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FIBERS MADE FROM COPOLYMERS OF ETHYLENE/a-OLEFINS
CROSS-REFERENCE TO RELATED APPLICATIONS 111This
WQ I8 claims the benefit of US Serial No. 11/654,349 fil&CIAr280§/050720
516, 2007, which is a continuation-in-part of US Serial No. 11/376,873
filed March 15, 2006 and also claims priority to US Serial No. 11/376,835
filed on March 15, 2006. For purposes of United States patent practice,
the dOMERS MrARISERGM B AMEBR PAEEbHOHAR A9y QLEFANSe in
their entirety. toHELD OF THE INVENTION [2]This invention relates to
fibers made ftRQ$BERE SNOHSHE /RENAITE DohBREH AT 1MHSat least one
propylene based polymer; methods of making the fibers; and products
adde fronT e ARk @RI o bRUesioH FHBerl N 11Ot P3pa]RiEdrguary
16,20 Ty RicRlY Classified aaeading dotrsic dinnetel/ Yopefiamentiters ams

enerally defined as having an individual fiber diameter greater than about
andBsQ SRS AEQHAY ‘Greans than abbd! 26 -ddHs PeMifibhe e ge RrEPOses
of fihiers Sretee [allynreiar doefibersonaving&idigmpptic desssthamabolib ddgemiet by
r fil ni..Microdenier fibers are generally defined as fibers having less
refe%%ﬁef‘%néﬁ%%g%ﬁg% diameter. Fibers can also be 20 classified by the
process by which they are made, such as monofilament, continuous
wound fine filament, sta tfi bond, and melt blown
fibers.  [4] Fibers with IPJI% '{ﬁ@ﬁt Iﬂ[Weéﬁ‘\ﬁ]?a&ded to manufacture a
variety of fabrics which are used, in turn, to manufacture a myriad_ of
dthable arfibiedMEERE 505 8IgR A AR GhROMEER/ 2lslhcity
copSlgnfesy forimariessediidopteydend Haiedpeyneasuceoddbeniility dbaftarfabhic
ol &onfg&g}rto trgget%%(g}/s of a wearer or to the frame of an item. Preferably,
PIOfRE Tabric will maintain its conforming fit during repeated use, extensions
and retractions at body and other elevated temperatures (such as those
experienced during B4E-KEEH; s INMENHGNG).  [5] Fibers are
typically characterized as elastic if they have a high percent elastic
BBkecoverfifthanis teplovlperseificpernmhiontsdtyinfienspmliddonefibfiaent
fibdBRINGFRIERy IAealY . SIasHE MAIRAAR A Rih A AGRHZSHaB Ban about 15

combination of three important properties: (i) a low percent permanent set,
dendgy. 496l s eSO RSAP A SOSeniSfRETi2a Ny PEICEF StidaropeRapfly refer to
fibdilaxatign. diapehenvotids, Masticsmairiipls Armeharatietdaedeasihayiig

the following properties.(i) a low stress ar load requirement to stretch the
S AT 1 e BTN ARNG P SIRG 00 30 INGEATn BRE Thaiho o
clagvifitertal isegtretehdy, whidh(ilieg emphetle.créligh necoiidmntotorigimaious wound

finHIGRHO U8 AUEF RG-SR UL RIATIRG A SHRIPHIGS fiRgontinued. (6]

Spandex is a segmented polyurethane elastic material known to exhibit

rly idea| elastic properties, However, spandex is cost prohibitive faor. =
L) apph RS TR Sl e et IS MO AR o S el s
whtdlqmmﬂchimnmetandl@gahtteﬂmwtw@f ﬂOe@ﬁreui@dlyersmhb qgramnq@mél and
FurfNOLE RS EE&’J%%(H%%1ap&ji%ﬁff'8}&§ﬂ<¥et£1&i\§a?§, %&?ﬂ?‘iﬁﬁl‘iﬁeﬁ%lgﬁlé"&{ WE ability

causes spandex to pose distinct disadvantages in apparel applications,

of a;f3EH @ sanfAmEier hnbofy white' eriFRRINEs IR At AR A@sitnly Riskatdths
fabtRewpnasenesotcriarigibleacuringd MpRavarialy, efidihessand fakigmhomeody
been made from thermoplastics, such as 15polypropylene, highl ,
S S AR B RIS T BPE) TS DA, ARG drving of
the fabsgsure polymerization process, linear heterogeneously branched
polyethylene (e.g., linear low density polyethylene made using Ziegler

¢atalysis), HaRpdaof, pRPr ORMIRNG BOHHREAL P Bt oeRe AUSbh BEaaGh 8fhstic
go%&thylene, blends of linear heterogeneously branched, polyethylene,
recoye ﬂ‘g

A T P SOhBT SR TR ST LS R R R leally.

made in the art, there is a continuing need for
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polyolefin-based elastic fibers which are soft and yielding to body

movement. Preferably, such fibers would have relatively high elastic
WO288%/8$90dhd could be made at a relatively high throughput. MEAgBY210§{050720

would be desirable to form fibers which do not require cumbersome

processing steps but still provide soft, comfortable fabrics which are not

tacky. 25SUMMARY OF THE INVENTION %[he aforementioned needs
elastie a3l o dERsEpa Py A RIMPIAHER AT TR SHE BLRRUPIPR SR bR oW
perteiﬁmm@ﬂttset thalmabiae‘fgm Ragamptisinmhahlendoaf ;aetrdﬁasitmeor load
relRORYICRCAAed polymer and at least %a?agttg)ﬁ gnela ol °'e DisiRolyer,

