN o b RAPOALITEN, R A 1810 Bhdre

one to th
effe®d or is from1.00 to 1.10, preferably 1.01 to 1.06
and nore preferably 1.02 to 1.05 for a continuous set

of vel t ' 1L Ri - -
A 2 GrIR oot ke’ o, ARSI A ARAF R, 50 s
selhsckpieny \Mlgclarelﬂam dnfpagsl light. t Indilms @itk penygigomclrebsaifitierdomains,

t afq&octan B! RB&’ rgtlle%ﬁzg brad lgang 1((1"thw?¥§h %E(ia%%r#f z?he elastlclty of the

req GERET 6571 RIS ThodR haves 'ar' e
fibmo ;dmgaﬁrarexgreﬂhmmg gharadumsnast e rtheaflilm 1h 453 chiiged pe Istydftd‘ﬂngthe

g oGP e 000 PRl Chee B b gfpego renee

irffarddatuting ceﬂ&ﬂﬁ:ﬁrﬁarqf tIfeQTay Jhotienibe stbactdd gagpppiranespatcdso
i t |leas artlal ent. to
V@ﬁ’é@l‘% eE S‘F%E&‘}e&t &%ﬁﬂ%g’ ?ﬂIIEP‘éestP rgfm%‘ﬂ“i‘%%et wavelengths.

mat eri al is at least partially transparent to the
el[e@e4]r o wagmenaismnreﬁd fiihd @nheopredent 1evea1ﬁbn mdefleebsuded ai he

Pt B ST r Sy i PR e e R ditfren

w&b@éﬁgﬂ&@@@l&t e FBAN GFithedteRAINRAESN ﬁmyl gleo fileuse l‘11i1 ﬁgifchﬁure
for. blocking the radiation is destro

Asdrit KRR BAURSH EronLS RS hEnesf Birdeaapple kisih ob it keseigpd by the

pR8gABREShdufe BINYHhPbd foRfedharSBA%GhY 84k cledSvavdiBighs of light
crystallinity is one distinguishing feature of the

desiipdnFyrgher. iifffaappispighal sspeeifip A ecdensth ofdightip desiredps thpangle of
iR deRbe Afslini ?JhaF%l: %ulki)l?getﬂe H5e Q'leéfﬁmmtbg Qﬂﬁlstg@g)ggtfe@dhﬁrg or

This crystallinity provides a mechani smwhere
rqlranoif foon i pRENA OPStEH irapraniied Ervelebeth. t urned on or of f,
particul arly when one bl ock or segnment is crystalline

ar‘[@65] he  The films of the present invention may also be used as pressure sensors to
detect pressure changes and exhibit a color change in response thereto. For example, the
film of the present invention may be fabricated into a diaphragm or affixed to another
rubbery surface such as that of a tire to act as a pressure or inflation sensor. Thus, an
elastomeric film sensor may be provided which, for example, reflects red when an under-
inflated condition is encountered, green when there is a correct pressure, and blue when

there exists an over-inflated condition.

[166] Elastomeric films of the present invention may also find use as strain gauges

or stress coatings. A film of the present invention may be laminated to the surface of a
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ot her bl ock type is anorphous. For exanple, the
refractive index of nolten sem crystalline

w@elogmed1syd ene is the same as that of an anor phBOEUS2009/032699

et hyl ene/1 -octene interpolynmer. Such nmaterials can be

heat ed above their nelting tenperature, where they

| ose the refractive index contrast necessary to

@bl ahd @d@ﬁ%ﬁﬁ%&f fo1b&S IRormaRBPLAN GirfafeiSilPthen be measured

However, uponcooling, the semcrystalline materi al

peceipely aibing g specaprhoromstes mhichipgasyres the ghangeini widelgngth of light

(gf%@tts{l] ﬁ%\gl tﬁ@ﬁln{ %Hllehfegq?{gg Qﬁrﬂ\@é Grehdy rﬁ:ﬂ%etdoeéred Lviltﬁ lé’]e f§fn%? the
omal Ns i s an | mport ant “par anet er

peshéng gtveriepnt he phot oni ¢ properties of the material.

Domai n size can be varied by selecting the relative

mz['l@ﬁ ul arElm&ga{csfﬂﬁ‘@ dr @@ BH:@éft {iveftionQle dsb&I Mlacrolo%@dlsplays
bl'ocks. Additionally, a  uent (conpati bl e sol vent,

swrbres gosicibastin Usited §ta@aﬂatbté 7438474 ovheshalh IncepbrateHerein in ts
| t \i I

eI ggt?v. ?Jfgﬁ%{l(t:e Sud df?s%'i gggt%?t%q?%g%géd agla%nr?éf{%hgggﬂ%nr{(t)rg}atwn

irt heeylegmtghing rrgenemrqiecr dlawdlttgtmoem atpeoitic eftictehm disphogi omﬁor sale.

d?s la,P/s arg%%tg usgéh éjn%gs e, Vges utd%grhzz ?d% c(lmt?eelsm nOSEISIF

rea orm en
kmsk(se aincbcplmwmlasandty bﬂpab}yagbrgmmge:rmgs iltis @hmmﬁatﬂmz&lvhmt@wsst 1f a

t t ty
R By P Rle e s RS R WeB T hiRbing e, Bty isptays. known
a§ u:fofdr shietil displaps"Oatd @etidebige eemiwied vinde pathhsRiophasave to

rated norphol o The r | ting rorphol ogy will
e VRS B Alfng PR Eoﬂ e%tﬁ?%Bﬁg‘ﬁ]l?ﬁé‘y ‘'separating into

mssodomal ns with shapes that, for exanple, can be
CH1681dr i cRdcklxrdisptedk hivgng Sipitietyl of @bticabaemgementomsy Bdinade, using

I | 1 or otherw se, The film my be brought abav
et 5T e Db oo T B S 5 R BTG SBID gy Gaptay. but
cOXaBPh Bymiliretdne lidsotke dhzAvS e dhibafatbOVETIH shb@ral-angular

transition tenperature of the conponents bel ow the
PFREMEDFNIAAIEIE RSt eRisieR Sotradagp tq eatop disied fght distribution

p&RYh. MORTBAClind cbipledviict the Bish Rlect i of @RAIMEBIrodleds a (R€ch
in a thernodynam cal |y unstabl e si n?I e phase which,

briglder a9l dishley g18isescemuitrgonyentiprplshispiays conponents wil |
separate into the nesodomains. In certain instances,

t @69TES OPINRTBMS 6P@E F k& invEnt/OR nitly @ Kis<ea R ebnfiRkiSn With A
yield stacked | anella consisting of alternating A and

dgtriduigd dighirsopigy ef SVepk RO SPHress gttt a5 ePvaRitangldaridighs sk now

ubdd f@ldélli'v&ﬂtﬁﬂ% silghs c?r%@ﬁ‘l pGOPRLYIIRES ABTafref1edtlve ¢@S L urdifofily colored
sol ution en wel ordered gl obal Iy oriented
by optical interference, wh1ch covers the open face of a backlight will change color as the

viewer passes by the sign. Opaque or translucent lettering of a chosen dyed or pigmented
color can be applied to the reflective cover film via laser or screen printing techniques.
Alternatively, interference reflective lettering composed of a different colored reflective
film than the cover film can also be applied over cutouts made in the cover film, with the
lettering displaying the opposite change in color from the cover film, e.g., cover film
displays a green to magenta change with angle, while the lettering shows a magenta to

green change over the same angles. Many other color combinations are possible as well.
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mesodonai ns can be fornmed. O her known net hods of
globally orienting lanellar filns are the use of
wa wobagsed nduced ordering, nechanical, such asPehes2009/032699
alignment, biaxial orientation, and electric field or
magnetic field alignnent. [157] O her enbodi nents of
the invention do not require spin or roll casting to
aqy@ve the drs bﬁa%ges% qerce%@ﬁlﬁlé@ﬁ MESbe 1504 10X AR Rutering,
si npl e conpressi on nol e inventive polyners
MEATRLF RAVERORICT thah rhBgt thﬁ%qhmh predtlet krgsroppley of iagdence,

bl BeSord fﬁ%h@ 'Vﬁ%l@whén%mlﬂﬁo ‘Il’ﬁ@itdé&% (5rnv1<,tee\ref§§ Bifis ‘reveal”

processi ng costs. Qther typica processi ng
effecrﬁ laani kpurssomplishddl uningispgeafet dobay emirkiolg hights inltapacllighe @8 by dyed

' [ f bl
DA B BRI Coron o
mer nelt proceSS|ng t echni ques, be used to

P Bve Shetriahogs Pbthe slisplay 58] begshincod brrbbies hefinsideeof the
oL S0 00y SRS A IO 5
cGlhebdlamee pf thy displhypca berprrgief thnmg amw mtflsctalto;e CaVIty with a
ref%? Ve(:iﬁngﬁgat I%Pefgr?ntnh n?e%c?tn 881h rcgrr{gu? fOI%rﬁ nﬁﬁ, brléhtn%srs] g the chosen

hanoc nater a
cdlef maymtffeom thig C&ﬂﬂ&)ﬂ@lus’q;ofﬁts [tr@ansmisiont 4 e&aumatgles itabwh thmmng.

I | ect
e R R A R S R S
ﬁhﬁ“mhec@ebﬂmbspﬁtpﬁmdﬂmedandm@oﬁhmmge in the thickness
of the |ayers causes the filn1to reflect different

t
VRSO GR o Rceb e ored B (b B bR et Bt dug or
ptgh&hf cobsredfinal wikatielaaaginftbe vikWersalero ac@s atdagred color control
flectivity can be tailored from he vi,si bl e through
SRS AR N A S SN et e it
bhdkgeiahd.ve bl ock interpolyners may al so be used to form

polyneric reflective bodies for infrared, visible, or
as described in US

uli vio atent 3,7 .
58" o8 ep Bt TR GONIGH APRAB9 REr BPaRE be plid
njpad Bl oﬂﬁﬁé‘d‘ dflaessigmtrehiaghsillumatatedrcabd, of A\ ddded advertising
extrusion of multiple polynmeric materials to create
d5P3¥r ed | ayered structures with |ayers on the 50-1000
nm scal e. The inventive interpolyners are advant aged
ov[e74]t heskherfAine bf @k prebet Averioh Mey atho baatedrte aehte @ vhli@y of
X n | r I n
ngn 1t allsplz%/s dInttI(?ecsje 1sp1a)lzos z%cleeassts one%olarization of light from an external
light source, which may be sunlight, ambient lighting, or a dedicated light source, is made
to pass through the interference film twice before the transmission spectrum is seen by the
viewer. In most applications, this is accomplished by using the interference film in
combination with a reflective or polarizing surface. Such a surface may be, for example, a
conventional mirror of the type formed through deposition of metals, a polished metal or

dielectric substrate, or a polymeric mirror or polarizing film.

[175] While the interference films of the present invention may be used

advantageously in combination with either specularly reflective or diffusely reflective
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techni ques, nanely mcrol ayer extrusion, to formthe
reflective bodies. [161] The optical interference

wo 2ooa®97360 t he i nventive bl ock interpol yners napCHRUSmHONE32699

useful in a variety of optical applications such as
Fresnel |enses, light pipes, diffusers, polarizers,
thermal mrrors, diffraction gratings, band-pass

strtdct%e 5&&@9& 'r&ﬁlctu%VMuBQﬁ?eSts pRRe8 &uch b kitRfrste cRRABOESors
bers, optical wavegui des, omi directional
trﬁmlté%{ By

tbe fisp {ageh ﬁ%@@éﬁb’dﬁﬂ@‘ﬁ%’rﬁy th yubsiFate) te pridifeeed out of
tl}e Hhﬁle oF tln(égllanc-gh@r att Eﬁﬁ‘éﬂé’ﬁ[ ﬁ@e ré’éécﬁ&t‘i{n tlre [IﬁQﬁe' dt %mdence than the

erference fil e present 1 nvent have a
colared dightghat mss@scu1@Udhﬂ¢¢mdéqyltlaﬁ falncthereheallosar the vigivatow
dfshl!irﬁﬁlatelbl Lg\{yéfl g tﬁR&l[tgﬁndqgﬁectee gl%issubﬁfugg gﬁﬁé fch'rfaces such as

privacy ¥ ters, protection, colore
CWptook eciurfaees ttrape<$ wlt@ 2l dtffvlsciu seeﬂetm\Iervdute paick agi emgecmtll@y S
vel t

agvantageouts in t%at tfl Bl creage a\ spla%yethatfacﬂ?nﬁss co'llor \’BMI ange d for

iong. For'ex
packaglng whi ch dlsplaychanglng col or patterns The
vvr[éﬂtﬁj i ng lofothier ergbpdiments Heplituse Serfrse wir Ipbrtioaui;efeom aay

LE h in oV, Y,
themsggees bgo ?foreed rteé?rﬁ a.l.%ffu orsut%%c\(/ee t 1n%§ inSeh ﬁs may be
lacrﬂnaanqbwnlmh mtafewtmem fibit thet Itab edleass UlﬁEl’DpﬂSal ksablt tmomstooeﬂect light

ossed patterns ar e al so i bl e, i gns
o U B Pl bR uB R Hien skt i B s
rStltiag atticlegvid thep @k invaritte axfcetfthie afiglésofiewamy but clearly visible at
|ana n/.defl ati on nechani a es. a satin oIor
Le Z? ?”é‘gi‘r teqhpae mt‘ﬁg i??’q]‘&ét HF@P]PE%U@HB@C]P&%
réffé@tn&rtﬁﬁmtithl dTuRNhicABe AR iRl (& ﬂlefabMptu)iQ)aﬁﬁof&ﬂé k). In st111 other
screens which reflect infrared Iu% In filnms wt

epheqimaRs 1thg inferfareacedfinyifsalf qaybe Rrwtedqqavishy 3 ¢Hfasevhie Oﬁa&%fed
ifkOwheh he tbe @1t1ké'ir@ ubamlan\é;uééda mnsldcams deBRERMSEs BntdxR8s

elast|C| I ms, the infrared reflecting
n@h@fl&@tbétantsqﬂv é@n%mssméfvlfh 3 yabpranfiabdiffgpias gfdest. Bylternatively, the
uﬁérfe%rﬁg il c&th% Lfarhi O&d toT:J.'Wﬁlte &%Bﬁﬂgl' sﬂﬁa(,lép@fﬁcﬁ E‘:ﬁl 1@@1? Lis& ge
characteristics, the filmcan be nade to ref

piipd emed during certain tinmes of the day, and then be
stretched to appear transparent to visible light. Even

V"‘T?’W] str %%hﬁ gthelt é?l@ootﬂnlléﬂs\’\ih'e |f1hﬁ§)5]li th@fﬁ@eﬁti%n hﬁfy |b€ Gled in
ul'traviol et wavel engths. [164] The el astomeric fil ns

cohbinpiionpyitsesubstiagpbpitabgmbsthy wayedangihe trarsanittegicby the film, thereby
i L .S i
atﬁ%{éﬁig Ihﬁl%loﬁ)r l)f tg!:1 513615% Ioet{escohtﬁlfgg t%lgl? P?%ﬁ?é’(:tl%ﬁ); ﬁ%&ﬂin‘i‘ 8f the

mto cause | tore
film. Such an effect is observed, for example, when a colored mirror film of the present

invention, which transmits certain wavelengths in the visible region of the spectrum and
reflects other wavelengths in the visible region, is used in combination with a black

substrate.

[178] The optical films and devices of the present invention are suitable for use in
fenestrations, such as skylights or privacy windows. In such applications, the optical films
of the present invention may be used in conjunction with, or as components in,

conventional glazing materials such as plastic or glass. Glazing materials prepared in this
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wavel engths of light. The filns of the present
invention may also find use in agriculture. As it is
wheawnotshat plant growmh is influenced by the PCT/US2009/032699

wavel ength of |ight received by the plant, a

greenhouse filmmay be fornmed that varies the

transmtted wavel engths of |ight desired. Further, if
nlah AR H 6Shad ©be aolﬁﬂ%abﬁ igecive Vs e He e trdtiod ligtesgeitlauy
desired as the angle of i nci dence of sunlight changes
trgRsppisf (e Réiry aglarizaten pf ight Relyubdandaliustleds byecerdralashiting of
1@ht, fhfleB L finhd &fﬁbﬂ Heafh R @ADbropd RSPt dpflcal il

i vel gﬁ%t %n&(ﬁ?rThel : %9 e pre ro ernt |n\?eoﬁ)t |Caonlmscan
alyape alodiiepes Dught hersinpgp elgisthlr: glagiep ouresiasovileaflsetlight of one or
r .

oBBFIRHE oL B0FS S RN o o O OIS o a0t
tIiansnetmtng tiphtri pndyer bodiyralaebeohs iminpthar gigmp lie.agiire &irSIble region).
1?15 1sepatrtlcu‘iar]lyqrr111§(t)rtt1aen lnr li‘lé;eglrg elysg ?ql)'lﬂ‘hfc Qfonf Sv&lzgl%pesrgﬁ%ctg?n anlcﬁtransmlsswn
ofispeeifiastaotiargis chin bemnﬂea& @rconmyl pixt proonti, fdledendy, eftl othar
exam&z refl ects red when an underinflated condition
LA ed, green when there is a correct

pressure, and bl ue when there exists an over-infl ated

c diﬂﬂ]t (e} nrhe[olaﬁﬁa]l fikhsadttionmedeat ihvdnnen ohy tlke bpused enprovide

S BORE  HSoB. 5o R BRRC Spghdes

n{a§ll’ﬂ$b n@ddeﬂbr eaniphe usmrpfaaaep@iﬁoas)ldr BE EAl61e fo :ﬁfcbdmt (Bgn blue or gold),

ex oalo Def or tlonof hes ace t.hen

Ob‘é‘a ééﬂacﬁ‘?‘% es"éf%{ ﬂEF§ s hr ‘b%‘é{““r ‘ﬂfﬁl‘? hﬁ‘g‘inéﬂ%ﬁ‘fl f

i a%qfaﬁ@sthe change in wavel ength of light reflected
romthe film Extrerrely | arge surface areas may be

C th th of the present venti on

e Y& rrer e bt gt o bR BHET PR et DY RO Rieq 4t afavine

niateri@Bli®yLbus hﬁm{e?s)/a% areSkonas thd aﬁCd'sltlilegh d’d)atld[gl dredtrusion. Thus,
States Patent 7,138,173, which is_ incorporated herein

i epe;jembodintent Q’F)PPBS?I PE‘FSearr% Adered &g alh ofp Qﬁ‘l“ﬁ?ﬁ§f Hegutside surface

of § SRHEN IadriliS R e R e, B9 MM ndtRn HiTheVse oPhPEREI MRest V3. In
an eye-catching nmanner, or to draw attention to a

ag%@glembedla\epq, g}p &piigal Gl Fﬂf gyi: meseptapvegppare yndwiched between two

pgﬂe§ Bf Y ogfaﬁstﬁzf Erﬁﬂhél%lﬁuhgco?ﬁ&&?&@ 11{c§rpgrated9h‘t5 qqgffestratlon Of
| boards and street signs), in kiosks, and on a w de

cvlaﬁq deypital fhe Ray be glvnimryradélltlgnal layefsr p@ﬁtmg&:@ga W absorbing

g%gﬂ#iﬁ%g:éﬁgg:ﬁjefs aqlhl%?llaa%e (f%@rspﬁ) égﬁﬁ? atnﬂ)r{ Ql?tglgg &%e%eaﬁc

Vi ew ng plays,
application to which it is directed.

[181] One particularly advantageous use of the colored films of the present
invention in fenestrations is their application to sunlit windows, where reversible coloring is
observed for day vs. night. During the day, the color of such a window is dictated primarily
by the transmissive properties of the film toward sunlight. At night, however, very little
light is seen in transmission through the films, and the color of the films is then determined

by the reflectivity of the film toward the light sources used to illuminate the room. For light
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wa@etdaoenpisen to the object on display.

as "color shifting displays", are noticeable even when
vi ewed peripherally, and serve to direct the viewer's
[ 168] BackeT/1S2009/032699
di spl ays having a variety of optical arrangenents may
be made usin the filnms of the present invention. The
actual device need not necessarily be a display, but
GRS HRS sﬁmhlakmdaﬁigﬁ@ (HRreR1tlid ﬁakorﬁﬁq%&@aryvtm&fbf%eﬁnlt he
conbi nati on of I'm spectral -angul ar properties and
amﬁV@P@ﬁﬁmﬁgQWﬂ§%lon froma lanp to create a desired
l'ight distribution pattern. This recycling, coupled

Wit gp1t he THeGtimt 6f the plebatk In¥efonthht§ vhiubdiBin v QY BERTixRure
much brighter color display than'is seen with

APRIGHETE | leﬁwm&lﬁhg bﬁ%ysand[@e@]ackhﬁ displpysrgs@tbed praligsr Bepepding on

tHeMNeG Rl aB?luﬂﬁyn R fﬁﬁqﬁiay' 323 u‘ﬁﬁaﬂnﬂ? eo1bRA oY\’irfdQsc@nt in appearance, and
di stribu ght source or sevVeral point sources,

tl}e@mctrahse&ﬁ@we/rqan o9 allter‘tfht@ llahgphit or raflest AGwtheglsgiredgravelength
rﬁg¥ b thShide eQﬁr?l c%ﬁ UH e eQP&EJ gam ﬁ%htAf{QAlg’%‘Bne

l'ective f m un| y co ore
pplatisrtipbe foemobrmﬂiigbhng:@pm@onswcm pfepplefrac@ offifce gask lights or

p?]ﬁﬁ%(eldl d%%iaywco%gra?nggﬁ%h? Qec c11 g?} hlgeﬁe tridkthe RAGIES %lmcan be

anst’ ng of a
nthde o toansipit gnefite (tbomqiol}tnzzﬁa)ns bidighpphéraded o dphlications where
reflective via | aser or screen printing

hEter s RS Bt o ' e Tor enee rer] boti ve

| ettering conposed of a different colored reflective
f i[183]t hanntivesinpve caski therfianf the smsdmeinappiohesjused/esra filter in a

fil
CERUPHE] ARBRE b el Pt gl LB neshieh Bamve,
ifcldda X diféusgox spe@ﬂzﬁ'rreﬂeichm edérsglt ag&ﬁncﬁhg ligleRodrce sragedting at least
h W th he .| t
s e Metttn B0eS e arlicd et i ire® RRS e g Pisy

c6iibd NAldreRgifAkiag pREShtihe oBsue tte. 1{gﬁt7§ahrc€rhanﬁﬁieatrwewmg
changes in the cover filmcan al so be used "

B GHE Eh RBSUGRtPPlFariSh o) Gebigt atr irdreried. te | leht

sir&d hyend MMH@Berd: tend, b MedldedBAIANRAGLRE s of BB RNKiIBescent
but become highly visible when viewed at nor nal

(Fladigheipuece. pmetgl adidg lappgor eypy solarilipaigptiongthe faster keifig he

tBESAAR b Rk 'cé‘\gty?b?/?{%bfsbé%e ?%anu@ﬁ‘"'atléﬂs@stédl it piBe, a
t he backlight, or ored lettering or objects

peladeation Resqreing églttugv@ew\bé |0threr maans[ag Frefknqiie toaghe gyhtlhe sanrce
& Rl ok N8rd é&h@é{na‘} afhd %y‘?ﬁlﬂﬁﬁ%erﬁ?&}ﬁdiﬁ? Idgk?)_latrﬁﬁlgl O A& in

t bac t cavit t ighly refTective
combleatfoarveﬂtﬁepdimtllnght SIorurCt: Hiihs el avats wh tadight fixtee owngbahiranged in
various configurations and may be placed within a housing as dictated by aesthetic and/or
functional considerations. Such fixtures are common in architectural lighting, stage
lighting, outdoor lighting, backlit displays and signs, and automotive dashboards. The film
of the present invention provides the advantage that the appearance of the output of the

lighting fixture changes with angle.

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

advantageous when used in directional lighting. High efficiency lamps, such as sodium
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col or bal ance of the display can be controlled by
lining a low reflectance cavity with a reflective film

wo baw/oprsed erentially reflects only certain col BEBFUSINS032699

bri ght ness of the chosen color may suffer in this case
because of its transm ssion at certain angles through
the lining. If this is undesirable, the desired col or
VR BGR cGﬁfth@ u@écf i® %&@éé opyar& Ratin ggplﬁlcQﬁ&@ot?ﬁeglyI Ha@dpectral
filmwith a dye of the ap priate col or and
eRFSIOPHAU9ER. OnF WJPJY WFM@errgélf |sv«“é1 THLESE Sdnichienits REsF Ad1Rgew
bgﬁi i é@fgblh \QME Rah IOPﬁlle ets t ﬂ%@&lo‘ﬁr hlglﬁlg Hﬁé@twﬁﬁlcgﬁtﬁg of the
I1'ms Wt e latter o e Vi ewer e to achieve a
enﬁe@d light cen b@ pchesypd. r esmme aghen ghegnyensyd ffinniamiade with a narrow

ﬁg]i)%td vﬁgéhb Hieg Qﬁlé h%t %%ﬂoﬂ%ﬁ%%fl % ]Fﬁl? dtHgﬂ tﬁg Il]ae Cf:%lgsqon can

groun
plre thpbaghethg fﬂamohljz hteingbls ogae thefde$ign a:@iel at dzumrapgjbs ehd light emitted
frombtge gou?c% iS ge‘teurne%cto th t he f ng)l r(])g 31 ?f?’:alaannlfl?llzﬁlﬁlrWﬁQCagn%d

pb]iyl:lmsmmtic stptkfey ﬂlglﬁselﬁltesl mcledetlbm Prey@ye aidsm hepsigmacdrp lamps,
create a vari f non-backlit, djsplays. In thes
RSy B S ot losfehs SR e PloRis B gt B
ARNitiehA B, the irgflettioncRed mstlne&esmyy teeofathairbg Iptass tﬁjmlrﬁél,twith
[ g%inqa or a dedicati ht s i % is made to ?
g AtcsauIeeYy K 1y caN s nF‘r‘q Y Qi Pk 9E P Eherspgle wavelength

efn[s@ﬂ&ﬁ Al $§pe@fic BRACHTiHTIdnSe. SIRRMANYs thAEs HIEWRE filth RavARS For
applications, this is acconplished by using the

CXIMIRLG. RS WaYe IERSCHiAN sRSAT Athic s uiiiop i off et Vavelengtd nggr that

oP@E by 7d FiSki Siah BE Gsed W %Jauasowsﬁo@&ﬁc eBfs uf Which the light
exanple, a conventional mrror of t type forned

seuigcorng il &P isiprasent iyentirscan Se cembiped lgﬁ  rettagg nay fimited to, the
ilicgligectric substrate, or a polymeric mirror or

polarizing film [175] Wiile the interference filns of
the present invention may be used advantageously in

confai A&t disimicii Hulb, SichRek flspesehaiibey isvahhRa tigil@Idesigned for
di ffusely reflectlvesurfaces a dlffusely reflectin 9 .
su b@?mélt%“fl@c‘iﬁr@?sgﬁs’@a of &g bibls Pefyapified Ediatipn &€ - the &ifm is

col @&3ndd s pistidd Bdhdrbeaclihd WaveRAE SRS eaMeahikNon. In this
refl ected by the substrate) to be directed out of the

pl agfemstyilighs febroreak pravelength igpmitied erinly i r@digk direction from the
ref&g&;kggahp the plane of incidence, than the colored
light that 1s specularly reflected by the filmthereby

all (%\)MAH %rbtltlga?y gulg geometry in a reflective lamp housing can be made to radiate in
a direction normal to the plane of the housing opening by covering the opening with a
film selected to transmit at the bulb's peak emitted radiation. The opening can face
downward or in any other direction, and the light will be viewable at angles in a
direction normal to the plane of the opening but not at angles of incidence

substantially away from normal;

(c) Alternately, the combination described in (b) can use a film that is designed to
transmit the lamp emission at one or more angles of incidence away from the normal

angle by providing one or more appropriate passbands, measured at normal incidence,
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discrimnate between the transmtted and refl ected
colors. Diffuse white surfaces, such as card stock or

wembagsso treated with a diffusely reflective MIT/U82009/032699

pai nt, are especially advantageous in that they wll
create a display that changes color with angle. [176]
In other enbodi nents, the diffuse surface, or portions

t hea&%fvelem g&éaeem?ah\ﬂeesms e kiBh §dvelHdkh. ﬁmma@ th@ lamp
di ffuse surface containing ink characters may

| anfrHat s WREsNiEed aprgleserherriée Plup fhiftiehthe ma%%bfmd i eigient 0
oney %HH%Q%hﬁ%h%%@g%RﬂﬁQ LQuhRfl ect 1ight over the sane

regi ectrum over mhlch the ink absorbs. The

cha S.in the re in en be

e b e aEur b b8 B brsfedly G Eie drampey

Vi Sdebtrbedin @3 Bar glemgbﬁﬁldﬁ@l smmu{ ®hich 6&!@&1 Qb diRYtid¥econtrol of
used for backlit displays mat ching the refl ective
bad@&F@#ﬁdégmﬂﬁéPPH?@?ﬂ Eﬁﬁ%kmgﬁﬁ¥9gmfhgbdﬁsorption

band of the ink). In still other enbodi nents, the

i nt @r Apobniremhiid spiketysiightfsomaa, fbleexpm'pht et haningemhissian spikes at

| t her.
opatis 51 SafsrbBiea e L DR 0P Bt PRmg gy one
C ongagsbian@ andra@h iciagths s trandniialonly dne @flﬂlﬁ’ltl&Sd Mﬂorwbﬂkl% @ a given
subst%ntlal diff effect. Alternat

e e s i R P QB Gt e . Such a

col Pinechn B hiad€ BsingMibEiPleGadupk bR drs, @héhcbf b\ﬂ’udhrrbﬂﬁc%i d@ferent
[177] In still other enbodinents, the films of the
i nvERieleasth egionseCrise@d br Hage HERGR0Ci 5P {ayery aad, fheyr higher order

t hagar@bsey, Pge (vieh vaNeliRNGHEDahdvAOSTEibieshd¥niedGerll B width
thereby allowi ng the color of the display to be

contfrtls hasgorig padyidshs. eeberconirelieditq iy desad rangmission Eprs

fil E&wee%lﬂg‘ﬁ@ﬂ'br@ffr aﬁ@ﬁarhl%m@ l?@fﬁ:@ﬁ{(ﬁgaanﬁso 'Th@l‘(ﬁﬁmhﬁon %ﬁ’qﬁ f8m
colored mrror film the present invention, whi

t r avighibe @olcyehrplaatitp amaw ﬂlehtquSC wauld appegi sblltélghte@@ro @n of
L ey pRERly Whi@n el SS&OhS iRLARkvaYgLengLhs 1 n Lhe

Vi si regl on, ¥s Used in ¢ Ination with a bl ack

S L[@ﬁ] rat %mc[ekﬂéﬂateﬁ%p&&&l‘ K witdh Mgfe id &qal‘fll@éék ﬁ@rﬁlapfnc&igl%e the
present invention are suitable for use in

an@ﬂﬁéﬂmtml Pblght isders I§ffagsive Rynqr@hltlgmdﬁncwqmm&d tohigh engles of
u{cﬂieﬁééctﬂl tﬁ@fﬁbérﬁ%& QRS For: elggmglg,tdeg@dm '(Jnr{ﬁe ﬁ{dtﬁ (l;ﬁhepl 1%5 %Hﬁsswn

I nventi on may usedlncnju Ctl
liggmportbnbandividth of the passband, the minimum angular control may be as small as

+/-10 degrees about the normal, or as great as +/-20 degrees or +/-30 degrees. Of course,
for single line emitting lamps, there is no maximum angle control limit. It may be desirable,
for either aesthetic or energy conservation reasons, to limit the angular distribution to
angles less than the free space available to the lamp, which is typically +/-90 degrees in one
or both of the horizontal and vertical planes. For example, depending on customer
requirements, one may wish to reduce the angular range to +/-45, +/-60 or only +/-75
degrees. At high angles of incidence, such as 45 degrees or 60 degrees to the normal of the
film, angular control is much more effective. In other words, at these angles, the passband
shifts to the blue at a higher rate of nm/degree than it does at normal incidence. Thus, at

these angles, angular control of a narrow emission peak can be maintained to within a few
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conventional glazing materials such as plastic or
glass. G azing materials prepared in thismanner can be

wora@e/0936de pol ari zati on specific, so that thePCT/US2009/032699

fenestration is essentially transparent to a first
pol ari zation of |ight but substantially reflects a
second polarization of |light, thereby elimnating or
déﬁgédcdueﬂ aglxai &greb@r mwayqlahmp ?Qﬁﬁiﬂdk SRl &ho@v%&mnl 164, to

| ms can al so be nodif aught herein so that
a@ Wéalb'c}saﬁr@ggrﬁm erials w | | r ef lect light of one or
both pol arizations wthin a certain region of the
SH884]" UM LR flms of A€ plé¥erk BYERdh caNilid B dhhHASA bl RGigned
light of one or botﬁ pol ari zati ons in another region
fgshiog to canprel the apgylas OWé’g‘F oirihe lamgiig theglegege ppigas. dior grample, all or
phﬁ@%& fi pia&dg{eﬁecﬁé‘ﬁéiﬁ SodRPhhCRd éh%b?i to WHRI8teli %f h8RSNAN
and transm ssi on of Specific wavel engths can .
wav¢thinyseghch thag thawakis lof i avayefgmoisterherfrrlielrar pgpemlaéttm@ﬁ axis
opihg Ila tﬁ@é pDite t?o%ﬁls‘c%‘fitrol[c]:lt Zl%}eéeﬂa Qnsg?eggﬁ 81%1110 ]:)hall gﬁngsfis H)]sgible
prese I'nvention nma provi de
Wd@@@ﬂakmﬁgﬂmgmestratlons which transmt |ight of
speci fic wavel engths. Such fenestrations nay be used,
f rlSﬂxarrp&LVﬁﬂ {hg chiRhdo g)f & B%%v& bﬁld%gllllgé a ranqme?lﬁ% ﬁlﬁl Works
roon1 e. Bl'ue or goP used to accent
weH¢o dm@rolr the h@i@@fwhuzkshghhrs @ugtﬁdtoh éetgfs@i tferapas enle adinhited
?{ﬁg&loff ls&lrée gﬁhttnlnglg?& %&?ssﬁ‘)n s%e%&g llnd-rtﬂgref%pé Ii ﬁéd cfoior gﬁtioq{s

resent ‘i nven corporated 1nto gfazing

avmlablm Altegnately, \ﬂdnoacolbsndrmnme (o] t&zsmzaleeo kanditna nzu“ravshband [sbyrce to

ng .o Ln4Qne
sl R PréPRan ST aft Fifled e BeRaobfi i sy gon bg coppred
bp@bblloﬂmecﬁf/e ﬁlhahﬁxutamrd@s i wedaac sareiv and hazélagtimggens, ahd that
| am nation with the us f an optica
g s FGUE Sh CRiGE R B oS s SR A g P
tafkeni PiERSPEdruh i B6eRdt itRNight EmikadBvh chaduketveeRidwe flanes
of glass or plastic, and the resulting conposite is

CPHRIBRSBICAR BET P oEUER ABSRTRR oM @3 gl desien aple. This

aRgefidht vﬁn IWEIORY nlog @hi&He BRY, saelfistvitnahret %Ml@f ﬁ:d%'ireen blue
coati ngs gg uw absorblng layers, antifogg
¢

sy%f%rl?s/ pr%ﬁer ctipp pf the fijnyse the Fpusieg)coloss Wlélrhﬁélianmltt%@téhe
dSWet aRh€ At @thet Q%le%f)tﬁ@ Erfde€d @vﬁpélélfgﬁ{s a1 nbQnH &Ry dr ahf

directed. [181 ?artlcu arly advant ageous use o
passland oind rtleedtli ghi Wﬁceo’fl lapeapdask ey dlffnvetmOMnSIncr@ the color shifting

fﬁ &R te %&A Qézlst r§ns‘ﬁﬁf \rer QQIBL& &ﬂéé &r{)v}vgleﬁéiﬂé Ioﬂe élg!n%g{%%wrtually

ere rev l'e co
any color and control the angular d1rect10n over which the emitted light is observed.

[188] Direction dependent light sources have utility in many applications. For
example, the light sources of the present invention can be used for illuminating automobile
instrument panels so that the driver, who is viewing the instruments at a normal angle, can
view the transmitted light, but the light would not be reflected off the windshield or
viewable by a passenger because they would be at off angles to the instruments. Similarly,
illuminated signs or targets can be constructed using the direction dependent light sources

of the present invention so that they can be perceived only at certain angles, for example,
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observed for day vs. night. During the day, the color
of such a windowis dictated primarily by the

WO c@ndisssi ve properties of the filmtoward suptT/gk1009/032699

At night, however, very little light is seen in
transm ssion through the filns, and the color of the
films is then determned by the reflectivity of the

nbinlad Q¥ binGerd, b&tHor SOMeF %?gléésﬁﬁlerhﬁel& | thafinnafn®etd@§ened so
room For Tightsources which sinulate daylight, the

thagKght of prg qomas iciRpnitee At e pgle byt a Mfetenécoﬂqulwetectable at
aﬁrﬂﬂ&%ﬁ?@ C"lqusds%dl@ge &481‘%1 q@lyexalngﬁ,zl]n dTIQ&1 R)facﬁ %1‘@ sto&)})mg

present invention may be used In varie ght
peippior gelidlesnsichiantor adimgsh orenbsiskl Chcckesmomdl?he lsaiRinption of
(AN t d
1@e§tﬁje?§ft§l agﬁ ﬁgﬁt ? ?1 be SQE %d:%ﬁiﬁ ga{rs %%efﬁgle agﬁe %c%%éi e
1llmm1d£@b@gtt andmheacppfeawamuemngﬂd filinet scpremtrm] angleh ecthe vigh,yonly
green 11{; i\ wouquae V(iisftt)lo b}g{ ?%gﬂrc%h\sgcf trantslﬁntteg ‘i1lg19t woulcf %1eft 9) o Ied, atqﬁie

ngt'n range.
angé Wwaet tthvehlerv&mtdi stbp, dhrtexahiplonoymane th@@igar Tlmatombmaﬁm of

al ari.ze ht|n i cati.ons su ol ari zed .
B Rl Bl e SRR SRt 1 RGP HE B RS wbyrsig the
fillrh Mged ﬁ:ayd@burﬂg lanfndtd) @h@AE ght b?lfrgdﬁﬁzﬁg&ﬂ , witl tlhE Reend filhifks used as

can _be e to transnmt or re t bot oar1 ations

a §tmple Yhte We%%g)q‘eﬁ eaﬂwl?scﬁ li‘eo‘ﬁ \mecre &i‘gébsource of the
phksért AventWn akd dek@ibed A @odeiSiall &bihe follohdr] ex'aﬁhpfeb e

si npl est case the filmof the present invention is

in a_backlit ht fixture, |caI
fis[igﬂr e 1H§elﬁct’rY8L§‘E?‘%“dvaﬂfel‘i° l%‘?ﬁ%(es%‘b'i’ec@a‘%d

abddedatetewigh @Lb te‘aclﬁﬁgswf tHeRSsEhtakhveh@dr @ﬁbm %€ i®hByT®ikd for
behind the |ight source or covering at |east sone of

ApIGaRG Sy DAY R BT, gonspmieiahe areyith §f plapein greenhouse

eHioRHen®@hind H8ichin@taphlicatiss@s thitiraaddulte &8 Ahd§afelengths of
filter or ditffusing el enent that obscures the |ight

lighypppropiae far glapegro Wi BWilgien T Banan il niipiencheresult in uneven
gﬁﬁ«rtltl blctﬂldélrdeﬁa%ﬂeh Sﬁhﬂs Oﬂgﬁt‘le%' &R al:engo hllgg Rin dxc&&NES hk the soil

directed ht solrce may uor escent [ anp,
apthddnppge nhetgcl\éﬁmaglnarﬂgﬁ heat geopragd @v améleotrsolar light is a common

pﬁb%ﬁrgje&g} eﬁ%g gm(ﬁlﬂ)ﬁtegl ght source, a netal halide

um nation, the latter being
transmtted to the optical cavity by free space

pridPMgat i Brs,spectiaBnselesyise eatqr fimp prghaptipilpediegof the present
iR RheHn! CQEE(!: 0834 @1{ 1%§1ﬁr Wdr@cgllthiﬁggl}phgﬂfoqgwhgé iy, degfn?]fetﬁ fIEASIR or
e S | u

as are known ource may b se or
treyregLipagific amblmshs iohghy theat are |Oalmm:imlrfplzqomgolle@ieqMIt anoivtti. igr

e?a%glg%%ﬂl!ﬂ%glgbé gptimized to filter out heat producing infrared and non-efficient
visible solar wavelengths in order to deliver the most efficient wavelengths used in

photosynthesis to speed plant growth and to manage soil and ambient temperatures.

