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conprising an ethylene/a-olefin interpolymer and filler, nmethods of making
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a plasticizer and a fill er FIEIY GETHY mvekfAiieoNave been granted for such
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the nore co nly enpl ye medi Slt fillers, .e.q. bauxi t e,

gy psumSYPEmEO l&?efnig FHGLERES ap t'I“f§ ?Yes e PERROSed @é?‘gﬁ{dﬁ%g ot her
proger tdé) ﬁc??fc')fng &1 autSi6fiveFodtRigt P‘of‘E'}@ifnplé 3he hﬁov@&ﬁ&ﬁwn@dﬁaé‘nh’ﬂ@ HisBloSS il €S
nmount , softness (the & hand" becones much stiffer), and elgngation
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(the oriarisesinandfpr s St Shikplh priofib REEAs ofshifl bl itegpalfinesy' 1T
pover rywieofessleftomtRandipslyicds BlveQlsoies bﬁfp@&dl i8 tisdse applibagomse tRurthyi
pellets in a Eowder Whiting .mass). If one were to use a_ very dense
filler,vasiounfied pRlgchylese Pmyryernmlévlm ¢hdoriden gthyleneraernylens-difisar y EVA

bI e g?‘ O%\éﬁéﬁ%e arch €4 Borla ?@caﬂgﬂﬁﬂﬂvﬁ@-{n& Jpfoved materials which neet a
propefties such as Inpact strength, tensile,
eI ongat [3pn, Nowwithsmaddingshe fropdsal efsmsﬂ)adlﬁereanplolympebasbd cﬁllgcl eompgysitidng for
addi ti on, wher o { he sound. deadeni ng, conppsiton 08 compasile, iEvi55d: i N -1
been most widely used on a commercial basis. There is practical limit for addition of fillers
such as the more commonly employed medium-density fillers, e.g., CaCOs, bauxite, gypsum,
25 etc. As the filler levels rise above a certain point, other properties suffer, such as melt index
(as it drops, extruder pressures mount rapidly), softness (the "hand" becomes much stiffer),
and elongation (which drops alarmingly). Ultimately, it is not possible to compound binary
EVA/CaCOj; blends as the mixture will no longer "flux" in a Banbury Mixer (the charge
merely stirs--the resin will not "work" as the blades turn, no power rise ensues, the mixture
30 on discharge is still discrete EVA pellets in a powdery Whiting mass). If one were to use a
very dense filler, such as BaSQy, slightly more filler can be added to binary EVA blends.
However, there is a demand for improved materials which meet a number of balanced
properties such as impact strength, tensile, elongation, flex modulus, heat resistance and

specific gravity. In addition, where the sound-deadening composition or composite is used in
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certain applications such as autonotive flooring, a nunber of other

requi rements have been specified by autonobile manufacturers. For exanple,
aut onot | weormadenisks or parts nmust satisfy requirenent ecofUse@siosi4ance to
cold, mldew, fogging and flammability. [4] Thus, there is a need for other
material s that have inproved noise, vibration and 5 harshness danpening

pr oper td'eﬁéin,a@gﬁéa%ﬁ%lch%%mbﬁﬂi% A868ng, AnibRNONGIHSH WguifedientiSiRive Beer | 00T i Ng
for autonotive, cable and wire and roofing nmenbers. SUMVARY OF THE
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delta quantity, AT, in degrees Celsjus defined as.the te ratuyr.e
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> ARC ffilier Afthgpelyner farhme il cdihgositiowserosipmisesan CRMSTARF-ofadimkiniespodiamerr mi ned
usi ng ah | east 5 percent of the cunmulative polyner, and if less than 5
percentt # the pol ymer has an identifiable CRYSTAF peak, then the CRYSTAF

tenperature 4)s 30fas aQViwA¥n (o h@%&m@rt@@b@aﬂ%g@tMstameeﬂma@ﬁ%]poiﬁ@cover y, Re,
in percent at 300 percent strain and 1 cycle neasured with a

conpr esEnpin-degtage Eeksiusnansfa dansityidain grampgubiceentimetehtdiepdn {ger, and has a
density, d, .i ra ubi €.cent | r it the nunerical values of Re
and d s%%%*cﬂp‘(ag esg%lelcn%)\e}\nmﬁ%c? e?sgglﬁ%ﬁ)st ?}é@%oersl Phe et hyl ene/ a-ol efin

i nterpolynmer is substaptial) ree of o sl {nked phase: 30 Re
>1481-1629(d): or -2 >2819é%§61‘55§§-5@r7%@8%§8%8§411 (d) has a nol ecul ar
fraction whigh elpsembetvarin 466atantko 8B Ihendhs aokictinkédy adienry TREF,
characterized in that the fraction has a nolar conononmer content of at
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| Dt ef POl ITRanlrb Afibdr b DetthdeRInPEHYE B PRiIRETnd GITRECRYNERF pifiST €1 1 sal d

conpar a
wherein the numerical values of AT and AH have the following relationships:

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

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

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

interpolymer is substantially free of a cross-linked phase:

30 Re >1481-1629(d); or



5 random et hyl ene interpol ymer has the sane conononer(s) and has a nelt

i ndex, density, and nol ar conononer content (based on the whol e pol yner)
wi t hi n 10wpen@emniss2of that of the ethyl ene/ a-ol efin intecpalsgomsnpsor (e) is
characterized by a storage nodulus at 25C, G (25C), and a storage nodul us
at 100C, G (100C), wherein the ratio of G (25C) to G (100C) is from 10

about 1:1 tegaboubs 4 Rioleculdk fhétlondkhick 8BitesbefidcacioP@end 136°Civienwhi ch el ut es
bet ween 40C and 130C when fractionated using TREF, characterized in that

the fr feciienatddasing DRIBGcharsgisrizest inghat|they§action s g mplafromengBstit 1 and a

| | ) . “hut 2 .
ver aoonrRSa el ey hlehBr i Uil or SRkt RaReRMgne. 5 20 10, L2 aF
wei ght igtbpblyink fiaion MWiMbetgtaathe sahb tsmmbautes, wkerefnGaidlconpambirbodi ment ,

the ethyl ene/a-olefin interpolyner has a Mv Mh from about 1.7 to about
3. 55 atandemsethylpes mqm@lwg%gqs e sappg CQRpPIYRKFERdsS YT 1RY a density, d,

in gr .cubi i i i : dd

cor r o6 oSy B mEREHHTER fer AERE bR 1L TG Gy E YERPLH ST %5 ) 2.
[ 71 | nofidtat bfthe ethytehie/meoitfin itterpelymelaore/ a- ol efi n i nt er pol yner has a Mv Mh
fromabout 1.7 to about 3.5 and is characterized by a heat of fusion, AH

in J/g, and (? deli§ ehagisbditzel Py aAforagd Modlgay #2S°CaGRR ) daid agorags t he
tenperature difference between the tallest DSC pe% ag{g t'h$@25 tall est
CRYSTARqskis at WAiCeiCh (K0ECh iivheraire Hie rotin o’ (69 Ao Shel ORFCHAV®™ he fol | owi ng

relati P8 0. 1299(AH) + 62.81 for AH greater than zero and up to
13(}6\]/%?8&&?95%}&@?'2?&%H greater than 130 J/g , wherein the CRYSTAF peak

is determn usin t | t J t. 10 lyAadA mer, and
if less thagBS peaF geg%ta %5%?1%15%% ?ﬁe%gll%ha‘gu{gggle@eég?ﬁ ia%lfdel%g%%%& peak,
then t R cGihatddNsiACTREF fdhaftorized 3Ghat tBe YWartZdieds hbl S ZinRETof 4526816/ 009411
[8 In one enbodinent, the ethylenela-olefin interpolyner is characterized
by an &-2and ¢ torabeul/kband a melecylgr Wé’l‘c’@é@t‘ﬁmg’fm% PO negiFatet thap AbUd 1 cycle

measur yith a conpression- nolded filmof the ethylene/a-olefin
i nterpolyner, and has a density, d, in grams/cubic centineter, wherein the

nunri cal vayies gfa e 2ol aAliabic g Lo Lonne Aslet hasishi p when S the

et hyl ene/ a- n i nteFpol yner ree o cross-1linked

phase: m&lecutdrkddighaRAfiBtion], 8fw/Min, ppeiidrehareativatl Bent , the nunerical val ues
of Re and d satisfy the foll ow ng

[6] In one embodiment, the ethylene/o-olefin interpolymer has a Mw/Mn from about 1.7
to about 3.5, at least one melting point, Tm, in degrees Celsius, and a density, d, in
grams/cubic centimeter, wherein the numerical values of Tm and d correspond to the

20 relationship:
Tm > 858.91 — 1825.3(d) + 1112.8(d)%.

71 In another embodiment, the ethylene/a~olefin interpolymer has a Mw/Mn from about
1.7 to about 3.5 and is characterized by a heat of fusion, AH in J/g, and a delta quantity, AT,
in degrees Celsius defined as the temperature difference between the tallest DSC peak and the
25  tallest CRYSTAT peak, wherein the numerical values of AT and AH have the following
relationships:
AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,

AT > 48°C for AH greater than 130 J/g,

wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
30  polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak,

then the CRYSTAF temperature is 30°C.
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rel ati onshi p: Re >1491-1629(d), Re >1501-1629(d) or Re >1511-1629(d). [10]
In sone enbodi nents, the ethylene/a-olefin interpolynmer has a nol ecul ar
fracti on woeowdiocds2el ut es bet ween 40C and 130C when fr aetCirarsatos@o2si ng
TREF, characterized in that the fraction has a nolar cononomer content of
at least 5 percent higher than that of a conparable random et hyl ene

i nt er pedly Nek, 'Eé%. el .U Jyparci n said
conpar abl e Faé om !ét H; 'élh{eﬁe?%% e%ﬁ%?%e@%&gane %gﬁgzﬁgﬁ%ﬁ?g)%génd has
a nel t récodery, Redngpitcgnt 360 pedcamt sﬁanmddmycwnt@med(vbds@dompreﬁm whol e

ol ymer in ercent.of that of t | ene/ a-ol efin
Pnt gr pé%%}%i\;'é]rthl ﬂflt?‘e F%Y@B?@ ﬂﬁfﬂ)‘bm LRy mer taﬁa?l@ 5%/ l%g]msﬁcqb}ﬁ er pol yner
i's chargalfétbZ %e@l’n fhe n%hféh@ﬂ&/amﬁl of RE aﬁ& d328sfy iﬁe(fgﬁ@u Eif@ldnéhsﬁi BEE
modul us at 100C, 0C), wherein the ratio of g) to G (1 000 is
from abhnﬁthﬂlelle/aoleﬁimantemyfmer ip mqstanﬁaléyw&e@ﬁﬁ@)@non%hnkedmh@ser illed polyner

conposition provided herein c r O olefin selected from propyl ene,
1 butene 1 -pentene, 1 hexg?gm%?ﬁgﬁ?g le or a conbination thereof. [13]

| t mbodj ment,, th h | ene/ f t dinth
{11 od BEonpbanthertaditrche Rurgn nabenores fof hBRhety e Wi TBge 17 om
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Condi ti on I'n Certain odinents, the nelt index is in the
range flt@im dbeeme meodlatmuit thesgylenstsoolefin interpalyouar has gowlecalss fiacin o about

500 t.0 t. 10 | t ed a 8,
Cortl ¢ 1B gBRR BoeriePp §0'C L LG TR AR AL SR TREE, el ey,
i nt er pahy/ FRdtionhAs a@hdw domiondeir ednt& @8kt ka5 Heroshhiphe, thﬁbt!huttof& g/ 10
m nutes or about 5 g/10 minutes neasured according to ASTM D- 1238,

Condi t icempagbleandan Ripylege iftepplymer digetiahelgnglasiyecn W sang W@??é?fareéﬂ efin

interp resent
o F SR sl cbidBaiabley ERUGRE bR FABPR B hTihe R LA IRE D Bl B o o
about 20%elt indek,alehsiB0 dmdnolaricamonemeghdonait (Haseccanthe svltoile:)polymar) withiD1 0

2006/ 101932 PCT/ U 2006 009411, certai N enbodi nents, the ethylene/a-olefin
mt@rpd?%ﬁ ﬂéa ethylene/aolafin BisROIEBS Ut 30% or about 12% of the total
vei ght i the sSﬁ%ﬁ%b&fn%ts E}ile@th}lléhe%lgfeﬁﬁ’in@fﬂé%&%Eharédﬂ&zfeﬂ biyad pol ymer

corrp05| |on provi ded herein conprises a I"'er” sel ected from cal ci um

](c:a[) boneslt@agdmodldm suA5F 6t €, (281 Qpraadarsthiage maddbls atrbQf s QUEH08° Gy theseidie gl ass
fl h t dust,
cl oy, e epe S iR neC P i Ty ALBB Ay T T en, o e

nmagnesifgg) oXh@dae eﬁibﬂ@m%t dies filled PoTi RN oshdIsRivheroiadChetsin Tohipeisdsas- 11t ani um
di oxide, titanates, glass mcrospheres and chalk. 1In sone enpbodi nents, the

fi12%r dlefinssslestaddlgor peonyiang Driienchy deasened- I@Weﬁr&w&m QR CARPAIgOYe. | n

ot her etﬁprggf ments, the filler is selected from cal ci um carbonate and bari um

[13] In another embodiment, the ethylene/a-olefin interpolymer used in the filled
compositions provided herein has a melt index in the range from about 0.1 to about 2000 g/10
minutes measured according to ASTM D-1238, Condition 190°C/2.16 kg. In certain

25  embodiments, the melt index is in the range from about 1 to about 1500, about 2 to about
1000, about 5 to about 500, 0.3 to about 10 g/10 minutes measured according to ASTM D-
1238, Condition 190°C/2.16 kg. In certain embodiments, the ethylene/a-olefin interpolymer
has a melt index of about 1 g/10 minutes, about 3 g/10 minutes or about 5 g/10 minutes
measured according to ASTM D-1238, Condition 190°C/2.16 kg.

30 [14] In one embodiment, the ethylene/a-olefin interpolymer in the filled polymer
compositions provided herein is present in a range from about 5% to about 70%, from about

10% to about 50% or from about 20% to about 30% by total weight of the composition. In
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10 sulfate. In certain enbodinents, the filler is calciumcarbonate. [16]

In one enbodinent, the filler is present in a range from about 30%to about
95% by twoaboemighbt of the conposition. In another enbedirrosedosovdaerfiller
is present in a range from about 40%to about 90% from about 45%to about
85% or from about 50%to about 85% by total weight of the conposition. In

sone ernkadinibodiméhs thd éthelend/s-oddilihteBRohyr ik Piaabnt iR a¥&It$0%, @bout36%

conposition. [17] In sonme enbodi ments, the polynmer for use in the filled
pol ynerorddaosi”s poths totpl weiskiedf theeewnppsitiong bl end of et hyl ene/ a-ol efin

copol y . ' il . [ Ltion rovi ded
nor oi oot : HAaBhEEmEERSRATEY hied oPer cbfforiBRh PRSI Kb IRE B' o
use herfilier sélbetedi lem duldivarcarboahte) barfuheshiface, plimigii Hydaidepalayisshipy | ene, 20
pol yvi nyl chl oride ethylene-progylene copol ymer, a (ethyl ene-co-vinyl

acetiat diydrexide, glaspliberartiage-clayntpisnearbos Back eraphits, thsslcamenkdust cvene, a

m xed r i s AC . - but.adi m xed
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p|0| y Pprqlmnhm}gséiﬁéa@@sahhm isidi_ente,ll*tﬁglﬁhm di(tm‘ie,itﬁmamsi glhgaﬁigrctmphéresaﬂdﬁhaﬂc_r. : Thg5
asticjzer for yse herein.inc ., but are not linmted to a processin

b1 1 arindps gt e ey el fom aBiat Rt draryarer g or or Ja

conbi nglydadkidd)eneer ehibo@iGenBTRRANER N seldch IR Bhibfin? &b GRIPIdS RS iufh

processi'ng oil, such as.paraffinlc_procp55|ng oil, aromatic processing
0i 110 n teehi eeripinpuelysiiments,ithe fillerds canivimestbamnte her eof . I n ot her

enbodi s,r.the plasticizer.gonprises.paraffinic pr sin igo, 1N SONME
enboci it o e PPl 6L nfg0h piedER i¥ fikfhae il aftu? 38230 AR g W
st ear i cioft ivdight Bf e FBmPERAGH. "RNinSthet BBbSGmRhE e fllef & preSenPiresRAke fibmAn
anount from about 1% up to about 15% about 1% up to about 10% about 1%

up to aahebt4@sdo et P0%odram abgudiyato abaut 86 By ahput §0%iFe gbowtdd s bvabout
4% t . i - 1 di ts,
£7.0P, BRBRk BBl ok bk P SRIRISER Py DK B0 T
conposi weight of-the 230101932 PCT/ US2006/ 009411 [19] |In one enbodi ment,

the fil ol ymer conposition further caonprises an additive,, such as an
anti - bl ﬂﬁﬁi ﬁlg SHEE odlments s aabaer RuInhsBied palymereamnosiians .

cross- | jinki ; f 2\ ti i

Com: naty S perBASp b bl S of SR B AR cop @B, LA EnBARRLrs She Bed

pr epar i pujymersmundsitieas providgd deteirc fuetheatomiirisa atsecmid podymaat Bxemphary oof i ng

mat eri al , wi.re or. cable coatjng, a floor, tile, fl oor sheet, profile,
gk ECR BOTiES, oTiae Bepes e e A Bees 40 Pl HOU B PR TS

ar tacl epol FAMATChRIHIG, &hRBM-P gi%ﬁe 85ANRACH @éthﬂ%ﬁé—b&vin?ﬁ SCRAbYFEr With a
filler "as” descri bed herein. F 2] Additional aspects of the 1I'nvention and
char actterpobmarof gthylqpeoprepylees agoneanjugates diaie, e miinel padymsr offethienciamdent i on

Wil be\%ﬁ}%cgtgpe?erl gt'};[ren\’e\'i-gurt]adtier}lee nf1i9(|e 8\0’Yiy1[1]1%r gr?ds Y 56 iingtli]dn thereof.

[18] In some embodiments, the filled polymer compositions provided herein comprise at
least a plasticizer. The plasticizer for use herein include, but are not limited to a processing

25 oil, an epoxidized oil, a polyester, a polyether, a polyether ester or a combination thereof. In
one embodiment, the plasticizer comprises a processing oil, such as paraffinic processing oil,
aromatic processing oil, naphthenic processing oil or a combination thereof. In other
embodiments, the plasticizer comprises paraffinic processing oil. In some embodiments, the
plasticizer comprises paraffinic processing oil and stearic acid. In some embodiments, the

30  plasticizer is present in an amount from about 1% up to about 15%, about 1% up to about
10%, about 1% up to about 9%, about 2% up to about 8%, about 3% up to about 7% or about
4% up to about 6% by total weight of the composition. In other embodiments, the plasticizer

is a present in less than about 1% by total weight of the composition.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [23] Figure 1 shows the nelting
point/density relationship for the inventive polyners (represented by

di anonds)weoepnpseed to traditional random copol yners @cepseasnbeal by
circles) and Ziegler-Natta copolyners (represented by triangles). 15 [24]
Figure 2 shows plots of delta DSC CRYSTAF as a function of DSC Melt

Ent hal Ew/] f @ oNBEhBEmBRY, ¥ETIRA pbliendHiconpBsiSon ARIRE EsthpriRs @8 B ditive,

et hyl e oct ene copol ymers; the squares_represent 0Eol yrrer exanpl es 1-4;

the tr lsmimsw antigieckéng agsol, pnentiesidant) ald Vaitabilizend coforantcs piopelnkiagr esent

pol yner ex | es 1 al S, ymer exanples A*-F*.
20 (25f% ?—‘} gn%rei 8?753 ?Ihaen%é@gégéégb en?ﬁﬁ?ﬁﬁﬁqé rgcgtl c recovery for

unori emt@ld flihk FEmPBEELons dﬂr@ﬂue@m&w arudedtis bRphines sundnicadaminigealtibly, 4the
squar es and circles) and traditional copolyner sﬁér epresented, by the

t ri nglavlomative Raraete 2 veafingusatesh ARIENE valle pogimey fElpay tile, arfieorshetty 2
represent V. e/ but ene copol yners; and the circles represent

i nvent i mﬁlé’trhr%lgﬁétofoc Olé#éﬁgopol yners. 25 [26] Figure 4 is a plot of octene
cont enf2f PR&Jprovlet annathddedsihybldngin drtiolef enaprisigpbleyding tHerctlotlermis ver sus
TREF el utjon tenperature of the fraction for the polynmer of Exanple 5

(1 epr eSlsiinggtempl Y%@W’i@éﬁﬁ%“&ﬁé“&@ﬁ’ﬂ%‘h ve polymers E and F (represented
by therl %X ﬁ&ﬁm&ﬂ ectb Bf ﬂx'e?ﬁ%]‘ﬂ%n ﬁ@@élﬁ?&%msﬁﬁ@ﬂl&ﬁr@?«ﬁhﬁ SNESBs

et hyl erie/"oct ene copo yImers Figure 51is lot” o ctene content of
TREF f ratbodomated the myketiel will besomemppaentovifiothy rfeJﬂOWInadESCM?QOWer sus TREF

elution tenperature o h Exanple 5 (curve 1)
and for conparative Flf;&,ii %M%Q%Wf’mgﬁs Exanple F*; and the
trianglgs r @Eglﬁ§¢@hox5é<ﬁi§%&t1§g pmﬁt/&&sﬁ?@e@éti]&l% ?Eoﬁ@éﬂd%ﬁﬂ%(ﬂ%éﬁbl [ 28]

Figure 6 s | og of storage nodulus as a function of

t enper drapreée t@g by d@nmd@)tas\ﬁen@mﬁlt@ tremtlynal@@rtd@ﬁécmb@n%érﬁm@m%b}z) and

propyl ene Y 3 two et hyl ene/ 1- oct ene

bl ock cgpgf '&i@@gr F&Rg&#\é ers&%#aé&té%?)ﬂ{}gﬂé% erl ng quantities of chain
shust | i[p4] ag@gire QaH6WEBloly of dolth BHC- ERgf[S’RaAP?a%ﬂmum of 08 C MelTREthélpy nm)
versus flex, nodul us far sgne inventive polynEHs 2 resented by the

di anoné@l)va”d’éls pelypire d hegliamardsrprgsenb BAndpprethy CIEneiCRRYPEETS: Bi5r esent

various Pé?é éﬁﬁﬁj \e@hhPid § 5IoaRgem

et hyl engl/;at yr neéﬂ;tyoc?)m ér%\ceélfx S; e§ ﬁ@%tﬁl‘aﬁ%&:i@ {ﬁfgﬁtgﬁg}rﬁervarl ous Dow

AFFI NI TM( m)rclq:miemrmem polyﬁﬁ@}exﬁn]gﬂuss £0-89s EFhw§X§ oymbels sermesgnt podwmert exaowldsndex
l.evel s in a polymer 10 conposition. The filled bars represent

fi | ed ‘%o‘ﬁposi tions conprising interpolyner-of Exanple 15; and the

unfigl | qlsparigiieBsasRa theldldoesk dakyyai cloammeshich e uBoRREDIRG mAREI N TY(r)

from inventive interpolymers(represented by the squares and circles) and traditional
copolymers (represented by the triangles which are various Dow AFFINITY® polymers).
The squares represent inventive ethylene/butene copolymers; and the circles represent
inventive ethylene/octene copolymers.

25 [26] Figure 4 is a plot of octene content of TREF fractionated ethylene/ 1-octene
copolymer fractions versus TREF elution temperature of the fraction for the polymer of
Example 5 (represented by the circles) and comparative polymers E and F (represented by the
“X” symbols). The diamonds represent traditional random ethylene/octene copolymers.
[27] Figure 5 is a plot of octene content of TREF fractionated ethylene/ 1-octene

30  copolymer fractions versus TREF elution temperature of the fraction for the polymer of
Example 5 (curve 1) and for comparative F (curve 2). The squares represent Example F*;

and the triangles represent Example 5.



[31] Figure 8a shows flexibility-heat resistance index vs. CaCO3 levels in
filled polynmer conpositions. The filled bars represent filled conpositions
conpri si nyoizndeenpskyner of 15 Exanpl e 15; and the unfil lped/usasos/oospr esent
filled polynmer conpositions conprising AFFIN TY(r)8200. [32] Figure 8b
shows TMA tenperature at | nmm penetration in filled polyner conpositions
conpri mga CCIIP&%‘G ivLgrla Sf ﬂh@'lcy st@rage AbHhINE 574 functiéB3ORmpetayire forat

vari ous | evel s. S #20-23 vs. Control #1 41in TabI e 8). The

di armnagmpmranmtbslem/ l-romen@ aom&m%(ﬁu% Apaad PiogHiene/ siHensr ﬁ@q ml@fr pol yner

compr | QUee ARty Sy BB Rp S SPEES Ay T TR ERERAR, | o1

t enper ﬂlfﬂdrﬁlg\tﬁléﬁtﬁt&ssiﬂehzﬁnéhdﬁlﬂrr@mgsm (gm*IVes‘ Dl.led polyner corrp03| tions
conprising inventive interpolymer and AFFI N TY( 200 mer. The
ci r &l ed2lepFimeni shows %Hlob@fﬁ/@‘ (logmppasis e ‘3% F‘?fﬁef ’é Yol ymer of 25

Exanpl t S

compr1 oNBes R Rer g Y A B ERUDS ] Contiara SR R RRSS  R

t emper a:tlaﬂg&s\tepsremt f/érmusnbdwl\(ﬁ{SI(FlY@fpoﬂjmdsphb ymdcs reprayprg Siatiperendenpri si ng
inventive. in nd AEEI NI TY(r) EGB200 . gi d

r epr es EHY! eanfSFyég‘wp)%ﬂW S s sare; § N V§‘f1 ?Sﬂ‘fvé‘}%%[m rlpg ynnggirml e
15; "angs@0 tg; ré9%ﬁ&@§s6fﬁﬁ§seﬁ@a@}esiskdnl:@ﬁ1defalvyr@arc&qwaﬂﬂa FeI$meNpri si ng
AFFI NI Y(r) Figure 9 shows rheol ogy behavior as represented by

appar embnpoStiosi| lee ﬁH@d s repuesentffilladecdmpobifipes casenrising infeepedymer Exanpl es 24,

25, 26 and 27 and ntr, 5. 6, 6a 6/ 101932

PCT/ USé%@%’Pé‘Q 4ﬁd gl%é%‘jﬁ?’ﬁﬁaﬁﬁsée%se Bgé%d ??%%‘%Flﬁgo% %ojsﬁg\r}ls (Z)?M@slﬁl(r? present ed by

tagscgqxt;qulngngm I6I ed7polym§r gorrgositi ons of Exarrpl es 24, 25, 26 and 27

an ntrols a nd 1 37

Sot GolBLY oFigngs sxarpar bl b ssEghaIs Vi R Erah B BIcEaeltpRoe. 24

25, 26 £b
%&%ﬁég}ogpdrhcé\%ud%ﬁs Rpre a?ntg@e%zgnr} OSétgorﬁou{r%); sglggﬁtfﬁiown?é} ars

repr esent o CONpressi on se eunfilled bars
r eprses aidamplb?; aadpicassilled bastreptsdOfilledpal y@2r tronpaitiqnd 8dmpiigjuge 12

provi des_t he S@ore A hardness for sone exenplary filled polyner
conpos%]flgﬁg Xn%z(@onparatlves of Exanples 24, 25, 26 and 27 and Controls 5,

6, 6a, §2]ba1F1§ure 38 shoWs TUIA Tdipeatlideaf 1AL gelfeﬁrﬁﬁ&isﬁrﬂll ofahéiness; and the

unfill rs represent sheet = hardness. 91 re 13 provides %
penet ractonmosmpnwmmmﬂ_mg ovpaivatinterslynoe 208 ndFBREAY 8200 nobdner®é| yrrer

L e
fildoed jepdesont ﬁﬂgd Pblymer compositions comprising interpolymer of Example 15; and the
squares represent filled polymer compositions comprising AFFIN ITY® EG8200.
[33] Figure 8c shows a plot of TMA temperature versus shore A hardness for filled
polymer compositions comprising inventive interpolymer and AFFINITY® EG8200
polymer. The circles represent filled polymer compositions comprising interpolymer of
25 Example 15; and the squares represent filled polymer compositions comprising AFFINITY®
EG8200.
[34] Figure 8d shows a plot of TMA temperature versus flex modulus for filled polymer
compositions comprising inventive interpolymer and AFFIN ITY® EG8200 polymer. The
diamonds represent filled polymer compositions comprising interpolymer of Example 15; and
30  the squares represent filled polymer compositions comprising AFFINITY® EG8200.
[35] Figure 9 shows rheology behavior as represented by apparent viscosity for various
filled polymer compositions of Examples 24, 25, 26 and 27 and Controls 5, 6, 6a, 7, 8,9 and
10.
-7-



15 sheet tensile at break (represented by the unfilled bars) for sone
exenplary filled polyner conpositions of Exanples 24, 25, 26 and 27 and
Cont rol s W0 2606/929327, 8, 9 and 10. [41] Figure 15 provi ees/UsBhoshestt ensil e
at break (represented by the unfilled bars) and CMtensile at break
(represented by the filled bars) for sonme exenplary filled polyner
conpositions of Exanples 24, 25, 26 and 27 and Controls 5, 6, 6a, 7, 8, 9
and 10. 20 1421 Figure 16 provides %D sheet ultinate el ongation
(represented by the unfilled bars), %CD ultimte el ongat ion (represented
by the filled bars) for some exenplary filled rrer_ osi tions of
Exanpl 636124 Fignse 1®ghomisahepiogahehavintias sipsessniegby %&5 o VaBOU# Jolguer| 43]

Figure §ZIBJ% §As%?%é{@@§/?£% 3 dddBlGa SoRRoRE! 8%al7, %P@%@ﬂ%ed by the

unfille ars Ul'ti'mat e “el’ongat i on {r'eprésented by the filled
bars) fi3T1 s@igrekepplsieycdnprtsibns dagl fpremeaeneppiiry fidedspadymexanpl es 24, 25,

26 d 27 1 d
20 379 hea A hieres &5, el B PR L0 PR ALV s
C tear bﬁfsrrglﬁ@ﬁelﬁt £3% RobepRBdialsebyt J3PE dnid 12D ddubparsi)thd wifilked dalrepryseht | | ed

pol ynmer___conpositions s 24, 25, 26 and 27 and Controls 5, 6, 6a,
7, 8, & a{h‘EPniRIeSS[OEEﬂtqf%auEXé%@% ﬁ?ﬂ’%w des MD, type C. tear strengths

(repregsgf edihine tlf' Broviteh me%oﬁaﬁ ﬁﬂrdﬁé&ﬁ' for%@m%érﬂﬂﬁry&ﬂfe@ REfythet I €Present ed by

the filled bars) for exenp Iar\é ggg/ r nposi tions of Exanpl es 24,
25, 26 eamoamomd@gmpar@tlgesaf Gamloas ?-47 5 ﬁ@d%andﬁonﬁif@isf Eiogut- &> 20

Pr Oy d:-a?xfl?gﬂpﬁ%ggg?ﬁ;g&g%r{ﬁéﬁﬁhﬁ%ghﬁs%@%ﬁ L?é\%xﬂ!ﬁfl'bkﬂs?ﬂn?s%ﬁtslheéﬂd sheet fl ex

dqu or exenplary filled polyner
conposiliardwess. of Exanpl es 24, 25, 26 and 27 and Oontrols 5 6, 6a, 7, 8, 9

and 10. UBST) TUTE, S ULE /009411
[47] Fllaaf Psgurﬁléwoa'édesyzﬁngs or asoé%%ﬁ%p ;%R)E%gﬂ#p%?g? EI((I?G for
exenpl I o)l’ymérldoh‘@d31ﬁmiswf@3(ampl&p%|25|and§6aﬁdEmarqjti ﬁsﬁ B4,7, 25nd 26 and 27f and
Control s 48 ur of TMA
terrpera[f‘ﬁfelrgﬁ‘érgﬁaﬁé%‘%éé) %q&?rgqﬂfllf%%k @@%&ﬁﬁ%ﬁ’(@’ ﬁi ?@a“‘% ylﬁér

CONMpPOSi dhie€tensAlt afeadR(r&ftesérked B thedfiledibals) forvbnicamrtmplasy fHlledfolyeder 7, 8, 9
and 10. [49]. Figure 23 provide ot of TMA pe eé 2 % t? erature vs

dur onet‘éﬁmﬂ%ﬁ‘ﬁﬂ%%@’ﬁampleséﬁéﬁppgﬁ'}‘lﬂ ‘I“}de%o“ﬁ‘&f%g % n% §i8ns. The squares
represeply fifibed 19 QrRIEds VIO RBeet RANRY dt BieAR (lepréSitddws tBS ifliRA BaRYArNe
copolyners and thée circles represent inventive 10 ethyl ene/ octene

copol ynEMstensifesprepl (Fprgeanted bgﬂzezﬂlledd?yS) &gspms sereplan dilled Ralymer 24, " 03"
cor r espoRLS, R nESPRLBIL24, 25, 26 and 27 and Controls 5, 6, 6a, 7, 8, 9 and 10.
20 [42] Figure 16 provides %MD sheet ultimate elongation (represented by the unfilled bars),
% CD ultimate elongation (represented by the filled bars) for some exemplary filled polymer
compositions of Examples 24, 25, 26 and 27 and Controls 5, 6, 6a, 7, 8, 9 and 10.
[43] Figure 17 provides %MD sheet ultimate elongation (represented by the unfilled bars)
and % CM ultimate elongation (represented by the filled bars) for some exemplary filled
25  polymer compositions of Examples 24, 25, 26 and 27 and Controls 5, 6, 6a, 7, 8, 9 and 10.
[44]  Figures 18 provides MD, type C tear strengths (represented by the unfilled bars) and
CD, Type C tear strength (represented by the filled bars) for exemplary filled polymer
compositions of Examples 24, 25, 26 and 27 and Controls 5, 6, 6a, 7, 8, 9 and 10.
[45]  Figures 19 provides MD, type C tear strengths (represented by the unfilled bars) and
30  CM tear strength (represented by the filled bars) for exemplary filled polymer compositions
of Examples 24, 25, 26 and 27 and Controls 5, 6, 6a, 7, 8, 9 and 10.
[46]  Figure 20 provides CM flex modulus (represented by the unfilled bars) and sheet flex
modulus (represented by the filled bars) for exemplary filled polymer compositions of

Examples 24, 25, 26 and 27 and Controls 5, 6, 62, 7, 8, 9 and 10.
-8-
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"05" corresponds to Exanple 26, 15 "02" corresponds to Control 5, "04"
corresponds to Control 6, "06" corresponds to Control 7, "O7" corresponds
to Contr oWwo@ag6/101438" corresponds to Control 8, 20 "09" eOoTNSsI@EN0EI1T O
Control 9, "10" corresponds to Exanple 27 and "11" corresponds to Control
10. DETAI LED DESCRI PTION OF THE | NVENTI ON General Definitions 25 [51]

"Pol yner > ns pol rig c I (PY4| ners,
whet hert 4Bk "TRENE ShBRIIG T Srgat ey e RNy ot 6l SSpREY

enbr ac gg]dahR e Tompoia 6RPSH BiRiples 24¢ QP67 and tGnpoelsydyel 6a, a8 Syl lehd as
"interpolyner." [52] "Interpolynmer"” neans a polynmer prepared by the

pol ynerli0zati on of at |east two different types of nononers. The generic
term"i r "o v ; y j ikS. usual |y
enpl oye[ggl‘tsolqﬁr1 lﬁgr%&tpé&g&ép% @‘?rseé pr}égg%%gwgg%&? %/\%ﬂglﬁ?fg ggfﬂeyrrl%m Tn%rnorrer s) as
wel I5 asexkf@ldrefilled pelypet yorrpositiomiof Examples B4 25y 2€ apd 2Y entl Contrad$ 856,t60, a
polymer_ prepared fromthree different types of nononers). It also
enconpa7s e nmers made by polynerizing four or nore types of nononers.
-9 WO / 2 3RCdN RN 004 ORRA Lk nethativh tdiiferh@idVs El-BNLRP Bhfinetol N

i nter pﬁ??fﬁe:ﬁé%gnepgfly re?@és to]p:)eg?yners c’gﬁpri sisgg ethyl ene and an a
- ol ef i rexemypiany filedpolynree campdsitionat divs squaresfrepraidny filled hgthpesetiassnpri ses t he
majority nole fraction of the whole polyner,.i.e.., ethylene c ri ses at

| east ASBUATISHYE THETEve g‘?"k@ﬁ&’“{f’f‘e F?}%Ol‘épﬁ#em’ﬁlc}m figles ‘iGB’F%e'gr‘%‘feéﬁg% y ethyl ene
conyy i s§§y1@ﬁe/d,@@f§tcogggmem§0 mol e 5 percent, at |east about 70 nole percent,
or at |edst about 80 nole percent, with the substantial renainder of the
whol e plé0) meln Rigurps P2i2hg at | east one ot her cononomer that is preferably
an a-olefin hayin Q n atoms. For many et hyl ene/ oct ene

copol yners, ?ﬂeco ?Sz?f)g(?sr%?x%gl%%%ﬁti on conpri ses an ethyl ene content
great er t harr@bebitresponddioeEpanglens, of the whol e pol yner and an octene
content of from about 10 to about 15, preferably fromabout 10 15 to about
20 nol e per céRt corresRBINIedi*e s Sver . I n some enbodi ments, the ethyl ene/ a-
ol efd n int er‘Rﬁl’%Hﬁés}oﬂgsﬂacﬁoﬂ @gyde those produced in lowyields or in a
m nor anmount or as y-product” of a chem cal process. Wile the

et hyl ene/ a- of(@’icorrespoedpiol Gomtros 6can be bl ended with one or nore pol yners,

t he as-produged ethyl ene/a-ol efin interpolyners are substantially pure and
of ten conpri oK éOWEPGPQ%GnGBH%%fOf the reaction product of a

pol yneri zat i ¥ corresponds to Control 6a,

“08” corresponds to Control 8,

20 “09” corresponds to Control 9,
“10” corresponds to Example 27 and
“11” corresponds to Control 10.
DETAILED DESCRIPTION OF THE INVENTION
General Definitions
25 [51] "Polymer" means a polymeric compound prepared by polymerizing monomets,
whether of the same or a different type. The generic term "polymer" embraces the terms
"homopolymer," "copolymer," "terpolymer" as well as "interpolymer."
[52] '"Interpolymer" means a polymer prepared by the polymerization of at least two
different types of monomers. The generic term "interpolymer" includes the term
30 “"copolymer" (which is usually employed to refer to a polymer prepared from two different
monomers) as well as the term "terpolymer” (which is usually employed to refer to a polymer
prepared from three different types of monomers). It also encompasses polymers made by

polymerizing four or more types of monomers.
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15 process. [54) The ethylene/a-olefin interpolynmers conprise ethyl ene and
one or nore copolynerizable a-olefin conononers in polynerized form

char act erwpedodnpi9sal ti pl e bl ocks or segnents of two or pomrus2@eloyaser i zed
nononer units differing in chem cal or physical properties. That is, the
ethylene/a-olefin interpolynmers are block interpolynmers, preferably 20

mul ti-b, K 40t Q f _£0Pho] » r "inte @ . and
L e Ll e R

mul ti - bdthgkncapicinynliefitibvie 3 sepoesarioddtdys. t efdaill ethyiehe @hipiisés the AB) n
where n is at |least 1, 8 eferably an integer greater than 1, such as 2, 3,
4, 5, 1wajotity moly fragtion gpthe viwlepolymer, i.eg eligdencorpmpriges atdeashithghibpl moje

Cebront Dot pE e A tidyiler, VECRReAN ctffied SBREFEN & 1ohsEobe 70 Bk, ©
f ashi onpereesnt, ab pastsEbdut 70 mokeigesdeat) o af lkyst Abvan b euble perseristvith thessdubytantial

st ar-shaped fashion. | n other enbodinents, A blocks and hl ocks are
r andon VEW@F’F R Q@OLQ ?W@%}Sww?%ﬁ%qwoﬂm cowa%lpewgﬁtdg pr qEIB| ock
copol ynBf & olsgialaldheB0orRbre Ra¥BN AtcRhs. Yok Wby 3ehyl e/ Ri¥he cﬁ%lflﬁ@l’s%‘e BBB-BB In

still other enbodinments, the block copolyners do not us y have a third
type of prefenell comphsitibn canprises es ethyfehe cententapenterdhar dtwnt 80 molespercenh of

mbodi nents,  each of hl ock A and block B h
subst aniEh Aol FLaGHAR) St ORERF SUKER APThAC BT SR 13- PrefeB o008 Ao 32
PCT{0US209f/ 908 20 mdldp&t&e of werwisle P@Mn@ﬂrIn@oﬁfe'%nfboﬂﬁﬁerRé,Qﬁé(etBﬂ@ﬁ)émf i ses

(0]

two or nore sub-segnments (or sub- blocks) of distinct conposition, such as
a tip sdghenterpabymers ¢arotandudssthasetpraduogd in foveyiglds or ommindrmeynt 015 at he
rest of 0Gk. 3 j - ' I [ arious
anount sb%P l%dﬁlgrog'lé cg%\%ﬂalsg&’? QST’; W’é&%‘% éyﬁﬁ%%ﬁéﬁ%gﬁﬂ? éne%@e er%B {b %eigf%c ks of
pol ymerwitkdnelot indrd polyhérs hthe hérptodneed chyleg@blefin intefpol gnary afe sgbsaiteillyt han
about 95 wei gh ercent, and preferably greater than about 98 wei ght

per centPB& 0’%‘5‘?&‘%‘}%’%@ ity O’bqomﬂféleﬁdlf%%‘fe?‘cq% Ryt 0&6 PO MEFIEAI, ononer
confentyot&ent ent of nonomers ot her than ethylene) in the hard segnments is
| ess than about 5 weight percent, and preferably | ess than about 2 wei ght
per cent [S#hs ethoethylhec/weilefint insipdyreey cbyppase cthfenparsbore @miodi nent s, t he

hard segnents coppri se or substantially all eth
b 5

|| | "Spft"
e ogrent SR e aPB i n Somotingte e e Seaitfole, spBtegtruRrS mifhale bloRyni ch

t he congepREnts @0 RYE6E moviphériRl nﬁﬁiﬁﬁféﬁhﬁité)&il’{%ﬁn%hﬁéheﬁﬁéh\l bEPBYsidaP gr eat er
t han about 5 wei ght percent, preferably greater than about 8 wei ght

per cent Properéias eFhat fra theasiesdencimolasingrierns mere block igtespalmenshmfestidut 15
t heborBAarEti BRAARRS otk dlne i BB lyonts D RS o BB 20
used interchangeably herein. In some embodiments, the multi-block copolymer can be
represented by the following formula:
(AB)q
where n is at least 1, preferably an integer greater than 1, such as 2, 3, 4, 5, 10, 15, 20, 30, 40,
25 50,60, 70, 80, 90, 100, or higher, “A” represents a hard block or segment and “B” represents
a soft block or segment. Preferably, As and Bs are linked in a substantially linear fashion, as
opposed to a substantially branched or substantially star-shaped fashion. In other
embodiments, A blocks and B blocks are randomly distributed along the polymer chain. In
other words, the block copolymers usually do not have a structure as follows.
30 AAA—AA-BBB—BB
In still other embodiments, the block copolymers do not usually have a third type of block,
which comprises different comonomer(s). In yet other embodiments, each of block A and
block B has monomers or comonomers substantially randomly distributed within the block.
-10 -



wei ght percent, greater than about 25 wei ght percent, greater than about 30
wei ght percent, greater than about 35 wei ght percent, greater than about
40 wei ghtwpen@znig32gr eat er t han about 45 wei ght per cenPcTgrse@smno4than
about 50 wei ght percent, or greater than about 60 weight percent. 20 [56]
The soft segnments can often be present in a block interpolyner fromabout 1
wei ght ; ' ! ' t he bl ock
i nter pollng)?rﬁeér;%&Q)tpgcrlgé'?1 8‘?‘%8%0& r%%ﬁ%‘ﬁ%{%‘ﬁgﬁﬁﬁogg%@gﬁﬂ% aegﬁt(mg bWei ght

per centblodkspof dibtinet cdpesitiah sugheasediyt segmentabhich 198 awebgyinttiafie difémént f r om
about 15 wei ght percent to. abput 85 weight percent, from about 20 wei ght
percentcofl?i’oég’(?ﬂltﬁ@dﬁ?\éqsb?ﬁhﬁg}%egm, from about 25 weight percent to about
25 75 V‘ES? htTIREh GRS ocH ﬁ&?ﬂn@ﬁ%ﬁc;ﬁﬁr é’éﬁhﬂﬂ& VRS EeRlouh® FPRMU" 46 ekaht
percent, Trom about 35 " weight percent 'to about 65 weight percent, from
about 4BgmenighiHpwl’ segmentorestrdablds ekpajymerizednogsin whichfethyhenabopresets

wei ght .percent o about Lght ,percent of the.total i gh f.ot he Dbl ock
ot or poiaroueh feBReEh ot S5 Ao SeGRE, e B bt pRack Rk dios: oy
ranges. wdipgt fedent b£&ed 0B e WELBIYT tREPEISNEATR olitd wdis, ARS dbnfRBiRP Eo&itght
percent age can be cal cul ated based 30 on data obtained from DSC or NVR.

