WO 2006/101915 PCT/L1S2006/009375 ANTI-BLOCKING COMPOSITIONS COMPRISING
INTERPOLYMERS OF ETHYLENE/it-OLEFINS FIELD OF THE INVENTION [1] This invention relates
to polymer compositions comprising at least one 5 ethylene/a-olefin interpolymer and at least one
anti-blocking ag&ve,200éthiaels of making the polymer compositions, and moldeckwadugteazyade from
the polymer compositions. The polymer compositions may have reduced blocking and/or re-blocking

properties. BAC IND, B}Wﬁ?ﬁ Mﬁ% ey W ic. elastomers,
are produced fomg)gr#rﬁg%%{?o%nsump |onli|3nHell£%]artlc e-%? particulate-form suc asgeé?e lets,
granules, briquettes, pills, crumb, flakes, EgnEYe S NEBesOBMEENRs, cubes, and various other regular
and irregular shapes. Generally, the shape of these polymer patrticles is either deliberately formed or

a natural result of various recovery and giginp oFEe@RINVENTpOiymMer production process. The
particulate-form of the polymers may be desirable for many applications 15 because such polymer

particles can be compoun ith othe e A I .nol locks, sheets, or
the like. Further,@ﬁe poIyn?eglr%pma};t?g%%gg%%%%egﬁi@%;ggg%%%;r u%ﬁ?ﬁ%égsg géhr%%ﬁ%%gsolved more
readily insoilsctbyleakie-felbfiatistpeilsngnandat litest P2 [Heivblpskinge eovagtbedstef aakisgrthges of
many polymessi RatichiaryithasefxRiiing AR alas RS In ShaRH Sl dsRgaHNdaNdrig agglomerate

together or exhibit 20 "blocking", which is an undesirable adhesion amaong contacting particles. Such
agglomeratioPP5HasT seRpRsitifpR sl trturspOIaRsREA/OF 1ol Fu%RMRY iR storage of the
polymer particles. For example, the pressure caused by stacking bales or packages of the polymer
particles may create conditions favd ROYE el BINOMMYer particles agglomerate, then
generally it is necessary to grind, crush, or otherwise masticate the 25 agglomerates to re-separate the

polymer particleqzyartially maﬁymbq{m,tpam@guﬁy Smutlizadligpaticuiaiemalesi@loSuch mechanical
processes can be burdensome and, undesir?ble becau?e o{ additional lahor, time ind Cost,

inconverfencE BELRTHY ARORTTRATRAR 2 RSrENFa O BRI S P REA MM AR ASRTHTS SBgHeation of the

polymer duringitiuet@edifitn atumindidsssspictdsOlRBOGHMIGLRIS RBF| 4820066000828 rddiiTharé are

some attempts. of preventi lacki I rtl Tl Y 2Rk ' t

such as carbé%\egrg%%\%ﬁgggié%%%%g%%g% ﬁc%ﬁ?ﬁ é??a? I??{ﬂggr%}lﬁaég Rl ?89%'&9@13%‘&%&91 ageh
or a natural result of various recovery and drying operations in the polymer production
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process. The particulate-form of the polymers may be desirable for many applications
15 because such polymer particles can be compounded with other polymers more readily than
large polymer blocks, sheets, or the like. Further, the polymer particles can be handled easier

for further uses and/or dissolved more readily in oils to make lubricating oils and the like.

[3} However, the convenient-to-use particles of many polymers, particularly those

exhibiting any elastomeric character, generally tend to agglomerate together or exhibit

20  "blocking”, which is an undesirable adhesion among contacting particles. Such
agglomeration often occurs under elevated temperature and/or pressure during the storage of
the polymer particles. For example, the pressure caused by stacking bales or packages of the
polymer particles may create conditions favorable for agglomeration. If the polymer particles
agglomerate, then generally it is necessary to grind, crush, or otherwise masticate the

25  agglomerates to re-separate the polymer particles partially or completely to produce a
utilizable particulate material. Such mechanical processes can be burdensome and
undesirable because of additional labor, time and cost, inconvenience of using them, and the -
potential risks of contamination and/or degradation of the polymer during the additional

processes.



magnesium oxide, infusorial earth, or the like, to the polymer particles in an effort to counteract the
natural tackiness or blockiness of the polymer particles. However, adding the 5 dusting agent to the
polymer may be undesirable for some applications because the dusting agent itself may be
undesirable for We applitaticns, such as lubricating oils for modern engines pihweyuiarmssge of which
may be affected by the undesirable dusting agent. Further, silica powder and some fine grades of talc

may possibly p health hazards unde i ; agngfg I , e
polymer articlesﬂanfay also%fég%%se%%lgr%%%wég 3%@%%%%%@%%8%’%@%& p rtig:}l' S. F(%§ eifaﬁ?nhple, films
of polyolefin igints, aptiinsablyita s serhcpoybropehcalsraiag alasie focafpishsts as
wrapping films for.foad. fibers, ARBHMAGEHlIcA PIRRAIG IR SeiRHIl 268 RO ShatherrRgtions or as

agricultural covering materials. To improve film handling in some processes of making or using the
films, an 15 ieRteiares dioplokingdener fledds sttt uner aBitles nidg By daating fise
Eolyoleﬂgl filrt]nﬁﬁh@wg%ﬁefo the ﬁ?ﬁﬁw&a;mﬁmlim?meFg@n@mﬁkbk?ak&emﬂagﬁ@mﬁgay
eteriorate the transparency and, appearance of the polyolefin fi and.may.lower their resistance to
surface scraﬁ?&.tﬁ%ﬁgéﬁ)@fiﬁﬁgﬁ?ﬁg ﬁ%e@?%?gthoﬁﬁﬁ}l@@a%&ﬁ%g% Fgcflé%gl (%r%dhesion or 20
stickiness aneagiagaotiimnes: frantioies o Fwttivbnnityi deleffivetbiebihtueted nvtbbdosimg cigiste Eurther,
well-balanced jmprovement.in some desi [ i 108 RERRE s
transparencﬁﬂé%agpgﬁv(ﬁ ﬁaa%?o%gr}ﬁels e%%%&%%@%%??%ﬁé@ III%%%%(?’S%%;% SU I\/IEM?Y%RY OF THE
INVENTION §ZFwheiaferementioned needs are met by various aspects of the inventions. In one

aspect, the invention relates to a polymer composjtion comprising at least one ethylene/a-olefin
interpolyfner and%nti-blocmﬁﬁrﬁ@@ﬁé’?ﬁ?ﬁﬁ?ﬂ’?ﬁﬁhﬁﬁi?fé‘,c?ﬁhg}aéir"i‘ ﬁtécgﬁ?ﬁféiﬁégs%% f8G point of
at least abouinéftionda poleeenbadicien( éhexatpybe fiia-ofekiysitspalyime sivhsapdwdiyiam about
1.7 to about 3.5, at least gne melti‘pagl& :ienéTmpﬁQ %egsr%g%m%e%iusﬁfnsdfg (ile(p [ e(I:Js in grams/cubic
centimeter, WHePeIR R A efical valtes of Trand 3corresp Rd o the relia loriship: Tin? -2002.9 +
4538,5(d) - 2di2218409Rtid0 (8naraiivoth &rilirordinéathehaotivndenesasientumiapeiinger has a Iviw/M"
from about 1.7, {g:ahout33,A0d inchaiResriaed R arbealQf dHRiRan a6 RilignR Nt Adsita quantity,

AT, in degrees Celsius defined as the temperature difference between the
15 inorganic anti-blocking agent, such as silica, talc and zeolite, may be added to the polyolefin

films. However, the addition of a large quantity of inorganic anti-blocking agent may
deteriorate the transparency and appearance of the polyolefin films and may lower their

resistance to surface scratches.

] Therefore, there is a need for an improved method to reduce the adhesion or
20 stickiness among polymer particles. Further, it is desirable that the method can achieve a
well-balanced improvement in some desirable properties such as anti-blocking properties,

transparency, and sliding properties.



tallest DSC peak and the tallest CRYSTAF peak, wherein the numerical values of AT and AH have
~the following relationships: 15 AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,
AT ? 48 C for AH greater than 130 J/g , wherein the CRYSTAF peak is determined using at least 5
percent of the cuwubativeoalymer, and if less than 5 percent of the polymer bagasidengifiaple
CRYSTAF peak, then the CRYSTAF temperature is 30 C. 20 [9] In another embodiment, the

ethylene/a-olefin interpolymer is charg&%ﬁgyoigmﬁ @g&{ Re, in percent at 300 percent
strain and 1 cycle measured with a & - hylene/a-olefin interpolymer,

~and has a density, d, in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the

following relatioP8nthsmeismeationsdasedsa Brnstifteryinyspests ob daiuvania®e Bt ®eross 25 linked

- phase: Re >148di1 6291t taap0ih g peRthaedienssiteh ebnenalxaplefin daterpolymer has a
mQIecuIar frac iog‘é\{v?hich elutes be%,veen 4 Cta‘ﬁg Jgﬁo C when fractionated usin 3rWO 2006/101915
'PCTIUS20067 Q’?’ﬁéﬁ?@ﬁ%‘? RS A A B ASERb RS SR ST Shiet content of at

least 5 percehé higidehﬁsamthﬁhgfminmﬁpﬁ]@stabaﬂdlﬂﬁ(éth&i@ne émbopmﬁ:&action eluting
Dotween the SRISISIBRIA RS NRIER S AR (R SN Scdriemopyer has he

same comongrr?ér nd has a index, density, and r 5 con onplnér content (based on the
whole polymersbiftaipr i, Jerdedeatetidtabiivncanstinylentilia-olifiarameipbigraerineddin another

embodiment. {he-eilenalAAlaivdnigraelymg: is cehaspsigns et RIAsieRage modulus at 25 C, G'(25
C), and a storage modulus at 100 C, G'(100 C), wherein the ratio of G'(25 C) to G'(100 C) is from

about 1:1 to about 10 10:1, [12] In ogh ?]5)9 in lgcagh % g/a-olefin interpolymer has at
least one molecular fraction which ?ﬁ‘tes%)es v\/ee%gé?’g' dngzg hen fractionated using TREF,
characterized in that the fraction has a block index of at least 0.5 and up to about | and a molecular

weight di8tributid] Fnenothergrahadinegh bsstviens/iralrbriatens kmeoknnieityMe Bty lene/a-olefin

interpolymer hgsug. AueEBee: Blockninekgrerteredhym 2050 TT0s1t. 1o he Mgl @ndaanolecular
weight dlsmbyptllgrptitg\f? \AV Mri ’de%rr%gst % eﬁgl%rs] defined as the temperature difference between the
tallest DSC peak and the tallest CRYSTAF peak, wherein the numerical values of AT

and AH have the following relationships:

15 AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,
AT > 48 °C for AH greater than 130 J/g ,

wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 pércént of the polymer has an identifiable CRYSTAF peak,
then the CRYSTAF temperature is- 30 °C.

20 [9] In another embodiment, the ethylene/o-olefin interpolyiner 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/u-olefin interpolymer, and has a density, d, in
grams/cubic centimeter, wherein the numerical values of Re and d satisfy the following
relationship when the ethylene/u-olefin interpolymer is substantially free of a cross-

25  linked phase:

Re >1481-1629(d).

[10] In another embodiment, the ethylene/o~olefin interpolymer has a

molecular fraction which elutes between 40 °C and 130 °C when fractionated using

1.



about 1.3. [13] In another embodiment, the a-olefin in the ethylene/a-olefin interpolymer is styrene,
propylene, 1-butene, i-hexene, l-octene, 4-methyl-1 -pentene, 20 norbomene, i-decene,
1,5-hexadiene, or a combination thereof. [14] In another embodiment, the anti-blocking agent has one
of the formulae: W0 RIRIGIB3-(CH2)m-(CH=CH)p-(C112)n-C(=0).NR'R2 12 parRswigseisveach of RI
and R2 is independently H, alkyl, cycloalkyl, alkenyl, cycloa&enyl or aryl; R3 is alkyl or alkenyl, each
having about 4t aulA%Aar PR A'BR GRS AL F3MANd, IR ndependently an, integer between

about 1 and about 37; p is an integer between 0 and 3; and the sum ofom, A 8hef $3& At least 8. [15] In

another embdRfiffeH fughsdhmnhat Rircagmatableraedem ethylbehitemntience frachsasylamide,
neacosany i deco USSR LSS B UA QGBI ECTIUSZ000/005075

dotriacontylartg'ge tﬁ‘{tratri cotgtylamide, tetracontglamideoracombinatlont ereof. In another

|
embodiment, IRERANBRE 8 SO TeRPHemeHaR i Baictmstidndssadensity, and nealeblocking agent is

in the améuntcirormametitareatébftdron e ol Botyierbaske 0p Shrdatalrwaigitgs the polymer
composition. I Qltgg_r %H@ iment, the polymer 5 composition has a pellet blocking strength of
equal to or Iess%n 48% zgn fgf héeﬁbther embodiment, the polymer composition further comprises
at least an additive, which_in some instances may be a slip agent, anti-blocking agent, plasticizer, oil,

antioxidant, UV stailizer, CofStthersiphgrimsntsierctunensimolefinifigyinymgeist, flow aid, coupling

agent, cross-lehkingjaiyedbynusiaatioghageant A0 serfastant-e9lugat Q@f@%er&@z[ﬁ'ﬁ%&t% jstatic agent or
ention relates to articles such as flexible molded

a combinationth [1¢1 In another aspect ;&e in n.rela

articles comprisfn%é E(Seopg; ’r‘ﬁ’]éerrggln%orsaiﬁgﬁ%o(ﬁs dsed Breih0in Ohis fermpm di farsbatsxible molded
article intlude¥tbys, grips, soft touch handles, bumper rub strips, floorings, auto floor mats, wheels,
casters, furniture and appliance 15 feet, tags, seals, gaskets such as static and dynamic gaskets,

automotive doorsimumperiﬁaﬁsiﬁexgﬁﬂlﬁﬁm&%Qﬁésetﬁ9féﬁ%fa96}9ﬁl§ixx'?&§8§(xﬂ&i'?1%5a%féciax%? supplies,
seals, liners, diaphr?e%nis, ubes, lids, stoppers, plunger tips, delivery systems, kitchen wares, shoes,
one ‘moleTular fraction which elufes between 40 °C and 130 °C when fractionated using
TREF, characterized in that the fraction has a block index of at least 0.5 and up to about
1 and a molecular weight distribution, My/M,, greater than about 1.3. In another
15 embodiment, the ethylene/a-olefin interpolymer has an average block index greater

than zero and up to about 1.0 and a molecular weight distribution, My/M,, greater than
about 1.3.

[13] In another embodiment, the a-olefin in the ethylene/o-olefin
interpolymer is styrene, propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene,

20 norbornene, 1-decene, 1,5-hexadiene, or a combination thereof.

- [14] In another embodiment, the anti-blocking agent has one of the formulae:
0
R VU\N A
CHy-(CHy)p~(CH=CH),~(CH,),-C(=0)-NR 'R o 72

wherein each of R! and R? is independently H, alkyl, cycloalkyl, alkenyl, cycloalkenyl
oraryl; R® is alkyl or alkenyl, each having about 11 to about 39 carbon atoms; each of
25 mand nis independently an integer between about 1 and about 37, p is an integer

between 0 and 3; and the sum of m, n and p is at least 8.

[15] In another embodiment, the anti-blocking agent is erucamide,

behenamide, tetracosanylamide, hexacosanylamide, octacosanylamide, triacdntylamide

H

.



_ shoe bladders, shoe soles and combinations thereof. [18] Additional aspects of the invention and
characteristics and properties of 20 various embodiments of the invention become apparent with the
following description. BRIEF DESCRIPTION OF THE DRAWINGS [19] Figure 1 shows the melting
point/density rel&¥i@pfipoigtthe inventive polymers (represented by diamones)/asoempasmsd to
traditional random copolymers (represented by circles) and Ziegler-Natta copolymers (represented by

 rangles). 23s0bivie-SehanaploinofaRla Rk inieo Aa AR a3t Melt Enthaloy

for various polymers iamonds represent random ethylene/octene copolymers; the squares
represent popetberexabapiasnt-thethrtihiaslios represantgardnenarathpiembodingd the circles
represent polymer EXAmRles: 10 fhe BRGutl PO RIS: ERRKESARLROY RRLEOMPRARIE &xamples
A"-F*. 5 WO 2006/101915 PCT/US2006/009378 [21] Figure 3 shows the effect of density on elastic
recovery for BdpBhtERIgheS RS CRTRR N B BT e e N RN RE squares and
circles) and tsaglifieunabnaepalysier igapneseriethyf tedriang kssvititligoe Marious Dow AFFINIT
“Polymers). The squares represent inventive ethylene/butene copolymers; and the circles represent 5
inventive ethyleritébctene lompothenensb§ahdrig the phignzeplonufesiien fucbrtentptiFREF fractionated
ethvlenel 1-qgigne, saBaNNekliegliana Rt LRED slulas ipaiaRalifie fagtion for he

polymer of Examp represented by the circles) and comparativgéilolymer. omparative Examples
E* and F* (repréisisiegibyiexisent kb siahilirge enlonishesrigpascitieralibidsitrandom 10

ethylene/octenaregpaly naers. fid]] drig satiig ageiat abectaneeaptantwicldRil fastionated ethylene/
1-octene copolymer fractions versus TREF elytion temperature (g.the fra%%i%ntfor the polymer of
Exampl&®5 (GG SO YEH p B PR Ans RN E 2B PORRIRICB 958 s quares represent
polymer Compatative Ex les, F*: and. the trianal g18 =4 Figure 6 is a graph
of the log of storﬁgz modu ugngzhgrﬁ%ce%%%gﬁg?n%%ﬁr;%%%?gr com%;g%t?v% é%{é%(%]qell-octene
copolymer (coneideR)aatieles epypeiniaie thy kriEnegselpansitita kel Syed hertr-twWo @fylene/1-octene block
copolymers of tRedavantien feads.-witadiffering muratities Qfehrinabritingaueat (curves 1). [25]
Figure 7 shows a plot of TIVIA (Imm) versus flex modulus for some 20 inventive polymers

(represented PR B%BH%P\%Ig?oo{'g‘%rﬁ‘ﬂar%‘éofd%n@?ﬁmﬂem’ furniture and appliance

15  feet, tags, seals, gaskets such as static and dynamic gaskets, automotive doors, bumper

fascia, grill components, rocker panels, hoses, linings, office supplies, seals, liners,
diaphragms, tubes, lids, stoppers, plunger tips, delivery systems, kitchen wares, shoes,

shoe bladders, shoe soles and combinations thereof.

[18] Additional aspects of the invention and characteristics and properties of

20 various embodiments of the invention become apparent with the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[19] Figure 1 shows the melting point/density relationship for the inventive
polymers (represented by diamonds) as compared to traditional random copolymers

(represented by circles) and Ziegler-Natta copolymers (represented by triangles).

25 [20] Figure 2 shows plots of delta DSC—CRYSTAF asa funcﬁbn of DSC Melt
Enthalpy for various polymers. The diamonds represent random ethylene/octene
copolymers; the squares represent polymer examples 1-4; the triangles represent polymer
examples 5-9; and the circles represent polymer Examples 10-19. The “X” symbols

represent polymer Comparative Examples A*-F*,



polymers. The triangles represent various Dow VERSIFY" polymers; the circles represent various
~ random ethylene/styrene copolymers; and the squares represent various Dow AFFINITY(r) polymers.
-6 WO 2006/101915 PCT/US2006/009378 DETAILED DESCRIPTION OF THE INVENTION General
Definitions [26] "Wolgenerdmsans a polymeric compound prepared by polymerzing manoenmess,
whether of the same or a different type. The generic term "polymer” embraces the 5 terms ,
"homopolymer," jegpolymaf... ;. y “ipterpolymer.” 27% “Interpolymer” meansa
polymer prepare(ggt?){/) the pq;fg}ln{gﬁ%%gg}le‘gf %t%flge%a?gﬁfcw% er%%? %ﬁﬁgso %%%%ﬁ@t%@&?neric term

"interpolymer Al e imenine incssrmasiranveiendd bisthelsqampieyd ditdleafendaradptdyaner :
prepared fronedpelseitierasprananamsr Bas el asing B?é%iﬁ{ﬁ%\ﬁ(}}%&l&ﬁﬁ?@sgufua}l%fmp'oyed to
also’e

refer to a polyfﬂer 10 r%pared from three different types of monomers). It a n %P%as es polymers
made by polymerZing 1ot B MdPeBhethrinpsbrim copalymessiand thehideraeprsistit interpolymer”
generallysrefeiytotpelgtidenetanepeisinglethiasene and an a -olefin having 3 or more carbon atoms.
Preferably, ethylene comprises the majority mole fraction of the whole polymer, i.e., ethylene

comprises at leag2}5 aboqi;g,ggqqged%pgf\&&gﬁg%O\@L%%[fo?g%%eﬁaléq%%ea@ﬁg%%a}bly éethylene

comprises at least about 60 mole percent, at least a e percen kL 112598&??80 mole

percent, with 8 %H’t% PR VRERHOERBF gletien Gepsipwie pEtn Brsiing &irldrstdnecthir
comonomer tRagniplprefeinblymedaptafivikmegghsd wm%m@ﬁ?@%%&ﬁ%@@ﬁ%ﬁ&i@%%@’ octene

copolymers, g}% pYe rred ¢ osjtion,somprises an ethylene content greater than abou 20 mole
percent of the whol ‘%p?ﬁisr%‘éf)?r%%%%fé% !cg)%tesﬁ%%%‘ggpreﬁ{’%fimSﬁﬁriﬁ%t%ﬁgﬁmﬂ%w&@%rably from
about 13%0 a#bilere/eriste pepolinnasthe whole polymer. In some embodiments, the ethylene/a-olefin
interpolymers do not include those produced in low yields or in a minor amount or as a by-product of a

chemical procesg3jvhile tirpatbyleneaoaeladpianplimarseap ﬂscﬁb%'a%%d fﬁ;}ﬁ%n%/”‘f.gﬂén‘éfe
(0]

polymers, th% gsépqlqgrugeq.eth%'lenelaé%% olefin interpolymers are substantially"pure and sfen
_comprise a MAfOF LomMpONeRtbY Thas raactisHBraderpeRa s thedastion fobesslyast vhe
ethylene/a-olEfianpte Giymeis aohiprisdeiky Coranrd RO B-QMPREF CRRANYPEERDIG a;glefin
comonomers i palymefized. characterized by, multiple blocks or segments of two or more
polymerized rﬁ%nom{;?? ugr?i{t?s (;cifég#r%aﬁlv%‘#éﬁgaﬁsor*pﬁ?éi%ﬁ triangles represent Example 5.

15 [24] Figure 6 is a graph of the log of storage modulus as a function of temperature
for comparative ethylene/1-octene copolymer (curve 2) and propylene/ethylene copolymer
(curve 3) and for two ethylene/1-octene block copolymers of the invention made with

differing quantities of chain shuttling agent (curves 1).

[25] Figure 7 shows a plot of TMA (1mm) versus flex modulus for some
20 inventive polymers (represented by the diamonds), as compared to some known
polymers. The triangles represent various Dow VERSIFY® polymers; the circles

‘represent various random ethylene/styrene copolymers; and the squares represent
various Dow AFFINITY® polymers.



30 properties. That is, the ethylene/a-olefin interpolymers are block interpolymers, preferably
multi-block interpolymers or copolymers. The terms "interpolymer" and copolymer" are -7 WO
2006/101915 PCTIUS2006/009378 used interchangeably herein. In some embodiments. the

~ multi-block copoWemoeaetaé represented by the following formula: (AB)n weareszdssavdeast 1,
preferably an integer greater than 1, such as 2, 3, 4, 5, 10, 15, 20, 30, 40, s 50, 60, 70, 80, 90, .100,
or higher, "A" represents a h i{)l CPRIPA ~ Wﬁngock or segment.
Preferably, As and Bs are linked Ay fmear TasHIoT, as-opposed to a substantially
branched or substantially star-shaped fashion. In other embodiments, 'A blocks and B blocks are
randomly dis@%ﬁ@@é@é‘% polymer chain. In other words, the block copolymers usually do not
have a structure as follows. to AAA-AA-BBB-BB In still other embodiments, the block copolymers do
not usually havd2$khird tyfRebiddckeandhiatolyompiei sempiffedarepamionopobn{sxitinget other
embodiment, gagh qf piagho a9tk bl Pl RAPOmErs Rl comanamessaSysiagiipliciandomly

distributed within the block. er words, neither block A nor block B comprises two or more
sub-segrhents eT S9eBobias) SPeRstmet colsipekinsh. suvslhasainismelment, which has a
substantially different composition than the rest of the block. 130] The multi-block pelymers typically
comprise varioué ounts BRI EnPSaR5P R érﬁrﬁpaﬁ’é tepaeme RS Ablors of
polymerized twitdiffessti chpeshyfl evadmeps e Tantoknatic asnaUthtgraaiendfidnchlien ti@aanaight percent,
and preferably greater ;r?n.a out 20.: 98 weight pe t based on the Weg);gt of the gl mer. In other
words, the co¥no%§grr§1leel} %%lfégnlts c%r%gn?%%fgéc@m%%g%?hae?ﬁ?’gﬁereﬂ%?ﬁgrﬁe |ﬂr{1ntév ﬂéf}) %glgl]%ments is

less than abaeR®mgeshit yelowsr hedatnprerephnete sehivirisasuall avpighiediereefiar tsespolvnethe
weight qpthe,RlvEetoi SR /IEHEAAIHE IS rbfohRY) SSOMBNIS CRIRIRGH AihRESHRgtagsally all

ethylene. "Soft" segments, on the other hand, refer to blocks of polymerized units in which the 25

comonomer BSHIBRIEETRH: BrAEHERRSIS GIABPHFSH ethylene) is greater than about 5 weight
percent, preferafly,greater.than abhoyt 8 weight petrcent, greatgr than. about 10 wejght percent, or
greater than ab(%%]lS weig fﬁ’? 6%%&%‘5%88%@?#%%%%%%‘8? fhéeﬁgfﬁl? e?%ﬁi%%‘ﬁ%ﬁ? Bodiments, the
- comonomer _comm'miliug thley i wgmenntsl@‘fanlbﬁigg_éa@emtmamabomam@iwv@igfﬁrpidmeﬁwlgmter than
about 25 weight, percen SEaIRY IH%I? EQ&%%Q{@{9Qﬁ&%%&?ﬂéeﬁ?a%@ﬁ}%ﬁ@%@rﬁ‘&%&%?llé‘ﬁ{ght

percent, greater than about 40 weight percent, greater than abou
- 15 about 50 mole percent of the whole polymer. More preferably ethylene comprises 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 ethylené/ octene
copolymers, the preferred composition comprises an ethylene content greater than about 80
20  mole percent of the whole polymer and an octene content of from about 10 to about 15,
preferably from about 15 to about 20 mole percent of the whole polymer. In some
embodiments, the ethylene/a-olefin interpolymers do not include those produced in low
yields ot in a minor amount of as a by-product of a chemical process. While the ethylene/a-
olefin interpolymers can be blended with one or more polymers, the as-produced ethylene/o-
25  olefin interpolymers are substantially pure and 0ften comprise a major component of the

reaction product of a polymerization process.

[29] The ethylene/o-olefin interpolymers comprise ethylene and one or more
copolymerizable a~olefin comonomers in polymerized form, characterized by multiple blocks
or segments of two or more polymerized monomer units differing in chemical or physical

30  properties. That is, the ethylene/a-olefin interpolymers are block interpolymers, preferably
multi-block interpolymers or copolymers. ‘The terms “interpolyme:” and copolymer” are
-7 -



45 weight percent, greater than about 50 weight percent, or greater than about 60 weight percent. 8
WO 2006/101915 PCT/US2006/009375 [31] The soft segments can often be present in a block
interpolymer from about | weight percent to about 99 weight percent of the total weight of the block
interpolymer, préferabdyéiom about 5 weight percent to about 95 weight pereentukaisadaug 10 weight
percent to about 90 weight percent, from about 15 weight percent to about 85 weight percent, 5 from

about 20 weight percent to lfr’c') t 80 weight percent, fro out 25 weight percent to about 75 weight
porcent, ron SR SO Ere S TP cas R GRTSE GG percent 0
about 65 weightgsertedrity tlenfollbeutgdonmaight percent to about 60 weight percent, or from about 45
weight percent to about 55 weight percent of the total weight of the block interpolymer. Conversely,

the hard segments can be present in similar to rané‘ég)ﬁl'he soft segment weight percentage and the
hard segmenfypight ISR agRfMbRArRitidateshaseanor drlrebianedrmB 36, g0, MYIR. Such
methods and calculatigns are disclosed in.a,concurrently filed U.S. Patent Application Serial No.
(isert whon S0 S KT DOCRER 30 003600 8 LHBH R S RAN CHoATPERIE
Interpolymers'sofiilsid chroMageteits F2e@MEbly tAe aahis efeCinked ifPa Sihanantialiynimédaitbiet, 45 al. and
assigned to Dow Glabal Technolagi «fhe di > 8% Which s n rated By _reference herein
in its entirety(.)lfgg?ef‘%% ferm ST%P%%%%@%‘%Eu%%%%?@?e s\é\égr g%gﬁ/drr?%}%ﬁ%t g%g?ééses a first order

transition or enyeedimrninditinochormd (B Plpeks deearntioady sstitferehalang chanmymentbavhelny (DSC) or
equivalent teghpianed hre'6IB BN RAHREGkIRISr AiaRarARIY Witk ihe 20riaEwWs semicrystalline™. The

term "amorphous” refers to a polymer lacking a crystalline melting point as determined by differential
scanninl calorimetry (DSC) or equivalent té\cﬁﬁm‘&é‘l BRerm "multi-block copolymer” or
"segmented Gopwilysaes datodieds, IRRL oMYty dwaooususlie eheritatyistuTasisegjons or

segments (referred to as 25.."hlocks™) preferably jained in a linear mmanner, that is. a.polymer
comprising cﬂvzun%?lc%(f@l%?ﬁeesrgh %{fggcéﬁgl)?sn W ?31953?3 ' %%%%r? ??8??%% ﬁaﬁ]als%fje%ci? ‘folp %o ymerized
ethylenic furidtion®litys mohemtiisinricopendersrosuptdtdd asmdomiy digridfetadnignbbdibleott, the

 blocks differ E'ﬁUiﬁexao%i’dé'?hé’&ﬂéép&o%k%?{B%%?B%Erﬂ%ﬁ{ﬁ?{&tﬁgott}?ﬁ%?e th6-Genzibts [Bes@mount of

crystallinity, the crystallite size attributable to a polymer of such composition, the 30 type or degree of

tacticity dsot@ierkdrofyheliash campqEt R el asis o Regiectregidahity asebstantially different

composition than the rest of the block.
[30] The multi-block polymers typically comprise various amounts of "hard" and

“soft" segments. “Hard” segments refer to blocks of polymerized units in which ethylene is
present in an amount greater than about 95 weight percent, and preferably greater than about

20 98 weight percent based on the weight of the polymer. In other words, the comonomer
content (content of monomers other than ethylene) in the hard segments is less than about 5
weight percent, and preferably less than about 2 weight percent based on the weight of the
polymer. In some embodiments, the hard segments comprises all or substantially all ethylene.
“Soft” segments, on the other hand, refer to blocks of polymerizéd unité in which the

25  comonomer content (content of monomers other than ethylene) is greater than about 5 weight
percent, preferably greater than about 8 weight percent, greater than about 10 weight percent,
or greater than about 15 weight percent based on the weight of the polymer. In some
embodiments, the comonomer content in the soft segments can be greater than about 20
weight percent, greater than about 25 weight percent, greater than about 30 weight percent,

30 'greater than about 35 weight percent, greater than about 40 weight percent, greater than about
45 weight percent, greater than about 50 weight percent, or greater than about 60 weight

percent.



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 9 WO
2006/101915 PCT/US2006/009378 unique distributions of both polydispersity index (PDI or Mw/Mn),
block length distNBuem10EM8/or block number distribution due to the unique PCOAEE8HERATY Of the

“ copolymers. More specifically, when produced in a continuous process, the polymers desirably

possess P! 1617 10 BiELeIAN Ol ok 0.2 Pl PUCISLA AL Bl oSt ©

preferably from 1.8 to 2.1. When' uced In a batch or semi-batch process, the polymers 'possess

" PDI from 1.oneighpgseentiabhohidif wads peseenioreths er@lammehiond thedleck teRelYMest preferably
from 1.4 to L& A3Ah{nths feliavdneeaes chrtiandbounbersidisplosas, TRieinmie APReginate values,

regardless whether the word "about" or "approximate” is used in connection 10 _therewith. They may
vary by 1 peR&EfRIIQRheE) B’ﬁgpé@ﬁf?ﬁlg ?&%&?ﬁ%&?ﬁ%%@%&%feww AP PiRTEYical range
with a lowver fisit, aBduepolvaadhpperctimio Biduisoliwelghesbresty, foun bierfediingoidh pedteatrange is

specifically disclosed. In particular,the following numbers within thesange are specifically disclosed:
R=R' |t*(RU_£1_°j{tﬁ§Vr%ﬁ1ﬁﬁ<P%°§I§a¥fg g%rglr%glng ef‘r%[irlrlhp rﬁ%%@n%téou?tggvb% ceﬁ? rvév)?trﬁ’grc R%!iloercent
increment, i.ehoktid S wegbeptr@pdecanytP 1 Sreight patcenh Sl Eipkt senght paoeptieabtutdOpercent,

o2 pefcent’--ﬁgﬁ%&?&%, SBEREIGHRL A9 WaKEE B AANE R SAREEEEA- AL ORRAKENT. Moreover,

any numerica e defined by two R numbers’as defined in the above is also specifically disclosed.

[351 Embodifieks drthedlprketniennqiraiite CoRYEtson the hetl RSAHIAE B8 bE RS Mocking
tendency; of senpes PaiERER: RastRESweLER RedalyRlelia prllels aptheameide petymaieiictes, such as

polyolefm films, The anti-bJocking polymer com tio mprise an,ethylene/a-olefin interpolymer
disclosed he@%ﬁ%ﬁgﬁsﬁ%&@#ﬁggﬁgﬁﬁl{ﬁ% %@n ?mﬁ‘eggﬁ ﬁ%%%%/ﬁlﬁ%ﬁ Zcr%éi%se%edisclosed

herein are a disttbdald okcapoiymatly dinpisHhPatdeAspiricoRdiddkand at leasfioes et block, The

anti-blocking,polymer, compositi e RG C r less than about
100 Ibs/ft’ (4&8@) ﬁﬁogﬁéoeﬁﬁé}%mglgmggﬁjt? Etg:{e@g’et%}g? E%c%](g%%ré&qéﬁ%ﬁéﬁg to or less than
about 50 Ibs/fetpalomes), fides e Masehdss 2086 bbetsmsfis ¢ind. Bafher.dinsuicotipgiftdo Pa).
When anti-blgeking. Ralyeass epmrositaTis mareitma. il dbhadin matdiayemaohiesitagforce of less

than about 100 grams, measured according to ASTM method D-3354. In some embodiments, the
blocking forc&fERuss IEFitHBdBE GRams, less than about 60 grams, less than about 50 30 grams,

less than about 3, grains, Jgs3 a0 AR0HH 2 H Mo SRR ARIYAL HAAREeeRes o first
o order transition or crystalline melting point (Tmm) as determined by differential scanning
calorimetry (DSC) or equivalent technique. The term may be used interchangeably with the
20 term “semicrystalline”. The term “amorphous” refers to a polymer lacking a crystalline
melting point as determined by differential scanning calorimetry (DSC) or équivalent

technique.