[191] It is known that plants respond to different wavelengths during different
parts of their growth cycle. Throughout the growth cycle, the wavelengths in the 500-580
nm range are largely inefficient, while wavelengths in the 400-500 nm and 580-800 nm

ranges illicit a growth response. Similarly, plants are insensitive to IR wavelengths past
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conbination with a point |ight source. The el enents of
the light fixture may be arranged in various

wa@ eovbiognss@t i ons and nmay be placed within a houBCTgSHS9/032699

di ctated by aesthetic and/or functiona
consi derations. Such fixtures are conmbn in

architectural lighting, stage lighting, outdoor
abdd b@o g, wtkaap&inaﬁnsgh a@h@éaﬁu BioSlotir Smis@BA s WrMRL bf\Rese
dashboards. The film of the present invention provides

wakdengddrnage S?llﬂia?&’eqtﬁl@ %pﬁearfaﬁ@b/ rgduce heating epridllops for he
he col or

g} PR of i qHthD IRPRAES A BOOLEr plA Ol

particularly advantageous when used in directiona

| i[&%]i ng. Comgercial lpmgs esse yn gragabsuses e kifecsive Surcasletaes
ph@t%ﬁth@gmruﬂyer Bﬁ@cgre!;ﬂ?)ns?és ro?ﬁltantg rSqu"ilfa%pls a&nﬁésp Qommonly used as

appl’i cati ons, i C ave spectral em ssions at
senplamen o nﬁ}lr@lr uaglm%w@@ hightyvisppsdhat mi egergy oethqubliug fabout

v d of

B SO Bl ol A ol R RIRAE Ptk b I, b
atdeperaemg gtoadh.|Gnglvbmewn cbmnamiﬁl gmedlamlﬁcbuas exanie mghen at 450
a@él&dh r}l\égwlqullchtt eérinlswslqgeli] VQE SSS lloe gnd’lgg)kn?n\év aﬁ%lb ?})grgnnﬁ(’)n source
hadtegh eﬂneswtampheelﬁhcs&idaad caaah hqghsmlsslbn uutgh né¢an &R fvialatengriisyLamps

Tt ere Eaan b e SoaTas fa Fuelimtle £ AT oA

tl@ir enAs¥PnolnSi 166 respyipi Cglionadd AodN Mo E Eihificarld affect plant growth,

ol ychro tlc s i key light sources include | ow
CEW’ﬁgﬁpé ‘?%ﬁ%@ mercury |anps, fluorescent

| anps, conpact fluorescent | anps, and cold cat hode
f I[098]es c drihtlsaunrps. usélidigeheonldighying drbefténgfaired to a@g)nﬁ[ilism;imilar

need not, nec ar be of ass type s
AR Eron Gt b1 st SavertthapiuRis sputhacBatiRyr
gtowthbacthis@hn passngehatdsi foehyepavaselienghdt s&ifbé&;SF(ﬂfexﬁhpla low

speci fic angle of incidence. This neans th
P’Feé%‘ﬂr%%ofi}%usﬁi PN AR lﬁt@blt ?yélfheélf( ﬁﬁﬁl‘g"l’%‘(ll%b‘é{]fl@ iz lpay pressure

séhih @cdon®ined REG LTS ML SnGHISAR1a8Tps Hofm@tphdosynthesis occurs.
mavelquth near that of the |l anp em ssion can be used

Exampley ¢f comgipp paipiags oficongresiia dighte gsqdrn grspritpuian nclydg i high

fe@é%ﬁé:ﬁ)dﬁﬂgalfd' dléﬁl@lfah&eh%nﬁé’ %?‘)qpéh ﬁr@s‘é@t@%b(ﬁ@m%ﬁ@m@ﬁzury lamps; (iii)
onmbi ned i nclude, but are not limted

lqvbpquQ«fsgdlu(nga)nd f\lugrypqentda‘nd aagandggdent laggs ﬁnqh gv)ggnetal halide and
idch R RS CERAbs t ube, is wapped with filmdesigned for
normal i ncl dence transnission of the bulb's peak

emtted radiation, i.e., the filmis
[194] Ina greenhouse environment, the color selective films and optical bodies of

the present invention, when used alone as color filters or in combination with reflective
backings, are useful for concentrating light of the desired wavelengths for optimal plant
growth. The films and optical bodies may be used with normal unfiltered solar light, or they
may be combined with artificial broadband light sources to control the wavelength of light
emitted from the source. Such light sources include, but are not limited to, incandescent
lamps, fluorescent lamps such as hot or cold cathode lamps, metal halide lamps, mercury

vapor lamps, high and low pressure sodium lamps, solid-state or electroluminescent (EL)
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designed with a passband centered at the wavel engt h of
the lanp emission. In this geonetry, light of the peak

woanelgrsgt h is emtted mainly in a radial direptT/082009/032699

fromthe bulb's long axis; (b) An arbitrary bulb

geonetry in a reflective | anp housing can be nade to
radiate in a direction normal to the plane of the

11D Sr RSk APE Hi1RGedRB]1af AYIR ihaP B (%B@dll? REIPIAC o W dB1R sd1bd i film.
Selected to transmt at the bulb"s peak emtted

Seear] Adtrasien/cqisentEsien sysis nesayillbg descebsininarade datail thatgpgy be used to
nfth rhegt! ih %tg'rééﬂhoﬁé]gnvthjaﬁmleﬂt g\pﬁilevﬂeﬁllermg a¥ lirﬁ%pédednﬁ)ﬁmt of light
angles in a<direction normal to the prane of the
appevelengthbeptinnetd fat photagletbesgfand pthedplag@hstatespastsi al | y

away fromnormal; (c) Alternately, the conbination

d q%%]i bedl"ﬂerint(n%re&,% HiMse §ndaopftll::h 'Eb&ig@(;f thec‘prgs%ﬁﬂ ig%goﬁ an also be
transmt the | anp em ssion at one or nore angl es of

upadotithereer awesydiferiommprehltanet sraficiadighesopireprogyitapmignientée
s erctrﬁ'g{f&d ttﬂ%@@{r&\%ﬁﬁ%ﬂ 43 sorﬁ%e&%é;s%f??ﬁz%fz g%%ﬂﬁle to wrap or

nci dence, engths greater t
otheive i @apladvahterigece fllm didedtly tadhye, artifiveal [seurpe @rthasi eifect the
transm d ngl es ere th | ue W fit h :
lish SR, Ed.%ﬁssprs oty e Sy W?%gﬂéﬁ ‘fealﬁed?ﬂ‘gcoé‘?ﬁtﬁle& péa%ﬁ %‘té’gﬁh w'e fim
nfapalsp &e Hoamded dictytlyOontx dlean gateewldcigmblarupdhstoof uldrevalls of a

el obevs tat Byt ofgPt b WErRST e RS RE U ER el e
spﬂct’rﬂfblbhlipﬁstitgxﬁ? b]lé fﬂfeosm‘:h Ibd‘m_elss ﬁﬂiifyibb ﬁgrdk;ilelg E& ini(:)l:]deaoeﬂ)aloi A®re color
Bt At tesrrayst Grpdushmen ot we lietheafiihe e gudaine

woaMi RGf & Plesié Favaidighhand! it WdtR®edikfifile@BhavvanehiiaR Gidusied on
can be conbined with an inventive film having only one

a hgliasiah Aothes MReclais PAEROYeR & GMPRRAreAASHE fRR2lon] the B o

tﬂr&%hbt'ilﬁﬁ@da@@giﬁ{ple? RlekRisals sactHs\46hh 8RS afdls i€ bE§AGReK]y or
and each em ssion peak is transmtted at a different

meRtlechaggech the anglefiopniie BerizpaBboriisTtivgl G IPETTRIMedWie BigH $lso.
of layers, each of which reflect at different

WgY941€ NGt Bnd @ GRORA1e@brsichn AR bR IRARHIhE11REE HE AURsired
of layers and their higher order harnonics. The w dth

lesptiqrsenngljitris pndsrserod tiyd MeRgua Physicabihapes £ ehe dlshecery gadier y

idt&YeerMcE Filn 04n Eehﬁe(h@ram? Bf ﬁ)r&l@@@m a@ff(ﬁss ejesfr@([‘pcgﬁons of the room. In
controlled to give desired transm ssi on gaps
addition to these described modes of use, the film can be used as a filtered wrapping for

individual plants, as a reflector placed between plants and soil either in film form or as slit

or chopped mulch, or as reflectors and filters for use in aquarium lighting for aquatic plants.

[197] In addition to the previously described spectrally selective films that can be
tailored to transmit or reflect infrared and/or green light that is not useful for plant growth, a
film designed to control the amount of red light, typically from about 660-680 nm, and the
amount of far red light, typically from about 700-740 nm, is especially useful to control
plant growth. It has been shown that the ratio of red to far red light should be maintained at
a level of 1.1 or higher in order to reduce elongation and force plants to branch or

propagate, resulting in thicker, denser plant growth. Additionally, by precisely controlling
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between the first order and harnonic reflecti on bands.
The conbination of this filmwth the polychromatic

W@ piok®y75660 ght source woul d appear to split |i ghtT/URING/032699

an apparently "white" light source into its separate
colors. [185] Since the rate of spectral shift with
angle is small near normal incidence, the angul ar
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d e[@?% es | Hre‘o'ms aggembie tdcapfrok therddtfali redritia haendilivet lighe bllocking

For . S5amm e end
118u18s t%ﬁt areﬁ 1rr1¥8 the’ caV V\%pb 0 Fugea gr%{: cflousae r%wh vglarll r ange
cbIBtrﬂtdtl-oﬁE Thils/haﬁi ﬁot@eemhyfadtbwI)Bcaaiesgasfehfsdlffi&mtjn ugdnldmg gh@s

S HTSERER B S L B A e

g&fzﬂ‘ng uk ites difffeuld td@ntralaf ﬂhs Jplaat Vdﬂl@ﬁj&ﬁ tl&@éeﬁﬁousé hleanges frequently
sband shifts to the her rate of
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ohpy chapgigs Begnele Pt e filty i Rermy Fhe&vlﬁémalﬁegh%tﬁ deaRh fhegpnts.

”[%'Eln%ﬁérﬁﬂe kdrR8S/ingl Pt RSr SMBton S vidyirk 168 §@tferdnt Bfaht vERSes,
films of the present invention can also be shaped in a

thsrfdmdeicfprmdly poasgrneshwitn dsrerseahousnin saplyvay theuit came ciher
uEJ(]l%r Ist%f% fop e;Eal?Iﬁ)léj g? h E(ﬁﬁnéos%ta&eeaﬁéhg tﬁé)fooﬁfm@h cdlbe d?arwn
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[
AR Glch 1S YINERRY g Bl RELHak R pififs or
ghupeeftplonal control of different angles in orthogonal
pl anes is possible with such configurations. [187]

Wiig therk%.‘%pf’ﬂio@ﬂ{ei 00 HinRnfIH L8 WisPBO R MESGurRfsh &t
| ﬁ]MDng

I nventive
conventional mirrors to control the intensity of any desired portion of the sunlight spectrum

that reaches the plants. Generally, it is desirable to expose plants to a constant level of the
wavelengths and intensity of light useful for plant growth throughout the entire day. On a
typical sunny day, however, the light level peaks at about noon, and this light level may be
excessive for many plants; the leaf temperature often rises, which decreases the plant
efficiency. It is preferable to reduce the level of light reaching the plant during mid-day to
provide a more uniform level throughout the day. For example, roses flower most
efficiently when exposed to a maximum light level of 600 1 mol/sec-m?, and this level is

often achieved by 11:00 am during the winter months at a latitude of 45 degrees. Reducing
-63 -



10

15

20

25

30

well to control the angle at which light is emtted or
detected, there are only a limted nunber of sources

WOWRaob/ 0960 ow em ssi on spectra and therefore | iPeCT/@82009/032699

color options available. Alternately, a broadband
source can be nmade to act |ike a narrow band source to
achieve simlar directional control of the emtted
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pr cac
include magnetlc f11ms and integrated circuit chips.

[202] Microtaggants have been used to trace controlled materials such as
explosives. These materials are typically multilayer polymers that are ground up and
dispersed into the product. The individual layers in the microtaggant can be decoded using
an optical microscope to yield information pertaining to the date and location of

manufacture. There has been a long unmet need for a security film product that is both
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i1lumnated sign and the driver was viewing the film
at non-normal angles to the sign, only green |ight

wowwbdtseo vi si bl e, but the perceived transm ttedr/USING/032699

woul d shift to red at the angle where the vehicle was
to stop, for exanple, normal to the sign. The
conbi nation of the inventive filmand a narrow band
aﬁlgiémc\%nfﬁbl@ hSPmiBEletad@Sle ahf GCMEdEE DL R ,nom%ﬁhﬁhcated
ilmis used as a securlty | am nate, and a
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1§ s'hEééQ, ahd Pﬂt ﬂ%%ecc%de&zﬁg El%egfff@ MR &heGbadabE iftbinGEibh.ON
ependent |1 ght” source o he present invention are
described in nore detail in the foll ow ng exanpl es.
[ 1881 spebherfdmp yndsentiseltbodies ofi thapreggntingenyien cyphe taidgred to
pmgieeal%e&fﬁrﬂy ﬁﬁn &Béé%cé (se® Q04 g?c‘ilﬁl% Mbd I'brtob@rlatnﬁﬁa‘%@ihgtglﬁee@sf all of
the present invention which are ideally suited
tl@pqamqeé&aﬂh@ pelosd ingfsatesrand bightrefestivipy e icaier §ﬂt1t,r@>tmeqt pblique
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nfA %e used to 1£Ht1ff sﬁec?fnc 1oRof g‘lengr\{ erflﬂm to }Slo e 1 1V18ua]1_gf[§1q ca 1eost'1g§l.|"lthe
I'Nuneve under élo ed
sd:oamed fimb Iaaxt opzucel Hodies haingje tmhmedem a:efk:su owef g,nyrd&atedtpbmoa@if the

s AR iG 2 RS R il WhehoRs PR ERE N Baign i,

d&mﬁﬂhﬁﬂﬁuﬁhbﬂﬁhﬁsmmh@ﬁﬁﬁsﬁhﬁpﬁ@ﬁ@i&ﬁbk%kﬁﬁ@ﬁﬁbfMEngUUm

filnms and o tical | es of t res
bP‘rfL)%}i‘ﬁ? HHYIEG A aY %d‘nﬁl F?%ﬁ%fws R 1 ‘E? F“Lfﬁ%d region to impart a
caRpl shéial @ierpMaere it is desired to filter out or
transmt specific wavel engths of Iight that are

optimal for controlled plan . exa

£ HeddTe e B forR e 850 oot Pocdh B sfeonlbofing ASR Biufcayodies of
therﬁrésaﬁteﬂlvean&l HoRvahlf dtigdr @fethods, 2itidralose baih comvb@sngliitsthe
in order to deliver the nost efficient wavel engths

pREde1oH PEHBEBRYHR KRRing tiegnEBuRdnd PaONG GRRTIEFRR 18

réTRB@H 5@, FordRdmpRbin@RiduliaaRey et dnedtd Sblinftdred Sortion of the
known that plants respond to different wavel engths

SRRSHP RGOV PIETE NI (BraritiSledteiomenibe GoRTRliRd toyRepdice unique spectra.
Throughout the growth cycle, the wavelengths in the

50065380 NMerspaR@QIIREectidd @ehisty Fines {ddpBEHl bod dfehe present
wavel engths In the 400-500 nm and 588 800 nm ranges

iVeRG s paYaplegripipds relagysindick laier qithen withinihg apiicaltaek or adjacent
td 1S 8Pl dMR, §R thdRe YBUS BN LB RaStARAA i BOANDBh (RES be
dg%%}{sfmgalﬁgggoh ((:)?Q E:rogsasretctu?nf ofstl?eI f?lgn %I’lré fsllsnllsonrl]ay asls(()) be
combined with colored printing or graphics printed on a substrate below the film to provide
indicia that may be hidden or viewable depending on the angle of observation. Color
contrast may be achieved by thinning the optical layers locally. Within this affected region,
a new color that also color shifts is evident against the unaffected region. To affect a
localized thinning of 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 bombardment with high energy
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wavel engt hs fromthe solar spectrumcan significantly
reduce heating and allow for concentration of

wadabndsseal |ight at wavel engt hs useful for plBeT/US2009/032699

growm h. [192] Conmercial |anps used in greenhouses are
effective in accel erating photosynthesis and ot her
phot or esponses of plants. Such | anps are nost conmonly
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f&%é{&ﬂ&’s ué&g%%@?ted and high em ssion in the near IR
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stgnitl cant ant rowt
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1101utbqbui th«v\mfmfed ngbdisot ke arluglo rhe dscxuneme er pilckaga,l thy/ clraedcer and color

his can be c ensat ed pairing
of i g g g 58 e SRERERENE G S el e Soabum
used al one can inhibit synthesis of chlorophyll but
w671t he Hopworpe gpdicatons ol sumrits fimomby bedseddirt Sibulk material by
nt_or i and geent
PRI Al

<P 05 REReuP S hRaGATEEE i BEPRyoRBTRs s g,
coainpeindiiaits dan gdnfosmulaed filom gowdnpelsdsts ufilcdingtae fﬂn)s dfltlgh
ressuye sodium and hal i.de | anps; (ii) .high
B era S it B G Bty e R opRr oty 15 EQeo
a$&d uding aiechteld|nikoERS Festaan gl rélRCABA %ﬁmr&cdramﬁg anddx@losion.
(i.v) metal halide and i ncandescent |anps. [194] In a

QpFieaipiolis BOVtHY M1y RFEefed Wi abiagye ACHACI St WS St

a@%&ﬂ&@{gymﬂh§§1@(fp1asn@ewnesent i nvention, when used
alone as color filters or in corrbl nation with

ctive backin are usef ul r concentratin
ﬁéhﬁ 'ﬁ}’?ée‘d’é@f b 2R Qfcakipdtss o ? BF PESENT FRAPn Ny be read
b9 a@mﬁlbmatmebffainbﬁﬁt Riadcaphi(oabxRl, @f piBYndSf i 8&16keW bilective
normal unfiltered solar light, or they
film on an article, possibly combined with identifiable performance at non-normal angles)
and instrument verification. A simple machine reader may be constructed using a
spectrophotometer. Several low cost spectrophotometers based on CCD detector arrays are
available which meet the needs of this invention; preferably, these include a sensor head
connected to the spectrophotometer with a fiber optic cable. The spectrophotometer is used
to determine the spectral code of the film by measuring light incident on the article at a

predetermined angle or angles, which can be normal to the film at oblique angles, or a

combination of both.

[209] 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
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may be conbined with artificial broadband Iight
sources to control the wavelength of light emtted
wo e@oi091560 sour ce. Such |ight sources include, BOL/US2089/032699
not limted to, incandescent |anps, fluorescent |anps
such as hot or cold cathode | anps, netal halide |anps,
mercury vapor |anps, high and | ow pressure sodi um
uli ERSThuS Abi éi(a§1§3ﬁ:t fhe HimEbaRd méelﬂmnv&%ﬁ Bin ﬂeﬁh&hﬁﬁaﬁﬁdwgned
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etail that may be used to manage heat in the
gr eenhouse environnent, while delivering an increased
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r&@pt%@guﬂ(@mddtﬁé%rrﬂsl?o? fiklneered light to desired
| ocati ons, and i's understood t hat various physica

shapes of the deflector and/or interference filmcan
Migroppeopg fils aj m or spread |ight across desired portions
of the room In addition to these described nodes of

uge12]t he TeliMeaat Rpolymea cagaldo bd hsk@ foefdnmm@pgb(ﬁ\@sfp@rymeric
i ndi vidual plants, as_a reflector Iaced bet wee
filpps; thichddye Wit many #pelicatiqny jurlhas Jethingrshaes. ditgrs, ‘and batiery

separators, as described in US 20080269366, which is herein incorporated by reference for

purposes of US patent practice.

[213] In particular, such films may be useful in membrane filters. These filters are
generally thin, polymeric films having a large number of microscopic pores. Membrane
filters may be used in filtering suspended matter out of liquids or gases or for quantitative

separation. Examples of different types of membrane filters include gas separation
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or chopped nulch, or as reflectors and filters for use
in aquariumlighting for aquatic plants. [197] In
w@dabndm t o t he previously descri bed spect ral PET/US2009/032699
selective filns that can be tailored to transmt or
reflect infrared and/or green light that is not useful
for plant gromh, a filmdesigned to control the
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tHenee beppiraend Gr thdte Easﬁe:repdtrhtlotsyAHeJ fghlithanion ehtfen(amwer shut-
Re. Instit rio, and St ati.on,

d%bten[l’f@g]resﬂr%@?sﬁ %%VE%FET g N} BuFSpyn “%eﬁléanfcé‘b‘;“feﬁ?ty after

s @otval AdiitaMBy, it ik Hészeble tHa@t fibh aGlitag dinle@bbats stabiaty at
are punped into the cavity between panes in greenhouse

ekﬁﬂﬁPWHWPHWHﬁstructlons Thi s has not been

satisfactory because of the difficulty in adding and

r o8] Ng THaGnikiogorots filXsive ﬂleqirésefnpﬁ@nmlvlﬁa}b&ammchay bbthe
use colored filmfor the roof gja2|n but it

PHRCF R RPPCA A FOFTife TR B BC i [N Iqing Bgonts and

%ﬁgﬂb@&ﬁsnscmmcﬁ &€ ﬁéi@lﬁiﬁﬁdér&[ratécf by eHRRE foMBaHBRE of US
condi ti ons chang@quhe filmof the Eresent i nventi on

ppigntpEresiFg: W QROPER 193942t WRZ0AHRIGIad#:dhS. PareNe: 6aBP-478: U.S.

Phe8lor 5340746 2D0s BEONOIRBY R 8D OBy VALY NTS tl*&? NfohB@K@ﬁ%ﬁ U.S.
gradi ent or by changing the angle of the filmto

preNmQﬂQh?é%é@W%aO Behgt hs to reach the pl ants. To
conpensate for varying outdoor conditions or varying

nqefy of FHff bsAle RhAMEd ViRIchRE pBSided BEHE idvehd R copolymers
preferably positioned within the greenhouse in such

Pigaidetspepral ﬂmprezmn@@ @ex the prigigeidoniorying iueropgroys ROVARRSIC éﬂms
"[Qé{ ofdefed lrﬂoﬁﬂg)lo%@g(%uﬁl H@J‘&e&t&%&&%f ¢dnftB1 (Wéf &b pGl%@u@ Gnd

dr awn
channel structure. The phase separated melt morphology also limits film shrinkage in the

melt and therefore imparts a greater dimensional melt stability than in non-phase separated

materials.
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down or rolled up, or by a shade cloth pulled
hori zontally above the plant height. Alternately,
wo pabwpde@l encl osures of the filmcan be conspPeTTE®d9/032699
for separate plants or groups of plants. [199] The
filmof the present invention can also be used in
conjunction with conventional mrrors to control the
PhétBhR Paply Rk ¥eldosn] Pﬁgmgﬂiéd Qmpetitdshde.sunl i ght
spectrun1that reaches the plants. Generally, it is

élrable to expose plants to a constant |evel of the
K engtIH%eraéH%‘lsl%f@ﬁ%‘ieflgweo‘?lat?‘i“’d%‘f’lﬂ& e&rin Snfaélrm?i?%l}?ts results in

sHEIRWE B dnR oPHER BFlthe UHRIBNT THiEsvildYhg fr¥uRed WHbIE 3bloSeHARYes that
day, however, the light |evel peaks at about noon, and
cpihpesuspiuliapplspeonsiash BeheRicalsenser- f or nany pl ants: the

| eaf tenperature often rises, which decreases the

pliang] ef fweah afetuled havir 19% %&fr PRIs@irdsOthe eREIGEg fsheveks@i@hpon
of light reaching the plant during m d-day to provide
SYAPREFIEN -y HiiF ERTTY @ EF Utadrtd CiGHS films fhat 935 PhRigpic @Rpffsnabling a

réugﬁﬁépa{pkpéﬁéco@% m@&g\ hﬁhﬁﬁ% hy pl{%ﬂﬁﬂt f%i‘&ﬁ@@ﬁspﬁa‘?f a§ descrlbed for a
maxi nmum | g | evel / sec-nR,

cpliajeal phajori¢ @ﬁwnu@kﬁdwefdd Mywﬂﬂsd@%\dﬁoﬁ?ﬂriﬁé the WI nt er
nonths at a latitude of 45 degrees. Reducingthe |ight

| qypd] beteaR: daked &e@@glhg Ot He@&&r\’;ﬂﬁhédhﬁtkpal ﬁQtEnM'tl@a.'t 6an be

The conbi ned usage of conventlonal mrrors with our
fixedaffee pyelins e neake 2 yableicpigostia magraialy swigfakle s wHlipgrecnth an
1ﬂcmd§ ?§lghﬁér1&fblel ﬂl&mfnefis' b RLE ofgg‘hepttﬁﬁg(ﬁm%%fdr 0g e)galrrﬁjfl@(gf%mlmdal

hour f the day. For exa use of a visib
compastse systemsbee i aomt! e RA0F g, 1 Heldoar wetof prmvgs}@esgp

C%%& ﬁ&&@%ﬁg&gr %ngﬂﬁﬁgct!ng its angle of reflection

ect ortion of light fromthe sun. O her
conblnatlons of baffles and curtains can also be used
wilBHlour navat embedimenss efcthe ipserftionrihe araorglrits mafure; gi ghe soft

dg@&gﬁlﬁﬁéé tl%fm %énglmly rr[o?eoﬂengﬁg o eélﬁ{éttflla{ﬁ]qg(g% 1%?srtzgﬁﬁey hard

ocunments onents, an ver si on
dofhaip® annmeﬂ@deeélmgair(sw@a @hneags K pllogiydemigagmadification of

thsees%h%%gl%@ (%vlﬁ)(i rc\éﬁl?rh%a%t Hf@r@ﬂt%ted é{e gxanmpl e, commerci al

crews ‘encount er
suspected counterfeit parts, but Iack a reliable neans
Distiibuted Feedpack hadees ween hi gh- grade parts and
counterfeit parts that are narked as neeting

S F[Qﬂ fic afﬂeQﬁ]\%ntlﬁ ﬂHl)LrﬁtrrL Yan a'lsto bk SisddRA'c Bﬁgoﬁehﬁ'h aUikeditited

ten percent of a ["aser printer cartridges that are
feedbagk dasemn ewdiatributad feagdback laserfinir bips heldses diotle,iqdgeem cascade laser

or optical fiber laser where the active region of the device is structured as a diffraction
grating. The grating, known as a distributed Bragg reflector, provides optical feedback for
the laser during distributed Bragg scattering from the structure. The inventive polymers
could serve as the distributed Bragg reflector. The inventive materials can also be
incorporated into a dynamically tunable thin film laser as described in W02008054363,

which is herein incorporated by reference for purposes of US patent practice.

[222] The inventive block interpolymers can also be used to form films with

improved barrier properties. Such materials can be used to form, for example, bladders in
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that have been repackaged and represented as new.
Identification and tracking of bulk itens such as

wa@npowpseo nitrate fertilizer usable in expl osi REFUSE09/032699

al so highly desirable, but current neans of

identification are prohibitively expensive. [201]

Several neans exist to verify the authenticity of an
alhle@BshdebeThedt Balekihi¥ hdfe RACKADLNEntags f&Dabief€ifind, Hewhich the

origin of parts, components, and raw materials. Sone
baytier in ésproyrsiHeswise e dayarshanieally dicraapaibe dme soemuilhigm saturation

¥ Sk RD! ot chboSGRA M fudid A cryb B HE HARAhSor 1818 with |
0aﬁoll1 SONE Sc%:)o e'iﬁﬁ)g 1aspcgct S n#g% Cryg ; ﬁgs of %feew“c]:l(tes ons
range drdpomay ﬁ?@w@meaaeemth@pﬁrmﬁahﬂm Qﬁermlls,maln@ﬂ?saseﬂa@e)xygen and

e t

BBL BN Yo YARLADSALL ARRAET, L FoRMk B BTRRE Bese imvenive
ccmvdi)tmengsa,lua%ilene pptécrte pﬂgk:;lgullg:xbfcfgwctaaml otf&n cho(Somé andm@IrS)ensmve
rrfgﬂa%%ﬁ T[lemg/%rglevfglrbg abn\éelzq) hli%grts ]pgn(r;alauf 1In%rge%se(9 H(]ex (frack
r@st‘qnmmtp&redmﬁmltﬂayduﬁlntso size, cost, and durability

constraints. Proposed syst ens include rragneti c filns

ang,{,nte [ ! n hay

bggZé]usegﬁ}% CF(glg Sé’lsc} t1r061|0? ﬁlg ?n?t 1nVMPtS onSu %qgt ltldcéd ESNE
lientpdl asfilus and hhg sleo haprexemaﬂnsatlar atitigpooaideys. nul ti | ayer

pol ymers that are ground up and dispersed into the

pr Y i.n

égéjﬁc o delﬂ;'egss #hﬁtdrhﬁl lgeg%%pake%] f?orrrrI? Ehre 6@%&?\1&90@&@6&%@%@& ﬁl@ﬂde,

butrdronerditnied tq suapla lflhemgowwulheommlentashdath/omat tiwdstedo ind

f act
BR PRy SPrap hE et SO R G B PRl
te&hﬁiqﬁmmidﬁbﬁloﬁﬁﬁdm @atehBBalNo.i44 308068 466Uz A i 660566, mat
t ed, b b d
13300 o\ Bl FRSS T e lBia Sy By NG A MG 00y ep RE Tporproven

fAboics, ak gleclssiaeat G.S. Baiteht N2 B 493?069& Sodeeks Wadb fisRpeadH fisers,
machl ne-readabl e i nformati on. 203}lﬂ The fil ns and
I%Btdfflgdﬁle“é‘% yitB Sthek fibers S‘;‘ﬁhé‘é BAeSt§T AN 985 0lEas theemoformed

aftidlek QK BH1ddQn PO\ h BRI R: 516616 ek drkidnk hid Q- ex@BVibEES cSRbiH
as a backing, |abel, or overlam nate that neets all| of

axisles nl depd, Orttied, BFTEPPedRF ioR b e Ahe Pev apliMERS gRscribed herein

afe®lidoRSerLMoE %H@Qﬂh &8 eQBatﬁ@toBE@&(’)Iﬁ Ny s@fe10RA Hd& AR &Sfor
are properties that can exploited to uni quely

vyt fornying oppatipne and fﬂrmp)admi@@ artgged. Wpluding die udeefanjection
rrg)g(gré 10 %?i%)l%ﬂ%%r(ﬂrc?%sf %&Jta rrfoﬁd n_lg%D %&s&g ogbrggos?{gﬂélﬁ tH(ﬁ?Ii/riSing the
okfie @pfyrn@rSI cot QIS@be Booed lmtwfalbmdawdtamcm dechian thoyé phaeibusly
II%BR(I)I{CS %&Infg Qosn'ver-lm)%al polyolefin processing techniques which are well known to
those skilled in the art of polyolefin processing. Fibers made from the copolymers may
also exhibit optical properties attractive in fabrics and textiles, such as reflective or color-

changing characteristics.

[225] Dispersions, both aqueous and non-aqueous, can also be formed using the
inventive polymers or formulations comprising the same. Frothed foams comprising the

invented polymers can also be formed, as disclosed in PCT application No.
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security filnms and optical bodies can be tailored to
reflect over any desired portion of the spectrum

WO p@bogiseg vi sible, infrared, or ultraviol et. REEDSING/G32699

covert identification is desired, a filmcan be nmade
that appears transparent in the visible region of the
spectrum but that has varying transm ssion and
PCETEobi/anSoB NS Algust 1152 200 LRl 1151%9 hOWAW05APRND. Rhe
covert spectral flngerprlnt [ 204] Information can
palygsTsHRayEhoSe stPst kedhy awdupe yepis frsh andhe op efparoxide,
f I
ei%@tg(?] Q%aﬁ s1falﬂ aPb€ %? Btthell JNE! riﬁlkfﬁ%b&){maﬁe/ efi poﬁ‘u{eﬁsrcag glge ge

elt ier alone or 1 n coftbi nati on
chrmgicallybeatlifmst ushigs bif gretimg i(floyexahwld mtusa of myleigraghydride (MAH),

s@a%%é to gtﬂelo%zaﬁl V?%ﬂ}) Slfallo%gna%gﬁi rrrﬁ%zltl%ﬁtsluﬁgna?%ﬁ] %E bthglocrhemwal

exaﬁp rs may be tune
nmodfficati@d porti on of the spectrum and overtones in the
vi si bl e region can be controlled to produce uni que

aﬁgf@ L?I ng%ﬁtg\]es I&Fad@g@{ft% éﬁk le 111%ﬁjd§<§; hll ah foc‘rﬁl%}ﬁﬁbltl Xorfxﬁs sﬂﬁg the

odi es resent invention nay
invaotvegelynersatSuitally addiivek irichyle fiferej suéteas angankvi o utdlwmc

p?rﬁ Eles ufclusdtu%sclfa Qla @ dﬁt%ﬁﬁrﬂ d1ox9dgt %he%ht% ms;ow?ere& %ﬂ%&i(s I. amc or

1It0|n§1tuccfﬂ:1&rsbmclﬂémg datobfibedpilicad nitridis piberts) soael ofre ar mesh and
Cl 0SsS- &#on of the fi

m . The .filns al sp. .be .
oQBRET PSSl Pt bPEa s e ot SRl SRRRee! on
eftesdehs tncRitidg pelatittid frenapthblemit GilpaaYbttier natdil ahdsynltdtic may
be hi dden _or ewabl e dependi n n the Ie of
pglyEsrsy Reloding O%ﬁ‘i f\ll)g? rﬂ?fﬁ?ﬁpﬁglfngﬁﬁgmg‘édl%‘?f? 8 ‘Elmdﬁntlon
thinning the optical layers locally. Wthin this
af[zyt ed Suigblepolymenduwr Waldarg wittethe pdipmers abcrdisdiofetboditents

i dent . a ai_.nst the unaff cte o affect
of Y A s B o o IR L P el o P ki ool
afdTHagsiiO ol Aherk AR @egnﬁﬂwleol&ﬂmlgghas@ Polypispylen®iboth
11Wi)at(n:'ﬁeratures of all of the polynmers in the film and/or

m@%ﬂ%@%ypﬁ?@é%ﬂéota%@aﬁyvprfezﬂle% PREFRPLEroRY e aad
&b @ 31 e28/p b?yleﬁm@u@qlek&y vapsha &%f‘%olﬂtﬁﬂkﬂé' i@Bluding high
C

ener gyparti ul trasonics ernD orm'ng, |aser

PESSTUES: i§e- sdipakt pRE Hiegiey Nana 3D, THE e OPE abflefing multiple

re%@ﬂo??ﬁ Q43 relabtbb1kdE @@Xgl%ﬁfa‘ Befhd rﬁéﬁéﬁlo&%‘elﬁﬁ fuenhi blr(;Hucts
incorporate a hardcoat, an antireflective surface,

diseTosd 1mBo PBi g Nooab TS b 57HI00 086 eHAGBRN.045, 3869,575, and
SRSy AL 1 LB IRY A oene.
iipasc mpdifiedgolgstiraiye herplonighile bu;tgcﬂlene styrene (ABS), styrene/butadiene
block copolymers and hydrogenated derivatives thereof (SBS and SEBS), polyisobutylene
(PIB) homopolymer, PIB-isoprene copolymer, EPDM and thermoplastic polyurethanes.
Homogeneous polymers such as olefin plastomers and elastomers, ethylene and propylene-
based copolymers (for example polymers available under the trade designation
VERSIFY™ available from The Dow Chemical Company and VISTAMAXX™ available

from ExxonMobil Chemical Company) can also be useful as components in blends

comprising the inventive polymers.
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[ 206] For nost applications, the security filnms or
ot her optical bodies of the present invention can be

wapppoprss@t el y sized and | am nated directly toP@r/US2009/032699

docunent or packaging material. The spectral features
of these filnms are typically very narrow to refl ect
the m ni mum anount of light. Wiile the spectral

f qatgir es Qddididial Jﬂdlugés%éhhdeteyd@h@ﬁirﬁsyan@ €ibbrk okt @6hch %oédaesuch
infrared so as not to occlude the docunent or package

ag wethdmgshdendes aad arRigneyhagsles; gaskeisapd pigfiles) adbeshies (}@@eldmg hot
nfef a@ﬁgg%fﬁldt &P &@{1@9 Q(ﬁlegitles§ I}got%ﬁr (Qcﬁdgl% %Qge] 81%9 bind shoe

sone app tions, e Securi used In a
liberb K ayrainagrioa paltﬁ;ang pmﬁd@sn@)amrg@ocﬂs (bﬂth |0mroana1 choedientD);amgact

[ r er | [ - -
SRR L0 OIS TR A
pp]lygltogjllemes omthetnomflmg)otyhers‘ coatesl f@lﬁriots Hicsesi; bangt weather kmipping;
(221 alsneBs 801‘11’1gr albqe ISCPO yal\rr;{%ﬁxdn%cgi‘:leﬁsg a}cl)S(r) %IelO\?l’padSeX %}gosintvr{lddﬂ‘:;ers for
lmbattﬁntl al relaxation would occur during an

expl osion. Optionally, the povvder may be coat ed vvi th

aﬂ:e | at I V%O n‘ggflelEOCﬁmfl’ﬁéJ?h I'I%g tlf) Iflé?fgiogsl_% }%l%?n

dur ing an ex acar ty
tlferﬂlqﬂasan dlaarp;t pod;a]herkmpleomly ms‘otatchepcpjymele;mne; mzletntela@tnnﬂng/ multi-

e rea t|on of anpient verific
oBSsee o AEe B RRaRRS B Sabar e ot acP R P ephffmens
ofithe afventtdn@are pﬁﬁlﬁdzlb b@paBl@bedﬂﬁmgWofelﬁBhbl(ﬂ 8t pirkialbd eaving hard

er formance at on mal e and i nstrunen
C@é {1‘1“? 8%&%“6ﬁrys ES WM%% ‘f%%fﬁ"e?“@?&ﬁ}ée&i’y Soft or
cROBEbRUBIbEE foiEiif0a ‘&h&lp’eﬁédn@WMc@Iﬁﬁécﬁdomaﬁﬁ\& hald pbBWer. These

cost spectrophotoneters based on CCD detector arrays
pafiglesyrgforase anduisRersefudhing themasix gelygrer byihe f‘i’rﬁ‘iﬁé’i‘ﬁu{“@ﬁ during

nRitebRpaRdhg ok Bﬁﬁ@m% rrpﬁlyﬁl@h@ déﬁﬁﬁErmdiﬁﬂﬁo@Q%@i%b&ﬂo t&Qult due
t he spectrophotoneter wth a fiber optic cable. The

tasthe srifepplusisthPrenerties of e mujtpblges @PﬁiYﬁ@rStWéCfS%@@F campatible
p81991%r I%Eloh@ﬁlcfl b ﬂfﬂa Qﬁtr&eﬁﬁ i\ C?hgtgcolrﬂog%eﬂ d?aﬁﬂegtgéqats\t,%%r& Iﬂe%lons of

ticlé at a predeterm ne l'e or angl can
tf@émﬂ@‘fbﬂﬂQk corplythes t¢ pellfpassgmbdbini thm@elaﬁ@q tegherppdygamic forces.