Such melcpeaat of mepnomesLother thrs cthylene)iis thedwad segmeatsds tse thea gbpyt 5 weight U, S.

Pat ent )|, | i i 1l ) No.
385063-@8@%‘}5%‘?'& ?ﬁ%?”?@é&gr‘lsé{‘\%yarbé{ﬁgg’[eghgﬁ?%nerﬁggycx@ &P%%Iﬁ’%%trhg%fﬁ% ed on
Mar mh 1, so2@@Mmbotliindnts theswrd edgnients doniprises Sharsubktaiitlle diesthyléde. ‘Soft>al . and
assigned -11 WO 00&/613#932 PCT/ US oog/ 009411 t o, Dow bal Technol ogi es
Inc., tY8WERScITHSE ofter {pnds ketpisto; poPAYREIIERH it dp the PRINPRATRET [t
entir etébnt&a?{dont@ﬁ?oﬁxﬁ&%rﬁ&& ¥ifepltah Rhylent) ﬁg?é @Iirfﬁﬂ'an dHRNES Weldht ?er@ t¥m3r t hat
possesses a first order transition gr cry ta?] ine melting pofnt m as
det er miprefirdbly giehterthenabalt Sseeipm pegeebt, @adatar ithemt abpuf IS@igbt peecpnit,\oal ent

t echni que., The t.er . used ,i nterchangeabl y.with the. term

e oyt P o 1R Sl pERETkRERICE PRy of 1 Pty FeiShGeki ng a
cryst al dohRlimemb, the6orRGidhher 35n1dAt i8RHE ECkebdhehlis che be plchRt 1HHAE ABHILTD

cal ori net rg/ (DSC) or equivalent technique. [58] The term "nulti-bl ock

copol ynweighiqrercens grentardbprcadiost 3hweight pdreant, areater than shost 30 veighdneraémi ng t wo
or nore ) I EStE i on .eferred "blocks")
prefer a%%%g{%l&?é%t nlj g\;ellg%géealicg%agrﬁ%? P{h?% gﬁ&ﬁsq F)S“éa(l%}glpﬁ?grrlt’ ﬁ%@?eﬁgmgﬁé%ﬁc ally
di f f er e4ft wailRiopeudunt, preatdtithan dboat f@iveRtt percerit Corgnehtor thah ARIPET tveight

pol ymeri zed ethylenic functionality, rather than in pendent or grafted

f ashi orP¢S#t-a preferred enbodi ment, the blocks differ in the anount or

typg of . . :

cr E@t al Hsigﬁi ty, t ee%@%@%@éﬁ% l%é(;ﬁé?é?gma% l’??f%ut a%{)lér%egﬁg pol gﬂ%}wg{ 1:suc
conposi paremy ta dhout Ypweight pergerd of tie totabweight of th¢ blok averpolyorer,gyefdiablyact i ¢) ,

reglo- r&%glag(r)lllttsy wglrghtrpee et fo abodt &? £V|e11g¥1t petl“cr:1eer1‘t,afrrT(%)nllJ %ouc{fl 0%6?&% rfolelir‘]c%ht to

about 90 weight percent, from about 15 weight percent to about 85 weight percent, from

about 20 weight percent to about 80 weight percent, from about 25 weight percent to about

25 75 weight percent, from about 30 weight percent to about 70 weight percent, from about 35
weight percent to about 65 weight percent, from about 40 weight percent to about 60 weight
percent, or from about 45 weight percent to about 55 weight percent of the total weight of the
block interpolymer. Conversely, the hard segments can be present in similar ranges. The soft
segment weight percentage and the hard segment weight percentage can be calculated based

30  on data obtained from DSC or NMR. Such methods and calculations are disclosed in a
concurrently filed U.S. Patent Application Serial No. (insert when known),
Attorney Docket No. 385063-999558, entitled “Ethylene/a-Olefin Block Interpolymers™,
filed on March 15, 2006, in the name of Colin L.P. Shan, Lonnie Hazlitt, et. al. and assigned
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i ncluding I ong chain branching or hyper-branching, the honogeneity, or any
ot her chem cal or physical property. The nulti-bl ock copolyners are

char act erwpedodnp19s2i que di stributions of both pol ydi specsiusgooscooesxt (PDI or
Mwv Mh), bl ock length distribution, and/or bl ock nunber 20 distribution due
to the unique process for making the copolyners More specifically, when

pr oduce ragce rom
0 2 o8 Tofh GG TR RRC TR aidclGe BRWATRIS 1 EBB0RAR ty RATSRPHRRA )
and nDsﬂs@ﬁﬁﬁyrably fron11 8 to 2. 1 When produced |n a batch or
sem -bajch process, the ss PDI from.1.0 ferably
from1.BMo B %eHHDP@S‘BP&F f??%l‘@ ¥p %SZP 3 golymgt th&hﬁoﬁ%%s?s ap?’@f bly from
1.4 2 AeSafihdat di scl osed
hereln5%%§n§€§¥o£§%g?gnggﬁgéggnk gg%hlesslﬁﬁg¥ﬁgﬁkﬁﬁgd&%§%@@§bout" or

" appr oxéalmimétry @3Cea donivalenhiechnigue. t Trertemn tiay behisgd integhangeaplibyith theer cent |

uor | CT SeBERRATeS TBG B oTDoR] R e BESET e & (3 e

di scl osg@itin ?@%uﬂ 4srBgemaded Bi{]hiffweﬂﬂat Safinih P aloARBRy (DSEPBELEfui et Y
di scl osed. I'n particul ar, e follow ng nunbers wthin the range are

speci f i tsahniquadi scl osed: R=RL+k*(RU-RL), wherein k is a variabl e ranging

from 1 rcent. to.l10 nt a“ e is 1
per cent 1988 TR ichR FNBECEERboifhb § SoRlrGRLopb B RRbrs s oy, °

per gent co@aﬁnﬂ@ &8 Bk more che%ﬁcalliyr(ﬁﬁﬁict régong oF §@l‘mﬁent§9(¥efeﬁé<tﬁrds “block’) WO

2006/ 101932 PCT/ US2006/ 009411 98 percent, percent, or 100 percent.

Mor eov ePrefeash}y iningst m@drnea%\m@@leaethamw nglymvﬁlamln&f@ma&%ff%aw@dwﬁ the
above i ifhe t 0]

P ovi ded b oy HRRR el e vt e RS polymicr B KRS R TR ORE Al

noi se, in fendénton grabted dakhivaw dh laqueiredaembmnt fredpeclsidefer i ke dnidunédr

pol ymer conpositions rOV|d her.ei r ich is an
Dbyl enPa O CaRPRORTBiBB e (hor et A5G thF oy Gl 44

embedi MERL@INItE HSe Qtﬂ‘im@z?dlé too%ﬁow%t Seduck eémpbﬁt%n the @pPbagigk&e ARdctRAf 10
optionall'y D. an additive pol ymer conpoSitions provi ded herein
possess (isptacfiger Split@lstla@:fal) I}leﬁ’ﬁ@g@lae‘@ OYS‘@@h Heigglﬂﬁiryﬁe‘fhe regtntddrarchinge, better

flexibili n modul u t hat
ke ¢ eS8 O PR of Dt Bropehl MR Ser Gl Pt it BhORERL, o
and har Slhlbmﬁ:al éw}erfﬂlbtmu]nﬂblabl{ &fpbl}ln‘d@s faﬂeQihéiaﬁ@n@étﬁb)F mﬁﬁﬁ@&smbuﬁom;abl e

and wire. {62 Furt hernore, conpared to traditional ponoIefln

copol yngf ‘goﬂa palyBisesrgisy indss (PIak o &-thocksleneth distiByiopnandor Hleskpugihngs
pr OY? d eg uﬁbl? dﬁé({y Ak Tumg[}lg Prg{ceégrfo&gf(th i éogseglﬁeg% @i?lcal %vhen

et hy ene Ininterp r conpositrons In ex
produced in a continuous process, the polymers desirably possess PDI from 1.7to0 2. 9

preferably from 1.8 to 2.5, more preferably from 1.8 to 2.2, and most preferably from 1.8 to
2.1. When produced in a batch or semi-batch process, the polymers possess PDI from 1.0 to
2.9, preferably from 1.3 to 2.5, more preferably from 1.4 to 2.0, and most preferably from 1.4
25 tol.8.
[59] Inthe following description, all numbers disclosed herein are approximate values,
regardless whether the word “about” or “approximate” is used in connection therewith. They
may vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent. Whenever a
numerical range with a lower limit, RL and an upper limit, RU, is disclosed, any number
30 falling within the range is specifically disclosed. In particular, the following numbers within
the range are specifically disclosed: R=RL+k*(RU-RL), wherein k is a variable ranging from
1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent, 2 percent, 3 percent, 4
percent, 5 percent,..., 50 percent, 51 percent, 52 percent,..., 95 percent, 96 percent, 97 percent,
-12 -



hi gher green strength at relatively higher tenperature conpared with
traditional random copolyner conpositions, which will allow higher set-up
t enper at wepossiorseer set-up tine 20 and thus al |l ow f asemr/yseadmoed4iipn rate
in injection nmolding, calendaring, thernoformng, and other simlar types
of operations. The higher crystallization tenperature of the ethyl ene/a-
olefin ¢ I i el oWl r'rp,lggg@e i ndom
copol yn%?g%w%onp ﬁger?wdﬁ:logglg}fﬁ%tlf qol%?ﬁ?/?éghée a- ol é¥ci§in1%|h%%’§er%ngii§?2§\;vg§{25 [ 63]
The et hyhmebers as ddfafel in thetabopois yiserspecifeallyi disckosbddi nent s of the invention

(also refer as "jnventive interpolyner” or "inventive polynmer")
conprise eth ﬁgﬂép%e'bhgm@r"smﬁme copol yneri zabl e a-ol efin conononers in

pol yner {@?d PRIVIRed HersRErealicd PElyRYer MbbbitiSns tRAARKS t1Rf deSRATRIISES viblatioho OF
more polymnerized monomer units differing in chem cal or physical properties
(bl otk amt arguwiessisrproveprest progbitigs.aThafitled polpokr easprsisitions provideddgrein hy| ene!
a-olefin interpolyners are characterized by one or nore of the aspects
descri bEFRES f ol | ows. [64] In one aspect, the ethylene/a-olefin

i nterpol ymer 3 W$6Hnich whidhod aifeihlyfenof-d168n intérpelghenamblave a M, , /M from
about 1.7 to_about 3.5 and at |east one nelting point, T,,,, in -13 WO
2006/ 101932 Bcrfille2006/ 009411 degrees Cel sius and density, d, in

grans/ cghjhc €enti . i ek Iej ijabl es

Qor r esplith” St itbadlORt Ao cdatfolMRLHRr NARHES CRpBARIGE D 2% | g
pr efi@er abptyonkity B. af 28ditite. + TASANAL phlymebatipasitiony rovided hemiepgesessemajuey 5 Tm
858.91 - 1825.3(d), + 1112.8(d)2. [65] Such nelting.point/density .

rel ati oH@FWC;??P%OPPWG&ﬁ%@?%gﬁﬁﬁﬁﬁéﬁ?éﬁ‘?@ A% @@X’tlﬂ_%ét?’ qt dﬁ’ipf‘?"(?ﬁ’gﬁt_ indisaom
copol y "RIsRtibe- Rl ¥R BaRh&] thBSmUIROHEm WRIthHI8 rRRE T ParfiBLsRAPRcMNY in
decreasing densities, the inventive interpolynmers (représented by di anonds)
exhi bi t nois¢ vibregionpoi asshsesh shprotembityin authepetigditoriog ant eoafons.iin gable and
particul arly when density is between about 10 0.87 g/cc to about 0.95 g/cc.
For exanpi®e, the melting point of such polymers are in the range of about

11016 t ggboptirtActthote, bb@Pade A trhditib@i §65 ofefidroPol§hierindblémdsahout 0. 945
g/cc. In sone enbodi nents, the nelting point of such polyners are in the

range ofthalsoero-alein interpelyatssuanditiends prpiadeddesseineyhibiddgher erysidllzaB@s g/ cc to
about 0,945 g/cc.. [66 n anqt her aspect, the ethylenela-olefin. .

ot or polSErSuEs bt Sty lenr g B ANy per o R AT B or ror e
a- ol ef I fpnangheat ﬁr&x@ﬁfﬁ%l@ﬁi’e%fﬁifgh& RmPdratird cOBPAEE wibl tRidiPnatahddigd as the
tenperature for the tall est fferential Scanning Calorinetry ("DSC') peak

m nus t hepolyrempemapogitions,ovhichwilt alldve bigher set-up tampesatinss, shageysst-yp time
Fractionatjon {" CRYSTAFE" eak .and a ..heat,pf fusien.in,J , AT
ana het 850 1P how TS rasducRE o BB ot HithBlilgMutbfotofthlng, &0

other similar types of operations. The higher crystallization temperature of the ethylene/a-

olefin interpolymers will yield lower shrinkage relative to the random copolymers.
Component A: Polymer
Ethylene/a-olefin interpolymers

25 [63] The ethylene/o-olefin interpolymers used in embodiments of the invention (also
referred to as “inventive interpelymer” or “inventive polymer”) comprise ethylene and one or
more copolymerizable a-olefin comonomers in polymerized form, characterized by multiple
blocks or segments of two or more polymerized monomer units differing in chemical or
physical properties (block interpolymer), preferably a multi-block copolymer. The

30 ethylene/ a-olefin interpolymers are characterized by one or more of the aspects described as
follows.
[64] In one aspect, the ethylene/o-olefin interpolymers used in embodiments of the

invention have a My/M, from about 1.7 to about 3.5 and at least one melting point, Tp,, in
-13 -



LET > -0.1299(AH) + 62.81, and preferably 20 AT > -0.1299(AH + 64.38, and
nore preferably AT ? -0.1299(AH) + 65.95, for AH up to 130 J/g. Moreover,
AT is equab 20@/10193gr eater than 48 C for AH greater thanpt3@s206m094The
CRYSTAF peak is determ ned using at |east 5 percent of the cunulative
polymer (that is, the peak nust represent at |east 5 percent of the

cunul at &égg R YIRS And d%ﬁ@ltgj, i i{g@g?émé/&?d?c entitdRG! WREkiOhe hiiS R ¥aREs Has an
i dentifi eIe CRYSTAF peaKk, thenh the CRYSTAF tenperature is 30C, and AHis

t he nuntheivendblesstomespdndtth ¢herreltionshif:usi on in J/g. More preferably, the

hi ghest CRYSTA 0, [ i 1 cent of the cunul ative
pol ynmer. Fi jgrg'28@:2%%54%$8@é?tﬁg?gcﬁf’dapglpﬁ%{érﬁgﬁve pol yners as well as
conpar ative TexagpdEs+ 1804 RAJ 262D PAFKa] ofe HBfkrdd®@AK tenperatures are
cal cul ated by the computerized 30 drawi ng program supplied by the

i nst¥ ument gr858fe- bﬁzégwﬂﬂaﬂlfi?rﬁdghom for the random ethyl ene octene

2. o1, 1o5) VR e SR ERREY Blalubine HRk T Pl L VS b pect
t he et hithdniedad raldei ddpblyhRiPel ofiieese/daledina wibieaultiap pbindddetsase withch el ut es

bet ween 40C and 13QC when fractionated using Tenperature R si. n.g El ution
Fract i ofeergasingdensigies; she ipyaatiye irderpokymer(rematentediby digpendspexiis mglting) ar

o of or oy ot apbfealisly gieEEndcRl o G Aoty b Raly prOFUGER UMb D om
3}1 hyd _enQSz gtoe e abourBrosfg/ac Ejliom rx@hpie] thg n’_mé!ﬁrvgmirlntdfesueiaptﬂymgmw 'ﬁltthe es,
ComnonBHESyt SAA PR 1 S8Rt 11 dolheriarrsit Ftean HoRKh & EorbHbter O-3nt ent
(based gmct Hﬁson‘{@‘é?ﬁl?odﬂﬁéﬁéﬁfrl]é m\éh},tv/fn%i]ﬂair%f%f PERMGRINmES ateh@ihPfangder Mg ki 5

interpolyner. Preferably, the t he "‘conparabl e interpolyner is also
wi t hi n YOtpahouth2S Y whia tersity ranged frook0.8 7t g/leptst ahowt 0.945 gied/ or t he

conpar a i pt erpol yner. has t ot al , conpnoner content. wi thin 10 | ght
or cont thef ' P oREy G HRGab Rl EpiBRTRER N mef SrmPlse i Sftpteel e
t heiet hythglegé faddbef drindrd hedlB@hsyErase eaeactditkd bl ArA T efl dBte@Qelsik Adefin6d
recovery, Re, in percent at 300 percent strain and 1 Céd e neasured on a

conpr esas B temsrair for hmteiesthiffaronpiabiemaing (ealommetsy 6Py pedk ming thias a
Re and BRSSP PR B C R PUTR il s ©
i nt er pohgatef fusonsin gt ARL aad AY ahd @d1 stisfy the ddbwing kedatiqpblape: Re
e e MR R eR e
20 AT > -0.1299(AH) + 64.38, and more preferably
AT > -0.1299(AH) + 65.95,
for AH up to 130 J/g. Moreover, AT is equal to or greater than 48 °C for AH greater than 130
J/g. The CRYSTAF peak is determined using at least 5 percent of the cumulative polymer
(that is, the peak must represent at least 5 percent of the cumulative polymer), and if less than
25 5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF
temperature is 30°C, and AH is the numerical value of the heat of fusion in J/g. More
preferably, the highest CRYSTAF peak contains at least 10 percent of the cumulative
polymer. Figure 2 shows plotted data for inventive polymers as well as comparative
examples. Integrated peak areas and peak temperatures are calculated by the computerized
30  drawing program supplied by the instrument maker. The diagonal line shown for the random
ethylene octene comparative polymers corresponds to the equation AT =-0.1299 (AH) +
62.81.
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[69] Figure 3 shows the effect of density on elastic recovery for
unoriented filnms made fromcertain inventive interpolyners and traditional
random copol2gosernse32For the same density, the inventivepcmiuse@eloyser s have
substantially higher elastic recoveries. [70] In some enbodi nents, the
ethylene/ a-olefin interpolyners have a tensile strength 25 above 10 Mra,
pref er afny _ant fshbiieShh&AThD oty lheARACATMRiEATALATARL K nibléds iHagriad T engt h
? 13MPa and/or an el ongati on a%, break of | east 600 percent, nore

pr ef er abhichaiutesbatwed ) Capd d307C ergfnaqtmpated usiap [Tyrr@braheagnm@Elupencent :

o A R Do S PR Bt o
i nt er pohiHBY. prféiiily bl least 5S3cPEAORI AR HovSpreRPablfbi Rast G0 pérent Hfgl{el Qﬁ@ Of

from1l to 50, prﬁermﬂyfromj_to? more preferably from1l to 10;

aRd/ br tiejofa mardqipraeuﬂgmlcﬂﬁhﬂ@te igfernobysen fraghioB olysiag betveeen ;theeelameabl y |less
t 70 t 5 t,
I egrs] ¢ hgerqﬁaﬂf%be 5 UK ?Q ggh aéo@’para%?e ra}utf it esgrle%%rlﬁt%ﬂ)o &%nlleg‘%%nttak}l%zlge Qapﬁe? \(jve)n or

2006/ 1038 8endnéet(sh)S52d 064 QaRkliddex, Zié’dsﬂy,rmﬁtmdﬂhr wﬂikﬁfonfem‘ﬁ&ﬁtbm(ﬁ&@d ohlilge
ethylene/a ol efin |nterﬁ}lyners have a npr essi gn set_ of IeSf
per cent Whplegwlympgrh within k) pigppnt of @égoftthﬁhloeb 1rﬁétmekymer Breferably, the Mw/Mp
per cent , S Iess
P CC of B SRR n b AC LR ARR) Apah L ahOGEHBLREPRMIE S | ©

downmo t oaﬁrﬂomhe Gorppamblnhntet})o[yTﬁr hlamaﬁajaie:omdnodnenmﬂtmt withén &0 Wyighnpéraerml ef in
|nterpol rs Baﬁle fri heat, of fusion of |less than 85 J/g and/or a pellet

bl ocki n@ %fﬁ‘f' O5K IdefRalY™MEG or | ess than 100 pounds/foot2 (4800 Pa),
preferaldgy egyaln dfouRk aép%afs tﬁé@ﬂy]%/&-@l%’fhtﬁteﬁ%‘ﬂﬁﬁer?ﬁ]}e ch8SRRsz& byagqual to
or less than 5 Ibs/ft2 (240 Pa), and low'as O Ibs/ft2 (0 Pa). [74] In
ot her erlasitti 1eeomesy, Rehin lt?ﬁtlf‘iffalf’lt ehE]Ocpentent stralm ancet ppily mepsiredorpa p@mpressqon-

PO s bl i 4 BB iRy Mo bEnd b stk R B DD et

or hess cédiimet@wheleieht nuietital RaRESCHERE ¥nd €Saisthtb féllbwihg rd&idaehipeitienand
down to close zero percent. [75] In sone enbodinents, the multi-Dbl ock

copol ynethylepe/gslefan miopplymet i sybstantialy dree of aprassyinkedsphaseut i on rat her t han
a Poi sson d|§Eghggiqgﬂnggﬁ%ﬁgggkﬁggrs_are_further 15 characterized as

havi ng both a polydi sper tribution and a pol ydi sperse
di stri buti onRecfl491-06R9(d); zed namelpredssdgsi ng a nost probabl e distribution of

bl ock I engths. Pr r nmul.ti- bl ock | ymers are those containing 4 or
more bl ocks gF—éééLgﬁﬁﬁﬂ?ﬁEﬂﬁ&FH@OF@Fﬁfﬁgf bl ocks. More preferably, the
copghyners |Rgbqg@ngzgg st 5, 10 or 20 blocks or segments including
term nal bl ocks . T Conmononer content may be neasured using any

sui t abl ¢6%]echiguri; shcwws the e&etirof dorsity Mmic mvorvi@mflfelamnmgwmﬁlms medenance
("NVR") ﬁoﬁlegé[rtraPnsl%gg%lv%rn?tfereproiyenqers aNrtl)c[ £8d1fonal random copolymers. For the same

density, the inventive interpolymers have substantially higher elastic recoveries.

t han 80

[70] In some embodiments, the ethylene/a-olefin interpolymers have a tensile strength
25  above 10 MPa, preferably a tensile strength > 11 MPa, more preferably a tensile strength >
13MPa and/or an elongation at break of at least 600 percent, more preferably at least 700
percent, highly preferably at least 800 percent, and most highly preferably at least 900
percent at a crosshead separation rate of 11 con/minute.
[71] In other embodiments, the ethylene/a-olefin interpolymers have (1) a storage modulus
30 ratio, G’(25°C)/G’(100°C), of from 1 to 50, preferably from 1 to 20, more preferably from 1
to 10; and/or (2) a 70°C compression set of less than 80 percent, preferably less than 70
percent, especially less than 60 percent, less than 50 percent, or less than 40 percent, down to

a compression set of 0 percent.
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pol ymers or bl ends of polynmers having relatively broad TREF curves, the
pol ynmer desirably is first fractionated using TREF into fractions each
havi ng arwel2useeidi43enper at ure range of 10C or | ess. Thatrcras2@aobw4el ut ed
fraction has a collection tenperature wi ndow of 10C or 25 less. Using this
techni que, said block interpolyners have at | east one such fraction having
a high no . ry: ri W poon of the
conpar ag{zé #ﬁtlelfr:%g%b?rﬁegr%d ”ﬁ%ﬁ’%ﬂgﬂgﬁgf ﬁg{snplg%t, théelgih%{\;/egﬁtv? ve polymer is
an ol ef tempetsorped yiitess than 80 pembity lescihap 70 petegntelehsthem 60 pergertner lgss e

1 b1 80 BN FEstebD: die 10 eB RPN SEL  SaPCTERAT & B TP

pol ymer ;é?ﬂmﬁ‘@@ et st fhafl b fpRFdeRY ah el @B1d6Ah tO BbANIWietidht. pr oper ti es
(bl ocke I nterpolyner), nost preferably a multi-block copol yner, said

bl ock i [13dr pii somes etboadimgnts, thp ethilepplatolefin intargelymersdiare alhget dduden of) whi ch

el utes betwee C and 13 but. wi_.t hout . - 2

PCT] UszbBb 093 et rridosmiay Bttt ot bRy Son Aot PO pemstaot

char act efgopash) i fRefehdly Sthbiole dss tRAS0abs/GD (D00 PRY, eesitiatiyteqaslits paiessithay
infra-red sgzect roscopy when expanded using a full w dth/half maxi num
(FVWHN)  adbsdttc@d Rahtndas lovaes Glbs4 4P Bgk nol ar conpnomer content  hi gher,
prefera at | eas r i 3 : I : cent
R gher - {4fan BOFRZEm RGeS Mhe S BRSE ARAE R ASHER donfiiss SR b BE o2

t he 15angorml, ut ieast Joanple paiceiteti@iehe axianeed0iseomprassian det of dssthiwaB® maxi mum

(FWH\M) area cal cul ation, wherein said 0 rabl e random e | e

i nt er polPpreent, prsterals less hanJOmSHSEREPTIESS tgﬂ"dn&ﬁﬁ"sm%{ltﬁ@?{} pﬁ%@&f}yleﬁgﬁg} %Q/ and
nmol a whol I ithin 10 t of
That of @ POPRE ol Bl L0 DR el Dol rabl v, ¢ he M Wb of the tonpar abl e

i nt er pol[y3ter Ih sorh® embsdimentshihe nidtifdoakexpolyfersipassest afid fitiegk Sehultz-

i nterpol yner_.and/ or the co rable.. inter mer_has t cononormer
cont ent E%?rﬁ’ Hiilsr'ﬁr?li‘ﬁ“%é?@ﬁ‘i t%ﬁ%ngg@ﬁforb?m{nﬁgﬁmg?f li(%ce()pﬁryggi{%%wq%ﬁ%eerr pol yner. The
Fulljsw @hﬁh’a@t@hﬁed@’ﬂaﬂh@b@ﬁ-}%&@%&b@ BAbblodisirbuiias 8l ©polytispéersd distriblitiomet hy |
to nmethyl ene response area | [ CH2] from the ATREF infra-red deéec or,
wher ei n ofblaskisides et pyssesgingstmoss pepbable disibrtion; of dlackdenathie Bysiseed M- angd
then the, F\WM area is 15 i ne ' ' ' sing an
ATREF pz’g\%}ﬁp‘ltoﬁgfyw ] é)aslg?(t’sﬁ%]g}ﬂl%ng%r lﬁg{g b?%%ls g’% Eeég unIt e? CIEP E%ggiﬁgﬂbet ween
Tl and Blecksh®ige Plef@rablyihe a6golpotistiscldddt @ieasnd0 dr@Othhecks loefegnzmes ri ght of
t he ATREF peak, by dividing the peak height by two, and then drawing a line
hor i zontiB¢ludipg tHBIEASIOCKS ne, that intersects the left and right portions of

the AT j ' o _
dz@ﬁfg@ﬁ;d;}@%@%%ﬁ@ﬁﬂh&fﬂe SihFed RinCARRIARRE t&aRigas twitiStcoMaguessi ng

ran ol efin 20 copolyners, plotting conononer content from NMR
ver sus FBAkSd e meclean miagnetic ehmal@REFNMR Akspedtmscemhi prefeprd aMasepviestiiod, t he

The comgtibiter ob rieeis S5 Trree gk DA ARERVaFss, DBFBlor LBRRRE™

is first fractionated using TREF into fractions each having an eluted temperature range of

10°C or less. That is, each eluted fraction has a collection temperature window of 10°C or
25  less. Using this technique, said block interpolymers have at least one such fraction having a
higher molar comonomer content than a corresponding fraction of the comparable
interpolymer.
[77] In another aspect, the inventive polymer is an olefin interpolymer, preferably
comprising ethylene and one or more copolymerizable comonomers in polymerized form,
30  characterized by multiple blocks (i.e., at least two blocks) or segments of two or more
polymerized monomer units differing in chemical or physical properties (blocked
interpolymer), most preferably a multi-block copolymer, said block interpolymer having a
peak (but not just a molecular fraction) which elutes between 40°C and 130°C (but without
-16-



determ ned by referencing this calibration curve using its FWAM net hyl

nmet hyl ene area ratio [CH3/CH2] of the TREF peak. 25 [78] Conbnoner content
may be naweun@diows2ng any suitable technique, wth techrcgussooshesied on
nucl ear magnetic resonance (NVR) spectroscopy preferred. Using this

techni que, said blocked interpolymers has hi gher nolar conmononer content

than a @%@?@%{]%%@{r@ﬁgﬁ Gl eri%h@?&Bﬁ?@d%egliﬂeZ% tHat ?ﬁ@%@é]{[ Mas d OF

i nt erpo 1-octene, the ock interpolyner has a 30
conononesmamnies nonteit estimafbRb iffractd spacteisaopynghdietxperdedaBingadull30C gr eat er
than or egu '

|.. to,.the tit - 0.201 T + 20.07,, nore preferably
o eat orvid R maiam E ke titerlaon o duee polsf Sasmo B SRR o
nuner i Cﬁghé&%ﬂé?erémy?ah@aﬁ%qjer&hvﬁigﬁa, hRrDERAHIEaidbast 16 pertBRFhigHeaGhion bei ng
conpared, neasured in C. -17 WO 2006/ 101932 PCT/ US2006/ 009411 [80] Figure

4 graphihetdf acatepirdis raadomretiydinednternolyméreepk aictke sameelgtioy taamsraspreapfly | ene

d 1-oct | foth | uti
Fenper aptmBSs bR GG RS TR, ARG PR ) ey o
(r andomGARLABIE R mARBy1End inteBpotythérteas tiePhRs@fidnothef(s) £hd203 A)melt ihd&). 07

(solid line). The line for the equation (- 0.20131) T+ 21.07 5 is depicted
by a dofensiy,andanolay eamenepies caient(base an goplymshl wiig 10gergepted | ons of

sever al - i i 1t :

(ot 1 - b Siate SlcRkE RS s . FEME RAAMIRAR The bEoLME BbBymerjs

s: gmo f i glagtlithirhl @percent of] that efithe ?Makairﬁmaddstﬂmmei drhiéor the ?mnpaaal_)lequi val ent

el ution, tenperatyres. is result is characteristic o e inventiv

i nter po}mn%’?lyn’&ﬁ ag &to FP@Q%‘H??WOB@HHW&ﬁPg%t\ﬁ’%lg%ﬂ@g%?ﬂ&%fttgft (Hji?]i‘ef @P%lf@l at ed
bl ocks ﬁ?éé?wgfehem@hm{dmeaf rlsalaxinﬁ& DAV ENg) KRhdlato)s bakl b ehe¥ado agor phous

nat ur e. igure 5 graphically displays the TREF curve and conononer
cont ent metiyl poiytinglene fespotseans [Cok/Chkd dpineths AFRER ovisared deteetor; whereia

di scussed | ow. .Th ak .el ut.i fr 40 ..to_130C .pr .from 60C to
05C 1 or HSGRIESp U gHraD SErier poentiFd ot phg e b R R i ¢ el Ut ng
ovelis & HEePREHad. UF& d d@heBu@dn hessrddNahgldQ TREF padk, dias BWIHIN afosdspéftndd is 15
represented by triangles. The skilled artisan can appreciate that an

appr opr hathe agss undemthe ghrve daiwesn raypnd do.cehese L uside b 418 pojngt d5igsBIYGde fasthe

cont ai nj iffer . i i Ltted to
the. TrEtCuf e b AOUBRRERT By AR, odak A (s, SRTRH 5RMnG s ke
nononer foerigonefles eel Base B chimt aogedeynthe sefhadieriglht ipogions véthel A TRERN ewrve. oA her .

honobgeneous catal ysf conposition. |nventive interpolymers are characterized
by a rmP%hbrwww%ﬁe?memwpn@%lamdetUH'é?ﬁ r?ﬁ@“@%‘L n?f%toil‘?ffﬁ ned fromthe

cal hBr agh iy s VilofingdBfoRGEr cohRRF AB i MIOveSIEN M bR rRfiCbeha IREFat
| east 5 pertcent gr eatger , hore preferably at |least 10 percent greater. [82]
| n addi peakn Koy thikénfeebredencileqb thescalihuitipn opevetis genetibestior thedsamecemenompe
I nventi ¥yepe of interest. The comonomer content of TREF peak of the inventive polymer can be
determined by referencing this calibration curve using its FWHM methyl : methylene area
ratio [CH3/CHj;] of the TREF peak.

25 [78] Comonomer content may be measured using any suitable technique, with techniques
based on nuclear magnetic resonance (NMR) spectroscopy preferred. Using this technique,
said blocked interpolymers has higher molar comonomer content than a corresponding
comparable interpolymer.

[79] Preferably, for interpolymers of ethylene and 1-octene, the block interpolymer has a

30  comonomer content of the TREF fraction eluting between 40 and 130°C greater than or equal
to the quantity (- 0.2013) T +20.07, more preferably greater than or equal to the quantity (-
0.2013) T+ 21.07, where T is the numerical value of the peak elution temperature of the
TREF fraction being compared, measured in °C.
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pol ymers can be characterized by one or nore additional characteristics. In
one aspect, the 25 inventive polyner is an olefin interpolyner, preferably
conpri si nyoavdwyioesse and one or nore copol ynmeri zabl e compPoOMSE®6iI000411

pol ynmeri zed form characterized by multiple blocks or segnents of two or
nore pol ynerized nononer units differing in chem cal or physical

propertj (il i ‘pdy\]]3 PG heR ; Jor pol yner,
said bl l??i ﬁﬁ? @%ﬁ%ﬁ%}%&?r ha ?dr%maenrlml ecﬁlﬁafﬁﬁgg%l?/gﬂergﬂ?gﬁrsgf%?{%&%et ween
40C andariBo@tenieher8@ plotad thevatcaadmes congerT REFUS MBEEaiution, temheratice fori zed i n

that said fraction ha | ar  conobnpner content higher referably at

| east SSeﬁfﬁl}aL%(?ﬁlpaﬁ? ﬁg&yﬁ:ﬁéocbqngﬁxétp%fyywﬁ &Fué 0‘11?9,13%“‘1%), arg(gf% 512 38 per cent
hi gher, regreaéhﬁdgqt 02b13® TemRA7ARIRI ERNIPAR Rhd 0 Sfequati®d R@.20T8Y TH Z1C07 on

el uting between the sane tenperatureS, wherein said conparable random

et hyd enis depigteddy20b6ted tine3AlPCrPIEZGIGEEOMPROMEHEMtENGY ciéasii ses the

sane conpnongs ref erabl t {s th e r n I
hdex.  TURE FipE kg SRR faktpelind Bt R PR BOCEARTR ek BB Tk

wi t hi n 3d©0the BRICR @itbrpefynidid dacdnstage bipigicastly igkéraobitemy contdnetfhan althat linkhe

MV Mn of the comparable interpolyner is also wthin 10 percent of that of
the bl ogticadivelonkelpdos termeratieres r ik eesult éotharackmistic phibedpwniveintgpalymet ot al
conono : . :

i nt erpo ydn%g%eﬁ%g]t%% gée]troitg? é\ﬁ k%ﬁé Oggfg\f/egéhﬁlﬁﬁgrbg%l%é r‘?g{rhén 21? goﬂﬁrl?egié g% §/’rrer s of
et hyd enkavamgbeth ctysedlinecimd aaorphost natureespeci al | y those i nterpol ynmers havi ng

whol I d if. , bout 55 t bout 0.935 g/ , d
spect ol 1 BiEvsor Bt SR F S RER B geoRHET HRRERD Y BBonone
the bl ogkadnk 2S00l h&%@W%aﬂ@g&%@& Tﬁ@%e-ﬁﬁ%ﬁltﬁl?% 90

eluting between 40 ‘and 130C greater than or equal to the quantity (-
0. 1356) toT130°Q,3r8Rrabippfrem I € teP 0] fpr hotb polymerhisrirastionajedinte trecpariqguant i ty

(-0.1356) , T+ 14. 93, and, nost prefera reater .t ha r .equal to.the
uant - c b resTisg e ar S e tor i e ticks pR I oA afh A Bmol el D
ATRE ekagkds@ﬁtea By Rematad Thetkillb® arliRifcdnlapptdciite thai 40a Rfechlibrgiagured in
T. 15 [84] Preferably, for the above interpolynmers of ethylene and at | east
one al phAavemayibg copsivstad Py ipterplemerspoBteging disiorent semarpracraae & lipppsader
density 5 . j for

pol ymer %ﬁf %Q%‘gaggﬁ% P e e?ﬁoat%l E gl@%?% uersrg) P%%%g %@ﬁ?om@%ﬁ%ﬁ%@&?ﬁ%ﬁsﬁc{f&%ﬁ( ed

i nt er pokamemohaaera, refepabdyrEandcmrtbpollymets hide vEifgha metatibeame oebthiet ng  bet ween
40 and 130C greater .than or ,e%allg to. the &)ui;\ntit (- 0.2013). T + 20.07,
mor e 20DPREEDREAR GRIALYE SPBPOsIHRN TgveniygAnterPglimEs B ahracierizedby gfarT

21. 9¢, ¥hRbfonder cBnfelorBMBBAS fe vatR! défrinctTRomd BRKcaBbiatibR But e BP@E 8hME e Of
the TREF fraction belnhg conpared, neasured in T. [85] In still another
aspect , TREF dluticarteinperapus,ymeferably ad heast Epéreerit grastqsomypreenrelferablst atrledst Y0

conpri sigrg E,Et h%/l ene and one or nore copol ynerizabl e conononers in

pol ymer PYSFUEEFAN" characterized by multiple bl ocks or segments of two or
nmor e polsarer Iz adlifieNenes abbVietaSpects and properties described herein, the inventive

polymers can be characterized by one or more additional characteristics. In one aspect, the

25 inventive polymer is an olefin interpolymer, preferably comprising ethylene and one or more
copolymerizable comonomers in polymerized form, characterized by multiple blocks or
segments of two or more polymerized monomer units differing in chemical or physical
properties (blocked interpolymer), most preferably a multi-block copolymer, said block
interpolymer having a molecular fraction which elutes between 40°C and 130°C, when

30 fractionated using TREF increments, characterized in that said fraction has a molar
comonomer content higher, preferably at least 5 percent higher, more preferably at least 10,
15, 20 or 25 percent higher, than that of a comparable random ethylene interpolymer fraction
eluting between the same temperatures, wherein said comparable random ethylene
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25 differing in chem cal or physical properties (bl ocked interpolyner),
nost preferably a nulti- block copolyner, said block interpolyner having a
nol ecul arwbraetiooss2whi ch el utes between 40C and 130C, whEruskecaobvddonat ed
usi ng TREF increnents, characterized in that every fraction having a
conononer content of at |east about 6 nole percent, has a nelting point
greater; F t 4 i n t
e b e R e L A
DSC el & imelf ipdeixntensity.candunola@@onomeh cepitent (bagod en phreefhola pblymesawidhipdiOy mer

fractions, hayin ast. 1l nol. percen onpn a DSC nelting

o nt ¢ Aeent ot 1B pha oRRE necTBrjulEr. diPor TRE BEEh g ihe et
CONDNOMBfierpHlyhldLislAlRCHitian )1 0 pefedRt Fhat of R BIEKRA AbrbahAd? 2R PHf #2006/ 009411
[86] In yet another aspect, the inventive polyner is an olefin

i nt ef pofymparablp irdérpplypiey hacoiptalicomapomerspniant within Khweight pespeat of that of

copol yn&gi&&@(ﬁ&&gg&wrs in polynerized form characterized by multiple
bl ocks or segmanl}s oFf tTwo or nore polynerized nonomer units differing in
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characterized in that ever fraction that has an ATREF elution tenperature
bet weenguo@r thad or egual thihe qubatity (062013 Nas 2147 nwhere dhis e pymarivelyales offthei on)

(1. 131 emEe oG R e R ol Byind Coppblgsh slasbifugio L0l 8 =
Compsnongg4] Corrdisably Ofor Meodbiar € iiRdtholgiheldfiefinyRa® dadtaehstfonk 8fiha-biirc onononer

conposition of the TREF peak can be neasured using an |R4 infra- red
det ect ofsPacially these interppdymists havingchwhole palyapes dgnsitgiEgm about 0.855 to about

(http:/ b%’b“’gﬁb%y&ﬁ?d HBR es?@dﬁli for éﬁl?lgxreylﬁwghﬁ MdulPRle Mrcddi® det ector

is equi ppedw t h a neasufrenent s conposi tion sensor (CH3)
t hat ar eorhomanernthe bbwkbd inderpolfymesr hasch ¢dnhdrentser icontbitefitlegTRBE Zactodn A8 3000

1. T det ect s t t hyl th
b0l yirer DERRFERC 81 LALFyE PR IELOT e A GOroba § 4. FES of ut i on)
wWhi be t BRferaRITReSdritRih &880 @?etcﬁ(;%hﬁt#(hﬁZ@l%t) I 21(6 el P UABe Rimbh&

pol ynmer. The mathematical ratio e conposition signal (CH3) divided by

t he measaluenbthe psilgelation EAMerdtereof i TRER fraetiarheeing envapsete megpre@ it "Gf  t he

measur ed, ol fp 1N SOl ut | and its response i.s.calibrated wdth known
et hyl e ngS | p%rg?[g][ %I:folﬂher 8(5_)%68ﬁ ;c, llllV%r%tlélﬁ éwgﬁr €T 1S an olefin %ﬁerpo ymeg, pretterab?
comprising ethylene and one or more copolymerizable comonomers in polymerized form,

characterized by multiple blocks or segments of two or more polymerized monomer units

25  differing in chemical or physical properties (blocked interpolymer), most preferably a multi-
block copolymer, said block interpolymer having a molecular fraction which elutes between
40°C and 130°C, when fractionated using TREF increments, characterized in that every
fraction having a comonomer content of at least about 6 mole percent, has a melting point
greater than about 100°C. For those fractions having a comonomer content from about 3

30  mole percent to about 6 mole percent, every fraction has a DSC melting point of about 110°C
or higher. More preferably, said polymer fractions, having at least 1 mol percent
comonomer, has a DSC melting point that corresponds to the equation:

Tm > (-5.5926)(mol percent comonomer in the fraction) + 135.90.
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[90] The detector when used with an ATREF instrument provides both a
concentration (CH2) and conposition (CH3) signal response of the eluted
pol ynmer owoi2og/mois2 TREF process. A pol yner specific cal iPbratseaa/ocsmt be
created by neasuring the area ratio of the CH3 to CH2 for polymers with
known conmononer content (preferably neasured by NVR). The 30 conononer

cont ent a Bﬁﬁ fq a: . L i a the
referean(eBicaﬁ)@ga |toér%eag§ec'?’ﬁlelélrn§t%ill% ol e lgg%gléhb :)Hr?tre ﬁﬁw eﬁgﬁa@f%@? CH3 and
CH2 r esponmsing etkylenedrgioneal norEeBidBAeriabkusnmnonrenia polyaixrzad Yorny, 20 WO
2006/ 101932 PCT/ US2006/.009411 91 Th% area of the peaks can be cal cul ated
using a® amqte%@gﬁ fiple gﬁs@%ﬁfﬁ#@ oL tWe PETORR Pfgwnaxfl%@rm%emeﬁmgst he

appr opr j; i I : T Us [ERVA i :romt he
TREF oy B g B Ich] o jsftef BB ich (flolIaS Mo met B! pichalAp Al 0T e
rati% oblopketdpolymer, seid hlpck ndenpelypren beviag @ mdl&iubir Grdetiod whivhtcheesieREsen

infra-r ) &t or er.ein the t st (hi ghest eak is identified from

the. basSOCARE 1305 Ttsa e e pnes TR or el anmeelor A g oM but | on

neasur efladiiinBatdas A& REREYeAtior Repedbiye oRaRa thadh FHehhd 26 albsut 76, afaga under

the curve between Ti and T2, wheré Ti and T2 are [o_m nts determned, to the
1

| eft anthekiegthalpyf(heat of AFRBEF apagrsurgsybydPSCdeantesporslipetokthe equgionby t wo, and

e SR 585 A B RER PR e Rl U S0 e 1o
i nf 1@- r {87] s pEhd ReEORYblbck ifRASIlY Beishave o ioheukE faoidewhichklut@deyw@ns i n
this ATREF-infra-red nmethad is rinciple, simlar to that of GPC FTIR

syst ems44§ apdsldPiparhenirackignated Y908 RBEF cpGrmiRteSImgIoRet] hateyeRn d P ;
Hazlitt fra&tﬂ)‘ﬁr}hﬁégs an AAREF eluf} ﬂeﬁ%é?e{#@r@ggﬂw%gﬁﬁﬂ*c a BE! ﬂaRE?l%}riﬁ‘%‘tﬁ‘, has

chr omat ogr aphy- Fouri er transformin spectroscopy
char act enicitantaipydheattof fiiséor-ab asashirpdbby DISEY, corresppadiygrey the eqidiopner i ¢