[33] The term “multi-block copolymer” or “segmented copolymer” refers to a

polymer comprising two or more chemically distinct regions or segments (referred to as

25  “blocks”) preferably joined in a linear manner, that is, a polymer comprising chemically
differentiated units which are joined end-to-end with respect to polymerized ethylenic
functionality, rather than in pendent or grafted fashion. In a preferred embodiment, the
blocks differ in the amount or type of comonomer incorporated therein, the density, the
amount of crystallinity, the crystallite size attributable to a polymer of such composition, the

30 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 charactefized’by

-9.



other embodiments, the blocking force is less than about 5 grams or about zero gram. _10: WO
2006/101915 PCT/US20061009378 [36] Pellet blocking strength can be measured as follows: pellets
(150 g) are loaded into a 2" (5 cm) diameter hollow cylinder that is made of two halves held together
by a hose clammva@2208/0lid16L.25 kg) load is applied to the pellets in the cylingter/esAbsfoians3 days.
After 3 days, the pellets loosely consolidate into a cylindrical shaped plug. The plug is 5 removed from

the form and I Ing far red.by.loading.the cylinder of blocked pellets in
Cortpression (o e St Ho TS R b KGR o e FdhB o SRk the
cylinder into [EHés biogkaapber-Gsefibutive dyslimibesiiBile Thecethyiekinped ibfindpteypelymprs-aised in
- embodimentssgbdfiRalyeRHBNAOARPEIRURIB ASHNCN e JUSIROMITSLISY pventyg polymer)
comprise ethylene and one or mare-copolymerizabl efin comonomers in &ymerlzedlform, :

characterized P thditfte’ pREeiesaBlyskief Ao tw Be picfaabbiyiariz&drachemimostits differing in
chemical or physicabipripertissdiackwnierprivaien i efarakly Wik prccapaly B%%&m%;zgg
cribed as

ethylene/a-olefin int lymerts are cé]ara teri er%by ne or more of the aspects 15 de

follows. [38] Iﬁog%eess?g%ggfr{hé(&%% h%lfag.qr }gﬁ ﬂffb?ﬁ’oﬁ?/%érg’ﬁ%ﬁrﬁge denmdrttdeot- thenshvention
have a M,/M"mfestpadienably. romabbit BE and at least one melting point, Tat, in degrees Celsius and
density, d. in grams/cubic centimeter, wherein the numerical values of the variables correspond to the

" relationship: 20 Tk 2009 the feflgwmetjesqupting, alj vambepy disvhishy Tenefh 62 8BptoxidatA 1(d) -

6720.3(0)2, andumpreralaibhbinit 338 O4aARS 241282 (A% Sysfeling pointidensity
ore

relationsllaip i%hillustr%lte én Figure 1. Unlike the traditional random copolymers ylene/a-olefins
d

whose melting Bomts-dCFE SR WREY 5% LBeraiifPersriiBeeratrvie pomvetimes: JOljordr pqresptesented

by diamonds)Véktibitmettingrioaintagubiteatialy ngeprhdentebiiRdensit pariistisiy when density
is between alﬁ%ﬁb&%ﬁ G, ahput 0.95lsg/cc.JtEorlFx maPIe, the melting point of such polymers are in
the range of about 110 Cto abou T3FE Wiver %angit@si’c %eéis @ ’g‘j‘?&,f‘tgoé(ﬁ%f’ms g/cc. In

some embodWﬁ@?ﬂ@ﬁf@%ﬁﬁgppﬁiiﬁ&Etb‘ﬁ’sﬁ&iqm@rﬁel%ﬁrﬁﬁtﬁé)raﬂg&ﬁﬂaﬁ%&éﬁh&@%ﬁigi_@gabou'[
125 C when deisifypeandes 100 d:84n s4aeq AUl IR aiec: {490 imanoier 2spect; the

ethylene/a-olefin interpolymers comprise, in
15" 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.

[35] Embodiments of the invention provide é method for reducing the blocking

and/or re-blocking tendency of some polymer particles, such as polyolefin pellets, and some

20 polymer articles, such as polyolefin films. The anti-blocking polymer compositions comprise
an ethylene/a-olefin interpolymer disclosed herein and an amide-based blocking agent. The
ethylene/o-olefin interpolymers disclosed herein are a multi-block copolymer comprising at
least one soft block and at least one hard block. The anti-blocking polymer composition may
have a pellet blocking strength of equal to or less than about 100 Ibs/ft> (4800 Pa). In some

25 embodiments, the pellet blocking strength is equal to or less than about 50 Ibs/f (2400 Pa),
equal to or less than about 5 Ibs/ft* (240 Pa), or about 0 Ibs/ft* (0 Pa). When anti-blocking
polymer composition is made into a film, the film may have a blocking force of less than
about 100 grams, measured according to ASTM method D-3354. In some embodiments, the
blocking force is less than about 80 grams, less than about 60 grams, less than about 50

30  grams, less than about 30 grams, less than about 20 grams, or less fhan about 10 grams.‘ In

other embodiments, the blocking force is less than about 5 grams or about zero gram.

-10-



polymerized form, ethylene and one or more a-olefins and are characterized by a AT, in 11 WO
2006/101915 PCT/tTS2006/009378 degree Celsius, defined as the temperature for the tallest
Differential Scamung Calorimetry ("DSC") peak minus the temperature for the tallest Crystallization
Analysis Fractiomationes({GRY STAF") peak and a heat of fusion in J/g, DH, anddsanslodd3Batisfy the
following relationships: 5 AT > -0.1299(AH) + 62.81, and preferably AT -0.1299(AH) + 64.38, and

more preferably AT -0.1 AH) +65.95 for, AH up to 130 Jlg, Mareover, AT i to Qr greater
than 48 C for Aﬂ?g]reaterz%i%tﬁ?f]ﬂ?& &gﬁrég@ﬁ%%gﬁ% %Szléiéigsd%%)rwrﬁi ee(IJIl eu%ﬁfa&;%x%;siogdp%rcent of -
the cumulativetpeBRhiéch) dthatis; ol Qearinlsstheiisasadn of twadtebypehekiipesthse Buastive
polymer), and,if less, than 1% AYSRE ﬁ/{aw_g %@Maa% RRsRNAGRUHADIE R ey ST RGakgthen the

CRYSTAF temperature is , H is the numerical value of the heat of fusion in J/g. More
preferably, thfisighdasscirersiiate loassbycenmahideierinda sropbipsbical shapah aluemihaiiie Bolymner.

Figure 2 shoyyspliterhgiaia IRetNentie Rl B6eRiAs ool afaiRpdAlbdidbBxaiples. dntegrated
peak areas and peak temperatures are calculated by the. computerized drawgilg program supplied by
the instrume mlﬁaﬁ%lﬂmﬁﬁfﬂ’é Wi&ﬂ ral RSB B SHE S AR COIRIT AT AT

parative polymers
corresponds toréb acedqedtiobrAk the0yli286r (At palldd2.81. [41] In yet another aspect, the
~ ethylene/a-olefin interpolymers have a molecular 20 fraction which elutes between 40 C and 130 C

when fractiorﬁg%ﬂémg)lgﬁmﬂg@éw&@@ng 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 percd@fl higher® %&WW@%@W%@%WW&%?@%%W SPYFRRER8N eluting

- between ghe saprAsrapesalraswhR RiRthgyeurRarakirtand golvatbylpasmiticsRalyBes santains the

same 25 comonomer(s), and has a melt index, density, and molar com nomer{]lggantenté?gsed on the

whole polym&BaiAATE 9RFEBSTIGHHIFRGF TR BIBRRIAER BIPRTER FRy © 5f the
comparable igerRMYBIRKiscalepmitiinot Bpeascantofdhaialdielxacténiamolitiengid/or the

o e e Ao A G PSS O e ook
an elastic recokeshiRecio-peste hitetpdOinper eentisiraiaramd tyoysiemeas ofdbecispacts
15 described as follows. |
[38] In one aspect, the ethylene/ u-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, T, in
degrees Celsius and density, d, in grams/cubic centimeter, wherein the numerical values of
the variables correspond to the relationship: '
20 T > -2002.9 + 4538.5(d) — 2422.2(d)’, and preferably
T > -6288.1 + 13141(d) — 6720.3(d)%, and more preferably
T > 858.91 — 1825.3(d) + 1112.8(d)>.
[39] Such melting point/denéity relationship is illustrated in Figure 1. Unlike the
traditional random copolymers of ethylene/o-olefins whose melting points decrease with
25 decreasing densities, the inventive interpolymers (represented by diamonds) exhibit melting
points substantially independent of the density, particularly when density is between about
0.87 g/cc to about 0.95 g/cc. For example; the melting point of such polymers are in the
range of about 110 °C to about 130 °C when density ranges from 0.875 g/cc to about 0.945
g/ce. In some embodiments, the melting point of such polymers are in the range of about 115
30 °C to about 125 °C when density ranges from 0.875 g/ ce to about 0.945 g/ce.
[40] In another aspect, the ethylene/a-olefin interpolymers comprise, in

polymerized form, ethylene and one or more a-olefins and are characterized by a AT, in

-11 -



compression-molded film of an ethylene/a-olefin interpolymer, and has a density, d, in -12 WO
2006/101915 PCT/US2006%009378 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 phawse 2506/1014i81-1629(d);and preferably Re ?1491-1629(d); angmotsopyeiesably 5 Re
- ?1501-1629(d); and even more preferably Re ?1511-1629(d). [43] Figure 3 shows the effect of density
on elastic rec fe oriented fil ade from ceptain inventive interpolymers and traditional
random copo%\énggér(es.elégﬁ%é% s%nr%dea%%gﬁs{?trﬁp teﬁae{lllﬁe\:/fegﬁt%l/%pﬁ%ﬁ%gﬂgﬁa@\?m%?%?Wg her
elastic recovetié$QD peaf mizenties dentnetivierfis, tvdadigsySrystaliptefinintedyoly Mresddiavern tensile

strength above ¢ HAPIsiaIRY & feslEsngl R LeMER MOlSLe %@TP% f ‘?&f%@g%?fe”rgghnz—

13 MPa and/or an elongation at break of at least 600 percent, more pre eas
highly preferabt ienehigtg00 percent, and most highly preferably at least 900 percent at a crosshead
separation rate of 11Agn/roinpge A)[4BR1810tAGRERRaKliments, the ethylene/a-olefm interpolymers
have (1) a storage ul i '(2p0)[G'(100C), of from 1 to 50, preferably from 1 to 20, more
preferably from 1 torgl%%éﬁ‘?i;g& é}%%gégcéo BOLFRTLEP0Mess than 80 percent, preferably less than
70 percent, especiallyllesd #229@0Ipercehs, less than 50 percent, or less than 40 percent, down to a
compression sgt RffQP&IG8hY/20 til pther embodiments, the efhylene(a-olefin interpglymers
have a 70C ,compreslgion set gf Ié@og%%eg’é%? é)sé? u#:?é’éﬁﬁ%ﬁr%%ggcgﬁn% %ﬁ%eéglﬁté}éé/nt, or
less than 50 PpércEnt. GRERFaSIpeakd At wainqs asisipat fasof treacimterHibly cvexslisileg Hmer40
percent, 1tess {Aars3hogEaR MulRSSHIA 2R REICSRLAN JPaY 99&8%&%@&%@2&@&?&#}?%‘“
0 n

some embodiments, th% E{lﬁll ne/a-olefin,interggoliemers have a heat of usl ess than 85 J/g
and/or a pellet BBERIh§'d ‘iﬁ’ﬂ‘lﬁ‘f@ﬁiﬁ} {lepftisble R Y YO msakdbmodio CRAGITRE), preferably equal
to or less tharieatptosiite {LADWPa) aspaaia ekl toatllesm a2 s AN L akRnd as low as 0
Ibs/ft2 (0 Pa). t bod) the ethylepne/a-glefin interpolymers comprise, in polymerized
form, at least é%%ln%§ &géc}?%% ﬁ%m%%%é&vg ArGe g ﬁ%&&%ﬁ@é%@%&%@%@%ﬁn 80 percent,
preferably lesBalyanet7 & pmwenihomieplotied 80 foeinentiiveasipreferabigllessoinpard/e0 50 percent
and dowikto QRSeAEIOTRRIEERH 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. '
[41] In yet another aspect, the ethylene/a-olefin interpolymers have a molecular

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

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

30 [42] In still another aspect, the ethylene/a-olefin interpolymers are characterized by
an elastic recovery, Re, in percent at 300 percent strain and 1 cycle measured on a

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

- 12 -



[49] In some embodiments, the multi-block copolymers possess a PDI fitting a Schultz-Flory
distribution rather than a Poisson distribution. The copolymers are further -13 i WO 2006/101915
PCT/US2006/009378 characterized as having both a polydisperse block distribution and a
polydisperse diswioutiosrabiiock sizes and possessing a most probable distgpyiia ek Mok lengths.
Preferred multi- block copolymers are those containing 4 or more blocks or segments including
terminal bloc referably, the copolymers include at least 5, 10 or 20 blocks or segments 5
including term%%%sc%gsﬁﬁg %rm%qﬁ%erg%érxceéln eﬁ??‘ﬁimstﬁ L?r‘%duséﬁﬁifya‘il?ﬁ g‘lﬂ%@technique,
with techniquédaiasshinwhencibalentagabinissopelyoe( INMR )RR FRecOnY Pselamesh gMaeeover,
for polymers or b|en(i&QfIQQin6§§'§d5}3éﬂ@9&%@£M ly broad TREF curves, the polymer desirably is first
fractionated using TREF into fractions each havirig an eluted 10 temperature range of 10C or less.
That is, each eluted ﬁﬁ&?&ﬁlhb‘gg(%l?ééﬂﬁﬁf?é?ﬁﬁ@%re window of 10C or less. Using this technique,
said blocksinterpoI'ynwgfmelagmh@@gvépmlfé%ggfg&g@ving a higher molar comonomer content
than a corresponding{frg?gii) cgg’@ comparable interpolymer. [51] In another aspect, the inventive
polymer is an olefin m?eTpo ;ﬁ% % eferably 15 comprising ethylene and one or more copolymerizable

comonomers in p8imerizeBigoras, shvasahtesifed diyiensitinie biseksdieestigasidinablogks) or

segments of r [zed.monomer mots, differing in chemical or physical properties
(blocked inte%%ﬁrﬁgg{gﬁ%g?p@&%égg@gﬁ?ﬁﬁ}ﬁ%Sﬁﬁc% Cgfiﬁﬂ%élﬁa?gfarb%@@m%o% Halihg a
peak (but not fAF8EEYnibreBYraH TRty Itk iutesisstaipdly HiaB:aedsti3a& dhataaithout 20 collecting
and/or isgjating ingiyidual f@gg%%ggﬁ;ﬁ&tﬁr’ig&dem};gﬁg/ﬁ@ggfﬁﬁ%gkﬁ%a Somono exezr. ontent

a wi a

estimated by infra-red spectroscopy when expanded usin u maximum HM) area
b

calculation, hAS ¢! G Mok Bzt reicnsinstiensifiet! MBrerably preferabi B ersiat higher,
more preferabiieaptbast AMpe sodni highengthan dhabkef 6@@&%@@'3&%@&9@0‘?&*}%@%}3{%{ polymer

Bl s o
has a melt ind pesasityt aerdsshotdrscpmrmivonree ob hiemi/thiased on the whole polymer) within 10
s e e e U et e
~modulus ratio, G’(25°C)/G*(100°C), of from 1 to 50, preferably from 1 to 20, more preferably
from 1 to 10; and/or (2) a 70°C compression set of less than 80 percent, preferably less than
70 percent, especially less than 60 percent, less than 50 percent, or less than 40 percent, down
to a compression set of 0 percent.
20 [46] In still other embodiments, the ethylene/a-oleﬁn inferpolymers have a 70°C
compression set of less than 80 percent, less than 70 percent, less than 60 percent, or less than
50 percent. Preferably, the 70°C compression set of the interpolymers is less than 40 percent,
less than 30 percent, less than 20 percent, and may go down to about 0 percent,
471 In some embodiments, the ethylene/a-olefin interpolymers have a heat of
25 fusion of less than 85 J/g and/or a pellet blocking strength of equal to or less than 100
pounds/foot* (4800 Pa), preferably equal to or less than 50 Ibs/ft* (2400 Pa), especially equal
to or less than 5 lbs/ft (240 Pa), and as low as 0 lbs/f (0 Pa).
[48] In other embodiments, the ethylene/a-olefin interpolymers comprise, in
polymerized form, at least 50 mole percent ethylene and have a 70°C compression set of less
30  than 80 percent, preferably less than 70 percent or less than 60 percent, most preferably less
than 40 to 50 percent and down to close zero percent.
[49] In some embodiments, the multi-block copolymers possess a PDI fitting a
Schultz-Flory distribution rather than a Poisson distribution. The copolymers are further
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30 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/CH2] from the ATREF infra-red detector, wherein the tallest (highest)
peak is identifiedrffoormtieisase line, and then the FWHM area is -14 WO 200@%16xh8&m09378
PCT/ITS2006,/009378 determined. For a distribution measured using an ATREF peak, the FWHM

~area is defined as the area under the curve between Tiand.T2, where Ti r i -
- determined, f %@%ﬁ%ﬁﬁ%ﬁmgoﬁﬂ%ea qy?%é%%g%ﬁpcﬁ% %ﬁ/‘?&?ﬁ%gi%gn pea o%%%ﬁ%%%%ﬁ?%hen
+ drawing a linef blotiz eixtal dndthesteasiedinsastarivablsatisy thwitafo bl diglenpbatidhistotedenntiREF

curve. A 5 CaliR Ao GURE. oL RAOBaImE RO NER KIS ERda SN ABHR MM ERa/aale i

- copolymers, plotting"comonomer content from NMR versus FWHM area ratio of the TREF peak. For
this infra-red binsksodvithe reafisehbio the ¢RROETREER BGlNEl 3bleastSsd e AOhISEHE &Y interest. The

comonorger @&ﬁ%ﬁﬂ&g’&ﬁﬁﬁﬁﬂ@ﬁ& of the inventive polymer can be determined by referencing this
calibration curve using its FWHM methyl : methyr{?ene area 10, ratio [CH3/ HZL?tif the T.%EF peak.
[521 Comonomdr®bntent TP BEHESEHRLLEIRG ﬁlﬁffggfﬁ?aﬁggé‘gﬁﬁﬁj%’, WA RN tes based on
nuclear magnalimigaeaneoNMiRs pepitesc epypretel RV IRISing thissdephpricfaeedaid blocked
interpolymers has higher molar comonomer content than. NGO ednterpolymer.
15 [531 Prefé‘gaﬁffy ’r%ﬁ Pp%tﬁfrlﬁeorrs é?ne@t%(f/@r?g anc I}?glct%gg%‘%%%%%l?‘?nterpo@&rﬁg%’ thi%s a
comonomer gohyert déshebTjRER St detnneled noiteTREE o firrtiasoadrbaiedmpl¥edequal to the

quantitylﬁ 0-%%gét%ﬁ%%&é’dpﬁﬁ%ﬂfﬁffé’s@bﬁeﬁrﬁ%ﬁéﬂl’e‘%@ FReHGH RN UURNH YR 2AD T+

- 21.07, where T 1S the numerical value of the peak elution tem&grature of the TREF fraction being
compared, meiiaudid 6°Ca ey 1Usigg r‘@‘ﬂ%ﬁ’%ﬁ?&%l‘@‘@i@ﬂ HFRPhABRIHRENE B AR Bck

interpolymersyeén ethvlen a-and h- Bicienenviaesemontahaf decpothanatieresporidinp\fersitm BREE elution
temperature for seve}r%!),corrrg% rable ethylene/i-octene interpolymers (random copolymers) are fit to a
line represenfiffgR¥é’ T§3 ‘07 (solid line). The line for the equation (- 0.2013) T + 21.07 is
depicted by a doffdd line. Alsmdbpictpdcartheisveotiverpoinmectrite nlsffoiRepipiehsigebbial block
ethylene/]-octene ntern ipyention ntiRiank aramaish MhaldhspReh.
interpoly(r%er ﬁ%%ﬁglﬁ%%g%%%%r?ﬁ%ﬁg}%%ﬁer 1"-oCtene conctent than eithg?#l}ri&{e at equivalent elution

temperaturessifiistasizad by erdiintedipghs Gfnat lerrb YO BB PRRICER AP ISHR RETIt0 be due to
the presence ﬁl%&ﬁ%ﬁiﬁ'ﬁﬁﬂ)@g?%ts differing in chemical or physical properties (blocked

interpolymer), most preferably a multi-block copolymer, said block interpolymer having a
peak (but not just a molecular fraction) which elutes between 40°C and 130°C (but without

20 collecting and/or isolating individual fractions), characterized in that said peak, has a
comonomer content estimated by infra-red spectroscopy when expanded using a full
width/half maximum (FWHM) area calculation, has an average 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 peak at the same elution temperature and

25  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
thét of the blocked intefpolymer. Preferably, the My/M; of the comparable interpolymer is
also within 10 percent of that of the blocked interpolyrner and/or the comparable

30  interpolymer has a total comonomer content within 10 weight peréent of that of the blocked
interpolymer. The full width/half maximum (FWHM) calculation is based on the ratio of
methyl to methylene response area [CHs/CHy] from the ATREF infra-red detector, wherein
the tallest (highest) peak is identified from the base line, and then the FWHM area is
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within the polymer chains, having both crystalline and amorphous nature. 30 [551 Figure 5 graphically
displays the TREF curve and comonomer contents of polymer fractions for Example 5 and
comparative F to be discussed below. The peak eluting from 40 to 130C, preferably from 60C to 95C
for both polymerw feectioneted into three parts, each part eluting over a tepEeiaiRhasae of less -
than 10C. Actual data for Example 15 WO 2006/101915 PCT/11IS2006/009378 5 is represented by
triangles. The gkillgd,ajtisay iate that.an.appropri calibration curve may be constructed
for interpolymers co%l'[%tii'ni%r@lgg g@%ﬁ%@ﬁ@é&%@rﬁ%ﬁ%ﬁ%ﬁﬂaﬁﬁ%&Bﬁaié’sthaﬁ EovtMrreemifidetingslthe TREE
values obtainddhoicaonisatheveriakaisigmiarandfihevbernd rmohTmespinef dsabiyireadothe

copolymers migdeddsiitid briaeiaiocene.pr o talyst composition. Invenfjve
interpolymers are che}%cé%rized by a %olér@ﬁé@g%ggg%grﬁ%%re%@y ?haarﬁd?%g{/% UE R teififined

from the caliBtXSRE Pase Wiribat risrseqtsi B ledhapd rehieoniete oiiihe A TRESR Gipercent

greater, moregitgiablyatleasichdbpereerbareaiemiiohimaddiion WiheRr¥RAspects and
properties descggjg%glgr%reigﬁtgeci(r)lventive 1o Eol ers can be characterized by one or more additional
characteristics. 1n bne gspect, the TRventve sl F}j @ﬂlﬁYé’ﬁWﬁﬁ@fﬁéﬂ/ﬁ@r%&ﬁrﬁﬁlyﬁﬁprising
ethylene and Be&-oF ondris icipotfmetizat Ithe catibnimersrire polymrezetiamdschacasisrizag. by

multiple block t | K monomer units differing in chemical or
physical propgellrgggs %%ﬁéﬁét%&%%%ﬁ?@g%%?%ﬁa n%ﬁﬁ%%’&f%f&%aw&?gammck 15
interpolymer KNSRI seiSrensiag ln colifentioncasvb esivasts S0GRAG chdBYC meiienedeastionated
using TREF ingieTtMEe|japeenred ibiat said fraction has a molar comonomer content higher,
preferably at Ieaigza percent higher, more preferably at least 10, 15, 20 or 25 percent higher, than that
of a comparable FaHdom etrSTERE T PERHTBAT e sas erit ikt iscmvaniiable ehmiqrempéatures,

wherein said sshipareidbescdrmiomcbthyienme intoraabsMenFOHNIESSHS SANE COMANMENS);

preferably it isthe; ame, con s), and a melt index, density, and molar comonomer content
(based on the?/vhélae ﬁqumeg%gv%ﬁ]{éf#]ag}%%n %?”l%lf?aetréwﬁé BRI ERITEN i8R Preferably, the

Mw/M, of the ¢SFRRINE dpmnpelieiatapelvnanithin 10 percent of that of the blocked interpolymer
and/or the compasgble intp{ﬁg}xgﬁlﬁrfgpﬁémm@ Leantent gg&@nﬂ%eob\{g%g#ggr ent of that of

25 the blocked interpolymer. [57% referably, the above iriterpolymers are’interpo Bflylene
and at least SREPLBRHITWE SR hbs rEawAsTEeHag bRiveconHlemsblytier plemisitthftoon about
equal to the quantity (- 0.2013) T -+ 20.07, more preferably greater than or equal to the

quantity (-0.2013) T+ 21.07, where T is the numerical value of the peak elution temperature

of the TREF fraction being compared, measured in °C.

20 [54] Figure 4 graphically depicts an embodiment of the 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

25 fractions of several block ethylene/1-octene interpolymers of the invention (multi-block
copolymers). 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
inventive interpolymer and is believed to be due to the presence of differentiated blocks
within the polymer chains, having both crystalline and amorphous nature.

30 [55] Figure 5 graphically displays the TREF curve and comonomer contents of
polymer fractions for Example 5 and comparative F to be discussed below. The peak eluting
from 40 to 130°C, preferably from 60°C to 95°C for both polymers is fractionated into three
parts, each part elgting over a temperature range of less than 10°C. Actual data for Example .
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0.855 to about 0.935 g/cm3, and more especially for polymers-having more than about 1 mole percent
comonomer, the blocked interpolymer has a comonomer content of the TREE 30 fraction eluting
between 40 and 130C greater than or equal to the quantity (- 0.1356) Ty 13.89, more preferably
greater than or ag0abeewieiguantity (-0.1356) T+ 14.93, and most preferablpgrastensdasssr equal to
- the quantity (-0.2013)T + 21.07, where T is the numerical -16 WO 2006/101915 PCT/US2006/009378

value of the ATR jon temperat fithe TREF fraction, being compared, measured in C.
1581 Preferfffllg% fetﬁgfgf}é%tﬁ%%glr%él?gﬁsﬁﬁ%t ﬁg?lgagr?g%%%%%ﬁgnr%nﬁ OP%% in especially those
interpolynersdatibiadoea Whesiangb yerronstasiy foointebones3ontsisiap diff@asegiemBicanahhore

especially foranmm@&sab%mﬁa}%tﬁﬁm@%ﬁmﬁp'@aﬁe@@&aimm@aﬁ{%m@mked interpolymer

has a comonomer content of the TREF fraction eluting between 40 and 130C greater than or equal to
the quantity (H’&Q@iﬁé’)‘e}’sp%ﬁﬁﬂﬁ8%811%‘FQ‘ér§Eﬂ§P’@P§&féP‘Fﬁ%CBP%E‘§F%Mé ¥imfity (-0.2013) T+
21.07, wherenleis!ihemaumeticahorabsebiieask ehtisnitampenabitr ofiles iRk Suastion being

- compared, measured in,C. 10 [591 In still another aspect, the inyentive polymer is an olefin

, inter'polymer,aﬁ)arrg%?%ﬁ%% ?np ﬁs%&"é’%ﬂ??é%eé %\?ﬁge%h% B %%}?é%%gwgﬁ“}%f e(‘:?o%‘?f}hfgr%ers in
polymerized falihatioaracteritdk bymelilRIE bldokstanpegimenizabnbly et et pealyenegizettrnonomer
units diﬁeringnjlgrg?%ﬁil%hpgﬂgﬁi% {9&&%@%@0%% interpolymer), most preferably a multi-block

copolymer, said block interpolymer having a’molecular fraction 15 which elutes between 40C and

130C, when fracli®hated JBiA¢HERE toitherabrenaspestiankrsppetian dersribed hpkine tiitientivea
comonoger GINRRE-AlIe a8kabRHL BRI RRNERR! dhasisnaIRiing RRIRIAraatssdhgnabagt 100C.

For those fractions _having a comonomer content from about 3 mole percent to about 6 mole percent,
every fraction WAL e HEEMHHARY Yo BB Mﬂefdée@ﬁ%g}hww%?@él?ﬁﬁ@?‘%% potyier
fractions, 20 hepihgnatilehki domelqesceint momenasddhhosiada&bires bnghgdist #latieosresponds to
the equaton: Linch( SRSBSINaL Belgerl semonomer n s raotion) S 438,70 rgln et another
aspect, the inventve polymer is an et m%erpo?ymer, prefera fy gomprlsmg ethyléneand one or
more copolyrierigstisie(blnsksdoniemolins polpshersferdtioramohikdetls dzpel tiyem sdiipdslocks or

segmenis of {ye, REIRAEHRAYMERERLWRPRRMEH Wik AilfRINGIN.chamEahan R SiGRLRroperties
(blocked interpolymer), mostlprefe_rably a multi-block copolymer, said block interpolymer having a
§%ﬁonated using TREF incréments, characterized in'that said fraction has a molar

molecular fra

comonomer content higher, preferably at least 5 percent higher, more preferably at least 10,
15, 20 or 25 percent higher, than that of a comparable random ethylene interpolymer fraction
cluting between the same temperatures, wherein said comparable random ethylene

20 interpolymer comprises the same comonomer(s), preferably it is the same comonomer(s), and
a melt index, density, and molar comonomer content (based on the whole polymer) within 10
percent of that of the blocked interpolymer. Preferably, the M,/Mj 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

25  the blocked interpolymer. ‘

571 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/em®, and more especially for polyniers having more than about 1 mole
percent comonomer, the blocked interpolymer has a comonomer content of the TREF

30 . fraction eluting between 40 and 130°C greater than or equal to the quantity (- 0.1356) T +
13.89, more preferably greater ’than or equal to the quamity' (-0.1356) T+ 14.93, and most
preferably greater than or equal to the quantity (-0.2013)T + 21.0)7, where T is the numerical
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which elutes between 40C and 130C, when fractionated using TREF increments, characterized in that
every fraction that has an ATREF elution temperature greater than or 30 equal to about 76C, has a
melt enthalpy (heat of fusion) as measured by DSC, corresponding to the equation: Heat of fusion
(1/gm) (3.1718) WO R@F BhatidNn temperature in Celsius) - 136.58, -17 V/O 2086/1R818b0937s
PCTIUS2006/009378 [61] The inventive block interpolymers have a molecular fraction which elutes

between 40C and 130C, wh tionat ing, TREE.in lgglie nefls..characterized in.that every
fraction that P@gea% Igﬁv%l—k gﬂ%ﬁoﬁﬁ téggn%lg?gﬁﬁeer%g@%%%% an%?éég %ﬁl‘f{é{gé%m&ar C, has a melt
enthalpy (heatesitesiomfGs measured by DSC, corresponding to the 5 equation: Heat of fusion (J/gm)
:5 (1.1312)(ATRisE) elution{emparatdian 613 o ghdd ortthiiEke RRPl fQNoneMmaRLComposition

Measurement by Infra-Red Detector [62] The comonomer composition of the TREF péeak can be

 measured ustH§RRASHRGIAlR GRS IHRRAIG Ay BARBR U P B R Srsi\ EhehauEh8ss o

(htth//WWW-mﬂoﬁybmgfeﬁﬁmﬁg (8 Eegece PASHIOANNE @l@ﬁiﬁg Eh@rféi&%@woiﬁ e%w&g%ﬂfc\éﬂth 3 ;
measurement sensor (C a pmposition sensor (CH3) that are fi nd infra-red filters
in the regioncglfnﬁ%%- %ﬁ]&e?cﬁ%t?%é%g&%ﬁ%rﬁcsoé%\% B %%B%¥%8WX‘?%19&§18%P§OHS on
the polymer (wiviehndifeatly r30eteg tat¢chthpodyrmat tntenmatidy (r G20itod) w20leAheotS composition
sensor detec f.the r ti i t mposition
signal (CH3) 3 ﬁ?ﬁ%géﬁ%@%ﬁﬁ%ﬁg@ é%tg% nqag%léﬁ%?} 223 sﬂ?t\l/?-:-(.a %gm%&gc{gr%%%%{r%%ﬁrrggﬁgnt of the
measured pofghiepiihsaetionlding. e pesbsn o8 tecBRbiateagtionbeiasoromparsdeneasnsebiol&in

‘copolymgr standgggls. 164, Tie AetagtaspubemdiaRe b siyhERE i DRIFMAALHBIAYIGes both a 20
concentration (CH2) and composition (CH3) signal response of t,hetgluted polymer during the TREF

process. A pS B ShEUR SR IR A0 CPE JHEEF SRS RSN S Re PR df the CH3 to CH2
for polymers polinienad foa) ehamves: et lenin{itiplerslobk e aspiredtbyf M R) nide ppoyaamiaader
content of an ATREF k polymer can.be estimated by ..applyi the reference calibration of
e ratio of rAoh GBS 8RR UG 08 S0 D R BRI G RS v

“comonomer cesfaah)y BBivithblogk acpbinegresiid banktistemieate dayshgg anfldowietfasdidmaximum
(FWHM) calcilqtip alle b anrMNg O e RPIER iR 35k iGSA Iiegiate iR ndivigyal

characterized in that every fraction having a comonomer content of at least about 6 mole
percent, has a melting point greater than about 100°C. For those fractions having a
comonomer content from about 3 mole percent to about 6 mole percent, every fraction has a
DSC melting point of about 110°C or higher. More preférably, said polymer fractions,

20 having at least 1 mol percent comonomer, has a DSC melting point that corresponds to the
equation:

Tm > (-5.5926)(mol percent comonomer in the fraction) + 135.90.
[60] In yet another aspect, the inventive polymer is an olefin interpolymer,

preferably comprising ethylene and one or more copolymerizable comonomers in

25 polymerized form, 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 increments,
characterized in that every fraction that has an ATREF elution temperature greater than or

30 equal to about 76°C, has a melt enthalpy (heat of fusion) as measured by DSC, correspondihg

‘ to the equation: '

Heat of fusion (J/gm) < (3.1718)(ATREF elution temperature in Celsius) —~ 136.58,
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signal responses from the TREF chromatogram. The full width/half maximum calculation is based on
the ratio of methyl to methylene response area [CH3/CHZ2] from the ATREF infra 30 red detector,
wherein the tallest (highest) peak is identified from the base line, and then the FWHM area is
determined. Fora@stehotiess measured using an ATREF peak, the FWHM acgaus:definedas the
area under the curve between Tl and T2, where Tl and T2 are points determined, to the left and right

- of the ATREF peak, by dividing the pealkhaight. ngd - 2006/1019 o
PCT/USZOOG/O§§§78 thﬁ]gaﬁa%%%&)ﬁgﬁ%%%%%%rﬁa <t%st gf%%é%#ﬁ?ﬁ?%%nters&g%g % uécefeft and right
portions of tHstMeERECC andel J6'6), Whendpastitanatnd upingrAREH soeeseats spyrastmiad indbaie

comonomer cantent .AbPAINMGES IS TREMm IRfatef o ethreis 4R @HRERIR Bl iaho that of

GPC/FTJR 5 systems as described in the following references: Markovich, Ronald P.; Hazlitt, Lonnie
G.; Smith, Lifidy: rese@rdbrrthalngs Geat ol Atomats msrsHied SRSty o8 R e i infrared

spectrosgopydastgdiaracterization of ethylene-based polyolefin copolymers”. Polymeric Materials

-Science and Enginegering.(1991), 65, 98-10Q,: auriers, P.J.; Rohlfing, . D.C.; Shieh, E.T.;
"Quantifying short %ﬁ%%%?fgﬁg cﬁoé?}%ét%?gsﬁr%ﬁi‘f{éﬁ%ﬁ "5 eeﬁ%nﬁ) 180%%%%%}%8??5#9 size
exclusion chawiRERPapkyCanthioueie€ mapssitioniMeasscdempatiy SubpyR8He )", Polymer (2002),

43, 59-170., bOt&QLWhiC%@%ﬁ;ﬁé’é@%ﬁ%Bxsﬁ%ﬁ@ﬁsfmi A

embodiments, t ventive et n interpolymer is characterized by an average block index,
ABI, which isiefrearsr dpigpioterrdaidedirre Belgmenr GharsVakeneiantaiular weight distribution, MW/Mn,

greater fhan @@L_;ng M_ngﬁg@mg&l@};k index, ABI, is the weight average of the block index ('BI")
for each of the polymer fractions obtained in preparative TREF from 20C and 110C, with an increment
S S T R e
ethylene/a-olefiisc2@ie apadlyaeosikitai secon (THppiati we: Tikddmaand hird thiareiDfiipeioshtage of
e i et 5P| AR SFID. B el e g o el e
LnPA-LnPAathe Delrece (WhishtHizegtypalaieyto AEDET R tonceairiionmiy felisiomavtil¢idietion
15 composition sensor detects the methyl (CHs) groupé of the polymer. The mathematical ratio
of the composition signal (CHs) divided by the measurement signal (CHy) is sensitive to the
comonomer content of the measured polymer in solution and its response is calibrated with
known ethylené alpha-olefin copolymer standards.
[64] The detector when used with an ATREF instrument provides both a
- 20 concentration (CH,) and composition (CHs) signal response of the eluted polymer during the
TREF process. A polymer specific calibration can be created by measuring the area ratio of
the CH; 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 a the reference calibration of the ratio of the areas for the individual CH; and CH,
25  response (i.e. area ratio CHs/CH, versus comonomer content).
[65] 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 infra-
30 red detéctor, wherein the tallest (highest) peak is identified from the base line, and then the
| FWHM area is determined. For a distribution measured using an ATREF peak, the FWHM
area is defined as the area under the curve between T1 and T2, where T1 and T2 are points
determined, to the left and right of the ATREF peak, by dividing the peak hejght by two, and
-18-



(preferably expressed in Kelvin), Px is the ethylene mole fraction for the ith fraction, which can be
measured by NMR or IR as described above. PAD is the ethylene mole fraction of the whole
ethylene/a-olefin interpolymer (before fractionation), which also can be measured by NNMR or IR. TA
and PA are the WIORE(/glition temperature and the ethylene mole fraction 3@dorupere/doess
‘segments" (which refer to the crystalline segments of the interpolymer). As a first order approximation,

the TA and PAnalges AL 6194056850 high density polyethylene, -19 WQ 2006/101915
PCT/US20061009378 r%mop?olymer, it the act%gIh\%’gfruﬂgeét¥(r)nfe r%/%c%%red}%%éméfﬁgtp&@%‘gﬁ%ﬂable.
For calculatior@%@?f&?ﬁi%d herein, TAJs 372K, PA is 1. [69] TAB is the ATREF temperature for a

* random copolym¢sedf the saneepeaBanResigem@ncbhayRg 0.5thy le fraction of PAB, TAB can
uation: Ln PA%H= a?TAgylt fgl%v%w%}r%ﬁlaee?r?gl @oaﬁ?glt\clvogt%thstants

be calculated é?%tgl% 5 fogl}lgwirjﬁ%ﬁg — Y 1AD T L
which can be SeRrmradbiEah dﬁlﬁgfﬁﬁiﬁl%b%ﬁbmﬁémﬁ, il aroettay ki @PEYPERAMers. It
should beSnotexbitnas & desbiBeh iy thafislbaing RefeHMOR NS HHTREa M OTEQYS T NGO need to

create their owp galipration. rve with the polymer composition of interest and also in a similar
molecular weight réngl]eg%s %1%%?%%%8%@%%% ré%até?r‘éﬁ rlegapyigrierteasimmiBanmstation

curve is obtaifRRFIREPSifIsharrsietariowefgtiiangbsscsusiivelisti vipuldheeseRtialknegligible. In
some embodNRERSsSOEQY SN EISRECARD! isfy the following relatiopship: Ln P =
-237.83/TAT§§§ + ’?639 15 Txo0 E%E]ee ,ﬁﬁéé@%ﬁ%ﬁ?{%ﬁ?%ﬁg%a%&rlggp M‘?lﬂ%’ﬂ% same
composition and” B etiiandrirgsheshsinsramxhingoniarsimctates iatediyftam 1L-oREx a/Txo +

(3. ConversebppPymisstheinibidesecrate baciondas f me composition
o &%ﬁ%ﬁgﬁ%?%ﬁgﬁﬁﬁ%égnﬂa 20 [70]

and having a REF te qf Ix, which , I .
Once the blo%gté%sf?%yl)gil‘or éﬁfﬁﬁareg‘c’\ Y (%qg@EA‘ﬁa%?Téﬁ% brftasdevhighearqiapgmasisdhbe block
index, ABI, forefiieenehdierqioiprtieinantiteeycalculated. In some embodiments, ABI is greater than zero

but less than abqy#0.3 or ﬂP&h@Pé}HE?d%/&%%?%“‘in%%% cﬁ)tt%(| L I(latg]bodi?-}nts, ABI is greater than

about 0.3 and up to about 1.0. Preferably, ABI should be INthe'T ﬁ?j)ée bERE1G%4 to about 0.7,
from about 0.8P5%iSBEEH DY, By avsraze blable indexs ABRbohitinig gteasariaerabodiingnis a¥dat isgn the

range oftomaabau AdbiriaRighi & AT ALY, LI AHOME :Bo & IO APQUL O3 tp gbout 0.7, from

about 0.3 to about Q.6. . ,
1nc?ex, %gI, is the weight average of the block index (“BI”) for each of the polymer fractions

obtained in preparative TREF from 20°C and 110°C, with an increment of 5°C :
ABI =" (w,BI,)
| where Bl is the block index for the ith fraction of the inventive ethylene/a—dleﬁn
20  interpolymer obtained in preparative TREF, and w; is the weight percentage of the ith

fraction.