S{iﬁag;gg g(tﬁ%%sglﬂnf?% (ng;r tﬁ{ldelégo?]ael}]&e?g%rsdugg e{pg rafell FPéeg(i)(jmts loPfhatrix
pblrymemncociecﬂ by elg%@um ﬁ)&pom ppidifgmii tbers redidne bn@mﬁt&mnhéﬂbd

sto & tartl %es en secF %e Iollyserc%lgnxal so beutilized. Thus,
pa (i %ah 1111 n% I? t%e pr esent i nvention can be

|ntent|onally desi gned
[230] Particularly desirable blends are thermoplastic polyolefin blends (TPO),

thermoplastic elastomer blends (TPE), thermoplastic vulcanizates (TPV) and styrenic
polymer blends. TPE and TPV blends may be prepared by combining the invented multi-
block polymers, including functionalized or unsaturated derivatives thereof with an optional
rubber, including conventional block copolymers, especially an SBS block copolymer, and
optionally a crosslinking or vulcanizing agent. TPO blends are generally prepared by
blending the invented multi-block copolymers with a polyolefin, and optionally a

crosslinking or vulcanizing agent. The foregoing blends may be used in forming a molded
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to have |l ow resistance to interlayer del am nation,

t hereby providing anti-tanpering capabilities. [210]
W@A000007560 el sewhere herein, the col or shifti ngPCT/US2009/032699

properties of the filnms of the present invention may

be used advant ageously in numerous decorative

applications. Thus, for exanple, the filns of the

oejeasmt LY uo@ﬂmﬁmg REe3BE mAhddRlici@! RRENRF ploBedure using
|na€|on wWth other materials, filnms, substrates,

dtff%ﬁmt pryBROnBs hasdaeAYigusly Gsdiere i Sppiery Noape?. 719 f t
paper, gift bags, ribbons, bows, flowers, and other

dgegrat i Veui@kik 'b@dvféﬁuonhrbwdk%so@]ﬁmﬂs ir&rahik @ppticad da&iefitdblp
may be used as is or be wrinkled, cu enbossed,

Pewt arYleatey Hisepsigy (M%éH @aiooo%érw gwge framtl@do 13, more

pf}ﬁé}gﬂ§: frofh 2@?@ héE Qn@ﬁgét%?éfer%lg &6 10 kO, gﬂlﬂﬁgletﬂag/ofehhm
vol une. { 11] The optical interference film

egnegigidninciugde/ birpai @frlowﬂynsetly @ely@tbrlp@m apllygropﬁeneda@lllélnglataqtlc
i f ' T
145%\6&5 sﬁ{al&&%c Qhd %ﬂgpta i’&q @ﬁ%lc'eo anfi ﬁgllygﬁ%—ningghyl— P—Sentene).

[ayer conpr sta
Stlitzdoﬂfsqtbﬂpmn poleMumlmlywtepmbwr mathéacﬂ mlywwﬁ @IPS),

stﬁ%{ﬂg}aag on rllle)é ol)‘;ﬂnrl1 3P @Aﬁ\t%r mIbP r?%cfgf?ed% XY X]??)rang styrene

same I'n
nmﬁﬁ¢amwmnncagﬂmheselastonerlc pol ynmer. QOptionally, the
el astonmeric polyneric material in the skin |ayer nay

b e of . .

a2 ot 1 T Yl AR PR B T P TR R n Bt e,

cpnpdrents @a Em@apﬂueesa,rouﬂdear ghava theay@r paigttanpesataie & dene bt of
rency

h t di
FRPRPRHPR FopiS SRR Rt PTLERS i el g Taor .
m‘Bhtegeﬁ&*amy Mﬁ)ye 143IC5 and oA Ipﬂ:ﬁerli‘tﬂﬁ elpive ¥ 80°t@ T@mahlaﬂym neiking

e filmto other. su as receptive
of Hieading Sytmiesh ot (e R g TG GF e FOTBTLF el
plagidf2ing Themixaxemby M@erﬁlﬁlﬂﬁﬂd}/ MRS ifckiledhid 9 kbeadus gk tli@ers (both

formm croporous ? yneric filnms, which have use in
SRElsyCrapIng BEpSHRY ﬁi‘&ﬁ’flf}égn’&q%?ﬂf“%?@“ YKlghslike e ggquence of

nifidg Bt h&hyd SEPApRAPDESthe asird@ 81 lcBPFositdnUA combination of
20080269366, which is herein |ncorBorated by reference

Bfa@?urbbq:tﬁb@gigm@pd EEHHeUS PRIXEHF 18y plse be prppigyed; fhch as a Banbury

nRe bifledh a%HﬁHn&ﬁEﬂﬁw%ﬁ%yQﬁeﬂﬁﬁ@#“ﬁbﬁaﬁﬁqﬁﬁﬁﬂﬁTPV
filters. These filters are
composition will have a h1gher loading of cross-linkable polymer (typically the

conventional block copolymer containing unsaturation) compared to TPO compositions.
Generally, for TPE and TPV compositions, the weight ratio of conventional block
copolymer to multi-block copolymer may be from about 90:10 to 10:90, more preferably
from 80:20 to 20:80, and most preferably from 75:25 to 25:75. For TPO applications, the
weight ratio of multi-block copolymer to polyolefin may be from about 49:51 to about 5:95,
more preferably from 35:65 to about 10:90. For modified styrenic polymer applications,
the weight ratio of multi-block copolymer to polyolefin may also be from about 49:51 to
about 5:95, more preferably from 35:65 to about 10:90. The ratios may be changed by

changing the viscosity ratios of the various components. There is considerable literature
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generally thin, polyneric filnms having a | arge nunber
of m croscopic pores. Menbrane filters may be used in

wo 2oov@pisng suspended matter out of |iquids or PEEES2009/032699

for quantitative separati on. Exanples of different
types of nenbrane filters include gas
separ ati onnenbr anes, di al ysi s/ henodi al ysi s nenbr anes,

ITBY I3 e DARABS for dmﬂgtzﬁgam@ %hasé’ bdidbic by @Hah%ﬂ R VRESURS Satios of
and m croporous nenbranes. Areas in % hese types

thefcopgitsnERroé 8 bleag theka pgspsIn; skidlsd & this@rtuepy camwityf pesegsary.
applications, beverages, chemcals, electronics,
enys Jon Metdr@ln RRPobliGétsio Hﬁqn@ﬁg\lm&ﬂd@ﬁﬁ%é@ alss actl:214]
In addition, mcroporous polyneric filnms may be used
phastiqgry ok plagisiar heeesalles guaaicspmppidingogasates into a high

nMHlfaﬁ%&%ﬁt%o‘llﬁKE? %%S fbf@(rafnﬂﬁ%sthéﬂl@pltagﬁr m50111tate processing,
propertiés principal role of a separator is to

ingrdagants werkatilgy ptes ilst amé@h disteesikilie@f thedetynisut Pelyroryiene, for
L. ect

e Sl RS PR AT Mo fiBRF i bRyl e GHSE room

tmmmi%mﬁeswumbdbrmgmy$W&WKQUBhuﬂﬂdomﬂﬂ@stop i oni c

conduction) at certain tenperatures to prevent thernma

Fysgyay Cgorﬁehe‘?n&@ﬁi}[ gfsy tﬂeqﬁ\@n{qé{n gru;iﬁe IbSoI4RE q/lélor

t he separator have reng over a large

polepoeylana ity bAmnddmucmln@er@wmefr@iasmwdnsewum pélpprepylene (isotactic

P?]S’@%Fzﬂ?&r %Y B)taﬂ% Eolggl{)?)gér}gfaﬁg%ﬁ?ﬁc oP r@éﬁ;egté)r élt%r }aéss trzglsuwn

tephgmirangel stcmmvmdumh and v1|scms1mmsﬁth¢MBmtedpnlymepjziamﬁ agalowered. By
inte own. Addi.ti

oL PRE R e DS SRR b St

flatib#ikye wad disketistbilxg o@pely@spyleiESnpiives. A Ciuoh) dradsnet icbiBiercial

st REuBLRER M P Bty B T SR beh A opsRY pieffce i

appaidnt. eEhrfh@rmdrEl&hef dxhitaNdy 109 2 pRdeAdssignetilale@idse novel blends can
publ i cati qns, of which are herein incorporated by
b? Biribpesiiadsdby tﬁlﬁi“% gbaatagy of ke %‘é‘ﬁ‘é?ﬁfl CRARANIEE dreorporation and
AAGE ngp%gs@[ﬁ@wuﬂ%@h@lgéelagg%&ﬁ% holﬂﬂo%ene @ catalNQts, both of which
6, 586, 138; U.S. Pat. No. 524, 742; US 2006/ 0188786;
cmegweqo@fgngig?mml@e cp@falh% _pner tp @@ng% Fltthesnvepiélye block
olfmar/ 2, 379 and WO 2000/ 34384A1. [216] The nesophase
separated structure provided by the inventive
ﬁolyners provi de several inprovenents over the prior
ar

35lor fBers Meptigized eRlgrreridenséheymeplpsics mpyge used in known

applications for polypropylene compositions. These uses include, but are not limited to: hot

melt adhesives; pressure sensitive adhesives (as an adhesive component, particularly when
the polypropylene has low levels of crystallinity, e.g., amorphous polypropylene); films
(whether extrusion coatings, cast or blown; such will exhibit improved heat sealing
characteristics); sheets (such as by extrusion in single or multilayer sheets where at least
one layer is a plasticized polypropylene thermoplastic composition of the invention);
meltblown or spunbond fibers; and, as thermoplastic components in thermoformable
thermoplastic olefin ("TPO") and thermoplastic elastomer ("TPE") blends where

polypropylene has traditionally been demonstrated to be effective. In view of these many
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The ordered norphol ogies result in a greater degree of
control over the pore size and channel structure. The
w@b@smosepar at ed nmelt norphol ogy also |imts fPETMUS2009/032699
shrinkage in the nelt and therefore inparts a greater
di mensional nelt stability than in non-phase separated
material s. Photoni c paper, Organic Sensors, Polynerized
ubR Wﬁ?irﬁﬁ@ved %v@ tenlp@rhflire ﬁ%&ﬁ@s%a magéd Mﬁaaﬂny R pMicized
material's with certain small nolecules results in
pgb@uowlﬁlge thermenkastiss offet wuaﬂble Frelageipeit Hisselertsfl spdigatiqnp fy
RLQENGSSIyVInS] Gide ob@F). changes that can be useful in
papp |c§tpon2 (ﬁh gg c enical sensors. [218] Wth
nol ecul es haV|ng | ow vapor pressures, the swelling is
r dg3blsi bl Eherod cenapiioRs Mg COFRN processing ods. Pt peery dady
ptReSin! g%&ﬁ RUbEEB plobaking6ils &% AR InGpRERES arc?rﬂzﬁ%%'ﬁr&gss%ﬂs
reusa Pa per or recording nmedia requiring no pignent
afecyll seigibdsr forhsep IGeyeraldy Hers abeub8do flwnt Bldwith.anaepreferably about 0
t(pegb%{lpgjg%[agy é{“«? {Hoétg)t ﬁgr\ﬁﬁg g@gls%% qfetjogt\%)ve t%@ ﬁgltscéfg)llggr 100 parts
oot Hpib/nlsmq emplpyeda Higltee pinalints dfatil ma«rtelhrbtqﬁmxwde dife tpeycessing
ofc' e lrefsuﬂgg gl%du SF tcl:lg ﬁxpeﬁscel i agrgggtlly% c‘él pr(r)z]&%tfeé.l ?}%ﬂ%lgﬁlga{rl %I%?(lasging
amls aatuge pmivymmnab\mxpmﬁttyemd( sfab:r smh ag xaniphetafatcolzimistatate,

Cc osite te see: vanced Mater.i a

(fi‘%ﬁiéﬁ’js IB?SM%E% %@ coly Z»%OAWA%?%OI erér%%{"i‘n% %@?‘?% 881“5 (Bbiyjesters,
ireh@aig (polly ehfcgbdiices, Ml @EthiahB-, Esp2@iilyl Groap mer & nlead bimemt- Ssalt
of the hnvent|on t he anor phous nature of the soft
deoRHY Rdhte’es them general Iy nore anenable to swelling
t han the sem crystalline hard domains. This sel ective
svied1]i ng IptsGuvibeie shaandi=tadsogk miteds@bleed duvie acthesicombrising
npdi f.i cati on _of the soft donains, can i npart

AP REEfE AP B Qo B rope e et e R iR sl
dleR@ kibbdrbie hd veuSRdriratest4dod BV SadiAidn )26k, bRl M&(ﬂﬁoﬁl&oﬁlpared to
conponent in a distributed feedback Iaser

Y o RN B e B | BplgaEoRs WGt (ps m%@é%ow?%wsmons

cEBHBARTY M HASOAER rh 6 bf AEnOREdGRAbbeLd, RS klo3R86 indBPORId BAfvon
active region of the device is structured as a

bljlp]f for1g)¢)qu§ ﬁu‘t@prasttth]gty a-}-rﬁg vgghétnpﬁ)gonq(aﬁlgmesa@d@ntl oxidants. Multi-
b?ﬂg?%&ﬂo%e?éjac%ﬁ&% 6 B LREER nveREAoSR i QR EALTy ige dhag kr

unsaturation, find particular application as a protective surface layer (coated, coextruded or
laminated) or weather resistant film adhered to articles formed from conventional diene

elastomer modified polymeric compositions.

[238] For conventional TPO, TPV, and TPE applications, carbon black is the
additive of choice for UV absorption and stabilizing properties. Representative examples
of carbon blacks include ASTM N110, N121, N220, N231, N234, N242, N293, N299,
S315, N326, N330, M332, N339, N343, N347, N351, N358, N375, N539, N550, N582,
N630, N642, N650, N683, N754, N762, N765, N774, N787, N907, N908, N990 and N991.
These carbon blacks have iodine absorptions ranging from 9 to 145 g/kg and average pore

volumes ranging from 10 to 150 cm®/100 g. Generally, smaller particle sized carbon blacks
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the laser during distributed Bragg scattering fromthe
structure. The inventive polyners could serve as the

wale@bopisad ed Bragg refl ector. The inventive naPer/i8t089/032699

can al so be incorporated into a dynam cally tunable
thin filmlaser as described in WO2008054363, which is
herein incorporated by reference for purposes of US

aﬁ%ﬁﬂgye@ @ eele&@nt ([ogt?e%]ma-é?@udng‘ )J@rﬁﬁt' \F%r Q‘Ln%ps}ﬁch apphtc?]tlons the

i nterpolyners can al so be used formfil

presgit swdHbIsel eapelymsrsape Meiné%the@féﬁq%thétﬂq HIne cer@ﬁn plack, thereby
a}_lllﬂgg%E&lsfdgfame dfeQ n ﬁéé?l%l t§ mCMdQQf#&g V1Vl3 ?%‘irmlﬁtok fio Bi g DERes at all.

. materi al s have particul ar advan rrier
Multiraed tirps evirgstmatgiangotae epler ofjtiee Yeimiqwedneh@@amw t he
| ayers physically increase the tine to equilibrium

Sq@:@] at | Q‘fbrfﬂiosﬁ%ﬂsehfcﬁﬂhr% the?&@ﬁa&%%ﬁmgﬁlﬂgqg EMBbdients of
sem -crystalline domains or layers with [ong range

therighentiprmipays Hemeaerdt eisezonints erijatiwaidarta il 4re inqyfn tggappber

géglillgtﬁr)g“ it ﬁ%t il aﬁf ng.ﬁ}{% g%aﬂﬁqna:‘}@oteﬁahgsﬁ&mo'te‘éﬁfﬁsgu af;“\xla%
mareviglstthay eorsopoheymefase MIpmtbdt éeipart firoot @yeéve %am@mgﬂay be

CQCI?ICES%Q t&torsl_&ltat I'g act n?t St ggre 1°6 @ongnguﬂ?a%fe]: clhcgmwgl protectors 1nclude

e 1rnven al's
sreapiedphdnnlsr @agadd 6dtﬂxte¢ plak], bmsla&tiailt(dmemlgmpmzﬁljpneml p-

il r fil di t f
efilopr E¥he:. PRI rERE I G FoS Rt AR SR Piieg e
pblypliemokhtioRidaras, $19drb@11mil:]rﬁ$leﬂ¢atﬂvék th@l‘neahphe;hb/le& ﬂiﬁwmdants,

ers. t are rom e

ﬂ}l?fjx?gﬁ%“?st\?é %@F%Lgn%thﬁF éQmF ﬁ‘“cﬂ“ﬁg‘@at B PaéneﬁS% such

ptddadtt &€ Wiagstsirag| aﬁud‘»h@eﬁiﬁ Polys@QYAM 100l 2htiGAIHIO POEtay ™ 100 AZ
sheat h/ core, tw st and_nonof | I ament. Suitable fiber

apugiHaRly Poly e 209 a‘iltf?é!%ﬂtewébgsf?ﬁ £ Baiosidsnt Wipgsgy™ LALS

ah@&NALAVASR ste@sM i a%ﬁb)gg»ﬁld Wi ééa M 2Bah@Xidnt, Man stay ™ SN-1
4, 430, 563, 663, 220, 4, 668, and 4,322,027, gel

agfjsurilans; b@rlﬁga&gﬂ&‘u 3@6@6@@& |Ilm sqmesapph%tﬂ@m th@nti-pxigays andpnti-
AT u?éa%ﬁ%&\fé}mgbé AR {efifime 3Rd frSGlePRgd. 1n U S.

Pat ent , or structures madé from such

fibers, including blends with other fibers, such as
pdPMst erbor piavistingsrddisionsl sibilishasamst Y Askiptignt hipdegag amine light

s@nilizdd &@AE@%@ SV ARGHNG! nf3§ be LRE LA, %ﬁftafbl}bséxg&ﬁleéﬁfélude
co-extrusions, calendared articles, and drawn,

Tingvis{ 8 423, (TpnumT%%l Tymvins™ 672, fliitpyeind™ 7651 d lwefw% drad s
Tﬂﬁ&ﬁ{rﬂ{ 9?(‘/1 abaqlraﬁle Brof @1b§ hé\% ai‘l'@%fhlé}mcfaﬁranw dh%m%ﬂﬂﬁ %@hf g}/aﬂable

coati ng operat ons, sheet extrusion
from Cytex Plastics, Houston TX USA. A Lewis acid may be additionally included with a

HALS compound in order to achieve superior surface quality, as disclosed in U.S. Patent

No. 6,051,681.

[241] For some compositions, additional mixing processes may be employed to
pre-disperse the anti-oxidants, anti-ozonants, carbon black, UV absorbers, and/or light

stabilizers to form a masterbatch, and subsequently to form polymer blends there from.

[242] Suitable crosslinking agents (also referred to as curing or vulcanizing

agents) for use herein include sulfur based, peroxide based, or phenolic based compounds.
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vacuum form ng operations, and form ng nol ded
articles, including the use of injection nolding, blow

woredodioprsepr ocess, or rotonol di ng processes. PCT/US2009/032699

Conpositions conprising the olefin polynmers can al so
be formed into fabricated articles such as those
previously nentioned using conventional polyolefin

EEEErﬁfy]@&%‘ tmegfo}e%@ﬁg Inw&@svam &Gncﬂﬁlw\ﬁ{ inckjagnn tps tPQ@ﬁ@ No.:

he art o ol efin processin
3radess; r365|9§{5ﬁ% Sepdif %rfefoél Qﬁﬁy“ B0s% S %ML fgéﬂ %?l 4340684
4!%?F% Lies gas. t4rﬁ‘it69§ﬁnd frfapii cs and textiles, such as
reflective or c¢ol orchangi ng characteristics. [225]
Dhgﬁgr5|ons bot h aqueous and non-aqueous, can al so be
f

d usWhep tHar basgkmring aeghe yyneiprlowsd, JosPIRiaIORE ngreare

a@tmé Iﬁé JSQ@ a[E - A(E:El@fahﬁéjarg AeIRo EGHERY ﬂh§ 't1HQ ah(lﬂ'@r .
i nvent e (Yners can al so be forned, as disclosed in

tPEErpp rqqem f@hdmmmwlqaszmmwswmweuth@momwﬁ tes,
r%P]Q ﬂg Bl%gsdhrﬁéé@ %ftl%{%egn gﬁ:‘e e\ﬁg%g%np %:!;ﬁlé% acJehe%at ﬁ$r aﬁr may

e Cross nown nmeans, suc
ausérmr ipesedx Tbkepriredre ettqet@mtchrésa may &¢ b@d@n toga pieyntoranging from

oG STOP7) 009 ST G THERALIPLS oA HoSfon

hen1ca , Suc
weighinh en@tyereadodiinena b@nliginaiviny o d ghem{riviid) 5 sesoﬂdaryeascelﬁator

ST L PSR BRI DR o

abald D106 wes;oaprladmlm&n tosactiate el tb iaprodkedie ipfopariiys of the cured
the inventive

fo ation co ol yners. .
a@ﬁ[et 2HORSG rgp ﬁ’w’f% P gy Praghee ar%ﬁ&%ﬁaé{@g&i“ﬁ’ﬁﬁie& thgf are
sbii@ngapdter hak thlogé @8duckdBy wdiong s1(1‘aF1@)é§oeleTrzﬁblC JIn hddi@dh, B&hyed
di oxi de, zeolites, powdered neta organi c or

A5G ERIrOR b0 SN GO Heh Y FBBRLProwRipg ghyperatures

y&u }Jr('idug@a Eat@ﬁ&%ry SFER lordhdr v@AEanRESn teAPEkaftYdsONVuRfanization
pol yester cord 8 Snano sl zed particles, clays, and so

rteyplern mighy elkp pg eﬁe wiablegypes nageelerafosr thaianaycbeedinfthapresent
1&%nt%&&@ﬁhﬁé§ GISglhhe'QS glﬁlﬂghrgs f}ﬁl%uﬂa%t Hﬁﬁlole§QHjiul%mt ﬁﬁ{eﬁa‘ﬁndes

pol ynmers, inc¢luding other po yners according t
deinbesdbamares andkantiiaeesi Proferablyo e pRRRM] acsﬂq:rta@bis@ sgkﬁwﬁ@ies Ifa

séc%d %’Ac%ﬂkdﬁ% & rEhet Jégoﬁ%ﬁggeﬁ&atgﬁg gfegérﬁg){ %Tg almdme

I ments the I nvention 1Inc astic and
dmmnearlbmamm thustanccqnqioymh r@ruanmrwssn@ andst amdahreantdvators such as

stechI d}‘ an(c:i n%l r}{a o be usec[rR!V ﬁt%ry pePomé{arEEageS(’i cfugﬁg agen{g are 1%ed co-

e pdypropyiene
activators or coagents may be used in combination therewith. Suitable coagents include

trimethylolpropane triacrylate (TMPTA), trimethylolpropane trimethacrylate (TMPTMA),
triallyl cyanurate (TAC), triallyl isocyanurate (TAIC), among others. Use of peroxide

crosslinkers and optional coagents used for partial or complete dynamic vulcanization are
known in the art and disclosed for example in the publication, "Peroxide Vulcanization of

Elastomer"”, Vol. 74, No 3, July-August 2001.

[244] When the multi-block copolymer containing composition is at least partially
crosslinked, the degree of crosslinking may be measured by dissolving the composition in a

solvent for specified duration, and calculating the percent gel or unextractable component.
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i npact nodi fyi ng pol ypropyl ene, isotactic
pol ypropyl ene, atactic pol ypropyl ene, and random

we@tdvglogrsed pr opyl ene copol yners), various typesPOf/US2009/032699

pol yet hyl ene, including high pressure, free-radica

LDPE, Ziegler Natta LLDPE, net al | ocene PE, including

mul tiple reactor PE ("in reactor"” blends of

TEE L& sdabhfFE @8fes t@h&@m%em?am&%q AS K elﬁe&sﬁdes
|§c oséd in eS Patgﬁts No Q% 538,

aezosblg tMelbO@nmm obihs imvsnigeoths percenigal @NigAES Q@mbly in the range

ﬁ%hnykqﬁg vi.nyl acetate (EVA), ethylene/ vinyl alcoho

copo yneP polystyrene i mpact nodified pol ystyrene,

acrxlonltrlle but adi ene styrene (ABS)

stlg#Bne/ blheaenldhiock corobressprrcyidinedo anbodipentogidhatnaention as
\x}éﬁ rag yﬁﬁds\fﬁéeéf%gs@gf%;g%& A0k sBHD) eon%ke)al 8 995% c%ﬁ%osmons

hono ner -|soprene COpO yner,
dtlfh etrlﬁb?jie s feclopen el wedeaitie sSThupidhoepamesitign WIW@OQ%@WS an

094 fui‘fQ egli)g 'iraglggr e@ﬂﬁ% %?}gltoﬁﬁgﬁ‘ito a%&ﬁ%f&%x%d article. At

opy ene copo r exanpl e polymers
ttewsaink gk ethel pdeant tdmosmamseand@mngmmneofrum@m feYessmnproved melt

Vn%l:ﬁﬁ?ﬁé@te{s hg;%ere‘t\))/ 1o blfgetghg r&e @X%%n%p@%em anil blends
ﬂ@&mpaqykmﬁamP§H$nmmeoUSekﬂMyasmE@apgggmn2$LT??gﬁ2FﬁEad
<GSR R e YR e A R Fser o; sof t ¢ ouch

goods, such as tooth brush handl es and appl i ance
hd2é]es; Baskqﬂa;stiaminlpmtuibhst mprdmghesmb@ﬁm@itmﬂ thelinmention may

enS|t ve a
PR bolEh bt eT inhfedy EleR oL R SRS R B Yy
carbbred, grasqif&fet§ p(amlelﬁrr fitbeird (ﬁ&ludingamc@omglsm cbwinh papater,and
cl osed, cel | nodlf ers faor t her no ti
PR RS T b Rt o P ot P e hopgipate or
ciBbNARSs Ofayh B Bays! thlcﬁ)tshﬁﬁ AbrBihh, ARG hysIRA S om@hmdphosphates
fabrics; hoses; tubing; weather stripping; cap liners

chpefp P iakgrs SO 15T SPRPARTE e R0 R b y g Rt

8%, AR BlanfiROdukh 8¢ Slicoh @hrbldebdilioaMfide brdRRia. | $11a5OPRed or
embodi nent s, thernnglastlc conposi ti ons conprising a

ofhreFavBlERgents Nl AkP Re pEPYKRskTor kestgkialiedibpydings ot act i c

pol ypropyl ene, and an el astoneric nulti bl ock copol yner

of 2et1hy| ene taRshoplaiiRREMPEREdnE AbUoR1i SOBRABEE MmeS ©PhE iifi@ntion,
to enbodi nents of the invention, are un| uel% capabl e

ingfudingthy W@eg@’éﬂg dlegs |n}aylb9 E@Cﬁﬁﬁ‘?c% l?ycqo(ggeqt@ Bg @Chnlques such

as injection molding, extrusion molding, thermoforming, slush molding, over molding,
insert molding, blow molding, and other techniques. Films, including multi-layer films,

may be produced by cast or tentering processes, including blown film processes.

[248] In addition to the above, the block ethylene/a-olefin interpolymers also can
be used in a manner that is described in the following U.S. provisional applications, the
disclosures of which and their continuations, divisional applications and continuation-in-

part applications are incorporated by reference herein in their entirety:
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crystalline or sem-crystalline blocks in the form of
a core surrounded by soft or elastoneric bl ocks

wo eoomioprse@ “shel | ™ around the occl uded domai nsPOf/UREND032699
pol ynmer. These particles are fornmed and di spersed
within the matrix polyner by the forces incurred
during nelt conpounding or blending. This highly
desnr“@kaf;a%t NI RR e SO ﬁhemkzeus@é%htmfle&m ble@hﬁ@ 1U%. 5Bal No.
uni ysi cal properties of the multi-b

60/¢bjp 8yﬁgﬁ§nﬁﬁﬁ@ﬁ“eﬁﬁb¥@5conpat|bIe pol yner reglons
such as the matrix and hi gher conononer content

el apt-quRe uﬁm&ewnmrlsan@a%mtﬂaepémtﬁlbtuizzés Qfdile SRRy the®s of
self-assenble in the due to thernodynam c forces.

Ethgleag(pilefirsape H§esdﬂﬂeﬁ§ Qoﬁwﬁ% NOn@/ak®$dlk@9eaemwber 16,
20¢3t oduce separated regions of matrix polyner encircled
by el astonmer. Upon solidifying, these regions becone

occl| uded el ast oner rticles encased in the

mat Pi KolymenBlengssfrqm gmra?lmerdésﬁthywe Bleindy- grséﬂal No.
6W§hﬁ£ﬁ@ﬁké§hB&x&ﬁ&¥953ﬂb§ bl ends (TPO), thernoplastic

e as oner bl ends TPE) t hermopl asti ¢ vul cani zat es

..and styreni c polyner blends. TPE and TPV bl ends

may4)b Yigspaiydpdey IB‘W%’%‘%’( hﬁl%a@tr@mpﬁ%ﬁ%& AubsriahNec k
60/P0d VIwefiRd oh BEMbrdbdRdsfApast i onal i zed or unsat urat ed

derivatives thereof Wi th an optional rubber, including

conventlonal bl ock copol yners, espeC|aII%,an SBS block

copdl iher Madsdroght orafarary olERylerelt-Plgting g Uoy. Serial N
6wvuiQﬂnﬁ%uegsa%eﬂ&ﬂlaﬁﬁmbjends_are general |y prepared

b endlng the invented nulti-block copolynmers with a

poI )| and o nal |y a crosslinking or

Dol Skt diont CommbanersidBomigenr QRAL nhy. Beishded i n
60/f o1,8830g1ed o BLstedBRj18C1005and optional Iy crossli nking

the resulting nolded article. A simlar procedure

i <D 48btrerin NGB BREosign: Bito For Yo SETS o8 ks

OlERRY end.iseRaIND boe ks @m)pﬁleuresﬁlsept&ﬁsertlblzooappl i cation
deS|rany possess a Nboney VISCOSIty (M. 1+4 @1000C.)

o 0GohaRgors of Pl Bres it MR SioBt Blsadindiy SHR G

Fﬂﬂa@i Y. st Nes@ers, elgl filet BE [Seistembdrnearoosr | ow density
pol yet hyl ene, pol ypropyl ene (including atactic,

It ﬁg )a‘gﬁ‘j"ﬁéﬁﬁé/ig‘g 1§,BEU%% tﬁéf%ﬁgym%% ﬂf lgtﬁgﬁ? /<§9Ffet g%ﬁ@ Arucf‘es Made

Th&EYSENIELS. Bty 50/7 18,0360 élle@ @h Weptymbdra 6, Z0abper nodi fi ed
pol ystyrene (HI PS),

10) “Soft Foams Made From Interpolymers of Ethylene/a-Olefins”, U.S. Serial No.
60/717,893, filed on September 16, 2005;

11) “Low Molecular Weight Ethylene/a-Olefin Interpolymer as Base Lubricant Oil”,
U.S. Serial No. 60/717,875, filed on September 16, 2005;

12) “Foams Made From Interpolymers of Ethylene/a-Olefins”, U.S. Serial No.
60/717,860, filed on September 16, 2005;
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styrene/acrylonitrile copolyners (SAN), rubber

nodi fi ed SAN (ABS or AES) and styrene mal ei ¢ anhydri de
wa@ooloy1ser s. [ 232] The bl ends may be prepared BYT/IB20091032699

or kneading the respective conponents at a tenperature

around or above the nelt point tenperature of one or

both of the conmponents. For nost nultibl ock

coppd) YOBhSesitidAl 8f LEPRRYADWR MERY-HeaRRYRIHRD For BIRRS!Films
enera“b§Pabove 145 C, and nost preferably above 150

witie Highyldp P8Iy verial ok PRgl 632k iled @n Aeptembar g Aei0St hat
i s capable of reaching the desired tenperatures and

el {4) PEASLinb¥] MPsurlQnICAE IR E-BISAR| FRYsRbrs " TUES Serial No.
include mlls, kneaders, extruders (both single screw

00/Z 83 wfiled 8 PertFmbmAAAIY: ni xers, cal enders, and the
i ke. The sequence of m xing and nethod may depend on
t heiyjepily @6k BleRBIFr&0 MIEPHE MeR of B RABL R AN, ©F. Serial No.
Banbury batch m xers and continuous m xers may al so be
6W@H%%%&é@?°§§@ﬁmﬁ§“é63§ﬁﬁﬂry m xer followed by a m |l
m xer followed by an extruder. Typically, a TPE or TPV
C 0nmShhﬂ'i-@llbc\l&irﬂg|CJi’[@)\é§ti@nsr¢(ﬂﬁ}ﬁfsinFQﬁ ' Bgn@fs of Ethylene/a-Olefins”,
cross-1linkabl e pol yner (typical t he conventiona
US58EM NooBiT . Gt o srlbei6a0lFiat i on) compared to
TPO conpositions. Cenerally, for TPE and TPV
CONpPO SinkdredlPmert BEEWRlefdId-Oldink Blalis SRk afiataskdtopiade
Théggolyner to multi-block caopolynmer may be from about

Ay o> DAN0- AEY &5 Boefilef 2BISyPIFMBFH 1802998 t 0 20: 80,
and nost preferably from75:25 to 25:75. For TPO
appl 51) CHille® B&ymtn{'@oﬂﬁ}ﬁi%s@ibhs M@ﬂd;)@or? ﬁnté@blghleﬁb@ Ekhylene/a-Olefins
copolynmer_to polyolefin nma e fromabout 49:51 to
an g, U Sosa b a0 HBrY Tt ATaB B TED! B0 10: 90.
For nodified styrenic polyner applications, the weight
r at 19 “obmpasitions DIf Bk lcaepadlyfieNMultoBlook Wadrpdlymern vy EilsSOFilms

and g5 8 Srab N 010588 . ML srBRentd e’ Changec

by changing the viscosity ratios of the various
C oY HeERdrsoplidte nNaildagiza® ICohgheisiaP [reerpolymers of Ethylene/a-Olefins™,
i.teraturej trating techni for changing the

Uf%ﬁggﬂﬁ%bﬁ@?h%ﬁi@ﬁgéOﬁggﬁa?mﬁ18%€B@ﬁscosity rati os of

the constituents of a blend that a person skilled in

t hi 3l) &Multivhyyec @istt Artidlesndt.8 sSainlyNo.[6RB31,0€& filai an December
27;@ﬁyosétions of the inventive bl ock copolyners al so

act~’48% pl astici zers. A plasticizer is generally an

organi ¢ conpound incorporated into a high
22) “Functionalized Olefin Interpolymers, Compositions and Articles Prepared

Therefrom, and Methods for Making the Same”, U.S. Serial No. 60/718,184, filed on
September 16, 2005.