Materials S d i i , .65, 98-100. ;. . I i ,
NRer 2l Scl e anth B0t 0 (0Rkk ORy, o8 100, and sl A o
M CHOST NG PEalk @oﬁfoﬁiﬁhﬁP%&ﬂﬁ&sﬁﬁdﬂ’Meﬁﬂ%Mﬁ?W IHfrh e EDERcBXCl USi on

chromat ography and Fourier transforminfrared Spectroscopy (SEC FTIR)",
Pol yrer [882002he cargonager tpmposition hf te TREpeakcen beowapwechuseg gylRpipira-

refereng rein i, hei r tir . 3] ..l ot enbodi nent the

| ovent 1 7 BRBldxi el Fh BN S Yaleid Sefind Rl P RRT b Bcfenal. 06,

bl ock i [89¢X, TABI‘conpvisitidninsods!” @8 tIRI detdeart iZ &uippeddvitiia ineastlbétiént teloAnd a

nmol ecul ar__wei &ht distribution, M N M, _ greater than about 1.3. The average

bl ock i Held andppmposidon srasqid i thay e aﬁj‘gd sprrewdapd Bre-red dilters(in fle1eeiodr each
o 47 BPLATEINl 005 0B e o et B KAt 110C
t he it hpblyaet (vanclofliredily relatesrid theepobirht] conedndratibein solution) while the
composition sensor detects the methyl (CHj) groups of the polymer. The mathematical ratio
of the composition signal (CHj3) divided by the measurement signal (CH,) is sensitive to the
comonomer content of the measured polymer in solution and its response is calibrated with
25  known ethylene alpha-olefin copolymer standards.
[90] The detector when used with an ATREF instrument provides both a concentration
(CH,) and composition (CHj3) signal response of the eluted polymer during the TREF
process. A polymer specific calibration can be created by measuring the area ratio of the CHs
to CH; for polymers with known comonomer content (preferably measured by NMR). The
30  comonomer content of an ATREF peak of a polymer can be estimated by applying a the
reference calibration of the ratio of the areas for the individual CH; and CH, response (i.e.

area ratio CH3/CHj versus comonomer content).
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i nterpol yner obtained in preparative TREF, and w; is the wei ght percentage
of the ith fraction. 30 [94] For each polynmer fraction, Bl is defined by
one of thwotwm/foodskowi ng equations (both of which gi verchhass@esmodBlil val ue):
Bl =11 TX -1/ TXOor Bl = LnPx - LnPxo 1 /TA -1 /TAB LnPA - LnPA3 -21

WO 2006/ 101932 PCT/ US2006/ 009411 where Tx is the preparative ATREF el ution
t enper e r i : I Px is
the ot Hofbnct et the Ped Bl bO kB BB UM AR R DA N ¥ oy
NVR or daRu&moﬂeﬁar aﬁpﬁdn@ﬂm\@proﬁﬁ&eiMSélhEs Eim;dgmtetheﬁhdivi‘dlualcsigrmh of the

whol e et hyl ene/ a-ql efin_int er ol yner ore ctr onation), h al so can
be nmeadgnogsesyrem fpoR REF Frompogm BhS gﬁL P@rlr@rra@ﬁlswatlelhﬁﬁaaa%r e and
t he et ol to the
cryst al 1} B nchATh bty ntfs@t‘l%y%ﬁ@ﬁﬁ@ﬁ@?@r?r%twg i mat 1 on,
t he 5TA detattd?Awhatinahe aarllestihighesm) petmhsmdbmmﬁéﬁ fybm dienlsse Yinp aing éhdmthene

honopol if .the actu es,for the ' ard seg

nvan | 2 WENE e it e ot Bt opinrgmet e oA TBED Redpfie VEM 1 [ o5)
TAB i's 4&fisALRED 4:8AP8aUHAG thOfurde bARLATE QRO TYWher@ T 118 T93FB p&REPOSI ti on
and having an ethylene nole fraction of PAB. TAB can be cal cul at ed from

t he fol demmm@dﬁmhc iﬁhan(;l right Pﬁ&eATaREEtBeakb , By dhedleg theaprak height by twm amdk
C oo i P €A ARt e Sheting” et RiiesRna e tigsl BOREDs SLms" 10

from | NSTRERRQEvet O |nstrurrent Mor eover, one would need to create their own
cal i bratr on curve with the polynmer conposition of interest and also in a
si mi | arl9%b! ekha appliggiogat nrfaawgeéi SPEATQsRRPYf tosadapwrdhe qaraenomes cantent it

ol ecul MR i ERTRSY-ink 0B LTEbATEU RSB ARIERIFTR o o1 | ar

mol ecular” wei ranges, suc essen |a 'y neg |g|ble In
sone exybtams e desmbecanﬂthmfcdldmhg referengs| MzrdrosqcmaRbszﬂgt Pt;azit] Lawia.;

rel ations P = -23 /TATREF + 639 Txo is the ATREF. erature

for ar B6pol P e nol e
S tlbrk e ElonsTent SLec ara i SERFR AR - L RET FA Loy

fragfi %e&tos@@fpy M@h&iﬁ&eﬁ?@aﬂ%ﬁlo@ Hﬂh?ffeﬁg-bfa&‘afﬁ Wéﬁrrccﬁ‘foi@ﬁ’ibré” Plymetenversely,

Pxo is the ethylene nole fraction for a random copol yner of the sane
conposi Matsnialsrigidnae ﬂlrrbEwanTmEF(lﬁéhi;eﬁb'aP&rléOoﬁndr Desla\mlﬁtth PehrRefefiegl cul at ed

o G SR T ¢ OartitPing SBS sfE Fren il BSOS I R M e

ABI , f ogopbhign éﬂ@@dlﬂ%ﬁﬁé Y¥obiisi6iochrb@atoatpHY ah@Hourld? t@agere mrRgdedrents, ABI is

greater than zero | ess than about 0.3 or fromabout 0.1 to about 0. 3.
I n ot hejpectroscopy (SEC-FTIR)”, Polymer (2002), 43, 59-170., both of which are incorporated by

20 reference herein in their entirety.
[93] In other embodiments, the inventive ethylene/a-olefin interpolymer is characterized
by an average block index, ABI, which is greater than zero and up to about 1.0 and a
molecular weight distribution, My/M,, greater than about 1.3. The average block index, ABI,
is the weight average of the block index (“BI”) for each of the polymer fractions obtained in

25  preparative TREF from 20°C and 110°C, with an increment of 5°C :
ABI = (w,BI))

where BI; is the block index for the ith fraction of the inventive ethylene/a-olefin
interpolymer obtained in preparative TREF, and w; is the weight percentage of the ith
fraction.
30 [94] For each polymer fraction, BI is defined by one of the two following equations (both
| of which give the same BI value):

VT, -1/T,, or BI:_L”P)(‘L”’PXO
YT, -1/T,, LnP, — LnP,,
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enbodi ments, ABI is greater than about 0.3 and up to about 1.0. Preferably,
ABI should be 30 in the range of fromabout 0.4 to about 0.7, from about
0.5 to abwoto@/id193er from about 0.6 to about 0.9. |In sece/Uscwedisents, ABI
is in the range of fromabout 0.3 to about 0.9, from about 0.3 to about
0.8, or fromabout 0.3 to about 0.7, fromabout 0.3 to about 0.6, from

about 0.3t : (o) | ot her

enbodi mnts,%}}\%{é%ﬁ?}}é{{rﬁ}g&?y}eg? REP Uit e 66? B s b BB 006 000411

f r om abQuéfedbly exprazbaiin Keltin), Prdatieethyier®. ibole draatiouifor theith fractfonpwhizbout 0. 6
to about 1.0, fro out 7 to ahoyt. 1.0, from ahout O. 0 abo 1.0, or
£ om abutRbeah e RRogR posiprct RS hETe. da ol eRpLecicle TRREP AR | ve
et hyl en%@l‘e%'ttﬁzﬁéﬂ%/o_l-&lteﬁﬁI?&lax?b@%fmér%béfb&tfféc%natioﬂ)(,%ﬁibh/ﬁs@I:Meerﬁéa{sﬁr@lﬁzf In

interpol yner conprises at l['east one polynmer fraction which can 5 be
obt ai neNNMRK opIRopEx and D e arpriEe ATRAEST dition femperatise pachthie sthydentsinnadlk fiapidex

greater.than about 0.1 gnd, up to ahout 1.0. and a | ecul ar i ght

i tr bl ar Hoh asemions? LSRR refe i brypetfiod oo Eu e uirmlFERE 25 ¢ e

pol yner fifsk afdel SprbdtatioR) € I , iand BX vEieRire isetttb Absa BeHigh dénsap @olypthylede about
1.0, greater than_about 0.7 and up to about 1.0, greater than about 0.8 and

. 0 : .
up to abemepolymer, ifghe getualtvatues forribehaud sanweniy @repotagailahd tFor calculatort her

enbodi I f ion has a bl ock index greater than about
0.1 an%%%apgagg%%g%ﬁg?ﬁgﬁ%gf‘ggﬁt han about 0.2 and up to about 1.0,

gr ead er [$ShanTabiuhe ATREMEmppratude &drautndond copgilpatrasf thdeameadomositiod aadd up
to about 1.0, 1% greater _than gbout_0.4 gnd iJf’le)‘ t%débout éﬁlo' .In still other
enbodi mBHHRE 21 FEYICRoMpiRetragtiondt Pem hamcan 5 Guelatstkisam dhetollowingeqpationiut 0. 1
and up to about 0.5, greater than rabeyt- Q72 and up to about 0.5, greater
than about 0.3 and up to about 0.5, or greater than 15 about 0.4 and up to
about 0.5. | whyeto atd{barcéwbednstens whichiven polgtamningd by taldmatirasusingd ock

i ndex greater .than about 0 and up to ut. 0.9 at er an _about 0.3
and up’ PEALEHAEe T e 8o RS Yot et Sk dhenort B! Sond f 3R,

gr eas er fibhARstARAHt t@indtrament MbRovd Odtle World nedPBlerdad theR PANYIAED&IOA

et hyl ene and an a-olefin, the inventive polynmers preferably possess (1) a
PDI ~of gwrve gaibtthe paymepeempesitfasr efiintprest andeadser inp similapmeleewer weight rgnget

| east 2 . nr.ef. t , . i : . of
Le8st 2 e ac, ek PoshaRahlitl | PO iR SRR ke
maxi mumiomm ssmilar hdlecalahwaighbfanfess swwh offectB®oul d Ge @ssehtalby ndglpibbn Ingbimgl ene
content o t |east 50 i ght percent; (4). a.glass transition tenperature,
Tg, of F adimepizrandee cihicte capglwgwmaysfvé%%foglﬁwg@ ongHef/ or (5) one and

onl yoone Tm [99] Further, the jnpenbby@3AQLIRISeRAN have, alone or in
conbi nation with any other 25 properties disclosed herein, a storage

modul us, G , Tgoddthe AdiRBIoigmperafure $orgy rmad@n coprdymer ofghe sdme ¢camptBiidarad

preferably greater than or equal, tq.1.0 a,, at te ature of ,100C.
Vor eovere paEs PVIsAE Pt fostian e dessta beatied sof{ERF ot heraBe modul us
as a fumehi@belpPyotis tRetRleHeamolR ffddfor fR@QaddoitdbolindQFthd dableustrated in
Figure 6) that is characteristic of block COEI)-_Ql yners, and heretofore

unknown cPwposiorsaravinecsoh YREF (erapqsatsrestl b, avhishyson persplculated from Ln Pxo

25 =ao/Tx+B.
[96] Once the block index (BI) for each preparative TREF fraction is obtained, the weight
average block index, ABI, for the whole polymer can be calculated. In some embodiments,
ABI is greater than zero but less than about 0.3 or from about 0.1 to about 0.3. In other
embodiments, ABI is greater than about 0.3 and up to about 1.0. Preferably, ABI should be

30  in the range of from about 0.4 to about 0.7, from about 0.5 to about 0.7, or from about 0.6 to
about 0.9. In some embodiments, ABI is in the range of from about 0.3 to about 0.9, from
about 0.3 to about 0.8, or from about 0.3 to about 0.7, from about 0.3 to about 0.6, from about
0.3 to about 0.5, or from about 0.3 to about 0.4. In other embodiments, ABI is in the range of
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30 of ethylene and one or nore C3_8 aliphatic a-olefins. (By the term
"relatively flat" in this context is neant that log G (in Pascals)

decr easeswbyoée®sosthan one order of magni tude between POTArSAd00EO04E11
preferably between 0 and 100C). -23 WD 2006/ 101932 PCT/ US2006/ 009411 [ 100]
The inventive interpolyners may be further characterized by a

t herno I AV t t f r @it of at
| east 90 (H,"ggddv%\gﬁ togagﬁgt lfs? exuraFMtEr?D5 %rhl?gﬁtg%‘ @fdr%grr%%:ls%lpﬁlgp ?ghﬁﬂmgg)@tﬂé{nfg kpsi
(90 NMPaboutA).7 & stmut WQL gromtdbeun h§ enetione 1.04 mﬁmp@bsmté)r $tocabouhbile a

t her no a SIS tration rature of
at | eagg%ﬂokcgllger pr|a tﬁ%‘St 4 E?(levﬁlilt“f?o ?&e/ %’Pleilf‘ 1t81§)§11y%erkf)§1np§’fo MPa) .
They n*ﬁ% %ﬁﬁ[&@ﬁa%lbﬁﬁﬁlt oly ek BEmBsed af l%ﬁdt@ﬂe 8 nfe& ﬁﬁ@tﬂnmmcu@bmne

| 0ss) Iess t |gure 7 shows the T versus flex

nodul usbefqiutamehieby mpm‘aﬁwﬁeTI&EF ywherein thesfractiombas e dlack Hédwe&?rdhﬁl FOner s.

Th f |

rosi st anbendp Brnbt |3 and et OB bRy Mty Tl Y eRE 5,

et hyl eng/some @hbtifndnfd, Eielst ey Baction hAoy bloak ifelek gtdatke Xhanl abouf 0. Gahd)uﬁl to
2000 g/ 10 m nutes, pr ef er abl gaf romO0.01 to 1000 g/ 10 m nut es,

p /r ef er atmayoutrldmaea@q thanabegh0.d/and upiioaass 1. Oaﬁﬁa@§ BuegipheytP.§ Mﬁmtom@% 100
10 | |
D ve o Tt rocddd ] AP0 STRATL TE Gy 1 o 16 oPUmBASANE, BE/rgIyai o DI YIS

have a T#l rom m nut es rom 51to 50 g/10

m nwt esfradiion fnda blockthdgk bearnhdresbouf 0. (br%md.uptu) ooyt 10, gieatet ﬁﬁnabodtlﬂcﬁn 0.3 to

10 15 g/ 10 mnutes. In certal en&gdi nts
ofb

et hy| erf@d4ndp @pow 1o epsatstdhansa RiR %‘éﬂutg Ongflftéteh{h%ﬁ é)r‘{ %ndg‘fplo

m nut esy, JdQ2 o -U?gré%%ﬂﬁ%ré"boﬁ?@4 RAY &p WPARRHL B Iﬂ‘@ﬂﬂgbﬂfér e%bdlmfeﬁt@nfhé 000
g/mole to 5,000 /ol e prefera%ly from 1000 g/nol e to 1,000, 000, nore

pref er a@lymélr fbamtive ,1199@ btpbhmi@xtgneat@@hmmug@ frahé up &mabas S gr&aﬂey thapom

10, 000 0 The de of . t he ol yners
can be %”%gaggui’g @’803{" 5HH’H§P8 Qﬁ%?#%/ R@rab&lﬁ&?eﬁﬁ%ﬁ%ﬁﬁgﬁl ng

pol Vsrmra?oofuf 0Maad 3p t&élS'(ﬁﬁ 0t50 Iﬁ y@ﬂotﬁéﬁdﬂﬁ)odhﬂetﬁ@rth@pdlyﬁﬁi)ﬁﬁhtfmﬂiasabld@k density
of the ethylene/a-olefin ynmers ranges from 0.860 to 0.925 g/cnB. or

0.867 timdex @E@tegth@nabout[()ﬁ)g]d tm@ abopeE.ereterthan Mput Ad asduprie ﬁ'%,mﬁ 8 been

fot 1 cof Rl EnR 0O BAHRD 1 AdEE SR SanFRY BB,

Appl i cafgspn MNer.copOlyafers SZthylénd @ abu-clefid,the AB@AtIve pdbyméts qwefsnablyal

R 5 s e 51, A o,
e 8 s A At g

PCT/ US26055 008 2scidllyl updo wanmmum of)BA?) ah¢at of ﬁmmf 88riée orless: 'b’araat ed by
reference 30 herein ret t

conpri s%tg ]88‘?1?%‘5‘?1# r‘?SI @FW SQ r%el I&’erc(g%tl’ r?aﬁl?sﬁ%gﬁ%lﬁg?g) rega%a d?g |°?)ir)legs

pol yner izabp LCIRRIREferaH N Riss Haan3@CHhxlEoe Sy oseindodity bho Ty,

[99] Further, the inventive polymers can have, alone or in combination with any other

25  properties disclosed herein, a storage modulus, G°, such that log (G’) is greater than or equal
to 400 kPa, preferably greater than or equal to 1.0 MPa, at a temperature of 100°C.
Moreover, the inventive polymers possess a relatively flat storage modulus as a function of
temperature in the range from 0 to 100°C (illustrated in Figure 6) that is characteristic of
block copolymers, and heretofore unknown for an olefin copolymer, especially a copolymer

30  of ethylene and one or more Cs.g aliphatic a-olefins. (By the term “relatively flat” in this
context is meant that log G’ (in Pascals) decreases by less than one order of magnitude

between 50 and 100°C, preferably between 0 and 100°C).
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pol ymeri zation conditions with a catal yst conposition conprising: the

adm xture or reaction product resulting fromconbining: -24 WD 2006/101932
PCT/ US20080Q084101932( A) a first ol efin polynerization catahystodsavrisng a hi gh
conononer incorporation index, (B) a second olefin polynerization catalyst
havi ng a conononer incorporation index |ess than 90 percent, preferably

less t 2[390],5%1&%9&1@1%@ iﬁf@@bg@{&é £h3bk YurtiRs ﬁhérE@aiz‘édeaCtﬁaﬁn&ﬁecﬁaﬁm

conono i ncorporation index of catalyst (A), and C) a chain shuttling
?glert . qnalydis psmtl ra@isﬁl depihiofd mmtah b yemperatite alaaleastH0E as el angdlekual e as

ol | ows. t al yst Ny . . . .
[ (2 e shitam Pohy D YRR 1 HPRidD YRRo By st fgutive
napht hgh@fsolydbns lch®hpe'd ﬂbﬂn&n@ﬂ}wﬁbma@@iggbﬁafaﬂbu desth BT yth at pr epar ed
according to the 10 teachi ngs of WD 03/40195, 2003US0204017, USSN
10/ 429, te@neratuir efatieast H04°6e wellasa Nesura modyin of aileatid dps) B0 MER) ThexH / o

\ H o C2HC . ' 3

[N (2, 6nH PACRERKGPaeS PaRghy FRRAbE SR (b opy of i than 90

ItOhetnKl eI:‘igm@ﬁ’-smSWls d%dgFMfd%mhhﬂEOS/ Eﬂgas;ﬂéﬂ hatlalus fordhavimtvbntive polepas,ed accor di ng
o] e teachings o] 40195, 2003USP204017, USSN 1Q/ 429, 024, filed

May 2, @owsreddp@iwpknowp patymsrs. e inyendies palymegghaye Srgmf?‘%@%’ ety 3 CH3I

Lilgﬂ\l, M‘Wzlh ﬁﬁs}sta?ﬁ%? Relpge e e o PR Tsnedi ami ne] haf ni um  di benzyl .
- 251000 00K/ AGdifi3RalRCHe 48R 066/ O@detinlinterdy1Gei3 criNhyw a ikt didexHp Xoraldd 1X=
CHZCGHSto 2000 g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably from 0.01
to 500 g/10 minutes, and especially from 0.01 to 100 g/10 minutes. In certain embodiments,
the ethylene/ai-olefin interpolymers have a melt index, I, from 0.01 to 10 g/10 minutes, from
0.5 to 50 g/10 minutes, from 1 to 30 g/10 minutes, from 1 to 6 g/10 minutes or from 0.3 to 10
15  g/10 minutes. In certain embodiments, the melt index for the ethylene/o-olefin polymers is
1g/10 minutes, 3 g/10 minutes or 5 g/10 minutes.
[102] The polymers can have molecular weights, My, from 1,000 g/mole to 5,000,000
g/mole, preferably from 1000 g/mole to 1,000,000, more preferably from 10,000 g/mole to
500,000 g/mole, and especially from 10,000 g/mole to 300,000 g/mole. The density of the
20 inventive polymers can be from 0.80 to 0.99 g/em® and preferably for ethylene containing
polymers from 0.85 g/lem® t0 0.97 g/em’. In certain embodiments, the density of the
ethylene/a-olefin polymers ranges from 0.860 to 0.925 g/em® or 0.867 t0 0.910 glem?®.
[103] The process of making the polymers has been disclosed in the following patent
applications: U.S. Provisional Application No. 60/553,906, filed March 17, 2004; U.S.
25  Provisional Application No. 60/662,937, filed March 17, 2005; U.S. Provisional Application
No. 60/662,939, filed March 17, 2005; U.S. Provisional Application No. 60/5662938, filed
March 17, 2005; PCT Application No. PCT/US2005/008916, filed March 17, 2005; PCT
Application No. PCT/US2005/008915, filed March 17, 2005; and PCT Application No.
PCT/US2005/008917, filed March 17, 2003, all of which are incorporated by reference
30  herein in their entirety. For example, one such method comprises contacting ethylene and
optionally one or more addition polymerizable monomers other than ethylene under addition
polymerization conditions with a catalyst composition comprising:

the admixture or reaction product resulting from combining:
-4 -



\ CH3 N H3C\ / CH3 [1071 Catalyst (A4) is

bi s((2-oxoyl - 3- (di benzo-I H pyrrol e-1-yl)-5-(nethyl)phenyl) - 2-
phenoxymewbyb)enpedsehexane- 1, 2-di yl zirconi um (1V) di benrpgirjuspsospesrset
substantially according to the teachings of US-A-2004/0010103. H5C6CH2
CH2C6H5 H3C O ~HoOCH3 (CH2)3 S 5 [1081 Catalyst (Bl) is

1,2-bis-(3, ¥ %ﬁrsﬂl&ﬂﬂﬁ&l gl 2iRh (chtaly¥ having a high comonomer incorporation
met hyl et hyl )1 no) met hyl ) (2- oxoyl ) Zirconium di benzyl C(CH3)3 H(CH3)3 - %

C( CH3) 3nd&, X2 (H3C)3 \ O N CH( CH3)2 X=CH2CBH5 (CHB)3 [1091 Catal yst (B2)

is 1,2-bis- (3.5 di-t h

| i ho et hy) azcrsrehans e R B e b i VBB Ty o aex

PCT/ US2@06h A0 Adrcerfe( &bﬁ}é’oly légﬁh%%) pefobit) mostdirdRrabhBless3theh Bl peiddndefCH2 C6HS
(CH3) 3 [110] Catalyst (d)

(t - But ythaepio)anerdneypEration wlpx of ¢atalyst$A3 and 7a-rj -i nden-1 -

ethni ques o AB S TBHE b e TSIV TGy s N e
[104] Representative catalysts and chain shuttling agent are as follows.
Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylphenyl)(oi-
naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared according to the
10  teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO
04/24740.

CH(CHs),

(H;ChH /CH N/ @
7 @
Hf-

[105] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-methylphenyl)(1,2-
phenylene-(6-pyridin-2-diyl)methane) Jhafnium dimethyl, prepared according to the teachings
15 of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO

04/24740.
Q=

CH
(H3C),H / }\I /

¥4

(H;C)HC  (cy, CH,

(H;CHC  cy, CH;

[106] Catalyst (A3) is bis[N,N’"’-(2,4,6-tri(methylphenyl)amido)ethylenediaminehafhium
dibenzyl.
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15 C(CH3)3 [111] Catalyst (C2) is

(t-butyl am do) di (4- net hyl phenyl ) (2-net hyl -1, 2, 3, 3a, 7a-r) -i nden-1 -

yl) si | anewdtasswmsdi net hyl prepared substantially accor @cmgstaeiobes11
teachi ngs of US-A- 2003/004286: H3C CH3 Sid /Ti(CH3)2 H3C C(CH3)3 10
[112] Catalyst (C3) is

(t-butyl am do) di (A et hyI pgﬂqnyl )(2-nmethyl -1, 2,3, 3a, 8a-r)-s-indacen-
1-yl)silanetitani am iy prepared substantially according to the
teachi ngs of US~A- 04286 -27 WD 2006/ 101932 PCT/ US2006/ 009411 H3C
CH3 Sid Ti( )2 NH3CG(CH3) 3 [113] Catalyst (D1) is

bi s(di met hyl oy si | q’xane 1 ndene-1-yl ) zirconiumdichloride available from
Si gma- Al dri cHN—G-Hf%3C) 2Si " ZREL2Cds5 [114] Shuttling Agents The shuttling
agents enpl oyed in I udeCtdi et hyl zi nc, di (i-butyl)zinc, di(n-hexyl)zinc,
triethylalum itogtylalum num triethylgallium i-butylalum num

bi s(di met hyl (t- utyI oxane), 1-butylal um num

bi s(di (trimethyllsctyl) ai de), n- octyl al um num di (pyri di ne- 2- et hoxi de) ,
bi s(n-octadecyl)i-butyl alesd num i-butylal um num bis(di (n-pentyl)amn de),
n-octyl al um num bi s(2, 6-di -t-butyl phenoxi de, n- outﬁl al um num 10

di (et hy[107} nEptalysy I(A@)ms by (2- cetoﬁdedxbnnzmHﬂngt& bubyi-aneteybghesyaxi de) ,

et hyl al um num bis(tri I

bi o 2. eGP PN oA ) o S R R ety

bi s( 2, 3aRortish PERE RacHingAFasy.A-20RPOGEINeedTi de) , n-octyl al umi num

bi s(di met hyl (t - butyl )si%oxi de, ethyl zinc (2, 6-di phenyl phenoxi de), and

et hyl zinc (t-butoxiTR [ 115] Pref Ny, the foregoing process takes the

formof a contin (0N proces r 15 form ng bl ock copol yners,

especially multi-Dbko yfre eferably linear nmulti-Dblock

copol yners of two or e _pDnoRers pre especially ethylene and a C3_20

olefin or cycl ool ef} espgcially ethylene and a C4_20 a-ol efin,

using nulti pIHeCc
3

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

C(CH3)3
CH(CH3)3
N C(CH-
* / (CHs)s
X
(H3C)s
CH(CH3)2 X=CH,C¢Hs
(CHs);

[109] Catalyst (B2) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(2-methylcyclohexyl)-

10  immino)methyl)(2-oxoyl) zirconium dibenzyl
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are incapable of interconversion. That is, the catalysts are chemcally
distinct. Under continuous solution polynerization conditions, the process
i s ideal lwouedwabskor 20 pol ynerization of m xtures of momarseses/oed41hi gh
nmonomer conversions. Under these -28 WO 2006/101932 PCT/ US2006/ 009411

pol ymeri zation conditions, shuttling fromthe chain shuttling agent to the
cat al yst becones advantaged~sgonpared to chain growth, and nulti-bl ock
copol ymers, especially li m | ti C(@Hmxck copol ymers are fornmed in high
efficiency. [116] The Hgﬁz e inteypalyners may be differentiated from
conventional, random5 pol yners, j bl ends of polyners, and bl ock

copol yners prepared via seguént O C&ddist i on, fluxional catalysts,
anionic or cationic |ivipg poly techniques. In particular,
conpared to a randol pQl yey wof tle sanme nononers and nononer content at

equi val ent cfH€h8
better (higher) heat
penetration tenperature,
and/ or hi gher high-tenper@ ‘ on storage nodul us as determ ned by

dynam c nechani cal analysis. Conpdred to a random copol ynmer containing the

sane no r . Fentl e 1 1, Y s1have | ower
conpr osBioh Eafil TEEPET oAb el M| 2 3R bR e

r el axat ylgsilandtitgdiam dimethyl prepaied tabscamiially adverdingetorthe tachmighes ofii$fher bl ocki ng
resistancg%4i%ster setup due to higher 15 crystallization (solidification)

tenpera@ﬁ i gher recovery (particularly at elevated tenperatures),
better abrasion esistigz:} hi gher retractive force, and better oil and
]

filler accepta he inventive interpolyners also exhibit a unique
crystallization A~Rro ing distribution relationship. That is, the

i nventive irﬂewrx)qﬂk‘s have a relatively large 20 difference between the
tall est peak tenmperature neasured usi ng CRYSTAF and DSC as a function of
heat of fusigﬁpggbpepﬂﬁﬂhy as conpared to random copol yners containing the
same nononers and ¥ononer |evel or physical blends of polyners, such as a
bl end of a high dehsity pol ynmer and a | ower density copol yner, at

equi yal ent overall‘agﬁg%ty..lt is believed that this unique feature of the

inventive interpolyners is due taq the unique distribution of the. 25
comononBd 1] nCatpstdC is r{t-hutmauﬁ@rix(ﬁﬁetﬁ‘églmﬂ@mewy A rzbgé‘b%%fﬂ',m‘ilq’i’él -

i nventi T Qe j ' gffering
e L e e SR R A A S T A

i nt er poRQOB2O®GI286y al so conprise a distribution in nunber and/or block size
of polymer bl ocks of differing density or conononer content, which is a
Schultz-Flory type of ribution. In addition, the inventive

i nt er pol yner g;,@l so. 30 ' uni que peak nelting point and crystallization

t enper ature profy  hat<{ s ubstantially independent of polymer density,
nodul us, and norg b\ & Gief erred enbodi nent, the

10 [112] Catalyst (C3) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,8a-n-s-indacen-
1-yD)silanetitanium dimethyl prepared substantially according to the teachings of US-A-
2003/004286:
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m crocrystalline order of the polyners denonstrates characteristic
spherulites and | anellae -29 WO 2006/101932 PCT/ US2006/ 009411 that are
di sti nguiwbabéeioigzem random or bl ock copol yners, even atrciPDiS2aaloossi t hat
are less than 1.7, or even less than 1.5, down to less than 1.3. [118]
Mor eover, the inventive interpolyners maybe prepared using techniques to
i nfluence the degree~or |evel of blockiness. That is the anmpbunt of
conmononer and | engt/ p~each 5 pol yner bl ock or segnent can be altered by
oa‘

controlling the ratio type of catalysts and shuttling agent as well as

t he tenper at Bi% o he éﬁw-rization, and ot her polynerization variables.
A surprising ben of Nak& %Elenorrenon is the discovery that as the degree
of bl ocki ness i Jjfickgased) 1 optical properties, tear strength, and

hi gh tenperature rgsayer¥x /&(88 tties of the resulting polynmer are

i nproved. In part'r, Naze decreases while clarity, 10 tear strength,
and hi gh tenper at J&s ecoégf}y) properties increase as the average nunber of
bl ocks in the pBtyner incr asés. By selecting shuttling agents and catal yst
conmbi nations having the desired chain transferring ability (high rates of
shut t || pig3pi Chtalype/(DEMe bis(difnediyadisiloxaas)ihdaiet byl)zisdohiim Hiehlvside hvgilablener
termnation are effectively suppressed. Accordingly, little if any P

- hydri geom| ignaAlideh: i s observed in the pol yneri zation of ethyl ene/

a-ol efin 15 cononoper m xtures according to enbodi nents of the invention,
and the resulting talline blocks are highly, or substantially
conpletely, linea essi ng little or no long chain branching. [119]
Pol yners wi th highl @ stalline chain ends can be selectively prepared in
accordance wi th enpoditents of the invention. In elastoner applications,
reduci ng the relatfve ¢ ity 20 of polymer that terminates with an
anor phous bl g6k2Pleduces internol ecular dilutive effect on crystalline
regions. This resul can be obtai ned by choosing chain shuttling agents
and catal ysts havi ng ygr@ppropriate response to hydrogen or other chain
term nating agents. a@r fically, if the catalyst which produces highly
crystalline polyner 4 re susceptible to chain termnation (such as by
use of hydrogen) tha e catal yst responsible for producing the 25 |ess
crystalline polynmer ségnent -(such as through hi gher conononer

_ e pol yrer < h as | or o
oot L Sl Rpaith Rlestffiflt AShlseiAbihelol SRinyAMe, alBRybofh) o' Y
D & o e hetylRRg truteylalubaturaicigiaickingm! Gl g idwnylohutougr oups. |
crysta | , u u . Q . . 1y. .

cat al ysbisalimethyt-Brghsilayans). Houylkmisunist i ima N de ITBEes) v or ?

cat al v b . |

Loy e Plahinbil ditoBtilihe SmbQlORTH), R EBGACS ) i-Bt I Sruf b Hal ik

mul t i - bbs@k(nemgnoi! yandde)an-ecylafminant bia(2,6+dixi-gity lphenoxsdeahidchdalufnir@®l The
thyl ene, a- ol efi n_j nt er.pal d i.n the embodi ment J ti
o 010 or Gi@hgle Fyertibd g RSy et Byl b EReGF STEED) Bl | "
a- ol ef i gi(bisQRREMYRIIS)Shide), ethylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide), n-

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

bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-diphenylphenoxide), and ethylzinc (t-butoxide).
[115] Preferably, the foregoing process takes the form of a continuous solution process for

15  forming block copolymers, especially multi-block copolymers, preferably linear multi-block
copolymers of two or more monomers, more especially ethylene and a Cs.z9 olefin or
cycloolefin, and most especially ethylene and a Cy.29 0-olefin, using multiple catalysts that
are incapable of interconversion. That is, the catalysts are chemically distinct. Under
continuous solution polymerization conditions, the process is ideally suited for

20  polymerization of mixtures of monomers at high monomer conversions. Under these
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-30 WD 2006/ 101932 PCT/ US2006/ 009411 ethylene and a C3-C20 a-olefin are
especially preferred. The interpolyners nmay further conprise C4-C18

di ol ef i n wodbavioadszenyl benzene. Suitabl e unsaturated comomarsesos/oosef ul for
pol ynerizing with ethylene include, for exanple, ethylenically unsaturated
nononers, conjugated or nonconjugated di enes, polyenes, al kenyl benzenes,
etc. ﬁﬁ?ﬁﬁﬁz&fom%%ﬁéﬁtlénsc SRRARIYET Sin tmhuﬁleshgén&g&eﬁt foqhséata§stsaée&n@ss

propyl ehe; | sobutylene, 1-butene, 1-hexene, 1 -pentene, 4-iet

- pent enadvamtagtxbmmmged - dheinegreyth, and mate-blotk copalpmers, @spdclallluehmaak multl-

But ene ene are es referred. O her suitable npnoners
i ncl udeglg)d]§ mﬁélaff’ f%gpecg f@%}ghsfﬁﬁ Y uted styrenes,

vi nyl be m@rywh@ﬁ%ﬁ% inferpbINA%AMBTR differén@tRELARNvERdnalN AREbMENT CS
(e.g., cyclopentene, cyclohexene and cgblooctene) 10 [121I VWi | e

et hyd enedpelyshes; phybineldgnsts @ﬁ?@@@i’s& alpfi ek eeplyyaery peapsredstihegquential
t hyl | fer t
o 141 e R MR R T ki R Ehtont ARyl RBS BBl 0 1

car bon- bepdrticulato bhrhparbdch raa&mmdpdslgmﬂof the eaxﬁehmbmeﬁ adll nedbaley sérstentany
ol efin may be_ used i1 n enbodi ments of the invention. Preferablg@?auitable

ol ef i nsaifdavelEnborysiallingsor modyhg. the diventive BimIumes heynbeicsi(highs) Asati ¢ 15

unsat ur e :
cyclopeﬁ%gﬁgceaﬁmCyb*op nt§§hgﬁ ﬁﬁgﬁ%'ng§%aiﬁgﬁgﬁ§n%%@%%?%§ rl1i(§%lerr1h(§%hlim'ted
t o, 1mor tmrpmearlm*eswtssle strertotlg and/ot higheShighttenfipgpateiet tosipnviteraghodAs hy dr ocar byl
or cycl droc(ggbﬁl r.oups Alaio i.ncl u&id ar m xt.ures of such olefins as
wel | asSHESGRRFLGY Bynagtig feshastio| any it (R BFFPR OBABIThHRIANNE) o]
Exanpl egehm@lSdroth iR forhdt ColtAt, t}@-{hveﬁﬁﬁre MebrpblyMdr€RaveQoREOPY | ene,

i sobutyl ene, 20 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-o0ctene,

1- noneneomprestiereses, pasiinilarlychs ¢keyeied temperatutas ddwigesteess nelmiaanténm creep

1- d b
oot R e R RO bR e ARl B
Vi ny} cy edyelativanien (son@lfbmm@érﬁmatuﬁ hbghbﬂ%@@vdﬂﬁ(ﬂhﬁidmmgf at@leshtegent ene,

cycl ohexene, dicycl opentadi ene, cyclooctene, C4-C40 _dienes, ingluding but
not |i nfqnwr%rea), he%@hﬂﬁ@ﬁé351%a@ﬁp@ﬁheddP@?@Ve forge, 20d hettergrilang filler

1, 5- hexggi ﬁﬁﬁ 1, 7-oct adi ene, 1, 9-decadi ene, other C4-C40 a-ol efins, and
the like. n certaln enbodlnents the a-olefin is propylene, | -butene, 1
- pent en§ll17] Themauvehnmpcéymensrals@ exbibitd waguecory tthlbirawmh. andlbrdnchipg any

hydr ocar.bon cont ai nin ofentially may be .used in

erboa iR R retatetion hahis f Riehuly i bo el BRY adwiNibnred

avab} abijlfdrince Befteen Mitallle p@ehu tbfnwrahﬁe GRAVAE §thd YRYSTOMEaldHSEGs 6d
mononmer fromthe resulting pol ymer 30 becone nore problematic as the

mol ecul &mctien ghbeap pf fusionpespocially bﬁe@mmagect t@cralmoglmcoqm‘}rs W@talpmafth@ﬁmgu on
processes descr.i e 2l e wel | I r ol efin
ol yror SeBRs S ToREIeE it PR Dt o Rl R A i e,

0- met hy Wensit$ boWhet @06 A 16AE3RNEIGTEIJORNG/ 4QYdidAlent overall density. It is believed

that this unique feature of the inventive interpolymers is due to the unique distribution of the

25  comonomer in blocks within the polymer backbone. In particular, the inventive
interpolymers may comprise alternating blocks of differing comonomer content (including
homopolymer blocks). The inventive interpolymers may also comprise a distribution in
number and/or block size of polymer blocks of differing density or comonomer content,
which is a Schultz-Flory type of distribution. In addition, the inventive interpolymers also

30  have a unique peak melting point and crystallization temperature profile that is substantially
independent of polymer density, modulus, and morphology. In a preferred embodiment, the

microcrystalline order of the polymers demonstrates characteristic spherulites and lamellae
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styrene, p-nethyl styrene, t-butylstyrene, and the like. In particular,

i nterpolynmers conprising ethylene and styrene can be prepared by foll ow ng
t he t eachwogsodmersen. Optionally, copolyners conpri si ng@Cetusyéosnag41st yrene
and a C3-C20 al pha olefin, optionally conprising a C4-C20 diene, having

i nproved properties can be prepared. 5 [1241 Suitabl e non-conjugated di ene
MONONer §,CAR dRAnsuistabR! B r&lRhler R6ANGIEH Nt RicPerPdt PISINGIES Y HFeqear bon

di ene having from6 to 15 carbon atons. Exanpl'es of suitable non-

conj ugathed 1 di enesniless thedd,.5,slotwndp desathan| lidvi t ed to, straight chain acyclic

di enes, s 1,4- hexadi en 1, 6-octadiene, 1,7-octadiene, .

1 o docHIFE B et R iR bI<E trbne Srepg stz Siiies o influence
5- met hy{he Hedreb 8XRYUEIITDIocRinéss | THRE Mthe Ambu@ifadin®AGher and length of each
3,7-dinmethyl-1, 7-oct adi ene and 10 m xed i soners of di hydronyricene and

di hydr opdymenlocksprsgement qag balaitesed by conirelag thegatin andtypg oBeaiglysty pecht adi ene;
1, 4- cyc| i epe; 1. 5- ' 5- ' .and
i v CRRHE AR wih B BETLARSHAR SR B wbRa R MR R R a8

t et r ahygirible e Aesurprdinp/benefiedf ke aomeinnds thdidiscolapeindt asliteniegree of
bi cycl o- (2,2, 1)-hepta-2, 5-di ene; alkengl, algééidene cycl oal kenyl and
cycl oal RFkiaessds wmeteatsdnthsoptical propesiiesslepittiepebnandhigh feRnerimie e 5 15

propenyl -2~ 8- i - . .
B OB o A8 BERRAG AR OB 50, By RRERAEIE: gt sl
5- vity| te2r sirenpthr amhieigh ampenainteaeoaddiseproper@bs inkmast arbsavarggei mmalbey ofised t o

repare, EPDNB, th articul ar ef. di 4-h di HD) ,
B oF iyt Paghun s o pB Py Blein itoiHing Sot MGarbe CouRagon (T

5- et hyLanes de degfaAhRantntAMNRg a‘tﬁl'itg (High Y&tk O ordtuathERah (&RPRkLs oftBain
especially preferred dienes are 5 20 ethylidene-2-norbornene (ENBgfand
»be made

1, 4- hextanmato)ither fprheedf pohwmer terszingfondee eifedbivelysuppmeesed. Alseerdig

| nt or pol et €3 SRR s Bpose! AT R SEAREE AP FRTER e, ana

opt i pnatdifovheer MixfBstactbralif toendithntsFifaheinyestioy; adethe dsuftiiy cdpeallifie t hi s
enbodi nent of the present invention are designated by the formula CH2=CHR*,

wher e Rblopks are highly, ge sybstntiphaernrlgtely kpearghassessing Littheornp lopg ¢bai 41 hon

at ons. ﬁ’éﬁéﬂ?ﬁ%s of suitable a- olefins include, but are not Iimted to,
propyl ene, "1'sobutyl ene, 1-butene, 1 -pentene, 1 -hexene,

4- met hy[H19} pRolymees, witln Highlyoary sialéine Ahaia ehdsouah de lsylegtivelyeprepated inodcebidances
propyl ene, The . pro ne based polyners are generally referred to in the
B s B ST bRy e ot I Ao ane =R ey i GlaFF Aelien
pol y§rer §f pASReCthal tednifbiel ivith!aAGin eIk bIdRR rédhcBOhY MEnd18GH#dEIuEoH] ugat ed
or non-conjugated, straight or branched chain-, cyclic- or polycyclic-

di enes eBeqbonstystpllireosgions.oTlRie resattisambe obtpined by ehoasinenadwin sheftlipgagents
1, 4- pent adi ene 1..4- hexadi en 5- et hyl . dene- 2- nor nene, . ..

i oyel oBEh AT R BT SRR Siite BRERE I S8 R minmring qeont

par ti cukpsdificapliy eif @ig @ghl gkt &vech Srofuceb hiphldafealing polyatee imore3dsdéflible to

2006/ 101932 PCT/ Us2006/ 009411 @t[ 126] Because the di ene c¢ontai ni pg, pol yners
conpr i sehaip teamingtipn (sush grin e offhygragepythan the catalyst responsible for producing the

25  less crystalline polymer segment (such as through higher comonomer incorporation, regio-
error, or atactic polymer formation), then the highly crystalline polymer segments will
preferentially populate the terminal portions of the polymer. Not only are the resulting
terminated groups crystalline, but upon termination, the highly crystalline polymer forming
catalyst site is once again available for reinitiation of polymer formation. The initially

30  formed polymer is therefore another highly crystalline polymer segment. Accordingly, both
ends of the resulting multi-block copolymer are preferentially highly crystalline.

