ARTI CLES The present invention relates to a nethod i MpE@VEEY 2002
pol yolefinic elastic articles fromcured, =rradiated or crosslinked

anor phous ethyl ene interpolynmers. In particular, the i AP¥At i on relates to a
met hod of making a shaped article (for exanple, filmor fiber)

characteri zed bYETHERPoVEIMAKENG t BASHARRRr RRYABIG AHATTIY ARTVEES as 10
washability and dryability. The inventive elastic article conprises a
substantially cured, irradiated, or crosslinked (or curable, irradiated or
crosslinkabl e) honbgeneously branched et hyl ene interpol yner characterized
as having a density less than 0.90 g/cnB and containing at |east one 15

ni t rogen- cont ai Thhegosd sdnit | izerenthien ivgiramesd tel as et hardt icdl eagfinghe present
invention is particularly suitable for use in applications where good

el asti G t y-HPERVeRd m%m%m%@@% &F WiEhesT aFPMe SUERE af-tERdlaweder i ng
such as) fqr e e, i | st of, [ fs and ot her 20

cl ot hi ng. té%?%?%l%c%i%%%k@n es\{jrrgje]'t%c eab‘i#ﬁ&%% el ast i‘gll ty are needed
to manuf achlreicuVari etie of nwhsposal raing cHirabl£ mithdd &F ddingsa for
exanpl e, incontinence pads, disposable diapers, training pants, clothing,
under gar neahaped part5c s bhparstampig onfstlioveont riipenie sthisgracteriigsicn gy
gaskets, and furniture upholstery. Stretchability and elasticity are

per f or mancémBF?Y?‘Bu‘Fi%v?l\ﬁ?‘ghtec’%ﬁ’l%/r‘f%?reeéﬁﬁcel,‘:lf%'ncats’i 6‘??1[%0 %ffectuate a
closelyh CORLORALDDiE 12k 4PGaDOOY-Pl (ke WeH &I Ve A48 d A Qle the
item While nunerous” materials are 30 known to exhibit excellent
stress-strabmppioger &i ssbamanel akly ciuzedt rmomitermibr aiirenssltinkedft en
desirable for elastic materials éo provide a caonfaorm ng or secure fit -

a Nov zoo2 '@8r FHERLLPeat BHRALRYS x‘?’én%’f%?%lja‘ﬂfc? & AR erYevat ed
temperat ur 8ga5U60aas i1 DOCY: 4 CORGE A £5 - ddE AULAPOI Gdyilpf 1.0rS duri ng
summer nont hs. Maintaihing tight tolerances throughout tenperature cycles
are al so i dehantegslabker ehaneb eyat edetienper abutaialiagt aci Lgass bnportant.

Further, where an elastics material is enployed .n clothing or garnent

i tens, 2 he r&FEEPA CROSEIARGL BF APHE 82¢Tit egfRe yITRRPE QR IE Pet et
after |aundgring. oPLspasabhoafl ASh! £ HIC1 o8I AR, HACAT Y ALAUE 20
conposite materirars prepared from a conbi nation polymer film f1bers,
sheets andapplabseibest whater yabd asageldiiag musods nedirmeinfed &y i cation
technol ogi es. Wereas el astic fibers can be prepared by well known

processes ﬁ}él"fa&sdsﬁﬁﬁpﬁ‘éﬁ_ailﬁ@,s ARPt a%ﬁ_‘%‘ﬁvi ?ﬂ@‘,m%%‘fjtn%p?m i andXont i nuous
filament 13upundi ngiLechpl gues, BQﬁ‘aE'JJE” e PhSERe A0 AW HROESSES
typically invofve known extrusion and coextrusion techni ques, tor exanple,
bl own 20| mcleadtingi.l m profile extrusion) injection nolding, extrusion

coating, and extrusion_sheeting. Conversely, durable elastic articles are
of ten nol ded or M2GepiaiEl ¥irheRBECeheANRSSCFBECRARhhl e 2 AL HOSGr and
W ndow tri cl i.ng ' rea tLE DS, uil gi

weat her - st ;erbepin%%ﬁegugﬁagébgg?ggg%?i gl gérgéﬁ§b§at n‘%ldse&g%a g/e%ulll&ik&r}grvaqbln%l di ng,
t her nof or mag iane@ speeichl ast, e€bprokagnpse, 2bnéonbivencd psSdsypiisddgable
characterized as elastic when it is characterized as having a hi gh percent
el astic recHh@@eys(t kxR indngaPpBRSperdernipgr naReerI3ENgnES t FPAHPT i cati on

of a bLasi f e. _ldeall elastic material e, ar jze a

conbi n% i orr%%&a%:eﬁfegy%togﬁﬁéygt l%rrémi'nHSSeﬁagﬁ?éﬁgﬁ%lr%%érgiﬂé%E%hg?rpclys, a |l ow
percent perfiigtureetuphdllsRWrt r essrekchapd)l atyShidi &ladpdcdry oxeder cent
stress or load relaxation. That is, there should be at low to el evated .,

- 8 NOV 20Q=rfamnacweT atpeributess whirhacsow §oresxamplepafiunativoneher.to
stretch the gterial, (2), no_or |ow rel axi of the stress gr unl oadi ng
once the netehSHYAEE & HOSKEY, <8 O("’g‘)]'n@oggf:e{:@ bRe hPQAY r 8EoVRT yWERTE
original di ' r I N2 1R asi |0l i

di sconti nuecgiq.er‘%yg{r}% fsxiat eetJt}?é:?tgng'trt%mdf B&g%%t ﬁé‘lngg?lgéfrg%{i?%gégga%%?c
spandexof i betswn Hee ddiSbilnteaddratliepnalst teade sCeathsgropetdel énesndpandex
fiber as a manufactured fiber in which the fiber-form ng substance is a

| ong- chai n $laRHai%Y ol yiaom LETEeHHtTes ofitat s| @ﬁgensgeﬁéréem E@ynent ed
pol yur et han

PrctpensentE AL AR o sbitring SBribeo B pabFRRREE HLE .
arnments, sports apparel and sw nsuits. wever, one signi
ghortcom’ ngpof Lycrpg is it typically-ekhibits ? ““Nmmm\“““m“‘“m“\
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15 fair to poor elevated tenperature serviceability and washability.

Simlar to ordinary uncrosslinked polyol efinbased elastic materials,- ¢ mﬁgmz
articles tend to lose their integrity and shape and el astic properties

subj ected to el evated service tenperatures such as during | aundering and 20
drying. ADoL0er Bl SHALt cam 09 9bnkYGhg 1% cda?COfls fhalidSacdycra
tends to be extre aly cost ‘prohirbitive for a many of applications. Elastic
mat er i al sempetaagdd Ist@n s GRS bodgatien@e Haithhress @and sheetomonplé si ng at

| east one substantially 25 |inear ethylene polynmer are disclosed in US

Pat ent NOtSrimEs Ay ing @mn@gkrnoatcn@l M@m:c@rmuyl% trptentohprances2, 775
does not_.di scl.ose the ormance .of these naterl | s at eIevated

t enper at TH eI A qugéﬁétPgﬁp§V§9&Fe§ ZoGVE S oGt 1ENpeT atUF 2], nor their
per f er maace, af & ere b daungder 'e'l%st\ﬁ@ 194/ 2964 hli e pses whashés, fihers and

fabrics made from honogeneously branched substantially linear ethylene - 3
- a Nou mwlmﬁmm&te‘ﬁmlf ilzermpdrogyelalich tad qudsises @t ga@sent 0 percent
=ecover,r ;that is, less than or equal a0 percen%ﬁ?ernanent set% Q0

percent SEFES n. Cho A T alhANSY fada tdidc idsu i@y 043336372 $eHar di ng
t he 6|a$%é9#5¥T%%§%Q§§brf1-%{ qégﬁéevated_Tenperatures or the affects of

| aundering on ers 9197 di scl oses curable, silane-grafted
substanti al | ypespuda5te RAAWEIS aMtiich e e afygdidal Iy relasdieabl e
coatings, weather-stripping, and fibers. In the 10 Exanples, inventive
sanplles FABPOEEC4 |rm$r1@drﬁ3mr§mge$i Ihrwgraafq@@mm%%%t@él Pylmﬁryl ene

| h d f 0. / nB 0.870 n8. _Th
Gl eaZhr b SHOUN 10 VR CAHPTOARF ST CTETRErS 4 SFRVared

t enper at 46@BinkOVEY &5 5 ﬁa&?ﬁ%a&dw d@&ﬁ{&%&ﬁeé n W&&&@QZQVaééléegar di ng
the percent stress or |oad relaxation performance at el evated tenperatures

for theséibgkaneamriossprepeated ithenmsl hdndwn tMQeaﬁ?s d$§cho§ar epaR to
Nashabi | Pat No. S, 3 576 discl oses an_elastic ponwoven web of
o of | DRPESTE o Bt | Dk Eiskel T e PR h AR AP Sb GPRF: ALLEBE brror o,
pr efigy abwuhayh%gt@cﬁ&ﬂgséy @5 4han D SHeaiB. sbinthe B¥amELgasset forth
in U S Patent 576, ethylene polyners having pol yner densities
greater tﬁamce&lgqumvolwe(kﬁEWngﬂxﬂﬁhswmnsnm¢e©¢entrusebecteohanaas,
radi ati on. However, there i o disclosure regarding the 25 elastic
perfornaﬁ@@ §FaPRLS e ?%RW%uékﬂTmﬂiﬁ&ﬁsgéh Qiéé%% et 8hpEFSttPes, nor is
there anxn%eeheﬁ%sla rdéﬁl@r&gﬁ}r{ é@é&fﬁ@n%aoese@:?ngmenaaﬁeemeg U.S.
Pat ent S, 525,257 to urtz et di scl oses that |ow i evels of
|rrad|at|on otohesssehan Qureigke aelbasf i Zizgt eclS9 saeabgrzed mphded baw

' mer results in |qproved stretchabi it bubbl e

dens eth

stab#% §r®¥ﬁﬁ8uﬁ %sﬁ?%%l%sg A i o Ehﬁev%?tom?%7vﬁr899%e§n o discl osure
-4 - W8nloR Vr%QOZCiSéngﬁ‘% Mé@ebﬂ&%ﬁf&@aéyoéngémpwasaﬁel lity at

el evat ed tenperatures at ent . a,957,790 to Warren di scl oses the
use of pb@ld@dngowpauhds aﬂﬂlppim@lat$mmht@upabbarerheaﬂeshcankable 5

| inear | ow density E yet hyl ene, Fi |l ns haV|qg an incrgased Q |entat|on rate
during f3BdecdYi Rl IHnPH% BREAASs PROVTQECTPHRI PRI BEPEEASenpl oys

Zi egl er hyl ene pol ynmers having densities greater than or equa
to O. 905%%k§%%ﬁ%giggvarlous conpounds are disclosed .n the art and/or sold
COMEBE Ci al ly at»smlatglalhemagrayyi;@a:amba:hammeamdeanaeonudanus whleneyer, . he
criteria enployed to distinguish these conpounds as_stabilizers and

ant i oxi ddit $haygicEarigedepat Bavingt achigRbPEFEGNE 0L BSFICaREECYEFYOW Ny, 15
crossllnk and/or ll-effects of radiati f I,

|rrad|at| HspuﬁpgggSPSFCEPErP?FTQ??B%) kﬁ ?ES% g ﬁgﬁggé%h g?ferent
types of mstaflidd Zf%&%earezeeuﬂ?d L9.0RecaRatBeLa0E ake SHataReRgrEar m
conparably. For exanple, it is known that hindered phenolic stabilizers 20
(for exapy & dm@mmmx1bﬁlafsubpéeedtbmp€rbauﬁelgyﬁepandbatas effective as
hlndered am ne stabilizers (for_exanple, Chinmassorb 944 supplled by

G ba38ei GFOPSHId8F c&hasr 48, Pnla¥WpPBAGERCHPEERARE N ENEE  ed) 1o®hi massor b
944FL: H Jégjdﬁﬂl%% thhgt§5gg'l'§8rau§gw EQrU@BQ|g%%egspr&”ﬁ%%dl996

C ba 25 I'gy states imassorb 994 ives fFong-termheat stability t

pol yol ef |f§1£¥at31cfnad| qRlatt ri@pptﬁerae@tienuarrbal Bkl abwt @t kateval el nder ed
phenol s." Further, there is sone belief that there is no
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universally effective stabilizer for polynmers as the 30 definition for
stability inevitably varies with each application. In particular, tHgpe?200%
no effective stabilizer - 5 - a you 2002 for washabl e high tenperature
serviceable a polyolefinic elastic materials. In general, stabilizers are
known to inhibit crosslinking. In regard to crosslinking generally, there
are 5 severalcei svthwstrwsre=wl at) ng towradiass onrr esadt aanu{femersxaml e
gama and el ectron beam po] yner. conposi ii ons ,corrfri sing am ne stabilizers.

Such di sEFE8LTRsE G iaHTTIR eath) raPabtvePy nRoR*tE9e?s OF aff es $tbi | i zer
(for ex [t al L ght r t qui red
where 1 nb IR aRE o e (O R BEYRL L8 Pe e M e e e S e

i rradi at hogh eté estSry scslest 1 &lina An@i hiefis €¥A8PLEESat NEhelder Bé abhlnged

di sposal nonwoven fabrics (see, for exanple, U S Patent No. S, 200, 443) and
st abil i zedaabhdi ey PerRkRbhE {($odieganpiauedyringes). Gamma 15
sterilization resigtant fibers, including am ne coatings and the use of
hybrid phenol FEFEM ne <ilhi 1538 EF 0 h| FePRRovIE PR, “For ek ahfish 1. S.
Pat ent Napafad22e 59210 IFRDIH98 elnpk n3tabhlizedaRol yahhyLens,
conpositions wth rnproved 20 resi Stance to oxidation and 1 nproved

radi ati odeeihesi epaydar ef abep KsownmaMifhetge@t faberi tin"JWheckffiget of the
Processing Steps on the Oxidative Stability of Polyethyl ene Tubing

Crossl i nkéBepy LPFREEE as W0t anERrelAngehonSukhaAD| SYCRBRTEC ®MOLY™ER7 pp.

225-238 (1997) teach that_amng.stabilizers are 2 ffective towards

T B i RGBFER R bhan P o hdFat PORCERF oCEeTPRRAR POLTAFEL IR bt t or

resi st anggcagak Bskndwh dabi eRhibhannBhpder edeRheNebipe WX 92619993 and U. S.

Patent No. S, 283,101 discloses launderable retroreflective appliques

conpri sedndeérangdénnutiasoapopsnrebnder reodposngi oA venygi suingbdé Hor

el ectronbeam curabl e el astoner) crossli nker(ggﬁlfnand goup%i ng agents) and
r

opt i onal €85l 6FaftEMeREEbi FPOEFE, 2PPERELr 8P4 SYUahd - B°WEVET 4 WOV 2002
-' sow nodijghekS cahbesablegarh gl Beenlya applikquepianeigakdnigibge capable
of wi thstandi ng ordi nary houseﬁol d washing conditfions as well as nore
st ri hgentaiimdtust ppar wdskiahgs Wetbewttloes sefrvieerbidfikgcandeness.
[llustrati vgﬁgximﬁl es 5.of .el ectron-heam curabl e ﬁl.a?(t ﬁmarz oﬁ he bi nder
are sai d“85"B8 L¢RYor oSEMEGRAL E8 SECFEERY! SRESCSE T ERePRIYOILG hiPs
conpri si ng Al keastiabputef9anel 9k REr GeRi Ak sPelyal RY eRgeSHER: 8S
et hyl ene/ vinyi acetate, ethylene/acxylate, and ethylene/acrylic acid, and
pol yet hylieiegeatpr epyl shepeoah@ @ilerse)i o 'pERDMYE ipsl wirens stib@eriedato
stabilizers are described to be "thernal stabiljzers and _gnti.oxi dants such
as hi ndefd& BirERoFETYATe| FHRPSIRINTISS &6 Gch AT 1REh éPﬁaeErjﬂnﬁegn r
ul trayi olgt, i$abl hhgehs - méiabtm%ﬂd&%rnﬁdgs AN 1GRYAL 1180105 LRgesuitability
or effectiveness of hi ngere 15 phenols to hindéred anmines in the
descri pt iThas dfs , WOy@2&1888dsame beS.exPatematl Naos$, 288hibitine $vabil i zer of
any kind is exenplified in the provided exanples. Further, although the
appl i que "HY SplPEPIIGAFAERS t hat are described as "highly flexible" before
and after el egtyrgr-he y ' ; 0 ; e l; rs nor the
appl i que i tseféfla%?elgdg?gr%:i%gg@ag&g g:g iécl'rl?ns'zl‘hasfﬁjilg%t'agr?g?ér ﬁggl can be
hi ghly flebbdars weid rboeeltasiomprds iire dterisasthans astbst’ananidllgl astic" are
defined herein bel ow. However) the reverse is not true; elastic materials
are éRar a3y &Fhyd eRgy bR YRR GF b B dhii g -bifateprt Rat i s,
Young' s | ess .t.hap .10,.0 psi ) re_lower nodul us
means mrl\%'%%%ﬁ 5% ;%/)%.ljﬁ%?ﬁ%ogeg%oi er eHévgea,aegr'mr?d\g%é%g \gr%t' related to
el astic ef wiener PP nat didEosd Nldl dh e dinidridee D fC @HRIdeSi Ng cur abl e,
radi at ed and/ or crosslinked ethyl ene polyners, and

materials at elevated temperatures (that is, at temperatures

above room temperature), nor their performance after
30 laundering.
WO 94/25647 discloses elastic fibers and fabrics made

from homogeneously branched substantially linear ethylene

- 3 -



30 an abundance of art related to stabilized conpositions and articles,
there is no known disclosure of a polyolefinic elastic material w8 NOV 2002
effective additive stabilization - 8 NOV 2002 wherein the stabs==ration
noes not innibit the desirable effects of irradiation and/or crosslinking

'designed to inpart elevated tenperature elasticity and an increased
mel t i nPPOYREYS and™H@t - dBRES | HIF bT214 he® IRESST ¥ a3 59 MBFHESY (t hat

is, scigssi ~whe e;paterial s subj ed 1 gg_nt vlvgglp ng and
drying ‘a%&g{)éév%t égh%gnbg?af%%sﬂﬁr%e%ﬁa}g Dadr)lop?%%férg{r Uct  br ochur e
entitleget)Shabibbzptireanof sAdBs] Vesowdite dhei He XONponentdi'sc Risurle 9
(1994)) G baCGeigy, a premer stabilizer supplier, states that scission |0
occurrihg V@ é‘ﬁgé‘ﬁéﬁﬁri:egﬁadie!u@attm(ébasmmﬂeqf stheshel Suprems st yrene

bl ock copol %msrs at elevated te eragures above 70C is not readily
contr ol Fe@VBESEheSHRETBFUERT | Qi dant 3 T 9EE S uth, LI I £Hre®Fft  need for
cost-effeglive, 15 stable elastic articles having good elasticity at

el evated tenperatures as well as good washability and dryability. That is,
there is a nwedsbgpoebastiiscavées!| esrableh selane-diwitedhapes under strain
at elevated tenperature (for exanple, greater than or equal to 125C). There
i s al soSuPS02REedLEYr eahirReRedPel YREK? nehEFasaTe e il ekn Hadh@Rdod

el asti cj t ted te rat ures_and good.was y stabjlity. W have

di scove?éélghggggéggg’aﬁ gggﬁ’éFS%‘ﬁf‘%%%rs‘gta%n%e‘lc%érr%% et e%rg érrkjé% by the

i nuent i pRaheles) dasenirlod. s2ap BUATBAY] Qdet PEbE Y eRdER Yendayel ghscover ed
that elastic articles conprising curable, irradiated and/ or crosslinkabl e
et hyl engraftedpshpssratihadsceeny zede bpohypetyneavigedisieysbfiesssft han 0. 90

/ cnB d at_| east i t, - cont ai ni.ng 30_stabil i hi bi t
Oxcel| che SBEagFuT15n810 168 4 er aftre BNARAL V6] SUATRUSF eher SEGPES. as
wel | as-exeghlignt ad diysstabibibyerfcserdifgatoqt he broad aspect of

the - a - 8 NOV 2002 invention =h ere .s provided a nmet nod of making a
shaped tempelraruresadi dowever, ctbeski nkabbedasttcbereohprWgi g/ a8ipast one

S pOFSHEFIIEE WA PEE CFBE P LSR5 P ot SAONBRLAX AN RNAF ST EFROEH oo

i nter po i i Feas ot'te n h as
having £bekal®RelinG kel urgbakbedeneubed) 1 sheadibE8dinREG CE D58 Nked) a
pol ynmer density of less than 0.90 g/cml at 23C, and at | east one

ni t r ogeneentia nihegestaady ldizel osAmet her taspachabfilihe. i nvention is a net hod
of making a 10 shaped and cured, irradiated or crossgi nked article

conprising at ‘Peadf & ﬁ‘@rm&eﬁ_@éuél—’ﬁ BrSACRERSeRRYFLARTFht BPPBPYRBr, which
conpr i S%ﬁ%'nﬁ%‘%dﬁh@r@"o%fm% 26¢ 1 Wht BrakshaRE40BENPLBRE /APBRE®r and

characterized as having (before being shaped, grafted, cured, T1rradiated,
or 4% crdsdimkepp lymEats, nmeredersbtlly dhviegs at Hens0t90lgssnBhan 23€, and at

| east one, ni,t rogen- cont ai ni stabilizer., A third aspect_of the invention
is a meEH&R of ?rﬁkFﬁS Sﬁa@ng?i%e%rf?E‘F% Bonpr si iFtHe Weps of: (a)

provi di I té}ll'}g,@.{% t e, Lat r
havi ng ggc%]%'issﬁs;'of esls t %@%&?%P%&r’tgaggg%%&ﬁgv?ﬁgggﬁlkgagﬁggk%g\?\el ght
per cent téfarator eagtalonss i taagen-cadnaae nsulyj st iadd | t @ exlddieran rhednn)

fabricating‘ or, shaping the article fromthe interpolyner) and 25 (c) after

. pol yner)
the fabfdcHtdtoPTor JSHMRYRE SisFectisnga Kd sgioskre FBIREIENINEREr i oni zi ng

e 1 abErsBA - Sigrects . Redd g,
per Ranen et B K S e e e D P e A e Bei n when

measur et eidperat uds 3thdd 0% e rehizdNeES loisigdearebasting taasironet er
after being shaped and cured, irradiated or crosslinked, - 9 8 NOV 2002
(ii) a pazemangs &3 vashiag iand crviess than or equal 25 at 23C anti 200

percent strai %/n nmeasur ed at 11 (102 mm)_ . thi,ckness.using I nstron
tensi oneter art ‘re%%tf‘?fgt;&%pe% 563%(1%%&? Yht£disht 8d o l@F&?é’FFnIEZ’&,t and
low levels of irradiation of less than 2 megarads of Ziegler
30 catalyzed linear low density ethylene polymer results in
improved stretchability and bubble stability without

measurable gelation. However, '257 provides no disclosure



(iii1) a percent stress relaxation o= | ess than or equal 55 at 38C and 200
percent strain when neasured at a 2 m!l (102 mm) thickness using an Imﬁfmmp
tensioneter after. 10 A fourth aspect of the invention is a method of
maki ng an elastic article wherein the steps further conprises incorporating
a pro-rad crosslink additive into the interpolyner. 15 A fifth aspect of
the i nvERIRAFT%A TH] Hod S5~ Graki g cguraisaler-ast/i étart-e¥Pé Eonpri si ng
the ste X oviding at | east one honbgeneously branched ethyl ene
interpoﬁ%%ﬁeﬁ#égﬂégérized as having a density at 23C | ess than 0.90 g/cnB
and conpri sing &t dfastc Qo eight, 20 Rer seRtreal dlsdieasls @ne use of
nitrogen-containing stabilizer incorporated therein, (b) preparing a nelt
of the SIxdiftddebupwwrgolanrerinfadiarion( ce wirepagd meatt-sarmekiabdfe (b)
fromO0.5 to 5 phr of a 25 silane crosslinker égarts of silane crosslinker

per Rundrdfdart iR%F 1ol \ARIe Wi 168 e [aiSoS@MitMite ATy & T 237 &b ent
tenper atyyr £ betmean 0 and; 30G, ang. (4, suly ectihng Jhe mgld i xture of (c)

to ionizing energy or contacting the nelt mixture of (c) with at |east 30
one freepradtided didté ot OrWwdvrd afniplalyd @hsigled waigilly Zeer eemly,ladi@sed on

the total weight of the crosslinker and the - ~o - 8 NOV 2002

i nt er pol BRAEYMErH:havirg  densihiemh Sngadses] ivheer oXo aie lsttabidl i%A8d

i nt erpol 1 Preferably, the article is fabricated or shaped using an
ext r usi echnique .;that is, the nmethod consists of nelting S the

=nt ampol virer ) vastdy fScohpbuxa it e, d Bs fidartd el te ididvt Nohd fdbeo el t
blowi ng, filmblow ng, cast film injection nolding, or rotonolding

t echni quesmmendc izl beras t bah t temgptatire sswpkendlzer s arahbi ent t enperature

(that is ermitted to substantially solidify efore the application 10 or
exposure%ngbofh_ ﬁ?onaﬁ?wﬁﬁﬁnﬁ fhﬁnQﬁ%&rT%ﬁﬁ%ﬂ#iﬁY%éiﬁQNd*%g;WQHﬁﬁhIn a
pref err edne5bodbgptnQE LHescaveNion: Ihe AlcfBasdapne Agmaangously
branched ethyl ene interpolyner is a substantially |inear "ethylene

i nt er pol yekatesncanohbaer 45ipief ere eceendiiaetglidweinmni zing radiation is
provided by electron be irradiatjon._In a third preferred enbodi nent, the
B et CENRShERFLRRNTE0APh: hiongt ot Bi TS 15 Aol e,

di phenylaﬁamﬁler Subnhi LHEe4: P DS HhPGuMbo gl SOV eset- {ihdladiig(e is a
subset of ethylene 20 polynmers which provide conpletely unexpected elastic
performance r&subtsewhénscaneds, rdif &¢eshand/mwes crbsstalmkledzedsn gxax ti cul ar,
we found for a broad range of polyner depsities, curing, radiation and/or

crosslin??ﬂ@tﬁantﬂrﬁﬁﬁtﬁ afp§rd%ﬁr%5§e5?&9(ﬁﬁﬂpﬁﬁﬁ?ﬁﬂma MRBt2Hef f or mance
(that 25gpis, e%c?@%?g,e etasti ehb¥n Ofn gt aﬁiﬁ&ef@&%ﬂ&lf@dséwﬁi%rs

substantial e ts on anbi ent percent stress oad rel axation

perfay maneer Heampte, Whghfok®nib gy dwppldvel 38l \Cidfd-endigyt)hatan He iaxcr ease)

or have no _affect on percent stress or |oad relaxation at el evated

t enper at Bfé§cfdie as hindered amine stabilizers (for example,
Chimassorb® 944 supplied by Ciba-Geigy), and vice versa. In
a product brochure entitled, "Chimassorb 944FL: Hindered
Amine Light Stabilizer Use and Handling", printed 1996, Ciba-

25 Geigy states Chimagsorb 9944 "gives long-term heat stability
to polyolefins by a radical trapping mechanism similar to
that of hindered phenols.®
Further, there is some belief that there is no

universally effective stabilizer for polymers as the

30 definition for stability inevitably varies with each

application. 1In particular, there is no effective stabilizer



30 polymer having densities equal to or greater than 0.865 g/cn8B,
surprisingly curing, radiation and crosslinking decreases (that is, V 2002
=nproves) the el evated tenperature percent stress - m - B f~Ov ébW% or

| oad rel axation perfornmance oz et.”.vlene =nteroo’ _vmer having a polyner
density | ess than 0.865 g/cnB' or a DSC crystallinity at 23C less than 8.5
wei ght pérdemnasnghie. i B19RurPPRET#BidFat FRY aRdRBr <c POSEPLARERGCSI s an
effective mrans &ggeprgyiding elastic materials and articles characterized
as havi ng "excérl’l en el dviat ed tenperature stress relaxation characteristics.
Not only is the deamehicabtypdiffereniré egpeRgecbo ibhradation or
crosslinking surprisingly initself, these 10 results are surprising for
anot her easmisnasngel | InFoegexanpbecrobesénkesgl genareidyr pherrgbyeand
unexpgect ed because aﬁ a densit¥ | ess than_0.90 g/cnB, ethylene

i nt er pol WSS adr d15F egdyesubstanifal Fy GABLBRAGE. TPRAEREE afeFoss- over or
transiti i-elastic.p OLF 5 i e I adi ation

and/ or c%%%i'f%kiééh&8u§é&o%g?ﬁ%??%yb%éaéxgég?gg‘t%gpgpgﬁngggthe

anmor phosidompafi stihg BeLYEEELaBOVEYEE s . aCEQEHI AE sk derare teplicagtikon data at
50t', determ ned according to the Food and Drug Adm nistration (FDA) test
met hod séteddy triglanderly1ndghClevRis~of amines520akd 1igee3)(€icr), et hyl ene

pol ymers are substantially, anorphous at _a ge ity .of 0.89 a/cnB _and bel ow.
G ven such Sl 8FFF§F§n§B§niﬁgaﬁﬂPﬁﬁngt f§§_8%ﬁ§P§IPFﬁngﬁ)ngﬁapic

el astocCi tyefiflr @hees EANKBIROARCEOCLEERdI1 Ak A] ,0diGeI Briarkiong asidP! ¥
woul d not ordinarily be expected. 25 As another surprise, we discovered

t hat t he dtior podasiioabde atrrkhéastioneehferctogenscadsdineidng snalsiherzer

inparts excellent |auyndering characteristics to the elgstic article. This
i Boover yTAMRA R GG Al SHos FEE: G45BEERs BATHE ST aRTS6E dOES ot

| nhi bi t ofod nhehiake W.Eh ehtegt! t«s.?@,% bi, 093 )" adictdeam iafitects,
crosslinking or crosslinking effects (and as such permts substanti al

mel ti ng poidingoatasdslst Hdbri exafipam, | ey inyes ) 7.5CQammgr eat er than - 12
- a hgv 2002 j25C), yet innnibits nelting and flowi ng (that i s scisson)

f r ont8cc Ut rETL A T GEs FERLSERRY eLef&fed EHSLALATE NS GP3ELEFET &nd1330)

|0 A vas ekt (Al RlenlS ARRLA0 20G1AEIL RS AITRNGGEEUI LS Of

the inventive article are so surprising for at |east one other reason.
That is, $ém, efdreexamyiess Uos.t Patantl dast sgne 2nitIDgen-Jeomings ey
stabilizer_is unexpected because in ordinary stabilization tests (for
exanpl e, #hhi bition of yel | owi ng) nitrogen-containing stabilizers perform

conparable 10 §0ANENANY G0l AN 28ES cotPbditaRMd Guiliflind ARfey do - | ot

20 resistance to oxidation and improved radiation efficiency are
also known. M. Iring et al. in "The Effect of the Processing
Steps on the Oxidative Stability of Polyethylene Tubing
Crosslinked by Irradiation”, Die Angew. Makromol. Chemie,
Vol. 247, pp. 225-238 (1997) teach that amine stabilizers are

25 more effective towards inhibiting electron-beam irradiation
effects (that is, provide better resistance against
oxidation) than hindered phenols.