EXAMPLES

[249] The following examples are provided to illustrate the synthesis of the
inventive polymers. Certain comparisons are made with some existing polymers. The
examples are presented to exemplify embodiments of the invention but are not intended to

limit the invention to the specific embodiments set forth. Unless indicated to the contrary,
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nol ecul ar wei ght pol yner, such as for exanple a
thernopl astic, to facilitate processing, increase its
wowokalisko ty, flexibility, and/or distensibiliprgr/ok200ére32699
pol ymer. Pol ypropyl ene, for exanple, is an engineering
thernoplastic that is generally stiff and even brittle
bel ow room tenperature especially for highly
afl E%Eseéﬂﬁ S6eLRhigeR Ale Yo WRRYk AR nuh R4l vaRRA B, RN twha
the invention provide m scible blends wt
nb@pw} @qus@ﬁeglvegyu @h@}fﬂbwdg@@ﬁd thag @W}Woutmde the stated
I [ ~
e e Db e drserbed fnench
emmglwmpgdl nehled congthued gb aesssstydeasires ofrihe iampeiont ur e,
storage nodul us and viscosity of the bl ended
TbﬁﬂJ%@&ﬂ&ﬂ ene are |owered. By decreasing the
§n5|t|on tenperature, storage nodul us and vi scosity,
the wor kabi lity, flexibilit and distensibility of
dE3SWr opyndifeepmpienihasiolio, t %fﬂﬂowﬁlﬁ@%éﬁ*@%ﬁeﬁ%? deal
e@gg&&patlon for these new pol ypropyl ene bl ends in
film fibers and nol ded products is apparent.
Furthernore, the flexibility of a product design
GPg; Methop for Samaples hdgbd Anfends can be further extended
by taki ng advant age of the enhanced conononer

| esrnpor akh Aokted h@td-h&idlidg £06t dq@ipp@DsBh Dheatstl debdle set to
net al | ocene. and ot her honnq%peous catal ysts, both of

1iCan uzed o pidrreweh o f-4ighiaotsarspp P o ekt {0gwa Topglite gach

dRéd ]Qflyrhé} sRhpR e %ge W hA) cbR@nirdN6R 10 BY RighhIO CK small glass stir rod is
i nt erpol yner. 35] These pl ast|C|ze§ pol ypr opyl ene

Papest lﬁw&aﬁwp%@dﬁhfysaﬁ@le@ Seschepigd NBWAC &5 g1 hoekon drigated orbital-

slﬂﬁkﬂ’@faﬁﬁ%’ hene R m@ﬁ’eséotnl:@ﬁ%ted H?l‘};}ﬁl%r R2n iNELHERredIy Y mg/ml
are not Timted to: hot nelt adhesives; pressure

ugjag dietaptpmatgd Hasidherdling sobeh alabrh@hweé U@@fﬁ?)&ﬁﬁ Ento0°C.
particul arly when the pol ypropyl ene has | ow | evel s of

criysial | 'A“S%rﬁﬁ yx Rafld GPRNRERAUS PR dé%ﬂﬁ%'tﬁeﬂﬁéleaﬁdr \x}'@%ht data
(whet'her extrusion coatings, cast or blown; such

fenensbiamplenpy Gieod 330 aume e fa 21@ mifpp HewErte sstqse%t)o pugipdeliyn-
pé\%g& b 2¢ Ql?ch@éol?eﬁ&éng §ﬂa 1ﬂzéd"wfﬁl ﬁﬁ)' p‘g ongp‘«&k Eﬂe dﬁ'&ﬁ%@ pﬁ;ﬁ@ & Su gh

ere at |east one ayer s a sticize
&F-‘f@ﬂ @Amldﬁwlgn@eteh@mﬂ‘ﬁixa@&wommm”b §intj aphingfs plaed in series and

é’cﬁBtl%?’C@ E&%H@J o Egs 168&?? Q06 % LOgr h tﬁl@g'{/apgisator set to
ernD stic onents 1 n er not or na

26@1’@( tm;N chglizec se@toelfGSi’C (ahd FP@'n)tr@ﬂni flowexteregy IttaBB SEM at a pressure
of %(ﬁgé Ssrlr?100§606 Ea))N g%%lymer samples are heated to 160°C and each sample
injected into a 250 pl loop using the liquid-handling robot and a heated needle. Serial
analysis of the polymer samples using two switched loops and overlapping injections are
used. The sample data is collected and analyzed using Symyx Epoch™ software. Peaks

are manually integrated and the molecular weight information reported uncorrected against

a polystyrene standard calibration curve.
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pol ypropyl ene has traditionally been denonstrated to
be effective. In view of these manyuses, with inproved

wo owoeTsper at ure properties and i ncreased wor KBOI/UB1099/032699

the plasticized pol ypropyl ene thernopl astics offer a
sui tabl e replacenent in selected applications for
plasticized polyvinyl chloride (PVC). [236] The blend
COf@tﬁﬁélérH‘Ul@YS*PxXFWﬁ@d n processing oils, _

pl asticizers, and processing aids. Rubber pr ocessi ng
oi | s and par aff| ni ¢, napthenic or aromatic process

0ilPFar e Bipnching dispipusioppare determipgdrhy caysfaflizafioanalysist o

ﬁtaaloam;ﬂ(ck@%m@j Ling AORY STASTO0 akik YorRROW a0 adMaieP @i
100 parts, and nost preferably from about 0 to about

Pserrr,ss%aé Vefensia) Spgey Thooapeles 4 dissalvsdan 134 jiphdprognaene at

166721 (0%6 he/hl BRET nAIHAURDLHIZE at@sbC FRY S hEMHed ank TREAME
the processing of the resulting product at the expénse

tefpegrtires ahgest@mps for Bfe ptd coslingrdtdi af Oafaimipr o8 exgradgletector is
ufdq n{er%kéJtﬁgF&%&&eﬂduBH BncWRKESns. fﬁ%tcé(mﬁ‘iﬁh% SthbleS:
suc as ca stearate or zinc stear
CQIp@htya)tlah cohabwed M@WIMC@IMIES W@}j@thy)t@mp@mb is decreased.
Tﬁg alfaﬁjygllcal ({éfwa& ve o hg Ic rF‘u?latl et ngrﬂg gen pe tl{ ﬁgré gl?a?q t?ranching
dfsamaumad)ﬂtye palgzmqs:r 1 or 2 metal or zinc-, salt
derivatives thereof. [237] It is known that

dr F S i
ot Ter ] oo FOPRALPOE  Euhalle B PSRRI % ek
ahﬂlmﬂqn@cbmwlnmdsin ¢H¢e€ReY$TAEaS¢fe~mrd (\éamonr 2061 ébx; Bc)lymht&}her

%‘a”[ 8%1 t%e;kglg‘{%'gﬁ{'vea i |dant>$|r0urhnﬁ {] 5 éssa eﬁe% {eperature as a

nfalzdimbﬁm B, thé aWafIpduireaint Giﬂ:SaI‘&U:IEhNe&ﬁ thel lmgsSt p@aﬂ@eﬁnﬂm‘tlons on either

CO Si 0 nt aj ni n once ti |l ene
BRGE0E idsptite b oot 205 RarEorady CEPSEAF s e
pfe@erteam@u@ufgqﬁﬁafetesi @b with b Yempgek g lindit JT 7690 dnd@ﬁ@ﬂﬁloothmg
addi tives and anti-oxjdants. Miltibl ock copoly

PYARGIEL 3RV e e ES WAL of %@&lebelﬁwﬁ%%@@ggrﬁwée Tt of 0.3.

extrenely low | evel s of unsaturation, find particular

DSaFhndaall Méthedb (Ex clwdigeSuin plé& ISJUﬁﬁcHAGCj ayer (coated,

coextruded or | am nat ed) or vveat her resistant film
nyent i onal

ed tQ .gles for di.en
AR o DB SRS P TS SR U HE CBisa o SHE ! model

QIOOGIESC quuﬂpﬂ)ed'K’FfEB, an TS canfidg ddeEssayRhd alahutﬁﬁaﬁ],ple@.aAbﬁlt‘bgen

bl ack #'Ils t djtive otF choi ce for éJV rf)ggond ar‘idd.
PRERET 131 MR BBt 1Y TROpRBTaRPREd e Al e hd elied n
the press at about 175°C and then air-cooled to room temperature (25°C). 3-10 mg of
material is then cut into a 6 mm diameter disk, accurately weighed, placed in a light
aluminum pan (ca 50 mg), and then crimped shut. The thermal behavior of the sample is
investigated with the following temperature profile. The sample is rapidly heated to 180°C
and held isothermal for 3 minutes in order to remove any previous thermal history. The
sample is then cooled to -40°C at 10°C/min cooling rate and held at -40°C for 3 minutes.
The sample is then heated to 150 °C at 10°C/min. heating rate. The cooling and second

heating curves are recorded.
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of carbon bl acks include ASTM NI O N121, N220, N231
N234, N242, N293, N299, S315, N326, N330, M332, N339,

wWOBeb3/0979881 7, N351, N358, N375, N539, N550, NS8PCT/NER09/032699

N642, N650, N683, N754, N762, N765, N774, N787, N9O0O7,
N908, N990 and N991. These carbon bl acks have i odi ne
absorptions ranging from9 to 145 g/ kg and average

Pqbsevol uma)s“caﬁgmﬁg péqumnégu;eg a;ﬁ»lQ nfa X BAHO Eh tbat flow rate (W/g)
Generally, smaller particle sized carbon bl acksare

Vathpespge & the hngak basshineedinwie bR veoAS ICorad sad @ﬁw@elb@ mhe heat of
fll:s%n 1 @Xwﬁ:ﬂ%b(}ér&fé @ér't elh?ﬁcﬂee[ﬁe%e F an(li) He %hd of
copol y ners an require fittle or no
H@amﬁwmnghé@%wbwwén®by allomnng consi derabl e desi gn
freedomto include alternative pignments or no pignments

at[2§i ]I '\é}lallﬁokaht}ﬁ' @fjthE DSeSs @8net ak ﬁﬁ%wgmf:ﬁ'ﬁ' anlglsélnﬁ 1§&Jt£ﬁed by
of the vehicle are one possibility. [239]

n@omgasPIC baw,-99 Hewibougny fepiroip Itzesalirginpind dSpaac cBredi’ng

oifleFRB 38 AR e PR e L Tt b iy ey cootine
tHeLgbllaEre t& METTSE a 8doliak et 10°6 Kihinl folloW@ b3 Kbépi AZAO &M e

p yS|caI protectants such as waxy materials
lsloﬁ?&t‘m%]dﬁiél‘f(bctff’rel »Binfeatodlowpdibyphastivgthe tsmplfaérpm 1P Ento 180°C at
a%xé’tfﬁg?at% ?)E 1%{nu fehey,. faY OP%SI%H%‘A@ Psl%[&‘rﬁéi&&rcffthe

gén or ozone. Sul abl'e them ca

il &0 Sre ldét@ﬂnhiﬁl@i aﬁlﬁ)éh@:ﬂtai Rbephennd.s°C tocth YF@b®Ufor the onset
oct%ﬂated phenal but ated dlédlnethylbenzyl) pheno

gRuhwulin Ao g8 1 Jeder Pesidiron Hieadtenisbyater i

aQa'l &9 'co@ﬁ\g adinGl @}099)? ﬁ%ﬁldéaﬁlﬂﬁ it PR pa‘ﬁ(ﬂrdﬁpflﬁ’mlﬂ f°Cata
i oxi dants, hydroqui none derivatives, quinoline,

cehlplg any bEHBC at inawied At sampilh isckepttisntheamallyoxi- Hantfey, 2 angtes
bl ends thereof. Sone reps sentatlv trade na
oG BB e 5D 5y 0 Ay T B ERAge e i€ derermined

ROkSEAYS bahithAD BOtomGdant , Pol ystay(tn) 100 AZ
ant|OX|dant Pol ystay(tm 200 anti oxi dant,

é L anti oxidant, Wngstay(tm LHLS
HE?M rrludipg fgapley { Hagnd K5t i oxi dant, Wngstay(tm
29 antioxidant, Wngstay(tm SN-I ant|OX|dant and

| r[@s8)ox ( tTHe garlllidrm&ttﬁﬁ Bh@maio@ra@ﬁﬂ@ys@@]ﬁ)b(brﬁﬁtslo@ Bisher b R8lymer
anti - oxi

antiozonants used ref er abl e

LAbaratercs W"H% Ph%&ig ROHEH 1@5‘Fra[t*’t'?i"&?‘tor’[e%9(’8?)231 2 IB%WH}eHé i
cAldfhin tah®@ Bdbusst RRiphithYntd&ra bpsrhtedM 1480¢ tThi@A PolpinBARIBFhtories
am ne |light stabilizers LS) and UV absorbers may be

1§madgrop dbged-Baplpmpt ae asedmibe §01vq4i1é Isudre? trichIoURDRTACRY: Tilzessamples
ark pipataat Qn}o&élﬂmzﬁ B Blatlbf Pl gmer ih BOWi i {iteFd of §819ent

Ti nuvin
containing 2 0 ppm of butylated hydroxytoluene (BHT). Samples are prepared by agitating

lightly for 2 hours at 160°C. The injection volume used is 100 microliters and the flow rate

is 1.0 ml/minute.

[259] Calibration of the GPC column set is performed with 21 narrow molecular
weight distribution polystyrene standards with molecular weights ranging from 580 to
8,400,000, arranged in 6 “cocktail” mixtures with at least a decade of separation between
individual molecular weights. The standards are purchased from Polymer Laboratories
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Tinuvin(tm 780, available from C ba Specialty

Chem cal s, and Chem sorb(tm T944, available from
w@ydex9Bb@sti cs, Houston TX, USA. A Lew s aci dpeBHYS1969/032699

additionally included with a HALS conpound in order to

achi eve superior surface quality, as disclosed in U S.

Pat ent No. 6,051,681. [241] For sone conpositions,

@ﬁigbshﬁ@ REd). MhX E&gstﬁ%ﬁ&§§f§1§§is AR r&}Rre@ AP 0L ahi®in 50 milliliters
EI‘ e-di sperse the anti - oxi dant S, anti-ozonants, car bon

podstat fOUVIOEB'éléTr Wieiglys equabiogr grepighthar 1,800,960, ard0 9errmp i 50
r Lyt
SRS DRy 5 RSAASEL e O B XA S
areeﬁ@plwe(ﬁattSQTéwuh genitiaggigatioy fdreamiiritey Thgemtrey sthmiardfg@ixtures
HFLEHR, LRGhUAE SULIAE SRy BAOHLAR BO5feydf i i
dwa@tlpml ‘Shegrody sfyoanadtandard henkamdlgcuian gleigtisrage donvdded to

6, 558 051,478 .. ...
PSYE By Brequia g raney GrfBHERE Sgund Ry g e gvigiggs and
War@ 30PAYid; Set., BAYmBBA., 64623 1196828 Myadnrn 32:4(84371291?()@ e8]
When sul fur based curing agents are enpl oyed
Agg&*]g: g:lg)rl%eth I?e(:gle %(L.i \éalifqlgtmé%e% e%%)é:a elra#é g’ng r:ilr aperf\/\ﬁned using
Vienpk TatBE aofteqt iVesstbnf 300. dynam c vul cani zati on and to
i nprove the properties of the resulting cross-|inked
Coﬁlrusgwg,scl n one enbodi nent, a single accelerator or
|p nary accel erator is used. The primary
accel erator(s) may be used in total anobunts ranging
f rld6d]abouEongprsssion sethpureasyred peeofdingiol ASTAM GUT950 TBe sample is
S [
p%ﬁé?ﬂé{% bﬂr st§cr%g0%¥ 4 ﬁtﬁq d%‘Qmé% Irhlgﬁdﬁiésﬁ:g 848?9%1& 2%}9{‘3519?%25 i
tm@mondlanlya @t thli ket of 1277 gint ishechsie d thIShs aré eutsﬁemom:{hcry X
187 5 BBt o B PARG uRgR Hn BR DR LR BT
camtitidng: Zenyypresseare féred rpmoap é9(1°Ce®110‘fved he8cMiPe torarminat £30°C,

R PLso g e oo PrEnsy BoelnBhRI Dot 1 or

than those produced by use of a single accelerator. In
Demsiyi ti on, del ayed action accel erators nmay be used
whi ch are not affected by nornmal processing
rat W léé%sr cfé{lﬁg/qﬁe%s&elﬁa{tlai%f a?e{(} (?0%13 ﬁ)tASTM D 1928.
ary vul'cani zat erature ifCani zation
Meataemdentsarengtit wahis ondeouy sésﬁmp&prbamlgelsmg pSFMoD792, Method B.
accel erators that may be used in the present

Flexural/Secant Modulus/ Storage Modulus

[263] Samples are compression molded using ASTM D 1928. Flexural and 2
percent secant moduli are measured according to ASTM D-790. Storage modulus is

measured according to ASTM D 5026-01 or equivalent technique.
Optical properties

[264] Films of 0.4 mm thickness are compression molded using a hot press

(Carver Model #4095-4PR1001R). The pellets are placed between polytetrafluoroethylene
-84 -



i nvention are am nes, disulfides, guanidines,

t hi oureas, thiazoles, thiurans, sulfenam des,
walaobiogrser bamat es and xant hat es. Preferably, tPer/US2009/032699

primary accelerator is a sulfenamde. If a second

accelerator is used, the secondary accelerator is

preferably a guani dine, dithiocarbarnate or thiuram

[?s'ﬁl@édfé@i at {Ry4aitBs B&Q@iﬁﬁl@iam)r@'n% Gl RILyE . ﬁMfPh‘f&%%ﬁ and
as stearic acid and ZnO nmay al so be used. We

Cc
ﬂ}?é P Befpasen. &g flh?fgl%lg@ﬁpgle@rnéhwé@ wighyening eelé Wgtebat 1.3
Nﬁgﬁglegfn TR cgﬁl H:§§&11 %n@lgg@ﬂﬂ&srﬁ% t?]sg?] fdr I%Eﬁc%”n%&urements, tensile

Sui tabl e coagen s Inc e trinet | pr opane
belravee mgdoaery, {yPRAYclaxatipmet hyl ol pr opane
trimethacrylate (TMPTMA), triallyl cyanurate (TAC),

5 tribgd)l Y1 1SS YeRELak8 uliddB Pk GATRN 9120 BRE s spU&ﬁecan ASTM D
per oxi de crosslinkers and optional coagents used f
Iptrtial or conplete dynami c vul cani zation are knomn in
the art and disclosed for exanple in the publication,

FiQﬁ(ﬂX' de45V%10‘§§5‘1@ 'n?e%dr&pus ﬁ@@aﬂfﬁ@f Gl'oss\é%lter 1\1161‘0 & & as
July gust 200 244] Vﬁen the nul ti- Dbl ock copolyner
S@@ﬁﬁéﬂm ﬁﬁk%%ﬁﬁﬁéltlon is at least partially
crosslinked, the degree of crosslinking may be

agtr ed Ihbénﬁil 8501 MhOQuit D Esi SEOBP R drdRP Ha k- &ir$ PAYEBE ASTM D
for specified duration, and cal culating the percent

10 1@@ Prggedyursect Minerad gil és QPﬁh‘ffbtﬁ é‘tmf_ﬂrprpgrfﬁ@rt@ E3940Vg gyrface scratches.
normal Iy increases with increasing crosslinking
Me'cﬁa/lﬂlza‘i PrépktisUrRAsif, HySteRSisaafOr@rNg to enbodi nents of
the invention, the percent geI content is desirably in
th ange fron15 to 100 percent 245] The nul ti_-bl ock
T Tk SRR P e e S PHIATRR 110

nA&oBlile sp&iléRNISmpIBELAE HetdR8 $8EH 0 IIﬁE&B@HtESd)O % min™ at 21°C.
Tpr ocessabi | i tY conmpar ed to prl or art COITpOSI tI ons,
qn

gridle e gafion at braak BpsporiEd frony paYsEize pf S Tegimens.
t he conposition or blend denonstrates an i nproved

15 syRégce appeananoesw BSRASIsa defertiiRA filbr IFBkk ]oﬁlh@%]@ 100% and
nol ded or extruded article. At the sane tinme

3P0% siEtips LE1pbSIY DL S Abierolsn el eisetth aarniioa]instrument.

TROSHGASs 1SRREPNMRILnIRbL £ LR AGhH  REOPEIL 8Sa1°theyaky
allowi ng the present multi-bl ock copolyners and bl ends

cxpreimsn At Eifer1dd0ry arrpendicied asing epeydroysertiy|chymber. In the 80
° m@?%e%ﬁﬁ:ﬁt b sﬁﬁ@msaaﬁféw%@ %‘J BB 229 49&%%& a 5119 Rt GG Grure

strength s currently | nadequate
20 bafieesr taipk abx the 2L Yrpeietsirainsydiscapdinmyt tle remisoidé sresnt & 160%

sttrzﬂg fljoﬁll ﬁ@ﬁfspﬁhlgﬁ}{lg cycle is recorded. Percent recovery for all experiments are

calculated from the first unloading cycle using the strain at which the load returned to the

base line. The percent recovery is defined as:

%100

€y
JoRecovery =

25  where g;is the strain taken for cyclic loading and &; is the strain where the load returns to the

baseline during the 1* unloading cycle.
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al so contain organic or inorganic fillers or other
addi tives such as starch, talc, calciumcarbonate,
w@b@emofseber s, polymeric fibers (including nylBeT/US2009/032699
rayon, cotton, polyester, and polyaram de), netal
fibers, flakes or particles, expandabl e |ayered
silicates, phosphates or carbonates, such as cl ays,
mefy) Sildfeds reﬁlxannﬁme@shféman%éréeﬁa;tﬁﬁl £ 37 °C for 12 hours
al um nophosphat es, carbon whi skers, carbon fi bers,
uﬁa& aphsrerct wtmmemt@awﬁ@edwaﬁmmﬁaé@on%raﬂ éyawﬁr tehe gauge
W8 76AREX D5 Gin xBAnRE T ExbiliHAR 25781l £08in in the
i"de, lcon nitride or titania | ane base or
e@\tlt@@ment@mlamhg dgentle waysteiobed locs08myplayas 433 % mib et $teass was
choHe@ ep Rlﬂgﬁorﬁ%'f tl[]‘él}gll 12m§rst Hﬁ% E@rpén"f@tgésg re?a%g@&ls%f{ef Wﬁ‘ours
accor |ng 0 enb ts of t I'nvention, 1nc
wah ealfuatehwingghbfoendls, may be processed by conventlona
nol di ng techni ques such as injection nolding,
extrusion nolding, thernoformng,_,slush molding, over
mol di ng, insert ﬁbﬁdﬁn@daﬂh@Mﬁﬂé%éﬁnqpoand ot her
techni ques. Filns, including mul v-layer films, may be
produced by cast or tentering processes, |nclud|ng
whl% w8 the 1oBl RTBCLEBESat 0lidtShnd 11, i@H184aQ0 56 Qerééﬁ?stﬁﬁpmr 12
bl ock ethylene/a-olefin interpolyners also can be
hmw%ed in a manner that is described in the follow ng
U.S. provisional applications, the disclosures of
V\"IQ’ﬂ] andrdn &l for e teh Eﬁrﬁ&fts arfbMhiSd anah saRALd 163k g%nsuy
continuation- inpart applications are incorporated
069 8$ efepelassasignailnstrpm tipdiumean tihe gegmety consists of a gauge
N t
seEch[tlE}; @féf‘]()' 1%(91@333" r?@nﬁs(pﬁl m‘ﬁ{ gi[fﬂgg?f;&g éél\% blﬁgrbt 7ﬁf$arélgle at ?alﬁ the
spasin@ad eregtth eFhesamplp (i)SOﬁretCB?d 2PAB een DinTen2] Y antil Reameidm The tear

A

RO R ey G PR B SRS RLRERR CIRE T By e

160/ Ab8yd&r3gr offai leed 3opecBeptsarduepor®td, 2005; 3) " Pol ymer

Bl ends fromInterpolyner of Ethylene/a-Aefin", U S
Thﬁsrial No. 60/717,825, filed on Septenber 16, 2005; 4)

i scosity Index Inprover for Lubricant Conpositions”,
U.S. Serial No. 60/718,129, filed on Septenber 16,
200%2] 5) Tiepbd Mechpdel Ap@lm1qj3g@¢t§ﬂﬁglp demgperature) is conducted on 30

Hgltl Bﬁﬂng{ég( §’3%rﬁftﬁ1a§ comHeglon%(gthf dlm, formed at 180°C and 10 MPa

molding pressure for 5 minutes and then air quenched. The instrument used is a TMA 7,
brand available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-
0416) is applied to the surface of the sample disc with 1N force. The temperature is raised
at 5°C/min from 25°C. The probe penetration distance is measured as a function of

temperature. The experiment ends when the probe has penetrated 1 mm into the sample.
DMA

[273] Dynamic Mechanical Analysis (DMA) is measured on compression molded

disks formed in a hot press at 180°C at 10 MPa pressure for 5 minutes and then water
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60/ 718, 197, filed on Septenber 16, 2005; 6) "Fibers

Made from Copol yners of Propylene/a-Aefins", U S
weomwab7sbid. 60/ 717,863, filed on Septenber 16, PCD0S2009932699

" Adhesi ve and Mar ki ng Conpositions Made from

I nterpol yners of Ethylene/a- AQefins", US. Serial No.

60/ 718,000, filed on Septenber 16, 2005; 8)

cS@&ﬁHQl% St Rnso@t /EiRYr&nas &- c@h&i‘ctea uMH b Aﬁhg antmued strain
Interp olgmsrs Sui tabl e For Fil ns" . Serial No

ggprpEg (YO BStrymensy e@ﬂplséml@r?@élrca&@evez Biosesgyr torioa st
Modi fication of Interpolyners of Ethylene/a-defins

angd74\ ti cAes rﬁ@%@aqf[@%r gfste@nihd cbd-iPa baQFidfthenN@ns 32x12 mm. The
60/ 718, 036, | ed on Septenber 16, 2005; 10) "Soft

sEmeRlers civensd Fﬂmﬁh 1l Bptyeenyrpigs mpa@teﬁ;blyéﬂ éira(wpépw@mn AL)
e
e
edahttenpod tymerle tasioBagwlulug br |1sc1ae1atsu1@i ht' a,n aUgISar fﬁelner&b/ ONEDO rad/s,
tI}%%é{Z%éPlSY? e E)em%r%ragl r?ér}egl %t enb CE% {)] 1p gl’rc]:% an 4 Q%r% .toFenL}lrrr% that the

tdguel isbuffloient@Bd thhth8 ﬁﬁasufdnheedremamSHpﬂhe irhew rebne. 2005; 13)
"Conpositions of Ethylene/a-Oefin Milti-Block

P PP N PR of g B ihith @t hsi by e

sthél in"tl@ﬂspnipldl@l’[@ the‘r'in_@lsaxp:asma mdc@s%ed @nkaqoenchlth¢ grifBlepaktion

LN TENE AT I TREER DT
b@fn@f PApYITEmS (f stbshy e mekantsh &hipditure bt WhenI8d gaplbeNen the
60/ 718, 245 filed on Septenber 16, 2005; 16)

fi pgsireagf @ﬁ?lfﬁﬁ Conposi tions Conprising Interpolyners
of Ethylene/a-Aefins", U S. Serial No. 60/717, 588,

fifbrel on ﬁqqptgm‘aahggﬁeng’m% 17) "Interpolyners of
Et hyI ene/a-0 efins Blends and Profiles and Gaskets

e AP TS e BoBOTy A Conpers o oo
mdﬁcrﬁ)’ @métait PR cyimies thaf is baby bie/hakved 1fld Rgether by a hose
clamp. A 2.751b (1.25 kg) load is applied to the pellets in the cylinder at 45 °C for 3
days. After 3 days, the pellets loosely consolidate into a cylindrical shaped plug. The
plug is removed from the form and the pellet blocking force measured by loading the
cylinder of blocked pellets in compression using an Instron™ instrument to measure the

compressive force needed to break the cylinder into pellets.
Melt Index

[277] Melt index, or I», is measured in accordance with ASTM D 1238, Condition
190°C/2.16 kg. Melt index, or Ij is also measured in accordance with ASTM D 1238,
Condition 190°C/10 kg.
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and Uses Thereof, U S. Serial No. 60/717,587, filed on
Sept enber 16, 2005; 19) "Conpositions O

waedvglogrsed a- O efin Mul ti-Bl ock I nterpol yner FoPCEUSEDY/A32699

Films and Lam nates"”, U. S. Serial No. 60/718, 081,
filed on Septenber 16, 2005; 20) "Thernopl astic
Vul cani zate Conprising Interpol ynmers of

ATRAW! ene/a-A efins", U S. Serial No. 60/718, 186, filed

on Septenber 16, 2005; 21) "Milti-Layer, Elastic
Articles", U S.  Serial No, 60/754,087, filed on
Dd¢EHber él’ﬁlytlfeld@npﬁﬁarezﬁang-ebﬁlﬁe fragfioantiond d TREE} anqlysis is

cbifuBe® A BB cSto (HeQNINAS dek@IbSd Y. SAPdrd e NBS4, E’@samrﬁé Wilde, L.;
Therefrom and Methods for Making the Same", U.S

Rsler TR IKeobelgel. PIE,; P, LR.i Peernuis of Bisgehing Bisrgngans in
Ee%r[d%“fﬁjkn@ {JBZS?JnEr@W P tyﬁP(S‘HPb@&m@M%s Pf9<8¥j datntR

|IIustrate He synthesis of fhe inventive polyners.
incerpoEgitad hycmﬁwm:@@m@n Hrtheipentiecty The eppmpesitqn wibegalyzed is

dggé)'yegﬁﬁ ﬁlchi%l?@ofeﬁ%ﬁgpﬁcﬁﬁlo%@ toocrrgs'%ﬁmqu a%&uﬁfﬁ%%h hfné an inert

iments o e I nvention but are not 1nten
smppmtt(st:llhlesa steebshiol) bp stow/ 1t héucslggstbe feinlpeemy@dx %ﬁ@]atsa ®ehng rate of

0. 19(5}& c%f’u%nn 1S g%m egd t{h r|’Fare§:do cﬂe‘iec%r y R%%rctl%on?atogram

ercenta jes are nunerlca values
capp [sahemhﬁate&'\bﬁ alunmgnhe lcxysdalluzah}gﬁyqnarserngle y¥iem, the tolumn by

d be der st ood that .embod si de .t he
BBt e iR R S8k 1R e AR AR RE R gy R
120vCent kadof 1ISpEmiihi ¢ details described in each exanple
shoul d not be construed as necessary features of the

o1 TONMRAS oui ng. anal yti cal techni ques are.

enpl oyed: GPC Met hod for Sanples 1-4 and A-C [ 251] An

augdhat edT Heisquplds frapdiphiad by ebiig apguaxppaey Bg bha 30/h@aixede of
G e Bl Bl REle bR ARG RISy MR e e
sdoplessad dldS’Oll\&d apxbhgtmemsahw leating uge whke and ltsnra)lntents to 150°C. The
dgtg gﬁaec%hgc%gdl u%lr}lg% J E%g ]:{Tgpse 4&)1@{{& spec (l)nqestgr osrta anan %mty Plus™
400MHz spectrometer, corresponding to a C resonance frequency of 100.5 MHz. The
data are acquired using 4000 transients per data file with a 6 second pulse repetition delay.
To achieve minimum signal-to-noise for quantitative analysis, multiple data files are added
together. The spectral width is 25,000 Hz with a minimum file size of 32K data points.
The samples are analyzed at 130 °C in a 10 mm broad band probe. The comonomer
incorporation is determined using Randall's triad method (Randall, J.C.; IMS-Rev.
Macromol. Chem. Phys., C29, 201-317 (1989), which is incorporated by reference herein in

its entirety.

Polymer Fractionation by TREF (also known as Preparative TREF)

[280] Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer
in 2 liters of 1,2,4-trichlorobenzene (TCB) by stirring for 4 hours at 160°C. The polymer
solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot (7.6 cm x 12 cm)

- 88 -



10

15

20

25

pl aced into each tube and the sanples are heated to
16Q0C for 2 hours on a heated, orbital shaker rotating

w@e00259756om The concentrat ed pol ynmer sol uti onPCBHUS10691032699

diluted to 1 ng/m wusing the automated |i quid-handling
robot and the heated needle set to 1600C. [252] A
Synyx Rapid GPC systemis used to determ ne the

stegl c%%{anacmvgma 61)3409(\/ \?ﬁm@@m z&ﬁmhl%oo%z@ dn%%phéégl

punp set at 2. | ow rate is used

teﬁéunpa& Rpity @9881b62d8dataﬁpla¢ gperbpasie [Rqualhies, |H£‘e%p »300
h
BRRW AT X %gﬂ{)%ﬁi@@ﬂéﬁe% Qé@s(ﬁ)zts 57 t ) biBEer é?lt %'e sg@

m cromet er’ B 300mm X nm col ums pl ac

(dvailabdy fre Palieds, esa 6 & hdpssrid D€, NatiPbinarendal Nis 1-HES). 0G0
0 C,

KBTS A SatFE bl sHARIEYRALRL Oy By FRPE sk O,
issfgst dooled b@liSlcMlyato 125 ﬁ@shswi@w ofolge 20 ﬁst 0. Qﬂﬁl@pﬁ@ﬁlnute and
hlél ?%r one hoél;g %Ireﬁ 19 lé"c is 1n%ro?\}ljceg S&a%aut rﬁg n%gl V%Jhgle# (?f:)rﬁ%erglure is
iﬂcraasadcht baaﬁF@ pey mminet and a heated needl e. Ser i al

anal ysi s of t he pol ymer sarrpl es using two swtched

I and .. The.s

de8D; 3" PSRN 0 LREbL MBS B prb RO TR
cSlOﬁlh\A&f(@lledR&hhsa lasetiom rlnelzaéd fyadtlnn eq)jl’eaitoe dT leerpeblstniee is concentrated
. ol ular wel i nf or t|o repor.t e orrect.ed
0 ) ol S B oLt BN ol TR € B85 er sotution
redndinge . Tht aswdbaritchtddRYmiliAfs v tillvedkd [t(ﬂﬁ;ﬁﬂd dRemnighin befgre adding excess

di.stributjons are determ stal li.zatj on

R LT BAE [P CIOD PR Rl e 5o rinse).
TUB FiltraG ONETEY & |p@ﬂfd)rﬁ1ea‘éﬁlla|3q}él§1ﬁoﬁ VR Q&sYéf@%lrfﬁuféﬁﬁg station using 5.0
Val encia, Spain. The sanples are dissolved in 1,2 4

umﬁ%ﬁ?t&ﬂaa@ﬁ%lﬁ%e cppateq él@e@amf @¥ilape fom Psgponics fuc. L
756 WPbl 1508 drit i1 8RO A @londare BHOLS R & Cgh-“hea SRR bW at 60 °C and

temperatures range from95 to 300C at a cooling rate
wsighed onoumanglytigg bplance detorr peherdesngi Sddidens! indormatenabgut hits

rﬂeﬁ{%d Qﬁaugﬁ% fn WRkL!.G81£ 7€ eﬁﬁ&f%Ich S.c.; -1'5@8 R [Te e RFhi¥Btion of

sol ubl e ‘concentration’is neasured as the po
Be:wyémalﬂwﬂz@glommlfé?lxeﬂeleneﬂfgvéEtérlmequleyd@csr éé’@é@l STheo, 441-
ﬁggﬁl cal derivative of the cunulative profile
c)fs the short chain branching distribution of the
poI ymer. [254] The CRYSTAF peak tenperature and area

MedfrSarangtint i fi ed by t he peak

[282] Melt Strength (MS) is measured by using a capillary rheometer fitted with a
2.1 mm diameter, 20:1 die with an entrance angle of approximately 45 degrees. After
equilibrating the samples at 190°C for 10 minutes, the piston is run at a speed of 1
inch/minute (2.54 cm/minute). The standard test temperature is 190°C. The sample is
drawn uniaxially to a set of accelerating nips located 100 mm below the die with an
acceleration of 2.4 mm/sec’. The required tensile force is recorded as a function of the
take-up speed of the nip rolls. The maximum tensile force attained during the test is

defined as the melt strength. In the case of polymer melt exhibiting draw resonance, the
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anal ysis nodul e included in the CRYSTAF Software

(Version 200 |.b, PolynerChar, Valencia, Spain). The
wWEBRNSI9B6peak finding routine identifies a peakRCT/US2009/032699

tenperature as a nmaximumin the dWdT curve and the

area between the |largest positive inflections on

either side of the identified peak in the derivative

tnillVBree HRfofctthE BhRL & dfrmre%\ﬁmasmeﬂ Qs mbR @u&@fﬁf qhE @&u
proceSS| ng (Earamsters are with atenperature imt of

SroBd iaFrgOWPd i cshBeHPRY PhPanet ers above the
tenperature limt of 0.1, and bel ow the tenperature
Calalygtt of 0.3. SC Standard Method (Excluding Sanpl es
1-4 and A-C) [255] Differential Scanning Calorinetry
re ts are determ ned using a TAl nodel Q OO0 DSC
q@g ped Wettﬁmal‘?"?{@@ik o’éIu?‘?ﬁ]greée&%@ﬁH’PVféﬁﬂméﬁlately 16-18 hours,
ARUEASGORh &mpenet FQES T PRNGEBRSoIo0w -of a&ﬂhmehm Rixed
used. The sanple is pressed into a thin film and
alkpnas e ipfgry toraaonimresej allyabtaapndupixtbrsgfCsantivhatie hy dpgarkone b gl able
& - S
uIé(gatr ﬁ}%ﬁg‘gé g&%%@&ng&g;aﬂ P ‘%}o éﬁ’fmﬁﬂ(@? y%v%rﬁﬂaﬁg 1 tHEBent
thel rame @f A porapduing hcrelaldgm Imu n@qjam tocke BOCtTR) repmadltatmmereof
cr h
LR Pty OF SO, ST SN0, SLal B RAIRARe] o e
piEperagargfiall stiseniggpégpkymbreated cmtmed 8@0LCa drychitneded atmosphere

i h | . for 3 / .
PEOR IR Rl ARl 6 TR 8r0E TR En Bt e i
usedO0C at 10C/ mn cooling rate and held at -400C for 3

m nutes. The sanple is then heated to 150 0C at

i ﬁr s arlglg)?% n& ego '[HQ%% grﬁﬁt%ggg‘ﬁ% mso u%’f(atpuemaltnum
nivdERd mechyMurthmaﬂmlmamheﬁny frbmmmau\e)b(e\ﬂcg@ormdnh
respect to the | i near baseline drawn between -300C and

er[ 8§jf eg)ara-tlzplg oth ca?tl sP{/Bl) usscog(?ucke% agg(g ur ed as the

aréa under et wee “3nd the end

of meltlng u3| ng a Ilnear basellne [257] Callbratlon
. of . o ks _ 3 — il fwd s

obt a| ned by runm nga DSC fr om 90 OC thout any
Sg 5 b8 ngzﬂhlwmdg%el%‘@o ggﬁ%ﬁdeé e HLQ{f%gﬁggf/lgﬂlme.

fres umsa le I's anal yzed“by heating the
The som@m@plélm dirnnrighhpelloampi feer storing @0 bagnt enpoakirgfpr 3 hours,

VBI@EI@S 91]2: ré][IQ(ngd {11[113(3? V&C%llllnqwgldbaybrl%ﬁFyélllag/, E@ﬁalﬁfi‘é@hﬁ (97 percent

yield).

b) Preparation of 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(1-

methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl

[287] A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine (605
mg, 2.2 mmol) in 5 mL toluene is slowly added to a solution of Zr(CH;Ph), (500 mg, 1.1
mmol) in 50 mL toluene. The resulting dark yellow solution is stirred for 30 min. Solvent

is removed under reduced pressure to yield the desired product as a reddish-brown solid.

[288] The preparation of catalyst (B2) is conducted as follows.
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isothermally at 1400C for 1 minute, followed by
heating the sanple from 1400C to 1800C at a heati ng

wo 2100/09f5600C per m nute. The heat of fusion aPdr/UE®09/032699
onset of nelting of the indiumsanple are determ ned
and checked to be within 0.50C from 156. 6C for the
onset of nelting and within 0.5 J/g from28.71 J/g for
t hey)Opref dFoARE (1Taelﬁetgﬁbm%%bew)ez odd¥l- @@&h%ﬁ@nmenynlmme
coollng a smalT drop of fresh sanple in th e C pan

m25Cto -300C at a cooling rate of 100C
Thiletylryelahgxylaping: (3144 Giln &g issdsngsthagol

(90 Iﬁw §§d @Qd}uﬂ@ﬁhdl&h?&mﬁq:? ab g eahinbd iy A& Ofhe FHGoP R xture

m nute. The onset of is deternm ned and checked
iy @ fagithreg rpugs Amdgienicpelad @o >°CdpCl Mt hbler eesliEnauiny solid

p%ﬁﬁht@?s c]o‘lléctéﬂgf Herktlonl A2 %&]asﬁga%w@leclolcpfﬁétﬁ%ﬁﬁi 42(3{]15 mL), and then

chromat ogr aphi ¢ system consists of either a Pol yner
driedhendar ilyiced piobied. Preydisdi .13 gpdhyalaw sclifor ANMR ésconsistent

tr ol um and car ousel
M%A delglredﬁ%gddg?a’;s oIHIgFIE% %c*g-%l?em:cmo 0C. Three Pol yner

Laboratorl es 10-mi cron Mxed B colums are used. The
sol Riehrepdration of big-({ (28 hexa Hethy IR wxed g} -gigt-tatd))phenyl)

pr e gi)zggongmp&gg&gf rati onof 0.1 ar ans of pol ymer in
50 fTrrrters of sol vent contai n| ng 200 ppm of

but yl at ed hydroxyt ol uene (BHT). npl es are epar ed
21t 2t A R BTG {2 Ty Hol e L ooa SThd
bh@l)@&‘h&ﬁﬁm‘{e%%?% %‘%t@gm&o'i) 21%% 0 fé?éctf)l‘gl?lgatl?gﬁwg%déd“@ alsb¥on of
Zg(©HaRms €648 4.4 L pantfiely maﬁﬂ)ovwlt telend. Herrestinguhegoillaw solutlon is
t r ' .