Whersin e e]ihﬁené acolefin in erpoliymer IS Charactenzed y one ‘or more

propétives folkolaingtyssope tiekre@heforatdrogstinkitg mp1o}edh) iavingrd dvvighxing of
the 00 P Mokl (%%1@9Hk%ét&fai‘%%&&@ﬂem%l{m&@%?ﬁpﬁ% o‘l”hﬁ’gffﬁf&%%ry to

Celsius, and a density, d, in grams/cubic centimeter, wherein the
On%ﬁ?héﬁli%%%hé@eéflﬁﬁtﬁﬁ@’d‘%&lﬁégﬁdﬁé%lﬂﬁ%@ﬁéIé‘ﬁﬁ?\‘gﬁ]be@ -2002.9 +
4538.5(d) - 2422.2(d)2; or 5[11](b)having a Mw/Mn from about 1.7 to
dbbut 3.5. Sezaddi@cdhamgmmwmﬂyarmanmlmsmaﬁﬁhlrknbg/nand@ﬂtielt&aﬂy
1de£1‘é"1’~a{éﬂfé/pf%i§ert'[b9eﬁB%%%&%FAH&&%'Q{?s‘? ﬁ%}ﬂ%‘?u giﬁ%ﬂ%‘ﬁge Also,
between the tallest DSC peak and the tallest CRYSTAF peak, wherein the’
Spaﬂ%ﬁﬁéﬁ%@rt\%@%s%\ﬂmwam%%etﬁé%ﬂmvﬁh@%ra%mrp@mperamre
espbelahty-th 12936 e ofGRetstuker éd&ﬁﬂ@}i@’ftlﬁéaﬁhitﬁﬁﬂa@ﬁdﬂéﬂaf&lﬁ@esy@ance to
hl1OAT’> 48C for AH reater. thant]? d] o 412 hereln EhetCRYST
chlinG 4SRN LB Pt B S TR D AR AT RIS BBy 2
swiarekif lgsbithani® genoens dfatheepbb,vmﬁy e deneitiantifi pidec @R WEhAJFne
bleR§2K, then the CRYSTAF temperature is 30C; or  [13] (c)having an
elastic recovery, Re, in percent at 300 percent strain and 1 15cycle
asured with a compression-maolded film of the i mer, and has a
iy, 0 IR QTQTSES BB TRRGS P B HOHh APV Gp e
polgmdylsatidiigtihe Hothohdd dore etising higyethele it € iDRE polydaeypgally in a high
[14
o A A5 N s B SO B O L e
lowglsasitaetisHuteaedsndg TR Zicgier artrdyadblsnhne el fienpsisaddlinear
hetm%&gwwé&ﬁﬂ%ﬁﬁﬁ&% IgesiSoPareaNt dughrntaan ihalRhad

comparable random ethylene interpolymer fraction eluting between the
POl e R B R ER WAL &P R GRS BSFble random ethylene

interpolymer has the same comonomer(s) and a melt index, density, and

¥dlar corBrpiiser dantdrngsasediom the WhalerpsiyeRniwvitdneed farcent
pol%l@?ﬁiﬁs@?ﬁ:lm ROMNEHIA Aokbal Q%mﬁlélﬁﬁhgat&&!@@ aovesleliss %@Qly

25C), and a storage modulus at 100C, G'(100C), Whereln the ratio of

SUCE_;fl Bscngl@efﬁéﬁz)t geﬁyolﬂ\gaﬁgﬁ?ﬁric&yegg 38? 18 W@ade at a relatively high
thr@@@ﬁi@SEﬂﬁéﬂ@TiUﬁﬁ@DBé%&?ﬂﬂe[ﬂﬁﬂéﬁmﬁmngv&ﬁéﬁammeemﬁllecuﬂﬁifersome

fractlonstwhl &0, S[ }e%l%a qoatg |4 17;:(;[))(r%cwh n fractlon telg using

%eli%[ﬁg ﬁ%racterlz din t%at the Fraction has & bloc f( cfex of atleast 0.5

and up to about 1 and a molecular weight dlstrlbutlon Mw/Mn, greater

than about 1.3; or SV MAARCQE THE TN index greater than

o and 0,Al Ie lar weight distributi

10 2 RSO S TR LSRR MU, 1o
aspfipe e heapnabIerplates & ©EhepABIAGRIBIEAN OF epnaisingebirepgferdeast one
propRASEE aQlMpeT Alke Al Ieash R REJRIBIRAYMETAh ety RR Vs G the

a-olefin, wherein the interpolymer has a density from about 0.860 g/cc to
eth%%‘ff&%‘?f%é‘%%?c?&&ﬁa i3 LEMPRELSIHR A 7608 8F § %%EOH?QH%BPCMS
bef@fd%rokilsming: embodiments, the compression set at 70 C is less than
about 60%, less than about 50%, less than about 40%, or less than about
30%. [19] In some embodiments, thejnterpolymer satisfies the following
relationship: Re >1491-1629(d); or
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15Re >1501-1629(d); or Re >1511-1629(d).  [20] In other embodiments,
the interpolymer has a melt index from about 0.1 to about 2000 g/10
WORMHBEFbm about 1 to about 1500 g/10 minutes, from aboRCTERHHAS0720
1000 g/10 minutes, from about 5 to about 500 g/10 minutes measured
according to ASTM D- 201238, Condition 190C/2.16 kg. In some
embodiments, the ethylene/a-olefin interpolymer has a M"./M" from 1.7 to
3181314 is @randbiins N «08 I?ﬁ%?‘%ﬁ]b%éﬂwﬂ’%‘ftléésﬁ@??é?&‘lﬂ&ﬁlt‘éﬁd
poifat, [BastradsgitdloekiRraferaldbnsthe &thydensdawrieiniespe)whaehaga
density in the range of about 0.86 to about.0.96 g/cc or about 0.86 to
S S a1 T N e ah T By lene/a-olefn
interpolymer” or “"ethylene/a- 25olefin/diene interpolymer” herein refers to
C3 and higher a-ol m§.‘ﬁ9%ﬁ1b@%6@i)rﬁe%%2,-§ﬁ@ a“Ylefin is styrene,
propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene, 1- decene,
&t H combibatiorhthvergeMwiMhdrdienkois harivorpené, Sl Sxhexddiecteriordsdy a
heat QFIRIRGIION WO, 20081089031 BGT/ US2A0RI30720 iR hs dibRr s

