ANTI - BLOCKI NG COMPQCSI TI ONS COVPRI SI NG | NTERPOLYMERS OF ETHYLENE/ a- OLEFI NS
FI ELD OF THE I NVENTION [1] This invention relates to polyner conpositions
conpri si yoanidwaas one et hyl ene/ a-ol ef minterpol yner amdTaiS200ea84379ne

anti - bl ocki ng agent, net hods of making the pol yner corrposi tions, and nol ded

products nmade fromthe p nmer ositi ons The r_co 05| t | ons may
have redué@ﬁl’lebﬂGIﬁ@VGr(&m PQEIHEEW ISEFE\{IBB\ GF THE
I NVENTION [ 2] Many pol yners, gﬁg{lﬁﬁﬂﬁ/&w ﬂgmget ic el astoners are

produced for commercial cons fon I a particle- or particul ate-form such
as pellets, granules, briquettes, pills, crunmb, flakes, spheres, disks,
cylinders, cubes, and vari OEEmWTPmmNmmNrregul ar shapes.

General ly, the shape of these pol ymer particles is e| ther deliberately
formed or _a natur%1 result of varlqus recovert and d ?\q‘ rations in the
pol ymer pibduct i HisFREEEen relgigs 19,00 W&WO&E@% PRCOPPEHES 8‘#5@8 P€ may be
desira ﬂ@f*ﬁ{ gk aﬂrm@mbas &t Bskig@thebe
comk)oulrgl&lg e blgﬁﬁmh%%#g%gaﬁgglﬁ%%hgngl arge pol yner bl ocks,

sheet s polytetr hemposkﬂonsl,.:anct mekded pr@mtslryaibrfrmthei rolbegercpmpesitivandl e easi er
for furt uses anpd/ or dj ssol rea ke | ubricating
oils aﬁ’ﬁ{]ﬂfé CPR@STUPIS MYy V\?éf? ﬂgﬁ’c?g g}é)h%/ ”b@cﬁgé%f)%r%p :{% es of many

pol ymers, particularly those exhi bi ti ng any el astoneric char acter,

generally tend to aggl oBXeKGROUNINOF PHESNVENTION ocki ng”, whi ch is an
undesi rabl e adhesi on anbng contacti ng part I cl es. Such aggl oneration often

occurs under el evated terrperatur nd/ or gssure duri ng t@& storage of the
pol yner pRdti cl eManygrol )ér%aﬁsrpﬂ’aétwuc?f ii’rngéeélﬁre SRR FDROEIEEPhg bal es or

paClFageég GI’IHQF ﬁOBQ\%rﬁg%n 19 r%t'rﬁélé’sor 1c%[a?@lfcﬁ'mcéﬁeﬂ bt benss, bawmareabl e for

aggl onera part| es aggl onerate, then generally it is
necess aulriyluéttbsgplillm,cbrumb;ﬂatk,es ephats) @luskus,scefhnm,l bt atl¢h @al‘angIO@J’iﬁé regudas ang

t ticl t
Wi e ey drEb: b Sebe offBiesmimietaninns S Yl B efitffed
bur denspamaang r%@ﬁﬁ'vﬁﬁ@ﬁ@re@&%@}d §1‘§:1 &’zf}/lrfgdqjeidtﬁﬁﬁin the Belymér ipfRiuatich cost ,

I nconveni ence of using them and
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.



potential risks of contam nation and/or degradation of the polynmer during
the additional processes.4] There are sone attenpts of preventing the

bl ocki ng wb 2p@ymEs particl es which include applying a @¢astise@eagsnt such
as carbon black, talc, zinc stearate, rice flour, chal k, magnesi um oxi de,

infusorial earth, or the like, to the palyner particles in an.effort.to
count er adé] t he nZhereare Jomaatisarnss HfPreYHERE H@s@"@‘fm% ?@%&‘PW@%W{"&P%.
However, . addi ng. t he i j e for’
come. s RE 2P P SE T s S bR B e A & or
t he applabR@kiBRidesinbitons] datthy drahs likg totHepolpmenmdénies ivagicies,tot he

performance of which may be affected by the undesirable dusting.aggnt.
Fur t heequmdéragtdhe prwrabtackingssss mlockiness ofrthe aelyprer P%Htlﬁf%ﬁ'a OEEE: B‘gb“%ﬁ‘fe

gg? ;299 ﬁ%{a%?nt"{g %e;pogfrggr rgl%lle gf{ﬁ‘f&e@ﬂﬁﬂé forlshelaBpBQEBns BhaRORS dustRige

es na together as the abovenentioned pol yner
par t i chgsnt ithelf max dophdssihblefer the applioatibes, suchrasdilbricatisgoits fos npsteret hyl ene

Food Ehiars thegpralomaEas It SN Pap B AT asby Rl rryoRie SRRt Alkpl b Tt 20 |
or as agfh ngiw A4 s‘aﬁl\é?fderggad@ﬁﬁfa;ki%:nﬁyé pdRibRo@MRalth hiRab@nddengner some

processes makl ng or using the , an 1norgani c anti-bl ocki ng agent,
such asireurhstamest al c and zeolite, nay be added to the polyolefin fil ns.
However, the addition of a large quantity of inorganic anti-blocking agent
mayo det er jspr at e Theorhe antpesss saye poigmepatialeanty ajdo stick tegstheopetherbeye-ns and

may | ower thejr resistance to f tch 6] Th f i

nesd | SrenAS LR BREH RN RD D EoNPB e B BOMOCTbi B SET ok PHsetb ey *

pol ym%gﬁg@h?dp%ngfﬁé L{glablel fr éﬁpliéﬁt%ﬂs%g h@aiag filheforgsdmdibesn achi eve a
I

wel | - ba verment in sone desirable properties such as
ant i - blphettiavgutirabpreptiatens, farihzga rad efher aolipns|or 65 ARG B COYEERBSUMMARY OF

THE | NVENTI, 7] _The orenenti.oned nee Lar i spects of
The | nVBHFIDhST PAPBNE UG SRR INe RGO JCRETSho BBt pifE R RRche
CONBOSiifihBhic ANUbIctk G @bnt, Qahtas SRashlng nedlite ahaf baaddetlds el polwiefand
ant1 - bl ocki ng agent conpri si ngl an am de, wherein t'hlﬁ akn‘i de has a nelting
poi nt  dilmst Howeewer, sisndditipn of a lpnge quamite pbsgrgagin anticpigeking agent may

deteriorate the transparency and appearance of the polyolefin films and may lower their

resistance to surface scratches.

[6] 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.



et hyl ene/ a-ol efin interpolyner has a Mv Mh from about 1.7 to about 3.5, at
| east one nelting point, Tmin degrees Celsius, and a density, d, in

gr ans/ cubwo 20@noi9mst er, wherein the nunerical val ues of PCHsRE6M0308 r espond
to the relationship: Tm> -2002.9 + 4538.5(d) - 2422.2(d)2. [8] In another

enbodi nent, the ethylene/a-olefin int erEoI mer has a MV Vn from about 1.7
to about 3.5, and is charwmi on, DHin J/g, and a
delta quantity, DT, in degrees Celsius defined as the tenperature

differen en the bgg%gl Lhe ligedntichY ShA¥nepeak,

wher ein ﬁﬁk?ﬁé\é\@ﬁ%g}ho\%@h‘%ﬁ(%]feqﬁ% n Bﬁlglﬁsa?ve toﬁgleflol I olvvi ng rel ationshi ps:
DT > - GsptdecBiyentiof 2¢18tks fooa pddyngr emmysitidnanongeismgandeasioneo 130 J/ g, DT >

48 OC for DH greater than 130 J/g ., wherein the.CRYSTAF.peak is determn ned
iai g etleaslsrolehpinerpalymst it CoehaE Pout SURTHERE ThAMI REEl | han 5

per eenty DR PR IRG 7% oF bR abaf Tobte. RRYSTARaRky, tiben the CRYSTAF

erature 1s n anot her enbodi nent, the ethylene/a-olefin
i nt er pelhylene/o-clefih antapolkyiez bas HDYI.AV. oasatiost t.doekeus 3.5Rat lepsi oper cent at 300

percent strain and 1 cle asured wt.h conpressi.an- filmof the

et hyl eMSIEENBRY Am; %‘68? 9%“,& i ity dgh%%%%“fé‘?gfﬁ?‘é?‘gﬁs/ cubi ¢

cent | MeiiRfein WIGHEIGRCANAIRA BB T Gl d\Bhugmnato e raldodtigat i fy the fol | owi ng
ns

relatio I'p when the ethylene/a-olefin interpolymer is substantially free
of a crosslinked phase: Re >1481- 1629%‘%). [10& | n, anot her enbodi nent, the
et hyl ene/ a- ol ef i n i nt er pShyp@POhAd Q3RS DeR4dE-2Pact i on whi ch el utes

bet ween 40 0C and 130 OC when fractionated usi ngTREF, characterized in that

the el ract jgdn BRdnd éﬁ%quﬁneq&&”ﬁgg{m[etn%y%l@ﬁﬁ nﬂérpg e8¢ a Bi o GORE  hi gher

thaf t hat 1°5f a conpara randone ene nterpolynmer fraction eluting
bet weenbbilte . B ayabouedpeamt is chaactediveddiyra Isai of fusiopadHiin &g anboasltat hyl ene

i nterpol ynmer has the sane co oner and has nel t ,i ndex,.. density, and
mol ar  CHABHBAT iBdsewRt Celsivs ggﬁ%?ﬁl Elsﬁﬁg [l R I%ﬁceﬁeﬁﬁeﬁ ﬂ_lL% percent of
that ofiidiepsc 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 percent of the polymer has an identifiable CRYSTATF peak,
then the CRYSTAF temperature is 30 °C.

20 [9] In another embodiment, the ethylene/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
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-

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
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ethyl ene/ a-ol efn interpolynmer. [11] In another enbodi nent, the

ethyl ene/a-olefin interpolyner is characterized by a storage nodul us at 25
C, G (25 wQOnpocarndbia st orage nodul us at 100 0C, G (100 OEry/ush@ocedez7s he
ratio of G (25 0C) to G (100 0C) is fromabout 1:1 to about 10:1. [12] In
anot her odi nent, the ethylene/a-olefin interpolynmer has at | east one
nol ecul gﬁg?’r%éfa?@ﬁ‘z#ﬂnc“haféhﬁ fragtigzechasa spplancopongmer eauenOiahlsasti act i onat ed

using T j j r i ck. i ndex of at
ooy e ent GRACABMEHAEC. idtubdale oMt GEHLHn0iints Bictighidfftemyy v,
gr eat erbetivean thbsame tenfperdtures ndidnein ssidioostpamble, rahdign ethildhene/ a- ol ef i n

i nterpal yner has an average bl ock index greater than zero and up to about
1.0 andné%Y@E%Paégth%ﬂn@Wf(ﬁhﬁddﬁﬁ appgliindesy dentits andvaglasbout 1. 3.

[ 135 | Rooftlofief oSBRY0ARA bn tid\Ghite BbEHIdD Witnh EIM SNGEATLET I
mterpolgrrer i's styrene, propylene, 1-butene, 1-nexene, "I-octene,

4- et hydthylenpémolsfie, integpolsonerene, 1- decene, 1, 5- hexadi ene, or a conbi nation
thereof. [14] In another enbodi ment, the anti-bl ocking agent has one of the

f or mul ae: -(CH _ CH p-(C HAN-C (=0 .)-N R R2 O wherei h
of R analf i s i HaehBeEbibey e Heggh i eobRnideibolmeiyi . cycl oal keny

or arylchafadtetisedbky btogdgeahdd@vs at 26achGh@y Fay AR AUtordde hBd@ROMLI 0O car bon
at ons; of mand n Is independently an integer between about 1 and

o
about 3°%fé§(1i09 & Wherelgdhe e e E1(29 o & (18A4CH Isdrampbait 1nd toraband p i s at
| eagt 8.9.1{.15] I n another enbodiment, the anti-blocking agent is erucam de,
behenam de, tetracosanyl am de, hexacosanyl am de, octacosanyl am de,
triacontyl am de, dotri acontyl am de, tetratriacontyl am de, tetracontyl am de
or a conbi¥ti on Ihhsothef embadimant thercttyidnacti-okfih inttipelyandriabhides ng agent is

erucam de. | not her enhadi nent, the anti-blocking agent is in the anount
from aboélﬁtmﬁl:gg@%éa %ﬁ’&r}’v &gu%gﬁttwegnﬁﬁyé agadée) %F‘i"%leﬁ agengtedisingnt of t he
pol y e rTRFR A abteARed ihThATRS 18¢ti0RHAOH bIBRR inddkF aPRLMTES and up to about
1 and a molecular weight distribution, M,/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/a-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

A &

RI™ N
|

CH3-(CHy)p-(CH=CH)p(CHy)y-C(=0)-NR'R? R2

wherein each of R! and R? is independently H, alkyl, cycloalkyl, alkenyl, cycloalkenyl
or aryl; R? is alkyl or alkenyl, each having about 11 to about 39 carbon atoms; each of
25 mandnis 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, triacontylamide,

-4 -



conposition has a pellet blocking strength of equal to or |ess than 4800
Pa. [16] In another enbodi nent, the polynmer conposition further conprises
at | east wo 20@diot9413e, which in some instances may be a ®CrSagenty3’s
anti-bl ocking agent, plasticizer, oil, antioxidant, UV stabilizer, col orant
or pigment, filler, lubricant, antifogging agent, flow aid, coupling agent,
cr oss- dotrik¢omtyl amyislet tetrpizieperiylpmides triscontgamidecerafomipatipathereed. dhe

ret ardan anti st at| . i i t : t her
aspect ?n@heé eﬁ@éﬁﬁngﬁhe?%ﬁg@ggﬁlp g aé@ﬁ?éc‘%}géd@gg'hﬂg%& eerflir%ﬁaehﬂrm K feﬁg articles
conpr i gitPBlobkigg RNt iEin tEOAMOGLonm alstivs gtease thand teiabout hwthecbasadonli nent, the

flexible nolded article includes toys, grips, soft toych handl es, bunper
rub st thepetal weight ofithe polymencqmpRsitir 18 angihergrabodimentsfhe PORFRSY; t ure and

appl i an @x{]:?n t i dynam ¢ gaskets,
aut%rm ?@g&sﬁ%ﬁﬁﬁs%ﬁ%%@ﬁ asgc%ge?ié‘glrﬁeﬁﬂggﬂgg%%%\?%?q? g@ggr panel s, hoses,

| i ni ngs, fice suppl,es, .seal I i hd HS, stoppers,
pl unger t[?é]s, defrf %&FIS%’P §]r'rnllse,%t’lg%1% @‘ﬁgﬁleﬁn&ng@}ﬁg%@g@@%g?ﬁgaﬂder s, shoe
sol es aAG HARItRRL WBIOB it fehepktanéck@hay?stod §lipoapeht, astpbbdckingfagelie i nventi on

and characteristics and properties of various enbéﬂij%ge ts of the invention
becone plagidirasneil gntiexidant. Y| stabizes cqlosantiop pisgpent, u | PTION OF THE
DRAW NGS. ELyr h / | &h 89 RQANELAE RSNtk hi onship for the
i nvent %é&%%}%%g&s{’ @?%%@égﬁtllegggémﬁérgﬁoh‘gés?i@aés c’oyrparé tg% fraditional

r anglo ms@GRedny,seh&nt, flameestardaet] abtjstatior agenis)r acovohbifhatipneherdali t a copol ynmers
(represented by triangles). [20] Figure 2 shows plots of delta DSC- CRYSTAF

as a funcpiizpn of 1§ lkpdehithelnpyntioarrelatssito adicts IsycteassflexTble di amonds
represent random et hyl ene/ oct ene copolyr_reraj;é t he squares represent pol yner
exanpl| ewldedmrtielnwcampriping he PplypIcE SEHPOPEPY ?10%%%?3?1%5 BOB® and the circles

represen I = 1% 3 o %0 LSk tkGRhB8sd1Es, POl ymer

Conpar g{n}"o\?@%@gﬁ% %ﬁ@@dﬁﬁ&ﬁ%ﬁﬁ%esgogs%ﬁﬁt he effect osi". density on

el asti @rﬁ@em?rsuiﬁspﬂouhrgsj el&)mb ﬂgoxfx'nbmwhnﬂm c:ﬁsrtermﬁifni@m mdgappharace I

i nterpol yners(represente t he squares and circles) and tryaditiona
copdl yhestdags éﬁ%@@cﬁ“&% a-‘%/ Frahg ?l}dgtﬁ'&ﬁ@éc %ﬁ?}g‘&tﬁr aéﬂfoén?}llvrei CQ’BE& E’%‘Rp FFINITY(r)
pol'y marfés)cia, 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 as a function 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*.



The squares represent inventive ethyl ene/ butene copol yners; and the circles
represent inventive ethylene/octene copolyners. [22] Figure 4 is a plot of

oct ene combDents/iv1FREF fracti onated ethyl ene/ 1-octene eopalsgovenodsracti ons

versus TREF elution tenperature of the fraction for the polyner of Exanple
5 (repres ed by the ci rcI es) conparative polymer Conparative Exanples
E* and F* ﬁ}h epr eSafUES 59 ef§°t% %910 ehppfic igravan iy unepentedfilms

traditi u | ot of
oct ene ey KR R @%&2@?%&1%?%5&9?%% B ot S M B rtii®fact s ons
ver sus cﬁpzﬂwneramcpmsmedﬂmthe triaaglef whith dre aatiduerDdw A HENST PP g@[?fneﬁ; f). Exanpl e
5 (cur 1S) and for %/ ar tive Exarrpl es F* (curve The squares
repres 88@§Wreéﬁﬁd3 %’Pi"?/ﬁ [tege popolymers #d the riselgs @@rqselpjr esent
Exanpl Qn‘fenu[v@éﬂhyﬁlngll&tén@cé;ﬁ)lﬁn&ﬁaph of the log of storage nodulus as a
function of tenperature for ‘conparative ethylene/1l -octene copolynmer (curve

2) and pr ﬁil ene/ et hyl ene copol yner (curve 3) and for two ethylene/l
-octene bl%¢k co;ftégl}fﬁé‘rlsaﬁiotpﬁectﬁmﬁ/@mmmmf WREE frictibnated éthyleng 1qomaere t| es of

hai 7.sh f TMVA (
ver sus “PPeNEbARREER s ERER chlion Fotergbit B pii ek vy ohe
di amond@spmplss Gepesdnest lt}oths effeleégrmmﬂ@bﬁaﬁeé polyhlee Cohlpaniive %xaﬁpreggﬁm
various Dow VERSI FY{é)g %?é’ rs, the circles réepresent various

et hyl eff@ ’Fe@FFée%tB systhely) hdhe dizmonds revpesestdraditicnal vudomow

AFFhH NI 'gf({nglﬁmcyéﬁg @llSLED DESCRI PTI ON OF THE | NVENTI ON Gener al
Definitions [26] P% means a pol yneric conpound prepared by

pol yrrerl Zi ng nonomers, vvhet her of the sane or a different type. The generi c
term " pol r" eﬁéglaeéés@pbtbﬁome dmtenpof YREF fiactiomial sthydene/ 1-dcddeol ynmer "
as wel I

| r197] "Int ol d b
the pofyREVRGH RS H 5 TREE Ehigy ey r@wéen@frmeﬁggt?%f%ﬁﬁm@%erpr he gener! c
term " DxampRos JouBre'1)iaRE ordRdy b Bt IDRIYIES CROIIE) d{c}&@fig e USHARL Y

enpl oyed to refer to a polynmer prepared
represent polymer Comparatlve Examples F*; and the 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.



nononers) as well as the term"terpolynmer” (which is usually enployed to
refer to a polyner prepared fromthree different types of nononers). It
al so enconpasee®wi1qsl yners made by pol yneri zi ng four or ROTAISRYN6RE8930$
nmononmers. [28] The term "ethyl ene/a-olefin interpolynmer” generally refers
to polynmers conprising ethylene and an_a -olefin having 3 or nore carbon
atons. Preferably, BERABED PESSRIPIIONOFEHE INVENFION r acti on of the
whol e polyner, i.e., ethylene conprises at |east about 50 nol e percent of
t he V‘hgleﬁ'ergl%é@ {iinsl\/bre preferably ethylene conprises at | east about 60
nole p » st about 70 nole percent, or at |east about 80 nole
percent,. wwth the substantial remai nder of the whole polyner conprising at
| east ong26}t her tRulpmerteneank atpolysmepicebmpabhd pepatad by gblyntesizingg 3 or nore

carbon atons. For_rmany et hyl ene/.oct ene copol yners, th referred

conposWPBWeﬁoﬁg?th‘é‘éﬁ%saé‘%/%% ae‘ili}gt%?B htYBfit QB? égﬂeéllc t?‘ﬁbfpoi%'ﬂfft eBTacst the

per genfeQf "EJ}?W&,'DQB%@@ﬁleﬁmdtféﬁlﬁﬁére Aewen Ak eiﬁiterﬁcﬁlyﬁqéf?'m about 10 to
ef era

about 15, pr y from about t'o about 20 nol e percent of the whole

I
P T M ol e a0 atag g o

I ncl ude t e pro I'n I'ow vyi unt or as a
by- pr oewe tiffeferd typles of mahompenc Ghs gehicl tern Hiateepdlymeridaneludesithd fenm

interpol yners can be. bl ended with one.or nore polyners, the as-produced

et hyl en‘é?Pgﬁ’n%ﬂrefW]h‘cﬁ‘ H%Pg‘gf Vﬂﬁﬂogedagogegeab%% B?JW@F P%fl’pﬁ{?aéroé‘hg"oo%if%ﬁe onpri se
a nmj 0#&8&@%{2@5‘% fas 1H3Gernf 88 tdoBindd" AWkieh iisudllPOnpIHREd ZAefdfo RbeBaRs. [ 29]
The ethylene/a-olefin interpolyrers conprise ethylene and one or nore

copol ypephedtten thred different grpenofmpsothershdlt ghye encasepasenspolyseis Bedeby zed by

mul tipl e bl ocks or segnents of. two _or nore polynerized nononer units
di fferPﬂlgn’reﬁ‘z&géoﬂ’r‘rc‘gltg‘bﬁe%ﬁé’ifgﬁ’floﬁlle%?perties. That is, the

Ul 11 bl ORI i nt erBBIGHEESeAoprg HBrBo e CORR IR KOTYREr” and
copoly rEan iﬁﬁ% Eﬁ?f@n'b Rh&h& HaNYRAREYInD 8 R nfbre LALER HRONATIPIse B Sthyldae
b ogf( copo P]a:

mul ti - ymer can be represented by the follow ng fornu AB) n
wher e romprisegs thessjority mptefrentiablof therwhale polymegricat ethylenaeomprissgghleas 2, 3,

et s B0 S P pei el s Buig e MO YR By O RBRKes t ot

about 60 mole percent, at least about 70 mole percent, or at least about 80 mole percent, with

the substantial remainder of the whole polymer comprising at least one other comonomer that
is preferably an a-olefin having 3 or more carbon atoms. For many ethylene/octene
copolymers, the prefetred 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 or in a minor amount or as a by-product of a chemical process. While the ethylene/o-
olefin interpolymers can be blended with one or more polymers, the as-produced ethylene/a-
25  olefin interpolymers are substantially pure and often 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 “interpolymer” and copolymer” are
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a soft block or segnent. Preferably, As and Bs are linked in a

substantially |inear fashion, as opposed to a substantially branched or
subst ant ivabI2gosarisshaped fashi on. I n ot her enbodi nent spcavusbaelosssand B
bl ocks are randomy distributed along the polymer chain. In other words,
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AA- BBBuseBinterchatgehbly betedr. lorsongi anthediments sheymglikbloelo epphaner @B bot usual |y

have a thir f..bl.oc lch conprises different conononmer(s). In yet
ot her ’@R{?S‘Eﬂ%‘éﬁ@f&%%%‘ﬁmglf%%m@%k A and bl ock B has nononers or conononers
substantially random y distributed \é\%_{gsl n the block. In other words,
nei t her bl ock A nor block B conpris WO or nore sub-segnents (or

subbl ogks), 1qf aflesd 1 Nore e SUTP 88 idtb QR ardatts thadS] , BudH 4 23 8g4ES) 10, 1) 20/B0)as, a
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mul 1 i - 50,60k 70y M r1O0s grdiighaer) SA tuspysssrsea handi theek cirssement ap “BR ssryeseaiid