HEBL ] SRS RIS MLEAR A ARRE gl Bfgne o e
s@ntiengenigiarotcehicomktoADO0783 Mt ures with at | east a

decade of separation between indi vi dual nol ecul ar

h§t S. d r

\Cg%%inj at or?‘gg %ﬁs?gp‘g )am% Q?ley I ET 6 ftﬁ(gl? rrgﬁllyrﬁg&ts of

tfgnahin@ant@{ﬂuoawpélepdbpaitee(@elatm-@ft@@ﬁngmmmsbcprmteB @repared by reaction of
of ()

a%ng cl&lgélgitrggléyl%mmg QA éﬁ:&ﬁ dﬁﬁH@ag%%a%@orﬁ%‘lﬁgg IN%bf‘ggHng, ﬁéi and
u['BI((EdFkM substandalls @b diseibsefl o Urfd Patent| N, 5;%9 g8f3sEk.€5s t han

1, 000, 000. The pol ystyrene standards are dissol ved at

W r narr ow
ctarlar ao RRRRE 28R A Pl L R o015
bdétus(gasafh@rdphgtyé)saﬂummebEmhdﬂcyh\lmdgmhdc,tmmwdrathrchng to U.S.
PReh! ﬁg %%95 671, Ex. 16.

—_

Shuttling Agents The shuttling agents employed include diethylzinc (DEZ, SA1), di(i-
butyl)zinc (SA2), di(n-hexyl)zinc (SA3), triethylaluminum (TEA, SA4), trioctylaluminum (SAS),
triethylgallium (SA6), i-butylaluminum bis(dimethyl(t-butyl)siloxane) (SA7), i-butylaluminum
bis(di(trimethylsilyl)amide) (SA8), n-octylaluminum di(pyridine-2-methoxide) (SA9), bis(n-octadecyl)i-
butylaluminum (SA10), i-butylaluminum bis(di(n-pentyl)amide) (SA11), n-octylaluminum bis(2,6-di-t-
butylphenoxide) (SA12), n-octylaluminum di(ethyl(1-naphthyl)amide) (SA13), ethylaluminum bis(t-
butyldimethylsiloxide) (SA14), ethylaluminum di(bis(trimethylsilyl)amide) (SA15), ethylaluminum
bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA16), n-octylaluminum bis(2,3,6,7-dibenzo-1-

-91 -



10

15

20

25

30

degradation. The pol ystyrene standard peak nol ecul ar

wei ghts are converted to pol yet hyl ene nol ecul ar
wowiogltseusi ng the foll owi ng equation (as descrtbes2009032699

WIlliams and Ward, J. Polvm ScL, Polym Let. , 6, 621

(1968)): Mool yethyl ene = 0.431( Mol ystyrene) . [260]

Pol yet hyl ene equi val ent nol ecul ar wei ght cal cul ati ons
aza@rc%h@eahéagﬁdw@m@l lmectml&ﬁ@&rﬁ Kis(lhetld-S@f)E VR I8 SHEE)SdBiinc (2.6-

e DTG) (B ASTOr D) sbe ARGMEAIS 8 propared by

st acki ng 25. 4 mm di aneter round discs of 3.2 nm 2.0
Examplesaindl, @nRfaratme AT ckness until a total thickness of
12.7 mmis reached. The discs are cut from12.7 cm x
' | ded with a hot
e B R I e o "o csour o
for 3 mn at 1900C, followed by 86 MPa for 2 mn at
19298, f dldluwsidatigns @ssiondugtadsing e highshrerghpat, piraliel col d
PhRl o Ebr Berp e soRRAPhY keiRloR M S e
sa@%tlallv@asqxdlem@§ Bfrteltfnﬁd e6 W3, 500 6.85&9 Ko 64362)15095 &13p6.658,
|n ASTW D792 h E al n
AL RLs CoRlt i an g Bl ot ool PHHE B SRR o
wirthlecheyténei sn dgn#hS'ﬁMn@ 1 IEQ?ZJSLvalEhte xioghtalystd BAsqlemaetat catalyst used

cant asur ccor dj to STM D79 .
AP SRR (AR ERETRE € SR Pyt R Y yRrsbitcted ina
po@ARE peEksudé reactont (PRR Bedntdi e o 18] i.iﬂwuﬂa]: ite@@br prioperd it &Srray that

64], Filns of 0.4 nmthickn ar e co i on nD

al5 e Wi iare Briebe YEA ey RO BI AU B eRT OB rel 00
nPelEh&f &3¢ RnPbAkEHaHAGhWRRE controlled with stirring provided by individual
pol ytetrafl uoroet hyl enesheets, heated at 190 OC at 55
S{Eing pBBitpsk Phy mperma ghs #nd eh@aBee iplpmbed diygegly figge thg PPR unit
al &mtt@ﬂgi ﬂyrh%[bngau@ VME@S fL‘?c{ul(;lsre%&llts aI@I%bf)tlchamf h&"deﬁ I&?&lch reactor
cooled in'the press wth running cold water at 1.

célbby syripas.and He resenpiresisemins moled eldialfe»sl ke erder of 9édjt1¢rms mlxed
aRRbds %él'veﬂ?@ﬁlg){ &Hﬁ@ﬁe 1-obERSLBnBERAN 1n95, colLERY LY coctidf st

stress relax
1/MMAQO mixture, shuttling agent, and catalyst or catalyst mixture. When a mixture of

cocatalyst 1 and MMAO or a mixture of two catalysts is used, the reagents are premixed in
a small vial immediately prior to addition to the reactor. When a reagent is omitted in an
experiment, the above order of addition is otherwise maintained. Polymerizations are
conducted for approximately 1-2 minutes, until predetermined ethylene consumptions are
reached. After quenching with CO, the reactors are cooled and the glass tubes are
unloaded. The tubes are transferred to a centrifuge/vacuum drying unit, and dried for 12
hours at 60 °C. The tubes containing dried polymer are weighed and the difference
between this weight and the tare weight gives the net yield of polymer. Results are
contained in Table 1. In Table 1 and elsewhere in the application, comparative compounds

are indicated by an asterisk (*).

[294] Examples 1-4 demonstrate the synthesis of linear block copolymers by the

present invention as evidenced by the formation of a very narrow MWD, essentially
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[265] Carity is nmeasured using BYK Gardner Haze-gard

as specified in ASTM D 1746. [266] 45 gloss is

M cr ogl PEFUSD0HE32699
specified in ASTM D- 2457 [267] Internal haze is

measur ed usi ng BYK Gardner Haze-gard based on ASTM D
1003 Procedure A. Mneral oil is applied to the film

nMb{8EE SR IYnRTWEN DR i868seafAmtaMSdal P@&Jaqml&@iar weight
Properties - Tensile, steresis, and Tear 68]

distribetien Rrpfust 1 IBEREY PloePraely mrakre Poﬂbéli*%fi)éwhﬁ §bWé%?sQ£ 2::2
e B e (LG PARARDUEGRRER B Do hPlR) CReRt B ).
thpehi$érens biackeergegmentdofghcoiegratinemepalymps @acror@ngtore@pv@dm@dts of
r. 00% and 300%

o P B BB Bnio R B Rk i ng o 100%
and 300% strains using ASTM D 1708 microtensile

speci nen&bltith an Instron(tm instrunent. The sanple

is | oaded and unl oaded at 267 % mn 1 for 3 cycles at
B2, 106, (AQyCliiisn) eoRar | NBIMG sAkiiR00% and 8CQ0C are
“conguehedyutsi) Nguasl) epiiono AR Nabl) chaaeMn | N MRAVS R
Axpené nent, thep@anpbe is-allowed gBsequobiobraie for

B5 minutealat thEOt €6k t enper at ur e.15ef or3e9x7esting. An
@*he026 1 O} 3000476t r@Bn cyclic expa0Bhredss26r he3d® 5.5
Iret 08t i vl st r edB2at - 1509%04¥n&bn {10/ t R8715i r 619 4.8
2unl 68@i ng0-tycl 0-1% r ecor dé¥Z P cehlttod edddler yl-For al4l4
3exp%96 menf-5 ar eO Bl cul at edEA®M t HE20B| r§t267l§nl Adi ngH6
dcy 09@6 u3| 91@ t hed %9@r ai n at TRiGHt Heldfdad3t%t ukHed
gt‘ﬁg‘ Perﬂ)ﬁ) fcent recovery is defined as: e f
1mo ecular Welg t'distri . .

covery e f where f is the stralntaken

; ?95{:%;' t Omfa}]] dl gs el}%rf)%lg%li%sirproéuc?%accir %nrg]g thmerﬁs ofo tﬁe

oot o, HaRer DfelSGtvele srréve bd&&kpe@sﬁltyl(MvﬂHﬁﬁ; mttcHdrga]t bl&Ek copolymer
nt strain an Qr 12 hour

o REE TR (51 OF G DR PSP AP S FB AR cine

agdhanber. The gauge

[296] Further characterizing data for the polymers of Table 1 are determined by
reference to the figures. More specifically DSC and ATREEF results show the following:

[297] The DSC curve for the polymer of Example 1 shows a 115.7°C melting
point (Tm) with a heat of fusion of 158.1 J/g. The corresponding CRYSTAF curve shows
the tallest peak at 34.5°C with a peak area of 52.9 percent. The difference between the
DSC Tm and the Terystaf is 81.2°C.

[298] The DSC curve for the polymer of Example 2 shows a peak with a 109.7°C
melting point (Tm) with a heat of fusion of 214.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 46.2°C with a peak area of 57.0 percent. The difference between
the DSC Tm and the Tcrystaf is 63.5°C.
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geonetry was 76 nmx 25 mmx 0.4 mm After
equilibrating at 370C for 45 mn in the environnental
wa@ b@oiogrss0 t he sanpl e was stretched to 50% st r aP@T/E82009/032699
333% mn 1. Stress was recorded as a function of tine
for 12 hours. The percent stress relaxation after 12
hours was cal cul ated using the fornula: % Stress
R h ati Ofhe DSC cukée P&ﬁp B@m‘é‘f‘@ﬂ‘ I%cal‘rfﬂlé §sh()l?/§a|;)9£(qv1ﬁ{ PR%eC
stral nat O tine and 5 | oad at per cent
ngitimgipaing f Ereywitlpa hﬂanfsfu81{312¢f11]60'ﬂelr‘gs iThe Cnmc&phlechlng ERY¥STAF curve
CP)e%VPIS\S,tﬁ? tnﬁes% p(ﬁ\%r §66C ?{:Cw%? %a‘isi Sarelajl é)? 2{'@'3&%? ﬁrleg(% f:re ce between
ther[%(lﬂ]i‘iiﬁjﬁﬂtheﬁwysgﬂmt6°y, consi sts of a gauge section
of 76 Mmmx 13 mMmx 0.4 mmwith a 2 mmnotch cut into
S sanple at hal f the speci msn Ieni;th The sanple is _
[P ¢ he dThgtPSoamymioRits Pelysier of Bxagiele mihops p pealyvaya 104.5°C
m-Ehﬁlgtp%ﬁl’E (BRRL@Ya héht SELGHE 8 €9, 76§$g 1R BHEPoMIECRYIAF curve

stress-el ongation curve up to strain at maxi mum | oad.

slmwsabfetraé@ép@k ap30 {(ewish a Beakpneqs) o A paticenty dpodiffergncerignveen
Ther. Anal ysis (Penetration
tLF%Zn%(”}eﬁ%iltand Tcgysgaghs%tgfgd on 30 mmdiameter x 3.3 mm
t hi ck, conpression nolded discs, forned at 1800C and
1q308a noltdiDRY aresfou cmﬁamtivs Arghnwt e80. a?(dmt:]tiegu p@i'nr (Tm) with

<S50 5l of P Bar bt R Ine G YT e e piPg esinel

48.5%C With b peiked dfR29 RN NO Bdth 4A&LY vilgesaRPdonSiste Quithheresin

surface of the sanple disc with IN force. The
thagivder at danaity. sThe diffsencabetyeymia DEEdm 280 Tamigafgs 6be™C.

penetration distance is nmeasured as a function of

t t Uf ] .
00 2, L pI S AP IR ERRl £ O REQE RS i
alies lpahismalof Z\Waﬂ) yg| $he @M&)pqnélng%@Téd? anvecbompy be sillest peak at
lde S 18Q0C .at 10 . MPa .
el Silp & pht e S s doin B E Bhes e b s
tHat B$$ehah d&@fi ThdWiffered@etwt@n it PO GHE CheUTHRET A7 4°C.
ARES controlled strain

[303] The DSC curve for comparative C shows a 125.3°C melting point (Tm) with
a heat of fusion of 143.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at
81.8 °C with a peak area of 34.7 percent as well as a lower crystalline peak at 52.4 °C. The
separation between the two peaks is consistent with the presence of a high crystalline and a

low crystalline polymer. The difference between the DSC Tm and the Terystaf is 43.5°C.

Examples 5-19, Comparatives D-F, Continuous Solution Polymerization, Catalyst A1/B2 +
DEZ

[304] Continuous solution polymerizations are carried out in a computer controlled
autoclave reactor equipped with an internal stirrer. Purified mixed alkanes solvent
(Isopar™ E available from ExxonMobil Chemical Company), ethylene at 2.70 lbs/hour
(1.22 kg/hour), 1-octene, and hydrogen (where used) are supplied to a 3.8 L reactor

equipped with a jacket for temperature control and an internal thermocouple. The solvent
-94 -



rheometer (TA instrunents) equi pped with dua

cantilever fixtures for torsion testing. [274] A 1.5
womooplogrsee i s pressed and cut in a bar of di NnePCT/ORR09/032699

32x12 mm The sanple is clanped at both ends between

fixtures separated by 10 mm (grip separation DL) and

subj ected to successive tenperature steps from -1000C

fde@ 1230 Qegic&)ﬁQ%éﬁﬁfre@ﬁ;ﬁpﬂlassﬁiowe&ﬁﬂoﬁé me\faﬁ%lé SpebNiaphragm

torsion nodulus G i's neasured at an angul ar frequency
pep tontolighe solyeaneflay rass #ndanpseure tribe Fraftay AMehhdisshateg of the

pPEp SR Hedm S pid0de HuBEAGHRYor (he cRRSYH R LRk

Pto que i's su?ﬁﬁgﬁen £ and Fﬁ€@ the measuf enment r ﬁ%lns
injertioh &ndsiane ghe reastpr pgitatdr2 Th§se Alows pietrhcabured bit M@cmMQtlen ofass

5 o Bl oML ol Rad ET kS TBAEM d RaREEY Becals saves

Tae wmmgjmet; is tbreblgw pitls bpatlem letrhmlemL andlcydecgse swhﬂr¢ fsed) and
fecﬂe tthéa nrle rﬁ: ! af:”uLe 5 ﬂB\%rctﬂrlltrolf € 1s u edatb %eh\ier Hyd.‘:?%entto {Pl? reaftor as
naetdedi hﬁhermmpesrnm“retcé ﬂmesbhzbwmommemhﬂammhecc@aplldmeiyme of 4 llmt

Xt 76] Pellet.B Ki St
e bt B ERREE 1 ety B g Spishin Bl Ot T the
10 cielybtebmpéikhOsofjtions e h@&:‘ﬂf&ldlsinlgtpﬁmgs and rhdss €Iy rﬁ’dt@’:tHEIi(ﬂfre

hoJ | ow cyl i nde is mad
C%@‘@‘f‘ﬁ%‘ﬁgﬁ’g‘? C%taéféféﬂ’s‘& Pyt and létr"ﬂfs‘c?%‘n(oltl‘ez%o“i?§5 ofjthyygagta. The
PRk is@ah figuid- hﬂl 28bo ﬁsti%@ 4% NTD® et Vigdeds satrindD PRIGuEQs redhoved
days. After days pel |l ets | oosely consolidate

threded cait dipesiag aﬁt@%\?f t%fhl%‘é%r pHLg It ingelrpm ey rracter@ppoVea traced

a&{ fagmsta@ myrﬁé&a@oﬂ B @toﬁﬁédlb;’?tthéoa{dﬁﬁﬂﬁh ega &9519&6{%@@%@& into
| oadi ng the cylinder of blocked pellets in

by
15 tf@o?m ligg glopgh Wik prpstabaliZersr p@lﬁ( %%tlvﬁhgﬂrmmth? Bixigra dupegh a
h(,em%gpr I?espcfb&{l%t {tl%!ll‘;lqs &S Qedtb9 IBE{ ﬁl% lﬁf&@% a{:léléa{ %I,ﬂniggr before

Into p t I ndex
deredasilizgthn rT han@mmwcws FWOMM)EXIIBSSH us{mﬁ'mq'ietVbbtﬂizing

3206 oo P8 L I

Sklgeted REFM§1Pr&ertian ateyroviddd it dnfdeBat ure ri sing el ution
fractionation (ATREF) analysis is
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conducted according to the nethod described in U S
Patent No. 4,798,081 and Wlde, L.; Ryle, T.R;
wo&eabebmeh, D. C.; Peat, |.R ; Determ nation of PCT/US2009/032699

Branching Distributions in Polyethyl ene and Et hyl ene

Copol yner s,

J . Polym ScL, 20, 441-

455 (1982), which

are incorporated by reference herein in their
entirety. The conposition to be analyzed is dissol ved
in trichl orobenzene and allowed to crystallize in a

colu
shot
cool
an i

sanp

t enp)
fron
Anal
appr
tetr
sanp
and
to 1
Ecl i
» Pl us
Zreso
Eacqu
gseco
S'sign
.adat a
£25,0
= The
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Table 2 Process details for preparation

o
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Flow
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Ex.
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ate 6f 0. 1E nin. "Thé col Um
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prat @& By 1AL InG X hé Crysty
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[279] The sanpl es are prepc
e} i B9 b ApROLS0- 1 xtune
bt oet rane- d 2+ ot t hodi—chl-or ot
The sany
;enl zed Qcy[\h:eatl n Lhemt uQ@\
7 the Sateb 4y ¢ 0l 8 U
m 400MHz spectroneter or &
4Q0MFz spectfaneter,, corLes
= O BQLETY . of 186 5 Mtz S H
usi ng 4000 transients per ¢
ILse repetition del ay, »Torag
DS A0 se: for . q‘u@ntl‘:t%m Ve ANz
s are added together. The s

QW iy @ e Aunnid ber sige «

em Fs’hys 29,7 201-317
it ed by ref erence herei n |n
racE o8 | ontbySTEREE fal §

v€ TREF)” T 280] Targe sca‘f’e
=dgbg°<dvs<sol vqﬂng 15-20 g of

3

120

29.90

12.7

stai nl ess steel
iture to 200C at a
is equi pped with
rat ogram curve is
I 1i zed pol ymer
reast ng the
tri chl or obenzene)
3C NWR
led y addi ng
of £
enz@e to 0.4 g
| es @re dissol ved
andgts contents
ng & JEOL
| Vartan Unity
pondiag to a 13C
e dat @ are
ataiple with a 6
hi eve 2ni ni mum
llyslz‘sg mul tiple
pect&@l width is
f 32KRdata points.
n ad@ nmm broad
ion%$§ determ ned
, J&@ JVG- Rev.
(19@)% which is
its®E@tirety.
o |knoviiZas
TRER:. £ act i onat i on

polwnﬁ

gHf + g7r

percent ethylene conversion in reactor
efficiency, kg polymer/g M where g M

polymer production rate

> [N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopro
molar ratio in reactor

> bis-(l-(2-methylcyclohexyl)ethyl)(2-0x0y1-3,5-d1(

* Comparative, not an example of the invention
4.

! standard cm®/min
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in 2 liters of 1,2,4-trichlorobenzene (TCB) by
stirring for 4 hours at 1600C. The polynmer solution is

wo evoo@a7sby 15 psig (100 kPa) nitrogen onto a 3PCTTR2009032699

=}

Table 3 Properties of ethylene/a-olefin bl

4 foot (7.6 cmx 12 cn)steel colum packed with a
60:40 (v:v) mx of 30-40 nesh (600-425 nm spheri cal
technical quality glass beads (available from Potters
I ndustries, HC 30 Box 20, Brownwood, TX, 76801) and
stainless steel, 0.028" (0.7mm dianeter cut wire shot
(avail able fromPellets, Inc. 63 Industrial Drive,
Nort h Tonawanda, NY, 14120). The colum is imersed in
a thermal|ly controlled oil jacket, set initially to
160 OC. | The c¢olum is| flinst cqolled [ballistically to
125 _0C, then |s|l ow|coo to 20 0C at |{0J 04 OC per
m nga and |hel d ffar |o wour|. |Fre TCB i s introduced
at |a 65 m [m n wh t he| tlemperjature i s increased
at | @ |t 281], |Approxilgat el y 2000 m
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110,000 | 55,800
65,000

109600

66,200

81,900

79,900

148,500

72,000

76,800

6.5
5.6
13.4
6.7
6.5
7.1
7.7
9.1
6
6.5
6.4
6.5
6.0
6.9
7.1
6.8
6.1
6.0

0.0

39.0
12.5
1.3

24.9
20

3

7.5
7.2
59.2
13.2
4.4
15.6
41.6

Lo
1
9.8
6
9.7
7
34
1

1.5
7.0
0.9
1.5
1.1
1.0
0.9
1.1
1.2
6.0
0.5
1.7
4.1
34

9.1
2.1
0.7
2.6

L

Density
(g/em’)
0.8627
0.9378
0.8895
0.8786
0.8785
0.8825
0.8828
0.8836
10 | 0.8784
0.8818
12 1 0.8700
0.8718
09116
0.8719
0.8758
0.8757
0.9192
0.9344

11
13
14
15
16
17
18
19

Ex
D*
F*
F*
5
6
7
8
9
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inch/mnute (2.54 cmiminute). The standard test
tenperature is 1900C. The sanple is drawn uniaxially

WO 2009/03560 of accel erating nips |ocated 100 mm bet/os20091@32699
die with an acceleration of 2.4 misec . The required
tensile force is recorded as a function of the take-up
speed of the nip rolls. The maxinumtensile force

Ph¥idaR PRGrGUekiigs the test is defined as the nelt
strength. "In the case of polyner nelt exhibiting draw
re§onance thetensile force before the onset of draw

0} anc P AhaecrsyRRIAs He cyabtafeddpr RygeH Proprgsichach as high
tesﬁzggﬁm& ResisBnéSGOPARM, dshviiBAel wm &nfpefalNrd testrdt glI¥st S

The term "overnight”, if used, refers to a tinme
klag pFaEitnRiER [IPEBIUIBIaReSFS highHepestwie cpgBippsion set and storage
5 ﬂoﬁgﬂgfa"ﬁt) %?25°Cf/@f(?6(§C5 OSe@eﬂa?&&ﬁﬁé&191‘i}€a\@fla@@p(ﬁ§3m&g:areQﬁlﬁiuded
the term "ni xed al kanes" refers to a conmmerci al
lrotﬂi@ snmeéiompmamee%fs agubstangpllyolyeeas ¢thyengs loecians @ﬁ@olymer
b r
R S e e L e
chstmpend, sebsgwnplydindartedryding/ ug@@ewopolmmefﬁmlm@if@sloo
a\‘?’z}llraglgtsflléﬁah%eﬁg(ﬁv&; gﬁ Zrﬁl‘tcﬁtd %}pa}gﬂeégrﬁ%atrat eaS suggt%l#mﬁy }mear
10 etmmead:/ 1«>omnd ®>pekynmn@&HFﬂ'ﬂ§ITDf eplalta0, |a®mla(bfe fednh ThePee dhagical

e nts wer
R ePuRSR T s bGP teaP 3P ek coatyer
(MRATONPLG1gfRdeainbid fivar IERArroeuPdmﬁ@E)erﬂnpdrﬁtmsem a[ 284]
MVAO refers to al unoxane
RepPPRIBHE Y VP4t n&g% ?ngiY‘ge fé‘agﬁ%cl?%? F’H}"Eﬁﬁ?}%ﬁéd 2 &bl e
cRAIMREC @kdnyerf. rroRuIAkzOpRRiated iCPsHOL at i on. [ 285] The
preparati on of catal yst (Bl') is conducted as foll ows.
a) Preparati

15 (I-methyleth i}f e(12 }H%T%&Rfrﬁurg Wctli‘m%]c)'ﬂfpﬁrﬂﬁsenyl ) rret hyI

I Yi a T ')861 Q’ 'l- |n|| vl enl | c YII al f‘lﬂh\lf‘lﬂ
dpig o | RPIeGPlopgy ogm S g?mgﬁﬁ urly
turh en)%tratlmh t Tength AL OS £ I)r Recover¥ r?g
N C Lll}f (ngaE’ L. g en pg:rcent)J
tGTPS atur e ior — 5 our S5 vol at Skeq! © f enoved unuet
vac Pg@llu ylclu a Ullgil lgyc?iuvv crystattine_sotid—(9y)7
H_;gl ?-‘dlt y| el LMI (6%3 Pr l:‘p at IUII JF led 100 R
|5 4 Hj4b \ J J'O[e(i)) L- UUl yl ey T €1 "81 | - \ I\I' \ | nmet la_gl et myt1)
6 110 5 52
7 113 4 84 43
8 111 4 Failed 41
9 97 4 - 66
10 | 108 5 81 55
11 | 100 8 - 68
12 | 88 8 - 79
13 | 95 6 84 71
14 | 125 7 - -
15 | 96 5 58
16 | 113 - 4 - 42
17 | 108 00 4 82 47
18 | 125 - 10 - -
19 | 133 - 9 - -
G* | 75 463 (22.2) 89 Failed 100
H* | 70 213 (10.2) 29 Failed 100
I* 111 - 11 - -
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i mm no) met hyl ) (2- oxoyl ) zirconi um di benzyl [287] A

sol ution of
W@ beoamo1sgd et hyl ) (2- hydr oxy- 3, 5-di (t-butyl) phengt¥/Uat002032699
(605 ng, 2.2 mol) in 5 nL toluene is slowy added to
a solution O zZr(CH2Ph)4 (500 ng, 1.1 mol) in 50 nL
toluene. The resulting dark yellow solution is stirred
fler[ gg m n. [S0f vent 1S fe£noved Upged feduced |pgessure
{1o- il d the _desired prjoguct as|a reddi sh-brjggn solid|
[Z88] The preparation of catalyst (BZ) 1s conducted as
foI | ows. a) Preparati on of

th | ohexyl ) et hyl ) ( 2- | t-buty
(R e p oo o T e SR A b

reﬁs,ﬁlugg AR dmblfnius $ hrﬁl%ﬂzdtlenmtd%%ﬁﬁl st(&parm—ﬁl) 1981 mm
di -t-butyl salical de 7 mol) is

g,
perstratdon tyBerpEiRal Pbent AP %t whhle EW@WS@%H&VP @rl MPPERFIRBRR s
téﬁﬂﬁratﬂi}@ Bf F(f(’)% @fjgrt“:%ﬁer %ﬁﬁléroﬁxaﬁ%lég n8-1950 %a{;eeasplnhl Aetration
yellow solid precipitate 1s collected by filtration

teamgrafias hegreagnthancy@ wight thegt bivig2l sang GV tpmperpigrer digrpater than

' j of
oF S UEL GBI /e A B bl o
dpmmdlucetl s@biligy avihygherr tempdratuee pemgaredap al@nheqi@ﬂ blendnCahparative J
(:P (3%1‘&&01&‘2%%&%}1{ ozodﬁggﬁlﬁl&\%[nggg%ae}a%%fz 8F %B I?OK %ug {t h?s Very
pO(Br (high temperature 70°C) compression set of about 100 percent and it also fa11ed to

I ohe eth 5-di (tbutyl
rdsh it STl ey g e Shida b B Bere bbby, s
tigl e@\i‘lﬁlyhf&d(ﬂﬁ@nte@s I&VSﬁ)hmt]hd)d'bnﬂJﬁnaZbI( &f prbbextied updvadfbl@even in
11.6 mmIEI‘,1)ain Oq t ol uene. The resulting dark
SYBY FBUPY 1y 1gHable highnepfargnangs ¢ imhoéfﬂm“a‘? la 15 The
solution is diluted further with 680 nL toluene to
gi[ge7]a sdiniliudy) Thible Ynboves Clowagodd) abiragé m(bﬂulﬁs ﬁﬁa’ 83 M

R GRIORD: 17 e pep et T ottty A pbicdl 84

(CHRpa@ative FRhdsar st geRRSHuINIRR ADGhd a Mnﬁ@@reﬂgfldﬂy/oételﬁdop@lﬂmer
of a l ong} chain trial kyl am ne (Arrreeng m

(GRraparaye &) of YlaKFasINIRE P Stofase USOdUIPﬁa 1944 0‘LdF’[ ‘Bd(f@gmmde

gRhR) &Ko), 1B uhRLitbld Bitlie Bsag H6duRReStid dF aldomePss erhtlosél@o 1 as
5,919,9883, Ex. 2. [292] Cocatalyst 2 Mxed C 4 i

pgqs;@q Oﬁu%pﬂymgrmyﬁ% P rplasiyely ugaffected by temperature, and fibrlcated

aRicRE hlabS £ BQ LA ﬂo%&@%% lu)er@il g"@ﬁ;ﬂ@)ed%v%%&é@ térﬂbé@tﬁfy

I de, prepared according to
range. This feature of low storage modulus rat1o and temperature independence is

particularly useful in elastomer applications such as in pressure sensitive adhesive

formulations.

[308] The data in Table 4 also demonstrate that the polymers according to
embodiments of the invention possess improved pellet blocking strength. In particular,
Example 5 has a pellet blocking strength of 0 MPa, meaning it is free flowing under the
conditions tested, compared to Comparatives F and G which show considerable blocking.

Blocking strength is important since bulk shipment of polymers having large blocking
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Patent No. 6,395,671, Ex. 16. Shuttling Agents The
shuttling agents enpl oyed incl ude diethyl zinc (DEZ,
W®@200p/ 0986 | butyl ) zinc (SA2), di(n-hexyl)zinc PSEBY2009/032699
triethylalumnum (TEA, SA4), trioctylalum num (SA5),
triethylgallium (SA6), i-butylal um num
bi s(di met hyl (t-butyl)siloxane) (SA7), i-butylalum num
st@ér%(lﬁl et febuTBhL hbyddabtl c‘i’dr%@ﬁ% @Les}lch%%)getha U6k MbAkiSH RiMing,
pyri di ne- 2- met hoxi
r%}llélpgﬂwahfé@yngmmrsl%al um num (SALO), i-butylalum num
bi s(di (n-pentyl)amde) (SAl 1), n-octylalum num
bi[344, 6- dirigh kit faraﬁsmm )n fe38d2 et fﬁt&qhx)'el AU UFBIIHR |
di (egghyl Pt hol ) o SAlB& vl al IR is
sy IBQe s InefiaRRg Egnegqlllyé%ﬁ &@)1 apagn3 yerC@tt mf&qa'eﬂmkﬁa fan about 70
pgﬂcérg 'aﬁé ésgédfﬁ%/hé( s%ﬂalnﬁ‘aglﬁ%bggr}:er{t SlMtras?tM}ﬁfaﬂ%sW@ Hand]J

benzo- | -azacycloheptanean1de A16)
aﬂ h@@taty]Ogﬂl aemprassion set of 100 percent (the maximum possible Value 1nd1cat1ng no

| - .
RSt P e AR R AR BT APREMAR) R hypeciany
negdhg fqz iapdich@qng sudhi ap lgetkyts phiedox pedles( GAIS) anddhellike.
et hyl zinc (t-butoxide) (SA20). Exanples 1-4,
Conparative A-C General H gh Throughput Paralle
Pol ynmeri zation Conditions [293] Polynerizations are
conducted using a high throughput, paralle
pol yneri zation reactor (PPR) avail able from Synyx
Technol ogi es, Inc. and operated substantially
according to U S. Patents No. 6,248, 540, 6,030,917,
6, 362, 309, 6, 306, 658, and 6, 316, 663. Et hyl ene
copol yneri zati ons are conducted at 1300C and 200 psi
(1.4 MPa) with ethylene on demand using 1.2
equi val ents of cocatal yst 1 based on total catal yst
used (1.1 equival ents when MMAO i s present). A series
of polynerizations are conducted in a parallel
pressure reactor (PPR) contained of 48 individua
reactor cells in a 6 x 8 array that are fitted wth a
pre-wei ghed gl ass tube. The working volune in each
reactor cell is 6000 nL. Each cell is tenperature and
pressure controlled with stirring provi ded by
i ndi vidual stirring paddles. The nononer gas and
guench gas are plunbed directly into the PPR unit and
controlled by automatic valves. Liquid reagents are
robotically added to each reactor cell by syringes and
the reservoir solvent is m xed al kanes. The order of
addition is m xed al kanes solvent (4 m), ethylene,
1-octene conononer ( 1 m ), cocatalyst 1 or cocatal yst
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1/ MVAO m xture, shuttling agent, and catal yst or

catal yst m xture. When a m xture of cocatalyst 1 and
woORm@oaTS6@ m xture of two catalysts is used, tP€T/US2009/032699

reagents are premxed in a small vial imediately

prior to addition to the reactor. Wen a reagent is

omtted in an experinent, the above order of addition

is otherw se nmai ntai ned. Pol ynerizations are conducted

for approximately 1-2 m nutes, until predetern ned

et hyl ene consunptions are reached. After quenching

A Fa L

W Hh—CO—thereactorsra gol-edr—angdthe—ghass tubes
are unl opded.| [The| tupes| are transfefred |tp|a
ceptrefuge/ vacuuym drying |unilt, |apd dried for 12 hours
at| 609G |Tne_tubeg captai hijng |drijed ppllymer are
we| ghéd”and| tifie' |d| f|f er|&pge| et ween 'this' |weilght and t he
taje gvei ght | gi ves| tlthe |net| yilel d pfl pol yner.| Results
arg cpptaiined |n fgble [L.| | n Tabje [L|ahd gelisewhere in
t he aphls| gatijon,| canparptli ve caonpoupds| are |i ndi cat ed
by| ans ast er. |[¥E || &8)Q|S[294 |SsExarpkes (&4 déFonstrate the
sypthesi s [of [ near pl[ocK cappl[ymers by [the present
i nvent Lop |as |eyijdenced py the| flormatijop|of |a very
nay row: MAD, | essentd|ald|ymnonodal| gopglyner (when DEZ is
pr esent 2and| /2% | RpdalZ| - | opd=< S ecula%| wej ght
di stributijop [pradugt| ((a| m xtfure pfl sepparafel y produced
po| yhers) |i h|the absence |of |DEZ. | Due |tp |the fact that
Cataﬁg/gtg (A1) |9 knolm ta |ncprpprate pore|octene than
Cal & §st&i|B|9|2|alhet|d|d|BrTent|=pl|ocks|0B| s&gments of the
resul ting|cp YWITET[S| dcEar dijng [t p [eofdi ts of the
I npe ?i@h ate dijstilngui shapl|e| bhased| on| brianchi ng or
defgsd £ %2 Tapl|e| 1oEX. [Lat|=[ Ab)o|Catl (HBE) |Sogat MVAO
shitt i ag o) = age il Pupp i (Y el dl4 g AR M Mh - A*
0. p6, OéOSE D.|3/ 0. 1368 |3p05p2 B.[3R |BF |0} 1 D./110 0.5
0. E581%3695) |1} 22| 2. b |Cf=|0} 06| Q=L |0} 176 10| § 0.2038
450255 528302|3.,5,|1/9).. D6S[|Z| 0=192| DEF|EB.|0).[0. 1974
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3 0.06 0.1 0.192 TEA (8.0) 0.208 22675 1.71 4.6 4 0.06
0.1 0.192 TEA (80.0) 0.1879 3338 1.54 9.4 C6 or higher

wa@b@bnotsent ent per 1000 car bons Bi nodal nol ecuP@r/us2009/032699

wei ght distribution [295] It may be seen the polyners
produced according to enbodi nents of the invention
have a relatively narrow pol ydi spersity (Mv M) and

| ar g&1ob! O%bE%‘BbMHPéguI%QBE Iﬁ&thal(lt:an ;prfoEntuﬁ 5k BrRMR po%ers as
| ar er} t han pol yners prepared in the absence of the

s Wat a4 for gariye REMPIipgBROIINerS AleYMbigna AR dignepalesseppihat the

R T o R PSSR

s ReAR, gfh@raﬂlm Islllqmlglg volpRe fjss ThessHSE@ abawt?8 niror: prefisably less than

€
%m Pﬁﬂeat o 81‘3?1}1%%%%@!\?@1111&513% iﬁh%lt%g}l gé‘ﬁ%‘ﬁ% I ng
CFﬁ‘dSﬂ&Fanmr V/tr}urshm:sartdmemtealhdndslomalh«aaon Bdistaitewi t h a
peak area of 52.9 percent. The difference between the

DSC [ {]Téan d "ltelalestr-gﬁtgrt}{ %&Eas'uﬁad%} %&rﬂe &0%(91%]1 t Epﬁregﬁg of %gr?v_?ntlve

for oOWs a
O@)llmblts |1sn@np@11mOQO'm) onhughhr as Hwamn infl alﬂ@lél Genr ofrer@ivfoOthe

ﬁntlve%ﬁ%%f%ec%g ?ﬁ sI h1%ne Eﬁﬁar 'él_\lg (g f%(/én?as %‘gﬁf’s c?{e)ﬁ(? gl&.ﬁ?.{%!ét%ﬁgrative

d pél&mm reeerdbthaeerat doenddSGolhigten chah 80 dr yst af i s
63.5C. [299] The DSC curve for the polyner of Exanple 3

21052 Pty IR 980y b

fusion o e corre

CRYSTi&A havr hettesieoasive Isteesis alli5e percpe aﬂraim(deﬁﬁnsltra@ﬁ byihtighen
pe re The differ en
DERHG RS e B SO O e it SHBPET SR RRE: Fiwres .
f GrantifiEhape k@tﬁéﬂive@fresﬁxla]im htel 50 peivenySirain o€ ab0 Miatdn les, Wdlle the
OCmeItin 0|nt W th a heat fusion. of 7
J}ndent*rﬁé’o fs&eas%%&%e éf???%’!‘?il’lescau}%epe&?&}b\%rat‘h‘g sﬂ)égyae@( 1)
peads hagh a3QbEUC 13 UPadERETK PUlRBerOhavidh RolRe BaaNE0 pekbdit retractive
di fference between the DSC Tm and the Tcrystaf is

7 jtraggvalues would be quite useful for elastic applications, suclras elastic fibers and

fabrics, especially nonwoven fabrics. Other applications include diaper, hygiene, and

medical garment waistband applications, such as tabs and elastic bands.