elastic or inelastiC. Sometimes, thefiber is crosslinked. In some

tenpRpYERHEIsts neR dFthEs NS Blsth RS ByasHatbharilgriddhY eletkiBrrberhsrein

the Hi@sHAHAIN A Qe ST ATSAiRKING REeNke FOBOMBABIRAMINRRLS, the percent of
cross-linked polymer is at least 20 percent, such as from about 20 percent

to abouk $Q. 0§ {ryH RAOWSXPELLARN K- ARPHELR) 2P GHIGIN 1 AP pgsured

by the weight percent of gels formed."Sometimes, the fiber is a
bicomponent fiber. The bicgmponent fiber has s(geath-core structure; a
4 >(§E§- -%ﬁ@é{ﬁ?ﬂ%?ﬁfg?%%ﬁ] {Bfibril structure; or a

sea-island structure; a st
segmented pie structure. The fiber can be a staple fiber or a binder fiber.

IHZbome etvitsseiinibhfR elidparkdscistsmaiaet vind@idroPI@stenbef the
curR lpdIWRErSIn HhResie/P e yer@hio Nek PoxadnHE anydtiileriabfeRWsTAF

some embodiments, the fiber has a diameter in the range of about 0.1
peakiathielt 5 S0l 1OB G HRRAPEHS A erpolymer has a melt index from

about 0.5 to about 2000 and a density from about 0.865 g/cc to about

01955 g/cdcIn otheyiagmodisiesouseyfiBer InRstacaianle parcene steg andfl

cycRbREiRL Aenier toaheuidRRR daenanAndib e ifisRalymaldnas Ad0ely, d, in
index from about 1 to about 2000 and a denrai%tﬁ rom about 0.865 g/cc to

£ranibis. BB IS G e SRS RUP eifbodi e SR i fifsr iy Bedfaietasin
reldtiénshipgeheh alzoutddpdlganias totabatitlldRtedenieroanriel pHeygpolymer
has a melt index from about 3 to about 1000 and a density from about
0.865 g/cc to about 0.955 g/ge.»1 48341 4poyg), dpother aspect, the invention
relates to a fabric comprising the fibers made in accordance with various
Eﬂ@o‘?"m%@g °f_ﬁQVeA”‘éenrlgf%rc‘u_llrh&afé;}%ﬂcS@%”eﬁﬁe% SRUNBOME NS 300
own; gel'spun; $oltfidn spun,; etc. hie tabrics can be elastic or Inelastic,
whepdvanionanduswgrTBEKhithedicierigodie batiliodimers hthe fablicsdnaveanr
cotdR BESCRALSERNERY lﬁ%ﬁéﬂ fRARR PRICAtbACRRIGE RSP interpEpther

In still another aspect, the invention relates to a carded web or yarn
fractim pliSm e RS MRENdTmREEMEFRNdeRRRY4 fotp BrRiTanfiemeiylene
intdfeliAvartianhd Benyaumeasnne (2 eovenel ainQienisead MbRR oV eder

conltterqg ag)(%%%\{ re%(t)% Cgftoréﬁ%m 'r?rl géleorge}{a”f]t'at thé llgt eE)Pti"er' or
another aspecf’, T HRRAHEH rélat8s 1S Fethod of na ing theibers’
The method comprises (a) melting a blend of at least one propylene

bhled pol{ier dHYIEE RESTHCINSIEA-SlefinFtérpd qiage modulus at
10cdescribed-agreingicanehedtiscing g dlerodntwerfiber frbheabbaricam RBout
10'formed by melting spinning; spun bonding; melt blowing, etc. 30In somc
‘é’mbodiments, the fabric formed from the fibers is substantially free of
roping. Preferably, the fiber is drawn below the peaking melting
temperature of the interpolymer. WO32008/089031PCT/US2008/050720
[27]Additional aspects of the invention and characteristics and properties
of various embodiments of the invention become apparent with the
following description. BRIEF DESCRIPTION OF THE DRAWINGS
[28] Figure 1 shows the melting point/density relationship for the inventive
5 polymers (represented by diamonds) as compared to traditional random

copolymers (represented by circles) and Ziegler-Natta copolymers
(renrecented hv trianalec) 201 Eicdiire 2 chowe nlote of delta
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10 and the circles represent polymer examples 10-19. The "r symbols

represent polymer examples A*-F*.  [30] Figure 3 shows the effect of
WQzHSMBYR elastic recovery for unoriented films made from inP&H{y§2008/050720

interpolymers(represented by the squares and circles) and traditional

copolymers (represented by the triangles which are various AFFINITY(r)

polymers éThe Dow 15 Chemical Company). The squares represent

iHdntive éthifesBUteAiEc8s serrdrs TaRdmB iR utre fraxest fiventide
13ethylenciactRnecDROWTTREF, cHaidbigudaddis atplabhedactans sloctaendss of