[120] The ethylene o-olefin interpolymers used in the embodiments of the invention are
preferably interpolymers of ethylene with at least one C3-C2( a-olefin. Copolymers of
-30 -



containing greater or |lesser quantities of the diene (including none) and
a-olefin (including none), the total quantity of diene and a-olefin may be
reduced wwohoeaw10iasss of subsequent pol yner properties. PCaS2006/0093@Cause
the diene and a-ol efin nonomers are preferentially 5 incorporated into one
type of block of the polymer rather than uniformy or randomy throughout

the pol é‘tEﬂErée LY CCS ) ROR 8 P@&&ll}y%féférﬂeh.z qde ?fﬁﬁ%pé}yﬁ%ﬁﬁ&ﬁ? Bilrkhet he

crosslin ensity of "the polymer can be better controlled. Such

crossl i gopadrise y-G4 aivtdti amdcbriali@nglbeettne pEoitibld snshvatedicbaioagesiuseful
properties, including higher tensile strength and better elastic recovery.
10 [ 127dor palyswmgingriidiéthelensinctude, fonoxample.ctiyiendeatlyl ynsatnatedadenamark, t wo

catal ysts. incorporatin if.ferin uantities of ca ner .havwe a wei ght
ot o ot R T MGy R’ U IR Dol yrer
desiy abégmbtveerdincRidb ;6046 & ClefiN sueh af pRFyREe, itdbuBlerRe 1 Gatthe, Bhéleane
content of from0.1 to 10 percent, and an a-olefin content of from1l0 to

80 per cespentehd dedethyl-1pentend, d Fhepeinght-octtnd, henonehey tedecerey andhibe lieefler abl y,
the mul i -bl ock, 15 el astoneri.c po rs .have et hyl ene content of from 60
to 90 pép@@ﬁﬁr}(i( kOBl B B ORI IR o T CrBOpUPES e udlshyepe Balgr of f
cont ent opilkﬂcflfs%%tﬂtgt H@?yfllgleg),es}'iﬁ'ﬁﬂénzp &gllteﬁl@, i ek alidle, 1 Wb HHierf adde

pol ymer. Preferredepo ymer's are hi gh nmol ecul’ar wei ght pol ymers, having a
wei ght waphtlegies (o ke cydlepentanie giyclohkignefand ey dloo@o®)t o about 2, 500, 000,

f Ly, f 0,000 t0.50Q, 00 f ly f 20, 000 ,t,0.350, 000,
e Ui AR R Yy S e e R e O i
Mboney y&zﬁﬁﬁsi th¥y 4188-bé dstd) OleBis as ukéPRRrdintrefe? BDa fanlVr of uRkRRfAL! y, such

pol ymers have an ethylene content from65 to 75 percent, a diene_  content
from 0 hywirgcaseon-based cempounds svith aiflgant ensrraghen-qarlam dogbledond. hepensing o 128]
The, & MeRBRLAGPL SR AL LY BRIKTRL e R REAUEHEADBH g S dRtol noOT POT LT NG
at | eas one tunctronal group in-its polyner structure. enpl ary

f unct i oRgdferableystabie\ldfing lated€s-ChoralipRaticeandapdreaticadompoand calnkaining vatylicat ed
mono- and di-functional carboxylic acids, ethylenically unsaturated nono-
and1di - fugatratgmabs well Bosyplic somppundsnigl o geelobuene; eydopontese, and esters

t hereof .. S functi S. .be, graft. . l.efin
i nt er polisnpberiitie, BRI bRHRS SRR bR iFieL i ARt S Bed B
addi ti ofahd 6 @asifioa®ithi©)-Coyp hiyarmdcarbil @rggoloyivdocabylairbypse Pdso inokdédiaet i onal
conononer and optionally other conononer(s). 30 Means for grafting

f unct i omaxturps of pechariefinsse edt dsymiaheesefsudeelefinp with Car Céx diefsifia dompousls.

Pat ent s .. 4,762,890, .4,927,888, and.4,950,541, the disclosures.of these
pat ent RIS Emesla%e? AFER MPEP IR lﬁsﬂuaﬁ‘e#)@t et et l?rosﬁm utysne:

par by cuh afkehe USBEMEN, YiHakiRD flhefleREP -bGendRlHofe@N N¥EEd e and Rdodeene, 1-
2006/ 101932  PCT/ US2006/ 009411 " [129] The anount of the functional droup

pr esent tatradedese,fluhexailencas, li-ontadegerey rmicasene, §angthyl- IFhetefes demetbylal - gr oup can
typical lpgntgr?e, R-rn?éstﬁ}qt- 1 -ngntgne? QBQAin%E{y_I-tl y}{%%tefng,néﬁ%nglf%%lloﬁeex%ne, vinylcyclohexane,

norbornadiene, ethylidene norbornene, cyclopentene, cyclohexene, dicyclopentadiene,

cyclooctene, C4-C4( dienes, including but not limited to 1,3-butadiene, 1,3-pentadiene, 1,4-
25  hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4-C4( a-olefins, and the like.

In certain embodiments, the a-olefin is propylene,1-butene, 1-pentene,1-hexene, 1-octene or a

combination thereof. Although any hydrocarbon containing a vinyl group potentially may be

used in embodiments of the invention, practical issues such as monomer availability, cost,

and the ability to conveniently remove unreacted monomer from the resulting polymer may
30  become more problematic as the molecular weight of the monomer becomes too high.

[123] The polymerization processes described herein are well suited for the production of

olefin polymers comprising monovinylidene aromatic monomers including styrene, o-methyl
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I nterpolyner in an anount of at |east about 1.0 weight percent, preferably
at | east about 5 weight percent, and nore preferably at |east about 7
wei ght pewoends/107932 functional group 5 will typically becprosseanod4mt a
copol yner-type functionalized interpolynmer in an amount |ess than about 40
wei ght percent, preferably |less than about 30 wei ght percent, and nore

Pr ef er ablnknd 35ob 0ty RO Uioudi YRA Mnd BRVIBGN pliills, Ll ben bR CRgRslgTont o

the fi tions pro herei n conprlse a
et hyl enethyemd m‘d: styriemt eang] gtmarreﬁ Toyf follioving the geanimhgs:hﬂram thlqtaﬂlyand/ or

arount TR FUBSBETEY 895 G TS At CIOMEB) OISR PR e BPIURES 1 |1 ed
pol ynera %% ntel Rzﬂq éeﬁp&ﬁé%g?qu&o&%@% épaaﬁé fe amount  of

et hyl enée anges fr out 5% up to about 60% from

about 1Q%p pSuﬁa‘Bleﬁlhﬁ'-ﬁon Qedfdﬁ@ﬁ\rﬁ&ibﬂiersl&%&m dtighip Ohdin, A% chtd emaiabput 20%
up to about 30% by tota ?ht of the filled polyner corrp05|t|on I n
1

cert ai ncystipbud en dxen@h@tmg/ e ©-151 wrhan atoms. dixamplasyphsvitable Miesent | n
about \?ch Elll%%.? i dl%r%{ %ncﬁ?(f/o blﬁ% n&%@%ee%?[@p%ﬁ% y%l}é ?1;1/81% %?c]hc jd?eﬁ%s jsﬁdf? asolr 42 5% b

t ot al I'n"cértain

enbodi nesagiené, 166- pahddmaer 1tmctatﬁena, m,%dbeadl'eﬂld eﬁhnpbédycrmtn mmmmbnespmh

provi ded herein is. a hlend of an, eth Ieng Iefl 8 éner and ot her
pol ymer& % H@m -14ohgxadieps 3af-dimeghylls@roptadie %/ i€ i tions
for d Phy erbf &lﬂ}'&%mty}ﬁbg{e%'d cnﬁ‘ﬂé méﬁn Qﬁicyfcﬁ[: dHREs, st fie Wi re,
cab e an I ng appfications. Such polyners (also refferred to as "ot her

pol yrer bB-egclobsr&adimb pdl-%rmia(esad‘igneg ﬂuSI-ay@h)ocﬂadtenaami hétcytiodpdesddiene, and

ol yol ef r.esin ch ne an | |l e
Copo y muli-iEgavauE e R Rt i s o RS b RhRgn a0, mekY ' "¢
pol y(et t&ﬁlaﬁﬁﬁoﬁeeﬁe aﬁé!yclggaﬂﬁﬁﬁa)e; bf&:?él@Qt,WIl?ﬂ}%pt@fZ s*-ﬁlmbedneeny%ﬂl@mqayé ene and
a nonconj ugat ed di ene

pol yvi nyl chloride C); m xed pol yners of

et hyl en@ycémékenwhgn @@@raawédqr’s\mrborg@mewéh By ARt @n 1-ReEPoFIsNy X éBR),

and. m xt ures h p r

pol §/§srft yPrOR%nyé 050 @%ﬁégg%prb %[%g%'?%gé%gﬁ%gb% f%%&sﬁe%éﬁg}:) ?n?rﬁgﬂé ’l i near
ol efi n pelyorsglidescI-nbddrrene, $-GnyPanertorivgs, andﬁlozﬁcﬁnﬂﬁﬁleaﬁdﬂ&, cﬁa&,s272 t he
di scl osures_of which are_incor or at ed herei n by _reference. 3 @am)unt of

ot her pBIPEaRY ¥sqdfopreparg EPlaiyisy ghrpeedeis ﬁ@n%%w&éwﬁ@g@ n range
from ag%ﬂ{yl gﬁyf-n%g)(f%ﬂngﬁBZS %ﬁ?ﬁﬁen@- 1o R APARTB P 8Yne@PRHE210% up to

about 50% out to about 45% out 20% up t0 about 40% about 30%
up to ahmﬂ:bméﬁé/qiMNB)kmldtdm@ﬂopemmdxghe (IDGPWréEhemswmﬂW prefetrbé dicoespays 5t i on. I n

T R RS D

5% 10% @ﬁ%} 20 eh% m&&&&e ﬁ&%{é@s"/ﬁlm@l bematie%h 8écotdi@cd RhthlemMRUBNtOSF t he
pol ymer. Conponent B:
the invention are elastomerlc 1nterpolymers of ethylene, a C3-C2( a-olefin, especially

propylene, and optionally one or more diene monomers. Preferred a-olefins for use in this
embodiment of the present invention are designated by the formula CH,=CHR*, where R* is

25  alinear or branched alkyl group of from 1 to 12 carbon atoms. Examples of suitable o-
olefins include, but are not limited to, propylene, isobutylene, 1-butene, 1-pentene, 1-hexene,
4-methyl-1-pentene, and 1-octene. A particularly preferred a-olefin is propylene. The
propylene based polymers are generally referred to in the art as EP or EPDM polymers.
Suitable dienes for use in preparing such polymers, especially multi-block EPDM type

30  polymers include conjugated or non-conjugated, straight or branched chain-, cyclic- or
polycyclic- dienes comprising from 4 to 20 carbons. Preferred dienes include 1,4-pentadiene,
1,4-hexadiene, 5-ethylidene-2-norbornene, dicyclopentadiene, cyclohexadiene, and 5-

butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-2-norbornene.
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[132] Afiller is used in the filled polymer conpositions, for exanple, to
provide mass 5 which contributes to sound-deadeni ng or other desirable
properti eso 20éve10i93] ed pol ymer conpositions provi ded heceius2@c@osii e t o

mai ntain desirable fabrication characteristics with high filler |evels.
The attainnent of filler |oadings of approximtely 50 percent by vol une,
and abdi2¢] vBdcheserthe dicas comajnmgeaijmiers omapdse at@inating peinidnesoritdodkavor abl e to
the formul ation of econom cal, cogpositions, and results | onpQsi tions
par t i CUCHAE AT OF 555oE BUARItEHOHHaR ABROE ASIToRS 306k peolefn (nFAing e
CONPOSi fin@N $hetoRY hEGRiLNEF BEAY anldh-68Fih fay beGERRLH VR S LAhaitn

desi r abl eeprrechani tClal roperties over1 a a\% ge range o%ﬁﬂo ersqpéeeae?{s. [ 133]

Fi | | er polyrhertprapeartiess effhat 1sj becatre thodiens aitd anefinmbnomiesrs mgtprefeentialy | i m t ed
to cal cium carbonate, bar.l sul.f at tal ¢, carbon bl.ack or aphi te,

f 1y s h, ISR AE8 0nS Lyt blogk a8 e Doty rier figh ueilomld oprangple f ume

si | i ca,thRlughd i dhe ﬁ@%ﬂ@é tHEN2BXMER efBLIAI U IN AhQ ¥hikequehfly RIS SEIIHRN _
hydr oxi de, gl ass fibers, nano-clays, zinc oxide, alumnumsilicate, calcium

si | i catdepsity efzhe pelyticosardles better eominodsd. Fhchsarossliokabptlastemersmad dheaduted | 3
i ' filler. i |6 f '
bar | um ST Ve B Pantadel Brongt St inbBARE R oo M rchrd RS IR, 0"

al um nustdiglr.oxi de and magnesi um hydroxi de. [134] Ignition resistant
fillers which can be used in the conpositjions include antinpn 20 oxi de,

decbr dABPi PREAYE egibodisenty, the iRventive pferpabymerymgdevithhvagdalside, bor at es,

d h . ; » i il i | i
I e L e S
cot t on, frah &6 Ship St Saskhefdldseursericgyotythers idesirablybieave afethylenepohtgnl &ffraom 20ber s) ,
bl endo RN @HoERG S iehgoRERctt O 138 1P PeSeriTAES BhE BTG HEOF iond0 Taepends
upon t hgd) ferden bastains thy %oé&lhﬁ‘eié‘ﬁtgﬁ’@ﬁe pdmé. |ﬁ1§ﬂheﬂ§1@?éréﬁi%lthé hetBlogk of it

whi ch can be added to t fornul ation Wt hout appreciably affecting the
vol ¥e dlassernérorpalymens dnve ad ¢thylendreanténs o€ fronf 64 fiol J0ererdent, a didnsrednisotplsi t i on

may be gdescri b b ight or vol une. e vol.u ercent qof the filler may
e est TR B0 iceah dal P i e pf RpmofY R RE GO opb i | p

F) +Y- ( Wreilht dffthe polp@eMViBER e bolinterd Sre Blhaholeoultin@eighl polEmes] leRiig #f t he
filler in the final conposition, wt % F 1s equal to the weight percent of
the f11Veleht fyeraee mokeulpeeishy Civ)iiven §9.0D@ o FRoHCHS0B0)R PeslaieBlyfEnm cubi c

cent | Melieion8/5600088, mife ptérbrably {015 20RI08 3HEDGEIhd 8 holyARoLifly ERTRARENL ;D
is the dénsity © tlﬁe i't h corfponent’ neasur€d 1’'n gr pgr clibi’e cent i met er
(g/20m) .3.5,3BoAPreblylledsdBah PETndSM064G08ddbiity [NIBA]+AcL5Pd)) fighy] td 260.1 evel

of the filler_.is disgussed herein i er ns _of wei ght rcent filler, based
on ¢ he YBIe e e T DARECE o8 ERulene paer o 8 kTSP 34PREr ' has
some efdogfdnt Bml (MR 6 FFBM an@lanfuldibRA coifEM fid bh® $PPRESItL 1 ons. Fine
particle size fillers generally have a tendency to result in higher blend

vi scosi li28s, Therrthyl eresyo-glegindnistpolisness expenBingéonaliped bysimcorpofating af lehster
one functional group in its polymer structure. Exemplary functional groups may include, for

25  example, ethylenically unsaturated mono- and di-functional carboxylic acids, ethylenically
unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof and esters
thereof. Such functional groups may be grafted to an ethylene/ a -olefin interpolymer, or it
may be copolymerized with ethylene and an optional additional comonomer to form an
interpolymer of ethylene, the functional comonomer and optionally other comonomer(s).

30  Means for grafting functional groups onto polyethylene are described for example in U.S.
Patents Nos. 4,762,890, 4,927,888, and 4,950,541, the disclosures of these patents are
incorporated herein by reference in their entirety. One particularly useful functional group is
malic anhydride.
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5 especially at high filler loading, results in a snoother extrudate
surface when molten blend is extruded through a die orifice. The attendant
benefits wo 2u@igski ne particle size filler in filled polryusesocoompDsi tions
are described in U S. Pat. No. 4,263,196, the disclosure of which is

hereby incorporated by reference in its entirety. In the exenplary _
conposi {128hs The avode df thecfurttivnakabop presan ibthedsctisagidnkasolangahhivalye si ze
bet ween,_abgut .3.% m cron_and about 8 10 m cron. Lylsrgwl.n certain _
enbodi o nctignal group spn Bpisplly b Lesgit 1n picrReLymer-typs sngtienalizsdt her eof i s
ossi bl | el A er i : L r

Composi {1 apayRith i ShRof Akt ARRLLOSFoigl relnt lotap AR oyt

A1203. 3ARght peycdnit.cmdymate prafetably a]?\kalaaft afobatn%weﬁhapdemﬁ. Tlmrfalhqinmahglbe% 1:5 elndegcy
co sitions. ar.e,desired. Hea i]lers, .su s powdered iron or ead,
or oxi asuPBpiceliEyF Rserin ¢GRI RSk RS NistiPeaiead iOROIRF i aHBeint 16sS
conposi thaf Bbo3146 welghipeREnt, preflrhily oks tHENRBHR 3 \b@iﬁht:}%r&eﬂ’("aﬁg ﬂﬁifré y, such as
magnesi um car bonat e, nmagnesi um oxi de, magnesi um Aydr oxi _de, al ci um

sul f at eprefirahly fess thap ahel 25areigiteaseoent. dust, or organic fillers such as

, I . hel.l ice hull corn L, cla and .t he |1 ke,
on e 1305, L Bitotn iaatihe. ne B ocbinsBiont BiiRd ercin ihandia tig of
fill er setwylehe/saldftinkepagherd Of ditdrdg mcﬂé&ﬂhr&ﬁei%lﬁ'aﬁd/oﬁb@@all temyhirebl y
acicular_(wol|astonite, for exanple) to round (glass beads, for exanple)

canll sghBenemaldipsaterrelyneids prseafin ansmopal rapgineg fom byt $% uptie ehaitth or
o ongat 0o P ERE 4 A bty | T PR Lo bORBLER, i ScgP 0%

up to about "9 tota _ mer “conpositions
provi dedf dileylenetu-olefindaterpmilymenhiogts fint shout 5% p tolabout B%,ifFonpERERLND% Wp an

i t. . 40% t 90% from about 45% up to_about
3506 1 1 GIFPRHOT B ARt d S 25 APl moDiet SURa R HeoBGIALY e by
total  weigHNdf 1RE fill6@pOI9MRP&IhpRftion! Tn E&idiRLMbEMRRAIMER Fhy -alefi
f S5 50, 500

ethyl ene/a-olefin intefpolynmer is present In about _
55% % 0%nEBpelYngs B $yeseainabaut i) 8 5950, S0U6 &, 9B B5Pet M%) 2586 2984, 16%6,t he

conposi {44on 0 0 t C.1 |t may. further be useful to enploy any
one or E:%)}r%bllor?g’tolrg%rg Pogiﬁa a2 tiogi%#gcomg%gﬂtes in the conpositions provided
herein. The Otla&tpotymers, when present in the conpositions provided herein,

| ected fromone of several groups. The first group is a group -36

b
3\?)” 2086?1%611 olmcepein quehpgpets dlae noly merian vegsinghe i ledspolymer ¢amporitions t ypes of
i NQ: Qi . - Lni,c, ' eni c.. Processing
01 1o o BOni A hEre LS o LR bl b oRERHRkD g BRRF pOSRLE WO TP
10026 00inSiSart Saryise it theifilled pehimeSeampeksfiorstiolididrovendht 6f hoisdiebeationtddds can

be as hj as 0 SUS at 100 . F. Processing ojils, especially naphthenic
and pa%%%fsc“ggggu%il{‘ﬂ’e_SWW’sc@B]giafl9r %eng,ag cabiens- H(’;’W@ IS at 100 F
are usegfdrRdd6hl BdtRerPIPAAETEHE ‘Second polymer(s)”) include, but are not limited to

polyolefin resins; such as polyethylene and polypropylene; ethylene copolymers, such as

ethylene-propylene copolymer and poly(ethylene-co-vinyl acetate); terpolymers of ethylene,

25  propylene and a nonconjugated diene (EPMD); polyvinyl chloride (PVC); mixed polymers of
ethylene and vinyl acetate (EVA); styrene-butadiene mixed polymers (SBR); and mixtures of
these materials with thermoplastic polymers, such as polystyrene and polyolefins;
metallocene copolymers, substantially linear olefin polymers described in U.S. Patent Nos.
5,272,236 and 5,278,272, the disclosures of which are incorporated herein by reference. The

30 amount of other polymers in the filled polymer compositions provided herein can range from
about 0% up to about 70%, about 5% up to about 60%, about 10% up to about 50%, about
15% up to about 45%, about 20% up to about 40%, about 30% up to about 40% of the total
weight polymer present in the composition. In certain embodiments, the amount of the other
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[ 140] The second group of plasticizers that are effective, when used in the
conpositions provided herein, is a group that conprises epoxidized oils
such as epoxbaimes2soybean oil and epoxidized |inseed ecir/uspdédposThe third
group of plasticizers that can be used in the conpositions herein, are 10
pol yesters which, in general are liquid condensation products of a

pol ybaspdlydds Gn ﬁﬁctoﬁlpoﬁﬁbm abolh®%! B 1'9%.00%1 2586 30960 59E U6V 50%20F%
pour abl'e at roomtenperature. The aci d conponent is nost often a saturated

al i phaterc708 bébe totalcweightonf thpedywemt i ¢ di basic acid, adipic acid, azelaic
aci d, phthal o aC|dtJ§§pﬁg|c acid, and glutaric aC|d or m xtures of these
aci ds are ?}1 4 The pol on can be an ali phatl c polyol or a

pol y- OX[&ISQKYAin%r Ralsy®in the GitlBd pslymtd cahpositess, @k geahple o PRyién@ag ycol ,
1,4- and 1, 3-butane glycol, diethylene glycol, and polyethyl ene glycol. In
sone en’ﬁb’&h ﬁ@lﬁrlbutew spand-deadegingariothes desitablagirrpation Hisi fllednobpasient of

whi ch géo%%{o%ft oh??fbv?&%(ﬂ@yelﬂ\@t’e%m Brn%n?tgfn%gl{r%ﬂtﬁe ?a(?)h}fgt te?ﬁtl@sl wipatic
col . er

gl ycol s based on a cof azelarc acid , and propyl ene gl ycol
or the HigB{illerledecld- Thuatwmﬁnexglofﬁdiler lbadingd sihappeoximediynslr paraent'ﬁyeolmieecul ar

wei ght of_ these p| ast.icizers,can vary fr n1a 20 |.ow of few red up to
a hi gh 39 ai?s&‘mw %%@tamr%aml@e greshariga @F&Pemese%ﬁv%’f@@éf edpt hept?’ Q0 o
sel dom wshéﬂlfago é%gat&l\fr%hs ah¥ Pspfk chdnqpofsﬂr%n nga@i@ulaﬂpaséml BEshal wei ght

range o ep Is classified as dium or high. A'suitable
rante foentdementappbisitionsnEurthesy thie nomamlwsrmmlded hdrgiain dettainur es of

pol yest er oxidized oils. wi.th arbon. oi l s ar al so ef ivie 25
D1 st craRRimeRS e efitafydedinibie Bebheir Brgrief o Wl Pt of ST 8 uch o
m Xt ur e[1i33] t pﬂl@@wmla«. alteh@eﬂm ﬁhh@témpém igdludd) Buf £t abi Iuaityd (ﬁttuﬁﬂs'[

pol yester or egOXI dized oil with the |ow cost of the hydrocarbon oil. The

cost / pe¢drbgnsiss darien salfateriplousnabqs laek ¢ srarhits flypshuesmeat fisti date feldsmar.be
f b
't gﬂ g‘r’glgep%leﬂﬁg Liicaat g%{?sy ﬁ{%fd %fll%/ A1 ?rf? Vﬁ%ﬁéﬁ%%ﬁ?&“&ﬁﬂﬁﬁ@ﬁ&%ﬁ@ica” e

nore” precl can be 1 hcre 43] Wiere
a mst umagﬁa‘smmhhydromyleglws ﬂbleﬁ;shamdeys aind omdhya:lmmﬁunbmhca:e |calciurepl oyed,
the rel Etlve proportl&ls of t t wo, corrponents c be varied gver a w de

range d¥petetieuiEpsioxidR fitasntes %SS&HF@EPIW%%&“ l\ﬂhﬁ rl’é§er85 eMIF509% or

| ess of glhfePR! s\éﬁ:@fe&rfrd%{ Ea180AT SEEdRd el a% baﬁ&%ﬁ[ﬁ& 'h?@éf@dl?emﬁ&ﬁm@ﬁétthe
preferred are those conprising 20% or |ess of the polyester. -37

2006/ 10fidads Wﬁt@@m&ﬁm&nﬁﬂhyd[r@ddﬂmﬁ hagnesiunyneligxidé. pl asti ci zer s,

pol yet her. et her te s, are alsa effective. for .the 05|t|ons
P ov oAby Bnifet ARz hih st fe et Behnilion eniBroRgRtY

al kyd en@m@éldée@oro@eb%ﬁafyas ofide eflimiranghirate) @Ry eeileh m@rgﬁdar@rdtébemﬁwst
common types available comercially. Polyethers can be prepared by

pol ymer h&lagqn@wd@nmpwy&therumsﬁ@bsewrﬁlmﬁsswt?bléiord#se@am CPEPESItIgRS by aci d

0" Das eyl @At IRYLARL LN @RAL BTS00 B rhoS, SHATRLS,

Pol yet hers can term na y ar oxyl ’groups orm-t
or, in fibers (e.g., polyolefin fibers), and carbon fibers. Hydrated alumina can also be used as a

filler to obtain blends which are flame retardant.

25  [135] The amount of the filler depends upon the filler density; the higher the filler density,
the more of it which can be added to the formulation without appreciably affecting the
volume fraction of that filler. The level of filler in a blend composition may be described by
weight or volume. The volume percent of the filler may be estimated by the equation:

vol Y%r =[(wt Yor /pr) x 100%]/[(Wt % £ /p F)+2(wt Y%; /p;)]

30  Where vol % is equal to the volume percent of the filler in the final composition, wt % f is
equal to the weight percent of the filler; pz is the density of the filler measured in grams per
cubic centimeter (g/cm>); wt % is the weight percent of the i component; p; is the density

of the i component measured in grams per cubic centimeter (g/cm®).
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t he case of adducts of al kyl ene oxides with glycerol, for exanple, the
triol, and so forth. The hydroxyl term nated polyether can al so be reacted
wi th an awoadpodmidsg aci ds such as lauric and stearic aecaaSass/ oceTON
exanpl es of the conpounds are the nono-and diesters of 10 pol yethyl ene or
pol ypropyl ene gl ycol. The nol ecul ar wei ght of polyethers may range up to

those typicalcBtdiRbghtne MvaITBS the filldAHBkiiscRsse@ htRIninQetaRURRAE peichft filler,

pol yethers are those consisting of polyols based on random and/or bl ock
copol ynesel of thettdtpl weighiondi thie soraprsitinne Battielessizsxifdies{illerthas sapobifers on theol yol s

provi de bette erfo ce in terns of effici.en i.n_composition

b onpr | AT B GTeFsS oS P o Fine diicnd %8 fgre Rl o pyey el RAS0s e
or the petyatiRBIghesbiehd Plsasitics] AR theyrk AlsOikdi8 lexpendiey Tht Qe offirstillesj zer or
a hydrocarbon processing oil can also be used in the conpositions provided.

The Sadeshecidly asthigiofifest pasing sesyplis ined saenthgrextmdate parfacs avhicpwrglteaddandds nce

t he pol | yester i i: f: et her
bna b oeTudsd rfleh o SOBAREL TaaAeld B eHErRste IR AN i AP
oi | . 1lgel{mIhenipdaiiony erefesdribed $n ULS. Pae Nosd, 260,196 tha tisciosura of which is

pol yet her/ pol yester conbination, wi|l b dj usted according to the
ef i ci ehfEgpydpcarReratsiyaricrensen Eﬁefﬁ}r%eﬁlﬁ aie{'eéﬁ’fﬁ‘?gé%%ﬂ?%‘?sgﬁ’gls PEYaed Those
based O] et cafohABlusdd/ el darfll siDELANeBt hildyt 87nkhdd arCBRI

expensive, for exanp an t ased primarily on a polyether or
pol yet hmicr@st er. 25 [148] Where a m xture of the pol yether or polyether

ester ydrocarhon. oi |l i empl oye th el ative. proportions used
will aS@Sﬁlad@;f@Hamcﬁﬁnb@B er%&ﬁep‘f%ggm%‘y?@fﬁiofg‘pﬁﬁt% pomgﬁ]ﬁﬁgr} ﬁﬁ_%eo B yet hers
are Imor £,seHRENFIUR altfaly th@ﬁrd?)'éﬁ&@%ﬂﬁé%l%gfélynﬁ@r&bﬁl BSiti6 AT or Skaiiple0% or
| ess of the polyethers are preferred. 11491 In certain enbodi nents, the

pl ast i cinglusionof ghimina wihyfiratsiATS, 4hOupHeQhis highly destblsovhshtilameatetardant er s,
tri I'lit.at t b t € i i i i | i i t
el at o2 YR RenE FERRsHEps Bl AR SHELESRES WG AR ARG B2

pol y9rer legd, R agides bz HaSing§ pOIERS tai Se @hployedwhen wad-dehiquoaipositidhcarboxyl i ¢
acids) and oils. In certain enbodinents, the -38 WO 2006/ 101932
PCT/ US2¢rs8edodimilarlypmirarals hawpg lpvedensyy: Weh abmagagsiyn A bARAte MAZIESIUM i xt ur e

of par a&iiil;lélirﬁa&ﬂ%ﬁﬁﬁﬁ%df&{id@@ﬁcﬁﬁ?ﬁﬂfa&, ) qu e{sg,SQJd BchEdRE fdrddicabove, a
m xture of 'processing oll, on the one ﬁand, an epOX|§|ze ol ~or
pol yest &Herssughadsyyatiisewood flpad, yat shells, et anlls, sornarepl, ctaybambithe diketdasbeof , on

t he other hand, .5 n al so be used very effect.ively.as t.he plasticizer for
the confBeey i Eahfudberareiitions depseted dieaffa g R iehponent
Pl asg i Ciafi8s, sHSheHlc, B rof KghllaeituRP OMS11:REnite, BPetHmpld o REUHERIasdY t ot al
wei ght of proceSS|n% oil, gives hlgher tensil e el ongation than can be
obt ai nebeadsi fayexsimmercaplakstbe cmployed|teo Aéeraelatiprshinssach estensilestrrngth or
el ongat i,0n_can be
clongation.
[138] The filler is present in an amount ranging from about 30% up to about 95% by total
weight of the filled polymer compositions provided herein. In certain embodiments, the filler
25  is present in an amount ranging from about 40% up to about 90%, from about 45% up to
about 85%, from about 50% up to about 85%, from about 60% up to about 81% by total
weight of the composition. In certain embodiments, the ethylene/a-olefin interpolymer is
present in about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 85%,
90% or 95% by total weight of the composition.
30 Component C
[139] It may further be useful to employ any one or combination of plasticizing substances
in the compositions provided herein. The plasticizer, when present in the compositions
provided herein, can be selected from one of several groups. The first group is a group
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achieved using a mxture of processing oil and polyester or polyether or
pol yether ester or 10 any conbi nation thereof containing fromabout 50 to
about 80 weno@nt143y total weight of processing oil. [1pCi/Usb@cammaunt of

pl asticizer in the conposition varies fromabout 0% up to about 15% or
about 10% by total weight of the conposition. In certain enbodi nents, the
pl ast i Qind®h ak procpssixgesils. Threk npras al proiceskolnlstade Rioui-pAYeFfinddmrymatie, akbut 8%
3% up to about 8% 4% up to 15 about, 6% by total weight of the conposition.
I'n cer taphihempoHrasessing oilsipee plse sihdivided by wscqsitg sage. &hnabamcarzb& agPW 40

4% 5% 3 v o 9 9 oAl ~gh nt E Ltion. In

. asq%{% 320%%8 @%@?cﬁé@gﬁe@sﬁﬁ&gr{&?ﬁt i R (3‘92@19 Helfy"OlE fg}fgéy'&qﬁt OF%J

certaln e I nent asticl zer pr esent" | ess t'han
wei ght as@D00 BESco1poSF ParessGongitsy especiblly Aadithdnieadi@rdfisR]oil@ptittonal | y, t he

filled polyner.conpositiaons oyj ded herein can conpris t | east one
addise | VBouP e apad 8 o OOEEI S e sredds heron e T

procesgihy) i the seERRER6ANECplastRIER &t are EMEMVE a!vhqrﬁik@&ﬁfth@%@ﬁ?ﬂéiﬁ@ﬂs ,
properties of the conposition. However, an additive does nof function as a
filler mevidebhereineid asdyowethat consises eprxadizereoilssuch heerfoxidizad sopbgammil and

conposi ti ons i ncl.ude one or nore of the additives described herein. In
ot her f?oéﬁﬁﬁgﬁﬁgﬁaé?Lthe filled pol ymer conpositions may be substantially

or conyigijel theftheg gﬁful;()QﬂT@asﬁéizéPQlﬂﬁlt e4dn bdy@scadslitel coaposiasad hdveid, ier ei n. [ 153]
Any polyner additive known to a person of ordi naé?/ skill in the art may be

useld i roolyasiers whichdngensrakare Hignideondensationireducieel tealibasic agidandhass additi ves
for use jn.t il hed . pol it ' ' : tent Nos.
6, 787, 3@??515?%?5%@&‘%, %1%%&5‘%8%8@8?8%%% ?%J,digéf’?&é@;ﬂmg,r g%?‘ﬂp 95;

4, 263, J&Enpogeﬁ%nﬁ%gteﬁ,@ﬂu%@awtw dlﬂﬁé‘ip hGill, owdrd arofnatimﬂj}baﬁc acid,b Elldipic

i ncor porated herein reference, Nonp-linmting exanpl.es o ui tabl e

addi t | ViSK, arcle agid BFbRlicpAci RPRFS! éﬂ@@ﬁl EliriC el ar%tuwog fhep Gidsre

col ora i , s hd b ki : f i,static
et o ol LR RS pckioP i be MK MR B For P ATBLFALLANRIISoL, Aith S
PCTYSUS28108¢1@¢083tdol, prepylemst glpéols hé- awidi,3-butese ghool, divtfeyléneglya@bout gr eat er

than O to abaut 80% bout .0 001 %10 about .70% from about 0.01 %t
about GRS SEG DI BoUBERE byt PERPOLR O BTaR0u 40% or

f rom abQpohbnt’érthicdgdite DAY 90t tiewéigh@dre WeHBIRE polyol, RECH Ad dipHatidglyarer
conpositi opr?. Some 1oI yrre? addi ti vﬂggvhlgve r%ggl?\ degcryiobedci n Z%e?%fﬁwHans et

al ., 5 Plptigizerschpsation adipisor pgelais geid, and-prapdendglyem or teubBi erds4-drane

B e
conposi loivaf,a fetv Huadiedepes abigh éfrabbuecd000fTHehmoleadali weigktsofavmneociplat i bl e
PR LTELTEE TN, (R I ERRCXT M W
In the product is classified as low, medium, or high. A suitable range for the compositions

herein can be medium.

[142] Mixtures of polyester or epoxidized oils with hydrocarbon oils are also effective

25  plasticizers in certain of the compositions. One objective of using such a mixture is to couple
the high efficiency of the relatively high cost polyester or epoxidized oil with the low cost of
the hydrocarbon oil. The cost/performance of a compound plasticized with such a mixture
can be improved significantly for a given application because properties can be tailored more
precisely, or filler levels can be increased.

30 [143] Where a mixture of the polyester plasticizer and a hydrocarbon oil is employed, the
relative proportions of the two components can be varied over a wide range depending upon
performance objectives. Mixtures comprising 50% or less of the polyester are preferred for
economic reasons, and most preferred are those comprising 20% or less of the polyester.
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10 nolten state. In general, the conpatibility of an additive with the
ethylene/a-olefin interpolyner increases wth a decrease in the difference
bet ween tweiznossohaski | ity paranmeters such as Hi |l debr andpswlusbedsiovgsit
paranmeters. Sone Hildebrand solubility paraneters are tabulated for
solvents in: Barton, AL F. M, Handbook of Solubility and OQ her Cohesion
Par amet[e44], A2 fshrthtrolgRE phistisersPoeigetRak and pblyethdOdidrs, aroslsoreffientive orand
representative, 15 polyners i.n Pol yne Hglng%gsok, ?rd Ed., J. Brantdrup & E.
H. | mmdRQReampasitions prryilediegsin. IW?%L@@ ethets 478 pligaygrs pr PalYEeFoM nany
comer Gj I | i : tand f

pol ymerp et s @R BT W IeRe b piopyRGody ol e Moot CAIHOPEDES nc
Press, aBaitzblRainanercially( PeB@)hersadan befpreparathbyapadymedzation of tlddhytdes esing by

reference. The Hi ] debrand sol ubiljt t f I b
g A T T RE O S P AT NGy
Hi | debrigngd.aphd!bpd1idiNerd 8i2PE{cghmafe@bydRaRb TP BRIBS to%ﬁhﬁlﬁd}iﬂggl}ﬁhﬁ Oﬁaiﬁ

copol yner, as described for binary copolynérs in Bartor dbook
of Sol uhg tase pf RElugtsetf elylamdxdeh svith@yaesolofor Praraples the &jolGmd spriedk., TBoca

Rat on, e 1990 he magni tude of the Hil and, sol.ubidjt

ar ameBARSyF Cppiyitd dolyefiet et ra by Eacdit st FELARNEIRAN S bt e
upon t hesafieheias hf conh@héxagipldshtss tROEonifund f8re TS ®End-Bnd BicBdsstodn, pages
446-448. Therefore, there will be a preferred nol ecul ar weight range for a

gi vién awlethsieneor ppbprapyleve alysol-yismolggidaranriglyiof polyethersgnsy reage prto

addi ti Ly . | mani pul ati ng the nol ecul ar wei ght of the
et hyl eﬁg(?gg-t%qle#ii%trflhl%%ltpg’r r%%éner or the additives. In sonme enbodinents, the

absol utje4sii fTheeesia emibodirhdntte tregsudyesledrsibielthdsy cpasigtimptadipolyelsimeed omhe

et hyl ene/ a-olefin interpolyner and an additive sych as_t ant i oxi dant
falls virRdpomandier blgelgeopabyragrs gf @Q?]@Pe PHESS @%%}Eﬁtﬁostpxﬁaq@oy??ymut 0.1

to abo%@%@f@ﬁ% ’beﬁ%é}foggémte‘?n eéefh%féffféienwﬁg%oﬁn%&{m@e%gﬁsihglvgx?out 3.0

MPal i 2. e antioxidant or a stabilizer se in the fi pol yrmer
conposiltiglholevelsoéfiller.i ncl udes any anti oxi dant known to a person of ordinary
skill i he art. n-limitin -4 2006/,101932 PCT/ LIS2006/4 009411

exanpl e@“@f %Bﬁ%&%ﬁ%ﬁ?ﬁ%&ﬁf (ﬁ’gmespo?ﬁg%ﬁéte ?rliaﬂbc-lﬁéssg SHETESRORSREL " such as
al kyl  glhgnpay b hyRscarietesding daRkA BKb 38R} indhkddmSYsitima plorided.

substi tuted phenyl-a- naphthyl am ne, al kyl ated p-phenyl ene di am nes,

t et r amethpadvantagd @fdmlm@pb«%ﬁﬁécmun@tm is IﬂieldéW_%‘PRﬁt pineriée palysheroie
S0P IS ERe o s MM TR DA PLEORL ol LS Wl

t et z0aki iskdureolfyHedowéBcdst off the oliut yl - 4- hydr oxyhydr oci nnanat e) ] net hane (e.g.,
| RGANO) TM 1010, from Ci ba i.gy, New York); .

oct adechf7B, Hzedieaﬁﬂ-vsmmnagﬁ mtzwemﬁa%% & relyether{nobyeRi TN 2B 7Eon

commer : ﬁg@g}“ i ere
used, tc‘hg]! %%ﬂ%?ﬁo%cagﬁglgftg% oxllggral%biﬁ}\%ts ef ?)Igfégddﬂ g%?%r&@g%&%%wt ei\i’{)&ln can
be fronscabdhosagrased en polestertpringardi wakl noObelas siifRgndfwitrbeaeraexpensiveofogbout 5

we % Ore)gagn%llﬂre], ?}Pa%%os% 'b%setdopr%)é)rﬂgf 0121 avgo()}?e fer top fe)olgfgtlh%! es¥eve}.i ght of

25  [148] Where a mixture of the polyether or polyether ester and a hydrocarbon oil is
employed, the relative proportions used will again depend on cost and property requirements.
Since the polyethers are more expensive than the processing oils, mixtures comprising 50%
or less of the polyethers are preferred.
[149] In certain embodiments, the plasticizer is selected from the group consisting of

30  phthalate esters, trimellitate esters, benzoates, aliphatic diesters (including adipates azelates
and sebacates), epoxy compounds, phosphate esters, glutarates, polymeric plasticizers

(polyesters of glycols and aliphatic dicarboxylic acids) and oils. In certain embodiments, the
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the filled polyner conposition. [156] In certain enbodinents, the filled
pol ymer conpositions disclosed herein conprise an UV stabilizer that nmay
prevent owonreeuoesthe degradation of the filled pol ymer pcorgsesictoooms by UV
radi ations. Any UV stabilizer known to a person of ordinary skill in the
art may be 15 used herein. Non-limting exanples of suitable UV stabilizers
i ncl udg)asizenized s compesidoisliepein iesmixaulof patadfisic procasy dil aristeaicr yl i c
esters, formam di ne carbon bl ack, hindered am nes, nickel quenchers,

hi nder égidani nes, phenolic antioxidants, metallic salts, zinc conpounds and
conbi ngtkfQns f r f L idythe
compos 11 n A RREE e G & ni B of iRGecRIRL B, Rk e PR b o B L
0.1 t o calpolyestbr @Golgether or pblyetieadstar oGany combatation tizreufd6mthe bher hatdal wei ght

f the fil I ition. 157 ti lly, the.filled I
comos e alie bpuoRA vheHEHBRN AscRnPRstss forfts topesinsgragiaicienetn ' ™'
anti - bligkiRg 43@6N6r HER c%fﬁlgaﬁ@lﬁ p}lé@,tia&&vs%ﬁemg bempridas EoabiRuesthesibent

bet ween touching layers of "articles conprising the polymer conposition

part i ci5Sgreraentiydtotal wedghs 0f procpssiseil, gives Highentensilerdlongation thagean hainuf act ur e
or use. ,An nti-blocking.agent 25.known,to erson,of ordinary skill in
the ar tébﬁa§e£%1%§d@8fPaa%ﬂ@9fP®F& thﬁ8ﬁ)ﬁiﬁ"’d®8. g}intell%},ggg%r} 8a\ﬂabc%d her ei n.
Non- | i Mchie& @i Phisue ofPbdesith®6# bhd palgesiéroripdBletide or lﬁﬂlf?@héﬂ eStet6r 9. ,
clays, chal k, and cal ci um car bonat ei)élms;%/nt hetic silica gel (e.qg.,
SYLIOBL @y cpmbinetipn thesrod conteiningniiommapenldo akmyt 80pgragrbby tofal weightef g. . SUPER
FLOSS( réi(fé rﬁ#%gﬁl ite Corporation, Santa Barbara, CA), talc (e.g.,

OPTI BL re)S om Luzenac, Centennial, CO, 30 zeolites (e.g., SIPERNAT(r)

f r om DejgBE]s alheRaisinp peyplysticike) in thk composiiidn caies Srofealtghut 0% wplicdpodt 1596 om

M zusawa | ndustrj al em cal s, Tokyo,, Japan), .linestone (e.q,,..CARBOREX(r)
from thmt/ahof’/a fotal aygight o herGogmrosigiopy ﬁ%?%ﬂb%m"g?fﬁm%‘fsv& giaﬁtlﬁmﬁg%m( r),
pol y( i 194 8) 1ot 468594 [ABabbRAOR 90k b @out FOKUY upRPan and
QA et in TR B650194 €) PRIk 210020 IO s US2006/ BaoRor pért‘}%‘l’] es from
CGE Gi | i abonied? byitdtebweigflf theveoregositam. desetain gmbedimesats, the, plastickat e,

st earam de,  behenayy thyl eng- bi, s-steagam et hyl ene-bj s-.0 1.de,

S o RS, FHIE B0 B r AT Sy 8 [0 8050 Sghearhee
conbi naionpasitioR e e &drtain' &BbsdiReAB) the Plablicikapréseht is IWeanIROBYK ta1d Wigler eat i ng
a physical gap between articles, while the organic anti-blocking 5 agents
can mi gHfdhecamepasi@nsurface to linmit surface adhesion. Were used, the
anount of t i -kl ocki. gent in the filled polyner conpositions can
be from abou mb’ﬁg'té netiﬁ't g%lﬁgestao about 3 wt% from about 0.0001 to about 2
Wt %o f rasejaboption@liPChe fitledipolyinel covhfositions fprevideddizaein cth Cfidprise ahbasiton®. 5 wt %
of the total weight of the filled polynmer conmposition,.Some anti-blocking
agent s Hyederthe gumoss dmfPFPVZ’We?IﬂZ‘Tr Oﬂﬁﬁglflég procesppUily.iapReAEfet i ves 10
Fandboo,ickRBREKicGREADE!mBYRLICERNbAes G AE LaRRtior M Siveral Anadiiven

Chapt e?}l}11 ,Slclglgges 10585- 600m( ZOOf)l?Br I C?\S IS I ncor pso}oartlt ed heer ein by11

r ef er endaes not function as a filler as described above. In some embodiments, the filled polymer

compositions may include one or more of the additives described herein. In other

25  embodiments, the filled polymer compositions may be substantially or completely free of one
or more of the additives described herein.

