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WO 2007/033117 PCT/US2006/035392 ETHYLENE/a-OLEFINS

COMPOSITIONS, ARTICLES MADE THEREFROM AND METHODS

FOR PREPARING THE SAME REFERENCE TO PRIOR APPLICATION
V%Oaz.u?ﬁ??éyplication claims the benefit of Provisional Applicé’tﬂiﬁ”l%@wms”z

60/716,266, filed on September 12, 2005. FIELD OF THE INVENTION

The invention relates to ethylene/a-olefin compositions for various

aﬁ@m‘ ' ,%mlﬁ]@yghmfm SRTIIOND ,ahmmwmsn/ I‘E usiitsig d.‘m@M
sheet or skin. The co -qlefin random
interpolymer anﬂ%&%ﬁ%ﬁ%ﬁ%@g@%ﬁﬁ%ane.% GROUND
15 In North America, approximately 25 million Ibs of flexible polyvinyl

‘f&l‘ﬁ% ﬁEE%@ﬁaﬁi%ﬂﬁ%ﬁ%@ed sheeting for automotive
appli

cations, such as instrument and door panels. Such sheeting is
grained ard idlcolapphieathedloiits BhbenaiiteridiresisipedetsliSReatiRy for
automotive apglicaiions hasii."9eRtseveial epgsuse requirements. Key
end-use requirements include a low gloss value, a high surface 20
scratch/mar resistance, high heat resistance and good cold temperature
pTpact gesisipee/BNaddition, the sheeting must have good adhesion to

~any intermediate _polyurethane (PU) foam layer, for. example a foam layer
el 0 BRSO RO B1 SR SRt S St INE BENBIons

Fhehpolfmeriesheetsobiskirsmopsisbie dtfow Die¥sshoelonelglarel he
especially, if 25 the sheet is.pl [ i : :
S e B A 5 Al il
Merebpeputatheioss of the material must remain low over the vehicle
life-time. The gloss of a material is typically determined by measuring
reflected light at specified angles, and a typical test measurement is done
a?é@%@’&(g@@?DT he reflection measurements are converted into gloss

values, anehifiesenvabaespare 3 dghicainitisstianfdteaiitaptdy @pfbrhioride

T e
instrument and door panels. Such sheeting is grained and is color matched with other
interior components. Sheeting for automotive applications has to meet several end-use
requirements. Key end-use requirements include a low gloss value, a high surface
scratch/mar resistance, high heat resistance and good cold temperature impact
resistance. In addition, the sheeting must have good adhesion to any intermediate
polyurethane (PU) foam layer, for example a foam layer used to provide a softening or
cushioning effect to an automotive panel.

The polymeric sheets or skins must be of low gloss, or low glare, especially, if
the sheet is placed under a window, such as, in the instrument panel (IP), under the
front window of an automobile. Moreover, the gloss of the material must remain low
over the vehicle life-time. The gloss of a material is typically determined by measuring
reflected light at specified angles, and a typical test measurement is done at 60 degrees.
The reflection measurements are converted into gloss values, and these values are
typically less than, or equal to, 2, for automotive applications. Flexible or plasticized

polyvinyl chloride typically has high gloss values. To reduce the gloss of flexible
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WO 2007/033117 PCT/US2006/035392 polyvinylchloride, to acceptable
levels for automotive applications, a liquid polyurethane top-coating is
t icaIIX applied. Thermoplastic polyolefins (TPOs) sheets can also be
& %ﬂﬁgmotive applications. Thermoplastic polyolefm shEE{E 342
generally have lower gloss 5 values compared to flexible polyvinyl
chloride, but are also polyurethane top-coated to primarily enhance the
sutlgemsetdichisnar chapatienistds fanshwithife aadtadany, Dergsfit of
Iovg rin&ﬁg%gcl)o_scsogllue.sNe\I/ga n;acil1 aining technologies (for example,
nﬁc%rammg%mpar?gd f%jm a ﬁreﬁﬁe roller surface to the extruded
sheet, dirmreplasktpmiohyiae(@Respihethowealer bwhick wititontior
CopiRlERgloFRAAONOLAY Bl RoG B AHElAL ALRRITRM B ss

new technologies could foreseeably eliminate the need for PU top-coating

of fHBfyienRaraddp Alsbin edhgrirahsblamdss e et Alva Rolasssian bopocoated to
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TRO)Reeiisig bpatthstand shedipdeniersiettemparatuned edpetedoddy an
in.the auto interiors, especially in . the heat.of the summer. The curren
B Re DR R R B CHRIR) over

msidingaistofisgirbestsming Hemskyneoy exhivivgisothuld phystcablsringaste the
CorautentWihdig feasiiematinSHhenecessiyuinal G SHeeHRGh /mar

provide good impact properties at low temperatures, such as at -40C. This
pFBPERSFfR B R e BRI ORAF RN AR chremsdehel ek sgridadrmlogies
s?wﬂlﬁsﬁtﬂiabg@ﬁs{op@ﬂéﬁaﬂy(ﬁ@gsm{ ﬁﬁg@@ﬁ%@@@&pﬂ@bﬁ&@&%&
of paramount importance; no flying debris is the crj SS
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amdthhmsdtﬂsismlgnmwhgsmmmﬂtﬂcbscewdémpatm mmgtmmm%}ty in
tenpiatyas uerdhan s 16 L IaImaR ASiE RRLAISnG Daneer

typically have 25 lower glass transition temperatures, cormpared to tafjg"tt of
pERReRAEsIoFitR0 “an dvifhest Thelliadh SisereaR] heprpEpatine npgethibiting other
prpsidieshdpREMopRsticRaplefinsaie-tvpically mbesnatenahof #RQiR ing

for seamless airbags and other safety devices, which deploy during a

vEREHIA PARD TBPASTRERRALHY fh OSTdeEmRREELesT RS AL oy fepmqgerty s
algathale hejtetlongkter sudislakiling comphtedoian seamless airbags (occupant

safety during airbag deployment in winter is of paramount importance; no flying debris

is the criteria). The glass transition temperature (Tg) of polyvinyl chloride is typically -
20°C to -30°C, and thus, this polymer has impaired cold temperature impact properties
at temperatures lower than its Tg. Thermoplastic polyolefing, however, typically have
lower glass transition temperatures, compared to that of polyviny! chioride, and thus,
have better cold temperature impact properties. Thermoplastic polyolefins are typically
the material of choice for seamless airbags and other safety devices, which deploy
during 2 vehicular impact, particularly in cold climates.

Thermopiastic polyolefins also have better long-term durability compared to
flexible polyvinyl chloride, as shown by liftle change in rheological and/or mechanical

properties upon heat aging at 120°C in the TPOs. At 120°C, polyvinyl chioride



30 flexible polyvinyl chloride, as shown by little change in rheological
and/or mechanical properties upon heat aging at 120C in the TPOs. At
120C, polyvinyl chloride 2 typically loses plasticizer, and therefore loses
elongation (elasticity), and becomes brittle and prone to cracking.
Thermoplastic olefin (TPO) sheeting is increasingly being used for soft
covered instrument panels and door panels. The typical assembly process
requires joining together, in a molding process, a thermoformed flexible
thermoplastic polyolefin skin and a hard surface substrate, by forming a
polyutetiaindcfsamabetiver andhbetafodayers. clhehiard (strfdcesubsitai ises

typicaliycompesed of.adhggmoplastic polyolefin, an
acrylonitrile-butadiene-st ‘ér%ne §AB§) or an acrylonitrile-butadiene-
/ I

styrene/polEarARE HEUTIE i datIRTsRepabnappié ations:

the ARSrearitlkBShHPG pIbstBies 3. beintheepiseathyhard Qs requires
iﬁln e, precursor
y

which.are usually reinforced with a filler. A polyure .
e TR IR S e A e et
betwaHIPIg{E FRDas]in hund tdbasdisinfrcby dnunithen pelautethtod drmmdetween

foameduipteyaiediaieaves. FReTMORIaRtc RANAIRHIBSnINE S0 NEK e rmoplastic

non ollarln{ature, enerally lack adhesion to polar materials, suchas

pol Oré’t%%ﬁ%s?‘ﬁ‘lgﬂ)é?%ﬁ SR OISR Bratife an@aplonitrile-butadiene-
convemrtioriadly subface eBREG)iteadrimarssotioncenipifiogions, ik ABS
morg,ROIFCAMPBUNAS; 10-1BcreAse e AUDRSIGR IR R@J%?{fﬁi flEny

surface, Typical primer solutions contain a chlorinated maleate
poly§iafiresligihediiitaced Reltbordyeiress Imigar bnlintidrsaseaate, a
equippédigolihdndiccshibeting ifimugbargtardie TRPHRALON teMAmeface, and

prlealian echaniacsels A ip Nk agd  drying means to flash

off the water and other solvent carriers. In agglrlﬁon, the flexible
thermoplastierBfdfisiskneirristadriofmibne ey axdretserariiylack

defedts;stortherpolytrathanes foam stha:Ralyurethane foarmahoudragdhate .
tot ?ﬁﬂ’]ne[gc]:gtpllacs(;[irgv n%lxosli%fms 3 'rffa:'gf?é t\é:vcittrb(i)tlll‘.;[ aq eliar‘réinatiiotn at thet ini
interface (or adhesive Tailire). A AISCORINUOUS aPpPliCation of 4 prHEIS one or
sol NS ATAY [eaePey e forRvation bEvoisivativererrinaethareroplasticTypical

olefimsiinsandaglysiethanafaamdn alaesdbaldaekie BUMe sadifatRatment
voids ate aac&s.é!;}/ v%rfgil'l)lem for automotlgempt?rt @g}nufact%reorgé}?mce parts

thatr?](gj\}rees ation area, equippe an eeling 4 gravure
application; a primer application mechanism, such as a dip tank; and a drying means
to flash off the water and other solvent carriers. In addition, the flexible thermoplastic
olefin skin must adhere, without voids and other visible defects, to the polyurethane
foam. The polyurethane foam should adhere to the thermoplastic polyolefin surface,
without delamination at the interface (or adhesive failure). A discontinuous
application of & primer sclution may lead to the formation of voids between the
themmoplastic olefin skin and polyurethane foam in areas that lack the primer. Surface
volds are a costly problem for automotive parts manufacturers, since parts that have
surface voids cannot be used in an automotive assembly, and are instead scraped.

International Publication No. 2005/090426 discloses copalymers, especially

multi-block copolymer, containing therein, two or more segments or blocks, differing
in chemical or physical properties, and which are prepared by polymerizing

propyiene, 4-methyl-l-pentene, or other C4-8e-olefin, and one or more
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surface voids cannot be used in an automotive assembly, and are instead
scraped. International Publication No. 2005/090426 discloses copolymers,
especially multi-block copolymer, containing therein, two or more
segments or blacks, differing in chemical or physical properties, and
which are prepared by polymerizing propylene, 4-methyl-I-pentene, or
other C4-3a-olefin, and one or more AMENDED SHEET copolymerizable
comonomers, especially ethylene, in the presence of a composition
comprising the admixture or reaction product resulting from combining: (A)

a firsﬁ;gn@ﬁal;ﬁ@mlle&m@ﬁm;d@@,lygp@fiaagi%9%&'@&3/&;,tﬁBb@;ﬁ%@@efmgﬁ%smn
complex alerin .po merization Qatayst, apaplie.Qr preparin (0] m § i
ditteran TR e oo SR S Bl e col i A it
catalyst AyniriderefuivalientripgipmerizbtioiEbnditions et {G)s chaliefin
shuting,agentdnternationgl.Biblication Ne 20064102 ko4, diSCloReS cat or

polymer blends that comprise: 1) at least one éthylene/a-olefin .
inteFROIITE R aR Y SR8t BRETsoImERATR] SY £elakist Bhe styreraiBrEr
copolyimerriantércomiditatignihé®af cishhpeligietias.include, but are not
limited to, high melt strenath, high depsi lyethylene, and high.melt .
strength polyprop Ci%%fe}% %até%%{l}é:}hg/ba%z%le% %ﬁt%%ﬁ%ﬁf%%@ arcg Eé?]n (S)rlr}% &

blockCEBIBKMETS ettty artéasiel nanerebrrgnded Aedessisote

blocﬂlfg%mfglw&gmtgaﬁ Q?rélﬁﬂlﬂ@@i&éﬁﬁé&@?ﬁﬂt%fll@eml &i&hﬁlemof. Such
resulti mer, ble can be.used to make flexible molded articles.
S N S R R A R R R T e g
shapélveShape behaidrighdisatk ssegiop ehe pfparatibny/ @nt irhich
compeisgal{ALEaRe Abau IR0t Pa-(basedpndhe Sambined Weights,of
Conlwlpopaent%A and B;lof a[t I?e%st one substantially random interpolymer
haviiig ah 2 8151 1o SB0ut 1-066°9) 15 M BAY B MVFRRORPSBod
1.5 tosabtiOymeachivhitttac bmprises: (bl éromxiboume38 doaisbut 65 mol

% of po'VW@@“ﬁi@r@%ﬂ%‘}h&@ﬁ@rﬁe‘ﬁg% L%%Eﬁ@@ a\ﬂ@ﬂl%c\é'ﬂawmags having
aromatic mgonomer, or (b) at least one hindered aliphatic or cycloaliphatic
vin %nvﬁag%ge}m\gﬂb Pgjoesses for their preparation), and which comprise:

(A) from about 1 to 100 wt % (based on the combined weights of Components
A and B} of at least one substantially random interpolymer having an 12 of 0.1 to
about 1,000 g/10 min, and an Mw/Mn: from about 1.5 to about 20, and which
comprises:
(1) from about 38 to about 65 mol % of polymer units derived from:
(a} at least one viny! or vinylidene aromatic monomer, or
(b} at least one hindered aliphatic or cycloaliphatic vinyl or vinylidens
MONOIMEr, OF
(¢) 2 combination of at least one aromatic vinyl or vinylidene monomer
and at least cne hindered aliphatic or cycloatiphatic vinyl or vinylidene
monomer, and
{2) from about 35 to about 62 mol % of polymer units derived from ethylene
and/or at least one C3-C20 alpha.-olefin; and
(B) from 0 to about 99 wt % (based on the combined weights of Components

A and B) of at least one polymer other than that of Component A and
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(c) a combination of at least one aromatic vinyl or vinylidene monomer

and at least one hindered aliphatic or cycloaliphatic vinyl or vinylidene
monomer, and (2) from about 35 to about 62 mol % of polymer units
derived from ethylene and/or at least one C3-C20 alpha.-olefin; and (B)
from O to about 99 wt % (based on the combined weights of Components

A and B) of at least one polymer other than that of Component A; and 4
AMENDED SHEET (C) from 0 to about 50 % by weight (based on the
combined weights of components A, B, C and D of at least one taekifier;
and (D) frOfﬁﬂgﬁe:ﬁlﬂﬁutaf@%ifawml&%igb&@%aﬁ%&t}oﬁh%@98&@:@&%% waights,ef
com nts : n of.at least one filler. There is a need to
deveglgrgss(ﬁtﬁgﬁél% fh%’r;&n%xb astie BRioTeHs BskiBekifidhs, which can be

used to forfhsaed teatbaoti6l réyuird ghpiiyanethethe daptioatingifbrs of
glossensaraiehcantrob-ans which have gapd.adhesion to polyurethane
foams. In 5FIAMENDED SHEET WO 2007/033117 PCT/US2006/035392
addition, it is"SreteA B that e oRSBifbLrBIHaaRIHF SRErP ki somivHsons,
havevartaaindsivediackdayehcubinhtaltons theuthermatormed.sheetia:be for
adh o | rethane (thermoset) foam layer, formed
it B e TR A
thermoplastic substrate, and reacted, without 5 issue. There is also a

need to develop a wheatherable, low gloss and/or good scratch mar
resistance top layer sheet, formed from a composition which can be
co-extruded with a flexible thermoplastic olefin composition to form a film
or sheet composition containing at least two layers. Such a co-extruded
sheet would reduce costly manufacturing steps and environmental

issues, both associated with primer solutions, 10 and would provide a
thermoplastic olefin skin with improved surface properties. There is a
further need to develop a polyolefin composition containing a

AMENDED SHEET
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polyurethane component, and which does not require the use of a

compatibilizer or other type of stabilization agent to maintain the stability

of the polymer phases of the composition. Examples of compositions
%F\?%Eﬁ?@]é compatibilizer or other type of 15 stabilization et &t6/035392

described in U.S. PatentNos. 5,623,019; 6,414,081; 6,251,982 and

, 6,054,533. There is a further need to develop poyolefin/polyurethane

a@h@sﬁ@pﬂbﬁ@déﬁa@ﬁerﬁqﬁi@ﬁemﬁé Gfomnsigrily anpstafiime. polpatafin
CARRODERL MV W AR GHIRY, BOINEIRIIRGROVRIRYARSAANNE >
escribed in Inte

( 2 rnational Publication No. WO 99102603. 20 At least
seprachiatead weelisnadlmpowistramdarafmatidrenisyeagbprpoursors tat

satisfied byothsfolowing invantan. RUMMARY RbkHE ANAENEON taet
invention provides for a compasition, comp%il?iing at least ongz?%g%g]ge/a-

Pt RTARRIBNP iMRSTOIY AREFIRE RUEPBREDoR GeRed oratch
polytrathapet@ dywhateinithe «l feashaoepthitiene/hidiefin baterpatyaded

has a PRR.fram -6 tq 7 referably from -6 to 70, and a density less....
F G e AT S R AR
Eigriaibeshidvestthecsayiase Yedult froen zufisdrebpelaioatt wdusdeasisample

SIS, A0 SRR ARSLIERAUEAT BN P.COMARRIIAN PARIBIANTA A,
6 WO 2007/033117 PCT/US2006/035392 ethylene/butene-1 random

eBPSToRIG PERTECS BOIBORRHEHMBRISkEC Boimaird e aFfoPTRPFER s
adheregiio & PRiiHethans foamelig Wpolyshaws suHasekesisiiioska

e e S S B
capalyrenbnshilipalyhutadicnerdioldin sedspdiyuyethdn eobmarwhicksisf the
e B s
retri bty erfpbisbilediehbSdiBrBaEEes pohifidtlahé [t positivh82
10 Fipesa angLAeRigtirRPsRISRIARRIRRIMUERa AR IRhaRomposition
eﬁxxztrtudigsd ntilf rgguire the use of a highlj crystalline polyolefin component, and in
particular, a crystalline polypropylene polymer, as described in International
Publication No. WO 99/02603.

At least some of these needs, as discussed above, and others, have been satisfied

by the following invention.

SUMMARY OF THE INVENTION

The invention provides for a composition, comprising at least one ethylene/a-
olefin random interpolymer and at least one polydiene diol-based polyurethane, and
wherein the at least one ethylene/a-olefin interpolymer has a PRR from -6 to 75,
preferably from -6 to 70, and a density less than, or equal to, 0.93 g/cc.

DESCRIPTION OF THE DRAWINGS
Figure 1 shows the surface result from a foam pee] test on a foam sample

containing an extruded shest, prepared from a composition containing an
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of a 75/25 ethylene/butene-1 random copolymer/polybutadiene diol-based
polyurethane composition. Figures 7 and 8 depict transmission electron
micrographs of an extruded blend of a 25/75 ethylene/butene-1 random
WO pU/AéHBolybutadiene diol-based 15 polyurethane compsifidiy2o06/035392
DETAILED DESCRIPTION OF THE INVENTION The invention provides
for compositions containing at least one ethylene/a- olefin random
indexpelyrrekand alléastopsinotydienes sibihastehpalyuietianelyatghnmd0and
comp. sitiocﬂs are usefLiI foré{w ptr%%%ration of articles for various
o‘ffercé iOne, ﬁ(f::f?mcl}nag?qnﬂ%rﬁ iitéi’to, extrusion, thermofom ing, blow
molding¥igiecchane|sincéoamindrenc tdengialitegt T frencompgisitiensiofg a
the | i | ' ct tomotive
Q%A%%@&'i&? ﬁ&?d@@%ﬂ%&%lgg%&%‘&?ﬂé%{ é*l%lgﬁgﬁéféﬁ ébé{%ﬁln%a%

thermoforming parts, suc Instrument p oor panels. The

cettirerstiiranaré M useInviopehand amatabuirdioidjebiesedskiaepthane, and
PAHLAS SRR IPRIRERaRSLIgOtWear components, such as inner

and other soles, The compositions of the invention are also suitable for

laminatd0e3RSet < th PRI RIS THOR AGH R BURIRETaPED AT pB Sgled blend
C%E‘Bai@i’@g_ &hﬁ@%@ﬂ@n@hyﬁmeﬁfmd&?ﬁ&%ﬂ?&@fﬁﬂMEBEB:Q@&' at least
one polydiene diol-based polyurethane, and where the at least one
efNIBHERSIS SARPAFESH interpolymer has a 30 PRR from -6 to 75,
preferaliyefrms-6nl0 S pdidrantansiyneRstiamer ek 6 £ 9318168 blend

All individual PRR values and subranges from -6 to 75 are included herein

affa 7¥iecrdedansrarmerhiandom sosrismerap iivmdisnsbainbasadast one

PrRRyienRsRasss pRalysaer, selected from the group consisting of
polypropylene homogolymers and propylene/a-ojefln interpolymers. In a

further ditBBeIhaRT tHERIFIEARTBISEI P B EMNeTEHOSE R i Y Fiidpd blend
malting peighgraaleiifan linbonlt GRS AHRediMARE 4he-saalgfin
contains from 3 to 20 carbon atoms, and preferably from 3 to 10 carbon
afsiysrghanipEPesiBdiment, the ethylene/a-olefin interpolymer is
polymerized by at least one constrained geometry catalyst. In one

e [ t ydi iol-hased polyurethane is
fo$rg2%‘f#§r% é%%ﬁé}*/%ﬁégﬂé@ﬁﬁ%?ﬁﬁ&% . In another embodiment,

the at ledbt invention provides for comypositions containing at least one ethylene/c-

olefin random interpolymer and at least one polydiene diol-based polyurethane. Such
compositions are useful for the preparation of articles for various operations, including,
but not limited to, extrusion, thermoforming, blow molding, injection molding, foaming
and calendaring. The compositions of the invention are particularly suited for the
manufacture of automotive thermoforming parts, such as instrument panels and door
panels. The cdmposiﬁons are also useful for the manufacture of injection molded parts,
such as animal tags, and footwear components, such as inner and other soles. The
compositions of the invention are also suitable for laminated sheets.