TREF. fractionated lene/ 1-octene copolymer fractigns,yersus TREF
o N O T L DT SRR Bl abou
L.3(mepresented by the circles) and comparative polymers E and F

(represented by the 20 "r symbols). The diamonds represent traditional

@angom ethyleneiecienceepoisicisiex dRdlerigueddsam pptnfatan®and a
mofan Ernt of T 1ESIii!;ruahc(;[iorﬂ/?t%gleth&lgge{hl-o%glﬁel %opolymer fractions

versus TREF Biten tlém;%raflu% ot thetacton 1dr the polymer of

Example 5 (curve 1) and for comparative F (curve 2). The squares

1dBtesent EvaaRipre FspegintheHBVEIAR ISR RS ERe SRR esirom or
codSiAiBKaB AR s 1ee plstosaymenanyiieas: anbinedips] pher of

temperatyre_for c arative ethylene/l-octene copolymer (cuyve d
NG S LA A EUE S S R TSRl
aboalarkosapelymess ehpiesiveriian7mademdth differbegtqpoantitiesoskchain

huttlin ent (curves 1). 2008/089031PCT 08/050720 4]
e B T e B e i G0 LS po b g SUEE s
thaprahentive oty inesr thirepregeiit@d by the diamonds), as compared to sonic
known polymers. The triangles represent various VERSIFY polymers (The
Pew ChemiGahe@mpadinetREtR HRSKePHRSE il ARk ChiSFENOAMIR relationship:
ethylene/styrene copolymers; and the squares represent various 5
AFFINITY'6 polymers (Thﬁe[;q%g_q%{gﬁl Ssompany).  [35] Figure 8 is
plot of natural log ethylene mole fraction for random ethylene/aolefin
copolymers as a function B¢ the MvkiZ¥bf B¥SC peak melting temperature
or ATREF peak temperatuig I1s fillgdgguares represent data points
ined from random homogeneously branched ethylene/a-olefin
i h SR R R R R R
aboobZAip(egl Flomimaad dronheeoge edwsly1 58r hethisthgdefrefaablafir? to about
100 MG R Candar 5%5'&%0%‘!%6%?16181%{&%8&?&% 12 d88ing to ASTM D-

temperature in Kelvin.  [36] Figure 9 is a plot constructed on theé basis of
123 sl AP 1R kandbrrmesriyibreiaarefihcealyrrers kdinlinerandyines
hasmrmimnm@ﬁﬁhl.OQK B8Iexd iSA T{RIRRR &hgowmﬁeadﬁﬁfi%%gam@ma hard
copolymer; "B" represents a pure "hard segment”; and "C" represents 15
blog G B B tE O LN el UM THASIFRR CEHRSRGITED Eobiinis i
the asngA'bfAb&it Qrid © dedind.aGgargulatsoar@alvithabovhictrgost TREF
fractions would fall.  [37] Figure 10 is a schematic of the apparatus for
magsuringrdy pamicfarinn areffiGiRtsy- o 38l Hredie nidr shiovwe fiknamic
mechanjcal thermal response of cross-linked 20 Polymer Example 19A,
ole gy i IR ERE PR TIRICEHG EXAMSIE 6 FHI LIS T SiRG oY BIRRS
the re plefse iststir ety npes iy b dOdt;, thegeivel labeled4 W9 vieppesents 1-
Polymer Example 19B: the curve labeled "19K" represents,an
e R RO RS T e R oA SO 2 v
conphigmaliéen 19" represents a commercial product of 40 denier XLA(r) fibers
(The Dow Chemical Company). 25[39]Figure 12 is a schematic of end-on
unwind tension setup. [40]Figure 13 shows end-on unwind behavior of
fibers from inventive and comparative examples after: a) storage at 21C
for 1 day and b) storage at 40C for 13 hours. The unit for "unwind tension"
is gram force. WO 2008/089031PCT/US2008/050720 [41] Figure 14 is
a schematic showing the set-up of aspirator/moving screen system used
in some embodiments of the invention.  [42] Figure 15 shows photos of
various webs obtained in nonwoven examples. A is a photo showing the
fabric made from Polymer Example 191; B is a photo showing the 5 fabric

made from Polymer Example 190; and C is a photo showing the fabric
made from Polvvmer FEvyamnle 10N TART Eicdtire 1A chowe immediate cet
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[46] Figure 19 shows DSC cooling behavior of Fiber 1, Fiber 4 and Fiber
5. [47] Figure 20 shows the dynamic mechanical thermal response of
WQ98$/482981 Fiber 4 CL and Fiber 5 CL. 15[48]Figure 21 showB@/US2008/050720
Transmission Electron Microscopy (TEM) image at about 3000x
magnification of a sample of Fiber 4 cut perpendicularly.  [49] Figure 22
shows a Transmission Electron Microscopy (TEM) image at about 3000x
& nificatlds BPY St of letis RMsHgitihalfer 1s crosdinkidurk same
emSHHMSHEs Tt T $Steos Hiskd ooy Ilictos aoqaliatidn M)drag @cahaipadiaZon, or a
30000x magnification of the. sample shown in Figure.21. 1] Figure 2
ero e S S RSBt e e s b0
perganig Rikibatidre of abrs 20mehe el ovabont Rigor &r@R abofh 25 Pigeae RE1BhaVGE a
perddANSIRSIORFISCHE Qvé\@ﬁ{?;%%ﬂvéfr EMYimade 6a0aHE 390Nk is a