WO 92/19993 and U.S. Patent No. 5,283,101 discloses

launderable retroreflective appliqués comprised of a

30  multicomponent binder composition consisting of an electron-
beam curable elastomer, crosslinkex(s), and coupling agent(s)

and optional colorants, stabilizers, flame retardants and



inhibit nelting and flowing in wash/dry testing. FI _is a plot of
percent stress relaxation at 23C versus negarads of el ectron beam r-agiNayilo3
for Inventive Exanples 1 and 2 and conparative exanples 3, 4 and 5. 15 FIG
2 is a plot of percent permanent set at 23C versus negarads of electron
beam radi ation for Inventive Exanples 1 and 2 and conparati ve exanples 3) 4
and 5. FIGGow3 nicsiigiplret. ofhperééngestlvessiviegicaxat iy latqEEC angr g dregar ads
of electron beamradiati.on for Inventive 20 Exanpl eerlr igid conparative
exanpl e 4° Tife PEPNCePasWAENSEERHLEF REBIR e O EH T4 ME¥H™ having a
per manent.aed: AlodLes 1R3R 80 AEEECH: eRpen! ablandase |t hanpmequal to 25
percent (that 1s, especially greater tham or equal to 87.5 percent
recovery)wiadhal0 Jpeyceft rstiaire f2% oWierrigs 20Q Jersendt ista adxans,ed or
exanpl e, stretching a 1 inch (2.5 cm article to a final dinmension of 3

i nche8). H sstga neat-&saal suzed leped astanesisylly HigMypdaeain exls ioe
addition to having a.Young's Nbdul u f less than 10,000 psi_(68.9 Ma),
they are Dc?efi%e]uorgbﬁ ] Oﬁé?‘g@glntpoﬁéﬁeﬁgwg‘r%qesse't Y- %Uoﬁeoflc\g?l “Strain.

El astic mado@t 2 hpl& aleS@tr @efed d Qud i@ A dedts ofel Ast i pl e @nd
"elastonmeric”. The term "nonel astic" as used herein neans the material - 13
~- 8 N 0 aa@200s thgrltand/e liny ineiceslaast | ewsy ldefa et hisstee n and hat i s the
martial or arti cI;e has a percent permanent set greater than 25). Elastic

mat eri al s*HELER13GRE TN AYUde, ATk RUNLE % L83t PR YT HRs! i nked
et hylgne §feLpol yé’ﬁjl\g \ %‘%Jlf Savel | G505 ks ?ﬁ%k{&é’fﬂéf@ ted, a fiber,
bon, she and nol di

film strip, tape, ri et,” coatling, an ng conprised of the
cured, ratksdetbahd®rbeeradsdrniked widyl £nerd rdrel poltyiveci ddes esued o4 astic
articles are fiber and film 10 The term "radi ated" or "irradi ated" as used

herei n neakRde¥rRd aitgnefe 36l Vet (HaRhbbear etHFems i MPOTYmer or the
article C%’rﬂ?ﬁ%%e& qhé%%eﬁf%’dne&eatﬁ)q%%@xts was sl eGloed %eeﬁl {gasy 3

megar ads e equl Vv ereo i'oni zi ng energyy er or not

there waseguattsylrabl chalanriaags 1t opes ££adt Xy pdes exf riatiadtes (that is,
increase in insoluble gel). That is, substantial crosslinking may not
resul® f reReRAEs| ko dindsrnd aHqerie El@?o%%ﬂm%lm%%d‘:’ﬁs‘t’fgs?%t%%?%lﬂy

crosst i nkedd 85susseLLer sl nean 4 e £t Myl eneypol yPEL o Neyshengg eLhyl ene

20 i nterpolyner™or 1 cle ‘conprise e € ene polynmer is

char act erézefipast hadyi Ny ot aneoexdddcéehhEseof | Eeschdan Sbcneught ciper cent,
preferably less than or equal to 75 weight percent, nore preferably |ess
than or e@bBligeé 7canesmtopacemer sheRet xyremteexribed apselhighly

determ ned. LD, accordance wth ASTM D-2765.. The [ "C ~_an

Ubst ant L APRIPLer i r GES (Rl Her S e hESRES R B N TERES | et BBPEnERe ¢ ne
shapegp et Bﬂ@aeeanlbslmymoprcﬁélea%a11@11@ cOsPL | sede Olesbeipbliyhene

i nterpol yner was subjected or exposed to a treatnment which 30 induced

crosslinki'AgaspsclisedThet eld, 2heaterhalrcpateetbighhy| EhexinterpdFymers
ConpriSingogegggtggdagiéggeterms "nonelastic" and "elastic" are
defined herein below. However, the reverse is not true;
elastic materials are characterized as having a high degree
25 of flexibility (that is, Young's Modulus of less than 10,000
psi (68.9 Mpa) where lower modulus means more flexibility).
Although there is an abundance of art related to elastic
ethylene polymer articles, including articles comprising
curable, radiated and/or crosslinked ethylene polymers, and
30 an abundance of art related to stabilized compositions and

articles, there is no known disclosure of a polyolefinic

elastic material with effective additive stabilization



The terns "curable” and "crosslinkable" as used herein - 14 - 8NOV
2002 nean the ethyl ene interpol yner the snaped ethyl ene =nterpol virer§ 80V Q02
article conprised of the ethylene interpolyner is not crosslinked and has
not been subjected or exposed to treatnment which induces crosslinking

al though the 5 ethylene interpolyner, she shaped ethyl ene interpolvner or
the arti ¥lneresmprhitsed v e aatlioy] civesi Moar paintar ééﬁpﬂﬁ§é§aaéﬁitives) or
functionality which wll, effectuate crosslinking upgn subjection or
exposureefgééﬁﬁ1qu%ﬁﬁﬁﬂﬁ?CLfﬁeaP@/ﬁ“'ﬁrSﬁﬁ n§3&ﬁtﬁ§SSl§§eﬂséa her ei n
means a 1 ampeund, Wl £h drp Nl 136 IMalsed dyr) ngdnanmhh-aRkkgation or
processi ng of the honogeneously branched ethyl'ene interpolynmer, however can
be acti vatedd ing tdrel rappldrehtiean dofe s emperditures (lbaat pfseissanti al above
normal fabrication or processing tenperatures and/or by ionizing energy to
15 ef } ect i EGe ewuridbl &gesHdran v&erprte*feer%|e>¥,la§—u5§t &HpPDgrted
crosslinking. The term"honofil" as used herein refers to fiher which has a
single pléloy?raerde&eeg‘l ennrgorwacﬁgprf’eﬂgn i #alelgl%oﬁt hegiveé’aatr?y (l):teﬁ1 rerﬁi%gﬂeﬁét

pol ymer rregais (&S dghdt HOMmaneiicd idi®dhur2Gnkhie 1edt, Mvskalblibk ewR1 ohs used
herein in the conventional sense to refer to fibers forned by extruding a
nmol t en t et roilessitves poid) e ico fuogidrientt ¢ 'hr amgh S 9pl (WP&KIt y Cabafi ne,
usually cjrcular, die capillaries as nolten threads or filanments into
conver gi M 1%h ¥ TS SER R TR B o ATSE 35 SwhiceA°Punct i on
to abbenuate,ihgnd i padss K odd AMER S 110, Yeduesd diamater $cytageeaf ter, the
filaments or threads are carried by the high velocity gas streans and
deposi t ed swpremnsl et émng slsdlacepal ynerrs la awe be bfvatand admpediaspersed

mel tbl own fibers with average diameters generally 30 smaller than 10
nicrons.aPRV%é?WKP§ﬁuﬁ56n693ﬁ§1u3é@nﬁépgﬂ#d Pvt keecyA®erti onal sense to
refer to f'bers.%orned by extruding a nolten - 15 - 8 NOV 20D2

thernnplé% ?%Pfﬁ)%&ﬁﬁ'conposition as filaments through a plurality of tine,

usual ly circul gg,setR, CoRetdafd 65 Pfedersdi Mded etom ddbd-he fican®iegr of the
extruded f=laments then being rapidly reduced and thereafter depositing the
fil afént sStoxibbe ackastect anyicles deaving foeed ac hivdt vfivarkford hevditeder sed

spurbond fibers_w th average, di aneters neral |y bet n 7 .and_30 nmcrons.
The tern1;?Eﬁﬁﬁﬁ%%reasaﬁsﬁgf%e?%i%P%%d"?%hg%gi%%%V§H¥ﬁgﬁﬁﬁb§;£% € neans a
web or fafa€ DaVi PHefeStEUSt HEEG 1oPfel Nk Vi daat i d1derehidh theteags whi ch
are randomy interlard, but not in an identifiable manner as is the case
for a knithedrfababes Thdep| asrainfaberlevarad perperaturserfidon can be
enpl oyed to gée are nonwoven fabrics as wel| _as conpositiqgn structures

conpri ses*¥18Btrc ABRADTENFABrPE $AUAL t3nbPRdiion TR AGnet&St Pe

mat erjgal SpedBesber P nEPALYIBE eﬂsxaixg& eLBat Qi ki REE S chuhaye hegp forned
fromat |east two powyners extruded from separate extruders but neltbl own
or spun tepashecity bor mlewmetédbeemp&patugasedndi besd wash Abrmet | nes

referred to in_the art as 20 nulticonpgonent or biconponent fihers. The
pol ymers SF8PLdubYry Hef haventlfreKeEaentBeheFNaFe P RS i ber s
may be no oL, ap Lber T yi e a i f§gg§eunially
constantIgggoégtggﬁggeg%gﬁi§8E angggagﬁgégeé 8 é§g§g$g$%$fon of the
conjugated fibers and extend 25 continuously along the | ength of the
conjugated fibers. The configuration of conjugated fibers can be, for

exa , AuBRay EOEE I636848Rt (wherein one polynmer is surrounded by
anot her), a si i rran Le.ar t.0 ;
"islands-in-thggsgéygaggggﬁgﬁégﬁﬁggéﬁjgégfgégf%ggggfggecg Uéiékﬁqbed in US
Patent Nocu%ab8,829rbaikaeekan8y ol crobsPinRabeat etly1&nd36, S52 to Strack
et al.; and U.S. Patent No. 5,382,400 to Pike et al. "The elastic fiber of
the preseanterpdlymersscNavaz@ezizedebyi enpodymbe danaicynpfighessl than

configuration, .or exanple as a core or sheath, or botn. =
0.90 g/cm’ at 23°C and at least one nitrogen-containing

30 stabilizer exhibit excellent elasticity at room temperature
and at elevated temperatures as well as excellent wash and

dry stability. According to the broad aspect of the

-8 -



The at | east one honogeneousiy branched et hyl ene interpolynmer to be
irradiated, cured and/or crosslinked has a _ density at 23C | ess thannGy 9@
g/cnB, preferably I ess than or equal to 0.865 g/cnB, nore preferably in the
range of 0.365 g/cnB to 0.855 g/cnB, as neasured in accordance with ASTM
D792. At densities higher than 0.90 g/cn8, the interpolyner is not

subst ant FBVERt aaDF pAbaseoL SebasY1@ed ey eNe @lOG 0o MBI =Fperataped Furt her,
whi |l e at ﬁdenggti es_of .egual_ to or |ess th%g 0.87 9g/cnB,_the benefits of

ef fecti vEUSERBPY i 2RFPEASESR BE FERPT L ER 2RERSTT F oS- of CBMRA S 61t | ess t han
0.865 g/ ¢EGar gnr ﬁ&ﬁe=gﬁegsg@vs§r£n8n9§s&ﬁgw_éﬁpr ONESBASL yrie R Obhich
tenperature elastic pe? ormance (especially,” a | ow percent” 15 stress or

| oad rel apabirangsi stabllaneedntPepbeyabt yzed hei bbnageheasis| gndrancded

et hyl ene interpolyner is characterized as having a DSC crystallinity of

| ess 1 haMosPmeguandt shgracrerghedpas cbaY indofeepPErePably $2a322¢ han or

equal to i.ght percent,_and.nost. preferably.20_les r ual .6
percent . g,%agrgggér apfy.tt hé‘ﬁg‘ 68ﬁeoagl f/r%gg%éﬁg%a& %yﬁggﬁ\gm?ﬂt%%b%%/}?er is
char act epjigz S i l-t,2 1 Ndexqod~es h h1 i S

determ ngélc' iq%sgcég?ﬁaﬁgg%m@?ﬁhAST "II3> ?EB%FEC%Edi]itgia%rtl %ggclﬂg%%gﬁﬁl ogram
(kg). 25ctasaindiadi atadildured and/ or crosslinked article of the present
invention is characterized as having a percent permanent set of |ess than
60 at 23C, pr éPEEEBEy A4SPSST RAnTHE 2pUERtien25Sap PSENCRDPE PREEIRFaBIy | ess
t han, or | 0 and nost__preferably | - r uah _to 15 at 23C and
38C 33(8 a%gl%%(?(si %gr%cg%tr%gt'rgirr@ﬁﬁggeﬁegﬁurcgéggﬁEgiﬂﬁgma?g%gtﬁ nmm thi ckness
usi ng an doffigingeasi QR ore Momogendollelyzbeadnthedi etadiehed cured

and/ or crosslinked article of the present invention (and is characterized
as havi ng ¥ §F@cdemerst MiEs iy lopatises efhydsset hatespoéyuariasdavyieBC and
200 percent 1setarS i %n%nd t:Ihesiﬁs tq%rr]n ar egu%hagg 15.51"‘8[3?( grsagwihess 5 than or
equal to ,_ nore pre et abl >71C1 TSIt RAR OF eqﬁafa 630, nbst p?eferably | ess
than or e@e&dored A sidpeaand g2Q@cper centedl r darradighedpasyred at a 2 il
(102 mm thickness using a Instron tensioneter. Irradiation may be

accohpl i strabdyinkes)use nofl inegh dedsdner gf, Lessi zihng 6186t B6AB, alltra vi ol et

rays, X-rays, ga rays, al pha particles, protons, and beta particles and
conbi _natiz%c_t'thgoPF HERSFePREl BEtF BATBaaHT ??%HPﬁt?ng’rf.lﬁ?‘éf erred. The

irradiation is pigfe] alye Sardd 640Ul @t 05206 WathB8d/ S rMRERE AYS anOr €
preferably between 3 nmegarads 15 to 35 negarads, nost preferably between 4

to 30 negarasisic Rurtihele ddvwepr reriady atheostess ke :carried out conveniently at
room tenperature, although hjigher and | ower tenperatures, exapple 0C to

fo
60C, may al so be enyiloyeRECPENG &5 y-eaSte oSy ﬁm“ﬁqeﬁcﬁ%lé’ahﬁéﬂggﬁt after
shaphpg or falfdeatd A ofc Ahd Nl Hai%g A $ndit A JBF 8L8EM edagTBOdgTeNt
t he hormgeneousllflyalbrancﬁedg"ce?%}ﬁ%ne }%antlergpol yrrglr lvmy?k? a pro-rad additive
i ncor por at ed tded@i Acl 23PCTr adirahgdatM Idu el erlT ove ffinpeaiaatd ot aic 8 to 20
megar ads. The el ectron-beamirradi ati on source can be any suitable 25
el ect r on- beam HREAEF RR . L FGFOEKETRANE 2 IgUinda A t@ Rl ldasro AI§E8A - r r adi at i on
equi pnrent is availaple ft Ene Servi.ces, | / |.m_nat . With
capabilities of at {:‘J’e)astI 0%’]6 e#%yr% el Siheaé:’sltn%r{%ﬁ \%Jﬁemévio ?%é"é“'v?z% be
adj usted to appi©fFpSlPnéLyeigsdsuch as, for exanple, 100,000, 300,000,
1, 000, 000 or 30 2,000,000 or 3,000,000 or 6,000,000 or higher or |ower.
Many 26t her apparati (¢br aftreadi be ntppoigateidre amtshdring arseibdless ikigown i n
the art.. - is , C e s
the article to heat and/or ionizing radiation,
wherein the article is characterized as having:

(i) a percent permanent set of less than or equal 25 at
23°C and 200 percent strain when measured at a 2 mil
30 (102 mm) thickness using an Instron tensiometer
after being shaped and cured, irradiated or

crosslinked,



- 8 NOV 20D2 The echyl ene honpbgeneously pranched interpol yner :nay be
crosslinked or cured by first grafting a silane onto its polynmer bagkimna
and thereafter subjecting or exposing the silane grafted ethyl ene
interpolyner to water or atnospheric 5 noisture. Preferably, the silane
grafted ethyl ene polynmer is subjected or exposed to water or atnospheric
noi sture afteriia shagrrgnsr SFaBEEcati 8nabpenabiloneSSui @yl ersicldifés for
silane crossli nki ng of the ethylene interpolyner include those of the
general fornula 16 RELO%EHE 2n¢ <00 REXQRWIPFITHIxERRE TS2FHTGAICh ® is a
hydrogen atom or meLhYl (@QuRn X ARdiseaLe, ;86 L Wildi e proviso that
when x is 1, yis 1l, nis aninteger froml to~12 inclusive, preferably 1
to 4, and each R kreenemeEdy WiterapBYdgokyapklie soidpanireqroup such as an
al koxy group having froml to 12 carbon atons (for exanple, 20 nethoxy,

et hoRy, butoxy), drylaghptgdooy CrosséxakpHe, apldenoxy), aral oxy group (for

exanpl e, benzyl.oxy), aliphatic _acyl ox roup having from1l to 12 carbon
atoms (for ex‘dﬁﬁﬁe, foranﬁe(?ﬁ?,ntaééffﬁ%xg,egﬁg(é‘ﬁdﬁ&l xS HRS §F
substituted am no r.oups.s( alkylant 06, 26y!B0LAGk: QE2:hoYREqal kyl group 25
having 1 to 6 carbon atons 1 nclusive, wth e proviso that not nore than
one of the three RS a3 an 2akkyl .(18a mahl emidiaiess myihe grafted to a
sui tabl e ethyl ene polymer by the use of a suitable quantity of organic
peroxi de, either Defferortengiiongtershipiesy or fabrication 30 operation.
Howeyer, preferably, the silane is grafted onto the ethylene interpolyner
bef 0re shaping or fabrication operations. in any case, the curing or
crosslinking £ eaaiHa aspkte of Hhd\MvEBR2 dm%es Plmoendold oMK ighe
shaping or fabrication operation by reaction between the crafted sil ane
groups add Svedstic F e whrereieattineg siteps therthdk pommstes rom t he
atnosphere or froma water bath or "sauna”. T,he.‘phase of the process 5
during WHFr TR R s & i FRESedK 2o et rfed to as the
"cure phageergdidddie process itself is commonly referred to as "curing”

Any silane that wll effectively graft to and crosslink the ethyl ene

i nt é&3pol yner kahibeh usemkdmn dhelpr esprndi®en merd it hSli ehblakigid anes

i ncl ude uns trrat ed sjlanes that conprise an ethyl eni Cf’:1| | y unsaturated

hydr ocar‘B‘s}FgB DUp-ARTkh S IEAA (RATPIEIAIAS SR TORAYEE C but enyl |

cycl ohexenyl of) y(pRsd)BeEY ! HXVi Sdlshy bl HthofibSudYHrStyzable group, such
as, for exanple, a hydrocarbyl oxy, hydrocarbonyl oxy, or 15 hydrocar byl am no
group. Exthplese ointwdrol yuabl charaaiesr lired we matinmxya @emoktyy dwor nyl oxy,
acet oxy, agr oprionyl oxy, and al kyl or arylamno grou Preferred sil anes

S.
are the @Rsatifss &dadl K0P S/FBNeANWATITHLNS It af?%ﬂto%tb YeStyol yner .

Thesg si nd:t hei h ; at 0 y descri bed
in ﬁﬁg. §?§§P€h§$ %?2%%¥%éf%%%qugé%§%%%&%ﬁﬂzﬁﬁf§§n??g%f}%% oxy sil ane,
vinyl triatbeyyratédncheye{meth)acryl oxy propyl trinethoxy silane and

m xtures of these silanes are the preferred silane crosslinkers for use in
this inventiodP) | fPEEPETIRG Zfeplexehpite T@RiLhFeS taFrpEPRIVIeY A%, nica,
silica (fqr exanple, Si2, clay) and alum numtrihydrate,) is present, then
preferably the crosslinker includes vinyl triethoxy silane. The anount of
silane crossliiakermugeflgi intHer e 6peTd JNVEPL | PhoRan . Faty B gier yoflependi ng
several factors such as 30 the silane itself, processing conditions,

gr af43 ngséflBnei enegslinkani crperoxdfies Baret¢opFsi hekart Pent bungprd cat i on,
and simlar factors. wever, typically at -.20 .- 8_NOV 2002 |east O.=,
P ef or abPRTEE RBRETPoLTMeFhy P L, (85 Teat +8ReR iPney FY AORGERS
considergg&gg§ag:rgogggngggcg gg? §€Qﬂoqxxgre usually the two princi pal
|imitations on Ché naXI Mim anount of silane crosslinker used, and =ypicaily
the maxi mum amgunt subjecting the melt mixture of (c) to ionizing

energy or contacting the melt mixture of (c¢) with at least
30 one free radical initiator to graft at least 50 weight

percent, based on the total weight of the crosslinker and the



5 of silane crosslinker does not exceed 5, preferably it does not exceed 2
phr. As used in parts per hundred resin or phr, "resin" neans the eI@wh¢sz
interpolyner. The silane crosslinker is grafted to the ethylene

i nterpol yner by any conventional nmethod, typically in the |0 presence of a
free radical initiator for exanple) peroxides and azp conpounds, .or by

i oni zi ng TadraritgRc et €T ASutt able gfaFPiAG At h8d -I'§ §i-§&1tosed?in WO

95/ 29197.; Hawevet ) for efficient silane crafting, organic initiators are
preferre&, such as any one of the peroxide i5 initiators, for exanple,

di cunyl peroxipdefegdbbl @l t chat y1- perexide s abrhvtykdperbenapaie ushagzayil
peroxi de, cunene hydroperoxide, t-butyl peroctoate, nethyl ethyl ketone
per oxi deexrmisdionethghn2ggedithabutyl pBroRprhedanensid@isyCip&edkiias, and
tert-butyl peracetate. A suitable azo_conmpound 20 i.s,azobi si sobutyl

nitri e.t%ﬁ%‘&ﬁﬁﬁﬁPagpthi?Fﬁgo?SCaﬁogaF??mBEF'i F%hf§bW§§Fly_present in
an anountgoin g eashe?- Q41 PrebGLAG! Y ralnl 8a8liQg06 caftr £ilypi cal ly, the
initiator does not exceed 0.15, preferably it doeS not exceed 0.10, phr.
The rati argfeciloaneottiosgl i akerotombbdtingt arcaniguean arar i 2 pammdeltyd but
the typical craosslinker:initiator ratio is between 10:1 to 30: 1) preferably
bet ween I Fo9id O¥4 18, AVANFEEANOCBRPERTCoREMPRERROT Scait ¢ ded to graft
the sila Qssld nker , tanti.ally | i r._e R , one
pref or r o@ SRR o PRk e R T AP Bt P e G e (1t G RN ot

st ageoof & read=AireeXtbudanlistiehads aecBysS 1krgadely rEE gyiafd iadd/or
conditions can vary, but the nelt tenperatures are typically between 160
and 360 @exef®-ably - m - 0 ~ov zo02 between i90 and 230 C, depending
anon the residegnce ti and the nalf |if f the initiator., Cure. s can be
promoted with & ¢ (?srs?l?ieeﬁ Ele%g eglgfgll??ﬂt gﬁfd%élr?y R R 'hat_thewa’itl 1pera<§'\% de
this funcdh®mdeiyiRduged b2adehkable natdleySint HeRARAMdY i1 ude organic
bases, carboxylic acids, and organonetal | i c conpounds and conbi nati ons

t her eof |shsrintyadrlyadiioerirt anayésnend rdanicdvEewr car badtm®res of | ead,
cobal .., iron, nickel i.nc _and _tin. Representaf.ive catalyst include, for
examite, BT SROTPRrEed 08 “ArORTE (AR ISAd Tt ¢ " ARt el eat e,
di but yl tid&geacel i anfiiBublibicAdnoct a3l & HA Q% FAGEEA] Cmisd RIMMAMS,
octoate, |ead naphthenate, zinc caprylate, and cobalt naphthenace. Tin

car boxyl atlke aspemst lopedinbtrpoeinndionaaiatimamt aliiccit34y i yhed eat e, are
particularly 15 effective .for this .invention. The catalyst (or mxture of
bat al yst SJYREOBH RBP4 BREPLAY O AU STy R P PRSP, 015 and
0.035 phr. Repjes@ii@iJet@dPemtad Rdd tiyes duddtder inhgrendot |imted
to, azo conpounds, organic peroxides and 20 pol yfunctional vinyl or allyl
conp@indspslghe s, whiorh gravplde, coampiladely oymnpentsd telastid i socyanurat e,
pentaerthritol tetranethacryl ate, gl utaral dehyde, ethyl ene glycol .

i et hacr PP ELRET G | ST H AT GERShar L3R A O prETes BT <Stbnoal | v
cyanur at egn dh ¥y PO OXjGolia (&It 2D MY | - HREOX ot yl

per benzoat e, benzoyl peroxide, cunmene hydroperoxide, t-butyl peroctoate,
met hyl etfdghsketene qperimg,desadd S-idimety/ o2, Srakgtiduliyd @@Emoxy) hexane,

| auryl peroxide, tert-butyl peracetate, azobi sisobutyl g%trite an

conbi nat i ShaPAkFedF 1Y FISFEAS BRTESHd RRFAMITSRS 97 REEIPHMARCE hgtl}?r"esent

i nvendd on;are; ng% i ;y%g cid h i t,heast two)
noi e'[%ées %%éhlggp%g% —%&ocfﬁéﬁ%\&e ~ tfi’é‘_{-%@{kf%rf} 2%%% E?Y? ré&éast one
pro-rad addbbt¥rtighne biectl radusesi 4t ther hompgeteesis| yrbraadéhed et hyl ene

i nterpolyner by any nmethod known in the art. However, preferably the
pro-rad adBiLAKebish perfommatifced HOWe Ve nstli bat eendbpgcperadeessely

conprisin he_s or.different base resin hyl ene_j r pol ymer.
Pr ef er abl %ffffeﬁé gE@?F at” ’ad]d'f?lfevaesecon%ren??‘é?irgﬁ %gfegﬁe&rlrag ‘eél;%% chis

rel ativel ychiegh £0r16X@&NRl Lax0i YR Dhte DEVECEE DRsedaenrtbecbptal weight
of the concentrate). The at |east one pro-rad additive is introduced to the
10 hohbgepedysky hauhchederet tyleneeqpoiynee on gngaeéfethaned adbiing/cm’,
Preferably, the at | east one pro-rad additive introduction amunt is from
0.001 to SUKSTIRENPEY ceWindore et epRAbr)df FEATH HO51PE I°8TGRFYHt percent
and nost preferahly. 01 0.1 L ght _ a t al 15
wei ght ofqgﬁgﬁegﬁyléﬁéggﬁg%}pg?%né??wg%ggtégﬁ#gggﬁvﬁgrﬁgggggﬁsggr%%%ein,
refers to a polyneric conmpound prepared by pol ynerizing nononers, whether
of the sane or a different type. As usél herein, generic term"polyner"
enbraces the terns "honopol yner," "copolyner,"” 20 "terpolyner" as well as
"interpolyner."