[313] Table 5 also shows that stress relaxation (at 50 percent strain) is also
improved (less) for the inventive polymers as compared to, for example, Comparative G.
Lower stress relaxation means that the polymer retains its force better in applications such
as diapers and other garments where retention of elastic properties over long time periods

at body temperatures is desired.
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[301] The DSC curve for conparative A shows a 90.00C
nmelting point (Tm) with a heat of fusion of 86.7 J/g.

wab@ooerssespondi ng CRYSTAF curve shows the tal PEFUSOA32699
at 48.5C with a peak area of 29.4 percent.
these values are consistent with a resin that

Bot h of
is | ow

in density. The difference between the DSC Tm and t he

Ter ysh@cal fes
B shows a

f usi on of 237 0 J/

8C.

[302] The DSC curve for conparative
8C mslting point (Tm wth a heat of
The correspondl ng CRYSTAF curve

shows! ke ?%YIP%@#Z&Q%HWH@E%@: with a peak area of

83. 7 percent.

Bot h of these values are consistent with

ar

asd. n |

hi@dmal BaBi(@hedtn

defs (feycenTne d

| 45P @loenp&cent)

bet

vieen |

ke DSC Tm and

[Ipe Tcrystaf i1s

A7. 4C. [ 303]

Th

BSC

sirve for conpa

rat1 ve C shows

6125. 3C nel ti

poi

(T

M3 wW th a heat

pof2 fusi on of 14

3600 J/g. The

cor

respo

ngl ng CRYSTAF C

Uugove shows the

fal [ est peak at

81.

g 0C

pg h a peak are

psof 34.7 perce

o as well as 4

| owsr cr

ysd al | 1 ne peak

ats 52.4 0C. The

@eparation

bet

vieen |

be two peaks |

53 onsi stent w

t49 t he presence

of

aohi g

nicrystalline a

Nt a | ow cryst 4

| 47i ne pol yner.

The

di ff

bfence bet ween

té6ve DSC Tm and

tdve Tcrystaf is

43.

SC. B

kanpl es 5-19, O

prpar ati ves D H

72Cont i nUOUS

Sol

ut3i on

Pol yneri zati on

74Cat al yst Al/ B

200+ DEZ [ 304]

Con

ti4nuo

U§Y sol uti on pol

viferi zati ons ar

e2carried out i

a C

driput

btl controll ed a

ut4ocl ave reacto

roéequi pped with

an

it er

3} stirrer. Pu

I'7¥i ed m xed al

k@nes sol vent

dgar (1

13 om Exxonlbbi

| 66Cheni cal

(ls
Co

‘dénv)

M E available
bkt hyl ene at 2

720 | bs/ hour

(1]

@2 kgl hour),

1-0

ddene

7And hydr ogen

Where used) ar

e2supplied to

3.

G*re

&t or equi rmed

{(Xh a |acket f

Y0 termer ature

co

to

b an i nt er nal

ther rm(‘mmI e

™9 sol vent fee

to

tlhe r

pAbtor is measu

?ﬁ'ihvarmqqf

| ¥w controller

A vari abl e speed di aphragm punp controls the sol vent
flow rate and pressure to the reactor.

di sghanoe ofnethhs, QIHHQ; a

provide flush fl ows

or

56 @al8dsI Nl

the catalyst a

At the
$h TAKEGark Based on

nd cocatal yst 1

i ﬁ?rélerﬁssm meldeddilan gubstaatidydrakie i griensation. Opresd aropgrggysof the
con ﬁﬁgﬁ%&ﬁg%@ vi¥edMveF 1dMP§Ifg9§1 dﬁ@t%silalfﬁtf?)\ﬁﬁﬁrary?cﬁlﬁteasm resulting

control valves or by the manual
atipusaneismn lmfheme@ditjeofiﬁémaméhuttlmﬁégm peplol erbingles] podypperization. In

Egﬁ%&gﬁlg%ﬁaﬂﬁé Q84 G a1s S Boh M 1At VARB OGS L MR Ehods

and quenching conditions as well as through manipulation of the level of comonomer and

hard segment content.

Extractions of Multi-Block Copolymers

[315] Extraction studies of the polymers of Examples 5, 7 and Comparative E are
conducted. In the experiments, the polymer sample is weighed into a glass fritted
extraction thimble and fitted into a Kumagawa type extractor. The extractor with sample
is purged with nitrogen, and a 500mL round bottom flask is charged with 350 mL of

diethyl ether. The flask is then fitted to the extractor. The ether is heated while being
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fed to the reactor. A mass flow controller is used to
deliver hydrogen to the reactor as needed. The

wo eomesBsur e of the sol vent/ nonomer sol uti on i BCT/US2009/032699

controll ed by use of a heat exchanger before entering
the reactor. This streamenters the bottom of the
reactor. The catal yst conponent solutions are netered
USirRQ, AWAPR rdid WIRS theflctiRIbdPaits @6 SordBitke 16 fe ARILRE EhdWhé h
the catal yst flush solvent and introduced into the
betEaserois alewedrte gracend, untpreniyeege fasR4ihgurs At hisdima heaiing is
aEto g aHé[ lﬁtlélé W@\)/ed\% E&blV 'Ag? Efﬁgrsreﬁltafn{nrg ilthe eg&&%{%
enoved t rough exit lines a
r e@wn@ﬂr to thy ﬂlastnleae dthen ésth flagk it h@pp@@dmoderaﬁ@umaéambient
I t.he

gﬁot ﬁgﬁé‘o Pa bR ‘fésﬁft%g solfcR a}/erﬂ%l%ée\%l\g%}e\?{?h lrl]l?rggé 3, &é’qeilge
atrw@:rwdttma a/nl)gh@i taolttilel uszrgrsscowsn@tmhesauﬂ téxtane eEhea:ndlbined hexane
S?v%s les, ett her% éeg}i oral e(f \ﬁltth a n@rogen pua%a andxtﬁ? ﬁ,mdue %ned under
heatueoybaipyeat 4b%ﬁ okigy ndmumh@tdtﬂer mhe emract'ﬁhﬁ ppqzjeglr fdBrwith
product is recovered by extrusion using a
dBVSEHY i 1 zi ng extruder and water cooled pelletizer.
Process details and results are contained in Table 2.
Sel d8t@d pot yerafend @eanpeurtd egoafhsipehavged &dthi3a0 Tidbdfdexane is then

A PRLEL P LRGeS IRl D6 el PRRRRL L Bhing g rsipsined

Tre@ak féa hBlirs Ghér IB2arEEs7_ful§5%t1€Qt(aind@3ﬁ1§ﬁnt{) G2hMihibld. Hdaping is

nv Solids Eff / hr r seem1 0C Al. 2 ow B23
%W*@B?Fél aﬁﬂgw feghis. aﬁ ?Eﬁgz F‘F’%?P%r%nad}&%ng’/bnﬁ%erﬁ"“a““ 19
K grhrkuferi2B Bhddab Iie 194K gtlhzrhe@ﬂ{@ ik @hidvedisgdviaporbfionluinG& vhéuum at
29.90 120 142.2 0.14 - - 0.19 0.32 820 0.17 536 1.81
gambieqtiteypegafurs, gnd any gesilug regprining in_theyflpgk g5 tiagsfgrradtora welghed
186de BsifiDsut&Rside fekaMOwRhdsl - T?ne la&@an@ infthe ﬁaslels é’»va Srktel by b
71.7 0.06 30.8 0.06 - - . 1.55 88. 257
" nitrogen'purgey a1164th<392818111@18ﬂact@lnllcmed.oagfmghoatﬁ@ C419 1. 64
89.6 11.1 118.3 6 " " 4.92 " " 0.10 30.4 0.08 0.17
0. 33317,0. 18[1152)@1 ilneﬁganﬁﬁe Rmhihink if AR tifimble after td exX@actions is
0.07 30.8 8,17025" 3 718 1.60 89.2 10.6
2 gansierggd from the thypble toa Welgged bottle-ang vaqyum dyieqd pvernight af 4g°%".
9§e£211tl@re%o§t§1%eém9rit'>1e'7 78.43 " " " " " " 0.04 " " 4596
. 90.2 10.8 267.9 10 " " 0.00 123 71. 0.12 30.3
0 4 0.34 0.19 1743 0.08 415 1.67 90.31 11.1 131.1

Table 7 Results from extraction with ether and hexane

Sample wt. ether ether Cs hexane | hexane Cs residue
(2) soluble | soluble mole soluble | soluble mole Cs mole
(2) (percent) | percent' | (g) (percent) | percent' | percent'
Comp. 1.097 | 0.063 | 5.69 12.2 0.245 22.35 13.6 6.5
F*
Ex. 5 1.006 | 0.041 [ 4.08 - 0.040 3.98 14.2 11.6
Ex. 7 1.09210.017 | 1.59 133 0.012 1.10 11.7 9.9

Determined by BC NMR
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1 " " " 120 71. 0.16 " 0.17 0.80 0.15 1743 0.10 249
1.68 89.56 11.1 100.6 12 " " " 121 71. 0.15 " 0.07 "

w@2@9/0478é8 0. 07 396 1.70 90.02 11.3 137.0 13 "PCT/USHBAR032699

71. 0.12 " 0.06 " 0.05 1743 0.05 653 1.69 89.64 11.2

161.9 VO 14 " " " 120 71. 0.05 " 0.29 " 0.10 1743 0. 10
305 1.41 89.42 9.3 114. 1 15 2.45 " " " 71. 0.14 "
Qddifional®olvmer Franih1dd9928 2 Contitubity Shutioh Bl

AUB2 4BBZ7 17 " " " 121 71. 0.10 " 0.14 " 0.08 1743 "
506 1.75 89.08 11.0 155.6 18 0.69 " " 121 71. " " 0.22

122 [%118:} 174.%a91p1& 13311 to@tghjrﬁ@s s%ﬁm%g go@glegzalignsoarggamed outina

19@111@“@6%%9118{1 (2 5 mlﬁ%it reggore Rypedemigpd plkenes peluant (legpar™ E
SE@PIQ@E GofmNB/xBh Biobil Chem1ca1 Company), ethylene 1 octene, and hydrogen
[N-(2,6-di (I-nethylethyl)phenyl Yam do) (2-1 sopr oppr hen
y (\yl(erfauqqé)pqﬁe praptepedand ifgd) to gQﬁ gallon reactor. The feeds to the reactor are

%Qs&léedﬁ;y%%%c Zglst %1%%‘;] 3'?1? Wg{(ﬁg&? Xil thg feda %tjreaglum Cﬁ)lstroll]led by

ny$e)qf rrglyco) Cozlerl hertiexehanigeb befxel enteoharhe rrmctoo Tie qagdyest gymponent
pgolé{t?%r %}E e‘iie%é us? %djg a&f m%sesr}; rkx}lgé%eQﬁe ﬁage\ﬁ\)lrefé nlc_]#qmd’] full at
Zaﬂim»hmaralyF;’fSO ypsig lpressnr@f Upmmx[tmlg ebiearem:ltc&f watelbalnd (akldmve are

copol ynmer,s V. si.cal

CSERHe0aF iR oo B SR TF SRl ok e P8 s Rt g e ne
hpalhmtenpen shettods.r Bisd ghamatorBoloper fsites heasd @\irehaneien for a

by TMNA t erature_tes el l et. bl ocking stren
h?“@%“%eﬂ%g? aAaren r Bes9 F‘%}g‘mﬂ B‘@rﬁacf“é‘rfﬁ%“ro&‘ceﬁr © remOVe‘%““ng the
C QENRIBS &icADréeels. ane psiyMeagEl RPdbetStoladfid @r underwater pellet

G (25C)/G 100C). Several commercially available
p6iYPers are included in the tests: Conparative G is

a substantially |linear ethylene/1l -octene copol ymer

( AFFEB1Y] TY( rBolyney Exhiaplb£20-20WerE erdPavih £ @iuGabeedures as described
arative H js an el astoneric

Co H)ggany) , Conp
S UHE AP P15 By and ylighE Fonfaitiet B | ablEbt Gyniglected polymer
( ﬁ%EéINEsT aré bﬂovﬁ@@ #0fhbles 9A-B. Table 9C shows the block indices for various

polymers measured and calculated according the methodology described above. For

calculations performed herein, Ty is 372°K, P, is 1.
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g 31° are| TVA t efpérat iré of
greater t han 1000C. This
Br s; haye; bett e digrensi on
rat@ma Torparedtd A phy
comer ¢i al SEBS) has a go
out: L040L, but it has ver
co&ﬁr&s&1oh set Of " abolt
d to rdcover (sampl e brok
ratyee| (800G 09 per cent
xen%liﬁ—‘ll%ds’ polymers have
Anavai | abl e even_in
|@mpm§wwmwwt
lrly Tabl e 4 shows
o; ©E25Q /6 § 180¢
or Tess, Whereas
cOF) has a storage

iLy, has, a. st of age,
%T%E@eg z@)e $to
lus ratio of a pol
blze. eSYch. pol yners will.b
npet atdre, and fabri cated
ers carn be usefully enplo
rature| =° * * F o7 v

—

=)

sccm
101
577
550
60
251
124
188
58
53

Solv.
Ib/hr
323.03
3253
324.37
326.33
326.75
330.33
325.61
318.17
323.59

C8H16
1b/hr
32.03
28.96
30.97
30.58
31.73
34.80
33.08

34.87
34.02

C.H,
Ib/hr
55.29
53.95
55.53
54.83
54.95
50.43
50.25
50.15
55.02
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s are presented in Table
chani cal Properties[ 306]
ch is a physical blend
from si nul t aneous
Al and Bl) has a 1mm
ut 700C, while Exanpl es
perature of 1000C or
19 all have a 1mm
ater than 85C, wi th nost
greater than 900C or
shows that the novel
al stability at higher
si cal bl end. Conparative
od 1nm TMA tenperature
y poar (high tenperature
100Zpercent and it al so
e) ddring a high
strdi n recovery. Thus
a unisque conbi nation of
somg comercially

%ernnglastic el ast oners.

a | dw (good) storage
) | f@r the inventive
a phﬁslcal bl end

modulfds ratio of 9 and a

ehe/ oct ene copol yner (@ﬁhparatlve G of

noduhus rati o an order
is daﬂ rable that the
ynmer £ as close to 1 as
e rel%élvely unaf f ect ed
artigg es made from such
yed a broad

Y

]

! standard cm’/min
> [N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylph:

* bis-(1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-but

* ppm in final product calculated by mass balance
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range.

adhesi ve fornul ati ons.

This feature of

tenperature i ndependence is particularly useful
weba@asherses applications such as in pressure sePST/UB2089/032699
[308] The data in Table 4 al so

| ow storage

nodul us rati o and
in

denonstrate that the polyners according to enbodi nents
of the invention possess inproved pellet bl ocking

strengt h.

In particular,
bl ocking strength of 0 MPa, nmeaning it
under the conditions tested,

Exanmpl e 5

conpar

has & pel | et
|$£free fl ow ng
ed towgbnparatlves

F and G whi ch show consi der abl e blocklnggsBIocklng
strength is inportant since bulk Sh'anﬁg%Of pol yners

havi ng | arge bl ocki ngstrengths can resu
cl unpi ng or sticking together upon stor
resulting in poor
H gh tenperature (700C) conpression set
inventive polynmers is generally good, neagin
generally less than about 80 percent,
t han about 70 percent and especially Ies§
Conpar at i ves F,ﬁis, H and J

shi ppi ng,

60 percent.

al |
maxi mu

hi gh t eppera

have a7

0 poss

values)als e
gasket sz win

5 Anbi

t Te

51 cniﬁ%nute

|nventr2e po
when tested

vol une

m®.
vol une

0SS

goss

reS|sta§ce

not ched=t ear
generalEy 10
strength for

3000

1

or

Table 8B A

In contrast,

&| conpreessizpre set (4
a\Iy ‘heeded for” af

ZDTeaﬁ~strengﬁh—a§
ength of the invent
Oz g <Or- hi

conpr essi on set of
val ue, indicating

orofiles, o-rings,

at ur e Nbchanical Pr]
2asured., af 38C fof
%bﬁ%ﬁ&ﬁbmp
as for various con
uires. It may be see
s have very good
difigetio 4 SO 2649
1357 thah ‘about 90”1
3, and especially |
, higher nunbers i
ﬁh§e¢0éhﬁlﬁ9ﬁbw%ro

A

g

er .~ as shy
wnveﬁ%wweopohynﬁwﬁ

83.94
80.72
84.13
82.56
84.11
85.31
83.72
83.21
86.63

91

—_ = = = = o =

handl i ng pro

as hlgh as 5000 m.

3in
or
érties.
or the
ani ng
pr@%erably | ess
..t han about

pr oduct

ugpof th

[ 309]

al

C

’ 1

100 p@vcent (the

no re&@very) Good
OM/nugérlca
plicat€Eons such as
and the |ike. Table
opert8s Tested at
12 ho@ﬁs[SlO] Tabl e
ertiészfor the new
rparlabﬁ pol yners at
nth% <t he

lbraS|0B resi stance
gener%ﬁly showi ng a
ms, p@eferably | ess
ess than about 50
ndi cai @ hi gher

abrasg@n

nmeasuged by tensile
ive pryng;s is

wn i m Jable 5. Tear

can be as high as
qu?

callor’

(Z
=
QD
—
M=lh
<
(9]
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Please note that “Zn” in “Zn/C,*1000” reff;ns

polymerization process.
? efficiency, Ib polymer/lb M where Ib

® weight percent ethylene conversion in r
7 molar ratio in reactor; Zn/C, ¥*1000

3 polymer production rate
& molar ratio in reactor



pol ymers generally have tear strengths no hi gher than

750 mJ. [312] Table 5 also shows that the polyners
waec@ongisng to enbodi mnents of the invention haveChes10e9/032699

retractive stress at 150 percent strain (denonstrated

by hi gher retractive stress values) than sone of the

conparative sanples. Conparative Exanples F, G and H

have retractive stress value at 150 percent strain of

400 kPa or[ T¢SS[_P{T¢# fhe inventive polyners have
retractive| sif egs| dafiligs at 1§p percent strain of 500
kPa (Be—Hbrtteorapg—ht¢h{as about 1100 kPa (Ex. 17).
Pol yners hgvilag| h| ghet xtihan 150 percent retractive
stress|val lfe§ would|bé quite useful for elastic
applicatioq5,gsugwga§ ellastic £i bers and fabrics,
especi al | y|ShonwpVen| fabri cs. @iher appl i cations
i ncl ude digper, [hygfemne,| and rgedi cal garnent wai st band
. e e o = - .
applicgtiofts,|sspen=ps|tabs and gl astic bands. [313]
Table % also{shpws stress tel axation (at 50
percent_sirailn)|ip_gpl$o|i nproved (less) for the
i nvent [Yespollyngz 5T as | egnpared o, for exanple,
Conpar @ative & Jowel g$trness relaxation neans that the
. . o Q. . . .
pol ynef=.refaifns| itsfforge bettef in applications such
as diai@is and pfpef£gannents sere retention of
el,ast i e—prepgrttes—pverl ong tigre periods at body
tenper gf urgs %s tes geg.Cpticﬁngesting Table 6
al ynef- Hage (g aff{y{=and G ass [314] The haze,
cBarity, and[grpss valugs reparied in Table 6 are
hased oh cpimpeess|®. MBljded figas substantially
| &cki ng’ i n|“of et Tt { o~ |Opt Bcdl £ properties of the
8l ynefs TRy [be[ VAT Tel gver Zwide ranges, due to
variatin jin|grysta|EiEe size:zfesulting from
. = S loloslo = . .
variation i n|fhe” puanitly of ¢hai n shuttling agent
ef@ipl oygd i the ga& negizat%o@g;ln addi tion, the
. = Ny >
qustaéﬂltﬁ $Ezps M)’ akgo bé controlled through
var i ous—p+peéssing—pethads ﬁndﬁguenching condi tions as
w%ll ag t hrough| fpa ngatioﬁJggthe | evel of conononer
agd haf3l sggrpentcs conteat. Eﬁ@ﬁggtions of Multi-Block
pol yperst 3151 Ex raclion%@ﬁygies of the polyners of
Exanpl €s. 5[ Tz apd| Cpmparn ati\ééﬁare
&) [OF-= & F|= " =ES 5
5 fis
| @] o c|lwo x| = (\;':15\8“
% =z |2 |5 2522 fges
° o< = [ [2]|2]|2]S ZESE
g 25t
- M~ — [
= 8= | (R |R|F|F A fEig
alol. . E o
B i R
B R-Ep=t g
o g : ol ] o Ao = £
e EREIRIEI Lo 88 =
@ Q],—S»L;S:‘ o0
S 2N !
z e (22l RIS g2
g |2 |=[=[=]° £28% g e
1€ el |« || 2 ExY: Es
<7 E TIS: gBe
S usS L E > 8
. .| E_523c8s58
& slele|5| £E5282880¢
= S|E|E|=| gE8r&egge
* Rl B2l 2| & COaLgEELEERS R
S clEl(=&] €655 EE
g'cj'clsf\lﬁoﬁhmo
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4 |R|a|a|a| f548E8E22E
2 S NG o

108



conducted. In the experinents,

the polyner sanple is

wei ghed into a glass fritted extraction thinble and

wo 2aob@a7ssmt 0 a Kunagawa type ext
with sanple is purged with nitrogen,
bottom fl ask, is,charged wwth 350 nL of di et hyl
The flask is|$hen fitted to the
i s heated whj¥ e&|beingstirred. T

ether begi ns|% &|eandensediatod
extraction i g a|'dwed t0°procée
hours. At thjzs&inme, heating is
solution is | gwed to cool. An
the extractof ig returned to th
the flask is|evaporated under
tenperature, | and the resulting
wi th nitrogens SN ceRiggeRi s &
bottl e using|&uUg¢cessi ve washes
hexane washeg=arne then evapor at
ni trogen purpe, [and the residue
overni ght at| 40QC. Any remai nin
extractor is|puwjged dry with ni
cl ean round ppH&rR A &<k &Rar &
is then conng&ted to the extrag
heated to reflu} with stirring
reflux for 24 hqgurs _after hexan
condensi ng i [t & B2 3 KisEl €.5 B
and tthe flask i g all owed to coq
in the extracteilols o anst ersk ed
hexare is re[foigd By eVAPOrat i
anbi ént tenperatjure,

and any re
flasis trapstdrred to a weigh
succ

éssive hexae washes i The of
evapet at ed b;g:a: nitrogen purge,
vacuwn dri ed| o¥@r ni ght at 400C.

sanplée remai pgng in the thinble
i s transferrpd ﬂgogqmc\tge:.t—hgrggf
and V cuun1d@%ec ovét fight “dt 4
contained in| Taple 7. Table 7 H
wi t hZet her ag Hexane_Deter i ne
Pol yier Exanpf,e4S1D SASIS SBR
Pol ynmeri zatipn, |[CHal TSI E S
>
E SR o
S IESSSZESES
N E T T S R NV SR
: |19Cx8x2C03
>
g |laxamn o =
_% O~ OO0 OO~
s [Tt tnso
I =2 S-S S-S
« [
- conmtT T —=oO— T2
ZAlmaonoo o
ZEOIRILELETER
=
S SR 90 R 00 Q0 X R X X
ArleoccscssScoss
i 5585555835

ractor.
and a 500nL round
et her.

» extractor. The ether
[ime is noted when the
he thinble, and the

»d under nitrogen for 24
st opped and the

Iy ether remaining in

e flask. The ether in
acuum at anbi ent

solids are purged dry
ransferred to a wei ghed
of hexane. The conbi ned
ed wi th anot her

2 dried under vacuum

1g ether in the

trogen. [316] A second
*d with 350 nL of hexane
tor. The hexane is

and mai nt ai ned at

e is first noticed
rating is then stopped
| . Any hexane renmai ni ng
| back to the flask. The
)n under vacuum at

2si due remaining in the
led bottle using

lexane in the flask is
and the residue is
[317] The pol yner

» after the extractions
> to a weighed bottle
100C. Results are

Resul ts from extraction
>d by 1 C NVRAddIi tiona
iuous Sol uti on

109

The exPCHEUBIING/032699



Al/ B2 + DEZ [318] Exanples 19A-1: Continuous sol ution
pol yneri zations are carried out in a conputer
wa@ooongisbed wel | - m xed reactor. Purified m xedpel/kares032699
solvent (lsopar(tm E available from Exxon Mbi
Chem cal Conpany), ethylene, 1l-octene, and hydrogen
(where used) are conbined and fed to a 27 gall on
reactor. The feeds to the reactor are neasured by
mass-fl ow controllers. The tenperature of the feed
streamis controlled by use of a glycol cool ed heat
exchanger before entering the reactor. The catal yst
conmponent sol utions are netered using punps and mass
flow meters. The reactor is run liquid-full at
approximately [550 psig pressure. Upon exiting the
reactor, 2water| and additive are injected in the
pol ymer satutijgn._ The water hydrol yzes the catal ysts,
and tef mi2rates|t & Bofynmerization reactions. The post
reactof golutijon is then heated in preparation for a
two- st age deval ati zati on. The sol vent and unreacted
noners .are rjenoved during the devol atization
ggocess.%The pol ymer melt is punped to a die for
Lfgder wat ers ge lcety cut ting. [319] Pol ymer Exanpl es
28- 23 nerze= made using simlar procedures as described
ig t he| aBove. |Process details and results are
cgntai ped in Tables 8A- C. Sel ected pol yner properties
age proviided ijn Tabl es 9A-B. Tabl e 9C shows the bl ock
| fdi ces for VZrious pol ymers neasured and cal cul at ed

“y

agcord %@e met$odol.ogy descri bed above. For

S performed herein, TAis 3720K, PAis
llymeri zati on Conditions for Polyners

Cat B23 Cat Cocat Cocat [Zn]4 Al 2 Al

Z Cocat 1 Cocat 1 2 2 in C2H4 H Solv H2
ew Cone gFl ow Cone Fl ow Cone Fl ow pol ymer
Tb/hr seeml C ppm b/ hr ppmIb/hr wt%
r ppm | b/hr ppm 19A 55 29 32 03 323 03
25 200 0 42 3 0 0 70 4500 0 65 525 0 33

=) . . (=N
<t o

"'H)?cgv
$oo
—~+ 0O

g%ﬁ%’iﬁﬁ
@ © A8 P

3 Set aTt

3

300% S
6

Set afte

O
o
~~
Immediate %Irﬁ“{neﬁllie{t\eJ 5_,’ e S

Immediate
Set after
100%
Strain
(%)

15
14

Table 9B Polymer P% i

1

(g/10
min)
0.9
0.8
0.9
0.9

Melt
Index

Density
(g/em’)
0.878
0.877
0.865
0.865
0.865

Example
19A
19B

9F
9G
9H
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19D 82 56 88 1 17 07 280 513 1 95 19E 84 11 88 4 17 4
3288 O725 1 38 19F 85 3 1 87 5 17 09 319 1000 1 O

w0 2B98%7562 87 5 17 34 333 752 1 33 19H 83 2 1 BE&I/0SH69/032699
46 312 317 3 15 191 86 63 88 0 17 6 275 5 pol yner
production rate 6 wei ght percent ethyl ene conversion
in reactor 7 nolar ratio in reactor, Zn/C2 *1000 = (Zn

| ow* Z t 1000000 f Zn)/ (. Tot al
EE AN Ve Peiymilmv AR eNgee block
1ndexr0@tg§‘f)a/teﬁ/‘f‘ha‘?1fzeg WHeRAS e AR BbRAvReR Qpﬁyﬁl@ﬁ‘tF*" I’ aﬂ(fM*) all

*Zn/ C2*1000" refers to the ampunt of zinc in diet
have z bloek {degaf Yerased in the pol yneri zati on process, and
"C2" refers to the amount of ethylene used in the

BF) YT DL O OR R R b e OFREL " Bpyner .
PolynZe-FéSb h&d B@yﬁl@f y aeh fzrtibe bf GendIREP tengeddtulep IPy)rrealsymer F*, the block

20- * "Co " stands for "conmononer" 1 st anda
1ndexcfﬁlngMhﬁ AFRIGF fraction is zero or substantially zero (i.e., <0. 01) Polymer 20 was

madegﬁ}ls'l‘é gre@at@%ﬁlﬁ&qéx@f %{3 gﬁ)é}i% h%;z}/gle)lfa meﬁﬂ)l G| \SORZOP WRIEthe weight

a- nap al en
averagelbloel? irdley fQirtiae Whnb)ﬂohaﬁﬂllm abahit 624 thﬁlpoBymer includes four fractions

with Wy&lﬁgw‘%z ge}?:ﬁ%lacg 7 Sk i g)ﬁ§wera hi S p e rerage
blockrlﬁcﬁgésoire ngtrﬂrgs%caﬂp@i@ferene 053 e€ @ Joh %éﬁeﬁq&g‘t@l@ MHAfeh@N4 about a

0000/ Mv of Zn)7 (Total Ethylene feed f
four—fOidr dtferconal M@tdwble nescorther Sadons ate) 4 MNbelndCX of about 0.6 or

., Ethyl.ene 000 PI “Zntoin tzn/
highel 6P G (o N RO 6 ey honf ROk LR Hoptlysuated i
Figuré!$ €dHoWeldtethRR H#8B6he abtablR dXFEERES in AB®lokanddxebethe ffations
the anount of ethylene used in the %ol yneri zation
whiclelaiedran about 70 °C to about 90 °C. Polymer 19B was made with a higher level
(about four fold higher) of DEZ than Polymer 5. However, Polymer 5 has more fractions that
have higher block indices. This seems to suggest that there might be an optimal DEZ level for

making fractions with higher block indices (i.e., greater than about 0.6).

[322] The effect of the DEZ concentration level on the average block index for some
of the polymers in Table 9C is illustrated in Figure 12. The plots seem to suggest that the
average block index increases with increasing DEZ initially. Once Zn/C,H,;*1000 exceeds
about 0.5, the average block index appears to level off and may even drop off if too much DEZ

is used.

[323] Figure 13 is a plot of the square root of the second moment about the mean
weight average block index as a function of [Zn/C,H4]*1000. It appears to decrease as DEZ
increases. This would indicated that the distribution of the block indices of the fractions are

becoming narrower (i.e., more homogeneous).
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5 nolar ratio in reactor 6 polymer production rate 7
percent ethylene conversion in reactor 8 efficiency,
wagoopobysaer/ g M where gM = g Hf + g Zr Tabl e 9APEDUFI089/032699
Physi cal Properties Ex. Density I lio 110 2 Mv (g/ nol)
M (g/nmol) MW WMh Heat of tm TcRYSTAF T m-T C RYSTAF
CRYSTAF Peak (g/cc) Fusion (J/g) (00 (O (O (C Area
Mg. 8781 0.9 6.4 6.9 123700 61000 2.0 56 119
IREF 19B 0.8749 0.9 7.3 7.8 133000 44300 3.0 52
122 100 30 92 76 19C 0.8753 5.6 38.5 6.9 81700 37300
[324P 46 ThBRs 100430« 9RES, BID, (R 8Rd NMR UaBlioBPlyAeBOT R0 14, and 19
39700 2.0 52 119 97 48 72 5 19E 0.8750 4.9 3%. 5 6.8
and v@1@BEoNPROOVY polysgrsi21 97 36 84 12 19F 0.8652 1.1 7.5
6.8 124900 60700 2.1 27 119 88 30 89 89 O 19G 0. 8649
0.9 64 7. 18500064800, 3, 1y 26 7L20. 82,70 §9: 90 0 19H
0.8654 1.0 7.0 7.1 131600 66900 2.0 26 118 88 - - -
191 0.8774 11.2 75.2 6.7 66400 33700 2.0 49 119 99 40
79 13Ta e* 9BefalNamExRhys ( Atahe PrapR 0190 @&n0f0.8 1)
Conpression Ml ded Films 19A 0.878 0.9 15 63 131 85 79
74 19B 0.877 0.88 14 49 97 86 ¥d°8 1 19F 0. 8BBaH - -
70 - 87 B@ctbd@ion. 86ATREF T- - 6Btene- 87 TAOH 0n8B5 0. 92
39 87TablemgpratuBl ack Kidex for(NGR) ect efCPal yifdi@ls 1) L*
is a ultra3béW density4Pol yet hyd.ene made by 84
Zi egl er - Nawo-a5cat al ysb&5and avar.hp abl e fgsom Ther Dow
Chem cal Cadpany undeb7.bhe tradggmark ofggATTANG14203.
2) M is aspsbyethyl en® copol yngg nmade doy congd r ai ned
geonetry catabysis (i e®5, Singlezsite aatal ysgg and
avai | abl e pgs The Dowr €hemi cal 4, £onmpanyygunderqgh he
trademar k @6-78FFI NI TY(7r9) PL1880f5 [ 320] 4fs shows in
Tabl e 9C, aplsthe inventive polypers haye a wghght
aver age bl eglgyi ndex of;greater {han zeyg, whepsas the

random copghypers (Pogygers F*,,L*, and M) Z‘IIEE have a
bl ock indexsgf zero. g '

1.7 116 154

90-95 95.5 1.1 123 160

95-100 100 0.5 128 185
100-105 101 0.2 130 195

Table 11 — TREF Fractions from Random Copolymer

Ex. M* - Random Copolymer Example (AFFINITY® PL1880, 0.90

g/em®, 1 1,)
Mol % DeltaH

Fractionation ATREF T Octene Tm melt

Temperature (°C) (NMR) (°C) (J/g)
35-40 51.5 NM 83 102
40-45 o6 7.3 87 96
45-50 61.5 6.5 90 101
50-55 63.5 57 93 100
55-60 66.5 5.3 95 104
60-65 69.5 4.9 97 105
65-70 72 4.4 99 111
70-75 74 42 101 111
75-80 76.5 3.8 106 112
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[321] Figure 10 shows the bl ock index distribution for
Pol ymer F*, Polynmer 20, Polynmer 8, and Polyner 5 as a

wo movodr0 of t he ATREF tenperature. For Pol ynePCHUS20097@32699
bl ock index for all the ATREF fraction is zero or
substantially zero (i.e., < 0.01). Polyner 20 was nade
wth arelatively low level of the shuttling agent,

di ethyl zin N " ile the wei ght_average bl ock

i ndex for tﬁ@ﬁﬁﬁgggﬁﬁ%¥$ﬁgpsﬁ'm&ﬁ@ﬂ'Wﬁ???p %e pol ymer

i ncludes four fractions with a block index from about
0.7 to aby§ptive Bxampy5 pol yrers 5 and 8, their weight
average bl ock indices are not drastically different
(0.52 vs. 0.59), considering wmhe,DEZ | evel pegaHabout a
f our - f ol d Felctidratience ATRBF gov ectengnst of t hemelt

fracti ons Teapeamredl ock(Thdex OMRabolih (B:)6 o@/dhi gher
Simlar resulotes are segys bet waep Pol yger 5 amd Pol yner
19B, which igsol lustratgd in Rpbgure kg Howeger, there
are some notablse differgnces ijpsthe Qhpck index for
the fractiong.gphi ch el yye fronyabout ;79 0C tg about 90
0C. Polyner gh@B was madg wth fﬁhighqq | evelgg( about

four fold highgr) of than Pol ynmer,,5. Hougver,
Pol ymer 5 hag gyore fracglions that haveg, hi gher, bl ock
i ndi ces. This seens to%guggest'?hat ﬁ%%re nﬁg%t be an

opti mal l.ev king.fractions wth higher
o ek i ndt o8 12 o TRER PRSI rph RSl P35%)
The effect of the DEZ concentration | evel on the
average bl ock index for sone of the polyners in Table
9C is il MYEPIRRAMPIE & gure 12. The plots seemto
suggest that the average bl ock index increases with
increasing DEZ initially. OncgodnZC H *100Qemxceeds
about 0. 5Frdchenadorer aggRrBFack gohex appears teitl evel
of f and ndagmesrenredr op GEf | f NMR) nuTin (DBEZ | &/gused.
[323] Figuresolk3 is a plgt of t1gg squagge rootogof the
second nonengs.g@bout th an q@%ght ggragezglock

H

5

i ndex as a fungtion ofgi nZC ] *100 0 It appears to
decrease as LX increa%s ) Thug'moul 0 ndic%ﬁed t hat
the distrib 0i n of th(Q5|OCk fAdi ce f the€fracti ons

are beconinggﬁ rrover (3°e., rBre hordgeneow¥). TREF
and NVR Dat & [324] Tabl’ds 10- 129 ist 'TREF, B3C, IR
and NMVR dat £%%Gr Pol yn8t3 5, 81614, dhl 19 a¥d vari ous

conparativeéﬁépyners. 89.5 10.7 120 58
095 96 46 126 125
95100 96.5 15 129 180
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Table 10 - TREF Fractions from Ziegler-Natta LLDPE Ex.
L - Ziegler-Natta Exanple (Attane(tm 4203, 0.90 g/cm

WO 20989158) Mol % Del taH Fractionati on ATREF T BCT/@8m03/062699
melt Tenperature (0C) (NWR) (0C) (J/g) 35-40 49 8.0 82
84 40-45 56.5 7.0 86 97 45-50 57.5 6.6 89 101 50-55 6
1 6.0 92 96 55-60 63.5 5.4 95 99 60-65 67.5 4.9 98 104
65-70 72 4.3 101 112 70-75 75.5 3.7 104 112 75-80 79
3.1 107 122 80-85 83.5 2.5 112 131 85-90 90 1.7 116

Tabld 54— QARED PRk @mbnorherkddpdsti{idbn Io-rdfHd mlddPol Om&rs 1BExhBPles 5,8,14,19
100- 105 101 0.2 130 195 Table 11 - TREF Fractions from
Random Copol yner Ex. M - Randormélepol ymer Exanpl e Infra-red
(AFFINITY(r) PL1880, 0.90 g/cnB0cfene2) Ml % DeltaH FWHM
Fracti onati on ATREMoll%Cct ene Tm TRER Tdnjyerest uindra(regdd  CH,/CH,

(NVR)Dgzity (J/g) Octene  Tarrer Peak FWHM FWHM Area
Example (g/cc) 12 (NMR) (°C) (Infra-red) CH, Area CH; Area Ratio
N* 0.96 1.0 0 102 0.0 375 28.2 0.753
o* 0.9371 2.0 0.69 95 1.2 29.0 22.2 0.765
M* 0.9112 1.0 3.88 79 4.0 775 61.0 0.786
P> 0.9026 1.1 5.57 70 5.1 74.3 59.0 0.794
Q* 0.8872 0.9 9.06 57 9.2 30.9 255 0.824
Ex.5 0.8786 1.5 NA 82 11.4 775 61.0 0.841
Ex. 8 0.8828 0.9 NA 90 12.2 34.0 28.8 0.846
Ex. 14 0.9116 2.6 NA 92 6.5 23.4 18.8 0.805
Ex. 19 0.9344 3.4 NA 97 2.8 253 19.7 0.777

Infra-red detector calibration: Mol % Octene = 133.38 (FWHM CH3/CH, Area) — 100.8

N* is an ethylene homopolymer.

O* is an ethylene/octene copolymer available from The Dow Chemical Company under AFFINITY®
HF1030.

P* is an ethylene/octene copolymer available from The Dow Chemical Company under AFFINITY®
PL1880.

Q* is an ethylene/octene copolymer available from The Dow Chemical Company under AFFINITY®
VP8770.