"soft" se s. "Hard" s nts. ref ' Al '
whi ch BEP PBAEOF PERE R g 5 FuRr TR Elsar Gehith, & 17
per cenpppdaBdltaPh Siikalbly Bfasicd ort fibstantidlit st@&hapidfathiper esthetbased on the
wei ght 'of the polyner. In_other words, the cormaggar content (content of

mononeebediments: Adloaks Byd Bridgcks qre reademblistahmed alongdhg palgmetchain, gt 5

wei ght _perc , r ' t b d

t e wePBRE FER: HE DR AR s ad BB DRty o ot o compr | ses
al :}o or sugistaﬂtla:cly ?II et hyl AAd—ABeBBB-sBBrents, on the other hand,
refer to hl ocks of polynerized uni I n which t

(cont e st} hgiesmeaEmetthane bRghcaryrends HoLoulaPEr T RE BT S Rnei gh
per Ce”ghhgé?{c%kgﬁﬁgé aﬁffgfegﬁéﬁﬁoﬁdﬁ?é}(s&bﬁt)&et StHeR bABbAIRRNREEIch dTbRRK & akchan about

10 wei percent, or greater thah about 15 weight percent based on the
wei ght bhck tFhisaspoinomers of consmemesndibaiantialysandaelycisibead witkrihe blockn t he

soft s nts can b reat er than out 20 i gh t th
about SO W Geroat fmer BB hartte M5 So BB Rbmelt e o7 pan
abqut  3pcHe) cﬁ‘ﬁﬁstiﬁ@tr @ePositdhSRicR fas b fipRegbait] whidhWai gbibspatickndiffegsneat er t han

about 45 wei ght percent, greater than about 50 wei ght percent, or greater
t han alsompogoniayte eetroddifblpadt] The soft segments can often be present in

a bl ock i [%t()Fr pol )ﬁ{ghlflﬂ%%cﬁ%%wm&s 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 polymerized units 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.
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a pol ymeight bithepdeckdssgmlymén rGmversdey thehardsiegnentssan be presentin pEiles| t i ng

point (T deter nmi ned hy, di ff tial ' | OF |
?qapya§@$’es-?§mf§{?é”m2%@e i beforareand R NSt Heflh PoblnbadcBitobeDt
sem ciyshatedivaged onldia Sikired &RS PROWs NVR! Sush hettvdpehd calculbtiaisiang a

crystalline nelting point as determ ned by diff tial [
cal or i wiseloyed DSGonowrestyi e k3. RaisghApplietionsyiaiiNe. 1 er m ~ AT Bk

copol ynger" or,.'se n R60 ES. it / Ising two o
oo CHRORTBAAGPETCTEL N cgYEBR0s I fticed BAIARITRRERIRE, 7 08, 01 O
pL ef er qﬂlﬁllgppol : f?gq filedl éh Ma'dmars, mvmmeﬂi thetraate df<Colia IpB] Sty LonnpHeglithgt.
chemcally differentiated unit ich_are jqQined -tp-end wt
o b e o P ekl byt ok S SRR S s Es™ 1°
f ashi O'I‘efel‘eﬂc@h&@ﬁﬂciﬁriﬂé%gtir% bodi ment, the bl ocks differ in the amount or type
of cononomer 1 ncorporated-therein, the density, the

[32] The term “crystalline” if employed, refers to a polymer that possesses a first
order transition or crystalline melting point (Tm) as determined by differential scanning
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 equivalent

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 characterized by
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di s¢! 0S/thes AeYarBIDGhchél thé %rd"“r%)ghf* i BRAfd s BRASH Cheifilin ff 57 P>e
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di slél osf,leeiewrﬂtRlIhW(nRu Vaﬂ?lby | peheem; :npércem Saperaesntatrl sonnam@asnm o 20ekcdnr cent
to 100 énceent W th l1 er c 1 | Cf ‘i percent, 2 percent,
3 per cenpoieyerApumerica ?“%%W& flower lms’fo pé‘i1 #hpopes h@%g‘r c@r‘iitlSd@Q any
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def i nedvifhin theeangsore spesifidalip dssp@@q‘:d |R:=£6}‘H§ (R SRIr)os\édren{ B a Ertabhti megihg of
the inygpt [ UCi N l.o k| n d/ or - bl ocki ng

F%@rc@ﬁtotx 1%6&%1‘0@3 xb%ja é)grceg élhlcl §l 6Fyg lpﬁrc EQFrgena d sone

t endency o T &l

pol1y mempesehi, élpe&;ems mpbrceﬁt ppm/péreént 5 1f peréent, SDRrédat, . ; D5 9@1%&&?96)19&%%
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bl ock and at | east one e an |ng pol ynmer conposition
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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/a-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 1bs/ft> (2400 Pa),
equal to or less than about 5 Ibs/ft* (240 Pa), or about 0 lbs/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 than about 10 grams. In

other embodiments, the blocking force is less than about 5 grams or about zero gram.
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enbodi nents, the pellet blocking strength is equal to or |less than about 50
| bs/ft2 (2400 Pa), equal to or less than about 5 I bs/ft2 (240 Pa), or about
0 | bs/ft 2v0Qodtan191¥hen anti - bl ocki ng pol yner conpositi oRCra/Sa®dm093nt 0 a
film the filmmy have a bl ocking force of |ess than about 100 grans,
measured according to ASTM nethod D-3354. In sonme enbodi rrﬁsyﬁbt s) tQ}e %Locki ng
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cyl i ndpiocckdd sdliepds cpmpssidhasipg ug listronBhimseumentdomnidasurt trensompessive pel | et
bl ocki ng force_ neasured by | oadi ng.the cylinder of blocked pellets in
conpr efgropeedsd ngbrﬁﬂ(&ﬁﬁﬁﬁ‘ikﬁfﬂlﬁf Pfg“%tf'r ument to measure the conpressive
force needed to break the cylinder into pellets. Ethylene/a-Oefin

| nt erp%&et&{_b@p %‘ﬁ_{'&g@&ﬁg}sene/ a-olefin interpolynmers used in enbodi nents
of the™ Ion (also referred to as "inventive interpolynmer" or

"i nvent i vig7pol ynahe ethylemphi-glefie fitgipelieeanusedrie embodigreatscdples venrtionabl e
a-olefin conononers _jn polynmerized form characterized by. i Dl | ocks
or 18egfilsn wigrediqgs oVEEIE 1B ¥z 84 Wﬁﬁ@%rpobﬁ? rs) %ﬂn?x%hesg}é#hyke?lﬁ%g eni cal
or phygj 0 IS - K1ehR CEMBRONMER I polphRfigsPidtd, charattdrize®bock
copol y%gaqjﬁfee@?%yﬁgﬁg%g%%gfeﬁn I nter pol31/rr1é?g arle characterized b)s; one or
nor e ofmiltisle dipks bSsegamatsi dideo as mood padymerif@ighonemevaita difieing it he

o s s b ot SO SRR Rl Bk RRppoen have e
degr e?%ﬁ@%t@éﬁ%/o@@%ﬁﬁ%ﬂé{}ﬂymgf aferbhgfa%féﬁ/zgd’fg}b EnEONhbRBIf o aspb@s €i n t he
v r'i abl es correspon

nuneri ca ues of the va to the relationship: Tm>
- 2062. Yescribed8s llbyws: 2422.2(d) 2, and preferably Tm > -6288.1 + 13141(d) -

6720. 3(d) [23’8] and qg roge srp%]::t? Eh%beltﬁ/ylene/ a-olefin interpolymers used in embodiments of the

invention have a M/M, from about 1.7 to about 3.5 and at least one melting point, Twm, in

degrees Celsius and density, d, in grams/cubic centimeter, wherein the numerical values of
the variables correspond to the relationship:
20 Ty > -2002.9 + 4538.5(d) — 2422.2(d)*, and preferably
Ty > -6288.1 + 13141(d) — 6720.3(d)*, and more preferably
T, > 858.91 — 1825.3(d) + 1112.8(d)™.
[39] Such melting point/density relationship is illustrated in Figure 1. Unlike the
traditional random copolymers of ethylene/a-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/ce. 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/ce 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/cc to about 0.945 g/cc.
[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
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i ns’tr urfREP #ﬁk B}tgg gp&%& S?Pa?n 18 ArG %@cuﬂaé?fﬁ%h@ﬁﬁmpméw%t ene
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ethylene octene comparative polymers corresponds to the equation AT = -0.1299 (AH) +
62.81.

[41] In yet another aspect, the ethylene/o-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/a-olefin interpolymer, and has a density, d, in
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62.81. [41] In yet another aspect, the ethylene/a-olefin interpolynmers have
a nol ecul ar fraction which elutes between 40 OC and 130 OC when
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et hy| erflénsits s inventive éntprpolsmegrs haveswbstertially diigher tlestic wboweries.oss- | i nked

phase: Repgi481- s d_pref.erabl e 91-1629(d); and nore

pr ef er abl ;[/4>4I}2e >lé[g%81&lgf@(b§?lm%ﬁsd ﬂ%eveg%'l%%e?%'oge Bt 1}65’6’&)4‘?% hi‘éeﬂt-efﬁgeg( d). [43]
Fi gur e skreagthwboteE) BiPheprefepdblgl@meisily stoehged 231 VP4, @Y BreferhBly auBRileent ed
films made L%&] certain inventive interpaolyners and traditional random

copol yrigeast Mba aad/ppanyelengatipn ot heeak of afieast 609 nereensomyrereletablpat
b . . - . . thoi . H
subst antisabhy g&b&ﬁ%g@?gﬁfsﬁgﬁﬁ%’ﬁ{ 8(5;)51%er<£e%fl]anh 0% F\%Pﬁ' pég%%ﬁgfygﬁtslﬁg , €

ethyl ene/a-olefin in s have ensr’l’'e stre
pr ef er &0yperceneaisi dressbeadesapdrhtion dte &P, cviatigutpr ef erably a tensile strength

o dPer abl {15kt 1 edBOTrEBTBRIBEAE: tR GAghe-aER dHPPoRmYE RS GbbsEsent
and Mo shodul@ aho A6 €2 SCHEN Y1 08EC), 8Rfbm 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 interpolymers 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.
[47] 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 Ibs/ft? (240 Pa), and as low as 0 Ibs/ft* (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
-13 -



900 percent at a crosshead separation rate of 11 cmminute. [45] In other
enbodi ments, the ethylene/a-olefin interpolynmers have (1) a storage nodul us
rati o, GwWe2E)d@¢1:100C), of from1l to 50, preferably frecrisc@mcdd37sr0r e

pr ef er?bly f][om éltoI 10; aﬂd/ or (2) a 7Q0C conpression set of |less than 80
percent, preferably less than 70 percent, especiall ess than 60 percent,
Ioess t tiamckgizpd psharting beth Iaé@b’dﬂ%’ﬁﬁeb@%@#%]?ﬂt}on&é‘ﬂn‘?yﬁoiy szp@ $LRUHAR et of
0 percent. .[46] In still. o ' : g/ oy ' i-

nt or pol et 8545 200 pitsresie § B FERARL EBiRiol BEUBHTICHENG BRIt o

t han_7QoBe &R merk asSthbiedonfhing 4 oedore blockesrsseinants &@lybng teominabr ef er abl y,

the 7Q0C conpression set of the interpol rs is | than 40 percent, | ess
t han 3bloglks: ddare, prefembly; fearopo ym%gw[qdeaﬁggﬁ%@ar g@@%‘?c?%"fa%g U8 per cent .
[47% Inncfu negt?ﬂj%gl'[‘tﬂgazss’ t he ethyl ene/a-olefin interpolyners have a heat
of T ustGr418 Fess an 85 J/ g and/or a pellet bl ocki n&étrength of equal to

g(r) : Es/sf E[ge]gzifgngﬁ;mndﬁlbf mﬁemlt Eﬂh&(b@ nRmpyrep neifig anp byitablatashnigueowithess t han
S , a), especia | 1. o th

S0 1 b1 (2100 Pl Sopecial Ly catal 1,06y SeS el Skl 2 (200 Pa).

et hyl eﬂﬁﬁé’ﬁ\%h&%}ﬁ%lgﬁ%ﬁrd}%@ﬁﬂ?Bﬁg&%féi 12€ingirBlaf MLy BRIAIZEREN ourkres, dtte | east 50

nol e percent ‘et ne and have a 7 conpression set of less than 80
per ]E:e npgllypreieﬂwmblhms fiest SractionatedOusireg TREF inp fragtiensienahhaing et eldied, nost
prefera ess than. 40.to. 50 percent .a . (o) . [49
I n 1%0@“@#&%@&_@?&%?@@ OR{FSY-i ’E}Bqtésc ﬁa%loeg‘gﬁeg%eg?tééng%agsaecs%geé quB? %lt%ﬂ?{:\g g !
Schul t 2 FAR% ¥ Ficetdrile! TRMertRs ievhnidua sail Rotlssesapelysiors Have ableast The
copol ynmers are furthercharacterized as having both a pol ydi rse.hl ock
di st ri buth actiandaringelhjghes pwlacogionpmrheAiah %O%R&%‘ﬂ}é&é%ﬁﬁnﬁg essi ng

a nost probabl e distribution of block |engths. Preferred multibl ock
copol yﬁg?lga%ﬁgl{nﬁ?so ¢ont ai ni ng 4 or nore bl ocks or segnents including

t2 grg} galk [F1pcks. Iﬁ@?@h@f&f)wé,_ahé ibvehiiee mdpoénisen sldfinghtegwlpmer predaady 10 or
cks or, segnents including t i na) hlocks . [50

gl be chERSSIng gL 14 e SURPIRACRO DTG SO AP YRS BRI BREL bk o

nucl CAhiTRGRRked b &ﬁﬁfﬁ?%‘?l@cl&"(%&lgés@ 86 HRERHRY sé%n@én@sr sftho dvangever, for

pol ymers"or of “pol yners having relativel road TREF curves, the
polymerized monomer units 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 compatable random ethylene interpolymer peak at the same elution temperature and

25  expanded using a full width/half maximum (F WHM) area calculation, wherein said
comparable random ethylene interpolymer has the same comonomer(s) and has a melt index,
density, and molar comonomer content (based on the whole polymer) within 10 percent of
that of the blocked interpolymer. Preferably, the My/M, of the comparable interpolymer is
also within 10 percent of that of the blocked interpolymer and/or the comparable

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 [CHy/CH,] from the ATREF infra-red detector, wherein
the tallest (highest) peak is identified from the base line, and then the FWHM area is

-14 -



pol ynmer desirably is first fractionated using TREF into fractions each
havi ng an eluted tenperature range of 100C or less. That is, each eluted
fracti on wexo@/omdisect i on tenperature w ndow of 100C or PCeas2006w093g8 t hi s
techni que, said block interpolyners have at |east one such fraction having
a higher nol ar. conononmer content than a correspondl n%fraction of the

conpar a3stEmingde figs pissib ut{og@eqswegﬁgpggp Adddtpeaks the FWdhatce s Cﬁﬁﬁnfbdfer i s
| efj
an ol ef g afegﬁﬂ@érxlq%w@t;&tw@é@? TR N RS r%%%amgg R ol e

copol yneri zabl e conononers 1 n

bl ocks l(aftaad rlghitoﬂthaAfFRtEEcpdak,dfykch)ndmg megmagmfbytm &id the érap@lg/ARAd zed
nonomnmer, uni ts1 dlrfg g %F t\?l chem cal physij cal properties (bl ocked

i nt er pdioriRRtl tofhe passlined étb‘FlVr%Ecﬁﬁqu]ieﬁ@P &igh Pyirthe QdRENAUSG A
interp RERK t ) which elutes
bet \%Begdaﬁi%féogﬁgﬂv%g%cc bu{r{e\?\ne{)%%gtls iélglé% %%Itl ngagf%l{ rlérl{egtg 1?lﬂng I ndi vi dual
fracti m@@?lymmPhltum c(nmhqmertcblatentsfmrd WB.WersluaEV\éHWmmmﬂierofdmﬁREF

esti mat ed frareds ct,rosc when expanded a full wdth/half

maxi mukY gr igfa-ted ‘E’g‘%&fla%‘ ﬁé@tl%c é@%@rﬁﬁslﬂ’i I 1% SERO FRIRORER R e nt

hi gher ,ty %‘ &f iateadet Y TR cdrﬁ&ﬁﬁné cB%ﬁWTHEIgB&akOf@Kérlﬁvﬁ{tﬁffe%gﬁ%éf c3h b {ieast 10
|

per cent gher, than that of a conparabl e random ethyle I nt erpol yner peak
at the defareinad by rgferensingethistcalibrationi cexpuside is HSVIY! laeﬁhul 1mw11¢teh¢: hahf

nmaxj,nu &WC% tﬁgﬂ@l n, wherein said conparable random et hyl ene

|nterpo sane norrer(s) and has a nelt index, density, and

nol ar corrpmrrer mantime(rbaﬁedtmybmem@é@um a&fyegiﬂtawettéy'hﬁl 40, wigh cent  of
that of the bl ocked interpolynmer. Preferabl the M/ M of tqhe conpar abl e

i nt er pdfSERues Based o nheleRT magustis spsonce SNMR)aspeeifoscpry pietastedd Us | ymer
and/ or r nt within 10
wei ght ttf)égl?‘é oy e ﬁf{%hgc%d i ?écﬁghég%ai&gﬁ b p@‘%nﬁﬁ‘gdggé}%ﬁg{?ﬁt?‘?ﬁ% dt h/ hal f
maxi numo(rrEdeﬁingadomnaafolamtdrpolpmsed on the ratio of nethyl to methyl ene
response fromth ATREE in rar det ect or wherelnthe
tall I%est (fﬁ%hest Bfgg’i’]lY ‘il&m‘? YRy of %gsoétanﬁge blogk inte@alims  FvHM
area i Sﬂ@b%ﬂibﬁ@lﬁer &@Een@opth%wmé&fanr@ﬁﬁﬁ@rb%&ﬁ'4@%@136065%31@?@1& ot he

FWHM area is defined as the area under e curve between T1 wher e
T1 and cqualrte tmuwgtydet)@noﬁh”éd 20tQy, mmeepxefaralamgraategtﬂuanafr etiha té\THREF peak, by

divi di nq%aﬁﬂ? P 5. %@%gff OJP WhetOT i§ ﬁ'l% ntugl%ﬁca va Wle "o e peaﬂ 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 eluting over a temperature range of less than 10°C. Actual data for Example
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horizontal to the base line, that intersects the left and right portions of
the ATREF curve. A calibration curve for conononer content is nmade using
random etwol2eeeozo16] ef m copol yners, plotti ng conmononer @®CmUSAM06/003M8 NIVR
versus FWHM area ratio of the TREF peak. For this infra-red nmethod, the
calibration curve is generated for the sanme conononer type of interest. The
cononoes repeasewd by triangles. Jharkidied arisay prRcRPrSpiatp bRl aeaPREeRTIaRR det er i ned

o o r SETBe e B By B IS R AfhBE BB MR mon e

nmeasur qdind skéibasanyonspairisebiited ﬁﬁthélll'w vales Iobtaamldrfrcﬁmesmbmﬁcb on nucl ear
magneti c resonance_ (NVR) spectroscqpy preferred Using this technique, said
bl ockednterpobinsss 9niBe saRe ORPERESs Preirak! Yé%rﬁ’eﬁb%w SRS eﬁfle pHBH2 g

- COrkes Qr?é?ﬁlo@% rml%r%hﬁ)gbﬁ oub e?tla%gﬁom P'it?\fe‘ﬂ I}Yer}é(‘;lgo held &' POl yners

of eth ene an 1 oct ene rpo ynmer has a noner content of
t he TREEabetaﬁzdd(hy ®mholar sgmbréimesiontit guedied @0 thayvabad daternhivenl foomdbpial to t he

tit 0.2013) T f er abl | h
Guant | SRS hetbe sxno FREERotoR B e MIFRRP DA 1 DO S oak

el uti Oﬁ‘nérggl%?&%lgra?lé%t rddBEErchfegCt i on bei ng conpared, neasured in OC
[ 54] Figure 4 graphical depi Cts an enbodi nent of the bI ock interpolyners

of ethyl eff¢}and Ia addhane tofne rabovaa qspmts ofd praperondasorieed heneinghe invepives TREF

el ution er at | t t

(r dhaomobBET prebecshetziteri Y By fus STRE PlsaBl iRy plcn Tone st Ul §7°"°
(sol i d jhien@ve pdi g el is@ d1&fin i@ pSIghat, ipedTelablybodibtding kthyléie £3d ons odﬁﬁiré:t ed by
a dotted line. Al so depicted are the conmononer contents_ for fractlons of

sever: alcomlamran@abrm@n@ronlerm el Empriged i charastesized e niulipip blogks or

t -
S gni 1 oy SARG) RO op e mdiul Bt AeHAPR oHftca bEGHAP TV
el uti Ofpr(f;]féﬁmr(alouk@ﬂnte'fﬁtblymbﬁsmbﬁt prsfetalbbyr aamhﬁr—bk)bk copflymbe saidbieki ve

i nterpalyner and is beI eed 0 be to t tiated
bl déks mfemalmerievingiamele alec ﬁ‘affrﬁélonwgvﬁhﬁg% ﬁt 25?@14?@ %dw %Pﬁr”p'hﬁui
hat ure. fra{cﬁ?iaté:d WHETRES rxﬁ&@xh@ﬁtk,' ShattoRBL&YH thﬁ%a%fcu%ﬁ hY%Ea &dhrCOMONONET

contents
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
eluting 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 My/M, 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.