[68] For each polymer fraction, BI is defined by one of the two following equations
(both of which give the same BI value): |

Bl = VT, -1/Ty, or Bl = — LnP, - LnP,,
1T, =1/T, LnP,~LnP,, ;

25 where T is the preparative ATREF elution temperature for the ith fraction
(preferably expressed in Kelvin), Py is the ethylene mole fraction for the ith fraction, which
can be measured by NMR or IR as described above. P AB is the ethylene mole fraction of the
whole ethylene/a-olefin interpolymer (before fractionation), which also can be measured by
NMR or IR. T and P, are the ATREF elution temperature and the ethylene mole fraction

30 for pure “hard segments” (which refer to the crystalline segments of the interpolymer). Asa

ﬁrst order approximation, the T, and P, values are set to those for high density polyethylene
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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 30 1.0, [71] Another
characteristic ofwe2r¢antiué ethylene/a-olefin interpolymer is that the inventiye@thylesesasolefin
interpolymer comprises at least one polymer fraction which can be obtained by preparative TREF,

wherein the fraction has a hlock index greater than -20 WO 2006/101915.RCT/LUS 78 aboUt
O.land upt %%%&W%ﬁ@% fo gcleﬁ ‘agrlevsvag?éﬁ%edig%ﬁ%%%?ﬁ,vmﬁ%?gﬁlgp ?ﬁa%%%%%?f%éﬁln some
embodimentggthvenpalyreinfrEciod7BES. & bisdk index greater than about 0.6 and up to about 1.0,

greater than ab%&?fj ang UnJe,abomt ArQeBrRalRE 8RR &85 HE I RboiEL .0, or greater than

about 0.9 and u about 1.0. In other embodiments, the polymer 5 fraction has a block index greater
than about OcPBReFitiensuHsinsongihzteemale dB6trn Y Pand e erabe Grlewrgidwey fsan about 0.3
and up t@ abw;olvg,ggr@gWﬂhan about 0.4 and up to about 1.0, or greater than about 0.4 and up to
about 1.0. In still other embodiments, the polymer fractio ahas aBbIock index greater than about 0.1
and up to about 0.5, greater than about 0.2 and tp t& ab f‘?)f%, greater than about 0.3 and up to
about 0.5, or greatestib@n tmdlBaut 64 anustaptsovaivbunn e datyetiothidreralivdiimenssglae polymer
fraction has a black index greater than t 0.3and upto
about 0.8, g%lé?qé?rtﬁan 3‘6’%&?%& %ﬁ%‘%%%%géé)%%’%%é%qg%‘ggé% &gdgé%ﬁ%@%%%% about 0.6.
[72] For copdisaménstoeshiie festmuicnh Monsnrenrasivardvieybiysients thefcruplgaliuatiess (1) a PDI

of at leag 1-%um%tmr&taleﬁewaﬁatéeﬁgoaiéo@&maemn@a@a Igastiddaandicl8masigmataably at least

2.6, up to a maximum value of 5.0, more preferably up to a maximum %.3.5, and espe(él?ll%lu toa
maximum of 85 FaqSpstigas: DhetrsidA HissbBajconirarces) shed it Yinaise SFRE LY B Weight
percent; (4) aglassiipsidriempeigitragts, sutlefiedhanid B€ csaariafiyaferibiyideds thare -30C,

- and/or (5) one and.only one Tm. 173] Further, the inventi ltmersc .haye, alone orin
combination \%ﬁ%(%h@eéﬁ 5%%?%%@?@30 2 |(s)1 ogé%sﬁtésrr}i’iﬁgeggs%%la rrﬁﬁlé%da?lsj\{é{p(}', such that log (G") is
greater than or equal to 400kPa, preferablylgrBate2Xh&¥ bxmeguald63L.0 MPa, at a temperature of

100C. Mpreover, the, iInvenliverRiYRESPOSRESSE ALelRHY ebpIBsPtRaR Radis Ak fidinekon of
temperature in the range from 0 to 100C (illustrated in Flgurqul%hat is characteristic of block

copolymers, Aaditre @htens melskncireidsnil sopBhnercaled Gap L dtps9Mhe 28 of ethylene
and one or momfeadyaPRhaithaasing (Bl thetRiforelaivel Basolmibisf the same

composition and having an ATREF temperature of Tx, which can be calculated from Ln Pxo
=a/Tx + B. \ ,

20 [70] 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 0.3 or from about 0.1 to about 0.3.
In other embodiments, ABI is greater than about 0.3 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

25  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

30 1.0, ,

[71] Another characteristic of the inventive ethylene/o-olefin interpolymer is that
the inventive ethylene/a-olefin interpolymer comprises at least one polymer fraction which
can be obtained by preparative TREF, wherein the fraction has a block index greater than
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. interpolymer&Rat haner grasist thesbors 05 fehip to Faewdeb Grmibssi

context is meant that log G' (in Pascals) decreases by less than one order of magnitude between 50
and 100C, preferably between 0 and 100C). [741 The inventive interpolymers may be further
characterized by a thermomeehauical analysis penetration depth of 1 mm at a temperature of at least
90C as 30 well 3adexaraisnodulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MRa)sAdesoatiyvely, the
inventive interpolymers can have a thermomechanical analysis penetration depth of 1. mm at a

temperature gf a st 104C as well flexural modul f atleast i (20 MPa). They may be
characterized é’él%@@i%&él a ara%lllog'@ésgnla% arﬁl((‘% ?orayf/glﬁﬁﬁ %(Ijss%sl)b%\??gés)f fﬁgkﬂ’%e%fra&g 2%@@1101915
PCT/US2006/38098 28mmentoRigends7tihpasnpreiapion hanmblod sudefl greaordbiosbortRd imventive

polymers, as,somggied. i Uik AUBRelMELEuT RedaNtlyc;RlumsLS have slaicanky better
flexibility-heat resistance balance than the other polymers. [751 ddltlonaII%{, the ethylene/ a-olefin

ieter SPSRERFD.01 to
1000 g/19 mipptass mRrEHetarbly sfsart ikl @010 upiuBsutans] sspeeiaiy iiemt0.91 to 100

9110 minutes. In certajn embodiments, the ethylene/u,-olefin interpolymers have a melt index, 1z, from
0.01 to 10 g/l@%ﬁﬁ&é‘@? &rﬁ{%‘fﬁ‘ﬁ%%%ﬁ%%%%‘éﬁ{ ot af’?&‘éoégﬁ%‘r%ﬁﬁﬁ’éé, %rg:%%“g 10
minutes or - frombowd 1,16 gitterithateshduat Ok tait wnideliidnds, lingithethen ek ddinibits, the
ethylene/a-olefin 10 polymers is i nut i /30, mi : olymers
- can have mopgﬁl%?r%g%ﬁgs?ﬁ\?\ﬂr%ﬁ %‘%C%% a%mo e tgB (g%gg%%(g I#&%@gﬁe%é%%% r@?nlplooo

~ glmole to 1,088002 anstamieabeab ¥ erreio Hen 2bpHele tabuD loebHoIeTTeRtS Baally from

10,000 ggmolgyia: 300 QP09 eiRul 18, depsidurk hisvnuantive megws%%%{?&lfﬁm%&to 0.99
glcm3 and preferably for ethylene 15 contammg?pol}émers from 0.85 g/cm3 to 0.97 g/cm3, In certain

embodimentdDfisE BErEHIPER Rty AR B IRRTHOR Al Hhefe abetd -6 B0 R 1D 98 8m3 or
0.867 to 0.918-glemBat Abblh@4sadasscofinakiing dhgrpatynhatsabast beemdigslostdiniiee following

tent applicatiops; U.S. Provisional Application No..60/553,206, filed March 17, 2004: LS.
Provisional Appilialon Not SRR HeAIGIEALE A JUBle L S Rtk KRS I o,
60/662,939, filessdvaiitn PPI2G0S]easS. Ravisipreituapiplasdeash Nb 461648 662 93defiedOMadch 17,
2005; PesT AB@L@@P&&%% RGeS Q0003 G, S $MRIGHS 1) mt O PG ARPUE LR M

PCT/US2005I008915, filed March 17, 2005; and PCT Application No.” PCT/US2005/008917, filed
March 17, zoe%?é{@fivvme%hélmé@)ﬁda?étmﬁéfa'réﬁcﬂeh%@@ﬁﬁ%@f&@ﬁ(ﬁ@@!@%ﬁaﬁmme, one

such method gaiHiseeantAetingeBIARAEhApE cent; (4) a glass transition temperature, Ty, of less
than -25°C, more preferably less than -30°C, and/or (5) one and only one Ty,
[73] Further, the inventive polymers can have, alone or in combination with any
20 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 témperatufe\ of 100°C.

- Moreover, the inventive polymers possess a relatively flat storage modulus as a function of
temperature in the range from 0 to 100°C (illustrated in Figure 6) that is characteristic Qf
block copolymers, and heretofore unknown for an olefin c‘opolymer, especially a copolymer

25  of ethylene and one or more Cs.g aliphatic o-olefins. (By the term “relatively flat” in this
context is meant that log G° (in Pascals) decreases by less than one order of magnitude
between 50 and 100°C, preferably between 0 and 100°C).

[74]  The inventive interpolymers may be further characterized by a
thermomechanical analysis penetration depth of 1 mm at a temperature of at least 90°C as

30 well as a flexural modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPa). Alternatively, the
inventive interpolymers can have a thermomechanical analysis penetration depth of 1 mm at
a temperature of at least 104°C as well as a flexural modulus of at least 3 kpsi (20 MPa).

They may be characterized as having an abrasion resistance (or volume loss) of less than 90
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25 optionally one or more addition polymerizable monomers o_ther than ethylene under qddltlon

- polymerization conditions with -a catalyst compositllon comprising: the.admlx'Fure or reaction product
resulting from combining: (A) a first olefin poly‘merlzgtlop catalyst havmg a high comonomer '
incorporation indax2@6/(By e second olefin polymerization catalyst having a pomogniienssaorporation
index less than 90 percent, preferably less than 50 percent, most preferably less than 5 percent of

' QN I | C in shuttling agent. -22 WO -
006/ 101015 e O e X he B e G e are as
follows. Catal§fSTRaIFikipretherdenmmpeimytethyihehieved)omicb)iis bpre pidnifeayll(detter

i anrricli i ' ' yl, prepared according to the teachings of
naphthalen-2 iyl (GHpysi Q&Br@sﬁﬁﬁé@%ﬁl‘ﬁﬁ@ﬂ%ﬁﬂgw {9l
WO 03/40195, Zci;_gﬁ‘USOZMOl_?, USSN 10/429,024, fi § rglégy , 2003, and WO 5.04/24740.\

CH(CH3)2 (H3C)2 H 11 (RSEIaEY dhastisipayrapbAmipipalyiers can have a melt index, L,
[N-(2,6-dif1-nfetm/dethyh Roed g/ anmaexes; preferably from 0.01 to 1000 g/10 minutes, more preferab

teachings of W OANOL o0 JoR o050 515 TS FRI e Hice i, oo the
04/24740. CHIUMBB L C et Dt/ (HBL )Rk GolBEibIRafBY ﬁa&%&é@{%&ﬁg‘ﬂﬁ' ':i)ff H§ﬁ>_<:
tCrigg‘étgli’llg hﬁg&gﬁéﬂ@?ﬂ%ﬁ%ﬁ%%‘%Wb”&]ﬁ‘%‘é@[%n‘%"??@ %l'g/ MBH%n%tlgg }{‘om 1 to 6 g/10 minutes or

from 0.3 to 10 g/10 minutes. In certain embodiments, the melt index for the ethylene/a-olefin

10 polymers is 1g/10 minutes, 3 g/10 minutes or 5 g/10 minutes.

[76] The polymers can have molecular weights, M, from 1,000 g/mole to
5,000,000 g/mole, preferably from 1000 g/mole to 1,000,000, more preferably from 10,000
g/mole to 500,000 g/mole, and especially from 10,000 g/mole to.300,000 g/mole. The
density of the inventive polymers can be from 0.80 to 0.99 g/em® and preferably for ethylene

15 containing polymers from 0.85 g/cm® to 0.97 g/em’®. In certain embodiments, the density of
the ethylene/o-olefin polymers ranges from 0.860 to 0.925 g/lem® or 0.867 to 0.910 glem®,

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

20 No. 60/662,939, filed March 17, 2005; U.S. Provisional Application No. 60/5662938, filed
March 17, 2005 ; PCT Application No. PCT/U 52005/008916, filed March 17, 2005; PCT
Application No. PCT/US2005/008915, filed March 17, 2005 ; and PCT Application No.
PCT/US2005/008917, filed March 17,2003, all of which are incorporated by reference -
herein in their entirety. For example, one such method comprises contacting ethylene and

25 optionally one or more addition polymerizable monomers other than ethylene under addition
polymerization conditions with a catalyst composition comprising:

the admixture or reaction product resulting from combining:
(A) a first olefin polymerization catalyst having a high corﬁonomer incorporation
index, |

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

(C) a chain shuttling agent,
-22.



CH3 15 [81] Catalyst (A4) is bis((2-oxoyl-3-(dibenzo-Il-I-pyrrole-I-yl)-5-(methyl)phenyl)-
2-phenoxymethyl)cyclohexane-I,2-diyl zirconium (1V) dibenzyl, prepared substantially according to
the teachings of US-A-2004/0010103. -23 WO 2006/101915 PCT/US2006/4)09378 1~1ilsC6CHz
CHZC6H$ H3C wo0/HOOG J/ ~ CH3 CC [82] Catalyst (B1) is PCT/US2006/009378 ‘
1,2-bis-(3,5-di-t- butvlphenylene)(l (N-(1- methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl

C(CH3)3 % CH( )3 C H X= CH2C6H5 (CH3'13 5 [83] Catalyst
(B2) is |,2-bis-(3, ?gl}gt butylphen ylene %1 %\%ﬂ{ t%na%c%h (:yclo"gfa )a%enﬁﬁ’ﬁ?oﬁﬁé Y(2-oxoyl) zirconium

dibenzyl fl C(CH3)3 ¢4§¢S°/§A€1@@H3~}322rd@1(m@&@ﬂ@b@%ﬁm@ak@r&@ﬁ@ﬁmcmalyst (Cl)
is (t- butylamIMQ&EHQM%&!(@WH%]Q%&%J@% 9@26 glfil ﬁle;fﬁ/t\%”'“m d'megﬁ%gpretﬁared

substantially accqrding tQ_the techniques of
VCT/US2006/(584888 Qﬁ%@)%{ﬁ%ﬁ@(}éUSOZMOW USSN 10/429,024, filed May 2, 2003, and WO

5 04/24740. ;
@—CH{CE@)Z

(H3C) H /CH N ©
V4
Hf

Q

- [79] 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, 2003080204017, USSN 10/429,024, filed May

10 2,2003, and WO 04/24740.

@moEe SNy

N4
Hf

/\

(H:CRHC  d, CcH;

(H3C)2HC CH3 CH3

[80] Catalyst (A3) is bis[N,N***-(2,4,6-
tri(methylphenyl)amido)ethjflenediamine]hafnium dibenzyl.

H;C
CHs

- 15 [81] Catalyst (A4) is bis((2-oxoyl-3 ~(dibenzo-1H-pyrrole-1-yl)-5-(methyl)phenyl)-
2-phenoxymethyl)cyclohexane-1,2-diyl zirconium (IV) dibenzyl, prepared substantially
according to the teachings of US-A-2004/0010103.
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N | C(CH3)3 [851 Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,7a-ri-
inden-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of US-
A-2003/004286: H3C siR GH3 b /T(CH3)2 5/, N H3C C(CH3)3 [861 Catalyst (C3) is
(t-butylamido)dienesbytabenyl)(2-methyl-1,2,3,3a,8a-ri-s- indacen-1-yl)silapgtitagidipaspathyl
prepared substantially according to the teachings of US- A-2003/004286: H3C CH3 SI N \ -T(CI13)2
I H3C C(CH3)3 10 [87] Catalyst (D) is bls(dlmethyld|3|onane)(lnden 1-yl)zirconium dichloride

putylaluminum bis(dimethyl(t butyl)siloxane),

i-butylaluminum bls(dl(trlmethy ilyl)afide) Ialumlnum di(pyridine-2-methoxide),
bis(n-octadecyl)i- butﬁ/lalu iy, Fifetyiuj@aGsi:bistd pentyl)amlde) n-octylaluminum
bis(2,6-di-t-butylphe B AC a@;nw y hiyl)amide), ethylaluminum

bis(t-butyldimethylsiloxide),

[82] Catalyst (B1) is 1,2-bis-(3,5-di-t-butylphenylene)(1~(N-(1-
methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl
C(CHs)s

CH(CH3)3
C(CH3)3
(HsO);
CH(CH3)2 X=CH,C¢Hs
(CHa)s

5 [83] Catalyst (B2) is 1,2-bis-(3,5- d1-t—buty1pheny1ene)(1 -(N-(2-methylcyclohexyl)-
immino)methyl)(2-oxoyl) zirconium dibenzyl

N* /o C(CHs)s
AN
(H;C)s 0 N=
CH X=CH,CgHs
(CHa)s
[84] Catalyst (C1) is (t-butylamido)dimethyl(3-N-pyrrolyl-1,2,3,3 a,7a~-n-inden-1-

yDsilanetitanium dimethyl prepared substantially according to the techniques of USP
10 6,268,444
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ethylaluminum di(bis(trimethylsilyl)amide), ethylaluminum bis(2,3,6,7-dibenzo-I-
azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-l-azacycloheptaneamide), n to
octylaluminum bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-diphenylphenoxide), and ethylzine
(t-butoxide). [89p@refarablyithe foregoing process takes the form of a contimgmussacduiioss7process for
. forming block copolymers, especially multi-block copolymers, preferably linear multi-block copolymers
of two or more monomerg, more e ially ethylene and a C3-20 1s olefin or cycloolefin, and most
especially ethylene and 4 20 aNoj Iefzm, using multiple catalysts that are incapable of
interconversion. That is)Xth @T stS’are chemically distinct. Under continuous solution
polymerization conditions, tReygrocess is ideally suited for polymerization of mixtures of monomers at
high monomer convetgigig. Und %hgse polymerization conditions, shuttling from the chain shuttling
agent to the catalyst becomgg20 adavantaged compared to chain growth, and multi-block copolymers,
especially linear multi- block fopolymers are formed in high efficiency. [90] The inventive interpolymers
may be differentiated from c&¥v8ntional, random copolymers, physical blends of polymers, and block
copolymers prepgyed via s%?ntiiwonomer addition, fluxional catalysts, anionic or cationic living
polymerization techhiques. Sh AR it Rt HRsRdaAd ametheberpBareBr bt (hé.3adfenmonomers
and monomeindentéiyl)ataeefiiualendaneshal intyosdsaskidsa e iovanty & S tRRMTRsthaye better
(higher) heat A%W/@Ogggé/lomw PCT/US2006/009378 resistance as measured by melting point,
higher TMA penetration temperature, higher high- temperature tensile strength, and/or higher
high-temperature torsion storage-ffigdulus as determined by dynamic mechanical analysis. Compared

to a random copolymgt con iniame monomers and monomer content, the inventive
interpolymers have lower pre (ﬁ

set, particularly at elevated temperatures, lower stress
relaxation, higher creep FanC ercféar strength, higher blocking resistance, faster setup due
to higher crystallization (soljgification) tefffp&ature, higher recovery (particularly at elevated
temperatures), better abrasist ce, higher retractive force, and better oil and filler acceptance.

10 1911 The inventive g\ rpotymers alsg;gxhibit a unique crystallization and branching distribution
relationship. That is, the’inventive interpolymers have a relatively large difference between the tallest

- peak temperatur easur?lﬁi j I8 85 Ss E and. s_a functio heat of fusiagn, especially as
compared to ran%ca);?n copo ymgi’g c(on ;{lsn Eg%ﬁ%arm&%ﬁg(fm&hyp enﬁ)? -met y?'l’%ﬁ’?’a’ga'”'s'
indacen-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of US-

A-2003/004286:

HiC ‘
O
SN, TiCHs),
37
C(CHz)s
10 87] Catalyst (D1) is bis(dimethyldisiloxane)(indene-1-yl)zirconium dichloride
available from Sigma-Aldrich:

1

HyC
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same monomers and monomer level or physical blends of polymers, such as a blend of a high 15
density polymer and a lower density copolymer, at equivalent overall density. It is believed that this
unigue feature of the inventive interpolymers is due to the unique distribution of the comonomer in
blocks within themeotyeestoackbone. In particular, the inventive interpolymerscmey2eanprise
alternating blocks of differing comonomer content (including homopolymer blocks). The inventive
~interpolymers may also comprise a distribution in 20 number and/or block size of polymer blocks of
differing density or comon
inventive interpolymers als
that is substantially independetybe
embodiment, the microcryssalline Qrder of the polymers demonstrates characteristic spherulites and
lamellae 25 that are @istusg{uishable4@m random or block copolymers, even at PDI values that are
less than 1.7, or even less than 1.3, down to less than 1.3. [92] Moreover, the inventive interpolymers
may be prepared using technigy =»:\ influence the degree or level of blockiness. That is the amount
of comonomer and length of E@ olymer block or segment can be altered by controlling the ratio
and type of catalysts 30 and ghuttling agent as well as the temperature of the polymerization, and
other polymerization variables\:A. strprising benefit of this phenomenon is the discovery that as the
degree of blockiness is increased, the optical properties, tear strength, and high temperature recovery
properties of the [883ulting PbntHhiae dvgemts BveshuitiparirnlagriplogeBAMM: ARAG/LAH HEi-
oo GBS diecERssmN U Ao RS URI I AR NN ERSRS focovery

properties increase as the average number of blocks | olymerincre 1'Ié’&’éélecting shuttling
agents and cARISBEHBIRSHGMe afinprbsHestey il sarminsmibi difipetighibemikshutting

with low levels-oéighaimiaimidieban)interiarms @) NalrossieseynaieR aRaaiiaatively 5 suppressed.
Accordingly, Iigtﬁ elgh%%&?ﬂrﬂg%g e eli igatio(g is obs%ved in the polymerization of ethylene/ a-olefin
G RS AR A &SPt AL s rdiriebrédnhsang adfstlline blocks

comonomer mixtures according 10em
are highly, orestifistamiiaity ditetipitehrpitisdyampl3ashingitieunr nsgiongahabmbranshing. [93]
Polymers withd > ' ' .he selectively prepared i accordance with
embodiments wﬁﬁﬁ?g ntig?lsré;E %%%%g}rﬁr?eﬁr’ %%%ﬁ?%t%@ahr% %’Jncﬁrr?g %ﬁ(ggftgg%q}ogeaﬁ%afity of polymer that

terminates wRFRSH R HBRGRIGb sraeulabasime hismh6léclitentiiltamaifpbephammysiddine regions.
This result casciytRINBINRCRYERATGbutyD)siloxide, ethylzinc (2,6-diphenylphenoxide), and
ethylzinc (t-butoxide).

[89] Preferably, the foregoing process takes the form of a continuous solution
process for forming block copolymers, especially multi-block copolymers, preferably linear
multi-block copolymers of two or more monomers, more especiélly ethylene and a Cs.

15 olefin or cycloolefin, and most especially ethylene and a Cy¢ o-olefin, using multiple
catalysts that are incapable of interconversion. That is, the catalysts are chemically distinct.

" Under continuous solution polymerization conditions, the process is ideally suited for
polymerization of mixtures of monomers at high monomer conversions. Under these
polymerization conditions, shuttling from the chain shuttling agent to the catalyst becomes

20 advantaged compared to chain growth, and multi-block copolymers, especially linear multi-
block copolymers are formed in high efficiency.

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

25 In particular, compared to a random copolymer of the same monomers and monomer content
at equivalent crystallinity or modulus, the inventive interpolymers have better (higher) heat
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chain shuttling agents and catalysts having an appropriate response to hydrogen or other chain
terminating agents. Specifically, if the catalyst which produces highly crystalline 15 polymer is more
'susceptible to chain termination (such as by use of hydrogen) than the catalyst responsible for
producing the les®cogstalins polymer segment (such as through higher corromarsesnérnogsporation,
regio-error, or atactic polymer formation), then the highly crystalline polymer segments will
preferentially . ' ' %{ . Rol . Not only are the resulting teymjnated
groups crysta%%%%% ﬁ%ﬁgt{g?ﬁm%?ﬁg é%%%&%?ﬁféﬁﬁg%% ylrin{glr S’fﬁ%‘@ ﬁg/élgi’lfe is once
again availablEWSPREHR NS sepenaad furhighryhigthisiemartyrédnrsinh polayenisitherefore another

highly crystalliaee-helvrey eagmenhdesatdinab,fetusndael (b tasulling myiiblogksapolymer are

preferentially highly crystalline. [94] The ethylene a-olefin’interpolymers used in the embodiments of

the invention 53R SHEROFABR A SREBRAREFOE PRI rRBeRire Srerebares bachweolefin.
Copolymers aforethyieioe schaGazRGbeRiniindatmpspasaliopraiarad Thadeic mehmessymay
further compi:iGSScl-:-StC%g%S %igjcgﬂns %Qd/ rl%lk}?néf?lpegizene..Suitablteﬁ unsaturated comonomers useful
for polymerizing with ét g}ene mcfu gt orexar p(fg, élﬁwﬁﬁséﬁ%ﬁ‘y ﬁgﬁfﬁ?ﬁf@&qﬁ%h@f‘érs, conjugated
or nonconjugatsstaiizaten (roljdifiesticikemydorwenkiphetcetvary flasiofibrgntdeambdnomers include
C3-C20 a -OlqhABHER S RIS AR b RGO RIED S o DRSS, d fijcr

4-methyl-l-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, and the'li eneé and 1-octene
are especial\P{fiEHEREY. Other suitable monomers include styrene, halo 28 WO 2006/101915

PCT/US2006/009878 or alidisvbstiviadsirenas a4pubeneacrmipRuananLdisiexadiene,
1,7-octadieneband na %Jtp@nics(f " c%%op ntene, cyclohexene and cycloocene). @i] While
ethylenela-ol€fin i éll%) RHATCR 8%?8 By HG RS YR StHsTRRR B RERiRaYB B FRE ARy also be
_used. OlefinslagedditktrareihetetentthatilinstyakGonnseitnateddyeld aaitpo0RbaSEAdrCampBmes with at
least one carhag: d. Depending on the.selection of catalysts, any olefin may be
used in embokacl(i%rﬂnnéégtgsa %Jlgg%le?r%%%’n?sg(?eépagfy,Oﬁgg?e%oofé?é%ma?o @g{éﬁcg Ste Eﬁ‘fd aromatic
compounds EBREMRGMEY Redmeaeareriorelas wolsias! blaiits b pupvuedsswshcts adleydlobatégie,

cyclopentenegéhi ladigng j iE@;R‘d imited.to. nokbor
substituted in érggeguflaﬁr?d?%p sitioé%@ggc%gggﬁf;ﬁ%%yl or C%Ig?gégégﬁgg?b%f%rg%%sga %\?ség included

are mixtures SRt d innankixe Binelsres fp e migiegiiseiwiiemesdhmds.

comonomer in blocks within the polymer backbone. In particular, the inventive

interpolymers may comprise alternating blocks of differing comonomer content (including
homopolymer blocks). The inventive interpolymers may also comprise a distribution in

20 number and/or block size of polymer blocks of differing density or comonémer content,
which is a Schultz-Flory type of distribution. In addition, the inventive interpolymers also
have a unique peak melting point and crystallization temperature profile that is substantially
independent of polymer density, modulus, and morphology. In a preferred embodiment, the
microcrystalline order of the polymers demonstrates characteristic spherulites and lamellae

25 that are distinguishable from random or block copolymers, even at PDI values that are less
than 1.7, or even less than 1.5, down to less than 1.3.

[92] Moreover, the inventive interpolymers may be prepared using techniques to
influence the degree or level of blockiness. That is the amount of comonomer and length of
each polymer block or segment can be altered by controlling the ratio and type of catalysts

30  and shuttling agent as well as the temperature of the polymerization, and other
polymerization variables. A surprising benefit of this phenomenon is the discovery that as
the degree of blockiness is increased, the optical properties, tear strength, and high
temperature recovery properties of the resulting >polymer are iinproved; In particular, haze
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[96] Examples of olefin monomers include, but are not limited to propylene,
isobutylene,l-butene,l-pentene,l-hexene,l-heptene,l-octene,l-nonene,l-decene,and |- 15
dodecene,1-tetradecene,1-hexadecene,l-octadecene,l-eicosene,3-methyl-I-butene,3
methyl-1-penten&pfamegtimitsl -pentene, 4,6-dimethyl-I1-heptene, 4-vinylcyclohexareeos/009378
vinylcyclohexane, norbornadiene, ethylidene norbornene, cyclopentene, cyclohexene,

dicyclopentadj , S ienes, including but not limited to 1,3-butadiene,
1,3-pentadiegﬁafaﬁgg%%@}%%%ggg%%’e ii ,r]}l-%l)flc%lg%eﬁ%%, SFHCERIRE AR R resageA a 20

olefins, and thBeIRE 8 BRTHIRF éﬂ%ﬁﬁémg,m;i@raememaseprwmeﬁmgkshtﬁﬂﬁﬁg hg@gsiane,l-hexene,
l-octene or a canmainaigniheseoha At aoh-anyihy ing .a.vinyl otentially may
be used in embgglime ts of th in?/entglon,practical ?s{é)l%gg %@é’%%}?%ﬁlg elf%%vsa%:gsgﬁ ,ngost, and the
ability to conveni ﬁﬁﬂ/{%gﬂfo‘?fec dEReRpTIoEA SHher faramofirohasetterisiionar erdieisetme more

problematic asithesmalecuaniisightofiieRs PRReMSRARANSS AR R ThIhR Rolszation
processes deéf:émﬁgrp:%qmgre well suited for the prodc{Jction of olefin polymers comprising
yleer

monovinylidene aromatic monomers meradi 5t AR aiafmPatimses ot he iRyeaiors sad
t-butylstyrenelharrsuhiangieystalire tibudbs aintdghblymerbampliistogplivleninand sasa canibe
prepared by fallgwing: hieieachings 30 herein. Optionally, copolymers comprising ethylene, styrene
and a C3-C20 alpha olefin, optionally comprising a C4-C20 diene, having improved properties can be
prepared. -29 8b0061f@5§1%5ﬁ@?/@§§®@6@@@§@7@1{®m seesidosijugatecdigne

monomets candelansiseighteitalskranched shainios PlisRspReRAIRNE. Aayingfiom 6 to 15
carbon atoms, F@(am Ie%of SH t?ble on-conjugated_dienes includé; but are hot fifni ?o, straight
Tglative q%an ﬁy oS )Eh

i :
chain acyclic.glenes, RUCIT a8 PP AH SE e withnareorrhassthndieeducosdbeadiene, branched
chain acyclicidferess&bucldi Sefiathyi-basenhntasgiods/ -tins ethii L8 BEWUERA by choosin

3,7-dimethyl-ghgfrpg§ggj§@ea§gﬁgs xed a'@?g]ﬁrs.of dihydromyricene and dihydroocinene, sing%e ring
-CyC

alicyclic dienes, such as 1,3-cyclopentadiens, 1.3-cyQopexaians 328 G Bmgsnsfthsnd
1,5-cyclodod€eiBitHaingHag asanisrifgesifyelly, iddecicataly kridgel pindudis neghlsWelsaSine
tetrahydroindgsiemeneshiybie Habyamoideae SiexaiaReaidiens, Qéqy%lgéﬁr%%e{%%gﬁeﬁaﬁﬁ%diene; alkenyl,

alkylidene, 10 %cl alkenyl, ng cycloalkylidene norbornenes, such Sas norbornene
(MNB); 5- pr(g%er?'ﬁ?-?-sﬁ)c?fﬁg% Rersqusistoiier e sialinsaviemarsegment ispente fiuginorbornene,
5-cyclohexylitighe-2onmutmmeieoporintidr? gibemaNes AR 96%@@%%@&&%%%@8}?@%@%‘%"y
used to prep%%ﬁﬁ?%%h%%r%%‘é“n%ﬁ srlv};iﬁ E%'; egggtigi?ynggpg{a?elth%_tg%?%1e1§]oertgonlg)(;f the

polymer. Not only are the resulting terminated groups crystalline, but upon termination, the

20 highly crystalline polymer fqrming catalyst site is once again available for reinitiation 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. ,
[94] The ethylene o-olefin interpolymers used in the embodiments of the invention
25 are preferably interpolymers of ethylene with at least one C3-C20 a-olefin. Copolymers of
ethylene and a C3-C2( c-olefin are especially preferred. The interpolymers may further
comprise C4-C1g diolefin and/or alkenylbenzene. Suitable unsaturated comonomers useful
for polymerizing with ethylene include, for example, ethylenically unsaturated monomers,
conjugated or nonconjugated dienes, polyenes, alkenylbenzenes, etc. Examples of such
30 comonomers include C3-Coq a -olefins such as propylene, isobutylene, 1-butene, 1-hexene,
' l-penténe, 4-méthy1~1-pentene, 1-heptene, l-octene, 1-nonene, 1-decene, and the like. 1-

Butene and 1-octene are especially preferred. Other suitable monomers include styrene, halo-
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5-ethylidene-2-norbornene (ENB), 5-vinylidene-2-norbornene (VNB), 5-methylene-2 15 norbornene
(MNB), and dicyclopentadiene (DCPD). The especially preferred dienes are 5-
ethylidene-2-norbornene (ENB) and 1,4-hexadiene (HD). [99] One class of desirable polymers that can
be made in accovgemeemiths embodiments of the invention are elastomeric interpslyisesssaé ethylene,
-a C3-C20 a-olefin, especially propylene, and optionally one or more diene monomers. Preferred
a-olefins for 20 yse in .this embodiment. of the present inventipn are, designate the formula
=R S L 0 T P 8 Exarmpes o
suitable u-olefipighngicie, dautyalepauetientid doeysrspypéneslissirnglene, 1-butene, 1-pentene,
Lhexene, 4 mefhyf -benigag. aatlaniengdResiaviady aeleedea alpfins pigayiene: The

P

propylene based polymers are generally referred to in the art as EP or EPDM polymers. 25 Suitable
dienes for usEhrispRéplsHngdTmRTp aMInelse RespediaeRsasarsckerspieiise adamiyes include
‘conjugated q&@%ﬂm@t@aﬂgﬁ&&gﬁb@éﬁa&gggd%m?ﬁaedvﬁheat%eaay&lﬂ@cﬁmaoimi@ow@m&omprising
- from 4 to 20 carbons. Preferred djenes include 1,4-pentadiene, ) .