In particular, the invention provides a composition containing at least one
ethylene/o-olefin random interpolymer and at least one polydiene diol-based
polyurethane, and where the at least one ethylene/a-olefin random interpolymer has a
PRR from -6 to 75, preferably from -6 to 70, and a density less than, or equal to, 0.93
g/ce. All individual PRR values and subranges from -6 to 73 are included herein and



one polydiene diol-based polyurethane is formed from a hydrogenated
polydicne diol. In another embodiment, the at least one polydiene
diol-based polyurethane.is formed from a partially hydrogenated

polydiene diol. in another embodiment, the composition further comprises
at least one elastomer containing a branching agent. In another
embodiment, the composition further comprises at least one additive
selected from the group consisting of release agents, anti-static agents,
blo 31? [age(pts, pigments/colorants, processing aids, UV stabilizers and
crosSTnkRg agEHts. T S HEtREH B AN S BE S ROTHRA i b5 10 @eepibne-based
suctrebmpositlons] &sndiseyssed-ahpvenandpuhererythe: homopolymers and
ethy. -olefi lvmer is present as a._continuous or
co-cﬁ?ﬁ%@%ﬁ%@%ﬁ%ﬁ%%éy m%éﬂ g?lgl{t?g}seo 16% %r% %yr?eea.sfr?ne
anotiSPERSHE PRSI Hveh i BrovriesforisacheodAF6sitions, as

discussed abavenarehwiaaiein, the ethwane/aRIeinrAndoMEQRAIYMELIS, and
iene diol-based polyurethane.

present.a iscreet phase with the polyd ]
B AR DR CURIESH o7 CaRPeCON LS oot
discH%@ﬂ’%{/@, redwtieréiry thid etitylenelasotelind anderr copalyser is
present asia ofisCaRHnLQNS @J&@é%%tddﬁpﬁﬁ?&&@ﬁﬁ%ﬂ%a‘@’ M@l retha

ul .
cont}guou%f)hase or. matrix of the polydiene diol-based polyure ane. th
i

one SO HRA IREYHISgaraEyd Btry e didiefh eriantaasgaanidigtticast
frompGe2 phidiorsdiol greaterdiyarcthBnmicranmdn fanotierembodingsidie: diol.

dispgrseghethylenala:glefin.dom 'pér{ﬁa{g&%?eﬁ%n&t%fot&god MIGTONS 19, med
sp

greaﬁ\ter than 18 microns. In another embodiment, the di rsed -

ethy ISR ARRBTEHY dofaRse s gelinlieryirirom 0.2 microns to 40 microns.
In another lembodinehbdhetispersadtnlana/amelefingdamainsangg in

length rom. : ER.SHEET microns to 20, microns. Inyet

another emlgg%}%ﬁg%%%s%ggs%%ghy efﬁlec}%dl}%rlgﬁir? 9 %%?hél?gﬁﬁlg Gption
wid RO iR blsast o pordltionseiseesdr BB frorer®: eniviotng o6 rtase
micrenstsamdimare praferay fremQ B Iicans ot BHERANS IR ARRRL v

emlgpdq)im&%,ag@cgggs pniji(%n provides for such compositions, as discussed

above, and wherein the etﬁ)"/lfuéeﬁlesla-olefin random copolymer is present as
a In another embodiment, the invention provides for such compesitions, as
discussed above, and wherein the ethylene/a-olefin random copolymer is present as a
continuous or co-corntinuous phase with the polydiene diol-based polyurethane.
I another embodiment, the invention provides for such compositions, as
discussed above, and wherein the ethylene/a-olefin random copolymer is present as a
discrest phase with the poivdiene diol-based polyurethane,
In another embodiment, the invention provides for such compositions, ag
discussed above, and wherein the ethylene/u-olefin random copolymer is present as a
discontinuous phase or disperscd domains within a continuous phase or matrix of the
polydienc diol-based polyurethane. In one embodiment, the dispersed ethylene/o-
olefin domains range in length from 0.2 microns to greater than 18 microns. In
another emabodiment, the dispersed ethylene/o-olefin domains range in length from
0.5 1microns to greater than 18 microns. [n another embodiment, the dispersed
ethylene/a-olefin domains range in length from 0.2 ficrons to 40 microns. In another

embodiment, the dispersed ethylene/m-olefin dornains range in length from 0.5

8
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non-oriented discontinuous phase or dispersed domains within a.
continuous phase or matrix of the polydiene diol-based polyurethane. In
one embodiment, the dispersed ethylene/a-olefin domains range in length
from 0.2 microns to greater than 10 microns. 9 AMENDED SHEET WO
2007/033117 PCI/US2006/035392 In another embodiment, the dispersed
ethylene/a-olefin domains range in length from 0.2 microns to 20 microns,
and preferably from 0.5 microns to 10 microns. In another embodiment,
the dispersed ethylene/a-olefin domains range in width from 0.01 microns

to 2Q:rieiens 2phaferaty frops: 0-R2MICKYUINIRLR, TICHPRR AR M . /o-olefin
prefecfgl%%from 5.0.1,ml<l:rons to_7 mjcrons. In another embodiment, the

invention ProtidR e 8l SidFEbMPbEHBRE s UreitesaPER R 0-1 microns
whereihdthrecpuly dishe diolbbdsed ip dlyar éthaneispresentiasan oriented
dIscqnt'nuqu%h%?%195%&%{1%%@33%%%@&%&1&1&?&%89 (013, Dase O g
matrix of ethylene/a-olefin random copolymer. In‘'one em odim n%i e’

disp SRS 1D BoKFurathaRe Boihs ARG G A IRy oo O ietol g tepent as a
grelzamemﬁxm@f dnigrmnsids gngfch@ir @%@e@emm@@@m&@amws phase or
polyuretha omains ra in length from 0.5 microns to greater.than 29
o R BP L5y (B PHE G fprersed
rang@in widt frdmomenmigrenis loBinferons; breferably fromeien 10
micrensgdas2 microns, and more preferably from 0.05 microns to 1

microns. 15 In one embodiment, the invention compositions are used as

an adhesive back- layer or tie layer, for the joining of incompatible resins;

for example, for joining a polyolefin layer, such as a thermoformed TPO
sheet, and a polyurethane layer. In another embodiment, the inventive
compositions are prepared without the need for, and thus do not contain,

a compatibilizer, including, but not limited to, a 20 maleic anhydride

grafted polyolefin (elastomer or polypropylene); other functionalized

polymers, and their reaction products, as described in U.S. Patent

6,414,081; and block copolymers containing blocks of a monoalkylene

arene and either hydrogenated or nonhydrogenated conjugated diene as
described in U.S. Patent 5,623,019. Such
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compatibilizers are typically required in conventional
polyolefin/polyurethane 25 compositions. In another embodiment, the
inventive compositions are prepared without the need for an oil, and in

WaAEHEB Without the need for (thus do not contain) a nonpBf&Fiesaeadesso2
oil, as described in U.S. Patent 6,251,982. In another embodiment, the
compositions do not contain a dispersant, including, but not limited to,

st steleauiesinneh 0 IBOMEEs LARANING /MO ACHANALIFURS ISHGR 8Sm

hydroxyl, aminq, 30, carboxylic acid, and others, as described in U.S.

T AR T R SRR RO AR elaotir
mebedirsent abeadi petvedesthyfenagiuel o padntalms anoib e emibaeiment thesrons
Pqlysiigne. diol- lyur m e hydrogenated to increase th
uE!r%';viqlet %&)Bs%%%ﬁf o%f%tﬁemcaoglr%glg%%%? g@l’ HHus, faﬁléﬁjyrrt{))éﬁ}jsrg%r%{%%mm
eﬁér?@#‘ﬁ}‘%}? [ayEpiera: multi-layered sheeting. In another embodiment,

the composiign-furthersamp Eﬁ%@ﬁx@éﬁ%ﬁtp?@ﬁd@é)féﬁe&ﬁa{/&ﬁ}}b%ls‘ﬁ@ﬁidas

p%reth ne and/or at least one polyester/polyol-based polyurethane. In
a

Hﬁﬁgﬁ%’aﬁ Ashihrisia the sl shienp dipkirsed pRpsthess iampemipean

atdgastodapolyesies/felyobhaspdealiurehianeBresaatieeniahase or matrix
ur&a%%r:iltion. Iqleﬁnfurt er emb?dimen , the co sition comprising at
efi

leas oXea%%W% handior P eRfond B eI RS ReE
inpehtisribatsodprariitiastier btherénfbodifibnicnhiite gemEpasitiolSrasons. In
d q ' Of: nati f twa or mare embodiments.
B A A e O BB o

inVEFRE Barrisbsithmsd it dadnethaincSeehimrticlds fapathed but are
N@lolijniteBhnticaBRIANE iterier E@Hﬁo.@@%@&éﬁﬁﬁlﬁlﬁ{&&ﬁ[f}&%ﬁm from
|

d%o panels; co%ted fabrics used in automotive and non-automotive

appICEHEIES S CFaE Saf e mRISTARL &t RORBIFopa s L AifsPRfed
profiles; laminatsisodfrbatt) fesimessheeis podiros feamerthssheatBathack-
f Omponents. Such a{r)t' I%s can be prepar d by one or more

r(e)féi e%%{/tg o@eré |0#§,e'rhé{ﬁ%%ng%,c u%l%%?tﬁgrgltrga%& %’)r(t?%las’fbtﬁ?’ for Joining a

therloisirg bl anotbimyg ofhjastibiifolbing afokmpivlyaeiticaléydaring
process i AR investioniaiR PHVides a0AtGIS hGtein. r%é%gﬁ%ﬁ%ﬁmdﬁ the

component of the article is formed from an inventive co sition, an
Wﬁgq%ﬁ%ﬁé{%ﬁl&éi%ﬁgtﬁy,éxrpompatxbzhzer, including, but not limited to, a

maleic anhydride grafted polyolefin (elastomer or polypropylene); other functionalized
polymers, and their reaction products, as described in U.S. Patent 6,414,081; and block
copolymers containing blocks of a monoalkylene arene and either hydrogenated or
nonhydrogenated conjugated diene as described in U.S. Patent 5,623,019. Such
compatibilizers are typically required in conventional polyolefin/polyurethane
compositions. In another embodiment, the inventive compositions are prepared
without the need for an oil, and in particular, without the need for (thus do not contain)
a nonpolar-extender oil, as described in U.S. Patent 6,251,982, In another embodiment,
the compositions do not contain a dispersant, including, but not limited to, small
molecules and oligomers containing polar functional groups such as hydroxyl, amino,

carboxylic acid, and others, as described in U.S. Patent 5,364,908.
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extrusion process, an injection molding process, a calendaring process, a
thermoform process, or a blow molding process. In one embodiment, the
article is a coated fabric. In another embodiment, the article is a foamed
laminated sheet. In another embodiment, the article is a footwear

component. In another embodiment, the article is formed from a method
comprising adding the at least one ethylene/a-olefin random interpolymer

and the at least one polydiene diol-based polyurethane into an extrusion
process. In another embodiment of the invention, an article is provided,
containing ke dilnthef thidddirentiphaind apodytiethane foam, RNEWheIRdherent
the &l t the polyurethane f Such an artjcle
ey et Sl T L RMNDED HE BT RRRGp e e ma
emBEARABRECHIE S EhBsiBH pORTBBRV N TVEAtvEt ity afthememposition, and

polytiathanebdeand is sirengesthan the-adhesienheween the.feam and.
another filrn1 E@R%@%}I{) m acom osition comprising the same
components of the Inventive firmi eSERP HE b BIdr et derst one
polyiiteitibréalySriwsembatimbnnoftEdnveltion;ma fillydstprpvidedasea

formed,fremaan. M@ﬁ%%@%@%@,tﬂ% anthens %%W{&B%i%&%v ased and/or

inv%ﬂtioglgrovides a film comprising at least one layer or ply,’an erein
at 1685 E O A RS R TR e Hr SR A TR0 8 SR e 8B FRturation. Tn
anotferteen bodinientythbdnventisn pievides angarticle: andpuBerein aki/or at

leagt Qne,COmRRNENE 9iihe article comprises such a film. In another
embodiment, a film is provided containing at least two layers or plies, and

wherein at'IBaSFSRERFEP BFfs5s foriber Rormosimenie v compriition, as

as desaribethhetejrninaneihshemnbedimentothedrw@mionprayides a film

comprising:atleasting. Jayers g1 pls, and whereln, at least one Jayer or

ply is formed from an inventive comﬁjosmon. n ano he SRl n?,’“the

inveRtiBH BT GoReS Hivar itisamnerdhein Sedbastdaeitdndsomentonhthémited

article comprises auchr a4 s|maRaieLaHRQReN:Af5& IYENLIO ed fabrics

S uc\E‘s@JMﬁ%@ﬁ%B@@&aQX oh-au {r)lr'{atscl)%gfe applications, such as seat trims and furniture
upholstery; vacuum formed profiles; laminates of both foamed sheets and non-foamed
sheets; and footwear components. Such articles can be preparcd by one or more
respective operations, including, but not Hmited to, extrusion, thermoforming, blow
molding, injection molding, foaming and calendaring process,

The invention also provides an article, wherein at least one component of the
article is formed from an inventive composition, and wherein the article is made by an
extrusion process, an injection molding process, a calendaring process, a thermoform
process, or a blow molding process. In one embodiment, the article is a counted fabric.
In another embodiment, the article is a foamed laminated sheet. In another
embediment, the article is a footwear component. In another embodiment, the arficle
is formed from a roethod comprising adding the at least one ethylene/o-clefin random
interpolymer and the at least one polydicne diol-based polvurethane into an exgusion
Process.

In another embodiment of the invention, an article is provided, containing a
film of the invention and & polyurethane foam, and wherein the film is adhered to a

surface of the polyurethane foam. ‘Such an article may be an instrument panel. Ina
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or lamination. In another embodiment, the film is formed by film is formed
by co- extrusion. In a further embodiment, the film is formed by a method
comprising adding the at least one ethylene/a-olefin random interpolymer
and the at least one polydiene diol-based polyurethane into an extrusion
process. Such a film may contain one or more morphological features as
described herein. An article containing at least one component,
containing such a film, or formed from such a film, is also provided. Such
articles include, but are not limited to, automotive interior parts, panel

skingi,faRre.foatings:, vacuumformed, DLotiRs,, JOAWeAL. COMRANENES: o tne

laminated, sheets, and other articles. Such articles may be prepared by
the redpeativE procbaRdiedscnded sardin fagm AMERIED SR mEpared from
WO 2007083k £ RERHIHE2006/R35392 dicarothefcambagimant o508 : the
invegg%i&;imjgopg&vé%%r‘%@Brising at least three layers or plies, and

/er or

wherein at least one la ply is formed from an inventive composition,
as describdB Her&RPaf Bpitheba dpeetisitheliveationdubfarfitt fom an
formestdayi eocexdsuisiasn or lamination. Such a film may contain one or
more 5 mOngg(IJ%%gal e%tures aﬁﬁdescribed herein. An article containing

at least one coMponent CoRtanmg S SR S fHEY BT SiRgrhlcast one
film, [’ &1$6 ProvidedhSeicht &rtitlessihgrades piytiaremeklifnitedrigventive

autOBRE eI r AalkS: DANSLSKAR, IADHG SORHIES BCHHT OIS v porcin
pI’OfI|??‘1 f?otvyear comﬁgonents, laminated sheets, and other articles. Suc
articles A B E PIREAFEL by ere e setespt sEe8sdiBs discussed

herein. 10 In yetiancthesdmbogdirientioptbeidnentinnadbnis Provdetys or

Contﬁiii@j!,"glﬁtwlﬁ@%%%@f SR 1@’2& Wﬁﬁ?&g f%tnl“ﬁg? h‘one&!’la evrcriz 1’tf%r<:r:n :%d osition,

from a co.mvgosition, of the invention, a herein at least one other 1ayer
is fobrEaHER AFRBology-modified, substantially gel-free thermoplastic
elastomer bompibsition,shitdealasto MetoorARESAt: COMPESKIGAN, ot least two

ethyl -qlefi 2L 0 Ie(g]ne&{aéole?fgg lymer blend, and at 15,
|eas%§é%%§g%§%§%§{‘é ﬁ%ff%%t e grotp cOr%f?)é){%}a 0 §§f§6}3§9{5’ﬁ8“%

honfSPBIgHErS Hrerpilssyrehedinmenbedsponine Bonddwhersiethed wherein
elastormer compagiionhaaia cemkinationiefasJeastdhree of the
In another embodiment of the invention, such a film is formed by co-extrusion
or lamination. In another embodiment, the film is formed by film is formed by co-
extrusion. In a further embodiment, the film is formed by a method comprising
adding the at least one ethylene/g-clefin random interpolymer and the at least one
polydiene diol-based polyurethane into an extrusion process.
such a film may contain one or more morphological features as described
herein. An article containing at least one component, containing such a film, or
formed from such a film, is also provided. Such articles include, but are not limited
to, automotive ilerior parts, panel skins, fabric coatings, vacuum formed profiles,
footwear components, laminated sheets, and other articles. Such articles may be

prepared by the respective processes as discussed herein.
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following four characteristics: a shear thinning index of at least 20, 20 a

melt strength that is at least 1.5 times that of the composition without

rheology modification, a solidification temperature that is at least 10C
VYPSAPeO8AY that of the composition without rheology modifitGHBIE 2 d3aao2

upper service temperature limit that is at least I0C greater than that of the

25 composition without rheology modification. In one embodiment, the

rheologyrisnuibetifetbbiimeanttisf mremiomarglife reslikRAJERBPAERG at least

c jati -or a combination thereof..In another . .

o e e R e e

gePEpAtEieasderarbed perseninprefwatispies o fitaniB eptooe mtgistiFilnoie

Prsfsably less:thano BerssnlARd SYeR Mmare Arsfeahiy 55s 1A 30 0.5

percent, and most preferably less than detectable limits when using

xRS gifa! eeUrtsan dorridbrivisntion riitreiglecvriaiies arcastions
cooapsisiag, swatiilfnueh dgnmest kamaetma flop. dBRNeNeYH provided. Such

e[i%?adérpne &aéh%dpv%%?ﬁ'g@ﬁ'des a film, containing at least two layers,
and wherein at least one laye

P oIS FF T3 6B/ PaLH SAPGH s Tabric
irseatition, veavdw fereid atdBlkst oerathentayendarfptmethfedhects, and other

cgmagéitmﬁgmgfgi&gya& H%/g %elfei}g random intetpolymer tha

< tpol
has a melt strength greater , O €t 6 t'ol,3 %gtéKfpf ﬁcee?ﬁvse%t%%mflﬁ?
provide$¥Srbaneiie entefimeasieg hadnvartiion. erfifor it fided. swoknaiiipmt

OleGQrTSIEiRG AtleaGHOReGRTRRARBRL Y fosmedirom suah A film, daangiaer

embodiment, the inyention provides a film comprising an inventive

OB SRR AL PL R e stREarEr iR FrvhsA dew mitbeplomriapdified,
psebentitla selistentivnauplphiost aoHispesses SemMalaR WtkshR: composition

contin hase .or matrix.of the polydiene,diol-based pqlyurethange. In a
e R S R R
|dpstravpelomemisiorisd droretieginance8sisticporfg:ciedpyientinonalgolymers
pﬁﬁ&%ﬁ@n@fé‘ﬂﬁeﬂ\é‘@fﬁﬂ}ﬁg&%@”e component of

wherein the elastomer composition has a combination of at least three of the

E[e}%erein.

following four characteristics:

a shear thinning index of at least 20,

a melt strength that is at least 1.5 times that of the composition without theology
modification,

a solidification temperature that is at least 10°C greater than that of the
composition without rheology modification, and

an upper service temperafure limit that is at least 10°C greater than that of the
composition without rheology modification. In one embodiment, the rheology is
modified by means of one or more free radical generating compounds, radiation, heat,
or a combination thereof. In another embodiment, the thermoplastic elastomer
composition has an insoluble gel content less than 10 percent, preferably less than 5
percent, still more preferably less than 2 percent, and even more preferably less than

0.5 percent, and most preferably less than detectable limits when using xylene as the
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the article is formed from such a film. In another embodiment, the '
invention provides a film comprising an inventive composition, and
wherein the ethylene/a-olefin random interpolymer is present as a
co-continuous phase with the polydiene diol-based polyurethane. In
another embodiment, the invention provides a film comprising at least two
layers or plies, and wherein at least one layer or ply is formed from an
inventive composition, and wherein the film is formed by co-extrusion or
lamination, In another embodiment, the invention provides a film

comprising. dffedstduprlayeis, podiadesein atiRastonplayer isdormed or
fromagp inventive gnggg,ition, and wherein at least one other layer is
formed from a rheology-modified, substantially gel-free thermoplastic
elastomer ébARsdsitiontedinrwiastomernbomposition comprisingang at least two

ethylepei-aletinpetymet. arathylene/asplelinnoly MBB@Q%HW@H%EEOH,

one polymer, selected from the group consisting of polypropylene
homopolymers and propylene/ethylene copolymers, and wherein the
elastomer edmpusitibtntaseantenbiratiofofat feasttheeeofithe dalowing an
four ghaaeleristiss: 14 AVENRER SHEST. & shear thinning index of at.
least 20, a_melt s_treir;g_th that Is at Iegst 15 ﬁsmaelgthafttr 8?%&%%8%%&%@% oqual
withBut Fheol Gy etk Aok 2 sokde dation aeinlietature shatishe Blst or

10Cfgreatelthamthat ofithe: eempesitianivwitheut heglemnmadiligation such a
and g upper service temperature limit that is at least 10C greater than

that of the composition without rheology modification. The invention also
provides af'aftféler WHsrEipeat [basesnsicompontatciitheantivlers an inventive
formesehfreseisich@iltelhe- BugnienalagRiovwdes faraticles.coptaining, »
P e T S B2 matr
discussed hereir. Such artieies can'bé p‘?’éff’é’llezbcﬁi} BRGNS x of the
respeeiviespbehtiors Rebtudithgnbubmofiithite ditbodixtrusite, dispersed
thersnaferminglde womaldingn JRieqigpimelding »faaming and.calendasing
microns, The invention also provides an article, wherein at least ons cormponent of
the article is formed from such 2 film.

In another embodiment, the invention provides & film comprising an inventive
composition, and wherein the ethylene/a-olefin random interpolymer is preseit as a
co-contimuous phase with the polydiene diol-based polyurethane.

In another embodiment, the invention provides a film compﬁsing at least two
layers or plies, and wherein at least one layer or ply is formed from an inventive
composition, and wherein the film ts formed by co-extrusion or lamination.

in another embodiment, the invention provides a film comprising at least two
layers, and wherein at least one layer is formed from an inventive camposition, and

wherein at least one other layer is formed from a rheology-modified,
substantially gel-free thermoplastic elastomer composition, said elastomer
composition comprising an ethylene/u-clefin polymer, or ethylene/e-olefin polymer
blend, and at least one polymer, selected from the group consisting of polypropylene
homopolymers and propylene/ethylene copolymers, and

wherein the elastomer composition has a combination of at least three of the

following four characteristics:
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process. In one embodiment, the articles, described herein, are
non-automotive articles, and used in non-automotive applications The
invention also provides a footwear component, comprising a film, which
comprises at least two layers or plies, and wherein at least one layer or
ply is formed from an inventive composition. The invention also provides
for methods of preparing the compositions and articles described herein.
The invention also provides for various embodiments, and combinations of
two or more embodiments, of the compositions, articles and methods, as

described heyein:¢-Qmpositions ffihe tvention The compositions of this
invention conta‘in at least one ethylene/a-olefin random interpolymer and

at least on& P8Iy HTERE B LEl bl ardtrsiaal R dhe “Hms et e
ethyteedtaotefidifnterpolymer is present in an amount greater than, or

equal to, 0 weighLpeeelt.and.ihs pobdiens dekbarei Pl ethang n
an amount Iess than, or equal to, 50 weight percent,-and whére both
percéitagE e & Baubaeniamereestibineerwaight of the ethylene/a-olefm

random intefpehunes-aneithe,palydians: dial-kasad.polyurethane hhehat of the
amounts argd%r

| efgrably, from 50 to, 90 weight, percent ethylene/cf.-olefin
o D o A RS0 et treiphe e e TR AVENBEDFricie
SHEET poIptiese diokbrsetepbiytretirtink, iardrmet & preferhblyifrom 50

to 85 weightpercantoethyicns(aolefip rananJniarnolymeland L@Aﬁgaﬁl@m
to l%vﬁvgeé%%tepercent olydiene diol-based 16 AMENDED SHEET WO

200 B RSB 61IEB 30 D B UTEHEFHE T Gn oty articles can be

emubdimentitheccompositiopecor piisesibhs tor8ludieightit pertenitafthe

ethylepe/p:0lafin rapgdom interoglymear.and. 4849 20 MEI0RLRaH %h%%&éhsmng

polydiene diol-based polyurethane. Thé amounts are chiosen tototal 1 i)

wei é}ﬁ?cess. In one embodiment, the articles, described herein, are non-automotive
articies, and used in non-automotive applications.

The invention also provides a footwear component, comprising a film, which
comprises at least two layers or plies, and wherein at least one lay=r or ply is formed
from an inventive composition.

The invention also provides for methods of preparing the compositions and
arficles described herein.

The invention also provides for varipus embodiments, and combinations of
two or more embodiments, of the compositions, articles and methods, as described

herein.