[57] 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 polymers 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 quantity (-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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pol ynmer fractions for Exanple 5 and conparative F to be di scussed bel ow
The peak eluting from40 to 1300C5preferably from 600C to 950C for both
pol ynmer s we 2bocawidionated into three parts, each part el eCrnug2a6e093as
tenperature range of |ess than 100C. Actual data for Exanple5 is
represented by triangles. The skilled artisan can appreci ate that an

appr opvélae of alpedls ATRER cdutiopdempsratee ebihs tIRFdt @%PUPB%GW&CQFW&CQWH s

cont ai ni_n d'.ffotérent conmononers and a line used as a conparison fitted to
t he TREEARETU®s™obt ai ned from conparative interpol ymers of the sanme

nononer s, [58F ef er RlyfdrablgNtde thecaboot imepslyrrecoflshyienemndet daktomentphar ot her
honogeneous cat al yst conposition. |nventjve interpol rs.are acteri zed

by a noledn cepaciilarteose dRtroRimeF bayies a fhgle Rk e&é‘t%gg@raﬁ’f’me%g?f m t he
cal | br &l 29 Y2 hnd ASrSANEC @ng%r b ROnIPROR Huubdth $rRiaBLet | east

5 percen‘% giréater, 'nore pre?gra east 10 percent greater. [56] In
addi t i esmbmorhdrethetbincked apepdlynantaps apectanes cdetsntrififeel TREF diagtion plating

i nventive pol yners_can be characterjzed by ane, ar i1 onal

char acPeFest I‘légf.ld i}lo grggeaggr g o ef%‘éi ﬁoﬁg%ﬂ'%/ql\a@’ %@r%}ﬂgi %i+:%aj\¢j’ ¥ i n

I nter p%@fé’iﬁﬁg e GhAP DB &h@dﬂ&bﬂti%{t Gybers Tzl oneviRie T e numerical

copol yfrer i zable conmpnoner’s in pol'ymerized form characterized by multiple
bl ocks value o€ thegetls elufion wonperatmesrad tho TREE fiagden being pemparpd.teeagiet &t 'Gg i n

chem cal physical.. propertie bl ocked i nter : eferably a
nullfi - bl o@él copollhgr%éu iﬁmglgqr@s%chéée ]inx?llg(}yﬁéﬁo?)ﬁ%&%%:g%g}lémg%l%&g%{r’ar fraction
whi ch eldtaslyRehneRmhet@3 eRned baCdEmor@polynisizableabsdnomersgn TREF

i ncrements, Characterized in that said fraction has a nol ar comonone

cont enpolyimgitieed fqyme Flearagierjzed by rawlipleshlorks 08 FRSMANGHE TWORS MOTH PRWEERFY At

bl OF gﬁas%cgl hiBErl Ao Bled I AIBRAE nfost andom

| east 10, 15, 2 e 2 e
et hyl e%dqomeg}l%lgsl @%ﬁ%?ﬁ% I'on ween e sane tenperatures,

wher ei pr&faiablycompai-sbtlecspiytnem etidyloek intémpblynee hyvieg acortpriladmnctibe same
conononer (s), preferably it is the same conononer and a |t index,

t
dergi t whidh%lu?% bglveen f’rﬁ%oﬁl‘%‘rll@g) + When fge‘tféﬂé’éﬁfeaﬁmfl% JPECESPer) within 10
perce ntcg%cﬁﬂ%d iﬂftﬁxét Q@e@!fﬁ&ﬁﬁg g&%ﬁ?% i@ﬁrlnxﬁ@rﬁer Baeheseldast ddwet bidd of the

conpar a I nterpolyner-is a 10 percent of that of the bl ocked
i nt er pgleyoert, hanalmettingipeins grgdardhdnsabiont 0361 yiee those aetiansthaying @mononer

conte ntco},nViothIinre]r clo%tevr\g Iﬁ%pr} abidat 3 Fable Sércénq & alg)(}cut %rr]r?dlg lpgr%lér?t(,je\;e% BLARMIE
DSC melting point of about 110°C or higher. More preferably, 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 copolymetizable comonomers in
25  polymerized form, characterized by multiple blocks or segments of two or more polymerized
monomer units differing in chemical ot 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, corresponding
to the equation:
Heat of fusion (J/gm) <(3.1718)(ATREF elution temperature in Celsius) — 136.58,
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[57] Preferably, the above interpolyners are interpolynmers of ethylene and
at | east one a-olefin, especially those interpolyners having a whole

pol yrmer deo2paey10iei6m about 0. 855 to about 0.935 g/ cnB, ana/useros/oespeci al |y
for polyners having nore than about 1 nole percent conononer, the bl ocked
I nterpol ymer has a conononer content of the TREF fraction el utjng between
40 and 1360C gr eEheinventine bdockdgigaolymers havemelacplpr (racfﬁﬂnl‘ﬁ%lsﬁ eiﬁteﬁ 13. 89,
nore pyeferabl, I t . . . ' 2 OredinBih 14. 93,
and moRtErERer Ay T s R o PR RS @Rk phe bl i, 37

21. 07, e%ﬁﬁcﬁ%ni tBaftag ap WTRHERelbtion teenpefatirb detvark 40TRER suthanabownper at ur e
of the TREF fraction being canpared, measuc{ed !§E: 0C. [58]. P{eénerably, for
the abd’€,has emshilopthalny (Beatef Histam @s Bisasuaed PELRSC: GoFEesBPHABIE P n especi al |y
t hose ir%grﬁ),ol ymers having a whole polynmer density fromabout 0.855 to
about B g'g/an, and nore especially for polyners having nore than about
1 nol e per cHeit cfdasiow(iam) KHé.1B12CAETREF rlwiopdemperatubeis Gelavnondhe?. cont ent

f the TREF fractjon el uting bet 40 and C t |t
Che quATRIG Feak Gogpapier Coippuion Nissgugrsnt PRARY I aLosEoRan or “aqual Lo
the qua“t['g?% (- 0750 horldiné boftPostHBRLEE MHREH hekrfBE nkaburkdlsisg o IRAe peak

elution t erature fraction being conpared, neasured in OC
[59] | infstielldetntor heailabkpfaan POim@riGhaeﬁfalwl%gpgdﬁer is an olefin
interpolynmer, preferably c rising ethylene and one or nore
copdl y?@%ﬁ@% Mjn pol ynmeri zed form characterized by multiple
bl ocks orjggpgnentse Oforhypskitn Hbde® d@@he/detsctardsl equipgdpwithinnteasutehiesr i ng 1 n
chem cal or” physical properties &bl ocked interpolyner), m)ségﬁ)}ref,erably a
mul ti - sénsok(CHEp ehy pempositendsensas dicHs hthat 358 irae paay paRd fizgrd Sltesin feact i on
whi ch el ut es 4Q0 £ [
ncr emtiaes SLATEPY ot R ez MASGH dL EHORRUBRHTCED Roch 1 ot e
of at keasdlymBawhidh dinjcdy peiteet the palynser neddentrigtiqndinsolugipeawhile thean about
100C. For t%qse fractions_ havi n? é(r)rmnogpgr coqtent romtabOLtli % | e
perl¢ encomposibersengorAstestybe methyl (elargrounspliheopplymer Fhegathpiigic aﬁ%i nt of
about - He (RGoRlpoHigh Slanal\R1R) BRI ek nBRISEIRT (3% dofiive R ng at
1“%p& &hono r, I

| east L D percen as"a DSC nelting point that corresponds to
t he equainbnomer content of the measured polymer in solution and its response is calibrated with

known ethylene alpha-olefin copolymer standards.
[64] The detector when used with an ATREF instrument provides both a
20  concentration (CH,) and composition (CHz) signal response of the eluted polymer during the
TREF process. A polymer specific calibration can be created by measuring the area ratio of
the CHj; to CH, for polymers with known comonomer content (preferably measured by
NMR). 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 CHs 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 detector, wherein the tallest (highest) peak is identified from the base line, and then the
FWHM area is determined. For a distribution measured using an ATREF peak, the FWHM
area is defined as the area under the curve between T1 and T2, where T1 and T2 are points
determined, to the left and right of the ATREF peak, by dividing the peak height by two, and

-18 -



Tm > (-5.5926) (nol percent conononer in the fraction) + 135.90. [60] In yet
anot her aspect, the inventive polyner is an olefin interpolyner, preferably
conpri si nyoevdwiloene and one or nore copol ynmeri zabl e conpPoDMS2@ 6009378

pol ynmeri zed form characterized by multiple blocks or segnments of two or
nore pol ri zed nononer units differing in chem cal or physical properties
(bl oc Ee eﬁﬁ?&%&ﬁ}lﬁﬁ%{ﬂ%@tﬁo Hiedrge ling, yhay intersedts tie defk ancbpglityorions ofithe bl ock
i nt er pohy@er Kawd ng a nol ecul ar fraction which elutes between 400C and
1300C, when fractionated using TREF increments, characterized in that every

fraction 6@t hasTheapplieEforsiinfraned @RPEsROYY B MéRatche b&ﬁgncgﬁer%ﬁﬁht to

about 76 has a I hal.py (heat of fusiaon) as_neasure DSC, ‘

corres p%tr%ﬂlﬂaerts i {Lﬁ%}\g g&if m@%—:reia@ﬂméflsa iy BYiRiple g5igipr to(thatiof GRG/FRIREF

el ut§ onsysepRekAestrell th HRSHMSha1 8 lvi | LYS; ,
syls S ribe f§1|l&\§1}1 refbrifceds %a?éy%{]&ohﬁ%@ ﬁé’z%ttk,) h%ﬁe aGn’d

i nterpolymers have a nol ecular fraction es between
1300C, Whih, Einkeyt Tdenel apanans pfgel fREReAtion chroamttegrapyaF @ iee tiageform mftdhed every

hbout | TRt alfor R S o e R T R s oo e doBnasse,
cor r espblattial Soferich @n®BHGhEa L U?Qﬂz){égsﬁg'%'?%g%ﬁdwmuﬁerékﬁ%% REF

el ution tenmperature in Celsius 4 ' F Peak Conmononer osition
Measur eRént StEgh, Eaf ¢ AQrawtifpaegsbord chais bjanthing ouimosoweures orgtbglend-dolefin t he

TRE : ' | R4, infra-red. detect ilable f
pol 1nor epAferOfiflE BOLER ] O Aok bl Bnd B R RS e 63] The
" conposipectorscomdSEGETIRE, Pelyeet (002)5 48.089- PREMDO bhwRicHRASMESFEAtedSRNS O

(CH2) ang co OSi'tjngtH sensor (CH3) that are fixed narrow band infra-red
filtersCTHCRCRSTEYINIACIH PSR- 3000 cm 1. The neasurenent sensor detects the

net hyl ene [¢fH2) %-rm-%“%dﬂuﬁtﬁ%e@ﬁ%‘ffg@?ﬁh%ng}at glgﬁ% .Yngél%lg tes.to the

pol ymer concentration in so conposi o1° detects the
net hyl ¢heragierigedbypsn averagecblpdt index, ABIhevhivhtih greater dh Zeat 40d Witobsut 1.0

conposi tion signal (. . divided by the nmeasurenment signal (CH2) is

se Bt at%&f arc‘éif(‘ﬂﬁqﬂ@’étfﬁ’l&%?ﬂ’ 3N SR o s ool Bmazeraga bigskut i on and

IS 1 esipaans ABISis@d woight SraieldT 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 BI,j is the block index for the ith fraction of the inventive ethylene/a-olefin
20  interpolymer obtained in preparative TREF, and w; is the weight percentage of the ith

fraction.

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

B = /Ty =1/Ty, or Bl = _LnPy — LnPy,
/7T,-1/T, LnP, - LnP,,
25 where Tx 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. Pag is the ethylene mole fraction of the
whole ethylene/a-olefin interpolymer (before fractionation), which also can be measured by
NMR orIR. Ta 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). As a

first order approximation, the T, and P, values are set to those for high density polyethylene
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known et hyl ene al pha-ol efin copol yner standards. [64] The detector when
used with an ATREF instrunent provides both a concentration (CH2) and
conposi t iwo 20€8H8)91si gnal response of the el uted pol yner pduniseapeiobus7d REF
process. A polyner specific calibration can be created by neasuring the
area ratio of the CH3 to CH for polyners with known c,o%orrer cont.ent

( pr ef ehahbpolymers ifitheladsyal nwtes forribe Cisnd prementsc G eeitavaida EX’FP?E]?U%QSRS of a
pol ymer can est idrmat ppkying a the reference calibration of the
rati o BYF qrﬁlgggplggg I&?? g?%ﬁé/’ilﬁd?\kﬁ dual CH and CH2 response (i.e. area ratio
CH3/ CH2 vgopus CURPRAAEATREF tefippratiré r afasdean eapadfmehe thesdnse can be
calculated using a full wdth/half nmaxinu (F\qgll\alp C%| ca!g&%}ag{ aft.er

appl yi pempositicngnddigringtan etudee mels ﬁtaﬁtl‘i’rh?tg%‘lﬁat tRB OF R Hnal
resgoniqfo f.r omu%ggn:TREF chromatogram The full w dth/half maximum

cal cul oHE §1455888d on the ratio of net hyl to nethyl ene response area
[ CH3/ CH2] from the ATREF infrared IdeRect oflapwHerei n the tall est (highest)

k is identified f the b l i ne, d ., then.t FWHM .
et er m ned. WSt Gand s pra BB aHe RLRAn BE CHG B oA PrER AR YHE2 vt ar e
|s_def i,06fes kB Gmdhfibot BiFlont RS, IPSHAUREDe Rbted ekt ddnd Bhetievaly and T2
S determned, to e le

are poin t"and ri ght of the ATREF peak, by dividing
t he pegonhiisgirhettyto insorpnmndtMereoveravnaigoaldinepdtoseate deirgwit eplibFéioBase | i ne,

that intersects the left and.right portipns of . REE The
appli cﬁtl‘l"’SrWlﬁ’f t?‘F RPRLSF SOMBAHREPY &Q%QE??‘ %cp c3';1{s¥‘uar§e1 ?@8§%ﬁg{’r¥é§h€%§%nt of
pol Béggagtﬂerfréchbﬁs. AMIREE 1| A i7oft fBRclilE Woighi &ffect.nIflihé autibpdtion caiweiik abtatnedt hat

of TIR systens as described in the follow ng references: r kovi ch,
Ronal d fem sikilat inoleculap mieight cngesanetrettact would bogsgapiiplly Regiteitje- In some

gel - perneat,i on_ chr omat ogr - Four | 1 1 Ednspect roscopy for
char ac ttBPPFRGI, - 08‘[% lg%éé-/ gggﬁdé r%%ﬁ%@?@? f&‘%@%ﬁ%@rs" .@Pol yneric
Materi al s Science and Engi neer La® £ 239BB/T Gksr 9863190. ; and Desl auriers,

PJ.; Rohlfing, D.C.; Shieh, ET.; " tifyi h hain branchi
i GPost 1 uct dess e ATRGF rerabicdr AUORBI PREVEIEEST s Sars SoBeenios dR

chromat % }Efj:% FRYE 8kt .Of1 R RhRlafaeR4h 2ROQRYo/ TREEHTI R)
Pol ynerh%?@g%‘g)ef ,e @%@T@Bﬂ&ﬂ@f(}ﬁ] 0%8 whi ch areal i ncor por at ed by ;ﬂe:f erence
her ei n Génvetselyr Panisithettiylene mole fraction for a random copolymer of the same

composition and having an ATREF temperature of Tx, which can be calculated from Ln Pxo
=o/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/a-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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[67] In other enbodinents, the inventive ethylene/a-olefminterpolyner is
characterized by an average bl ock index, ABI, which is greater than zero
and up t ovehloe10191® and a nol ecul ar wei ght di stri buti onpCU/Skvs/ 003t er
than about 1.3. The average bl ock index, ABI, is the weight average of the

bl ock index ("Bl") for each of the polyner fractions obtained in
pr epar aduv 8. 1 ERERpfto hewt ddmskrampieclar walightdisiibitien dve/Mo. greatspthan ahpyt -

(WLBI ere Blj i.s t I ' | ; ' ' [
Gt iyl ey S0 SHBY RrPREIeBS: DRee Sbis Seet s 1Sl bl EREl Hn Qb WWETL ! Ve

}Ngi 32} }lpﬁ;(rj @(ﬁm @.@?g&?te% ﬂﬁn 'thbdmt]for’,?fﬁdj Wto ab6&] 1.F,@retadharpatioph®8 dadaptto on, Bl
ne y one o e two fol] owi ng equatjon bat h. of l ch qi th
'SI' ane Bﬂ?}%lld)e))r gipptpr than ghout O@argug_tﬁp%outﬁlnﬁx qt qrfgq%o%nﬁgxt‘éﬂhfgpq_l I é’g vvh:r e
X 1S e. pr-eparat i v.e 1 ATRE | r.atr, r it hon
(pr %f eﬁ&%?‘f}n I%a)% %rbgééskelgd%ng %;[FIS%% hpd&)& biq?ht%r@ tgtaﬁglﬁtgh%%tg tﬁﬁa{:bt%?g?fgf or the
i th frasd ipto aboht 10, gentebhamebeu OsdariyupNvRbont 1.(R gieatetdbay disati0 dlsodap PAB i s

the ethyl ene nole f [ f the whol t /.18 |
(Def or & fhoed Doparias trap bt 04 9 pdn bt eethl Pl i W X e
are th?g@ﬂ&:—'}_‘ra&i?ﬁ LhR BiGRREAL MeBrePthdn Bﬁ@t?ﬁlﬁﬂd&ﬂﬁorﬁ%@t 0.5, agédtanhdor pure

“har d nent's hrefer to the crystalline segments of the
i nt er pabyuter) andAsg @ dbbutsd.5,@rerser thupatwyl fdtand wp te Reout A2 pEePEAlPad8s are set

to those for, high density.pplyethyl enehonopol o f I f
b 3B i EBB0 PELYS PUSLRURRGL Ty iopichgup e, o
TAI s 3720 or&fiShan alo8Pd.2 BABup So bRt ADREFeatce fRArBbUI (B3 bt utor zbodoirs,

copol ymer of the sane conposition and having a | ene nol e fraction of

h
PAB- t Tg&a@anhameahﬂa‘\tl\%élaad 8l tq ahawt Peof Zrateuihay a@@ﬁt&tﬁy W:UWO@MM aand b
are two c t ant ' ' i . - i
ot hJI%% 8'8502%1%91@ of gthgﬁaﬁl?traﬂas %gg-l brP ald RUakivePoHMRgpRidasprper of

known ran pol ymer é noted that "a and b may vary
possess (1) a PDI of at least 1.3, more preferably at least 1.5, at least 1.7, or at least 2.0, and

15  most preferably at least 2.6, up to a maximum value of 5.0, more preferably up to a maximum
of 3.5, and especially up to a maximum of 2.7; (2) a heat of fusion of 80 J/g or less; (3) an
ethylene content of at least 50 weight percent; (4) a glass transition temperature, Tg, of less
than -25°C, more preferably less than -30°C, and/or (5) one and only one Tr,.

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 temperature 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 of
block copolymers, and heretofore unknown for an olefin copolymer, 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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frominstrument to instrument. Moreover, one would need to create their own
calibration curve with the polynmer conposition of interest and also in a
sim | ar mebeocad/@miodei ght range as the fractions. There PETAIS006HNL3TS

nol ecul ar weight effect. If the calibration curve is obtained fromsimlar

mol ecul ar ;wej ght_ranges, such effect would be essentially negligible. In
some erBddi ﬁ’é}%ﬁ‘s? shogfrdBent Ayl Bnd veows fgreresubistipsthy inveativepdlpmersgas

rel ati QagiHak £nd F + Tco 4 s the. ATREF, t enperature
for ar aﬁ@gfn%d ct%gé e{/kn%?‘g%% oﬁﬁ{eeg-ggﬁ% H&‘()errr%(‘)’g% iyglﬁrsa]ﬁaa'eﬁb%ﬁtﬁzﬁnlﬁ%bﬁ%yl ene nol e
fracti dlexdfilifhhealiesistaace batamaltioan taé othef pelfineiPx a/ Tco + b. Conversely, Pco

Is the et ene fraction for a random copol ynmer of the sang

conposi ti Eyrﬁ and ﬁ‘\gfﬁﬁﬁn ’%R@?WW@MW?@WYW,S cgmhaie acnelt blexdb.cul at ed
from Lrdee 0.08/td 2000 B 0lL{8 i I e ative
TREF f rgct ilon is ob aiorlllzg],lte%@f\?\éap §h1?$lgmla%g%gpgﬁk&rfl{ﬁ1§{ee§i Iﬁﬁ%lﬂ,% &%ga;%i% he
whol e gy Aéd te 4A0 gd Ogminutes sendaspdciallydinem Ortiadil 0@ gt 19, mibBtesi $n geredd er t han

zero but .l ess than ut 0. r. fromaboyt 0.1 to about 0.3. In other

enbodi ﬁgm@}mm%%&ﬁﬁsw ‘é‘rﬁ?fﬁb}ﬁt%gwe@. V& A dneligndex, pfom A.0bto H efler abl v,
ABl  shoyihng b ot I QLA ] : { 0 ut 0.5
to about Ot'eg,f?fr%ﬂr? ij:%n%r a gﬁ?ﬁ%u.t%s’to a gﬁo %1 gnhﬁlg@gg%%ngt g&lhr(r)elﬁningggﬂél S
i n the fraamge tofl Ofg/ Whmirhitest 10 c&tdimembodimeftsOthe fnianind@ofvr i Shflendbolifin0. 8,

or from._about. Q. 0.abou ~,. fromabouyt 0.3 to about 0.6, from about 0.3
to 13b0LPt°%’8T.‘e§§ lsglrg%#%“g?fo%tg%&%m’t‘t‘?sng@?fb()‘?’ﬂl.“tqsn ot her enbodi nents, ABl is
in the rameg of fIHRPoRRAMS chh Havk AR v&eigms,fmg,onﬁgﬁqwoo%/%ofe%abOUt 1.0,

or fromabout 0.6 to about 1.0, from about 0.7 out , from about 0.8

to abowt000,090 ghmoke; prefesafeltifrom H0G0g/miotate 11009,0007 tioroprofenahly foar HLOGY i Sti C

f the ] ' -ol ef n int ' the i ti
ot hyl oA £ 060 DTG el leln g 1000 BRbote o SNE ool Pt ron
whi ch dansityeofald mivestiepolyimiep aarobd fem TR to me%@hﬁ ahd BrefidrABIY o ethsnd bl ock
I ndex %reat er thanabout Q.1 and, up to about 1.0 and a nol ecll ar wei ght

di St i BERPBIIS RWNATS Time didere/emialn Catos(erl. B cortainsemodimbasali the density olie
ot SRR, B 5951 10 SN 1 B 0D UBRLY 2%
up to [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 Application 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/US2005/008916, filed March 17,2005; PCT
Application No. PCT/US2005/0089135, filed March 17, 2005; and PCT Application No.
PCT/US2005/008917, filed March 17, 2005, 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 comonomer 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.
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about 1.0, or greater than about 0.9 and up to about 1.0. In other

enbodi nents, the polyner fraction has a block index greater than about 0.1
and up t owvehloew101918, greater than about 0.2 and up to alpowtus20/,00great er

t han about 0.3 and up to about 1.0, greater than about 0.4 and up to about
1.0, or gr glt er than about 0.4 and up to about 1.0. In still other

enbodi nentl€8] t he Peprgsantative satelysts and shain shytling agaeberg pefllowst han about 0. 1

and b {0 0RO PRt R Rhy B2 BR300 0 o2t o
about On@ht}iallbnybﬂl}(l%t}@hd@r@@ﬂﬁﬁ&h&w)}hﬁﬁuﬂﬁ| fbpe?yeg%cﬁ@am 8 shlrek i ndex

greater t about reater than ut 0. 3 and up
to aboufe® %S ﬁ r‘@@t‘g’ﬂqlﬁéﬂ%b@pz@‘“ﬁ 7aH83Np1 Og‘b?%liduﬁle@ May 242098 catdeWQ han
aboud Ogppoafyg up to about 0.6. [72] For copolynmers of ethylene and an
a-olefm the inventive polyners preferably possess (1) a PD of at |east

1.3, nore preferab least 1.5, at least 1.7, or at least 2.0, and nost
preferably at |eas ) %CI{I%? a maxi num val ue of 5.0, nore preferably up
to a maxi mum of 3. nde

pesi ally up to a maxinumof 2.7; (2) a heat of
fusion of 80 }é/ le §3) # | ene content of at |east 50 weight
percent; (4)( §F ss {/rans ‘ rature, Tg, of |ess than -250C, nore
preferably | ess -3Q0¢y and 5) one and only one Tm [73] Further,
the inventive p rs cZif\] one or in conbination with any ot her
q,r er
qua

properties di scl( a storage nodulus, G, such that log (G) is
greater than or e t%H34583kPa preferably greater than or equal to 1.0

MPa, at atgnper : over, the inventive polymers possess a
rel ativel ﬁsﬁl at g{jﬁ{ﬂiﬁg(ﬁ%} 5(2’!?) di -pghyist @a)ﬁﬁmt'lmé?l&gur e in the range
fromo methgz%&gdx(u |2|-p1§:h§rl@ﬁ@€6 ﬁld’h@%?l)ﬁ)ethfa ghdﬁ?mﬁ,! kﬁp@%@fﬂ §5 & Of Dbl ock
copol yners, her et of ore unkhown fof "an o I'n copoly specially a
copol yn@PO@fngetPH@@ teachiagsdfONE 3r4(H9P L2003 USRI USENO 04199824, filyl Mg term
relat iyelys flatarol context is meant that log G (in Pascals)
decroeas%?og3 a}rlgégot /inﬁoﬁe order of magnitude between 50 and 1000C,
preferably between/B~and 1000C 74] The inventive interpolynmers may be

f bl b d ). [74] Th I b
further characteri @ CH3t her nomechani cal  anal ysis penetration depth of
lmm at a tenperature §f at /egst 90Q0C as well as a flexural nodulus of from
3 kpsi (20 '\@a‘%ﬁ 13 H'\(99 MPa). Alternatively, the

3C

(H3C)2HC CH3 CHj

[80] Catalyst (A3) is bis[N,N">’-(2,4,6-
tri(methylphenyl)amido)ethylenediamine]hathium dibenzyl.

HsC CH;
(\N I j

HN—»HEX, OO X= CH,C¢Hs
\ CH;
N
HiC
CH,
15 [81] Catalyst (A4) is bis((2-oxoyl-3-(dibenzo-1H-pyrrole-1-y1)-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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i nventive interpolynmers can have a thernonechani cal anal ysis penetration
depth of 1mmat a tenperature of at |east 1040C as well as a flexural
nodul us oloavidwass 3 kpsi (20 MPa). They nay be char actremriuseaemasdsniavi ng an
abrasion resistance (or volunme |oss) of less than 90m®B. Figure 7 shows the
TMA ( 1 mm versus flex nmodulus for the inventive polyners, as conpared to
ot her known pol yne The i nventive jpolNners have significantly better
flexibility-heat t apge balq the other polyners. [75]
Additionally, the™e : At er pol ymers can have a nelt index, |
, from0.01 to 2000 ¢§ ferably fromO0.01 to 1000 g/ 10

m nutes, nore preferpd }{on1l.01 t\o 500 g/ 10 m nutes, and especially from
0.01 to 100 8/10 p(gépﬂﬁl odlnents the ethyl ene/ a- ol ef m

i nt er pol yners3 6H91 to 10 g/ 10 nminutes, fromO0.5
to 50 g/ 10 m nutes; nutes from1l to 6 g/10 m nutes or
from0.3 to 10 g/ 10 Kai n enbodinents, the nelt index for the
et hyl ene/ a-ol ef i n pa m nutes, 3 g/10 mnutes or 5 g/10

m nutes. [76] The poNyaw rs can ha nmol ecul ar wei ghts, My, from 1, 000

g/ nole to 5, 000, 000 g@nnle preferably from 1000 g/nole to 1,000,000, nore
pr ef er abl J82r om 1Cabet Bhys é,th)S-Si)@-dmug'lpmnEl,en@)ﬁh(Iéibec| al 'y from 10, 000

g/ nol e SI t iLnventive polyners can be from
0. 80 to&%h%%ﬁ?r#@%ﬁ%e&y@@ lfc {PF%W& cont ai ni ng pol ymers from
0.85 g/cnB to 0.97 g/cnB. In certalmaaﬁgodlnents the density of the

et hyl ene/ a-ol efi n pol yners rar&g frmO 860 to 0.925 g/cnB or 0.867 to
0.910 g/cnB. [77] The process/ he pol yners has been di sclosed in
the foll ow ng patent appl j<calj ofs: Y o€i{Cipnal Application No.