~ magnification of & sample of Fiber 4 at the surface level. 25[53]Figure 26
bicampRnsy ﬁP&ﬁsﬁ%Q}BWMbﬁh%%%?%ﬁmf%@@ dt S&Bﬁﬂ%@bﬁﬁ@%‘re;
a silkagniication eka sanple bdibeiduad; he: centialttemeb s@udME. The fiber can
be quallg El?eor%% Fa)éll-l/ erS t%%? 8{953851%%@%5%“{& %[Z) S‘f %WS e ient of friction
TraRsmission Electron icroscopy Image at a out {5,‘8?688)(

of Insagnifiebtion 3f wisaenpthechEipelybious petpereticuidrhny fillss] Figure 28
shows a Transmission Electron Microscopy (TEM) image at about 30000x
magnificatipsoafea spmpiteat HikefiS£hid angitueinall \nS[8IE @D, 1 denier

hows a plot.of Melt Strength vs Drawability for two polymer_compositions.
o e R S T W R 2B e VLA (i) ind
a deestingom {b@jtMigore/8t ohabmg 8. fiffeg/nrade drn eanbielnd cofEthedbarids a

diaRONPIORYENS S0l 3Rr B R IRB AR 1668%Qn%%[§§dﬁﬁ9%%%%1gl&%¥%§a£'&e
results of TMA testing for three fibers. DETAILED DESCRIPTION OF THE

mejNRieN RN CenkiareefiAOnd a opitrifem rhew {58 heate fRarbauihieh
g/Célfl]Qﬂ@ﬂggﬁﬁ@f diapoet@esall %&Sf&@mratlhﬁﬂla@pmth@ rﬁig%fisﬁﬁmoaﬂlmengr to
classified according to its diameter. Filament fiper is generally 15define
oo R RO RO P GFABE R St ToahTdpoD o o
denssydthyngreated. gedry/aboutBdidedisrgrer filament. Fine denier fiber
generally refers to a fiber having a diameter less than about 15 denier per

fitament. Micjadepiaedikgeds arnerallodetned s bl @iedndi o aiRks
less than about 100 microns deniei?rﬂg)er filament.  [61] "Filament fiber" or

madg B AGFPATABTR YR AHO4N S RO OO Rt AN GNP BOM S EECS F McSfinite
spufitend aiqiretister guingd) jenptiprapappasethtofsbistaple Hibansbiohinsl astic,
wollRCRIHOHOUR staneef material o definiie, lonoth e nd Stanhbiet,has
een cut or otherwise d|V|dge Into segments of a predetermined ?engtlh).
recogony e atipasthe aprsaniatd Abesrogt séEdver at least about 50 percent of its
stretched length after the first pull and after the fourth to 100% strain
(@subled thestéhgibthe? dElastitiéy oantils ececd asarthelddoydiher yarn comprising
tne MEIVRREDL SR Of he Thar, Rermansnh setis e conyerse ofglasticity, A
iber is stretched to a certain point an sm%sequenﬁy released to the
coveriginahpoxitiond eYorensiosestd, sitathbhostyeikshiexi catjamy anifeopoidemyarns.
which the fiber begins
[26] In yet still another aspect, the invention relates to a method of making the

fibers. The method comprises (a) melting a blend of at least one propylene based polymer
and at least one ethylene/a-olefin interpolymer (as described herein); and extruding the blend
into a fiber. The fiber can be formed by melting spinning; spun bonding; melt blowing, etc.
In some embodiments, the fabric formed from the fibers is substantially free of roping.

Preferably, the fiber is drawn below the peaking melting temperature of the interpolymer.
-5-
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to pull a load is designated as the percent permanent set. "Elastic

materials" are also referred to in the art as "elastomers” and "elastomeric".
WEr4esiesNaterial (sometimes referred to as an elastic article) iREIGAS34${E050720

polymer or blend of polymers itself as well as, but not limited to, the

polymer or the blend of polymers in the form of a fiber, film, strip, tape,

ribbon, sheet, 5coating, molding and the like. The preferred elastic

dlerial i ¥isksionHl @serestiaf tharananiom e ehamssHii Hrdpenriss of
varfadiatgsbomentsadiatetyvandnbecoss| uppat arwifciessdinkedg defodption.

"Nonelastic material® means a material, e.g., a fiber, that is not elastic as

defined above. [64RTpulasiaitialbrenselinkes BRA SHRIGE terms mean

that the polymer or the 10blend of polymers, shaped or in the form of an
icle, has, xylene extractables of less than or equal to 70 weight percent
o palie N e A e e A
poljess tli@provestpdaltdiddandight penpersd(icetradrectartind phor geplahtos 60
(reﬂi’&'&{%&lﬂ%%'aieg?L&@EI@Q&%&’J&%%@&@GL%Q@H&Q@ &%&?QQ. are

determined in accordance with AS -2765. 15[65]"Homofil fiber"

ns a fiber that has a single poly reqi domain, and
T ave Alg Gt HR R DO ER PO b At b SHRBHBRL R
Entl6d}y' Biwmpompoiyﬁtwr. rf_ﬁhad@_»mditohrmh%hasamdomremyinaemstmtcopolymers;
the RQIMPIEIISAIONS,OF ARPIRINS BLCRMRRNEAR MRETS L6 AR Afples 5-9;