Calculation of Block Index

[325] With reference to Figures 2-3, the calculation of block indices is exemplified for

Polymer 5. In the calculations, the following calibration equation is used:
LnP= '2378341/TATREF + 0.6390

where P is the ethylene mole fraction, and Tatgrer is the ATREF elution temperature. In

addition, the following parameters are used:

Parameter Value Explanation
Ta 372.15  Analytical TREF elution temperature (°K) of hard
segment
Pa 1.000 Mole fraction of ethylene of hard segment
Pas 0.892 Mole fraction of ethylene of whole polymer
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35-40 51 .5 NM 83 102 40-45 56 7.3 87 96 45-50 6 1 .5
6.5 90 101 50-55 63.5 5.7 93 100 55-60 66.5 5.3 95 104
W@000659580 5 4.9 97 105 65-70 72 4.4 99 111 70- FGT/082049/232699

101 111 75-80 76.5 3.8 106 112Table 12 - TREF
Fractions fromlnventive Exanple 5 Inventive Exanple 5
Mol % Del taH Fractionation ATREF T Octene nel t

Tenpe Aaéture 1 g i 0r 12. 6
Rk ol B IR e

7.0 119 83 90-95 92° 5.2 123 110 Table 13 - TREF
Fractions fromlnventive Exanple 8 Inventive Exanple d
Mol % Del taH Fractionati on ATREF T Cctene nel t

[3261Per el 5(gi A detMNVIBY thEBafculatiodd £r Polymer 5. The weighted average
block index, ABI, for Polymer 5, is 0.531, and the square root of sum of weighted squared
deviations about the weighted mean is 0.136. The partial sum of weights with fraction BI

greater than zero (see note 2 below) is 0.835.

Measurement of Weight Percent of Hard and Soft Segments

[327] As discussed above, the block interpolymers comprise hard segments and soft
segments. The soft segments can be present in a block interpolymer from about 1 weight
percent to about 99 weight percent of the total weight of the block interpolymer, preferably
from about 5 weight percent to about 95 weight percent, from about 10 weight percent to about
90 weight percent, from about 15 weight percent to about 85 weight percent, from about 20
weight percent to about 80 weight percent, from about 25 weight percent to about 75 weight
percent, from about 30 weight percent to about 70 weight percent, from about 35 weight
percent to about 65 weight percent, from about 40 weight percent to about 60 weight percent,
or from about 45 weight percent to about 55 weight percent. Conversely, the hard segments
can be present in a similar range as above. The soft segment weight percentage (and thus the

hard segment weight percentage) can be measured by DSC or NMR.
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50-55 20 16.5 98 28 55-60 57.5 16.2 104 29 60-65 6 1

.5 16.5 106 28 65-70 65.5 16.2 109 29 70-75 70.5 15.7
waiBbsewr5- 80 73 15.5 114 32 80-85 8 1 .5 11.BCI/LUS2089032699

85-90 89.5 10.7 120 58 90-95 96 4.6 126 125 95-1 00
ATREF Peak conononer

96.5 1.5 129 180Table 14 -
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N* is an ethyl ene honopolyner. O is an
et hyl ene/ oct ene copol yner avail able from The Dow
w@h@iogmbo Conpany under AFFI NI TY(r) HFI 030. PPCT/ESZN9/032699
et hyl ene/ oct ene copol yner avail abl e from The Dow
Chem cal Conpany under AFFINITY(r) PL1880. Q is an
et hyl ene/ oct ene copol yner avail able from The Dow
Chem cal . Conpany ynder A EIAITY(r) VP8770. Cal cul ati on
SR TR A L0 ULASHIER DY 1% ence to Figures 2-3,
the cal culation of block indices is exenplified for
[328] YMeFoPa bldek BB/ ntckhaih@hh RN gmb e ah@kdPVdotbnts, the density of the
calibration equation is used: En P = -237.8341/ TATREF
overali bipo 3oty giepe-rp safstidsdhefoblpargeretsionstip:act i on, and
TATREF i the ATREF elution tenperature. In addition,
the foll ow ng paraneteLé_aEeﬁasadﬁﬂParaneter Val ue
Expl anation TA 372. 15¢0Anal ypi.cal o JJREF el ution
tenperature ( OK) of hard segnment PA 1.000 Mol e
fraction of ethylene of hard segnent PAB 0.892 Ml e
where fhyq @bl Brr- GF¢ B Ao IS Aldenginpiethy gﬁsdrﬁégmss 3nd spfysegments,

cyl at uj : i.cal, T IO
respect B Gt o p L B Backh o8 T i b st aggments.
respecti@tlyydnd niee ycaldtuprtd oh828Fsuhsibg Pr.kds eudes e tiaisits o bthiyleae
cal cul ations for Polyner. 5. The wei ghted average, b] ock
homopgletek, - ABD0 ¥t af#@ﬁf@t%’?@?si%% thesabeY%%ﬂf%Q%&nF RBlait b iollowing
equatioh Pt thOTve P AE G NEI I ELRHAr €d deviations about the
wel ghted mean 1s 0.136. “"The partial sum of weights
with fraction Bl greater than zero (see note 2 bel ow)
is 0.835. Measurenent of Weilght Percent of Hard and
Soft Segments Poverat P sop
T 1
- +
Powar  0.96g/cC

[329] In the above equation, poveranl can be measured from the block polymer.
Therefore, if psore 15 known, the hard segment weight fraction can be calculated accordingly.
Generally, the soft segment density has a linear relationship with the soft segment melting

temperature, which can be measured by DSC over a certain range:
psoft = A*Tm + B

where A and B are constants, and Ty, is the soft segment melting temperature in degrees Celsius.
A and B can be determined by running DSC on various copolymers with a known density to
obtain a calibration curve. It is preferable to create a soft segment calibration curve that span the
range of composition (both comonomer type and content) present in the block copolymer. In

some embodiments, the calibration curve satisfies the following relationship:
Psote = 0.00049* T, + 0.84990

[330] Therefore, the above equation can be used to calculate the soft segment density

if Ty, in degrees Celsius is known.
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[327] As discussed above, the bl ock interpolyners

conprise hard segnents and soft segnents. The soft
wae@umatsso can be present in a bl ock interpol yneeT/ABmNN/032699

about 1 wei ght percent to about 99 wei ght percent of

the total weight of the block interpolynmer, preferably

from about 5 wei ght percent to about 95 meight

cen fro bout O mel rcent .t t 9 .
] G FosrBnbiock Fonelangi 4 1081 GRp e B b O bt s
assocRRdRitg (He rﬁ’&ﬁ%&t the k6P ARA 13hiWeh @D iPRIEISR str@ightforward to
about 80 wei ght percent, from about 25 weight percéent

dcwnnuwé%owwﬂESOﬁeﬁgh@ﬁpeOoenTm1ﬁdmmmaﬁbmmu8@dm@nghmdﬁDnlDSC,ﬂw

soft LAt R B b Qalb S SRR e Y BB

40 wei ght percent to about 60 wei ght percent, or from

[33Rput 4%r veiegbloclpesythert aha bkt asbziaed ghih tpemeking of the soft
Conversely, the hard segnments can he present in a

segme]tis|eher hyiprll BT (5 PP REC by passHpmeomgsigh ot visible as
t .
s BT ARE .08 1B A AR ol gy pSC e

into aRveig}tted)DSC pbikekas Ishekex i FiBlire) 1 SCalhebAd wimg sndth@tis Weedtotconvert a
Recover ed ATREF t|on Wei ght Random Random
normﬁﬁ%ﬁ?@?ﬁ? tOFBr‘X’E]lgF‘/%HZ?g(@\BW Wei ghted tion (9) Elution
Et hyl ene Fraction EqU|vaIent Equi val ent Bl ock Bl ock

[38511 exX gfl DSAUacarkal 86N dePIVR: oRACOMBERH oATRETatER] nellihetest a

based on Fraction Devia erature Tenpera fracti on based
certaip memll!ﬁg@tu@f aspypilleasain tBe mh@eratwsieamt {peoikix heeltrC@PﬁcrltYmThe

BT E TR T (R
densu-ffqml@/lé‘_rfe&l@zids @b afy Mc@ea@é\lﬁi tBe Beat (of @Ll"s)orﬁﬁlftﬁlyleé{édsﬁ@tﬂoﬁlonomer
Nane- > Tco Pco Bl1 Bl1w, * Bl, w * (Bl, ABI)

content. dhgas, t A of|_§usppng\@]ye@ gq_ta:gogrem‘feéy bwe( amleé:rﬂs}albm@/ iy reduced
with 18. %g%ﬁ%é%z}@%neg§§éte§€' %eg &E&)’, LQ C]hgtgg,gso,7 Sl&hﬁé‘i‘]la&ygél%, MlJ.

Improved method for compositional analysis of polyolefins by DSC. Polym. Prep 1990; 31:

270-1, which is incorporated by reference herein in its entirety.

[334] For a given point in the DSC curve (defined by its heat flow in watts per gram
and temperature in degrees Celsius), by taking the ratio of the heat of fusion expected for a
linear copolymer to the temperature-dependent heat of fusion (AH(T)), the DSC curve can be

converted into a weight-dependent distribution curve.

[335] The temperature-dependent heat of fusion curve can be calculated from the
summation of the integrated heat flow between two consecutive data points and then

represented overall by the cumulative enthalpy curve.

[336] The expected relationship between the heat of fusion for linear ethylene/octene
copolymers at a given temperature is shown by the heat of fusion versus melting temperature

curve. Using random ethylene/octene copolymers, one can obtain the following relationship:

Melt Enthalpy (J/g) = 0.0072%T,> (°C) + 0.3138*Ty, (°C) + 8.9767
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3 0.7455 343.5 0.883 0.041 312 0.948 0.622 0.622 0.025
0.0003 4 1.0018 346 0.882 0.054 3 11 0.953 0.676 0.676
w0209/M9G6001 1 5 2. 3641 350 0.896 0.128 318 0.PEDUS2089T32699
0. 607 0.078 0.0007 6 4.1382 354 0.895 0.225 317 0.968
0.684 0.684 0.154 0.0052 7 3.5981 357 0.902 0.195 320

0.973 0.665 0.665 0.130 0.0035 8 1.2280 361 .5 0. 930
67 334 0.981 0.470 0.470 0.031 0003 9 39 36
[3g7g %%B%hs‘%g@“‘é’é%wop%t? A gixen E?“&’G?“ET%@O‘@E’;&QP ratio of the
entha%é ffcgfg’ale-r&taﬁﬁat}%'eﬂmal - QBR: DNerITE eét@ﬁ hedt of A&%dn for linear
i ghted Suns 0.531 0135 Note Fraction # 1 does
copolpmersct yhey mnhpezzéunenfr@.qi@nalmad:lghm can bd\ﬂ,’sﬁ@ﬁe@ trdeach point of the DSC
assigned Bl 1= 0 Note 2 : The wei ghted squared
devi ati ons about the weighted nean use only Bl 1> OHard
Segnent Wei ght fraction Measured by DSC [ 328] For a
[38Bpck podhparrbehadd@at)ar e sBGVERNEB OGN ﬁzei‘ghteaem@ fitc@lculated in
the density of the overall block polyner, pOver

the ragg frem; 0% ¥l theotndghinpdtinge| Big BadRd B apphs@hlﬁawopthyls@e/wene
ere phard and psoft , are
COpOl?ﬁfgltstlﬁlég%%e?%dgp{eggﬁéglff/f}%&mt%ﬁé hard segnents and soft
segnents, respectively, chard and sO't, are the wei ght
[38Phct i Gyppbfing the abavamsthgrielopy tmvmiiw&bblymﬁrﬁ\&:ight percentage of

r ectively and the add 0 mn IS
the haég Segmengs zlqﬁiesogtéﬁgrln?ly a;[:zs.‘laéﬁ(ja Vﬂﬂ%%ﬁ’ﬁ?ﬂﬂg Tthl lg IIt should be
notedAhABoMehifes AMdds[rABIS ROSIsHA (LIEg/BORYBe BfteAlticOIMar® Eh%ment density,

obtains the foll owi ng equati on for the weight fraction
insteadfof hlalme tlsee@mém gor hompppizedyleng, dugdo Hisdeet thafubg hayd segments may
1nc1uc§l)eha can Pg ”an%lgrsed fromthe bl ock pol yner.

et oar"% I %Efl% 'known, the hard segment wei ght
fraction can be cal cuI ated accordingly. Generally, the
Tabkofd Caeghesat Wdaihs Peiyefage & Hardaad SoflSaginemns fiomV midu’ Polymers
the soft segnment nelting tenperature, which can be
measured by DSC over a certain range:

curve

Soft Segment  Calculated

T (°C) from Soft Calculated  Calculated
Polymer weighted Segment wt% Hard wi% Soft
Example No.  Overall Density DSC Density Segment Segment

F~ 0.8895 20.3 0.860 32% 68%

5 0.8786 13.8 0.857 23% 77%

6 0.8785 13.5 0.857 23% 77%

7 0.8825 16.5 0.858 26% 74%

8 0.8828 17.3 0.858 26% 74%

9 0.8836 17.0 0.858 27% 73%
10 0.878 15.0 0.857 22% 78%
11 0.882 16.5 0.858 25% 75%
12 0.870 19.5 0.859 12% 88%
13 0.872 23.0 0.861 12% 88%
14 0912 21.8 0.861 54% 46%
15 0.8719 0.5 0.850 22% 78%
16 0.8758 0.3 0.850 26% 74%
18 0.9192 - - - -

19 0.9344 38.0 0.869 74% 26%
17 0.8757 2.8 0.851 25% 75%

19A 0.8777 11.5 0.856 23% 7%
19B 0.8772 14.3 0.857 22% 78%
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Psoft = AAT m+ B where A and B are constants, and Tm
is the soft segnent nelting tenperature in degrees
wW@009i00560 A and B can be determ ned by runni ngp©BCSZNG/032699
various copolyners with a known density to obtain a
calibration curve. It is preferable to create a soft
segnment calibration curve that span the range of
conmposition (both cononomer type and content) present
in the block copolynmer. In sone enbodi ments, the
calibration curve satisfies the foll ow ng
Hard Segheht WesdlitPerpsinhge MeBsiitfod49' NMR + 0. 84990 [ 330]
Therefore, the above equation can be used to cal cul ate
t sof;f prent density if Tmin degrees Celsius .is
l?ﬁﬁﬁwn. [ﬁﬁlﬁgﬁsa?ecgawpw e LdpBIare P5techiigyss ngwyin the art for
meastHRUIMIrBRIeE i RBAI6ATINERE o A méS APSQATAL 6GMM bdhnbdiR is
nelting of the soft segnments. In this case, it iIs
described &drithetgteimtinaiqgphdffcomeactlet entiat Evrretindentri-biefintdogolymers in
soft se nts. Once Tmin degrees Celsius is .
Randg B gpiaheldMpsBmomsear ?ﬁsn@oﬁg@% e itacepalpquar Chgmygry and
PhysiE@'C‘Q@'(QtS?@), apfl_ s okbg, Bakd issﬁgﬁ%ﬂiaté@é)gﬂafer&{c%%fe%‘in its
[ 332] For ot her bl ock copol yners, the peak associ at ed
entirefy. t Phet isicrmedeeidngy fof dethimnismstthesegnemnericantentdian eghylene/olefin

e R e AR Rl BRSPS TR TR i o

the pedk§ Ebrfdsbbidif@ R tHE dFTERE T QAMBORY inCORUMIL isRredt NHIoPBItioRHGo the total
profile into a weighted DSC profile as shown in Figure

numbgsof cphtritiugng owslaiginites Hoble.sMeteds fay eaingrthispropartigiiality are

SC.profile to a weigh .profil 333 C,

o PR Tl S O£ PR ol R B B, e e

of gate@ldeédi@liag teahhiguésaidlata€iopasaitd) afd af 1Ml Thasel@tive iR@nsity of a peak
t enper at ur e- dependent specific heat capacity. The

or graug b Ppaisut eblaidpe Hurieticedfom ie capBurtBenerted ingeghalciAfier obtaining
. . UASPU 9

e BSOSl AR oS CRTU s orgpromerae

assigrfeds iThis assiighmeetarae ds inmgle bynefiecmes tclamwandpectihart litemfure,foe by
heat of fusiaogn values get progressively |ower as the

Synth%%%%da%qa{ymstﬁ H;a%del CRRBATir BY 1CH ST P i comonomers.

The nff(ﬁ@ RO mordfifer Wil Be ddternFRANGY the raticobEmk ﬁ{t&ﬁfﬁl@%@f}@s@mn&ﬂg to the

nproved met hod for conpositional analysis o
numbpodfyodles pheongnoDSCto MeliytagraRraoped@ading3d theawonteyr ofvmiobds of all of

I S incorpar. refer herein in | I .
the monoh&rs %nelltterepdoly%}{er, a5 desciived in ?heeaforemen{l(t)ﬁc’ed%gatndal‘letréference.

[341] Since the hard segment generally has less than about 2.0 wt% comonomer, its
major contribution to the spectrum is only for the integral at about 30 ppm. The hard segment
contribution to the peaks not at 30 ppm is assumed negligible at the start of the analysis. So for
the starting point, the integrals of the peaks not at 30 ppm are assumed to come from the soft
segment only. These integrals are fit to a first order Markovian statistical model for
copolymers using a linear least squares minimization, thus generating fitting parameters (i.e.,
probability of octene insertion after octene, P,,, and probability of octene insertion after
ethylene, P.,) that are used to compute the soft segment contribution to the 30 ppm peak. The

difference between the total measured 30 ppm peak integral and the computed soft segment
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[334] For a given point in the DSC curve (defined by

its heat flow in watts per gram and tenperature in
walegweeseCel si us), by taking the ratio of the PeBUSTINGO32699

fusion expected for a linear copolynmer to the

t enper at ur e- dependent heat of fusion (DH(T)), the DSC

curve can be converted into a wei ght-dependent

mea GRS bl o ol BUPGh B o FERRESEA. oo
the expeARhiaPHeBlruhMBs hol BYERIKDn A& Bed fihB Wy B ELMEEN &\ scribing the
consecutive data points and then represented overal

soft s¢gymaentend bardIsagmens, weppdetivgly. dbe vaculp@36Pf Weightepepwatagd of the hard

seam i1 B anE R s 87k iU P ltart 20y e e

segm&M Qpertivh fohBe ABRLS BedrMS FQNhe 6VeFaIS spBtrtinNg t enperat ure
curve. Using random et hyl ene/ oct ene copol yners, one

can obtain the follow ng relationship; Melt Enthal py .
[3(1@} 9) Er(qyp@]@ﬁ(iecqyﬁyoéut(e@ @?ft segmenq guesrah l(s@@)le gomonomer composition

can big (ézrﬁf%lﬁZt[eth %(rzclor(lf_igé tct?gl& Fnétﬂ&?&f I@&n%gll,df@f ﬁxea[ﬂgdg?thlglio%th? rcg;’hrl]%ﬁgmer

erature, ng a ratio of t
compbiigoic oftht averdB spatitoal g theicar@otandrivemprpieon efitheeaft sefment, one

fusi o% L}gr | i near copol yners at that. teg@}e?r a%crr e,
can uye RS P RAPe (ROGIE B8 fOBEnYBY; GRmestign @Al 3yt sgmsnt. From the
comoh&ﬁel%gllﬁ)@fti\’)ﬁ of kedBlkd Légn%lﬁe Heth pgidobkfd it hRtsed 1 dalt€late the
above nethod, the weighted DSC is calculated in the
contribangreof tho hmid sognemtttd khet inee gehdofofonii®) gpnngeakThdheretihewhally so little

ocenk SuBPAl BERSFnlD SCTELRESSOR SOROL MR BBl R

is a vATRE 4HAAOb@@ Ypproxivaitiof U TheR! bR IbRtiohd e WRINGNbtrRYY LA FRGEthe
of the hard segnents and soft segnments were

expergadnéallineaidls A rorat®pim pead. iThe Tewltgron 30tppshprpkdntsgrals are
then fgl})%igg tagfﬂghoréc?rrmaﬂkg}%?m Isiitati%t Ics gl(faosde{ %? lcsp%grﬁ%%tsal; ’glg?c%ig (g %{‘ dthe above

e theoretica segmen

parag@iphUgihe gtetdii®e gaiasistiy pédsrmizdnid el fpRdRitlgentnet] Uit toal hsie30 ppm
fact that the hard segnents rraé i nclude a small anpunt
peaksghen-eaipmitaranisseement eonfsbution o PE PR PRakdhen FRIPRER bffBard segment

split a%]éi tﬁa{gn@ﬂqecﬁg%%%mgﬁtﬁbﬁgén t\{e}{oin%@sppﬁpf)éﬁﬁ&rtﬁetﬁ&;ﬁect for hard

gnent
segment contribution to non 30 ppm peaks and fit resulting non 30 ppm peaks. This is

repeated until the values for soft/hard segment split converge to a minimum error function.

The final comonomer compositions for each segment are reported.

[343] Validation of the measurement is accomplished through the analysis of several
in situ polymer blends. By design of the polymerization and catalyst concentrations the
expected split is compared to the measured NMR split values. The soft/hard catalyst
concentration is prescribed to be 74 % / 26 %. The measured value of the soft / hard segment
splitis 78 % /22 %. Table 17 shows the chemical shift assignments for ethylene octene

polymers.
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Tm (0C) from Soft Cal cul ated Cal cul at ed Pol yner

wei ght ed Segnent wt % Hard wt % Soft Exanpl e No. Overall
we0i0p3s6®SC Density Segnent Segnent F* 0. 8895PCD1US2009/032699

0.860 32% 68% 5 0.8786 13.8 0.857 23% 77% 6 0.8785

13.5 0.857 23% 77% 7 0.8825 16.5 0.858 26% 74% 8

0.8828 17.3 0.858 26% 74% 9 0.8836 17.0 0.858 27% 73%

10 0.878 15.0 0.857 22% 78% 11 0.882 16.5 0.858 25%

75% 12 0.870 19.5 0.859 12% 88% 13 0.872 23.0 0.861

12% 88% 14 0.912 2 1.8 0.861 54% 46% 15 0.8719 0.5

0. 85QibR2PD CBmital Shifd AsSighm3ntd f&Fthlefte/Détnd B oPol9tid. -

19 09344 3800869 749% 260617 0845742808

1
==

B

4340, GeR 104 0. 8777 | POBEEQRR om6H2704 10B 0. 8772 14.3
40.588%70 pp% 78%Har d S&RBOIOMEHGht Per cent age Measur ed
38W-NMRppi340] 13C NVRGIpEEL r oscopy is one of a nunber
3eh2 t echpbaues _knovvn OOE t&hgea@rfy for neasuri ng conononer
351CO8DO éfn' on 1nto ggr@f O Lh& GBI GER 0(8+nP®E center
technlqt.ls descrl et erni nation

Nt il | '\hnl A Nl afin ~ANAl v Fre 1N
Al o onr el n% BimEOEABEHE ence Reviews in
3%cr b IPBEU| ar Cherh@?@;‘?e%liﬂﬁCH
32.5-32.1 ppm 3B CH2
31.5 - 30.8 ppm OEEO yy CH2
30.8 — 30.3 ppm OE y6+ CH2
30.3 -29.0 ppm 4B, EEE &+0+ CH2
28.0 — 26.5 ppm OE Bo+ 5B
25.1 —23.9 ppm OEO BB
23.0 — 22.6 ppm 2B
14.5 — 14.0 ppm 1B

[344]
adding 0.25 g in a 10 mm NMR tube with 2.5 mL of stock solvent. The stock solvent is made

The following experimental procedures are used. A sample is prepared by

by dissolving 1 g perdeuterated 1,4-dichlorobenzene in 30 mL ortho-dichlorobenzene with
0.025 M chromium acetylacetonate (relaxation agent). The headspace of the tube is purged of
oxygen by displacement with pure nitrogen. The sample tube is then heated in a heating block
set at 150 °C. The sample tube is repeatedly vortexed and heated until the solution flows
consistently from top of the solution column to the bottom. The sample tube is then left in the

heat block for at least 24 hours to achieve optimum sample homogeneity.

[345] The °C NMR data is collected using a Varian Inova Unity 400 MHz system
with probe temperature set at 125 °C. The center of the excitation bandwidth is set at 32.5 ppm
with spectrum width set at 250 ppm. Acquisition parameters are optimized for quantitation
including 90° pulse, inverse gated 'H decoupling, 1.3 second acquisition time, 6 seconds delay
time, and 8192 scans for data averaging. The magnetic field is carefully shimmed to generate a

line shape of less than 1 Hz at full width half maximum for the solvent peaks prior to data
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Physics, C29 (2 & 3), 201 - 317 (1989)), which is

i ncorporated by reference herein inits entirety. The
whaswopsocedur e for determ ning the cononomer PCDOBENG/032699

of an ethylene/olefin interpolynmer involves obtaining

a 13C NWMR spectrum under conditions where the

intensity of the peaks corresponding to the different

car bo le is direct oportjonal to the

scauigigon | eied Fles APt gt MRS OF?FS{“ﬁéOé%(ﬁfﬂ (gailable from
AcorMRMIRdac iR LivASBEd 0%)tahl 3 1R SMRkki@NRlobhdfa@ie known in

the art and i nvol ve all owance for suf§|0|ent time for

rel axation after a pulse, the use of gated-decoupling

[3deLhni duesstive Blaxet il O 1%@@113{2@,(1 ferrthe sofehaud egmanieplit and soft/hard

comon?e)l%lgr co\fne o:mﬂ Io%?iié}%elyfggoymgqg eshs({: 81%1”8% garlso fgogﬁhgggﬁlggler The NMR
spectiiufif R)glPalymeﬁflt)Ans oidvai i Figuehe. spect rum and i ntegrating

t he peaks, those peaks associated with the cononomer

are assigned. This assignnent can Qe made by reference

to known spedP?&ﬁUFn¥|teratureh“%¥a BY¥USynt hesi s and

anal ysi s of de1 *4SRIUNds, ol98y the use of

|sotop|calIy‘\é@éﬁ@ﬁpn%no oner 82*The nol e % comononer

can be deterﬁﬁ ed3'7 PR%he ratio50f*X he integrals

correspondlng ePRinber of1 %s of cononomer to

the integral cfior48 ?ﬁ%dlng to nunber of mol es of

all of the M t he |nt yner as descri bed
in the afore S Randal | %rence [ 341] Since
the hard seg rﬂ IIy has than about 2.0 wt %
conmononer, it %%ntrlbutﬂ% o the spectrumis
only for the3IO e Pyt about 1 m The hard

segnent contraiO Ut T0hPR™ t he pe t at 30 ppmis
assuned new|%?Qﬂ “3RP® he star the anal ysis. So

for the start PRY the in als of the peaks not
at 30 ppWIar@3 Mo cone the soft segnent
only. These |¥heg e fit ¢ first order
Mar kovi an statistical nodel for copolyners using a
i near | east squares mnimzation, thus generating
[3471 t | n@spar RarelaBsSrifd methodpthe bahi ddtdny vadiglapefiattage i 1n thlS sample
insertion after octene, P0OO, and probabjility of oct

is detgrimigd todis 341q%r Singalbihe abpiointeerii excluding dg 306-29.0 ppm integral
to fit % gg@ BI‘(%% é/ﬂlgllq(?\?gl{ stgt?sglgg%oc?e? r}hé LQH& 3P Fgooanh I?%, 2}9 dg‘gmﬁ%ﬁﬁi to be

erence tween the total neasured
0.083peakd Dﬁt)ég nedpeainel . fiBimpaihguet ted p&nfntetae,ghe cdlcuibtediaébgral

contributjon to the 30 eak js g i butio
contrPRGH FR hre SSgIEh. MY P BRGE ek R SP[’%WPBIO? 602.586
from ﬁfé%ﬁéﬂv‘é‘ﬁ Q83 iMOWaPOS hedRORRY pldit €677 8930 fe‘ﬂﬁ thé"&(ﬁﬂlrlﬁlltlon of the

l'ists describing the soft segment and hard segnment

hard seggpectbitheedq/ppri hvealceiﬂ 6L 47 dtﬁilrtg‘ 56e30ghts tieineagnl igtethohard
segmft:nr%,e thQ %vregght percentage of hard segment is determined to be 26 %. Therefore the soft
segment weight percentage is 100 — 26 = 74 %. Using the above values for P, and Pe,, the
octene weight percentage of the soft segment is determined to be 47 %. Using the overall
octene weight percentage and the octene weight percentage of the soft segment as well as the

soft segment weight percentage, the octene weight percentage in the hard segment is calculated

to be negative 2 wt%. This value is within the error of the measurement. Thus there is no need
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segnent is straight forward and cal cul ated by the
ratio of the sumof integrals for the hard segnent

wap@ows1sio t 0 t he sum of integrals for the overpd1/US2009/032699
spectrum [342] Fromthe deconvol uted soft segnent
integral list, the conobnonmer conposition can be
cal cul ated according to the nethod of Randall, for

. _exanp] e. Fromthe conmobnoner conpositio the over

o itk GO W0 O FORERIBE: 1R QP oy Fable 18
sumnEGIRRE calON8L SRR sMESOMPSIS A AIE S, I eaput e the

conononer conposition of "the hard segment. Fromthe
conmonomrer conposition of the hard segnment, Bernoullian
st at Tebled§. Hardyed $oftcSegaicntsiRatafar Pelyremt 19 AuBi banbE
the hard segnent to the integrals of non 30 ppm peaks.
There is ugually so fittle o*ten tiypiwebl y |from
about 0 tolabout 1 mﬂﬁﬁ%gdﬂ Vhar d segpent [t hat
Bernoul | i an PRI i ¢xebeR ualHaé and rgbyst
approxi matijon. These contrletSPm‘l%lJt re Eﬁgﬁ: gubt ract ed
out fromtfre—e )ng i ||-||L:7|4 iy €gty Fs—of—thte—9n 30 ppm
peaks. The H-estftingH 30—ppr-peak—ntegralls are
then fittedq_t nlng i r<;t J/Ldpr I\/h|2§n\/| an é‘lgm‘ igtics
model for ¢opoll9hers|as 8fesclibdd in| the9aboye
par agr aph. |Thel9Ger afi ve8dpr opesd6i s [perfddrned in the
followi ng manner: fit total non 30 ppm peaks then
conpute soft segnent contribution to 30 ppm peak; then
conmput e soft/hard segnent split and then conpute hard
segnment contribution to non 30 ppm peaks; then correct
for hard segnment contribution to non 30 ppm peaks and
fit resulting non 30 ppm peaks. This is repeated until
the values for soft/hard segnent split converge to a
m ni mum error function. The final conmononer
conpositions for each segnent are reported. [343]
Val i dation of the nmeasurenment is acconplished through
the anal ysis of several in situ polyner blends. By
design of the polynerization and catal yst
concentrations the expected split is conpared to the
measured NMR split values. The soft/hard catal yst
concentration is prescribed to be 74 % 26 % The
nmeasured val ue of the soft / hard segnent split is 78
% 22 % Table 17 shows the chem cal shift assignnents
for ethyl ene octene polyners. Table 17 Chem cal Shift
Assi gnments for Ethyl ene/ Octene Copol yners. [344] The
foll ow ng experinmental procedures are used. A sanple
is prepared by
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adding 0.25 g in a 10 mm NVMR tube with 2.5 nL of stock
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Table 19 — Polymerization Conditions for Examples 24 - 28
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32.5 - 32.1 ppm 99.612 31.5 - 30.8 ppm 14.691 30.8 -
30.3 ppm 115.246 30.3 - 29.0 ppm 1177.893 28.0 - 26.5
wW@pimAZB6294 25.1 - 23.9 ppm 19. 707 23.0 - 22.BCPPR2029E32699
14.5 - 14.0 ppm 99.895 [347] Using Randall's triad
nmet hod, the total octene weight percentage in this
sanple is determned to be 34.6% Using all the above
integrals excluding the 30.3-29.0 ppmintegral to fit
a first order Markovian statistical nodel, the val ues
for POO and Peo are determ ned to be 0.08389 and
[3@9P051 Taboatibivy @blymedpiapgrtich €Sl tantplg3al4als: tvdiile, Table2 1 shows
cal cul ated integral contributiqn fromthe soft segnent

comopemegvedpingBepplygiers & mepusgdy SubMRcExampis24dwe asiaféerence in
t ro¢t P
octent LS 1 oR TR A QleBinehtl GO BltchBof 1857 mhEPEABAAL: 25 and 26
5 have A©dtdre 307.pprol pebkarople 2761a8 ﬂ'lOctdzim n8. 5?1601%03ndi€xarhple 28 has A

i nt or_the hard er.cent
Octensit F98 fioltiormits O MS U Foe 1t Yo S okTRRARGSR D between
Lo/, MlﬁA‘&%ﬁ@W Liedity 19%%@&“1@99 is 100 - 26 = 74 %
|ng t he above va ues ‘for PO0O and Peo, the octene

i ght percentage of the soft segnent is determined to
TﬁmezbeCQWDWWEUgmﬁﬁtthe overal | octene wei ght percentage
and the octene wei ght percentage of the soft segnent

E as I\NEII asST T R eI SRIMEND 10RE Qf‘gofpercﬁf&eﬁgﬁa HLRE A Octene
xagriene wei ght' pereant age i e hard) SRIBRRL hidl %) |
Pt CHTat edr o De g At TYe £ Ay T [varuege M T 67
P erate babk to Hevount ffor hdPd segmint cofributilon 175
2% non 30 ppm pebk5. Table 1818dmmarizes th@5 17.5
%Al cul atioh resuPBs for |Pol yndPd 19A, |B, F 8% G 18.2
Mabl e 18. Hard arnd Soft |Segnent® Data|for Poldyners 16.2

19A, B, F and GAddi tional Exanples Set 1 [348]
Exanples 24 - 28 were prepared in a simlar fashion as

" A 9 Ta le 19 sho t he pol yneri zation
10 Acdiiofgl RIHEIS S8 F oMo ROLE “ERPASmENG Tabl 6 20 shove t he
physi cal propertles of these pol ymers.
[350] Examples 29 - 40 were prepared in a similar fashion as Examples 5-19. Table

22 shows the polymerization conditions for these examples and Table 23 shows the physical
properties of these polymers. Some of these polymers exhibit a blueish tint via reflected light

and appear yellow when viewed via transmitted light.
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Table 19 - Polynerization Conditions for Exanples 24 -
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22 shows the polynerization conditions for these
exanpl es and Tabl e 23 shows the physical properties of
wWo b@om9sed yners. Sone of these pol yners exhi bi PCHUS2009/032699
blueish tint via reflected |light and appear yell ow
when viewed via transmtted |ight. Table 22 -
Pol yneri zation Conditions for Exanples 29-40 Ex. Solv.
H2 T Cat Cat Al Cat B2 DEZ DEZ Cocat Cocat [C2H4]/

Pol y—Convy—Sebids—Eff - —kgf{hr-kg/ hr seeml 0OC Al 2 Fl ow
B23 |FI9w|Cone |F| ow|Cpne.| Flljow [ DEZ] 4 Rate5 %6 % ppm
kg/kr£§§ﬁ1<g/hr (lppm K/ hr |ppm kg/ hr kg/ hr Zn) 29 5.21
9. 53 20932 0cld iy (168516, 119 2690 0. 086 952 0. 111
2113 12 679.16'|9| 6 128130 5.[24 9.89 0 " " 0.144 " 0.152
" 0.1@53 D.1%0{ 1147|1.9 84.4 11.3 120 3 1 5.19 9.53 0
56.20 9. 198 |" |0} 126 | |0./1R2 %25.5 0.213 1725 1.6 79.9
9.9 (127 32|5.19/9.52(8 93/20|0.092 " 0.097 " 0.060
951.|5 éi§g3~§97§~%f§ 80./1/9.8 156 33 5.21 9.89 5 " "
0. 128 £<0¥F3%[¥ R HTl ¥ §|ld|%6 1385 2.0 85.3 11.7 139
34 4.62 9.89 3 92.90(0.183 ['|0.338 " 0.101 " 0.214
13821 5186131973 68735134155 341.5 161 568 0.441 100
0. 682 30000 |0./518 5500 0.B14|693 92 88.9 17.6 131 36
33. 95 ZH0CEF (298| H3BH° R\ §|#89 0. 186 0.505 1518 92 89.3
17.4 48|00 |37 B7. 55/ 313.8 |136 0.318 0.814 0.314 0. 482
943 [89 88. D [16. 8 (1487 38(56.[L|541.6 370 0.508 0.590
0.377 5538 O-5Z 2973 (A 1lo-186. 1 18.1 320 39 5.21 9.52
0 56.2 €196 159707094 |2690°|0. 126 526 0.203 1706 1.6
80. 299713 4074767989 92.9 0.181 0.332 0.147 952
0.214 1642 AIr-8085.4o8y 4 |£flo|t st andard cnB/nmin 2
[ N (2, 6.¢F(— | et ryFet |ryF)phenyl ) ami do) ( 2-
I sopropyphenyl ) (a-naphthalen-2-diyl (6-py p
din-%-§L5I nmet hane) ] haf ni um di met hyl 3 bi s-(
1- (2gnetchy|vcl ohiexg |2 ey aid )4 2- oxoy!l -
3,5-&H%Fithyl)oheny )i M no)| zi rconi um di benzyl 4
nol ar—ratt+o— actor—5%potyner production rate 6
per gent get Nyl ene [conyer si on ijn reactor
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10 7 efficiency, k g polyner/g Mwhere g M= g H + ¢
Zr Tabl e 23 - Polyner Properties for Exanples
wQ@204078mb0 e 24 - Conononer content for Exanpl eBCROS2009/032699
o[ 351] One additional feature of this inventive bl ock
interpolynmer is that it displayed an unusual shear
thinning characteristic in the nelt. At a given nelt
i ndex (12), sone enbodinments of the inventive bl ock
interpolynmers with high a-olefin materials have higher
nol ecul ar weights and I 1 12 values than bl ock
interpolyners with |ower a-olefin content. Exanples
24-28 have D Cctene < 18.5 nol%and 11 12 < 7.3. As
seen in Table 24, Exanples 29-40 all have D Cctene >
18.5 nol % Exanple 35 has D Cctene = 20.2 and | 10 12
= 6.9, but the rest of the exanples (Exanples 29-34,
36-40) have 110z 7.7. This higher 110ZI 2 may be
used to distinguish these exanples from exanples with
D Cgtene < 18.5|mol % |Dijfferences in 110Z1 2 and D
anplies ifs|sho graphically in Figure

Cctene flon tlhe s

17. |Bhe |hi|ghen 1110Zlf 2 values|indicate that the

pol y#er gngker! | A 'lg\[-hg,g;a‘gr SstresSes flows nore readily
t hanCa bfockaoy nt er pofymer (oW ©hal ow oct ene cont ent .
Thi g<enhanced |f ljow may be

pregsure sensitive adhesi

requires—easyflow it may alsolall ow the use of
hi ghey Jrollecullan yeijght |pol yners i n adhesive
forn i ong whijch nmay result|imn inmproved creep
resi Ice agg ol dif ng_power . croscopy Studies