T 4 hexaclerO BeRTH BB A SO LSRRI Yo R o crarmsy o e
butylidene-2ineshiboneirefefalizy taittily qhebiteraed(Ciar M iphetivydidbneRatiodoarmemds 30 [100]
Because the diene.containing polymers comprise alternating segments or blacks containing greater or
lesser quantﬁ?&aW%vﬁ%ce%%%%%W§’ﬁ8ﬁ”é%iaﬁcf‘éoﬁﬁé‘ﬁﬁm%ﬁ‘@fgd ﬁ?@h@ncé’)a 4588l guantity of diene
and a-olefin nyajohmtedydiegolophotatiioss afdswidseqgasn ipdidnebpt opelinesdihatoshdeeatse the

dere 5 < SRIATEINRET it N ROCLELTACINEONRIE S

incorporated Into one type o ymer ra of ran oughout the
polymer, theyleimmdedfficipntyrasiiZedchottobseyel atiymiktires of slink defusityidi (e @aymer can
be better con&lrollé?ld. Such cré)sslinkable elastomers and the cured products have advantaged
properties, includi

11 COMPOUNds., . . .
ng ﬁlg%er ensile strength and better 5 elastic recovery. [101] In some embodiments,
the inventive inté?pblymerExampleswiflolsfio vwtadysts iimbetpdrattarg aiffnitgdoamepidsnst comonomer

have a weighlgaig afbIpei et NeIeb KO 9IRS Mcllie SBmErCBAlnEss esirably

have an ethylene content of from to 90 percent, a diene’content of from 0.1 to 10 percent, and an

a-olefin ContdRteferon Eraderssn bradrcrsséwdadaseoticisersaeor relbildEredhher
preferably, thadmyitiraeknelastRimeric-pahenesdhaveeanetndsracaniaiiabisasers) to 90 percent, a
diene contentof, tom9L12 10.BSICet 21 2t :2's i sotent of fom 10 {9 4G percent, based on the
total
dicyclopentadiene, cyclooctene, C4-C4( dienes, including but not limited to 1,3-butadiene,
1,3-pentadiene, 1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4-C40 a-
20  olefins, and the like.  In certain embodiments, the a-olefin is propylene,1-butene, 1-
pentene,l-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
25  monomer becomes too high. |
[97] The polymerization processes described herein are well suited for the
production of olefin polymers comprising monovinylidene aromatic monomers including
styrene, o-methyl styrene, p-methyl styrene; t-butylstyrene, and the like. In particular,
interpolymers comprising ethylene and styrene can be prepared by following the teachings

30 herein. Optionally, copolymers comprising ethylene, styrene and a C3-C2( alpha olefin,

optionally comprising a C4-C2( diene, having improved properties can be prepared.
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ight of the polymer. Preferred polymers are high molecular weight polymers, having a weight
\;V\(/a(l,?a;g mole?:ul)r—;r weight (Mw) frponz/ 10,000 to about 2,50Q,000, preferably from 15 20,000 to 500,000,
more preferably from 20,000 to 350,000, and a polydispersity less than 3.5, more preferably less than
- 3.0,and a Moonap eiweasigt{ML (1+4) 125C.) from 1 to 250. More preferabh;cmbopglmm_@gs have an
ethylene content from 65 to 75 percent, a diene content from 0 to 6 percent, and an a-olefin content

. -plefin interpolymers can be functionalized by
incorporating &t Dalieast one IucLona) A e e e B alih R PAAREOA groups
may include, FieRksHglis, hedprarhon ficsduningtEdmahol SewmttaikfaoatioBaheptoxyiGiasids,

[ 1 i i ' ' Its thereof and esters
ethylenically upsabHaiaedaaaqssand dis wcirnalsarReavlicsasidanhydrdes, s
the)r/eof. Su?:/hgy cti(%?l,gjll groups SFna,ly bg rafted to an ethylerﬁe g-o?e%ﬁrl% &}%%rﬁt‘%ﬁ%’r,s%‘f’%taﬁnay be

copolymerize A AP lidhatiadienso hardesadisneaehed dhaim aydtitetizolymer of
ethylene Sthe furiotiofalatyhoneheesdiask oRtianalieth et emIRRAMEr i dMeRnS oL galling, functional

s onto hylene are described for e le in U.S. Patents Nos, 4,762,890, 4,927,888, and
23&?8,541, the i%%{)smu?ressoé% {Egeag%mﬁgf%erﬂ%aé@%& AL R Pé‘féi@ﬁ‘d@%eﬂaéﬂ?bﬁﬁrety. One
particularly udefiydlonentadisings dupdzchnbéicadieh ijﬂey%d&@?ﬁ@%@m?mmiﬂ&%%%ggﬁé ﬁn rC;up

resent in th i L 2 functional gr an typica y&
EopoIymer-tyqiﬂgj%%hgﬁz%ﬁgg%)&I?nﬂlcé%%{l)%% }é?rﬁ%ej ht of at %ﬁﬁg%fgm@mg { percent,

preferably at E%YQBBH@@%W%M?PWW&%%@@-W@M&%W&igllqumercent. The
functional grasplodlk HD:2000 104 1B Fik3ARABI00R3 TS sulllbrnisaly. b J&%ﬁ?&%ﬂgg .5-

copolymer-type funqt' nalized interpolymer jn an amount less than'a welig

preferably leSs han abovt 30 s ’fSBB’FB@FHfi%R?dZFHB’ﬁé‘”ﬁFéf‘e%W%&@m&mﬁb@m@mt percent.
[104] The an@mlcﬁﬂkﬁiéehwammm,imam@ym&&mié&,%ﬁ’mgﬁ%ﬁmg@ft‘&% g/ié%%sbeodu?g ;ﬂ
%%}gf’ bout.1Q to about 9 o, from about 20%
fr?n bfogoo/m f?g%%lbg’o{t%%%%%}a out%/ %; g? é\;ﬁ% I(F)faljégrlﬁl% %P‘”fg{{;egé%&?@sem%}%aﬂlﬁ%ﬂpio to about
90a\r/]\)t%, frgﬁ%@d%@%ﬁ@&%@%\ﬂ%{ﬁb@ﬁﬂ@b&ﬁb@@&@@hﬂﬂmﬂm\%),@r-xﬁ{aﬁy@h@xg.70 to about 90
o e okltualall oMt AR SOTRORED RSO TRIAKRAAAERRS s RRYMe!
> ; e "
Com oIt e e S rise, an anti. b o (HD).
[99] One class of desirable polymers that can be made in accordance with

embodiments of the invention are elastomeric interpolymers of ethylene, a C3-CpQ a-olefin,

especially propylene, and optionally one or more diene monomers, Preferred a-olefins for

20 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 l-octene. A particularly preferred o-olefin is propylene.
The propylene based polymers are generally referred to in the art as EP or EPDM polymers, |

25 Suitable dienes for use in preparing such polymers, especially multi-block EPDM type
polymers include conjugated or non-conjugated, straight or branched chain-, cyclic- or
polycyclic- dienes comprising from 4 to 20 carbons. Preferred dienes include 1,4-pentadiene,
1,4-hexadiene, 5-ethylidene-2-norbornene, dicyclopentadiene, cyclohexadiene, and 5-
butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-2-norbornene.

30 [100] Because the diene containing polymers comprise alternating segments or
blocks containing greater or lesser quantities of the diene (including none) and a-olefin
(including none), the total quantity of diene and o-olefin may be reduced without loss of
subsequent polymer properties. That is, because the diene and a-olefin monomers are
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agent. In some embodiments, the anti-blocking agent is an amide. It is desirable that the amide
anti-blocking agent is thermally stability so that it does not substantially volatilize or degrade at some
polymer process temperatures, such as extrusion die temperature which is 15 generally from about
100 C to about 300 Bocsomespolymer process temperatures can range frompahau¢@éssg about 600
T. Further, it is desirable that the anti-blocking agent can function when the polymer composition is in

both the particulate-form .and the malded or, extryded article form, In some embodiments, the
anti-blockingpéﬁ%gafﬁrﬁ“%ﬁd?ﬁarﬂqéég ge ‘H}%é%’%é’ﬁé’ﬁg8%5%@&‘8&%&%%%?8#&&%&@ &bout 70 C, at
least about Mpmﬂiehﬁmghmtttﬁé)mmmﬂheasrmm Offi Geraltyl etibivabaut ibSe@eatlietsst about 110

C, orat least shuhi 30,65, WOR] A aids andhlnsking uens meeling e ahare sladapay be

used in the polymer com rein. Non-limiting examples of the amide anti-blocking
agents includbesirsa ireduitidnatdnantasst piorestigbduelndieaightuiomle @repsrandheidrs, 25
oleamidey steagapide”8d behenamide); secondary amides having about 18 to about 80 carbon
atoms (e.g., stearyl erucamide, behené/l erucamide, methyl erucamide and eth%/‘l erucamide);

secondary-bis-alés hathiPEssubPaiBeaisothedBVeRyS AT RE T madayid Laalysmide and
ethylene-bis-pleaputé)igatithenbip ginatidasdhergohdine hartiawalgigriiodinmesdkiferastfaeeking agent

for th I iti isclosed herein.i i dbyF 1) below: 32
WO 200610 LD PO TS0 O ROk R o B e A b e rdently H,
alkyl, eycloalley10 aituseni, adictsatiodent afifrany . Aol R3éscatityhut aikenlglie sonidmviiigoabddita 1: to
about 39 carkgn Jlams, A9 uh ﬁ%%t@%ﬁ%ﬁ%ﬁ@@%&@@%&%&ﬂ?% rRAGHReR atoms,

about 17 to about 33 carbon 5 atoms or about 19 to about 33 carbon atoms. In some embodiments,

R3 is alkyl orAREHATICRARMRAY Ry attedtl e € aksLIBYwa MR Mdsrsenh adiseeshiBerlifients, R3 is
an alkenyl grgsth havingpaRihandedeLhigibepstiei AthsreIVedimeristRadsdnentadeail,

nentiacontar L AR ho AR AL b e bR H AR TR T s 20 Brdbodimens,
R3 is pentadecsagitl aheptadedecibr varigdedeny frdreri€i008 amebyl; BiSeGa06 pykicpaptdtasanenyl,
heptacogane Ryl RERAGRSHNE I GRIASRMRAE 3 o d6 tHASBHANSBY 2 polydispersity less than
3.5, more preferably less than 3.0, and a Mooney viscosity (ML (1+4) 125°C.) from 1 to 250,
More preferably, such polymers have an ethylene content from 65 to 75 percent, a diene
content from 0 to 6 percent, and an a-olefin content from 20 to 3S percent.
[102] The ethylene/a-olefin interpolymers can be functionalized by incorporating at
20  least one functional group in its polymer structure. Exemplary functional groups may
include, for example, ethylenically unsaturated mono- and di-functional carboxylic acids,
ethylenically unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof
and esters thereof. Such functional groups may be grafted to an ethylene/ a -olefin
interpolymer, or it may be copolymerized with ethylene and an optional additional
25  comonomer to 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 malic anhydride.
30 [103] 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 1k.0 weight percent, preferably at least about 5
weight percent, and more preferably at least abouf 7 weight percent. The functional group
‘ -31-



nonatriacontanenyl or a combination thereof. [107] In a further embodiment, the anti-blocking agent for
the polymer compositions disclosed herein is an amide represented by Formula (ll) below: 15 CH,(CIf
2)m(CH=CH)n(CH2),-C(=0)-NR'R2 (H) wherein each of m and n is independently an integer between
about 1 and abd¥P3799514%hA integer between 0 and 3; each of R' and R2 iPEHESzI6eMISH, alkyl,
cycloalkyl, alkenyl, cycloalkenyl or aryl; and the sum of m, n and p is at least 8. In some embodiments,

each of R1 awaI%%@Bﬂfp’ﬁgl}g&l@s%rﬂ)@Q%ﬂ&ﬁﬁ%@%@éﬁl&ﬁtﬁ{%ﬂgﬁ%}éﬁf 0 a%ﬁ'c?ut?tqgétj%:ro 20

carbon atoms _or an alkenyl group containing between 2 and about 4 on atoms. In fur

embodimentd8ARR0Yt F et RSt FE RFRtTER LY JosmEhen)ahowt 30 weighineweitortidients, the sum of m,

- nand p is at leefirdfy[eSihihevamizewéiEiarpatdant]) or (I1) can be prepared by the reaction of an
amine of formuli1

-NR1R2 where each of R' and R2 is.independently H, alkyl, cycloalkyl, alkenyl, 25
cycloalkenyl or a y§<4 ith a%?@gg& |§ 3%%?5@%&%%1%@%?@%%%%&%%@P@H@(CH2)m

(CH=CH)p-(CGdpsaidxreihera ¢ &o@lﬂb@tt_‘slt@bonﬂ IR i aficyh abadke 0 )b abachobaving édeast 19 to
ahout 39 carBRRTIASAAALIANY Rds RTREBITAY S 0Past beteen apoy and shout 37

and p is 0 or 1. The amine of formula H-NRR2 can be ‘ammonia {i.e., €ach 0 S

primary amin&(Ve®, Rensahnufi2@ je rham A 0aiin foBtv e SQB61boLISWIGTHIS 20061609875

cycloalkeny! ab@@RaoR 21%rbth @b SEPERNER: BTASHb LN EREL %i@ﬁt%@%go%@fﬂependem'y alkyl,
cycloalkyl, alke%gﬁcloalkenyl or aryl). Some non-limiting examples ~of primary amine include

methylamine,c 8 Re, octadecylamine, behenylamine, tetracosanylamine, hexacosanylamine,

octacos%ylam{ﬂgglg@?gg%gmine, dotriacontylamine, 5 tetratriacontylamine, tetracontylamine,

cyclohexylamine an ons thereof. Some non-limiting examples of secondary amine include

dimethylamine, qegsylamings glaxerssylaming dRciadanURmng, dSieRIamIne. ddesosyiamine

dicetylamine, distearylamine, diarachidylamine, dibehenylamine, dihydrogenated tallow ar%ine, and
combinations28%8re 5t SpHE Wﬁ%?ﬁﬁﬁrfy@% Yiilecldng agpm inireaneida. Hé ipdesipble Byatéhmethods

known to a pensida afibhitokingsigthinsbeaikioy sltainesoiamfdeemmartiabauRmicb sHeh 35 Aldrich
Chemicals, Mj Iporation, N%York, NY; Chemos GmbH, Regenstauf,

Iwaa ke§ Wlé ICIC Chemical Cor )
Germany; ABCR éem BES G RS IRB LA SN SAtHSOB iR ey Eatditm. [109]

The prinbary aesicreyolrgaciadat)aifitesbmap Bk preSared fytacuaiivess temperatures can range
from about 400 °C to about 600 °C. Further, it is desirable that the anti-blocking agent can
function when the polymer composition is in both the particulate-form and the molded or
extruded article form. In some embodiments, the anti-blocking agent including the amide
disclosed herein has a melting point of at least about 70 °C, at least about 80 °C, at least about

20 90 °C, at least about 90 °C, at least about 100 °C, at least about 110 °C, or at least about 120
°C.

[106] Any amide anti-blocking agent meeting the above criteria may be used in the
polymer compositions disclosed herein. Non-limiting examples of the amide anti-blocking
agents include primary amides having about 12 to about 40 carbon atoms (e.g., erucamide,

25  oleamide, stearamide and behenamide); secondary amides having about 18 to about 80 carbon
atoms (e.g., stearyl erucamide, behenyl erucamide, methyl erucamide and ethyl erucamide);
secondary-bis-amides having about 18 to about 80 carbon atoms (e.g., ethylene-bis-
stearamide and ethylene-bis-oleamide); and combinations thereof. In a particular
embodiment, the anti-blocking agent for the polymer compositions disclosed herein is an

30 amide represented by Formula (I) below:
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15 amination reaction. The reductive amination is the process by which ammonia or a primary amine
is condensed with an aldehyde or a ketone to form the corresponding Sine which is subsequently
reduced to an amine. The subsequent reduction of imine to amine may be accomplished by reacting
the imine with hydPges1Ead a suitable hydrogenation catalyst such as RanegiNiskeangspatinum
oxide, aluminum-mercury amalgam, or a hydride such as 20 lithium aluminum hydride, sodium
cyanoborohydride, and sodium borohydride. The greductive amination is described in U.S. Pat. No.
3,187,047; and articles by Haskelberg, "Aminativ Reguction of Ketones," J. Am. Chem. Soc., 70
(1948) 2811-2; Mastagli et al., "Study of the ARiinolysis of Some Ketones and Aldehydes," Bull. sac.
chim. France (1950) 1045-8; B. J.Hazzard, Practica{ Handbgok of Organic Chemistry,
Addison-Wesley Publishing 25 Co., Inc., pp. 458-9 and 686 (1973); and Alexander et al., "A Low

Pressure Redwuthéietn @aw@mhaw&eﬁqﬁﬁ%&ﬁd@}w@ﬁmﬂ%@ﬁﬁ%ﬂéﬁ?ﬁ”@%ﬁ&ﬁlﬁ%ﬁ- Am.

Chem. Soc., 70,.1315:6.(1948). The above U.S. patent and articleS are incorporated herein by
reference. [1fﬁl’ﬁgégrﬁé%ﬂéyg%ﬁ%%?ﬁ%%%%ﬁfg AL AR sekiemelomsinbentiddted fatty
acids such asrhewtidiecathoicatmint, peontatictestaict 46idabexatesarpineride hepiadecanic 30 acid,
octadecagoicagid; Honade ¢ acid, e] noic acid, heneicpsanic acid, docosanoic acid,
tricosanoic acid, tetracosanfgcg%g(gﬁpgegn%%ggggﬁ%%'acci:lfcf,oﬁlgxe gos%ﬁ‘gfgsa 'fllfsk?élﬁf};l%%]gﬁﬁﬁ’é acid,
octacosanoic At HdRmEDSaTHdIR tacbiowiae srboitoatid [n- S\ RADGKE] KPSs an alkenyl
PCT/155200@{00984#AnbeisFiagantaacibR Hshdoli saRMANNIGAGI: tRtratriacontanoic aci
hexatriacontanoicdaci?, octatriacontanoic acid and tetracontzgliﬁ%%ck:%l g’c%;%rpa?r% chciil((): %?ﬁa(gg%lrated fatty
acids such as RIS D EISCIARE R HESARYS, PEHASRTIRY. berjasaemih sienachdanyl,
2,3-dimethy|detafiecantairy] Acitia2omeiy iviaenSanais Peid, iR R ARSI PiGAS,
2-pentadgeylhapt je.5 acid: unsaturated.fatty acids such as trans-3-octadecenoic acid, trans-
ll-eicosenoic acid,%g%lghy -bs-g%(%%aeﬁ%? Ea{é‘i’&? ety NAes R s bR arare el riensansazlacid,
a-parinaric adieltasarrIbdenticoatidndntopeticnapidienadidonteiengtidiandendsinacid. The

carboxylic aq{gﬁam@gaﬂ%p%@g Qynpathedskpown to a person of ordinary skill in the art or obtained
from a commercial supplier such as Aldrich Chemicals, Milwaukee, WI; TCC Chemical 10 Corporation,

New York, NTY;[@0®mos GrabikitRegansiasnCarnanyiARGR $EBs15Ge &%ﬁt'ﬁé%?%
e

Germany; angd. Acro gr anics, Geel, Bel ium.ffome known methods for the ‘preparation o
carboxylic ac%sclP%Sc% S‘%ﬁ%%%’d%ﬁbéﬁ 6?“3%&68@ SJswerng BhrhelRyalcohols with an oxidation agent
such as metal chromates, met, diEF mates ang potassium permanganate. The oxidation of alcohols
to carbo¥ylic acids is describeglliﬁ' ailloé é{t@tfgg)f’“(c Hy)a-C(=0)-NR'R (1D

wherein each of m and n is independently an integer between about 1 and about 37; pisan

integer between 0 and 3; each of R! and R? is independently H, alkyl, cycloalkyl, alkenyl,

cycloalkenyl or aryl; and the sum of m, n and p is at least 8. In some embodiments, each of

R! and R? of Formulae (D) and (II) is an alkyl group containing between 1 and about 40

20 carbon atoms or an alkenyl group containing between 2 and about 40 carbon atoms. In
further embodiments, each of R! and R? of Formulae (D) and (1) is H. In certain

embodiments, the sum of m, n and p is at least 18.

[108] The amide of Formula (I) or (II) can be prepared by the reaction of an amine of
formula H-NR'R? where each of R! and R? is independently H, alkyl, cycloalkyl, alkenyl,

25 cycloalkenyl or aryl with a carboxylic acid or acid halide having a formula of R*-COX or
CH3~(CH2)m-(CH=CH)p~(CH2)n~COX where X is OH, F, Cl, Bror I; R% is alky! or alkenyl,
each having at least 19 to about 39 carbon atoms; each of m and n is independently an integer
between about 1 and about 37; and p is 0 or 1. The amine of formula H-NR'R? can be
‘ammonia (i.e., each of R' and R? is H), a primary amine (i.e., R' is alkyl, cycloalkyl, alkenyl,
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15 "Advance Organic Chemistry, Part B: Reactions and Synthesis,"” Plenum Press, New York, 2nd
Edition, pages 481-491 (1983), which is incorporated herein by reference. (111) The amidation
reaction can take place in a solvent that is not reactive toward the carboxylic acid. Non-limiting
examples of sui¥dBI2eagN&Ns include ethers (i.e., diethyl ether and tetrahydprsfutEn)pdeieies (such as
. acetone and methy! ethyl ketone), acetonitrile, 20 dimethyl sulfoxide, dimethyl formamide and the like.
- The amidation reaction can be pr. | gﬁﬁﬁpﬁ t..Non-limjti s of the base
catalyst incl 85?%%%% qsgggjnggﬁggogéj%?n h¥ roxi%g,(ﬁ%'fgigm%égﬁs sodium_carbonate,

potassium cadsoerdentisoaliom dypthaleh dlkepsh sre ,%W%@&Qﬁe?%ﬁﬁ@ﬁiﬁfﬁ@&?é?@}%ﬁd the like,
metal al koxi%?jﬁﬁm%ﬁfeqmcm%quﬁﬁﬁez%maa{mx&%eﬁéﬂﬁu@ks@w@mach as 25

triethylamine, diisopropylethylamine, and the like. In some embo,dimenis, the catalyst js an, amine or a

metal alkoxideiaER I iR e EAFTIRHAEHES: (LR ST BT Y P S IS R S AN a
saturated aliphaiicagsatip.haningleiwedandilqodecaionyldfiaarhacattimfeny theteaiiafivide and
behenamide). In other embodjments, the anti-blocki t] imar, ide.with an 30
unsaturated gﬂﬁﬁﬁ?ﬁnﬁgﬁ%& ’g?nﬁﬁcbo% A %)nr?emg§ %%ﬁ%%#%g%%bﬁg%{ggf 1a%l{r\é}}’cl_ between 18 and
about 40 carbihexatieaysateins, dnstaieiflening. clisinetreninefdidecewiamderindéetslamicanti-blocking

y . ide havi . . 915
agent is & prfaLy A VARG, ok Gk U RIDAN ARSI AERAECR M, 200G

PCT/US2006 bodiments, the anti-b_locklng agent is erucamide, oleaniide, stearamide,

" behenamide coaphifaiirnsiBestatrd b deinair fEHacH AL P@&?ﬁﬁ?é?’éf@’é?ﬁﬂ%ﬁ%\ﬁﬁ?@é{ef}%enyl erucamide
ora copgbingiighothasesin!f a pasiauan crkedite it the@biddeakdadegenidmercannigelin further
embodiments, the anti-blocking agent js commegie ilable.having a. trade n ch as

ATMERTM SE4 } f&?éfﬁéegﬁ?/%?b E}"’ ‘ré%ﬁuSﬁfﬁyéﬁ&ﬂ’ﬁ%ﬂ%%‘%i?él&g%‘%%éwmr Chemicals
Chicago, IL; KFivhaMBRIB) RrepemWWitEoG GremmywidBCR Trsbid SOROBDBM B BEfvhé Srar@rorardison, NJ.

The amount qf the anti b|OC§Q T {lm the polymer composition can be from about greater than 0 to
about 3 Wt%%&rfr’rs] ?B%atl}%cﬁ’. 0591 i %bodt 2 wt%, from about 0.001 to about 1 wt%, or from about

0.001 to about Oppy¢ji% of e Aehiatakaisht:ldhn RejneiEaRp e habaRape Biititecking agents
have been described in Zweife| Hans et at, "Plastics ,chgditives H%g’dt%)g," Hauser Gardner
Publicatléns, EHaHNREFEMo, SR EFHEH SRR B S RO B8 BB TS0 6D MR R aHES Porated
herein by refgigncs. cbhd@kdptianailyldéte dobymeetonepdsitioths discgsedingisimeshicbnsprise a
second

subsequently reduced to an amine. The subsequent reduction of imine to amine may be
accomplished by reacting the imine with hydrogen and a suitable hydrogenation catalyst such
as Raney Nickel and platinum oxide, aluminum-mercury amalgam, or a hydride such as
20 lithium aluminum hydride, sodium cyanoborohydride, and sodium borohydride. The
reductive amination is described in U.S. Pat. No. 3,187,047; and articles by Haskelberg,
“Aminative Reduction of Ketones,” J. Am. Chem. Soc., 70 (1948) 2811-2; Mastagli et al.,
“Study of the Aminolysis of Some Ketones and Aldehydes,” Bull. soc. chim. France (1950)
1045-8; B. J.Hazzard, Practical Handbook of Organic Chemistry, Addison-Wesley Publishing
25 Co., Inc., pp. 458-9 and 686 (1973); and Alexander et al., “A Low Pressure Reductive
Alkylation Method for the Conversion of Ketones to Primary Amines,” J. Am. Chem. Soc.,
70, 1315-6 (1948). The above U.S. patent and articles are incorporated herein by reference.

[110] Non-limiting examples of the carboxylic acid include straight-chain saturated
fatty acids such as tetradecanoic acid, pentadecanoic acid, hexadecanoic acid, heptadecanoic
30  acid, octadecanoic acid, nonadecanoic acid, eicosanoic acici, heneicosanic acid, docosanoic
acid, tricosanoic acid, tetracosanoic acid, pentacosanoic acid, hexacosanoic acid,

heptacosanoic acid, octacosanoic acid, nonacosanoic acid, triacontanoic acid,
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15 anti-blocking agent. In some embodiments, the polymer compositions disclosed herein do not
comprise an additional type of anti-blocking agents. The additional anti-blocking agent can be used to
prevent the undesirable adhesion between touching layers of articles made from the polymer
compositions, parécaieiyander moderate pressure and heat during storageparaviractenssr use. Any
anti-blocking agent known to a person of ordinary skill in'the art 20 may be added to the polymer

compositions g in; i I I-.blockin ents include.mingrals (e.g.,
s6iRsGHREeH ) enRp UG X AR %9&%@&1&%%6%1?@@

clays, chalk, and calcium carbonate), synthetic silica gel (e.g., ¢ rﬁl?% Reic:(ich avison,
Columbia, MOF#EAFH AR pnEEmepntamois 36 dy branchaits B aration fSamicid arbhra, CA), talc

(e.g., OPTIBLOIG )yl ihastansic, ﬁﬂpﬁﬂ@iﬁ&l@@é@f&&%&% -&id?b%%&\.'é‘%ﬁ@&éﬁ@&%ﬁ%ussal

e R o Ao o sl (o .
EPOSTAR(r) apdiymsetingtedéttinecidate)chasticias-Sroomibppoi Shiakuhal, (T okysedanarianst

TOSPEARL(r),siligon ' . licones, Wilton, CT), waxes, molecular sieves, and
combinations%}%}#&gg %I'ﬁ)g%%ge%g&rgrﬁg ggic%%%%%sreg%% &Fﬁ% §§f g%%?ﬁ‘]’ﬁ ﬁcéngé?égp%cga&ﬁlbetween
articles, whiIe%’?@"&?ﬁﬁ?ﬂ@l‘aﬁ%I@@f%%g@m@m@i@@mdtﬂdwﬁzmﬁ Tinstcatbéagtcadhesion.
-36 WO 2006444 2351R W@g@g@@g%;% 4 nt of the anti-blocking agent
in the polyme%compositi%n can be from aboﬁelgg?fgg%# gﬁ%ﬁ%%l?t%t&?ﬁﬁ?%@%ﬁﬁ 001 to

about 2 wt%, fi¥th? SEBIEE B TR LB SUFA At S hosecals. diiverken WD K ¢ Chamit@m about 0.05
to about10.25CatérafitheNealiweigyo Ulenos BB CREBRRSINANG Same, AR idloekingragents have 5
been describ%hiq%w%}‘ﬁé @ens% al. "'FXasticB Additiv§s H%beok," Hanser Gardner Publications,
Cincinnati, Ohlo, 5th aditign, Chapter 7. pages BEBLED 0 Esh ?Wﬁ}cﬁ?gl?ﬂ@@mb%@&%é%iﬂ%y
reference. Poyenerition[afihp Trdbpolliersidscnvalsitionsxoiat aptidtialrespaiesaidlaasy an polyolefin
10 which may,jpeRsRVe; i ' nela-glefin.interpolymey. The polyolefin is
a polymer derived frﬁ%ﬁ%@%ﬁ?g 0 é%?n%sﬁ%g%%ne%% %l%gé/ gﬁ%’ne t|asI glcﬁ%%%c%r%lé{@ e at least

one carbon-cBFHBAPEYAHe Domeridding eigkenholsrio exbonplisaciiscieferstivellideClireyar of. branched,
cyclic oriacycliddaikeneoscaaii @héreny3 RuANRURZ:67 AR SRMs:dP BRNESIROdINGRESthe alkene
has between gngtg(jﬁgoutalos%rp_ag agf)éyés), %V?ﬁlcql?QQEJogmg?g&rggg%g,bthr% faelrlégge(? contains 4t least two
carbon-carbon doublé BORds, SUC &s b y
[111] The amidation reaction can take place in a solvent that is not reactive toward
the carboxylic acid. Non-limiting examples of suitable solvents include ethers (i.e., diethyl
ether and tetrahydrofuran), ketones (such as acetone and methyl ethyl ketone), acetonitrile,
20 dimethyl sulfoxide, dimethyl formamide and the like. The amidation reaction can be
promoted by a base catalyst. Non-limiting examples of the base catalyst include inorganic
bases such as sodium hydroxide, potassium hydroxide, sodium carbonate, potassium
carbonate, sodium hydrogen carbonate, sodium acetate, ammonium acetate, and the like,
metal alkoxides such as sodium methoxide, sodium ethoxide, and the like, amines such as
25 triethylamine, diisopropylethylamine, and the like. In some embodiments, the catalyst is an

amine or a metal alkoxide.

[112] In some embodiments, the anti-blocking agent is a primary amide with a
saturated aliphatic group having between 18 and about 40 carbon atoms (e.g., stearamide and
behenamide). In other embodiments, the anti-blocking agent is a primary amide with an

30 unsaturated aliphatic group containing at least one carbon-carbon double bond and between
18 and about 40 carbon atoms (e.g., erucamide and oleamide). In further embodiments, the

anti-blocking agent is a primary amide having at least 20 carbon atoms. In further

-35.



butadiene and 1,5-hexadiene. In further embodiments, at least one of the hydrogen atoms of the
alkene is substituted with an alkyl or aryl. In particular embodiments, the alkene is ethylene,
propylene, 1-butene, | -hexene, 1-octene, 1-decene, 4-methyl-1 -pentene, norbornene, | -decene,
butadiene, 1,5-i&R2dier181948/rene or a combination thereof. 20 [116] Any pakgalefirokéranwsrso a person
of ordinary skill in the art may be used to prepare the polymer composition disclosed herein. ‘
Non-limiting ex¥pais fiNS. lyethvlenes (e.q.,ultralow,.| linear law, medium,
high and ultrahigh de%ﬁ&m%ﬁlgmﬂnﬁg;ugﬁfgrg%%%%’@%., g\?\’/ %%%ﬁé%%#\lgl % prropylene); ‘
polybutyleneSHEGe-Biviaramids) cthslsrrshitnleamidelyrexdreeutapislyduiemel trpaipitioens-1; poly-3
25 methylbuteneslanly orasthrinepianeids asbisnriangRRlyMedisna el diadiane:

interpolymers.derived ]gr(g.n olefing; intergolymers derived from olefins and other polymers such as
polyvinyl chlofide, polySSFERES o AEtRR e g Agtids rammarrislivarelohiehavigrn tseinsame
embodimentsutiepolyMERT fssa Homdjinlymer Buabeag, Paieathy are0siyFORMENE-H XYLty lene,

polypentene- - -1, poly-d-methylpentene-1, polyisoprene, 30 polybutadiene,
poly-l,5-hex§£§%¥r%§%%%%£%@§§&%m Z\ﬁﬁ p’)@ol)% ércl:eéxr%‘%%’. %"8&%&%&&%%6, the
polyolefin is dramigbreréan SidjspalPEth Y lererGHDRE the3rtAHD XONGAEOHIA The
PCT/1J52006/8) Sohbbdhwhen : Nelol] inthe polyme sition can
be from abOL?[/ 5%%35%%5 \th%, frgfnﬁgb&o%ﬁ(%?%é%%%%eg%té%?gg‘rﬁ%’o%@ﬁg ?éu(,gg@%%o wt%,
from about 3638 A7 & WAL IHSh AN S ehertd ARKuEsEwoabars MORBdREBOIE Abeith GThat%, from

about 6000 ab@;t‘?%ghg% ¢1WI?m?ﬁl@b@ﬂﬁﬁd%liﬁbﬁb%ﬁll@@ﬁﬁ%&ﬂﬂgégéﬁds\gﬂgl%eﬁdﬁémgg%mer
composition. [ itives, [1. i ly, t ymer compositions disclosed herein can
comprise at I&s?tﬁeolnea%sdﬁ%?\zié 1}52;{%} ﬁ%‘?‘b@%‘%’%ﬁ% 550/ dBriothHeptinas Gasigmiity,
appearance, QPrgsidapditiermidzdptan8/orgae 6AORMINEI) evitdshdk theopalyaeameampasitions. In some

10 embodimegfseHage polymer compositions do not comprise an additive. Any plastics additive known
to a person of ordinary skill in the art may be used in the polymer compositions disclosed herein.

Non-limiting examsgs of Dytablaiadaisives g weielinpaesisiplasticizer éan%zn&ﬁk%%%%@@ﬁ& v
stablllzelr , c%{%ﬁltgk%glgmirgs, fillers, Igfgrlcants, %tlfogglng agents, flow aids, coupling agents,
SR REShh g AR R p AR s the obiRer SeRasitonstdivslones hetainaomatents,

~ cross-linking agentos
- and combinationgthereefdithmabtapanientiboidias agdeity eSheadanas) HRmpaeuiareatesdhan 0 to

about 80%, f&ms@@%rg&%ﬁ/& {80941 adhesion between touching layers of articles made from the
polymer compositions, particularly under moderate pressure and heat during storage,
manufacture or use. Any anti-blocking agent known to a person of ordinary skill in the art

20 may be added to the polymer compositions disclosed herein. Non-limiting examples of anti-
blocking agents include minerals (e.g., clays, chalk, and calcium carbonate), synthetic silica
gel (e.g., SYLOBLOC® from Grace Davison, Columbia, MD), natural silica (e.g., SUPER
FLOSS® from Celite Corporation, Santa Barbara, CA), talc (e.g., OPTIBLOC® from
Luzenac, Centennial, CO), zeolites (e.g., SIPERNAT® from Degussa, Parsippany, NJ),

25 aluminosilicates (e.g., SILTON® from Mizusawa Industrial Chemicals, Tokyo, Japan),
limestone (e.g., CARBOREX® from Omya, Atlanta, GA), spherical polymeric particles (e.g.,
EPOSTAR®, poly(methyl methacrylate) particles from Nippon Shokubai, Tokyo, Japan and

‘TOSPEARL@), silicone particles from GE Silicones, Wilton, CT), waxes, molecular sieves,
and combinations thereof. The mineral particles can lower blocking by creating a physical

30 gap between articles, while the organic anti-blocking agents can migrate to the surface to
limit surface adhesion.

-36 -



70%, from about 0.01 % to about 60%, from about 0.1 % to about 50%, from about 1 % to about 40%,
or from about 10 % to about 50% of the total weight of the polymer composition. Some polymer
additives have been described in Zweifel Hans et at, "Plastics Additives 20 Handbook," Hauser
Gardner Publicasormso€Zinitinati, Ohio, 5th edition (2001), which is incorporedaduiseraindoy’seference
in its entirety. [119] Optionally, the polymer compositions disclosed herein can comprise a plasticizer.