conjugated or multicomponent fibers. The polymers are usually different
andrfBert R hIBRHEE I RRUY T fF88ehAel Sorionents RBoM ASPELRIH Ak iTE
exah@ee Relymer. The polymers are arranged in substantially distinct zones

across the cross-section of the bicomponent fiber, and usually extend

i v al I f iC 1t fiber. fi i
sbeovTyaenalic el PP et e caplRys

core arrangement (in
maggHESARES oYY HEHRO LTI UNRET i A R e NI B Y IETHE) A Hedif I,
cop@IPifeR (RSN B @B itlandsyhithasearstianaanNent  Biomao remt Dow
25fibers are further described in U.S. Patents No. 6,225,243; 6,140,442;
Chemigs) GoBPEs36! 88 SUAT S RIS G A1V 7] RIS SR PE i the
cirdiesmeiebyn eixirerding eaahylettgoc ther nopplasisespolymer composition through
a plurality of fine, usually circular, die capillaries as molten threads or

fitaments iptg, cONVEI PROINIGHNEIRGIY Y B8 PREAMR (B BtIDNIMEE 1-octene
function to 30attenuate the threads or filaments to reduced diameters. The

coppMEraBIoNs e diRarhian by RE AR Selsdigrias itighelyner of
Exdglesitechrareatco be chia gisltiaaadtootoparad weloloikan Baml\Fdispessedd by the
«ibers with average diameters generally smaller than 10, microns. 638
X e R IR CHRThe RS St
then drawing the fiber in the melt to a diameter (or other cross-section
fbe) leddgHg tié BlRThats Eorbt R LrbBES Baftrnatsd sepiid qriene
copl@9neb pruadnid dloey I'REE dibess fanmeatdry et tingienfweltRfipolymer of
the lastic, polymer composition as fil ts through a plurality of fi
B e e AL ot B COielon A S B b 18
andethtr trehed fifampeesenidrapiply Yeduced, and then the filaments are
deposited onto a collecting surface to form a web of randomly dispersed
fib®rs 10WHia v &rRge:EipinEiersi Geoririysbaiaaan abautnt asdofahbc3iture
microns. 0] Nonwoven' means a web oy. fabric haying, a structure o
o R B EPA hSARS SR e A AN G HOr s Sppomer
(cuideRlifindlentemeibyrsdl Wecoadéook aoknltedriabiribe Pvenslastivdibertin
difRASQICARARVER ambadimantshthe.ipyeption can be employed to
prepare nonwoven structures as well as composite structures of elastic
15nonwoven fabric in combination with nonelastic materials.  [71] "Yarn"
means a continuous length of twistedar otherwise entangled filaments
which can be used in the manufacture of woven or knitted fabrics and
other articles. Yarn can be covered or uncovered. Covered yarn is yarn at
least partially wrapped within an outer covering of another fiber or
material, typically a natural fiber such as cotton or wool. 20[72]"Polymer"
means a polymeric compound prepared by polymerizing monomers,

whether of the same or a different type. The generic term "polymer”
ambracec the terme "bhomonolvmer " "connolvvmer " "“tarnolvmer" ac well ac
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[75] The term "ethylene/a-olefin interpolymer" generally refers to polymers

comprising ethylene and an a-olefin having 3 or more carbon atoms.
Wpe4e18803 1 ethylene S5comprises the majority mole fraction ofRa&/HHGRS/050720

polymer, i.e., ethylene comprises at least about 50 mole percent of the

whole polymer. More preferably, ethylene comprises at least about 60

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

bifbent, witktise’ shBdthBr Péﬁﬁ%({ﬁdépmm%%ﬂ% BT Teb MBS Htve
polie@a’s Qﬁ@r@i&l&écﬁbﬁtﬁﬁdfﬂﬁbﬁh@t I8 wﬁfpdﬁblwaor@eqxhofmnhwyyngaﬁ onmore
trlan €S 1e ?tgerlthVaEOElS H?/ [o] /%lcetl% %0\8 melré?ﬂ Q a 2?) circles

%mpog tion comprises an e hﬁe e con grea thah a Lﬁg oié

repperoemrasiuhandholetholneletysand copagtaers; @odtténtsqﬁdmrmabwtt 1@rigus
AFﬁW&WE@@@MJ@&Qz@QHﬁJﬁ&&B&W 20 mole percent of the whole

polymer. In"'some embodiments, the ethylene/a -olefin interpolymers do not
de th uc low yields pr |n a mingr amoun tor
b3S brocucl B SHeRIE BB R Bl THBIAL ES B crencl
olefmeqpolymsgsalﬁdnetlbienﬂ@d wittrsernd DS&md(pmymgltsmature or ATREF
peaﬁ%eﬂ{ﬁélb!&?éj THVIANG aplaile [PRRANME SIS é&?&@ﬁﬁ@ﬂ%ﬁﬂf&?”d