The term"interpolvner", as used herein refers to polyners prepared by the
pol ynerization of at |east two different types of nononers. As usedB o0
the generic term"interpolynmer" includes the term"copolyners" (which is 25
usual |y enployed to refer to polymers prepared fromtwo different nononers)
as well as the term"terpolyners” (which is usually enployed to refer to
pol yners preparad frbmratree whffemance yes oty rongy)rpothanaer m
"honmogeneausl y branched et hyl ene lymer" is 30 ed, herein i he

convent | o Uishes 0L FBT BT Y SR ST i Aol HEE PR GhESH ¢ he
conononer | My distri d w thin (Y I r | ec an
wherein sd%§¥%%¥?§}?%ﬁglié-ﬁg§;%esﬁ hﬁ&w%zgoﬁggﬁﬁghﬁg%8F§ﬁér #%ggcﬁgés
have she sai®i®§NYFEMEar Ong OISR FRE ST iditn® is TAe dfefded BfLrfedrs an

et hyl ene interpol yner that are manufactured using so-call ed honbgeneous
cat al yst sistepsokindwngi aladelartasucie i egi@eravaraiaimghidedoiamzad &

zi rconi um cat al yst sgigens and netal | ocene catal%st systens ;for exanple, a
const r ai nédP JERAet¥GE Lo aF y&t 63 LnEmRRT LT | D By 1 SPEH 19 U. S,

Pat ent No. -+ Stevens et al. in U S Patent No. 5,064,802 and EP O
T35 B1s s abACe g ter BB OIS O .| 8 026 708 and UG, Patent rb.

5,055, 438; 10 Pastkbnky 8k.che MARS IS4UBy abfif Keettharewgorede ato in VO

94/ 17112. Honogeneously branched ethyl ene pol ymers nor use in the present

i nvention ééﬁagéam@@ dEserppebinkingvFwEPTesinghaninsivRe yht peesent
preferably. 10 ight percent. more 15 preferably le ha and nost
prefeﬁgbly‘é§§2t50?¥§e?8ﬁP9baﬁggn§05fa?%%h%gly%%?oﬁft%%é@%%gregF%? short
chai n brangRhfglbessnhtBanresuedyahré OsdPp Bt vk 8, 1908 emebosscedhat is, the
pol ymer contai ns no neasurabl e high density polymer fraction (for exanple,
there i s neefrusei sh hadengisydeémsstyhah eqe@l g20mt.o ashydes@ er than 0. 94

/cnB), as.determ ned, f le, usj t t i si | ut
Pract) onat FRCERRERTF 8o RRE O BRY | FRPAPRRE bR L LY CEMEER BArS 1mahit] o5
resonance 4NMRhsanakksi 8r Prahsiabby, ihheiherpgepesesinaeanched et hyl ene

pol ymer 25 is characterized as having a narrow, essentially single nelting
TREF prSof i heteabusabid essentiiabl yrhdtkatagnaanddeur abdbes highidenedwid

pol ymer porti.on, as determ ned ysing a,tenperature_rising elutipn
fracti onat P&+ Efﬁﬁngs F&BSF&@HaF%drﬁé?EFntasCH?F@?OfPh%§l5¥e°goﬁ$%sition
di stributi n e i L Lys det 1 N
TREE as deBorTBos, Fovidenipro iy aoeioatie SRRty df B ner Citnce,
Poly - ~4 deterthiNed 2@@2rBhiys. t3dthe ¥Vobd anf, Dpug A@MInd8®82aticor in U. S

=—atent No 4,798, B1; U S. Patent No. 5,008,204; or by L. D. Lady, "The Role
of ConpnongFDf)péesid mBitsod Iseti §aTFh LRBPE PRoddct - PeRf of nhric®! "15819E

Regi o T i.Gal, .Conf erence, ker 3 Square, Hil : r i t ober
9 e 10N g T R AR dn I poraner rrar 2t Y b nRiGRe P

i nterpol ymar dedsidhs@he .det e/ esthdiShdlow . C M@ nalatsismd I accor dance

wi th techniques described in U S Patent No. 5,292,845, U S. Patent No.
4,798, 081; dufSerpamcas iMoo amprpSoe88y32T aawsbfldinCtyRafdamatiRey.

Macr onol . em._.Phys. .. .. 20Q1-317. 1 n _anal ytical erature rising
ot on §r SORRHS I TR e P iaBEReRBe L BrSatbaEHE RE. 4. 708, B
and abbr evicaibihenainy asmpARRoWLd hie wﬂdqha&iq?m@sekpeatba.be 15

anal yzed is dissolved 1 n a'suitable hot solvent (for exanple,

tri chl 2% obenzend)s amptdldwwedHr ser,y vealdiiszcetemneda thakufhecont ai ni ng an
inert suppart (stainless %%eel shot) by sl.owy reducing t he tenge;ature.
The col urm FEFRATFTP W Hothfast ot OIeRISONGeLBLIEr SERATLL2ST
differenti al 53&9 I Ee¥sChEOopRLO0gRaaLgHrve is
t hen gener(}tmgéd y e u%lnl%%el%n%%ﬂbﬁfg pgﬁ}%rStsQaﬁpFe g‘r%%m t%e col um
by slowy iaretiesiss ng THiG tRigesainy 4 Ofsudpa ielivly ngidsaheepected because
(trichlorobenzene), The ATREF curve is also frequently called the short
chai n br andlisgtRt¥iann idees SCRDLMHIES esnpadianferedwithi BffessiveD)
curve, ,since it _indicates how evenly the canonaner (for ex e, octene) is
di stri 5§t eac"’tﬂjrrb%ghﬁﬂai%feoréaﬁ‘gﬁ/eecrﬁ% (Ha=% SRS 63% tcg%éi%rl_ggdecr eases,
COMDNONET COff EM s | (U LA Ssudi & d &l iAC td s caies 0GleactaL peavitdes the
short chain distribution information 30 and the differential visconeter

det ect or pravigessad, eshatai e, of rdhe adsoasin y75tcetaggrant eeut aanwei ght .
The conposition distribution and other conpositional information can al so
be - 25 - 12 -



8 NOV 2002 determ ned using crytallization analysis fractionation such as
“he CRYSTAF fractional ysis package available commercially from Polyr r@@ﬂﬁ
Val enci a, Spain. Preferred honogeneously branched et hyl ene pol ymarsngéi [g
as, but not limted to, substantially linear ethylene polynmers) have a
single nmelting peak between -30 and .50C, as determ ned using differenti al
scanni ngieaPor| neet y. A DSE) r = ase Dpposedhd oZtsadhyi ottedc Zi gl eripaloaveri zed
het er ogeneously branched et hyl ene polyners (for exanple, LLDPE and ULDPE or
10 VLDPEFT®Ri €F“H&¥engwd oy Fénﬁéﬁﬁﬁgeﬁéﬁfﬁt@d TRBPSFAGHECRel £PRg peak is

det erm ned usilng a gio%\;er enti al ﬁéanni n gal orimeter standardized with

i ndi um afd288i6ni 7€ t &7 . 3 THES Mt RO EnvbY vESS B ¥ ny sanpl e sizes, a
"first heat” t00180GHARICH NS Bk dof BE 4 HANLRS re8uibscael dawn at
10C/mn. to -308 whi ch :gg ﬁgl 8 ?3?1938%%& es, and hlelat Sup a{' 10C/ min. to

150C 1 0 pnoeindevae 'ssecane heat 'slkeakufbewsisig €openat teascupue drharwhi ch
the melt peaks) is taken. Total heat of fusion of the polyner is calcul ated
from t he F&288Nundéhathd seurvie. =Zf<Thé VRaFSFevéoidiey 3br aR@REJBEhy| ene

pol yners f.or _use in the i.nvention.can _be W ther a substantially |Iinear

Gt hyl one ROTHEr SP T OB o TEaary 27 aneh et R SeCRUTERE BBl ymor . The

term”|i peAinaas, Weskhinaridl searshatrdrhe @irpilenenpabyf®bndees not have
| ong chain branching. That is, the 25 polyner chains conprising the bul k

| i near eti®lllendngl yrigrdgere comtabsemge sefalidrigestsaipe rifoamc hicngrrablen t he
case,of traditional |inear, |ow density polyethylene._polyners or |inear high
densi‘?y 56l PEERA %Wrﬁadé%iﬂg’%rﬁﬁégq esrtaﬁ’&llﬁﬁg¥isz§f’i dfprocesses
(for exanplflil SelRARN AP SUAL 608 e $Q8hAl -)), sonetines

cal | ed het erogeneous pdl yners. Theterm "l inear"” does not refer to bul k
hi gh pressure Ry@ncheds polpeihyyienereidty|aedsd mydlaaeetiateat 26°c - 8
hl Ov 2002 copol yner or_ethyl ene/vinyl al cohol copolynmer which are known to
hose ski M&FEYH MHFRLRAS 1 S THPTe RN | it Ahe™ Ioradenestivhe germ

" hoogenggusty Ju anchied J inear. alivl.enc, 5 BolIiRrs o efersd @ pol ymer s

havi ng a narrow short chai n branchi'ng di stTl ion an absence oz |ong

chai asbranchi ngrg Suchi ' ld neade’ dNidrddnt aneiachOlsRORISACOUS POLY TET S
=ncl ude chose nmade as described in U S. Patent No. 3,645,6992 (El ston) and
t hose nmadedssiatp st calld et rigdam siadd & ot o st vemtd vieatEedampdast or

having rel atiyvel y. high ethy] ene concentrations described in U S. Patent
No. 5,026","7‘%982 (BC%%% Pao"ra‘%n"%.&s?a“ﬁi‘teeﬁqt3 NO* %J“‘gg% 438 (Canich)) or those
made using consts ain ae &y, d batgh reactor, ;akge-havi ng
rel atively high ol ef |elﬁs concent roafia%%sé/ aés 1%%escrﬁclbe§ In U.a§. Pat ent No.
5, 064, 802r«:Sheyv ansgatadd .9f of ladr datr dpeean Rad gt ido . fdd 4HGreBESvA2 (St evens

et al.))._ Typically, honbgeneously branched |inear ethylene polyners are
et hyP8ne/EXIRYS nt | FRErGITRRER L VaUFEFATRL S he: aol efin is at | east one C -C20

?1: (r)rlete LIyIn (1f gcran%%g,) é%‘ h'gl;%é?f)éfl- ﬁ‘{e‘%t%%ee@qg%ﬂgﬁn (]:)-%L{)%r}teﬁerkgjnda Slraé:feérigl%l y the
at | east leifyg a permanent set of less than 60 percent, especially
less than or equal to 25 percent (that is, especially greater
than or equal to 87.5 percent recovery) at 200 percent strain
25 (wherein 200 percent strain is, for example, stretching a 1
inch (2.5 cm) article to a final dimension of 3 inches).
Elastic materials are more than simply highly flexible as in
addition to having a Young's Modulus of less than 10,000 psi
(68.9 Mpa), they are defined a low percent permanent set at
30 200 percent strain. Elastic materials are also referred to
in the art as "elastomers" and “"elastomeric".

The term "nonelastic" as used herein means the material

- 13 -



C20 ‘a-olefin is i-butene, 1-hexene, 1-heptene or 1-octene. Mst preferably,
the ethylene/a-olefin interpolynmer is a copolyner of ethylene and a ENOCZH?
a-olefin, and especially an 25 ethyl ene/ Cg-C8 a-ol efin copol ynmer such as an
et hyl ene/l -octene copol yner) ethyl ene/ 1- but ene copol yner,
et hyl ene/ 1- pent ene copol yner or ethyl ene/ 1- hexene copol ynmer. Suitable
honogeneauskycbeaachednbt neaaset byhente porydensréon uskactn-thechaventi on
are sold under the designation of 30 TAFMER by M tsui Chem cal Corporation
and undefMagRéadeSrgAations ORS EXAPTL aaR BXEOFFDIRRS| ASCHYTERKBA Ehami cal
Corrpany.75 - 8 NOV 2002 The =erm "substantially |linear ethylene polynmer as
used heréiﬁ‘neans that the bul k ethylene polyner .s substituted, on
average, W thz9,6lilopngd-ebabnsbranches{ 1000 {Qtal.gear bapschieed, ! ong chair
pranches/ 1000 total carbons (wherein "total S carbons"” includes both
backbone radd abednehd¢arbons8s1Pnkéér ¢ ey pohg nenseapelyubst Ltetéd asth 0. 01
| ong chai n _hranches/ 1000 total carbons to 1 |ong . chain branches/ 1000 total
car bons, “fore 2fr ePEFaBE$ PPEM-6TDESHony ERAFH: bF 2hBheSFIBB0 £8PSF car bons
to 1 |long., in hed/ 1000 _10_t gt o] - speci.al.l m 0. 3
| ong chi%jggghéhgé%%googfégéﬁgéa?g§n§£%§§%glg%apgggfg g?aﬁ? eéf%ggo t ot al
carbons. Agiissed hekyior, ckbeslenrRedbackprage taterpolomerdi sereferpelecul e,
and the term"polynmer"” or "bulk polyner” refers, in 15 the conventi onal
sense, t@GidsEigobyrdicles Roemédben andefglor. For the polyner to be a
"substantially linear ethyl.ene polyner” he_pql ymer nust have at | east
enough nnlecuﬁgg\MQHW Fgﬁ l@ﬁ&@ﬁ 8¥gﬁéﬁ?ﬁéléﬁgﬁ tﬁ&tuﬁﬁé A7EFATe™PBRG chai n
branchi ng-ien defhg 1Bk Jeakwe®r, kdeaknhpasdt c8Ay28naYenaaepefl yie@me. Q41000
total carbons t0 3 |ong chain branches/ 1000 Xotal carbons. The term "bul k
pol ymer " a% iyded coaweiisedeafs thieeepblyyape philgheresalst sufrjemtedeto at
pol ymeri zation process as a mxture of Eolgneg nnlggul%s.and,.for
subst ant i S3SF 15 AESRTER | '@Fe B35 FEPyNBLERY REFIFES  nBledPeE iEvi ng an
absence afnd QR0 WHAAIHL DIANGRING as Wbk 8SmERLECWIAS R dong chain
branchi ng. Thus a "bul k polyner"™ includes all nol ecul es formed during
pol yaér i zzgraamt My lisheurcenrsicaath lelsat{ thior ishe isuhretaet ilal |ndolubde
pol ymers, éiy all nol ecul es have | ong chaiin branching, 30 but a sufficient
ch

amount dd? (AT thfe SVESEGEticng CERERA LBRARENITRY Gt RSO ERE™HuI k
pol ymer posd timely affgsets the me It rheology (that is, the shear viscoslcy
and nelt fracture - as - B Nov zoos properties) as described herein

bel ow and el setiteererns t'feadsistldmiiedre andongublsaiam thrad dghiargp s(d1GRkedd
defined herein as a chain length of at |east one (%? car bon l%%%ﬁ han t he

nunber of3% WSFDARES I (RETc Gitsn GrdYY L oRffe PEAY™SHor - IéhANR RS h §7ESCB)
i s defy ne 'Qwﬁér | WHRer, he
resigﬁg o?n?ﬁéﬁgbnonoﬁgfh%#?é%ﬁgghgé%%# %ﬁﬁ%?gﬁgﬂ intéﬂgﬁggﬁgf§%§¥h%gfecule
backbone. i $orhapear i zed s tzaninaalxdwl enien exrt retduddreey bfodiesse thalnynmer has

10 backbones with |ong chain branches of at |east seven (7) carbons . in
|l ength, b¥? ¥eidHtsPHeRehoR*&afHabor #58FeseR S vRIad (B 7§ar"‘_§&ﬁ§“’1 n

| engt h. i qﬁpj | Shi i r r gﬂﬁan

br anchi nlg}&ggc%g?ng“%% ucﬁr%aa%ﬁ%t&ﬁee% %Hraggowrén%%%% 5}}% ‘iepl ctroscopy and
to a |impetcext enhefOred@E® e fat il ene Mympetittei sinit can be
quantified using the method of Randall) (Rev. Mcronol.Chem Phys., C29
(2&3)35 p. aggerd@Ee o \AFTMP 2 TH5ctical matter, current 13C nucl ear
magneti c resongnce spectfoscopy cannot .determ the length 20 of a |long
chai n branch i %x%% © of “Hbout %’?({2 _sél)bset 5t r?n'La }Grﬁsuraencg as suuscé, this

anal yti cahet8ChMéRIes CAND O ¢ 1ol BE A GUH ST REIMRAN, a1 Vihdeld L Pmedr anch
and a seventy (70) carbon branch. The | ong chain branch can be as |ong as
about theisbeepdbymeh as tiwe denigtle cfonhe geal yofertimokbunken®5 Al t hough

conventional 1'C nuclear nmagnetic resonance spectrosco cannot. determ ne
the | engt AREEYECTYIAGY® cHaf SR 3scted PR eRSY 9@ c%’f%%‘ﬁ“%’f%rfﬂ}mt ere are
ot her, kno ni fo if Vi or t ], i esence
of Idﬁg C%@FES ?a%gﬁgglgﬁﬁ%##ylé%%q%%giég%gg'fnclﬁ%iﬁ% %?k%ﬁ%ﬁ%%l-octene

i nterpol yeehgiehor i £XaAPbBymdkS. cHAbLIH 1 M. a 49:000: 648 1 Baghes that |ong
chai n branching frequency (LCB) can be represented by the equation LCB=b/ M
w wherein b i sThhetermg lcurabseNom@gyzrosslinkable" as used herein

- 14 -



wei ght average nunber :f |ong chain pranches per nolecule and Mv =s the

wei ght average nol ecul ar wei ght. The nol ecul ar wei ght averages and theyd\ong
chai n branching characteristics are determ ned by gel perneation

chromat ography and intrinsic 5 viscosity nethods, respectively. Two ot her
useful nmethods for quantifying or determ ning t he presence of long chain

br anches miazretdng enéypehynenszrrotiwet ngtieé hyhenedlzabvéneei nt er pol yners
are gel permeation chronmatography_coupled with a | ow angle laser |ight 10

scatteri nﬁ‘tcfe’%PéﬂtVB‘ler( GPCEDEABES)C AR GBPT pBFFeat | GRSCRFOMREDEr aphy coupl ed
with a diff t| C ter h e

t echni ques "fg g cﬁz% ﬁggr gnc%%?g%%{ll éﬁﬁ%g 8Iu§ g’?il ?ﬁtﬁate?:ﬁ%gr P&s have
been wel lexgasdaented dedchbBacl Wheeat Mﬁ&uc@@ecrégél@&ﬁﬁﬁbeathﬂmﬂghlEn@ H. and
Stockrrayer) WH., J. Chem Phys., 17, '301 (1949) and Rudin, A, Mbddern
Met hoBls ﬁtwmnn@madmnathenshapm Wheice&eS@nserN@wvm:xko(rlggl) pp.
103-112. A WIllem deG oot and P. Steve Cgum both of _.The Dow Chem cal
Conpany, wt® tHe& e {GtolEPa 150088 EBRf 6F BRAENG! LRHETPO HAGET AOMEH 15FS

Anal yti calgLhenjstdy y e F t. Louis,

M ssouri ,aélc?or escraonetsesg gq.n g%%tﬁgltgrigg ng§? h Wl% %\%%t:uﬁéged a useful

t echni quecfass giranind yipeg tslm&jatesenceroéxbcagrehabn slucan clres tvent .
substantially |inear ethylene polyners. In particular, deGoot and Chum

f ound 25 t hat e Ye%ae!"PeP |r@ﬁgaéﬁaﬁhvsf'aﬁéhé§6ﬁn hegdaMeaRs @ | i near

et hyl g am! es asur Si i t eualon
cor s 6P at oMBR T R FRaY Sy SaF LR to I har aSaed TR Y

NVR. Furtﬂsnedsce@leﬁgpqtf aind Mg%@@@dsnbabrhheh@ae%&m@aeﬂe 30 octene does
not change t drodynam ¢ vol une of the polyethylene sanples in solution
and, as smﬁermé'm atmmr fcam tlee apbiveagkesr bieitdie aummon of

attri but bIe to 35-3 0 VvV 2002 octane short .c pr.anches by
t ane

knowi ng the ?r%ﬁf%t"breer%eme SEATERE LS AREIVE. TRy ec 5‘&3“&@?‘} &

contri butphedce s MY adigiram Y andghease alhhiiziwakle Al pctane snort
chain branches, deG oot and Chum showe that GPC-7V may be used to quantify
t he Rével e’éfemw@teermmﬁ Mﬂm@@len gsulbstiamt ioal Prefiaredrlet hyl ene/ oct ene
copol yners.. DeG opot. and m.al so showed that a plot of Log(l2, nelt index)
as a func?‘i‘%ﬁt%?t’r_%]g(% 'dﬁt Yaverage Mol ecul ar Weight) as deternined by
GPC-DV il | ustrages:d:RatHdae £ 0Ng 210 (Ghal heHeant Hd¥e s pect s HdwtyHidh t he
extent of |ong branching) of substantially |inear ethylene polyners are
conpar abl eagoat fitng bt mmqrmm ohri gloima iy mapa%wmmW any

pol yet hyl en LDPE). and are cl ear distinct, frame | ene

pr oduced a%ﬁﬁ% ‘?D%‘t);‘r%‘?t t%@”ﬁ%ﬁé lansg j@F 9 99 “lprﬂ\i}etﬂﬁ cfgﬁ’p%/r«re%es and
ordi pary honmDgeReopsyk ated MSE BovtiC Nt A% Jard HeHBiaNd 1 aftadi JHR v helts . For
substantially |inear ethylene polyners, the enpirical effect of the

presence 8énkengechafer brantibawns i Rommmd foas teedt raxd igtthanh cwzll tareol ogi cai
properties, which are 20 quantified and .e ssed.in terns of gas_extrusion
r heonet ry “PEERS P}%i?ﬁ'fspoglﬂﬂ?%? Cffé‘?ﬁosﬁtd\ﬁ‘{)%ﬂ”?hl%&%éh?e]sl /?'

substanti akhy, |hE@QIl?té"ﬂ@xﬁ‘fanomd/l@rcsadﬁq(h‘l%stfE‘sFh'ic?ﬁf‘é}{ dHMEMd Y are a
uni que cl ass of conpounds that are further defined in U S. Patent No.