[153] Any polymer additive known to a person of ordinary skill in the art may be used in
the filled polymer compositions provided herein. Various additives for use in the filled
polymer compositions are listed in U.S. Patent Nos. 6,787,593; 5,973,049; 6,319,969;

30 3,904,456; 4,191,798; 4,24,2395; 4,263,196; 4,438,228; 6,254,956 and 6,262,161, all of
which are incorporated herein by reference. Non-limiting examples of suitable additives
include anti-blocking agents, antioxidants, UV stabilizers, colorants or pigments, cross-
linking agents, flame retardants, antistatic agents, and combinations thereof. The total
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[158) In further enbodinents, the filled polynmer conpositions provided
herein optionally conprise a colorant or pignent that can change the | ook
of the fiwbedogolysrer conposition to human eyes. Any ceConsaacoo94pi gnent
known to a person of ordinary skill in the art may be 15 added to the

pol ynmer conpositions provided herein. Non-limting exanples of suitable
col or andnsount ofihg additises mlrm ﬁmag«anigceapérglmmgmﬁmm firh abouiXi.@ds such

d d d
o bon i akoit 305 Hoe Shour AT 26 1 aeane0 oL R et e oAt T Bnes, azo
and ”Dra%aq SORRURAR, éﬂoﬁwﬁ%ao bepziysLHe®s 'o?ﬁfeﬁotal Qgﬁt bk ESilled

di ket opyrrol o-pyrrol es i oxazl nes, disazo conpounds 1 de conpounds,
20 f | avgohgrheromespositiod ar&dmajptémeli aiditivee haveorees descgibed anwclé@l Hamsetd!.,

conpl e nonoazo sal t hol s,. napht hol apht hol
ok iR AeRi et B inat Mt aibty b AeatioR: Tind BB BRlo. St oERT! ones
and qw@g@ﬂt Qﬁicﬁ@?ﬁlco@@paté‘@l’f@&ﬁ%'r@ﬁﬁenbgﬁ{i@@éntlré:tfy‘rt her exanples of
suitable colorants or %ments i hcl ude inorganic pignments such as titanium

di oxi def1&#ld lndotrorlatingibr filloh pplymes pemperétion, grie preferabla thep eadrofdhgyani ¢

B G P ST AT L AR )

Chem Cadd‘éhtw'E@ﬁb YbOpHase Nﬁaxa‘c%&h&h@létﬁﬁlené/b&)lﬁm)htfﬁrpﬂifméﬂﬁaﬁﬁhﬁﬂ@tﬁﬁ or
pigment in the conposition can be fraom about reater than 0 to about 10

wt %40 f rivplieibdee. 1 genel.dbe cempatifilify of an ﬁd@ﬁvw&btthwhvl@@ﬁ aobpin 2wt % of
the t ot Hiﬁ%' gment is
a bl ackﬂéa(sff@ %%glteln Ifea%elg%‘fl{rhgg[n?e%géﬁé%wgat {e}d& &F tgg)!teﬁ%eg ere ﬁlgcy% Hﬁ%e amount
of the awhas Hmtﬂebrand)scgmbahty panaméths. deﬂl@Hﬂﬂeﬁrmmrohdnmqmammsamw be from
about greater, tha bout 1 % a 5 w% or
from a%‘@ ﬁa@d Fey 50 Ve&ﬁdﬁt Fiogy o gf M h?éa’f”@f’g} J(%@IL)’QZH{’D’(W‘ZtC?f@e’T (?‘I%feé’ﬂm po? ymer

COMPOS| plyQiherer? Pad FAl CRENDRs)BYEL REGA, ﬁ@g@glg% BngEs hed réﬁ%&%ntﬁﬁv@'
"Plastics -42 WO 2006/101932° PCT/ US20067/ 009471 Additi ves Handbook, Hanser

Gar tner pdbyptisdaPpbnmy P@ndboakn&ltdl Ed. ChBoandsuh&ddiH. |Iamlerma1{3d5e g OthﬂepLag es
813-88 001), i (S | ted h b 9
Opti on gﬁ\! &2 e)ﬁé 1 %LIS? Zhdgg&' n @éﬁ%@oﬁﬁ% ﬁlllr}]’&y %%%’iee]%fﬂﬁlglg 11rl1 531('51;l c‘% npri se a

| ubri camt, Haﬂd&og@w@ymeﬁb@mlmfem@@h FeBmbers s iSolibili® Papbéters; ORI fy
t he rheol og of the nmolten filled 5 polyner con‘gosmlons to inprove the

sur f acePTpnBopa Bﬁtoﬁnﬂdél:999),taﬂlc9fé?§110}h@fﬁﬂléﬁ°fﬁ%atﬁ‘é priein byt xeferenss. dheper si on of
fillers r

the - arEigeb B ey Mo b R ot Inb o oGl S0 ullhe B\ HLBR SochR | o1 )
Nonzd i nwellgh'gn@a(ﬁhp irelvided] }ﬁldebaahdeo]lubﬁny pantmsternfol eabh rhatdmyerabotelmidg and
their dlcarb C|de fatty acid ster olﬁ'gYI%] g) hagln al cohol s,
fatty alteaepolen gs Sertbabionbdioy ralviG s Sohdt CUdbedF do o 10
esters, S&%ﬂz}y PlatheRpé &Eaﬁomer ban&z&hﬁ&ﬂ&;@k&@ O S Prd¥B) B RA RURE Page 12

pol yet hyI ene ‘waxes, polypropyl ene waxes, natural and synt het'i ¢ araffin

waxes, €900y o?ﬁb¢ magmsldamd’ t erbaandmbubllutu@wmeter\mrew@ymmmaten@ sdfrount of

the | ubr 1 Cﬁn kgeh\ge y cliepenc?ent pon the M gcsullgrlxx(/)ngh ri'the polymer, as noted in

25  Barton, pages 446-448. Therefore, there will be a preferred molecular weight range for a
given ethylene/a-olefin interpolymer, and adhesive strength may be additionally controlled
by manipulating the molecular weight of the ethylene/a-olefin interpolymer or the additives.
In some embodiments, the absolute difference in Hildebrand solubility parameter between the
ethylene/a-olefin interpolymer and an additive such as the antioxidant falls within the range

30  of greater than 0 to about 10 MPal/Z, about 0.1 to about 5 MPal?, about 0.5 to about 4.0
MPa 2 or about 1 to about 3.0 MPal”2,

[155] The antioxidant or a stabilizer for use in the filled polymer composition herein
includes any antioxidant known to a person of ordinary skill in the art. Non-limiting
- 40 -



from about greater than O to about 5 wt% fromabout 0.1 to about 4.wt% or
fromabout 0.1 to about 3 wt% of the total weight of the filled polyner
conposi t iwo.20&ome93sui t abl e 15 | ubricants have been di sclposasoos/odoei f el
Hans et al., "Plastics Additives Handbook," Hanser Gardner Publications,

C ncinnati, Chio, 5th edition, Chapter 5, pages 511-552 (2001), both of

whi ch  agxamipls of pyitablecthtioridants ilytudeainginebad ahfiGtaf@piichnghlkyl the fill ed
pol ymer conposi.tions provided herein_can conprise an _antistatic agent.

Gener al diphenylagmings; pagnyl-prnaphéhylanging, alkod os gedk gubstighedphenyl-¢y of the filled

20 bol il . . . _ e
ant | st SFPRnGATRAS dlisa: Sl S A R RR, 1RO RN DB RREHIAAL W e Y
added tliket e findéred phaloy oenpoundspai 4si2gRdi-pbutyi-4ettindplennl; 1 Nofdmethyl-ng

I f .suj I tistati ts incl duct fill
car Bon b GeisC e Spite- & Gondariiearer e GET Py dsy ottty ac o
esters Ky%r&gyhy&lokﬁ%ﬁélﬁéteﬂ%ﬁa%h@ & Al MGARODIPWIAbefo@! di¥a 8RIgYeRew York);

1
di et handl am’des, 25 ethoxyl ated al cohol s, al kyl's onat es,  al kyl phosphat es,
quat er netadegyirihidirtrbutyl-¢diydraxiykiphiveatai(@gs IRGA | H&i6i commetegalkyof . Wher e

used, the. nt e antistatic.agept i e fill,ed pol conposi tion
can be %Vﬁg%qgﬁ8meﬁf‘§geﬂ@3a?ﬂa?fnl O@E}Eﬂ@fg W%euf?domea ?H“)(gF@f to about
3 W% gitiokidant in MRl dolierddd@bositiontcdh bé fibheatlott @katéeihghd tehbdupeof il | ed
pol conposition. Sonme suitable antistatic agents have been discl osed

mer

in %wei Wb, frean gbatt Ol to abgut 5 wiaser feam Abeiti 3 esbpridinbeef thergisl weigbhefiner
Publ i cat. | i.ncl i+ Chio, 5th edition, Chapter 10, pages 627-646
(2001) ?thgglpgdgay%%gﬂggérsglq%hcorporat ed herein by reference. [161] In

f ur t her[186}b dighi ceraih mbodamdrits, Itiedfilial polpnercompositivhodisclpsed\heckinl chrapdsernn
option y .conprise a cross-linking agent .thaj can be used to increase the
cross- 1% p@ﬁb&lzggﬂer mgy BifeV@Weor-ra@ws\éwz%@mdfM@géthp@iﬁ%sgbm BR/BRASIONS| | | ed
pol yrer 4L ONS s 1R ki A rdi nary
B 11 R e B o B e Rt i
Nontsl i mised hereax ¥pi-bEmitofg exsmipleatvlf euitabbesd VI statitiizers inglede benzophendeespr gani ¢
peroxides (e.g., alkyl peroxi.des, aryl peroxides,. el ox ters

Per oxynpiatlts. Sl buupRrRiRE achiib esti. Rigiiding RO ERRE Hillersd des) and
5 si | anghint€ nibkel JicR¥hdrs, hivRichedansine2 PRenoYic Atiodidamd, Mexalht baezinc
vinyltris(2-methoxyethoxy)silane, vinyltriacetoxysilane, =

vi nyl - necEmspadsendorybinatigne thegaod Wheretsedcthy mpnabafsho By satikiest iotbgsi | ane) .
Where u 0, - | ki i IARN! ol yner
conposi 1y a7oelSh T8 BaClnchberealel A 0 hald 8RO, kPP optyb WO 1UCT,
0. 120t 0 wtio,wir fildm wbdkit 03 tofaboim 2at9a of thettotabiveight dfthevilledpolyiner t@hpdsitvem. ght  of

the fil 1 ol yne osjtion. Sone suitable cross-1i.nking agents have
been di nggl)sgﬁg‘?nﬁﬁh’é? %@ggpﬂaﬁgr gempgpsitions proydded-herein apptssanitabook,
Hanser lgl"@élgf%%ﬁ%e'ﬁybf hEAL i—ﬂ@@king\%g&lt RAAbd use@d ?revelﬁttﬂe giliekirtle adilaRhLer 14,

t
pages 725-8 2001), both of ich are incorporated herein by reference.
between touching layers of articles comprising the polymer composition particularly under

moderate pressure and heat during storage, manufacture or use. Any anti-blocking agent

25  known to a person of ordinary skill in the art may be added to the filled polymer
compositions provided herein. Non-limiting examples of anti-blocking agents include
minerals (e.g., clays, chalk, and calcium carbonate), synthetic silica gel (e.g., SYLOBLOC®
from Grace Davison, Columbia, MD), natural silica (e.g., SUPER FLOS S® from Celite
Corporation, Santa Barbara, CA), talc (e.g., OPTIBLOC® from Luzenac, Centennial, CO),

30  zeolites (e.g., SIPERNAT® from Degussa, Parsippany, NJ), aluminosilicates (e.g., SILTON®
from Mizusawa Industrial Chemicals, Tokyo, Japan), limestone (e.g., CARBOREX® from
Omya, Atlanta, GA), spherical polymeric particles (e.g., EPOSTAR®, poly(methyl
methacrylate) particles from Nippon Shokubai, Tokyo, Japan and TOSPEARL?, silicone
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[ 162] The cross-linking of the filled polyner conpositions can al so be
initiated by any 15 radiation neans known in the art, including, but not
limted two 2edee@ig3en- beamirradi ation, beta irradiati oRCTIBRIE/009411
irradiation, corona irradiation, and UV radiation with or wthout
cross-linking catalyst. U S. Patent Application No. 10/086, 057 (published
as US2@azickInne &EAilicamed, Wilton, RPaY) enixedlamide8@3. 6dkaslidecblesmide] ect r on- beam

irradiation ods .t hat an he use ai n enbodi nent s 63]
| rradi a%fqa&%\mlﬁa"@ B%na%%ﬁfh LRUS-Bas FLWéA%?g‘Y{?PeWFSg‘P%e@H@Pg%}eMYWCEP{%E
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generator operatin a e fr. bou 150 ovoI t o _about

ooy orents R e i eyl A0 LB BB R R S h Sred bRt bolege. The
vol t ag %ﬁ%&%f&geﬁﬂm&é ffled 90@% @%paélﬁoﬂs%ﬁ |b§ ﬁ\MH %bufrgﬁeateethamrtoex anpl e,
100, 000, 300, 0 00, 000 or 000, 000 or 3,000,000 or 6,000,000 or

Ei gher abpull Hwh. frmmbomt(}@é)l\ﬂayboﬁtérwﬁ%,rfau? abcm’q@ 00@643 9bﬂéﬁ|10m%t0éiﬁi0m s are
bt woer PR ITT:adiy A B bt dEinefufed polyier Hino B oRREE e o

t o abouintidlockifgaieatihavEbédnhREcribel €n Zivesrell Hirson alz &fPl@ﬁzcﬁﬂh’fﬁti@ék out
convenient]|y at roomtenperature, 30 althoggh hi_gher . and | ower

t enfer diqidbeok.; Banssy Spsingr Buliicationsy GincigwticOhion yihaditipn, Ehapiehf, ppers.
Pr eferaSthSyGOOt@%%r\;\,ﬁlghz?stlhg&g?&te(aq{ rdif dl géﬁere {;é er shaping or fabrication of
ina pr d emd

the article erre I men t he et hyl ene interpol ynmer
whi ch HaS8]bdefuitler enbodiatents, vhetfﬂled@ommrrcampasidoms previded hereadhipdibaallywi t h

el ectron beamradi ati on at about 8. to 2Q nmegarads. -44 \\D.
5006/ 1 GPBPBOPE P Kb BLPERSATR qap g e Be Lok b e L pobiames O SHOAL h a
crossl inkiAGyeat &y sdloradnék ﬁgﬂﬁem&ekvyl% atp@ﬁ;BnWT b}dmaw 198 tHehirSmhyBet | on

can be used. "Suit %I e catal'ysts generally include organi c bases, ‘carboxylic
acilds, addet mtgapdmammposctmm qmnd@ed hee¢ind Nog- Ium@ag msamplﬁm%ﬁtuetgbland

conpl exe at.e ead

b bt y1 TR SR R AR Ronee i pir SRS slot b o R Sistyfoldh SBE,

di but ylihd6ki@s baatiemim aivries mdeaadtsl oxsdanaobisn Hladloat®nic Jigachth aghtlenat e,
zinc capryl ate, cobalt napht henat e; and the like. Tin_ car boxyl at e

especi aAnfiFaquingngs yqnthanﬁwrs@afagp@ndmpn@a%sb@cx}mnquﬁ%|at=>él@:f§1dearb@naau@'c}zelﬂna$,| y
ffect hj h
o esentON ATkl URetoBYFEILL AR olel Eiox A, drol BingBlufdt b flas SREBONRED) | ©

0. 085 ;ﬂuvanth&mké,65c}anﬂ&pmssmumdbhnm1eﬂr1mmchﬂmasjdmettal\oempilaxeia mamoabusalay e not
limted t unds rgani xi des . and fun jqnal vinyl or
2l 1y cobaRaemSaERe aciankpl S armmnelot ks PR R vt eoteb A peyopies”

i SOCya"]%’rﬁ{tﬁnon&e ahﬁﬁéﬁ&bhbi %d h@‘hbfm%ﬂbﬁé‘sr MBS RnbiBhiHna iRk SN ¥eRReret Nyl ene

gl ycol met hacry ate, diallyl maleate, dipr opargy] . nul eate, dipropargyl
nmonoal Ie)(mnplfar@tﬁ peitable cqlmautﬁpr pigarenisi lu@udeﬂnot@ntamgmymts p@lmsnxﬂ@lum but yl

per benz&) oxflé anci3 an blggi(r ﬁ{hal%cyamne p1gments, and other organic pigments such as

25 IRGAZIN®, CROMOPHTAL®, MONASTRAL®, CINQUASIA®, IRGALITE®,
ORASOQOL®, all of which are available from Ciba Specialty Chemicals, Tarrytown, NY.
Where used, the amount of the colorant or pigment in the composition can be from about
greater than 0 to about 10 wt%, from about 0.1 to about 5 wt%, or from about 0.5 to about 2
wt% of the total weight of the composition. In certain embodiments, the pigment is a black

30  concentrate from consolidated plastics. Where used, the amount of the colorant or pigment in
the filled polymer composition can be from about greater than 0 to about 10 wt%, from about
0.1 to about 5 wt%, or from about 0.25 to about 2 wit% of the total weight of the filled
polymer composition. Some colorants have been described in Zweifel Hans et al., “Plastics
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15 hydroperoxide, t-butyl peroctoate, nethyl ethyl ketone peroxide,
2,5-dinmethyl-2,5-di (t-butyl peroxy)hexane, |auryl peroxide, tert-butyl

per acet atwo 2amotisesobutyl nitrite and the |like and cowrbirnastecsnodsher eof .
Preferred pro-rad additives for use in the present invention are conpounds
whi ch have poly-functional (i.e. at |east twd) noieties such as C=C, C=N or
C=0 20iddithe} HahdbedstHanrer Gardnérathbications v@ncianath©hiot Jthddiden Glaptdne

et hyl ene i nt erpol ny . nethod known.in the art. However, preferably
t he p_rol_%rE@eéégfﬁgwii@“&h{sﬁm@e@Bﬁr_eglb t'€*%at ch concentrate
cont al "a[%f% t(%]ﬁio?ﬁﬂﬁ thd %ﬂ%& d%ﬁﬁe} cdﬂg%%it{o% g{bipéﬁdtﬂé‘?eiﬁfcgh’ LRGiseladhsARaL Yy mer .

Pref er e pro-ra Ive concentr on for the masterbatch 1s
rel at i Velggnerdl the lebripant candwetused inver g, tperodifithe thasledy ofithe meoltentfdledwei ght

of the concentrate).. 2 167 he at |east on o-rad additive.is

bt Poq eSS GormaSowy fe it (rsntios i L Fhachd SeRE BN 1o BEtkEe an .
the at theadigper§iog oPfiflers a6 P?g‘ﬂf@nisi. Vhyl mbﬁ@ﬂluﬁﬁémt@arg&mn dfordine skPmithe. 001
to about 5 weight percent, nore preferably from about 0.005 to about 2.5

wei ght asleneebe added to thedfilledmelanctsomppsitionsadisalosed horeh. t orrbiniting] exagipdgst

d he. . el f . | i .
o aaict runion Bl sk R e bt ot BBl B i et ey o
by W dfshétichdih @ltohdls Jattiatias) tfatoaciGamiRs, idetalioapd, 0Fesmé&icfaag acidi nki ng

nethod by UV irradiation which can be used in enbodi nents of the
i nvi@nt iesters, Tatly acist erbs eblepeichan alpokplsgmeltarywaicsi palysthylene wokesh or without a

phot ocr. I .Y i - MO.

D006/ 101033 e st BB RS, Bl bl ncRincah S o sckitofifions | .,
wi t h t HeerpbibtWheretusad, die drmowsut bf iheilebricahMnrntiadfided molymeocommmsiionekn bbe
polymer_to the desired level. The photoinitiators used in the practice of
Phe” T AR EPaH eirier B b Lokl Brecron ayout L i dimeh ot SbkoRgRBads! al s of
1, 2- di kgtBHRS widhBF thRkbHPHYigRNEHRE BAGE ﬁxﬁ?m&f cdniifosTRA2GRhRISithige t he

honol ytic cl eavage of the a-bond to give acyl and di al koxyal kyl radical s.

Thils t yperieahtsshage beanajeclossd kmdwaitelddans Mot “ShasTigpddditivesaldandbnok,whiagseri s

" Comraas Rl REs, ClasrdRiRE St AR MR suftechy ERees GPOTkRERGH >
1992; Jwhikle pRGKdorpora¥ed dBicin B RifGeh@i stry: A Visual Approach, VCH

Publishers, Inc., New York, NY 1992; N J. Turro, et al., Acc. Chem Res.,
1972, 91682 Optitgally, the BHerkrolymer egmposifionpprovidedrheredd an copapripg@s, 115, 2473.

™ : C . e 5l Ar
1o doscrEa oot RRARGH, NSyt A bfy hoad AELORGRIALAERE R =
compounmlfmerontpositiond agiscanprédet dativadhacpeyaclumphlatiyh. aday aptistatieagent

CoH5- OCH3) 2- C6Hy, [ A i al il abl G ba- Gei
ks g en i Al RTTE b hideg B BBkl L0 ol 0y 2
this i %%%bi%lni ogﬂfféﬂ%}éié{. Lﬁ&rﬁé&&é@ﬂﬁﬂaﬁﬁ%%f%ui% amffatic BdShts fenRQ7 and

2959, all "aval I rom a- CGei
conductive fillers (e.g., carbon black, metal particles and other conductive particles), fatty

acid esters (e.g., glycerol monostearate), ethoxylated alkylamines, diethanolamides,

25  ethoxylated alcohols, alkylsulfonates, alkylphosphates, quaternary ammonium salts,
alkylbetaines and combinations thereof. Where used, the amount of the antistatic agent in the
filled polymer composition can be from about greater than 0 to about 5 wt%, from about 0.01
to about 3 wt%, or from about 0.1 to about 2 wt% of the total weight of the filled polymer
composition. Some suitable antistatic agents have been disclosed in Zweifel Hans et al.,

30  “Plastics Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th edition,
Chapter 10, pages 627-646 (2001), both of which are incorporated herein by reference.

[161] In further embodiments, the filled polymer compositions provided herein optionally
comprise a cross-linking agent that can be used to increase the cross-linking density of the
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[169] In one enbodi ment of the invention, the photoinitiator is used in
conbination with a photocrosslinker. Any photocrosslinker that will upon

t he generwDi200/10193kree radicals, link two or nore pol yecefiseodsaskipnes

t oget her through the formati on of coval ent bonds with the backbones can be
used in this invention. Preferably these photocrosslinkers are 20

pol yf urfiltedgrdymericompositibey Aontrassliiling agentinevistd £ferkdiadf digiaaryakill mat i on
wll forma coyal eat bgng ;ﬁ(tr} a site on. the backhone of the copol yner.
Repr eséhe &t May bsridtiekiodhs fllpkpelymer ermppsiions hierely eNorsfimiting ¢xaenplss of

pol yf ungthinpalos -?iy ihfgg erfd Intludé ngége oﬁ&ﬁsme.%g iall{}@?er%%ﬁﬁ{éﬁla?yl Fdxiids! V!

cyanurate, tria sécyanur at e, aert etranet Hacryl at e,

et hyl energiygstels, patoxehtteoatgs, aiwylpdradidog) paratyekttels, aidmpyohapgykidelaedt e,

di propar.gyl nonoal |yl anurate .and 25 the like. Preferred .
phovooratss (eere e laSt e il no fimentronsp detsmpstnedsion
have poliNfitpebloRRdlané, vifl-naithy18RskhdxySlandDiRf3-€S. Particularly preferred
phot ocrosslinkers aré triallycyanurate (TAC) and triallylisocyanurate

( TAI O) .m¢thFaylogoxypiony tbmptboxicslane)t Vélerdusdd, thepinmuot of the atoss-linkidg agent

phot ocr.ossl khker .in the practice, of this invention. These.c unds are
Char act B AteEp e AmRERh B b famabel HEHEF g Do S5 PRI BENE Dot os
(e.9., dboee0.1 alhisork 35 wa%H, BEREH abbit I RNBSut BY wi% ol BRMoRKeiEHt 6f thefilld | | ght
and to subsequently covalently bond with two pol yner chains, Any conpound

t hatd cawlyperreontpositing s Somgosuitable craserdinking agenty bave hogn disslogechiat4waifedf t hi s

e e N e e
PCT/ US250 6408 A0Haptdr 131 pagen 725181 hE00&)7both ofertiiclofretihisporated htieanby t he

copolyne¥ is subjected to secondary crosslinking, i.e., crosslinking other
t han af@ S °&dditi on to photocrosslinking. In this enbodinent, the

phot oi nitgpat i i ! i b QB W i nker,
2ot o MESE e SR BETLIpSPIRL gt b RS ROBIGURCEEES) kel

pr oSeduméiatien geamsdposurie thear iElbdiagnbuadetdimitel toRelpetamelant irmadiatrmnpl es of

sil ane .crossl,inkers are. described in USP. 5 8 18. .and .crossl. nki ng

©hr ougH IS R SE S PP RGeS e e LSSy "o g

5, 324, Sof6ss-lilkeng\Sal 9dt. &.ITOkDE NPPEE-tiok No. i10/08Bj057 gpitdighddesat s opti onal
[172] At | east one photoadditive, i.e., photoinitiator and optional

phot 0cr@32002AK8R22TAh) 3 UiSaPe @&:3%:&H&1WIWPH@9a@Wa%!%d known
in the f : Y. . hot oaddi tive(s) is (are) introduced
via a nrgét%lgcrl{{gl%%%ﬁggr?g‘gecﬁ%l%;eﬁ%klce%gt&g}rﬁ%ﬁg the sane or different base resin
as 1ohe [d6pol ndiatioPnelydeabtomplishedpbptheaddiof high caang ciohizaty dectioas, vltie

ot al P GHEY S THE: SUGHY B, EpAtHIE TS e ks hnd CaubDgH: FSPbadd ti ve | <
i nt r oduserdtdy, R tERPAL KEBRI 0yl uB Y 76 hi@alaly 8oRI0U The irrdPatihabaIARAY be t he at
| east one photoadditive introduction amount is fromabout 0.001 to about 5,
nor e prafyelebiop beam geadrator operad® in@ rabgafirord abowain S (hpidavolis &f shoabby from
about Omgga]\'/glté xgvitﬁ%%%%fer output capable of supplying the desired dosage. The voltage can be
25  adjusted to appropriate levels which may be, for example, 100,000, 300,000, 1,000,000 or
2,000,000 or 3,000,000 or 6,000,000 or higher or lower. Many other ways for irradiating
polymeric materials are known in the art. The irradiation is usually carried out at a dosage
between about 3 megarads to about 35 megarads, preferably between about 8 to about 20
megarads. Further, the irradiation can be carried out conveniently at room temperature,
30  although higher and lower temperatures, for example 0° C to about 60° C, may also be
employed. Preferably, the irradiation is carried out after shaping or fabrication of the article.
Also, in a preferred embodiment, the ethylene interpolymer which has been incorporated with
a pro-rad additive is irradiated with electron beam radiation at about 8§ to about 20 megarads.
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1w % (based on the total weight of the copolyner). [174] The
photoinitiator(s) and optional photocrosslinker(s) can be added during

di ff er entwob@gesssef the fiber or film manufacturing preceas2006i009411

phot oaddi ti ves can withstand the 20 extrusion tenperature, a polyolefin
resin can be mxed with additives before being fed into the extruder,

e.g., V[i®4p Cesbidikdied e rdstoiord with 4 mmmlcmamd@ha laip Satglgst the will
|ntroduced nto t he extruder ust prior the sl ot g but, in this case the
ef fi ci ePtoVifehis Jungt IOEG%E%WFIS Wbl eatalysiy generably indludeprgpnighesess n anot her

appr oac i 14

phot oi nlg%%r}a%g}(l)l)ré%gﬁ%i/%lﬁ dr%ﬁ{o@g?agf;cs%ﬁnn&@ﬂggl\g’l e apg%mgh to thﬁ extgle)g&d 25

fiber vmacaabdxy%esraﬂléa,d scpimﬁy;rmoilquqehgmcmmd tia. Pddubiyliindilavrdtéy addi tives, or by
treatnment. The resulting fiber

oth d t
S e . P R ey PR log s Mafc bstete: gy Srote. o
cont i NURKS nhiRMate ZRE 0GRS Rite, LOGAINDBLM AL atnu\fﬁémgearrnp@arb ﬁg%gpé’éﬁlﬁf the

pol yol efin using conventi onal compoundi ng equi pment, inclu g singlé and
t Wi n- scdl@wYétmdﬂadt@tesandmoqtilﬁElnatﬁh@, vo\pertlcofarlméfeeﬂl‘@cﬁor thisigention. Theli at i on

and the ir n t i-Ne chosen .so a ef f nt crosslinking
't hout B Rudiea B EL PSR A Bl Ssp e b pe e R e
processoio:fsdﬁis@wdubgms hiEP O 490 854 Bl . Photoadditive(s) vvlth suffl ci ent
thermal stability is (are) prem xed wth a pol ){ol efin resin, extruded into

a fiber[1 6§hdRPprﬁmwétVé@rq-radaaddxtwemcqu@mw InTtEd U5 230 60 WO WIS,

contlnu k a
cori o GHRnRERERRRes 43 RO ARCHEREL X1 SPUSoRbRRIEIAY ad Rlr Ramb KGRI
conpar eclyamtalne, aridibf mcmmmathtaenhmel mtraﬁleﬂlmrylm ghmhldelﬁyca dthylehed fabric

whi ch are col.l ected onto | rradi ation may be acconpli shed by
the usgglgF‘)lGi&mPé’a?réd 3% 121} BR {P r@{z}% %flms?mr%yléwoa YEYAHIES, t he
i nt ensi fi%upf1 J0xidé fifert- Et@l bél{)i‘ﬂb attﬂtgﬂ &%P%%Eﬁ‘éf ?Jsénﬂﬁ/l gﬁ%sxidv cuni Rt

gener at or oper atl ng inar froma ut 25000 watts
wi t h5 a bpdweperoxide, mhutxicmaiwtwte;meﬁu@ pthyl kefondperddde.rettdiosbge,5-iebuiat t age

vt 5. opoybonCyger a5 baBot e e el Befetils sesbpiay b A B par at

for UV- bémbidhtadn therepf IPYéreired pidrag hilditiSesfof udsiahe f[n@sénlﬂ thvehfion akBe 10
irradiation is usually carried out at a dosage between about 3 J/cnR to

about 5e@npyudpvhich heve pelyalivngtionet (sest legsbtivo)anqitiisspuelhasGot: CINEr I/ cnp.

Further ~_tyhe irradiation can be carried out conveniently at room
t enperature, although higher and | ower tenperatures, for exanple O0Cto
aboot 60K66] me\y leabtsmetpeo-eadoadaitec. cail e intholiioat okt ethiienginerpolgarr bgafipst er  at

hapi g5 ABPIBAR Fisrirbf loraon BiefHmpEItes DPrad agh Y EFy ipenbed] Viedt , | he
copol Y Mhasithafch éaaéen%ﬁemoh%ﬁﬁgafe%ﬁ@ obfferént baéa%gﬁqg itid gy 1brse 1 1 1 adli at ed
with UV-radiation at about 10 J/cn® to about 50 cn?.  Préparation of the
Filled Pd¢rpalymeCdirplosibly, drespro-rad additive concentration for the masterbatch is relatively
high e.g., about 25 weight percent (based on the total weight of the concentrate).
25 [167] The at least one pro-rad additive is introduced to the ethylene polymer in any effective
amount. Preferably, the at least one pro-rad additive introduction amount is from about 0.001
to about 5 weight percent, more preferably from about 0.005 to about 2.5 weight percent and
most preferably from about 0.015 to about 1 weight percent (based on the total weight of the
ethylene interpolymer.
30  [168] In addition to electron-beam irradiation, crosslinking can also be effected by UV
irradiation. U.S. Patent No. 6,709,742 discloses a cross-linking method by UV irradiation
which can be used in embodiments of the invention. The method comprises mixing a
photoinitiator, with or without a photocrosslinker, with a polymer before, during, or after a
- 45 -



[177] The filled pol yner conpositions provided herein conprise an
ethylene/a-olefin interpolynmer, a filler and optionally plasticizer and

ot her addwoizv@sio19Bke bl endi ng of the 20 ethyl ene/ a- ol efcm/usedosnpaty mer
with the filler and additives can be done by any known net hod that can
result in a substantially honogeneous distribution of the conponents in the
conposifibenis Sornidairenidithernt éxpgsiey drepfites woth theiphetbingiaddrén dufiigiencUNaddiatio | ude

melt bl endi sol.vent bl endi.n and_the like. [178] .Physical blending
devi ceds PRt s pofiimgl b Srv@t il Bhe thectirfintts Gl in Heusctse obiieps
combi naliefoR hredk SRRk Sned g IbSizbpRibhesCrTioronEtAIBE PO-diRAbMs. Mhe
preparing honpgenous bl ends.  Both batch and conti nuous met hods of physi cal

bl endi meinway pheoresetthn didie monadetahgis tleedzmmpdlptic dfatage ofithewi-honiktoigied acyk t hose
met hods usi ng BRABENDEI%((ﬁr)r m Xxi ng quﬁprrent (e.g.,. BRABENDER PREP
Aom rrispplyp

CENTERERY diadpxyplkyl idicalsm s type @ cslemyage 15 kagwnachiNe pe I reggtiom
CENT . . PR e -
e g is Thoe bR acSERBAIT ) TbRbG1 Al TN AHltlo A0 fkahRIBhofichbaby{ V8 | 201

cont i nipaspratenbivd TredtmentyBRisHorgloed Simited, €hichesten Gngland,nl 9921 bW oprelonidi ng,
di sk extruding, reciprocating single xtrudi ng,. a [ el
si ngl e EauG RERISILY: A 4QISVGN AP 0‘?@%{2‘3\1 U %glﬂéwyﬂ% IGF%%%’ A

comer 6§ &l T}z 81D Al ek REBANDYS, Y5, 95, KAULTY.HARE, ot AL DAY EHehX 8be.! S
entirely suitableTor preparing the conpositions provided herern. A Farrel

corivi ndoas, IiSx2473 "THemyhthesis ofinsnoaseglod ammatiegl 2 dikietomes, IAT-CO+GER)pnst ance,

dry ingyedient ke r N _rout i f Q. At 1S copveni ent .i n nost
cades P ubeR HEUSP 2 dnh S Ofen S 1t eide TRl Rl s
chanberthiglelagd {stper-diniétho:8/52-pRényldceRIpHenéhe ICH ACOLC@O CHMHPCEMI, svhighpie  of

equi pnent. Wien nore than one plasticizer is used, and where any one of
t he pl emmgreiallyayailaplediasn CihanGaigy op [ngacuiebirht Exqraples ofndherapanaticto wei ght
per cent i Gl ] g (Gl be

b cbr orsset BREHEh Bl Radie PUAP oy Bl Bhorchil B0t LEAGES Tas 369,49,

i nvient i99M.and BPS59, alli alvhilfbde frbint Gibe-Qeidyf. or m di stri buti on of each pl asticizer

conponent _in the final co ession and 10 thus ensure. that .optinu
proper ti1¢Y élaém%E‘ingP ggnt q’?t[iﬁé@’ieméﬂ}’ rﬁ@ré”&i%?’jﬂ‘rﬁusﬁ Hlf%’ébm%foé’s‘f”irt%?_zer (s)
can be ﬂﬁ?gegum%aﬁgﬂngﬁh@mmm&& RGN upol éﬁ’e letABh ©f oL eluRdaye1igk Xi ng

devi ce Banbury m xer or screw extruder ._Thl s "Master baf(_:h" can
t hen beéwoompoue gelgolefin frackboses fogtther thrraigh itiee forhation efiraivalenichandgywistitknt s t o

produce the final, conpositi.on. A m of aQr _ex | e, about 3

it oo Sogen tthe SR Rt RuenSr” eSS holodios BB Sger ot i ng 15

t engger fandifoual, 1.y, el We@bin thelor excepitd thad2poaaeivatiol will i@nOpesvaldnfg rate
for the FCM unit generally wll fall within ranges predicted by literature

pr epar dwngdyvithesiEennythe bagkbpangt the sopdlymer. Repsesentativs photecpssbinrkardir es bet ween

325 f ' . ; I i I |,
say apoiiide yh B RoFbifid Lyt R FR Gy Poonl bl ARWBLIOE LEIGRE, Cors
above atiallyl cydhurmy, tiakylMigddyamirafepp@itacntihxien tdtenmptiaatydatesethyledeeglycdvi ces f or

dimethacrylate, diallyl maleate, dipropargyl maleate, dipropargyl monoallyl cyanurate and

25  the like. Preferred photocrosslinkers for use in the present invention are compounds which
have polyfunctional (i.e. at least two) moieties. Particularly preferred photocrosslinkers are
triallycyanurate (TAC) and triallylisocyanurate (TAIC).

[170] Certain compounds act as both a photoinitiator and a photocrosslinker in the practice
of this invention. These compounds are characterized by the ability to generate two or more

30  reactive species (e.g., free radicals, carbenes, nitrenes, etc.) upon exposure to UV-light and to
subseqﬁently covalently bond with two polymer chains. Any compound that can preform
these two functions can be used in the practice of this invention, and representative

compounds include the sulfonyl azides described in USP 6,211,302 and 6,284,842.
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20 conpoundi ng of viscous mxes (M of 0.1 to 20) should be entirely
satisfactory. [180] Once blends are m xed, routine commercial practices
may be uswo,2oeueiv3as underwater nelt cutting plus dryi RGTAS2006A0%H 1
sheeting plus chopping nethods, to produce a final pelletized product.
Applications of the Filled Polynmer Conpositions 25 [181] In general, there
ar e t hr ge71yaisarothereinbbdstennof harintstioh thecagdyaer is subjagedito'seddiglarysound

waves can he bl ocked, the, vibrations can he damped, or_the noi se can be
absor beBrosstigkings hage ogsdinkingiother fagend ap p %Owﬁ, togrqsshimang. i thisgi  f er ent

char act gri.s4:l : : i & ' : Iph are
anmenabl gﬁltb ?)algl%\% ’ géeef%}{é’ﬁ‘g{é"'t‘%@g f Salg%% ggl%elr 1‘3 go@@c E ni q‘h’gg Q? gﬁﬁ}%‘ﬁ%cqgsgg@gééﬁ%h of
econom e sdaenck thenagdymer is anhjecéd®. a stheydanpgrobdinRhgmaodeduteat.gdexpoyure to

adj usti t he ampunts and types of conponents, such that they easily
ol dbd, ETETBNA0E | REMESaITT SYBRPIFLr AR SR BBkeTa g1 deseRpS R LISE: | | s,

i ncl udi 5@ RN ATckdsIBnkiSHBSSEh HRbHODE-bEARTBRRALs dERABRPIATEP
expandabl e 'and foanmabl e particles, noldable foam beads, and injection

nol ded &52F2héand§,324AVenThowsl of prrboteswsslinkehim thisEnNOdaas islgitoaal

PCT/ US2 0 1 cQ si.t...ons can al s be used | he manufact ure of

(1 bers. [fahoat i i PP patditil 3 PRoRul ot piiond] aBeraHEE kb Bar | ons.

[ 183] Thfroa0ssdas ithid cpdlydie by dag niv@idrl hooain Bk dror HeWevd freRfdblies by any
sui tabl e means., known in the art and may be enployed in any application in
whi éh t photgedditiveds) by porinirediced sia agngsierbarh consentge gontainingahe same el e neans
for form bt j.SC I AN . es of
ol i g eSS i RS e CbRAGED S LGB CH kB or HE°S, P
filled pmktgrbatchdempatbicly laps ept,abouteXd v glai prrazat(basedusetle toralshedglitiofithd i el d,
parti cul arlé for |owcost, noise, vibration and harshness i nproving

appl i cafPWRAUALN 4] In certain enbodi nents, the filled pol ymer conpositions
provi de r ey 1 : soed : an
aut onot ?lng?cgpggfl,@&é? ﬁ%glﬁét%%ddﬁeﬁggg@gr calt%@ro gyél&ﬁlIl 212 %ﬁi‘%ﬁ%ﬁ?? %8%?? | m or
sheés. Pegpemblynipeahlensteone ghotoadditivaintdduciiod atrieantis poualteiun §.001 éxabwiugGes

enpl oyed, it I.s .Qossibl.e rude, wi_.de .ranges _.of. .fi.l m t.hi from
ber ovi sgtortpretete? S orh B O oS s R RERPER AT oPhaief POTRE o
Oppor t umivitys (Bas¥@by tHelBtaBiolERt of 1BE coitderyeadeni ng to be attained by
varying filmthickness, density of blends, ratio of filler 15 load to

bi nder, [l Jhephetpinitiatents) o eptienal phetociasslinkerts cap be ajdedsluring different
sound-d i duced, i 1:0US i di ng, but
ot 11 SPLE RS (RRARHERLIRY Bt ohBolBL AT DIBRE I TP T
sound dexritesiomigmparaplre.copdlpalsfin resinladn g niikedhwithatdisysds eefere beidly fad into

aut onobi | es, tor cycles, buses, tractors,  trains, trans,, aeroplanes, and
the |ik&e ot v SO AR RO ﬁ@?@,ﬁtw%&rédggw &4 b inEpduced inigheel
el | covier sy B8 pridp HR' st A8t 1% thidRhQade Sdlint ASHALPESpHRAR LRRKS -

construction,
extrusion is important. In another approach, polyolefin fibers can be drawn without

photoadditives, and a photoinitiator and/or photocrosslinker can be applied to the extruded

25  fiber via a kiss-roll, spray, dipping into a solution with additives, or by using other industrial
methods for post-treatment. The resulting fiber with photoadditive(s) is then cured via
electromagnetic radiation in a continuous or batch process. The photo additives can be
blended with the polyolefin using conventional compounding equipment, including single
and twin-screw extruders.