60/ 553,906, filed March A7, 2 ; pf ovi si onal Application No.

60/ 662,937, filed / 7, 2/00\5; U S. Provisional Application No.

60/ 662, 939, hCk 7 =Y. S. Provisional Application No.

60/ 5662938, fil ed I\/a 7, 2005: PCT Appki No. PCT/ US2005/ 008916,
filed March 17, 2005; P& Appll&% Hn No. P /ﬁ§2005/008915 filed March
17, 2005; and PCT Applicd#fdm No. PCT/ US2005/008917, filed March 17, 2005,
all of which are incorporated by reference herein in their entirety. For
exaipl e, 8% sucHCatelysoB2)dsrhlitie,s-divt-hatyiplgneehs)(b0e-(2ntktiontydsirkyly- one
or nore addlhngﬁﬂﬁgcanslzabLe nonﬁrs ot her than ethyl ene under addition

1mmino zirconium dibenz
C(CHs);
H;C
—N C(CH
\/ (CHs)3
ZI’XZ
(H;C)3 O N
CH; X=CH,C¢Hj
(CHs)s
[84] Catalyst (C1) is (t-butylamido)dimethyl(3-N-pyrrolyl-1,2,3,3a,7a-n-inden-1-

yl)silanetitanium dimethyl prepared substantially according to the techniques of USP
10 6,268,444
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pol ymeri zation conditions with a catal yst conposition conprising: the

adm xture or reaction product resulting fromconbining: (A a first olefin
pol yrer i 280i2006/1wad1al yst havi ng a hi gh conononer i ncor porariuseooendsis (B) a
second ol efin polynerization catal yst having a conpbnomer incorporation

i ndex |l ess than 90 percent, preferably |l ess than 50 percent, nost
preferably |es R ﬁ§i§ent of the conononer incorporation index of

catal yst (A, ] ain shuttling agent.[78] Representative catal ysts
and chai n shutt i gent are as follows. Catalyst (Al) is

i‘i{d}ﬂﬂ} 2-di yl ) met hane) ] haf ni um di net hyl , prepared

according to the tggthi ngs of WO 03/40195, 2003US0204017, USSN 10/ 429, 024,

filed May 2, 2003, |and WO 04/24740. [79] Catalyst (A2) is

[N-(2,6-di(l-nethylathy ) phenyl ) am do) (2- net hyl phenyl) (|

, 2- phenyl ene- (6- pyri di n- 2-di yl ) net hane) ] haf ni um di et hyl , prepared

accordi ng[8s) t he ¢tk i9Ft- - , 429, 024,

i1 od Moy 50 2003 oS DT Sarab At eI Ry re o

' - (2, dnden-{ yisHanchijanpve diphethirtindenaeedapbetantiilyrrcneidfrgf to ithateali Hiegs of US-[ 81]

Cat al ySA-ZQ)ﬁ?l/)()O?B(ébi s((2-oxoyl - 3-(di benzo-I H

ryrrol e-1=yI)y-5-(rret hyl ) phenyl ) - 2- phenoxynet hyl ) cycl ohexane- |, 2-di yl

zirconium (1V) di benzr epared substantially according to the teachings
0

of US- A-2004/0010103. Catalyst (Bl) is

|, 2- bi s- (3, 5Hfi bt eyl ene) (1 - (N- (1 met hyl et hyl)
irrm'no)rrethyl)(ZI) -u di benzyl [83] Catalyst (B2) is

|, 2-bis-(3,5-di- Wi .ﬁﬁs)(l-(I\I—(2-rrethy|cyc|ohexy|)-

i mmi no) net hyl ) (2- oyoyd) i pcéidi di benzyl [84] Catalyst (d) is

(t-butyl am do) di (3-Nl-pyrrol yl-1,2,3,3a, 7a-h-inden-lyl) silanetitanium
di met hyl prepared/supSt an &qu{s%y according to the techni ques of USP

6, 268, 444: C( CH8HC 3

[86] Catalyst (C3) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,8a-n-s-
indacen-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of US-
A-2003/004286:

H;C
\©\ ) Q CHs
S TiCHs),
S
C(CHs);
10 [87] Catalyst (D1) is bis(dimethyldisiloxane)(indene-1-yl)zirconium dichloride

available from Sigma-Aldrich:

H;C
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[85] Catalyst (C2) is (t-butylam do)di(4-nmethylrhenyl)(2-nethyl-1,2,3
,3a, 7a-h- inden-1-yl)silanetitaniumdinmethyl prepared substantially
accor di ngvoaoadeigieachi ngs of USA- 2003/ 004286: [86] Catralrystoos08937$ s
(t-butyl am do)di (4- net hyl phenyl ) (2-met hyl -1, 2, 3, 3a, 8a- h-si ndacen-

| -yl)silanetitani umdi net hyl prepared substantially according to the

t eachi ngs of USA- 03/ 004286: [87] Catalyst (D) is

bi s(di et hyl di si | i ndene- 1| -yl)zirconiumdichloride available from
: | ing Agents The shuttling agents enpl oyed include
di et hyl zi nc, di (i buty zinc, di(n-hexyl)zinc, triethylal um num
trioctylalumnum 3@ietRylgallium ibutylalumnum '

bi s(di et hyl ehsif yl ) si | acane), i-butyl al um num

bi s(di (trimethyl stkyl)anide), n-octylal um num di (pyri di ne- 2- met hoxi de),
bis(n-octadecyl)i-bé‘ Rl um num i butyl al um num bi s(di (n-pentyl)am de),
n-oct yl al um num bi s(2i -t - butyl phenoxi de, noctyl al um num

di (et hyl (I -napht hyl) gnge), et hyl al um num bi s(t-butyl di met hyl si | oxi de),
et hyl al um num di ( bi ¢ met hyl silyl)am de), ethylal um num

bi s(2, 3,6, 7-di benzo-Yazacycl ohept aneam de), n-octyl al um num

bi s(2, 3, 6, 7-di benzo-| - azacycl ohept aneani de), noctyl al uni num

bi s(di met (88]( t - buSnitilbig Agemte, Thetshyitlingapet®, etployedenolhddivbyiziie) dignd

i M WA Vo e ™
especi adtylalilifhm %is@&heﬁ@@@bﬁfﬁfsﬁ@xaﬂéf fi-%ﬁ@@ﬂl%/(ﬁniﬂuﬁ?ﬁirs gﬂ@%@@%ﬁ%ﬁejﬁf&@ﬁ | ymer s

of two or nore .m)nor.rer S_, . nor e eSp§CI a.l Yy et ene an I N or
cy c 500l epetylabminmgti(nysigimet 2aimiethostdey Ibiste-oatadeqy )5 bOtydalomifutm i- usi ng nul ti pl e

cataly . are.jnca |.e of Jjntercaonversion, at .1 s, .the catalysts are

cheni CZ‘f‘@E@?ﬂ é?%%%s.(&@ﬁgggyﬁ%mdﬂﬁ Ha%ﬁ@&%‘%%ﬁ%%@% PP Iphepexidemai t i ons,

the promedsluimmin @ibthyl(Swbplatyl@nidep ehFRiluARuORs@buffldindis &ilgkidgpnoner s at

hi gh mononer conversions. Under these pollyrrerl zation 'conditions, shuttling
@

from t HERE MR dibsitrgetybaly Dagidepetdalamimm bistbhbd-ditlaat laged conpar ed
L ol o B e Bran 8B bt der IR 0 BRI I8 ib GBELL Al fohdpiRimIAE, bt ! 00K

copol ynmers are
10 octylaluminum bis(dimethyl(t-butyl)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 especially ethylene and a C3_

15 olefin or cycloolefin, and most especially ethylene and a Cy9 0-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  Inparticular, 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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[90] The inventive interpolymers may be differentiated from conventional,
random copol yners, physical blends of polynmers, and bl ock copol ymers

pr epar ed woaoseuEnt i al nmononer addition, fluxional cat&Cyaissgocam3eni c or
cationic living polynmerization techniques. In particular, conpared to a
random copol yner of the sane nononers and nmononer content at equival ent
cryst al iepigiapde asmepsang by meltieg peink higheeTMd: penstintion tfemperarerepigherrhighhi gher)

heatre / d | 11 LNt ' r T enetration
t orper s nperine EnsliF ARERS aYolRih R Ritererle d5ion etn B e
hi gh- t edgdernrhadey d}@laﬁm"mwha@goagalm@wI%mnmeﬁwfﬂaﬁum@owyﬁw@t@@hmng
chani cal anal ysi s. npared to a random copol yner cont al ni ng e sane
gnom&r © §¢ge WB%BWE‘ES aggl‘i‘%‘é’l‘?mer eprtentythe ivepdve tapelympersdiaye lowas | ower
conpy essy , i r .
r elrrgx at ci'ﬂo , e%%ﬁg?@él&lgg%h gé?lg?&atﬁcgte@b%}agﬂgéﬁﬁgﬁ%ﬁg%? Jﬁ ’ |%h%$e§r%§€ ocki ng
r esi st amsistandeabigher tsat siengthehigherthlgtkdng esigmhed, fastatstwp dis e highéd cat i on)

t enperat ure,. higher.recovery (particularly at el evated tenperatures),

be{T er %K?@@F%}?%Ré%lféﬁﬁ?g‘@@; “H g%ﬂé‘\“_eﬁé‘g_ A EEGAYEN F“E’é}ﬂagﬁét gevatet oi |l and
fi1ler epenhadshetkOdbstherdsRURBL ighel AR MY, indboiftr B BhOHlIeR UNi que
crystallization and branching distribution relationship. at i's, the

i nvent i aceeptmncgr pol ymers have a relatively large difference be]'E ween the f
tal ] est te rature. neasured usin YSTAE. and DSC. as. a nction o
hea{O of 1? ston, nggl}:?elg?'%ﬂ%lvﬁ TSP AY %ﬁgf’gﬁpiﬁ&‘&fﬂu&%ﬁmgn%‘ﬁt ai ning the
sanme nosrenchig dndbinaofRiiohsip! TRt i INSInGahtiveliBREf1Rhed Bhvd Bfetativelch as a
blend of a high density polynmer and a | ower density t

_ c%%)l mer, a
equi vallavee daiiprage befuern thy tallpst peak immeeaerg mensired Hiisg Y]%EAFeadDS@ af the

I nvent i Y&k S t i | ST L on of _.the conmononer

bl kb PSR GFGoh s Fathhs Aokt ool forB Al oRibig e

i Nt er polageemenomeys amhponcrerdbtet b physigl bleadksf wflydékf wch Bga Blélﬁﬂ BOABIgh

content, (i.ncluydin onmopol ynmer, bl ocks). The inventive interpolyners may

al sB ¢ FIF%B‘H&‘“G‘? %‘{brar lﬁgﬁer PRSI CARRIBBEL ahefvbyalent oyrrallidsesifyr Ipisibphievedpl ocks

of dif figsd iR of GRTRPQARE | ' | . Atz - Fl o ype of

di stri bﬁﬁ%ﬁ@ﬁ?%di Tioo ﬁ&’ﬁ‘ﬁ@@ﬁ%@r‘%gﬁ’ glﬁe@éﬁ%@éﬁﬁ%@ggxﬁ%i que

peak medorongmeninlocksdvidriy dteapdlymert hackbdnemiie partiouler, pina)mtférgivtehat hl S I

;Eg?g?[}}éfg Lo:%rgelérlrs]de ,?c%(rjntepﬁn%e gfterﬁ%r}:gnlﬁ(r)ck%%?ﬁif@ﬁngrg%gn%lngr%’er go%ten??irnglu?l{n%gy' na
homopolymer blocks). The inventive interpolymers may also comprise a distribution in

=

20 number and/or block size of polymer blocks of differing density or comonomer 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 improved. In particular, haze
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polymer. Not only are the resulting terminated groups crystalline, but upon termination, the

20 highly crystalline polymer forming 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 a-olefin interpolymers used in the embodiments of the invention

25  are preferably interpolymers of ethylene with at least one C3-C20 o-olefin. Copolymers of
ethylene and a C3-C2( a-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-Cp o, -olefins such as propylene, isobutylene, 1-butene, 1-hexene,

1-pentene, 4-methyl-1-pentene, 1-heptene, 1-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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polymer. Not only are the resulting term nated groups crystalline, but upon
termnation, the highly crystalline polyner formng catalyst site is once
agai n avawvbabdeioias reinitiation of polyner formation. Ph@/useémioedsry for med
polymer is therefore another highly crystalline polynmer segnent.
Accordingly, both ends of the resulting nulti-block copol yger are
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et hyl euﬁs%alrI eng@@&%&& sgsemeﬁgsm Vﬁ]aggtqg% Sucﬁa&b&p&ﬁ%ﬂ HEMEBL enes,

pol yenes, enzenes, etc. conononers include C3-C20
a- ol ef Deperglirhorathe rseleaydrﬁcﬁf&ataib&;tsb am;/b]eﬁn may-Heutsed o enibddéxente of thepent ene,
4- et hyl -1 - pentene nonen ecene nd the Iike.
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1, 4- heX ene,” an opent ene,
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I nvent h@eﬁféﬂﬁtﬁ@éy, suitable olefins are C3-C20 aliphatic and aronatic
conpounds containing vinylic unsaturation, as well as cyclic conpounds,

such as cip6] obut Exempleyof olséinmeommmens ghidegmt eeedios Himited fiel iy lsaenene,

|nclud|n t n |im.ted.to,,norbornene su stlt t t n

positi & IIIIg’ eII1 CﬁI’E’fﬁe Hy RS I)III‘FX%’F I’I?} ISII?E aIébsﬁIOIéIIhguII%e?e ‘s%ldlqncl uded
ar g5 M YbddcRfe, Al tehtiddied, qfhd&ﬁde@éné/vqdetmcéﬁexwmsmt 3-sneeiyldl-eftemes 3wi t h

C4- C40 di ol ef'm corrpounds [ 96] Exanples of alefin nonomers include, but are

not | i mietlsd-1-pendenspgineaileyl-Ji BWneyﬂér@metiLYbétf@ﬁ@ne A-pericxsighexengex ene,
1-hept eIlneylcyclo%%%ar{%enor%ogﬁggﬂg ’etﬂylﬁgﬁeeﬁﬁboﬁgxge I:yclopentene cyclohexene,

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,1-hexene, 1-octene or a combination thereof. Although any hydrocarbon containing
a vinyl group potentially may be used in embodiments of the invention, practical issues such
as monomer availability, cost, and the ability to conveniently remove unreacted monomer
from the resulting polymer may become more problematic as the molecular weight of the

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-C20 diene, having improved properties can be prepared.
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51 sope B aRT R BT BT tias s FRBYhicer gt S o g Faheolefn,
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 1-octene. A particularly preferred a-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 a-olefin may be reduced without loss of
subsequent polymer properties. That is, because the diene and a-olefin monomers are
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the dienes typically used to prepare EPDMs, the particularly preferred

di enes arwolpes/toenadi ene (HD), 5-ethylidene-2-norbor nen@CrENR)06/009378

5-vi nyl i dene- 2- nor bornene (VNB), 5-nethyl ene-2- norbornene (M\B), and

di cycl opent adi ene (DCPD). The especially preferred dienes are 5-

et hyl i grefiereiallyribmrpesaied (ENBRe Hipg of bipckof thei nolemempther {honpnidpranly 0ass of

desi rabl | yners that can b | n.a r | | of the
mven; ForoRRe e izBotntE: paSRpnaae sk SRRRR)ARAM 3 HIRGGHREE P
especi gidslinki RRAYityesFahe ﬁﬂgnﬁ@&mdt&r cditrolied NBich dbatiakabinelasomersRndf er r ed
a-olefins for use in this enbodi nent of the present invention are

desi gnsheairashprodiests pvmarivantaged prppertighcidreg highes tense girength wﬁ%ﬁ%d al kyl
group of fr 0 12 carbon atons. Exanples of suitable a-ol efins include,
butyar faﬁtl%l%%‘gﬁr ‘ed to, propylene, isobutylene, 1-butene, 1-pentene,

1- hexene, [161et h¥d sonle grbédimentsathd idventitemerpdyparstmhadel with tvpeatdlgsts ed

-olefin i lene. Th | based pol, | f d
o o Dot ke NS RSP e 0250l PoLUIELE, aF B e ALy ksl er o
such pelyies.s §%B€%@Eiagtﬁméhk 'pb%x%ééi‘d@ﬁ%ﬂy_tﬁé’#?@a@ [¥BE SortBglofdRneom) ugat ed

or non-conj ugate straight or b hed chain-, cyclic- or polycyclic-
di enes tebbrpercaitngditnocontert of fOmcGil ho he perPensf @drandi-dledingontiencof 10 to

1, 4- pent.adi ene, 1, 4-hexadi ene, 5=ethylidene:-2. -norbornene .

di dfcl %é’ﬁfcaaﬁ» bssd 083‘&? @%ék%ﬁhé ﬂﬁﬁleéi‘l?h‘/‘%ef- %&%‘9?% P&Sﬁ% el e ultisbiggk o

par ti culRtdneritRiyaidreHavdl HNehyisntcontdiy bf H6MG0d0 90 poRkne Adienk OEnHHCause
t he di ene containing polymers conprise alternating segnents or, bl ocks

cont ai diony0gdrtedf gercont, prbarey-otpfimrmontantef HemtlRdo 40 %_ﬁ@egﬁ, hesed ap iy Wbhe) and
L i e T
S ane sl aomemausot ey e oyt e o
pol1gme20.00dy S0 B0ancse ererabiromy 200D fo - S0E SeGREFLY FRbIER 05 i ni
Gens) U Pind G ALNTIL GR0 B8 BELtogsTifaliet Rueh psesytinta my,
hi gher Memrgiréferabty; eudtpolyanets hevd @r etbylase cantens diowedyio TS1Erdent. e dienee
ool BNt St fromD th'® et Gl s S Y O Sne TRAL20M 3 55 faGerfzat al yst s
[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/ o -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 hetein 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 1.0 weight percent, preferably at least about 5

weight percent, and more preferably at least about 7 weight percent. The functional group
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incorporating differing quantities of conmononer have a weight ratio of
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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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t her eof . 119 i p arlpjadirthgr embodirment, the anti-blocking agent for the polymer compositions

disclosed herein is an amide represented by Formula (II) below:

s CH3-(CHy)y-(CH=CH),(CH;),-C(=0)-NR 'R a

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 (I) 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
CH;3-(CHa)m-(CH=CH),-(CH,),-COX where X is OH, F, C1, Bror I; R® is alkyl 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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The am r@B’r"ﬁm‘?%?dﬁ;qgtﬁn(ll) can be prepared by the reaction of an ]
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amlne is condensed W’l’[h an aldehyde or a ketone to form the corresponding imine which is
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 acid, heneicosanic acid, docosanoic
acid, tricosanoic acid, tetracosanoic acid, pentacosanoic acid, hexacosanoic acid,

heptacosanoic acid, octacosanoic acid, nonacosanoic acid, triacontanoic acid,
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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
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Al kyl ati on Method for the Conversion of Ketones to Primary Amnes,” J. Am
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Mmanuractire 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.
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prevent the undesirable adhesion between touching |ayers of articles nade
f r om t hie 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 may be used to
prepare the polymer 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  polybutadiene, 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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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 ef 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, fluorine-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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hydroxylamines; benzofuranone derivatives; and combinations thereof. Where used, the

| ow

amount of the antioxidant in the polymer composition can be from about greater than 0 to

20  about 5 wt%, 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 ef 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 compositions 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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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 talc, 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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Handboakéredfarwaeére 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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Gardner Publications, Cncinnati, Chio, 5th edition, Chapter 2, pages

141-426 (2001), which is incorporated herein by reference. [122] In further
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t he pol yner conposition can be, from about greater than to out, 10 w %
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pol y me PEOBHEHIF-HCERY CYPRAtEs HCWBP@?‘}?beéanﬁr%%ﬁtﬂ%s@ilcyfcﬁ% P X‘/&%paﬁldzan be
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be addeihyltoiatdtexysdnerwinyboethyldimétberysdaneebb®d herein. Non-limting

exanpl es of suitable fijllers include.talc, .calcj D1 16

car of uireerdpuo i i GhorTg Taleh fuegc ATHERPAEL R B fon
wol;k as R felilyh@! cdEpBitioR Catb it BimSibbirc@taer hat Oiteiabait RO wave froad alwund. i
hydrat ed al’'um na such as alumna tri hydor ate,. gl ?ssggl\ crg}gph re, ceramec
m cr oshebait 16 vabaropframaboui] to dhoph k) wtVoied fhe tetal wsight of G5 PoLGIEss i bers,

carbon fiber. Hust SRAS , i RY 16 S aveFROMSST 4R,
hydr oxicagipc’%%ﬁ%’l?'gg‘?f@é g‘illgd 26, s ﬁlc OXT %ﬁ{sglaa??ggn&it} ate, titanium di oxi de,
ti t anat@gsaadAddditives 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/a-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 devices 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 BAN BURY? internal mixing
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es 511-552 (2001), both of

\?/n ﬂg Ih " gﬁ%ﬁ t}l%e(%qél ?%BP ’?\%IQCS ?%gtlgg%n S@ %g?tkgfsegﬁﬁlé Es? %&tzcsqn.d@w%gqsygts,t he pol ymer
he LA 6 g AR Lo ORI fockPr Pl hitep i bamgp=neral 1
conpos SHPRIsS: S&P\]éaglﬁ?rfb déaplragmst wbes lidhastappemc plungeraips odelivéryysystatisst at i ¢
agent  kRomm W&e 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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di sclo ' weifel. Hans et al. . "Plastics Additives Handbook," Hanser
Ga?gnerﬁgg&gp?éai”bbcﬁs}? mﬁ‘”fﬂ‘f’ﬁ?fg}t‘?r?m(lﬂir CIHCR edition, Chapter 14, pages
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Pr epar at i éagﬁf t t%&nﬁh@Pidéftﬁﬁaﬂ?qeéﬁ&enﬁ@ﬂﬂusqdm@ripr@mmgmlgwmlaqnhe
pol y ek RBRO Byt istiiSadditidhal pdshehdtdil (RO Sihp18y | YR the
anti - bF)ocki n gzgesnt-, ana 'Edh% Sopto?%n%})ﬁ%}%ﬁsi éﬁﬂél%gﬁ&g@&%&% bgr bl ended
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 mold, 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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usi ng net hods known to a person of ordinary skill in the art, preferably
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f1 oori hesed, adiital-Ehaker rotating, at @h@ eps, Thastreestratbd polymer eolatich iln ance f eet,

tags, seals, gaskets.such as stati.c.and dynanjc kets, .autonotive doors,
bugri)er dﬁa@i it%t? “tﬁl}‘ini PSlﬁ%ﬁf’ﬁ@Hmaé?& #%‘E'Z‘Pn“%%ég@?t aﬂ@i‘é@?wﬁdmﬁﬁ §5%ftice
suppl i gs1e@eal s, liners, diaphragns, tubes, |ids, stoppers, plunger tips,
delivery systens, kitchen wares, shoes, shoe bl adders and shoe soles. In

ot her enbﬁghmant A S§IH§X R%M@f‘c 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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model 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 3-10 mg of material is then cut into a 6 mm diameter disk, accurately weighed, placed
in a light aluminum pan (ca 50 mg), and then crimped shut. The thermal behavior of
the sample is investigated with the following temperature profile. The sample is
rapidly heated to 180°C and held isothermal for 3 minutes in order to remove any
previous thermal history. The sample is then cooled to -40°C at 10°C/min cooling rate
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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prn, and s yi ng t e product by cooling. There are three general
types trfchhjrotvenmxiaﬂtg samptelsusa wapdredw axaindentrptionmf 6dt grams bf pelymet di ng, and

h I n b
pol yrersot R PR el B HRE 400 PP I sh RGP e R cEe T eed f o
diffic SL&PEQ afd ﬁ%eﬁéd/ By é‘éﬁa'uﬁé hgﬁ@y Rfr}QSHo%H 4280t PRl MRESn Foltheas

pol ypropyl ene. The bl ow nol ding of polyners has been described in Norman C
Lee, " uredds 30@nu¢mljtei amdthft)ﬂdwngte is HAmalémin@éa: dner Publ i cations, G ncinnati,
Chi o (2000), which is incorporated herein by reference inits
entprety.ia3p] Tlﬁlahbmhbmwfﬂng CﬁBCanqdhem sat ig pplrfemmitwiﬂh 2bnaxewpl i fy
enbodi nents. of the (nventi marl cal. Val]téxgl ar e ﬁtpprom mat e. \When