5,272, 236f idppkncat into 2Somuebeind M igH, vESIhc fiy exhsOcd wbmamd 5(£d®991; U. S.
Patent No. S, 278,272, application nunber 07/939, 281, fi I ed Septenber 2,
1992:2%nd*¥2BP 1pat BRF) NEALGH 6ESNBHPR dish|d TG bR S8 3%D, 9%B6, filed

ot ober 16,1800 o SUbsLantiah o Lgdeay, ot lene, polymers, di H g0, or

signi ficant rom t ass o rrers conventional Iy known
hormgeneou&lrséaﬁéaaehedafrn@c&rb?tityé e:nﬂgrpa}e/mmcﬁe@ﬁ [ bteﬂeab@vmcand for
exanple( by Elston _n US latent No. - m - 8 NO V 2002 3,045,992. As an
i npor t ant dgPesiifeti 6n supeshArhity sumbiage e'%chyﬁ@ﬁ@ il)dﬂ?bre@ ’d%mﬁ@t\ thave a

| i near po [mer bagkbog n thg conventi.onal sens tt_tle erm ff

is the caSdSP&FShonBgehBbUERy PSR HELHT | HEra %t h?ﬁ%%% PoF y%%?%ra

Substagt i @Ha)illelrn@ggnerlby‘lngggoggl ymers also differ significantly fromshe
cl ass of polynmers known conventionally as heterogeneously branched

traditional Zi ahjleerepal yapuhbeddl i neatsed hydenen i inh etlpol yorvent fonakexanpl e,
ultra | ow density polyethylene, linear .ow density polyethylene or high
density 1GSEYyéthyrERE ﬁﬁdélbﬁéﬁ %&%ﬁ%iebYu%*%gu%h%gt%cﬁ%XE%% di scl osed by
Anderson et al. in U S. Patent No. 4,076,698, in that substantially |inear
ethyl ene interpolynmers are honngeneously-branched pol ymers. Further
substantially linear ethylene polyners also differ fromthe class of

het er ogeneously 15 branched et hyl ene polynmers in that substantially |inear
et hyl ene polyners are characterized as essentially |acking a nmeasurable

hi gh den5|ty or crystalllne polyner fractlon as determ ned using a

e - .



techni que. 20 The hompgeneously branched substantially |inear ethylene
polymers for use in the present invention is characterized as havi ngg(ay 200?
melt flowratio, 110/12 ? S. 63, (b) a nolecular weight distribution,
as 25 determ ned by gel perneation chromatography and defi ned by the
equation: (M,,i/M) < (I1Q12) - 4.63 ) (c) a gas extrusion rheol ogy such
that the- @«@»hb%qbsih%aFon@ﬁn%vaLo%%%tlc%nswsf 68 Jwinic of -agbuge for 30 the
substantially linear hyl'ene polyner is at |east 50 percent "greater than
the crit pdalrashear orfatcenat, tsaaddyete 1afcudanf, acke enelap filactieseofor a - 32

- 8 NOV 20Rh2 |i near e ene pol Wherein the substantially |inear
et hyl enesﬁ&%ﬁtah’&% Fl ﬁiéé‘F“eélehyloéné Wﬁ" HiSEenh S g

cononorme S e isnear, | -6 2 / Mh
within t%nqp t g?rtﬁghgugstagﬁt |t§l% |%2:ar et r}%Sporéyrnarlgg% w\“%\l/her ein
the res pemtuova Qbilt]_ie@:&.hnﬁrh%aﬂ’rrl’a&fee&d)ftdﬁﬁe Suwesd anst |raldcmzd1|yne1arspeﬁ:h¢ﬁene
polymer and the linear ethylene polyner are neasured at the sane nelt

t enper at FRNPONEg fé:bmsga@‘:éb(taﬁf@éfa@? [HeqRstears G(Qi)e-@lsli‘fngﬂeéwér"ﬂf érenti al
scanni ng C?soj“ rnetr DSC, nelting peak between -30 and ;50C, and (e) a
density P& qual to 0.865 g/cnB. 15 Determ nation of the critical
shear rate anepgr 'c@z%ﬁ'"q%hﬁ@{veﬂ"f%?ss dded egavds, tahdmeld dyeacture as well as
ot her Theol ogy properties such as "Theol ogi cal processing index" (Pl), is
per f or neccausieny imngds ssexwtsrajsnecama e ovedt err (fEER)1c Theviges s dtrusitare

rheoneter js descrlbed b Shida) R N 20, Shroff and L.V. Cancio .in

Pol yher Efgrittde] onygitireags yhich @re, randpnlyy iareid ity
Rheometerbﬁltf Plj%g{d CES_LE?@ jn%[}{}’ ) s&ggie /an Nostrand
Rei nhol d Co. Q{o 9 5%1 pp. 97-69, The pr%géssﬁnég;%\édex i § measured at

a tenper a¢zurte:e25 fafbxiQ0C, Tte rdlidsogien fulessu® tHe 2c51&0sq1a1 g.nMehtd dvpa)
using a 0.0296 inch (752 m croneters) dianeter (preferably a 0.0143 inch
di amet er SR ForMRIGYEd G &H%R?e’?% anrBYO"éﬁéhrﬁﬂ 169 39H0V92 @ t i ndex or

greater), di g hay f rgcessing
index is c&l%ot]ﬁ gle%él )@%éﬁ% | pol e unl ts t?l e&?‘f%gmefﬁﬁ&ﬁa?ﬁ on: Pl
- 2.15 Xd&&:ﬁwta/dﬁw:(tﬂrﬁ(}ﬁan\élsimrc rrﬁtﬁérlaléi?, - 8 NOV 2002 where: 3.15

X _0 dyne/cm.s the spear stress at 2500 psi (17.2 Mda), and the shear rate
i s the shear rEie teﬁm he bl Ygaed ' p?%fs@fﬁerepbfs'/l%@fw 'h?gfee@mq on: 32

eQX{I’l(JS?On r{f‘[é&)éz%s m n)l%%ggfg&o ?%ﬁefﬂé%%ﬁ%?%d 0 0? eatry ;22
(g cnB) eﬁhﬁh&ﬁrmnai mesL S oWt | dit Ceprih atdbd €t hof tdsnefmplcbdaarmber
Conjugated fibers are sometimes referred to in the art as
20 multicomponent or bicomponent fibers. The polymers are
usually different from each other although conjugated fibers
may be monocomponent fibers. The polymers are arranged in
substantially constantly positioned distinct zones across the
cross-section of the conjugated fibers and extend
25 continuously along the length of the conjugated fibers. The
configuration of conjugated fibers can be, for example, a
sheath/core arrangement (wherein one polymer is surrounded by
another), a side by side arrangement, a pie arrangement or an
"islands-in-the sea" arrangement. Conjugated fibers are
30 described in U.S Patent No. 5,108,820 to Kaneko et al.; U.S.
Patent No. 5,336,552 to Strack et al.; and U.S. Patent No.

5,382,400 to Pike et al. The elastic fiber of the present
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10 (inches). The PI is the apparent viscosity of a material neasured at
apparent shear stress of 2.15 :c 10b dyne/cnB . For substantially li—{EWV 2007
et hyl ene polyners, the Pl is less than or equal to 70 percent of that of a
conventionai 15 linear ethylene polyner having an 12, M~/ Mh and density
each within ten percent of the substantially linear ethylene polyner. An
apparent sheafnicsbriesanVse apparedh)shgasdr aber photatsonsetot oxaemid fy the
melt fracture phenonmena over a range of 20 nitrogen pressures from 5250 to
500 psig $8622CP62304 Fpapthsi Ay PAendi e or GER test apparatus previously

described. Accgydi thy in J |, of Rheol 30(2), 337-357,
1986, above & CBFtAPn GFFE CAF FPBRFTAER - ReobbREPeRa Bal Fitht &

irregul arihiespiaymbe brogd Yr?géz?ﬁkgii?dcg?e!ingﬂd?w AebYst YRRSa sakface
melt fracture and gross nelt fracture. Surface nelt fracture occurs under
appar ent | gesteadyat! Quecongs s i oign ando ¢ anges i prég€aiablir Arskossanaf or
specul ar gloss to the nore severe formof "sharkskin". In this 30

di scl osurequghe=en8eB66f SE@Nf adwrre| Rrdfemaline i WHarsdte idded @65 he

begi nning_of _Losin rudate gloss at - 34 - 8 NQV 200 LMt he
surface _:%z(jﬂnets% (g‘:giétgaﬂgt'e%@aﬁ‘eéﬁlvege l&e?&@f’&ﬁlaf)lf%&%%ﬁ?}“i cation.
The critipgabosheak Gahgialieansebhel sunhasesfehly cihf ACinK & i rdd8mer
substantially |inear ethylene polyners is at feast 50 percent greater than
the critical nbtshobstratte adtl vt bmoopheusobrseitateécnekvefir act upemof a | i near

et hyl e&;e Eol mer havi ng pabo t the sanme 12 and Mm Mnh. _Pref eﬁably, tTe
critital SRERPIELMESs af USHOSE oPhdder 48 IRBPLCERScLhr 8P FRe°r less

substanti lhi Rear yl i hvent i | B r an 2.8
106 dynsrene’ 10 & ona! nElE PAIFELS 8 e e B e one
and rangebei redétiaield,f densiegelsanf( @ldualnabti by lesgh taad snvetchg/betical ,
etc.) to randomdistortions. For commercial acceptability, (for exanple, in
bl own fi | AFFr BIGLEL oS pecadsedénec Bes3k6E dmpECHEAEREl 17 P18t absent. The
critical I r.at t f rfac Lt LF ur,e

critical g%@ rezflsat%rué%s%alt%S&%sgzt%teg?Oé?“%élg%ng(le{ggF%éfgtlg?’fé Foé(\’/FQ)SB%}F?ng used
her ei bS basedems e ledwhges afacdvhfiade etghineds and configurations of the

extrudates extruded by a GER For the substantially |inear ethylene
pol yners used iPFafifediventtiien hopoganeusly; barnshes estwds8eat onset of

It f { IS ; | t .k th
o1 ocesl ng I eE OO et BN T (e Ry HR IR et BT A nat  on,

subst ant i alfl Y dssnedfaretdiylfita 1p@loy Merss warigrHee ple@d etitt, haidtrel Peegavadlii |l | ers
and do not have 25 nore than 20 ppm al um num catal yst residue. Preferably)
however, f6Es Hda5 tesduRy iGddx waidhrelre aeast Gne Mests PredissrRAYi al | y

| neaFoet H%Is@etk%ql y&er%%udaq_ ﬁegan;tet 'ecrén@ti oxi dants such as phenols, hindered

phenol s, phosphates or osp S, preferably a conbinati on of a phenol

or 30 hinder ed paegwtasing, a HEhosirich<yus pasplkerid echilensol ecul ar

wei ght distributions of ethylene polyners are determ ned by gel perneation
chr omat ogiaIBFRGRMeHnt s chamcterizpd a9y Eogng a melt index less

than 10 g/10 minutes, as determined in accordance with ASTM
D-1238, Condition 190°C/2.16 kilogram (kg).

25 The irradiated, cured and/or crosslinked article of the
present invention is characterized as having a percent
permanent set of less than 60 at 23°C, preferably less than or
equal to 25 at 23°C, more preferably less than or egual to 20
and most preferably less than or equal to 15 at 23° and 38°C

30 and 200 percent strain when measured at a 2 mil (102 mm)

thickness using an Instron tensiometer.
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Waters 150C hi gh tenperature chromatographic ¢ unit =cuipped with a
differential refractoneter and three colums of m xed porosity. The‘?ﬂﬁWﬂWf
are supplied by Polymer Laboratories and are conmonly packed with pore
sizes of 103, 104, 105 and 106A. The solvent is 1,2,4-trichlorobenzene,
fromwhich 0.3 percent by weight solutions of the sanples are prepared for
injection. Thenél owrsaigces, lobrdd |drid S/ 1BdHH . nkEY 12 :0PEFBE i BF the
tenperature is 140C and the injection size .s 100 mcroliters. 10 The

nmol ecul aPraeeght lgeeRt dmat a0k W tdRIEPel2ss tdfe [P yimera bpekpene i s

deduced by usin arrow nol ecul ar wei ght distribution po]ystyrene standards
(from Pof ﬁﬁ?SLg%g?ﬁ?BW%s‘?g.}le%%n‘}kéﬁﬁﬁlbr?%aclh theétt &nyi vdlUmes. The

equi val e olye e I i ght term A5 us]
approprig%geﬁégkgg%%aﬁniﬁgoggg%2§%n S 6%*%% Q%fﬁi{bﬁgﬁgﬁgy%%?§sf$$%ne (as
descrd bedhhy ¥ bhaak afdsYardord geafaadb0f Ry iaSch eneéguaPot yner
Letters) Vol. 6, p. 021) 1968) to derive the follow ng equation: b

Mpol yet hyPeneost apte{dpabygt yeeme)han 20r leidl sceq@@taon3 8y =k 4306 and b
= 1.0. Weight average no| ecular weight, My, is calculated jn the usual
manner aEEgFHPﬁgSFB %ﬂew?%PlBﬁ?ﬁbr$%r%ﬁl%;éthl (BPMTM j FRickppgfe wi is
the wei ght.;fLacti t s wth nolecular weight M eluting from
the GPC g%ﬁ&ﬁngiEHEFg%?igﬁn??éﬁgy%§l 1 25 when calculating Mvand j - -1
when cal cul at tpgallatFon hhe Bé ieesShpDishddnpgetiooussy bfancgrd et hyl ene
pol ymer used in the present invention, the MVM is preferably |ess than
3.5, thor 8npraver 4BNY2LBIseLRGRTINY, WHEYa prePkeabf3Y s esS- FAYA 298Mmand

especi al i_n a froml1l. 5 to 2.5.30 and ecially in the
Fange fr5uvelgsiBns BIREEELEEOTbAoPoR?, Mams e fY AR 1o B Rer b ar b known 1o
have - 3GombinadibEVtlB80Eoexcelibpalepl OsESSEPSM  byaflespla@iachaMi Ag S
relatively narrow nol ecul ar weight distribution ;that is, the MWM rat=o
i s typi cRreferaed.t hAhe3isyadsarpensingbyefentbke danpyedeous! ptand
het er ogeneaqusl y branched |i near, ethyl ene | yners,, the 5 It flow.ratio
(10 13 BPREsL e EPal By mePREare ot RYFEnE-BEFURRT L REFTBER ar PEE=E8d8nt | ol Iy
i ndependesnt by QbghRadeD! edkapruebghbl¢i SEEhbEh i ONgo MY MiegAgaasdi Ngl y)
especi ally when good extrusion processability is desired, tThe preferred

et hyl ene Fpaltyesr, tbe dgzadpaathenprasehe cavehed opuf scantenhendgenasusly
branched?substantiaII¥ Iineﬁé ethﬁlﬁne intergog%ner. Suitabge constrai ned
geonet ry “CSFRIIPE AT G e 2MERTPEE AFPRGT sBB2t ARYERI FPRABEAFTSENY F&Fe

pol ymers 4 e qeensir apared t a as 6 I9§ﬁﬂ in . 15
applicatF%%ﬁkﬁgbgr@0§§5§%?§0§?ﬁ?gﬁgﬁyfﬁl§%§¥%%%80; %%%%eépp Péafygﬁ nunber
07/ 758, 654 radilaed cBeptsenberied, oh89iftbrSsh&aieat oNofaBrid3L38a of
(applLication nunber 07/7S8,654); U S. Patent No. S, 064,802 (application
nunbé? 0FSARTEISLe .y 81Spat dit aNBTeEeEYBd08BPPE BRI Eat FBR nunber

08/ 241, 5 S : 1 [ 1.0 e 8/.108, 693
U S. Pat%%hﬂgénégP%ngg%%B gbp Fggﬁggﬁéngﬂgggﬁé%?@%%og§$gn%.grngéght hb?
S, 532, 394ddippilviec dnicarpaniaiterd @Re28dn768) irtadiaPatentitNoel8c494n874

(application number 08/294,469); and U. S.. Patent No. S, 189,192 (application
nunber OREAY TEELACtIED G Balsice 20afMgPRERIEenyl exes nay al so be prepared

di ' f / [ i
her el rom  FurtRer L SRk eaTeI et anan, PORF RcrBRo e 2ryT tifete

pol yeBri Zild iy ctiicans igerieat@®dr .i N FdrSexBabest Baitib086 7128 taln -Bes®
believed to be suitable 30 for use in preparing the polyners of the present
i nvent i onkrERA ] aHPraLanENeslty e iavatiilableofdem BnergbsSeamiicals .y Ieenf orm

to those Vgielsrg{rigbteoq'l ,i rR’la%'ss.' w@.%therclz'tap’gl%il?.’t%zzs’ %%GEtulg'asi: :ﬂ)OKeV and at
least 5 Kw. The voltage can be adjusted to appropriate
levels such as, for example, 100,000, 300,000, 1,000,000 or
30 2,000,000 or 3,000,000 or 6,000,000 or higher or lower. Many

other apparati for irradiating polymeric materials are also

known in the art..



- 8 NOV 2002 latent No. 5,278 ,72 and :;.3. patent No. J, 665, 800,
especially with strict attention to the requirenent of continuous . V 200
pol ymeri zation. Such polynerization nethods are al so described in PC%%M%
92/ 08812 (filed Cctober 15, 1992). 5 The foregoing catalysts may be further
described as conprising a netal coordination conplex conprising a netal of
groups 3-10 orrhde=taptsedi denspdnesudly t heallefé®dice i ipmefr tiee, Heenent s
and a del ocal i ze (3-bonded noiety substituted with a constrain-inducing
nmoi ety, safdsebupkest daviwged 4 Tonst refatdig@omet¥iabanta HEsetal at om
such that_the angle at the tal between the.centroid of the delaocalized,
substitut%ﬂTﬁWgﬁoRﬁﬁgbﬁB?e?ggaﬁﬂe¥%%tE%ﬁt%?Db?cﬁin$e%%tefﬁﬁfﬁﬁﬁnﬁ‘ ng
substltuegtihae! epaeL0aN ehER-AN0L 8cLRod $hot| 6 £OIDL Gk COMAINENG 2
simlar pi-bonded noiety [acking in such 15 constrain-inducing 'substituent,
and prsovidedsturther ptBAtribolysuche conpiexegradupd i stimglems epdihare0nies
del ocal i zed, substituted pi-bonded noiety, only one thereof for each netal
atom of tRePEBRBEEx FserPeseri ES Wl BEaPT zRENCSRRSY ¢ URRLE Pir HATdeRF i et y.
The catal¥ﬁgFfurtherﬁc8 riggs an_ac ygﬁing 20 cocatal yst. Suitable

S

1Ng oY aprilca OP % erg . . . .
cocat al ys or “use hérein“rncl'uce poryméric or oligoneric alum noxanes,

especi al |y met byk -abugi Bexanes asrwehilaAe bpeEbligRIPNGtéP| €he ethylene
noncoordi nating, ion form ng conpounds. So called nodified nethyl

al umi noxahateNphA@rers ifslutisotbuseabfether ganeras &ormebd al yst. One
techgkgue for preparing such nodified alum noxane is disclosed in U.S.

Pat e No. S, 041, 584. Al um noxanes can al so be nade as disclosed in U S.
Patent No. 5,218,071; U S. Patent No. 5,086,024; U S. Patent No. 5,041, 585;
U.S. Patent No. 30 5,041,583; RU.S. Patent No. 5,015,749; U.S. Patent No.
4,960,878, and U.S. Patent No, 4,544,762. - 38 8 NOV 2002 Al um nozanes

i ncl udi ng nodi fi ed nethyl aIuAinoxah s, when used in the polynerization,
are preferably used suchciihat the_caQﬁL¥$@nﬁ§§§?pgsfﬁgaining in the
(finished) polymer is preferably in the range o romO to 20 ppm al um num
5 especially fromO to 10 ppm al um num and nore preferably fromO to 5 ppm
alum num |In order to neasure the bul k polynmer properties (for exanple, P
or met} fractul®) whighedis 1ACR hydyeegnt 8tem: PachetRElaPtAPROXaANE rvm t he
polymer. BPreferred.c al yst Y a Lnert 0 pongoordi nati ng,

bor on conﬁgﬁn SOEUEhQEg%th%%eigggg%?bggafnm@ﬁhS%O%EZ%'Sgbggagt?%I?% ??near
et hyl ene ame egieadfeeth U @ca 1CoNhiclueuse( aprefeezaedyt @ achat chnd coathoR| ed
pol yneri zati on process using at |east one reactor (for exanple, as

di scl osed :PSependeng30ZE8 R, MKOrodvEaPde, cxFd A0 I3PEP1EYFL BEt3Ran al so be
pr oduced I tiple.r (f,or._ex Si i ctor
configuragﬁgﬁgaggJéglr?ﬁgggéa%ﬁég.ngféﬁ? a&*?%@fﬁ??%zggg% gkgmﬁfé'

pol ynes i zafeitdioxye Nedhaixyr, e bl 6S aitva oyl igreiugnt(foe pxadpte, t he

i nterpolyners having the desired 20 properties. The nmultiple_ reactors can
be oper at ®PSIPErI §3dONYh FAWR | EoT FEPAE | PEHZYSREYEondt FBNARYC
geonetry calalyst SIPIOYEE Y b east. 006 ofy ke %%%%EOR%MSE{Q&@%?PL'E' 'y

| i near et hyl‘ene ‘pal’yners can “be prepared Vi & Yhe contl nuous sl u on,
slurry, orfcgas 1igse ate Halowie! igkaideidbylddie pigsenee ehbatccensédai ned
geonetry catal yst, such as the nmethod di sclosed in European Patent No.

416, 815- Aamiine groups | EEikydrewae gamrldaninde e forleweri AliKWy @gvaePor
ggffef ‘;2 W“v(;'rl{‘%glf‘e ard I gl ding,, Put, N9k I taG e ned B0 sLeagher (s). a

not more than one of the three R groups is an alkyl.
Suitable silanes may be grafted to a suitable ethylene
polymer by the use of a suitable quantity of organic
peroxide, either before or during a shaping or fabrication
30 operation. However, preferably, the silane is grafted onto
the ethylene interpolymer before shaping or fabrication

operations. In any case, the curing or crosslinking reaction
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30 recycling | oop reactors) or conbinations thereof, any reactor or all
reactors operated partially or conpletely adiabatically, nonadi abat-ighV 9002
or a conbi nation of both. - 39 - a Nov 2002 Preferably d continuous

| oop-reactor =oiutlon DA yner:.ZaLl On process '_s used to manufacture the
sunstantially |inear ethylene polyner used in the present invention. In
gener al , dadxe<LalidduoUs: pelye khaakhap1heqor’ €doira ca ti®@muandact-ure by
substantially |inear ethylene polynmers may be acconplished at conditions
wel | knowfadr e Gatiweerarchef graZiced SilRAct ArerPRafes WASIThn (se

pol ymerization reactions, .that is, t eratures .=romQ to 250C and

br ebour e TromERARRINEN A0 F560 SR SIrEs (160 o8 ~ SRR eT

sol ution, £.8lry Yya s PES 0N QLRGH Pra¢es$heeRdidd e m-heenpl oyed if
desired. A support may be enployed in the polynerization, but 15 20

pr ef efablqutirey catiadlystise arreasdacikisn areharegereous (ddmmtonlsy sfaihteas)
manner. It wll, of course, be appreciated that the active catalyst system
forms in <9 t3F 318 hetert AlARe "add@d Fé1ec FERCESPs t EEGTPoneht T HEHebf are
added dir A e_pol ri zation process and a suitable solvent or

di | uent, Ileeﬁ%yu‘déldr)lgé%o%%en%uer%nﬁoriorrer, is used in said polynerization
process. It isanhoyeVehe dHAT arinad diF darifdiRe fvecaiid yetod 4T nk
separate step in a suitable solvent prior to adding the sane to the

pol yrer i z&te ot by ke ne el ntrslsiramaraldey usatedn dihiey IRRsSet yners used in

t he 30, present_inventi are.interpol yners of ethylene wth at |least one
C3 Y a- BTETT TS oP USRS TG AR YRS O Ty B S

a-ol ef i n edmE8t ££ 0525 PR 1B 13f QRIS Aldd IFRiRId/d,1 Theod®r MBuch
"interpolymer" as discussed above is used herein to indicate a copolyner, a
t er pol ynmeas arvamyl ot Aety il tsqhmmomadne oypmnyier ,cyvhiertesseny bast yone ot her
conononer | i nerized wth ethyl ene or prygio |.ene .to nmake the

|
i nt er pol yfr‘éé?gg%¥¥%b‘P§Yuﬂ%]aﬁf]tjr%ﬁ%tP 'cc?r%(ﬁ"ré} AP IS IS TR TSR ng wi t h
sthylene 4861 H9f: odRhpRYAND |y BRI ) | InIRRIIBBM 2P0 or - 8 NOV

2002 nononers, conjugated or ‘non-conjugat’ed di enes pol yenes etc Exanpl es of
such lGonmohpdecsatbyl adén&3yfhur a- dxedmpis: s usch sl propsdlehe, groabsit yl ene,
- but ene, |, 1%gexene, 1- pentene, snethyi-1-pentene, =-hentene, 1-octene,

1- nonene, 1BRgude sngbReRE;  SHieRer rRFTE 'rrﬁ%eri‘??&ﬁfuo%r?ﬁ’éb?/’?@n%xﬂf but ene,
1- pent eneh&-&f%@ﬂegrlgﬁimﬁa -Penisne and ds,0cd ene; 1 s 1apetene is

especially preferre er sultable nononers include styrene, halo- or
al kyl - subshsautedtstiynékesy siIgndrenaotyic|cdut are, gdiz fit b xant enele

1, 7-oct adi ene, and 10 napht henics (for exanple, cyc| glg)entene, cycl ohexene

and cycl oBCL¥REY . TRESRENBYEMARISITA bR EiMy1 h P THERF PbH9MefTPan be
0L endafl WhbheOENen, PALKERE Soq SUlk @0y © POLIEEIR, [ o DeenghngcylLh the

ethyl ene I nterpolyher are commercially ava e 15 froma variety of
suppl i er sMamdrdanl ude, ahut Bdigyhoirimetiedy sulatdyl|eimypotynerhékxpr
exanple, | ow density polyethylene, ultra or very |ow density CPol,yet hyl ene,
medi um deﬁé#??%o?yéﬁ%’ﬂéﬂ?ﬁh@Weé’rrqPéﬁk FEASEEFORY vt i Mg desi ty

pol yet hyl gpe. ,0QEPgeRGQUS! ¥ BrenchedeFLPeas S IWenerfoLY Mkers for
use in this invention. If a filler (for example, calcium
25 carbonate, talc, mica, silica (for example, SiQ,, clay, and
aluminum trihydrate,) is present, then preferably the
crosslinker includes vinyl triethoxy silane.
The amount of silane crosslinker used in the present
invention can vary widely depending several factors such as
30 the silane itself, processing conditions, grafting
efficiency, organic peroxide selection, the ultimate

application, and similar factors. However, typically at
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20 substantially linear ethylene polymer, polystyrene, ethylene styrene
;nterpolyner, ethylene vinyl acetate interpolyner, ethylene acrylic_ﬁﬂqumz
i nterpolyner, ethylene ethyl acetate interpolymner, ethylene nethacrytic
acid interpolyner, and ethylene nethacrylic acid ionomer), polycarbonate,
25 pol ystyrene, pol ypropylene (for exanple, honopol yner pol ypropyl ene,

pol ypr opylsaer copol yrexferand vr andosrbt otk 7pokbypprepypeeneunatretpokgnear ) ,

t her mopl asti c pol yuret hane, pol yam de, palylactic acid interpolynmer,

t her nopl aRHR bioMESSo! v IMONSAASE2EXQRPI 8T §PRVERd PFadiEnECEBRBYY AEE,

styrene 3 t-adi ene r tribl : I r :

et hyl eneblg Lga[ulel??g 5 eyr%%% p??'?'bcl‘%gg gglé(l)?ggngp ?86’1 3&%2&%&%& a(%)pugltyrrer
(for exanpt esi RERAYroLARNNLESHRECROLYABE ypic@lly the N i2082 amount

pol yest er/ pol yet her bl ock polyners (for exanple, HYTREL), ethylene carbon
nmonoxicde ¢ht ey buily merogflamkeragoks, nethgkeretc & bmrafmr®blde {CECOES

copol yner hyl ene/ acrylic acid/ c%r bon nonoxi de E@%{Cro t er pol yner,

et r
et hyl ene/ W%t HEETSA 0‘65§5id/@§r85ﬁ nofoRPdE S( BREA SISy °F
et hyl ene/ xi pyl « { at I ( ghgglyner and
styrene/c%#ﬁ%n ﬁ%ﬁgﬁiSéﬁ?%g3§¥?gggpgggﬁyEgﬁgg%ggéphtHalate (PET),
chl ori nat ed potfiyetdiyl aee arukatiinkereds st headafed oo artee pefydrened enbodi ment
t he honogeneously branched 10 ethyl ene interpolynmer is blended with a
pol ypr opylekerpekymer ﬁ?kf@btﬂ%ﬁvéﬁltil@@ﬁécﬂe&ﬁﬁﬂxyﬁr Py riésitiesuch as
vonteld "ol 2x, 0323 alde Ao, AL, HRYANE, Gl AUl LA ¢
ponpropyFene po?yners or useinthéinvention, inc I g “ran om bl ock
propyl eneagl hyk&nNComebWids S, 0rNs, avdiilzaklee fadimelipm, ngder ofsuitable
manuf acturers, such as, for exanple, Mntell Polyolefins, DSM Anoco,
East man, Srabtingd Mxerd Gherd i lasadhamy YOAP 593&k 7 sui t abl e pol ypropyl ene
pol yners are s#%gl i ed upderg% e .de%sti nq_tainoens rEa ps NE an anAi%Hl EVE. Suitable
poly lactic ac fﬁﬁ) p%llny“me il il e FY the IhveTiti o are wel | known
in the |itgiatHESréf OFe APl BeSe2n Ms Birgg e bt , chEfdeaddxitfe Copol ymer
Ratio on the Crystallinity and Properties of Polylactic Acid Copol yners",
ANTEG 3 96inppiaors, 206Q9; exaOLY 0 EXumyEP me BPEIBA, dnte BP i thI8846A2) .
Suitable poly lactic acid, polynmers are supplied 25 co rcially by Cargil
Dow underg?ﬁéxaggigﬁéw@ﬁl E%%éﬁ 12 'et’a%iegpzt% P! ast e p%"f'gﬁf?‘/eet hane for
use in theyhp¥gatbRNAA! er COMPRL Gl dt AMad | aldeny T ost e owvwddhen cal
Conpany under the designati on PELLATHANE. Suitable polyolefin carbon
nonoxi de Perexpdeyn@r §-dame by BOR rardif Gctintadl uss Frex el xamwnt it ght
pressure free-radical .pol ymerization nmethods. wever hey may_al so be
Tanu act uPBAOTSRRG FPAGTETDrErCD! STEASa AT a oot Ay sl SArd Sprbdthd'g
(dOV 2002 jevanowh thsbharysen of r 5@ cal tipd Himaenestisi st BhysSt Sarstwimsy such
as those described and referenced herein above. Suitable free-radical
initiatedbhitghtpiessupecahtbopytsemwnt &l rAmErRIEYE epe dol yer3s Guth as

ethylene acrylic, acid 5. interpolyners can,be, factured by. any technique
known :.nPR eﬁﬁpﬁVnéFu&Fﬁﬁtt e$%9t$$ﬂs ?§G§h$§g§¥ThBH%ohnb%HQN%5Iéé??n
U S. PatepfstNaxc3e520, 861 gpdebydbii nneyoss fbe Rcbkd oNos, ¢h988, 781;
4,599, 392; and 5, 384, 373. Suitable ethylene vinyl acetate interpolyners for

use in 10 Thiee ramienbifosidapecomeskinkey tawaihdblatbroalyartausvanppl i ers,
'neluding PRRT BT SR SonRany 2RSSV Aet. ChEr S, RIPRDY;s
between 10:1 to 30:1, preferably between 18:1 and 24:1.
While any conventional method can be used to graft the
silane crosslinker to the substantially linear ethylene
polymer, one preferred method is blending the two with the
30 initiator in the first stage of a reactor extruder, such as a