30 [175] The power of the electromagnetic radiation and the irradiation time are chosen so as
to allow efficient crosslinking without polymer degradation and/or dimensional defects. The
preferred process is described in EP 0 490 854 B1. Photoadditive(s) with sufficient thermal
stability is (are) premixed with a polyolefin resin, extruded into a fiber, and irradiated in a
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wal | paper s/ coverings, and paper/textiles industries, small and | arge
appl i ances, including dishwashers, refrigerators, air conditioners, and
the |i ke, wbaoeetodsd i tens |ike bl ender housings, power pCoaiszgocloeosmi and
garden itens |ike | eaf blowers, snow bl owers, snmall engines |ike outboard
notors, jet ski's, and the like. Additional applications are apparent one
of ski | tortfaubws prheesansingode energyisterrctentiseesal wnits Makéd i @rieheTisaend of a

drum | ouds ker syst ens, osite sound walls, acoustically danped disc
drive sWF@Er@ i/ @r%smgt%@lwggwsri%?eés cofapried Withpe hafoh Riesesv9i @rdRs, sound

danpi ”gﬁHéF&r%hée@%fXﬁ&%&‘f@drﬁ%lﬂgaﬂé%ﬁﬁé&&ﬁontéﬁ% g5 for reducing drag and
noi se of underwater vehicles, autonotive headlihers having inproved sound
manage ko) chmdmttoarmaytbmpomphsidddbaﬁlpmmkeaxﬁﬁﬁhﬁdmmneﬂ’méfembl}eis}\éuch as oil

30 high.heat und t | ded t
Receho Ui S GPG HEAeG h ZER LB, heieraiiganphag an bc any OVF°
const r ajjpiatreh@4RF opQRGAF M 1aBRS fromAUBYEY 90 wakk ’éosab%ﬁfj%dmtv?eﬁfs %tltﬂ 4 g&%&er

systens, sound insul ation nol dabl e carpets, non-squeal disc pads, and
the |i keutprigapehle Oﬁﬁi}ﬁpi}d@g tmrd@SIerchﬂ@@ cEB‘@twart@ge tar bavdjetedodppaipries i n a

vari ety n 50 193 CT/[ US2 00941

tel econ%&%llsg‘gj? i ongy ricf0 xr%rqvg? %QBQ g c‘ﬁaﬂ&%?’g&gwa prchigher.or Josaer, . o
desi r abMany bthes hgirati fo@ UV -irrdtBatirig dodgn & M%ﬁal‘?}@fﬁl@ﬁ)‘wﬁhﬁmﬁe &QNTRe used as
drapes or hanging to shield or to surround a noi sy pl ece of fact

equi ‘brreH“fad%ﬁli'@H ISa%sually edHied qui s aglopegehetseen abpwt 3 J/ﬁn fosaborbE A0/ @mae%/ form

| udj t |
(1! b S L Eabond 19 L TSRS, B0 Ao
decor at bwteoanchientlya cddno teatperatsre, althonbh Aixheli ariddowgr eapetasures) f(&fbxﬁﬁ@lb- f or mat

of fice. 86] In eral xtrusion is a process_ by which a polyner is
propel | Q{plffb‘JfW WyéiSBﬁ’Q emplayede dhe PhelQgioss BkingRIoess i f@ﬁelt @mpgheat ur e

and. pr eRaefer Brotdalls, Bl A6 ARG CANBRGSfher gﬁpﬂlgfdr%} [c%n{n%g@g t hr ough

a die. extruder can beasm escrewex screw
ext tiideartick. di 8lprefrtrediclabodiment, t}&mopcxltymdwhwh'ﬂaebebrﬂnc@poﬂaﬁedamih11 m di e,

The oxt PREPSHL RoTsta Vs D Genfocinat epeisda oo Rttty . pol yrer

Ext r usi on" Pwiﬁeau&lbuh%fmn&l PBE'Yﬁe\{Qfdin Nitions1986); and M J. Stevens,
"Ext ruder Pri nci Bal s and Operation,” ElI seV| er Applied Science Publishers,

New Yor K77NyTha fiied POIEmehCQDﬂPQ&anh pm’vedqddmmnpgmrapm dnetleylendiy-olefiher ence in

15 thei 87] .Ihe a nted to, exenplify
enbodi rrgsnﬁ?qu&g#n%% )f%leﬁll %v A?P%Or‘lnl 4 an asﬁél &r"f‘&? ﬂ% 3‘%8@ @Ihle% IQ%(ng%ventl on
to the sthglehé/voldirbiathpainns: with tieofilld? andaddiEdesi dadibe @bﬁ?@'by by klgwicontrary,

all parts agd percentages are hy weight. Al nunerical values are 20

appr oxi Fgthed thed san FRswiE M %&}bSFaaHglbsh%%gegﬁwmwmbutmﬁﬂt@ epanpmrgaisdt thsd t hat
enbodi n?&ﬁ?osnﬂh’l SNR- lﬁﬁﬁ*ﬁg 2% gle§ gf(;scr Il%?%cnﬁ}ﬂgllhet&@&s 1n¥i'u{l@h1@ﬁtbﬁ]ﬁ%gﬁ1 ope of

t he i nvent peci fic I'n“each exanple s ot be
const r usdvers blradmgsardthé Eke.ur es of the invention.

[178] Physical blending devices that provide dispersive mixing, distributive mixing, or a

25  combination of dispersive and distributive mixing can be useful in preparing homogenous
blends. Both batch and continuous methods of physical blending can be used. Non-limiting
examples of batch methods include those methods using BRABENDER® mixing equipments
(e.g., BRABENDER PREP CENTER®), available from C. W. Brabender Instruments, Inc.,
South Hackensack, N.J.) or BANBURY® internal mixing and roll milling (available from

30  Farrel Company, Ansonia, Conn.) equipment. Non-limiting examples of continuous methods
include single screw extruding, twin screw extruding, disk extruding, reciprocating single

screw extruding, and pin barrel single screw extruding.
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EXAMPLES Testing Methods 25 [188] In the exanples that follow the

follow ng anal ytical techniques are enployed: GPC Method for Sanples 1-4
and A- C [Ww8e2pochniwsat omat ed | i qui d- handl i ng robot equi ppedTwistévemodrent ed
needl e set to 160C is wused to add enough 1, 2,4-trichlorobenzene stabilized
with 300 ppmlonol to each dried polynmer sanple to give a final

concent [EM9] oA @immérciabéintd bacls typk Bagbws or sfjuivalemdniessipé aded isSéhtirelyo each
tube and the sanples are heated to 160C for, 2 hgurs on_a heated,

or bi t al S&lRkeior pregatiRg g campositonsirpvidebhergine dhtargl eantisiopsayixa 4 HfeMoh i s

t hen di i - :Qul d- dl.j t and the
heat ed %i%ﬁﬂd%é@gﬁn@%e@ -1 fﬁ%l%‘u 5 mg’%}&}@i{% %§r21%u 67@85}85{%?99[ 1901 A
Synyx RéphadnGRGs systenivont m megdades taijeet thenpdastibizenmingoubatrdimwetly htto det a f or
each sanple.. A Glson 350, punp set.at 2.0 m/mnp flowrate.is used to punp
ol 1 tim BURBEGDEEE PRGBS RECNECY: 61 PIREBEF Wb HiSBge JoMiBAGH. Suhehe
mobi | e plasah BhOPBE i §SuRt IGHd Hikre Qﬁ}p%r%gﬁttgé %ﬁ%i%%ﬁ%rée%ﬁ@ﬁhﬁaﬂl Smm

colums placed in series and heated to 'l ! ) ymer “Labs ELS 1000
Det ect oermpunti(fssithantahoutHé vEigigpertent ofshe total pBOCzent thixtude)y the plasticizest t o

165C, a nitrogen flow.rate set to 1.8 SLM at .a pressure .of 60-80 psi
(200, sonoubs PrebleRdRlbasRdifion 17 fectferrustrdiate A 15 PhesBR B RS S e
i nj ect egyill Mcilitate 2afForm disaehutiat ol Badhiasticier ébniysoneht il Shd @ROCoRpebssionaad ed
needl e. Serial analysis of the polyner s | es using two swi tched | oops

a
and 16v eihugspsuag thah ppiémpsisoparides e abtainpd  Halepiraed, thercapplymepardibeect ed and
anal yze i: h " : ' ted. and
t he nol %agﬁ%?&(’s\il}é&g%?e ﬁﬁ? %ﬁ%@g@&%p@? %tg u%lcglﬁgggﬁ?%?jﬂ éllg%]igfr@ %Igg{n%o(ﬁglsc yrene
st andar ¢.g.cBhnba-ahiiger of yerew.exGuderlaThis ORYSEARtd chrotheh b8 thmPBowmiet iwith
distribytions are determ ned by crystallization analysis fractionatjon 15
(CRYSTAH)G filsr AR theeiies rapanmg ingedicnts terradres 11%9 fippbeoERgsition AiBEY§Rer Char
Val enci i T { i i i at
Ta0c (0 o5Anample el S R Srblally Akt or e bty e AORSTRAlRe
sanpbi néeneEngeratsualbsbetangs fdraxam@k, 825° aBAG74TF. dheapkiatigg rait forahe BCRL/ i n.

An i nf d det.ect .S . dt t | | utd
foncont P ef BT oSy MRS ey Rt Sy e aRts Uiy BY BESTH Sompenyne
pol ymer A2Qois Sol. | Ages thbdrBrutdddelREREDEE WiE3TSFIRE ERaSRE., TTh&haRkyd i cal

derivative of the cunmulative profile reflects the short chain branching
di st ri biyetydawdgtastipigenlevslngsy abpaii 3 %TRey cravst Arehse amnesaties.avhiteslatigizer ea
are identj.fi 0 ' ' d 4. the. TAF

Sof tviar S EOF S b SRR pf Sl B DA bR U R S e
f i ndd ng compbdurning cfarsdolis atxed (MVHK 0t1e0120) shioul®baentAelyaxtisfaotoryn t he dW dT

[180] Once blends are mixed, routine commercial practices may be used, such as

underwater melt cutting plus drying or use of sheeting plus chopping methods, to produce a
final pelletized product.
Applications of the Filled Polymer Compositions

25 [181] In general, there are three ways in which sound can be minimized or "managed." The
sound waves can be blocked, the vibrations can be damped, or the noise can be absorbed. To
manage sound in these various ways, articles with different characteristics are required.
[182] The compositions provided herein are amenable to a wide range of fabricating
techniques for the production of economic sound management articles. They may be

30  manipulated, by adjusting the amounts and types of components, such that they are easily
molded. The compositions disclosed herein can be fabricated into films, including blown
films, sheets, moldings, foam sheet, foam plank, expandable and foamable particles,

moldable foam beads, and injection molded articles by conventional processes. The
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25 curve and the area between the | argest positive inflections on either
side of the identified peak in the derivative curve. To calculate the
CRYSTAF cwowes/toles2pr ef erred processing paraneters arePeirtus2@ctoesper at ur e
limt of 70C and with snoot hing paraneters above the tenperature |imt of
0.1, and below the tenmperature limt of 0.3. DSC Standard Method (Excl uding
Sanpl eScoinpﬂasiamds Gn@lso3 st @] theinfdnafetire af fibafoamgakdlaticesyat mellragsul ts are
det er m ned  usi a TAlL nodel QLO00 DSC equipped with an RCS cooling
accessaeHYd HRPIEEPDS- A nitrogen purge gas flow of 50 mi/min is
used. [ el at
about 1@§faf"§4°%ﬁ*ev§51§%5§§@%§ el S R ol A} B ph g pgloRhES

mat er i aknowa ih tieerartard m532b<V‘ﬁnﬁIO»®6d 049 3Pp RETIOLS2 @Ah&fh(lﬁé)ddsired pmp@rttes @remm

oy et iR i B Sl g el bR sombe s G ise et 2

i nvest i gahf éﬁyttiipés'wlﬁd?&lhg%x'ﬁﬁdm ecmaidetibg 6r Rdsthg.| Br ceftif e?x%Hairﬁeﬂ@ rapidly
heated to 180C and held i sothernmal for 3 minutes in order to renove any

pr evi oube filed pelymist sampasitions grasadasl her¢in cambsuseddn sleeting fisldCpartic@ardp&yrni n

coolln rate and he m nut es esarrplels then heated to

150 C W%Wﬂsﬁ’ vd?]rgg?xa%fl?aﬁlgesslﬁg)r%\gggfl%wgﬁ Ssecond heat | ng curves are

recor defd84] U94krtdiaenIBointemtd, kot ikeiatoly e Boafietieidnaprolived Meseidaam eadilyeat

fl ow ratexé %3 with respect to the linear baseline drawn betweenq-dgoc and
1

endl%f bas ontpa Sﬁb?éltate@ pugh asiagRufosnotive £aTpek @t san b extaded of gadenda

e RNy IRF, AR e oL U O B o

per neat tecimiqies enmoygd,apmpossb]stte pxtewleswvide sanges ef filaethicknBes)| ﬁnmrbeﬂmb@ﬁ atories
Model PL-210  or orato i es._Model, PL-220 i nstrunmen The col um
and caridhioab 086%& lﬁen&i’hs %PBb’éﬁieétl%lSEY WlANEPPHINE (egfaphibe amount

Labor at grgo88d &&d@ﬂ@%&ﬂb&;ﬂa‘}ﬁé& @rﬁﬁé 'ﬁ'[ﬂl%h@l&f‘esy%l‘éﬁsngﬂf%léﬁk v&id of 8dr 2. 4
trichl orobenzene e sanples are prépared at a concentration of 0.1 grams

of ol yleed td bind®, deSIlmﬂaltmlsnmiesmlll\l@nwncmm%rhl ng 200 ppm of butyl at ed
hydr oxy a s.are ared by, .a |tat|n I.i htly for hour s
oy " 3 S okBhre %, o bR i SRR B8 i Pl O i pint 0o at e <
1.0 m /et ®, e)Etihﬂl@li shedtk tdWeise@ s @frncﬂ&bfblﬁ?ﬁnﬂ%ﬂﬁflnﬁ@hndaemﬁfn@f med with 21
narr ow rml ecul ar weight 20 distribution poloéstyr ene standards with

nol ecul &pligriogs ﬂrscludalfrg;trmjpplft SraterBsucY ag anoo0des. mofptreyalgaduses, Gractetekt ai |

Lt il el adi S les ulRRENRC AR RRREALLOMANEIN AR Al VflBlinerD! ecul a1

wei ght are purc ased from yner pof at or I €S
UK)20 Thehged mﬁtcyvaa&aqieanmwmns modaqlmlnhelh aisul(atcﬁs'gﬂagr e, ¢dmsﬁﬁbt1on

mlliliters of solvent f.or ecul e to.or r than
1, 000, o%ﬁpaaﬁra cevwg@ara&moapﬁr@sﬁlﬁf i ftFIF% @aﬁﬁn@ %%?RP@ﬁPcego‘P 0&cul ar

vei ght sqikigsashtlR ad frigeBA0s 08P confitforRRY Y& e 8RS, RfudGIA! Hom@like Sleade! ved at

housings, power tools, lawn and garden items like leaf blowers, snow blowers, small engines

like outboard motors, jet ski's, and the like. Additional applications are apparent one of skill

25  inthe art and include devices for modifying the sound of a drum, loudspeaker systems,
composite sound walls, acoustically damped disc drive systems, mufflers, thermoformable
acoustical mat compositions, sound damping units for vacuum cleaning machines, systems
for reducing drag and noise of underwater vehicles, automotive headliners having improved
sound management characteristics, sound damped automotive enclosures such as oil pans,

30 high heat, sound damping metal-polymer laminates, molded carpet assemblies with sound
deadening backing, vibration-damping constrained-layer constructions, conveyor belts and
material transfer systems, sound insulation moldable carpets, non-squeal disc brake pads, and
the like. Further applications include coatings for wires and cables in a variety of electronic,
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80C with gentle agitation for 30 m nutes. The narrow standards m xtures are
run first and in order of decreasing highest nol ecul ar wei ght conponent to
m ni m ze wegnadaiazen. The pol ystyrene standard peak nolpetuisasocxveddght s are
converted to polyethyl ene nol ecular weights using the follow ng equation

(as described in WIllians and Ward, J. Polym Sci., 30 Polym Let., 6, 621

(1968) )telecbmmhymbdftwne aad sinfllad 8fleésM:to\lvlmh yaide o) wirk @d3tidge Ia;eeddsyhlﬂaelmﬂmetv al ent

nol ecul ar ?g cul ations, are perfor maﬁ usi n Vi scot e Tri SEC sof t war e

Ver si orfomughe &t m@v@eb%qnmﬁws Seh P RES6 0B Apen ot anemﬁpé igldfy teet [ 198]

Conpr e S i's prepared
oot Sop P Ehoity pRESS L ERAHL A SniIPe AN, Rlging JRGsDBEPIE 1 & DL ohe

t h| c k ndsminatedisheed fommtla¢1ud1hg ckmweab ftricRures)ntheifdled eampe&itloﬂérmovidsd: s are cut
from1l

unaar R Qg ORI cen g g g eectiel PR SietRehventoBelialll | buea

by 86 Vg8 sﬁ@lﬂa@dlmd'hgaﬁanéﬁ(?l@an%%éeﬂ Rt biice 00l i ng i nside the press with
runni ng} wat er at” 86 nsity 199] Sanples for densit
8

rreasur di8elt lagengsple petrusibnas e praticsbyt whisB o m@zspropdlqdbc@ymmiﬂlytadom e made

w thin _one h f u5| . Me

Fl exur &1 %ecglﬁé %%68%1 &ﬁg}g}é %{f ggrﬁs%ﬁ]wlgg S élg?iean? Cﬂ%llp%é,tgcllon

mol ded ang ifingllASEMONIRR8 a di. e’KhH’@Jtrlﬂ&dcaﬁ u@em@glé s@é@@ﬁtruddipaimlump@é e

measur ed accor d| ng to ASTM D-790. Storage nodul us is_nmeasured according to

ASTON D Ssteeexdmdey: é‘éﬁlﬁe@‘Q’P@‘?’FtOTtaéélﬁrﬁXHHéﬁr The dit qande afilspdies blewn (o die.Fi | ns
of 0.4 I 0 Model
D005, AIRRLER, iR (¥ific ARTLRIAL SRATRLFRE, 1BL BericiOle iR hastedll Mo
sheet s, debeiteddn 61 Raamd@alarpagmpsExwm”ka)sef Bubl&hananerJdrvaéM by 1.3 MPa
f 3 . fil th th

o ess walse P Hane Qe YR don princiaffsm i Gperatian EUSeNE: ApoUsnIFiEtes o,

ol ded ﬁdbh&‘l?er@'l\?ewUYEHc W(ZI@BS) $8th JTRATH &EBMoBporhid Bldefh RERAULRL inT €COVery,
and stress rélaxation Clarity is measured using BYK Gardner

Hazlé- gahelr efirgfyeci fied in ASTM D 1746. [203] 45 gloss is measured using
BYK Gardner d ossneter M crogloss 45 as specified in ASTM D- 2457 25 [ 204]
I nternal haze is neasured using BYK Gardner Haze-gard based on ASTM D 1003

Pr ocedy187]A THY foBéwIng@ikhmpkes apireeteti@o th@nplify Rhbdiindees dfahé Bivemeorshuif ace
scratches. [.205] Mechanical Properties - _Tensile, Hysteresis, and Tear
are not intended to limit the invention to the specific embodiments set forth. Unless indicated
to the contrary, all parts and percentages are by weight. All numerical values are
20 approximate. When numerical ranges are given, it should be understood that embodiments
outside the stated ranges may still fall within the scope of the invention. Specific details
described in each example should not be construed as necessary features of the invention.
EXAMPLES
Testing Methods
25  [188] In the examples that follow, the following analytical techniques are employed:
GPC Method for Samples 1-4 and A-C
[189] An automated liquid-handling robot equipped with a heated needle set to 160°C is
used to add enough 1,2,4-trichlorobenzene stabilized with 300 ppm Ionol to each dried
polymer sample to give a final concentration of 30 mg/mL. A small glass stir rod is placed
30  into each tube and the samples are heated to 160°C for 2 hours on a heated, orbital-shaker
rotating at 250 rpm. The concentrated polymer solution is then diluted to 1 mg/ml using the

automated liquid-handling robot and the heated needle set to 160°C.

-51-



[ 206] Stress-strain behavior in uniaxial tension is measured using ASTM D
1708 mcrotensile specinens. Sanples are stretched with an Instron at 500
% mn -1 W0 28d6/18193230 Tensil e strength and el ongati on atrclrsasearsir eport ed
froman average of 5 specinens. [2071 100% and 300% Hysteresis is

determ ned fromcyclic |oading to 100% and 300% strains using ASTM D 1708

m cr ot e190] GAWX GPChsyatam! 18 sikddod BMermierthdrmioleculhh ereightdgh Goricach oaded
and unl oaded at_ 267 % mn-1 for 3 cycles at 21 C._ Cyclic experinents at -54
WO 2006821934 Gitspr 359 powpeotat 210 mEpndlandaorussddo pumadheliwa-nyegsdgl-2m

envi ron o 3 i . ' dto
cqui 11 bian prpsfiAR bz viddoBibol SRR AE b P BRERIPHIS FLldOP |
21 C, 3p@%omblea(mEyitddd 80Geaimn R 6inm tdlamne plaaat inseriet anddeatat td LSt r ai n

fromthe first unloading cycle . s recorded, Percent recovery far all
expel | nbrtolTRfrd ABA L) LIOBAeHt Resdavigh S EvaRTBIaRTIdo e ML Bre
strain ' t | T - overy
s et e P R B R e
t aken f kPa)dNsc|The potyadtirsgmaled aeSeatedtih @660 atidreanh eanaple figedtodinto 2280 0k t o

the baseline during. St unl oadi | 09], St | axation i
reasur eiponusiss e iiadgrboRid s T Brto ot S §FER o0 SRE o | °
i nstr U”Eﬂﬁfl@ﬁ&ﬁit@%@f%ﬁ%ﬂle%boﬁwﬁd ngﬁiﬁ% iGb&Re bre UEBE URMIGENIEAARES Y Was

76 mmx 25 mm X ter equilibrating at 37C for 45 mn in the

envil¢ onpelieted and nagtieed, usingeSyoaypirochBYS saftwase c Redkstaee mavgally infegrated 284306 i r |
1. st .ded . funct e 1 .
st ross PERRe G dp Bl io MRGHLL heirelbdRadi a bRLIRR sabdiah P Cet

Stress Rdlbaatinic@ives L - L12 x 100 Lo [210] where Lo is the |load at 50%

strain at O tinme and L12 is the |l oad at 50 percent strain after 12 hours.
[211] Tensi | Standard ERYSEAFMeibofdent s are carried out on sanpl es having a

density 0 ; > I . LIRS :ad he
geonet 1 YA nERch g G Rhs MR AL ARl A S R0l 2 2
not ¢h CcUERYBTAF) heing afR ESBAF Ba0 finit hemspedallyeavallablgfilom PalpmesZhapl e i s

ST N T T O (O T b
maxi mimed0ag an@RtabAi8d 8085°0f foflh5 htRabs. STRRARIpNBR fenfifcatilRp Sdrie $ron2s VA
[212] Thermal Mechani cal Analysis (Penetration Tenperature) is conducted on
30mm  30°C at a cooling rate of 0.2°C/min. An infrared detector is used to measure the polymer
solution concentrations. The cumulative soluble concentration is measured as the polymer
20  crystallizes while the temperature is decreased. The analytical derivative of the cumulative
profile reflects the short chain branching distribution of the polymer.
[192] The CRYSTAF peak temperature and area are identified by the peak analysis module
included in the CRYSTAF Software (Version 2001.b, PolymerChar, Valencia, Spain). The
CRYSTAF peak finding routine identifies a peak temperature as a maximum in the dW/dT
25  curve and the area between the largest positive inflections on either side of the identified peak
in the derivative curve. To calculate the CRYSTAF curve, the preferred processing
parameters are with a temperature limit of 70°C and with smoothing parameters above the
temperature limit of 0.1, and below the temperature limit of 0.3.
DSC Standard Method (Excluding Samples 1-4 and A-C)
30 [193] Differential Scanning Calorimetry results are determined using a TAI model Q1000
DSC equipped with an RCS cooling accessory and an autosampler. A nitrogen purge gas
flow of 50 ml/min is used. The sample is pressed into a thin film and melted in the press at
about 175°C and then air-cooled to room temperature (25°C). 3-10 mg of material is then cut
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dianeter x 3.3 mmthick, conpression nolded discs, forned at 180C and 10
MPa nmol ding pressure for 5 mnutes and then air quenched. The instrunent
used i s avoioenoidseand avail abl e from Perkin-El ner. | npchhast@singo4al pr obe
with 1.5 mmradius tip (P/N N519-0416) is 30 applied to the surface of the
sanple disc with 1IN force. The tenperature is raised at 5Cmn -55 WO
2006/ 10h&326 Hﬁﬂuﬁﬁwmm&ybﬁfmdif meigh28,(lackddn plighealpieing pdd @6 Sdinsg)ance is

g e RN TN T N K
DVR) | t
( 't%TgSr%Egé gf?)fﬂ’é! T’M%gﬁ}fe;is %&nﬂfgr g ds ?ﬁ@@arqu{efﬂe&ﬂh?m‘?‘al b3 ﬁ%xﬁﬁés a

180C at ressure and then water coo int press
at 90C it ondan to Tasdvieragy ipsevdmxsdhn:mmﬂhmm gTlansaAiiESisdbert coplddetd -42%Caitn

r heaomet tr ' th d cantil.eyer fixtures for
tor o ont ekt golRe R RN g bR ity e be SRAnS iStEn prece §30C
di mensi An9oGA HeRind | fh@e SPREd R lihge an&ée%ﬂ]?&ﬂea’ii%%l%ﬁﬁdés erdscdigdareen fixtures
separated by 10mm (grip separation AL) and jected 10 to successive

t enper alilf#le &@IBSCfmedtmg}l QBmaszu@@tas(th@}eemsnepblcat ﬂpwe?tﬂ(w/e)méhat UL e the
d 10 t
strai n e e Mo PTG Hieh BBt Rend GHIER Deror pERRS o

ensur e hbatrdde theodrgdiendes teuhéitiag entve %Bﬂveeh b3 Clahe tearTend b GeiBA NS i N
the linear regine. [215] An initial static force of 10 g is rral nt ai ned

(aut%o- tléear baselide) to prevent slack in the 15 sanple when ther nal

expansi on OC&BrSme ﬁﬁ"‘a@?@?ﬁ&t@%ﬁﬁksﬁhﬁﬁ QC eparation AL increases wth

the tenperature, parti he me g or softening point of the
pol ynmer[198plle gel pernteation shropmicgtaphivesysexi cmmﬂsejfreﬁhataj?cﬁymm Mi‘r@mtbﬂm gap
bet wee [ res_ reac It ex 20 [216] | t dex, or 12,
s o aciindd i L s polbEe" hitor AN e Theg) kg, Melt

i ndex, Qkorkddnfrah Rt BASHREd 5@1@@@0rﬂﬁeeeowehw%woﬁesl?@ﬁnmo&ond' tion
190C/ 10 kg. ATREF [217] Analytical tenperatufe rising elution

frath i oMateaded colnFRERTe lasnél SFls¢ solvent tohdddtichlorobsnzzne.olhi¢ segnles arbprapetadod

knobel ot coppRtipt a6 ol itbie 20 PRy &F etk s oeng 2 amrmal i

Pol yet hwtﬂaeda@droxﬁoméne I(IBH@P POANMPIeS Sre plepafd Wfa%]tﬁﬁhg lighB foft 2 hodimt (1982) ,
which are _incorparated b reference herein in their entirety. The

conposi t4%&- tae Hﬁe%’f?&l"@k‘é@e ysed dy Kbmicaefitpss and fthecilow raie isnkz@ pd/mipdteal | owed t o
S LSgP AT LB Sl 5 SUBPAT 3 Bk 95 o
0.1% m ahstrflih’eon polystyrene standards with molecular weights ranging from 580 to 8,400,000,
arranged in 6 “cocktail” mixtures with at least a decade of separation between individual
molecular weights. The standards are purchased from Polymer Laboratories (Shropshire,
UK). The polystyrene standards are prepared at 0.025 grams in 50 milliliters of solvent for
molecular weights equal to or greater than 1,000,000, and 0.05 grams in 50 milliliters of
25  solvent for molecular weights less than 1,000,000. The polystyrene standards are dissolved at
80°C with gentle agitation for 30 minutes. The narrow standards mixtures are run first and in
order of decreasing highest molecular weight component to minimize degradation. The
polystyrene standard peak molecular weights are converted to polyethylene molecular
weights using the following equation (as described in Williams and Ward, J. Polym. Sci.,
30  Polym. Let., 6, 621 (1968)): Mpayeinyiene = 0.431(Mpolystyrenc)-
[197] Polyethylene equivalent molecular weight calculations are performed using Viscotek
TriSEC software Version 3.0.
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colum is equipped with an infrared detector. An ATREF chromat ogram curve
is then generated by eluting the crystallized polynmer sanple fromthe

col umm bywel2oed/p193pcr easi ng - 56 WO 2006/ 101932 PCT/ US20@61a®2ebtbosst he
tenperature of the eluting solvent (trichlorobenzene) from20 to 120C at a
rate of 1.5C/ min. 13C NMR Anal ysis [218] The sanples are prepared by

addi ng appr @dnipitesdivn 8gt of a 50/ 50 mi xture of 5
t et rachl or oet hane-d2/ ort hodi chl or obenzene t o in a 10.mm NWVR

tube. ThSI &awr%@warset §imessioe aceRrding bhd g aM E&?Sbﬁhﬁé@ppﬁgs Plﬁearﬁébé and
Its CO%Ea%{Eﬁl 2%9 amtef uﬂafd?sﬁ%f:sr%%mgn% W Pl kReds upfed M 400MHz

spect r onet e a ar|an |ty ‘spectronet er, correspond|ng
to a 13&althivhnessof 127anmes caackedd. Iﬂﬁcﬁsck/bﬁcuﬂﬁenﬁhl acmmmacmon@essmnng
4000 tra S per aflle with sg.repetition delay. To 10
SohBevani HemS PG Fish haPSBeT oGt R T A PB CORTEPTLrRo PGPS dat o

files ang .pdoed rJIRIRIING 86 NIDE f&%ﬁﬂ & 19W’(§Itftillbv§ed?§y O inEanyid fRe rddk NI UM

file size of 32K data pdints. The sanples are analyzed at 130 Cin a 10 mm
br oad bmﬁdcqidubmmgT\haemir%d‘dH%r i ncorporation is determned using

Randal | rret hod (Randall, J.C.; JM5-Rev. Macronol. Chem Phys., C29,
201- 317 (19 Bhich is |ncorporated by reference herein in its entirety.

15 Polg o @aﬁﬁﬂdsqeﬁaér@ny Hﬁéaéiﬁ?&ﬁeﬂt%wﬁreb@e&@c@ﬁﬁhgtomgﬁhd Daopgonation is

carrie di ssol ving 15-20 g of polyner in2liters
1, 204- tMeaﬁmeme@tmqmée mww@ ample mesmngnwn&A;SffM@d&Z Mpibod B yrer

| ut t t 3 h by 4 foot
(7.6 omo 17eREEEeckhe Modilud okl SVRRE 2" 68%00°C\ 7w} mixof 36- 40 mesh

(600- 4730Q W)Saagﬂmrar@edmprbgmﬂmo%d qsmg IASTN D2 3% 8 Flearaland Qtrirdeabieearttr om
Potters Inpdustrie C 30, Box 2 % wnwgod, TX, . 76801) and_  staj.nless
steel , TOOGydigre ma acapm OrARTM IN7PR. Sirstecmodiivsis mieapisdieerdieg & | nc.

63 'nWM'I?‘%ORDYSreM %@Jﬁ,}g@gda NY, 14120). The columm is imrersed

in a thermnal contr set initially to 160 C. The col um
i s 15irst codlb[anlcalbpk’dlpe*tms:al I y to 125 C, then slow cooled to 20 C at 0.04 C

per d for hour Fresh TCB.j§ 25 introduc at .about 65
T o b et i o 1R kRN poribERtdagide v s Bt M50 o
Appr 0X'#%9§|4PR2@@IQ{)mThB%Hét@ B Mce8 lbeBiden o B tEalRoRIBR & shyeks, hlkkd 60l umMm
are collected in 16 station, heated fraction collector. TheME)géy 350|
ot to

concent!PAr’ et SA Péla(éﬁo kPa)der p srinfollagedby d3YYa dusyoimend theniia

al | owed P "2F S35 LR POl B s Mgl S BB AP T PP

ri msi nGobmpgsion madit S 4t uedd foroftabheasuednudits) Geristie béhanidr, leeareey, and he
filtration step.is performed on a 3 position vacuum assisted filtering
stati or?trﬁgﬁrﬁgxgtl%l m pol ytetrafl uoroethyl ene coated filter paper (available

from Og8p3) (SiatifiGs me&@i#d using BYK Gardner Haze-gard as specified in ASTM D 1746.
[203] 45° gloss is measured using BYK Gardner Glossmeter Microgloss 45° as specified in
ASTM D-2457

25  [204] Internal haze is measured using BYK Gardner Haze-gard based on ASTM D 1003
Procedure A. Mineral oil is applied to the film surface to remove surface scratches.

[205] Mechanical Properties - Tensile, Hysteresis, and Tear
[206] Stress-strain behavior in uniaxial tension is measured using ASTM D 1708
microtensile specimens. Samples are stretched with an Instron at 500 % min™ at 21°C.

30  Tensile strength and elongation at break are reported from an average of 5 specimens.
[207] 100% and 300% Hysteresis is determined from ecyclic loading to 100% and 300%
strains using ASTM D 1708 microtensile specimens with an Instron™ instrument. The
sample is loaded and unloaded at 267 % min™ for 3 cycles at 21°C. Cyclic experiments at
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-57 WD 2006/ 101932 PCT/ US2006/ 009411 Z50WP04750). The filtrated fractions
are dried overnight in a vacuum oven at 60 C and weighed on an anal yti cal
bal ance bwbave/fowsther testing. Melt Strength [221] Mel cBtusesgbo4Vs) i s
measured by using a capillary rheoneter fitted with a 2.1 mm 5 dianeter,
20:1 die with an entrance angle of approxinmately 45 degrees. After
equi | i BoeY angd 80Pt arsemdhiesd asingd 9 Ehfimnnikdtahthaniies, Id the 8picCtexperimeritiitheat a
speed of 1 inch/mnute (2.54_ cml mnut et) The standard é)?st terrﬁgrature is
190C. hEpPsinpllewvdsio gauilibraisfosdp aminytes gt the test temperaiiye beforatesting: dnghe | ocat ed
100 mMmyhelcoyydel %trgi'n%a/x%é «%{p@ﬂm%ﬁ? BleGERiURA fS&Eﬁzdt 45 (?;‘%1 sBEtfrond E}{% i:;prste qui r ed

rded "as a the ta o]

tensilé& fofce is rec unctiron o e-up spee the nip
rol | s. ufitedihg cyeleiisnecvideds Péreciitaeameent fonalh expedimantapre hactletet fiom thef i ned as

the nelt strength. In the case of . pol r |t exhibjti draw resgnance,
t heSt erfer Bl YEISTSINg (b g S G U 7 FOSBRLIABS YR el o PHESHo!

st rengtfovdias GBfidedSdsr ength is recorded in centiNewtons ("cN'). Catalysts
[ 222] The térm "overnight”, if used, refers to a tine of approxinmately
16-18 hours, the term 15 "room tenper at uep"*,asrefgrs to a tenperature of
20-25 C, and the term "ni xed al ®&5&8veveiers o180 comercial Iy obt ai ned

m xture of C6_9 aliphatic hydrocarbons avail’abl e under the trade

desi gnahagn | I I i j ) nt the
name o8] HRECE T B ain GO ARV AT, B0he SO Sfre 4 10a oA
r epr eseotiatbasdlinehiRriagthe t"henlsddingcdyeteal representation shall control. The
synthesis of all npetal conplexes and the g_r_epar ation of all 2Q screening

1%

exp@ri ieMs Stescrelaxationis roeasuted aho Qpsreent sieigend 47 nbdphby BOWgPHBS 8y box
e ) . .
oo ASBEm LR e oS SV ey bbb SR, Y Gl e T num
nmodi f i exim xR iyl aD dnoma etaequilibbiting @Bl or 46 Imin i thmeAkizonnNaitdle

Co iop. Th ] St duct ed | | ows. 25
= PF epanti bt paRptRiebindto S8 Mifr syt SRS RERd Rk 1 o

[ 224]  Fuetion-of tibié ik $Rhbey] ThElpOrelR strdssQOlafatidnSarRe I Hotid whe chlbulafed

i sopropyl ami ne. The solution rapidly turns bright yellow. After stirring
at lanbivsimg thefpsepkt ure for 3 hours, volatiles are renoved under vacuumto
yield a bright yellow, crystalline solid (97 percent yield). 30 b)
Preparation of 1, 2-bis-(3,5-d StrehRedphen=FY-E2(«NQ 1- meth 1~

et hyl )i mmi no net hyl ) (2-oxoyl) zirconium di benZyl [225] A solution of

L e N o AR s S LS b B, ™)
mol)  igker® howmS.
[211] Tensile notched tear experiments are carried out on samples having a density of 0.88
20  g/cc or less using an Instron™ instrument. The geometry consists of a gauge section of 76
mm X 13 mm x 0.4 mm with a 2 mm notch cut into the sample at half the specimen length.
The sample is stretched at 508 mm min™ at 21 °C until it breaks. The tear energy is
calculated as the area under the stress-elongation curve up to strain at maximum load. An
average of at least 3 specimens are reported.
25 TMA
[212] Thermal Mechanical Analysis (Penetration Temperature) is conducted on 30mm
diameter x 3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa molding
pressure for 5 minutes and then air quenched. The instrument used is a TMA 7, brand
available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-0416) is

30  applied to the surface of the sample disc with 1N force. The temperature is raised at 5°C/min
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WO 2006/ 101932 PCT/ US2006/ 009411 L tol uene. The resulting dark yell ow
solution is stirred for 30 mn. Solvent is renoved under reduced pressure
to yi el d wbeoaewiged product as a reddi sh-brown solid. Poe/yse@psarati on of
catal yst (B2) is conducted as follows. a) Preparation of

(1- (2- et hyl cycl ohexyl ) et hyl ) (2- oxoyl -3, 5-di (t-butyl)phen 1)~ imne 5
[226] ZrdveDBC.CYEE piob phgdtiation (IBtadde lmeabdred asmBinetibs offieagetatad. Mhe met hanol
(90 nmL), and di-t-butylsalicaldehyde (10.00 g, 42.67 mml) is added. The
react i (ﬂ?FP?ﬁllﬁﬁlﬂfre@di; §’h§1@¥her%€be hag pendiraded b wiothg semek- cool ed to - 25C for 12
hrs. The re ng yellow solid precipitate is collected by filtration and
washed with col'd nethanol (2 x 15 nmlL), and then dried under reduced

pr essur@13[THeynanet Mdcharﬁdallﬂna@/smf(m&@islme/assmtliod cofhidrésiden ineoldaindislst ent wit h

the 10 deS| ed product r b ar 0
bi o-5( 1-PEnHrrc P gt 0t Ayt 1§ Msagieuts 8 Srniughegy FERSRYE FO018d in he
| no) b s&P 9040,“7 ﬂﬁxpef‘gsﬁh% ﬁs%%ﬁ]iuﬁecfﬁélh%brpﬁm controlled strain rheometer (TA

(1-(2- yl cycl ohexyl) 2- oxoyl -butyl) phenyl )imne 15 (7.63
g, 23 ansttmhe)nts)mqﬁ@oedrwnh@llumlecmatl]eselsfmwey fqddt@mntt@stmgsol ution of Zr(CH2Ph) 4

5.28 11 600 t ol | k | | |
(o 20 T i SR i g o HGRR e SRR P 0 L oS 680 oo
t ol uenefRpdl #Both &k Bbiven &ﬁwr&gse arafé@ ek %rﬁﬂ e@ﬁraﬁo@@i?gnd‘@ubﬁe%i’éﬂ]

Cocatalyst 1 A mxture of nethy Cl41 al ky moni um sal ts of
t et ttaki to(spensssvd t@mpopiharn ytepb &pmtéomf‘etoe’moﬂc & %Ceperatqpéeﬁit @mhb@mmret}lre

| K
e | 20e FBR B e ooy Ry iRt ek B ey BRSfall e |
di scl Osl%iln%| Matdiindl 8088 pefcént add A peeRht formsl s theXtoMusadsuElidiedifand
y

al kyl di met hyl ammoni um sal t of
bi s(t r i BeitbarerswiereBienginy inihg Maga)regmgndecy! i mi dazol i de, prepared

bt t 11 Rashoam sty cf (f e iEityirtined Gt Moo AARP IS the o
( SAD) , ;dth(pl\e Wﬁ&yih)sﬁhdﬂ(‘exﬁ)ﬁﬁﬁin odctifse ARy cﬁinsmjuelhkm {hiekghip sBPethtion AL increases

trioctylalum num (SA5), triethylgallium (SA6), i-butylalum num
bi s( di nwithihe(temperatuge, particalealyeaboy ke melting,ei Spftaningipainof the polymer

bi s(di ( t I he fixt
di (pyri %Hr{)r? L& é t&i"%‘%@?‘*@@‘%@? s ?%%%E%Hﬁ tréhu}? Bftgieﬁl}nt num 16‘%86\10) ,
i - but yl mhehes Iﬁﬂmnmbl s(di (n-pentyl)amde) (SAl 1), n-oct yI al um num
bi s(2, 6-di-t-butyl phenoxi de) (SA12), n- octyl al um num
di (et hyl (1 - n¥isHIRIeY ami de) (SA13), et hyl al umi num bi s(t -
but yg di mkgymh' i03ex46) T, { S chhure € i cBidd e With msm ﬁ(fzrslsneaﬂfaﬁm l'yl) ani de)
( SA15) WO 2006/ 101932 PCI/ US2006/ 009411 et h yl al um num
bi s(2, 31 olegn Zelt indeac gl ol efso anraauricd &) aqcemland?) with ASJiM Dal 238 num
Condition 190°C/10 kg.
ATREF
[217] Analytical temperature rising elution fractionation (ATREF) analysis is conducted
25  according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.; Ryle, T.R.;
Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in Polyethylene and
Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are incorporated by
reference herein in their entirety. The composition to be analyzed is dissolved in
trichlorobenzene and allowed to crystallize in a column containing an inert support (stainless
30  steel shot) by slowly reducing the temperature to 20°C at a cooling rate of 0.1°C/min. The

column is equipped with an infrared detector. An ATREF chromatogram curve is then

generated by eluting the crystallized polymer sample from the column by slowly increasing
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bis(2, 3,6, 7-di benzo- 1 -azacycl oheptaneam de) (SA 17), n-octyl al um num

bi s(di met hyl (t- butyl)sil oxi de(SA18), ethylzinc (2, 6-di phenyl phenoxi de)

(SA19), awo 2eddmplimenc (t-butoxide) (SA20). 5 Exanpl es Prcg/usGowpessati ve A-C

General Hi gh Throughput Parallel Polynerization Conditions [231]

Pol ynmeri zations are conducted using a high throughput, parallel

pol ymer igaémpétatufeathe elutitpEolven Firlcairebehzai®) S0 foeiPOLOgiagsef | nc.  and

oper at ed substantl ally according 10 to USP s 6, 248, 540, 6, 030, 917,

6, 362, 309, C/minoe, 658 and 6, 316, 663. Et hyl ene copol yneri zations are

conduct ed at 13 ?‘q\ég psi (1.4 MPa) with ethylene on demand wusing 1.2

equi val ent s o coca 1 based on total catalyst used (1.1 equivalents

when M#S8) i Thosassed e)re pﬁep&ﬁdimddfngmbmhﬁémjgwﬁ 5750 dnaiecifed in a
ssur.e re contalned of 48 i ndi vi_dual reactor cells

| I el
" o 6 teuBchlprosihaperdo hasiegiop %pww Y ,erémnz@ ipeildren NYESEbe.ube  The
vor ki NGsathiie s GIFEN ot CRE Aonf Bl b 'héatrﬁ‘%ocl c,bube RS s €6kt & 14PEPANAL Ur e

and pressure control SErrrin by |n i ual “stirring
paddl esdata Fteecobtoctodresingad E@Mdmee?&‘mogh/ﬁiamc@bmmbedr aVeeat Uity Rlus™ he PPR

it | | ed t d t |1
added”t 5B sPetmser e B o el renan e apesBd A D5 Shftge S pa i xoc
al kanesare HoguitiddRing2f008dhinkic A9 bﬁdaﬁf& KRV K@@@&mﬁ ¥R hép e@lﬁoﬁh}la%rz@o

ethyl ene, 1 -octene conononer (1 m), cocataly or cocatalys
m x&Ur eaclgfm@tmmmvgm sigpehto-na Otau@ntwtve@nalafasany@plerdam fileeare\iided a i xt ure

¢ eagont Des et I abNTOR i 25 0P Helih PhadiRpLRl ekt i) et o e

r eact or san¥iflenara an£lggeit 186 °Clth bl 0ahrh br&id LXY BFGHIE The cbBn@heMEac ﬁiafloﬁ)f
addition js otherw se naintalned. Pog%/rrerl zations are conduct ed

appr oxi ieetsrpined nsmg Randall's fiad pethed (Randall.drGri MS- @%M@W@oﬁb@lﬁptl ons are
reachedp,Af t he gl ass
tubes o U Saanh S H R DR ket nedeBtale ARy sblefenBE FnE O BB, 20
dryisig unit, PalysharFradtiématiochbyhWOREF at 60 C. The tubes containing dried

ol ymer e difference hetween thi t and the.tare

wei ght bﬁeisﬂ'ﬁeﬁgg*ﬁ%ﬁ%ﬁeﬁt}% ey faried R e wing 516k Bhpodier i iy

I'n Tabl sfilza,qﬁcﬁlbﬁﬂséh@ér@ T@Bt)lksestéﬁngaﬁwmg AN60AOPRE FElier SHmALRds are
i ndi cat ed q_‘;{ an asterisk (*): 32] anples 1-4 denonstirate the synthesis

of |i nefrcesl eld p&»@&l%ﬁéﬁﬁénmg@mentprae%@nh by #oet(¥i6om aéZ@m)dwnb@dumy t he

formati WRARE I dal

o presoniedalmittal Aty iR AERET - PRNPRR G S BRRRRISHRE 50
VO 2@065&&1%&11%&'@29&@%9%3@65 (PEC B0 Bkt 20, Bfovafisda Tl Y6&U’l(?dh|@6d
polyners). in the absence to the fact that Catalyst (Al) is

known t S2inkss sigels 910387’&9 Z,m’é‘é fl@ﬁt?tftrr?&hwéﬁﬁlé?t)(é‘faﬂ@ﬂe fiom Pelietyiilhg. &3ent bl ocks

or Industrial Drive, North Tonawanda, NY, 14120). The column is immersed in a thermally

controlled oil jacket, set initially to 160 °C. The column is first cooled ballistically to 125 °C,
then slow cooled to 20 °C at 0.04 °C per minute and held for one hour. Fresh TCB is

25  introduced at about 65 ml/min while the temperature is increased at 0.167 °C per minute.
[220] Approximately 2000 ml portions of eluant from the preparative TREF column are
collected in a 16 station, heated fraction collector. The polymer is concentrated in each
fraction using a rotary evaporator until about 50 to 100 ml of the polymer solution remains.
The concentrated solutions are allowed to stand overnight before adding excess methanol,

30  filtering, and rinsing (approx. 300-500 ml of methanol including the final rinse). The
filtration step is performed on a 3 position vacuum assisted filtering station using 5.0 um

polytetrafluoroethylene coated filter paper (available from Osmonics Inc., Cat#
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segnents of the resulting copolyners of the invention are distinguishable
based on branching or density. 5 Table 1 Cat. (A) Cat (Bl1) Cocat MVAO
shut t | i ngvexoos(ijosesel ) nol (gnol) nol agent (gnol) Yi el dpritm/uskdosioodrexyl sl

A* 0.06 - 0.066 0.3 - 0.1363 300502 3.32 B* - 0.1 0.110 0.5 - 0.1581 36957
1.22 2.5 C* 0.06 0.1 0.176 0.8 - 0.2038 45526 5.302 5.5 1 0.06 0.1 0.192
- DEZ (ﬁS(QNP@M'ﬂﬁ@ ATRSHAEteY. F:R:tidnSare Aridd GPeright B alQARuumFén 6BED AP afl] 1468
2161 1.12 14.4 0.06 0.1 0.192 - TEA (8, 0) 0.208 22675 1.71 4.6 4 0.06
0.1 0. 19gighedrpmpan gwlgicabbalgry bgpgfurthentestiog. 1 C6 or hi gher chain content
per 1000 car §“gl§% dal nol ecul ar weight distribution [233] It may be
seen the pol ErS p uced according to the invention have a relatively 10
narr ow mﬂ}/dM&Fesmngm (Mr?blllslméfs)uraﬂﬁtf mmmcaﬁgmm kheoareodr\fived withrd 2btmifit r i mer
tetramer, or ar t an polynmers prepare n t he abs e of_.the

shut | i HgmageR0:1 ? 19 3%h an gntese ek s eeaner FXIAG Iyt deercss. pRer T HBYYRRENRS of

Tabl e 2] € fcycal |y DSC

and arrie sl FLRE ot Yo e ikl 5 5ol SRR L Mot i B R D) Yrver

of ex arr@hﬁmﬂmt%hov\ﬁe Sankihix {663 tﬁﬁbéﬂaﬁﬁe 0i90eC.( THY sandjile W driwa uhﬁﬁiallg)fto figati on of
158.1 J/ The correspondi ng CRYSTAF curve shows the tal| est ak_at 34.5C

with a ptaskelarating oipsiocate aemtbelopnthedliq With ap eecelrsptiqnesf % 41@11[755@ Thheind
the Ter % % %(d feﬁ%lﬁe]fggc%di)ﬁe%%%kn% I ?Ig rf}Lg'Rl%goﬁ e tﬁ% (tgllér%‘} uﬂ Jb%ﬁc? 81’ %%Ep I%IIIS SxaP le 2

shows a poin fusron of

21410 Jfgximhine te@ild foegantlined JURYG AR iy dra‘meb awthetrhelt stiBgthalThelsd capeak at
46.2C with a peak area of 57.0 percent. feﬂ[dlfference bet ween the DSC Tm
and thepqi&mygmalrt exlabgmamieaw [f%svincvﬁée Fsiicfrerdbafese thenensgbplyiiey 'eeneitinpl e 3

shows awﬁ?@#ﬁe stlgeﬁ:‘sti‘%%ﬂZCT f\t{ is%co@ 1n%ﬁtﬂ\l@wﬂaﬁ§f"cﬂf’ fusion of

160.1 J corre ndi n TA curve shows t tal est” peak at 66.1
Cwth a pea@amlysas of 71.8 percent. The d| fference between the DSC Tm 25

dth . 54. 6 38 e f t le 4
e ST oS e g S 5 1 B s P
17044 JkQom 2&%&@8 RABLItH t&ipepdiife FROVS &ANE tieherm “BikMBIIRARS 1dR1H32
PCT/ U82006/ 009 tallest peak at 30 Cwith a peak area of 18.2 percent.