G S

nurer | Blequlas geele fiégtr&?’“\;’é?ﬁ po Pty§?’i’(9lfltaﬂl B VRS A% nent s

out si de b6 sloa, £, 608 I8 FindeBin §t‘bédktafila|d11x’L‘Mré§‘Wﬂhbﬂ@as‘@ﬁ@l@@ad@foft he invention.
SpeC|f| c detail$ déscrib n each exanple should not be construed as

necess wmrdtmth@t\wnoﬂdwi@@all meleertlinweigiAVbe E8ndusds ﬁm@ummm n the
exarrpl s, t ha ol | errpl oyed: GPC
Met hod f’]é?n% ?ré onfs ﬁélgﬂﬂs ’Cﬁ %32}’ yg(tﬁ %%giia}lga:??érg:f) t| ng robot
eq 4k Pped2Bigkdminsamadlireasd selvest fot Mmoldllar ndighsestubbtoad @r@lﬂﬁlﬂm
1,2,4-trichl orobenzene stabilized wth 300 ppmlonol to
- 1,000,000, and 0.05 grams in 50 milliliters of solvent for molecular welghts 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)): Mpolyethylene = 0-431(Mpolystyrene)-

[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 cm 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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each dried polyner sanple to give a final concentration of 30 ng/nL. A
smal |l glass stir rod is placed into each tube and the sanples are heated to
160C for wohoaw®wins a heated, orbital-shaker rotating arCZAG2006/0093The
concentrated pol ymer solution is then diluted to 1 ng/m using the
automated |iquid-handling robot and the heated needle set to 1600C. [137] A
Synyx Rapi dDE8Ritysystemis used to determ ne the nol ecul ar wei ght data for

each sa A Gl son 35 ul t ) teh sed to punp
el 1 um pali 1, Seranen o AshiDudhuelenf ol plegelfctiia SR I V20 D

nobi | e1¢0i%a9@edstifepieals 4rbhRde Ritil onbhoti 6f eamile preésing udihg ASTBI BOOZM x 7. 5mm
colums placed in series and heated to 1600C. A Pol yner Labs ELS 1000

Det ect Method Bised with the Evaporator set to 250C, the Nebulizer set to
165C, and the nitrogen flowrate set to 1.8 SLM at a pressure of 60-80 psi
(409- 600 kPHlextual/SEhantiiodnins/ StanggedModnlusheat ed to 1600C and each sanpl e
injected jnto a 250 | oop usin i QUi | 4 ha heated
needl e. éh la| aﬁ?ﬂl? F?eoqpﬁ}pﬁ%ssﬁglréoﬁg?d%Sgﬁjr%)gggwugi1nggg't &Dmsgltv?nl tglcqzkﬂed | oops and

over | apgt&d sbaihealolan sredhst®adecoliag 3a ST BrTS0. | Stomak hedukd imand anal yzed
usi ng Synyx Epoch(tm software, Peaks are manually integrated and the

mol ecuingasuses) egeording orABEMJA 5P cearuvRlet e agai nst a pol ystyrene
standard calibration curve. Standard CRYSTAF Met hod [138] Branching

di stri buti of@pteakpxbgeetiesi ned by crystallization analysis fractionation

( CRYSTAF) i ng a.,CRYSTAF 200.unit comerciall Il Pol ymer Char ,
Vall®nci a, 1E¥ai n. %*Ilﬁ’é °f§ tg%fﬁ&"'s&ia es%m\fggés?gr? %?@,X%h%lrﬁggﬁogélg?enze%e

at 1600 4rQeOfiof®/#ab)5 UPR 100 1R). ame pell@bhle pledddetvis for 45 ninutes. The
sanpling tenmperatures range from95 to 3Q0C a Ootlgl n?ﬁl,r %ﬁ ofdo. 2C/ m n.
An i nf pakyéaﬂraﬂao@@thdlenmh@g%heat@ﬂ %@&Qupeattsﬁé’sbélgaﬂé?‘) 5P Rifoyellowe

concentr aty o Jhe. i I 0 i } as the
pol yrop” ary Ao S Bt A B HEVER 0D b TRE B3 IR b PR T cal

der i vakitheudfing beldovated aatlid/eParfaf 1 mén.r Elid enmtysressin mbloed filthaine usedinchi ng

cistriuti on of the polyrer, {35k 106 SR SUAG-REMaL Ry tUre and area

[149] 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 cyclic 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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anal ysi s nodul e included in the CRYSTAF Software (Version 200 |. Db,

Pol ymer Char, Val encia, Spain). The CRYSTAF peak finding routine identifies
a peak tewperarmwigsas a maxi mumin the dWdT curve and trhe/tsc@saobsrseen the
| argest positive inflections on either side of the identified peak in the
deri vatllé;/g gﬁgée. To cal cul ate the CRYSTAF curve, the preferred processing
par amet &rt8e &Y b fkpinaent.¢he sample isallovwerdito squiliteie fonds winktesatdle tesing

par amet @$eRRRY BefoREicbHIH Eoch ishs -Odk.and bel the tenperature
PPt of g rped St i Sﬁ%iﬁlodd’é@é Rlande tig Sepermnent fhe iiraslivs [ 140]

Di f f er esitchnit 16%rmtiaimyfr@althe finetinlpadieg uydls isaeeorded. PR i ForalT Al MDAl

Q OO0 DSC equi pped with ool ing accessory and an autoSanpler. A

nit roge%pﬁﬁ’?'ﬁ]é@gﬁ?scﬁujﬁfcgﬂogggﬁﬁywoﬁ@n&§)§H¢ usihg thestigineativhigh bssed into a
thin filbad AheneelotBebase 1HRe TRE feRemt i d then air-cool ed to room
tenperature (250C). 3-10 ng of ’ﬁrraferrfngz@%m%é%%}f into a 6 nmdi aneter

di sk, accurately weighed, placed in a |light alum num pan (ca 50 ng), and
then crinped shut. The thernal %qt@@@@@ﬁﬂh%.@@@pl e is investigated with
the follow ng tenperature profile. The sanpége is rapidly heated to 1800C

and held isothermal for 3 minutes in order to renove any previous thermal
hi st or yWheregr is Higystrain tekanfon cyadisl leatlinandQ G tht stfi€/whiene the ddddngtuiaite tand hel d

at -40 1 nut est. _The.sa e is then heated to 150 0C at 10C/ m n.

heat i ng%a%éaa{ng. ug%%g?oolq“l%a%éﬁ%c%kcond heating curves are recorded. [141] The

DSC nel ti [iF4peak StessRpsfiedisdfiedsiodTexd ﬁé&%ﬂt@trﬁ}ﬁ%hd%b%f ?th&)@% g) with
and en8 of ne

respect to the linear baseline drawn between -300 ting. The
hedf oftsmgsindnstion inssiyment egyipped veithean envitenmehial chahthiengThgange bet ween

-300C t] in i near., basel j ne. GPC Met hod ( Excl udi ng
Sanpl e?ggm%t}gr‘ﬁ 926 %}m F?gzljf ﬂ'%ﬁgaélgﬁ %ﬁeﬁﬁﬁ?l[lgl‘r?%ﬁ% F‘{Jﬂép%? %\%%l% et om

consi stegvipbnmeértdlehamb&pthersampleabay alehe@ o H094 alraillat 239 Min®. BpLyTer
Laboratories Mydel PL-220 jinstrument. The col unm and carousel conpartnents

are opdrasfeaprdgd ap onmaftiges fob Ly hevrsi dbe pencewti sysssilaxigoroafiekliLed- B
col uMsoafsByAsSaitulaldifusify ME Mrndufa: 1+ 25 4

15 % Stress Relaxation = Lol %100
0

where L is the load at 50% strain at 0 time and Li; 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 stretched 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 used is a
TMA 7, brand available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip
(P/N'N519-0416) is applied to the surface of the sample disc with IN force. The
30 temperature is raised at 5°C/min from 25°C. The probe penetration distance is
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trichl orobenzene. The sanples are prepared at a concentration of 0.1 grans
of polymer in 50 mlliliters of solvent containing 200 ppm of butyl ated
hydr oxyt ovoene/(0BHF) . Sanpl es are prepared by agitati ngPCirgiseéog/obesrs 2 hour s
at 1600C. The injection volunme used is 100 mcroliters and the flowrate is
1.0 M/mnute. [143] Calibration of the GPC colum set is perforned with 2
1 nar rmeasudesyl fanctioeiof lempairatiye: Hiheiespenyoesiongs when heiekst¥e wit h nol ecul ar
wei ghts r i from580 to 8,400,000, arranged in 6 "cocktail" m xtures
with ali?enf:%%g"il Tgﬂlﬂél?:tg F 8P%S%parati on between individual mol ecul ar wei ghts.
The standa;ﬂs are purchased from Pol ymer Laboratories (Shropshire, UK). The
pol ystyren MAndards are prepared at 0.025 granms in 50 mlliliters of

sol vent fipgmnol %Vhﬁﬁic%é&ﬁﬁ%al%@ﬂfsﬁ@m)%ﬁéésﬁfedtdiﬁdbnipr%QmOOO, and 0. 05
grans in 50 mllifiters of solvent for nolecul ar vvelaght_s | ess than

1, G600, MOBled Tlisks farmed tiy a botepressaatd 89 Ys atal0aMBR praspure dorat MPRIRS aRftetgent | e

agitation for 30 m nutes.ond, nar t. 1.3 %R@gerunfirst and
in or dxé(?te{)?oq}%cg}netg]gpﬁas %i98h§28m%f[§¥cﬁd’| alggé\%’ug%fir&éfél lél(E)lnent to nininize

degr adgdrit@Ned Jidn PRlovfeter (EAEnahrehad) dqRippsd with eoal cantileeergittsreaf@ convert ed
to pol yet hyl ene nol ecul ar wei ghts using the foll ow ng equation (as

descr i teation fesigg.| i ams and Ward, J. Polvm Sci., Polvm Let. 6, 621 (1968)):
Mool yet hyl ene = 0.431(M Qystyrene). [144] Polyethyl ene_equival ent
nol ecul ar[158]i ght Achfwul plequsris pressedpard icot weobat of Anonsivas &KL 2MNSEC sof t war e

Ver sion, 3. 0. Conpressj on Set 4 [ I i red according to
ASTM D%é@%%mpéﬁésn@%f%? eé%ibgﬁlp?lg%#%}c‘f e@%@%%?%@%%&é% neter round di scs
of 3. 254 8katidn ALVhd 3lele PP sUBRsEIE ongREattiRistdps &roDt18D°C ko 200t€ss of 12.7 mm
is reached. The’'discs are cut from12.7 cmx 12.7 cm conpressi on nol ded

pl aquets Gued stpii Aheagh trmpasataresthe trdsion mraduius |G ghimsasuseshei i agalar zer o
pressure for 3.mn at .19 fol,lo . 1 fol | owed
by coolfeyFmekSf %r%dzset rsgrggj ngﬁué\eﬁﬁeﬁg @%ﬁ}t%{ggdmﬂlaetq{;ewﬁ a(?'ll % g&%ﬁ%a.%%g’nsi ty [146]
Sanpl egerfcort 16 8ARIrd thaiha SoteEOBRULRIcht RhE fak G mesakaiengretmindST MeD

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 sample. 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 trichlorobenzene and allowed to crystallize in a column containing an inert
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1928. Measurenents are made wi thin one hour of sanple pressing using ASTM
D792, Method B. Fl exural/ Secant Modul us/ Storage Mdul us [147] Sanpl es are
conpr essiwo 20w/Wedsusi ng ASTM D 1928. Fl exural and 2 percents2@emessys modul i
are neasured according to ASTM D- 790. Storage nodul us i s measured accordi ng
to ASTM D 5026-01 or equival ent technique. Optical properties [148] Filns
of 0. dsupnott Kstaikleesgeed shoty byrplowdy fedHcing tapetgmpst eépfﬂi’? 3bp&eQlingar ver Model

#4095- 4PR100 L. T | et ced b
eheet sidt Bain' 10 e BeoRy 358 i pe Rt A e L 0o Y %3 e
for 3 EHrbmafBthnt BaRe & thedBénetH6d By eluting THRerfstdilizddpolyiner samplecforan t he press

with running cold water at 1.3 MPa for 1 mn. The conpression nolded filns
are usiba columrobyt slewly inergasing e femperawpef the pHag selventr ecovery, and stress

rel axati.on... [149 [ Ik §no 5 | BYK Gardner Haze-gard as

Speci f{ﬁégﬁ?rﬁ%i\%zf’kf)gf@%@% [‘ﬁ?t%g?ﬁﬁg %ﬁggéb?gmﬁéasured usi ng BYK Gardner

A ossnet er M@%&ggf 45 as specified in ASTM D- 2457 [151] Internal haze is
measur ed usi Dker Haze-gard based on ASTM D 1003 Procedure A.

Mneral qil_is applied.to the filmsurface to. t ches.
Mechani ci_l@z)r ope&_ﬁ‘? %%nplesl?ﬁ Qﬁpéfedm)'sﬁtég%pgfo%gtgg'\é%gf?;l@f& StS (r::ags?ste f ain
behavi &ﬁxth&sdgﬂn%faeshﬂroétﬁd}@@rmhédi@ﬁ@w R5brid%h 09 ASTMIOinly (8miM SV ensi | e

€
speci nens. s are stretched with an Instron at 500 % mn 1 at 21C
Tensi | mibst Teagitplanarealissnlyad phhemogamizeid barhsatingibe téh anddincanteaider age of 5

7016 007 LIIC 3 B R G RGRE T BB S e DA Ee R AR W (han

| nst r 0fMabthn Unity PLUS™ 400 MHz spectrometer, corresponding to a ¢ resonance

frequency of 100.5 MHz. The data are acquired using 4000 transients per data file with
a 6 second pulse repetition delay. To achieve minimum signal-to-noise for quantitative
analysis, multiple data files are added together. The spectral width is 25,000 Hz with a
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 Fractionation by TREF

20 [163] 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
pm) spherical, technical quality glass beads (available from Potters Industries, 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 ml portions of eluant from the preparative TREF

column are collected in a 16 station, heated fraction collector. The polymer is
-51-



I nstrument. The sanple is | oaded and unl oaded at 267 %nn 1 for 3 cycles at
2 10C. Cyclic experinments at 300% and 8Q0C are conducted using an

envi r onmewoaboctaeer . I n t he 80 C experinent, the sanpl eCrasadcoosdst o
equilibrate for 45 mnutes at the test tenperature before testing. In the 2
1 C 300%strain cyclic experiment, the retractive stress at 150% strain
from t HOPF§HEted IR PR #gioB yieing ajretapeevspdeator untit et 50 o temiof the al |

exper i RN rierdbRitiof r&HAhial. | hst unl oadi ng cycle using the strain
at which X he |oé§ﬁrr§f%1?§ngghgt ‘f’)&{gh{étrhg%‘fs%ﬁ‘?ﬁoﬁlé ar g’“ﬁgﬁ%é‘ﬁ{“? peB\et y is

def i necbefmre addteg exaesemytimnel, Rltdidy, end rinkigs Gaphrd:s 300806 il A Metiaken f or

cyclic . ﬁa&li n%"&ﬂf(}j es I.s hg strain where the load returns to the baseline
duri ng PHEVES a&é‘ﬁ?‘ﬁg% jligationpigpis perferaedron aak Besiténn vasuwmasur ed at 50
per Gentasgste@iiedistaoPssid%.0 1 | | nstrument

equi pped with a%ﬁgeinvi?onrlregrjlt aljﬂ cﬁgxﬁgﬁﬁ#ﬁ%hg%ﬂ%gédtééecgﬁr;lé‘{r??p%s 76 mm x 25
nm x 0. (@vaigble Atane Osmgaick . aEath & SAWPDATS 6)0 rThé Filtratad fractidhe agndrigdonment al
chanber ] |l e was stretched. to.50% strain at 333%mnmin 1. Stress was
recor dég eltarlnsgeﬁé%?%ﬁ%%u%m&naggheefagg% gepsn a?ﬂétlf?é%é]éﬁ?e befpress rel axation
af ter Idrthauéssingas cal cul ated using the fornmula: %Btress Relaxation - ~ 12
x 100 LO where LO is the load at 50% strain at O tinme and L12 is the | oad
at 50 percemekhRhBuafter 12 hours. [155] Tensile notched tear experiments
are carried out on Sanples having a density of 0.88 g/cc or |ess using an

| nsOr on( t BPS] nst MNeleBtrengTih MG rretasyred bysisitign apilargtegResesittedn of 76 nm x
13 mMm x_.0 4 W & h 2,-mm potch cut into the sanple at half the specinen

| engt h?%v aez'gg]nﬁlﬁ!déanil%ers?mcﬁ%ggﬂﬁl cBEICHINER P foproxmajely @5 dagreps.j ¢ breaks.
ihe ! eatfidoqiilliatifip R AHIH:GH 106°C 2 100ERNIR pibBR iSRRI :FLANGY! | on curve
up to strain at maxi numload. An average of  at Past Speci nens "are

r epor t éech/miviate (2.54 cm/minute). The standard test temperature is 190°C. The sample is

drawn uniaxially to a set of accelerating nips located 100 mm below the die with an

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 ("cN™).

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 Cs 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

were HPLC grade and were dried before their use.
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[ 156] Thermal Mechani cal Analysis (Penetration Tenperature) is conducted on
30mm di aneter x 3.3 nmmthick, conpression nolded discs, forned at 180C and
10 MPa noWwdi2ngs/pprEssure for 5 mnutes and then air quenebediS2006@0930%t r ument
used is a TMA 7, brand available fromPerkin-Elmer. In the test, a probe
with 1.5 mmradius ti P/ N N519-04 16) is applied to the surface of the
sanpl e di[367]wi t hMMA\(gl’ s tormedifiedesthylalumoxans, gitdisebWylaB@IRYR f r om 25C.
The probe. penettat. | s i L ' nperature. The
exper | REARGER AR ARG kSRR o RS Aot ml Sontal ST DLl

[ 157] Dynam ¢ Mechapi cal. Anal ysis. i sured on conpression nol ded
di sks forrremé"ﬁ?Hreaarﬁg?nB#‘éaéagyﬁt(ﬁig]é?g;@cmf%smo%?essure for 5 mnutes and
then water gp@l&H atidn bb €1 -Bie@ffethil) @0 Erdxy™ 5-diTBEfyPheriynt@indiseined usi ng an
ARES controlTed strarn rheoneter (TA I nstrunent s? equi pped wi th dual

cansi | evel68]i xt uBSsDi-bbutylsaki¢ybeldehyde (hQ0 g) Bdfledorl 09l aque i s pressed
and cut in a bar di mensi on a 4 at both ends
bet wee WOPfW&PBEe-E’E‘bea%OE‘?}é’&‘ %91%?%%%95?’9 |th431€08§‘§?%%}1 h%f_g)cétang éslﬁ bj ected to
SUCCes §dnyRriteRier fhoiire, wll&flss dre amovdaRdert wacRGACy (kDL gt ysllew) . At each
tenperature the torsion nmodulus G is neasured at an angul ar frequency of
10 r adrwystailine setid £ hpesegst vieldle bei ng mai nt ai ned between 0.1 percent and 4
percent to ensure that the torque is sufficient and that the neasurement
remains in bh&Prepanatin 210is-(3.5- tlphenyleng)(s@Nefl-c force of 10 g is

mai nt ai ned . ( . DI © 4 sl ack in the sanple when thernal
exdgms' HFS.— AS—a- COMS }%1{801 be%pzjggeparation DL increases with
thle t enpeqIgopr e, ﬁﬁﬁtﬁ@ﬁmlmetaﬂmlg(mymwﬁgdiarbmﬁ)mwnilbimin@i nt ﬁf the
pol ymer sanpl e. e test stops at the maximum tenper n the gap
bet weerf6Qhmes 2% munel3 it 2aEHRIeES i Wivad edW&e%PHTt%’G]fM@ng or 12, is
reasur %gg, " ﬁ&%%riﬂ%ﬂ(}& %lﬁ&e’?‘%ﬂgrguﬁmark yellow solution is stirred for 30

min. Solvent is removed under reduced pressure to yield the desired product as a

15  reddish-brown solid.

The preparation of catalyst (B2) is conducted as follows.
a) Preparation of (1-(2-methylcyclohexyl)ethyl)(2-0x0yl-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 g ofa

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

25 b) Preparation of bis-(1-(2-methylcyclohexyDethyl)(2-0xoyl-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); (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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Condition 190C/ 2.16 kg. Melt index, or 110 is also neasured in accordance
with ASTM D 12385 Condition 190C/ 10 kg. ATREF [161] Anal ytical tenperature
ri sing elwoi2oes/foreet i onati on (ATREF) anal ysis i s conductet/ise@onodsng to t he
met hod described in USP 4,798,081 and Wlde, L.; Ryle, T.R; Knobel och,
D.C.; Pea .R; _Determngtion of Branching Distributions in Polyethylene
and Et hyl i]rﬁg& Copot§stplst IJ?‘IP&W&MS‘@YICP(QG-JS dkyDapggoiingsRyts ofhi ch ar e

| nCOr POERUHpBHa RS EHRACHb A Thite il Bl BRI Glfie), HNS.EQOST tion to be

anal yzed i s dissolved ih”trichlorobenzene an stallize in a
col urm teasitoaiof i dongehaimieintkylanpoe (Amsdeai™ MIET,siveitblshof) Alo-8bseM y reduci ng

the t t t cogling rate of OQrCmn. The colum is
eqﬁi pgggg'é\’ﬁ%ﬁf %’ﬁl Iﬁ#@’?@a’ ﬁ&’?@ﬁ??}h a%ﬁk{ﬁsc M URP SsOP8akEe 2 ve is t hgn

at ed eluting the crystallized polyner sanple fromthe col um by
gleg\%{ry i né%&si ggé?‘}%éalygr;pE%é?‘hpel-le)ﬁlkb’ﬁ’@‘ﬂ@ﬂhmanm@})m‘@n\selmpf (trichl or obenzene)

from 20,i§@q g SCm 0. Anal ysis [.16 e sanpl es
ar o pr okt ARl orReh ) Sublond Pl T PR e fptingb USY
t et r acHL,¥5eEtlhEnel@ 2/ ort hodi chl or obenzene to 0.4 g sanple in a 10 nm NMVR

tube. The sanpl es are dissol ved and honogeni zed by heating the tube and its

contents {k¥4150C.Shifttlingakgensd The ShhtbfioeGents chplied BudeJibBSELM 400 Mz
PLUS(tm 400 mﬁspectromat efﬁ, correspondi ng

t ) [ Uni t
2o CUPBLESATh oS o) s i S a1 v 00
t [ q%lﬁ' ' it etiti,0 e .. To achi eve
m'r 2?%%@@%% t o- ngllfllgﬂe@Ax \(,)312 ’ tgﬁglp{&ia? gﬁ\f/%iA gi’iﬁ@g{a@mwmg@gﬂﬁ@ﬁg’f Iles are
added tbugdisHexaneYthA Bpelitylaluminiintbis(di(@mndBAsia)aniidd) (8A8) B-mum fil e size of

o obe. SRR T B SRR (540 H et rAdsy s o ke S t11ad
T R VB OSEBD)  STomd217 (1979)
Fr acti 6Tbgfyl@}¢ng§,id¢):(|§ﬁl2 » 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-butyl)siloxide(SA18),

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

20

Examples 1-4, Comparativ_e A-C

General High Throughput Parallel Polymerization Conditions
[175] Polymerizations are conducted using a high throughput, parallel

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) contained of 48 individual reactor cells
30 ina6x 8 array that are fitted with a pre-weighed glass tube. The working volume in

each reactor cell is 6000 pL. Each cell is temperature and pressure controlled with

stirring provided by individual stirring paddles. The monomer gas and quench gas are
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[ 163] 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 160C. wbeogoloysrer sol ution is forced by 15 psig (100PprkPa)S2006i0093g€Nn ont o
a 3inch by 4 foot (7.6 cmx 12 cm steel colum packed with a 60:40 (v:v)
m x of 30-40 nmesh (600-425 mm) spherical, technical quality gl ass beads
(avai | plshibefl dieetBointosths PPRaustandentreleddyy ayiomates V@%Mm% reagsots 76801) and

st ai nl ess 8" from

Per | ot 8% Toticay aieds ppieddi <ol iR it i FeCordBRBo B BERA LT 0T
IS | Mekeed. Mhe drddi@F Baditivn ﬁﬂm‘b(é@hlﬂ(&ﬁhsablvenﬁ(@kﬁl), ethﬁénei hidctemel y to 160 OC.
The colum is first cooled ballistjcally to 125 0C en slow ooled to 20
0C at goroqn@lqréi . saeaalysid reqatalyst ﬁ&mlxt‘{ﬁﬁe%}w BB A oduced at
about e er m nute.
108 STV el Mg WERERRIHES LB AT ARG of R IRbr P e
col um ofiveo éh@dlf/ﬂﬁitseﬂedl nherehfersd &t ipoamixbe at esindli viet inomediatkelygwicwto The

Bbout iR E0ge rfactst. PHETGORSera CAHOR Dot SoRarHent HeeOREhGaH bt od
sol uti Qﬁlﬁh@ﬁ fs gﬁﬁérmqn&?taﬁkﬁn@oﬁr\’rf‘é’rﬁhﬂéﬂs a'?@&ﬁfdﬁct%ﬁ'%rﬂ?pﬁ)ﬁ@lﬁﬁtél yebhanol ,

filtering rrnsin approx. “300-500 m of nethan |nclud|ngthef|nal
ri nse) mlﬂ'ltrtes fuintit pradétemmisedethylenpertsamptionsore mashqsbﬂﬂ¢rmewx3mmmthssu sted

filteri tation 0 etrafl I, O t

(i1 SBF neeéfpw‘#%%woﬁgdsmﬁmg%éﬁ SebliPacs T E0R AP RAREd Lo Dae®”

are drigegd; %ﬁf %a, t t ?&Hﬂ%&)aﬁéﬂﬁk@%o&‘rs%ﬁ@o\ﬂ@l qfh@‘ﬂu&@ an anal ytlcal
or ur er es

bal ance ing. Melt Strength [165] Melt Strength (MS) is
measur edntbmmﬁdrmgl ;a)lqum dré megghc&endfﬁleehffﬁfrﬁmeé@twemﬁhﬁ veeightgid theanet er, 20: 1

die with an, ntran n ro egr e f I|brating
the saibF SEIGH EhbAE FoMekbS AR Es Rl BEsoBAnrent tivied 1FTR38 of 1
i nch/ MRy tRewRerefn ﬁ@aﬁbf@h’fn@h coﬂ}férz&iv@@dﬁ@duﬁ(ﬁsafre indftaxdadtytneastesisk 90C.  The
sanple is drawn uniaxially to a set of accelerating nips |located 100 nm
belisw f(fle die with an acceleration of 2.4 mm sec2. The required tensile
force is recorded as a function of the

[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 than
Catalyst (B1), the different blocks or segments of the resulting copolymers of the

invention are distinguishable based on branching or density.