In general, a plastigizer isg,chemi g Al ibility: ; itansition
‘temperature of o%ﬁersl.\ﬁpflrgg%%ﬁ:%gr %%%\tllr?%ﬁfé%rggﬁggﬁ gjréc%%%%%%%gg% In ?h%%?’? rs:l{tzalﬁilﬂillt)leI added

to the polymencbafpusitons aerydbentiethondrivhhidiun ekewhPlRAOdiprbsiti2 &Y tnfRMe abietates,

adipates, alkyl sylfonsates -55gateBenaPAss 0 Dointnaiest parating: aliates@RWEdsswelicol ethers
and their esters, glutarates, hydrocarbon oils, isobutyrates, oleates, pentaerythritol derjvatives,

" phosphates, bRerEi%es thedets Wﬁ’&@ftﬁﬁ@?@}%ﬁﬁ&%ﬁ?&ft@@bmm REABEE AR

- pyromellgatesedai gbesmped Arieniviativianste al ateq ity idvtiest élsdholTcHaasiatrrdpglasticizers,
hydroxybenzgic acid esters,.isocyapate adducts Iti-ring aromatj 3 ds, natural product
derivatives, Zﬁﬁ%r)llllé:%t}%i %éﬁ%%ggé%%sﬁ%i%%iflsgﬂfa;@%'gtseé?’ﬁra&? szgtgsg gr%%%g@éwg%rﬁ binations
thereof. -38 \®12006¢d GeSAH HCIHHEBLO06/009375 Where used, the amount of the plasticizer in the -
polymer composition can be from greater than 0 to about 15 wt%, from about 0.5 to about 10 wt%, or

from about 1Xel¥®elias wtos of the total weight of the polymer composition. Some plasticizers have

b d ibed j W h, "Handbgok of Plastici ;" ChemTec Publishing,
Toronto-Scarbolblth, 5 CHEHEBEOSRRRIPHS R IRATERLY SOarRITo IEPSBRER YIS0  1n some

embodimentsylilch paly mereanopositidnshdisaipstidsherhinatptiondiolelbmiptiseoinmantiGkidant that can
prevent the oxig

H f | 0 . t . - 't' . A
b \ﬁ#&?ﬁs R éi%éﬁ%%:ﬁ%}?%@@%ﬁ%@@lﬁeﬁgﬂl }er?gdg%ﬁ!['g; epoelmg*%r%(}g)gnpoa ions. Any

antioxidant kﬁo to a person of o In the art may be ad th'e polymer compositions

disclosed hetsigkorpsholinaihigEardrarhpe sabeiathensoubldbantds FrnfroBrdmENe ormRisred
amines such sk idiphenyRmines-RhRaykatieap ity aninenalndhalaalkyl substitised phenyl-a-

naphthylamine, alkylated p-phenylene diamines, tetramethyl-diaminodiphenylamine and the like;
phenols suctF&%en gteRsniemssothofimens e slkens hatifgireane. 4 358U % kg atoms.
4”-hydrosybenzythbesaabodinteitakis] dhetirydemais; ot didsbimtyledrim upasox yloydrobomdasatk dmethane
(e.g., IRGANOXTM 1010, from Ciba Gei ew Y. r@' acryloyl maodifieg,. phenols:
octadecyl-3, -‘gﬁg—]ﬁﬂ?ﬁ?ﬁ hy%’%%fﬁ? 5 aerfnlgalé'\e gge.l,nﬁg g\]ﬁf%sﬁl}\(/?ag% one Optﬁ)e ﬁ‘y&ogen atoms of

the alkene is substituted with an alkyl or aryl. In particular embodiments, the alkene is

ethylene, propylene, 1-butene, 1-hexene, 1-octene, 1-decene, 4-methyl-1-pentene,

norbornene, 1-decene, butadiene, 1,5-hexadiene, styrene or a combination thereof.

20 [116] Any polyolefin known to a person of ordinary skill in the art rhay be used to
prepare the polyrher composition disclosed herein. Non-limiting examples of polyolefins
include polyethylenes (e.g., ultralow, low, linear low, medium, high and ultrahigh density
polyethylene); polypropylenes (e.g., low and high density polypropylene); polybutylenes
(e.g., polybutene-1); polypentene-1; polyhexene-1; polyoctene-1; polydecene-1; poly-3-

25  methylbutene-1; poly-4-methylpentene-1; polyisoprene; polybutadiene; poly-1,5-hexadiene;
interpolymers derived from olefins; interpolymers derived from olefins and other polymers
such as polyvinyl chloride, polystyrene, polyurethane, and the like; and mixtures thereof. In

-some embodiments, the polyolefin is 2 homopolymer such as polyethylene, polypropylene,
polybutylene, polypentene-1, poly-3-methylbutene-1, poly-4-methylpentene-1, polyisoprene,

30 poly’butadiene, poly-1,5-hexadiene, polyhexene-1, polyoctene-1 and polydecene-1. In other
embodiments, the polyolefin is polypropylene or high density polyethylene (HDPE).
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1076, commercially available from Ciba Geigy); phosphites and phosphonites; hydroxylamines;
benzofuranone derivatives; and combinations thereof. Where used, the amount of the antioxidant in
the polymer composition can be from about greater than 0 to 20 about 5 wit%, from about 0.0001 to
about 2.5 wt%, frefreelso1 9001 to about 1 wit%, or from about 0.001 to abadOUsmeebike total

~ weight of the polymer composition. Some antioxidants have been described in Zweifel Hans et al.,

"Plastics Additiv ndb on HAUSEY %ﬁ%ﬂ‘? blications, Cincinnati, Ohio, 5th edition, Chapter 1,
pages 1-140 (ZOeC)%?Which is irrllcorp’oraeted here§§‘§39%P£?§q§%é? AP ORBS LR RNts, the

polymer compbSRiBPUERGbent R ratirolaaralingt dérarisate Witstabitizboth a0 mapbaiesent or
reduce the deglation otiivs pelveie TPRSIRANTEY Y ABIAR AR stabiizer koun to 2
person of Ofdlé‘l@% kil in tl—ge aét maéjbe addeg to the p?’tl%r:}er con;gg‘ztldns IsclosSed herein.
Non-limiting exampra& 3P &20HNE BEPSRISH F8rs ik ftRTe 2Ry &Y ks d Ot ofithe thes vemighessters,
oxanilides, aceflibed®sterspfopnsitividines, carbon black, hindered amines, nickel quenchers,
hindered amines, phenolic antioxidants, metallic salts, zinc compounds and combinations thereof.
Where used, @{eaadlidivaesf the UV stabilizer in the polymer composition can be from about greater

than 0 -39 W0 2006/101915 PCTATS2006/009378 to about 5 wt%o, from about 0.01 to about 3 wt%,
from about 0.1 to'abdut 2 WiBKop iethe BpistRen compastivrsidiselosed eectoeanveightief shgolymer

composition. Somdditie ftaliilizerpbrayve tiagRlascrks tbAneis) Ha iy asiigs Agditves
Handbook," el %ﬁrdner Pug)ications?%ii'ncinnati, Ohio, 5th editio%,?cg%%gb[g?%?%ga%e%gfﬁ’l-426

(2001), which" 5'is Inco r%%lr%latléénheorrefrrl]eﬁl&a%?@lr@ﬁ%ﬁief?f PrPrivine: wmpesiiinantdngnasolymer
composiiins Wiidiseuisetisipdptionediypositiprist acelaipse LpigaIEN: theh £anshangethe look of

the polymer cerpRasions:18n ReBIaR SV S8: colorant or pigment known to a person of ordinary skill
in the art may be addeg 0 the polyme¥r c%%ﬁ%%&%gﬁgﬁls% (gas%gl gﬁrlgiﬁf)%ﬁzlﬁ?ﬁﬁ?ﬂf@%?nples of

suitable 10 cdibsﬁéﬁﬁgd&efﬁﬁm@ﬁfsliﬁémmgbgﬂp@m@@mmmmm@dgmgmmmp oxide,
zinc oxide, andlsitaitioRiddiaxida; BUKRHRCIOPAILES: FRARORLBEK q{ggé%%p%garggpts Such as 5

. 0going
anthraqumon%%waqgwanthr nes, azo and monopazo compound.s, arylami EnZimtiazot nes, BONA
lakes, diketopyHofo-py T oS EABAS: LSS tiaking catRBoti ket ing ARvals comfasumssolitananthrones,
indanthréhes flsoindsivanesssintolives, meabebRaexe hRon B SAI SRR RO!S,

e A B P i s
70%, from about 0.01 % to about 60%, from about 0.1 % to about 50%, from about 1 % to
about 40%, or from about 10 % to about 50% of the total weight of the polymer composition.
Some ‘polymer additives have been described in Zweifel Hans et al., “Plastics Additives

20  Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th edition (2001), which is

incorporated herein by reference in its entirety.

[119] Optionally, the polymer compositions disclosed herein can comprise a
plasticizer. In general, a plasticizer is a chemical that can increase the flexibility and lower
the glass transition temperature of polymers. Any plasticizer known to a person of ordinary

25 skill in the art may be added to the polymer compositions disclosed herein. Non-limiting
examples of plasticizers include abietates, adipates, alkyl sulfonates, azelates, benzoates,
chlorinated paraffins, citrates, epoxides, glycol ethers and their esters, glutarates,
hydrocarbon oils, isobutyrates, oleates, pentaerythritol derivatives, phosphates, phthalates,
esters, polybutenes, ricinoleates, sebacates, sulfonamides, tri- and pyromellitates, biphenyl

30 derivatives, stearates, difuran diesters, fluotine-containing plasticizers, hydroxybenzoic acid
esters, isocyanate adducts, multi-ring aromatic compounds, natural product derivatives,

nitriles, siloxane-based plasticizers, tar-based products, thioeters and combinations thereof.
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the amount of the colorant or pigment in the polymer composition can be from about greater than O to
about 10 wt%, from about 0.1 to about 5 wt%o, or from about 0.25 to about 2 wt% of the total weight
of the polymer composition. Some colorants have been described in Zweifel 20 Hans et al., "Plastics
Additives HandbuoRkHEMSEr Gardner Publications, Cincinnati, Ohio, 5th editanysiapies7d5, pages
813-882 (2001), which is incorporated herein by reference. [123] Optionally, the polymer compositions

disclosed heggjn can comprise a filler which. i ' ' e ight, costs,
and/or technica ]i;)eellr S%i‘n{g%%%l?uﬁm/feﬁh% 5#6%%Q¥2§§%§eﬁr§1éﬁx%gé§r n$§%§5sr§%%1n¥§%5§hg}r§§§ be added to

the polymer #Bcdtpbsitiddsidisclovadbmerds tehomniing exeniisesabpstitiprbdlcrsvifehide talc,
calcium carbonales chalke Galel e pIaNkRONBRIltRAS1AGS D BELailicauiBigan wollastonite.

feldspar, aluminum silicate, ‘galcmm silicate, alumina, hydrated alumina such as alumina trihydrate,
glass microsfReres RaraNtle HrdMAEl it a e RGO RPN Bal REOHR S PRI &rass fibers,

carbon fiperspmpatd e ahds! weesnenindufiored Resinbyoxidesngeagnesium 30 hydroxide, antimony oxide,
zinc oxide, barium sulfate, titanium dioxide, titanates and combinations thereof. In some

embodiments, tfiE2fijler is naviurn subtfadentals, telpniymearadygraitosilidiacigkrdiegtasspiives]lslumina,
titanium diox|gle, ?ﬁﬂ%ﬁﬁgi@ﬁ{ ant J&%%ﬁ%ﬁé’%%a%ﬁ%%ﬁe? ColibdRafOAQR30%:

¥
embodiments, thpe er Is talc, calcium carbonate, barium su ,‘glass fiber or a mixture thereof.

Where used afitiypsdnthearalyaemieempesitipniy ay aaiapsanidmenn the peweraebatdgesnskilthan 0 to

about 80 Wt%, fremaharbOadderab e R cHiapaaRaiitdd de-aherid ONuindferp about 1 to about
30 wt%, or from about 10 to ?bout 40 wt%_of the total wei%fgh(})éﬁggt e polymer, composition. Some

fillers hade bEHPHS ARy h'e FRIBLTaMNE STl e B 4 S8 Afhstics Additives
Handbook," diplisgyléasirdnarhuhlicaitphshyTandien ality] Ohaegbyh seblitivneChapterd7, pages 901-948
(2001), both of which are ingorporated herein reference. 1.0ptionally, th lymer
compositionsnali)\i{c glsaé%“ﬁéraeﬁﬂ%%n B cr%%l |§een%%ﬁbeﬁ’c§%. %thilﬁ%lra ﬁﬂ@%ﬁ%&%ﬁ&é{aaﬁ%ghased, inter

alia, to modiflikttierhhraiotpiottRé-dbitutybdiymaty ibenebsitiohdtircthprodedthis QU atid-rgh of

molded articIg@hﬁﬂg/(%égz}fggg};ggge}Q&Igig%gﬁggg,@g@@@g%p{_pmgnts. Any lubricant known to a
person of ordinary skill in the art may be added to the Eolgmer compositions disclosed_herein.

Non-limifing Bdshssrtmusie imsienqisel Icofbis Bpi (HER GRErHIRYIIC KM esters,
fatty 15 acid estasyighshiiddghrimbplcahalscfagysatidsufaty acicbayoideamanetal.sarmmmligotrieric fatty

acid esters, T Al R 0 A R AN 2 CAR R DR RN MAXES: PANEIRYIE S, waxes,
hydroxylamines; benzofuranone derivatives; and combinations thereof. Where used, the
amount of the’ antioxidant in the polymer composition can be from about greater than 0 to
20  about 5 wi%, from about 0.0001 to about 2.5 wt%, from about 0.001 to about 1 wt%, or from
about 0.001 to about 0.5 wt% of the total weight of the polymer composition. Some
antioxidants have been described in Zweifel Hans et al., “Plastics Additives Handbook,”
Hanser Gardner Publications, Cincinnati, Ohio, 5th edition, Chapter 1, pages 1-140 (2001),

which is incorporated herein by reference.

25 [121] In other embodiments, the polymer compositions disclosed herein optionally
comprise an UV stabilizer that may prevent or reduce the degradation of the polymer
compositions by UV radiations. Any UV stabilizer known to a person of ordinary skill in the
art may be added to the polymer compositidns disclosed herein. Non-limiting examples of
suitable UV stabilizers include benzophenones, benzotriazoles, aryl esters, oxanilides, acrylic

30  esters, formamidines, carbon black, hindered amines, nickel quenchers, hindered amines,
phenolic antioxidants, metallic salts, zinc compounds and combinations thereof. Where used,

the amount of the UV stabilizer in the polymer composition can be from about greater than 0
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polypropylene waxes, natural and synthetic paraffin waxes, fluoropolymers and combinations thereof.
Where used, the amount of the lubricant in the polymer composition can be from about greater than O
to about 5 wt%, from about 0.1 to about 4 wt%, or from about 0.1 to 20 about 3 wt% of the total weight
of the polymer compeositiorriSome suitable lubricants have been disclosed inrdiugitebdtans et at,

"Plastics Additives Handbook," Hauser Gardner Publications, Cincinnati, Ohio, 5th edition, Chapter 5,

pages 511-5 % ' | A rein ference. [125] Optionally, the
polymer comi%éﬁ%%? g?g:%lgggv%ﬂeﬁ%i%?%?nﬂg@? %F?% a%%}s/ gi)l'c 509%?%}1.1[ é’ﬁtjg/?a&m antistatic

agent can incfBa¥E théo cbrBLLtvily Sfthseqsellyreieht ebhppsiioms enmiptmipiey histdliv charge

accumulation sy ARSEiele AQI KAGUITHD: ReiRa IR Of 1R Al iphe My he-added to the
polymer com@égtijon?,‘%gclqsed herejn. Non-limiting examgles of suitable antistatic agents include

conductive fillBra (&g "RAFRBIISh e AE AP Bl sdiiRn otheptes Relnegrsc HhrtRde2) Moty esters
(e.g., glyceroliShempoostddratd), wthefydated alkylamines, diethanolamides, ethoxylated alcohols,
allcylsulfonates, alkylphosphates, quaternary ammonium salts, alkylbetaines and combinations

thereof. Where ub@d] the dmutheo Pawdimistatibagelytier thenpolytioas dnoipeditioniaapiasdly WO

2006/101915 fBhapAtS2Q06 k0083 fanftanmabaut areater ihan O 1;about 5 wt%, from about 0.01 to
about 3 wt%, .or from about O.l&f?);gn{tmut 2 wt% of th% totgg\l/@éi%ﬁhgﬁj ﬁ:ljgnﬁ%l§?nmé%°88Wfbgot§tion. Some

suitable antisPARALGSHt WO lowaH ofisbrowat inormdralnasas of eldinPipstitismiidivesakiaadbook,”

‘Hauser Gardnigeolieqioniae{doeipnaaions Qigssibaerilan. GhaRiGihY RAA6R £6rsG48,(2001), both 5
of Whichu:}lre [ qg@ggated here{g}ib r%ference., 1261 In further embodiments, the polymer

compositions disclosed R&Tem op?lxc} 1B RS kAR Mg Al den sickoss Benuddso increase
the cross-linki#is gwidsitgndftitaaiyolfinedcontpaisitienisoAdus Qass:liBiiag AYemt KIaNROaRsEsON Of

ordinary skill ip#h ﬂﬁoﬁ%@%ﬂ&ﬁﬂﬁ%ﬂé@ AQ lymer compositions disclosed herein. Non-limiting
examples of 10 sgﬂable crbss-linking ag’en(t?sa{?}(lac u%%)%zr%gnrflcp Blé?%%agi ! ‘??’g?ﬁ%‘ﬁ@f]@%ﬂ%%e,saryl

peroxides, pEORYelss dietisrysnipunatelss.dlivsirasoxitesy penmoeiakianid cyalipparaxides) and

silanes (e.g., SanyttiroatecxiaiansnainuiriatmslansinvisRmethassthoxysiane, |
and 3 methacryloyloxypropyl nme?ﬁoxystﬁane).

Where tSecd, T A R U e GEHARAL A o4 -Be R empei ety bxsteam about
greater than OytewboutLQuinksritfomsaialgubptatabeyl, lBddsmhdRR AR teaRRUILE W% of the
total weight %U%B%@F&e colorant or pigment in the polymer composition can be from about greater

than 0 to about 10 wt%, from about 0.1 to about 5 wt%, or from about 0.25 to about 2 wt% of

the total weight of the polymer composition. Some colorants have been described in Zweifel

20 Hans et al., “Plastics Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio,
5th edition, Chapter 15, pages 813-882 (2001), which is incorporated herein by reference.

[123] Optionally, the polymer compositions disclosed herein can comprise a filler

which can be used to adjust, inter alia, volume, weight, costs, and/or technical performance.
Any filler known to a person of ordinary skill in the art may be added to the polymer

25 compositions disclosed herein. Non-limiting examples of suitable fillers include tale, calcium
carbonate, chalk, calcium sulfate, clay, kaolin, silica, glass, fumed silica, mica, wollastonite,
feldspar, aluminum silicate, calcium silicate, alumina, hydrated alumina such as alumina
trihydrate, glass microsphere, ceramic microsphere, thermoplastic microsphere, barite, wood
flour, glass fibers, carbon fibers, marble dust, cement dust, magnesium oxide, magnesium

30 hydroxide, antimony oxide, zinc oxide, barium sulfate, titanium dioxide, titanates and
combinations thereof. In some embodiments, the filler is barium sulfate, talc, calcium

carbonate, silica, glass, glass fiber, alumina, titanium dioxide, or a mixture thereof. In other
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composition. Some suitable cross-linking agents have been disclosed in Zweifel Hans et al., "Plastics
Additives Handbook," Hanser Gardner Publications, Cincinnati, Ohio, 5th edition, Chapter 14, pages
725-812 (2001), both of which are incorporated herein by reference. 20 Preparation of the Polymer
compositions [1¥A) TWeingnédients of the polymer compositions, i. e., the etirylensiasciaies

B interpolymer, the anti-blocking agent, and the optional additives, can be mixed or blended using

methods knoyi 16 RR(saR alirdnaty skillin te otk releablmelhads el can Rravide a

substantlally%omogeneéus strlbutloﬁ 0 cKing agent and|

ethylene/a-oléfiredfiteMsipresd.Nanatiaimi g fcha e in dhepitableriskmbdstion ean ba diprelalrardry
blending, melt. bleRdiRg 03055 RIEAHNG S EHGIRE, 1BRABDE: Btewthh 28140 20MD SRRMIMEH!S,

physical blendlng devices that provide dIS ersive mixing, dlstrlbutlve mixing, or a combination of

dispersive aﬁﬁtérsffﬁBhWH&ﬂﬁ’%%ﬁBé”%s@ﬁﬁrw Adorsoisdonstia didrdo B Pieh and
continuogs fﬂﬁé@ﬁ%@f rabm‘p@@ha@ tﬂ@ﬂﬁ'ﬁﬂe@ﬁﬂab&bb%ﬁ%é\dﬁ@euﬂﬂmg @amplas ojlbasmslnods

include thOS S usm ag %J 9 (¢} UI anesgt Rohcal%lNo S, 1nnat1,
CENTER(r) AT &h f}l ensacﬁ 5’3
BANBURY™ mhmrﬁhmdamg Qzﬁmﬂlmﬁ@as@ma%mzww)swh@m@g&mmmmmﬁm@mIable

from Farrel éb\nsonla Conn.) equipment. Non-limiting examples of continuous methods
include single'screw extrudlng twin screw extruding, disk extruding, reciprocating single screw

extruding, and pjparrel deiﬂlsrﬁggewl@myﬁi&gc&a §QH&§ME%¥&&B&%@$§M@§&C3H be added
into an extruder throu h a feed hopper.or feed 5 thro t during the ex e ethylene/a-olefin
interpolﬂher,l‘('l}?gcﬁmy s o h‘@epﬁ]) EhRS S Hmf"h‘épﬁ’ngaﬁﬁoéh%ﬁﬁﬁﬁ %’%ﬁ‘?ers by
extrusion hasbden ﬁﬂm&bemm1®aﬁw&nﬂmah {iRalyiface Eﬂxhsﬂndl&éémsml@uhh@oets New York,

NY: pages 322334 (ARl ANEN Isinsearated herein lstenes. ApRlsatans Al it Romer

composmon mer compo t ISCIO eremn can to manutacture

durable articleigldn the %Umﬁ cbﬁ\peideémhmtéwnm@ammsmw ér‘fdlb%f@é?%@@ serdigaitingppliance,
business machine,jangk coRMBGLAIAHKER A SO £HRNLURE MSir e PIYIRI . GARASIiDRS are

used to manufacture flexible durable parts or articles selected from toys, gsﬁps soft touch handles,
bumper Hib ﬁ%sf%ﬁﬂﬁﬁ?r&%lﬂé&oﬁ?éﬁsf%ﬁé@%“ Eaftreadd PRI GFap %‘?ﬁ%ﬂl‘é&\“}'ags
seals, gasketsgcaligiteas ﬁ&aﬁlﬁ@@ést&ymaﬂmwsﬁatsmmlgmm@dw& bulvyikyléasciaxeyll

components, rOICk p%?e%%l%ab(gss en%’nyrgina%ﬁ syn{ﬁetlc paraffin waxes, fluoropolymers and combinations
thereof. Where used, the amount of the lubricant in the polymer composition can be from
about greater than 0 to about 5 wt%, from about 0.1 to about 4 wt%, or from about 0.1 to
20  about 3 wt% of the total weight of the polymer composition. Some suitable lubricants have
been disclosed in Zweifel Hans et al., “Plastics Additives Handbook,” Hanser Gardner
Publications, Cincinnati, Ohio, 5th edition, Chapter 5, pages 511-552 (2001), both of which

are incorporated herein by reference.

[125] Optionally, the polymer compositions disclosed herein can comprise an

25  antistatic agent. Generally, the antistatic agent can increase the conductivity of the polymer
compositions and to prevent static charge accumulation. Any antistatic agent known to a
person of ordinary skill in the art may be added to the polymer compositions disclosed herein.
Non-limiting examples of suitable antistatic agents include conductive fillers (e.g., carbon
black, metal particles and other conductive particles), fatty acid esters (e.g., glycerol

30  monostearate), ethoxylated alkylamines, diethanolamides, ethoxylated alcohols,
alkylsulfonates, alkylphosphates, quaternary ammonium salts, alkylbetaines and combinations

thereof. Where used, the amount of the antistatic agent in the polymer composition can be
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supplies, seals, liners, diaphragms, tubes, lids, stoppers, plunger tips, delivery systems, kitchen
wares, shoes, shoe bladders and shoe soles. In other embodiments, the polymer compositions can be
used to manufacture durable parts or articles that require a high tensile 20 strength and low
compression seWVihA@rmevEmbodiments, the polymer compositions can be reedsmovasyatacture
durable parts or articles that require a high upper service temperature and low modulus. [130] The

polymer compggitions g%&%etga%e&t&%%ﬁpﬁlWﬁ%&%@@é 9 DRI BLR SRS W Ba ARl mer

processes such as extrusion (e.g., sheet extrusion and profile 25 extrusion), injection molding,

molding, rotdtighemtAcitingf theddstdweisbicdihtienalaner aprenasiiioan fomprotae ByiviHien a polymer is

propelled copligionshk pleRdisRERMHIIRMEN Hagionsok piak e mperal e and RS SHRWhere it is
melted and comi)acted, and finally forced through a_die. The extruder can be a sin%ﬁﬁé:rew extruder,

a multiple scfERRHRLCaE RSB HGaE, YHe: AIRPEPRaERaRive HePasss 6672 BRI film die,
sheet dig, pipé witcB4duRiogcligdrefildexfusiar.die. The extrusion of polymers has been
described in C. Rauwendaal, "Polymer Extrusion”, Hauser Publishers, New York, NY (1986); and M.J.
-43 WO 2006/1013415 PCInfisnteosagbnenisttheardytEx nerdpesitiimsiditdoasdiOparantpnaiBisevier

Applied Sciepge ublsiers et ot Y L) AU ALMAER KR RORRBEAAPIERDY eference

in their entirety. [131] Injection molding is also widely used for manufacturing a variety of plastic parts
bioiml s

for various apphEBERTSIIASHImEr AT BessHNBRIAEIE AN lR SPBP W EATAiRAK fkEl 15 tRe HEited and

injected at higlaresadee i01BLpBIPIe Wbisholshe: imdekse Dhdhand esiethshiapextanisieoparts of the
desired shape aq)i size.rlih .mold can be made from metal, such ﬁteel and alu inum.dThe
injectiorl ol SHIGRT SRR BAE B P BAE AR FPEioxtisher ! RSt b RESH S Molcing:

Process, DegigroxgesteSimeriaticarbdatesadiasaiphexidspitatipghsalSimcimyatic @hio (@80 29dwhich is

incorporated herei r n | ' : ing .l | hich a
polymer is msglg%é‘g%g% ]’e%ﬁﬁg %%ﬁ%%sg\i/vgﬁ%igﬁ f@%&éﬁ%ﬁ%@fﬁ?&%ﬁ?ﬁgé%%%%(?@srgxgg{rts of the
desired shapeiziiagetoxyibiaemyiedmpbydiastherssdase. sissiure-assisted. The molding of polymers
is described inefansrésrsplishnMRiRiAduaER e Ziasies thi iRy GHuYVelanahiGRIBRRAY. PP.
161- 15 165 ( 2003), which is incorporated herein by reference. 133%&30tatlong(lﬁrc1ﬁ;rg}|dm% IS rilﬁ)rocess
generalli? usétl 5 BHSHSEIrRIIRSITINTLTAL B8 HHBRRA AL BResat FOSEfatTRg ¥ itions,

complex compebeits Lamher from about 1 to about 10 wt% of the total weight of the polymer
composition. Some suitable cross-linking agents have been disclosed in Zweifel Hans et al.,
“Plastics Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th edition,

Chapter 14, pages 725-812 (2001), both of which are incorporated herein by reference.

20  Preparation of the Polymer compositions

[127] The ingredients of the polymer compositions, i.e., the ethylene/a~olefin
-interpolymer, the anti-blocking agent, and the optional additives, can be mixed or blended
using methods known to a person of ordinary skill in the art, preferably methods that can
provide a substantially homogeneous distribution of the anti-blocking agent and/or the
25  additives in the ethylene/o-olefin interpolymer. Non-limiting examples of suitable blending

methods include dry blending, melt blending, solvent blending, extruding, and the like. |

[128] In some embodiments, physical blending devicés that provide dispersive
mixing, distributive mixing, or a combination of dispersive and distributive mixing can be
useful in preparing homogenous blends. Both batch and continuous methods of physical

30  blending can be used. Non-limiting examples of batch methods include those methods using
BRABENDER® mixing equipments (e; g., BRABENDER PREP CENTER®, available from
C. W. Brabender Instruments, Inc., South Hackensack, N.J.) or BANBURY® internal mixing
-4 -



produced as effectively as other molding and extrusion techniques, Rotational molding differs from
other processing methods in that the heating, melting, shaping, and cooling 20 stages all occur after
the polymer is placed in the mold, therefore no external pressure is applied during forming. The
rotational moldirigj®tgelyitsess has been described in Glenn Beall, "Rotationst MaicingooDesign,
Materials & Processing," Hauser Gardner Publications, Cincinnati, Ohio (1998), which is incorporated

herein by refesgnegimitBSVUEHAIL IO I%igg e used for making hollow plastics
~containers. The process r%gtfilnclte}desﬁé&lacingég]go t ne%(f;l %lgfﬁpn%’rgr?l}ﬁ@ %%W&egf'aﬁvﬁ%#d‘,nfﬁﬂﬁting the

polymer agairfSeRRiHSIePRiRowitActhefeinpivd eainebosdiyi ngtthénpdsic sty westindinghiise are three
general typesihiing, moisingiiayslendiionemalting dnisaiaaRiowmOng, and slietgh blow

molding. Injecti%etél%\gmolding can_he used tQ process polymers that Cannot be extruded. Stretch

blow molding an be PRI EBISAPdS atdn o expidm hisiesp ol ferd homeserciseds
polypropyienehPaedpting thotdingsohpdimetsyhas/bagerideseia fis:NREPaR fefik 6mhd nderstanding

Blow Molding,.; Ryblications, Cincinnati, Ohio (2000), which is incorporated herein by
reference in |t%0eb!r?#§e%¥/n§§ig\ﬁ% Z%éﬁﬁlfsfg% }ﬁ%%g/gé%%%e%w hashrvdrs&edmples are

R

presented to &kEriiyeidasbdifndrirerolthesiovdntenseARublisteric AlaralViesk AN apjexinmis 4 When

numerical rangesare/aiMeR itlcpor PEHIESIoRL gt embodiments outside the stated ranges may
still fall within the scope of the invention. Specific details described in each example should not be

construed as Beaksanfiha®sBesef tbepavaigian. EXAMPLES Testing Methods In the examples
that follow, the following analytical techniques are employed: GPC Method for Samples 1-4 and A-C

to [136] Xn autort@@d liquichhpelsitieg cabpostoippistinitd Achentad beadle BahiauheRe is used to add
enouh 1,2 ehlerahenesiensghlie w1 300,00 1916110 £ah dried polymer sanple 0 give a

final concentration of 30 mg/mL. A small glass stir rod is placed into eac mples are
heated to 16GEMARSH BT E%SH Rashingetndronaimasiakarkestaiingoatexs0bruimeTite thopabmnicated polymer

solution is themrbfodilitiackte dsengdmiaisinghe mueBalasbIaHAEHRG dhokanfdns feated needie
olecu

0YS
set to 160C. [137] A .Symyx Rapid GPC system is used to determine the molecular weight
énps,] sof? t\éuch)%anad?es, bumper);u% strips, floorings, auto floor mats, wheels, cz:1s‘cers?§rr1

15 furniture and appliance feet, tags, seals, gaskets such as static and dynamic gaskets,
automotive doors, bumper fascia, grill components, rocker panels, hoses, linings, office
supplies, seals, liners, diaphragms, tubes, lids, stoppers, plunger tips, delivery systems,
kitchen wares, shoes, shoe bladders and shoe soles. In other embodiments, the polymer
compositions can be used to manufacture durable parts or articles that require a high tensile

20 strength and low compression set. In further embodiments, the polymer compositions can be

used to manufacture durable parts or articles that require a high upper service temperature and

low modulus.

[130] The polymer compositions can be used to prepare these durable parts or

articles with known polymer processes such as extrusion (e.g., sheet extrusion and profile

25 extrusion), injection molding, molding, rotational molding, and blow molding. In general,
extrusion is a process by which a polymer is propelled continuously along a screw through
regions of high temperature and pressure where it is melted and compacted, and finally forced
through a die. The extruder can be a single screw extruder, a multiple screw extruder, a disk
extruder or a ram extruder. The die can be a film die, blown film die, sheet die, pipe die,

30 tubing die or profile extrusion die. The extrusion of polymers has been described in C.

Rauwendaal, “Polymer Extrusion”, Hanser Publishers, New York, NY (1986); and M.J.
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data for each sample, A Gilson 350 pump set at 2.0 ml/min flow rate is used to pump helium-purged
1.2-dichlorobenzene stabilized with 300 ppm lonol as the mobile phase 20 through three Plgel 10

micrometer (um) Mixed B 300mm x 7.5mm columns placed in series and heated to 160C. A Polymer
Labs ELS 1000 b&eatoniwused with the Evaporator set to 250C, the Nebulizer selotedfP5fs, and the
nitrogen flow rate setto 1.8 SLM at a pressure of 60-80 psi (400-600 kPa) N2. The polymer samples

are heated togl&RQL: & inj into a 2 | loop using the liquid-handling robot 25 and
a heated needle. S%?iﬁﬁ%%;siﬁlg}%%fsp@grﬁgﬁrgﬁ%n Ie%%l% ] t%@ﬁé?&&%@ﬂ’?cfd’ﬁgsgﬁﬂ lapping
injections are E%’@‘d.l‘%@%%ﬁ%q&@luafmm&t@drammhwmum@emmapeﬁmy{ software.
Peaks are manui:llg/hwtegr ted and the molecular weight information reported uncorrected against a
polystyrene standard calibrBfSReAURAdIRg LAl aVidRly wrd fovaneaaiss) Bismctipgsdistributions

are determineuiiyforystadizaiphcatialysit faetanaio (-RYFHAD H5ipRa Wﬁéﬁ%ﬁ%@i&g‘z
ved ih 1.2,

commercially ayal fram. PolymerChar, Valencia, Spain. The samples are dissol\
trichIorobeganzé%ﬂ?%%g\al\}geﬁggé%ﬁ PESET QA8 60%Aish 1y g dnysrenatigmiesited shipeand
stabilized at 93or8Y pBthAtRedssited SaprpiintsirenPer aiviesaroboniRM @S 1230Guak 36aQling rate of

0.2C/min. An infrared;f@teciok iR s shin MNEASY olymer solution concentrations. The cumulative
soluble concg%tgration IS measuréléd as the pﬁgm@%ﬁ% |'§1Sesev‘?llt11|}|11 Sﬁ%ﬁ’? famiePecreased.

The analytical WEREH B e ddpidiag R oref et enhsshimioh AHabwar@ngdistribution of the

polymer. [139dblieaGRY Shivmpmalolataotal BNt SiRApsIdentlisd Ry, s Hegk analysis module
included, ] thgng,eYSTAF Software (Version 2001.b, PolyrrnBerChar, Va%eg?/é?g?ré)f)cgihs.l he CRYSTAF

peak finégr]\g routing identifies a peak temperature as 10 a maximum in the dW/dT curve and the area

between the largggppositiygafiections on, either side of the identified peak in the derivative curve. To
calculate the cé’@s AF cur(i/e,%e g]r%%%lgda Brocessing' gpaeh?é’ﬁé%eﬁﬂémﬁ’%%%?&ﬂﬁe limit of

70C and witPelodtinkgsihednvetes oEibe vesire dhampetatform anits @ff €hi dasiebbelape they dpgperature

limit of 0.3. 1:BEEsantMadiad (Exphuding Samples,1-4 and AL) [140] Differential Scanning
Calorimetry r ult%are termined using§a TAI_model Q;oo‘é@%%gé’gg%ﬁfé‘ \S/vﬁﬁ?%?ﬁrﬁi?@subooling
accessory an%saglsf QL% | e‘?_n Antroduction to Plastics,” Wiley-VCH, Weinhei, Germany, pp. 161-

15 165 (2003), which is incorporated herein by reference.

[133] Rotational molding is a process generally used for producing hollow plastic
products. By using additional post-molding operations, complex éomponents can be
produced as effectively as other molding and extrusion techniques. Rotational molding
differs from other processing methods in that the heating, melting, shaping, and cooling

20 stages all occur after the polymer is placed in the mold, therefore no external pressure is
applied during forming. The rotational molding of polymers has been described in Glenn
Beall, “Rotational Molding : Design, Materials & Processing,” Hanser Gardner Publications,

Cincinnati, Ohio (1998), which is incorporated herein by reference in its entirety.