Buss kneader. The grafting conditions can vary, but the melt

temperatures are typically between 160 and 260 C, preferably
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Sui tabl e ethyl ene/al kyi acrylate interpolyners are conmercially avail abl e
fromvarious suppliers. Suitable 15 ethylene/acrylic acid interpolyners are
comercially avail abl e from The Dow Chem cal Conpany under the desi ggayadni?
PRI MACOR. Suitable ethylene/ methacrylic acid interpolynmers are commercially
avai l abl e from Du Pont Chem cal Conpany under the designation NUCREL. 20
Chl or i nateed weehy ety kexle 2GOPE),, w®speriiald ypohl ahienatesd Bubrst anitricalangd | i near
et hyl ene pol yners, can be prepared by chlorinating polyethylene in

-

accor danc@ewi™e fne i ek mEws e AiHi [#ELY Pref erabl y, chl ori nated pol yet hyl ene
comprises equal, Lo ar Qreater than 30 neioft Herenty glordne, &G Suitabl e
chlorinated pol'yet hyl enes for use in the 1 nvention are conmmerci-a 'y .

suppl i ed 86 Ehe PawaGhen GalaConpany,idele e designatdronahBaNusad .t abl e
ni trogen-containing stabilizers for use in the present invention include,
but afe rfordaibtiet edted,ys3G replettad lam 1resl ydeoro rgeampt egasephenyl

napht hyl am nes sych as Naugard PAN supplied by Uniroyal); cgi phenyl am ne and
derivati \Fé‘srhicﬁcé(ﬁé(?f AMideh & QB IJMErI T T &%{‘g’%‘%(ﬁﬂ - d3 - 8No
V z2~~2 ardgmdl ' Xarml 5 5 addi St £

- di net hyl benzly t%@&%gﬁy*féa%"nfg %C‘%%% scﬁr aHleczl tblygglﬁlnal r%sya?ndChem cal under

t he desi greatd l@xeNaugarahrbbdd)latephehyl enediasbailes, (fo0n exaigied,, wingst ay~~
300 supplied by Goodyear); piper=dines and 5 derivatives thereof (for

exanmpl e, 336} yiidri c REPNSSBIFADLVY caralygtetingiidsl -for -2l dibil )

-1, 65 hexal jam.ne wth 2 4,..6-trichloro-1, 3) 5:1r]j.az{ne 4,
4-tr%pne?1hns3e/ﬁiq@'ﬁ'pén A atnc‘lj 'ned%Lf%ﬁiﬁ“sn%lu%pLﬁaetag ’bydﬁgfé-% |%‘§an€enac21teer’ t he

desi gnat | DIty 1GHI TS b OA44 Asu Vgl ¢ 1 i b dd c S Ubst drdindbes dekdddreri di nes
such as Chi massorb~ 119, Tinuvin' 622 and Tinuvin 770, all three al so
suppl i ed PRTDE GELpAte and2di raphneengfor wikamptaRrvidtri nold nes and

hydr oqui ngl i | jc 2, 3, 4-trimethyl-1,.2-dihydroquinol i
whi ch 1's SUBDTT diRLOYF R bi 11 EobEry (it (HESHRSH bRAL on 5 15 Ager | Lo~
D) . Sui t@bhe: i dIRoen el & Qﬁ@%%@@}i&%&ﬁél@é@@i\l | apd ugert heu Twbry d

stabilizers such as am nophenols (for exanple, N,
- hexafet hg/f Beretbive FqB, tibigli ineent bomy| - Bhdyaroxyphenydy prbpt wrandHe) ,

acyl am no(g%lten | s f(th\hj ch are alsp referreii to 20 as_4- h%(drogagil i des) and

the vari otd-WAFTY sTARTTTERS oRstrFRed Yt @ €Mt ent YRBC25 422, 593 whi ch
consi st obpeBwddsUPSiid UsRd)o . d3s fREpPerazine-2-one alkyl) group at one end
and a (3, 5-dialkyl -4- hydroxyphenyl)-a, a-disubstituted acetam ne at the

ot her end. 25 Repmzsentatbve prorogdnadont aves ngnctadéel i et sareicheme
car boxyl i g% aci d,am des of aromati.c nono and dicar bﬁ%%l ic.acids and

N- monosubstT bR - Yer? 3Rt FURROERIF - eREARNLS RETRFHFPReAYFoxanm de and 2,

2' - Xy QQQi%%Mt{i&jéig’v?ﬁ L-berbbubyl <dnpyenexyshenyhd, pegpi onate which
is supplied by 30 Uniroyal em cal under the designation Naugard' XL-1);
hydr azi degxafpbé i phatiasliytl ayanatatepnonoiadbyl di sacparytrateaci ds and

N-acyl ated derivatives_thereof; bis- aﬂl at ed 2 hydrazi ne

t - 44 ~ 0
Hev vato BeR ey A YESL LIS B0 BB T8 G i ataldelyde ea AV ISRt | ven of

hydfaz~n0g1§b32'@ﬁ§étﬂ§&¥?¥QEéz'Q@ﬁilgﬁlh_XE&@EPYH§B§9thb9@5haleate,
sal i cyl al oxi nes; derivatives of efhyiénediamno tetlaacetic acid; and
am nocri adopespangyb moybalédldeyanatraves thenepl. pPrekédeeddi-tert-
nitrogen-containing stabilizers for use in the present invention are
di phe%w aRPR¥S, PeEREtAeut BaPPFpér PAFRE§Z0ate, benzoyl peroxide, cumene

hydroperoxide, t-butyl peroctcate, methyl ethyl ketone
peroxide, 2,5-dimethyl-2,5-di(t-butyl peroxy)hexane, lauryl
peroxide, tert-butyl peracetate, azobisisobutyl nitrite and
combination thereof. Preferred pro-rad additives for use in
30 the present invention are compounds which have poly-
functional (that is, at least two) moieties such as C=C, C=N

or C=0.
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and hydroqui noiines. Further, the at |east one nitrogen containing
stabilizer can be enployed al one or in conbination 10 with anot her
stabilizer and anti oxi dant such as, for exanple, but not limted to, B ¥ALHR2
nitrogen-containing stabilizer as well as a hindered phenol (for exanple,

2, 6-di-tert-butyl-4nmechyl phenol which :.s supplied by :toppers Chem cal
under the designdtdaei BHE pand deerraaidis(ret hene 3rtoducdis ter tnbutyl 15
4- hydr oxyphenyl ) propionate) nethane which is supplied by C ba-CGeigy under
t he desi g’%@&rtqmqqu@ew pram:})d etthd@teerlP("—feé’rpoém &Y dinyageghod

t hi odi pr Qnat.e | I|ed by Evan er the de5| nati on Evanstab~
12); phosp |Vf e ‘(rfvgg“ efd:r}:pl e, evffrds saifgﬁ'l élgGei gy Corp, and
20 tri (nomdipheny|s) Q@%@M&d@@wma’s asmee%amewrudr@éak:%%m cal under
t he designation Naugard' P); diphosphite (for exanple, distearyl

pent aer t hrdntod 1 sl iigh oy tasnent e ki di £ estepd iecbebyr eBarry-AdArcher engeenihe

desi gnat i on V\éston~ 618); pol yrrerl c phosphl te (for. exanple, Wtox~ 345-( 1)
suppl i ed b“;F“Z? W - pI‘F’o‘%‘?ﬂﬁIf %Fﬁﬁ%dsﬁﬁiéjddql"(ef SOTERRTERE 1oRyt ox’

604 suppld ]%ng: ip h‘QIn I traki

4-di-tert- uttbr%l Ané;}i)eir , ng \{eelr?ﬂ sp oe%at"FDq‘\/ﬁ‘fl lézr?sl('%l uppl i ed
by Sandomwwlﬁrcthﬁmicgnaiﬂ@rte‘iwdasé@& %ﬁEE@e ckhcHm ade d)east one

ni trogen-contai ning stabilizer is add to the honogeneously branched

et hyl ene poI yrﬁshe iaF alemst cumrnmnﬁa@ addbig: 1y aferigfinpducachéqusdeof an
addi ti,ve %SN%/ tg}i}étrate )FT:;IOI’ tofabr ati.on and
shaping prd %%esnes?"é Y rarh%nedq SRS It Bt & TS 51%abi | i ze can
be added {moddle, | NLLNOLIWBF, atnanye efdoat iR GNCed aldon 1 Jdowever,
preferably, the concentratl on of the [east one nitrogen 5 containing

st abi | i ze¥nwiddudpron nandent ahgefofm f¢ oM. w5 ovefr-@ﬁw\ﬂ?eg’rcterner cente ( based

on the total f the bilizer and interpolymer m)re preferably in
t he rangep]f%ﬁ’@akg{;% . % Q?\i?g“h‘f pe? CEM I eerg‘:%%t wei ght of the
stabi | i zegrapgh-3ihey, | ALSH PO yTRT) o and, DS PS&f &Lrabl Vba]sgad o hﬁ'xer g (0f
from0.1 to 0.2S wei ght percent (based on the total weight of the

st abillsi zeve bglot t b2 1t eetpoy Yeme ) intexrpobress. addi tives, for exanple,

cal cium stearate, water d fl uoropol al SB? be used for pur poses

!
such as for thEQetTXTvERPbART "1 3 d‘tﬁéggc%?’é? t TP Npricvetd 15
processabbbi{dePic b@érﬁpo&?&l Of 200 Sre & OHP! O RO Sn@nfbddrér 4 etafAap,s may

al so be include as longer as their incorporation does not disturb the
desi r abl eo€hehacsame sércs diffaeennvenpeve hstms;é@ hém e payemerior net hod.
The hormgeneous branched et hyl ene int er$ %rrer can 20 also be filled or

unfill ed. “FF™f | P¥%We¥heﬁm?ﬁ%c FotAE BFTTT | [ RPN ERET sholf PHof™ S ceed an

anouniy thageyﬁgj_gm@gvegée‘wlgfggctlgtgyﬁé%éf.rmerat ure elasticity and/or
the wash and dryability of the inventive article. Typically, the anmount of

filler pr esentThe bermeenneérpoﬁiwﬁé*"pr af ensddl yh@be bet reter$0cand 70,

wei ght per f gwt gercent based on the total weight of the interpolyner
Repr esent 8P 7| PEFR2FA2| BYetRAOPPAYREEYZ2Fhgmest uRT YRR DX T sili ca,

cal ci um ogs ppBaLe: LhpBsPLE! SEREHe2ODOCAERLL bl 61 B Tilheryd s ginpsent.

the filler 1s coate a materral that pr event retar
t endency thatekpelimnkrer intihtest brewceemhayepdbymater f ewieiah t s desir abI e

i rradiation and/or
25 usually employed to refer to polymers prepared from two
different monomers) as well as the term "terpolymers" (which
is usually employed to refer to polymers prepared from three
different types of monomers) .
The term "homogeneously branched ethylene polymer" is
30 used herein in the conventional sense to refer to an ethylene

interpolymer in which the comonomer is randomly distributed

within a given polymer molecule and wherein substantially all
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crosslinking reactions and effects. Stearic acid is an - 46 - 8 NOV 2002
illustrative exanple of sucn a protective = |ler coating, although other
conmpound may be enpl oyed as protective =filer coatings or treat ment st ff'ﬁéﬂm
=nproved el asti c honogeneously branched ethylene 5 interpolyner and el astic
article of the invention have utility in a variety of applications.

Sui t abl e apptieadiamer g inde ldomaaearnslee sang ate Leote |Saritabnaner

di sposabl e ﬁersona.l hygj.ene qproduc,t s (for exanple, traini nlgn;)éilant s, diapers,
absor bent"UhEEr PAMS; i mcomtT e &S FrodTe R S LS5 ehith %ne

itens); di S ands I . {(f-0r td qqunents in
industrig#ﬁggpﬁgéﬁ? coQ%#%??%?1%%5§P2%€é%%%§¥$'un éﬁ%ﬁﬁ%@%tﬁﬁﬁf%, shirts,

gl oves, angsseakSynowmfactdion ontgui cieafl d0oranadidinct S f-oruexatp! e,
surgi cal gowns and drapes, face masks, head coverings, 15 surgical caps and
hood, 5shoel €69t WhHgEatHERL sTYPIEss ank War alrlessing s 2 tirditigesystems
sterilizatibon waps, wipers, |ab coats, coverall, .pants, aprons,_jackets,
and beddi h@gft%ﬁ%‘g%lrl%’ s%é‘e?%ﬁt‘aaffdl ST pard -2V, p_‘l St st:}[,)leo fiafé fibers
can be nmedestroped heyebsstds 20 wtdylmiadntes pol Wiy, ©f2 t he:- drasende

i nvention, including staple fibers, spunbond fibers or rneit blown f=bers
(using, fat.exanpl?, BystmnsNas iced o8] dnd .0 Rdteerdl NA2 4, G &63
(Appel et.al.,), U.S. Patent No. 4,663,220(%VWsneski et_al.), U S _Patent

No. 4,668 868" EBrBA§It o U T Ot Bt 3 B 4, BEr FqRebad I3 431 gel
spun fg be fQr .ex I €q di ' . nt 4,413,110
(Kavélsdh e?%lﬁ‘?)?? %?gp e ‘?@bé??%:gér? ’beﬁn%ﬁ?g%p%%\h%fiea%? tJhey %an be
extruded pavao7the.final fiber dianmeter directly w thout additional

drawi ng), or they can be nelt spun into a higher 30 dianmeter and

subsequent | y hBPMeFeRBPYS HY FrRehedh e gl orel RREMERT IR NdS R ohv ehite onall
fiber draw chpj S, -4 ~ ic | e f] S t he
Dresent i %E%F %gnbﬁ{égg?%o%a%aél %% %gégg%%gégﬁfg%%ﬁ Sngjia?{)’b‘g‘% sjié)%s ptekg%%l |y
wher e t helbnwenghvepelrasht ¢ prdessahny el dsd Overwatdid Ngemedmt , thape t he
surrounding matrix fibers. .n a bonding fiber application, the bonding 5
fiberld s PYBLEaRPyYblLeRgcBhaRth MAhctonutPTREeTHelS 28KP t He) ev@ight
structure | | ect t e wher e_t ndi po_f 1 ber s nds t he
surroundiﬁ§§ﬁ%#?i§§f?ggrgo¥vﬁéﬁaylﬁ%t?i£g$?%%répv?§%#?1ﬁ§%3$tbfggﬁggg% of
the inventese ehastoe thbeiscdi 56l meerlyheyeonoi agtivsies. buthat es8ptchem ted
to, 10 polyethylene terephthalate) fibers, cotton fibers, nylon fibers,

pol ypr opy PEAY¥TREhEPEL ARBE RO gERRBUSEY 1 & r Atahedepol Yt 3o yee x| pergtion

honogeneouygl ed hyl ene pol yner _fibers,.and_ |jnear_ polyethylene
nomonol y et oF BSALEARa EBREFnae: B TREF coR et aretii of ohetate

fi ber2a@antdboragyedependhag upon §hemnd s @icdfiinigrid, 0O orBicsaimpient
fibers can also be made fromthe Inventive elastic interpolyner described
herein. SHERTSI éopBRENBCREFPerishavecineienasract homdyePreolERFF br anched

et hyl ene i_nterpal r .of _the present_pnvention in at._|east_one portion 20
of the 11 bar iR b gt A RaogR Lo ET R Aaihert TTROPSRPRat (s, one
.n which umMRSh@@gngngentricalIy surrounds the core), the stable, elastic
honbgeneousl y branched et hyl ene interpolymer can be in either the sheath or
the core, Différeferabdyti chhohogyegeneshglipr angheleadt éiyhehengspolymer
intergglyners of the pre%ent bnvention can al so be usegkindege?dently as
the sheat fSard 3RS “E3rESPnaEhB3YLRE Ri BBFTOBr ePEPERF 2 1her 2TB8LH conponent s
are el ast i AL TREE Bkt 11h9egL0CAHaL e NRENgM abReng hower Melting
poi nt than the core component. O her types of biconponent Tibers are within
30 t he scaopasfradie higénteasiay welimeangorndébngdeasuddtstminedr esiag

si de- by-si de conjugated fibers (for exanple, fibers having separate regions
of pol yners,taRRSTStHEhe 1s1ings eNugipnz §52CEL QB8R &CR~BRABHRASBASI y brancned
et hyl ene -~ , r. ¥ f_ t.he _pre nvention conprises at |east a
portion cﬂagégg%QQ%§§%;qﬁﬁﬁﬁna€§ )%§E$hé'shape of ~he fiber is not |imted.
For ezanple, 5 theiceMpddiRebnnas s rébledbar o¢r aaS=88¢en®Nahrshapeymbut
sonetines fibers have different shapes, such as a trilobal shape, or a flat
(that is, ¢an bboreddide) deltapein€de febas TREF abededistbededfherein i s not

limted by the shape of the fiher. 10 Fi her di aneter can be neasyred and
reported iTARAF E}Yy Wl £&hiddns. Q@@é&—%@ﬁ%@ﬂéﬁ&#@&@%—@i&sured in
denier per filament. Denier is a textile termwhich is defined as the grans
of ~he fiber per 9000 neters of that fizker's |l ength. Mnofilanment generally
refers to an extruded strand having a 15 denier per filanment greater than
15, usually greater than 30. Fine denier fiber generally refers to fiber
having a denier of 15 or less. Mcrodenier (aka mcrofiber) generally
refers to fiber having a dianeter not greater than 100 mi croneters. For the

.= o e ~ o



30 Patent No. 3,485,706 (Evans) and U. S. Patent No. 4,939, 016 (Radwanski et
al.); by carding and thermally bonding staple fibers; by spunbondin
continuous Fibers in one continuous - 49 - 8 NOV 2002 operatio%ﬂﬂ&ﬂmﬂy
melt blow-.ng fibers into fabr.c and subsequently cal endering or thermally
bondi ng the resultant web. These various nonwoven fabric nmanufacturing

t echni qué&hvar.e adel,l iklawn ot oct hose skpsted ¢n theJast amdehheNdi.scl osure is

not limted to any particular nethod. Qher structures made prom such
fibers are A8&8hclluded PRCERFNNPheSsebPe2Bt  t BE PrveEnt PonC2afKel GdPRg for

exanpl e, Jl.end t hese nqvel stab | ¢ fipe bt L fibers
(for exar%lee, O%o;%{?ér} l'ly meeﬁec}tfgree%ﬁ?hg %}:%S?EE%‘ %IS fé%P 6n?.r8§g%|:abri cated
articl es pd iz be e reshRdalhecbnMeRbi vecatabkaces! astkerfi bers and
fabrics disclosed herein include stable, elastic conposite articles (for
exanpf e, ivgper $lidmdn uddeogar fembs) Othabehate2el apti ¢O0goitiPorid 38Badr.
exanmple, elastic portions are typically constructed into 15 di aper and
under gar ment  walSs tSRRE 150 o'ﬁ@nPﬁ‘eEreQéﬁFrf‘LiBtaPap@F of€under gar ment from

falling andd Té&g.b&[}d rti.an - nt, L eak Sy : I
exanpl e, ajir}gceht%ﬂ at ent aagf, 5%18?%%:? gfggrg %g?) %, tqybésfagtnl c
porti ons graymiadetdiarh fryannfiglksndeandibedf aat snsng payehensio20 for a good

conbi nati on of confort and reliability. The inventive stable elastic fibers
and fabrits?® S40sel herkdugrncaloal do 'Bfoddée Tt Pucfarestwhicch conbi ne

el asthcit i reat hahility. Eaqr .exanp t I ti | astic fibers,
fabrlELgs aéln’dﬁygo%'h}f% nasn%fabyt e ﬁr'esﬁgrﬁltda;g’i m%%’ed into
the struatay espli sedpsedh in U.S. provisional patent application 60/083, 784,
filed May 1, 1998 in name Maugans et al. The inventive stable elastic
fibers and fab¥i canali vl asled dreegiatusan rassogbe lusddni fra@tiioua tsiaruct ur es
as 30 described in, U S, Patent No. 2,957 S12 (\Mde). Faor anpl e, layer SO
of the st?URI{7Fe® dé%%_r‘fl%seccﬂsjr?%élg 'UéfZ %tal"-rgtnti \é(}g't He 73%&301?8:&0_%})%%0 can
be repl acegoyi$indde havery iae e ), $Qe f£ilmd NOEARRDE & ite Thers
and fabrics, espec~ail;r where flat, aieated, creped, crinped, etc.,
nonellast i znadyzed als diesomtel iimt @ eudskibd esthage tsgrdarentAt tfgohressampofe t he

' ti taple Blast=c fib d/ oy fabric disclosed herein t
onel ast | B2 SCF1 BEPRERFST | (3 b G 6 GETFad At pe o &y T

bondi ng ogoMk & In aghesh Vege r CAINRIAE ClscShinlad lathl GridudMraswian be
broduced fromthe Tnventive stable elastic fibers and/or fabrics disclosed
her ei n andedonthasthe cemporentrse by THeeatdlngrt He momvigpest iw.tdomsditers (as

Sormonon EEFroP 5 ek dht 1t B U R LA
afterycat t aghgepby . Then! AYRDE I e Shaflf fJrasl I ars Wescrddird-fiedei n al so

can be used in a spuniaced (or hydrodynam cally 15 entangl ed) process to
make novebyseiutingeshe Foryexanpl zsd Rh1SmeRatsamp Mo, S zhn8 thet 82 \u@Buy dans)

di scl oses an el astic sheet (12) which can no e de with the novel
el astic ng8P§Yf éﬁ??%aﬁég%ré%&%ﬁ%ur&rﬂ&ﬁgﬁugﬁﬁ%% sec!’la‘éeirftc filaments
as descri *@eéibﬁiswbgﬂze Wi d abpo Derps edfe WV en PP A LAtd ans, where high

resilience is desired. The inventive stable elastic fibers and fabrics

di scl osedchéiledntiet bhadiushaim dieendhnirey pid sarerbureldn i (&IEBO)andf or degr ee
of crosslinking. or extent or radiation also 25 have adjustable tenacity and
retracti vEOMBPELL1QBcALIERFABRT PR o CRINF AR actidiGSstd e LR e xdPhsi ve
design flexihhli I o) i de riabl e iye force
in the sar%)g!egg rrté)ré%a E?@oﬁé@%ﬁd?f%é %g%s@?%%’edgﬁﬁﬁlégxa%fgl%%t@%é%atent No.
5, 196, 000 thebaahott ahe) samPléd) & Hedenis NOluhi Bt ehfe A hen et al .)
descri bes the advantages of a formfitting top sheet by using elastic

ri bbons (Se€rmafsBer TOMONOWSP caANBInt THcierees | v&hst gisifaactgjve indeg ~1
V 2002 al astic f=hers caquld serve the =vncc>cn of, nenber. ;9 c= JSP '416, or
coul d be g?é CFﬁrfgﬁpV&%FSrﬁﬁFoSB?BVi%ﬂ?%%édﬁ%%¥%gﬂf%ﬁ%ﬁﬁ?é%f@étfﬁﬁposites
that wiilizg YRy dhirgh _@Altgsw A < U6hIM v deldDedr pabyeidy! ene. of i gopol ymer
pol yet hyl ene al so beneflt fomthe Inventive stable elastic fibers

di scl osed dferéien vikabsdxgnpheragbemvbhventavewelgst i ¢ Thdecsmbayet aon ow
melting point (wth the nelting point of the polynmer essentially linearly
rel ated t GHSHeipCyRer a@enSthey, caNBASthb®N?h &AL PR eha! of 2R ndeRPi DR
stable elastic fibers disclosed herein and very hi gh nol ecul ar wei ght

pol yet hyl ene fibers (for exanple, SpectsaTMfibers nade by Allied Chem cal)
as described in U S. Patent No. 4,584,347 (Harpell et al.), the | ower
melting elastic fibers bond the high nol ecul ar wei ght pol yet hyl ene 15
fibers without ;pelting the high nolecular weight fibers, thus preserving
the high strength and integrity of the high nolecular weight fiber. In US.

"~ 2 " ~ A — o — o o, o o,



elastic material including a reversibly necked material. The inventive
stable elastic fibers disclosed herein can also be a nmelt bl own el agtyog 2002
conponent, as described in reference 6 of the drawings of U S. Patent No.
4,879,170 25 (Radwanski). USP '170 generally describes elastic co-form
mat eri al and manufacturing processes. Elastic panels can al so be made from
t he i nvedeieemshall esehgstirostiabersaandnf abailgs 16 Selazsednzerennsuand can
be used, for exanple, as nenbers 18, 20, 14, and/or. 26 of 30 U. S. Patent
No. 4,9465464e( YBKSEARpEKRCITRBALNBERt PRE KeEEh IR ad|lgdtliec TBErs *amdYf abri cs
descri bed_her gig can .al so gelused - 82 . - 8 ~0v 2002 as =lastic
conponent’s 8 7€ P@Sgl t'8tsi dé Bgﬁéﬁs ,:P(?rlnexarrpl e, layer 86 oz rJSP ' 464 )
The stabl e ehaski-c-RORBABARANSLY (RF 3nGhReGH 8l BN dtRliRflrEe 1 s6aR al so
be shaped or fabricated intdo stable S elastic filns, coatings, sheets,
strips, stsrapst and flapésedricbhomsibstehe talldst ildfddmetdodtdneg and sheet of
the present invention may be fabricated by any nethod known in the art,
i ncl udi n@BIYBRESBubBIVe pr 6¢883€es Mefldr: nak Mfsike LA bR aS el [ aas

bi axi al oyientatian techni such t.rapped .1D bubbl e, daubl bbl e and
tenter f %aer%eﬁ&)l,negjaé‘\s TR figgi%%ﬁ,erﬁgﬁjaelcﬁpc%ﬁwgdicﬁgl %rrlonéegtsré’es&)s{&ﬁér A5f or ni ng
processesppRyeldusicon r¢@akiBeAr 0GeINRS: J¥iQkme & KX HASM iy rRIMh SReet
extrusi on processes. Sinple bl own bubble fi'l mprocesses are described, for
exanpl e, HnantihedEendydleaee gicd yote r@hefficzale xEmpllechidlRRY/, ard k-D0Ehmer , Third
Edi tiqn, hn Wley & Sons, New York, 1981, Vol. 16, pp. 416-417 and Vol .
18, pp. 1\)]9;%52 HE N A8V Ce U ST MR I 5 U ed, for exanple, in
Modern Pl asti 6§ Md+{Jtohen 1989 Fngydl Q%i:' SeHE. uldne 66, Nunber 11,
pages 256 to 257e. Irrﬁgeicti on rmg%gi ng, gloé)t ere?rroﬂlorm nug, e%}(]trusi on coati ng,
profil e ektffiexieon,1adndcaimeainge xdarlitst jome g0 carsReda i £z el sairt ‘o ech d ifuar

exanple, in Plastics Materials and Processes, Seynour S. Schwartz and

Si dney H.3TShSHaRa%sh REST and TReitfHOIR CIANES NeW Y k82T pp.