Compositions of the Invention

The compositions of this invention contain at least one ethylene/a-olefin
random interpolymer and at [east one polydiene diol-based polyurethane, In cone
embodiment, the ethiylens/u-olefin interpolymer is present in an amount greater than,
or equal to, 50 weight percent, and the polydiene diol-based polyurethane in an
amount less than, or equal to, 50 weight percent, and where both percentages are
based on the combined weight of the ethylene/n-olefin random interpolymer and the
polydiene diol-based polyurethane. The amounts are preferably from 50 to 90 weight

percent ethylene/u~olefin random interpolymer, and from 50 to 10 weight percent
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percent. All individual values and subranges from 50 to 90 weight percent
ethylene/a 5 olefin random interpolymer are included herein and disclosed
herein. All individual values and subranges from 50 to 10 weight percent
polydiene diol-based polyurethane are included herein and disclosed
herein. Preferred compositions of this invention comprise 50 weight
percent or more, and preferably 60 weight percent or more of the
ethylene/a-olefin, and 50 weight 10 percent or less and preferably 40
weight percent or less of the polydiene diol-based polyurethane. In one

emm@mm&ihemgm@?sﬁmmmpﬁae&f&op&ﬁ&wgﬂmxﬁ)@m@rﬁs 1088 percent
wei t refera m 55 w entt

per(%(ta}%tﬁ)&c}?9 %?)ercgit ?%ncél 51%?%% Pancf 30 welg gir)c?egn ngg % eeélﬁPOiydlem
peré%ﬂt’ atid preferably from 23 to 45 weight percent of the polydiene
diol-based polyurethane; and where both 15 percentages are based on
the combined weight of the ethylene/a-olefin random interpolymer and the
polydiene diol-based polyurethane. In another embodiment, the inventive
compositions comprise greater than 85 weight percent, preferably greater
than 90 weight percent, and more preferably greater than 95 weight
percent, based on the total weight of the composition, of the combined 20
weight of the ethylene/a-olefin random interpolymer and the polydiene
diol-based polyurethane. In one embodiment, the compositions of the
invention have a melt index (12) from 0.01 g/10 min to 100 g/10 min,
preferably from 0.1 g/10 min to 50 g/10 min, and more preferably from 1
g/10 min to 40 g/10 min, and even more preferably from 5 g/10 25 min to
40 g/10 min, as determined using ASTM D-1238 (190C, 2.16 kg load). All
individual values and subranges from 0.01 g/10 min to 100 g/10 min are
included herein and disclosed herein. In another embodiment, the
composition has a melt index, 12, greater than, or equal to, 0.01 g/10
min, preferably greater than, or equal to 1 g/10 min, and more preferably
greater than, or equal to, 5 g/10 min. In another embodiment 30 the
composition has a melt index, 12, less than, or equal to, 100 g/10 min,
preferably 17 WO 2007/033117 PCT/US2006/035392 less than, or equal
to 50 g/10 min, and more preferably less than, or equal to, 20 g/I0
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min. In another embodiment, the compositions have a percent crystallinity
of less than, or equal to, 50%, preferably less than, or equal to, 30%, and
more preferably less 5 than, or equal to, 20%, as measured by DSC.

W5 fdABN these polymers have a percent crystallinity from 2G4/ E52806/435392

including all individual values and subranges from 2% to 50%. Such
individual values and subranges are included herein and disclosed herein.

Irpelyotkibeem bodivtbat ,ethaodﬁti)ilmq shbmﬂ%@‘d&i&dﬁ&ﬁil&%@ g &WS/@%@&
e refera reater than, or e to, 0.86 g/cm3,
B P B P SR e o

and more greater than, or equa al

tHahpoly dignariel-besw grimBsihreferdblydessnthare, diosgial taalOl 96 weight
Ofemauandimere; preferahly Aﬁ&%&&%@lggg £943449, 9970958%%%3*‘! 0+ tene/o-

embodiment, the density is from 0.855 glcm3 to 0. n
pPSTEPBRASFO A RS et d sy Rera. anstiivrpecgretesiably frindividual

0i8b:gledsbenfods fdarsd. il oiRdigiEuRkvaluss ARchs I ABYRS HOPRethane
0.855%1/ to 0.97 @L%[;" D?r%#d'u‘jed herein 15 and disclosed herein.
, the

a1r¢ INciudae . - . .
In another embodimen Bd&itions, in fabricated form, have a

tensile Bteémgth foomeSitmzkOoiiRia iprefarabiy fiatecd t0:30:MPBascanctherpie,
Pa, All individual values and subrange
o O s B B o R e ather
ePfEsGahPIeiES fi! eorfipelividA svdickhbrtsatidides of dheepaly didon diatidasinl
theimaehing. direstion. /) ne;direshion:kr
p}?fr nt, or from 50 to SSgﬁgfe%n%%a@;lﬁ %g;ggp%%%@%%%ﬁ%%%é%%g%égemem
p’fé’rggﬁ‘f?lgﬁbp%%% RSB o BB 8Bt 20T prb et vimiigitidivienn of
V%F&ﬁgﬂ:&uﬁrﬁg%eﬁdmomf%@%%@%(wﬁﬁﬁﬂ!ﬂ@}@g&g DETSEEAy from
erein, n another embodiment, the compositions have a
e B P R Aot o 618 Yoo o
apficeganoretprefaralily frombifdd tocight oifl thalkindbridadbvaluesdne
SHRIRRYESm Brodd eﬁ@'ﬁﬁﬂggﬂgﬁ reinand disclosed herein. In
Iti ve

another embodiment, the composition a surface tension from 10 to

100 30MBVAESRRIEAE MY Brdrarmsiverommetome dyndstaraanthevah

maiglpieictably iemblSreater than 90 weight percent, and more preferably greater
than 95 weight percent, based on the total weight of the composition, of the combined
weight of the ethylene/o-olefin random interpolymer and the polydiene diol-based
polyurethane.

In one embodiment, the compositions of the invention have a melt index (L)
from 0.01 g/10 min to 100 g/10 min, preferably from 0.1 g/10 min to 50 g/10 min, and
more preferably from 1 g/10 min to 40 g/10 min, and even more preferably from 5 g/10
min to 40 g/10 min, as determined using ASTM D-1238 (190°C, 2.16 ke load). All
individual values and subranges from 0.01 g/10 min to 100 g/10 min are included
herein and disclosed herein. In another embodiment, the composition has z melt index,
12, greater than, or equal to, 0.01 g/10 min, preferably greater than, or equal to 1 g/10
min, and more preferably greater than, or equal to, 5 g/10 min. In another embodiment

the composition has a melt index, 12, less than, or equal to, 100 g/10 min, preferably
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WO 2007/033117 PCT/US2006/035392 30 to 50 dynes/cm (at room
temperature or 23C). All individual values and subranges from 10 to 100
dynes/cm are included herein and disclosed herein. In another
VEhBYditAEAT, the compositions have a surface tension great@ETE0F 035392
equal to, 30 dynes/cm, more preferably greater than, or equal to 35
dynes/cm, and even 5 more preferably greater than, or equal to, 40

A¥RESEMNAUFR0N FIBRS AN QR £3ke) pHrQER LBRaHIMeRMedhe tayentan
provides for such compositions, as discussed above, and wherein the
etilene/a-olefin random copolymer is present as a continuous or

co-continuaushphaseodiittthalpalytpoetiol basechpokniretsaiBniy of less
RS SO T RIS IR V'dss,lﬁf Sheal %&t@%@%@ﬂﬁm

scdsse({jl 0\7e an erei eet Ien efln random co

piegent agal m;w%eaph@gwdmm B@pé@@f@ﬁ@}d@!&%@@&p@ﬂ%@éﬁﬁe}p@wﬂt
IR, 300tHe %9@%‘%0%%&%@%&19{?&%{%%&@5 inha mapielagicab

form, |n which the ethylene/a-olefm random cop F‘l(}/mer is present as a

RO THER A BHgT e SRS SR L srbEsssd drin
matrix ghthe.pRlydianeigiekbasedhpRalydseinaneddnsanioakr than, or equal

R i e B et SR e LT

dus;aqraétb&mﬂ@ﬂ@fd etefinddomzites s dngedndemngtio, fﬁtﬁﬁ @f@n;h iorbersily less

eate” ]f ro/”%”"%n%”x%'}grf é’ﬁ#mees@tm &‘zﬁs%do 95 g/om’. Tn
efln ength from 0.2 mi

ene ains range |n ns to'40

n@m@ﬁ@q@@ﬁm%ﬁr eantistinienm @kf"ééhé/ﬁé?s@cpﬁi’ eﬁé?‘atltﬂ@rﬁbiﬁf from
d@@@y&@{b&?% haﬂc?ﬂio@e?; PR)%%WQ%S%WP,MGME

embodlment the |spersed eth ene/a oef| domalns rapge in W|€th from
HetoR S 2t b BB GoLTIHATE TR

aéxdirmgéﬁ)m@fﬁabiy from 0 5 microns to 7 microns. In regard to the width

of the di d domains, all .individual values nds es from
mlcronsﬁlo f)t?mlgr%ng éxfleéﬁiéfhdpeénﬁ)erelnnaé i%se ’r?%r"é&?r?pns]k
astotheth drmivotiméhiyiiee mwofenabkitiors &ie @%@@m m@m@h&@gﬁi@aﬁy

formm, dnyviiaiishe Sihyleneianlefing andom.e0 g&'m@m@m 8% Bhcluded

non-oriented discontinuous phase or dispersed domains within a
cBAGHUBSREGRHHRrix of the polydiene diol-based polyurethane. In

anothergmtneinentothedisper sethpbrieneia fabricated form, have an

elongation in the machine direction or the cross machine direction, from 50 to 600
percent, or from 50 to 500 percent, and more preferably from 50 to 300 percent, and
even more preferably from 50 1o 200 percent. .All individual values and subranges
from 50 to 500 percent are included herein and disciosed herein.

In another embodiment, the compositions have a melt strength from 0.5 to 50
¢N, and more preferably from 0.5 to 20 ¢cN, and even more preferably from 0.5 10 10
cN. All individual values and subranges from 0.5 to 50 cN are included herein and
disclosed herein.

In another embodiment, the compositions have a surface tension from 10 to 100

dynes/cm, and more preferably from 20 to 70 dynes/cm, and even more preferably from
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30 olefin domains range in length from 0.2 microns to greater than 10 _
microns. In another embodiment, the dispersed ethylene/a-olefin domains
range in length from 0.2 microns 19 WO 2007/033117
VEERF82006/035392 to 20 microns, and preferably from OB Bl 185392
10 microns. In another embodiment, the dispersed ethylene/a-olefin
domains range in width from 0.01 microns to 20 microns, preferably from

0 Tbtmberopsetotlaniotan srandanese:preenabiy o Bkl PRSI hranges

d to the width of the dispersed domains, all individual 5
\%ggfgrfg g%%%ﬁase% om %%ergi%%?’ré)% %W%'includgq
herein alvaditsosetiodarein, ireanotpesitmbasieenirthe m@?%t@%imn, or
a e8bhin AP ' , In.which the polydie iol-base
p?ﬁi‘%ﬁggeaﬁ[ge presé%?!%% gﬁfl%;r% tg(rje%%ct(%n m“do%élxg z?sge%fl%s@ﬁ[ér%t&f%n

dBTHER REShATRIN Seaistifasusrsaakion 4t diresirethyionsl seotpfintif or 23°C).

random Bmﬁd)émsédiﬂl&ﬁ,et@m%ﬁ%o%e‘éiﬁﬂ%ﬁ%ﬁ%&ﬁﬁl}%ﬁ%%”a% discussed
dognainsr nge in Iﬁ‘{ngth from 0.2 microns to greater tha micfons. n
ke abbaR e

another el e s rleiirpaRrisra R smiaiRs Ferige drvontinuous
lengthréronnBdhapleransith raaiBtban@a-BrsigRSy dangther

embodime e dispersed pplyurethane domains range in width_ from
0.005 m%r%{r?é%g ?n%’g%‘heélf’pgrlgf‘é‘r‘é rf%‘f?&’ﬁ?&%’f ?ﬂﬁ'éﬂ%&’ﬁsﬂ?&lﬁ‘}ﬁk‘?%s’*,s

afidGHBre 1Brpretadanhefronthe @byeinronsl¢fidrmitrons sl yegard iR dhe as o
wighiak the dishessed. 9&%‘;&%@%3}1’%?&! Lyalyes and subranges from
included

NRNES2 :
0.005 mjcrons to 5 microns are inc ergm anaéldlsclosed herein. The

compostiGHEBFRERTERE R 9 BaqsHeeR att bieeoibiaimgrphelcy mfem,

ethylaingd/&e bﬁﬂdﬁﬂ-@@ﬁ%‘%ﬁiﬂﬁm%ﬁﬁﬂépgrﬁ%%%%gg ?é%%%%%?fg Bl;ase or
t .. 20 Typically, the inventive composi .
i U S ReP BB et o FahOgiene doL-based
eperritaslelinmtérmlyinetand the: dblydieaeidiphbaselfin domains range
I I jive of a post-reactor.blending is an extrusion, in
\%%&1{ Woﬁgr@rﬁbﬂr%ﬁgoi ?)% rr%ag?rss&é?gag&]}h?gnésh Zlgfﬂ? ¥ SRASHysRtatly

iReEF TRt By s spitinyisarsgeneo sl owtipbeition Fiednyengivater than 18

CORBRARIIDNSHRAY: Q&Q@ﬁﬁeﬁéﬁﬂgﬁﬁsﬁ&%@%fﬂﬁ%%-bge rpﬁ%iﬁé{%dr%e in
elmb diment, the. inventive compositions are prepared by blending
rfﬁéﬁh@é{ﬁﬁéﬁéﬁ%%%{%m%& Hiihaiepbriers, the dispersed

ethylene/o-olefin domains range in length from 0.5 microns to 20 microns. In yet
another embodiment, the dispersed ethylens/a-olefin dormains range in width from (.01
microns to 20 microas, preferably from 0.1 microns to 10 microns, and more preferably
from 0.5 microns to 7 microns. In regard to the width of the dispersed domains, all
individual values and subranges from 0.01 microns to 20 microns are included herein
and disclosed herein.

In another embodiment, the compositions are present in a morphological form,
in which the ethylene/a-olefin random copolymer is present as a non-oriented
discontinuous phase or dispersed domains within a continuous phase or matrix of the
polydiene diol-based polyurethane. In another embodiment, the dispersed ethylene/o-
olefin domains range in length from 0.2 microns to greater than 10 microns. In another

embodiment, the dispersed ethylene/a-olefin domains range in length from 0.2 microns
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diol-based polyurethane in a melt process. In a further embodiment, the
melt process is a melt extrusion process. In addition to the
ethylene/a-olefin interpolymer and polydiene diol-based 30 polyurethane,
WeBiptsitions of the invention may further contain at least©ES2006/035392
additive, including, but not limited to, antioxidants, surface tension
modifiers, blowing 20 WO 2007/033117 PCT/US2006/035392 agents,

f%mﬁ}ﬂiigﬁﬁ}%nafﬁ@m '51?@32.5% s @gﬁmsnfa&el §§|ilﬂﬂfié}g)ﬁ19§éﬁ§a§m%ent,
anti- hlock agents. An example of a hindered phenolic antioxidant is
|r§§n‘%§%ﬁrﬁ?§féh§ﬁ%f’2%r§fﬁni}f 39‘5%%3éaﬁ%ﬁ%lt‘?ﬁgt-@%?&/%é%&rﬁ%l?ﬁ%ﬁ&ﬁgr
emboadin) entfdhbdlgdmpoitibnicheridier tOAtAIE pOLY pLoRyerferShpofysnes. 1
component~such as a homopolymer of propylene, a copolymer of, . .. .
s O L R e 8 SRR, Bh navicom
homapoiptharbadges Sopolfianiconstictien tomepoiyeheichaptienidd
copiwnan,ata nucleated blend of a homopolymer and a copolymer. The
a-olefin in the propylene copogmer may be | - butene, 1-pentene,

1-hexen®! RPEFISRPOHIBEENEOFUNPRIFPIE 6 RTeHa! EAyROR o éorm,

prefenRd aenpeRdmes JddeeRpolymecia): Repa-t3ndenhGRRAMMEEInfintous
bIo}cl:k co%ogmer 04 a blend .qf a random cop I%smer and.a b%o Kk
1

cOPATRer SPREPOITMERS MRPASSBE ISR BARS AT 8GRRO ey lene/a-olefin
comgomanipis preferabipseldetdehfmntitbdigrenpd polysistingiofiomains range in

| . thy lvmse
o S A AE S e

2 disprepabpriigiiarsifoniainy Tossiintsnsb Groohiimiprete talstpdioth;m o
/B3 1O B MIe: %&&@9@%@{@4@&@9&&@@&3&?@@%& L1400 LL QiR

and mast preferably from 0.8 g/10 min_to 2 10 min. All individual

valitBs B SraRes A Resery frmin O hreienided Herepsafl more

diseitsel hetein). Thisicampnnemidra alsadavea dengih Home QiSdkaiar
.92 g/cc, mare preferably from,0.85 g/cc to 0 lcc, and most 20

pre Ienraégqu/ rlolrrrl1 Bz.lﬁ%az/‘f:%a%s 655%3 %bca&gx(%ljigrr? |v€|}c'f318a% I\g/lzla\(flrjoenss?’;{)nd g3 ?gf’larees

fromalodgd hgyoo rrd Bscighsd heesincluded herein and disclosed herein. This

CoMpong Rt MAYARYRHBH @M/ URLRYRL HERHETIDAB 2nGrAR SR more
herein, "nucleated" refers to a polymer that has been niodified by
ethylene/o~olefin interpolymers with one or more polydiene diol-based polyurethanes.

Typically, the inventive compositions are prepared by post-reactor blending the
polymer components (the random ethylene/a-olefin interpolymer and the polydiene
diol-based polyurethane). IHiustrative of a post-reactor blending is an extrusion, in
which two or more solid polymers are fed into an extruder, and physically mixed into a
substantially homogeneous composition. The inventive compositions may be
crosslinked and/or foamed. In a preferred embodiment, the inventive compositions are
prepared by blending the random ethylene/a-olefin interpolymer and the polydiene
diol-based polyurethane in a melt process. In a further embodiment, the melt process is
a melt extrusion process.

In addition to the ethylene/u-olefin interpolymer and polydiene diol-based
polyurethane, the compositions of the invention may further contain at least one

additive, including, but not limited to, antioxidants, surface tension modifiers, blowing
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addition of a nucleating agent such as Millad(r), a dibenzyl sorbitol
commercially 25 available from Milliken. Other conventional nucleating

vﬁgents may also be used. The following polypropylene polymers may be
W 711# Compositions of the invention. PROFAX SR-258Gi /4 B4kefidepo2
polypropylene copolymer resin with a density of 0.90 g/cc and a MFR of 2

9/10 min, available from Basell (Elkton, MD). PROFAX 8623, an impact
plypie BoAeHBCepBiFnIat sEsinagitisa nsktyarht, 9ogitick3tamdngs MfdRnt-

obibc g g}lmir];!@ggﬁly@i le; Iton =M I
Plastor_nélers and Elastomgfggl g\%%ﬁ@%h@h%?ggv@%ﬁér%%a%oé%r%%%?ny,

Ay B ieron 6o SsiereeT/US2006/035392 as

propyleneseithiierameopeiymets withdensitiesirang g dom HESYSA IR
0.89 g/cc, and MFRs r&agél g from 2 g/10 min to 25 g/10 min. In a

prereHEd SIS SithehE BOL B oRiRIBH Seech SXRRIman AiRropylene
antthethpehrotetinltadron a-tleficampiiting of AeASIAYONAKEESDE PHeSyHer, a
apoh ' t, the inventive composition is coextruded with one

or mo%%éflc%?}gf%i%}%} ’ rélr%cgaft%r% < rcﬁ(iﬁlrrllsmé} at ?éle%ta ?ﬁcrf((ab efé@%‘?& or plies.
Sinrapnelperciefins toelzoextriziondhdinde ighrepelestemgtinge: HoNe 1-

ethidanalaolefie INBLRAIYMEIS, @R 1tmsgmyfm§@g,§ﬂq§g§§%%3%§%ylene is

hermoplastic elastomer compositions, as descri

-free t
%Efé% f%%?ﬁ%?gﬁﬁnﬂ@eén fiRs CORABMISTIRMhREH sradprReRNERY herdindo

byopelfeesnce sAtiakesROMPISING SOMBANETLS fNsrad irorhsyChil Mg @ie:s
algo erﬂScl%d d Wiﬁ'li&l tgg scop of the invention. It is also within the scope
of the m%e%%%aﬁl 0 ComBine an VERRAEEHSE Ef’lJ?,lyéé’]rﬁ‘ﬁ?f%?ﬁ@“fﬁﬁe group
ethiytitio tacd lflmansibne inergeliymersend thepytlyeishgdiobbasethers, or

it [ f ther ICno
B ST A e L IR 161

. y

pBRELTRIBIY 3 AL erm e trEL) misupts feship Gsitions, gbtvin to 60 g/10

m&yﬁ@mfm@ap&am.wmﬁiEb%@fdﬁﬁﬁ%ﬁ%ﬁ&@@l@fér | RUPSm 0.8
|

RS ST e QoI o) NP SRR SEREd BobORe0 i
polysisidefudesiutdré niddhitediio, Thoseabaiaadhy the Re a density
ARSI I2R AIREEY T D AR P S
preferably from 0.86 g/ce to 0.90 g/ee. All individual values and subranges from 0.84
g/cc to 0.92 g/ce are included herein and disclosed herein. This component may have
has a melting point greater than 125°C.

As used herein, "nucleated” refers to a polymer that has been modified by
addition of a nucleating agent such as Millad®, a dibenzyl sorbitol commercially
available from Milliken. Other conventional nucleating agents may also be used.

The following polypropylene polymers may be used in the compositions of the
invention. PROFAX SR-256M, a clarified polypropylene copolymer resin with a
density of 0.90 g/cc and a MFR of 2 g/10 min, available from Basell (Elkton, MD).
PROFAX 8623, an impact polypropylene copolymer resin with a density of 0.90 g/cc
and a MFR of 1.5 g/10 min, also available from Basell (Elkton, MD)). VERSIFY

Plastomers and Elastomers available from The Dow Chemical Company, and available
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oxide, propylene oxide, butylene oxide or mixtures thereof. Suitable
polyester/polyols include, but are not limited to, poly(alkylene
alkanedioate) glycols, prepared via a conventional esterification process
WESHETAYHAr excess of an aliphatic glycol, relative to an alkKaR&drre4édas2
Suitable isocyanates, and, 25 if needed, chain extenders, and chain
stoppers, are described herein. The inventive compositions may contain a
Gombination.effuR ehIBRME-S WA HEISHS 38.8RCHBRM BRI to 0.89 g/ce,
Ethylene/a-Olefin Random Interg?oéymer Component 30 The compositions

ardd TR erpEREBMPAsE & e de sneethyidhe/a-olefin (EAO) random

interpolymgrefthedermomiesrolieier-as wsedipetio ieferstmad2iW0O
2007/033117 PCT/US2006/035392 polymer having polymetized therein
AN RRIRRRAHERE: SUER R TS oy AuBrRnle oAt

ple, copolymers,
tenpoliimers drdreinipelsomesitin ethyteteidedietih inteepolyraspisodefins to

STy ey R e R e

Sepmeioyihdehichmadrash a3 rdlsdutaeRqledR iEPONIIes 4hd

sHbvRRges figna B den2R GaIkonatRmsare iptuded herein andpdiselaseds
herein. lllustrative a-olefins include propylene, 1-b£1é%rﬂ%%r%%—%entene,

1 .
frsgehet i hatRgiaohEnfdht 2 e SRAE CIo6EER BeqRRiRE derein
andaiyrane. AheRlsfiprisdesimiiyanE B fidl detefinhRrefembhlsthe
a-olefin,is propylene, 1-butene, 1 10 hexene or 1-octene. lllustrative
iﬁi‘él}iz‘%@%@%‘%&ﬁ%“é’ Eé%%)l/ttl%enlg},ﬁ%%ﬁéne (EP) copolymers,

ethylenkfsulene{EB) o poiprgréecdthpikim e cembitE B Bopeiiinesgiposition,

eé&%%%%{g%%%%%ﬁ&&%amg{éoﬁtﬂ&f@ﬁ@!ﬁ%}%&ﬁ%&@ﬁféi@@féﬂ@ adlifigsked
(EAODM) interpolymers, such as ethylene/propylene/diene modified

(EFDRARRe BNy sy SaRerSRFTHBRS @B?Féﬁ@éé?@ﬁé’?é?ﬁsﬂ}%%s?mh as
Rysiriregrapalynemsraluse kR/dBothapdolalikablyadeisssinin such

another embodi eni, the ethylene/a—olefin inter&olymers havee aturated
RSB R OO S EREH Mah STHRAT BSlyTRer g aXtsr TR Bveight
petegst, Arefenally greatéiditanat olveeightrpescent; hased ditichd rofablefins
WEioh! PV izaNls FenamGR.J he amount

Suitable polyether polyols include, but are not limited to, those obtained by the
alkoxylation of suitable starting molecules with an alkylene oxide, such as ethylene
oxide, propylene oxide, butylene oxide or mixtures thereof.

Suitable polyester/polyols include, but are not limited to, poly(alkylene
alkanedioate) glycols, prepared via a conventional esterification process using a molar
excess of an aliphatic glycol, relative to an alkanedioic acid. Snitable isocyanates, and,
if needed, chain extenders, and chain stoppers, are described herein.

The inventive compositions may contain a combination of two or more

embodiments as described herein.