[134] Blow molding can be used for making hollow plastics containers. The process

25 includes placing a softened polymer in the center of a inold, inflating the polymer against the

mold walls with a blow pin, and solidifying the product by cooling, There are three general

types of blow molding: extrusion blow molding, injection blow molding, and stretch blow

molding. Injection blow molding can be used to process polymers that cannot be extruded.

Stretch blow molding can be used for difficult to blow crystalline and crystallizable polymers
30 such as polypropylene. The blow molding of polymers has been described in Norman C.

Lee, “Understanding Blow Molding,” Hanser Gardner Publications, Cincinnati, Ohio (2000),

which is incorporated herein by reference in its entirety.
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nitrogen purge gas flow of 50 ml/min is used. The sample is pressed into a thin film and melted in the
press at about 175C and then air-cooled to room temperature (25C). 20 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. Thedrmomalibshavior of the sample is investigated with the folpewinshigenaesature
profile. The sample is rapidly heated to 180C and held isothermal for 3 minutes in order to remove

any previous th | histqry. The sample is.then cooled to -40C at. 10C/min, cooling rate 25 and held

at -40C for 3 muﬁ?ﬁ The?ggr% e‘)\f}snﬁﬁexr?%lﬁeaaetgrisgﬁt%?é? i’ff@ﬂlﬁjﬁ' eﬁ@ﬁﬂﬂﬁeﬁgf e cooling and

second heatityauives/siemecoicé dafdes BT S Dare iVigpeakisicabasgeedragites, iaximum in

heat flow rat ' i ine et - end. of.melting. The
Snblie iR eRRachip B JIRERARRINCASURPRINESR I U SRR

heat of fusion Is measure e area under the melting curve e an end of

melting usingfePnAeaMs BN 480400 detds 111ed ip earhus 200000987 80P combtedds

(Excluding Sagpies-drédanss HréklAddiibhe gel permeation chromatographic system consists of
either a Polymer Laboratories Model PL-21 0 or a Polymer Laboratories Model PL-220 instrument.

The column and carousel compartments are opexai®tPaifisio C. Three Polymer 5 Laboratories
10-micron Mixed-B columns are used. The solvent is 1,2,4 trichlorobenzene. The samples are
prepared at a concékrytingMetiodsgrams of polymer in 50 milliliters of solvent containing 200 ppm of

butylated hydroxytojyenec(BlFds amiles, ks ﬁﬁm@%ﬁa{ﬁw&{@zﬂqﬁ@mfe&gw& at 160C. The

injection volume used is 100 microliters and the flow rate is™1.0 nil/minute. to [1431 Calibration of the
GPC column@gﬁwﬁ%ﬁmﬁlﬂlﬁ‘éﬁ%ﬁrﬁolecular weight distribution polystyrene standards with

moleculas weigh$3gngingA#r anfoaBfeinigiA0ALA0: ardooeshipred cagkiaibmixiuas withat least a

decade of ion bet individyal molecular weights. The st hased f |
Polymer Labd B e SN ) P SR S AL A1 S0LSETBAPHEH 0,025 arams in.
50 milliliters chshkmesmt folymetesulplewegiits Sqalaloimartgtaater #ang/mDO0\GAMBriekd.05 grams in 50
millers of sqlyep fon MAIPEHIRLFRLS o AR, 0RO AQRTHA ARMSHYTSRE Siadards are

dissolved at 80C with gentle agitation for 30 minutes. The narrow stan S mixtures are run first and

in order of deks@igdiREPHrytshaier rotating at 250 rpm. The concentrated polymer solution is then
15 diluted to 1 mg/ml using the automated liquid-handling robot and the heated needle set

to 160°C.

[137] A Symyx Rapid GPC system is used to determine the molecular weight
data for each sample. A Gilson 350 pump set at 2.0 ml/min flow rate is used to pump
helium-purged 1,2-dichlorobenzene stabilized with 300 ppm Ionol as the mobile phase

20 through three Plgel 10 micrometer (um) Mixed B 300mm x 7.5mm columns placed in
series and heated to 160°C. A Polymer Labs ELS 1000 Detector is used with the
Evaporator set to 250°C, the Nebulizer set to 165°C, and the nitrogen flow rate set to
1.8 SLM at a pressure of 60-80 psi (400-600 kPa) N,. The polymer samples are heated
to 160°C and each sample injected into a 250 pl loop using the liquid-handling robot

25 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.

Standard CRYSTAF Method
30 [138] Branching distributions are determined by crystallization analysis
fractionation (CRYSTAF) using a CRYSTAF 200 unit commercially available from

PolymerChar, Valencia, Spain. The samples are dissolved in 1,2,4 trichlorobenzene at
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molecular weight component to minimize degradation, The polystyrene standard peak 20 molecular
weights are converted to polyethylene molecular weights using the following equation (as described in
Williams and Ward, J. Polym. Sci., Polym. Let., 6, 621 (1968)): Mpolyethylene = 0.431(Mpolystyrene)
1144] Polyethyleve mgerialent molecular weight calculations are performed esingsMisgeieksl riISEC
software Version 3.0. 25 Compression Set [145] Compression set is measured according to ASTM D

395. The sa [ are ckin A mni di r round discs.of 3.2 nun, 2.0 mm, and 0.25
mm thiCkﬂG@%’[ﬁO&g {;ﬁlﬁﬁf{]ﬁ%&éﬁi}w&:ﬂs %ﬁé&:ﬁ&tﬁﬁ?ﬁi@ ﬁrem |‘§%§' ;Fgecsm r(1)1|r"r1“r2‘)12.7 cm x12.7 cm
compressiorfempkistrpiaguesironl 36 dovifCehatprbing et (RClmwiAg BEaedditorisr zero pressure

for 3 min at 190C, fgllowed b 86 MBRAR 24N ALIRIGsolqwed by, aoolpgifside the press with
cold running water at 86 MPa. -47 WO 2006/101915 PCT/US2006/009378 Density [1461 Samples for

density meaSOPePRBRYAR S Shepared Ak RANG S Kestallitss 1998 thademsarervenis are made within one

hour of sample:rEgssinphysingyASHT Wi a8e dYiehadiilbivd prorial/ Racantid erbusiaptorage Modulus

[1471 Samples are compression Ideg using ASTM D 1928. Flexural and 2 percent secant moduli
are measure %‘5@8}%%%% Rﬂg% 4 Brage modulus is measured according to ASTM D

5026-01 or equiMalent techpi i ' Films of m thickness are

compression m@éﬁéﬁd usi%&%ﬂ%ﬁggﬁﬁg %%%ga%di?&?ﬁﬁc% h,n?;s are placed

between poRp@ifEfg&E e e Frobbd dh BiSPHovaeVsssiosi alyroeL , followed by

1.3 MPa for §apiReianshien 21 MPASoRB pein- ﬂﬁ@ngglmdﬁﬁbm&ﬁwgg %»@albﬁ:xﬁfﬁ?aﬁui@igg running cold
R

water at 1.3 MPa for 1 min. -l,-ﬁlhélj‘e’ compression molded films are used is Tor optical measurements,
tensile B&haiBi YR/ AYV b clrvg nd i frae DY T Remath, LReas RSTHBG BEIRRF R 9% ardner
Haze-gard asigpesifiedfitheAdehiified péA6in ]y glossisyachsturdlasing BXKGaEiner Glossmeter
Microgloss 4gur€vi§, ﬁ%e&é'f%%éﬁ 1')A‘r§cg§41r?g_ %gr%eters are with a temperature limit of 70°C and

with smoothing parameters above the temperature limit of 0.1, and below the

temperature limit of 0.3.

15 DSC Standard Method (Excluding Samples 1-4 and A-C)
[140] Differential Scanning Calorimetry results are determined using a TAI
mode]l Q1000 DSC equipped with an RCS cooling accessory and an autosampler. A
nitrogen purge gas flow of 50 ml/min is used. The sample is pressed into a thin film
and melted in the press at about 175°C and then air-cooled to room temperature (25°C).
20 3—10mg 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
25  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.

[141] The DSC melting peak is measured as the maximum in heat flow rate
(W/g) with respect to the linear baseline drawn between -30°C and end of melting. The
heat of fusion is measured as the area under the melting curve between -30°C and the

30 end of melting using a linear baseline.
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20 [1511 Internal haze is measured using BYK Gardner Haze-gard based on. ASTM D 1003
Procedure A. Mineral oil is applied to the film surface to remove surface scratches. Mechanical ‘
Properties - Tensile, Hysteresis, and Tear [152] Stress-strain behavior in uniaxial tension is measured
using ASTM D 229@B1emdtfotensile specimens. Samples are stretched witlranviissinenoas 00 % min-'
at 21 C. Tensile strength and elongation at break are reported from an average of 5 specimens. [153]

100% and 300% H@%rgﬂ%g?‘ ‘f@é%m ﬁ]g égt%%%ﬂ% quaddj{l_g:éo 100% and 300% strains using ASTM

D 1708 microtensile specim an Tm 30 instrument. The sample is loaded and unloaded
at 267 % min' fdd 42tyclesThe zel oormspting hpranainsiblic SU09s spesBOCEHEsbmIAb@EUSINg an
environmental6Hamhe MARIWQ A6 A 0ISARAGTASRR06/A9378 21 the S G expriment, the

sample is allowed to equilibrate for 45 minutes at the test_temperature before testing. In the 21 C,’
300% strain &/ORISHISARLR! CARPEURHY arepRstated 350H) StrahlRoRPHEirst unloading cycle is

recordeds PelabnutetavemnninralMixpbBosnismrercatedlated suvadiie ficst unloading cycle using the
strain at Whi(ilhc E}]e g.bload retl,trned to fhe base line, The erce;(nt reco ﬁr IS defil%ed as: %Re cov cry =
W

er5x 100 arwnare afiethe gﬁg?rﬁn{)a?gear{qulrfe&%ﬁ% %% n%lé;eélnr tlsosn ig'thie %&?g}%%vﬁg%n%ﬁre load returns
to the baselimedarilditére diStalvdobelingiving 80015t Sfrewylntdeatiorxigaivens (BET At 50 percent strain

and 37 C ford,iuia. Wsiaaan stionTiniosuumentenuigped wiban.enyanmental chamber.

The gauge geometry was 76 mm X in X 0.4 mm. After equilibrating at 37C for 45 min in the :
environmenti#fehisrhferigielidennmid hadetiettisd Hmilbdnstitain at 333% mii 1. Stress was recorded

as a function of ime for 1 urs. The percent siress relaxation after 12 _hours was calculated using
the formula: 15 wéress %t{%}]oftﬁﬁﬁfg opes er@ef_g?glﬂﬁ Y8U L 889 strain at O time and

L12 is the loasbhicblampecign ditndbutafbarol @ tirent st{ddbjsTeitbiteciatdhed dahtsexpgitiments are carried
outon Sampliggnlpggﬂ‘lg §,400,000, arranged in 6 “cocktail” mixtures with at least a decade of

separation between individual molecular weights. The standards are purchased from

Polymer Laboratories (Shropshire, UK). The polystyrene standards are prepared at

15 0.025 grams in 50 milliliters of solvent for molecular weights equal to or greater than
1,000,000, and 0.05 grams in 50 milliliters of solvent for molecular weights less than
1,000,000. The polystyrene standards are dissolved at 80°C with gentle agitation for 30
minutes. The narrow standards mixtures are run first and in order of decreasing highest
molecular weight component to minimize degradation. The polystyrene standard peak

20 molecular weights are converted to polyethylene molecular weights using the following
equation (as described in Williams and Ward, J. Polym. Sci., Polym. Let., 6, 621
(1968)): Mpolgethytene = 0.431(Mpotystyrene)-

[144]} Polyethylene equivalent molecular weight calculations are performed

using Viscotek TriSEC software Version 3.0.

25 Compression Set
[145] Compression set is measured according to ASTM D 395. The sample is
prepared by stacking 25.4 mm diameter round discs of 3.2 mm, 2.0 mm, and 0.25 mm
thickness until a total thickness of 12.7 mm is reached. The discs are cut from 12.7 cm
x 12.7 em compression molded plaques molded with a hot press under the following
30 conditions: zero pressure for 3 min at 190°C, followed by 86 MPa for 2 min at 190°C,

followed by cooling inside the press with cold running water at 86 MPa.
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density of 0.88 g/ce or less using an Instronfm instrument. The geometry consists of a 20 gauge
section of 76 mm x 13 mm x 0.4 mm with a 2 mm notch cut into the sample at half the specimen
length. The sample is stretched at 508 mm miri 1 at 21 C until it breaks. The tear energy is calculated
as the area undavatreostresgselongation curve up to strain at maximum load P& esmoagesikat least 3
specimens are reported. TMA 25 [156] Thermal Mechanical Analysis (Penetration Temperature) is
conducted on 30 digmeter x 3.3 mm thick, compression molded discs, formed at 180C and 10
MPa molding pres UFBY6r 5 minutes and then air guenched. The instrument used is a TMA 7, brand
available from Fiih-EInmiretfotdensiyprepansitett emmenagiacaprdipgiedS1d4dA16) is applied to

the surface gigihe samMAIGAsGUNHDLME:T s 3BdEa 6{%&; isedRLRGMIDTiem25C. The
probe penetration distance is -49 WO 2006/101915 PCT/US2006/009378 measured as a function of

temperaturem@é@eriment ends when the probe has penetrated | mm into the sample. DMA [1571
Dynamic Mechanical Analysis (DI' I§ measured mpression 5 molded disks formed in a hot
press at 180C at 16" Wﬁ%‘%’é‘?ﬂfm&%ﬁﬁﬂ% 5§%$n1§$ﬁf§luswater cooled in the press at 90C | min.
Testing is condjt#s usingaampRREScaopiesioo st inegrestEM TALRRSrJiisante) asgidipped with dual
cantiever fiures, Q1 AQTSIONRANhAEA b Plegc b peRssedandiiu aabar of dimensions

32x12mm. T The sample is clamped at both ends between fixtures separated. by 10mm (grip
separation Amcasdeduisioadins o dridddaivB2eHper aguieakisiishBigie100C to 200C (5C per step). At

each temperature the torsion modulus G' is measured at an angular frequency of 10 rad/s, the strain
amplitude being maREGR 8198EHEE 0.1 percent and 4 percent to ensure that the torque is sufficient
and thatighe megm8pmMenFigmaitGdirinahitbrisearregimesddbaijoRirdnitiagstaticesse of 10 g is

maintained ( 8%%%??\%0&1@9%? ér?%?_b%\{ St %ﬁ%ﬁﬁ%@&gé@%&ggﬁg&ﬁhermm expansion occurs. As a

consequence, the grip separ InCrease the temperature, particularly above the melting or

softening poipelyfetnefivotyetierlezmsitetsThratassat JH Lot poicRitA dtpmidhiseratu falewed when the gap
between the §§tHBQ§If%%p§§n§§ cmj:pthen 2.6 MPa for 3 min. The film is then cooled in the press

with running cold water at 1.3 MPa for 1 min. The compression molded films are used

15 for optical measurements, tensile behavior, recovery, and stress relaxation.

{1491 Clarity is measured using BYK Gardner Haze-gard as specified in
ASTM D 1746.

[150] 45° gloss is measured using BYK Gardner Glossmeter Microgloss 45°
as specified in ASTM D-2457 ‘

20 [151] Internal haze is measured using BYK Gardner Haze-gard based on
ASTM D 1003 Procedure A. Mineral oil is applied to the film surface to remove

surface scratches.

Mechanical Properties - Tensile, Hysteresis, and Tear
[152] Stress-strain behavior in uniaxial tension is measured using ASTM D
25 1708 microtensile specimens. Samples are stretched with an Instron at 500 % min™ at
21°C. Tensile strength and elongation at break are reported from an average of 5

specimens.

[153] 100% and 300% Hysteresis is determined from eyclic loading to 100%
and 300% strains using ASTM D 1708 microtensile specimens with an Instron™
30 * instrument. The sample is loaded and unloaded at 267 % min™ for 3 cycles at 21°C.,
Cyclic‘ experiments at 300% and 80°C are conducted using an environmental chamber.
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Melt Index [1601 Melt index, or 12, is measured in accordance with ASTM D 1238; Condition
190C/2.16 kg. Melt index, or 110 is also measured in accordance with ASTM D 1238, Condition
190C/10 kg. 25 ATREF [1611 Analytical temperature rising elution fractionation (ATREF) analysis is
conducted accomithzpo/tieimethod described in USP 4,798,081 and Wilde, eCTRgmosHAR37&K nobeloch,
D.C.; Peat, |.R.; Determination of Branching Distributions in Polyethylene and Ethylene Copolymers,

S. Polym. SciinZgk MM@%&% ﬂﬁ@iﬁﬁ@lgi@ﬂ@%&%@%&%&%{?ﬁ&r@ce herein t’n their entirety. The
' ene and a SR ¥

" TS : i
composition to be analyéeg is dissolved in trichlorobenz owed 10 crysta %%5h a column

containing an A& 2BEARRE S (8% RS 1 1t Be ,8SYoRIEngTlc suppone(s: dintessateel shot) by

slowly reducingdisetdfdesatineiten?ie fbseuaRle: @80k Qe S0 Plie SIS gadipped with an

infrared detector, An ATREF c ogrgm curve Is then generated by eluting the crystallized
O SRS UATEY KPSy LTS eV Sora6 S BNl olver:

polymer samp ep?%?n Tihe esiumn By
(trichlorofenZeaé)dronsd® thell26Clmea Thtepefcnb Gtraiery i3defdRadnalysis 116,2] The samples are
prepared by adding approximately 3g of a 50/50 mixture of
tetrachloroethane-d2/orthodichlorobenzene tg} 9{4 g sample/ir 8,10 mm NMR tube, The samples are
dissolved and homogenized by heating the tu esEnd ¢ EoTﬂ;:é"ﬁ't’§f&98 150C. The data are collected
using a JEOL ECLIPSETM 400 MHz spectrometer or a Varidn Unity PLUSTM 400 MHz spectrometer,
corresponding’ k5% srdtihesEia trlenifotgistioyce ilaoiEi Mt hEsedatatere teuitedising 4900
transients pebgaiaflewithia @tgggmwggepetition delay. To achieve minimum signal-to-noise for

guantitative anaiygiﬁé multiple data files aré added together. The spectral width is 25,000 Hz with a 15
minimum file siz&'8fB2K RHSSHETHIEA IR SRAtpEd 4t AneiaE dtzain 304G TP @ b0 Mimibsoad band

probe. Tie casionaniestioadf paativensedeifseained Hshe RARMAN:S gﬂgﬁbgg.e%%d%g ndall, J.C.;
JMS-Rev. Ma%%r&lqggrl%%gse%. Ph¥(s 5C29, '25)0 -317 (1989), which is incorporated Dy reference herein in
its entirety. Polymer ractlonmaﬁlon%oqulﬁﬁ 2863y ehrguilbaing RE7 drdasrindhearried by
dissolving 1528ixgwshepisehamber2 thtesangfld 124 srishherolboainze seAh GRYM stirwing §akd hours at 160C.,

was recorded as a function of time for 12 hours. The percent stress relaxation after 12

hours was calculated using the formula:

15 % Stress Relaxation = f—‘)—;—l—Ll—z— x100
i}

where Ly is the load at 50% strain at 0 time and L2 is the load at 50 percent strain after 12
hours.
[155] Tensile notched tear experiments are carried out on samples having a
density of 0.88 g/cc or less using an Instron™ instrument. The geometry consists of a
20 gauge section of 76 mm x 13 mm x 0.4 mm with a 2 mm notch cut into the sample at
half'the specimen length. The sample is siretched at 508 mm min™ at 21 °C until it
breaks. The tear energy is calculated as the area under the stress-elongation curve up to

strain at maximum load. An average of at least 3 specimens are reported.

TMA
25 [156] ‘Thermal Mechanical Analysis (Penetration Temperature) is conducted
on 30mm diameter x 3.3 mm thick, compression molded discs, formed at 180°C and 10
MPa molding pressure for 5 minutes and then air quenched. The instrument usedis 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 IN force. The
30 témperature is raised at 5°C/min from 25°C. The probe penetration distance is
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The polymer solution is forced by 15 psig (10D kPa) nitrogen onto a 3 inch by 4 foot (7.6 cm x 12 cm)
steel column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 pm) spherical, technical quality
glass beads (available from Potters Industries, HC 30 25 Box 20, Brownwood, TX, 76801) and
stainless steel, 0A2B0¢AAmmM) diameter cut wire shot (available from Pelletecinos®mdqoehussrial Drive,
North Tonawanda, NY, 14120). The column is immersed in a thermally controlled oil jacket, set

initially to 160 C. TGE ccal nllgnflor% coole%% Ilﬁ,pcal etlcl)nllzl eC th%g gq}ol dto20Cat0.04 C
per minute andneid 1or one four: is mtro Gead Rt AU S Mifin while 30 the

temperature genisicatasenhatiod 8% @ppleminute, [164] Approximately 2000 ml portions of eluant from
the preparative TREF column are collected in a 16 station, heated fraction collector. The polymer is
-51 WO 2006/101993IACT/US2006/009378 concentrated in each fraction using a rotary evaporator

until about 50 t oi$9 ml o%&g%&@t%mmm@hgrﬁ@im&@ﬁ@dﬁ@lwm are allowed to
stand overnig addin exc ss methanol filter nd rinsing. (approx. 300- 5 0 ml of methanol
including therﬁﬁléggﬁéggf TORReH e ?{“Bfgﬁ@ E‘J&f i@%ﬁ%@%&%ﬁ?g&?(ﬂ' 55&1}3 P A98%ed filtering
station u3|ngxﬂa&mmmdymetraﬁwcaeﬂﬁ)ﬂémmmafeshﬁgex mapmctc(dwi@ﬁa ABRSOsmonics Inc., Cat#
Z50WP04750Q). T ated f r& Y?&& é,‘e welghed on
an analytical%’ a!%%éi e %Jnréheurt estlng %%ﬁ%g%ln& ¥ g' t‘ﬁ%ﬁ&@aﬁ tren Sajf)z](’?s measured by
using a capillaryiohéestinger fitted with a 2.1 mm diameter, 20:1 die with an entrance angle of
approximately 45 degrees. After equilibrating the samples at 190C for 10 mlnutes the piston is run at

a speed of 1 indAA%linute {2l SAErRiRfiHE S Pryviedand o bet o fimentieass 49 8B e sample is
drawn uniaxiathy ﬁar@p&eﬁsQia@ﬁ@@f&hﬂg@%&%ﬁﬁﬁiﬂ@eﬁuﬁpb@l@w@em@ﬂmn 15 acceleration of

2.4 mm/sec2. The req ile force is recorded as a func |on fthe ke-u d of the nip rolls.
The maximufifR&RERE ?'{é:’i §[§§F %&eéﬁ?ﬁ&"fﬁ%% nslp genhed 2 éss;éetnrg%ti&?ethe case of
polymer melt(e%hljmtl s‘tgpdraw cedoteaneestitfeatie nsimioredidesdse ﬂmaamﬂ(af ghavngrdsonance was
taken as melf,genat G e hRRRN R AR BRI REFRINENANR G RR GRIRlYSS

percent to ensure that the torque is sufficient and that the measurement remains in the

15 linear regime.

[159] An initial static force of 10 g is maintained (auto-tension mode) to
prevent slack in the sample when thermal expansion occurs. As a consequence, the
grip separation AL increases with the temperature, particularly above the melting or
softening point of the polymer sariple. The test stops at the maximum temperature or

20  when the gap between the fixtures reaches 65 mm.

Melt Index
[160] Melt index, or I, is measured in accordance with ASTM D 1238,
Condition 190°C/2.16 kg. Melt index, or I is also measured in accordance with
ASTM D 1238, Condition 190°C/10 kg.

25 ATREF
[161] Analytical temperature rising elution fractionation (ATREF) analysis is
conducted according to the method described in USP 4,798,081 and Wilde, L.; Ryle,
T.R.; Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
30 incorporated by reference herein in their entirety. The composition to be analyzed is

dissolved in trichiorobenzene and allowed to crystallize in a column containing an inert _
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[166] The term "overnight", if used, refers to a time of approximately 16-18 hours, the term "room
temperature", refers to a temperature of 20-25 C, and the term 25 "mixed allcanes" refers to a
commercially obtained mixture of C6.9 aliphatic hydrocarbons available under the trade designation
Isopar E(r), fronw@xateetetii Chemical Company. In the event the name of BCaarapwenebsisrein does
not conform to the structural representation thereof, the structural representation shall control. The

synthesis ofs%géga%tgslr & s[s’ls‘?éeels.sﬁ& P&;g%%gﬁtqg %g}lfgl%{grg%%%@rgpg%gﬁﬁ%re 30 carried out

in a dry nitrog osphere using hniqués. All solvents used were HPLC grade and were

dried beforertteif GsEC/arn\/Eho oolem iesipret MitpaoEoed Peettrs 7AMMIERE Fefers to modified
methy'a'um%@é}ﬁa@%{&a%%@%m&me@i@ﬁemﬁﬁ lalypionana syriiabis.sqmemergially from
i

Akzo-Noble Corporation. The preparation of catalyst (B1) is conducted as follows. a) Preparation of
(I-methyleth e phrara kY-8 el tostsgishibs st aidhecfyEng s85eBi-t-butylsalicylaldehyde (3.00
g) is added t@rik01 sabbehzigR) pilaoin e20P0eisotatiaiT tapidiynisirns bright yellow. After stirring at
ambient temperature for 3 hours, volatiles are removed under vacuum to yield a bright yellow,
crystalline solid (976&NMIR yimidysis) Preparation of 1 2-bis-(3 5-di-t-butylphenviene)(1-(N-(I- 10
methylethyl)immino)meth 1)(2-oxo~,1) zirconium dibenzyl 11691 A solution of

(1-methylethy!) @68 droxyIBeswmest 8y preempdibisddisnerrmgrinstelidsnia 290 toluene is slowly
adlde_d toa S@Méﬁf @g%ﬁ@ﬂ&é@?&fa@@/om&ﬁéé%%&ﬁkﬂﬂ?@ mai,g@uﬂme il b@d%’rﬂ Iimgrd arkdyellogv
solution is stirred for 30 min. Solyent is yemqved under ced pressure to yield the desired product
as a 15 reddiZhenrteieonss W@ﬁ?@h&éﬂ[@}%ﬁ’gggygg%%e%u@gﬁ%euté#’eeaagg ‘F(S)ﬁgﬁ?g?%) Preparation of
(1-(2-methvley thohexyhiet ity ZroxaidedeB difiebufpOINEGYIRSETY 4J07DIR-Methyioyeohexylamine (8.44
mL, 64.0 mma)) is dissolved in.me 9 i=f- icalde g, 42.67 mmol) is
added. The 2 arré%nctﬁlgn#%?i’g’grse isigﬁﬁgég f%%eﬁ%é%%g&% %%Sgt ae%lég%(ge?tg%é%%%r 12 hrs. The

resulting yelifoasalicy pfddipitdveis coikedusits afrpissrising 4098 raasionts pendath 8ls a8l (2 x 15 mL),
and then drigkUpdelreAUCRDRIRSS UEbayT N YIGIR IS fhlnd18n0f @haY SHAN ROl GhEhMNMREIS consistent

with the desired product as a mixture of isgmers. o .
analysis, multiple data files are added together. The spectral width is 25,000 Hz with a

15 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 Fractionatimi by TREF

20 j163}] Large-scale TREF fractionation is carried by dissolving 15-20 g of
polymer in 2 liters of 1,2,4-trichlorobenzene (TCB)by stirring for 4 hours at 160°C.
The polymer solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot
(7.6 cm x 12 cm) steel column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425
um) spherical, technical quality glass beads (available from Potters Indusiries, HC 30

25 Box 20, Brownwood, TX, 76801) and stainless steel, 0.028” (0.7mm) diameter cut wire
shot (available from Pellets, Inc. 63 Industrial Drive, North Tonawanda, NY, 14120).
The column is immersed in a thermally controlled oil jacket, set initially to 160 °C,
The column is first cooled ballistically to 125 °C, then slow cooled to 20 °C at 0.04 °C
per minute and held for one hour. Fresh TCB is introduced at about 65 ml/min while

30 the temperature is increased at 0.167 °C per minute,

[164] Approximately 2000 m portions of eluant from the preparative TREF

column are collected in a 16 station, heated fraction collector. The polymer is
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25 b) Preparation of bis-(1-(2-methyleyclohexyl)ethyl (2-oxoyl-3,5-di(t-butyl)phenyl) immino)zirconium
dibenzvl [1711 A solution of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t- butyl)phenyl)imine (7.63 g,
23.2 mmol) in 200 mL toluene is slowly added to a solution of Zr(CH2Ph)4 (5.28 g, 11.6 mmol) in 600
mL toluene. Thewesuiimyask yellow 30 solution is stirred for | hour at 25C. #dewobidedgisgiluted
further with 680 mL toluene to give a solution having a concentration of 0.00783 M. -53 WO

2006/101915 RIS / 17 catalyst 1 A mixture of methyldi(C14-Is alkyl)ammonium
salts of tetrakis( entafﬁ%g#grgﬁgﬁaﬁ?%%rﬁ%a Vé%pg}f%‘gé}%lrﬁb%?gfg ° ﬂ.(apgﬂ%lr@gltb? reaction of a
long chain trid?REfH’t’?ﬁﬁ%“{NW@%W Wiz-FPnesriivitdes dtotionkkaze dilowed, td Rexpdrd GratpeLi[B(CEF5)4],

substantially agfeisclesag ddesm &k 9883 - catalyst.2 Mixed.C14 1
alkyldimcthylamrﬁigniug:g%glt of, bis(tris(|}oe%ﬁrﬁh@%@gﬁﬁ{%%@-ﬁ%ﬂ@ﬁmr%)ieg}g%?de, prepared

ane
according to JSBESYE 594 geh slhs slrdionsieRyinefmmrdenadiisiiagentsemployed include

diethylzing (DEstSIAT)edife btajdyz inmESAPndifsHhextlzins oatwipiuminin (TEA, to SA4),
trioctylalumin riethylgallium (SAB), i- luminum bis(dimethyl(t- butyl)siloxane) (SA7),
i-butylalumint:(I r%? aé%%gl tr%%e@%%ﬂﬁ??ﬁ id@f‘tzé%%%%%ﬁ%ﬂhﬁ e (Foridmae 2efidedoxide) (SA9),
bis(n-octadecyTFrpigHfiEharhewam (A KD R0 Butpdhvethedrobis{ difapraty) ARS8} (A1),
n-octylalumingmmisidifigi- t-butylphenoxide) (SA12), n-octylahuninum di(ethyl(1-naphthyl)amide)
(SA13), 15 ethylaluminum bis(t-butyldimethylsiloxide) (SA14), ethylaluminum
di(bis(trimethylsilyl) ¥ ek¢&i#p), ethylaluminum bis(2,3,6,7-dibenzo-I- azacycloheptaneamide)

(SA16), proctylalyminum Qis(2,3,6,7-dibenzo-1- azacycloheptaneamide) (SA17), n-octylaluminum
bis(dimet yI(t-bu@%gJ;loxide é@é o &@Y&%&S(‘%‘%H@Wﬁém&yrqsrmp@mfmizinc (t-butoxide)
(SA20), 20 Evilhplet it d@ureipaiveidGianarahidighgierotghrisiR ) elsPRlymerization

Conditions [1X3LPaIELzAl S ale con ed using a high tggoughpu,t, parallel polymerization
reactor (PPR) avai(%lble fromgg@n%yx?eeéhar?gﬁoag%g? A?IEWHQS% SIRIE{OB S LB atAteRg ectording to
USP's 6,248,88b/161080(3 54, @136800, Bh806ufiR8] anttemperature is 190°C. The sample is
drawn uniaxially to a set of accelerating nips located 100 mm below the die with an
15 acceleration of 2.4 mm/sec®. The required tensile force is recorded as a function of the
take-up speed of the nip rolls. The maximum tensile force attained during the test is
defined as the melt strength. In the case of polymer melt exhibiting draw resonance,

the tensile force before the onset of draw resonance was taken as melt strength, The

melt strength is recorded in centiNewtons ("eN™).

20

Catalysts

[166] The term “overnight™, if used, refers to a time of approximately 16-18

hours, the term “room temperature”, refers to a temperature of 20-25 °C, and the term
25 “mixed alkanes” refers to a commercially obtained mixture of Cg. aliphatic

hydrocarbons available under the trade designation Isopar E®, from ExxonMobil
Chemical Company. In the event the name of a compound herein does not conform to
the structural representation thereof, the structural representation shall control. The
synthesis of all metal complexes and the preparation of all screening experiments were

30 carried out in a dry nitrogen atmosphere using dry box techniques. All solvents used

wete HPLC grade and were dried before their use.
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6,316,663. Ethylene copolymerizations are conducted at 130C and 200 psi (1.4 MPa) with ethylene
on demand using 1.2 equivalents of cocatalyst | based on total catalyst used (1.1 equivalents when
MMAQ is present). A series of polymerizations are conducted in a parallel pressure reactor (PPR)
contained of 48 Wdaeritlpgactor cells 30 in a 6 x 8 array that are fitted with BOgYeseedgleetiglass tube,
The working volume in each reactor cell is 6000 L. Each cell is temperature and pressure controlled
with stiring proyigad by ilidyal siling: paddleeR0% MARMET AR A AERGRgaS are -54 WO
2006/101915 PCTIUS20061009378 plumbed directly into the PPR unit and controlled by automatic
valves. Liquithedifisdrmsthyiehapexrns vadide corunersialisdrorceiasyNobia Gespaidithe reservoir solvent
is mixed alkanes. The order of addition is i>8ed alkanes solvent (4 ml), ethylene, I-octene
comonomer (1 ml), T5IERYEHPDPLENA %ﬁ@i/f\ﬁﬁ&@ﬁﬁ?{ﬁﬁ&lmling agent, and 5 catalyst or
catalyst mixture. WieRraparixiviie Ofl coeatalysiyl)(@ad ddwAR sodig-imixtidheof Dvpthaliatvsts is used, the
reagents are pri)%igﬁd in ?;Bﬂlb\ﬂ%lléa {Qelgrﬁé%%l gg&q&}%)[%degdgg&go@%{le&ctor. When a reagent is
erl er of addi

omitted ih an ex ent,"the above’ or tion I1s Btherwise maintained. Polymerizations are
conducted fosepppykimiate [ he Sokwiontepidlptimehitahiished efiigesiienaiambins are reached.
After quenching with 1069 T SREIRTS afe eRRIGs anakiNaiaRSshaa RisiBRIgattad, The tubes are
transferred to a centrifuge/vacuum drying unit, and dried for 12 hours at 60 C. The tubes containing
dried polyme?réi"@%dﬁg@@ﬁ@%@%iﬁé ce between this weight and the tare weight gives the net
yield of polymer. Re Qi \fv_here in the application,

X xamples 1-4 demonstrate the

comparative compoHntSErE ittt
synthesis of lnsthylBiloyli @s evidenced by the formation of a very

narrow MWD, e fially A mgg%ﬁ{w _i§,9~r(ﬁ§t@g&(§§ @1@'1571189@ broad

molecular weigh tribution product {a mixture of separately produce B%g&gers) in the absence of
20 DEZ. Due(69ivesiact tael intdlyat (RIysasisaiomty addshinraitions #Man(EQtalyst (B 1), the

different blocks of seamevis f iiekestingcoRelnmersal {BRoWvsntien Breigieingaishable based on
branching or density. Table 1 Cat. (Ag Cat (B1) Cocat MMAA&A@!&%&EQ&; Ex, mol mol MOO j mol a ent

mal Yield Mnn%mwﬁ\chlﬁeﬁw\;rgnoved under reduced pressure to yiel product as a
15 reddish-brown solid.

.- gy

OO QPRI

] \' ’VJ

The preparation of catalyst (B2) is conducted as follows.
a) Preparation of (1-(2-methylcyclohexylethyl)(2-oxov1-3.5-di(t-butyl)phenyl)imine
[170] 2-Methylcyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in
methanol (90 mL), and di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The
20 reaction mixture is stirred for three hours and then cooled to -25°C for 12 hrs. The

resulting yellow solid precipitate is collected by filtration and washed with cold
methanol (2 x 15 mL), and then dried under reduced pressure. The yieldis 11.17 gofa

yellow solid. 'H NMR is consistent with the desired product as a mixture of isomers.