Table 1

Cat. (A1)|Cat (B1) |Cocat |MMAO (shuttling |
Ex. [(umol) |(umol) |(umol) |(umol) |agent (umol) Yield (g) (Mn Mw/Mn |hexyls
A* [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* 10.06 0.1 0.176 0.8 - 0.2038 [45526 |[5.30 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) [0.1468 (2161 1.12 14.4
3 0.06 0.1 0.192 |- TEA (8.0) [0.208 22675 |1.71 4.6
4 0.06 0.1 0.192 |- TEA (80.0) |0.1879 3338 1.54 9.4

' C¢ or higher chain content per 1000 carbons

25 2 Bimodal molecular weight distribution
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take-up speed of the nip rolls. The maxinumtensile force attained during
the test is defined as the nelt strength. In the case of polyner nelt
exhi bi ti ngodn@nor|asonance, the tensile force before thepromastoosfoosraw
resonance was taken as nelt strength. The nelt strength is recorded in
centi Newtons ("cN'). Catalysts [166] The term "overnight", if used, refers
to a time[BI7] appribriaydbesktsn the poBnteouprodutedaceading to denmyventjparhareiae”, refers
to ate rature of 20-25 OC . an he.term."m xed al kanes"” refers to a
cormer OFRT Y daian el brmeesly O/BIRED a5t RGN g B sonient B FRb o under
the tragdpaflesbonaidrPfah pORalerssirtpared mafk ExoeASMIMLL sih@b@gbntConpany. In the
event the nane of a conpound herein does not conformto the structural
represent giigpn t NARARE chdrhBerSif Bk Flihd FRYERRN A blerfifiali’ Ol . The
synt hesi sTofsTal | net aFccorrpT' exe and&t]ﬁeﬁp?epar at'i '8%"!10%182] 1e screeni ng
expey i nnteteroveedo drrfigueek. Adorei specifichlly IDS € rod ATREFwesyiseshewithe ng dry box
t echni qg)ﬁs. .Al'l solvents used were HPLC grade and were dried before their

6

use. [ 16%PI'°WNIBO refers to nodified- net hyl al unoxane, a triisobutyl al um num

modi fi ed net hyl al unoxane avail abl e commercially from Akzo- Nobl e
Cor por at i $H91The PreBacsursronthepalyansy of Exmnplei lsshopi @uldfedCanelting | ows. a)

)P Lﬁgﬁ;%‘%@&@| |i-%ﬁ‘%a%gf}sg%{‘@fg%?pﬁg%% %%@8@‘?“%@?@3@@ YY) is added

to 10 ndhotk theS@nés? pYAeati3Aes CRoigh § pédkidreoff 9 Pér¥eritUTRS diffdréite yel | ow. After
stirring at anbient tenperature for 3 hours, volatiles are renoved under

vacium batwegnethel DS Fingind theTenysiafl sBy}sX°@l | i ne solid (97 percent yield). V)
Preparation of L2-bis- p ,5-di-t-butyl phenyl eneVl-(N-fl nethylethyl)

i mm no) me{{180]y2- oKeyDpCauredbt theypdiynssr 2y Exhrhpl]2 shosslaugenk mvithfa

(1 -methyl et hyl )g,z- hydr oxy-3, 5-di (t-butyl ) phen I)i mne (605 ng, 2.2 mol) in
5nl to Q?e%g meltigg sy (Baywthadest afdpsipn egﬂcﬂréﬂ gcrlppsprespoddingy, 1.1 mol )
in 50 T ul tii | O ' i ' d for 30 mn.
Sol ven{% nglrl%%no@%v %ﬁ’ éc’ﬁﬁer%Hﬁ%%ﬁgg{?tgg?ﬁrbe&%g%%%%%%ﬁd@é%{géen' product as a

The difference between the DSC Tm and the Tcrystaf 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
CRYSTATF 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 Terystaf is 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
CRYSTATF curve shows the tallest peak at 30 °C with a peak area of 18.2 percent. The
difference between the DSC Tm and the Tcrystaf is 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 Terystaf'is 41.8°C.

[184] The DSC curve for Comparative Example B* shows a 129.8°C melting
point (Tm) with a heat of fusion 0f 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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reddi sh-brown solid. The preparation of catalyst (B2) is conducted as
follows. ) Preparation of d-(2-methylcvclohexyDethyl)(2-oxoyl-3,5-di( .
t-butv pheoybogiomiise [170] 2- Met hyl cycl ohexyl am ne (8. 42CwiLs2@4/003m80!) s
di ssolved in nethanol (90 nL), and di-t-butylsalical dehyde (10.00 g, 42.67
mmol) is added. The reactjon mxture is stirred for three hours and then
cool ed ¥t consivient pyith apssipthat iy’ h’@hrﬂé§%FIS!tB’nQ"hydiffwwos(blehweprtm:DBCtﬁ;le i Sd o
col | ect 4 nd washed with cold nethanol (2 x 15 nL an en
dried un et?yTEJltche g(r)‘gggure The yield is 11.17 g of a yellow solid. 1H

[ product as a m xture of isoners. b)

t the d d
ﬁrN?p;?af ?Ef#ﬂ? D1 TR0 st CEPBREY EFempIGH shows a 125 3+C meling

2- I m d Wl 1] A solution
of O?gy( - met hyl‘%lit/]p%%%iyjﬁ?%h;l% 8%“@5@%9@%%&%@ e‘%’ﬂe)l mne (7.63
g, 23. ZShnmItl)e uaneszpenkrm 81 B Wewithiapeak aroh Wt 3410 @Erdest & wéll aktd PR Zr (CH2Ph) 4

(5.28 In 600 m. toluene. The resulting dark yell ow sol ution
is sti rc‘rr&%}alila? P@LakI?éé? 42C. ZBBGeramdon bitweemtheitwo gealitie dodfsistanhavithwi t h 680 il

Cocat ol UE Pk o N SR TR R e AR 1 of

t et r aki et weont taé Dsmm&gayﬁé*p&pghplsubgpg I n-after arnmeenium borate),
prepared by reaction of a long chain trialkylamne (Armeen(tm MHT,

avai | abl e f romnM&os- wt@dmpdrﬁ‘c'we)Exa!ﬁlglesaﬂg-Fl‘" &&{tgﬁfﬁg §&1ut18ﬁ‘9 ARk 7;‘1} Iny as

di scl osed in USP 5,919,9883, 173 Cotata MRt et

al kipl dlﬁm_mmamm sal t of

fl h I I d | i m dazol i de, prepared
acoor di ng T Usp ErBus el DORgRi AT Sk LR Ag RGP G, ahut t | i ng
agent s aRbyELitodMleudat6H e@;[h &'wﬂﬁlaﬁl[?g%maﬁﬁlir}er %lﬁe@ Wivdd aﬁ‘dﬁ%u( SA2),

di (n-hexyl) zinc éSA3 triethylal um nurn triroctylalum num

(SA5), sobvert BYOBAR™Y Eaveilatey from le;mwil\écbh]?ﬁihnm::ﬁl (|§C(rdpanyb fegthy( drtoustt y|A % ,
[ ri
oL oxanelo A0 (oL VLMD DL LML) o LSS, £ 34

bi si5n- dcteacker ycl@lppddwta]zﬂ aj adm:tﬁbmemperature control and an internal thermocouple.

The solvent feed to the reactor is measured by a mass-flow controller. A variable speed

+1_.

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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(SAIO, i-butylalum num bis(di(n-pentyl)amde) (SAl 1), n-octyl al um num

bi s(2,6-dit- butyl phenoxide) (SA12), n-octyl al um num

di (et hyl (Woraghioiwas) am de) (SA13), ethylal um num PCT/US2006/009378

bi s(t-butyl di met hyl sil oxide) (SA14), ethylalum num

di (bi s(trinethylsilyl)am de) SA15‘ thylalunlnum

bi s(2, ékcﬁaﬂgedbﬁbmzd:ﬁvbhmhzqtlﬂno paeduct isge@)vered- bycecxﬁualpﬁm num

bis(2, 3, Z0 Ia um

b| s(di H‘Fé‘ﬂ%%/ii?“to ﬂmg)egﬁ i%q e?%x% ?i?eﬁ'p%ﬁ t%#ﬁ%eséra&&?%é{ﬁé; éé ﬂoxi de) (SA
ange ebhinel ie Thble busertda polyndet ropetiiarpd povitied in Tabtpdr at ive A-C

Gbneral H gh Throughput Parallel Polynerization Conditions [175]

Pol yneri zati ons are conducted using a high throughput, parallel

pol yneri zation reactor (PPR) avail able from Synyx technol ogies, Inc. and
operated substantially according to USP' s 6,248, 540, 6,030,917, 6,362, 309,
6, 306, 658, and 6, 316, 663. Et hyl ene copol yneri zati ons are conducted at 1300C
and 200 psi (1.4 MPa) with ethyl ene on demand using 1.2 equival ents of
cocatal yst 1 based on total catalyst used (1.1 equivalents when MMAO i s
present). A series of polynerizations are conducted in a parallel pressure
reactor (PPR) contained of 48 individual reactor cells in a 6 x 8 array
that are fitted with a pre-wei ghed gl ass tube. The working volune in each
reactor cell is 6000 nL. Each cell is tenperature and pressure controlled
with stirring provided by individual stirring paddles. The nononer gas and
quench gas areplunbed directly into the PPR unit and controlled by
automatic val ves. Liquid reagents are robotically added to each reactor
cell by syringes and the reservoir solvent is m xed al kanes. The order of
addition is m xed al kanes solvent (4 m), ethylene, 1-octene conmononer ( 1
m ), cocatalyst 1 or cocatal yst 1/ MMAO m xture, shuttling agent, and

catal yst or catalyst m xture. When a m xture of cocatalyst 1 and MVAO or a
m xture of two catalysts is used, the reagents are prem xed in a small vial
i mredi ately prior to addition to the reactor. Wien a reagent is omtted in
an experinent, the above order of addition is otherw se nmaintained.

Pol yneri zati ons are conducted for approximately 1-2 mnutes, until

predet ermi ned et hyl ene consunptions are reached. After quenching with

-58 -



CO, the reactors are cooled and the glass tubes are unl oaded. The tubes are
transferred to a centrifuge/ vacuumdrying unit, and dried for 12 hours at
60 0C. Theotwimewiaent ai ni ng dri ed pol yner are wei ghed amrdTiuseoodiohdses ence
between this weight and the tare weight gives the net yield of polyner.
Results are contained in Table 1. In Table 1 and el sewhere in the
application, conparative conpounds are indicated by an asterisk (*) [176]

Exanpl es }4—derprstrate—the—synthesis—of || near bl ock copol yners by the
present inventiQiE g evi:depces Y ’ghgt\.f\er(\[rg ion of a very narrow MAD,
essential |y nEnompdat Schpplyneawher PEZ g 8| present and a bi nodal , broad
nol ecul ar |wei ght di stribution product (a m xture of separately produced
pol yrer s) ir_—i§t1c§mact')’sﬁegc\§wol‘°_‘D§Z& Due_to the|fact that Catalyst (Al) is
known to | npperhtes Fos & &ct ene 4 hah G@reakyst (Bi) the different blocks or
segnents of the resulfi ng copol ymers of” thé i nventd on are distinguishable
based on branchi g, LdgRsSity g dabfen & g@f highg chain content per 1000
carbons 2|Bigietel 9@ eisog s gl od st g.ion[l‘éﬂ It may be seen the
pol ymers produgced according to the inventiop haveﬁca relatively narrow
pol ydi spe "’:’Tgﬁiw'\mé aadmlrago%b Dloeks coppl ymerEcontent (tri mer,
tetramer, | Bar gef)” Ch3r: Bok yersT 5t Bdafkd| i n the absence of the shuttling
agent. [1¥8] Further characterizing data fof the %;)I yners of Table 1 are
det er mi ned byigref erence tot he figures. Mrp specigfically DSC and ATREF
results show Enedf old gvie ROR 1 &791r FhelS6 slrve far the polyner of Exanple
1 shows a|1I5-f0C mel Pi'ng Pol At CTM Wit ke @) heat &f fusion of 158.1 J/g.
The corregpond| ng CRYSTAF curve shows the tpllestgpeak at 34.5C with a peak
area of 52§§=§]er_gejjt\g§ﬂng dig bat ence get weeh the ©SG Tm and the Tcrystaf is
81. 20C. [ [BH <[rhe PSCScuirve J ors ehe Pol:yres| of Exgnpl e 2 shows a peak with
a 109.70C peltjng point (Tm wth a heat of fusio%-gf 214.0 J/g. The
[3a] MmN o onoen !
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CRYSTAF
per cent.
The DSC
mel ting
CRYSTAF
per cent.
The DSC
mel ting
CRYSTAF
per cent.

The difference

een the DSC ]

curve shows the tallest peak at 46.2C with a peak area of 57.0
The difference between the DSC Tm and t he Tcryst af
owoveodwioishe pol ynmer of Exanple 3 shows a peak Partus2@60H29378 0C
point (Tm with a heat of fusion of 160.1 J/g. The correspondi ng
curve shows the tallest peak at 66.1C with a peak area of 71.8
The difference between the DSC Tm and t he Tcryst af
curve for the polymer of Exanple 4 shows a peak with a 104.50C
point (Tm with a heat of fusion of 170.7 J/g. The corresponding
curve shows the tallest peak at 30 OC with a peak area of 18.2
'm and the Tcrystaf

is 63.5C. [181]

is 54.6C

[ 182]

is 74.5C. [183]
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18°

The difference between the
Conpar ati ve Exanpl es
yst Al/B2 + DEZ

37

124
125

115

124

113

114
121

114

116

120

125

Heat of
Fusion
J/g)
32

183
90
55
55
69
68

74
54
63

40

42
123
33
43

43

136

169
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13.8
2.0

2.1

3.2
4.5

1.9
1.8
1.8

1.9

1.9
1.9

Mn

(g/mol) | Mw/Mn

55,800 [ 2.0

33,300 | 2.0

53,200
53300

53,100 [2.2

28700

58,200
36,500
55,100

63,600 | 2.1
43,600

40,100 | 2.0

54,000 {2.0

37,900
39,400

Mw

(g/mol)

110,000
65,000

137,300 | 9,980

104,600
109600
118,500

129,000 | 40,100
129600

113,100

66,200

101,500
132,100
81,900
79,900

148,500 | 74,900 | 2.0

107,500
72,000
76,800

IlO/I2

6.5

5.6

13.4
6.7

6.5

7.1

7.7
9.1

6.5

6.5

6.4
6.5

6.0

6.9
7.1

6.8

6.1

6.0

I]O

10.0

39.0
1

2.5

9.8

7.5

7.2

9.7

7.5

59.2

13.2
4.4

15.6

41.6
34

11.3

24.9

20.3

L

1.5
7.0

0.9

1.5

1.1

1.0
0.9
1.1

1.2
9.1

2.1

0.7
2.6

6.0

0.5

1.7
4.1

34

Table 3 Properties of exemplary polymers

Density

0.8627
0.9378
0.8895
0.8786
0.8785
0.8825
0.8828
0.8836
0.8784
0.8818
0.8700
0.8718
09116
0.8719

0.8757
0.9192
0.9344

* Comparative Example, not an example of the invention

Ex. (g/cm3)

D*

E*

F*
5
6
7
8
9

10
11

12
13
14
15

16 | 0.8758

17
18
19




[ 186] Conti nuous solution polynerizations are carried out in a conputer
control |l ed autocl ave reactor equi pped with an internal stirrer. Purified
m xed al kaoesosoiaent (1 SOPAR(tn) E avail abl e from Exxomriphiskoocloessrs al
Conpany), ethylene at 2.70 |bs/hour (1.22 kg/hour), 1-octene, and hydrogen
(where usr@ are ppI ied to a 3.8 L reactor equi pped with a jacket for

t enper at u 7&ontr e IgSIHting ol ymersfas tosted byrddHu kA asoVitheprevibeed to t he

react OrexhplBARUEAR al?é/asafo ~flow controller. A variable speed di aphragm
punp controls the so vent w rate and pressure to the reactor. At the

di schar ge g the S.tLaken to.provide flush flows for

the catal yst andplcg:}%)é %%@'{eqﬁr@% e&ﬂfﬁﬁ?{g@eéﬁ&gWﬁ@pﬁ@g&lg,& 138i& at or .

These fomnsmag@omwsmmdhtmem &rfemb@bfmotwgssme Bfe %H?)tnﬁn? srﬁgﬁt rolled by
ee val ves e

control val ves or f/ t he manual adjustnent of n . remai ni ng
sol ventcury showbitlectd legt peakiat 47 t6eGeyitted haakemen, ofidch parckrngThe duther e used) and
| ow controller is used to deliver hydrogen to

Iﬁg ?g&}@%ereﬁgghggd%a an”&ﬁ% {.‘E}ﬁ%frlét%pe Cof the sol vent/ monomer solution is

control |l ed bi use_of a heat exchanger before entering the reactor. This
stream ent&% t hé”@d?ﬁ‘é%ﬁ fetrhe pelygreo of Efaneple 4tshbws & pednpitharltl 590! ut i ons

cat al ysr iigth pBR CHAP SRR e Sttt 50 e Ao sompamnapeitiory EARL or | The
[ eact otcufve shiis Hieu it pbal 7144 900 Rl Hpdk o2 JifRB)7 %@g&{%“}“}%‘%{eﬁ s stirring.

Product is renoved through exit |iInes at e reac exit
| i iés focbyaenlike P8ECERndthe Birgstafiis 7hoec, and i nsul ated. Pol yrrerl zatl on is
stopped by the addition of a small anobunt of water into the exit |ine along

with any HOBDi || ZHeDSE caybes: melgolineeor BtAasshods b Berith Hng1 shr ough a
static _mixer. The product streamis then heated by pasSsing t rough a

heat ex cﬁéﬁ“d@?g Beinbyith g oftfisipn af 6D h J/gTHke motrysponding ERICSTAB cuseover ed by
extrusi i deyo 11 zi. ruder d water_cool ed pelletizer.