Fthviene/a-Olefin Random Interpolvimer Component

The compositions of the invention comprise at least one ethylene/u-olefin

(EAQ) random interpolymer. The term "interpolymer” as used herein, refers to a
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of comonomer(s) incorporation can be greater than 15 weight percent,
and can even be 20 greater than 20 or 25 weight percent, based on the
total weight of polymerizable monomers. The EAO interpolymers of this

WRVERTEH Hre long chain branched interpolymers, as compar&d {5 CfERe?

commercially available linear (short chain branches or no branches) EAO
interpolymers. In general, "long-chain branching" or 25 "LCB" means a
chalindengitihab Bxeaedd thatof & shertebatvibateressiisiitent includes, for

incorpgration of an alpha-olefin intp the backbone,of an EAQ pelywmer. In
S RREE. B P TR e e are s et
dnegaiatyst thapohmdopmdard bhaivbrarichessthithinethétirtdnasprer

b@oﬁk&’&&lﬁeﬁ%@i@ﬁi@ﬂ%}ﬁﬁ%ﬁ%@kﬁ-ﬁ%ﬁ'?)"i“ﬁ‘ Branching, GR é@ﬁ%@@), ora

polymer 30 backbones has been discussed in several patents. For
ekanspRchrul 8- madisnensd e Desadiony Hdkiiei e aadesubranges
braachiRtneRpRekda PERPRG23tBMENapIaRiRee/dirne (EPDM)

polymers having LCB. Such pbranching agents are sometimes referred to
as "H bIaHSHHS dgaiLs RekeliS E300UETUnaEETE 841 tise
vaiddts- Histnenby ardchpingeagents:ie prepaie: pdijemers, havmgdE€BTHewadefin
discovered t strained geometry catalysts{CGC) have t ility fo
e iy it R R S

niaseoeoriontrs:. ibfo et ysolyisrerbackb srduds fohriqreBropnnetEsee
L‘lzoﬁo lﬁrﬁglg; 2 1@@@@5?@%0%3%&&? @{‘lel Bk eRem %Eﬁ)%%@)ﬂy%&&@

branching is referred to as "T type branching.” All of these patents are

BT isBrRsERdN rraienehr bl N shakliqifan
teachasthatsuah GGHARdpiapEdAdirRiaRiitiel (BEORDRatertMgners and

AN 9 H B e PP DT ECEFR008 FAT 57 o

LEBA®SMaarbon atoms.” The number of carbon atoms includes

backboqe GAReNS- A0S RIANGHECEAUeRSH LRE IR BHSVAHANS R B monomer(s)

methods that can be o define the degree of n a molecule. One

sipgeTriEtion B Eighalinolys e 3riga hanki§vsigditisacesl SBehE cetrégshan

relaxation gatalo salcuRie:d MhRAE: QI MRt HenMAGEeYhe amount

Roefl‘ %égcl)%grxfgr?s glrégrg/cl)lfa!t%oglgay I?eogx%%tgll*s (a)rsll% %Iegg t%%l%’é?f rémd can even be
greater than 20 or 25 weight percent, based on the total weight of polymerizable
IMOMOMETS.

The EAO interpolymers of this mvention are long chain branched
interpolymers, as compared to current commercially available linear (short chain
branches or no branches) EAQ interpolymers. In general, "long-chain branching” or
"LCB" means a chain length that exceeds that of a short chain that results from
incorporation of an alpha-olefin into the backbone of an EAO polymer. In another
embodiment, the EAQ interpolymers are prepared from at least one catalyst that can
form long chain branches within the interpolymer backbone.

The ability to incorporate long chain branching (LCB) into the polymer

backbones has been discussed in several patents. For example, in U.S. Patent

3,821,143, a 1,4-hexadiene is used as a branching monomer {0 prepare
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Another method is PRR, which uses interpolymer viscosities to calculate
estimated levels of LCB in a polymer. Interpolymer viscosity is
conveniently measured in poise (dyne-second/square centimeter
(d-sec/em)) at shear rates within a range of 0.1-100 radian per second
(rad/sec) and at 190C under a nitrogen atmosphere, using a dynamic
mechanical spectrometer (such as a RMS-800 or ARES from
Rheometrics), under a dynamic sweep made from 0.1 to 100 rad/sce.
The viscosities at 0.1 rad/sec and 100 rad/see may be represented,

respgelivelys:a yYa%chﬁ&%YE 'Hl}%{éﬂ%%fiﬁﬁbﬂﬁ r§£@5r&qﬁb&i%ge ¥ents are

and expressed, as Va. IVQ1/V100, The PRR value is calculated
formiTS PRE < BRI 82L SHRspos srsriootey W&i@f@@lﬁﬁg?&%ﬁﬁmaw
125@3p x6. 8RR dgieiminetion ig«leseriped dr: YoSxiRatent 568036 1 was
fully gncor | reference. In a0 odiment, the EAO ,
oo er Tak 3 R R BT LBy RO 10, Mol compores
prefeFsifop 1shes. 6s ke Avnsreprsferably Srommete! P4 AMBNDED, into the
EAQ 1691 TG Dorival leyels 25 AMENDED SHEET IO, 2 e 272
resins, havin r vels MEN EET,) -
2000 N LT PeTIOP008I0Ea05 B LEE, Wlca, R pRRC iekne” 41
lessPfiberapatsnothércombudirhentithéEAD dnterpolyherhasiePRR

less than Fy.anshpreferablylessithan 2, Wanqiberembodiment,;the FAO
mtereﬁoléimers have a PRR from -1 to 3, referab‘%%?from 0.5 to 3, and more
prefé 2

HSATIES S IARARERAN AP BRE VR SE EhG Sy bt P GRS HPORT LLCH that
70 are Beingloged fedieintand QisClastdrh&ngin. ACPR BGalkeof 1S to <3

equivalenide amMLRAIMValye of 7.6 Tivpe Qsm%mqésfﬁya%&&%% carbons

obtained by copolymerization of ethylene, or other alpha olefins, wi
chal EHE TS AN AR nTAere ATe HeTH RIS fhetaPRede Hist Gnde used to define the
degree of LCRB in a molecuie. One such method is taught in US 6,372,847, This

method uses Mooney stress relaxation data to calcunlate 2 MLRA/ML ratio. MLRA is
the Mooncy Relaxation Area and ML is the Mooney viscesity of the polymer,
Another method is PRR, which uses interpolymer viscosities to caleulate estimated
levels of LCB in a polymer.

Interpolymer viscosity is conveniently measured in poise (dyne-second/square
centimeter (d-sec/cm?)) at shear rates within a range of 0.1-100 radian per second
(rad/sec) and at 190°C under a nitrogen aimosphere, using a dynamic mechanical
spectromster (such as a RMS-800 or ARES from Rheometrics), under 2 dynamic
sweep made from 0.1 to 100 rad/sec.  The viscosities at 0.1 rad/sec and 100 rad/sec
may be represented, respectively, as Vi1 and Vg, with a ratio of the two referred to
as RR and expressed as Vi 1/V g

The PRR value is calculated by the formula:

PRR =RR + [3.82 — interpolymer Mooney Viscosity (ML .4 at 125°C)] x 0.3, PRR
dstermination is described in U.S. Patent 6,680,361, fully incorporated herein by
reference.

in a one embodiment, the EAQ interpolymer bas a PRR from 1 to 70,

preferably from 8 to 70, more preferably from 12 to 60, even more preferably from 15
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metallocene catalyst, under the appropriate reactor conditions, such as
those described 10 in WO 00/26268 (and U.S. 6,680,361), which is
incorporated herein, in its entirety, by reference. If extremely high levels
of LCB are desired, H-type branching is the preferred method, since
T-type branching has a practical upper limit to the degree of LCB. As
discussed in WO 00/26268, as the level of T-type branching increases,
the efficiency or throughput of the manufacturing process decreases
significantly, until the 15 point is reached where production becomes
economicaly wvighie: bty FRiGB wpalymarssandepieiueaddksing, having
meta}{lc%@ e_\gg}talysts, without measurable gets, but with very high levels
of T-type LCB. Because the macromonomer being incorporated into the
growing polymer chain has only one reactive unsaturation site, the
resulting polymer only contains side chains of varying lengths, and at
different intervals along 20 the polymer backbone. H-type branching is
typically obtained by copolymerization of ethylene, or other alpha olefins,
with a diene having two double bonds, reactive with a nonmetallocene
type of catalyst in the polymerization process. As the name implies, the
diene attaches one polymer molecule to another polymer molecule
through the 25 diene bridge, the resulting polymer molecule resembling an
"H," which might be described as more of a crosslink, than a long chain
branch. H-type branching is typically used when extremely high levels of
branching are desired. If too much diene is used, the polymer molecule
can form too much branching or crosslinking, causing the polymer
molecule to become insoluble in the reaction solvent (in a solution 30
process), and thus, causing the polymer molecule to fall out of solution,
resulting in the formation of gel particles in the polymer. 26 WO
2007/033117 PCT/US2006/035392 Additionally, use of H-type branching
agents may deactivate metallocene catalysts and reduce catalyst
efficiency. Thus, when H-type branching agents are used, the catalysts
used, are typically not metallocene catalysts. The catalysts used to
prepare the H-type branched polymers in US 6,372,847 are vanadium
type catalysts. 5 T-type LCB polymers are disclosed in U.S. Patent
5,272,236, in which the
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10

15

degree of LCB is from 0.01 LCB/1000 carbon atoms to 3 LCB/1000
carbon atoms, and in which the catalyst is a constrained geometry
catalyst (metallocene catalyst). According to P. Doerpinghaus and D.

VELA7i$IRé Journal of Rheology, 47(3), pp 717-736 May/RfneEaes/035392

"Separating the Effects of Sparse Long-Chain Branching on 10 Rheology
from Those Due to Molecular Weight in Polyethylenes," free radical
PraCeSBesy Sty AshDRE usﬁdstp:w Enare. IQWaﬁamsityrp‘@dmeﬁeﬂgm EAC

(LDPE% roduce, ’%%g‘ Inan1§ Xtre{.%no Nigh Jevs Veis fLC fex embodlment

exani e Tesin erpinghaus an
Libp E@&p&@hm@ﬁ@mdiw ﬁmneésp éng:en‘"acﬁﬁydimg]tﬁ 5|' abBe amd more
C?»Eﬁ?é&%ﬁf%&?%@M%@M@@&@'ﬁ@aﬁ%@%ﬁ? 1 1o 70 are

hylene-octene copolymers), available from The Dow Chemical

B havinand distlerng dereins A) RR Bt valacclndldereuite pae average
Iq@g@ﬂm&aﬁaglémgesins Affinity PL1880 and Affinity PL1840 of
Tables I and Il re ectively, an ntaln .018 nd0057 LCB/10
carbon af érﬁﬁgﬂﬁ?}gh tﬂﬂ% VéRh n{?fézﬁtﬁé ?ifofiji]i’ﬁgeﬁﬁn?r other
ha@f[atyk&ﬁm&t}?_%lanetﬁi@maﬂymma@ﬂmﬁ@mmmempﬁemmﬁmlIy
avala le EAO |ét han B levels below that o tfunabe ﬁ}og o

ra

Hn%ype oce&Pfre ical branchi m%é%ﬁt? able 1 NSt the LEB levels of tbed
VaRide tifes268 éanglbrie/adibiinlintetpolyimueopsefiddhatwn.iventioirety. by

Preferally, iheARINE M%@&QI@&?B&@%H@H%‘&”}@% BRUGCHIR e

weight 25 distribution ( D) of 1.5 to 4.5, more preferabl 1.8t0 3.8 and
midsfssredarstip® B6s %W%W%Mé?%ﬂé@laﬁd%ﬁﬁr%%@ thrAcgrsept

5 @@ings:dgduﬁw&m W@Gd{@@i@geﬁh@f@mm d}ﬁ&ﬁﬁ@ﬁéﬁ%@ﬁ@f@k@vm
ess . than, or e to, 0 CC, preter ess tha

e T ot O A e P P S e oy B gy, oot the

apotheis ecabiodimbat; pk‘:&iﬁ@cm intespuly mersniatamendity. graaterl I

’ tffg]m%ef‘s%' IP‘QP%%&{%? RLEIRLRIL Qéﬁﬁg{st%@mﬁ &8&%&%1'3 S8 Y Suitn

20

25

30

ore preferably greater than, or equalto, 0.88 g cc In another

e diele iy e ERre A0 BooTe3bs TREOTISIO060858arorated into
interpelymershavea tiensity oM :86.4(6e i Q:93:8lecsRNthalldpgiyidual

values and subranges from 0.86 _g/cc to 0.93 g/cc are included herein and
JRGES R Spptains side chains of varying lengths, and at different mtervals along

the polymer backbone.

H-type branching is typically obtained by copolymerization of ethylene, or
other alpha olefins, with a diene having two double bonds, reactive with a
nonmetallocene type of catalyst in the polymerization process. As the name implies,
the diene attaches one polymer molecule to another polymer molecule through the
diene bridge, the resulting polymer molecule resembliing an “H,” which might be
described as more of a crosslink, than a long chain branch. H-type branching is
typically used when extremely high levels of branching are desired. If too much diene
is used, the polymer molecule can form too much branching or crosslinking, causing
the polymer molecule to become insoluble in the reaction solvent (in a solution
process), and thus, causing the polymer molecule to fall out of solution, resuiting in the

formation of gel particles in the polymer.
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In one embodiment, the EAO interpolymers have a melt index, 12, greater
than, or equal to, 0.1 g/l0 min, preferably greater than, or equal to, 0.5

g/10 min, and more 5 preferably greater than, or equal to 1.0 g/10 min. In
Ve dtieeBBodiment, the EAO interpolymers have a melt ind&X/d2Me435392
than, or equal to, 30 g/10 min, preferably less than, or equal to, 25 g/10
min, and more preferably less than, or equal to 20 g/10 min. In another

embodigyentidhaEAR sateglymarsaye amaliiodexethaidiaalobaid 0
min to 30 g/10 min, preferably from O 0/10 min_to 20.g/10 min, and more

R preTsAly R e BTHRTAE 1 5 BPE O IR P RE AR Ve SR B AT Used:
sihkrangesramt, &id ghlthmindomdglddmicealesacilibe dal:l’éyamtﬁﬁtﬁto prepare

isclgsed herein. EAQ interpo ble for t i b
B T R B0 B Ga E PE RS ER -8
and EAM}Wé@&)FQb&r@G by divelpsodadlis. d@mﬂwwmmmzas

U&é 2Jriie calalyss Y Sien) ARRRUREGh R IR S Fiata @@6@%@@aﬁoms and

-7-1 was prepared in dual reactors by the procedure described

wo@m@@mtmse-wm%ﬁ%é@ﬁ%@% %@dﬁb@ﬁﬂﬁ%@%ﬁ@
Sictdrdt ang. @ggrﬁlﬁgl%mkjﬁd Bai%it:& 32T Re 2361 HERBIA AN AT (3), pp

6,369,176 are each _incorporate 6%% eren en
A N T RS e S8 AP e o

Reindbsgy fieipOhoneladihblendity WeAdhi MotwigythvileRas /Myt dRERcal
Comonaomer(s) Ethylene g/cc._ Viscosit nch -A
R B e AT K B 3 AL R LEUPEL fnodce
CoiymerclevizyetSerRAO R 1&@@.9@@&@@@@9&@5@4@5@@3@@ in
OBIRNST of Doerpinghaus and Baird is a LDPE prepared by a free radical process, and,

according to Table II, contains 3.9 LCB/1000 carbon atoms. Ethylene alpha olefins

(ethylene-octene copolymers), available from The Dow Chemical Company (Midland,
Michigan, USA), that are considered to have average levels of LCB, include resins
Afftnity P11880 and Affinity PL1840 of Tables I and II, respectively, and contain
0.018 and 0.057 LCB/1000 carbon atoms.

In one embodiment of the invention, the EAO component has T-type LCB
levels greatly exceeding that of current, commercially available EAOs, but has LCB
levels below that obtainable by using H-type and free radical branching agents. Table 1
lists the LCB levels of various types of ethylene/a-olefin interpolymers useful in the
invention.

Preferably, the EAO interpolymers of the invention have a molecular weight
distribution (MWD) of 1.5 to 4.5, more preferably 1.8 to 3.8 and most preferably 2.0 io
3.4, All individual values and subranges from 1.5 to 5 are included herein and
disclosed herein. The EOA interpolymers have a density less than, or equal to, 0.93
gfce, preferably less than, or equal to, 0.92 g/ec, and more preferably less than, or equal
to, 0.91 g/cc. In another embodiment, the EOA interpolymers have a density greater
than, or equal to, 0.86 g/cc, preferably greater than, or equal to, 0.87 g/ce, and more
preferably greater than, or equal to, 0.88 g/cc. In another embodiment, the EAC
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EAO-E 34.1 1.2 -0.5 octene EAO-E-A 32 0 octene 58 0.86 EAO-F 18.3
0.6 -0.5 butene T-Branches (High Levels) EAO-1 40.1 3.8 29 butene 87

0.90 EAO-2 27 2.8 22 butene EAO-2-1 26 19 butene 87 0.90 EAO-3
W BHETh tene EAO-4 17.8 2.3 12 butene EAO-5 15.7 B0/ 152 BURAHE92

EAO-6 37.1 7.6 70 propylene 69.5wt% ethylene / 69.5 30wt% propylene /
EAO-7 17.4 3.4 26 0.5% ENB EAO-7-1 20 21 propylene/diene 69.5 0.87

EACRI2645 mopyléasifOihan. BAD-013Q b7 seteasd i $n88-dual values and
OB B0 ok S e AP B R A e,
hexadidieTe smdxdiiphéridd E280istepropytenchave A@el 5lek 711, GP4nter than,
hexadians, M’\Q}’@o@ﬁ?ﬂ,‘%’i’&é&ﬁ%"é@%’ B}Q&n& {equal to, 0.5 g/10 min, and more
preferably greater than, or equal to 1.0 g/10 min. In another embodiment, the EAO
interpolymers have a melt index, I2, less than, or equal to, 30 g/10 min, preferably less
than, or equal to, 25 g/10 min, and more preferably less than, or equal to 20 g/10 min.

In another embodiment, the EAO interpolymers have a melt index, 12, from 0.1
8/10 min to 30 g/10 min, preferably from 0.1 g/10 min to 20 g/10 min, and more
preferably from 0.1 g/10 min to 15 g/10 min. all individual vahes and subranges from
0.1 g/10 min to 30 ¢/10 min are included herein and disclosed herein.

EAQ interpolymers suitable for the invention can be made by the pEOCESS
described in WO 00/26268. EAO-1, EAO-2-1, EAO-8 and BAO-9 were prepared by
the procedure described in WO 00/26268, using a mixed catalyst system described in
US Patent 6,369,176. EAO-7-1 was prepared in dual reactors by the procedure
described in WO 00/26268. EAO-E-A was prepared as described in U.S. Patents
5,272,236 and 5,278,272, U.S. Patents 5,272,236; 5,278,272; and 6,369,176 are each

incorporated, herein, by reference, in its entirety.

|
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EAO-J 62.6 8.1 55 6% hexadiene Mooney viscosity: ML1+4 at 125C 29
WO 2007/033117 PCT/US2006/035392 Examples of suitable commercial
EAOs include Engage(r) ENR, ENX, Nordel(r) and Nordel(r)PIPw roducts
RAEBEHOm The Dow Chemical Company, and Vistalon, aﬁgﬁ?géf?aﬁ”
ExxonMobil Chemical Company. In another embodiment of the invention,
the EAO interpolymers have a 0.1 5 rad/sec, shear viscosity (also
referredtblreretthatioin-sHedn Rscbsityhigrepatemthan 100,000 poise,

4+

=

£, Ial 4 plo [aYaYaWaVaVal H o £ Ial N In
MITITTAUTY yiTdlcly UidiT 20Uy, UUU PUISE, TThurcplreici aulty yreateld \&?QI Density

300,008 ppise, andmast g regie! thap 400 OO HOIBE, glee

viscosity is obtair qusgx@ asuring the polymer viscosity at alshear rate of

A R ELweGoNd (Taf/Sec) at I90C, Ungier a Mmrogen afnospiiere,
using gegbiiamic mechanigal 10 spectrometef, such as an RMS-800 of

ARESfxom Rheoimetics. Low ghear visegsity Is afteedgd by d polymer's

molecEdap-weight (M¥8xand the.2degree-afLECB. Thetmelecular weight is

Aefrecthenieasuwed by a melt strength of the| polymer. As a general rule,
Remgperiel baeeolecular weight. of a jpolymet, the better the imelt

strencdti Qfowevel whén moleldlar it becomesiea great the
S irfindssiblelto plocdds. noorgfatfon of LCB.into.a

DTG y

CINDUTTG LLIL) L4 g Te PI \WANA RS pw (& Wy | §

n!\lrng‘?'ﬂég‘\llhnn I i&’é\l'h]r:\ o 'Hrlg' nr:r\nn:géhil t\l Cf ﬁ?j;??ql\v/!\vl\vl D !\lmar

T:.\EZ%\O =S S v 1 vordlcan) id ,.,-.m]m..hQQ\;t’QQen m:imf.l.,sl-g’:-.; 086
T I]IUD, V, .- :“CACIII \'4 DI\.;IY _y = . d‘ UrStc }I :6' U“chv“gﬁ é}ﬁ :;Il LA~ DU"IC]AUI urre
dalaliCTc UOrvivvi alifu LoD i A pUIyIIICI. LLILI d.IIOTtIICI CTITOUUITTE] tUI tIIC
eIt 1 %H“ terefa-atefimrandominterpotymers have a mett
streng{cgvgfs%%: or greater, preferably 6 cN of greater, and 2D more
preferably-7 cN ol graater. Melg gtrengthadVS), as useddherein, i1s@a 0.90
maxinfetensile force; in centiNewtans 18N); measuteael on a molten
lilaméit@®Rd polymer 2fielt| extruded fror®a gapillabyteheometer die atla 0.90
constdrt@ftear rate 6633 recipPatal secbnds (secHunwhile the filament is
heing Btketdhed by a Wdir af nipillers thét are acdelspating the filament at
8 rate 526:-24 centimétdrs ber cgé}‘nn (r‘r]rQ/Qn ), froPHEs 25 initial Qpppd of
lem/sEECThe molter flament i&brefdraly: generatd ing-10
grams (g) of a polymer thaf is packed|into a t%%é&%r%p;’@gr;onzg%amary
‘heomgigs.; 17.4 34 | 26 0.5% ENB
EAQ-7-1 20 21 propylene/diene 69.5 0.87
EAQ-8 26 45 propylene 70 0.87
EAQ-9 30 17 octene 70 0.88
H-Branches
76.8wit% ethylene /
22.3wt% propylene
EAQ-G 24.5 10.9 / 0.9% ENB
72wi% ethylene /
22wt% propylene /
BAO-H 27 7.1 72 6% hexadiene
71wi% ethylene /
23wt% propylene /
EAO-T 50.4 7.1 6% hegadiens
7iwi% ethviene /
23wt% propylene /
EAO-J 62.6 8.1 55 6% hexadiens

Mooney viscosity: MLj.4 at 125°C
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equilibrating the polymer at 190C for five minutes (min), and then
extruding the polymer at a piston speed of 2.54 cm/min, through a
capillary die with a diameter of 0.21 cm and a length of 4.19 cm. The

WEEME RS is preferably measured with a 30 Goettfert RheBtes Ha§35392

located so that the nip rollers are 10 cm directly below a point at which
the filament exits the capillary die. 30 WO 2007/033117
PCT/US2066/R3539Ritdble nenembeadimant tha:ethyienekeolefin, molpmer

(akin I [ hstantially lin omogeneously-branched, in
T B O R Gt end
poligannsieieble ferr Bubsthiuial Glxingah@opphmmer molecules have the

same ethylepdP:cameRMmesalio. Jhg st bsiantiala insarsihviens, 4

interpolymers used in the present invention are described in U. S. Patent
NGBS/ 5% 752365 5 v refensd, alaer e85 awa hese dsvostegenss than

emtieg)oo_@t”ﬁm]gspeif@aﬁs}l are:Reten Ltrlmgw@ @@éh%f@maﬁ%z;lﬁ%@m %mg
S (| lally linear et e terpo mers are mogeneously, branche
o B e R A A e A P T i e
habeitrd bameasoringrbenerivlistribistionitastthehtar patyafex badkhone santhd
C Y, £ same. | th as.the Jength of the polymer hackbone.
SRS N CSRAT AR e e e TSN B0

sspaiitoresier ohidves ag &NGHS O 01 AdhgSdhein Bheermhiziper 1000 total
carbonsy(includingdoll-Pacihens agd 95%&%@5@%%&%2&%%%@ the

branches per 1000 total carbons, as 15 discussed above for t

paf&rie 8hHiePp o rBrlsTy BiiehhistindBacinmersasdfy aonalhsbragtneithe
PebiAaRe. t@ﬁa& (gaﬁbfllﬂﬁm;,Hﬂ@@@ﬁbﬁfﬁeﬁﬂ@[&iﬂxlﬂf%&@@@@fﬁé&ﬁ?@ﬁﬁe better
Commeycial e es of substanti inear. polymers include the
R T e T AT B TS D IS et ers o pelymers
ahecAEEINPDYSTINE foalyoness (avaitaibiéidnori ITTR Do Gliemdcabkckbone