25 b) Preparation of bis-(1-(2-methylcyclohexyDethy)(2-oxoyl-3.5-di(t-butyl)phenyl)
immino)zirconium dibenzyl |
[171] A solution of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-
butyl)phenyl)imine (7.63 g, 23.2 mmol) in 200 mL toluene is slowly added to a solution
of Zr(CH,Ph)s (5.28 g, 11.6 mmol) in 600 mL toluene. The resulting dark yellow
30  solution is stirred for 1 hour at 25°C. The solution is diluted further with 680 mL

toluene to give a solution having a concentration of 0.00783 M.
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At 0.06 - 0.066-0.3 0.1363 300502 3.32 B* - 0.1 0.110 0.5 0.1581 36957 1.22 2.5 C*0.06 0.1 0.176
0.8 0.2038 45526 5.30' 5. 15 1 0.06 0.1 0.192 DEZ (8.0). 0.1974 28715 1.19 4.8 2 0.06 0.1 0.192
DEZ (80.0) 0.1468 2161 1.12 14.4 3 0.06 0.1 0.192 TEA (8.0) 0.208 22675 1.71 4.6 40.06 0.1 0.192

TEA (80,0) 0.18%h33@pds54 9.4 C6 or higher chain content per 1000 carbofs 24 RieEe!
molecular weight distribution -55 WO 2006/101915 PCT/US2006/009378 [177] It may be seen the

polymers produc cordjng to the invention have a relatively narrow polydispersity (Mw/Mn) and
larger bIock-copoﬁ]&rgﬁr corﬁﬁﬁ?&hﬁ%gﬁgfﬁwgr?%ﬁm&@sqw PN srareopienandid o the absence of

the shuttling dgéwds(p7ghFuntbmireohibacteritiey-tdaiddoninecRRINBISO! Jblgch gye determined 5 by
reference to thg, fighir (fi Cand ATR ults show the following: [179] The DSC
curve for the pol g’érgg? I%EA%;%%%&% g%%ﬁ%f@%ﬁ%aﬁ%@oﬁ%ﬁﬂﬁ fintn Alreiehglsion of 158.1
Jig. The corr&ﬁéﬁﬂg"@ﬁ@f@@swr\?@b%ﬁéwg}thed'&ktézsbgbénaklﬁl’ 34HBoREt) Bxpeak area of 52.9

percent. 'ghe diﬁi{’? ce 10§?etween the DSC Tm and the Tcrystaf is 8 1.2C. [180] The DSC curve for
the polymier of Exarmble 2 SHENRIEhe Mixith Ganyiotdimetiirigrpoetitmmsyinih a heat of fusion of

214.0 Jig. Thbisoriséspoailing pERYIS TR Ve SRR HRIAES, %@@Aﬁéh‘&@c%%ﬂ‘i’%% %]vﬁﬁak area of
57.0 percent.é@@géjﬁfeﬁgni: . between the DSC Tm and the Tcrystaf Is 63.5C. 15 [181] The DSC curve

for the polymer of Example 3 shows a peak with a 120.7C melting point (Tm) with a heat of fusion of
160.1 Jig. The cqf pondgiglt{ﬁﬁé@ A %¥%}§RQWS the tallest peak at 66.11C with a peak area of
71.8 percent. T I73|§fferer]c;e betwee% thse DSC m%ﬁ&g[%ne{s'lﬁg% tls%?aén'g .lﬁ}@%%e DSC curve for
the polymer riple A1ERRZRe Sk Dexydai BT SidingetoikdEimpwieniaheat of fusion of
1707 3/ The.brrasspondinginGit WSTAR:cArye, s dhe jalle eakifl 405 il a peak area of
18.2 percent.]?'i[lﬂg sﬂif}f{erey P\ tween t@e DSC Tin an%q th(gt’Tlgﬁgtaf isl . %ﬁ\l@?jtgﬁ'lg DSC curve for
Comparative xa%wp e.a/&g sﬁmw 5%’(’}‘.' CPHBHR pis(di(trimethylsilyDamide) (SAS), n-

octylaluminum di(pyridine-2-methoxide) (SA9), bis(n-octadecyl)i-butylaluminum

(SAL0), 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),

15 ethylaluminum bis(t-butyldimethylsiloxide) (SA14), ethylaluminum

di(bis(trimethylsilyl)amide) (SA15), ethylaluminum bis(2,3,6,7-dibenzo-1-

azacycloheptaneamide) (SA16), n-octylaluminum bis(2,3,6,7-dibenzo-1-

azacycloheptaneamide) (SA17), n-octylaluminum bis(dimethyl(t-butyDsiloxide(SA18),

ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzinc (t-butoxide) (SA20).

20

Examples 1-4, Comparative A-C
General High Throughput Parallel Polymerization Conditions
[175] Polymerizations are conducted using a high throughput, paraliel
polymerization reactor (PPR) available from Symyx technologies, Inc. and operated
25  substantially according to USP’s 6,248,540, 6,030,917, 6,362,309, 6,306,658, and
6,316,663. Ethylene copolymerizations are conducted at 130°C and 200 psi (1.4 MPa)
- with ethylene on demand using 1.2 equivalents of cocatalyst 1 based on total catalyst .
used (1.1 equivalents when MMAO is present). A series of polymerizations are
conducted in a parallel pressure reactor (PPR) contéined of 48 individual reactor cells
: ‘30 in a 6 x 8 array that are fitted with a pre-weighed glass tube. The working volume in
each reactor cell is 6000 pL. Each cell is temperamre and pressure controlled with

stirring provided by individual stirring paddles. The monomer gas and quench gas are
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point (Tin) with a heat of fusion of 86.7 Jig. The corresponding CRYSTAF curve 25 shows the tallest
peak at 48.5C with a peak area of 29.4 percent. Both of these values are consistent with a resin that
is low in density. The difference between the DSC Tm and the Tcrystaf is 41.8C. [184] The DSC curve
for Comparative ¥Ranopi@Bisshows a 129.8C melting point (Tm) with a heatgffusipgsabaz< -0 J1g.
The corresponding CRYSTAF curve 30 shows the tallest peak at 82.4C with a peak area of 83.7
percent. Both of these. values - 2006/1019 Sé%g US 00%/009378 are consistent with a resin
that is high ing‘éIh%.?;& Cleyydll é)r%gr?\cye e vx(/%eae“r‘ujjt‘i%’é&ff? % WHHE PR 7 HE Y851 The DSC
curve for Cortsapatiticaix aruetbtCeashavaster telb 183G yrisfiaagng dhetréIemoivitolachemtofidkdsion of 143.0
J'g. The correppaadina S REPIARAHNG RN bR JalRshPRAR AL & R G Wil aeak area of 34.7

percent as well as a lower crystalline peak at 52.4 C. The separat twéen the two peaks is

consistent witRMPROBRELS AE, 6P eatalgpl érgiseantirdvah i MK mittimepdiirsaseThendfference

between the R&G;t 6 andijBendigtrasahind 3eixfareonplRaRk? CAMRAAYe ExamAles D*-F*
Continuous Sqlution Polymerization. 10 Catalyst Al/B2 + DEZ [1861 Continuous solution
polymerizatio?%sﬁﬁ?éaéﬁgﬁ;éﬁl%ﬁ% the Doresite ATE BFRTDITE Wit stall ¥ ind Lemerieeip BEa Mt an internal

stirrer. Purifiedditize toalianresiosoNiheh { BQERART dniitavailablexpiammEnxorMiahit Gldermital Company),
ethylene at 2 thour (1.22 ka/hour), 1-0¢tene, and hydroge here used). are supplied to a 3.8

15L reactor%ég(g%%%é ?/v%ilit%{"vg}%%ﬁlegtl%arl r%é?’n pl))é)?%ergzc%é% rso)“(rgr? é{rilll é%%?%%?%@ﬁ?ﬁ%%%@ fég The solvent
feed to the reaBtdicss unebarstetyyizedribyldimoonsumptions Arg aeimbhel spded quéaphirggwitbump controls

the solvept flews raieeNd R GRSLIBILA A8 IRAGIRL Y dDEdiRrhAtae PAIRGRUIRP, ArsidR Ftream is taken

to provide flush flows for the catalyst and cocatalyst | injection lines and the reactor agitator. These

flows are medstfsBtB{ gt R dOTes URh a4 dueBrel3 bewcsfsiediby Bdstrol valves or by the

manual adjussineni®f aeiigyalves. ThegRaaining sakenlisambingsd with-hracene, ethylene, and
hydrogen (where used) and fed to the reactor. A mass flow controller is used to deliver hydrogen to
the reactor a&*HeBH&4" W?&ﬁ%r%’ﬁﬂ?é’@?%@"?oI%ﬁ%&ﬁoﬁﬂ%?@@ﬂ:i%’ﬁa@%bn{%ﬁéw%y use of a heat
exchanger befotelgntheind:thie 2bpibaciar, chhipsitbamcenieisdherbaittmaf thereaeiik The catalyst

component s%{tions

[176] = 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
monomodal copolymer when DEZ is present and a bimodal, broad molecular weight
distribution product (a mixture of separately produced polymers) in the absence of

20 DEZ. Due to the fact that Catalyst (A1) is known to incorporate more octene thaﬁ
Catal}?st (B1), the different blocks or segments of the resulting copolymers of the

invention are distinguishable based on branching or density.

Table 1

Cat. (Al)|Cat (B1) {Cocat |MMAO |shuttling
Ex. |(umol) |(umol) |(umol) |(umol) |agent (umol)|Yield (g) Mn Mw/Mn helesl
A* 10.06 - 0.066 (0.3 - 0.1363 1300502 |3.32 -
B* |- 0.1 0.110 (0.5 - 0.1581 [36957 [1.22 2.5
C* 10,06 0.1 0.176 0.8 - 0.2038 [45526 |5.307 5.5
1 0.06 0.1 0.192 |- DEZ (8.0) ]0.1974 28715 {1.19 4.8
2 0.06 0.1 0.192 |- DEZ (80.0) 10.1468 |[2161 .12 14.4
3 0.06 0.1 0.192 |- TEA (8.0) 10.208 |22675 |[1.71 4.6
4 0.06 0.1 0.192 |- - [TEA (80.0) ]0.1879 {3338 |1.54 9.4

' Cs or higher chain content per 1000 carbons

25 2 Bimodal molecular weight distribution
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are metered using pumps and mass flow meters and are combined with the catalyst flush solvent and
introduced into the bottom of the reactor. The reactor is run liquid- full at 500 psig (3.45 MPa) with
vigorous stirring. Product is removed through exit lines at the top of the reactor. All exit lines from the
reactor are steaiQravedoand 30 insulated. Polymerization is stopped by the edditk»ooeiassmall amount
of water into the exit line along with any stabilizers or other additives and passing the mixture through
a static mixer. T oduc trea is then heated b {gg sﬁ%%ethro h a heat -57 WO 2006/101915

B CTIUS2006100807b excl IRGEPHEH R DA R A B R REFTo BB fed by
extrusion usinglaiseyolatitizing lgstspetsitpdwiria)y mmﬂmgqnéﬂlmlzempamﬁ&&ﬂetﬁl{mm results are
.-58 WO 2006/101915

contained in Tghle 2. &q%% %ﬁ@%ﬁ%ﬁﬁ%ﬁﬁgﬁ‘?{%%g Elaebs i 982251 N Cpl N O 0 000

PCT/US2006/609378 N
vIOMNON M Yig|O O’ MMQ&}Q:&MQ@O&QQ&QQ@& &Q@Q@%q%eodg%u% 000 00 001 00
0000'C R VatnVI7ZVEIONM[ 0000 wWCO0OVthiOotititirywww .-1-tirY |l "™(L10V1O~
000 nO10I0" \?Yl\ﬂef?i"ﬂ}ﬁﬁﬁ%%fi%w 79T SPogiRpRIM NN 0T RET Rearlisishens tEN 00 O n h C 1P n

000N O/ VidiowiisO OO CO.E UWa00do0000'0000000y0OMMMMMMMmMM
mMM1~nn -O000<Y'S<7d'VcJd77C".~OG w"GUN3NMNhOCO1 hoo p V"no -- 0o NON
y flM 0 M N O00@T]-+00Dhe PO G€urtd Hr dudedynenatitciopte d 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
10 between the DSC Tm and the Terystaf is 81.2°C.

[180] 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 Terystaf is 63.5°C.

15 [181] The DSC curve for the polymer of Example 3 shows a peak with a
120.7°C melting point (Tm) with a heat of fusion of 160.1 J/g. The corresponding
CRYSTAF curve shows the tallest peak at 66.1°C with a peak area of 71.8 percent.
The difference between the DSC Tm and the Terystafis 54.6°C.

[182] The DSC curve for the polymer of Example 4 shows a peak with a
20 104.5°C melting point (Tm) with a heat of fusion of 170.7 J/g. The corresponding
CRYSTAF curve shows the tallest peak at 30 °C with a peak area of 18.2 percent. The
difference between the DSC Tm and the Terystafis 74.5°C.

[183] The DSC curve for Comparative Example A* shows a 90.0°C melting
point (Tm) with a heat of fusion of 86.7 J/g. The corresponding CRYSTAF curve
25 shows the tallest peak at 48.5°C with a peak area of 29.4 percent. Both of these values
are consistent with a resin that is low in density. The difference between the DSC Tm

and the Terystafis 41.8°C.

[184]  The DSC curve for Comparative Example B* shows a 129.8°C melting
point (Tm) with a heat of fusion 0£237.0 J/g. The corresponding CRYSTAF curve

30  shows the tallest peak at 82.4°C with a peak area of 83.7 percent. Both of these values
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00 [185] The DSC curve for Comparative Example C* shows a 125.3°C melting

point (Tm) with a heat of fusion of 143.0 J/g. The corresponding CRYSTAF curve

5 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. Comparative Examples D*-F*, Continuous Solution Polymerization,
10 Catalyst A1/B2 + DEZ

[186] 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 Ibs/hour (1.22 kg/hour), 1-octene, and hydrogen (where used) are supplied to a 3.8

15 L reactor equipped with a jacket for temperature control and an internal thermocouple.
The solvent feed to the reactor is measured by a mass-flow controller. A variable speed
diaphragm pump controls the solvent flow rate and pressure to the reactor. At the
discharge of the pump, a side stream is taken to provide flush flows for the catalyst and
cocatalyst 1 injection lines and the reactor agitator. These flows are measured by

20 Micro-Motion mass flow meters and controlled by control valves or by the manual
adjustment of needle valves. The remaining solvent is combined with 1-octene,
ethylene, and hydrogen (where used) and fed to the reactor. A mass flow controller is
used to deliver hydrogen to the reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the

25  reactor. This stream enters the bottom of the reactor. The catalyst component solutions
are metered using pumps and mass flow meters and are combined with the catalyst
flush solvent and introduced into the bottom of the reactor. The reactor is run liquid-
full at 500 psig (3.45 MPa) with vigorous stirring. Product is removed through exit
lines at the top of the reactor. All exit lines from the reactor are steam traced and

30 insulated. Polymerization is stopped by the addition of a small amount of water into
the exit line along with any stabilizers or other additives and‘passing the mixture

through a static mixer. The product stream is then heated by passing through a heat
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WO 2006/101915 PCTIUS2006/009378 [187] The resulting polymers are tested by DSC and ATREF
as with previous examples. Results are as follows: [188] The DSC curve for the polymer of Example 5
shows a peak with a 119.6 C melting point (Tm) with a heat of fusion of 60.0 J/g. The corresponding
CRYSTAF 5 cuwe shemsdite tallest peak at 47.6C with a peak area of 59.5 meresntodhexielta
between the DSC Tm and the Tcrystaf is 72.0C. [189] The DSC curve for the polymer of Example 6
shows a peak with a 115.2 C melting point (Tm) with a heat of fusion of 60.4 J/g. The corresponding
CRYSTAF curve shows the tallest peak at 44.2C with a peak area of 62.7 percent. The delta 10

between the DSC Tm ahd.the Jerystafds 71.0C, [190]. The DBC curve for the polymer of Example 7

shows a peak with a ]@Efﬁ € melthe @@@@@@@ﬂ@@@ on of 69.1 Jlg. The corresponding
CRYSTAF curve | shows the tallest peak at 49.2C with a peak area of 29.4 percent, The delta between

the DSC Tm and the Tarystaf is 72,1 15 [191] The DSC cuyve for the polymer of Example 8 shows a
peak with a 123.5 GmettingEmint£enE with a heatoffusiprjof 67.9 3g, The corresponding CRYSTAF
curve shows the fallest peak at 80.1 C with a <erac\lf area oﬁf1 12.7 percéwt. The delta between the DSC
Tm and the Tcry; talg%@g@. F9EED d@g&gfgr%&e §3Iymer (ﬁ Example 9 shows a peak with a
124.6 20 C melting poifit (T WItF &8t BFSIBot 73°59)g. The grresponding CRYSTAF curve

shows the tallest pealeat 80,8C with a peak area 0f 16.Q percent. Thg delta between the DSC Tm and
the Tcrystaf is 438€. B183} £he DECchnie st The Bdlymerf Examgde 10 shows a peak with a 115.6
C melting point (Tm) with a heat of fusion of 60.7 J/g. The corresponA'ng 25 CRYSTAF curve shows

the tallest peak at 48.8C with a peak.agea of 52.4 percent. The deltasbetween the DSC Tm and the

Terystaf is 74.7C| [108] $e D3 &va 6% DE R Eiample I§ shows a peak with a 113.6 C
melting point (Tm) with |a heat of fusion of 70.4 J/g. The correspondicgy CRYSTAF curve shows the

tallest peak at 39.§ th a peak-areq of.2s.2 percent. 3Q The deltacbetween the DSC Tm and the
Terystaf is 74.1 G HG 208648191598 B HSDE6/089378 [195F The DSC curve for the polymer

of Example 12 sH peak with a '
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113.2 C melting point (Tm) with a heat of fusion of 48.9 J/g. The corresponding CRYSTAF curve
shows no peak equal to or above 30 C. (Terystaf for purposes of further calculation is therefore set at
30C). The delta between the DSC Tm and the 5 Tcrystaf is 83.2C. [196] The DSC curve for the

- polymer of ExanWie2a®/stiowss a peak with a 114.4 C melting point (Tm) witrrerheszbod/dusion of 49.4
J/g. The corresponding CRYSTAF curve shows the tallest peak at 33.8 C with a peak area of 7.7
percent. The delta between the DSC Tm and the Tcrystaf is 84.4C. 10 [197] The DSC for the polymer
of Example 14 shows a peak with a 120.8 C melting point (Tm) with a heat of fusion of 127.9 J/g. The
corresponding CRYSTAF curve shows the tallest peak at 72.9 C with a peak area of 92.2 percent.
The delta between the DSC Tin and the Tcrystaf is 47.9C. [198] The DSC curve for the polymer of

Example 15 show

corresponding CRYSTA

delta between the
Example 16 show
corresponding 2T

The delta betweer@‘ﬁt[:gpv

Example 17 shov

corresponding CRY3TA
The delta between.tl‘%é:

Example 18 show

corresponding C

The delta between thg O

12021 The DSC ¢

with a heat of fus

C with a peak are

Table 3 Properties of exemplary polymers
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5[203) The DSC curve for the polymer of Comparative Example D* shows a peak with a 37.3C
melting point (Tm) with a heat of fusion of 31.6 J/g. The corresponding CRYSTAF curve shows no
peak equal to and above 30C. Both of these values are consistent with a resin that is low in density.
The delta betwedi® 2966/DSASTmM and the Tcrystaf is 7.3C. 10 [2041 The DSGcumvedas/dbmsolymer of
Comparative Example E* shows a peak with a 124.0 C melting point (Tm) with a heat of fusion of
179.3J/g. The ponc ‘ %}g st 79.3C with a peak area of
94.6 percent. B(ﬁ\wﬁhes?%gﬁgﬁfr%%g}ﬁ%%%ﬁé% eléi%&ﬁgﬁgi%%hﬁsd’%‘ﬁgﬁﬁv}?ﬂ% delta
between the (BRI AheFifie areAydpliows4.6C. 15 [205] The DSC curve for the polymer of

Comparative Ex e F* sho eak with a 124.8 C melting point (Tm) with a heat of fusion of 90.4

Jig. The corresgggl%‘ng Cih%b% A%Z‘P 8%30%%%99 EEkx AEMEE bl wiheakl&6a of 19.5

percent. The ¥eperigingrpbistBrenviith tiwapenRssisrcansigiant With tagqyssence@t gt high
between the DSC Tm 20 and the Tcrystaf is

crystalling an ow crystalli olymery. elt

47.2C. Pﬁysic%ﬁl F!’irég‘p?é&f%éﬁlee@l%% lfﬁlﬂ%?ﬁgrggn?g‘ﬁ&ﬁﬁ@?@% a8 abafunrsacest phiysialtaproperties such as
high temperdgireessistrte PropeltiesTasevtderroehy TMA temperature testing, pellet blocking
strength, high temperature recovery, high temperature compression set and 25 storage modulus ratio,
G'(25C)/G'(100d}38kverallbomfterumttyiahiiablynalyfetsmple inglided jaaheiasts; Comparative G*
is a substanti Iém@gr' I - lymer NITY?, available from The Dow Chemical
Company), C%Hrr%[;aratlv@%*@ﬁ%%%%@gﬁgéggéﬁg%liné’grc@fﬁiﬁgmlﬁgﬁwégpolymer
(AFFINITY (r)eys sbowa vhel tables finsak Thét DOGNG enpieal Learopany) péosnpantaliygx30 Example I* is a

substangiglly § I copolymer (AEEINITY(r)PL1840, available from The Dow
BeeRe £ V1R 0GR ORIl AR

Chemical Company), Comparative 915 PCTNS2006/009378 Example J*is a

hydrogenated stprswje/butagliens(stygRedt Rloskican KRATONTM G1652, av ilsble from
KRATON Po ), Comparative Exam&e Kg ig a &%ﬁﬁ%‘ﬁﬁggﬁs\%%gﬁigg%é \9,12 %)Iyolefm blend

er . .
containing dis %ﬁ&%?@h“ﬁth&&%m& iR 6th by s REsuherrmp prdisgrGBY BTARMerv: 5 Table 4
High Tempergisikg MeeiIREsaAPIOPEINESyith a peak area of 29.4 percent. The delta between

the DSC Tm and the Terystaf is 72.1°C.

15 [191] The DSC curve for the polymer of Example 8 shows a peak with a 123.5
°C melting point (Tm) with a heat of fusion of 67.9 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 80.1°C with a peak area of 12.7 percent. The delta
between the DSC Tm and the Torystaf is 43.4°C.

[192] The DSC curve for the polymer of Example 9 shows a peak with a 124.6
20 °C melting point (Tm) with a heat of fusion of 73.5 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 80.8°C with a peak area of 16.0 percent. The delta
between the DSC Tm and the Terystaf is 43.8°C.

[193] The DSC curve for the polymer of Example 10 shows a peak with a
115.6 °C melting point (Tm) with a heat of fusion of 60.7 J/ g. The corresponding
25 CRYSTAF curve shows the tallest peak at 40.9°C with a peak area of 52.4 percent.
The delta between the DSC Tm and the Terystaf is 74.7°C.

[194] The DSC curve for the polymer of Example 11 shows a peak with a
113.6 °C melting point (Tm) with a heat of fusion of 70.4 J/g. The corresponding
CRYSTAF curve shows the tallest peak at 39.6°C with a peak area of 25.2 percent,

30 The delta between the DSC Tm and the Terystaf is 74.1°C.
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TMA-Imm Pellet Blocking 300 % Strain Compression penetration _Strength G'(25C)/ Recovery (80C)
Set(70C) Ex. (C Ib/ft2 (kPa) G'(I00C) ercent -(Percent) D* 51 9 Failed IF_ 130-1870 141 (6.8) 9
Failed 100 51040068149 61105-52 7113-48443 81114 Failed41 997466 10108-5
8155 11 100 80 29068818Y9 1395-684 171 4125-1596558 16 11@04@220&@0&%89(0) 482
47 812510--19 133 -} G* 75 463 22.2) 89 Failed ! 100 H* 70 213 (10.2 29 Failed 100 1*111-11

7* 107 5 Failed ]{@QS]K* 1521 $40 RO 15 T8 19mGUPRAA % € Ex%mvele ﬁ’g Q/vhj%h is a physical

blend of the twog mers resultln from simultaneous polym rzations GSIRg Cata y%t Aland B 1) has

a 1 mm penefriti Rﬂ‘étd EHotittrobeahef Bmei3fe 5w Fhveartsnumdibg penetration

temperature @j}{b@@m@[@@g@bv& Wm@ﬁm&?&%&? ﬁjlolaav&crystn}r}nor%%rprpgggtlop temperature of

n 85C, with most having 1 mm
greater tha %u cixe:r calculation is therefore set at 30°C). The delta between the DSC Tm and the

5  Terystafis 83.2°C.

[196] The DSC curve for the polymer of Example 13 shows a peak with a
114.4 °C melting point (Tin) with a heat of fusion of 49.4 J/g. The corresponding
CRYSTAF curve shows the tallest peak at 33.8 °C with a peak area of 7.7 percent. The
delta between the DSC Tm and the Terystaf is 84.4°C.

10 [197] The DSC for the polymer of Example 14 shows a peak with a 120.8 °C
melting point (Tm) with a heat of fusion of 127.9 J, /g. The corresponding CRYSTAF
curve shows the tallest peak at 72.9 °C with a peak area of 92.2 percent. The delta
between the DSC Tm and the Terystaf is 47.9°C.

[198] The DSC curve for the polymer of Example 15 shows a peak with a
15 114.3 °C melting point (Tm) with a heat of fusion of 36.2 J/g. The corresponding
CRYSTAF curve shows the tallest peak at 32.3 °C with a peak area of 9.8 percent. The
delta between the DSC Tm and the Terystaf is 82.0°C,

[199] The DSC curve for the polymer of Example 16 shows a peak with a
116.6 °C melting point (Tm) with a heat of fusion of 44.9 I/g. The corresponding
20 CRYSTAF curve shows the tallest peak at 48.0 °C with a peak area of 65.0 percent.
The delta between the DSC Tm and the Terystaf is '68.6°C.

[200] The DSC curve for the polymer of Example 17 shows a peak with a‘
116.0 °C melting point (Tm) with a heat of fusion of 47.0 I/g. The corresponding
CRYSTAF curve shows the tallest peak at 43.1 °C with a peak area of 56.8 percent.
25 The delta between the DSC Tm and the Tcrystafis 72.9°C.

[201] The DSC curve for the polymer of Example 18 shows a peak with a
120.5 °C melting point (Tm) with a heat of fusion of 141.8 J/g. The corresponding
CRYSTAF curve shows the tallest peak at 70.0 °C with a peak area of 94.0 percent.
The delta between the DSC Tm and the Terystaf is 50.5 °C.
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temperature of greater than 90C or even greater than 100C. This shows that the novel polymers have
better dimensional stability at higher temperatures compared to a physical blend. Comparative
Example J* (a commercial SEBS) has a good | mm TMA 15 temperature of about 107C, but it has very
poor (high temperate/ 706 compression set of about 100 percent and it alppfgileghiadesever
(sample broke) during a high -64 WO 2006/101915 PCT/US2006/009378 temperature (80C) 300

percent strain r ery. Thus exemplified pglymers have a unique combinatjon of properties
unavailable evei??rilﬁsomeﬂﬁrﬁ%%%ﬁ@%@%?aﬁ%%ﬂfm}% isla it @lastomers. [208]
Similarly, Tabie .8 ¥hewkiagpoidpOng) widrageandduticnret 748G/ 62 5E)Y cof@dondiag the inventive
polymers of whereas a physical blend (Co rative Example F*) has a storage modulus
ratio of 9 an(? g?g%\?b}?rﬁmé‘fﬁ ﬁ‘@/&%é@?ﬁeséégﬁé}m%er‘%%arﬁ’btér%ﬁ%k@@ﬁﬁ SPFBFEmilar density has
a storage moHutissta dtioreenardadSE Magmiduitle Testeri(@3)o Has desirable that the storage modulus

ratio of a polymer be as close to 1 as possible. Such polymers will be 10 relatively unaffected by
temperafure, an@43bricatétedpislesmmade fhemokustr pbYongrsatian Haengef Iy shovpayed over a broad

temperature 5300 s {SaiLig IO SIPFRAS ARGp EPHRANY TS tg Idependence i

particularly usetul in elastomer app S S In pressure sensitive"adhesive formulations.
[2091 The datarasrPablagARIG daM owste atw wsatotheap elyumisrsaofl e ve\@iGorBdb gossess improved

petlet blockingesl NALN 18 RAIGHIR e TR RAAMAPEIELIOHRD RERUDLL lPa, meaning Tt is

free flowing under the conditions tested, compare ompardtive Examples and G* which show
considerablelhockimgndBhsckenssetrisnigBiGs important since bull, shipment of polymers having large
blocking strengths can result in product clumping or sticking together upon storage or shipping, 20

resulting®in poort i diing Prepetticsriofon theirplviash pé frmraattie Feamplrdst e wet for the inventive

polymers is gemeralivadoad, /weasitig genREH) e hraalgulieh aereesty/prefggably less than about
70 percent and especially less than about 60 percent. In contrast, Comparative Examples F*, G*, H*

and J* all ha$8%sPordisr R ESS6N sursrhonsibrdalietinens st AdkiawihbEeasiaande, indicating no

recovery). Goad highteMmeraEe-cOMmPIassio boseidlaw i metisahyalvashimespasially needed for

applications sych as gaskets, win rofiles, o-rings, and the like.
ppiicat %’Jle Ge‘:-llta getween fh\elvll)éjg VTVrE ancll the Tcrlysgaf is 44.6°C. !

15 [205] The DSC curve for the polymer of Comparative Example F* shows a
peak with a 124.8 °C melting point (Tm) with a heat of fusion of 90.4 J/g. The
corresponding CRYSTAF curve shows the tallest peak at 77.6°C with a peak area of
19.5 percent. The separation between the two peaks is consistent with the presence of
both a high crystalline and a low crystalline polymer. The delta between the DSC Tm

20 and the Terystaf is 47.2°C.

Physical Property Testing
[206] Polymer samples are evaluated for physical properties such as high
temperature resistance properties, as evidenced by TMA temperature testing, pellet
blocking strength, high temperature recovery, high temperature compression set and
25 storage modulus ratio, G*(25°C)/G’(100°C). Several commercially available polymers
are included in the tests: Comparative G* is a substantially linear ethylene/1-octene
copolymer (AFFINITY®, available from The Dow Chemical Company), Comparative
H* is an elastomeric, substantially linear ethylene/ 1-octene copolymer
(AFFINITY®EG8100, available from The Dow Chemical Company), Comparative
30 Example I* is a substantially linear ethylene/1-octene copolymer
- (AFFINITY®PL1840, available from The Dow Chemical Company), Comparative
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Er ii1i00 isathermoplastic vulcanizate (TPV, a polyolefin blend containing dispersed therein a

crosslinked elastomer). Results are presented in Table 4.

Table 4 High Temperature Mechanical Properties

TMA-Imm | Pellet Blocking 300 % Strain Compression
penetration | Strength G’(25°CY | Recovery (80°C) | Set (70°C)

Ex. | (°C) 1b/ft* (kPa) G’(100°C) | (percent) (percent)

D* | 51 - 9 Failed -

E* | 130 - 18 - -

F* |70 141 (6.8) 9 Failed 100

5. 1104 0(0) 6 81 49

6 110 - 5 - 52

7 113 - 4 84 43

8 111 - 4 Failed 41

9 97 - 4 - 66

10 | 108 - 5 81 55

11 1100 - 8 - 68

12 | 88 - 8 - 79

13 195 - 6 84 71

14 | 125 - 7 - -

15 196 - 5 - 58

16 | 113 - 4 - 42

17 {108 0 (0) 4 82 47

18 | 125 - 10 - -

19 |133 - 9 - -

G* 175 463 (22.2) 89 Failed 100

H* 170 213 (10.2) 29 Failed 100

I* |111 - 11 - -

J* 1107 - 5 Failed 100

K* | 152 - 3 - 40

[207] In Table 4, Comparative Example F* (which is a physical blend of the

two polymers resulting from simultaneous polymerizations using catalyst A1 and B 1

has a 1 mm penetration temperature of about 70°C, while Examples 5-9 have a 1 mm

10 penetration temperature of 100°C or greater. Further, examples 10-19 all have a 1 mm

penetration temperature of greater than 85°C, with most having I mm TMA

temperature of greater than 90°C or even greater than 100°C. This shows that the novel

polymers have better dimensional stability at higher temperatures compared to a

physical blend. Comparative Example J* (a commercial SEBS) has a good 1 mm TMA

15 temperature of about 107°C, but it has very poor (high temperature 70°C) compression

set of about 100 percent and it also failed to recover (sample broke) during a high
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2006/101915 PGM2®2006/509378 [211] Table 5 shows results for mechaniezi/psoperoi@sor the new
polymers as well as for various comparison polymers at ambient temperatures. It may be seen that

the inventive,DRINIMRIS IAKE STY HA00. ARARIRRJGAICI ARG w@gge;sgg%éfggg%fgt@h%aﬁo 4649,

generally showing a volume-loss of less than about 90 mm3, prefer I 1an about 80 mm3,
and especiafpicussctivabindtionos pransidicsvunigiiatle pTgR&r samsisemmigigieBterigatlieyolume loss and

consequently;lonerabrasioniesisianag daikintear strength as measured by tensile notched tear
strength of the inventive polymers is generally 1000 mJ or higher, as shown in Table 5. Tear strength

for the inventive[pagymerssemilds,atabigh 6% 30alomigardyeeitags highuhs MY mJ. 10 Comparative
polymers ge (e tegr.strengths no higher than 7 . [213] Table.5 also,shows that the
R S R e R

polymers of t er refractive stress a percen emonstrated by higher
retractive stréSsmgdtadis) Bramplorhd) bbshosomaparedivesgationés. Bodmppacaive Examples F*, G* and

o have et leg G A0 ARG SERIRGIASD el ss b eiaugRe 15

polymers have retractive stress’values at 150 percent strain of 500 kPa (Ex. 11) to as high as about

1100 kPa (ERHuPighermsy sTHer g amgiEde e Pertidhdreiiahle Bt hede98fues would be quite
useful for elagligapphiaationspsheitatalasiisdiarasandsiabrisacespaeiatywiarpwoven fabrics. Other
applications include diaper, hygiene, and medical garment waistband lications, such as tabs and
elastic b‘gnd§e%6“[§1¥&]“f‘§8‘fée%g‘§f§m6%‘§?hﬁqgs‘%?é]’é‘g%?a%ﬁ%ﬁ %%ngé)@rg%% %?f%’i’ﬁejrlss also
improved (Iess)limdmnyempleypmky\memsamctmmpaﬁut_etaamge.efhmﬁlgtuﬁmﬁpmgtmegfxampIe _G*.
Lower S”essnﬁ%%ﬁ%é'?r%ié“a%%’l%%@}aml% E’OAX#QS&E%@E@A}&J&E?%%H 1R ARRYgatIons such as diapers
and other garments where retention of elastic properties

applications such as in pressure sensitive adhesive formulations.

[209] The data in Table 4 also demonstrate that the polymers of the invention
15 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 Comparative Examples F* and G* which show considerable blocking.
Blocking strength is important since bulk shipment of polymers having large blocking
strengths can result in product clumping or sticking together upon storage or shipping,

20  resulting in poor handling properties.

[210} High temperature (70°C) compression set for the inventive polymers is
generally good, meaning generally less than about 80 percent, preferably less than
about 70 percent and especiaﬂy less than about 60 percent. In contrast, Comparative
Examples F*, G*, H* and J* all have a 70°C compression set of 100 percent (the

25  maximum possible value, indicating no recovery). Good high temperature compression
set (low numerical values) is especially needed for applications such as gaskets,

window profiles, o-rings, and the like.
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over long time periods at body temperatures is desired. -67 WO 2006/101915 PCT/US20061009378
Optical Testing Table 6 Polymer Optical Properties Ex. Internal Haze (percent) Clari ercent 45 Gloss
(percent) F*84 2249 G*57356 5137260 6336953 7285759 8206562 9613849 1015
7367 1113 698 20%801%y2 137 7469 1459 1562 1511 74 66 16 39PT0/@S520¢/®9378 66 18 61
2260 19741152 G*57356 H*12 7659 1I* 20 7559 [2151 The optical properties reported in
Table 6 are based on compression 5 molded films substantially lacking in orientation. Optical
properties of the polymers may be varied over wide ranges, due to variation in crystallite size,

resulting from variation in the quantity of chain shuttllng agent employed in the polymerization.
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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 stirred.
Time is noted when the ether begins to condense 15 into the thimble, and the extraction is allowed to
proceed under ritf/fO1923 hours. At this time, heating is stopped and thecolusmnsisoadiswed to
cool. Any ether remaining in the extractor is returned to the flask. The ether in the flask is evaporated

under vacuum atpppient tepppesa [ ' e purged dry with nitrogen. Any
residue is transfgﬁedlpto a Weighedﬂtﬁilgéal%ﬁg) g%%gg%%%%@%%%%@e\ﬁé P6381767615

PCT/LIS20066095 78" YEIoHs&omparisshpaharercx ambiRpisRBoartithenevap dratech ish another

nitrogen purgeheamdetiftmegﬁi@mﬁrj@dmﬁgy@&%m&{@éﬁﬂgm&t%-té@é ’aeﬁ%iH‘i},@qoeth_er in_the
extractor is p gé%y V\gtgrn{fr%ge%%ﬂ A second clean round bottom gas charged with 350 mL of
hexane is 5 then ConNECISH 10 the Bxg AcTBHH0Tieldrns fRancbe 96 remivoveierablriess and
maintainell atthefiakder 8nholrmakepchakiynesistiitsbaticrthaah densin gt aitie: timklg. Heating is

then stopped gjagkthenflask IS allowed 19 ool An ane remaining in the extractor is transferred
back to the flask. The k?e%ne@g%emoé%ﬁ Ofllsgc\l/%ﬁ%le;iﬁgﬁruana%sﬂ% ASE-ambient temperature, and

any residue remaing n thedQlaskisdiaBaiauen e AEIRhEL alleHsing sugcessive hexane
e

washes. The hexa{éa in_the flask is evaporated by a nitrogen purge, and the residue is vacuum dried

overnight at OGS BPYHIS A AR allpd R0 rent 2ni higher anshavimind altte 5 tHEcexstentitins is
transferred frdon tieeitivimible polgneeighsddattienas oM AEeehoxerBiot @Ak 15 Results are

containeg)in Tajls hle 7 ether eth 8 hexane hexane C3 residue wt. soluble soluble mole
soluble soluble m% éag‘%&%?émg%\ﬁ%ﬁé%&ﬁ(%‘é%%aﬁﬁt@ft%]?ﬁ'n@?‘@lﬂé@?ﬁ)@%ﬁtt percent' m . F* 1.097

0.063 5.69 i 12.2/§4305 223513 ) 1.4.08 k3.0.040 3.98 14.2 11.6 Ex.7 1.092
0.017 1.59 .3 0.0[12 :]L4.10 11.7 9.9§1§Je§t£§r§1’?5ﬁ§?jpg§ ?%%W@?Fﬁhﬂg‘&’iﬁ%%% %gﬁlh?&ﬁ%xamples 19 A-F,

Continuous SRR PEIGTHatifliBrcenpstaim(gemansated b figher retractive stress values)

than some of the comparative samples. Comparative Examples F*, G* and H* have
retractive stress value at 150 percent strain of 400 kPa or less, while the inventive

15 polymers have retractive stress values at 150 percent strain of 500 kPa (Ex. 11) to as
high as about 1100 kPa (Ex. 17). Polymers having higher than 150 percent retractive
stress values would be quite useful for elastic applications, such as elastic fibers and
fabrics, especially nonwoven fabrics. Other applications include diaper, hygiene, and

medical garment waistband applications, such as tabs and elastic bands.