Pr ocesg’ﬂ&V%Jm I%gheg %3&%3%? é&’rltg‘g“crl‘?ﬁt‘%eﬁéé 2911 pergsne ‘Bhe @é‘la@@g@?npol ymer

pr oper theeBSermn Bh@ e g Sltﬁlgr@phecS Tabl e 2 Process details for preparation
of exenpl ary pol yners Cat Al Cat B2 DEZ DEZ Cocat Cocat Poly CgH 6

Sohy. H2 rfofy 2 Flo /. Rate 5 Conv
Solf ds Ext ﬁ I hr ﬁ*&@)‘}% %gE%?VfV&O% mnﬁrgyﬁﬁf Eéﬁ‘h‘?’i Al Hith fbéﬁ% Rg/ hr
[ DEZ] 4°€ gridi’ﬂné/ﬁm% (anB 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 Terystaf 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 Tecrystaf 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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Dt 1.63 12.7 29.90 120 142.2 0.14 . " 0.19 0.32 820 0.17 536 1.81 88.8 11.2
95.2 E* 9.5 5.00 - - 109 0.10 0.19 1743 0.40 485 1.47 89.9 11.3 126.8 F *
11. 3 251.¥§0200671002186 30.8 0.06 - 0.11 - 1.55 88.5 10.3 PETUK26000D744 30. 8
0.13 0.17 0.43 0.26 419 1.64 89.6 11.1 118.3 6 4.92 0.10 30.4 0.08 0. 17
0.32 0.18 570 1.65 89.3 11.1 172.7 7 21.70 0.07 30.8 0.06 0.17 0.25 0.13
718 1. 60 .58 10. Bred2iC pugyeder o polyner of Egaropled 251@®s 4 pesk @iha 10.8 261.1 9

: . 90 0.0 3.71.1 0.12 30.3 0.14 0.34
018" S SRR R U R bt "ol
1743 0.JRY8FAFkub sh3wsho péakdequdPictorhBove?dp 9@ gl‘cﬁ’y%% f?r %gseggf 1743 0. 07
396 1.70 90.02 11.3 137.0 13 122 71.1 0.12 0.06 O 7437 0. 653 1.69
89. 64 furtherxgleutption isitherefore setmt 6°Q), The delt:Obeat#éah the DEGTM dnddhe 89. 42 9. 3
114..1 0.14 0.17 0.14 1743 0.09 282 1.80 89.33 11.3 121.3 16
st g

122571. 370.07 1743 0.07 485 1.78 90.11 11.2 159.7 17 121 71.1

0.10 0.14 Q 08 1743 506 1.75 89.08 11.0 155.6 18 0.69 121 71.1 c" 0.22 0.11
1743 0. 10[1%§f 1. ééleé%@su@.eéogb.e polymep ofBxample 13 shows ageak Wih 4743 0. 08 367

1.16 9Q. Q: [ le, ~n n exanpl e of.the invention
st anda?ollzgtn%éﬁe%ﬁg’p?)z gag gi(&?[f"-a\r%?% ?P%ﬁ%r‘[& )Q}ﬁcg’gr)effﬂng’@pr opy! phenyl ) (
a- naphtGRYSTAR-cdivl show el talildat geatti af BZ.@W&QLB@&H‘&I’égbﬁﬂ)peﬁem. he .

bi s-(1-(2-nmethyl cycl ohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)inn no)

zi r conidghe Betwene (e ST dim angt the Tierystaaxcd4o4°hol ymer production rate percent
et hyl ene conversion in reactor efficiency, kg polynmer/g Mwhere g M=

Hf18.gZr Copt9a at i VRheEXSTibrahe aﬂoﬁﬁgﬂ@ﬂglméh&&ﬁh'a%ﬁﬁﬁﬂ9@£é§3t The
grgesulgti n [,ngollymars are testeg&gl;/1 DSC and ATREF as i\3\/|th previ ous exanpl es.
Resul t gleg'g%g BQint Jmgwith 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 J/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 ah
116.0 °C melting point (Tm) with a heat of fusion of 47.0 J/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 Terystaf is 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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[ 188] The DSC curve for the polynmer of Exanple 5 shows a peak with a 119.6
Cnelting point (Tm with a heat of fusion of 60.0 J/g. The correspondi ng
CRYSTAF cwowveocstoooss t he tal |l est peak at 47.6C with a peakTaArSe@s0H9339. 5
percent. The delta between the DSC Tm and the Tcrystaf is 72. QC. [189] The
DSC curve for the pol yner of Exanple 6 shows a peak with a 115.2 0C nelting
poi nt ( Tri03i t h ZheBEC wrve s isrrobmygeiExamgle tndhogsrnresh kBidliang CRYSTAF

ol U et hes e paet PR Fhet e 2 SFE TR bt "o Cur ve

for théﬁ@@ﬂﬁ@ém@é s@%@s'mé@alléstsfi%ﬁwﬁt@@@@Wm&;kbaﬁaile%lof@ 68kt i ng poi nt
with a heat of fusion of 69. /'g. The correspondi ng CRYSTAF curve shows

t he talrhedéltaﬂmheaithémmmanﬂt‘m”ﬁﬁaktaﬁnsééOo°fC 29.4 percent. The delta
between the DSC Tm and the Tcrystaf is 72.1 0C. [191] The DSC curve for the

pol ymer C{hoﬁxarrpirﬁe@sﬁl@uﬁe for fRAkolyhEdbfeC ckaghrftiRE ramilé DY showsna (Tm) with a
heat of fusi'on of 67. /'g. The correspondi ng CRYSTAF curve shows the
t al | espegkewith a8786C1n€0ﬁ11g/\PQ1ht @ npewikh ah@éotiﬁlswp 07f3de6rﬂénff €The delta between

the DSC Tm a t af 43. 4C. DSC ¢ U or t he pol yner
of Exaﬁ%‘F‘?Pgn‘gﬂ%@MRWts W Ho,peak @ rji‘éla? ?\lbovﬁ |%n¢ ?? i th a heat of
fusi on g{é% \Zeﬁu% até Gons E@&n GRE a%%@mﬂalt ROLGRAIEAR C Urieaia®esvdeiend al | est peak
at 80. 80 a peak area of .0 percent. The delta between the DSC Tm
and t h®SCTmsindfthe TcrySaBiS.7. .’[°I93] The DSC curve for the polynmer of Exanple

10 shows a peak with a 115.6 C nelting point (Tm with a heat of fusion of

6017 J/ 9.[288E COMheSIBMAirkg fERYSIArmetisMComparitve Inenipie E&showeak at 40. 90C
w th a peak area of 52.4 percent. The delta between the DSC Tm and the

Ter ys':( arak witlra 1260 Fllgﬂlfmgl@élﬂb@n}:mtbé beafrofifpgon af }/7993 Vgt TBRanpl e 11 shows
a peak with a .11 ltin nt 2 of 70.4
Jl g. THW%PPQE%M%@%’? %&aﬂ%&l&ﬁ%@w@@ oy (?l A l%é“fééﬁeé‘%?sg 60C wi th
a peak o@lg8Rr&ht. 2Bo JT¥KEE Vhlues are consistent with a resin that is high in density.

The delta between the DSC Tm and the Tcrystaf 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
-63 -



The delta between the DSC Tm and the Tcrystaf is 74. 10C [195] The DSC
curve for the polynmer of Exanple 12 shows a peak with a 113.2 C nelting

poi nt ( TmvownadnozdiReat of fusion of 48.9 J/g. The correppon$2ong/oCRYSTAF
curve shows no peak equal to or above 30 C. (Tcrystaf for purposes of
further_cal culation is therefore set at 300C). The delta between the DSC Tm
and t heE¥eey %b aP aﬁ@’d%%@?d ptyos/bytadiepgistyeeneieblogk copddypet yner of Exanpl e

S ot USRI ST 0 3

49.4 J/g. The correspondi ng &

at 33.8 0C

wi t h a ipedhersophastis vidcahizate (B, .a pbiylefad bland)ﬁintﬁﬁﬁhfgtdﬁls%)eﬁg@t%%iﬁad the
0

Tcryst af

i th o Toniatd ey b

The DSC for the

&TUE arerprpsefedrin da

ol ymer

Exanpl e 14 shows a peak

& of fusion of 127.9 J/g. The

correspondi n YSTAF curve shows the tallest peak at 72.9 0C with a peak
aread O]E) 92. Zgﬁ?gr?‘&iﬁghTWCHWFM%ﬂMWTQM@SC Tmand the Tcrystaf is

P 4

47.9C. [ T98IT TR -1 CPuiE er\ﬁt tre—potymet %Sﬁ;;‘ﬂf: e 15 Oslh&\,ﬂvs. & eak with
a 114. 3 C el i0heRo Slund D 0 t hogobest elCCUSIH of BESINEN" e
correspon@kng(o‘g?YSTAF M2 l&afho‘,"’s ENSode Ie@e%rpgn«%% a'l ?ZCpenpsm Mtﬂh a pea
area of Y pgrcent. e dvetta bepgeen the ey rmand—tpe—rerystaf is
82. 0C. [E%QJ i'l'3loe BSCcun ve for- E fre] “‘Ku y;l.“"er\c_a\.c :\ET}L? i S“?“[’“"i aT eak with
o snoiir A G G e e o o 4BT® acomth a peak
COI‘I‘ESpOI\lgl MO gy Y STA 1vc SHOWS 6..\, CarEat —peAK—a—ap; Wt P
area of 6oOrpercent—The—delta—-bpiweenr—thHe—BSC Tmand_d?e_lr;r_yst_af S
68. 60C. [é@ﬂﬂmhe DSC-curve for tha polyrelr of Ex 1% shows a peak Wwith
a 116.0 Gore} 1153.".g poHAt—(TFm)—wi-t-h % heat 8% usion of 4740 /g The
corr espo, i “LJ‘RYST/\. _Cur Ve ShO"‘.S ;hn t al| CF@’IIIe L\pak at 4?411 0C wit h a peak
area of 56—8 Hercent 1 Th ween the DSC Tmand e Terystaf is
72 90C. ;9\1]%%9 DSCcurve for thd polyner8lof Exanple [1¥ shows al peak with
a 120.5 .i‘gﬁg% ng paint (Tn) with8a heat lof fusion of [1681.8 J/g.| The
cor r espol p8 n 8 - 9

13 95 - 6 84 71

14 | 125 - 7 - -

15 196 - 5 - 58

16 | 113 - 4 - 42

17 [ 108 0 (0) g 82 47

18 | 125 - 10 - -

19 | 133 - 9 - -

G* | 75 463 (22.2) 89 Failed 100

H* | 70 213 (10.2) 29 Failed 100

I* ] 111 - 11 - -

J* | 107 - 5 Failed 100

K* | 152 : 3 5 40

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

two polymers resulting from simultaneous polymerizations using catalyst Al and B1)

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 1 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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CRYSTAF curve shows the tallest peak at 70.0 OC with a peak area of 94.0
percent. The delta between the DSC Tm and the Tcrystaf is 50.5 0C [202] The
DSC cur vewbanodrtoeo1pol yner of Exanpl e 19 shows a peak w PhTAIS:@4/08930C
melting point (Tm with a heat of fusion of 174 8 J/g. The correspondi ng
CRYSTAF curve shows the tallest peak at 79.9 Cwith a peak area of 87.9

per centempétaturd ¢30°8) Bed prreent tsﬁélnDS@VW akjans lﬂPf‘eexFé}P}/@FﬁPqY@eﬂ%hqy °8C. [203]

The DSC f, he.
L T Ak fﬁgﬂ% oo BRIPREA L Yeind SRR Ty ﬁg@m a peak with a

cor r espRAGefBrmdRtS TRImeplase: éliibwm‘exﬁo peak equal to and above 30C Bot h of
these val ues are consistent with a resin that is lowin density. The delta

bet ween theg)IDSC Eimidnd, Tbﬁeﬁ%wﬁ/& aflow $g00d$ Sorde?MdduRibeafC curve for the
pol ynmer nparative Exanple E* shows a peak with a 124, OH%%EIU ng poi nt

(T W @5 el 06E),fosthe rhn\@ntlw gol;gmgysg)f GTWéeSéOWh@%%Emﬁ‘ﬁ: AF curve
shov e LalLest, PEskrAlI% %00 Wbl 2RESH o343 Bladi- © percent . Both o

t hese a resin I'n density. The delta
bet weepthfege/oSend aa)@pﬁnérf(e:oﬁ@amwaﬁxmp%@ﬁ@f s{rﬁlw]defrm 12S@ staragee for the

pol ymer of Conparative Exanple F* shows a .p 124.8 C nel ti
(Tn)  winoduhs ratia armrdcrusﬁwn@ﬂd@@eatea 189)- ﬁﬁéﬁ%@%égﬁaﬁ ﬁafaéﬁzvsrTmAF ngvgol "

shows th?H"%éJflween ﬁ(ﬂ'gm?&tbe?gs c@%e%ﬁr&sgﬂﬂ?ﬁg S‘lﬁ&?p md-willRRr cent. The

separaln} Wo peaks 1S consi stent the presence of both a
hi gh craistivaly umﬂ‘feafedbgtémperamyes tand Fibrieatpd bstiviss. mm@efrcwe such ppdymesn t he DSC

Tm and the Tcrystaf is ysi cal . Propert S 206] Pal ymer
sanpl e§alab@u%e\ﬁ§lw@ayqdoqveﬁﬁ;b§q PmB‘Fr?JB‘é‘? 'Eal%g% Aﬁ’ﬁ‘éﬁ afggr %If gﬁ"lWF %r gr th ure
resi st %ﬂﬁﬁ R %ﬁd ﬁﬁl cRAfurE HHBARRAcLY pdMdulayReEfl it dastéhéd ng, pel | et

bl ocki ng s rengt gh tenperature recovery, high tenperature conpression
set andpplicatiagesuwbdsinsessata snsi@v¢ adiepiveiomnodaionsSever al comercial 'y

avail abl e polyners are included in the tests: Conparative G is a
substanti gopy | i Meerdattihyliablesy dso dab@state 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 especially 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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copolymer (AFFINITY(r), available from The Dow Chem cal Conpany),
Conparative His an elastoneric, substantially |inear ethylene/ 1-octene
copol ymerwQAB/ MY ( r) EGB100, avail able from The Dow Chegiraskoocongsany) ,
Conparative Exanple I* is a substantially |inear ethylene/ 1-octene

copol ymer (AFFI NI TY(r)PL1840, avail able from The Dow Chem cal Conpany),
Conpar ati veExanpl e J* is a hydrogenated styrene/ butadi ene/styrene tribl ock
copolymer (KRATON(tm) G 652, avail able from KRATON Pol yners), Conparative
Exanple K* is a thernoplastic vul canizate (TPV, a polyol efin blend

containiﬂ ) SE “Fraer Cropgi{ Kedr el pgt ). Results are
p,resenteg in Tablie| 4. | Tabl g 14 jl ghy Tepperat ur g N@chanl cal Properties [207]
I'n Tabl e |4, Conpar atji ye Eﬁxaﬁm F*| (whiich | 3 a |physijcal blend of the two
pol ymers {r sg,gtg ng; fir om gi mil { aneoys Jol)(rrergzati ong using catalyst Al and
Bl) has a imﬁ'p net riegt r jon ' gnperat yrie| of* | abat '7(&) whi | e Exanpl es 5-9
have a 1lnmm penefratijon fenpgratiure| gf | LOOOC of \gfeatier. Further, exanples
10-19 al || have @ |[1pm ﬁenet ration(tenperlatur g of greetter t han 850C, with
most havijng &5 B TMA [t enpar at|ut e of greajt er| tthan 9CQDC or even greater than
1000C. This Shgns (diall«Idle | evel ;gbll wiels haweslbektsar di mensional stability
at hi gher—tenpay dthres Fanpdred i ol-d—physiraHbHere- Conpar ati ve Exanple J*
(a commer|ci @ SEBS] |has|d gdod {1rm| TMA | énpdr atiune| ¢f about 1070C, but it
has very |p&ov£(hi|gh t gmper atjun el 70DQ) | cprpl gssijon_pgt of about 100 percent
and it alls¢ §aE|gdisx|creveg|eanpl e|Bizoke) =il il&Y la hi ght enper at ure
(8Q0C) 3007 %’ DRI T B0y | TS hed “eRenhl Hf i ed pol yners have a
uni que cgnky nat | gn|of |prdperitijes uphavai| abl g e¢ven |n some conmercially
avai |l abl g, ﬁ@gl@ pet forinaricé |t hel ropljast| d ellastbrrers. [208] Sinilarly,
Tabl e 4 shévgo &l |low [ dopd) |st or age| npdul Us|riatip,| G|(25C) /G (100C), for the
i nventive ot §@shls B (B[N | 858 |Clwhelfedis|al giy3j 4@l : bl end (Conparati ve
Exanpl e ) has|d stprlage dul bg tiiol af { 9 and |a|rlandom et hyl ene/ oct ene
copolyrrero\a(a mEarlat i & Exlanpl e &) (of |s| milar derjsitly has a storage nodul us
ratio an |grgt sof rmg;?riiw@lée gieatler 8Q)-| It|dls| dgsijrable that the storage
modul us rlati e st byl bfe as—Gle . as—bgssHbl e. Such polymers wil |
be
22 § o <+l | \'o
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relatively unaffected by tenperature, and fabricated articles nade from
such polyners can be usefully enployed over a broad tenperature range. This
feat ure oWol2os/®iasage nodul us rati o and tenperature i neeparsdexdoe3ns
particularly useful in elastoner applications such as in pressure sensitive
adhesi ve fornul ations. g209] The data in Table 4 also denonstrate that the
pol yners c[fl]t]he i hakde f isBewptssalissior mephanicadi pispettiss forl the kéwmgolymeengt h. | n

articu I t rengt h of MPa, aning it
ips fr eel)v?lgmﬁhggﬁéﬁeﬁ%ﬂﬁ%@scoﬁﬁ##?%ﬁg Lu?‘g%séb {e]%flﬁjg%ﬁﬁg?'ga may Beshghihat i ve
Exanpl ethefiiveative gaﬂlymhfsﬁfavs ey gbfod ablfieibﬁbés@sﬁhic@ welagesteﬂ a%lﬁ&idg@ tgtrength ihs
i npor t i hce bu i pmrent of polyners having |arg ocki'ng strengths
can r_eésj]{#q %4??’ 5‘?’56‘%}& S%BWH?ﬁ)‘? W@}“’é‘ﬁ_l‘%ﬁsioé ﬂGSﬁélap@e@wP@rmmgmr_eEmbbalges or

1 oaP) Mlen BESUD it fia BAREINF Tl 8 oBOARIhRES1n bl KO0 A GTRET A1 U @

r
(7Q0C) conpression set r the irnventive o+ mers I's generally

meani ngingisaterhighey vblage lossandabnsequatlydeweestirasign sbtaabd.y | ess than about 70
percent and especially |less than about 60 percent. In contrast, Conparative

Exanpl es 212]G*, Teaastlenbth ad meduver] o 166316 roaiiRd &%S k@éhgiebr @ 100 per cent
(the maxi %ﬁm poPsi bl e val ug, _indicati ,n% no recov'er]y). Good hi gh tenperature
conpr es'SY Ve pelymestsEsheiallx APOQ/my e bighets apshasw ial Taplens eBesd strength

app! i cakok A sinwhe B3R Shihe AAAON | L inflgs tjhe like. L
Tested at 5 1 cm ?nﬁnute 2- rreeafl\syur aat%gwcgf%‘?egfi%F%luafssgp%ﬂl Tabl e 5 shows
r esifl t sCémparatipolyoeals gonaplly havesedrotrendths nehighed thae750 ag. wel | as for
various conparison polyners at anbient tenperatures. It nay be seen that

the inven{2i3¢ polPakde S aBavkowethyt o polyalerast e ifvesiist RveDenbien test ed
accordin general |y showi ng a volune | oss of |ess than about

to 1 SO 46 ) ]
90 rme,feﬁ?%‘r"s SRS At ﬁ'g‘% Bereeny traind demenstrated bydnghes seieastiue styesh alvedhan about
50 MM . thhfsdad §F thesd i ngﬁlégb Waloll [ I oMol | 0ss and
consequent?y | ower arng’g%&r SI Sgﬁnég?ﬂ{@%%n@g%?@éﬁ earrllégﬁk 1éasverreasured by
t ensi | aelaativhettesseatuest 1 80 gereerdfstrhinenfid00 &R bv ks oVhilRBESinventpener al |y 1000

mJ qQr hjgher,.as sho in Table 5 ear strength for the inventive polyners
c aane mé%’ i Ra\éesre%%er‘ﬁﬁrfesso‘falhif\? Sh13{kPee et Sté%‘gf?gé@() #a (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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Conpar ative polyners generally have tear strengths no higher than 750 mJ.
[213] Table 5 al so shows that the polyners of the invention have better
retracti weoneeewsoiat 150 percent strain (denonstrated bychiush@e/oosts acti ve
stress val ues) than sonme of the conparative sanples. Conparative Exanples
F*, G and H* have retractive stress value at 150 percent strain of 400 kPa
or |ess, whiQgticah®estingentive pol ymers have retractive stress values at 150
percent str to as high as about 1100 kPa (Ex. 17).

Pol yner s haS*ﬁﬁsérgﬁ e¥5ﬁ3%§§%%paé?cent retractive stress values woul d be

qui te usef
especi al | y
and nedi c
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[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]

Extraction studies of the polymers of Examples 5, 7 and Comparative

Example E* are conducted. In the experiments, the polymer sample is weighed into a

glass fritted extraction thimble and fitted into a Kumagawa type extractor. The

extractor with sample is purged with nitrogen, and a 500mL round bottom flask is

charged with 350 mL of diethyl ether. The flask is then fitted to the extractor. The

ether is heated while being stirred. Time is noted when the ether begins to condense

into the thimble, and the extraction is allowed to proceed under nitrogen for 24 hours.

At this time, heating is stopped and the solution is allowed to cool. Any ether

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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At this time, heating is stopped and the solution is allowed to cool. Any
ether remaining in the extractor is returned to the flask. The ether in the
flask i s woapavaiad under vacuum at anbi ent tenperat urepCan$2edemossesul ti ng
solids are purged dry with nitrogen. Any residue is transferred to a

wei ghed bottl e using successive washes of hexane, The conbi ned hexane washes
are t hibexasv.aPbe canslined hexannweshes ar thepgeapoptiehwith apfherEtPg que dri ed

under vacuum.over night .a | Ni:N@ocet AR ctor is
pur gecPEs AT FreroguR uith o Lol BN AN REL i o L Char ged
with 38R otkra@br RPARE drpwitheirapennect ed to the extractor. The hexane is
heated to reflux wth stirring and nmaintained at reflux for 24 hours after
hexane i;pi‘nrst %&%E&ﬁﬂcl@&ﬁ@ﬁﬁ@i}&ﬁm Ahsk ¢Hagedhiiftbs 50 mHedhienaneiis t hen
stopped and the flask is allowed to cool. Any hexane remaining in the

ext § acthen cosndcteslite iz exérdctionckhe kexape istheatel to tefluxyaiflpfieripg ai¢ noved by

evaporatiqgn under_.vacu at | ; | due remai ni ng
in themfafrggll%ec?@t rf’ﬂ‘é’ﬁiqrg?thgarsfa (%i’% gﬁ%@%%g@{éﬁg C%ﬁ%ﬂaﬁgﬁgg?si ve hexane
vas hes thihibk. 18ea@Re id ek Rpfddank theflaskdpaliavatiompon Any hogea purge, and the

residue is vacuumdried overni ght at 4C0C._ [218] .The polymer sanple
r emai nremgRinimgtin hetaxinaeipeis drepaeredh Backip rﬂéf‘cfl‘i‘sﬁfn iﬁ‘le dexqng s f%?orvg g %V romthe

thinble to g.wej t rq lcOBhamlindddke Results are
cont ai ﬁ‘é%mraﬁlo\%ﬁ%nggp‘%cg%g{k g@%ﬁ% %?%H%g%gb%/&%\l\fgi%di t iao n% Pol ynmer

Exapp! €8sidf tAnker€ors & nviphsd Boklatusing sBaleysiey hexané washesatThe hetanaly B2 + DEZ

[ 219] Continuous sol ution |

ol yneri zati.ons are carried .o | onput er
cont r olthesdeskds puappiaies Byenpifs g%/n Wﬁ?ﬁqngghﬁ?ﬁe%\lae 1 eshEe d§1§{1 v gén}{l?ge‘f SOPAR(tm) E
avai | alal[g d+ om ExxonMobi | Chem cal Conpany), ethylene, 1-octene, and
hydr ogen (ev\,here used) are conbined and fed to a 27 gallon reactor. The

feeds to Lig%y eaGhal Afifer ﬂéggﬁgiy{n RSB fialcePet ielekBEgionIie tenperature

of the fe treami's contro se of a _ )
transferred from the thimble to a weighed bottle and vacuum dried overnight at 40°C.

15  Results are contained in Table 7.

Table 7
ether ether Cqg hexane | hexane Cs residue
wt. soluble | soluble mole soluble | soluble mole Cs molela
Sample (g) (g) (percent) gercentl (2) (percent) percen’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 Polvmerization,

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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gl ycol cool ed heat exchanger before entering the reactor. The catal yst
conponent solutions are netered using punps and nmass flow neters. The
react or iworoes/doigeai d-full at approximately 550 psig pr @sIase06l0psns exi ti ng
the reactor, water and additive areinjected in the polymer solution. The

wat er hydrol yzes the catal ysts, and %erninates t he Polynerization

react | dRECtedwpthpolymerselugions Shewvatss hydrolyirenthecatabists, andvicapimates then f or a

t wo- st At | 10N, . . : re renoved
dur ng HRARGLALGA HeBoRT RS AL i R B i RORIEA AR 2°0Te 1 or
under wethverstageldeedlatizetionn The @&}t aRd narasted eicnbheradie reénesied tdariag ehecont ai ned
in Tabuf g%.SeJected olynmer properties are provided in Table 9. Table 8.