527-563, pp,_ 632-647, . an . D96- . 25 .The .st abl.e, el astic.strips, tapes
and ri bboérollszeo ' t%edfplrresgte%ie%lotnvgtn ilgsggoéarvi'%ﬁghprlg’p%reé b‘f%ar‘%yml%ﬁbl\‘f\ﬁgrret Rod,

i ncl yei ng-ddre P Gr eXdeEYREAN REOCEISENYnQENDYsPRSL 8XERYSEBOR; shidd i N,
cutting or stanping techniques. Profile extrusion is an exanple of a
primary exid usiaan yy eoes°Chatin30 cics 13a°Ci edl pebyidei hedstoohliehpaepar ati on
of tapes, strips and bands, ribbons. - 53 - 8 PI OV 2002 The stable

el ast_c nfd il 075 t HETROEHT S et ol Pavai & e rigferReR (Sr vi ous
or "breat " by t I i i ocl udi

apperturi %E%‘?YF’H ﬁ%%lta{ngec%%e\r@or%‘%?ﬁ%@ én?x%lﬂag %%ﬁ?fbyegs{% loaatr?sd and 5
conpi nat i futsm tdted enfea Exadg esheofcsted. met hods i nclude, U. S, Patent ~lo.
3,186,342 by Crowe, Jr., U S. Patent No. 3,881,489 by Hartwell, U S Patent
No. 30989, 867 e JUWFLRARN S branehed mt.hisl,m,mﬁymr%u@# UgB5M cat ed
articles iC nage [ 0. Ry a o icles
di scl osed er%‘ﬁél&n%ﬁjd“e coér?bo%%%éfa%r?%gigﬁ%%lsf\%f g%&:é%%?rép%%‘&%{ésposabl e
i ncont i nepsEyier BNt S b PRI S)y t BAAnali€d CONpeaBedt Y 1 ON€ 6L e e,

el astic conponent or portion. The inventive stable elastic articles

di scl osed her eThe cegrml Soinrawlices faged chase EBnpe3ns et Bat ueher esh ykateh
conbi ne e ticity wth breathapility. b tilizing a techni gue that renders
t he el ast%cgfm?%rc:(% Sp%??/i%%“éeo On%réﬁ?%ﬁg}f’%ﬁngﬁ% Jas ?ﬁﬁtgeﬁ’ édtrbef/ Li ppert
et alas i Nnpbll ypmePat gt ndocorflp 8641 652 BAULL IR Tahedrabenpierd JoByméwentive
stable elastic articles disclosed herein can al so be used in various

struct ur eBavs arsabpsdede i nf U Sng Rabhanh Moanghdsg, a8 (natke . caer ekanpl e,

| ayer 50 of the, structure described in USP,'51 that is, the elastic
component STRANCHEMF bk SEERE v ot SHRS ADYPOLYSEf¥ ENgspPLmerS St

linear high density polyethylene polymers made using Ziegler
polymerization processes (for example, U.S. Patent No.

30 4,076,698 (Anderson et al.)), sometimes called heterogeneous
polymers. The term "linear" does not refer to bulk high

pressure branched polyethylene, ethylene/vinyl acetate

- 26 -



25 materials,, especially where flat, pleated, and creped nonel astic
materials are made into elastic or sem-elastic structures. Attachrehfpphip
S

the novel stable elastic materials to nonelastic or |ess-elastic material
can be done with heat bonding or with adhesives. Gathered or shirred

el astic 30 conposite materials can be produced fromthe new stable elastic
mat er i al Twscininteed  hereien gricnronelgslt izl conporsmsl e s edtiany Ase

non- el asti c conponent (as described in USP - 54 - 8 NO V 2002 ' ' or-~or
to attachméil Gt e$05&t SHang Sche Tl & 550 Nave duifiigidti 1% ean
attachnenj arpcrhe%eat shrinking the elastic conr~onent after attachnent. The
recovery al%ter eat shrinking can be “urtaer S enhanced by effectuating a
hi gh degree ofrHy i-eatiHInddHre el Fiveiidwai stalder edwstianarticles
during fabricat~.on. Significant orientation can be acconplished by the
utili 2at i pwlofen/ardedigs sk fewpSlethet 3 Uesv st e R gh PO upaiown fil m
fabrication, tenter fram.ng of cast filnms and O 'doubl e .bubble" or "trapped

bubbl e”  BPRAH B4 I S o INARTTRE TabtFRIHTIE articles

descri bedyhgl &l hLan Q1 Sp 0e ised o, MBKE Of NS NOVE St 'itGdd e od=0r
exanple, TJ.S. Pdatent No. 4,801,482 (CGoggans) discloses an elastic sheet
(12) whi gbolanerow 1z uded e Wodeh ridde | s ede saei ddd simlll eS el Bestérce &¥d.i cl es

descri bed herein. The inventive stable elastic articl e}z}%gscri bed herein

can al so Hef1zetf ol B r Rt abtRSHIPRFO N Dr 22T Fx T 5% Hdifposite

mat eniqal s e P . 085, 664 L1y g s | eg
band —815)C?M ﬁys:é%?"g{at%a%%go%%r ?%ﬁn%glgg %%2%%%2%?% %% shée:éet3 5555 a

br eat habl eohesksheeiodL5)as ed@st+ Lhed etent ss ( 3taeet: 6dg, B, breatdmbl e

el ement (54), and a breathabl e sub-el enent (96) all or ani/ conbi nati on of
whi ch can(Geniee) mdelmid hSt hratenentiPves sPabl €3@| 4SaRECalt | @F esheRscl osed
herein in_either pervious 25 or inpervious_fo .U S _R f No, 5,037,416
(Al'len etm%l??)u_%ljerg%r?%%t*tWen%%v%%gﬁa‘ésyo?a%la;ggﬁ%f:“?t?nggfg?) 5 aecertd)‘by
using el agli6 hhpbansrd rerbes1t2)igndoassehasbhécheekehess (aenber 16).
Pervi ous stable inventive elastic articles described herein 30 could serve
t he fifnct feacovibednberU12. aRdt¢npelQi oBs0Bta8PRcsSHAVERFaks at -t % in

vent [ OnsEoulSeh IELLOR 85, TBTDEL A5 86 8Brene o LBV 20
Typically, homogeneously branched linear ethylene
polymers are ethylene/a-olefin interpolymers, wherein the a-
olefin is at least one C,-C,, a-olefin (for example,
20 propylene, l-butene, l-pentene, 4-methyl-l-pentene, l-hexene,
l1-heptene, and l-octene) and preferably the at least cne C;-
C,, a-olefin is 1-butene, l-hexene, l-heptene or l-octene.
Most preferably, the ethylene/a-olefin interpolymer is a
copolymer of ethylene and a C,-C,, a-olefin, and especially an
25 ethylene/C,-C, a-olefin copolymer such as an ethylene/l-octene
copolymer, ethylene/l-butene copolymer, ethylene/l-pentene
copolymer or ethylene/l-hexene copolymer.
Suitable homogeneously branched linear ethylene polymers
for use in the invention are sold under the designation of
30 TAFMER by Mitsui Chemical Corporation and undexr the
designat:ions of EXACT and EXCEED resins by Exxon Chemical

Company.



conposite Fabric form In U S. Patent No. 4,981,747 (Morman), the inventive
stable elastic articles disclosed herein can be substituted 5 for e'Bﬁﬂh’iTBl]Z
sheers i 2, 122 and B2 to construct an elastic conposite material whic

;. ncludes a =eversibly necked naterial. Elastic panels) elenents, or
portions can al so be made fromthe inventive stable elastic articles

di scl osed haretrnd 10-ands@mdr e ised, [.GfemxamhaemS JRRRRES 1 Zikd 24,
andJor 26 of U.S. Patent No. 4,940,464 (Van Gonpel). The inventive stable

el astic arefelesmelaserfhbed her edwllcat it ismehalsmpr fior sadavpltaiced, el astic
conposite side ganel S ifgr exanpl e, |ayer) or %e)@sti C ri lfons 42 and/ or
44. 15 THE'FIVEOIFRg EXEhp! e8! ar P Provi dePTRFHEIHEL G 19Uy 513 2016
illum natesthe s i n iy | S 1 id.ended iJu 1 i nventi on
to the opcai T1 6o aapor ient eoner Y or a0 S L B Al uatT it o

det er B necahporkasi he1lp&s$ ObOENCea O bordd | b efdndieraaingiers in response
to irradiation or 25 crosslinking, five different ethylene interpolyners
wer e subjReeéarradvapyYNEr degfeesiuipst ¥l Wedd onl Wedm HladioRd oha t heir

el astic propertie 2. ml.(10 cast filnms were neasyred oom

t enper at E}?Iéfgn?hssng??/Preroﬁihsﬁ}%%gg%nﬁo thel TR tcr?%fe:sarbcf%%sl{elaéeQ%yl ene

pol yners @heashewbpbAsTaRbee lprSPa b1 Pfetdie Py MRy WalH thonbgeneously
branched et hyl ene/ 1loctene interpolymers supplied conmercially by Dupont Dow

El ast oner’srahttdes/waAaf actak edatisemg tao conkinqi sleali ydurastahed/ BP0 - 8 NOV
2D02 _cat a| system anti contai ned. 3000 m | rganox 1010 trer mal

st 0
st abitli ze .gtﬁ&\AE?EP,CmBDEa@‘%QBS%‘F%ba%%ﬁtE’fﬂgd?v? BrerddiHg' 4 5 wei ght
per cent cﬁr!aﬁeh@gt/u@oeousgawéf—‘ﬂs slbe ﬂeﬁﬁﬁil%mrbf%w{g}w@o ool virer s

were determned ' _n accordance with S ASTM D-792 and the nel ~ | ndexes were
det er m nedotrlaceebdasce with ASTM D- 1238 Ccnditlon 190C/ 2. 16 kil ograns.
Table 1 Pol ynmerDensity (g/cm-)Melt I ndex (g/10 _

ni nut es) Desi gn&€i 8FRF. 86301 5ENCAGES £ 8| BaBOORED'L . DHHE B 190 Ch. 87O T BERGAGE

/G 1001 SO 6, 20060 EZOH0 0L 900,00 0ol (80 0ot
cast fd | nthe conventional sense, to the polymer as formed in a
reactor. For the polymer to be a "substantially linear
ethylene polymer", the polymer must have at least enough
molecules with long chain branching such that the average
long chain branching in the bulk polymer is at least an
20 average of from 0.01/1000 total carbons to 3 long chain
branches/1000 total carbons.

The term "bulk polymer" as used herein means the polymer
which results from the polymerization process as a mixture of
polymer molecules and, for substantially linear ethylene

25 polymers, includes molecules having an absence of long chain
branching as well as molecules having long chain branching.
Thus a "bulk polymer" includes all molecules formed during
polymerization. It is understood that, for the substantially
linear polymers, not all molecules have long chain branching,

30 but a sufficient amount do such that the average long chain

branching content of the bulk polymer positively affects the

melt rheology {(that is, the shear viscosity and melt fracture
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extrusion equi prment at nelt tenperatures of 430-500F (221 260C). After film
fabrication, the cast filnms were electron 15 beamradi ated at varigqu 0
dosage ssing equipnent simlar to that described in U S. Patent No. % %
S76. Except as otherwi se indicated, the elastic properties (stress-strain
data) for the various filns were determ ned using an Instron tensioneter

set at 1Prppehtreaut es(@5scntre.erd2M Foglvheaperapsewmeset imetee m nat i ons
at 23C, i g ge | ength was 2 inches (5.1 cn) and the crosshead speed was
20 i nchestRRAFEYE51 cmimin.). The test consisted of pulling the film
sanple to 200 C .St ral n n i f 0) nds,
t hen taking tﬁgﬁéaﬁg éﬁtégéﬂiéPA rggééps%?2?%f;5%%nggfé%%)9%n% %§$£ ing it

at 0 perceaycst bai Acf QB2 6O Sﬁé"onﬂﬁ,sﬁflkﬁbrﬁhﬁéls@uﬂxaﬂg*i@en@nmf eot o
deternlne the point where the load initially rises above zero. ~-'he

per cent EéﬁﬁﬁnéntnsébemasmpaR@ﬁ~aswhﬁee®%r%%©rt clhgin bragchimy PHOB) strata
at which th se _anove zero. cycle test_ran in

dupl i cat &S ESF'BEchﬁFesPr8§s o?h?b%d*?%?5§a¥?oﬁh%ef%mﬁ1%%T?%hsoﬁt 23C, the

gage | enghhpaas 2ni REhescEDqteCHY @RM thRoRbReshead-» Speed was 20
inches/mnute (51 mimn.). These tests consisted of pulling Lilmsanples to

200 per cencostoraknefeliangathenpoamde hohdlagul bebatkeoreat POH percent
strain for 30 _seconds. The stress n|t|aII at 28 percent strain was taken
as the mEXPMEHCst PesSbghantaal sYrés§e§¥t%F Yhersol: ECE%%%nEO%BWﬁFn@aEerlod

was {@ken ag e mMaipuILSEr g mTBEaRSg&E”BfS;f ]§an g@gnr%?‘xat' on

determ nations were runin dup Icate and was calculated fromthe foll ow ng
equat i oncafenFNNSle@gsh, BuBi BUMSkbeRasXshOPc BRALAUBYaherss 4B Table 2
reports the elastic property (stress strain) data as well as the pernanent
set and Sfress$iKel(&lacirgRoast anf 6engRB-various filmsanples. Data in Table

2 were FIotteqj% %%%nsgggnchnnFngnlbgng %g %gu gg% 1r%gd|c tes that
el ectron beamadi ation G 89 2°RBgara 35°Ro-StDstanti Al CaAffect on

the per C%'Hal%i fb‘“r%%crrﬁ'r%x%v QR ;pgr LoF r%ﬁ'&fv‘eé’:? hdnd@L & OHSs HPA YEBT BNMR )
Conversely, FIG 2 shows that ifradiation has a dramatic affect on the
per céht ereEnEmccyet e tor madd¢aiokdt hatenhyl éne pebypies. £85 Fbmever
FIG 2 (I|§H,FIG. 1 and the results shown in WD_95/29197) H@

par ti cul & Qe QAR PeTREsn the #8r PEuSUBBFY fere 3§1E8I§ maéﬁgﬁty
dom nat e e Ranaent s MacRbnSe! cheanoBRGsandchadiakhen gifected the

vari ous pol ymer equal I'y. 30 I'n another evaiuation, 2 mI (102 m) cast
filnms of desizp’A andidRResicr Qanar QrSkiIQh@ﬁlleﬁhaTth‘tar Yurged@sagesneil &4 £ctron
bean radi ati on and evaluated to determne their respective percent stress
or | oad @%@Ru%#qﬁ@rﬂmmgta‘ps%m Thogett detsrmgne paef dengdhas

descrj be bov exce erature ma C.i.nstead of ,23C and the
saongs gﬁfe é’aqugﬁb 5@%cent st Cessfor %88§ S|ns§§gdc?6P °30 seconds.

Table 3 dehﬁsti}ﬁﬂ resWddh f amilshianagyalidalli @rcand ghkGeadnpkots the results
using the average of dupllcatlve sanples as well as a four-datapoint

aver age fiwsﬁ%ﬁﬂuiﬂhzheQVQﬁnj&3&ﬁyemeqaraG@I@PnebéépﬁbnaDéaﬁlﬁ&ﬂﬁaFVOn - 58
Table 2 r 'Inve ti

B, & Corpati Ve P ietly nARRAS SRS BReh pifnpe a0 BRETaE VS

mgaradOW%%% Q3 the length of the polymer backbo
percent Strat n2322422542591 117021t214330 153183271 3132 32939732732530331|L0

ad, @ht nch200 Although conventional “C nuclear magnetic resonance
percent Strarn2692903183542262t 123523840 3843803%§BI357 23379367a303b2385Loa
d, g/incHiRFTERRSEQRY; GARNOL etermine the lengt ong chain

R e

Per cent Sl te¢fedeent useful for quantifying or determining the presence
Stress1918161920171920222025212318231923232221Rel axati on @ 200Per cent
Sl r at nPereeniony | erpNAISr DAL @RI 68 ZNADD BTD PRIYTENS09 1G9J UBIABPNA9Y 799 3B1

5NA9%069%a€g71ene}{agéégﬁes{fggéici;%é%gu For example, U.S. Patent No.

4,500,648 teaches that long chain branching frequency (LCB)

can be represented by the equation LCB=b/M, wherein b 1s the
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- 8 NOV 2002 Tabl e 3 E-Beam negar adaMaxi num Stress, psi M ninum Stress,

psi Percent Stress Rel axationResin (Conp. Ex. - 8 NOV 2002
4)019212733.9018112530. 9S~3511252. 3523010853. 08231132Q2. 98245i 36=X4. 51~3501
2052. 01222711549. 3Resin A (Inv. ~x.

1) 0l 265556. 301205355. 831 2057S2. 531345956. 051346452. 251426951. 481377048. 9814
57846. 2 -weByht avekEaNEVnBBB2r' -<lieldatachaifabiranchamsd cETGMo3 eshaw, and
surcrisingiy, shat irradiation can substantially reduce (that ~s, inprove)
the el evdled s ERSeVSLaRE PEEEEAE SOLESYLRE| ¥RAGNGNn pefFofRafEdi8F et hyl ene
i nterpolyners having densities |less than 0.97 g/cnl and conversely, show

i rradi at Uit Ihds ANETEEEECRNG SNSCcrLORSeSNARE PrEPETEd S SMFERLICGIE SSEFSss

rel axati erfar thyl ene interpo I r eri i.gher
Gener 11 e Farpis HERER Bl BE T LR S B SRR, Pl Rhe g

et hyl ene ‘1 &IIRhY MRS ceRar 3ekRki-z8¢a¢ having densities less 10 than 0.S7
g/cm desirably increases at higher dosage |evel. Extrapolation of FIG 3

i ndi cat es t hatTwat cavheel estrfonl beamodadifaty omagdsdysnioevsl defc20umegar ads,
such ~nterpolyners will exhibit a percent stress =e at 38C of |ess

. |.axati o
than 20. 45 |HFSSROATerli mPESt i(GALTORT 3RRESS! FECISVRNESS PO VA Sus
stabiliz v = AN this _in i i 2 aHEer, abilizer
concent r o S MEre e el LB i ot I Y A B e e
t hi oest ercist@iddgraiphit Ratuplsd EMamskalol?)angd edildsyy |llarine st abi | i zer
(Naugard 445), a 20 substituted CIpi peridine stabilizer (that is, Chimassorb
944) 18nd FCEMRATNE HetasE o5t AFAGZzALLE hand gelaRaime@ B3P with a

honobgeneo t hyl-e i.nterpal. 8 (ﬁ:g%ﬁ 810 i.ch had a
t ar get O%IL%W%%%&%& tecfué)nl(fr%.“grl@ fo%nli AUt es (r-rJEI]t I 2“ ex IC The dry
bl ends wederddeir neidc-extir udethd sk 237 Herdgene eaxididlers g ngmy 2001 L/ D
and equipped with a 1-inch (2.5 cm) dianeter screw. The extrusion nelt
t enper at uFRA AL TRIIGT datatEonMGOR (2G4 0ndaey W | BIRPTAE S Naws deen
pelletized d,permtted to cool. to anbient t erature. Also, 10 wt.
per cent c%%ggn?éraca‘f"éerbtfeqdr‘dhn YOG 6 hi hse ergr)'e ]‘?leenxoﬁ_nllpcles'ta Mzer) was
prepared @sinNaAheE sBhmaangpusly, hancheshwd hylene i3ger polagyer as
above. However) the Irganox 1010 concentrate was prepared a Haake - si

and Rudin, A., Modern Methods of Polyvmer Characterization,

John Wiley & Sons, New York (1991) pp. 103-112.
A. Willem deGroot and P. Steve Chum, both c¢f The Dow
Chemical Company, at the October 4, 1994 conference of the
20 Federation of Analytical Chemistry and Spectroscopy Society
(FACSS) in St. Louils, Missouri, presented data demonstrating
that GPC-DV is indeed a useful technique for quantifying the
presence of long chain branches in substantially linear
ethylene polymers. In particular, deGroot and Chum found
25 that the level of long chain branches in substantially linear
ethylene homopolymer samples measured using the Zimm-
Stockmayer equation correlated well with the level of long
chain branches measured using “C NMR.
Further, deGroot and Chum found that the presence of
30 octene does not change the hydrodynamic volume of the
polyethylene samples in solution and, as such, one can

account for the molecular weight increase attributable to
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- a h~ov zoo2 conpounder set at a nelt Tenperature ~~= sOOF ;204C) and a

m xi ng residence time of 5 mnutes. The Haake nelt bl end was rennvedgjﬂwqmw
the m xing bow after the 5 mnute mxing residence tine, permtted to coo
to anbient tenperature and .. then chopped into smal = granul es. The vari ous
stabilizer concentrates were tunble dry blended with two different

honbgeneauslsnebranghedngi AybeagchREEEPOkYARE Sa A8 AeNi=Naklkyeptabilized and
the other non stabilized, and both having a peak nelting point |ess than 10
70C as dé&xcarmmened obengampléer eByi decovaniiungngakori gency b6 1pnepar ed
various sanples. The sanples were then Eeparately mel t sgun into fibers.

The fibel™® Mé3ZeP5HEREI yRREFESEPAH TOMH HiFB8texPr usiPGh “EquirphEnt
consi sti ng,0h é?a@é%gge&eGQSBE Qggg E‘?‘lﬂql %ﬁb&@ﬁr%Eatlélpm%ve%faﬁzuﬁgr was set

to provide a t tenperature of ~ach pol'yner nelt streamwas feed to
t he gear ymep rohbohnpt €gsuhezedvihe ofellbnandhpass eaanicHelsr agh a 200 nmesh
pack followed by a 34-hole spinneret die. The spinneret had a 4:1 L/D and

t he hol eSUREFaaTtdRAAEL SENORTBO0NNILENEASCTERE FOSPAYPG@YSUt put from t he

spi nneret was controlle 0.7 rand hole. . The _fibers re guenched with a
r oom t enper at Grg-acr AF héb}éf“oéﬁtsg 5PSWES aRdtcdl Pede %Lofgﬂ‘gé’ fBF1C i ber

sanpl es. [Hye«) syl b BAnkLBBHS o8N 1 RAYAGELE WdiiARR! Ak eRaROMJTeechals All
stabilizers permtted the preparation of godd quality fiber 25 as there
were no WeaicHgs apseetermiinbdr byuGPac®vdefléctss rasesc itdtagd tviet H cangy

stabi|izer. The variqus fiber sanples were then irradiated using
el ec bon-%ﬂ PAGTSC8H &FP26 Red SOLTHES FrREET @(faf]ioé’é‘rs were then

eval ual et ddh Rk Mohe hBEbndRblnGY 1iRed0 28l SLACoANHAY K uashing and
| ong-term oven aging. To determne’stability or resistance, a fiber sanple
was st r etadngehrtad 120G opehaent £Strighn predseugat, i orighfliyw dddehedsilay - 62 -
8 h! 0 V 2002 an =:gi st=0on censioneter and then placed ~n a 160F ;"'."'1 "
wash sol I§HHEYTRO WESRYLEEt | (& FEdnSingt & & °LEGF Lyp i ictt L GSpdr XBhl or i de

R e R e g B S
cons*5st exks ozl tAfG um Idombilie&es ol ajrAthdry achidaneoMdeamiliystealeh The
as hafnium and vanadium complexes.
For substantially linear ethylene polymers, the
empirical effect of the presence of long chain branching is
manifested as enhanced rheological properties which are
20 quantified and expressed in terms of gas extrusicn rheometry
(GER) results and/or melt flow, I, /I., increases.
The substantially linear ethylene polymers used in the
present invention are a unique class of compounds that are
further defined in U.S. Patent No. 5,272,236, application
25 number 07/776,130, filed October 15, 1991; U.S. Patent No.
5,278,272, application number 07/939,281, filed September 2,
1992; and U.S. Patent No. 5,665,800, application number
08/730,766, filed October 16, 1996.
Substantially linear ethylene poclymers differ
30 significantly from the class of polymers convent:onally known
as homogeneously branched linear ethylene polymers described

o

above and, for example, by Elston :n U.S. Patent No.
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160F (71C) wash tenperature was nai ntained by the use of a hot plate 0V 200
equi pped with a Variac and a therno-watch device. Agitation of the Wa@#

sol ution was acconplished using a 10 magnetic stirrer wherein the hot-plate
provi ded the counter magnetic field currents to effectuate rotation of the
magnetic stirrer. All fiber sanples were placed in the wash solution at

once (togethe?)Hhd weF i gHRVBISIIE abfi Tt et ¥ FORRATIES L IAF t-éPS@Fe 30

m nute expos 0 : ol ut the fJ LAl re carefully
renoved UusSi ngifnméee%éeir\zm%%%%glco}d %gn\}eg;%oe“ eoa\r/\zllelbpgit'o abs‘%‘%@%%es?g wash

sol uti on.cHéecyasdredi dhDErSerty & hete Spaeh ousinegd-aced ien tMd a&aEe~film
(pol yester A type filmavailable from The Pitcher Ham | ton Conpany) and

pl aced i nfar chonudenéoigs by rbmararhed hi 1208 10 vaErh e es o tymer33C for 10 hours.
After _the 10-hgour oven aging, the fiber sanples were carefully (that is,
avoi di'ng exces§‘i%&’/%t%?lﬂ? g EMEI rTRY Feil F NG for‘cfmetrhe oven and
exam ned §or Vis ipdicagtions of  los ' Vo O )& ting
and fl ow ngg%rfagﬁ%Tgn“%%ﬁtﬁreésl\%%éré)fﬁ ?ng%%%ﬁ%otri% . Te?b e ggltasﬂ?ort h
the descrapt hobe bdgéheowal y ObhSarsetgnd eSradi ©Vbes Zhesrld tgalngneafl zielde

sanpl es follow ng the wash and oven agi ng@exposur,es and al so provides a
rank or deliRg26fthelersi Sregrrobimene (BPT GersaRi a5 tIRY \Resisiduen

exposure. sults ip. Table 4 indicate that 30 nitraogen-cgntaini.