often comprise a major Component of the reactlongﬁoduct of a

homegenseru e Piestedylenefraiefine erRYIBREY R O RE TR i Big PR squares

repRRBAPHSR Rihitentaaid SO0 et SAPSBIREIEZ NI @ﬁ{mﬁm@ewﬁﬂ@rs
cop& olymerized tomm, gharacterized oy, mu 4"‘319'1%% Et%%"éé% e”ﬂe%t% i
or morée OIymenzecFm’onomer units dittering®in'eh AT O BhySICAr
pro erties. That is, the ethylene/a-olefin interpolymers are block
Epo|yn%%ar?)Péﬁe%M%ﬂfmuﬁ1o%Rnﬁbé&?ér§ﬁfé}@ Stey san iy forppgdom
ethywﬁeﬁx %&ﬁgﬂﬁmﬁﬁeﬁﬂg dﬁgﬁ@b&?!ms ekfdsnast mtszeghﬁmeably h@]ﬁﬁ%ﬁbrﬁk@ the
mbodiments, the m ock copol mer.can be represe te the
W ?6‘%&%5%&%%“2?&%% vJ%me‘Fé’Wﬁ%n a} Akt 1, 3;5 S §1 é%ég resents
the gviaite ptaot b]sliclv@dy) <3 hdying 1 %;eZ@;mOﬁx&mOmﬁﬁx a80,480,0@®, and C
defind% t91 ﬁgﬂﬂ?&reéw[&ﬁ)ﬁ%aﬁ%%ﬂ%ﬂéﬂ%&&%&%ﬂﬁ%ﬁ”d 'B” represents
a soft block or segment. Preferably, As and Bs are linked in a substantially
linear fashion, as opposed to a substantially branched or substantiall
4 shapdd2tHEHIOR, R BRIEH S S B U PRI ASURE S R Bl e
coeféin@damly distributed along the polymer chain. In other words, the block
copolymers usually do not have a structure as follows. AAAAA-BBBBB In

?[ﬁﬂ]Other EBERAMERLSs HaLiRckeanalymers e M%M%t@yqlﬁéaird

pe of block, which comprises different comonomer(s). In yet oth

POlé%?S@dﬁﬁ%‘fsl Eadi UrBio ki BtrBIo RS AREHERBInET, of he curve labeled
“1eongneamesPslybsiaBiialiplearsdoly dists bistaed Wity therdslaek Pblymether
word her bIo n t.hlock B com rls n
B e Lo B P e e e Do
Ch@nmstéiqmmw)ﬁ@ré thecorysdahdnd tﬂé?h tiepressnisfalienpisekial p{FicTpig40

denr;@pt&l;l@%aglymg@gwm%}h{&@ ygarious amounts of "hard” and
"soft" segments. "Hard" segments refer to blocks of polymerized units in

h ethylene is,10 present in ount ter than about 95 weight
Egygent a)ﬂné pre éﬁé@%‘?gg aJf?an abou ‘% weer}a1 peré)ent based on
the weight of the polymer. In other words, the comonomer content
(@8htent onnc%g@}%tﬁ%# AR WA febay ior i TRedomy e R AR s

cortipantakathmpraightpayceasihgandnrefesabiyalesedtbpacre it 20v€igdit12 hours.
l%{lc%]rt buarll%veld dqgntsngnwlesl ht o; the polymer. In some embodiments, the
Ay segments comprise if or sucbstantlally all ethylene. 15"Soft"
segments, on the other hand, refer to blocks of polymerized units in which
the comonomer content (content of monomers other than ethylene) is
gi-eater than about 5 weight percent,preferably greater than about 8
weight percent, greater than about 10 weight percent, or greater than
about 15 weight percent based on the weight of the polymer. In some
embodiments, the comonomer content in the soft segments can be
greater than about 20 20weight percent, greater than about 25 weight
percent, greater than about 30 weight percent, greater than about 35

weight percent, greater than about 40 weight percent, greater than about
AR weiaht nercent areater than aboiit 50 weiadht nercent or areater than
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ranges. The soft segment weight percentage and the hard segment
weight percentage can be calculated based on data obtained from DSC or

WORR/08W8h methods and calculations are disclosed in U.S. PRd#S2008/050720
Application Serial No. 11/376,835 filed on March 15, 2006, the disclosure
of which is incorporated by reference herein in its entirety. 5[79]The term
"crystalline” if employed, refers to a polymer that possesses a first order
%ﬁsition 5 F%&éﬂ?ﬁé?ﬁ%‘i’?ﬁ%& PRAREES S é‘%‘&@l‘éﬁﬁ%ﬂﬁ@&%ﬁflwﬁ&éﬂﬁ% system

use8qanRpingeasodimeity (DEGH@nagnlivalent technique. The term may be
used interchangeably with the term "semicrystalline. The term

] E]Ofphog%ﬁ%f%%ﬁ{?v@s ALYRI AEking & 6L ialling iMEHRS RAIBE Afples. A

~determined by differential scanning calorimetry (DSC) or equivalent

is aphRiehyias thagyriererds e rnhatBrsdkespiiyiteP s Rjpdardgs the

fabf6 ROIYETs MBS 0 Bk RAPIBBIGMPUS gt GhoReng chemicalyaistingt

Pol e e}) s.or ?e%?\gnts (referred to as "blocks") preferably joined in a linear
Plnannexr,rﬁgaq[ IS, @ polymer comprising chemically differentiated units which
are joined end-to-end with respect to polymerized ethylenic
{8inctiorfdstyye retnbe W AR Haisciehtos v gige HERISATEA hiypiarprisfestady 100%

stragmbodiment, the blocks differ in the amount or type of comonorner
incorporated therein, the density, the amount of crystallinity, the crystallite
fia auribsiable 1o &aoLmEnel RHENCAMRARINOR: 1R AP RICRIAR Shresis
tacticity (isotactic or syndiotactic), regio-regularity or regio-irregularity, the

testapinti}ie BFHPanching, including long chain branching or hyper-branching,
the homogeneity, 20 or any other chemical or physical property. The
idSlki-blocFigopolyrsiers abkS Clhirnsiotebidediby i midpe 1d Stsdp dtimdFidfeb 6th
polydispersity index (PDI or Mw/Mn), block length distribution, and/or
lpliagk numpbgr distigiiandiectRing sunis6: BIASeSSI Making Hdtever 5.