Pol ymer{eY A EHOBIRRRCET- ohe RAYMEgneltisnumped to a digfor maderwaier palietal 2 Al B23
B2 BEZ da/gCocat 1 Cocat 1 Cocat 2 Cocat 2 [Zn]4 i Poly. C2H4 Solv. H2 T
Cone, Fl ow Cone, Flow Cone. Flow Cone, Flow Cone, Flow polymer Rate 5 Conv6

Pol yrer b/ hr /- l.blh % | b/ hr ppm

| b/ hr ppm zt()))hr ppﬁhqp%sgﬁﬁt%ﬁ%%%ﬁ%‘g%‘%g%‘{ %5-{1%60 g%ﬁg&‘é‘&%‘\.’lféﬁ%“”301 120 600
0. 25 2(Worides Be Pro¥ided idFable®. 65 525 0.33 248 83.94 88.0 17.28 297:19b
53.95 28.96 325.3 577 120 600 0.25 200 0.55 3.0 0.24 4500 0.63 525 0.11 90
80.72 88.1 17.2 295 19c 55.53 30.97 324.37 550 120 600 0.216 200 0.609 3.0
0.69 4500 0.61 525 0.33 246 84.13 88.9 17.16 293 19d 54.83 30.58 326.33 60
120 600 0.22 200 0.63 3.0 1.39 4500 0.66 525 0.66 491 82.56 88.1 17.07 280
19e 54.95 31.73 326.75 251 120 600 0.21 200 0.61 3.0 1.04 4500 0.64 525
0.49 368 84.11 88.4 17.43 288 19f 50.43 34.80 330.33 124 120 600 0.20 200
0.60 3.0 0.74 4500 0.52 525 0.35 257 85.31 87.5 17.09 319 19g 50.25 33.08
325.61 188 120 600 0.19 200 0.59 3.0 0.54 4500 0.51 525 0.16 194 83.72 87.5
17. 34 333 19h 50. 15 34.87 318.17 58 120 600 0.21 200 0.66 3.0 0.70 4500
0.52 525 0.70 259 83.21 88.0 17.46 312 19i 55.02 34.02 323.59 53 120 600
0.44 200 0.74 3.0 1.72 4500 0.70 525 1.65 600 86.63 88.0 17.6 275 19} 7.46
9.04 50.6 47 120 150 0.22 76.7 0.36 0.5 0.19 - - - - - - - - - 1 standard
cnB/mn [N-(2,6-di (I-methylethyl)phenyl)am do) (2-isopropyl phenyl) (

a- napht hal en- 2-di yl (6- pyri di n-2-di yl)nethane)] hafera 3

bi s- (I-(2-methyl cycl ohexyl)ethyl) (2-oxoyl -3, 5-di (t-butyl)phenyl)i mr no)
zirconiumdinethyl 4 ppmin final product cal cul ated by mass bal ance
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5 polynmer production rate 6 wei ght percent ethylene conversion in reactor 7
efficiency, kg polyner/g Mwhere g M= gHf +gZTabl e 9 Pol yner Physi cal
properti esoHdeat100415Tm CRYSTAF Pol ymer Ex. Density Mv MrCEus2@a/ 009378 CRYSTAF
TCRYSTAF Peak Area No (g/cc) 12 no 110/12 (g/rmol) (g/nol) MM M (J/g) CO
Tc (0C) (0C) [(00). % % % 8649 O©n§.4 7.1 135000 64800 2.1 26 120 92

30 90 90 19h|0. 8654 &L 6900 2.0 26 118 88 Tabl e 9A Average

Bl ock I ndex For gxenplary polynmers Exanple Zn/Cr Average Bl Polyner F 0 O
Pol ymer 8 0. %6 0§§)?5Pq$y>ﬁre$ 298 F X 062 Polyner 5 2.4 0.52 Pol yner 19b
0.56 0.54 Poly 1$h 3.35%0558& £ "Additfional information regarding the
cal cul ation ()f twhe, Rl ock i ndices faqr varjious polyners is disclosed in US.
Pat ent Appl |(at|§|§ Serg ag doxg & @Qgtwwhen known), entitled "Ethyl ene/
a-Aefin Blo¢ck Interpolyners”, filed on |March_15, 2006, in the nane of Colm
L. P. Shan, Lon&i“‘gg-@_zlmtﬂ: get. maly wang assi gnéd to Dow d obal Technol ogi es
Inc., the di scEose| ¢f Mca BsQ @ pdr at ed b reference herein inits
entirety. 2.|ZDJC2|*1000 (Zn feed flowZn congentrati on/1 000000/ Mv of
Zn)/ (Total Efh |?3@3£9t9dof1-0w&| <+ fLastilonal gt hyl ene conversion rate)/Mv
of Ethylene)t §p06] PlRaSe¥not & that 8zh" in EzZn/ Q 1000" refers to the
amount of zinc,n @iethyl zinc ("DEZ") used |ﬂ the pol ynerization process,
and "C2" referg 3 @) tthez apogng a@f ety ene used in the pol ynerization
process. Ant i {BSGeR| fy ©xanpl €526 21 and Conplrative Exanples L [221]
Exampl e 20 was.a mxture of Exanple 19f |and 580 ppm of erucam de prepared
by bl endi ng Lx@ngalgamgd '{szm;t}h‘f’l%aj zAIWACET(r)_ﬁ:LOOQO (an erucam de
concentrate froi Apacet” Cor poi"ati 6h,” Tarryt ogn, NY). Pellets of Exanple
19f were dry|blLended with pellets of AVHACET(&)%10090 concentrate to
achi eve the de$i3&ddidat EoHcenty at ion,|of er Ecém de.
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[222] Exanple 2 1 was a m xture of Exanple 19f with 2500 ppm of erucam de
prepared by bl ending Exanple 19f with 5% of AMPACET(r) 10090. Pellets of
Exanpl e WO 2evw1dsy bl ended with pellets of AMPACET(r) pt@astoiscomsent r at e
to achieve the desired final concentration of erucam de. Conparative
Exanple L is Exanple 19f w thout any erucam de. [223] The Ther nonechani cal
(TMA) properties, hardness, conpression set prop_grtles gull wing tear

strength gndl | e| strength, blocking and scrat e:kgmar r sgst ance of
Conpar at arrp es L and Exanpl es 20-21 weregngasure@ 4nd the results are
shown in ﬁagl 310! bel ow. [ 224] The penetration“t@&nper atafe by thermal
mechani caf§ &nal ys{s (TMA) techni que was conduct ¢8 on 3@ ®m di ameter x 3.3
mm t hi ck{—conpressi on nol ded di scs, forned at 1 C ang 50 MPa nol di ng
pressureffdg § mputes gre—thepra—eapenrekgd. The instEUfent used was a
Perkin-E| ngs sTMA V. In the TNA tlest, a probe ith 1.5 radius tip (P/N
N519- 04 16)zwas applied tg the gurface of the &agple d%ﬁ with IN force.
The tenperdbure was rai sed at 5q:/m nute fragm 2@% The &Qbe penetration
di st ancelwas feasbred aggl fynctji on of tlenper alguse. Then fxperiment ended
when the| prabe hafd penefgiat edg0.ld nawn a@d m res ject i v@ into the sanple.
The 0.1 Tm@%d 1nm penetgaﬁ’d@t?npgr of Zedch exgnple are listed in
Tabl e 10| bef &4 [ 225] Th# [Shdre har ness of @a%h sa was neasured
accordi ng to ASTM D 224p% whifch |i s|i ntorjporlat e@ Eer ei ngb§ reference. [226]
The conptessign set properiti gs of ¢ach sjangl e &t,..l23 chnad 70 OC were
measur ed| acceydi nF;I)_ to:.ASTM Di{4703, {whjchl ig i ngpg"porat @‘dOherel n by
reference. [2294]&8 he gu wi rlg tleaf strengtlh ofs ®ach s#pl e was neasur ed
accordi ng to#the descrii bed in ASTM D 10@4@ whi clzg €S incorporated
herein pyTef renue. 228]] ThHe Bl ocki hg jof eacla;’éarrpl eﬁn@s measur ed by
st acki ng sigglﬁ)& X0. &2B" i njlect]i on rqol ded |pl a@ S, Ieaalg\ng t he pl agues at
anbi ent xconditions (72 F) |for ZJL hour 5, then u acki ng "ghe pl aques. The
bl ocki ng tating i begween 1 anﬁl 5iwith 5 bel n xcelleng (all the plaques
easily n%sg@kaed to:’»;l bei ng unaccept abj e {(wh rg t he § | aques
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had adhered to each other so nuch that none of the plaques could be
separated by hand). [229] The scratch mar resistance of each sanple was
nmeasur ed W9 2nemoadisy scribing an X on a 4" X4' X0. 125" pl aquaskecomnases ner to
corner with a rounded plastic stylus. The scratch mar resistance rating is
between 1 and 5 with 5 being excellent (where no evidence of the Xis
visible) and 1 béntiBlocking Exhaiple 20teanl CompiratvdEfthyleyisi bl e and can
not be rubbed off). [230] The ultimate tensile strength of each sanple was

d di 1820 Maba 4dizturdbf EXunigsle 11 9€ @h@ 90 @bSH JrERRAM;RY
?E?ZE;ﬁceéxﬁgél%;?gm?231] ?hg daté I n Tag?z 10 indicg?gckhat m}th t he
%

addi t i opferare peling Fxammpleotof ithalipiof BIMRACET ° 46091 (anempaisdang an ani de,

such a ' - Lo i r e, di cg ed herein,
Such ac BoARAT S Al Ol SRR, S B Sy Pl SiPubinln b Ttre 8 at
mar 5 eshlendedodth peblets dfpyMPAQRTI™,00801 conceNpALe ULABHVS tBE €es@bl &ihged Wi t hout
adversely affecti ot her desirable properties, |like hardness, conpression
set, hecé%gc?rg@ 18’?8?1 camidsy strength, and tensile strength. [232] Wile the
I nvention % been described with respect to a |imted nunber of

enbodi rren{‘{&, Tt he el 2t veeamixese of Example h0uith @500 s of drucarhidee

[ . ' -0f <o | en. i.ngl e..enbodi ment is
Fepr esanrar oo P BRI 7k oF AT b o D8 Pl g <.t he
conposi k9 ovese dny bieidad sdthrmyieisrd AMBACETE @090 CORTRAHMNE o MhislcaRS dAPkd

' . I n_other enbodi nents, the conpositions or nethods do not

ment i oned herein. L ] f

i nclloudg?nabfo%’??‘étmﬂ?ﬁsotfﬁmcﬁﬁm % omrargfve Bxnpioivbinemplon 98 witheutraoy

enuner argénfi@s.€i n. Variations and nodifications fromthe described

enbodi ments exi st. Finally, any nunber disclosed herein should be construed

to nean a Xi , r..th rd "about". or _

" appr oxi rra%?y" nﬁ?@g@ﬁﬁ@&%@@ ?@?%ﬁg{ﬁ}%eﬁﬁﬁ'g’@?&eﬁ SORBPEGR aétcl aims

i nt end rroperiiasegulaiving tharsstrenpij fensitd smngthamdlcmg agd 5@2ax8h afar k&ldtdrdg o t hi n
' ' Al VWat is clained is:

the s Cc@o%lggratgvg xlapn\{)?egtﬂ gnnd &ampl\l/ctass 20-31 1 wlefe 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 IN 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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1. A polyner conposition conprising: (i) at |east one ethylene/a-olefn

I nterpol yner, wherein the ethylene/a-olefin interpolyner: (a) has aMwv M

from abowoX2otk/tomwiabout 3.5, at | east one nelting poi nt PCTMS2006/00830% ees

Cel sius, and a density, d, in gramnms/cubic centineter, wherein the nunerical

values of Tmand d correspond to the relationship: Tm> -2002.9 + 4538. 5(d)

- 2422 {Rénhhstaclting the Plafued MM%clﬁih%&jiatﬂigqslbetﬂvdntl%n@@%ih Bbéingand is

characteri zed bly a heat of_ fusion, inJ/g, and a delta quantity, DT, in

degr eescxepllagt (I the plaques easily pe-stagkgse tat beias dnagespiabled wheretbe f plaques al | est

DSC pe I 10, t nunerical, val wes of DT
P daa'aﬁerﬁg?t% éa@b oftRt s%ﬁ%ﬁﬁﬁt B&@or tﬂ@@%ﬂa{;&_c&gﬁdzléegs(né%a% bé{ lag

and DH have t ol Tow ng relationships: ‘for DH

ter t d up to 130 J/g.. DI > 48 OC for DH greater than 130 J/
o her ci ni7RL ot s & Rapedoh b Snrtn g oaed B SRR “of ‘the

cumsl atseyiBing@hBh a 48R4’ X (.12 25aduddor® cHRECOHorkh vithe mh&ag;naﬁﬁs an _
i denti fi abl e CRYSTAF peak, then the CRYSTAF tenperature is 30 0C, or (c) is

char act¥Ylis eHhaseraieh mpntesistaneerating isbetreen | pndy matrt being gosllen(where st rai n
and 1 e 1.oN- i) . t hyl enela- ol ef m
I nter pﬁﬁﬁéﬁgﬁﬁﬁ’ﬁ%}% %%lggiﬁf{rpgﬁﬁg Pfr?\&é:g@%@? g‘ﬁ’ '€ %éeg%tl% E@PF rYlé/llb é’?‘gi n the
nuner i cah netiberebbed offe and d satisfy the follow ng relationship when the
et hylene/a-olefin interpolyner is substantially free of a cross-Iinked
phase: Re[230481- 1f(IfhhateGbnsild)strbash of dRhesMbRIwdy HedsuiRa 280draihgdd Ut es

bet ween 40 0C and 130 0C when fractionated using TREF, characterized in

t hat0 t HASTMaR ¢l drivhish issinpgsperateddiernim b refeisneeant of at | east 5 percent

hi gher than that of a conparabl e random et hyl ene interpolynmer fraction

el uting between the sane tenper at urlable Mherei n sai d conparabl e random
ethyl ene interpolyner has the sane conononer(s) and a nelt index, density,

and nol ar cpnononer|0dming m-ﬂnﬁrtgﬁgg Cotpt h}amwmllTlé(inpoim@w Wi t hisgratg.hOMBer cent
of that of [ h8mweldy|B¥ie/ aIAQl | | Setat | Setat| gy | Strength |Blocking| p Lo 2
(C) | (O 70°C | 23°C | (bs/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. Bx. 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.

232] 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.
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interpolyner; or (e) is characterized by a storage nodulus at 25 C, G (25
C), and a storage nodulus at 100 C, C(10O0O0C), wherein the ratio of G (25 O
to G (100wQ)2006s10i916m about 1:1 to about 10:1; and (ii) &CTIUS2&k/009328

anti - bl ocki ng agent conprising an am de, wherein the am de has a nelting
point of at |east about 70 C. 2. The polyner conposition of claiml,
wher ei rEliMSet hyl ene/ a-ol efin interpolymer has a MV Mh fromabout 1.7 to
about 3.5, at |east one nelting point, Tm in degrees Celsius, and a
density, d, in granms/cubic centineter, wherein the numerical values of Tm
and d cWhatispdaitheddst he rel ati onship: Tm> 858.91 - 1825.3(d) + 1 1
12.8(d)2. 3. The polyner conposition of claim1, wherein the

et hyl ene/ a- ol-ef n A pobnpocympositiarscanpdiving: fr om about 1.7 to about 3.5 and
is characterized by a heat of fusion, DHin J/g, and a delta quantity, DT,

in degrees @I si us laefimeathydseldrolcliarimernalyme, Whékhr @eetyRatwesaen he
tal | est. %)SCIPeak and the tall est CRYSTAF peak, wherein the nunerical val ues

of DT df Hve the fol l owing rel ationships: DT > -0.1299(DH) + 62.81 for
DH greater than zero and up to 130 J/g, DT > 48 OC for DH greater than 130
J/g , wherein t hd2CRYSPAR Med fram gbewrl foctbous3. hopt dtast emsnelfngpoingnt  of

the cunul at | | k.l es ha .percent of,the polyner has an
dent 1 710 SRS OUTES s Yender 38 ehatflonid Fahfent et ReRSugtiea) " rhe
polynervabespdFit dmind afrrespaidio the whaioasiipt he et hyl ene/ a- ol efin interpol yner
is characterized by an elastic recovery, Re, in percent at 300 percent

strain and 1 cycl e neasqred-20020 mggrmﬂpsgzg@(@pﬁ ded filmof the
et hyl ene/ a-ol ef n interpolynmer, and has a density, d, in granms/cubic

centimeter, whergpp thfs BWIR/NG Bony Mode$.725 a5t 3N ol ?s‘aéﬂafa%% itchfbggl | owi ng
I I UbSt ARt |

rel ationship when the ethylene/a-olefin interpolyfer is's an ly free
of a chés |f|1$1Rla;dSI-;b|rra.yg,; and a delta quantity, AT, in degrees Celsius defined as the

temperature difference between the tallest DSC peak and the tallest CRYSTAF peak,

15 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 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 percent of the polymer has an identifiable CRYSTAF peak, then
20  the CRYSTATF temperature is 30 °C; or

(c) 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/a-olefin interpolymer is

25  substantially free of a cross-linked phase:
Re >1481-1629(d); or

(d  has amolecular fraction which elutes between 40 °C and 130 °C
when fractionated using TREF, characterized in that the fraction has a molar comonomer
content of at least 5 percent higher than that of a comparable random ethylene interpolymer

30 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
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Re >1481-1629(d). 5. The pol ymer conposition of claim4, wherein the

nuneri cal values of Re and d satisfy the follow ng relationship:Re

>1491- 16290dpo6/®191Fhe pol ymer conposition of claim4, wereraiseooshessngineri cal
values of Re and d satisfy the follow ng rel ationship: Re >1501-1629(d). 7.
The pol yner conposition of claim4, wherein the nunerical values of Re and

d sati sfoytehbebabed diPitde %oﬂe?%cﬁ&ﬁl@ﬂ)%ﬂﬂﬁ 16percdsi bt tHeA 39 {t)othydener-prREiy e
conposition conprising: (i) at least one ethylene/a-ol efin interpolynmer,
wher ei rintelolangry bene/ a- ol efin i nterpol yner has: (a) at |east one nol ecul ar
fraction which elutes between 40 OC and 130 OC when fractionated using
TREF, characteriz@) i nischatctetigedfbyscitorage maduls ot 2T RC,i G2 Q) aesd al east 0.5

and up to about 1 and a , Lar i ght, distrihutiqQ oQr.eater than
Sbout " edpmogys Bhfuulc LBt L e inegada phE RS AP o abou
1. 0 sandg@n ABO@CIY] & abtBt OBvY; digst ri bution, Mw My, greater than about 1.3; and
(ii) at least one anti-blocking agent conprising an am de, wherein the

am de has a @&l ti f9eP5MU arftilbiBlki Q%ént isid a:‘?al}a% ROhY BRifide h
conposition cl ai ?n 1borar@,b€\%1edr1€| tﬁ@ﬁglﬁ%y?ene a-%wg%ﬁ I nter poel frsrer has
a nol ecumaltingpaottiod at heddt abowt|70t°€s bet ween 40 0C and 130 0OC when
fractionated using TREF, characterized in that the fraction has a nol ar

conononer cont ent Tl pélymbeasipdsitivarofetsim i, ghefeid thartiylee/ocblefinconpar abl e
random et hyl ene j nt er pol %rrer fraction ﬁl uting Eet ween the s

h .
t enper aPiFRAYMEHRasS M e AR Al 19 30aHdh M A {9751 %én?lHP%ngﬁqﬁ%rm has the

sang co g, L imeRRC, FRLA T SATRARAR aIGNT ent
(bgg)ed 0 p%ﬁ?e\if\%%sl’ gﬁ%% glne&)d’\}mﬁgﬁ%&hs/%%{b;dgﬁlcglﬁt ’§? t hat o@ﬂ?ﬁe ¢
et hyl enefi’Bn @héflicorrespond to the relationship:

Tm> 858.91 — 1825.3(d) + 1112.8(d)%

3. The polymer composition of claim 1, wherein the ethylene/a-olefin
interpolymer has a My/Mj, from about 1.7 to about 3.5 and is characterized by a heat of
15  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 J/g,
AT > 48 °C for AH greater than 130 J/g,

20  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 is 30 °C.

4. The polymer composition of claim 1, wherein the ethylene/a-olefin
interpolymer is characterized by an elastic recovery, Re, in percent at 300 percent strain
25 and 1 cycle measured with a compression-molded film of the ethylene/o-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/a-olefin interpolymer is

substantially free of a cross-linked phase:
Re >1481-1629(d).

30 5. The polymer composition of claim 4, wherein the numerical values of Re

and d satisfy the following relationship:
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i nterpolyner. 10. The polymer conposition of claim1l or 8, wherein the
ethyl ene/a-olefin interpolyner is characterized by a storage nodul us at 25
0C, G (25v0@po6/mmdsa storage nodulus at 100 C, G (100 CpcTaisesosiono3vhe rati o
of G(25 0C) to G (100 C) is fromabout 1:1 to about 10:1.11. The polyner
conposition of claim1 or 8 wherein the a-olefin in the ethylene/a-olefin
interpolyner is styrene, propylBeel491-b62%¥dr, 1-hexene, 1-octene, 4-

nmet hyl - 1- pent ene, norbornene, 1-decene, 1, 5-hexadi ene or a conbi nation

thereof. 12.6.The g elCEVIVS1tion OF cRim @l YhBRedn B nBmeWbAVaIURs biRe
as one of the formulae: CH3-(C H2)m (C H CH p-(C

anti-bl ocki ng agent 5 ( .

H2) n-C?{nQ(ﬁ%%ny Rollogviphelationskiach of RL and R2 is i ndependently H, al kyl,
cycl oal kyl, al kenyl, cycloal kenyl or aryl; R3 is alkyl or alkenyl, each
havi ng about 11 to about 39 carBex150b#629(dach of mand n is independently
an integer between about 1 and about 37; p is an integer between 0 and 3;
and &t he sum®f mThe poigngr ¢commisitioaadtlaBn 4] ¥herEhethp auyeEtalsahpost Re on of

claim12, rei anti-bl ocki ng agent is erucani de, behenam de,

tetracd r@}‘%ﬁﬁé&& kﬂ AppteliionshiPde, oct acosanyl ami de, triacontyl ani de,
dotriacontyl am de, tetratriacontyl am de, tetracontylam de or a conbination
thereof. 14. The pol ymer conposRePdalbi623(d)-m 13, wherein the anti - bl ocki ng
agent is erucanm de. 15. The pol yner conposition of claim1l or 8, wherein

t he anti - bl otki ngA@gbimericempasitipre cempriging:f r om about greater than 0 to about
3 Mm% based on the total weight of the polynmer conposition. 16. The

pol ymer conp@si t i aheasf ons edliyterie/@olein inferrotimert Wheenl thaethytmsjoesiefih on has a
pel ] et .b+ 0ocC inglr strength of equal to or less than 4800 Pa. 17. The pol yner
con{?osilpeg??%‘p dSim 1 or 8 further conprising at |east an

(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, My/M,, greater than
about 1.3; or
15 (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

(i)  atleast one anti-blocking agent comprising an amide, wherein the amide

has a melting point of at least about 70 °C.

9. The polymer composition of claim 1 or 8, wherein the ethylene/a-olefin
20  interpolymer has a molecular fraction which elutes between 40 °C and 130 °C when
fractionated using TREF, characterized 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
25 content (based on the whole polymer) within 10 percent of that of the ethylene/a-olefin

interpolymer.

10.  The polymer composition of claim 1 or 8, 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

30 1:1to about 10:1.
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additive, wherein the additive is a plasticizer, an oil, an antioxidant, a
W stabilizer, a colorant or pignent, a filler, a lubricant, an antifoggi ng
agent, a Wbaweaiotgisa coupl i ng agent, a cross-I|inking agenr/USaooamadseat i ng
agent, a surfactant, a solvent, a flanme retardant, an antistatic agent, or
a conbination thereof. 18. The pol yner conposition of claiml1l or 8 further

conpri sing a ol yphesfoRméontpokiivKiod tRit 0| dledwhkieinrthe ocslomi instheg t he

pol ymer conposition of claim1 or 8.20. The flexible nolded article of

cl ai m 188hyloppéx-elefintinerrolenets styene apprpylgend-Huteng, 1 dyxengr 19cteBdfr t ouch
handl e, ' I .09, " ster,

furnit u‘}’%ﬂgﬁg‘ﬁ’ﬁ%gﬁ?‘?’ 3‘%‘5:“89‘?68%1 f,)_a%dgg,g’ 1§%§F?adgégg%éta %@Eﬁ%ﬂ@é& 'oor, bunper
fascia, gril], component, rocker. panel, .hqgse, |inin of f.i,ce . supplies, seal,
e aP apriagm TRpDme s BAdE clasf g 8 bR e Rb R EYE ki T ohen

war g, Skie®ne ShaR fhinadser, shoe sole or a conbination thereof.

0
r<3’U\N’R1

CH3‘(CHz)m'(CH=CH)p‘(CHZ)n'C(zo)'NRIR2 or Rlz

2

wherein each of R! and R? is independently H, alkyl, cycloalkyl, alkenyl, cycloalkenyl or
aryl; R? is alkyl or alkenyl, 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

10 3; and the sum of m, n and p is at least 8.

13.  The polymer composition of claim 12, wherein the anti-blocking agent is
erucamide, behenamide, tetracosanylamide, hexacosanylamide, octacosanylamide,

triacontylamide, dotriacontylamide, tetratriacontylamide, tetracontylamide or a

combination thereof.
15 14.  The polymer composition of claim 13, wherein the anti-blocking agent is
erucamide.

15.  The polymer composition of claim 1 or §, 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.

20 16.  The polymer composition of claim 1 or 8, wherein the polymer composition

has a pellet blocking strength of equal to or less than 4800 Pa.

17.  The polymer composition of claim 1 or 8 further comprising 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,
25  across-linking agent, a nucleating agent, a surfactant, a solvent, a flame retardant, an

antistatic agent, or a combination thereof.
18.  The polymer composition of claim 1 or 8 further comprising a polyolefin.

19. A flexible molded article comprising the polymer composition of claim 1 or
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20.  The flexible molded article of claim 19, wherein the flexible durable good is
a toy, grip, soft touch handle, bumper rub strip, flooring, auto floor mat, wheel, caster,
furniture and appliance foot, tag, seal, gasket, automotive door, bumper fascia, grill
component, rocker panel, hose, lining, office supplies, seal, liner, diaphragm, tube, lid,
stopper, plunger tip, delivery system, kitchen ware, shoe, shoe bladder, shoe sole or a

combination thereof.
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