C&EBP&)%X%@BJ&%&HH&WH%‘% m?jgggégfﬂﬁg rP&MﬁggﬁJg mid 01

un@Je class of homogeneous "polymers. Theyd
sti

EaptidIfP RO Ehal waneacHt R biabslatceorVdnti ond L BBrioy eeleoisly
brancheg ingaeethisaentespalymetsRe sesibadibe BleeRiRadSm

Patent ,645,%92, and, moreover, they are not in the same
mterpolymers have a melt strength of 5 ¢N or greater, preferably 6 cN or greater, and

more preferably 7 ¢N or greater. Melt strength (MS), as used herein, is a maximum
tensile force, in centiNewtons (cN), measured on a molten filament of a polymer melt,
extruded from a capillary rheometer die at a constant shear rate of 33 reciprocal
seconds (sec"l), while the filament is being stretched by a pair of nip rollers that are-
accelerating the filament at a rate of 0.24 centimeters per second (cm/sec), from an
inifial speed of 1 cm/sec. The molten filament is preferably generated by heating 10
grams (g) of a polymer that is packed into a barrel of an Instron capillary theometer,
equilibrating the polymer at 190°C for five minutes (min), and then extruding the
polymer at a piston speed of 2.54 cm/min, through a capillary die with a diameter of
0.21 cm and 2 Iength 0f 4.19 cm. The tensile force is preferably measured with a
Goettfert Rheotens that is located so that the nip rollers are 10 cm directly below a
point at which the filament exiis the capillary die.
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class as conventional heterogeneous Ziegler-Natta catalyst polymerized
linear ethylene 25 polymers (for example, ultra low density polyethylene

ULDPE), linear low density polyethylene (LLDPE) or high densit )
" e

&98¥ fdhe (HDPE) made, for example, using the techniqﬁg
by Anderson et al. in U.S. Patent 4,076,698); nor are they in the same
class as high pressure, free-radical initiated, highly branched

polyethmmmét,m eﬁwfmtéﬂolmﬁﬁeptﬂﬁmm@eml@nlyz(@@ Rfe),

e e A S Rl
hiorfogen cstshbamichioo sisamniiairy inseruiehsadatisieaipdly mies the
us@ihin iRgIYaNiaR HRVEe.8XcRlIARLRIOCeSSARIY, RYEN thRuaBha¥ily

have a relatively narrow molecular weight distribution. Surprisingly, the

BN GHIH&HE IO PR ASSHAR EP ISP ATy opben a5t dreruhpdiafignpatent
linear Ethglers smerulgneissanbe, S yatiedndidetys ant essemtialyntents of

independently of the m Iggular weight %tribgt{'on. vi/jMn O{h'\/}'WD)' This
Sacll .ars 6663% COTNOTrALC £ Fren [ g t'SL'{ stantia InGAr elnyicne
strprising benavioris comp’(e ely contrary to conventona

h'rmaugéna@‘asly! b@m&ﬂ@a&ﬁﬁbdprm&ﬁmmmm Jeurote dsnthdsén
dﬁ%ﬁ@fﬁﬁg’ fﬂ{e %@H&%ggmﬁﬁg ﬂa’{JeLLJh?s%n@?o%x%ggoﬁ&dc%istﬁbutio% ﬁs the

heterogeneous anc conventional Ziegler-Natta polymerized linear
pBEnsy leackipeer gl pRB ARV oW Shp sBedessisdha rgesihel ier
Andersan et al., in U.S. 4,076,698. Unlike substantially linear ethylene
interpol)één@rs, linear ethylene jnterpolymers (whether homogeneously or

heterogetteSHSRAIYAHRE AU PhEO RO BIEPRTS FRAREY SRE fh A S Higed:
Mol ectttade, wetig Diodisinb utiain inareAsep:thetDLoAI2-ubkie: Glsdudiapcasts.
Thegandom,ethylene/a.glefin omponent of INg Jnventiys, compositions
1% may contain a combination o Wo of more embodiments as described

héissirssep ebpvecitrathe ‘CompemsntTine pulymestivamcesobitistitpieskeith 0.01 long
inyeRina.AiRER¢N dndepanaaBtyRrePRed fram.a NP Ra PRIAIERG ns.

which is characterized as having an unsaturated 20 hydrocarbon ..

b&ERBBTHE i nta S sHRsIpR ErdabRF A Ol Byttt FEAEMEE
gfeupis)satinchelt ddnaRPdaabihcanaiaeste DI atiachadyremday within

it:{g)é énél%g&%l%g;mésé&% ' Qﬁ'ci,% @@l{nl?g alagg II(131; E}Q}%‘groups that react with
The substantially linear ethiylene mterpolymers form a unique class of

homogeneously branched ethylene polymers. They differ substantially from the well-
known class of conventional, homogeneously branched linear ethylene interpolymers,
described by Elston in U.S. Patent 3,645,992, and, moreover, they are not in the same
class as conventional heterogeneous Ziegler-Natta catalyst polymerized linear ethylene
polymers (for example, ultra low density polyethylene (ULDPE), linear low density
polyethylene (LLDPE) or high density polyethylene (HDPE) made, for example, using
the technique disclosed by Anderson et al. in U.S. Patent 4,076,698); nor are they in the
same clags as high pressure, free-radical initiated, highly branched polyethylenes, such
as, for example, low density polvethylene (LDPE), ethylene-acrylic acid (EAA)
copolymers and ethylene vinyl acetate (EVA) copolymers.
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form covalent bonds. This functionality preferably contains "active
hydrogen atoms" with typical examples being hydroxyl, primary amino,

secondary amino, sulfhydryl, 25 and mixtures thereof. The term "active
Wi AgERtAtoms™ refers to hydrogen atoms that, because of tH&fF2006/135392

placement in a molecule, display activity according to the Zerewitinoff test
as described by Kohler in J. Am. Chemical Soc., 49, 31-81 (1927),

incorpotaterbrhsseiR fxikelerenra, fhasamartetibemsaturaledivmers

se nt in the paolyurethane is from 1 to 95 weight percent, and )
B R 1P T R TG PR R L e Rl S B rlatvely
therpotyunéthanevadghp dibeitiviqreparadsinem, ahpolicae diab (moangther

€ iment i iop..the polyur ne co nent is prepared
e R B S s N R o oo e
poiedenidelyhict esaninkdyisobyendtatheattivergrbupsotérithdisiriydoxy!.

T : . . O
820l RS U BEBIEN W AP MER(A OIS0 A o

described herein. One m r preparing such fuhctional’polydienes is
PR RHR Y Cuaache e il ko iemead amsrie Tach renihony deatolid, for
nadyraesi2atieREom Uothiengoob sxdifnstional nliaton.The el

ight qf the polydiene.is controlled by the molar ratio of the conjugated
%?%1 e?\f‘% R AT 88}%’8%%@%}%%%@13%%%% BBpARHbed,
ditytemedxide fsulthsas ethlylen® Sr profiyiese Uxide) sohpradulte aar ethylene
dj [ rticular process.is,described in Kamienski (US
e e s PR e

prsézmenes wi eeeash) dAahectydielamopiativs stush thotyéaliey lenkecular
Oxigien: ahainmaddhecRRds ahing oIVieRg Sirhmaterials are within the

scope qf this invention. The conjugated dienes used to prepare the
function PN EReAin e Bm EIReIrsRT af {holveaipsrRompRFitions
prefecabbifrosordtindicadians. ok Ypicalaiepgmdbs incidabuiadiene and
isoprene, and typical functional polydienes are polybutadiene and
polyisoprene capped at each end with ethylene oxide. These polydienes
niswetheast Gemanetibnal group per molecule, and typically have a

numbewgmemggyﬁﬁ%&@yﬁgm%% Qe%%gif%&/ég%%%&;g;%m

preferaply from 500 to 5,000 g/mole. The functional gro
RIS ol preserveiahs|chiessictinad arbaving an unsaturated

hydrocarbon backbone and at least one (preferably about 2) isocyanate-reactive

group(s) attached at the ends of the molecule or attached pendantly within the
molecule. This functionality may be any of the groups that react with isocyanates to
form covalent bonds. This functionality preferably contains “active hydrogen atoms”
with typical examples being hydroxyl, primary amino, secondary amino, sulfhydryl,
and mixtures thereof. The term “active hydrogen atoms” refers to hydrogen atoms that,
because of their placement in a molecule, display activity according to the Zerewitinoff
test as described by Kohler in J. dm. Chemical Soc., 49, 31-81 (1927), incorporated
herein by reference. The content of the unsaturated segment in the polyurethane is
from 1 to 95 weight percent, and preferably from. 10 to 50 weight percent. In a
preferred embodiment, the polyurethane component is prepared from a polydiene diol.

In another embodiment of the invention, the polyurethane component is prepared from
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20 polybutadiene diol and polyisoprene diol, and more preferably
polybutadiene diol. The polyurethane of the present invention is prepared

ngﬁ reacting the functional polydiene with an isocyanate and optionally a

& E%EHder. In the “prepolymer’ method, typically one orfinbii&s2006/035392

functional polydienes are reacted with one or more isocyanates to form a
prepolymer. The prepolymer is further reacted with one or more 25 chain

externdarsaher p@l@'\dﬁﬂe}h@iﬁﬁ?W@B@%@}Me%ﬂi%@%@gﬁﬁéﬁer than

opnesshot, reaction of all of the reactants, Typical polyurethanes have a
nePaber té’vg% Op%fi%’gﬂiea]is \ﬁ’é'%?ﬁ iSﬁﬁI  GOER (br10000, 60 ErmipteleERgs
nisserpredérabiy. from 20,000 to 100,000 g/mole. Some examples of

polydie [ nding polyuretha are 30 described in |

B ol S R B iR oS Eims o
Iﬁi@%ﬁ%ﬂ@ﬁ&]%@ﬂ%?&%ﬁ@@@ﬁ#bﬁe@ﬁe@U@ammmtﬁﬁﬁqmmdﬁmﬂgﬁeiﬁaet
aliiNayebnaBiNM:20 Q%{Q%&Zzﬁ%g%ﬁ%ﬁ%éﬁ%?&&e@ %H;éi?’éﬁril%é% the molar

Polyurethanes for Adhesives and Sealants, Adhesives & Se

AR PR 2EB Blsoasesis witRmcdrybretsa etem by refsrendeen
Semedexihgigdent s&iﬁ@(bﬂd{@geﬁ%@@%%ﬁwwﬁfletﬁéi@?{@@r{? m&mtan
corresponding polyurethanes, are described in International Publication
B B R R A R L G 55
1M?mﬁ¢d¢t§rpi@rbyedfher§hj. bin reférgnoe:sis, discposagsldndhed lastiwo
rﬁmﬁiﬁwwﬂﬁgﬂﬁzggﬁﬁ?ﬁﬁfﬁ%’%& QLLby 2 yariety o the polydiene.

established processes, inc drogenation Inthe presence
catshyBateriars ey ikmabe Froprofitimisvatitas platinum, soluble

transitionimesahgatalySisangdiapind s AN &SR ﬁtjyi?digx?et?%icaﬂﬁ
503 : mcg(g%%te herein by reference. Also, the polymers’may have

160529?%% i Oh 4 BRI SR R S 7bensel denipah/dienes
hiypdhogebatetias antt sophed, imt i Ratenikrd $dbdicine AR YRkl ndiene
e O RO M e,
alfFiane Bnetiesd| setiphie cndliendyaamatemimati Coambinatiohs: theregs. An
examRkePha; SRS 3bYN 1ADsEYeddTom @%&Wﬁ%%&%%&%@ ole.
Isl{nee%%%g;%? g?gug] ies {3?'2%?2&% {%r({rnoligi (ggu%. Two preferred polydiene diols are
polybutadiene diol and polyisoprene diol, and more preferably polybutadiene diol.

The polyurethane of the present invention is prepared by reacting the functional
polydiene with an isocyanate and optionally a chain extender. In the ‘prepolymer’
method, typically one or more functional polydienes are reacted with one or more
isocyanates to form a prepolymer. The prepolymer is further reacted with one or more
chain extenders. Alternatively, the polyurethanes may be prepared by a one-shot
reaction of all of the reactants, Typical polyurethanes have a number average
molecular weight from 5,000 to 1,000,000 g/mole, and more preferably from 20,000 to
100,000 g/mole.

Some examples of polydiene diols, and corresponding polyurethanes, are
described in Pytela et al, Novel Polybutadiene Diols for Thermoplastic Polvurethanes,

International Polyurethane Conference, PU Lat. Am. 2001; and in Pytela et al, Novel
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Il Il where R is an alkylene, cycloalkylene, or arylene group.
Representative examples of these diisocyanates can be found in U.S.
Patents 4,385,133; 4,522,975; and 5,167,899, which teachin%? are full

|ﬁ’c@%’5’?§itéa herein by reference. Preferred diisocyanates 2B @%’8,6/ %’[392
are not limited to, 4,4'-diisocyanatodiphenylmethane, p-phenylene

diisocyanate, 1,3-bis(isocyanatomethyl)-cyclohexane,
hiddlissevanatirexsiohexanel dneviaeneihyeormeliisagyanated: Sealant

,5-naphthalene diiso ate, 3,3'-dimethyl-4.4'-biphenyl diisogyanate,
o By o R AR A sy
Mereppretdvededrpimdsdiisd oytbtoedityls)ohd xpimrephadie apelyurethanes, are
é&%ﬁx& Ig&) g?rggrtj%ﬁg%gf %SHXA%WGWM %9@@@!53@ b%rresponding European

lisocyanatodiphenylmethane. Diisocyanates also include aliphatic

RattwyEPoR BRSNS Bbapshdncomerprslirasinsticrefzgence.  As discussed in the
LS-hexamethviens:dilkecyanatsn athyenadicosyanaisiatety of established
isocyanato-3,5,5-trimethyl-I-3-isocyanatomethyl|cyclohexa ;2,4r1§];;1nd12ﬂ(5131
AR RGN ERG A B Nial e R T PON B GHIES Mt hoble
miHIEesicBQdptbtindud,-sal2 ¥adinyelohexy bandyhianediisacyanate] s, as in
e)l as the 2007/033117 PCT/US2006/035392 corr '
R L A O P e SR oy SIS have
uisEfekovitiditine pirekentdnbestidiond hlodbs cyanbredieal sty derdeRsafivhas
ogancispaynalg,mosiiedisananaiasa acepalerbased

prepolymers, and mixtures thereof. 5 As discussed above, the
polyurebtisnareaipsraijip Seassyrramgiag hedradisigcet ¥dbentially
t%a _ f- %%J&%?%‘%Qﬁ%@@&@%ﬁﬁ@@&&ﬁaﬂb?ﬁﬁm ! Eyatﬁiep-wise
addition of the ingredients in a "prepolymer process," with the processe .
RS0 SO e B BB T ABSP e AGAITBR b Sotgairal v
afigitive Sofhdlisoolvuret ioREsrMO@ FeactipreeatddketptdoBanibaforomin (I):
solution, with, or without, 10 the addition oan suitable catalyst that would
promote the reaction of i%oyanates with hjydroxyl or other functionality.
Examples of a typicalpféba@%nwh%%ecpoiyuretha@@;s has been
described by Masse (see U.S. Patent 5,864,001, fully incorporated

h‘é!ﬁélr‘ﬁ)R is an alkylene, cycloalkylene, or arylene group. Representative examples of
these diisocyanates can be found in U.S. Patents 4,385,133; 4,522,975, and 5,167,899,

which teachings are fully incorporated herein by reference. Preferred diisocyanates

=

include, but are not limited to, 4,4'-diisocyanatodiphenylmethane, p-phenylene
diisocyanate, 1,3-bis(isocyanatomethyl)-cyclohexane, 1,4-diisocyanato-cyclohexane,
hexamethylene diisocyanate, 1,5-naphthalene diisocyanate, 3,3'-dimethyl-4,4"-biphenyl
diisocyanate, 4,4'-diisocyanato-dicyclohexylmethane, and 2,4-toluene dilsocyanate.
More preferred are 4,4'-diisocyanato-dicyclohexylmethane and 4,4'-diisocyanato-
diphenylmethane. Most preferred is 4,4'-diisocyanatodiphenylmethape.

Diisocyanates also include aliphatic and cycloaliphatic isocyanate
compounds, such as 1,6-hexamethylene-diisocyanate; ethylene diisocyanate; 1-
isocyanato-3,5,5-trimethyl-1-3-isocyanatomethylcyclohexane; 2,4- and 2,6-
hexahydrotoluenediisocyanate, as well as the corresponding isomeric mixtures;

4 4~ 22" and 2,4'-dicyclohexyl-methanediisocyanate, as well as the
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The other main component of the hard segment of the polyurethanes of
the 15 present invention is at least one chain extender, which are well
know in this technology field. As is known, when the chain extender is a

Wé?cﬂ?ﬂtﬂ@?égulting product is a TPU. When the chain extendBr T&E A4 HiRe>

or an amino alcohol, the resulting product is technically a TPUU. The
chain extenders that may be used in the invention are characterized by
20 @idme o peefe rminlynby 0 Aldactionatgratthsiceachefadiicheoatains
"active hydrogen atoms.".These functianal groups are preferably in the
T SRy AR ek ey A e hn e SACTA Pereor,
Digatdr iadaetiateshydidifjed istoynstisef evscfoumichirnged ratonigntiass, and

%ﬁﬁﬂwﬁ?tﬁ@ﬁ@r placement in a molecule, display activity according to the
Zerewitinoft test as described by 25 Kohler in J. Am. Chemical Soc., 49,

31-81 (hoZPrcurkrs éhats. dawdsishrp eahsiatieaed o aipRER! or
areralisrand avenaxemalifisd oyeicls, diamings: aRdaARReAlcBRgIspared by
lllustrative of the difirnctional chain extenders are ethylene. glycol,
HEYISRAYHTD DB GBI dipF %ﬁ%fg@&ﬁiﬁ»l,‘g&%&w%%ﬁ?s
hauianediolt indtkuianediobf] b S0pentasadiiiandfpthaope ntditeres. The
diols, 2-ethyl:l,3-hexanediol, 2-ethyl-1,6- hexanediol, other . .
PR NE e R e aes SRS S B, i g without,
2007/088 Mt PSTUbB2006/89353020@ Pptominte thy lsesitanefli@atmlates with
i g@ﬁ% , 5'&%9 i [ A,

%%ﬁ%%%%%e?ﬁr?ﬁg l, 1 ,4-bi§(2?hyd ro%é%o%%@%%%%ﬁeﬁpﬁﬁg@
poleyeibrschisirRB SraRaPed i Adenshbsesrlediol aeni-pips.001, fully
hdsexyatboxyhenzene, Esterdiol 204, N-methylethanolamine,
N-methyliso ropylamine, 4-aminogyclohexanal, -digminqtheane,
5l RGBSR TBR Gt B TRTARDLS i e DA o e
tphesne ibyBrdianmiing. 1 8dip hati chaio rypentdu svdontearinvg: frano 2 to Bicsrdonlogy

s are preferred, If ther lastic Ql I re:
U S St B PO AR S SUIE BBl (0
eXtbenibrsdrmiueisetiar are Astlinfitdtoeny Rehhnesylgng product is
maagmathanghmine, and propylenediamine.

The chain extenders that may be used in the invention are characterized by
iwo or more, preferably two, functional groups, each of which contains “active
hydrogen atoms.” These functional groups are preferably in the form of hydroxyl,
primary amino, secondary amino, and mixtures thereof. The term “active
hydrogen atoms” refers to hydrogen atoms that, because of their placementin a
molecule, display activity according to the Zerewitinoff test as described by
Kohler in J. Am. Chemical Soc., 49, 31-81 (1927).

The chain extenders may be aliphatic, cycloaliphatic, or aromatic and are
exemplified by diols, diamines, and aminoalcohols. Illustrative of the
difunctional chain extenders are ethylene glycol, diethyiene glycol, propylene
glycol, dipropylene glycol, 1,3-propanediol, 1,3-butanediol, 1,4-butanediol, 1,5-
pentanediol and other pentane diols, 2-ethyl-1,3-hexanediol, 2-ethyl-1,6-

hexanediol, other 2-ethyl-hexanediols, 1,6-hexanediol and other hexanediols,
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Commonly used linear chain extender are generally diol, diamine or amino
alcohol compounds characterized by having a molecular weight of not
more than 400 Daltons (or g/mole). In this context, by "linear” it is meant

WHAAWS BHching from tertiary carbon is included. Example&-3fi$itogitasss2

chain extenders are represented by the 15 following formulae: HO-(CH2),
OH, H2N-(CH2)"-NH2, and H2N-(CH2)n OH, where 'n'is typically a
ruberiiredy béatate-A Tkl canmadion) dirdexdaatss) bikphdadiane diol

‘butane diol’;or 'BDO", and I |
R R G R bR
ah@@h@@y,cbﬁ—d}@ﬂhbméiwﬁtmqg 126 prapherediliol, 6hbdidhediol;
Lyl 5P RHISIOMERRAY CRl QT SRRINAMIaRS. R SRl fIfISYitable,

are cyclic cham extenders which are enerally diol, diamine or amino

aﬂ’é@?ﬁé?—‘@é‘?ﬁp%&ﬁﬂ%%ﬁé@&@‘iﬁbd% ﬁ@%%@éﬂhﬁ%@@ﬁ@@ﬁlﬁot
W@i&@%ﬁﬁﬁx@&!&%é%@&ﬁﬁlﬁk | EnthisIGeRiens.-Mvmeyeidiipispeant

a ring strycture, and 25 typical ring structures inclyde, but are not limited
t8°ﬁ‘i%° §°r?1té‘}ﬁ‘8§§ii ¥Pu3c{’ %ﬁ%ﬁ?ﬂ“ﬁ;"}ﬁ?@f&#&ﬁ%ﬂ# galastic or
Exduh]zl eslpfueyichicchainodd endey theechepr esentedssyilithe dﬂlﬁxmm@l in
o G SR 0 S A SRR AN AR O e 8
are one 1o five carbon aﬁ%ﬁl ains, an eac ring hds 50 8 mem Jers,
pﬁ@f@@mﬁ}laﬁwb@ﬂm@@mrh@é@é&@mm% one or both of the terminal

-OH's capbe, 30y eRlager W itha sl e nauilable.GYcht, hAINRKIERAR Snino
i

mclude cyclohexane dimethanol ("CHDM"), droqumone

shal epspaRdsihaneistredy 36 e az@@%@éerl“ﬁght of not more than 400
Pﬁé&bh%“(é@@@ﬁ??@3%ﬂﬂs%ﬂh@m ra&umiﬁf&@ypi@hmdt gtﬁﬂilﬁi:]i&finﬁ from
HDM referr chain extender, is re resente the follo
OO R GAAB PG SRR i B R (o
(afoé)nmmgrfmmbxd iRtO-(0BIpoipite AN EOH srtin s161 ddfbiHATHRY- DY it hvehere
se}leg_g‘l eamg{:égﬁqqggeomponents the desired amounts of the

hard a segments and the index sufficient to Erowde good

mechan&eﬁr%r%@m@sc@a@%@ﬁ%wu%@ﬁme@p TeHgHs diol” or “BDO”),
and is represented by the following formula: HO-CH,CH,CH,CH,-OH.

Other suitable chain extenders include ethlyene glycol; diethylene glycol; 1,3-

propanediol; 1,6-hexanediol; 1,5-heptane diol; triethyleneglycol; or combinations
thereof.