The di f foca emueciozilyebinddeniB8Ee DhCs.9 aliphatic hydrocarbons available under the trade

designation Isopar E®, from ExxonMobil Chemical Company. In the event the name of a

compound herein does not conform to the structural representation thereof, the structural
representation shall control. The synthesis of all metal complexes and the preparation of all
20  screening experiments were carried out in a dry nitrogen atmosphere using dry box
techniques. All solvents used were HPLC grade and were dried before their use.
[223] MMAO refers to modified methylalumoxane, a triisobutylaluminum modified
methylalumoxane available commercially from Akzo-Noble Corporation.
The preparation of catalyst (B1) is conducted as follows.
25 a) Preparation of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)methylimine
[224] 3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine. The

solution rapidly turns bright yellow. After stirring at ambient temperature for 3 hours,
volatiles are removed under vacuum to yield a bright yellow, crystalline solid (97 percent
yield). ’

30 b) Preparation of 1,2-bis-(3.5-di-t-butylphenylene)(1-(N-(1-
methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl
[225] A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine (605 mg, 2.2

mmol) in 5 mL toluene is slowly added to a solution of Zr(CH,Ph)4 (500 mg, 1.1 mmol) in 50
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and the Tcrystaf is 74.5C. [239] The DSC curve for conparative A shows a
90.0C nelting point (Tm) with a heat of fusion of 86.7 J/g. The

corr esporiongoddRYBTAF curve shows the tallest peak at 4@CHTSeats009451 a peak
area of 29.4 percent. Both of these values are consistent with a resin that
is lowin density. The difference between the DSC Tm and the Tcrystaf is
41. 8C. ;2A40eddeTHSCs Wty @ark FE116W RPALSH ivtinBd ShBbma. I vaCistembved poi nt
(Tm with a heat of fusion of 237.0 J/g. The correspondi ng CRYSTAF curve
shows t Wlet gdueact prssire tatYI@éﬂw@eSWmOéufﬁ@&ﬂr%ddéﬁl pwgzolidper cent. Both of

t hese val ues Qigh 10 in density. The

di ff er ence blé’?ém@eﬁﬁgﬁ&@&ajr%g@%ﬂ?Egﬁdf{étre;t‘}g?tf H"S‘é 47.4C. [241] The DSC

]E:ur ve for compBrepaiavien 6F ShMemvlbﬂ&oBﬁvﬂmthVi)m}omlmS diltvputwd)pliengl)imgiat  of
usion of 143.0 J/g. The corre YS e .shows the est peak
at &1. gl%3o] M%\ﬁetbylﬁ\ééﬁheéw@an (Sgg% 3451? lﬁés‘ﬁk“lo vegdn \gﬁlﬁ’%@r( br"@rljs)t all'ine
peak at upgid. bggyly‘lﬁaldéﬁﬁi%r(% bo R, %%S'é‘ﬁﬁﬁblj ﬁ%da&p PRAKSctoR iRARE R BiRfeqWi th

t he presence o I gh cryst a’ 15 low crystalline polyner. The
di f f er efoe ¢hrbehoweeand then DSGed tn RN fdrd 2Tos. yEhefesulting gelk®y solidkzagibidate - 19,

Conpar ati ves nti nuou n_Pol i zatian t al,y.s 1B2 + DEZ
[245] CEEFRAGuCT Rt rEhvasarg fh o BnaRel i ddmiloand S oot or
contr ol }e@fcedG r@ééhféd”mé 1&1@95011017 £arh pOIEsy Y1) 'BNMHK Rrodasistsht witlethe Puri fied
m xed al kanes solvent (lsoparTM E avail abl e from ExxonMobi| Chem cal
Conﬁhny&eSIredhgﬂd@ﬁ‘feasatmlz(tlmOfﬁQmmu (1.22 kg/hour), 1-octene, and hydrogen
(where used) are supplied to a 3.8 L reactor equipped with a jacket for
tenperature control and an internal thernocouple. The solvent feed to the
reactor is PeRspartionyf Bisnag3-rhéthyiceaohiox®])eiyl)(2foxai-8 Sbdig-mpdshedyiaphr agm
punp controls the, sol vent 25 flow rate and pressure to the reactor. At the
di schar ireeni ide streamis taken to provide flush flows for

e 3 P At f"'&"%*eﬁfeﬁ“a’“%fﬂ?’*hﬁ% o A A 1l e by
Colnil/je glt (7 6’33% \(;2852 mmdbyint206 mﬂam]?iélsgsjpluwlynm:ﬁdmd e; ﬁﬁ&%reoﬁ/bi(@HsPh)IfﬁeM g,ggl) n; zg
fS gd to lllng g&) ‘Rwﬁﬁg‘gnﬁo %S@Bﬂ% E%}(Imﬁb\”ﬁ]& g% Sglgﬁg ﬁ%‘ﬂﬁ r ogen to

the reagioqy ﬁfeseﬁﬁi@ﬁds dﬂ_ﬁié‘d hetheetith 686 nlf tolbde t&@'vt‘@@bl’uﬁ@ﬂ%ﬁhgﬁm ution is
controlled by use of a heat exchanger before entering the reactor. This

st r eam eoncenigationeofOA78Mf t he reactor. The catal yst conponent sol utions

are -62 2006/.1 1 PCT. USZ Q i nps and mass fl ow
neters ?:3 %%'Prﬁ% g o R mgﬁlgﬁ?@l"s‘t’g ﬁﬁ%&gg ve%‘fqm%gnd i ntroduced
intopt h%nﬁﬁis(pémaﬂﬁoﬁobﬁeﬂyeﬁ@ia@é (hei‘aﬂﬁl-a[f&ﬁ@hﬁéenimn boifatd)) srepaed by feaaﬂiorﬁﬁﬂa. psi g

(3.45 ©MPa) wth vigorous stlrerlglg Product is r m)ve(g)sthrou exit lines
at the g chrintrglkylagingArmeap™ MEHT, F‘Y%@?lerfF%At gfleam

traced @ Ensy) at6danZAYUIBEHA BRUS5 316PPEH HRY2.
[229] Cocatalyst 2 Mixed Cj4.15 alkyldimethylammonium salt of

bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared according to USP
25 6,395,671, Ex. 16.
[230] Shuttling Agents The shuttling agents employed include diethylzinc (DEZ, SA1),
di(i-butyl)zinc (SA2), di(n-hexyl)zinc (SA3), triethylaluminum (TEA, SA4),
trioctylaluminum (SAS5), triethylgallium (SA6), i-butylaluminum bis(dimethyl(t-
butyl)siloxane) (SA7), i-butylaluminum bis(di(trimethylsilyl)amide) (SA8), n-octylaluminum
30  di(pyridine-2-methoxide) (SA9), bis(n-octadecyl)i-butylaluminum (SA10), i-butylaluminum
bis(di(n-pentyl)amide) (SA11), n-octylaluminum bis(2,6-di-t-butylphenoxide) (SA12), n-
octylaluminum di(ethyl(1-naphthyl)amide) (SA13), ethylaluminum bis(t-
butyldimethylsiloxide) (SA14), ethylaluminum di(bis(trimethylsilyl)amide) (SA15),
-59-



5 the addition of a small anobunt of water into the exit line along with any
stabilizers or other additives and passing the m xture through a static

m xer. Thwopoadwedszstreamis then heated by passing througis2@cloesd 1
exchanger before devol atilization. The pol yner product is recovered by
extrusion using a devolatilizing extruder and water cool ed pelletizer.

Pr oces sethy@uédilgm &, B Ssidlibenzk Bamyélahmaheamdabs&lé) Setyegiaihupol ymer
properties are provided in_lo Table -63 WO 2006/ 101932 PCT/ US2006/ 009411
oo t~ chis(2,3,6,Z=dibenzo-1-azpcyclohe p‘@nwméﬂ (S 17 nooqy lelayminurg pis(digrethylit~ - i o

t NN,\L tbtﬁylgml%%xw é)céth%zﬁ{k,\g %%%ﬂ&lph%o\x%ehﬂ(%f% gﬁd ethy1zi>lc(2t 5‘88’93 ()/v] o\' N

B Y YV X S A (U T ,-~0\ -, .-~ ,-i 00 00 4.1
0000 i \OMNONMW O\O'chM-~0O t : ;.0 ~t00 00 O 00 ON O\ O
OOP\ OO0\ 01 0\ OON 01 OU 00 00 00 00 00 00 O\ rn ON 00 00 00 00 00 01

00 00 ON E E&am&esP@\anbaﬁ‘?%A:@OO' n"mMOoin md NOO\ONvoOO - r- t-
C7~ VIO ~M-NECX- MU fn~= MU0 ,-4 ~ ,-~ V') DL O 00 00 O M\D knch 'ON -

d ~t NM onN~t Gendvalddigh Thir@@hutt Rdrallel Bolyidgrizatiod Ogndidion® --~ O O ,--~ O 0 O
,I[D _Ijl ?40?&’&? ﬁ&%ngrl%t%ngg%%opduc??i\ gﬁfng %@Tﬁufg‘ﬁp'\lﬁ't,%%ﬂl Ir)?)lgfﬂmgrigatlio%m it
reactor (PPR) available from Symyx technologies, Inc. and operated substantially according
10  to USP’s 6,248,540, 6,030,917, 6,362,309, 6,306,658, and 6,316,663. Ethylene
copolymerizations are conducted at 130°C and 200 psi (1.4 MPa) with ethylene on demand

using 1.2 equivalents of cocatalyst 1 based on total catalyst used (1.1 equivalents when
MMAQO is present). A series of polymerizations are conducted in a parallel pressure reactor
(PPR) contained of 48 individual reactor cells in a 6 x 8 array that are fitted with a pre-

15  weighed glass tube. The working volume in each reactor cell is 6000 pL. Each cell is
temperature and pressure controlled with stirring provided by individual stirring paddles.
The monomer gas and quench gas are plumbed directly into the PPR unit and controlled by
automatic valves. Liquid reagents are robotically added to each reactor cell by syringes and
the reservoir solvent is mixed alkanes. The order of addition is mixed alkanes solvent (4 ml),

20 ethylene, 1-octene comonomer (1 ml), cocatalyst 1 or cocatalyst I/MMAO mixture, shuttling
agent, and catalyst or catalyst mixture. When a mixture of cocatalyst 1 and MMAO or a
mixture of two catalysts is used, the reagents are premixed in a small vial immediately prior
to addition to the reactor. When a reagent is omitted in an experiment, the above order of
addition is otherwise maintained. Polymerizations are conducted for approximately 1-2

25  minutes, until predetermined ethylene consumptions are reached. After quenching with CO,
the reactors are cooled and the glass tubes are unloaded. The tubes are transferred to a
centrifuge/vacuum drying unit, and dried for 12 hours at 60 °C. The tubes containing dried
polymer are weighed and the difference between this weight and the tare weight gives the net
yield of polymer. Results are contained in Table 1. In Table 1 and elsewhere in the

30  application, comparative compounds are indicated by an asterisk (*).
[232] Examples 1-4 demonstrate the synthesis of linear block copolymers by the present
invention as evidenced by the formation of a very narrow MWD, essentially monomodal

copolymer when DEZ is present and a bimodal, broad molecular weight distribution product
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5 Table 1

Cat. (A1) Cat (B1) Cocat MMAO shuttling
Ex. (umol) (umol) (umol) (umol) agent(umol) Yield (g) Mn Mw/Mn hexyls'

A*  0.06 - 0.066 0.3 - 0.1363 300502 3.32 -
B* - 0.1 0.110 0.5 - 0.1581 36957 1.22 2.5
C* 0.06 0.1 0.176 0.8 - 0.2038 45526 5.30° 5.5
1 0.06 0.1 0.192 - DEZ (8.0) 0.1974 28715 1.19 4.8
2 0.06 0.1 0.192 - DEZ (80.0) 0.1468 2161 1.12 144
3 0.06 0.1 0.192 - TEA (8.0) 0.208 22675 1.71 4.6
4 0 06 0.1 0.192 - TEA (80.0) 0.1879 3338 1.54 9.4

C5 or higher chain content per 1000 carbons
2 Bimodal molecular weight distribution

[233] It may be seen the polymers produced according to the invention have a relatively

10 narrow polydispersity (Mw/Mn) and larger block-copolymer content (trimer, tetramer, or
larger) than polymers prepared in the absence of the shuttling agent.

[234] Further characterizing data for the polymers of Table 1 are determined by reference to
the figures. More specifically DSC and ATREF results show the following:
[235] The DSC curve for the polymer of example 1 shows a 115.7°C melting point (Tm)

15  with a heat of fusion of 158.1 J/g. The corresponding CRYSTAF curve shows the tallest
peak at 34.5°C with a peak area of 52.9 percent. The difference between the DSC Tm and
the Tcrystaf is 81.2°C.

[236] The DSC curve for the polymer of example 2 shows a peak with a 109.7°C melting
point (Tm) with a heat of fusion of 214.0 J/g. The corresponding CRYSTAF curve shows the

20  tallest peak at 46.2°C with a peak area of 57.0 percent. The difference between the DSC Tm
and the Terystaf is 63.5°C.

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

25  and the Tcrystaf is 54.6°C.

[238] The DSC curve for the polymer of example 4 shows a peak with a 104.5°C melting
point (Tm) with a heat of fusion of 170.7 J/g. The corresponding CRYSTAF curve shows the
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[240] The DSC curve for comparative B shows a 129.8°C melting point (Tm) with a heat of
fusion 0f237.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at 82.4°C
with a peak area of 83.7 percent. Both of these values are consistent with a resin that is high
in density. The difference between the DSC Tm and the Tcrystaf is 47.4°C.

[241] The DSC curve for comparative C shows a 125.3°C melting point (Tm) with a heat of
fusion of 143.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at 81.8 °C
with a peak area of 34.7 percent as well as a lower crystalline peak at 52.4 °C. The
separation between the two peaks is consistent with the presence of a high crystalline and a

low crystalline polymer. The difference between the DSC Tm and the Terystaf is 43.5°C.

Examples 5-19, Comparatives D-F. Continuous Solution Polymerization, Catalyst
Al/B2 +DEZ

[242] Continuous solution polymerizations are carried out in a computer controlled
autoclave reactor equipped with an internal stirrer. Purified mixed alkanes solvent (Isopar™
E available from ExxonMobil Chemical Company), ethylene at 2.70 lbs/hour (1.22 kg/hour),
1-octene, and hydrogen (where used) are supplied to a 3.8 L reactor equipped with a jacket
for temperature control and an internal thermocouple. The solvent feed to the reactor is
measured by a mass-flow controller. A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the discharge of the pump, a side stream is taken to
provide flush flows for the catalyst and cocatalyst 1 injection lines and the reactor agitator.
These flows are measured by Micro-Motion mass flow meters and controlled by control
valves or by the manual adjustment of needle valves. The remaining solvent is combined
with 1-octene, ethylene, and hydrogen (where used) and fed to the reactor. A mass flow
controller is used to deliver hydrogen to the reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the

reactor. This stream enters the bottom of the reactor. The catalyst component solutions are
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PCT/ U82006/0094 243] The resulting polyners are tested by DSC and ATREF
as Wi t hansristrpduesd e)tath@l t@ﬁom ¢idBereagtonr Ehexsagter isawe liqpid-Aull a qﬂﬁ) ve for

w th' e WER B RS g SR RO bt Dbt e ottt Wi fRb e o)
the 5 pdlekRSinePRal thd reﬂgtoﬁﬁe\&tefahl ttach@akd aiselated! Pofmierpaticeitstoppbébylel t a

between the DSC Tm and the Tcrystaf is 72.0C. [245] The D C curve for the
pol yirer thepddisianpf & small peuntof yess inforthe gxit Hie aémegwet £, fab ?rﬁpre with a

heat of

tall est %dg%g@?@ﬁis@%gﬁe]{n%( a-ggie?réﬁgg%ggdﬂg?g %%g;@g}rﬁgde%ﬁ %H?ﬁlgm% ttget ween

t he DSCbyTpasaing thrdOgli kel exglmhgér beford He@ulatiljZad61. T]n@pd])ﬁﬁenpmdmtﬁmr t he

pol ynmer of e le 7, shows a MWth a 121, ti 0i nt. with a heat
of fusi @ﬁoypge%gypgx Ugpsipn USHg %%??’Pgé%lﬁa.e W‘éﬁ?@iﬁ@teéﬁ?‘?}gggﬂ&&g“t dO%%F | est
peak at dﬁ%lszaﬁd%élﬁ'ts %re%ﬁ{(au?erﬁQ Tahied- Sael&?é'dcﬁi‘%meﬂﬂ}@ pédftd e PRAVIRAME he DSC
Tm and t Tcrystaf iIs .1 C 15 [247] The DSC curve for the pol yner of
exahpl eTéleRows a peak W|th a 123.5 Cnelting point (TmM with a heat of
fusion of 67.9 J/g. The correspondi ng CRYSTAF curve shows the tallest peak
at 80.1 Cwith a peak area of 12.7 percent. The delta between the DSC Tm
and the Tcrystaf is 43.4C [248] The DSC curve for the pol yner of exanple
9 shows a peak with a 124.6 Cnelting 20 point (Tm with a heat of fusion
of 73.5 J/g. The correspondi ng CRYSTAF curve shows the tallest peak at

80.8C with a peak area of 16.0 percent. The delta between the DSC Tm and
the Tcrystaf is 43.8C.
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[ 249] The DSC curve for the polyner of exanple 10 shows a peak with a 115.6
Cnelting point (Tn) with a heat of fusion of 60.7 J/g. The correspondi ng
CRYSTAF cwoveosstooass the 25 tallest peak at 40.9C with acpaskooanesinf 52. 4
percent. The delta between the DSC Tm and the Tcrystaf is 74.7C. [250] The
DSC curve for the polyner of exanple 11 shows a peak with a 113.6 C nelting
point (Tm with a heat of fusion of 70.4 J/g. The correspondi ng CRYSTAF

curve shows the tallest peak at 39.6C with a peak area of 25.2 percent.

The del ta|bet ween, £heDSC Im and o, 30, £he Tefystaf is 74.1 C. [251] The DSC
curve for |t hewd! yyes Sof Byl cl2 ;sﬁdﬂvg 8| peak with a 113.2 C nelting
poi nt (Tm) wi E’J‘“E Heatr I Fusion —of 48.9°ITh. The correspondi ng CRYSTAF

curve shoys n -66 WO 2006/ 101932 PCT/ US20p6/ 009411 peak equal to or
above 30 C. % 1ysgatf e pur posesof Bed her calculation is therefore set
at 300). |The 1 & betTeen + he- BSS -Tmamd®t he Tcigystaf is 83.2C [252] The
DSC curve [far the pol yner of_ exanple, L3.sheis a p%ak with a 114.4 C nelting
poi nt (Tm) vELhZE BEAR I E@Q@ﬁ)ﬁ@lg@?ﬂgg. The=cor r espondi ng CRYSTAF
curve shows 1 Rg® B2t €St TR §1 ©33°6°E WM th a ffeak area of 7.7 percent.
The delta ge£ lkhemDSC I”A%”omLh§ Tcryst af i s&84. 4C. [253] The DSC for
t he pol yn”e's% xam .ea@@.ghem&ee Eeaﬁ?ym’ﬁﬁ a 120& Cnelting point (Tm
with a heaf Usion of 127.9 3/ g. The cortespon® ng CRYSTAF curve shows
the tallest—peak at 72.9 Cwith a peak area of 9Z 2 percent. The delta

bet ween t he BDSEC, T and, 2Osthe Tchyst af ois#7. 9C. 9 254] The DSC curve for

t he pol ymer @f|@&anpt & £5- §HoweR &8 Ppedlk Rt Bl a 1143 C nelting point (Tm

with a heat of |[fusion of 36.2 J/g. The correspondrang CRYSTAF curve shows

the tallggtspgak, atwagma,cogmgp Bopeak agea of 9a83percent. The delta
bet ween tH§ EE) T Sthe IS afS S, EOC. 15.& EES] The DSC curve for

t he pol yngr of |exanpl e 16 shows a peak wthallG%"C melting point (Tm
with a hegt Qf fusion of 44.8 4 mTcthﬁOfKFn(‘S[)Oﬂd@ CRYSTAF curve shows
g 8 Elo TSI
the talleggtSmeaks at, 48, Q g:,w;tﬁ Tacpeak=ar ea of 6&4@ percent. The delta
between the DSC Tmand the Tcrystaf is 68.6C. [2%E The DSC curve for the
pol ymer é)fNe;% ml e 17 shavs & peakw-thea. 416. 0 Cimel ting 20 point (Tm
with a edf B Busioh DE 22 D IJEE STHE BE Bespondih@ CRYSTAF curve shows
t he taI gst peak at 43.1 Cwith a peak area of 5 percent. The delta
between Ngl BSCaTm and: =t he Fegrystaf is 72. 9C [2@ The DSC curve for the
=] ! ) S . A
pol yrrer(gfmeua?rplce 118 Shows aeak:w tths & 120.5 CHhelting point (Tm wth
a heat fusiagn of 141.8 J/g. The correspondi ng giﬁSTAF curve shows the
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25 tallest peak at 70.0 Cwth a peak area of 94.0 percent. The delta
between the DSC Tm and the Tcrystaf is 50.5 C. [258] The DSC curve for the
pol yner oVoesenmpi®s219 shows a peak with a 124.8 C nel ti mgT/Useecatoog4Im with
a heat of fusion of 174.8 J/g. The correspondi ng CRYSTAF curve shows the
tallest peak at 79.9 Cwith a peak area of 87.9 percent. The delta between
the DSC Tmand 30 the Tcrystaf is 45.0 C. -67 WO 2006/ 101932

PCT/ US2006/ 009411 [259] The DSC curve for the polynmer of conparative D
shows a peak with a 37.3C nelting point (Tn) with a heat of fusion of 31.6
J/'g. The correspondi ng CRYSTAF curve shows no peak equal to and above 30C.
Both of these values are consistent with a resin that is lowin density.

The del ta[betwgeh {he DSC|Tm and tHe |T¢rystaf |is 7.3C. 5 [260] The DSC
curve for |the pollymer f| qonparatj ve |[E|shows| § peak with a 124.0 C nelting
point (Tmawgth 4 heat| of [fysiop pf| 179. 8 U/|g.| The correspondi ng CRYSTAF
curve showsztdle [tal|est| geak|al [79. 3C{wWith ja |peak area of 94.6 percent.
Both of tihese #aliues|are |consi stent |with p jresiin that is high in density.
The del t a|Het e HieEa Dl e, (S4EVEIRIE B 44. 6C. 10 [261] The DSC
curve for rthe—potrynme frgonparatyve (Fisiiomwsi a4 peak with a 124.8 C nelting
point (Tm wath @ heat| of |fusion pf| 90./4|J/ gl |The correspondi ng CRYSTAF
curve shovysEt/be tal b est| peak|at [77. 6Ciwith @ |jpeak area of 19.5 percent.
The separaﬁiﬁirg) bet-ween| L e o | ke ;@@I@So&@@}@%%{ent with the presence of
both a hi ¢h CrysHAITInE And 3| Tow ePYstE Pine " "dol yner. The del ta bet ween
the DSC Tm agd the|Terystaf [is 47 2C.| 15|Physijcdl Property Testing [262]
Pol yer sanplﬁefs are eval uatad|for| physijcal | propgrties such as high
tenperatune Oiesl s@hors orerel £S5 Se | svRie/Riey by TMA tenperature
testing, pellet “Al ock] hg-Stergt-h Ri-gh-terpergt ure recovery, high
t enper at une conpriegsiion set |and|stof age nodu| us iratio, G (25C)/G (100C).
Sever al ccm%@eivaﬂz‘é‘@%@:%*Nm%/@agaageo $@|uded in the tests: 20
Conpar at i ve G "9 a"$ubs antial vy T negr e?/! Ae/ 1- oct ene copol yner
(AFFI NI TY(r), [avai|l able| firam|The| Dow Chem cal | donpany), Conparative H* is
an el ast orfer i |supsgants @ g Ener | |yl ergig|1- oct ene copol yner
( AFFI NI TY(|r) ES[IUO | —avar ’anT g |fyonrThe | ~ow Cheni cal Conpany), Conparative
| is a substantjdllly]|l near |etlhyl ene/{1-logt €ne | clopol yner
(AFFI NI TY(|1© BL1B40,| avai | aplle |f fom [The |Daw| Chehiical Conpany), 25
Conpar ati & 3 6|8 |bydragepated &1%r(e.‘w/c«tm(aj£@1e/styrene tribl ock
copol ymer |[ G1ER2|° | 5UANCabl Bl FF QM KRATON Pol ymers), Conparative K
is a thernopl asgtilc |vul ¢anizate |(TPV,| a polyel efiin bl end contai ni ng
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-68 WO 2006/ 101932 PCT/ US2006/ 009411 Table 4 Hi gh Tenperature Mechani cal
Properties TMA-I mm Pel | et Bl ocking 300 % Strai n Conpression penetration

St r engt h v@o(2B&Api93Recovery (80C) Set (70C) Ex. (O | b/ PrT(UsBap/0®41100C)
(percent) (percent) D* 51 - 9 Failed E* 130 - 18 - - F* 70 141 6.8) 9
Failed 100 5 104 0(0) 6 81 49 6 110 - 5 - 52 7 113 - 4 84 43 8 111 - 4
Fai | ed 243] 9Tlgresuldng p@gmedstard @8ted by BRC aixd ATRETGB witlBprevie8s exemndes. - 8 - 79

13 95 - 6%471f412_5- 7- - 1596 - 5- 58 16 113 - 4 - 42 17 108
0(0) 4 BFugarepsiq ¥ 10 - - 19 133 - 9 - - G 75 463 (22.2) 89 Failed 100
H* 70 2b34f 18,2hs@ulFa thfhe 18B8mel 0f ddatnple 5Xhows a phak witR4 119.8 °Cahéigdg 100 K~
152 - 3 - 40 [2631 In Table 4, Conparative F (which is a physical blend of

t he t wopqint (fnBrveitlr @Bedt bf figionffo0dnVsi Tk ¢tarespeusligpCRYSTIAFaturenshowsithey
catal yst Al and 1) has a 1 nm penetration enper.at ure of t 7QC,
whi 1% Eﬁ]&ﬁsﬁp@& %%'%Q\)@ﬂhaﬁeqlﬁﬂr‘i?e‘?‘fgr PIrETLL ghﬁga?tW@ethe P%ggillara reater.

Furt her grg}t% 9 all have a 1 mm penetration tenperature of greater
t han SSPB?%t k% F%Livi ng 1 mm TMVA tenperature of greater than 90C or even

greater [21'45FnrﬁeDDgc_cﬁwﬁoﬁh@\@unmtofbmnﬂemhowhpa&r withaves et gélting
di mensi onal stability at 10 hi gher tenperatures _conpared to a physical
bl end. wEndmatwitkea beat af Busianer @0l J/SEES) cargesponding CRYSTAF curve shows the

tallest peak at 44.2°C with a peak area of 62.7 percent. The delta between the DSC Tm and

10  the Terystafis 71.0°C.

[246] The DSC curve for the polymer of example 7 shows a peak with a 121.3 °C melting
point with a heat of fusion of 69.1 J/g. The corresponding CRYSTAF curve shows the tallest
peak at 49.2°C with a peak area of 29.4 percent. The delta between the DSC Tm and the
Terystaf is 72.1°C.

15 [247] The DSC curve for the polymer of example 8 shows a peak with a 123.5 °C melting
point (Tm) with a heat of fusion of 67.9 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 80.1°C with a peak area of 12.7 percent. The delta between the DSC Tm and
the Terystaf is 43.4°C.

[248] The DSC curve for the polymer of example 9 shows a peak with a 124.6 °C melting

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

[249] The DSC curve for the polymer of example 10 shows a peak with a 115.6 °C melting
point (Tm) with a heat of fusion of 60.7 J/g. The corresponding CRYSTAF curve shows the

25  tallest peak at 40.9°C with a peak area of 52.4 percent. The delta between the DSC Tm and
the Terystaf is 74.7°C.

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

30  the Terystafis 74.1°C.

[251] The DSC curve for the polymer of example 12 shows a peak with a 113.2 °C melting

point (Tm) with a heat of fusion of 48.9 J/g. The corresponding CRYSTAF curve shows no
- 66 -



a good 1 mm TMA tenperature of about 107C, but it has very poor (high
tenperature 70C) conpression set of about 100 percent and it also failed
to recovewo(s@mples2br oke) during a high tenperature (8@Cr/30@spercent
strain recovery. Thus the exenplified polymers have a unique conbi nation
of properties unavail able even in sonme comercially available, high 15

per f or npaakequdles apmioazssbcc:el(asﬁy@uaem pufpdbetlofIunhdranlcylatidn iy theréfmbisstmt a | ow
(good) stora%e modul us ratio, G (25C)/G (100C), for the inventive polyners

3\;) 20825300@8 h@vﬁ@w@nﬁwgsﬁﬂm@négtﬁl?mﬁﬁﬁﬂ}/@ F) has a storage -69
US2006/,009411
et hyl en%gﬁ iﬁeeggé F‘SfngF th(e@(gmerr 1 é)e 131%£<|§‘§§T$Pg Wﬁgﬁgﬂégaﬁa&l@l&“& or age

modul uspgiaf (Ten)aRitiP4 | ﬁ&{t o@hst@w@uﬂﬁ%%ﬁ@&&&sﬁ&%ng ERYsTdesivaAvstthat the
storage nodul us ratio of e as close to 1 as possible. Such

pol yirer wlledt ipealbs 33r8e‘f&mthalgcak| amfifoé @ {7gurdeyt. t BrepdeltatbetvesendinelDSE0m ead ed
articles nmade fro h pol yners can be 5 usefully enpl oyed over a broad
tenperaﬁ’ﬁ@rxséﬂf@%q;ﬁs feature of |ow storage modul us ratio and

t enpera r r i ons
such agial TREBBEPIERA B LR pRER i Do R0 RImARRG bR [ D

Tabl e 4(Bhpwithlemeasdffasion 6hEn7.9 g Dat y(m?dfspoﬁmg Cgvmmroa sleeshs s

i nproved pellet bl ocking strength. In particular nple 5 has a pell et

bl ocki ntjtllgftt rpéﬁ’g@tﬁzeﬁ °C wth@ nopls aregwh A2 A gperoent. sTffer@Ha for:tmen dhaindierim pad

cong %ﬁ 7 Q?pared to Conparatives F and G whi ch show consi derabl e
bl o 81 |%% ength is inportant since bulk shipment of polyners

havi ng agpeTh PSki digvesStor BtGolsin &%e&ﬁﬁﬂetls'sﬁoﬂé @Al whh 4Ry B@C%elu%%' cki ng
t oget her upon storage or shi'pping, resulting in poor handling properfies.

[ 266] Hpght (tTelm)pErtlaa bea of TGE)n it HgsiTha coetspbuding RRYSRAINCwve sipoysther s i s
| [y | t 80 f bl
Pess. ¢ hialeshietls sriz-pak St ik orep o 0 eyt Lk Tetrnssate BSC bmBaf: ° Tn

contras #gﬁggy giyes F, G Hand J all have a 70C conpression set of 100
percent{ t he nai?nun1p055|ble val ue, indicating no recovery). Good high

t enper af255¢ TherPSEsairanfos éie dolpreriftrimplel16\wabwe s pealswith padb sl ICymaleiaded f or
applications such as gaskets, w ndow ;%r ofil es, o ri and the i ke -70
VD 2006P20L 60 witTa bentof éisignofdt 9 fey The cerrgsponding QR% 53 Al curve ghovyg the

tallest peak at 48.0 °C with a peak area of 65.0 percent. The delta between the DSC Tm and
the Tcrystaf is 68.6°C.

[256] The DSC curve for the polymer of example 17 shows a peak with a 116.0 °C melting
20  point (Tm) with a heat of fusion of 47.0 J/g. The corresponding CRYSTAF curve shows the

tallest peak at 43.1 °C with a peak area of 56.8 percent. The delta between the DSC Tm and

the Terystaf is 72.9°C.

[257] The DSC curve for the polymer of example 18 shows a peak with a 120.5 °C melting

point (Tm) with a heat of fusion of 141.8 J/g. The corresponding CRYSTAF curve shows the
25  tallest peak at 70.0 °C with a peak area of 94.0 percent. The delta between the DSC Tm and

the Tcrystaf is 50.5 °C.

[258] The DSC curve for the polymer of example 19 shows a peak with a 124.8 °C melting

point (Tm) with a heat of fusion of 174.8 J/g. The corresponding CRYSTAF curve shows the

tallest peak at 79.9 °C with a peak area of 87.9 percent. The delta between the DSC Tm and
30  the Terystafis 45.0 °C.
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0, 0y et S P S Py 17 0
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Q 00 aU a0i / d~n MNNOO V7 UM Lr)
5 ]260] The DSC curve for the polymer of comparative E shows a peak with a 124.0 °C

melting point (Tm) with a heat of fusion of 179.3 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 79.3°C with a peak area of 94.6 percent. Both of these values are
consistent with a resin that is high in density. The delta between the DSC Tm and the
Terystaf is 44.6°C.

10  [261] The DSC curve for the polymer of comparative F shows a peak with a 124.8 °C
melting point (Tm) with a heat of fusion of 90.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 77.6°C with a peak area of 19.5 percent. The separation between the
two peaks is consistent with the presence of both a high crystalline and a low crystalline
polymer. The delta between the DSC Tm and the Tcrystaf is 47.2°C.

15 Physical Property Testing
[262] Polymer samples are evaluated for physical properties such as high temperature
resistance properties, as evidenced by TMA temperature testing, pellet blocking strength,
high temperature recovery, high temperature compression set and storage modulus ratio,
G’(25°C)/G’(100°C). Several commercially available polymers are included in the tests:

20  Comparative G* is a substantially linear ethylene/1-octene copolymer (AFFINITY®,
available from The Dow Chemical Company), Comparative H* is an elastomeric,
substantially linear ethylene/ 1-octene copolymer (AFFINITY®EG8100, available from The
Dow Chemical Company), Comparative I is a substantially linear ethylene/1-octene
copolymer (AFFINITY®PL1840, available from The Dow Chemical Company),

25  Comparative J is a hydrogenated styrene/butadiene/styrene triblock copolymer (KRATON™
G1652, available from KRATON Polymers), Comparative K is a thermoplastic vulcanizate
(TPV, a polyolefin blend containing dispersed therein a crosslinked elastomer). Results are

presented in Table 4.
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[263] In Table 4, Comparative F (which is a physical blend of the two polymers resulting

from simultaneous polymerizations using catalyst A1 and B1) has a 1 mm penetration

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

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

greater than 85°C, with most having 1 mm TMA temperature of greater than 90°C or even

greater than 100°C. This shows that the novel polymers have better dimensional stability at

10

higher temperatures compared to a physical blend. Comparative J (a commercial SEBS) has

a good 1 mm TMA temperature of about 107°C, but it has very poor (high temperature 70°C)

compression set of about 100 percent and it also failed to recover (sample broke) during a

high temperature (80°C) 300 percent strain recovery. Thus the exemplified polymers have a

unique combination of properties unavailable even in some commercially available, high

15

performance thermoplastic elastomers.

[264] Similarly, Table 4 shows a low (good) storage modulus ratio, G*(25°C)/G’(100°C), for

the inventive polymers of 6 or less, whereas a physical blend (Comparative F) has a storage

-69 -



Tabl e' 6 Pol ymer Optical Properties Ex. Internal Haze (percent) Carity
(percent) 45 A oss (percent) F* 84 22 49 & 5 73 56 5 13 72 60 6 33 69
53 7 28 W0 26&/1089320 65 62 9 61 38 49 10 15 73 67 11prt3/1B2008/009412 8 75
72 13 7 74 69 14 59 15 62 15 11 74 66 16 39 70 65 17 29 73 66 18 61
22 60 19 74 11 52 & 5 73 56 H- 12 76 59 1* 20 75 59 [271] The optical
pr oper t medulue prdiotcf@ and afaindomn 6thgtene/betsre caplyymemCospaativerdl) désinfilakms 5
substantially | acking i rientatiqn. tical properties of the polyners
may be @%ﬂsi% a%%Pfaggmguﬁ’éﬁﬂ&?n ‘&Fgéf ‘%f%%’éﬁl‘i“g? %’r‘ﬁgf (B9 Y4t desiiable taatsie
resul ti HHAURS r@td S AdlyhBeoLusasety 186 poshiae.n fiyrhélg waggRt enpl oyed
S6ralgb HBAURE kAl GXh Adhyrhl § pofsii. sclgég%qo 49 w958

in the polynerization. ractions of Multi- ners
Ext r act retgtivelyuthadsctod by hemppodtyeparsl fabrieptadptielss Mmad¥ framdsuCh ppbmets cen Y€ ar e

10 conduc . Int experinments, the pol yher .s le . is weighed jnto. a

ol act 1 PR emiloye et BRrp b tcroRet-, Lh® Fbt af I saRa nE s et
extract gid tethiperafité frleh&Hdedéel 8 pRARHIa8ly ukSfuPHl GREHMirlaBpRebAYIRN 280 a 500mL
round bottomflask is charged with SEO mL of dlethy? ether. The flask is

t hen fipieasyre sensitive adhesiyetfonmulatianset her is heated while being stirred.

Ti i .t h [ t d ' t he thi nbl e, dth

15 ot T 288} End B} TIER ARD dBRBRIFS Raf PR 0B RTort B o iSphdl BREGs 21F 11

time, hiagrongl peslet Bibelape strenipch. tIagagitduliir] Btankisle §|hh9M\E§lldt BloeRilg. stréndth @F her
SK.

remaining in the extractaor is returned to the fla The ether in the
flask i %?VéRﬁaa@@améer ig fige floving indenthe gppditiges tested, compared to Comparatives F

and G which show considerable blocking. Blocking strength is important since bulk
shipment of polymers having large blocking strengths can result in product clumping or
sticking together upon storage or shipping, resulting in poor handling properties.
[266] High temperature (70°C) compression set for the inventive polymers is generally

15  good, meaning generally less than about 80 percent, preferably less than about 70 percent and
especially less than about 60 percent. In contrast, Comparatives F, G, H and J all have a 70°C
compression set of 100 percent (the maximum possible value, indicating no recovery). Good
high temperature compression set (low numerical values) is especially needed for

applications such as gaskets, window profiles, o-rings, and the like.
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tenperature, and the resulting solids are purged dry with nitrogen. Any
residue is transferred to a weighed bottle using successive washes of
hexane. TWe 2e@nioi9sed hexane 20 washes are then evapor at edTwiseéveaomther

ni trogen purge, and the residue dried under -73 WD 2006/101932

PCT/ US2006/ 009411 vacuum overni ght at 40C. Any remmining ether in the
extractor is purged dry with nitrogen. [273] A second clean round bottom
flask charged with 350 nL of hexane is then connected to the extractor.
The hexane is heated to reflux with stirring and maintained at 5 refl ux

for 24 hoyrs—aftertexeaneTrs st atioegcongenstig into the thinble.
Heating ig then sttopped @and| the fllask |s &l | gwed {of gool . Any hexane
remai ni ng |i n2.be| extriacton g |trrangflefried pack [to the flask. The hexane is
removed by &éapdr gt | dn|undel |vacuum gt | |ambj ent |t énmperature, and any
. Hooh . o = (= . .
resi due renmaifn¥ Ag |i'n [tthe| f]Ipgktis |t ansflenredr q '@ wei ghed bottl e using
successi ve hexang |washes. |Theg hexane |i h |t hel fil ask|iis jevaporated by a 10
nitrogen purge, @and|the res|due is yvgcuum|driled loyerni ght at 40C. [274] The
pol ymer sewqﬂgggena ni mg| ifn|{ tihe [t hi pal e |afiter] thelextiractions is
transferred gfsgn] t he <t hidil).gl9 ca-vekghed bakthle|ard vacuumdried
over ni ght at A0 [Regul TS ar g~ clont ailned il Tablle /" Tabl e 7 ether ether C8
hexane hexan&® C8| rlesijdliel |wi.| $ol ubl g sql ybl ¢ mdl ¢ sl ubl e sol uble nole C8
mol e Sanpl € €W (pericent )l pegrcent’ | (g) _|(per gent)) gercent' percent Conp.
1.097 0.063%'@@@%12 D0z[248| 12|98 18.18|HH Fle|dix (S5 |1. 006 0. 041 4.08 -
0. 040 3.98 f£ 211 6" ERI=[7| 12092 |0l QT [£I 50 [T823|0.'012 1.10 11.7 9.9 15
Determ ned ky C NYR| Addi tijopdl | Pollygr | BExanplies (19 |A{F, Continuous Sol ution
Pol yneri zat &an, gCat al lyst| [A]/|182 + DPBZ|[|275] |Cont i nugus sol ution
pol yrer i zat Eanis Sarje| darrj ed| qut in a|conputer conirioliled well- 20 m xed
reactor. PuRidd &d|n &P @ Rané&ss|Sal vaRs|@lspplraM& avai | abl e from
Exxonhbbi | enf dal [Conpany)|, | et Ry[ ¢gne,[ 1T+ actene,| and hydrogen (where
used) are ggc>i§ec and| fed|tjola 27| galljon reactjon.| The feeds to the
react or argg gL e %) ass - ol O cpniteld ef sol(Thel tenperature of the feed
streamis [contF ol e 1By IidE! « ar??/kﬁ°°555 ed["Reatl ‘exchanger before
entering tlhe reagct/of.| The |[catjal yist| cqnmponent |soljufijons are netered using
punps 25 ap@ rlsk |f| gw|netlefs. | The rdactiaq j9 tuniljquid-full at
appr oxi matBE\E S0, \piklq | pf s&5Ur (318!, |5] (S]] [§IB] ||,
o
5| B54%
‘E égflgl |gﬁ' l%;’l}l L3 U AT T U A I I R ORI AT NI A S A
2,
Qo
A .Sé
— k<!
§ %DEAﬁ?\l\ﬂ-SoowromNgﬁvl\moovmsoo—'gc\l\ox
g IR IS 1] pani b2 ] Pt p P4 S 0] pd A Rt D3 Ba] 14 P B ) Y IS4
=
Q
s 28
0] 52%0—‘(\!\0#ﬂ'ﬁ'Nﬂ'\OMMO\ONmO\Dl\WO\N
E = —|en i R R e e I e e Fa R R R R A K KoY E S Bl R K Kaa Y B
& .
2 0
£ 33 . 2
[0 g&,? — 0| — N g
E: Eﬁg\/lllglgﬁlllgllzllllll|I| (DN
= 8~
[
2 2% Epe
E Eggl |S lﬁml 1 I(':"‘I ISI 1 1 ) 1 ] 1 1 1 ég
w 02
2| oz 0
g Té%’«? N == Aifen o~ ‘E"Q
R B B R e PR PR e et T L R I
@ Q
3 @ = 8
ﬁ‘g % v o~ Ni\D (=] -
== 88 RS|5|RB|F|FLQISIRC|S|2QIKSIRC[L|R] |
”Eéimol\wmﬁzﬂﬂiﬁf‘:fﬁ*@a&t&%&

71



Upon exiting the reactor, water and additive are injected in the polyner
solution. The water hydrolyzes the catalysts, and term nates the

pol yner i 280i2006/10ewet i ons. The post reactor sol ution isPChars2éveavsadl i n
preparation for a two-stage devol ati zation. The solvent -74 WO 2006/ 101932
PCT/ US2006/ 009411 and unreacted nononers are renoved during the

devol ati zelp nTahie)ﬁ elows reldtspfot mlaselnanioabpxtopbﬂiepfnmmjn&vopalymieﬂs dsovellasder wat er
pell et cu t| n [ 276] .Process detai]s and result are_ cont ahﬁf in Tabl e

7A. Sel ec S)FHEWB? YIpers at gp eB‘rtSWG‘@H“?% IRy &e sesnd, ble 7C. 5
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[268] Tear strength as measured by tensile notched tear strength of the inventive

polymers is generally 1000 mJ or higher, as shown in Table 5. Tear strength for the
inventive polymers can be as high as 3000 mJ, or even as high as 5000 mJ. Comparative

10  polymers generally have tear strengths no higher than 750 mlJ.