ctob |1 7o S ERE R R DT e P haCeD B Bl i A e e

ef f eqtoi Vepblﬂ?@thgiéﬁétﬁédé’,r PhENOkamh 8O | iZ8fg i thstadutd g shegjasiic -
63 - 8 NOV 200Z "fibers agar nst loss .of I ntegrit~r due to washi ng and
oven agi ngY Andpzsoncetaal. Tabl@.S. shawent e . st abig i¢¥8 s isucihags Agerite D
Tol ¢ ng. of CPRESRF LRYLEr L BARES] BHEVSRBI APC RO AR CHAR gP R tege 1
descri bedpahavge8aBo3YhkaBl Y AR ROEqUALBLY Lt 841 D0UI Shed Ne dFids Of the
present invention, inproved quantification can be conveniently acconplished
by neasurpagymeber allsandiéfefafrothetinedesbspoot hethefagenddies I exposur es
and ¢ arin hqgse neasurenents to di aneter nmeasurepents (at the w dest
poi nt]%n?a Eﬁgﬁg‘f"ar eFHET‘éRﬁoEﬁ}%‘E?rﬁan‘é §Er§‘ﬁ?§tﬁ?ﬂ%ft’ﬁthr’?feat$e di aneters
can be takeRyagna LOI§meLs! Q%ﬁ%héi‘aék‘@rigegeé&'E'Qsé’ﬁ'tgii-iPW ek Hyweyer, a
practitioner "will recognize that i1ndications of flow ng-out 15 or swelling
are i ndi caeasarablaphéghuishantyabrchapgesalinnenpeyymey fiear ivel tasng and
that adhesion to M/idar filmgenerally reflects a less substantial change

t han nel t PRGSTPLREL] BPoREr & gFT‘PeEFEBr?eEEJShP?ee}’ﬁ%&oﬁln LA T OFChel ti ng
nust be nmadeniipgRdi ately when the sanple is renoved 20 fromthe oven and
that various aids can be used to help determ ne whether a polynmer materi al
is nitten or nGhe Soobgandsushy brehuoded Babsexanphelyal pmeaportiylpmde, a

m croscope, .or Polariod ~ | enses. - 64 - a Nov a~~~ Resin Additive Fiber
Rank Crdepo@ygpggtfﬁﬁnyspnﬁénggypresent invention is characterized as
having

(a) melt flow ratio, I;4/Ip 2 5.63,
(b) a molecular weight distribution, M,/M,, as
25 determined by gel permeation chromatography and
defined by the equation:
(M,/Mp) < (I,9/I,) - 4.63,
(¢} a gas extrusion rheology such that the critical
shear rate at onset of surface melt fracture for
30 the substantially linear ethylene polymer is at
least 50 percent greater than the critical shear

rate at the onset of surface melt fracture for a
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Qobservations Conp. Ex. 5. Nonenel ti ng; gadhesi on whenupsi de
downConp. Ex. 7GEvanst ab 12nel ting; 7(1000)adhesi on co - § NOV 2002
45- 90Conp. Ex. 8GNonef | owi ng; 6nel ting; adhesi on to 45-90Conp. Ex. 9G r ganox
1010f I owi ng; 5(2000) nel ti ng; adhesi on to 30-95Conp. Ex. 10FI r ganox
1010adhesi on to 45- 4(2000) g0l nv. Ex. 11GNaugard 445adhesion to

3(1000) <301 nv. Ex. 1200hamassby beth e bmea 0944rS80¢ 1O QR)d rauESC ABGAYeY Yt e Dno
adhesion; no 1(1000)nelting; noflowi ng; noswelling 5 10 Resin F is an

et hyl ene- oct ene coﬁ%ﬁ“?ﬁﬁreﬂg}ﬁ?@e ap?ékgbee‘f HaNsTRS o R B A Y HE and | =
melt index of 5 g/ 1 put es i N i Shes SR yarer
havi ng a target de%g}?§géfvﬁwgggé%/%%% %ﬂﬁglé$ﬁ%+t ihggiqg$“0.5 g7%§

m nutes and cont ai bheg1800appstiSanenstpbl FndPQrandab00, ma IMganox | 076,

C ba- Geigy trademark for octadecyl 3-(3, 5-di-tert-butyl-4-hydroxyphenyl)
propionat e whi ch isiahhnndenegephenol oft@ie | suestanTirwl degtiseamot ati on as
to adhesion refers to the angle that the Mylar filmhad to be deflected to

unstick the given SEAYLERPGHBPEYREHadnd HENE TSt nbrE ZBFARFCELES - 8 NOV
2002 our=ace ana ?0,4as ARPLAXLIBLEL Yo POF PERA! Cltb8Fand: 418y 1 feapor-zontal
surrace, zxcept ;nv. ~cC, .3 noved =f ee y wih the Shant est .andling of
the =ilm - 66 et8yNeMe2@0ZyMér Chad Nthd . 1 Anes®t Oy Déndrals NEnér shaped
irradiation crosslullced article conprisiizg the steps of: (a) prioving at
| east one honogenedys| pebranehedt ethgl eaee STt eF PBPGTRFUT QNELING ORI i Ses:

(i) gihylene intergolyngr&zeq mﬁ;p at %east one ot her nonomer and,
characterized as h 9Fn§ 3 58I§ﬂer‘88ﬂ§ ?§; as neasured in accordance with

ASTM D792, of (gssat Bang@e9@igkepbnat a236caARdndOchlbtiméci-astsone
~~itrogen-containing stabilizer. (b) fabricating or shaping the article
from the interpol ymeérinangeps) batweent he fabricati on or shaping,
subjecting the articleg to.ionizing ,radiation to irradiation crossli.nlc
the article. 2, A meChod™® makihg 2B irradiati on ~rosslinked el astic

article t5 COW%ﬂisgnﬁgkﬁ%c §B§39Ehaﬁaérpé8&5 | g ﬁtséQaichﬂe
honogeneousl y branched et hyl ene i nterpolynmer having a density, as neasured
i n at®or dance DatehmAREMiBAy 2f ahel esstibad eheaguahtéoafd86bigieat at 23C
and conprising at |east 0.05 meight percent of at |east_on,e

ni t r ogenSEERTAISTEISF SstiabiNgPeds 50 [B)tf ABPFEREPNgSore shapFngtRRE article

oA e AL Sl L8 USSRt L o SABPL L) et 0
havi ng: ((PI)a pexgentfqeratngihgsat gak kessukthan Gleane8€ @@HR P00
The gas extrusion rheometer is described by M. Shida, R.N.
20 Shroff and L.V. Cancio in Polymer Engineering Science, Vol.
17, No. 11, p. 770 (1977) and in Rheometers for Molten
Plastics by John Dealy, published by Van Nostrand Reinhold
Co. (1982) on pp. 97-99.
The processing index (PI) is measured at a temperature
25 of 190°C, at nitrogen pressure of 2500 psig (17.2 Mpa) using a
0.0296 inch (752 micrometers) diameter (preferably a 0.0143
inch diameter die for high flow polymers, for example, 50 -
100 I, melt index or greater), 20:1 L/D die having an entrance

angle of 180°. The GER processing index is calculated in

30 millipoise units from the following equation:

PT = 2.15 X 10° dyne/cm?/(1000 X shear rate),
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25 percent strain when neasured at a 2 ml| (102 mm -G/ - S ~ov Zoo2
thicl kness using an Instrvn tensio~reter after being shaped and irradiHtiggn
crosslinked, (ii) a percent stress relaxation of |ess than or edual Z5 at
Z3C and 200 percent str ain when nmeasured at a 2 ml| 5 (1U2 nm thicluiess
usi ~l g an Instron tensioneter after being shaped and irradiation
crosslinked, and (iwhdra: peroent i eBamd otwkalsobnef shess thasmsoraequal 55
at 38"C and 20U percent stxaWwhen neasured at a 2 m!| (102 mm thicltiless
usi ng au PhR88rpst t ENBi dritn@r, afndertia Shegngrahaped &hE PReadi Batomc

~rosstinlced. 3,. The net hods of. Cl ai 1_or.2 wherein_the nmethod further
conpri ses-TRcEF bbrat i TP HE 5§ e %etql‘:sﬁ ot-c?g*bo‘éﬁla?tfe%af:ﬁ?f}:the

interpolyner. 4, Th t hod of any of th recedin | ai,ms, whegein the at
| east one hormﬁ%n%oﬁs?%o b?%ﬁjg é'h%@nng%‘P%?‘ﬁBI rrgr:flsf‘f“iﬁn(iﬁ) a
honogeneoygly.branched |inear ethylene polymer; or (ii) a substanftally

| i near ethylene interpolyrxter characterized as havialg (a) nelt flow
ratio, h ~~/T2 ~ 5.68,i¢{b)ha ewdecsiat wetght{gdsgmonbuti on, MV/ M, as
d.eterrnined zt~ by gel perneation chromatography and defined by the
equation: (Mwv M)’ ¢119¢123 ehe B8t (d9naigascexpolyeohyikeel (ggycsiich that
the critical shear rate at onset of surface nelt fracture for the

substanti éFlFiy 25 linear ethylene polyner is at |east 50 percent greater.
than the critical, [ te he_ o . ce.nme f t -68 -
8 ~OV 2002 for a |i§£§‘?e% yfseﬁgeh%oﬁ/lrrgftgémﬁ%?é?%g?hgrsﬁggt 5%??a?%§y| i near
et hyl eme paehyreg)and fhe |inear ethyl ene polyner conprise the sane
cornononer or conononers, the |inear ethylene polyner has an h and MW M

Wi thin ten per&bat P&f isheheubppanenal Yiys¢badhy efhy ansegokynpeagndedherei n
the respective critical shear rates of the substantially |inear ethylene
pol ymer add BRearpRtapheahyrenespobinerlare AE8sdvee/&M“t he sanme nelt
tenperature usi,ng a .gas._extrusion.rhey . d single.differenti al
scaruvng cal vr :Fﬁgt ?V,gsggﬁé‘ﬁg?}'i gbn%ae]égggg%\ﬁggg P&% a%iré"lggﬁ. Pg. TL‘Lf‘he

nmet hod of 1y ehahherpegtedi Bg ¢bapaBcembenei Anklte dfoRl Horgehadbahion is
provi ded by el ectron beamirradiation. 6. The nethod of any of the

pr ecedP ng ldingiaws etiéeaenpehamar haustgoar 15 Whi/Megemdcslengiihyngach
stabilizer is a hydroqui.nol We, diphe~~ylam nc or substitutEd piperidine.
7. The metHédrisf taRypercene pfekbdi RbEranfd aliffeddneathetdvieere is
fabricate oli?"%g_ a technique selected fronn fiber nelt spinning, fiber nelt
bl a' wl g, “spunbondzng, spunl acing, carding, filmblow ng, cast film

i njection nol diapg apgEredkt XHsbheNstBEBr VEOr BbGresitaghidd: rheegblgr Rkow
nmol di ng, sheet extrusion, solvent casting, solvent coatilzg, thermnal

| ani nat i oriseshltenddensg Lyr she Aelbufgaceriet PHeNANeaR [ Bemms genge of

exi xushpon cqating, dispersion_coatipg,,.Qr -rat | di $.. The d of any
of thgbpr encg:cﬁor?ge cPatTs S Wherérh %’Eggart i ¢ g %rsmggr%%t't“ecf%g'é‘ggﬁ)ggr
quenched tsiafEpiceRt dienper ZErr eesbebpparauanhr3e Aeflyf &lescribed.

According to Ramamurthy in Journal of Rheology, 30(2),
337-357, 1986, above a certain critical flow rate, the
observed extrudate irregularities may be broadly classified

25 into two main types: surface melt fracture and gross melt
fracture.

Surface melt fracture occurs under apparently steady
flow conditions and ranges in detail from loss of specular
gloss to the more severe form of "sharkskin". In this

30 disclosure, the onset of surface melt fracture is

characterized at the beginning of losing extrudate gloss at
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25 the application of additional heatiizg or ivnizillg radiation. 9. The ne
thud of Caim1, wherein the honpgeneously br anched ethylene interp 8%@ 0
is blended with another synthetic or natural polyner. 8 NOV 2002 1

met hod of Claim9, wherein the synthetic or natural polyner is a

pol ypropyl ene. 11. The nethod of Caim 1, wherein the honogeneously
branched «w2iivH ene isnkeapel yARLH6EBPr bsesxetiwhene-amt enpnl yon et 2edewdi th at
| east a-olefin or 5 a styrenic conpound. 12. A shaped interpolynmer prepared
by the méthddxofmagniy ichtina . pr é‘b@dﬁngtetait rr%heiﬁrB"atr%ea%habéﬁtl ater pol yner

f d ~, 2 t he f f fib d
?abrl ? (r)nr “Hotr’?:ﬁ%vg‘ﬁiﬁ:aglr*?f%ulrg foﬁ ﬁekaﬁé%gﬁ?“@al@n lrll? eﬁ1 c ﬁ%%%@%‘/ﬁg t he

shaped | HerpRIAEE o doaish Lo2pakcLhal gkégme%%hémec@@régnahcaygl ene item
of Caim’1l4’in the formof a disposable diaper or an infection control
item5S-7CGhd¥ AafteAa@ Al Andeft. AS. AurAScASNALS. Ardctu¥e Aof a linear

US. AS2. A{fI . AfY AYAyY. A3Y. AFey. A & . A3l . AY. A

. A3( SY. ARGREEReAPCAIRIETANRI 1Y, ALORE BNe| SARR . Ao AR Aw/Mn

yI A. Ah, E. AUE. A, Ah@/ AF. AASY. A. ASY. AFY. A3l . AF. AUf . A(f. AFhY AFyY. AY{ . AFE. A3
EA y . APTEY@TRRLA USRS CARCACAL ARPAASFTAGRS+@{ODIRE Of surface

T eaA e el e Hae kil adkaphafiagh ool eguepl senpaLhal sahgakesl cal cal

ca] cal ca] ca ]ca
(val ab] Xioe o) oahlcabeale aakal ek al aakoaboatpatpakeal cal cal cal cal ca
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S & +-3-C-D-f- -}-~ 4.6.0. P.../#/ 0/ (0}xsnid_Z]]ca] ca]ca]ca]
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$10% D. D&apyf&gtggw@@jgybsqgntlally linear ethylene polymers include
constrained geometry catalysts as disclosed in U.S.
15 application number 07/545,403, f£iled July 3, 1990; U.S.
application number 07/758,654, filed September 12, 1991; U.S.
Patent No. 5,132,380 (application number 07/758,654); U.S.
Patent No. 5,064,802 (application number 07/547,728); U.S.
Patent No. 5,470,993 (application number 08/241,523); U.S.
20 Patent No. 5,453,410 (application number 08/108,693); U.S.
Patent No. 5,374,696 (application number 08/08,003); U.S.
Patent No. 5,532,394 (application number 08/295,768); U.S.
Patent No. 5,494,874 (application number 08/294,469); and
U.S. Patent No. 5,189,192 (application number 07/647,111).
25 Suitable catalyst complexes may also be prepared
according to the teachings of WO 93/08199, and the patents
issuing therefrom. Further, the monocyclopentadienyl
transition metal olefin polymerization catalysts taught in
U.S. Patent No. 5,026,798 are also believed to be suitable
30 for use in preparing the polymers of the present invention,
so long as the polymerization conditions substantially

conform to those described in U.S. Patent No. 5,272,236; U.S.
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Lo Soih RSt e O S B ITTI 8
10%4| & (pubsdltE¥aVhizpo@ied m8Y209<&hd) thd0&&Rté)-bf at least one
remalning substituent is less than such angle 1n a similar
complex containing a similar pi-bonded moiety lacking in such
15 constrain-inducing substituent, and provided further that for
such complexes comprising more than one delocalized,
substituted pi-bonded moiety, only one thereof for each metal
atom of the complex is a cyclic, delocalized, substituted pi-
bonded moiety. The catalyst further comprises an activating
20 cocatalyst.

Suitable cocatalysts for use herein include polymeric or
oligomeric aluminoxanes, especially methyl aluminoxane, as
well as inert, compatible, noncoordinating, ion forming
compounds. So called modified methyl aluminoxane (MMAQO) is

25 also suitable for use as a cocatalyst. One technique for
preparing such modified aluminoxane is disclosed in U.S.
Patent No. 5,041,584. Aluminoxanes can also be made as
disclosed in U.S5. Patent No. 5,218,071; U.S. Patent No.
5,086,024; U.S. Patent No. 5,041,585; U.S. Patent No.

30 5,041,583; U.S. Patent No. 5,015,749; U.S, Patent No.

4,960,878; and U.S. Patent No. 4,544,762.
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process using at least one reactor (for example, as disclosed
15 in WO 93/07187, WO 93/07188, and WO 93/07189), but can also
be produced using multiple reactors (for example, using a
multiple reactor configuration as described in U.S. Patent
No. 3,914,342) at a polymerization temperature and pressure
sufficient to produce the interpolymers having the desired
20 properties. The multiple reactors can be operated in series
or in parallel, with at least one constrained geometry
catalyst employed in at least one of the reactors.
Substantially linear ethylene polymers can be prepared
via the continuous solution, slurry, or gas phase
25 polymerization in the presence of a constrained geometry
catalyst, such as the method disclosed in European Patent No.
416,815-A. The polymerization can generally be performed in
any reactor system known in the art including, but not
limited to, a tank reactor(s), a sphere reactor(s), a
30 recycling loop reactor(s) cr combinations thereof, any
reactor or all reactors operated partially or completely

adiabatically, nonadiabatically or a combination of both.
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& ()-9! Dﬁmr(l)c g{J\ 10801 ptmospheres (1 . Suspension,

10 solution, slurry, gas phase or other process conditions may
be employed if desired.

A support may be employed in the polymerization, but
preferably the catalysts are used in a homogeneous (that 1is,
soluble) manner. It will, of course, be appreciated that the

15 active catalyst system forms in situ if the catalyst and the
cocatalyst components thereof are added directly to the
polymerization process and a suitable solvent or diluent,
including condensed monomer, is used in said polymerization
process. It is, however, preferred to form the active

20 catalyst in a separate step in a suitable solvent prior to
adding the same to the polymerization mixture.

The substantially linear ethylene polymers used in the
present invention are interpolymers of ethylene with at least
one C3-Czq a-olefin and/or C4-Ci1g diolefin. Copolymers of

25 ethylene and an a-olefin of C3-Cyg carbon atoms are especially
preferred. The term "interpolymer" as discussed above is
used herein to indicate a copolymer, a terpolymer, or any
other multiple monomer polymer, where at least one other
comonomer is polymerized with ethylene or propylene to make

30  the interpolymer.

Suitable unsaturated comonomers useful for polymerizing
with ethylene include, for example, ethylenically unsaturated
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9>*ZX69\Ginylbenzocyclobutane, 1,4-hexadiene, .,7-octadiene, and

10 naphthenics (for example, cyclopentene, cyclonexene and
cyclooctene) .

The homogeneously branched sthylene interpolymer can be
blended with other polymers. Suitable polymers for blending
with the ethylene interpolymer are commercially available

15 from a variety of suppliers and include, but are not limited,
an ethylene polymer (for example, low density polyethylene,
ultra or very low density polyethylene, medium density
polyethylene, linear low density polyethylene, high density
polyethylene, homogeneously branched linear ethylene polymer,

20 substantially linear ethylene polymer, polystyrene, ethylene
styrene interpolymex, ethylene vinyl acetate interpolymer,
ethylene acrylic acid interpolymer, ethylene ethyl acetace
interpolymer, ethylene methacrylic acid interpolymer, and
ethylene methacrylic acid ionomer), polycarbonate,

25 polystyrene, polypropylene (for example, homopolymer
polypropylene, polypropylene copolymer, and random block
polypropylene interpolymer), thermoplastic polyurethane,
polyamide, polylactic acid interpolymer, thermoplastic block
polymer (for example, styrene butadiene copolymer, styrene

30 butadiene styrene triblock copolymer, and styrene ethylene-
butylene styrene triblock copolymer), polyether block

copolymer (for example, PEBAX), copolyester polymer,
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IF"410%&fg%yTeH§D<Ige¥%g%§§ég)ls blended with a polypropylene resin,
preferably an isotactic polypropylene resin such as Montell
Profax 6323 and Amoco 4018. However, generally suitable
polypropylene polymers for use in the invention, including
random block propylene-ethylene polymers, are available from
15 a number of manufacturers, such as, for example, Montell
Polyolefins, DSM, Amoco, Eastman, Fina and Exxon Chemical
Company. At Exxon, suitable polypropylene polymers are
supplied under the designations ESCORENE and ACHIEVE.
Suitable poly lactic acid (PLA) polymers for use in the
20 invention are well known in the literature {(for example, see
D. M. Bigg et al., "Effect of Copolymer Ratio on the
Crystallinity and Properties of Polylactic Acid Copolymers",
ANTEC '96, pp. 2028-2039; WO 90/01521; EP 0 515203A; and EP 0
748846A2) . Suitable poly lactic acid polymers are supplied
25 commercially by Cargill Dow under the designation EcoPLA.
Suitable thermoplastic polyurethane for use in the
invention are commercially available from The Dow Chemical
Company under the designation PELLATHANE.
Suitable polyolefin carbon monoxide interpolymers can be
30 manufactured using well known high pressure free-radical

polymerization methods. However, they may also be

manufactured using traditional Ziegler-Natta catalysis and
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%b&LE) - lefhylene/acrylic acid interpolymers are commercially

available from The Dow Chemical Company under the designation

PRIMACOR. Suitable ethylene/methacrylic acid interpolymers

are commercially available from Du Pont Chemical Company

under the designation NUCREL.

20 Chlorinated polyethylene (CPE), especially chlorinated
substantially linear ethylene polymers, can be prepared by
chlorinating polyethylene in accordance with well known
techniques. Preferably, chlorinated polyethylene comprises
equal to or greater than 30 weight percent chlorine.

25 Suitable chlorinated polyethylenes for use in the invention
are commercially supplied by The Dow Chemical Company under
the designation TYRIN.

Suitable nitrogen-containing stabilizers for use in the
present invention include, but are not limited to,

30 naphthylamines (for example, N-phenyl naphthylamines such as

Naugard PAN supplied by Uniroyal); diphenylamine and

derivatives thereof which are also referred to as secondary
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| 10982 ¢ ) - 3a.geridides; suchdEs/ Chimassorb® 119, Tinuvin’ 622 and Tinuvin

770, all three also supplied by Ciba-Geigy), and quinolines
(for example, oxyquinolines and hydroquinolines such as
polymeric 2, 2, 4-trimethyl-1, 2-dihydrogquincline which is
supplied by Vanderbilt Company under the designation s

15 Agerite’ D).

Suitable nitrogen-containing stabilizers also include
the hybrid stabilizers such as aminophenols (for example, N,
N' -hexamethylenebis-3-(3, 5-di-tert-butyl-4-hydroxyphenyl) -
propionamide), acylaminophenols (which are also referred to

20 as 4-hydroyanilides) and the various hybrid stabilizers
described in U.S. Patent No. 5,122,593 wnhich consist of a N-
(substituted) - 1 - (piperazine-2-one alkyl) group at one end
and a (3, 5-dialkyl -4- hydroxyphenyl)-a, a-disubstituted
acetamine at the other end.

25 Other suitable nitrogen-containing stabilizers include
carboxylic acid amides of aromatic mono and dicarboxylic
acids and N-monosubstituted derivatives (for example, N, N'-
diphenyloxamide and 2, 2'-oxamidobisethyl 3-(3, S-di-tert-
butyl-4-hydroxyphenyl) propionate which is supplied by

30 Uniroyal Chemical under the designation Naugard® XL-1);
hydrazides of aliphatic and aromatic mono- and dicarboxylic
acids and N-acylated derivatives thereof; bis-acylated
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present invention are diphenylamines, substituted piperidines
and hydroquinolines. Further, the at least one nitrogen-
containing stabilizer can be employed alone or in combination

10 with another stabilizer and antioxidant such as, for example,
but not limited to, other nitrogen-containing stabilizer as
well as a hindered phenol (for example, 2, 6-di-tert-butyl-4-
methylphenol which s supplied by Koppers Chemical under the
designation BHT and tecrakis(methylene 3- (3, S-di-tert-butyl-

15 4-hydroxyphenyl) propionate) methane which is supplied by
Ciba-Geigy under the designation Irganox‘ 1010); thicester
(for example, dilauryl thiodipropionate which is supplied by
Evans under the designation Evanstab’ 12); phosphite (for
example, Irgafos’ 168 supplied by Ciba-Geigy Corp. and

20 tri(nonylphenyl) phosphite which is supplied by Uniroyal
Chemical under the designation Naugard® P); diphosphite (for
example, distearyl pentaerthritol diphosphite which is
supplied by Borg-Warner under the designation Weston® 618) ;
polymeric phosphite (for example, Wytox 345-S(1) supplied by

25 Olin); phosphited phenol and bisphenol (for example, Wytox®
604 supplied by 0Olin); and diphosphonite (for example,
tetrakis(2, 4-di-tert-butylphenyl) 4, 4'-biphenylylene
diphosphonite which is supplied by Sandox under the
designation Sandostab’ P-EPQ) .

30 The at least one nitrogen-containing stabilizer is add
to the homogeneously branched ethylene polymer in a melt

compounding step, preferably by the use of an additive
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1ogﬁ*§b()ln the range of from 0.1 to 0.25 weight percent (based on the
total weight of the stabilizer and the interpolymer).
In-process additives, for example, calcium stearate,
water, and fluoropolymers, may also be used for purposes such
as for the deactivation cf residual catalyst or improved
15 processability or both. Colorants, coupling agents and fire
retardants may also be include as longer as their
incorporation does not disturb the desirable characteristics
of the inventive article, interpclymer or method.
The homogeneously branched ethylene interpolymer can
20 also be filled or unfilled. If filled, then the amount of
filler present should not exceed an amount that would
adversely affect elevated temperature elasticity and/or the
wash and dryability of the inventive article. Typically, the
amount of filler present is between 20 and 80, preferably
25 Dbetween 50 and 70, weight percent (wt percent) based on the
total weight of the interpolymer . Representative fillers
include kaolin clay, magnesium hydroxide, silica, calcium
carbonate. In a preferred embodiment, in which a filler is
present, the filler is coated with a material that will
30 prevent or retard any tendency that the filler might
otherwise have to interfere with desirable irradiation and/or

crosslinking reactions and e=ffects. Stearic acid is an
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include, for example, but are not limited to, disposable
personal hygiene products (for example, training pants,
diapers, absorbent underpants, incontinence products, and

10 feminine hygiene items); disposable and durable garments (for
example, elastic components in industrial apparel, coveralls,
head coverings, underpants, pants, shirts, gloves, and
socks); infection control/clean room products (for example,
surgical gowns and drapes, face masks, head coverings,

15 surgical caps and hood, shoe coverings, boot slippers, wound
dressings, bandages, sterilization wraps, wipers, lab coats,
coverall, pants, aprons, jackets, and bedding items and
sheets) and sports apparel.

Various homofil fibers can be made from the elastic

20 ethylene interpolymer of the present invention, including
staple fibers, spunbond fibers or melt blown fibers (using,
for example, systems as disclosed in U.S. Patent No. 4,340,563
(Appel et al.), U.S. Patent No. 4,663,220 (Wisneski et al.),
U.S5. Patent No. 4,668,566 (Braun), or U.S. Patent No.

25 4,322,027 (Reba)), and gel spun fibers (for example, the
system disclosed in U.S. Patent No. 4,413,110 (Kavesh et
al.))). Staple fibers can be melt spun (that is, they can be
extruded into the final fiber diameter directly without
additional drawing), or they can be melt spun into a higher

30 diameter and subsequently hot or cold drawn to the desired

diameter using conventional fiber drawing techniques.
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entire structure is subjected to heat, where the bonding fiber
melts and bonds the surrounding matrix fiber. Typical matrix
fibers which benefit from use of the inventive elastic fibers
disclosed herein include, but are not limited to,
10 polyf{ethylene terepnthalate) fibers, cotton fibers, nylon
fibers, polypropylene fibers, heterogenecusly branched
polyethylene £fibers, homogeneously branched ethylene polymer
fibers, and linear polyethylene homopolymer fibers and
combinations thereof. The diameter of the matrix fiber can
15 wvary depending upon the end use application.
Bicomponent fibers can also be made from the inventive
elastic interpolymer described herein. Such bicomponent
fibers have the elastic homogeneously branched ethylene
interpolymer of the present invention in at least one portion
20 of the fiber. For example, in a sheath/core bicomponent fiber
(that is, one in which the sheath concentrically surrounds the
core), the stable, elastic homogeneously branched ethylene
interpolymer can be in either the sheath or the core.
Different elastic homogeneously branched ethylene
25 interpolymers of the present invention can also be used
independently as the sheath and the core in the same fiber,
preferably where both components are elastic and especially
where the sheath component has a lower melting point than the
core component. Other types of bicomponent fibers are within
30 the scope of the invention as well, and include such

structures as side-by-side conjugated fibers (for example,

fibers having separate regions of polymers, wherein the
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surface) .