Also suitable, are cyclic chain extenders which are generally diol, diamine or
amino alcohol compounds characterized by having a molecular weight of not more than
400 Daltons (or g/mole). In this context, by “cyclic” it is meant a ring structure, and
typical ring structures include, but are not limited to, the 5 to 8 member ring structures
with hydroxyl-alkyl branches. Examples of cyclic chain extender are represented by
the following formulae: HO-R-(ring)-R’~OH and HO-R-O-(ring}-0-R’-OH, where R
and R’ are one to five carbon alkyl chains, and each ring has 5 to 8 members,
preferably all carbons. In these examples, one or both of the terminal ~OH’s can be
replaced with —NH,. Suitable cyclic chain extenders include cyclohexane dimethanol
(“CHDM™), hydroquinone bis-2-hydrxyethyl ether (HQEE).
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The polyurethane compositions of this invention may contain from 2 to 25
weight percent, preferably from 3 to 20 weight percent, more preferably 4
to 18 weight 10 percent of the chain extender component. If desired,
o%ﬁ%'ﬂ’gﬁ “mall amounts of monohydroxylfunctional or PCT/US2006/035392
monoaminofunctional compounds, often termed "chain stoppers,” may be
used to control molecular weight. lllustrative of such chain stoppers are
the propeastoisiutaditanots cpenienatsdandiwexd (GO Whenrusad;dchaiic chain

SIQRRALS A FHRICAIL: BISSER IR SYIRn A %%%8&1&%%‘%%&%% Ho-

weight to 2 percent by weight of the“entire reaction mixture lea
p@%?urethane composition. As is well known to those skilled in the art, the

ratio of igpcyRnRteigteted) funetinnabyauR AIRIMINGS FHR AWBBLimounts

average molecular weight (Mn) of the polymer. In some cases it is

TR fo Vs a G SRR RS S REG I3 SRR SRS R i B o] gpounts

nod e iar wedghit( Mpnpoly mne ise Stalding:ffiaiarialspnithd? ghoichietialnical
r%)o%,%lsﬁgser %tggins are %ﬁ%ig%ﬁ'% H%vggv%r, it is possible to accommodate
arting aterials w‘i)t?i arange B Tunc onality. For example, a polydiene

with ond b peliorshardcoptdibenssedhis tasiiothremdsoofaén from 2 to 25

PRlypreHane: withiheidale; &%H%F%E d?é}é@&,%ﬁ?t?g?éf&%b% 410 18 weight

isocyanate-chain extender moieties. Polydienes with 25 more than two
fiRcEehal Brotlisansmtsafm eramensd-polymers. Although crosslinking and

gels canfesRiohigsraifsthe-dearesatfonstiopalitrdgiramithathis can

usually be controlled by process conditions, Such branchgd po ymeri 1\gill
S,

SRATHTESE B R RP A S ERR deerhy DL RRH e FEhRTe:
suairabrwigrnielsighngitic@ptionatl yucathbistsitppsrwitpionpeipaasls,
facilitate the formation of urethane 30 groups.may be used.in.th .
O e B W 8, R e By presentin
diibiztyl srmeoiialy faee Sthnptsost Siewraghe trab pryithnithaNeaiahtrit thy tRH87 iy dion

200%R3 AL TP O T SA90RIA35392, Sharide, cobalt naphthenate,

dibutyltin oxide, potassium oxide, stannic chloride, . )
N,N,N, Nt rEREERGFRIsRsR efiisliMethB et R RRERAE RAZHARTO e AR
efbesiidndt ghazadioyelales 22jastdee aziiagn dleiRiates Rl (RN Withe
chtates apdbisnutn, cabenaies. The colalysln Mhen el e upcal
For linear, high molecular weight (Mn) polymers, starting materials with 2
functional groups per chain are desirable. However, it is possible to accommodate
starting materials with a range of functionality. For example, a polydiene with one
functional end could be used to cap both ends of a polyurethane, with the middle
portion consisting of repeating isocyanate-chain extender moieties. Polydienes with
more than two functional groups will form branched polymers. Although crosslinking
and gels can be a problem, if the degree of functionality is too high, this can usually bé
controlled by process conditions. Such branched polymers will exhibit some
rheological characteristics that are desirable in some cases, such as high melt strength.
Optionally, catalysts that will promote or facilitate the formation of urethane

groups may be used in the formulation. IHustrative of useful catalysts are stannous

octanoate, dibutyltin dilaurate, stannous oleate, tetrabutyltin titanate, tributyltin
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5 may range from 0.001 weight percent, and lower, to 2 weight percent,
and higher, based on the total amount of polyurethane-forming
ingredients, Additionally, additives may be used to modify the properties of

Y eo%?%}‘rgthane of this invention. Additives may be includéd %qﬁzeoeﬁ/osssgz
conventional amounts as already known in the art and literature. Usually
additives are used to provide 10 specific desired properties to the

aobuaehanessieheasyatious ntioxidanss;witraviaist, Fimibitorslovidses,
thickening agents illers. When filler, < Y H?fi%- i B
%rlgé}iﬁ 6%“?%?5%?5%?’%&%%69% gLgrlyltfllsr?o"r af]r\:zllc%:gs%%ﬁggs clay,%g},é?gﬁl%a A
dialaibioychARDRARkESH CHS OIS, cﬂughartewlgdﬂnms:@a%@éﬁaé@@h
g%&@%gtéé*?%@ %&i&%&’%@nmﬁ] RATLGRHAIY BIORSFLES: LRdRH: RISanie that

odiment of the“invention, the polyurethane is formed from a_polydiene
viest rareis oyt srrichiatas; Hé??%ﬁ%%?&?’&}&tyﬁf%ﬁ?%ﬁ%g{?g%ain

S&@&‘QﬁEhéQo@ﬁ%ﬂ@ﬁ&@b%&%@ﬁﬁaﬂaemﬂ{mgeﬂgaiwnbﬁsed polyurethane
is hydrogenated. In_a further embodiment, t Q#Iydiene diolfi formed
(0]

from cértigansl > BIHEES RAVIRG AR DR S AR Bretérably having
AdenBaRihopshAS isatissehdibis typibalatibried inchedebenitieniemnets

iIsoprene, and typical polydijenes. inclyde ie ' ene,
R e B b e PO e e
ppetéfiattsrmbpdipasits thésenobiyeidness vk 2tV isess GRECHARNRotgaviolet
RIGIBIBRALIAs!bun Y did SieHsn heamalesylacandizh.ypiaibe

ave a number-average molecular weight from 500 to 10,000 g/mole, and
ithes preRiRIIRESRIICORE FRS e InRIE At sETR AS ke ﬁ%f% BP
fromb ke 09103, 00 gfpalsui@frraklyudhapdlydieneddioh Shar may be added
polybutadiene diol or a polyisoprene diol, and more preferably a

SR AR SRS OPH SMother embodiment, the polydiene diol-based
polyurethape:fsrfedramto dinfromfalednysositiothemuiprisitgues 16on0ed &gt
percent of dijsocyanate, 50 ight pefc ' iol. apgo
tBof %%?ﬁﬁ?ip%?gseoﬁﬁ’ 8?%%0#5%5 g?(%\éxeé?]de'r. 3£f \%%%%%7/0 i Iﬂ e 3hd
RCTALS2D06/029892 btk et Bicanioignn Sit-BReARVHEGE®E s a

agiykytadiene diol or a

In 2 further embodiment, the polydiene diol is formed from conjugated

dienes having 4 to 24 carbons, and preferably having 4 to 8 carbons. As discussed
above, typical dienes include butadiene and isoprene, and typical polydienes
include polybutadiene and polyisoprene, and hydrogenated polybutadiene and
hydrogenated polyisoprene. In a preferred embodiment, these polydienes have at
least one, and more preferably at least two, hydroxyl groups in the molecule, and
typically have a number-average molecular weight from 500 to 10,000 g/mole,
and more preferably from 1,000 to 5,000 g/mole, and even more preferably from
1,500 to 3,000 g/mole. Preferably, the polydiene diol is a polybutadiene diol or a
polyisoprene diol, and more preferably a polybutadiene diol.

In another embodiment, the polydiene diol-based polyurethane is formed
from a composition comprising 15 to 40 weight percent of diisocyanate, 5010 75

weight percent of a polydiene diol, and 5 to 15 weight percent of a chain extender.
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polyisoprene diol, and preferably is a polybutadiene diol. In a further
embodiment, the diisocyanate is an aromatic diisocyanate, and more
referably 4,4'-diphenylmethane diisocyanate. In yet a further
"Q%‘SHH%%H{, the chain 5 extender is an aliphatic diol. In andth
embodiment, the polydiene diol has a number-average molecular weight
from 500 to 10,000 g/mole, and more preferably from 1,000 to 5,000
_gimelBydndeavediment frefetatignfrdm! 155060 84000 gdndle.2ln another

. | . S ] X
o 4 AR le3 PO Y 1 ARG
efibfordiment, tisedpetyriiants dienispaaiidfiisgararsnsedinmrepreferably
palyuretiana, comReERL Qg NHePLVL G AP oS HOMS MRAYIROMAIN a

combination of two or more embodiments as described herein,
AppedtidRge pErRRtc it deitriiRD SRR psht S aoly BisTa BiRt dtsdtinto
patisbsheeisgy adiefuRrtioltstf ManEciue UENgmaElY, exiusien,

thermoforming, dering, bjJow. molding, foaming or injection ing
oh o e S R R o PO A YA LB rteEs

et weohixedn encihea préfatmdng nibqriiméintetimcompdnedntscarde

fefl sy i MR AIOBRSRRAAMSHE HOR AR RO R TINg eKrUder,

such that the 20 composition’is forme e extruding, thermoforning,

careherimsyt B walveiansglidos Pariby éessaatdiding process. The
composifignsealaR:ma: benbiendac mith i AReIRer REIYMBI RN Mt  contain a
fabrication of gn article. Such blending may occur by any of a variety of
CORVEHRAIE e HN RTBL GHR R IR 75 S BRIIRESF pellets of the
thermoplastic polyolefin composition with pellets of another polymer. 25 A
p%[tia{icg% 0f]rlcSJm exhaustive, listing of articles that can be fabricated from

t ions of the invention, includes automobile body parts, such

as instrurhe aenpasslepirsifbimanepaeetakinsizmitarddnp pariel fowmtn or other
b'ﬂm%rofié}ﬁﬁzlﬁmf&%%,%gﬁgm%i&ﬁ%ﬂ%@%@@g{d@m% IB{6Rholding,
trim, weather stripping, air dams, air_ducts, and wheel covers. f]e

cAMPBRRTHRIRRHY HIRY e RreasiT nbhe £0IBRMEEVE SDbRliBansHen sapke fed

asophlypRe:Mrishagmeneheniniopres: iebigh Jihekntand c60atngss can be

Additional non-aptomotive articles include trash cans, storage or
p g%#(égfﬁéy 450 the ProOCess equipment, sucg as a converfing extruder, such that the

ngSZOQG/%SSQZ :

composition is formed in the extruding, thermoforming, calendering, blow molding,
foaming or injection molding process. The compositions also may be blended with
another polymer prior to fabrication of an article. Such blending may occur by any of a
variety of conventional techniques, one of which is dry blending of pellets of the
thermopiastic polyolefin composition with pellets of another polymer.

A partial, far from exhaustive, listing of articles that can be fabricated from the
compositions of the invention, includes automobile body parts, such ag instrument
panels, instrument panel skins, instrument panel foam, bumper fascia, body side
moldings, interior pillars, exterior trim, interior trim, weather stripping, air dams, air
ducts, and wheel covers. The compositions may also be used in non-automotive
applications, such as polymer films, polymer sheets, foams, tubing, fibers, and

coatings.  Additional non-automotive articles include trash cans, storage or packaging
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WO 2007/033117 PCT/US2006/035392 containers, lawn furniture strips
or webbing, lawn mower, garden hose, and other garden appliance parts,
erator gaskets, recreational vehicle parts, golf cart parts, utili%?cart

refri . i
%%?fg’%%@?&l ater craft parts, footwear and construction matEhALS 8352

for building construction and furniture construction. The compositions can

. be used in 5 roofing applications, such as in roofing membranes. As

disatissed, Idnemimnn\mtmgﬁ; @awdbbi_ngeufimﬁabmm'gagdem mrsermnlt_smér
R e R e AR R e
aviel i cert soks cio orenteal Bt doartisanasdrirreddifiongientithisibes for
withest Jndue-xparimeniaiicon: 40 R-eans emrdimenieidnepvanion.ign

article is provided, wherein at least one component of the article is formed

FASHTIRE FRDERIRNEORBS foFPoliE WEIERT e ASricrasscrhdbecpapsitions
eXAAISIORLAr ACRSSi cafif Reterh G BN FHRaeessudh ealeRtaliaghpr eeeisfclion
thermo orm process, orr%(g)lgw rgoldin%ﬁr?cess In afu&th r.FI\mb iment, q
tHE ATHCE A RGN aUtomotve artde: THe Inventivé tompositions can pé
1&stdemmofor méd oice seEnaplepesdg forskiiésdofommerhartidibsaigmeent this list

[ i g%ggg also be injection molded to form injection
molﬁggg{%ﬁ%%s. n o%{éeﬁtgarl%ébdjmentj suitable thermoforming and injection
molded ke Rijseranadinppbatdin inzotion spatcminpettideeibegimeieasone
agligiedaRrQyidrdiiiereidalde ashong nOMBoR e RRi9bAhenariGl8ein the

comprises a film, comprising at least one layer formed from an inventjve

cBTRPG SRR AR SFEPHET BAEStATRCTHELRRIAENS B satel RIBRErTRE
yetapaihehembbaimentsthaadislerraitiagaddaditatedshesimiodiment,
fypther.embodinen, (he, anicle s aon auiomotive aicle, For sheet
extrysion apphcation, the Compositions of the Ivention may have a 25
mibtrimefexni?, desstenanates wofioantthenpiameih x1obe/ Xh6ikyintivdensity

lessdhoibd A5G 6L GRRIAINATANER AP ANEIGHRGHOAN: RAREL O, one

the total weight of the composition, of the ethylene/a-olefin interpolymer.
ARSEPatIE bRt ab T B TReOBBRgi AR Bistinisaa deslyEratrranech atetpm
NCO/OH ratecfrom 0.90 to 1.10, preferably from 0.95 to 1.05, and more

referahly from 0.98 to, 1.03. C . .
P tﬂyanoger em odi}nent, an article is provided, wherein at least one component

of the article comprises a film, comprising at least one layer formed from an inventive
composition. In yvet a further embodiment, the article is a coated fabric. In yet another
embodiment, the article is a foamed laminated sheet. In a further embodiment, the
article is a nop-automotive article.

For sheet extrusion application, the compesitions of the invention may have a
melt index, I, less than, or equal to, 2 g/10 min (190°C/2.16 kg), a density less than 1.0
g/cc, and contain from 25 to 75 weight percent, based on the total weight of the
composition, of the ethylene/e-olefin interpolymer. Also, it is preferred that the
polydiene diol-based polyurethane have a NCO/OH ratio from 0,90 to 1.10, preferably
from 0.95 to 1.05, and more preferably from 0.98 to 1.03.

For injection molding applications, the compositicns of the invention may have

a melt mdex, I, from 2 to 30 g/10 min (190°C/2.16 kg), a density less than 0.91 g/ce,
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30 For injection molding applications, the compositions of the invention
“may have a meltindex, 12, from 2 to 30 g/10 min (190C/2.16 kg), a
density less than 0.91 g/cc, 40 WO 2007/033117 PCT/US2006/035392
V%ﬂ-&‘}@glﬁ?éﬂpffrom 25 to 75 weight percent, based on the totaP(vETGH 7 {92
composition, of the ethylene/a-olefin interpolymer. Also, it is preferred that
the polydiene diol-based polyurethane have a NCO/OH ratio from 0.90 to
1, qoeetenahiy fPons 0 Dadght. faceantmedepreiesad ydigmndd 98 tonplsition,
5 For blow maldin lications, the, compositions of the inventign m
e A 0 % (S BE Rl
depkityadesdhare 2.0 ({¢0Hantconmin. Hbtm R5XeREvablylftgpe ftRitp 1.05,

b%@%g&ﬁg}gfg%gj}y\f&i%% the gomposition, of the ethylene/a-olefin

interpolymer. Also, it is preferred that the polydiene diol-based
polyurethghidva e Kinemrbratans hsrromestéonsid, by drepabRe Pesrbaye a

0:851{endeRDT,aREs hare Rrefeipkly fiom &:A8(10¢A8. fearsrasslinkinadoam 1.0

T e S T

contapodition, 25tte dhyimightgefedntehabaton Alhe tatal welghidohtnehe

C ition, .qf the ethylene/a-olefin inter er. Also, itis preferred tha
e e AR P0 B et
toIpm)- Préter&Blynbmoe 95 forabbsiream@-Afoielgiéferably from 0.98 to

1.03. Deﬁtﬁit&%ﬁﬁﬁwg%ma&%ﬁké@cm,@g%psgﬁm RpldesRIMAIUSS have

from the lower value 20 and the upper value, in increments of one unit,

provitledptisXs kndiendl dose A hedn GPAt (éadttha et detlreahant S8 wir:
valubcangiamohigiias valueighsrarcexamplel dhiths iqtateeighabethe composition,

compositional, physical or other property, such as, for example, molecular
R i s AR R S S TR
inetyeiehana lbres, sHCHOASH 00i01Bdml02) etd.,lanpsfatzihnfies, Gashoas0s,
199&&&%%&%@5@&&%%@ 13,200, etc., are expressly enumerated in

: . Bt 05

this specification. For ranges containing values which are less than one,
or containing fractional numbers greater than one (e.g., 1.1, 1.5, etc.),
oma-titikmeonsidered to be 0.0001, 0.001, 0.01 or 0.1, as appropriate.

Any numerical range recited herein, includes all values from the lower value
and the upper value, in increments of one unit, provided that there is a separation of at
least two units between any lower value and any higher value. As an example, ifitis
stated that a compositional, physical or other property, such as, for example, molecular
weight, viscosity, melt index, is from 100 to 1,000, it is intended that all individual
values, such as 100, 101, 102, ete., and sub ranges, such as 100 to 144, 155 to 170, 197
to 200, etc., are expressly enumerated in this specification. For ranges containing
values which are less than one, or containing fractional mumbers greater than one (e.g.,
1.1, 1.5, etc.), one unit is considered to be 0.0001, 0.001, 0.01 or 0.1, as appropriate.
For ranges containing single digit numbers less than ten (e.g., 1 to 5), one unit is
typically considered to be 0.1. These are only examples of what is specifically
intended, and all possible combinations of numerical values between the lowest value

and the highest value enumerated, are to be considered to be expressly stated in this
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For ranges containing single digit numbers less than ten (e.g., 1 to 5), one
unit is typically considered to be 0.1. These are only examples of what is

‘igecifically 30 intended, and all possible combinations of numerical values

FRAHIHE lowest value and the highest value enumerate8CAfeSi895@35392
considered to be expressly stated in this 41 WO 2007/033117
PC1US2006/035392 application. Numerical ranges have been recited, as
diggissdcheareinsivabieigndeta baeltriateX, moleastan Waight idistribetienoe
(Mw/Mn), percent crystallini rcent nomer, number of,carbon
s e RPN R R seem
etiopionerizeo efintintefipijiorenitas tisbd teremrisgefidethasprbpssécin
the art ingeigrel %o%@@%/@—%%fﬁﬁﬁ?&?o%ﬁmgé%@fﬂemin, is defined as

interpolymers in  which the comonomer(s) is/are randomly distribute _
alsig e ety HarisruIre PHROINENTS ZRdHpiEHeIrEYpoNgheseddnterpolymers in

"ainide e uRlRiiR KU P RIMRE Qi 1B S EH N BTRIN a 1Rl B! B RRIVEASH. The
formed from predominantlyn(grez}}g,r% than 50 mole percent) ethyleng

S T SRR KA Bt Sh gy 154l B e RolEMfTol 88 wied herein,
pedfersarizafiky i@ mioned étsn phelderimipolydiene diakbasesle percent) ethylene

palyurethape,” as d herein, refers to a_pplyurethane pplymer formed,
it o el i izl tio
amoaaees-used herein is in reference to the hydrogenation (reaction of

hydrog eﬁh\é{i@é};ﬁlksmc@éﬂy@ﬂ_%g&l#y rogtﬁ%ﬁa@ﬁ@é@ gRolydiens »

diol, and is in reference to the final enated) product. As used

h@@%%%%ﬁﬂlyﬁ%ifaﬁé%ﬁ@% gup R EisRAsiEYe hydrogenation of

N O haLe ARIDRIELS IieaRTakaR P RNAKIACY
greater than 95_mole percent) of the dquble bonds, within the polydiene
e e e LA o QB AT ks Fra L AL B

h{drdgerittiotheeadfidiepadibthads finsdfprateat tetfns fsithgnated) product.
signifi 790 ly.greater than.5 mole: percent) of the
e A TS AL o
"dBRpEsiediondss adbel versimmelubiEdeeanixtore(erfmieaioridly sybith than 95

CRIBR [RJR) AR RIINE HBRW aHias] eRcHon RERdULIE and dasempasition

products formed from the materials of the compaosition.

hydrogenation,” as used herein, 15 in reference to a hydrogenation reaction, and the
final product, both in which a significant amount (approximately greater than 5 mole
percent) of the double bonds, within the polydiene diol, are not kydrogenated.

The term "composition,” as used herein, includes a mixture of materials, which
comprise the composition, as well as reaction products and decomposition products
formed from the materials of the composition.

The term "polymer," as used herein, refers to a polymeric compound prepared
by polymerizing monomers, whether of the same or a different type. The generic term
polymer thus embraces the term homopolymer, usually employed to refer to polymers
prepared from only one type of monomer, and the term interpolymer as defined
hereinafter.

The term "interpolymer,” as used herein, refers to polymers prepared by the

polymerization of at least two different types of monomers. The generic term
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25 The term "polymer," as used herein, refers to a polymeric compound
prepared by polymerizing monomers, whether of the same or a different
type. The generic term polymer thus embraces the term homo%)ol mer,
&%‘Wﬂéﬂ%loyed to refer to polymers prepared from only ohe'tyf5é?8#035392
monomer, and the term interpolymer as defined hereinafter. 30 The term
"interpolymer,” as used herein, refers to polymers prepared by the
patymelszat oo il ieastdpa difteranttipesmiloyed amefs. td helgenarieepared
term, 40 M Rka 00, 8 tHabroh S 20001032392 InteNnolyMEr WS rwo
includes copolymers, usually empsfoye to'reter o Bgﬁymers prepare
frbfferond teiffe edrmepeessf monomers, and polymers prepared from more
than twey, diferer,pes RHRNIQRBISnd HadGEESRIeN dhadh PAMBSE two or

blend," as used herein, mean a blend of two or 5 more polymers. Such a
DIRHE PASTPSFSmEY G Herrhiseite ey AR Ebe B blay Drchahlad iy or may

phase seperaiedaddcRaiblerenmay P bimay Rk Coalan6rahdOiemain
[ etermined from transmission electr

domain configurations, a n .
FRRSESR Mo CERHGA Ty B e S BHEr et L sairins
in-teg srdttdngestdidthodstbelasitpwamditenmined in accordance with
ASTM D792-00, Method B. Gloss was determined in accordance with
ASTM D 2457-03. A Multi-Angle 268 Reflectometer is used to measure
tHeekMietlapde gloss. Light is directed onto the grained surface of the
eXtrUdeﬁe%@ﬁf-% ateRHRgr sesRRELIRE Yaflesterightys.dd measurgd

photo electrically. Melt index, 12, in_.g/10 min, measured using ASTM.
D-123894sERSi SR ETined AARErTPose e i M iAo tation* Y Hedagle
1068 Refieinolexidn; gikedriimemersttes) UsingATEM DidR 38404ctendiian
190C/10.0 kg. The notatign,"121" refers.to a melt index, in g/10.min,.
sietarl o AR S R R S e Rl Bl
DiffeserstigiBtansiige@étorimeter (DSC) - A TA Instruments 2920

'\"Od“'a{\%e ¢ Ra% ‘i‘;%@?é‘%?%%%%%@ S 69 RaYeudetye
the relative percen

Condition 190°C/2.16 kg. The notation ““I;g” refers o a melt index, in g/10 min,

measured using ASTM D-1238-04, Condition 190°C/10.0 kg. The notation “I;” refers
to a melt index, in g/10 min, measured using ASTM D-1238-04, Condition 190°C/21.6
ke.

Differential Scanning Calorimeter (DSC) - A TA Instruments 2920 Modulated
DSC Instrument was used in an un-modulated mode to define the relative percent
crystallinity and to monitor the Tc, Tg and Tm characteristics of each polymer or
compound. The heat-cool-heat method, using nitrogen purge, was run on a sample of
9-10 mg.