[269] Table 5 also shows that the polymers of the invention have better retractive stress
at 150 percent strain (demonstrated by higher retractive stress values) than some of the
comparative samples. Comparative Examples F, G and H have retractive stress value at
150 percent strain of 400 kPa or less, while the inventive polymers have retractive stress

15  values at 150 percent strain of 500 kPa (Ex. 11) to as high as about 1100 kPa (Ex. 17).
Polymers having higher than 150 percent retractive stress values would be quite useful for
elastic applications, such as elastic fibers and fabrics, especially nonwoven fabrics. Other
applications include diaper, hygiene, and medical garment waistband applications, such as
tabs and elastic bands.

20 [270] Table 5 also shows that stress relaxation (at 50 percent strain) is also improved
(less) for the inventive polymers as compared to, for example, Comparative G. Lower
stress relaxation means that the polymer retains its force better in applications such as
diapers and other garments where retention of elastic properties over long time periods at

body temperatures is desired.
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G* 5 73 56

5 13 72 60

6 33 69 53

7 28 57 59

8 20 65 62

9 61 38 49

10 15 73 67

11 13 69 67

12 8 75 72

13 7 74 69

14 59 15 62

15 11 : 74 66

16 39 70 65

17 29 73 66

18 61 22 60

19 74 11 52

G* 5 73 56

H* 12 76 59

I* 20 75 59

[271] The optical properties reported in Table 6 are based on compression molded films

5  substantially lacking in orientation. Optical properties of the polymers may be varied over
wide ranges, due to variation in crystallite size, resulting from variation in the quantity of
chain shuttling agent employed in the polymerization.

Extractions of Multi-Block Copolymers

[272] Extraction studies of the polymers of examples 5, 7 and Comparative E are

10  conducted. In the experiments, the polymer sample is weighed into a glass fritted
extraction thimble and fitted into a Kumagawa type extractor. The extractor with sample
is purged with nitrogen, and a 500mL round bottom flask is charged with 350 mL of
diethyl ether. The flask is then fitted to the extractor. The ether is heated while being
stirred. Time is noted when the ether begins to condense into the thimble, and the

15  extraction is allowed to proceed under nitrogen for 24 hours. At this time, heating is
stopped and the solution is allowed to cool. Any ether remaining in the extractor is
returned to the flask. The ether in the flask is evaporated under vacuum at ambient
temperature, and the resulting solids are purged dry with nitrogen. Any residue is
transferred to a weighed bottle using successive washes of hexane. The combined hexane

20  washes are then evaporated with another nitrogen purge, and the residue dried under
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[273] A second clean round bottom flask charged with 350 mL of hexane is then

connected to the extractor. The hexane is heated to reflux with stirring and maintained at

5  reflux for 24 hours after hexane is first noticed condensing into the thimble. Heating is

then stopped and the flask is allowed to cool. Any hexane remaining in the extractor is

transferred back to the flask. The hexane is removed by evaporation under vacuum at

ambient temperature, and any residue remaining in the flask is transferred to a weighed

bottle using successive hexane washes. The hexane in the flask is evaporated by a

10

nitrogen purge, and the residue is vacuum dried overnight at 40°C.

[274] The polymer sample remaining in the thimble after the extractions is transferred

from the thimble to a weighed bottle and vacuum dried overnight at 40°C. Results are

contained in Table 7.

Table 7

wt.
()

ether
soluble

(2

ether
soluble
(percent)

Cs
mole
percen’t1

hexane
soluble

€24]

hexane
soluble
(percent)

Cs
mole

percen’c1

residue
Cg mole
percent1

1.097

0.063

5.69

12.2

0.245

22.35

13.6

6.5

1.006

0.041

4.08

0.040

3.98

14.2

11.6

1.092

0.017

1.59

13.3

0.012

1.10

11.7

9.9

15

P

I Determined by ~“C NMR

Additional Polymer Examples 19 A-F, Continuous Solution Polymerization, Catalyst
A1/B2 + DEZ

[275] Continuous solution polymerizations are carried out in a computer controlled well-

20

mixed reactor. Purified mixed alkanes solvent (Isopar™ E available from ExxonMobil

Chemical Company), ethylene, 1-octene, and hydrogen (where used) are combined and

fed to a 27 gallon reactor. The feeds to the reactor are measured by mass-flow controllers.

The temperature of the feed stream is controlled by use of a glycol cooled heat exchanger

before entering the reactor. The catalyst component solutions are metered using pumps

25

and mass flow meters. The reactor is run liquid-full at approximately 550 psig pressure.

Upon exiting the reactor, water and additive are injected in the polymer solution. The

water hydrolyzes the catalysts, and terminates the polymerization reactions. The post

reactor solution is then heated in preparation for a two-stage devolatization. The solvent
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Filled Pol ynmer Conposition Exanples [277] Certain filled pol ymer
conposi t i amdsmwearted prapoaeedara sémaeyed dBainp theydavblatizatiohihocess. hihepdymenl ef i n

i nt erpol yner. was ag ed to. the heated anher and mxed for 2 mnutes at 50
-75 rpm fIgTﬁFH\Bé‘HIPS ???életfﬂ{e“%drexﬁwgtﬁb]f’eé%?% 8&pl us pigment and ni xed for 3

m nutes. g Pro€BRUBERS arfdf rebllB 8¢ YorltAIHEER BibleS7 ANdelebtkd &&e@ﬁ%@ﬁﬁ@d the
batch m xed at 30 - 50 rpmfor an additional 8 -12 m nutesS. The batch

t enper at wareprogidgdie dable [7Bvwmt3Bgle 7Ge conpound was dropped from the mi xer
and fuyrther processed by calendaring a thin sheet (approx 3m) on a cool,
two roll mll through a single pass. The m|led sheets were coll ected such
that the sheet was not stressed during renoval fromthe rolls. The final
sheets were allowed to cool 10 between cardboard sheets and subsequently
used for physical and mechanical property testing or conpression-nol ded
into sheet by heating at 190 C without pressure for 2 mnutes, then at
88.9 kKN force for 2 mnutes, followed by cooling at 10 C for 4 m nutes at
88.9 kN force.
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[278] Alternatively,

Haake Rheom

x 300

r heonet er.

the filled polyner conpositions were prepared using a
The tenperature of the sanple bow was set at

190 C andwoheowwise speed 15 was 40 rpm To the sanpl e ponusems/oedded each
conponent separately. The ethylene/a- olefin interpolyner was added first

to establi sl
slow rate s
bank graduj
conti nued f
est abl i shed
nmol ded a Ga
m nut es. Th
equilibrate
The filler

calcium ca
conparative
Table 8. -7
i~ - M N
U ON 00 110

Table 7a Polymerization Conditions for Polymers 19A-J

ha nelt
D that &
al |y, Af

DI a?mge

ver, atg
gt &
] at rog

conten
bomaﬁtg

D
)

Cocat
1

t1

DEZ DEZ Conc

Flow Conc

Coca

Cat
B2
Ib/hr wi%

Cat

B2}
Conc
ppm

Al
Flow

Ib/hr

Cat

Cat
Al?
Conc.
ppm

T
scem!  °C

H,

C2H4 C8H16 Solv.
1b/hr Ib/hr

Ib/hr

Ex.
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bank, andthenthei1organicfi||er was added at a
h& gomdgrmf;tlﬁer, was|incorporated into the polynmer nelt
ter all the conponents were added, the m xi ng was
di gel B P ok gntil a stable torque has been
sSforSf B théd % eStrng|and 20 eval uati on were conpression
ogeLig press, at 199 Clunder 44.45 kN force for 3
Fegerl g vggargg: ggugsequent |y quenched with the press
mterrperature using ap el ectronic cooling bath. [279]
Shardngss, -heatgrgsi stance and flexural nodul us of
fE1 Eed polyners cpnPos|tions provi ded herein and
exanpl es are 25 conpared. These data are shown in
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PCT/ US2006/ 009411 [280] The filled polynmer conpositions provided herein
( Exanpl eswdQo06281932 Tabl e 8) showed rel atively higher fPlcexisbodciovssdheat
resi stance i ndex and softness-heat resistance index. High

har dness-nornal i zed tenperature resistance is desired for applications
requiring heat resi st dtiled BokymegiGompasitioroExamplesbi [ity. 5 [281] The
sof t ness- Heat resistance i ndex conparison for the new filled pol yner
conposi pﬂ@hsCma}mﬁﬂeﬁngm'r corffositinmls er@prep@8d iusingalBaabﬁ)y naixer. fore fill ed

AFFI NI TY 0. at vari ous f | lLer content, | evel trated in
Fi gure @ ys&e 99 %%} Wtw@ym%w%a dFﬂéOthF%F? s@cm‘gﬁw ﬁiﬁ%’é’??ﬁ&ﬂ% et h
et hyl engy %%&%nme& 6% Pohy gfegi’én%%uﬂggﬁ'g?t J}C%%(eg ﬁ}r%trhﬁﬁkag Prhgherlo

sof t ness- resistance in ver ara I"'er cont ent
[ 282] Tieeaiddexofthk dr)ymg’mlientseemdsnlawme aildetesndaberpaich suxed ab B0 @ mefof i | | ed

I . [ L . d f f l.ed AEEL NLTY(r 200
bver o FHHETOR BRI i CUOHeBRE T By armaped PP P Gtotb fHiNe 8.
As see nwhsﬂdljbpﬁed( fr G Be mbRe ahd Flr@dr PRLYIBI by EASRMSIhE h e shéek (approx 3mm)
et hyl ene/a-olefin int erg' ol ymer ( MPLES #20-23) provided herein have

rel ati ven g conlgiivesrroflineilithiough 9sm@betpars@§3h§tr@1ﬁ@@slne\frtﬁéxergvelﬂe%pdrsaﬁlgﬂlabth%acoe

filler gontent The T |

corposi TRBREAgoSRereT i SmbYE o Wrol 2L E IRt 1o RS ey
range Obetwaéd Eardbdak®sheeBhe Blibsegycaltly A&l folr phididad bedimiethankdafpropeBptestirg seen
inthe figure, the filled polglmer conpositions with ethy|lenela-olefin

i nt er poPSeAEIPTESSioANPOIdel #pQsheg bbh@ﬁ%éﬂl?{ér(‘e}”ﬁhﬁlﬁ\%esﬁ‘éqeeﬁ”i LBnnntes Hiear  TVA
20T 2641 T il o s B RRU ) oG TBCE: 4 Bl s ey o
herei n 78] fAttenﬁthly&,dhd\ﬁHéd\deymm) cdng@ibne were prepand esiof aMwadnhlar

[T od B YRemelet bR theshrg ey AsIogr 100 ey JBigHErPeRxAVPLES
I Tor o R T o e R Sher] Wb S, TheARMRcRL S

i1l ustrealkés naeq@bb»&nernfwaﬂv&de(d:lﬁmjtowetabhm smeolt dak, had theagke fnorgasiwnfdleriwasent i ve

pol ymer s S. CO ared t sone rrers S #20-23 . Control
e AT e S e e b iy BHPEY BB 510 15 PHRRSL TS or ous
flex mogiaiifly Alfied QiEnel lﬂgﬁh&ﬁt?we&fﬁcﬁd@@ the m¥ing VAP 86:8fhub fFABBuRRAWN

pol ymer§. ( EXAMPLES #20- 2 Control #1-4 in 30 Table 8). [287] Certain

of the oieuigs crruptit a blablg tonghig hes beso epteblishedriammlenforfutheeiesiing &dow i npr oved

_fll_:gltz % SS ' ﬁlhag'%ﬁ%wf%r%ggﬁlgfessmr}/ mgﬁfeg A GarfS aﬁ%%m p@es-g%jp h&o & uddie g5 gXAmPl es in

force for 3 minutes. The molten materials were subsequently quenched with the press

equilibrated at room temperature using an electronic cooling bath.
[279] The filler contents, hardness, heat resistance and flexural modulus of calcium
carbonate filled polymer compositions provided herein and comparative control examples are

25  compared. These data are shown in Table 8.
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eval uated. The

pol ymer conpositions with various additives and about 80 wt % cal ci um

carbonate were -80 WO 2006/ 101932 PCT/ US2006/ 009411
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00rl x [280] aThe ﬁHed polymencampositions prayided hgrein (Bxamples20- 2ﬁ11n Table 8) Vol Q WW

W s viossegyhn s Mele TexinbsR sesittonce Sk thd Seffiborhed RS pdeg g

filled PRtyiRInEOIPRSizb@RtnerdntdFiRardd iCIRiPBH FRGpPliBhs reﬁhﬁm lichti t y- Heat
Resi stance I ndex (FHRI) and softness-Heat Resistance |Index (SHRI") than

cor r espisistange awshiedi tanehver flexibikiot 5. Sinilarly, the filled pol ymer
conpps ' Eés‘il‘ ?fle %@J-ﬁeat resistance index comparison for the new filled polymer

compositions provided herein (Examples 20- 23 in Table 8) and for filled AFFINITY®
EG8200 at various filler content level are illustrated in Figure 8. As seen in the figure, the
filled polymer compositions with ethylene/ci-olefin interpolymer provided herein have
relatively higher softness-Heat resistance index over a range of CaCOjs filler content.

10  [282] The flexibility-Heat resistance index comparison for the new filled polymer
compésitions provided herein and for filled AFFINITY® EG8200 over a range of CaCOs3
filler content level are illustrated in Figure 8a. As seen in the figure, the filled polymer
compositions with ethylene/a-olefin interpolymer (EXAMPLES #20-23) provided herein
have relatively higher flexibility-Heat resistance index over a range of CaCOj; filler content.

15 [283] The TMA (1mm) for the new filled polymer compositions provided herein and for
filled AFFINITY® EG8200 over a range of CaCOs filler content level are illustrated in
Figure 8b. As seen in the figure, the filled polymer compositions with ethylene/a-olefin
interpolymer (EXAMPLES #20-23) provided herein have relatively higher TMA over a
range of CaCO; filler content as compated to TMA for Control #1-4,

20 [284] The TMA (1mm) for the new filled polymer compositions provided herein and for
filled AFFINITY® EG8200 over a range of CaCOj filler content level are illustrated in
Figure 8b. As seen in the figure, the filled polymer compositions with ethylene/o-olefin
interpolymer (EXAMPLES #20-23) provided herein have relatively higher TMA over a
range of CaCQOj filler content as compated to TMA for Control #1-4.

25  [285] Figure 8c illustrates a plot of TMA (1mm) versus shore A hardness for some
inventive polymers, as compared to some known polymers . (EXAMPLES #20-23 vs.
Control #1-4 in Table 8).

[286] Figure 8d illustrates a plot of TMA (Imm) versus flex modulus for some inventive
polymers, as compared to some known polymers. (EXAMPLES #20-23 vs. Control #1-4 in

30 Table 8).

[287] Certain of the exemplary filled polymer compositions provided herein show improved
heat resistance-flexibility balance as shown in Table 9. In the examples in Table 9, the filled

polymer compositions with various additives and about 80 wt% calcium carbonate were
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25 exhibited better flexibility-heat resistance bal ance than conparative
Control 6 and Control 5 6a. [289] It is further noted that the filled

pol y( et hyweneexwissznyl acetate) copol ynmer conposition oowsdoodaarsness

hi gher than that of other Exanples and conparative Control sanples at a
simlar filler content |evel. Measurenent of Properties For Exenplary

Fill ed Raluatedr Therpmpbsitions harﬂﬁes[sZDM]A H’@bt@ismce atd:mperamse sohftexaradnpl ary
filled polyne osi ti,ons |S|n S Ex |l e 19d and
Ecarpl €MeGus o8 OrP O RPN PRI T PIATE HETIPHE (¢ he
anmount S provided in Table
10). %{rre%ﬁk%dﬂ% ydﬁﬁ{aﬁ%ﬁ? CB y%l%%gﬁblggg@???g%? His?@ﬂ gs r heol ogy, density,
conpression set, shore A hardness, TMA and sheet tensile. Tables 12 and 13
provi de protocol for the 15 synthesis of the exenplary filled polyner
conpositions conprising the inventive interpolynmers and traditional

pol ynmer. Table 14 provides indexes that ratio Mddulus and Hardness to the
TMA penetration tenperature. [291] The rheol ogy of sone exenplary filled
pol ynmer conpositions was neasured at 150C and 15% strain. The nethod used
25mm di aneter parallel plates and a 2. 0nmm gap. The 20 sanples were
conditioned at the tenperature for 300 seconds prior to the start of the
test. The frequency sweep covered the range of 0.1 to 100 rad/sec The
rheol ogy of sone exenplary filled polyner conpositions are shown in Table
11 and Figures 9 and 10. [292] The densities of sonme exenplary filled

pol ymer conpositions were neasured according to ASTM D792, which is

i ncorporated herein by reference. The densities of sone 25 exenplary
filled polymer conpositions are shown in Table 11. [293] The conpression
set of some exenplary filled polynmer conpositions were neasured according
to according to ASTM D 395 as descri bed above. The conpression set results
of sonme exenplary filled polynmer conpositions are shown in Table 11 and
Figure 11. [294] The Shore A hardness of sonme exenplary filled pol yner
conpositions were nmeasured 30 according to ASTM D 2240, which is

i ncorporated herein by reference. The Shore A hardness results of sone
exenplary filled polyner conpositions are shown in Table 11 and Figure 12.
-83 WD 2006/ 101932 PCT/ US2006/ 009411 [295] Therrmal Mechani cal Anal ysis
(Penetration Tenperatures) of sone exenplary filled polymer conpositions
are neasured as descri bed above. The TMA results of sonme exenplary filled
pol ymer conpositions are shown in Table 11 and Figure 13. [296] The tensile
strength and el ongati on of some exenplary filled polymer conpositions 5
were neasured according to ASTM D 412, which is incorporated herein by
reference. The
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corresponding comparative Control 5. Similarly, the filled polymer composition of Example

= )
L3

25 exhibited better flexibility-heat resistance balance than comparative Control 6 and Control
5 ba.
[289] It is further noted that the filled poly(ethylene-co-vinyl acetate) copolymer
composition showed hardness higher than that of other Examples and comparative Control
samples at a similar filler content level.
Measurement of Properties For Exemplary Filled Polymer Compositions
10 [290] Table 10 tabulates some exemplary filled polymer compositions comprising
interpolymers of Example 19d and Example 19h, Engage® 8450, ENR 7467 and Elvax ®460
as polymers (the amount of the polymer and the other components used is provided in Table
10). Table 11 shows their physical properties, such as rheology, density, compression set,
shore A hardness, TMA and sheet tensile. Tables 12 and 13 provide protocol for the
15  synthesis of the exemplary filled polymer compositions comprising the inventive
interpolymers and traditional polymer. Table 14 provides indexes that ratio Modulus and
Hardness to the TMA penetration temperature.
[291] The rheology of some exemplary filled polymer compositions was measured at 150C
and 15% strain. The method used 25mm diameter parallel plates and a 2.0mm gap. The
20  samples were conditioned at the temperature for 300 seconds prior to the start of the test. The
frequency sweep covered the range of 0.1 to 100 rad/sec  The rheology of some exemplary
filled polymer compositions are shown in Table 11 and Figures 9 and 10.
[292] The densities of some exemplary filled polymer compositions were measured
according to ASTM D792, which is incorporated herein by reference. The densities of some
25 exemplary filled polymer compositions are shown in Table 11.
[293] The compression set of some exemplary filled polymer compositions were measured
according to according to ASTM D 395 as described above. The compression set results of
some exemplary filled polymer compositions are shown in Table 11 and Figure 11.
[294] The Shore A hardness of some exemplary filled polymer compositions were measured
30  according to ASTM D 2240, which is incorporated herein by reference. The Shore A
hardness results of some exemplary filled polymer compositions are shown in Table 11 and

Figure 12.
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exemplary filled polymer compositions are shown in Table 11 and Figure 13.

[296] The tensile strength and elongation of some exemplary filled polymer compositions
5  were measured according to ASTM D 412, which is incorporated herein by reference. The

tensile strength and elongation results of some exemplary filled polymer compositions are
shown in Table 11 and Figures 14-17.
[297] The tear strength and elongation of some exemplary filled polymer compositions were
measured according to ASTM D 624, which is incorporated herein by reference. The tear

10  strength and elongation results exemplary filled polymer compositions are shown in Table
11. and Figures 18-19.
[298] The flexural properties of some exemplary filled polymer compositions was measured
according to ASTM D790, which is incorporated herein by reference. The results of flexural

property testing exemplary filled polymer compositions are shown in Table 11 and Figure 20.

15
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TMA/ Sheet

Hardness

2%Modulus Shore A
Polymer /TMA 10s
Example 24 229 1.8
Example 25 13.7 2.0
Example 26 134 2.0
Example 27 25.5 1.6
Control 5 47.5 1.1
Control 6 32.3 1.1
Control 7 37.4 1.0
Control 10 14.4 1.8
Control 6a 47.9 1.0
Control 8 82.8 1.1
Control 9 93.4 1.0

[299] As demonstrated above, the filled polymer compositions comprising an ethylene/o-
olefin interpolymer provided herein have, for example, higher heat resistance, better
5  flexibility, and improvement in heat resistance-low modulus balance. In certain

embodiments, the filled polymer compositions provided herein exhibit improved heat
resistance-flexibility-processibility-filler uptake level combination; higher heat resistance;
comparable or better flexibility; and comparable or better filler uptake level. Such improved
properties render the compositions provided herein suitable for applications in noise vibration

10  and harshness improvement, in automotive flooring and rooftops, in coatings for cable and
wire.
[300] Furthermore, compared with traditionally known copolymers, the new ethylene/o-
olefin interpolymer provided herein exhibit higher crystallization temperatures and thus
higher green strength at relatively higher temperatures. This will allow higher set-up

15  temperatures, shorter set-up time and faster production rate in injection molding, calendaring,
thermoforming and other similar types of operations. The ethylene/a-olefin interpolymer
provided herein should yield lower shrinkage relative to random copolymers. Additional
advantages, applications and characteristics are apparent to those skilled in the art.
[301] While the invention has been described with respect to a limited number of

20 embodiments, the specific features of one embodiment should not be attributed to other

embodiments of the invention. No single embodiment is representative of all aspects of the

-95 -
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2006/ 101932 PCT/ US2006/ 009411 Table 14. Ratio of Mddul us and Hardness to
t he TMA peoebscisa tenperature TMA/ Sheet Hardness 2%ibdiscas/o8liore A
Pol ymer /TMA IN Exanple 24 22.9 1.8 Exanple 25 13.7 2.0 Exanple 26 13.4
2.0 Exanple 27 25.5 1.6 Control5 47.5 1.1 Control6 32.3 1.1 Control ?
37.4 1.0 Control 10 14.4 1.8 Control 6a 47.9 1.0 Control8 82.8 1.1
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conpositions conprising an.ethyl ene/a- ol efi.n .interpol yner provided herein
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| pr ovepRitodd fo eBhcliES iod hRNeBsthRIIFRE ofiSank @bAMe Eads! ? sepk hél dhumerated
enbodi ment's, the filled polymer conpositions provi ded herein exhibit
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traditi %@Eﬁtkéﬁ known copol yners, the new ethylene/ (x- olefin interpolyner
provi de erein exhibit higher crystallization tenperatures and thus
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hi gher green strength at relatively higher tenperatures. This wll allow
hi gher set-up 15 tenperatures, shorter set-up tine and faster production
rate in iwpeeodadiom3eol di ng, cal endaring, thernoform ng aou/ustévenosit | ar
types of operations. The ethylene/a-olefin interpolyner provided herein
shoul d yield | ower shrinkage relative to random copol yners. Additi onal
advant ages, applications and characteristics are apparent to those skilled
in the h@t_lS[CBU[}f_leWi | e the invention has been described with respect to a
limted nunber of 20 enbodi nents, .the specjfic features of one enbodi nent
shoul d not Be at tAfiled BRIyms! eArpRASIORAIBINITESt s of the invention. No single
enbodi nent ia re%rp%wéaa ljve of all aspects of the -95 WO 2006/101932
PCT/ U82006/(§ 94 i‘nvention. In sone enbodi nents, the conpositions or

met bods may (iincl uddlenumer ous conpounds or steps not nentioned herein. In
ot her enbodi nents, the coppositjans or t hods do not include, or are
substaﬁ’i’}ieé?mi‘zhefﬂoci‘@n?ffc,omcﬂ‘iﬂﬁ TBhBYIRRRLO-gle iy aisLp eretﬁ?fmerat ed herein.
Variations and maﬁh fi gat h MF/NIA G0 DRuf£S96 hRaA 38TRORASTBRS fefiitlost . Final 'y,
any 5 nunber disclosed herein should be construed'to nmean approxi mate,

r egar dipess, Bih, ishdegtees Celsis, audraidenaitnd, in grams/gppic srittimgtet, ywhetein theed i n

describing the nunmber. The. append | ains. I,ntend to cover all those

nodi f i d’é‘fr%ﬁlﬁg Vé‘ﬁ'ﬁs\‘?gﬁ‘fnaaﬂ%o%% r%gpqr@ﬁpﬁlhegreya%towlﬁp.t he scope of the invention.
-96,0W0 2006/ 101932 PCT/#/S20061.90W38.5(dhad4202@kpbred is: 1. Afilled

pol ymer conposition conprising: (i) a polyner and 5 (ii) a filler, wherein
t he pol ymer conprbkes Mﬁaé@w@%@fﬁr@naahﬂuéfﬂﬁo rbau Bpo pydrisicharagieriggd has a

My 1\ 4 R I P A a 5 Ll Ra@s; ' int, Tin, in
degr co (i) BERMEnA ih el adfuuatihyy, R0k BERTELLNAIERAIM . TT 1o
numer i ahé tev@etitsre difickencertdtweenahe adlpamBQ pedkmdriied atled CRVPFARO Tin >
-2002.9 + 4538.5(d) - 2422.2(d)2; or ( has a Mh fromapout 1.7 to
about Pesk, melnéh%weatc@évﬁ%é&% Ay and @%%V%@eff&ﬁg%ﬁ,g rolghienshipsy  and a

del fsa quanti tyry >A7 120GtAE6 I €281 fop At MRatdPitaRShodd ubl& 15@IREr at ure
di fference beZ%/FwEen t%\% tall est DSC p%%ﬁ anél1 thg taIuPest CFR@STAF peak,

wherein the nunerical VAT ael8°GforATH greatenthanahd® Hghe fol | owi ng rel ati onshi ps:
15 AT > -0..1299 + . 62. 81 r AH greater. than zero.and up.to 130 J/g, AT
=" 460 ruhetsih T cRy STARE Tt e iR fliedsh S Ped SR AR et e e
usi ng afolyR@S hnPif RBE ERALS fircdnh Bf e Polyidr hes an identifiable CRYSTAF peak,

then the CRYSTAF temperature is 30°C; or

20 (c) is characterized by an elastic recovery, Re, in percent at 300
percent strain and 1 cycle measured with a compression-molded film of the ethylene/a-
olefin interpolymer, and has a density, d, in grams/cubic centimeter, wherein the
numerical values of Re and d satisfy the following relationship when the ethylene/o-
olefin interpolymer is substantially free of a cross-linked phase:

25 Re >1481-1629(d); or

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

30  comparable random ethylene interpolymer has the same comonomer(s) and has a melt
index, density, and molar comonomer content (based on the whole polymer) within 10

percent of that of the ethylene/a-olefin interpolymer; or
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polymer, and if less than 5 percent of the polyner has an identifiable
CRYSTAF peak, then the CRYSTAF tenperature is 30C, or 20 (c) is

char act erwpedodypi1sn el astic recovery, Re, in percent at P8OWS2@encEMt Strain
and 1 cycle neasured with a conpression-nolded filmof the ethyl ene/a-
olefin interpolymer, and has a density, d, in granms/cubic centineter,
wherein the nunerical values of Re and d satisfy the foll ow ng

rel ati onshi p where) he igthuydcterized by alsefrage modwnpati 256y GI@5¥bsetdmt i al |y free

Fr act | ofPras BRCBRLED0Ho b5 ieei e ph T L BT KDER) Boi'ng rer,

char actgld 2668t tutfier fraction has anolar conononer content of at
| east 5 percent nlhtrorbﬁer than that of a conpar abl e random et hyl ene

i nterpol yner2.fr ac’lfhed'dledlmtynmg compasition Dﬁ@amhwh@%éh%@tbylése/amher ein said

30 corrp bl ndo I h rrer(s) and
has °a rﬂi?f'? “?%H‘g %@r{!&o f"g}ﬁ %gcag}]efa% ?18 on the whol e
pol ymergoigd Thi th Je%ree@@eﬁﬁﬁt arf a 8dmity of, it ﬁh@nﬁlchléic%ﬁﬁrﬁct@f @ﬂiefbm tieer pol ymrer ;
or - 97 RO 2006/ 101632 PCT/ US2006/ 009411 (e) is characterized by a storage

nodul usiuaerizaloalgs O£ 8g) andghepreespenst tadhe rebdionsipat 100C, G (1 00C), wherein
the ratio of G (25C tor C t 1:1 to about 10:1. 2. The
filled polymer conposi tllg;%?éﬁ i)lggnisi;xd +glipé?l§?cphe ethylene/a- 5 olefin

i nter pol ymer3.has EheMiflddpolyraen cabpotitidn oftctaimdo wheiibtheathylerat- one nel ting
poi nt, T in degrees Cel sius,_ and a rams{ cub4§Ycenti met er,

whelei role mtffmwﬁme&hqs MM fpem pbept %to&%éﬁ?fé%‘gﬁcfh?@c H&CG &Y &t i onshi p:
Tm >- 8a8 &%§5Alﬁ(1ﬁ]}/ arf"dld'l-&)e/lé((%)égtgy3ATTlﬂQie%1‘elei edisRRld¥fARdd &aRPosi ti on of

claim1, ereint ene efin inTerpolymer has a Mv Mh from
about Jieﬁlpbmnﬂbdlffer&cs bamben $hec:thh¢saDlS@rpeabdntbshedalldse@RY@fT Alupdabn, AH in
ree d as the

fé?rpefg‘?’h%@%gk %}ﬁ?%@e‘?{f aV%ﬁf{eqeﬁg@”%ég‘é %PFie tall est CRYSTAF

peak, = wherein tA}Te> W@%&Hﬁ +‘6@|8‘1%rQH Mat@ntlarf¥drd ax@up fe1300)/g,0w ng
rel ationships: AT > - + 62.81 for AH greater than zero and up to

13019/g, 15 AT > 48C for éS"é‘afOélAH grsaten then 3PQ J/g .nherei n t he CRYSTAF
ek o BT BRI B LR RPN gl eyl e o
t hen t hgolR¥S EAFiftlesypledned pereerit & ﬂﬁ@oly%ner'ﬂae aff idehtiflaie CRWS TAtOpgedsi t i on of
claim 1ther\f/f[]heercefl({}slfg% tgmggrlagl?e 1/sa30°C
4. The filled polymer composition of claim 1, wherein the ethylene/a-
20  olefin interpolymer is characterized by an elastic recovery, Re, in percent at 300 percent
strain and 1 cycle measured with a compression-molded film of the ethylene/a-olefin
interpolymer, and has a density, d, in grams/cubic centimeter, wherein the numerical
values of Re and d satisfy the following relationship when the ethylene/a-olefin
interpolymer is substantially free of a cross-linked phase:
25 Re >1481-1629(d).
5. The filled polymer composition of claim 1, wherein the numerical values
of Re and d satisfy the following relationship:
Re >1491-1629(d).
6. The filled polymer composition of claim 1, wherein the numerical values

30  of Re and d satisfy the following relationship:
Re >1501-1629(d).
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20 olefin interpolynmer is characterized by an el astic recovery, Re, in
percent at 300 percent strain and 1 cycle neasured with a

conpr essiwo2nwl/wess2fi | m of the ethyl ene/a-ol efin inter palryusesos/oeasdl has a
density, d, in granms/cubic centineter, wherein the nunmerical values of Re
and d satisfy the follow ng relationship when the ethylene/a-olefin
interpolynmer is substantially free of a cross-|inked phase: 25 Re

>1481- 1629( d).. 5.ThEHdledigolyekrpoinposition ofigleisi 1 i whereih th¢ mimerical wher ei n t he

nunerical val ues f Re an satisfy the follow ng relationship: Re

>1491- 1\@@@@@}“1{6@@%%‘[1&&}'ﬁ}e&aﬂgmngﬁgl@%{ sition of claim1, wherein the
nunerical values 30 of Re an(k@pﬁtﬂ@ygghe following relationship: Re
>1501-1629(d). -98 WD 2006/ 101932 PCT/ US2006/ 009411 7. The filled pol yner
conposi tion &f clAifited polyiner epmpodifgomeompristr®: val ues of Re and d satisfy
the followng relationship: Re >1511-1629(d). 8. A filled pol yner

conposi tion orrprqlﬁ(ilwa.erm% (i) a polymer and (ii) a filler, wherein the

pol ymer conqi Ses, fflerSivhdreRingé ?ol‘?hﬁf témprides b ethyame/o-blafin iépolyajer dat | east
a nol ecul ar Traction which el utes between 40C and 130C when fracti onated

usi ng TMREF, characterized in that the fraction has a block index of at

e andun to anall RaiPkhokoffar RUANRRERAS IRLAGK doRclas BEPe! &) Than

zero and up to a .07an a ecular wel ribution, 1\ 4n,

gr eat erwhéipfiactidaued sidg TREF] biearddtérized iptay therfractiopbas 4 block midex bfatrteasl or 8,
wherein the ethylene/a- olefin interpolynmer has a nolecul ar fraction which
el utles HéepdEntUPULAQT 130C 15 when fractionated using TREF, characterized

in that the fract(ig?n N@SayRrd R Ibck ifs OB th&PR6 Bhd 8 tPdbouefBland percent
hi gher than that a conparable random ethylene interpolynmer fraction

el ut i nga hetecelanwetpbt diatributienpdwavioy gsatendhen eboutddi.d  conpar abl e random

et hyl ene i nterpol yner..has the sane cononoper(s) and, has |t i ndex,
density, and&m)l a%hecﬁuﬁfﬁzﬂ]rgpercmrﬁ’ﬁﬁmflﬁgggﬁnéi ot g’ewb\%glnéﬁ%%ﬁvﬁ%?/?' within 10
20 per cgRtin ftedpBBmePhad HR1oRIcHNE BASGEr Whieh ERitdsHeideal4pPEand 15D°CThe filled

pol ymer conposition of clains 1 or 8, wherein the ethylene/a- olefin

i nt & powherefradtioneted usiog dIREFe ghdsgcterizeddn shpé thedEretios hata pwlar G (250), and a
comonomer content of at least 5 percent higher than that of a comparable random
ethylene interpolymer fraction eluting between the same temperatures, wherein said
comparable random ethylene interpolymer has the same comonomer(s) and has a melt
index, density, and molar comonomer content (based on the whole polymer) within 10

20  percent of that of the ethylene/a-olefin interpolymer.

10.  The filled polymer composition of claims 1 or 8, wherein the ethylene/a-
olefin interpolymer is characterized by a storage modulus at 25°C, G*(25°C), and a
storage modulus at 100°C, G’(100°C), wherein the ratio of G’(25°C) to G’(100°C) is
from about 1:1 to about 10:1.

25 11.  The filled polymer composition of claims 1 or 8, wherein the a-olefin is
propylene,1-butene, 1-pentene,1-hexene, 1-octene or a combination thereof.

12.  The filled polymer composition of claims 1 or 8, wherein the ethylene/a-
olefin interpolymer is present in a range from about 5% to about 70% by total weight of
the composition.

30 13.  The filled polymer composition of claims 1 or 8, wherein the filler is
selected from calcium carbonate, barium sulfate, aluminum hydroxide, magnesium
hydroxide, glass fibers, nano-clays, talc, carbon black or graphite, flyash, cement dust,

clay, feldspar, nepheline, silica or glass, fumed silica, alumina, magnesium oxide, zinc
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storage nodulus at 100C, G (100C), wherein the ratio of G (25C) to G (1

OO C is fromabout 1:1 to about 10:1. 25 11. The filled polyner

conposi t iwo 2066/0Iw2ns 1 or 8, wherein the a-olefin is propst@as)o4ll
-butene, 1 -pentene, 1 -hexene, 1l-octene or a conbination thereof. 12. The
filled polynmer conposition of clains 1 or 8 wherein the ethylene/a- olefin
interpolynmer is present in a range from about 5% to about 70% by total

wei ght mfide, hluemimanpisite] cabciu@Gilicate, Hitapivin Hiosileptitapates, gbesposi ti on of cl ai ns

1 or 8 wherein the fll ler is selected fromcal ci um carbonate, barium
sul f at dNCSERSTEY MA@ oxi de, magnesium hydroxi de, gl ass fibers,

nano-cl ays, fl ¢, TieatRRAIMIN B&G coRipositiaR BF &18im i3 WisdheinGRdBM: iflust,  cl ay,
fel dspar, nepheline, silica or glhass, fumed silica, alumna, nmagnesium
oxi de, seleated-f88n vilciRO0G iB3RdPETIWSRUEE/ 009411 oxi de, aluminum silicate,

| ci il I [ di oxi de,...ti | as.s .m . d
Chalk. 14, e ¢ TR Wairgube bR T4, SRR R fERERRNER.TT) o0

is selgedpdief rom cal cium carbonate and bariumsulfate. 5 15. The filled
pol ynmer conposition of claim14, wherein the filler is calcium carbonate.

16. The fillkd polyfliedasiyraescompesison of glaim 13, whgreindhefillerds prependy | s
present. in r b oto about 95% 17. The filled pol yner
corrposiIpiagﬁn%fﬁ@ﬁ%g%hf%%%ﬁ)% 9;5%/1 n the polymer 10 further conprises a
second pol yngr.. 1Bhe flikel galyhadopgloyitien of clapndidri8pwhakircthapolyiiér wherein t he
second polyner |s selected from pol yethyl ene, a pol ypropyl ene, a pol yvinyl
chl B i dirthes qompsises a pRegpd PRBCEopol yrer, " a (et hyl ene-co-vinyl acetate), a

terpol ymer ofg et lllﬂ“l‘?ed e itidn 30 BRARI YORh&EindheRRond N xed pol ymer
of ethyl ene Lgrid \k/'lynyl acpeo?%te, ogrﬁj%gl s?yr ene- but adi elglle m xgrél polymers and a

conbi napdilpmet ik selectd frod polyrehyflend, e golyptopytsnecopgypviny dvoride, ethziens-1 or 8,

wherein the conposition, further .conprjses at | east lLasticizer. 20. The
filled HBPglFrE‘? ércg’(? i ¢ fquW'%'Wﬁﬁ%a%ﬁm%émop IPWeOf%F@ﬁqeci zer conprises
a pr Oceg%bﬂ%é}ia'non%hj | fleded nilkéd palyiet ¥Rsthene hdpahylethiete, aa pol yet her

ester or a conbination thereof. 21. The filled pol ynmer conposition of
cl al’m 2@yrengrbpiaidiene maxgsl pdymhers 2ad a cemhinetieethepfaf f i ni ¢ processing oil and

stearic aci dyg 22. g {d L6 PRIIRIicE UFRRRh 1 318, WhelttRincdipotthGi €1 N the.

pl asticizer IS a
further comprises at least a plasticizer.

20.  The filled polymer composition of claim 19, wherein the plasticizer
comprises a processing oil, an epoxidized oil, a polyester, a polyether, a polyether ester
20  or a combination thereof.
21.  The filled polymer composition of claim 20, wherein the plasticizer
comprises paraffinic processing oil and stearic acid.
22.  The filled polymer composition of claim 19, wherein the plasticizer is a
present in an amount from about 1% up to about 15%.
25 23.  The filled polymer composition of claims 1 or 8, wherein the filler is
selected from aluminum hydroxide and magnesium hydroxide.
24.  The filled polymer composition of claim 1 or 8, wherein the polymer is a
blend of ethylene/a-olefin copolymers.
25. A sound deadening article comprising the filled polymer composition of
30 claims 1 or 8.
26.  An automotive carpet comprising the filled polymer of claims 1 or 8.
27. A roofing material comprising the filled polymer composition of claims

1 or 8.
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present in an anmount from about 1% up to about 15% 25 23. The filled

pol ymer conposition of clainms 1 or 8 wherein the filler is selected from
al um numwpadnaxiotes2and nmagnesi um hydr oxi de. 24. The fi | IPed/uysedopoes+11
conposition of claim1 or 8, wherein the polynmer is a blend of

et hyl ene/ a-ol efin copol yners. 25. A sound deadening article conprising the
filled polyner conposition of 30 clains 1 or 8. 26. An autonotive carpet
conprising th& fi Alwide podaphesroatifig cdmapmnglthefillBd poBter Aompoditiorgofrat er i al
conprising the filled polynmer conposition of clains 1 or 8 - 100 WO
2006/ 10319%25 ‘US2006/ 009411 28. A wire or cable coating conprising the
filled pol yngg, Comrtﬂ@(gbnﬁﬂnsnfgltﬁé BBed p@ynlr oPainfy  0RT tile conprising
the filled polynmer of clainms 1 or 8. 8 A fl oor sheet conprising the
filled pol yndd. of Adlamir skeet campidsing BleS'ﬂledAObmﬂriOIfelabnwppr 8ing the filled

pol yprer of clai 8. 32. I n e filled polymer of
claits 1 or gfl 33Apﬂoﬁlle(%}?lpﬁﬁ]lngé@%ﬁﬁ?é@ﬁ%’nﬂ%w%tscﬁlﬁ(Lel Sol ymer of claims 1 or
8. -101 32. A gasket comprising the filled polymer of claims 1 or 8.

33. A floor mat comprising the filled polymer of claims 1 or 8.

- 101 -