20 [214] 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
Example 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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[219] Continuous solution polymerizations are carried out in a computer controlled well-mixed reactor.
Purified mixed alkanes solvent (ISOPARTM E available from ExxonMobil Chemical Company),
ethylene, 1-octene, and hydrogen (where used) are combined and fed to a 27 gallon reactor. The
feeds to the rea®¥Or2ape/ivdsured by 25 mass-flow controllers. The temperaturen@f:togdeets stream is
controlled by use of a glycol cooled heat exchanger before entering the reactor. The catalyst

component solutiong

?%rc%l“i‘e?stﬁ g

approximately 550 psig
2006/101915 PCT/UBbled6100987 OriifetRsdrertiae polymer solution. The water hydrolyzes the

S d using pumps and mass flow meters. The reactor is run liquid-frill at
. Upon exiting the reactor, water and additive are 69 WO

catalysts_, and terfEpatesy TP R e T B e, POt SRCHESG t;uéyc%rr‘f‘ds then heated in _
preparation for a | tvo-stage devolatization.” Thg;Solvent and unredgigamonomers-arejremoved during
the devolatizatiopngroceps. The polymer melf 18 pumped 10 a die {Gggunderwater pettet 5 cutting. [220]
Process details anfl results are contained in Table 8. Selected polygner propertes are provided in
Table 9. -70 WO 2006/103915 PCT/US2006/089378 Nvim O 00 3mMNV) WNNNINNMMMN
0OoenMaae aryNofr¥8mv,'Q 'oeornicfiho000moomi@oaonowm>4UNnh.~.mN
N b~ Gafti" ' cmE00WH x mmtlom gtiZ6S O Off VPOVHENO NO.NNtmNN/D y~M -
MqN-OInD‘C,f'ommoManiUﬁnﬂ?’ﬁnﬁf‘in-,"m 49 :
‘ 110 15 , 73 67

11 13 69 67

12 8 75 72

13 7 74 69

14 59 15 62

15 11 74 66

16 39 70 65

17 29 73 66

18 61 22 60

19 74 11 52

G* 5 73 56

H* 12 76 59

I* 20 75 59

[215] The optical properties reported in Table 6 are based on compression

molded films substantially lacking in orientation. Optical properties of the polymers

may be varied over wide ranges, due to variation in crystallite size, resulting from

variation in the quantity of chain shuttling agent employed in the polymerization.

Extractions of Multi-Block Copolymers

[216]

10

Extraction studies of the polymers of Examples 5, 7 and Comparative

glass fritted extraction thimble and fitted into 2 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 stirred. Time is noted when the ether begins to condense

15

At this time, heating is stopped and the solution is allowed to cool. Any ether

Example E* are conducted. In the experiments, the polymer sample is weighed into a

into the thimble, and the extraction is allowed to proceed under nitrogen for 24 hours.

remaining in the extractor is returned to the flask. The ether in the flask is evaporated

under vacuum at ambient temperature, and the resulting solids are purged dry with

nitrogen. Any residue is transferred to a weighed bottle using successive washes of
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the extractor is purged dry with nitrogen.

[217] A second clean round bottom flask charged with 350 mL of hexane is
5 then connected to the extractor. The hexane is heated to reflux with stirring and
maintained at reflux for 24 hours after hexane is first noticed condensing into the
thimble. Heating is then stopped and the flask is allowed to cool. Any hexane
remaining in the extractor is transferred back to the flask. The hexane is removed by
evaporation under vacuum at ambient temperature, and any residue remaining in the
10 flask is transferred to a weighed bottle using successive hexane washes. The hexane in

the flask is evaporated by a nitrogen purge, and the residue is vacuum dried overnight
at 40°C.

[218] The polymer sample remaining in the thimble after the extractions is
transferred from the thimble to a weighed bottle and vacuum dried overnight at 40°C.

15  Resulis are contained in Table 7.

Table 7
ether ether Cq hexane | hexane Cs residue
wit. soluble | soluble mole soluble | soluble mole Cg mole
Sample {g) (g) (percent) perc:ent1 (g) {percent) perc:vzm’c1 percent’
Comp. F* | 1.097 | 0.063 |5.69 12.2 0.245 22.35 13.6 6.5
Ex. 5 1.006 | 0.041 | 4.08 - 0.040 3.98 14.2 11.6
Ex. 7 1.092 ] 0.017 | 1.59 13.3 0.012 1.10 11.7 9.9
L Determined by °C NMR

Additional Polymer Examples 19 A-F, Continuous Solution Polymerization.
20  Catalyst A1/B2 + DEZ

219} Continuous solution polymerizations are carried out in a computer
controlled well-mixed reactor. Purified mixed alkanes solvent ISOPAR™ E available
from ExxonMobil Chemical Company), ethylene, 1-octene, and hydrogen (where used)
are combined and fed to a 27 gallon reactor. The feeds to the reactor are measured by

25  mass-flow controllers. The temperature of the feed stream is controlled by use of a
glycol cooled heat exchanger before entering the reactor. The catalyst component
solutions are metered using pumps and mass flow meters. The reactor is run liquid-full

at approximately 550 psig pressure. Upon exiting the reactor, water and additive are
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polymerization reactions. The post reactor solution is then heated in preparation for a

two-stage devolatization. The solvent and unreacted monomers are removed during the

devolatization process. The polymer melt is pumped to a die for underwater pellet
5  cutting.

[220] Process details and results are contained in Table 8. Selected polymer
properties are provided in Table 9.
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>atv oA 11;)KA(-ulil._ N ID.I"-m'tNC 2z! WO 2006/101915 PCT/11IS2006/009375
Anti-Blocking Examples 20-21 and Comparative Examples L 1221] Example 20 was a mixture of
Example 19f and 500 ppm of crucamide prepared by blending Example 19f with 1% of AMPACETC
10090 (an erucafti#Vedteéhtrate from Ampacet Corporation, Tarrytown, NYICPERSEIBIEmMple 19f
were dry 5 blended wi centrate to achieve the desired. final
concentration of erucamideéy[222 Ezzarap@ 2 was aanixture of Example 19f with 2500 ppm of
erucamide prepared by bLeLﬁdlng xample 15f with 5% of AMPACET- -) 10090. Pellets of Example 19f
were dry blended with pelbﬁ ¢f AMBASET"90§9@ cancentrate to achieve the desired 10 final
concentration of erucamicﬁ? .,om“paratwe%“:%érﬁpléi s xample 19f without any erucamide. [223]
The Thermomechanical (EM 5\);,prx.)pﬁ;rues,:rhatrdnes,,s Lompression set properties, gull wing tear

strength, tensile strength,bRicking ahdscateh #af résistance of Comparative Examples L and
Examples 20-21 were¢ measy rgd @nq the resyltg are shown in 15 Table 10 below. [224] The
penetration temperatures 1%gmal me&han@aﬁaﬁhl@s (TMA)'%echnlque was conducted on 30 mm
diameter x 3.3 mm thick, compression molded discs, formed aLéSO C and 10 MPa molding pressure
for 5 minutes and then :;iraq t;;ch:ed:a Theinstrymentused was®@ Perkin-ElImer TMA 7. In the TMA
test, a probe with 1.5 numg; ids 20 ‘tipe(’Pﬁ‘\I N5%9r€)4§6) was applied to the surface of the sample disc
with IN force. The temperatyre was raised at 5C/minute from 25C. The probe penetration distance
o~~~
was measured as a furiEg 7 of temperat@edTHe 8 Exggeriment efgled when the probe had penetrated
0.1 min and 1 mm resp&ctively into the sample. The 0.1 mm anéi| mm penetration temperatures of
each example are Ilsiecﬁlrg Eable 40.below, 25 [228] The Shore g hardness of each sample was
measured according to AEFV'D “22210“wﬁ|c'h |§|r1'CoTporated hereln by reference.
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[2261 The compression set properties of each sample at 23 C and 70 C were measured according to
ASTM D 4703, which is incorporated herein by reference. [2271 The gull wing tear strength of each
sample was measured according to the 30 method described in ASTM D 1004, which is incorporated
herein by referen¥® I¥98P¥Phe blocking of each sample was measured by staPRifgSs«iea7x0.125"
injection molded plaques, leaving the plaques at ambient conditions (73 F) for 24 hours, 73 WO
2006/101915 PCT/US2006/009378 then un-stacking the plaques. The blocking rating is between 1
and 5 with.5 bei t (all the plaques easily un-stacked) tQ:I':’belng ugagceptable (where the 6
plaques had ad ch other so much that none of the pla gs couldEbg separated by hand).
[229] The scratg &sistance of each sample was measured bygnanual %’: scribing an X on a
4"X4'X0. 125" p corner to corner with a rounded plastic §tylus T. é*sscratch mar resistance
rating is betweert-and-5with 5 being excellent (where no eviden¢é of the ¥ & visible) and 1 being

unacceptable (Whe &t e X s highly vjjlb an

can rjot he rubbed'@ff). [230§ Ehe ultimate tensile
strength of each @m was measpured according to {10 AST DZII% Whic%’%ncorporated herein by
reference. Table 1G0.1mm|1.0 mm C mp} Comp, Gull wing ensﬁeﬁampleﬁ? A TMA Shore Set at
Set at Tcar Scratch’Mar A trength:Sittendth Blocking Résis nc& @2) © 7§§ 23 C (ms/in. (psi)
Ex.20 69 99 79 b4 &1 209 64154 |[BX.P1 7499815219 32 70%5:5 Comdg., Ex. L6799745721
2061672112 31ET)n data in Tapg I indi atWittthe adgition of a Small amount of an
anti-blocking ag ntmoﬂ‘fbnsmg an argide, such as|erucamide| the<] erne/aa@efln 15 interpolymers
disclosed herein, séichlas Example|19f, show signjificant i prove(ﬁ ti- blocﬁlmg and scratch mar
resistance. More impgytantly, stgh improvementsare;obtained V\Fﬁ@ut adv@‘iely affecting other
desirable properties, h’kg I@rdnegs, compression set, lheat re sst@@e tear strgngth and tensile
strength. [1221 While%the invention[has begn des¢ribed with respectto a Ilm&éj number of 20
embodiments 4N€ SpPEeCHiC leatures! of pne lembod|ment shoujd no'i @ attrlblﬁem‘l to other
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f Zn)/(Total Ethylene feed flow*(1-
hyl zinc (“DEZ”) used in the polyme

64800
66900

Mn
(g/mol)

filed on March 15, 2006, in the name of Co

Table 9 Polymer Physical properties
-» the disclose of which is incorporated by reference herein in its entirety.

135000
131600

Mw
{g/mol)

Table 9A Average Block Index For exemplaryPo,

(Zu feed flow*Zn concentration/1000000/Mw o

1. Additional information regarding the calculation of the block indices for various
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embodiments of the invention. No single embodiment is re_presentative of all aspects of the |nvent|ont.
In some embodim%s BQ%(ﬁgrgpositions or methods may include numerous C(IJI)E rgjggﬂ%g{l%%%,tgps no
mentioned herein. In ot%er emlbodiments, the compositions or method; do th | ) 2
substantially free of, any compounds or steps not 25 enumerated herein. Variations and modifications

from the described embodimatitBrxkingiRalhpROYORIMB diaRsadNeEsinsV|d be construed to

mean approximate, regardless of whether the word "about" or "approximately™is used in describing

the number. The aPBBdhded Edmplirievdisa nﬁxeﬁaﬁﬂﬁjagm?ﬁ.?ﬂogmé %Brglﬁgﬁn%%ﬁsﬁz r1:a||ing
ithin th ' i tis clai 1pOsiti |
\cl:v(l)trrrlllgritsi?lg:sii())%%rl@eﬁi%% om%ﬁﬁﬂegr%%%%g??m%rpoﬁfri:e?\,igv%ere n 1@8 %fﬁ?l%‘ﬁé?ﬂ’d‘ijéﬁn interpolymer:

(@) has a M"/M" PBFFTEBELF AT A arstComortienstasrito wme livY. pRitietsTof Fittiprees aalsiks, and a

: . . ; : ' - f Tm and.d carrespond to the
density, d, i grlenseLibith gRUERMSIANVENRTE TN WBETIcal el e, Al EIGS %}tnfl
relatio)rllship: Tm-_-200 .9+$538.5(4)-2422.2(4)2; or (b) has a MW%@'\ from abou f&L (fabout 3.5, and

is characterized By & RSP RISEANIAR in J/g, and a delta quantity, AT, in degrees Celsius defined as

[ he tallest CRYST_A.F peak, wherein
the temperature di nce een the tallest DSC‘?% k and the t; _
the numeri- cal Va|l§£6?85?0f AT%\%R% ég\%aﬁwaer%}ﬂgrﬁl %Séqﬁ%‘ﬁ-l%ﬂmg? A5P0_prvodpmesmEe 81 for All

greater than zeiSRABANY Riendmg i aniphe 89C with M@rﬁMﬁAté)%ﬁ%ﬁﬁ?E@.};&%@e[i@grﬁggﬂ ng(‘)I'ICrl;er

K is determineghis ; t , ess than ] I
Ezg alr?idzr:atifiamle CR%ﬁﬁﬁgﬁlﬁéﬁ%@ﬁgﬁé&% telr?gega%l}%mﬁs 45 E’a‘g}’?‘éﬁ thedesidierized
by an el astid reg'lg@bfgnﬁgtrﬁtli%?ggmcamide. Comparative Example L is Example 19f without any

erucamide.

[223] The Thermomechanical (TMA) properties, hardness, compression set
properties, gull wing tear strength, tensile strength, blocking and scratch mar resistance of

Comparative Examples L and Examples 20-21 were measured and the results are shown in
15 Table 10 below.

[224] The penetration temperature by thermal mechanical analysis (TMA)
technique was conducted on 30 mm diameter x 3.3 mm thick, compression molded discs,
formed at 180 °C and 10 MPa molding pressure for 5 minutes and then air quenched. The
instrument used was a Perkin-Elmer TMA 7. Inthe TMA test, a probe with 1.5 mm radius

20 tip (P/N N519-0416) was applied to the surface of the sample disc with 1N force. The
temperature was raised at 5°C/minute from 25°C. The probe penetration distance was
measured as a function of temperature. The experiment ended when the probe had
penetrated 0.1 mm and 1 mm respectively into the sample. The 0.1 mm and 1 mm

penetration temperatures of each example are listed in Table 10 below.

25 [225] The Shore A hardness of each sample was measured according to ASTM D

2240, which is incorporated herein by reference,

[226] The compression set properties of each sample at 23 °C and 70 °C were
measured according to ASTM D 4703, which is incorporated herein by reference.

[227] The gull wing tear strength of each sample was measured according to the

30 method described in ASTM D 1004, which is incorporated herein by reference.

[228] The blocking of each sample was measured by stacking six 4”X4°X0.125”

injection molded plaques, leaving the plaques at ambient conditions (73 F) for 24 hours,
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at 300 percent strain and 1 cycle measured with a compression-molqled film of th(_a ethyl ene/ot -olefin
interpolymer, and has a density, d, in grams/cubic centimeter, wherein the n_umerlcal vqlues of Re and
d satisfy the followingpeetatiorsship when the ethylene/ a-olefin interpolym.er ipeuthsiantalysfeee of a
cross- linked phase: Re>1481-1629(d); or (d) has a molecular fraction Whlg:h elutes between 40 C.
and 130 C. when fractionated using TRBF, charac- terized in that the fraction has a molar comonomer
content of at leREREERCkiNE melrtHah this Bpskiss mpnedbie rreiohmad et iriteingolymer fraction
the. same Comonemer(a) and & melt b, Cana e e LA on the
the same comgpn r(s) and t index, density, and _molar com .
whole poly- mn;zl%d\(/)vil?ﬁ l(ei X eac?‘egfﬁ%rfs[ﬂgl%%’tﬁl@téﬁﬂﬂ QHBrLBBHAT SPidbsIsRuptest serdBLLP (e) is

per
h terized b rage ; 4.5(25 €.), and a storage modulys at 1000 C., G'(1000
gj.?r\?v%grrtlazin theyrgf%%f %(g}S% C. pégcg%%éé‘ %%%écef?gr%{ %ﬁ)%au 1S ABE L&y ARaYYat least one
ant}-blockiﬁg atfahiebmsreme ﬁ%&ﬁﬁ@é?i’ﬁ/h@@ﬁﬁhm&mmﬂqawmmemhg pointedf@ideast about 70
C. 2. The polymgrsompagitieh ai£ almdavherainithe sibmviens/a-Qlgfin %”}Sé%%béﬁ?ei{t ag.a Mw/Mn
from about 1.7 to_ahout 3.5, at least one melting point, Tm, in degrees CelsiUs, an a density, d in
grams/cubic céﬁ’tﬁ%’gf’é’ﬁe\ﬁ et i usinmanchPssie assemiablp e fesBdndighiheisilstiodship:
71~85891-182&aB (ahy-ib dibBedi(aff).

[230]  The ultimate tensile strength of each sample was measured according to
10 ASTM D 412, which is incorporated herein by reference,

Table 10
0.lmm 1.0 mm Shore Comp. | Comp. Guggring Tensile Scratch Mar
Sample | TMA | TMA A Setat | Setat Strength Strength { Blocking Resistance
o) | (O 70°C | 23°C| abs/in) | (psi)
Ex. 20 69 99 79 54 21 209 641 5 4
Ex. 21 74 99 81 52 19 225 703 5 5
Comp. Ex. L| 67 99 74 57 21 206 672 1 1

i

[231] The data in Table 10 indicate that with the addition of a small amount of an
anti-blocking agent comprising an amide, such as erucamide, the ethylene/a-olefin
15 interpolymers disclosed herein, such as Example 19f, show significant improved anti-
blocking and scratch mar resistance. More importantly, such improvements are obtained
without adversely affecting other desirable properties, like hafdness, compression set, heat

resistance, tear strength, and tensile strength.

1232] While the invention has been described with respect to a limited number of

20 embodiments, the specific features of one embodiment should not be attributed to other
embodiments of the invention. No single embodiment is representative of all aspects of the
invention. In some embodiments, the compositions or methods may include numerous
compounds or steps not mentioned herein. In other embodiments, the compositions or
methods do not include, or are substantially free of, any compounds or steps not

25  enumerated herein. Variations and modifications from the described embodiments exist.
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. 24



3. The polymer composition of claim 1, wherein the eth- ylene/a-olefin interpolymer has a M./M" from
about 1.7 to about 3.5 and is characterized by a heat of fusion, All in J/g, and a delta quantity, AT, in
degrees Celsius defined as the temperature difference between the tallest DSC peakjanrd tipe tallest
CRYSTAF peak, wherein the numerical values of AT and All have the following relationships:
AM-0.1299(AH)+62.81 for AH greater thaw zero and up to 130 Jig, AT_48 C. for AH greater than 130
Jig, wherein the CRYSTAL p&dkisdatemeides using at least 5 percent of the cumulative polymer, and
if less than 5 percent of the palymelyhas aondentifiahlecGiRYiSIhaF peak, then the CRYSTAL
temperature is 30 C. 4. The polnesscompadiien@besisndiniestipniee aiferglanaéa-olefin
interpolymer is characterized bytaﬂ@llaaacorﬁﬁompaggﬁmpercent at 300 percent strain and | cycle
measured with a compressmn oft e eflrylene/a- olefin interpolymer, and has a density, d,
in grains/cubic cen- timeter, whb M‘?%%g} JaRmd thﬁé‘lﬁ?’r&é ga@?s%ﬂﬁﬁ@nf’ollowmg
relationship when the ethylene/a%?éﬂﬂg et 18y ¥ GeRSEROSs-linked phase:
Re>1481-1629(4). 5. The polyrrfé’rafa %TtBPéﬁW%Wbﬁé?éiﬁ}{ﬁéuﬁ{%%? {cdlvalues of Re and d
satisfy the following relation- ship'°R& WG?W%§L@P rglatiqashéiiymer composition of
claim 4, wherein the n unerical mﬁue@mbR@aﬂ@)dzsmls@{m followmg relation- ship:

Re>1501-1629(d). 7. The pO'Y‘E'}%{a%OéT‘QR%?M‘ ?f %llaggout\,\ih‘?r %out 3.5, and is
characterized by a heat of fusion, AH in J/g, and a

delta quantity, AT, in degrees Celsius defined as the
temperature difference between the tallest DSC peak -
and the tallest CRYSTAF peak, wherein the numeri-
cal values of AT and AH have the following relation-
ships:
AT>-0.1299(AH)+62.81 for AH greater than zero and
up to 130 J/g,

AT=48° C. for AH greater than 130 J/g.

wherein the CRYSTAF peak is determined using at least 5
- percent of the polymer, and if less than 5 percent of the
polymer has an identifiable CRYSTAF peak, then the CRY-
STAF 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 the ethylene/
o-olefin interpolymer is substantially free of a cross-
linked phase:

Re>1481-1629(d); or

(d) has a molecular fraction which elutes between 40° C,
and 130° C. when fractionated using TREF, charac- ,
terized in that the fraction has a molar comonomer
content of at least 5 percent higher than that of a
comparable random ethylene interpolymer fraction
eluting between the same temperatures, wherein said
comparable random ethylene interpolymer has the
same comonomer(s) and a melt index, density, and
molar comonomer content (based on the whole poly-
mer) within 10 percent of that of the ethylene/a-olefin
interpolymer; or
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numerical values of Re and d satisfy the following relation- ship: Re>1511-1629(d). 8. The polymer
composition of claim 1, wherein the eth- ylene/a-olefin interpolymer has a molecular fraction which
elutes between 40 C. and 130 C, when fractionated using TREF, characterized in that the $tagiion has
a molar comono- mer content of at least 5 percent higher than that of a compa- rable random ethylene
interpolymer fraction eluting between the same temperatures, wherein said comparable random eth-
ylene interpolymer has the same comonomer(s) and a melt index, density, and molar comonomer

content (based on the whole poI el cept f epersolefin interpolymer.
9. The polymer composition of clai g&géfﬁ% dg(ﬁet - él)e‘i%%%‘ll% %&Smé[{{@ ?5 f(gocharacterlzed by
{

a storage modulus at 25 C., G'(25 age {B yg/herelnthe ratio
of G'(25 C.) to G'(100 C.) is from a o t 1%% %1 Iymer composition of claim 1,

wherein the a- oleflr_1 in the ethm?ne[ 1';1 o) %Ojgfm%tg pg‘fy} eégastgﬁjr}%npégsgégE[g,u}nggtene I-hexene,

1-octene, 4-methyl-i-pentene, rlezi ne taz;[;oﬁ thereof. 11.
The polymer composition of clainy ereln e A Sb?onklng %é)enfl as one o ormulae:
x'13-{Ch2)"~ (CH CH)-_ (Cxz)"-C O NR ‘R2,0or0OR R3 ereln ac of Raand R2 is
mdependently H, alkyl,cycloafky MR yImey o aIRasH (’}r fé{fv%z(qj

ylene/a.- oleﬁ1 nierpolymer has a out 1. 7 o

about 3.5, at least one melting point, 1m, in degrees Celsius,
and a density, d, in grams/cubic centimeter, wherein the
numerical values of Tm and d correspond to the relationship:

T,,2858.91-1825.3(d)+1112.8(d)".

3. The polymer composition of claim 1, wherein the eth-
ylene/a-olefin interpolymer has a M, /M,, from about 1.7 to
about 3.5 and is characterized by a heat of fusion, AH in J/g,
and a delta quantity, AT, in degrees Celsius defined as the
temperature difference between the tallest DSC peak and the
tallest CRYSTAF peak, wherein the numerical values of AT
and AH have the following relationships:

AT>-0.1299(AH)+62.81 for AH greater than zero and
up to 130 I/g,

AT=z=48° C. for AH greater than 130 J/g,

wherein the CRYSTAF peak is determined using at least 5
percent of the cumulative polymer, and if less than 5 percent
of the polymer has an identifiable CRYSTAF peak, then the
CRYSTAF temperature 1s 30° C.

4. The polymer composition of claim 1, wherein the eth-
ylene/a-olefin interpolymer 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 grains/cubic cen-
timeter, wherein the numerical values of Re and d satisfy the
following relationship when the ethylene/a-olefin interpoly-
mer is substantially free of a cross-linked phase:

Re>1481-1629(d).

5. The polymer composition of claim 4, wherein the
numerical values of Re and d satisfy the following relation-
ship:

Re>1491-1629(d).
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enyl, each having about 11 to about 39 carbon atoms; each of 77 MCSLLP in and n is independently
an integer between about 1 and about 37; p is an integer between 0 and 3; and the sum of m, n and
pis at least S. 12. The polymer composition of claim 11, wherein each of R' and R3 is W.Ci¥.Fhe
polymer composition of claim 11, wherein the anti-blocking agent is enzcamide, hehenatnide,

tetracosany- lamide, h@xqqgsaﬁ@yﬁﬂadQ,&ﬁﬁg@g@ﬁy[ﬁrmpgn{nacqu@?glm% dotriacontylamide,

tetratriacontylamidey tR{aronty/anuide RE aseWbinAte b estRly ids ThgRalymer composition of claim
13, wherein the antjihlpcking agent is erucamide. 1.5. The polymer composition of claim 1, wherein ‘

the anti- blocking agent is in the amount from about greater than 0 to about 3 wt %, based on the total
weight of the polymer cofepdsitidf2916. The polymer composition of claim 1, wherein the poly- mer
composition has a pell,et ckln tleern%ghg) g%lght%]o cf g«ﬁ tI@ar,M}l%pgﬁ 7. The polymer

composition of claim | fur LIS &85 ania ereln ditive is a plasticizer, an
, all tn

oil, an antioxidant, albl{} I|zer aco ran orp TbHCANE an antifogging agent, a
flow aid, a coupling aé’ent, a cross-linking agent a nucleatlng agent, a surfactant, a solvent, a flame
retardant, an antistatic agentsor-ascambi- nation thereof. 18. The polymer composition of claim 1

further compris- ing a yolefln 19. A polymer, compaosition compnsmﬂ?@(l) at Ieast one

ethylene/a-olefin |nter PRI OSTHOR Q& /2B fBrily PSR

ylene/o-olefin interpolymer has a molecular fraction whlch
elutes between 40° C. and 130° C. when fractionated using
TREF, characterized in that the fraction has a molar comono-
mer content of at least 5 percent higher than that of a compa-
rable random ethylene interpolymer fraction eluting between
the same temperatures, wherein said comparable random eth-
ylene interpolymer has the same comonomer(s) and a melt
index, density, and molar comonomer content (based on the
whole polymer) within 10 percent of that of the ethylene/a.-
olefin interpolymer.

9. The polymer composition of claim 1, wherein the eth-
ylene/a-olefin interpolymer is characterized by a storage
‘modulus at 25° C., G'(25° C.), and a storage modulus at 100°
C., G'(100° C)), whereln the ratio of G'(25° C. ) to G'(100° C.)
is from about 1:1 to about 10:1.

10. The polymer composition of claim 1, wherein the
a.-olefin in the ethylene/o-olefin interpolymer is styrene, pro-
pylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene,
norbornene, 1-decene, 1,5-hexadiene or a combination
thereof.

11. The polymer composition of claim 1, wherein the anti-
blocking agent has one of the formulae:

CH:V.‘(CHZ)m—"(c}l_cH)p—_<CH2>n'—_C(*‘O>m
NRIR?, or

)
J e
R N7

R2

wherein each of R' and R® is independently H, alkyl,
cycloalkyl, alkenyl, cycloalkenyl or aryl; R? is alkyl or alk-
enyl, each having about 11 to about 39 carbon atoms; each of
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(a) at least one molecular fraction which elutes between 40 C. and 130 C. when fractionated using
TREF, characterized in. that the fraction has a block index of at least 0.5 and up to about 1 and a
molecular weight distribution, M/M,,, greater than about 1.3; or (b) an average block maéx igfeater
than zero and up to about 1.0 and a molecular weight distribution, M"/M,,, greater than_about_ 1.3; and
(i) at least one anti-blocking agent comprising an amide, wherein the amide has a melting point of at
least about 70 C. 78 MCSLLP 20. The polymer composition of claim 19, wherein the ethylenela-olefin
interpolymer has a molecular fraction which elutes between 40 C. and 130 C. when fractionated

using TREF, characterized in thatﬁp%ﬁ@ﬁtlgnlﬁg %ﬁﬁ@lﬂf Cé)[mq g%gfrb%?@tent Of)at Ielast percent
higher than that of a comparable rgpgdogy efndens |pISPAMIMEL Facton-£ g?ﬁqh etweep e same
temperatures, wherein said compﬁrgg&e ﬁ@%‘?%ﬂs‘?@‘ ylene mterpolymer has the same comdnomer(s)

and a melt index, density, and molarﬁom@ GOl Q}F}E dosan Ilh%\ﬂol gol}/mer within 10
percent of that of the ethylene/a-q{efg}lwgﬁgfnqer ZqiﬂﬁTO %I mer com beitjon ordais 9, wherein

the ethylenela-olefin interpolymer is;gharggt rd é}yc%&t us at 25 C G 25t e) and a
storage modulus at 100 C., G' (1081{; M ng gtrgtlé)ng g h %‘% ?’i Po about 1:1
to about 10:1. 22. The polymer comB@éél%Q 2 % ?e/(x -olefin
interpolymer is styrene, pro- pyle'}ﬁﬂebld@t?ﬁc%xﬂ %T%el 9e(i}%9r?acomy aXndg étne ?{QC%H thornene,
1-decene, 1,5-hexadiene or a conﬁ@@@mg Jgﬁﬁ?l tion thereof.

14. The polymer composition of claim 13, wherein the
anti-blocking agent is erucamide.

15. The polymer composition of claim 1, wherein the anti-
blocking agent is in the amount from about greater than 0 to
about 3 wt %, based on the total weight of the polymer
composition.

16. The polymer composition of claim 1, wherein the poly-
mer composition has a pellet blocking strength of equal to or
less than 4800 Pa.

17. The polymer composition of claim 1 further compris-
ing at least an additive, wherein the additive is a plasticizer, an
oil, an antioxidant, a UV stabilizer, a colorant or pigment, a
ﬁller a lubricant, an antifogging agent, a flow aid, a coupling
agent, a cross-linking agent, a nucleating agent, a surfactant,
a solvent, a flame retardant, an antistatic agent, or a combi-
nation thereof.

18. The polymer composition of claim 1 further compris-
ing a polyolefin.

19. A polymer composition comprising:

(1) at least one ethylene/o-olefin interpolymer, wherein the

ethylene/a-olefin interpolymer has:

(a) at least one molecular fraction which elutes between
40° C. and 130° C. when fractionated using TREF,
characterized in that the fraction has a block index of
at least 0.5 and up to about 1 and a molecular weight
distribution, M,,/M,,, greater than about 1.3; or

(b) an average block index greater than zero and up to
about 1.0 and a molecular weight distribution,
M,/M,,, greater than about 1.3; and

(i1) at least one anti-blocking agent comprising an amide,

wherein the amide has a melting point of at least about

70° C.
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23. The polymer. composition of claim 19, wherein the anti-blocking agent has one of the formulae:
CH3--(Cx )m-(cx.-cx)P--tCxz)"- C(-0}- NR'R3. cr O R1 'K, IN RZ wherein each of R1 and R2 is
independently H, alkyl, cycloalkyl, alkenyl, cycloalkenyl or aryl; R" is alkyl or alk- enyi&aicbFhaving
about 11 to about 39 carbon atoms; each of m and n is independently an-integer between about 1 and
about 37; p is an integer between 0 and. 3; and the sum of m n and p is at least 8. 24. The polymer

composition of claim 23, whe | ach f R3 and R21 ﬁ CSL P 2 ﬁThe %é/mer composition
of claim 23, wherein the antl H‘Ffs e%fg) 8 O enaérrﬂl t“irg osany- lamide,
hexacosanylamide, octaco ]cdﬂw H}Sr %r ?ycontylamlde
tetracontyla- mide or a co \f/efél ?ﬁ8 5'F , Wherein the
anti-blocking agent is erucHFﬁ‘?@e ﬂP S\/\?H fthe anti-blocking
agent is in the amount fronf&BBH? é’[‘é’? eﬁﬁ Pﬁr\%ﬁ% ghtﬁlﬁ t% Al weight of the

polymer composition. 28. HER] CBFCII%} CH’?@ r composition has
a pellet blocking strength JIEHGEH f@%ls?égg ﬁ?&ﬂ’ﬁ%ﬁrﬁﬁ e’f‘ﬂ@ 56l rﬁ@ ition of claim 19

further compris- ing at least4 RSP HEEaaR0S § easallggugﬂgpngﬁlfg n antioxidant, a
UV stabilizer. a colorant O@g@rﬁ% hmdex density, and molar comonomer content
’ sed on the whole polymer) within 10 percent of that of the

ethylene/a-olefin interpolymer.

21. The polymer composition of claim 19, wherein the
ethylene/a-olefin interpolymer is characterized by a storage
modulus at 25° C., G'(25° C.) and a storage modulus at 100°
C., G'(100° C.), wherein the ratio of G'(25° C.) to G'(100° C.)
is from about 1:1 to about 10:1.

22. The polymer composition of claim 19, wherein the
o-olefin in the ethylene/a-olefin interpolymer is styrene, pro-
pylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene,
norbornene, 1-decene, 1,5-hexadiene or a combination
thereof.

23. The polymer composition of claim 19, wherein the
anti-blocking agent has one of the formulae:

CH3—-(CHZ),,, (CH=CH),—(CH,;),—C(=0)—
NRIR?, or

0
M e
R3 N~

R2

wherein each of R' and R? is independently H, alkyl,
cycloalkyl, alkenyl, cycloalkeny! or aryl; R? is alkyl or alk-
enyl, each having about 11 to about 39 carbon atoms; each of
m and n is independently an integer between about 1 and
about 37, p is an integer between 0 and 3; and the sum of m,
n and p is at least 8.

24. The polymer composition of claim 23, wherein each of
R' and R?is H.
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filler, a lubricant, an antifogging agent, a flow aid, a coupling agent, a cross-linking agent, a nucleating
agent, a surfactant, a solvent, a flame retardant, an antistatic agent, or a combi- nation thereof. 30.
The polymer composition of claim 19 further compris- ing a polyolefin. 80
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25. The polymer composition of claim 23, wherein the
anti-blocking agent is erucamide, behenamide, tetracosany-
lamide, hexacosanylamide, octacosanylamide, triacontyla-
mide, dotriacontylamide, tetratriacontylamide, tetracontyla-
mide or a combination thereof.

26. The polymer composition of claim 25, wherein the
anti-blocking agent is erucamide.

27. The polymer composition of claim 19, wherein the
anti-blocking agent is in the amount from about greater than
0 to about 3 wt %, based on the total weight of the polymer
composition.

28. The polymer composition of claim 19, wherein the
polymer composition has a pellet blocking strength of equal
to or less than 4800 Pa.

29. The polymer composition of claim 19 further compris-
ing at least an additive, wherein the additive is a plasticizer, an
oil, an antioxidant, a UV stabilizer, a colorant or pigment, a
filler, a lubricant, an antifogging agent, a flow aid, a coupling
agent, a cross-linking agent, a nucleating agent, a surfactant,
a solvent, a flame retardant, an antistatic agent, or a combi-
nation thereof.

30. The polymer composition of claim 19 further compris-
ing a polyolefin.
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