The thermal behavior of the sample was investigated with the following
temperature profile. The sample was rapidly heated to 180°C and held isothermali for 3
minutes in order to remove any previous thermal history. The sample was then cooled
to -40°C at 10 °C/min cooling rate, and was held at -40°C for 3 minutes. The sample
was then heated to 150°C at 10°C/min heating rate. The cooling and second heating

curves were recorded.
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crystallinity and to monitor the Tc, Tg and Tin characteristics of each
polymer or compound. The heat-cool-heat method, using nitrogen purge,
was run on a sample of 25 9-10 mg. The thermal behavior of the sample
was investigated with the following temperature profile. The sample was
rapidly heated to 180C and held isothermal for 3 minutes in order to
remove any previous thermal history. The sample was then cooled to
-40C at 10 C/min cooling rate, and was held at -40C for 3 minutes. The
sample 30 was then heated to 150C at I0C/min heating rate. The cooling
and second heating curves were recorded. 43 Ultimate tensile strength

and elongatitimat:heaslicwesesmeaswiet agearsling:io %&TMQaﬁéﬁz&%rdm to
Both. egsy Is e performed at 23 C on die-cut D638-type |

spe%mens Sgurfi%e t%ﬁélﬁl Wag%ggsﬁ?édﬁﬁggjgéq@r%ﬁrg ith ‘B‘ﬁ\?‘%%@ﬁ“tﬁ@e
(1986) sEienrats: test inks were used, which are fluids of defined surface

tension, am@ﬁ@&vggt@m@am@@&%i@é@cgﬁiggé@mh\'ﬂm%@%%W%%>fuﬂmm

at room temperature of 23C. Sheet hardness proégertles were measured

accordifg 1o RE PRI DY HE-678 Ml ebAefiasdripdaticlonsine ardarmmiaipvle in
according fostahdaid testmethod wST MDE38eN3cMelt-tensionivas

measured gn.gelacied. B@&é@&éﬁ%@glgéa%&%%g% Rbcalens 3l A 05, The

temperature of 190C. The Rheotens is compose Wo counter Totati
whe 8T RieReHifs &ﬁ%ﬁ%@%éﬁfé&@dqrﬁﬁﬁl%ﬁﬁﬁwﬁb@ ASEM D638~
congtant velocity. The wheels are equipped with a balance to measure

the stress ﬁgp%nse of the melt the Ygl&e Is f?ccelerate The wheel are

TISLON Wds, MEedsurea o1 les ona
allowed to accelerate unti strana rup?ure BREAR T &

take%h&@%ﬁé%ﬁ%@ﬁqmﬁbﬁ?ﬂ“ﬂeﬁwwmmﬁu@wququmasnter

deteﬂﬁltﬂ%dx@bétﬂé(aﬂhlﬁmﬁummﬁ% using @3@&&1&%%&% ts%ﬁhﬂf%é AN Bonstant
Rhep té .?gleng Iar}g éARES g?%/ar% d Rheometric Expansion

stem ynamic mecham@alf%g ctrofieter fﬁﬁn@)mﬁﬁrgﬁlﬂﬁﬁ%%swgﬁ%mm” of
exaﬁmﬂtﬂsﬁ%@%@ﬁq%@nﬁmmmhwm&mdemm itliniletennd

(mna)diasnetes paEalBlbreak the strand is taken as the melt tension in centiNewtons
(eND. ' |
RR (Vg1 /V o) wes determined by examining samples, using melt theology
technigues on a Rheometric Scientifie, Inc., ARES (Advanced Rhcomeiric Expansion
Systemn}) dynamic mechanical spectrometer (DMS). The samples were examined at
190°C, using the dynamic frequency mode, and 25 millimeter (mm) diameter paralle
plate fixtures with a 2 mm gap. With a strain rate of 8%, and an oscillatory rate that is
mncrementally increased from 0.1 to 100 rad/sec, five data points were taken for each
decade of frequency analyzed. Each sample (either pellets or bale) is compression
molded into 3 inch (7.62 centimeter (om)) plaques, ' inch (0.049 em) thick, at 20,000
psi (137.9 megapascals (MPa)) pressure, for 1 minute, at 180°C, The plagues are
quenched and cooled {over a peried of | minute) to room temperature, A “25 mm”
plaque is cut from the center portion of the larger plaque. These 25 mm diameter
' aliquots are then inserted into the ARES at 190°C, and allowed to equilibrate for five
minutes prior {o initiation of testing. The samples are maintained in a nitrogen
environinent throughout the analyses to minimize oxidative depradation. Data

reduction and manipulation are accomplished by the ARES2/A5:RST Orchestratar
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plate fixtures with a 2 mm gap. With a strain rate of 8%, and an oscillatory
rate that is incrementally increased from 0.1 to 100 rad/sec, five data
points were taken for each decade of frequency analyzed. Each sample
(either pellets or bale) is compression molded into 3 inch (7.62 centimeter
(cm)) plaques, /s inch (0.049 cm) thick, at 20,000 psi (137.9
megapascals (MPa)) pressure, for 1 minute, at 180C. The plaques are
guenched and cooled (over a period of | minute) to room temperature. A
"25 mm" plaque is cut from the center portion of the larger plaque. These

25 mw diametes aliqueiswane hiepnseriedinia e ARES 8k 100G and, ...
aIIowehg to (e%umbrate for five minutes prior to initiation of testing. The

ear raie cu . . . .
sampsies are maintained in a nitrogen environment throughout the

analyses to!nitmimizemiittative dagsatigtion: Dats reductiona@ngas measured in
manipglati re; i by the ARES2/A5:RSI Orchestrator 44
A B P A AT P N e ST
the rati’ &7 the- videdaif veraisslaseibipratheduleans taedthy mesdutdameywith the
Viscosityy s ihlidedApatrl25@) WasEMeasurd it RAGEHBN SRty (M1, at
Amerf'g g(clé%y f\%d%%yn% i(?do II}\gaiﬁrl_als tetst D1646-94 (ASTM Di

646-94). The PRR Is calculated 1ron thHa ¥ &Rt the RO SE careRmiganay also
with BfevfesefdmacpreiAtoy BRI cRRN: 3182 sthntbrbBRvh e MeaneyThe
Viscasity it 4 atid2R5N ¥ O5dolinfpiars,io Mooney Large Rotor. This

Mooney Viggos;t% may also be measured in accordance with the current
test method: AST K1 1 16 4- 0¥ g e Btk et art pbrshriter Mhorumgastio
instrgEpndcrefersiica testisabealedywaatifitd | substamtialy@enie: msthods
thermgplastic elastomer composition, as discussed above, the following
definitions ggd t%s,t methods g{ﬁrlgy Shear thinning index (STI), as used
herein, is a TA00 GFBSNrSEYISCHRifP dsed Bprirfidtasivientas baterdividsty at a
by p@Wm*écd/ismﬁieyraaa speciied bighmaeassaitty El specified high shear rate,
ethy'ﬁﬂ&!@kﬂ%&lgﬂ%@fhﬁbﬁwmo (3 gsc%nc\é%Qté% Lgl ;le EJTEetggt teaq 21, 8“ Is
temperature is 190C. Polymer viscdsity IS convenien y measure Y 6 e
(dyne?SetondIEBarasesiin sy FaiRDYy apeteardt e witirme sengd/square
fromeeutiratiatpd) second tad/Ser)te ran ge from 0.1 radian per second (rad/sec) to
104 rad/sec, and at 190°C, under a nifrogen atmosphere, using a dynamic mechanijcal
spectrometer, such as an RIMS-800 or ARES from Rheometrics. Shear thinning indsx
is the ratio of the “polymer viscosity at 0.1 rad/sec” to the “polymer viscosity at 100
rad/sec.”

Melt strength (MS), &5 used herein, is a maximum tensile force, in
certiNewtons (cN), measured on a molten filament of a polymer meli extruded from a
capiflary rheometer die af a constant shear rate of 33 reciprocal seconds (sec™), while
the filament is being stretched by a pair of nip rollers that are accelerating the filament
at a rate of (.24 centimeters per second per second {cm/sec?), from an initial speed of
I em/sec. The molten filament is preferably generated by heating 10 grams (g) of a
polymer that is packed into a barrel of an Instron capillary rheometer, equilibrating
the polymer at 190°C for five minutes {(min), and then extruding the polymer at a
piston speed of 2.54 cm/min through a capillary die with a diameter 0£0.21 om and a

length of 4.1% ecm. The tensile force is preferably measured with a Goettfert Rheotens
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100 rad/sec, and at 190C, under a nitrogen atmosphere, using a dynamic
mechanical spectrometer, such as an RMS-800 or ARES from
Rheometrics. Shear thinning index is the ratio of the "polymer viscosity at
0.1 rad/sec" to the "polymer viscosity at 100 rad/sec." Melt strength (MS),
as used herein, is a maximum tensile force, in centiNewtons (eN),
measured on a molten filament of a polymer melt extruded from a

capillary rheometer die at a constant shear rate of 33 reciprocal seconds
(sec 1), while the filament is being stretched by a pair of nip rollers that

are dbeelelating thedfilamenty abitcrateof D24 GRRIMBIRHS ROHLERCANHREN e
secopd {QMmises)sfam.an ingggl speed of | cm/sec. The molten filament is
preferably ger_\e‘rated y ﬁreyatlng 10 grams (g) of a polymer that is packed
into a barretGlAfFHist Spmmesas Fhbomersd begibiatimyetheepolymeitat
190Gifpkfivenipinuies featninanddhenexsuding.the polyimer At Pisign,
speeaqurgﬁ :ﬁ cm/min though a capillary die with a diametér of 0.21 cm

and a leng R'of 4.19 cm. The tensile force is preferably measured with a
Goettfert Rheotens 45 AMENDED SHEET that is located, so that the nip
rollers are 10 cm directly below a point, at which the filament exits the
capillary die. Solidification temperature (ST), as used herein, is the
temperature of the highest temperature peak endotherm, measured
during cooling (in C), with a differential 46 AMENDED SHEET WO
2007/033117 PCTmUS2006/035392 scanning calorimeter (DSC), such
as that sold by TA Instruments, Inc., as the polymer is first heated at a
rate of 10C/minute (min), from ambient temperature, to a temperature of
200C, then cooled at a rate of 10C/min to a temperature of -30C, and
then typically reheated at a rate of 10C/min to a temperature of 200C. 5
Upper service temperature (UST), as used herein, is that temperature (C)
at which a thermomechanical analyzer (TMA) penetration probe
penetrates a specimen
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10

having a thickness of two to three millimeters (mm) to a depth of 900
micrometers (m). A suitable TMA is produced by TA Instruments, Inc.. A
one Newton (N) force is applied to the penetration probe, as it rests on a
YR AYE B e specimen that is in a 10 chamber where temp&raftifaifg/035392
ramped at a rate of 5C/min. The following examples illustrate the
invention, but do not, either explicitly or by implication, limit the present
e g 4 L ) S tea XY ﬁﬁwwm&nﬁxﬁEfﬁME@ﬁB&mm

EXAM%LESC itions, Th tal Gampositi listed
T AE 5 BGBE ACL I 5 A ORI L S Bgmer.

BAgdsatesoitedrd inchabltet (eadAGH EQDKZ/fESSHDI‘Ea]ﬁr@;ﬁrgy‘m of30°C, and
PU35, d o
eéﬁfﬁ?és }r?c]:lg Eiaqu %& |?'15’Q§Em£§onmg y gﬂ‘ﬁugvbtpz%(ﬂ%qﬁ y less

and a soft int of 90C. TPU 35 hoas 35
Welght[hmmmmmdempgm@ﬁﬂéﬁﬁ)aamdﬁmnm et trmgrargtage”C) at

‘éﬁ%}é Vaﬁ? srtacied el bt ?mg%ﬁ'&%ﬂ 12 sl xcelgftimen

ues in comparisonto 10 Composition 3 (75 wt% of the TPU) and
oingeshieknassraEwp & fh@eewﬁ%a‘fe%a}eah%%H%&%ﬁé@&ﬂ&%}gﬁ%?*ﬁ%th
EARPANGHEHRIEVIAGE B RIEINEE 4Bl eRPOSIBanBiekdandIN) force is
contain acompatlbljlzer 'g able 2: Com osm ﬁ%tg operties %mount
eIt oefc

PP BT £ OB 0% 100
MB&@H@M%&@%M%SW%M% OWIP@/MB 17 34.9 machine
directl E a 1@ ket e ﬁl&%%ﬁ?ﬁ%ﬁ'éﬁﬁgp&phmﬂy or
Elonga on fﬂ% B0

by implication, hmlt the present invention.
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machine direction Elongation 130 105 130 760 cross machine direction
Die C tear, ibf/inch 80 67.3 58 77.8 % Gloss, 60 degrees 3.1 6.4 61.4 104
Surface Tension, dynes/cm 44 46 41 28 DSC, To 79.85 79.75 79.26 78.3
WHSE 745192 .73 93.15 92.73 93 DSC, % crystallinity 14.09 FEB7S286435392
Density, /cc 0.9185 0.9415 0.9649 0.901 12 (190C / 2.16 hg) 0.89 4.481
11.509 < 0.5 ho (190C / 10.0 kg) 11.01 33.65 78.68 3.9 48 WO
2000¥R3RAIN NG e R2P064@35392 Representative Blending and Sheet
Extrusion The TPU35 (17 MI) was dried at 80C, overnight, and then
tERIBREBIIRed with the ENRS6. The tumble blended mixture was then
compoundes{msithanogeoiac)s are aisP 1 SKRS extruder, using the
conditi le 3 below. T ext er 5 condi tlons were
foIIowsOé;%Iﬁgé?&rég‘ é?ﬁ &g ra}i zeo£ 5 %mgolne Y %6’ Z6ne gsmbed
180 abtne Ge= R3O0~ 213}2@@%1@303 ﬁ)ﬁlﬁcmie 8) = 140 (all C). Table 3.
Compo 9@5'91 Q §d#e]né¢ glgiaogeﬁ/ % QTMQHQ Qess than 1.0
ENR86 TPU35 ENR86/TPU35 X ruder RPM 400 550 250 %
tefefue 62 %@?%@@é@ﬁ@@@w%ﬂf@@%oﬁwéﬁ e vieig perent hard
16614 heextreriomdRIshe eting torkntlasesemerad sveokscadtes 1.

compounding step. Thus prlor to th xtru5|on the compounded blend

was dn&ﬂ“&?%@rﬁ\)e?ﬂ f hay exeht VES(%%W%?&@ causes
Uﬂstﬂpm@tﬂnm@Sqummmm@ﬁaﬂ@osmon 4 (100% of the ENRS6),

indicating that critical levels of both components are needed to reduce gloss. The

compositions did not contain a compatibilizer,

Table 2: Composition and Properties (amounts in weight percentage)

Composition I 2 3 4
ENRS6 75% 50% 25% | 100%
TPU35 (17 MDD 25% 50% 75% 0
Tensile, MPa, 17 13 17 34.9
machine direction
Tensile, MPa 14.9 11.2 i1 323
cross machine direction
Elongation 125 100 145 750
machine direction
Elongation 130 105 130 760
cross machine direction
Die C tear, ibf/inch 80 67.3 58 77.8
% (loss, 60 degrees 3.1 6.4 61.4 104
Surface Tension, dynes/cm 44 46 41 28
DSC, Te 79.85 79.75 79.26 78.3
DSC, Tm 92.73 93.15 92.73 93
DSC, % crystallinity 14.09 11.87 7.551 29
Density, g/ce 09185 | 09415 | 0.964% | 0.901
I, (190°C /2.16 hg) 0.89 4481 11.509 < 0.5
T0 (190°C /7 10.0 kg) 11.01 33.65 78.68 3.9
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the blend was extruded into 0.010-0.015 inch thick sheeting. The sheet
extrusion conditions were as follows: 3 roll stack, Kilion extruder, zone | =
140, zone 2 = 166, 15 zone 3 = 177, zone 4 = 182, die =175 (all C); 20
RIROHRRIE Yeeting produced. The extruded sheeting was oFEEHIERRSHE 392
lower in gloss than traditional TPO sheeting (advantage in some cases
where low gloss is desired), and the sheeting had better scratch/mar
resigtancedihanBiaditgneal /TR :Sheatiign Also, the 50/50 composition had

excelle

dhgpion

Additional Compos

R

raihang foarm, s dlseased o

itional compasition

are provi

low

%I%%%,&eﬁ]ded with

THISIEMR $he Shrbmpbshiionisdwirepr eparbdrbyofepdinds thenctirmpoogniized)

tQ,a gwm%m%@wg@r%%&%%@%némm% tale
0331

sheets. 25 49 WO 2007/ 7 PCTIUS2006/035392 Ta

A

e extruder

itiona

CHRHSHoHEERTiYdoRwS! 7~ BN REE &itod 07 5085639k 8086uat 380( Fone
M)=(0a0h 3106 37%05R% Tensile, ME Boh5 § L1879 wpgchine direction
Tensile, MPa 14.7 7.9 5.4 cross machine direction Elongation % 390 500
240 machine direction Elongation % 602 500 300 cross machine

difettich Oien@Gofeding\bndiliory 68.4 57 52 Die C Tear, CD, N/mm 27.5

= W I el )

SU 010 1

F=y) N D | 27.7Q C A
OITUTE A I_Ialullcbﬁll T TO J%

#2 #3
(75/25 ENR86/TPU35) | (50/50 ENRBG/TPU3S) | (25/75 ENR8G/TPU3S)
Extruder, RPM 400 550 250
% torque 67 73 85
Die Pressure, psi 224 500 960
Melt Temp, °C 213 194 166

The extrusion into sheeting took place several weeks after the compounding

step. Thus, prior to the extrusion, the compounded blend was dried at 80°C, overnight,

to eliminate moisture (such moisture causes biistering during sheet production), before
the blend was extruded into 0.010-0.015 inch thick sheeting. The sheet extrusion
conditions were as follows: 3 roll stack, Kilion extruder, zone 1 = 140, zone 2 = 166,
zone 3 =177, zone 4 = 182, die = 175 (all °C); 20 mils thick sheeting produced.

The extruded sheeting was observed to be lower in gloss than traditional TPO

sheeting (advantage in some cases where low gloss is desired), and the sheeting had

better scratch/mar resistance than traditional TPO sheeting. Also, the 50/50

cemposition had excellent adhesion to a polyurethane foam, as discussed below.

Additional Compositions

Additional compositions are provided below in Table 4. These compositions

were prepared by feeding the components to a twin screw extrader under conditions

shown in Table 5, to form sheets,
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Surface Tension, dynes/cm 44 46 41 DIN Abrasion, mm loss 78 218 441

%60 gloss (grain side) 4.3 4.6 4.6 %60 gloss (smooth side) 4.7 5.053

Surface tension - smooth 42 48 38 side Table 5: Processing Conditions
WEMBIESET Extruder W-P ZSK 25 Zone 1 C 140 Zone 2C ¢ 75216835392

3'C 175 Zone 4C 180 Zone 5C 180 Zone 6C 180 Zone 7C 180 Zone

8C Die C 190 RPM 500 % torque 65 amps Die pressure 435 (psi) Melt

C 214 thsiu: mmmg@ﬂ@@@asﬂ PCT/US2006/035392 As can be

seen frem-theresults-in-Table-4-the-com .Pcs.u As-hagve emellent,]
mechanicatpt g@@%ﬂf%ﬁ'“dmg Hgh-£ "“.gat.u.. ‘vuggg —ang-e ""ggd et
tensile str (%t&osmc ns ( /%ts) also @37\4/63 low|g o%a;alues.
Betertenstie phd oA o 158 11.0 7.9
machine direction
Tensile, MPa 14.7 7.9 5.4
cross machine direction
Flongation % 390 500 240
machine direction
Elongation % 602 500 300
cross machine direction
Die C Tear, MD, N/mm 63.4 57 52
Die C Tear, CD, N/mm 27.5 30.5 15.1
Shore A Hardness 77 78 54
Surface Tension, dynes/cm 44 46 41
DIN Abrasion, mm" loss 78 218 441
%60 gloss (grain side) 43 4.6 4.6
%60 gloss (smooth side) 4.7 5.0 5.7
Surface tension ~ smooth 42 48 38
side
Table 3: Processing Conditions
Samples 57
Extruder W-P ZSK 25
Zaone 1 °C 140
Zone 2°C 170
Zone 3°C 175
Zone 4°C 180
Zone 5°C 180
Zone 6°C 180
Zone 7°C 180
Zone §°C
Die °C 190
RPM 500
% torque 65
amps
Die pressure 435
(psi)
Melt °C 214
Lbs./ar. 50
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properties are shown for the compositions containing the "63 weight
percent" and the 5 "75 weight percent" ENR86, as compared to the
composition containing "50 weight percent" ENR86 Adhesion Test
F Ed8ttktive Procedure 10 An extruded sheet (20 cm x Z%Cgﬁ;]})s%qﬂgﬁtgssgz
50/50 [ENR86/TPU35(I7MI)] composition, as described in Table 2 above,
was secured to the backside of individual automotive instrument panel
cover skinsaf he skinfavetkeirtseltethifitbla 4othm smoithsitithsehaigidxcellent

fﬁ]%sgg% Oé%%g{g‘éé’%ﬁ %M%ES f%mxvaﬁd' @;&%i%qth&m%éﬁgm&

e samp e was alfo Wed to cure for approximately 24

h%@@nmm@% {ehenity. aleczeripie shrss valissubsdstdans aashplppeadion

éﬁeapalfessw@vﬁ e IRddARRAIGRNGS WIS 44T wFeniet baRchesind the
LTM) BN-151-06, using the following test conditigns: a) Room

%@Fﬁ%}@%@?@f’b@%ﬁa A AARBFRIda s ﬁ?@%ﬁ%ﬂ%@)’fﬂs%@%@eﬁ

2§efﬂéﬁt”d3mhsee samples per material, €) Unit of measure: Newton per
meter, f) Minimum performance: 175N, g) Material #I: 50/50
ENR86/TPU35, 25 h) Material #2: Renosol polyurethane foam, 10 Ib
dﬂ;dsﬁgi,QQMt instrument: Chatillon digital hand-held force gauge, Model

%Eo‘% e%@%ﬂ@dﬁﬁ libration due date 3/15/05) Adhesion results are
nin Table 6. 51 WO 2007/033117 PCT/US2006/03392 Table 6;

Foam Atinesiaririthars RAxteriaPBrRboKEre4I6r REIRRS TABRYENNEY /

285nddil 3R 4y M- REs5i3G@he DA% F\REO6:L S04 (hRAIRCLAMoPaRSvidual

334N with
automotive instrument panel cover skins. The skins were inserted into a foam mold

with a rigid injection moided substrate. A polyurethane foam was injected between the
skin and substrate. The sample was allowed to cure for approximately 24 hours prior to
testing. The sample was then subjected to a foam peel test.

Samples were tested in accordance with ISOQ4I 1, Ford Lab Test Method
(FLTM) BN-151-06, using the following test conditions:

a) Room temperature 23°C

b) Manual hand held test method,

¢} Sample width - 25 mm,

d) Three samples per material,

e) Unit of measure: Newton per meter,

) Minimum performance: 175N,

g) Material #1: 50/50 ENR86/TPU35,

h) Material #2: Renosol polyurethane foam, 10 b density,

i) Test instrument: Chatillon digital hand-held force gauge, Model DFIS-50, s/n

25546 (calibration due date 3/15/05)

Adhesion resulis are shown in Table 6.
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100% cohesive foam failure 25% ENR86 / 75% TPU35(17M1) Pass 340N
with 100% cohesive foam failure As shown from the above table, all of
the samples tested exhibited a strong 5 adhesion to the foam. Figure 1

VP 300¢/4RE Surface area of the representative sample (5015BCT/AUS2006/035392
ENR86/TPU35(17Ml)). As indicated in this figure, the failure was 100%
cohesive in nature, and within the polyurethane foam. This result is
evidence of a strong adhesion between the sheet, formed from the

%%[]tl e f?%lon T.Ee foam. 10 This test procedure was
6 Sted, 8%1 P E8MPrEYsTon molded sheet of the 50/50 composition

was used in ;Manmafmmﬁktruded sheet. In this caseidhd®sh Rehésive

22004 ac PrETWP=

ocd vantlilm thao aaaloa e hanao fo neal
AUl H bl |_yU|c IIGUIC IUGlIII [ 1] A T T 3TVT
fallurZSV/\v/as ogserj\;geém%slgl?e%gfoam interface. Thlsrjresul ?églso

evidéit oENREON0CRESIBH 1Gdfeen the sheet forfes AN thghinventive
composition and the polyurethane foanm. 15 MaBghotogysithémofghotogy

of thdBxtRiREbHeetsT Prepardefrom the 50150, 75728 @nBNIBItRS
ENRS86/TPU35(17MI)] compositions, ak describétisobapiiee fogpafeailure

examined by Transmission Electron Microscopy (TEM). Micrographs are

shown iRdHMIRS3:8: tha%@%&%@@E%@ﬁ@%&%&%@&g

sample was_cut near_the center of the sheet and trimmed at the core

pRRRAPRS (HE TRET-dff SRD A SHREStHIR THEE 5 Gtte K0T SERSER g sample
SETHSMERRESIT P UETIoNdDKNiAR Bﬂiﬁalt@i@ﬁ ﬂﬂﬁﬁgme;ﬂtamﬁu@qmpped%mh

aFCScr osectlonlné; c m er |ons e cut at - 70{5:
cohesive s Tesult 1S evi nﬁa 8f a
e sec

it
thickness o app|’OX|ma |ons were place

m@shg\ﬂf@mmmgewme ah@ﬁp(ﬁsnmdlﬁenh \hhﬂmh@lmwpmmf @t the
ugous 0.5% ruthenium tetraoxide solution for approximately 10 minutes.