% r M
Prepay & Lok | 0f ZCani esSi| an"Mi| fed Sanpl es [352] About
50
X
Vi

ul for the coating of
5, |for exanpl e, which

o c 2
D
o

40 ¢ t he |pol yner |was |conpr €ssi on nolded into a 2

i nch > iingh 0./06 iinch|plaque between Myl ar sheets

sand ied between netal platens in a Carver

comr ion [mol ging[machime[for |3 mnutes at 1900C, 2

kpsi rssur e 2s, 1900C, 20 kpsi pressure

for nut es, ng|at 15C, 20 kpsi for 3

m ny W o) anmples 32-34 for AFM St udy

[ 353 angl| & S &gRed usi ng tappi ng node

At on Forice N \FM) | Conpressi on nol ded

Sang were fii nstf poli shed|using an ul tram crotone

{Rei t-4Jung W tiracut at |- /120 C perpendicular to
he jues |ne the cemter |of the core area. A thin

was |pllagced on|a|m|ca

(=

%X

D

—r —
o0

hen |cool
i oo ot
2+ S4SWEl

rosg¢opy

Qciéﬁ
= 268

O =Sl—=
¢ =
Mm@ =~

e o S —-_— D

~—

neo O
Be=|=
Qo

B soft
(mol %) > 2 |3S€hmelt éal P SegmOR(BEY

e
\O
N | =

Overall Octe
15.1
1
16.3
1
11.3
10.8
11.0
12.8
8
17.2
11.6

Table 24 — Comonomer content for Exan@les*
o
Example
29
30
31
32
33
34
35
36
37
38
39
40
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surface for AFM i magi ng using a DI NanoScope |V,

Mul ti Mode AFM operating in Tappi ng Mode with phase
wa@lewgopisem. The tip was tuned to a vol tage of BVI/ARZNY/032699

the tapping ratio was 0.76 - 0.83. Nano-sensor tips

vvere used with tip paraneters of: L = 235mm tip ratio

= b- 10 nm Spring constant = 37-55 NNm Fo=159- 164

ures. 18-20. show i nma of | es 32-.34
LR o T e et R B P BB PE bt displayed
an undiRf ﬁlehﬁﬁgﬁ%gf’&ﬁ&‘ﬁc’f@ﬁ% Nege nial, ol Q9% SEMidRK (1.9 sSBE
mor phol ogy except for the size range of the observed

embodipmaitsnes; thet eentoreellock iateepatumbrs|vettgleigh uidefin moteialsthage higher

nod| 0 ol with sim mol ec
ot Gh RSl R B bt B, € sgnent
Exam%ﬁas mal 2o haReheDaend 8 18 Ban&bhnrk,/1,M17.3. 64 s8G0inOraBw )4, Etxamples
roxi mately 30, 000X magnification is shown in Fi

29- 402ai hawe dpaetang deéfm@%nanén@a 3 s FEMtEdRiz0- ?35@}10/?2 = 0.9, but
S t [
e TR SR L 9 A5 0BRSS50 AUEFRET g b
used fordisvimgdisk thelsbatarsiged fromsexampled wig £ Olctepe t<elt$ Hebigeebifferences in
the skin and core. The trimred, sheets wer

Lo/l el%dy/é SstsreHeuthp sRBPlet & BOwP srHGiaYy a%ﬁ*@weng sEeights Lo/l values
1nd1czftf 81 i ogjnﬁeglﬁﬁdé}th 510CheQlsttRsdl rfﬁ)\(x%gﬁ%ﬁqgcgl llyrﬂﬂanoef bibbe

asto ses. The cryo-polishe s were
interpstyametwvith/\homctdne coaeot. Tihasrﬂlanéedaﬂ@vmgdnemusfut foir tendoatimg of

t et r aoxi de sol ut on for 3 at anble tur
pressiph s R Le ACHG DI (Y o HES DR BIPUE B> WarG Rl REY 850G the use
of hlgqaér I'hHIeBﬁBf wmgﬁ! bdymeRlig 5&1{&@@%&&@11&1&@%@11@&552 Esult mﬁ fnproved

a glass bottl'e with a screw lid and adding 10 nL of
creep Ses2Bnca e boklingariweri hypochl orite to the jar. The

sanples were placed in the glass jar using a gl ass
. ' vi ng doubl e sided tape. The slide was pl aced

Mlcmsa trde&l’ttl e in order to suspend the bl ocks about 1
i nch above the staining solution. Sections of

Preparatipn ok ConipeessichOoldedBamisles | n t hi ckness were
col l ected at anbient tenperature using a dianond knife

L t d pl d 400 .
352 g At §V b 46 e g B OF D oM SS108 SRl 0qt i § Rihes 2 inch x
0.06 A& bl%&ﬁ@%t@@e@l\/ﬂfﬁgshe%@\é‘a%a@gh&ﬂ)3&%@1&1 nfdfal pRERYh a Carver

accel erating voltage and collected on a Gatan-791 and
compR@gion ingildiag meahipe &3 Minaitdsrat 483’ Cae kesigoetsursriocd sseates, 190°C, 20

kst PR P e Dl G B Fracanoisd, ocox

magni fi cati on.
Preparation of Examples 32-34 for AFM Study

[353] Examples 32-34 were studied using tapping mode Atomic Force Microscopy (AFM).
Compression molded samples were first polished using an ultramicrotome (Reichert-Jung Ultracut E) at -
120° C perpendicular to the plaques near the center of the core area. A thin section was placed on a mica
surface for AFM imaging using a DI NanoScope 1V, MultiMode AFM operating in Tapping Mode with
phase detection. The tip was tuned to a voltage of 3V and the tapping ratio was 0.76 - 0.83. Nano-sensor
tips were used with tip parameters of: L = 235um, tip ratio = 5-10 nm, Spring constant = 37-55 N/m, F=159-
164 kHz.
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Preparation of Exanples 29, 30, 32, and 33-40 for
Ref | ect ance Spectroscopy Study [357] The refl ectance
wap@onsmeof Exanples 29, 30, 32, and 33-40 werBCT/US2009/032699
collected with a Labsphere(tm (nodel 60MV RSA ASSY)
i ntegrating sphere. Spectralon(tm diffuse reflectance
standards were first nmounted on both sanple and
eference ports of integratin ere and the baselin
3580 1 e ERRih s Sl‘ﬁ&rl%gﬁ%é’gEﬁfaé‘?Pl%ﬁé%g FEE PAPFMLHGEPIPF BHIELY 3.000X
magnificd@On. TRQ0InfARRs sHAE mtdphaswin@ighoRB@simPRAGH SBL ni@dlidsl leRdpt for the size
were 2 nmand the spectrumwas acquired with 1,
range of {hyy PPsprygd dofREs SRR SH P 1w i rtpstials? Panoqispesrdilesl copolymer
with sinfilhﬁﬂlﬁblteﬁﬂzllr%@t QArD&raIng%Rbg ait HBC E)J:)lkfﬁ_bl‘é(@mk% s@ﬁ:ﬂatse %dmﬁ “butene” in the
the s e portat a egree incjdence angle to t
B-blocksMn, P‘ZB@%%WPS Ri*PBEE Ty }@QOQF% %?gnWé%“‘ﬁé%ﬁlog(H & Figwe fzf-l m
itself provided the only neans of |ight reflectance.
Preparh68bt Ex@MpRSLSr TIMEIEdP5 show the reflectance
spectra of conpression nolded filnms of Exanples 35
thru 38, Exanples 29, 30, 32 and 33 and Exanpl es 34
[35%)9 anbxamplecsdperststusiadusing Y o ertion pigtpsenyhIsM). The
compre&'il):ﬂ Mloi%ﬁi rSilee%’ngl%Qﬁn%\& IOgﬁQngctfothg %L—llih Be cgm&?@én the skin
Conpany)) 1s also provided i n each Figure for
and coreolfpatrismnd shaetscoart caspolidhet! peor ©f dtacing bgecmpaag sectiohs from the

th il mof the AFFI Y material, which exhihits
blocks 160 6 {BPraER SR BEE Pie SEVBE DR Lo PP LHigE ks were
stained P@?ﬁﬁh@ DY Phaseash 205 ag uEX AR En ftéitfa%i_d@ %BiulbA & ﬂ%g% ambient

ectance between 12 and 45%reflectivity. Figure '
temperathigwEhe $teiningfsobuioance psqractdrty Weighig &dpgreof P8hemdmZB1) chloride

nyarae Byl PR LBl EREORRIE R ARG Thoudt TP oF P aqueons

sodiumype@drite $o Mk jiX ARl sespR6 wede pladditin IRk gladar hsBS glhkslide
data presented in Table 25 denonstrates that at t%e

having deihde sidesiapy., Thdidesyasinacsd i tsdokiteds ongar ép pusbpenchthe &logks about
. . 100% S. |
1 inch Aﬁgyﬁﬁﬂegg\a@ﬁlﬁ%%lﬁggﬂ.oé)e%éorgsg(?tzag)grdﬁrﬂ#Jgﬂiladr(r)eqﬁgg%gélrssﬁmcﬁﬁess were
collectedrag ambieddtegipaitire akiny ai dlarhbiglicréfeoh alhéichENNO@S nShat@mdand
vs. density for Exanples 26, 27, 30 and 3 1 and Figure
placed orgd(fhmgt Widihd EM v Mea aPsEvaoN: density for these sane
Exanpl es. This shows that ethylene/a-olefin block
[35610P0! YRl RASE L MRt 0na! 1 TRYENEl 2B dPe ARV 2 906V AL erating
nodul us or Shore A at a given density. \Wen conpared
voltage and chidecsainen Shatar-7A1 @Bt 724 detdl E&Emedds) , Thehmagessoph@eg processed

e SRS B b S 4T

approxi®RRay 30.000X magnification.

Preparation of Examples 29, 30, 32, and 33-40 for Reflectance Spectroscopy Study

[357] The reflectance spectra of Examples 29, 30, 32, and 33-40 were collected with a
Labsphere™ (model 60MM RSA ASSY) integrating sphere. Spectralon™ diffuse reflectance
standards were first mounted on both sample and reference ports of integrating sphere and the
baseline correction was performed for the spectral range from 200- 1200 nm. The slit width and
spectral resolution were 2 nm and the spectrum was acquired with 1 nm/point. The Spectralon™

standard was then removed from the sample port and the film sample mounted in the sample port
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material (35% versus 64% . Figure 29 shows 70 0C
conpression set vs. Shore A for these Exanples as well

W@3008%097260 and 30. The nesophase separated exanpCEESENL032699
conpar abl e permanent set as the non-phase separated
materials at about the sane density when stretched to
300% strain. Tabl e 25 [ 360] The dynam c nechani ca

rel axatjon responses as functl n_of tenperature ar .
at 2 90 (ease R IdANCE ARl ALY NG RPN BAERA Wiyueg and the film

itself p@ﬂ@@lﬂfesolg mR Rk (;}ng]ﬂf‘ﬂ:ﬂ@,(@m. es 27 and 31,
respectively. The ass transition, Tg, fromthe Tan d

curve and |ntenS|t£$of the peak are tabul ated in Table
[35816. AFigsiasidda?4 dehst thow thRechirstmish aprstis epepmpigesion molded films
erials T hat, -ar t
of ExarfBhED: BrEabiiohtintersinal 0B PPaTOREREN ) & Yo Migapoctvely.
A compT@ stinfreslgded fign admmmgey%mim (avigiBbW fréa e Madw Caemical
range when used as_an inpact nodifier. Table 26 Figure
Company)) §Wé§HsPrPW§Fd mRchdéBph Eg cogppmaos de camitast fofhg reflectance spectra
I t I L
of the fi Ef?ﬁfo Ellleé %gﬁﬂn@g%égréglé gzﬁlg:?ﬁ é:?fé%ﬂ%{ﬂe%?& nllésreﬁ%ltlgﬁ gls:lk&:?\% {E% measured
range oﬂvlavﬂem:gt]ﬁ) Iegthc[fplyé Emlﬁla Gilrhs Btlebid a fpealorellat thioresbetsgéemgl 2 and 45%
Jd.nventiv . 29 and Conp. Ex. 25 with o] nd .
reflectiyjy. ?&Wﬁ?ﬁgﬁawaa@ rFﬁ%fﬁaéHe 'SWCVQSP%EWHHW%& HEY 26, high are not
mesopﬁ@ie%aﬁte@n@hlz:g eQﬁb?tcﬁgﬁ’lE Fe?&l:@ﬁce%%tf 1458 St our DRl SO
observed in Ex. . 31, the inventive Ex 29 has
| ower Shore A than nonnesophase separated naterial at
icalipyppenties - 26 and 38ha2e A is al so observed in
b|endSMAth the |nvent|ve exanpl e. This neans that one

[35@2261 Fé ggtﬁ,g?e%gﬁtgﬁ rpt_ﬂﬁgg ?Se ngggngshllatg t%%g%h %&e densu;P/ the

mesophSﬁ sepsratddangertnlf biveBl l©nds SBore A andl HIOG &:cailﬁmb(ﬁﬂus than the samples
bserved 't hat blends wi th mesophase separated nateri al
with lo YRS 4esiof Aol Mgage detnip PEsSetheaapically i Kigpse 2 which

shows S ?é ] V& dddllit ?cfr ﬁ‘{pﬁg 2%05"7 HAUTRY rll‘ﬂﬁ ' Figlie 2%%1@19 EHQ%ySelOO%

mat er I'ower’ ‘conpressi on~set when usi ng
Moduhtsrve (ildiltEj’] farvieesp sdrperEramplakl ‘€hi Fhdw ChetatbyleiRda-alafibn block

copolyrgérgégsecg@ate%ﬁcger%%edgé% @é’ll e g%%%%luﬁls ro? gl\{(l)r%nAeat a given density.

When compared at the same Shore A (Ex 26 and Ex 31), the mesophase separated material has a

significantly lower 70°C ASTM compression set compared to the non-mesophase separated
material (35% versus 64%). Figure 29 shows 70 °C compression set vs. Shore A for these
Examples as well as Ex 27 and 30. The mesophase separated examples show comparable
permanent set as the non-phase separated materials at about the same density when stretched to

300% strain.
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Bl ock I ndex for Exanple 34 [362] The wei ghted average
bl ock i ndex, ABI, for Exanple 34, is 0.75, and the
wa quang7ss@ot of sum of wei ght ed squared devi at POTNES2009/032699

about the weighted nmean is 1.12 (Table 28). Table 28

I nventive Exanple 34 W Fraction Fractional Recovered
Mol % Fractionati on ATREF Octene DeltaH nelt Bl ock
Tenperature T () (NVMR) Tm ( 0C) (J/g) Index 20 0.0387
20 25.4 115.1 5.4 0 20-60 0.0154 53.5 22.4 115.3 22.7
1.38 60-65 0.0126 63 20.8 105.2 32.4 1.39 65-70 0.01

Table 231 69.5 19.2 109.5 42.6 1.33 70-75 0.0199 75 18.3

112.3 48.5 1.33 75-80 0.0497 80.5 16.1 114.3 58.3 1.19

80-85 0 2059 87 12 4 114 7 72 4 0 93 85.90 0 4877 90

8.|3D£1800 [ o 4 & 59/ Y95 0. 1585 03 4. 404%0. 0| 127. 2
Examplg 268/0] Jaliy AuetapeSBrYck Jampessspnys Rogmaieatr pot  of
ym of wei g@tée%)sqmdehhsdewtéﬂ@cﬁ)s abowt (fhe Wwei ght ed
msan 1.12|[ 363] "Fj giM®a)34 graphi cally shows that the

26 hgat0.866 f Usi @1 (det et.;n ned byedSC) |of ABREF fractions

27 of| Exgnpl e= 3475are S|gn|f| cantgg [ower than thpse of

30 ATRErg{7 actiops of TggdonT ethyfene octeng coppl ynmers

3 580,06/ 50 ‘g‘fé"fﬂ:, o avat abh ot fdm The Dow
Chem cal Conpany). Specifically, the bl ock

i nt er pol yner
[360] The dynamic mechanical relaxation responses as a function of temperature are

presented as Tan 6 curves in Figures 30 and 31 for Examples 26 and 30 and Examples 27 and 31,
respectively. The glass transition, T, from the Tan 0 curve and intensity of the peak are
tabulated in Table 26. At similar density, the mesophase separated materials exhibit T,’s that
are approximately 7°C lower than non-mesophase separated materials. A lower Tg offers the

advantage of lower useful temperature range when used as an impact modifier.

Table 26
Example Density (g/cm’) Tg (°C) Max tan
26 0.866 -48 0.44
27 0.877 -45 0.45
30 0.867 -55 0.86
31 0.874 -52 0.55

Figure 32 shows that the mesophase separated materials exhibit a similarly flat storage

modulus as exhibited by the non-mesophase separated materials.
Blends with Oil and Polypropylene

[361] Blend formulations using inventive Ex. 29 and Comp. Ex. 25 with oil and
polypropylene are listed in Table 27 together with Shore A and 70 °C compression set results.
As also observed in Ex. 30 and Ex. 31, the inventive Ex 29 has lower Shore A than non-

mesophase separated material at similar density. The lower Shore A is also observed in blends
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has nol ecul ar fracti ons which elute between 40 0OC and

130 0C, when fractionated using TREF increnents,

t hat

wae@obms@ct eri zed in that every fraction that POBEESZNN9/032699
ATREF el ution tenperature greater than or equa
about 76 0C, has a nelt enthal py (heat of fusion) as
nmeasured by DSC, corresponding to the equation

f usi on

with the? WV@étfvgl ex¥amp

§1J r?’ohés @%ans%z%t%)élg

ATREF . el ut
Srrpie AP TRS g AR! Besophase

to

Heat

er at

separat&ﬂﬂﬁ%n@ll UEigQR 3RIReGk @bwm&ﬁ%ﬁé@s‘%h RS SABEE A ESBILA®S, 4, 7 and

about 760C,” has a nelt entha

py (heat of fusion) as

8. Itis n’emdeuatwem@lthdocsoehm eipanafed matemal rwqulain olewerga’C

comprfjobSPLITH#Ye5o ' BERFHALT

materialshiith I(ﬁ%r

34 are signi
fractions of

EE&eIutlon t

PRIt 5BmEPUK;

?teﬁﬁo@@dt WHen abin TREMvéfRetpoigerof Exarml e
i cantly higher than those from ATREF
random et hyl ene octene copol yners

Table 27 ATTANE(r) 4203, 0.90 g/cnB8, 0.8 12 and AFFI NI TY(r)PLI

880, 0.90 g/cnB, 1 1|2-

eachavail abl e from The Dow

e erature
%rgj agﬁswssofter

Che _cai Company) tay(aLe[f1t tg a I NepLRRRESaRLIn
E (- 5. p926w{ gwx. 26 conp mgé Df wt.re |AWREEf ra(g}clc 0({6 Compressior
xample; 90 (s?(l)l behet i NE) 3 } As,jdenopept at ed apoyd&lardness | = (70°C)

enmbogdi ments” of the | AVERET on provi de a neM/cIa<st$”)
Ex.@5hy| ene angoa- ol ef|{n lol oc<_i0terpokyn€rslgﬁhe blqgk 45

terpotynmers are charggt erizgd b T dv o
Ex. ?QHQ pnf ygr cater than l?gr fa) ef I)rlnzlz\) cgr eater It hgéri\ 35
Blend 1> | Due to32he bl otk é&ru,tuﬁks t k2 bl ock 53 64
Blendrt ef pol ynme2& have a ufi que c@rbinat2 on of propertdles 60
Bbdﬁ% cw?racteqystlcs not3 een T§U othf thL?Qe 31 54
cT 111 CU UIyIICID JCI URN IIILCI[ yICID

Blenﬂn rise various fract z& W 6(}1 i fﬁn ent bl ocl 19 53

1 Chevr

on Refleis SOO1RGH (ghediop DSt Sp of such bl ock i ndi ces has an

2Pd”“ﬂﬁﬁ%@?”%Hﬂﬂﬁ¥”3V@PﬁpFﬂ§ﬁ?§P¥aI properties of the bl ock

I nterpol yners.

It

IS possible to change the

distribution of the block indices by adjusting the

' condi tions, thereby affording the
BIOCkI%gFﬁY?@{%@%@?i | or the deS| red polynmers. Such bl ock
i nterpol yners have many end-use applications. For

[3623x arrpIThe W(e@ltd@il ayetagb bteek podexnaBs, foaBxdeplaSédistOd Syrakdethe square

rootof iy P Bijghied Hiied BV cho ok BF Ry

arti.c

aht'ade

iﬁg;@able 28).

characteristics are apparent to those skilled in the
[366] While the invention has been described with
respect to a limted nunber of

art.
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enbodi nents, the specific features of one enbodi nent
shoul d not be attributed to other enbodi ments of the
wo paepisem. No singl e enbodi nent is represent aPCT/ESTNG/032699
all aspects of the invention. In sonme enbodi nents, the
conpositions or nethods may include nunmerous conpounds
or steps not nentioned herein. In other enbodi nents,
t he conpositions or nethods do not include, or are
substantially free of, any conmpounds or steps not
enunerated herein. Variations and nodifications from
Table 28he descri bed enbodi nents exi st. The nethod of making
the resins is described as conprising a nunber of acts
or ste These steps or acts may be practiced in any
mv”“@@&é@ﬂgé re.order unless otherw se indicated. Fipally,
any nunb agie osed herein should be construed
mean appr oXi mate, regardl®sis,of whether the word
Hadmamumt" or "approxAﬁ%E%lymﬁm@ used in dbﬁwmnbnng

Hodlflcatlwu&wand vapi at | @83 as ﬁahllng m5mh|n the 0
2seope of thetsanventsom. Whabai s claigred is22d. A 1.38
60-88POSI ti omotaspri sieBg at Jdo@ast e et hylzne/ a- ol ef.d3n
sblzock i nt eg.polymer, egmnpriigiong or@.5r noredard  1.33
7eggnent s amdigne or 780re sefit segwents hagsg a  1.33
78igb f er encep.p4p7nol € g@es centiea- ol ef1ars cont esgg wher ei. 18
gbise et hyl emedsa- ol ef igm bl oclk.4i nt erpad yner 72 0.93
geloar act eri gegh7by a mpl ecul @ wei giste di st rg7wti on, 0.59
oMat Mh, in ¢lsgsr ange oaf fromabouioph 4 to1aphout 2. § and
by an average bl ock i ndexweightaléhagé BRidk FRle® and up.ts

Squalkdiébt dt Uim SbigEPERiafed iR iaBibhY ASIR tr Wi téé‘ bl ock

i nterpolynmer is neseggagse separated. 2. 1.12
et hyl ene/ a-ol efin bl ock interpol yner of Cla|n11,
wherein the bl ocks have a PDI in the range of from
bout / i
6 or EBr b AP sRy dpe SR B SR b P P pSE of
ATRER:ﬂlchctmhe bﬁEMrnpie Bharenighifcanalydowgethind thoke bleAGREF frastioms of

rndom pfefiiige ipobigi Anacte 60% B ORebn. sl afu gty Plisso. 000

glem’, 1g5£éaen ahlilyblé froi e D3RAReMfcal CERPaAPO Bpecdidaly, ARWIScKLiBterpolymer
An et hyl ene/ a-ol efin bl ock interpol ymer conpri

has mOJ@hléabﬁraqﬁwrléwmfﬁl&l% §awiees 4and 2Bk d3or i o fgstipnated Tusing TREF
1ncreme§12% ﬁaﬁ %Ise gf/ac{égiz?%gll tfl!lteeR/g&cf‘f‘ac'tlgn [ﬁpat fadSl &TﬁEFaehﬁlo%ftErﬂperature

erel
greater than or equal to about 76 °C, has a melt enthalpy (heat of fusion) as measured by DSC,

corresponding to the equation: Heat of fusion (J/gm) <(3.1718)(ATREF elution temperature in
Celsius) — 136.58, while 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)(ATREF elution temperature in
Celsius) + 22.97.

[364] Figure 35 graphically shows that the melting points of ATREF fractions of

Example 34 are significantly higher than those from ATREEF fractions of random ethylene octene
copolymers (ATTANE® 4203, 0.90 g/cm’, 0.8 I, and AFFINITY® PL1880, 0.90 g/cm’, 1 I,— each
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copolynmer is characterized by an average nol ecul ar

wei ght of greater than 40,000 g/nol, a nol ecul ar
woweoglp7sds st ri buti on, MV Mh, in the range of fPONMUSEHOWD32699

1.4 to about 2.8, and a difference in nole percent

a-ol efin content between the soft segnment and the har d

segnment of greater t han about 18.5 nDIe per cent.

wvala g B GHF R s re| GHEPEL I B LT P Eeer OB 8%?4”76

comonoGOPEf e VET R ERfitibs)es1 B@owiois linher ei n t he domai ns have a
smal | est dinension in the range of fromabout 40 nmto

bout ,3 f b t f bout
36§t o SBETERyshF AP ity af BF S lomp PR aigecihs o
ethylen@ﬁn(i bR AbEk ﬁ@erﬁtﬂ}rﬁl@rsa %@%I&QQntﬁfpolﬁnergﬁl% characterlzed by an

et hyl ene/ a- ol ef | ock i nterpol yner “of gg t he
averagthe@emdwgofcgramisthammpeprﬂferabéy greaigr 8rn®.3. sDeg gprtbfn block structures,
the blo%rlg%o“:f?rgf:rs %abu}é Hrélahfh 8? 01?1% eor{leof p{g}ger&‘es or characteristics not seen for
other et]hlenéYlerﬁcf@olyﬁiera M@[’dﬂivﬂ@the(modld'hﬁfeﬁpcﬂyﬁers'Ebﬁlprlse various
ethéégne/a ol ef i n_bl ock |nter§olyner of any of the
fractions medediftaggne blaririndigeer Ehqdishibuiion gf erchblock igdieesas anémpact on
e eI CLGTEREE: | PRASEP O 0, OB Dloge e
distributibanf %MCkZﬂdleesrw &lj|eing ehrt poljzme.[ﬁzealtlab kynditiest érerdblyaffording

.about 23.0 npl.e percent eferabl reat er
the abiljtigs fo @ﬁ%g‘ e SgsipdRal dngey g%‘ﬁ’tﬁo BOlé‘E“ﬁ’SFI l‘éﬁgﬁﬁnﬁ FRE-15F
apphcag’(l)ﬂ%c lFoir B £hRE) M@Efocﬁﬁnté?)ﬂl)@{erga%' BE8usdd B M@é’ ﬁdlﬁn&nﬁends fibers,

a-olefin is butene and thé difference in nole percent
films, naaldftcedrtlﬂlee dulireantspletseveds etcheOthar aivseigperandaharastefistics are

ter than about 30.8 nole percent,

appna%?%&@ ﬂ?@‘%?zg Ul than about 33.9 nole percent and

nore preferably greater than about 36.9 nole percent.

[366). Thevigtehiié Biveh@orhBbesn bdsofked wite fe@pécy BeA ligfited MYm®Er of

Clains 1-6 wherein the a-olefinis ? yl ene and the
embodigientsethg nprcifinfegnires qf@mé embogdingng shay (b@??tbér@ftﬂb’éﬁe@éeﬁther

t r
embodlB‘Eﬁtsrb?E[lge 1@9 g Flj\gapsgn &B? eg‘[ﬁpﬁlréﬁa 5 ea?lt\/g (o) Q%Jbggts of the
inventighf .18 somk enbedimemits, ﬂmobomfoeltlpneéﬁnathb&s ghe atchrdetnlnamrous

about 48.8 nol e cent. 10. The et hyl ene/ a-ol efin
compoyydg Ok Stept @I&ﬂnyﬁ%qf{ hsreign 0 ghex ¢raboslimERiy; tﬁgcepa?%%ons or methods

do not WPREEIR aFék%b?cEHﬁ'zllﬁrf%e%f Od 5 doth PRLRGKOrGRIPR ¥ & Tunfaste PREBIN.

conpressi on nol
Variations and modifications from the described embodiments exist. The method of making the

resins is described as comprising a number of acts or steps. These steps or acts may be practiced
in any sequence or order unless otherwise indicated. Finally, any number disclosed herein
should be construed to mean approximate, regardless of whether the word "about" or
"approximately” is used in describing the number. The appended claims intend to cover all those

modifications and variations as falling within the scope of the invention.
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What i

1.

11. The ethylene/a-olefin block interpolymer of any of
the preceding clains wherein the ethylene/a-olefin
whbk@okotsepol yner conpri ses domai ns wher ei n t hePdDIBE200%032699
have a smal |l est dinension that is greater than about
60 nm greater than about 100 nm or greater than
about 150 nm 12. The ethyl ene/ a-ol efin bl ock
ergﬁlyner of any of the preceding clainms wherein
Pt ene/ a- ol efi n bl ock copol yner has an aver age
bl ock i ndex greater than O but |ess than about 0.4 and

A&ohRbgigidh %mgﬁh?%ht 1 bhé Byl lendo- Mr{\'ﬁlod@ﬁﬁéﬁ)@l&n{eﬁ &Bmprising

about 1. e ethylenel a-ol efin bl ock
onwrén@rglhyffbsegmfen@aad ﬁnqqr mpfeerot sagmpets Ay eng g diffdrende in mole

pef:ﬁen% Qi q%éc'ﬁm cor#en% \ivﬁ‘e%rgl% t%r gtﬂq%lege/#tolf% lbl%&( efrﬁl%yl%cls is f%laracterlzed

ene

by afotddlal heigv afsagritioh aak/Np (ﬂleﬂlelrSngerbftfhﬁn hlegig e .4f to@Bbut 2.8 and
about 0.4 to about 1.0. 15. The ethy Iene/a ol efin

b peyeragstdogidngeresreder brazeo pad U a@% 1{0p anchyehiesggie the

VR TGRS, bR PR PR RS Dol ymor o

Claim11l, wherein the average block index is in the
Thaetggleha/ oml@fhdubd{)inﬁerp(dymbn@ﬁ CRirmg 1, Wwhereifhtbe blocks have a PDI in the

eth ne/ in blo i nterpolynmer of Caim11l,
“ﬂﬂ%¥ér ab% ﬂ%’b?gck index is in the range from
about 0. 5 to about 0.7. 18. The ethyl ene/a-olefin

The ethyient/arQetiy BeEk ﬁfte?ﬁ])yrr@f of ORiMAINesedivhgresl teR&lue for yN,
mhereln the bl ock copol yner has a denS|ty of | ess than

abeiptN ¢ the ngmber avegige Piaskdengih. ahisy the sAnge ioh frbmoabi@ut 2 to about 20,
gfé‘feaﬁ 11¥ [IE r?% o(t"lfﬁ)n[{n a‘t}%t 2‘@1‘8'% | bit haglgl c}rg Pe& 1n s ange of

e range T oM abou out
ﬂnﬁﬂmgmcgu)ﬂﬁmtﬂme et hyl ene/ a-ol efin block
i nterpol yner of any of the preceding clains, wherein
th NM/ i eater than about. 1.5. 21. The
Age yh Sy lefn Blae fﬁl“HF@eBW%F@WBBFI%EPC BF meyediasd segments and one or
mﬂ‘f&%o?ﬂ s% nB&s Wlwg 'd?fférélﬂ@lﬁlm 1% cgntt(xooléi*?l‘l)%ntght%he?tgn the
The ethylene/a of efin block I nterpolyner of
caplohinme 19 clb@qctastred by an aheragdvniteciler 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 soft segment and the hard segment

of greater than about 18.5 mole percent.

The ethylene/a-olefin block interpolymer of any of the preceding claims wherein the
ethylene/a-olefin block copolymer comprises domains wherein the domains have a smallest
dimension in the range of from about 40 nm to about 300 nm, preferably in the range of
from about 50 nm to about 250 nm, and more preferably in the range of from about 60 nm

to about 200 nm.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the o-
olefin is styrene, propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene, norbornene,

1-decene, 1,5-hexadiene, or a combination thereof.
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10.

11.

12.

13.

14.

15.

greater than about 2.0. 23. The ethylene/a-olefin
bl ock interpolynmer of Claim?22, wherein the MV M is

wo ec@ioatseut 2.0 to about 8 24. The et hyl ene/ a- BCEUS2009/032699
bl ock i nterpolynmer of any of the preceding cl aimns,
wherein the ethylene/a-olefin interpolyner is
characterized by at |east one nelting point, Tm in

degrees Celsius, .and a density, d, in grans/cubic .
gy e Gl e R e o e IR g the -
oleRh [LSRARAnE Ohd dlfFrefeBlain ABIE HeRentldbR N8B NnSbetween the hard

14422(d) - 7404.3(d)2 25. The ethyl ene/ a-ol efin bl ock
segopol ydoltctgment ipgrentee than abewi20¢) wbki pesceoh ardetablyi greader than

b [ I f [ bt.ai ned b
s p e il B R i Cieh oy Bl RO B Yool percent
wherein the fraction has a bl ock index greater than

Tledéth{1efks/3-0detth BIPcK Bterpsl e dofQapdf ihanstihy hWisRimbthe loeslefin is
bl ock interpolymer has a nol ecul ar wei

h

bgere; aidihg 1l ren&ﬁvﬁwpleg%eé%?péﬂ-ommoaﬁaagettwm thg dardryggment and
A ;

sog{r %glengﬁﬁlé %{ﬁ%lztﬁ? rtrljéz{?l 2!%'09%3 %ﬁ%&g{:%}gﬁﬁefgﬁab% re Ry tithgl? about 33.9

wherein t ene C ent
mgleggte@nt ddtbmoeljoeferably grohter hen abmit 36 D/molElpercent.
et hyl ene/ a-ol efin bl ock interpolynmer of any of the

T QEER e et R T Lo G dmaUnegbpg-olefin i
pr‘gﬁ/lgm aiRf tht QETdredc@ NP RloYd B reent 8-0l e SHidh beRReA 1Rl 1Rk Begment

ock interpolynmer of any of the preceding clains,
anghrofteiegmeiias prentr SugrmbountstOcomple peeceat. prafargblyoBeaterfthan about 46.8
et hyl ene by wei ght. . 29. The et hyl l.a-ol efin bl ock
B lro0) RerCBrasrobr et i ke A e et lier of
the soft segnments conprise |less than 90% of ethyl ene
Tiye thlie g ti-o130h. blddieinedrpylly @Bedfoany| of fihenprbtedidg claims wherein the
i nterpol yner of Caim?29, wherein the soft segnents
ethylppg/ frodefinglack spprlyseydhas beanrrpmiiessiop mlfietht . 31, The
et hyl ene/ a-ol efin bl ock interpolynmer of any of the

TRY &GPIGhG- o BlBek 1 S Ret mn?%f @heﬁﬁ‘a{%ﬂ{ 1R Widin the
segng%ts are randon1yﬁd?stribu ed. 3

ethylene/a-olefin block copolymer 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.

The ethylene/a-olefin block interpolymer of any of the preceding claims wherein the
ethylene/a-olefin block copolymer has an average block index greater than O but less than

about 0.4 and a molecular weight distribution, M/M,, greater than about 1.4.

The ethylene/a-olefin block interpolymer of Claim 11, wherein the average block index is

in the range from about 0.1 to about 0.3.

The ethylene/a-olefin block interpolymer of Claim 11, wherein the average block index is

in the range from about 0.4 to about 1.0.

The ethylene/a-olefin block interpolymer of Claim 11, wherein the average block index is

in the range from about 0.3 to about 0.7.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

32. The ethylene/a-ol efin block interpolyner of any of
the preceding clains, wherein the soft segnents do not

WO p@boose@ tip segment. 33. The et hyl ene/ a- ol ePCTYUBL00ZB32699
i nterpol yner of any of the preceding clains, wherein
the hard segnments do not include a tip segnent. 34.
The et hyl ene/ a-ol efin bl ock interpolyner of any of the

re edln Ial mher |n the bl o opol r di s
il rieud ol Tl Plimande Paaored | o PaPaehgr e R ndex is
inltﬁe%gs%tnyuohho.atsasomg;.on of infrared, visible or

ultraviolet light. 35. The ethyl ene/a-ol efin block

i nterpol ymer of any of the preceding clains, wherein
Ththethplead/ k-odefpoblgeleintdrgol paar pleSlaant 1. Wremn@e average block index is
h n bI int erpol ynmer of any of the
’ngb%§gguﬁé%%$§Pﬁgg a&mh(yfl 2 > 8.37. An article
conprising the block interpolyner of any of the
Tper eheldh¢rg-otdfa bisck Bi&rpdihmenstt inglof tief prétaling daimwheheiein the block
artlcle conprises a fil a pol ded article,
C?P@\%@I‘err as 3 depyjty %#Sé&t@@apuéﬂ?ﬁ gce, a decorative
article or a conbination thereof. 39. The article of
Thd &h{leRd o MNET 618K fﬂ?erﬁcﬁ&ﬂn@f%f @hih ¢k ewﬁ'é}gﬂﬁrthéﬁ%rﬁol mer has a
photoni ¢ band gap material wherein the ratio of %
dénsiiein e rangefeo hlpmt 6f36tghe wabowit. 3l gavi ng a
difference in nole percent a-olefin content is 1.00 to

. for, a u et of Ien ths I n
Tl SR T Pt P e AT B0 R B Vigleh e

MWYMn is greater than about 1.5.

The ethylene/a-olefin block interpolymer of Claim 20, wherein the Mw/Mn is from about
1.7 to about 3.5.

The ethylene/a-olefin block interpolymer of any of Claims 1-19, wherein the Mw/Mn is

greater than about 2.0.

The ethylene/a-olefin block interpolymer of Claim 22, wherein the Mw/Mn is from about
2.0 to about 8

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the
ethylene/a-olefin interpolymer is characterized by at least one melting point, Tm, in
degrees Celsius, and a density, d, in grams/cubic centimeter, wherein the numerical values

of Tm and d correspond to the relationship:
Trm > -6880.9 + 14422(d) — 7404.3(d)*

The ethylene/a-olefin block copolymer of any of the preceding claims characterized by
having at least one fraction obtained by Temperature Rising Elution Fractionation

(“TREF”), wherein the fraction has a block index greater than about 0.3 and up to about 1.0
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

WO 2009/097560 PCT/US2009/032699

and the ethylene/a-olefin block interpolymer has a molecular weight distribution, My/M,,

greater than about 1.4.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the

ethylene content is greater than about 50 mole percent.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the hard
segments are present in an amount from about 5% to about 85% by weight of the

interpolymer.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the hard

segments comprise at least 98% of ethylene by weight.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the soft

segments comprise less than 90% of ethylene by weight.

The ethylene/a-olefin block interpolymer of Claim 29, wherein the soft segments comprise

less than 50% of ethylene by weight.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the hard

segments and soft segments are randomly distributed.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the soft

segments do not include a tip segment.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the hard

segments do not include a tip segment.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the block
copolymer displays a reflection spectrum that reaches a value of at least 12 percent within

the region of infrared, visible or ultraviolet light.

The ethylene/a-olefin block interpolymer of any of the preceding claims, wherein the block

copolymer is pearlescent.

The ethylene/a-olefin block interpolymer of any of the preceding claims wherein I;¢/1, > 8.
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37.

38.

39.

WO 2009/097560 PCT/US2009/032699

An article comprising the block interpolymer of any of the preceding claims.

The article of Claim 37 wherein the article comprises a film, a molded article, jewelry, a

toy, an optical article, a decorative article or a combination thereof.

The article of Claim 38 wherein the optical article comprises a photonic band gap material
wherein the ratio of the index of refraction of the segments having a difference in mole
percent a-olefin content is 1.00 to 1.09 for a continuous set of wavelengths lying within a

wavelength range of from about 100 nm to about 10 um.
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