The shape of the fiber is not limited. For example,

5 typical fiber has a circular cross-sectaonal shape, but
sometimes fibers have different shapes, such as a trilobal
shape, or a flat (that is, "ribbon" like) shape. The elastic
fiber disclosed herein is not limited by the shape of the
fiber.

10 Fiber diameter can be measured and reported in a variety
of fashions. Generally, fiber diameter is measured in denier
per filament. Denier is a textile term which is defined as
the grams of the fibexr per 9000 meters of that fiber's length.
Monofilament generally refers to an extruded strand having a

15 denier per filament greater than 15, usually greater than 30.
Fine denier fiber generally refers to fiber having a denier of
15 or less. Microdenier (aka microfiber) generally refers to
fiber having a diameter not greater than 100 micrometers. For
the inventive elastic fibers disclosed herein, the diameter

20 can be widely varied, with little impact upon the fiber's
elasticity. However, the fiber denier can be adjusted to suit
the capabilities of the finished article and as such, would
preferably be: from 0.5 to 30 denier/filament for melt blown;
from 1 to 30 denier/filament for spunbond; and from 1 to

25 20,000 denier/filament for continuous wound filament.

Fabrics made from the inventive stable, elastic fibers
disclosed herein include both woven and nonwoven fabrics.
Nonwoven fabrics can be made variously, including spunlaced
(or hydrodynamically entangled) fabrics as disclosed in U.S.

30 Patent No. 3,485,706 (Evans) and U.S. Patent No. 4,939,016
(Radwanski et al.); by carding and thermally bonding staple

fibers; by spunbonding continuous fibers in one continuous
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web. These various nonwoven fabric manufacturing techniques

are well known to those skilled in the art and the disclosure

tn

is not limited to any particular method. Other structures

made Zrom such fibers are also included within the scope of

the invention, including for example, blends of these novel
stable, elastic fibers with other fibers (for example,
poly(ethylene terephthalate) (PET) or cotton).

10 Fabricated articles which can be made using the
inventive stable, elastic fibers and fabrics disclosed herein
include stable, elastic composite articles (for example,
diapers and undergarments) that have elastic portions. For
example, elastic portions are typically constructed into

15 diaper and undergarment waist band portions to prevent the
diaper or undergarment from falling and into leg band
portions to prevent leakage (as shown, for example, in U.S.
Patent No. 4,381,781 (Sciaraffa)). Often, the elastic
portions promote better form fitting and/or fastening systems

20 for a good combination of comfort and reliability.

The inventive stable elastic fibers and fabrics
disclosed herein can also produce structures which combine
elasticity with breathability. For example, the inventive
elastic fibers, fabrics and/or £f£ilms of the present

25 invention many be incorporated into the structures disclosed
in U.S. provisional patent application 60/083,784, filed May
1, 1998 in name Maugans et al.

The inventive stable elastic fibers and fabrics
disclosed herein can also be used in various structures as

30 described in U.S. Patent No. 2,957,512 (Wade). For example,

layer 50 of the structure described in USP 'S512 (that is, the

elastic component) can be replaced with the inventive stable
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1109%R&" ()SrEPeR0RE&MPpdFetc., nonelastic materials are made into
elastic structures. Attachment of the inventive stable
elastic fibers and/or fabric disclosed herein to nonelastic
5 fibers, fabrics or other structures can pbe done by melt
bonding or with adhesives. Gathered or shirred elastic
structures can be produced from the inventive stable elastic
fibers and/or fabrics disclosed herein and nonelastic
components by pleating the non-elastic component (as
10 described in USP '512) prior to attachment, pre-stretching
the elastic component prior to attachment, or heat shrinking
the elastic component after attachment.
The inventive stable elastic fibers described herein
also can be used in a spuniaced (or hydrodynamically
15 entangled) process to make novel structures. For example,
J.S. Patent No. 4,801,482 (Goggans) discloses an elastic
sheet (12) which can now be made with the novel elastic
fibers/fabric described herein.
Continuous stable elastic filaments as described herein
20 could also be used in woven applications where high
resilience is desired.
The inventive stable elastic fibers and fabrics
disclosed herein with adjust in the interpolymer melt index
and/or degree of crosslinking or extent or radiation also
25 have adjustable tenacity and retractive force. Such
capabilities and characteristics enable extensive design
flexibility, for example, to provide for variable retractive
force in the same garment, if needed, as described for
example in U.S. Patent No. 5,196,000 (Clear et al.).
30 U.S. Patent No. 5,037,416 (Allen et al.) describes the

advantages of a form fitting top sheet by using elastic

ribbons (see member 19 of USP' 416). The inventive stable
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elasticity.

Composites that utilize very high molecular weight

mn

linear polyethylene or copolymer polvethylene also benefit
from the inventive stable elastic fibers disclosed herein.
For example, the inventive elastic fibers have a _ow melting
point (with the melting point of the polymer essentially
linearly related to the polymer density), such that in a

10 blend of inventive stable elastic fibers disclosed herein and

very high molecular weight polyethylene fibers (for example,

Spectra™ fibers made by Allied Chemical) as described in
U.S. Patent No. 4,584,347 (Harpell et al.), the lower melting
elastic fibers bond the high molecular weight polyethylene

15 fibers without melting the high molecular weight fibers, thus
preserving the high strength and integrity of the high
molecular weight fiber.

In U.S. Patent No. 4,981,747 (Morman), the inventive
stable elastic fibers and/or fabrics disclosed herein can be

20 substituted for elastic sheet 122, which forms a composite
elastic material including a reversibly necked material.

The inventive stable elastic fibers disclosed herein can
also be a melt blown elastic component, as described in
reference 6 of the drawings of U.S. Patent No. 4,879,170

25 (Radwanski). USP '170 generally describes elastic co-form
material and manufacturing processes.

Elastic panels can also be made from the inventive
stable elastic fibers and fabrics disclosed herein, and can
be used, for example, as members 18, 20, 14, and/or 26 of

30 U.S. Patent No. 4,940,464 (Van Gompel). The inventive stable

elastic fibers and fabrics described herein can also be used
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The stable elastic homogeneously branched ethylene

interpolymer can also be shaped or fabricated into stable

m

elastic films, coatings, sheets, strips, straps, and tapes,

ribbons. The elastic film, coating and sheet of the present

invention may be fabricated by any method known in the art,
including blown bubble processes (for example, simple bubble
as well as biaxial orientation techniques such trapped

10 Dbubble, double bubble and tenter framing), cast extrusion,
injection molding processes, thermoforming processes,
extrusion coating processes, profile extrusion, and sheet
extrusion processes. Simple blown bubble film processes are
described, for example, in The Encyclopedia of Chemical

15 Technoloay, Kirk-Othmer, Third Edition, John Wiley & Sons,
New York, 1981, Vol. 16, pp. 416-417 and Vol. 18, pp. 191-
192. The cast extrusion method is described, for example, in
Modern Plastics Mid-October 1989 Encyclopedia Issue, Volume
66, Number 11, pages 256 to 257. Injection molding,

20 thermoforming, extrusion coating, profile extrusion, and
sheet extrusion processes are described, for example, in
Plastics Materials and Processes, Seymour S. Schwartz and
Sidney H. Goodman, Van Nostrand Reinhold Company, New York,
1982, pp. 527-563, pp. 632-647, and pp. 596-602.

25 The stable elastic strips, tapes and ribbons of the
present invention can be prepared by any known method,
including the direct extrusion processing or by post-
extrusion slitting, cutting or stamping techniques. Profile
extrusion is an example of a primary extrusion process that

30 is particularly suited to the preparation of tapes, strips

and bands, ribbons.
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well known in the art including by apperturing, slitting,
microperforating, mixing with fibers or foams and

5 combinations thereof. Examples of such methods include, U.S.

Patent No. 3,156,242 by Crowe, Jr., U.S. Patent No. 23,881,489
by Hartwell, U.S. Patent No. 3,989,867 by Sisson and U.S.
Patent No. 5,085,654 by Buell.

Fabricated articles which can be made using the

10 inventive stable elastic articles disclosed herein include
composite fabric articles (for example, disposable
incontinence garments and diapers) that are comprised of one
or more elastic component or portion. The inventive stable
elastic articles disclosed herein can also produce fabric

15 composite structures which combine elasticity with
breathability by utilizing a technique that renders the
elastic material pervious or "breathable" such as suggested
by Lippert et al. in U.S. Patent No. 4,861,652 and indicated
above.

20 The inventive stable elastic articles disclosed herein
can also be used in various structures as described in U.S.
Patent No. 2,957,512 (Wade). For example, layer 50 of the
structure described in USP '512 (that is, the elastic
component) can be replaced with the novel stable elastic

25 materials, especially where flat, pleated, and creped
nonelastic materials are made into elastic or semi-elastic
structures. Attachment of the novel stable elastic materials
to nonelastic or less-elastic materials can be done with heat
bonding or with adhesives. Gathered or shirred elastic

30 composite materials can be produced from the new stable

elastic material described herein and nonelastic components

by pleating the non-elastic component (as described in USP
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component after attachmenc.

The recovery after heat shrinking can be furtner

S enhanced by effectuating a high degree of orientation into
the :nventive stable elastic articles during fabrication.
Significant orientation can be accomplished by the
utilization of various known techniques such as high blow-up
blown £ilm fabrication, tenter framing of cast f£ilms and

10 "double pbubble" or "trapped bubble" blown film fabrication.

The inventive stable elastic articles described herein
can also be used to make other novel structures. For
example, U.S. Patent No. 4,801,482 (Goggans) discloses an
elastic sheet (12) which can now be made with the inventive

15 stable elastic articles described herein.

The inventive stable elastic articles described herein
can also be used to make breathable portion or breathable
elastic composite materials. For example, U.S. Patent No.
5,085,654 (Buell) discloses a leg band (15) with a breathable

20 portion 45, a breathable topsheet (26), a breathable
backsheet (25), elastic elements (31 and 64), a breathable
element (54), and a breathable sub-element (96) all or any
combination of which can now be made with the inventive
stable elastic articles disclosed herein in either pervious

25 or impervious forms.

U.S8. Patent No. 5,037,416 (Allen et al.) describes the
advantages of a form fitting top sheet by using elastic
ribbons (member 12) and an elastic backsheet (member 16).
Pervious stable inventive elastic articles described herein

30 could serve the function of member 12 and impervious elastics

materials of this inventicn could function as member 146, or
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In U.S. Patent No. 4,981,747 (Morman), the inventive
stable =lastic articles disclosed herein can be substituted
5 for slastic sheers 12, 122 and 232 to construct an elastic
composite material which includes a reversibly necked
material.
Elastic panels, elements, or portions can also be made
from the inventive stable elastic articles disclosed herein,
10 and can be used, for example, as members 18, 20, 24, and/or
26 of U.S. Patent No. 4,940,464 (Van Gompel). The inventive
stable elastic articles described nerein can also pbe used,
for example, as elastic composite side panels (for example,
layer) or as elastic ribbons 42 and/or 44.
15 The following examples are provided to further
illustrate and illuminate the present invention but is not
intended to limit the invention to the specific embodiments

set forth.

20 EXAMPLES

In an evaluation to determine the elastic performance of

various ethylene polymers in response to irradiation or

25 crosslinking, five different ethylene interpolymers were
subjected to varying degrees of electron beam radiation and
their elastic properties as 2 mil (102 mm) cast films were
measured at room temperature. The polymer densities and the
melt indexes of the ethylene polymers are shown in Table 1.

30 All of the polymers were homogenecusly branched ethylene/1-
octene interpolymers supplied commercially by Dupont Dow

Elastomers, Ltd., manufactured using a constrained geometry
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5 weight percent cf 1sctactic polypropylene. The densities
for the various polymers were determined :in accordance with
5 ASTM D-792 and the mel: indexes were determined in accordance

with ASTM D-1238 Condition 190°C/2.16 kilograms.

Table 1
Polymer Density Melt Index Designation
(g/cm?®) {g/10 minutes)
A 0.863 0.5 ENGAGE EG 8180
B 0.858 1.0 DDE B130
c 5.870 2.0 ENGAGE EG 8100
D 0.370 5.0 ENGAGE EG 8200
E - 0.870 10 XU-58380.00
10
2 mil (102 mm) cast f£ilms of each polymer listed in

Table 1 were fabricated using conventional cast film

extrusion equipment at melt temperatures of 430°-500°F (221°-

260°C). After film fabrication, the cast films were electron

15 beam radiated at various dosage using equipment similar to

that described in U.S. Patent No. 5,324, 576. Except as

otherwise indicated,

the elastic properties (stress-strain

data) for the various f£ilms were determined using an Instron

tensiometer set at 10 inch/minute (25 cm/min.).

20 For the permanent set determinations at 23°C, the gage
length was 2 inches (5.1 cm) and the crosshead speed was 20
inches/minute (51 cm/min.). The test consisted of pulling
the film sample to 200 percent strain (elongation) and
holding it for 30 seconds, then taking the sample to 0

25 percent strain (elongation) and holding it at 0 percent
strain for 60 seconds, and then pulling the sample to
determine the point wnhere the load initially rises above
zero. The percent permanent set was taken as the percent
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For percent stress or load relaxation determinations at
23°C, the gage length was 2 inches (5.1 cm) and the crosshead
speed was 20 inches/minute (51 m/min.). These tests
consisted of pulling f£iim samples to 200 percent strain
(elongation) and holding them there at 200 percent strain for
30 seconds. The stress initially at 200 percent strain was
taken as the maximum stress and the stress after the 30
second holding period was taken as the minimum stress. The
percent stress or load relaxation determinations were run in
duplicate and was calculated from the following equation:

maximum stress - minimum stress x 100.

maximum stress

Table 2 reports the elastic property (stress-strain)
data as well as the permanent set and stress relaxation data
for the various film samples.

Data in Table 2 were plotted and are shown in FIG. 1 and
2. FIG. 1 indicates that electron beam radiation up to 8-12
megarads has no substantial affect on the percent stress
relaxation performance of the various polymers. Conversely,
FIG. 2 shows that irradiation has a dramatic affect on the
percent permanent set performance of the ethylene polymers.
However, FIG. 2 (like FIG. 1 and the results shown in WO
95/29197) shows no particular distinction between the various
polymers as polymer density dominated the percent permanent
set response and radiation affected the various polymer
equally.

In another evaluation, 2 mil (102 mm) cast films of
Resin A and Resin D were subjected to varying dosages of
electron bean radiation and evaluated to determine their
respective percent stress or load relaxation performances at
38°C. These tests were performed as described above, except
the temperature was 38°C instead of 23°C and the samples were
held at 200 percent strain for 1 hour instead for 30 seconds.
Table 3 shows the results for this evaluation and FIG. 3
plots the results using the average of duplicative samples as
well as a four-datapoint average for Resin D at 5 and 8
megarads of electron beam radiation.
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12 250 120 52.0

12 227 115 49.3

Resin A
(Inv. EX.

1)

Q 126 585 56.3

0 120 53 55.8

3 120 57 52.5

3 134 59 56.0

5 134 64 52.2

5 142 69 51.4

8 137 70 48.9

8 145 78 46.2
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15

20

25

30

radiation dosage level of 20 megarads, such interpolymers
will exhibit a percent stress relaxation at 38°C of less than
20.

In another investigation, the effectiveness of various
stabilizers was evaluated. In this investigation, 2 wt.
percent stabilizer concentrates were prepared by first
separately tumble dry blending a thioester stabilizer (that
is, Evanstab 12), a diphenylamine stabilizer (Naugard 445), a
substituted piperidine stabilizer (that is, Chimassorb 944)
and a hydroquinoline stabilizer (that is, Agerite D) with a
homogeneously branched ethylene interpolymer (ENGAGE 8150
which had a target 0.78 g/cm’ density and 0.5 g/10 minutes I,
melt index). The dry blends were then melt extruded in a
Berlyne extruder having a 20:1 L/D and equipped with a 1-inch
(2.5 cm) diameter screw. The extrusion melt temperature was
maintained at 400°F (204°C), the various melts were pelletized
and permitted to cool to ambient temperature.

Also, a 10 wt. percent concentrate of Irganox 1010 (a
hindered phenolic stabilizer) was prepared using the same
homogeneously branched ethylene interpolymer as above.

However, the Irganox 1010 concentrate was prepared a Haake
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was removed from the mixing bowl after the 5 minute mixing

residence time, permitted to cool to ambient temperature and

w

then chopped into small granules.

The various stabilizer concentrates were tumble dry
blended with two different homogeneously branched ethylene
interpolymers, one nominally stabilized and the other non-
stabilized, and both having a peak melting point less than
10 70°C as determined using differential scanning calorimetry, to

prepared various samples. The samples were then separately
melt spun into fibers.

The fibers were separately melt spun on fiber extrusion
equipment consisting of an extruder, gear pump and spinneret.

15 The extruder was set to provide a melt temperature of 236°C.
Each polymer melt stream was feed to the gear pump which
pressurized the melt and passed it through a 200 mesh pack

followed by a 34-hole spinneret die. The spinneret had a 4:1

L/D and the holes had a diameter of 800 microns. The resin
20 output from the spinneret was controlled at 0.78 gram/hole.

The fibers were gquenched with a room temperature air high-

velocity blower and collected as free fall fiber samples.

The resulting fibers an average diameter of 800 microns. All

stabilizers permitted the preparation of good quality fiber
25 as there were no process upset or fiber surface defects

associated with any stabilizer.

The various fiber samples were then irradiated using
electron-beam radiation at 20 megarads. The irradiated
fibers were then evaluated to determine their ability to

30 resistance ordinary washing and long-term oven aging. To
determine stability or resistance, a fiber sample was

stretched to 200 percent strain (elongation) five times using
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& ()-cdei | plsVaviR: 11 S#10% & (). SH10% & ()-1KsS e Se1ov & (15 Whll
& ()- S#10% & ()-tvxxH+tvU3 S#10% & ()-/K+5 hQ#l S#10% & ()-! SH#10%
& ()-! SH#H10% & ()-! SH10% & ()-d4vU3 S#H/ K+5 hQ#! S#H10% & ()-1! S#10%
& ()-1 SHEI%ASETEN- c8#HE0MMeger) and#ibes BLiFedlyvl3aSHERKTE hHIT!ISHESH & () -
S#10% &ggfuéﬁgﬁqbT%;(Lésg#%g%%t§gg)&onsisted of 100 ppm of copper
chloride and 0.5 weight percent Tide™ detergent regular
household formula as supplied by Proctor and Gamble) and
5 distilled water. The wash solution consisted of 275
milliliters contained in a 500 ml wide-mouth beaker. The
160°F (71°C) wash temperature was maintained by the use of a
hot plate equipped with a Variac and a thermo-watch device.
Agitation of the wash solution was accomplished using a
10 magnetic stirrer wherein the hot-plate provided the counter
magnetic field currents to effectuate rotation of the
magnetic stirrer. All fiber samples were placed in the wash
solution at once (together) and were vigorously agitated for
30 minutes. After the 30 minute exposure to the wash
15 solution, the fiber samples were carefully removed using
tweezers and placed on paper towels to absorb excess wash
solution. The washed fibers were then spaciously placed on
Mylar™ film (polyester A type film available from The Pilcher
Hamilton Company) and placed in a circulating air oven. The
20 oven was set to 133°C for 10 hours. After the 10-hour oven
aging, the fiber samples were carefully (that is, avoiding
excessive handling and direct handling) removed from the oven
and examined for visual indications of loss of integrity (for
example, melting and flowing or adhesion to the Mylar film or
25 both). Table 4 sets forth the description of the various
samples, provides descriptions of the samples following the
wash and oven aging exposures and also provides a rank
ordering of the resistance of the various samples to the
wash/oven exposure. The results in Table 4 indicate that
30 nitrogen-containing stabilizers such as Naugard 445,

Chimassorb 944 and Agerite D are more effective than

thiocester or phenol stabilizer in stabilizing the elastic
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& ()- S#10% & ()-/K+5 hQ¢h! S#10% & ()-oR5vU3! SH#10% & ()-
S#10% &'() | K+5 hQ#h! S#10% & ()-h! S#10% & ()- nQ vU3!! S#10%
SH10% -/ K+5 hQ#! Sp10% & ()-! . SHL0% &

b

flg& S#10%
& ()--. /xF‘ﬁZGEB POEC &Q5S /K5 HGAT L Sh 1995 &0 (YRR 088987 521 s#10%

& ()-! Sﬁ%@ﬁ%.&ffﬁ éé&%ﬁ%ﬁzﬂﬁyﬁBTéﬁig&ﬁ shows chat stabilizers such as

Agerite D can provide outstanding protection such that there

10

15

20

£o 1s absolutely no melting of the fiber c¢r adhesion to Mylar

film.

Although the test described above can suitably and
adequately distinguish the merits of the present invention,
improved quantification can be conveniently accomplished by
measuring fiber diameter (at the widest point) before the

exposures and comparing those measurements to diameter

measurements (at the widest point) taken after the exposures.

Any measurable different in the diameters can be taken as a
loss of integrity due to melting and flowing. However, a
practitioner will recognize that indications of flowing-out
or swelling are indicative of more substantial changes in
integrity than melting and that adhesion to Mylar film
generally reflects a less substantial change than melting.

Practitioners will also recognize that indication of
melting must be made immediately when the sample is removed
from the oven and that various aids can be used to help
determine whether a polymer material is molten or not. Such
aids may include, for example, a pin-point probe, a

microscope, or Polariod™ lenses.
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hQ#! S#10% & ()-1! S#10% & ()-1 S#10% & ()- S#10% & ()- SH10%
& () - ?DHKMXd| Z8vU3 St/ ! S#10% & ()-! S#10% & ()-! S#10% & ()-! S#%B}% Ui
& ()-! S#10% & ()- SH10% & ()-defghimy\:vU3 S#/ 1! S#10% & ()- S#10%
& ()- SH10% & ()- SH10% & ()- S#10% & ()-/K+5 hQunrstuvwt WvU3 S#/ !
S#10% & ()- SH10% & ()- S#H10% & ()- S#10% & ()-/K+5 hQth! S#10%
& ()-w-oMrvU3! S#10% & ()- ! S#H10% & ()-! SH10% & ()-/K+5 hQ¢ S#10%
& ()-! J70 & 7] P L070 S AT o070 & (Fibd Rank Order
(Target ppm) Integrity
Observations
*
Comp. Ex. 5 7 None melcing; 8
adhesion when
upside down
Comp. Ex. 7 G Evanstab 12 melting; 7
(1000) adhesion to 45-
90°
Comp. Ex. 8 G None flowing; 6
melting;
adhesion to 45-
90°
Comp. Ex. 9 G Irganox 1010 flowing; S
(2000) melting;
adhesion to 30-
45°
Comp. Ex. 10 F Irganox 1010 adhesion to 45-
(2000) 90°
Inv. Ex. 11 G Naugard 445 adhesion to
(1000) <30°
Inv. Ex. 12 G Chimassorb adhesion to
944 <30°
(1000)
Inv. Ex. 13 G Agerite D no adhesion; no 1
(1000) melting; no
flowing; no
swelling
Resin F is an ethylene-octene copolymer having a target density of 0.870
g/em’ and I, melt index of 5 g/10 minutes.
Resin G is an ethylene-octene copolymer having a target density of 0.870
5 g/cm’ and I, melt index of 0.5 g/10 minutes and containing 800 ppm
Sandostab P-EPQ and 500 ppm Irganox 1076, Ciba-Geigy trademark for
octadecyl 3-(3, 5-di-tert-butyl-4-hydroxyphenyl) propionate which is a
hindered phenol stabilizer.
*The degree notation as to adhesion refers to the angle that the Mylar £ilm had
10

to be deflected to unstick the given sample where 0° was the flat hor:izontal
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(@)  proving at least one homogeneously branched ethylene

5 interpolymer, which comprises:

(1) ethylene interpolymerized with at least one other
monomer and characterized as having a polymer density,
as measured in accordance with ASTM D792, of less than

0.90 g/cm® at 23°C, and
10 (ii)  atleast one nitrogen-containing stabilizer.
(b)  fabricating or shaping the article from the interpolymer, and

(@  after the fabrication or shaping, subjecting the article to ionizing

radiation to irradiation crosslink the article.

2. A method of making an irradiation crosslinked elastic article

15 comprising the steps of:

(a)  providing at least one homogeneously branched ethylene
interpolymer having a density, as measured in accordance with ASTM D792,
of less than or equal to 0.865 g/cm? at 23°C and comprising at least

0.05 weight percent of at least one nitrogen-containing stabilizer,
20 (b)  fabricating or shaping the article from the interpolymer, and

(c)  after the fabrication or shaping, subjecting the article to ionizing

radiation,
wherein the article is characterized as having:

(i)  a percent permanent set of less than 60 at 23°C and 200

25 percent strain when measured at a 2 mil (102 mm)
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(i) a percent stress relaxation of less than or equal 55 at 38"C
and 200 percent strain when measured at a 2 mil
(102 mm) thickness using an Instron tensiometer after

10 being shaped and irradiation crosslinked.

3. The methods of Claims 1 or 2 wherein the method further comprises

incorporating at least one pro-rad additive into the interpolymer.

4. The method of any of the preceding claims, wherein the at Jeast one

homogeneously branched ethylene interpolymer is:
15 () a homogeneously branched linear ethylene polymer; or

(i)  asubstantially linear ethylene interpolymer characterized as

having
(a)  meltflow ratio, I;/I, 2 5.63,

(b)  amolecular weight distribution, My, /M, as determined

211 by gel permeation chromatography and defined by the

equation
(My/Mp) < (I10/1p) - 4.63,

(c) a gas extrusion rheology such that the critical shear rate
at onset of surface melt fracture for the substantially
25 linear ethylene polymer is at least 50 percent greater than
the critical shear rate at the onset of surface melt fracture
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for a linear ethylene polymer, wherein the substantially
linear ethylene polymer and the linear ethylene polymer

comprise the same comonomer or comonomers, the

- 8 NOV 20

linear ethylene polymer has an I and M,,,/M,, within ten

percent of the substantially linear ethylene polymer and
wherein the respective critical shear rates of the
substantially linear cthylene polymer and the linear
ethylene polymer are measured at the same melt

temperature using a gas extrusion rheometer, and

(d)  asingle differential scanning calorimetry, DSC, melting
peak between -30° and 150°C.

5. The method of any of the preceding claims, wherein the ionizing

radiation is provided by electron beam irradiation.

6. The method of any of the preceding claims, wherein the at least one
nitrogen-containing stabilizer is a hydroquinoline, diphenylamine or substituted

piperidine.

7. The method of any of the preceding claims, wherein the article is
fabricated using a technique selected from fiber melt spinning, fiber melt blowing,
spunbonding, spunlacing, carding, film blowing, cast film, injection molding,
pultrusion, thermoforming, stamping, forging, blow molding, sheet extrusion,
solvent casting, solvent coating, thermal lamination, calendering, roll milling,

reaction injection molding, extrusion coating, dispersion coating, or rotomolding.

8. The method of any of the preceding claims, wherein the article is
permitted to cool or quenched to ambient temperatures between 0 and 30°C before

the application of additional heating or ionizing radiation.

0. The method of Claim 1, wherein the homogeneously branched

ethylene interpolymer is blended with another synthetic or natural polymer.
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10.  The method of Claim 9, wherein the synthetic or natural polymer is a

polypropylene.

11.  The method of Claim 1, wherein the homogeneously branched
ethylene interpolymer comprises ethylene interpolymerized with at least a-olefin or

a styrenic compound,

12. A shaped interpolymer prepared by the method of any of the

preceding claims.

13.  The shaped interpolymer of Claim 12 in the form of a film, fiber,

molden, thermoform, woven fabric or nonwoven fabric.

14. A personal hygiene item comprising the shaped interpolymer of
Claim 12 or Claim 13.

15.  The personal hygiene item of Claim 14 in the form of a disposable

diaper or an infection control item.