52 WO 2007/033117 PCTIUS2006/035392 TEM - Bright field TEM
imaging W deoRe A EE O FepEatrth 230 R epmBEssHion molded sheet of the

50/50 composition was used in place of an extruded sheet. In this case, a 75% cohesive
failure was observed within the polyurethane foam, and a 25% adhesive fatlure was
observed at the sheet/foam interface. This result is also evident of a strong adhesion

between the sheet formed from the inventive composition and the polyurethane foam.

Morphology
The morphology of the extruded sheets, prepared from the 50/50, 75/25 and

25/75 [ENR86/TPU3S5(17MI)] compositions, as described in Table 2, were examined
by Transmission Electron Microscopy (TEM). Micrographs are shown in Figures 3-8.

Sample Preparation, Analysis and Results

The sample was cut near the center of the sheet and trimumed at the core, parallef
to the flow direction. The trimmed block was faced-off and sectioned with a diamond
knife on a Leica UCT microtome, equipped with a FCS cryosectioning chamber. The
sections were cut at -70°C to a thickness of approximately 100 nm. The sections were
placed on 400 mesh virgin copper grids, and post stained with the vapor phase of an

aqueous 0.5% ruthenium tetracxide solution for approximately 10 minutes.
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electron microscope, operated at 100kV accelerating voltage. Images

were captured using Gatan 791 and 794 digital camera, and processed
using Adobe Photoshop 7.0 software. The results are as follows. 5
VEHWES B HAd 4 correspond to the 50/50 [ENR86/TPU35(17 kA fyUS2006/035392
composition. Images showed that the morphology was comprised of a
continuous TPU matrix, with discrete ENR domains, ranging from 0.5
micronsTEgreBigHiRAd BANIdreasEninvengtih: cispERSEdIwinietherdiBkdission
matrix. The grey regions withj O domains are TPU occlusions and
T aop T e QU B T i 1 o B TR gt
1@sthe febadShsndifrdeBabna@rorespondstedheasHbe Photoshop 7.0

[QMQW‘??&JJMQL%Q%%\%Q”' Images showed that the morphology

was comprised of a continuous ENR matrix, with oriented TPU domains,

ranging Tegrice Banfct o eepgrddictmdi Bl MNERHITHISHgMD repmaesidon.

WithidhenENG matix Riightessty eaiobsniprawed) 35aiBRIes flom $eme, with
de- 15 b%rﬁér%of the two resins. Figures 7 and 8 correspond to the 25/75

(NGRSt BRI PRSBSOS GRS 'Sty et thamserphdidgeet
waseesaprishthahaTRIN thimtous TiRigmateiondthithberedidshiaNRere TPU
domains, rangi rom.0.5 microns ip 8.7 microns, in length, dispersed..
B R ol B B AT E R ing o
déhedmpoesting of the two resins. In these samples, little interfacial

debondipg grpullguis a5 QBSEREdRePYe S Ae tNesHYPRABE LA IS R Bition.

unexpected finding, since t)éplcally massive-amounts of interfacial o
dEPBEN SR SEP SRS BEN R iWasfesmpatibAfzeepntinuous ENR matrix, with

pelyelefinipelyaretha) e-alaRe S0 Melicairengthdbhg meltstienaihsofinggth,

50/50 [ENR86/TPU 7MD)] varied, from close to zerQ, to ahout.2 cN.
T B RS B IRA A By G 8 ORISR Tagygome de-
stbendjtty thigim opdastimpolyolefm. Such an adhesive backing may be

iicknes bt D00 § DAL AR AT Fomposiion
Images showed that the morphology was comprised of a continuous TPU matrix, with
non-oriented ENR domains, ranging from 0.5 microns to 8.7 microns, in length,
dispersed within the TPU matrix. Brightest regions (arrowed) are holes from some de-
bonding of the two resins,
In these samples, little interfacial debonding or pullout was observed between
the two phases. This is an unexpected finding, since typically massive amounts of

interfacial debonding or pullout is observed in uncompatibilized

polyolefin/polyurethane blends.

Melt Strength

The melt strength of the 50/50 [ENR86/TPU3S5(17MI)] varied, from close to
zero, to about 2 ¢cN. This composition is suitable for an adhesive backing on a higher
melt strength thermoplastic polyolefin. Such an adhesive backing may be co-extruded
with the thermoplastic polyolefin, and may have a thickness from 0.001 to 0.005 inch.
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WO 2007/033117 PCTIUS2006/035392 Adhesion to Pellethane Plaques
of PellethaneTM 2102-80A, 75 mil thick, were compression molded at

200C. Stri%s 1/2" in width and 4" long were cut with a die cutter. Sheets of
WRAAKIE* #Ithds of polyolefins with TPU's in different compoé"i%ﬂis%%ﬁ@ﬁ”

extruded under several 5 different temperature conditions mentioned in
Table 7. A few injection molded plaques from different blends were also
raddesiad th@dBedperatures shown in Table 7. A three layered sandwich,

ith trud t inject Ided
Fercn T ) SR TN o

t2QEeSEisE 70T, in vadkervér Pless with gintitlak giesstire (Rsstaryarious
100D Myl fimsirntd it A0 vas plaaer hene el theer several

sandwich béetween each layer, before com ressing‘r,] to facilitate pulling the

Siffseah irpagRgaserdditasislyitioasriast Arise adnissidpitadprawddetiplagues

SipHad A if%f&&tbﬁﬁasiﬁécﬁ%érﬁ{m{f\,% %%ﬁ@%rﬁ@f&t%@ﬂio&&tﬁ 2@%@)’7. A three
tandard Test Method for Tensile Properties of. Thin Plastic Shegting.
J R T RO P RIS I ARGl B e weer. oo
| RSERQNF stnigite Fasperpividdel d4206psdib g e ibedt loypud togetiepatdtédfat, in
a rate of 10 inchgs_per.min ert la ¢ IN:5Nigs . 1o
R RS AR S SR Y ESR0) S MR BN 1)
Exordcislatronrien efifytenedpich helveomsigiarcnddemcrirerroitdo
%&ﬁ%@?@l‘%ﬂé%ﬁ%% 685478082 46H0- MR- ENRER v spRdeused,

ethylene/octene-1 copolymer, with a melt index, 12, of 5_20 g/10 min, and

ARl rmetr g derixppm A S TGy TER IRAN06T SRR &St
WilBtRoRI TeeRe Rropbicg SIOrmipianit Snlesnsity The HB2sgiaeestRI3D,

di ve, | | di i0l- d. i
R LT o B ies s e b0
R3S ha g Bbo2Enusightpe reentflid dsegmentiand)dhneieth ks fiznod
3%%&%&@9 00 EM Dokt R80G g, }inerlﬁééé%@ 2 pyiitadiene

ased polyurethane, with a’density |éss than 1.0 glce, a Tg of -35C.
TPU 35H8885en&igR-phiverndary Sbylersibuing-b srrmyasees §ocsped

OALGRNIMEASEM Bsb238:01 30E12146 ke 0.5 /10 min.

ENRS?2 is a random ethylene/octene-1 copolymer, with a melt index, 12, of 5
g/10 min, and a density of 0.87 g/cc.

AFF18 is a random ethylene/octene-1 copolymer, with a melt index, 12, of 1
g/10 min, and a density of 0.902 g/ce.

TPU33, as discussed above, is a polybutadiene diol-based polyurethane, with a
density less than 1.0 g/cc, a Tg of -35°C, and a softening point of 90°C. TPU 35 has 35
weight percent hard segment, and a melt index, 12, of 17 /10 min (ASTM D-1238,
190°C/2.16 kg).

TPU35A is a polybutadiene diol-based polyurethane, with a density less than
1.0 g/ce, a Tg of -35°C. TPU 35 has 35 weight percent hard segment, and a melt index,
12, of 1 g/10 min (ASTM D-1238, 190°C/2.16 kg).

The following samples were tested and the results of the average peak load

based on triplicate measurements, and peel strength (N/mm) are shown in Table 7.
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30 The following samples were tested and the results of the average peak
load based on triplicate measurements, and peel strength (N/mm) are
shown in Table 7. 54 WO 2007/033117 PCTIUS2006/035392 Table 7.
WOEHEhbth for Several (Ethylene/a-olefm Copolymer)/(TPGT BfRAAgf{035392
from a Polar Pellethane Substrate. Composition Average Peak Force
Peal Strength (gf) (N/mm) 63:37 ENR86:TPU35A 228 0.18 (injection
molded) 70:30 ENR86:TPU35A (190C) 184 0.14 75:25 ENR86:TPU35A
190C) 179 0.14 85:15 ENR86:TPU35A (190C) 169 0.13 ENR86 (170C)
gois, 91 P ecd- SRy SveraE R inns)odr s prbrs i/ (RED Hioysdrm a

R00C129R0:23:138:46 ENR82: TPU35A (200C) 256 0.20 63:37

AEF1Q-TPLIREA. 100102 N 15 _A2:-27 AEE12:TBLIREA (200C). 250 0 20
75:25 AFFIPPBUAEA (100C) 174 01585 8l aEs TP UER BB 50
S AT 8 TR a0l (199C) 107 D0y Bod Arp e Trend)
75:25 ENRBD TEUH8 508 0.40 [210C injection molded] 85:15 ' 1°
ENR82:(hHesgs5m01@:4b (210C jinjection molded) 5 As seen from Table 7,
bigpEs m@\ggg@@g%m% of TPUtaveyggetstrengtits 014
75:25 ENR86:TPU3SA (190°C) 179 0.14
85:15 ENRS86:TPU35A (190°C) 169 0.13
ENRS6 (170°C) 37 0.01
63:37 ENR82:TPU3SA (200°C) 287 0.22
75:25 ENRS&2:TPU35A (200°C) 292 0.23
85:15 ENRS82:TPU3SA (200°C) 256 0.20
63:37 AFF18:TPU35A (190°C) 198 0.15
63:37 AFF18:TPU35A (200°C) 259 0.20
75:25 AFF18:TPU35A (150°C) 174 (.14
75:25 AFF18:TPU35A (200°C) 69 0.05
85:15 AFF18&:TPU3SA (190°C) 107 0.08
85:15 AFF18:TPU33A (200°C) 102 0.08
63:37 ENR82:TPU35 170 0.13
(210°C injection molded)
75:25 ENRB2:TPU3S 509 0.40
(210°C injection molded)
85:15 ENR82:TPU35 519 0.40
(210°C injection molded)

As seen from Table 7, blends with high percentages of TPU have peel strengths
from Pellethane nearly 20 times higher than the pure ethylene/a-olefin copolymer
(ENRS6). The numbers next to the composition denote either the extrusion

terperature of the sheet or the melt temperature in case of an injection molded sample.
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from Pellethane nearly 20 times higher than the pure ethylene/a-olefin

copolymer (ENR86). The numbers next to the composition denote either

the extrusion temperature of the sheet or the melt temperature in case of
WK AHEBA molded sample. 55 WO 2007/033117 PCT/US206B/138%g55392

Adhesion to Ethylene/a-olefin Copolymer Plaques of each of

PellethaneTM 2102-80A; ENR86; and 63:37 ENR86 with TPU3 5A were

prepared by compression molding the respective pellets, at 200C, 5 170C
and 190C respectlvel A sandwich with two ENR86 plaques, one inch in

Siao s anaiglaque, or the blend plaque, in the

mlddlemc;h@s @mdwmewaﬁa@wmtmmmlmt@ IhreeRis S

(R e L LAy v g
hTioRTendrid O9ith eiphaiall.chethahei glagiie orosEbIBAA ;il@qn@;qummb@er

B e B T M AT e

Fp0eighoras prepatedbl 0umpEessipe itha ilute pipuek Somsitepth diukibérster

thaseARAaRBARIKRGREssandwiches atecheyvrintabless L dables
8. ABA and BAB Peel Stren th of Enwgs from Blend and Pellethane.

Pty ERHEP PlrgRrindbg o EsUstheng gy n oy tis
ﬁh@%x’;"ﬁﬁ@tﬁﬁﬂ@ EMR&@o%ﬁe@@r@do 1A ENREERS B ENREGD440:08:3.68

6TPU 5A II tha hane 37,10 0,01.63.37 ENRS8
By BB SA R BB AR AL Sei e Tt
Tedtbie 80 tklehcpqwsman}s B&tﬁ] etievethtiombenscisi grmficamly agddatds kind of
adhesiondo the etbylere/a-glefin compared to the Pellethane. 56

Table 8. ABA and BAB Peel Strength of Engage from Blend and Pellethane.

Layer 1 Layer 2 Layer 3 Average Peal
Peak Force | Strength
(af) (N/mmy}
ENRSE6 Pellethane - ENRS86 36.00 0.01
ENRS86 63:37 ENRS86 9449.00 3.68
ENR86:TPU3SA
Pellethane ENRS6 Pellethane 37.10 0.01
63:37 ENRS6 63:37 6339.00 2.48
ENR&6:TPU3SA ENR86:TPU35A

As seen from Table 8, the compositions of the invention have significantly

greater adhesion to the ethylene/o-olefin compared to the Peliethane.
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MCSLLP What is claimed is: 1. A composition comprising at least one
random ethylene/a-olefin interpolymer and at least one polydiene
diol-based polyurethane, and wherein the at least one ethylene/a-olefin MCSLLP
interpolyrer has a PRR from -6 to 75, and a density less than, or equal to,
0.93 g/ee. 2. The composition of Claim 1, further comprising at least one
propylene-based polymer, selected from the group consisting of
polypropylene homopolyrners and propylene/a-olefin interpolyrers. 3. The
composition of Claim 2, wherein the at least one propylene-based
polymer has a melting point greater than 125C. 4. The composition of
Clai herein the ethylene/a-olefin interpolyrer has a PRR from 18 to
50. %ﬁ%%%uﬁ)}gé;ﬁbn of Claim 1, wherein the ethylene/a-olefin
interpolymer has a PRR less than 3. 6. The composition of Claim 1,
whergin thesasslefin;contal to 20 carbon atoms, 7. Th .
comgg(?zigﬂ% of Claim 6 ,tﬁ?e%gin t %ﬁégﬁﬁcggﬁ%ﬁ]‘;@ﬁ“g/ %60%52%5'1181&?1?7““
atoms. 2. The 88%%‘?1[\8?? iRt e rshT e o itere diokiasedne
polysrethaneis!corinesfoome hydiogerated: PO NEiIOUR ity 1ess than, or
AMEA}JQ@R%@?E&MCSLLP WO 2007/033117 PCT/U82006/O§)5392 9.
The composition of Claim 1, wherein the ethylene/a-olefin interpolymer is
polymerized by at least one constrained geometry catalyst. 10. The
compoditiosoafGlaieh b fuHhen camnkisiag al; ] . feRebas
contsgﬁ%% 9&?9&&5‘@% ent. 11. The, pomﬁ%gﬁgﬁ%a%%?}?%%gﬁ?grbﬁm
comprising at least one adaiive LelB&EEe of pelypropylenc homopolyimers and
propylene/e-olefin interpolymers.

3. The composition of Claim 2, wherein the at least one propylene-based

polymer has 2 melting point greater than 125°C,

4, The composition of Claim 1, wherein the ethylene/a-olefin interpolymer has a
PRR from I8 to 50.

5. The composition of Claim 1, wherein the ethylenc/e-ojefin interpolymer has a
PRR less than 3.
0. The composition of Claim 1, wherein the o-olefin contains from 3 o 20

carbon atoms,

7. The composition of Claim 6, wherein the a-olefin contains from 3 to 10
carbon atoms,

8. The composition of Claim 1, wherein the polydiene diol-based polyurethane is
formed from a hydrogenated polydiene diol.
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from the group consisting of release agents, anti-static agents, blowing
agents, pigments/colorants, processing aids, UV stabilizers and
crosslinking agents. 10 12. An article, wherein at least one component of
WhHeWHBE 1S formed from the composition of Claim 1, and Wi&r&iriip@i35392
article is made by an extrusion process, an injection molding process, a
calendaring process, a thermoform process or a blow molding process

:b's 13. %&88%(91'% 1%.%’1\1\/% IIQIIti 6 e f ted fabl'l 81‘ 1S
cle of a

he artic aim 12 w erein’the artlcle is ati ame mrna
219115@@%1 BptieldeasCRarpISaes inmieE B Aty a footwear
component. 16. A film comprising at least one layer or ply, and wherein at
Ieast one layer or ply is formed from the composition of Claim 1. 25, 17. A

CorPHETMPSE AR PR Y br&sh e R Bris eI feast aPfeAaTome| ayer

@bqﬁémﬁg‘@rmad:fﬁggratg@@omposmon of Claim 1. 18. The film of Claim 17,
wherein the film is formed by co-extrusion. 30 19. An article, wherein at
least one component of the article comprises the film of Claim 16. 58 WO
2007/0384 tFnRGCTii98 20051353V MArCoFbrisiRg 20lcAun @tdi elhi,iﬂiwiaamnted
535 A0S AAPAREDLL SR RILO SOM PSSR INL ORI 2o |

The artrc e of Claim 20, wherein the artl cleisa wear com 22 A

PERTHSGIONEgHy er@rﬁﬁnaﬁerarﬁﬁfﬁ@@mwmﬁ@ﬁo&%mlp'ﬁgmy@tadmg the

at least one ethylene/u.-olefin random interpolymer and the at least one
diene diol- based polyurethane into an extrusion process. 10 23. A

r}?%r)t/hod“*af%rana’ Fftiertresammponesi iAot cdnipranigdamithy

tmnmmtmaﬂmmﬂ/ameimmam iBterpRiyner and:he akdeast an

one e diol- based Q&Y&”etha”e into ap extrusion process.
njé 10 mo ing process, a c aring process, a thermoform process, or a blow

molding process.
i3, The article of Claim 12, wherein the article is a coated fabric.
i4.  The article of Claim 12, wherein the article is a foamed laminated sheet.

15, The article of Claim 12, wherein the article is a footwear component.

16. A film comprising at least one layer or ply, and wherein at least one layer or ply

is formed from the composition of Claim 1.

17. A film comprising at least two layers or plies, and wherein at least one layer or

ply is formed from the composition of Claim 1.

18.  The film of Claim 17, wherein the film is formed by co-extrusion.

19.  Anarticle, wherein at least one component of the article comprises the film of
Claim 16.
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15 24. A film comprising the composition of Claim 1, and wherein the
ethylene/a- olefin random interpolymer is present as a discontinuous

phase or dispersed domains within a continuous phase or matrix of the
WeigHedibl-based polyurethane. 25. The film of Claim 24 PWE&1iG1§85392
dispersed ethylene/a-olefin domains range in 20 length from 0.2 microns

to greater than 18 microns. 26. A film comprising the composition of Claim
1, and wherein the ethylene/a- olefin random interpolymer is present as a

c%-&onti%ou ] &Qas& vgith

PR

. W
An article,”"wheréin arie

of2 . iai

[ORRPRBE

iene diol- b%ségg polyurethane. 25 27.

(G FCROTRREER A of

thelfitan 13f Claim 24. 28. A film comprising at least two layers or plies, and
wherein at least one layer or 30 ply is formed from the composition of
Claim 1, and wherein the film is formed by co- extrusion or lamination. 59
MESLL Ao /OR3n LA POFIIS HOGEIB5 B RS vArfobiweaen!.
component, comprising a film, said film comprising at least two layers or
plies arr:g wherein at least one layer or ply is formed from the composition

ehed of meries thp fm g b ieasd Rueridyeidiod rammisiarpdding the

leastanedayeyisiomnderiramitie sempositionel Glaimdhsond WhoteiRatiol-

Iegs%gne oth&glagertls for

?!%‘dsifggm a rheology-modified, substantially

geF—?reeEJ ?Il?'eurrmo?ﬁaslﬂco SRS rr(r)ff)egg'ition, said elastomer composition
10 comprising an ethylene/a-olefin polymer, or ethylene/a-olefin polymer

blend, aﬁ%ﬂ%ﬁ%‘fﬂ@%%‘

polypropylene homopoly

WG

ers and

S ehar

(s raip sonsisty

ﬁgga;d&ing the

thylene cop

y

ers,

whidféfh e Shykipeifepledimisiomitiem el uon birbihenidea emspalyidensfdiol-
thigustalieumae:fRane GhRY R 8IS process.

24. A film comprising the composition of Claim 1, and whersin the ethylene/a-

olefin random interpolymer is present as a discontinuous phase or dispersed domains

within a continuous phase or matrix of the polydiene diol-based polyurethane.

25. The film of Claim 24, wherein the dispersed ethylene{a—oleﬁn domains range in

length from (0.2 microns 1o greater than 18 microns.

26. A film comprising the composition of Claim 1, and wherein the cthylene/c-

olefin random interpolymer is present as a co-continnous phase with the polydiene diol-

based polyurethane.

27.  An article, wherein at least one component of the article is formed from the film

of Claim 24,

28. A film comprising at least two layers or plies, and wherein at least one layer or

ply is formed from the composition of Claim 1, and wherein the film is formed by co-

extrusion or lamination.
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15 a shear thinning index of at least 20, a melt strength that is at least L5

times that of the composition without rheology modification, a

solidification temperature that is at least 10C greater than that of the MCSLLP
WO MPYLIELA without rheology modification, and 20 an upperf$§eriei6/035392

temperature limit that is at least 10C greater than that of the composition

without theology modification. 31. An article, wherein at least one

component of the article is formed from the film of Claim 30. 25 32. A film

comprising at least two layers, and wherein at least one layer is formed
ffom thé gﬂﬁﬁ&éﬁﬁﬁ%ﬁ@%iﬁ?@?ﬁﬁaﬂﬁ@% i acometine iyt fye

flaymed ok ae0Wpasiticn leampiisingasr S enedsdaielinrandafosition of

igé%r}?t lymer that has a melt strength greater than, or equal to, 30 5 cN.
LLP WO 20071033117 PCT/US2006/035392 33. An article,

wherein at least one component of the article is formed from the film of

im . iti risi e ene/a-olefi
o B omes
dindtbrossepnstipplgbtiampbly@tbased and/or at least one

polyesternelyat-Rasedhpatyurethbans randwbereiniheialieashons,

ethy!{ene/a-olefin interpolymer has a PRR from -6 to 70, and a density less

HERETE3 GRS SRR PIEERIBE GPERATHeR; Sidatieiiome spTRpsition
epepdiiethedpeiyathasetin poil/erihe stigiant ons Inlyesiei-pBRad, and at

glgu(geth%rpe %}9%%121&% rgg%gnsg&urgtioréﬁ36. hglcom sition of Cﬁairrn%
R B S e TR S BTSN 5 S e ool mers
potyptefinaisstoyime dfpolymers, and

wherein the elastomer composition has a combination of at least three of the
following four characteristics:

a shear thinning index of at least 20,

a melt strength that is af least 1.5 times that of the composition without rheology
modification,

a solidification temperature that is at least 10°C greater than that of the
composition without rheclogy modification, and

an upper service temperature limit that is at least 10°C greater than that of the

composition without rheclogy modification.

31.  Anarticle, wherein at least one component of the article is formed from the film
of Claim 30.

32. A film comprising at least two layers, and wherein at least one layer is formed

from the composition of Claim 1, and
wherein at least one other layer is formed from a composition comprising an

ethylene/a-olefin random interpolymer that has a melt strength greater than, or equal to,
5cN.
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33.  Anarticle, wherein at least one component of the article is formed from the film
of Claim 32.

34, A composition comprising at least one ethylene/a-olefin random interpolymer,
at least one polydiene diol-based polyurethane, and at least one polyether/nolyol-based
and/or at least one polyester/polyol-based polyurethane, and wherein the at least one

ethylene/a-olefin interpolymer has a PRR from. -6 to 70, and a density less than 0.93
g/ce.

35.  The composition of Claim 34, wherein the at least one polyether/polyol-based

and/or the at least one polyester-based polyurethane does not contain unsaturation.

36.  The composition of Claim 34, further comprising at least one polyolefin and/or

at least one polyolefin elastomer.
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