copolymers. More specifically, when produced in a continuous process,
polym%rs de§' agl passess, PRI fra e 2.9a1preferabg{cg m 1.8to
e RS SR R Gk B LOIRIRTH T
Fibor  Gisisef Bisadddd in a batch or semi-batch process, the polymers
possess PD! from 1.0 to 2.9, preferably from 1.3 to 2.5, more preferably
fi48n 1.4 tFidde andhmosh miafsralstyofr @eclrdh tlikBscopBIHENlimigd andbeut

escription, al numbers dis ed herein are approximate values,
SO B S R G R e s weed i
connection 30 therewith. Depending upon the context in which such
V&lles ard bFé’%i‘:ﬁ%éboﬁ’ér%ﬂ:ﬂagﬁﬁlﬁfﬂéé%ﬂ%i%‘a’fﬂf%‘%&féa Thheringe at about
3008ahagalbesiviayr vaamnple bifeteentcd pPakekdindlpercent, or, sometimes,
10 to 20 percent. Whenever a numerical range with a lower limit, Rl and

oyPPer iy FI4, dsdiSeIoRaEn AR ERPESfAMIBS WHNN FREHARAGISt about
0(sgpecmcal.l. isclosed. In particular, the following numbers within the range
30 F@%‘ﬁ{f&

figrécissempie-skavaio ge ¥ lwherein k is a variable
ranging from 1 percent to 100 percent with a 1 percent increment, 5i.e., k
i 1] percehig@rptchbnty SaparoemisdopaitentnsMiereenny. (THVpercentatbout
30%6%@%%%8%&%%@&&%%&&%iﬁ@i@ﬁf&?@.ﬁ 97 percent, 98 percent, 99

percent, or 100 percent. Moreover, any numerical range defined by two R

bers as defi in the above. is alsq specifically discl When a
Bstlicular FARUIE ACSTE A BRI T0 B A RS TPV Y o sbout
3008100 uhd gréfiaadier sfooshtide sfi€beeferethesudinctrpdrated by reference
herein in its 10entirety, regardless of whether such wording is used in

qsynectti)?m:%\gﬁte L shd&ghﬁmhﬁﬂéﬁﬁi%gtﬁlfgétﬁ?ﬁ m\é%sti@pswnmmﬁl ' liibger%t about

tainable from or comprising a blend of at least one propylene base

SO R S BE L LB Iy B RO R TEL 53 mer that s e
properties, and fabrics and other progucts made from such fibers. The
fibers may have good abrasion resistance; low coefficient of friction; high
upper 15service temperature; high recovery/retractive force; low stress
relaxation (high and low temperatures); soft stretch; high elongation at
break; inert: chemical resistance; and/or UV resistance. The fibers can be

melt spun at a relatively high spin rate and lower temperature. In addition,

the fibers are less sticky, resulting in better unwind performance and
bhettar cheaelf life and the fahrice made from the fibere are <iihetantiallvy free
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Tm > -2002.9 + 4538.5(d) - 2422.2(d)2, and preferably Tm > -6288.1
+ 13141(d) - 6720.3(d)2, and more preferably 5Tm > 858.91- 1825.3(d) +
WQ 2008/8%0M  [85] Such melting point/density relationship is RGEERIYS/§50720
Figure 1 Unlike the u-aditional random copolymers of ethylene/a-olefins
whose melting points decrease with decreasing densities, the inventive
interpolymers (represented by diamonds) exhibit melting points
dobktantialiigrie pehfyeit 5?%%%?&@%%?&&4!&@%&5@9%&? at about
3000ekweehidioaitnl &tk Sing/RCokralee 8icOt YParpéadiduiigxample, the melting
points of such polymers are in the range of about 110C to about 130C
vnésin densibhrangeRJRM AR 865 Ak SR Bl GIBNO Mge at about
embodiments, the melting point of such polymers are in the range of about
300D9x magnificafiem ofsr cappleplidhsity rahigREF8ABYB75 g/cc to about 0.945
g/cc. [86] In another aspect, the ethylene/a-olefin interpolymers
¢Behprise, Fingds poshrovesizgibfofny] dtivpershandoneabilimdre @volafipmand
orfiEsfilaLacterized by a AT, in degree Celsius, defined as the temperature
for the tallest Differential Scanning Calorimetry ("DSC") peak minus the

peratuye for the tallest Crystalljzation Analysis Fractionation .

ST A e S BB o) AL AT SR sl
the following relationships: 20AT > -0.1299(4H) + 62.81, and preferably
ABE -0.109¢RH) shewsBibpiitdh &pretdvapiyoAl>2Qand golnyppylene after

abr@ReB2edRlaN 1Ri1R: 130 J/g. Moreover, AT is equal to or greater than 48 C
for AH greater than 130 Jig. The CRYSTAF peak is determined using at

(83" ° DB QUIRLYR AR eniabisniberneal M
represent at’least 5 percent of the cumulative polymer), and If less than 5
percent of the polymer has an identifiable CRYSTAF peak, then the
CRYSTAF tempe ralfsE "- LR SN S HEIRNVEN QNS the heat
of fusion in J/g. More preferably, the highest CRYSTAF peak contains at

GenepdDpdimépsent of the cumulative polymer. Figure 2 shows plotted data
for inventive polymers as well as comparative 30 examples. Integrated
pedlk areasRitud' prakdampeiatliies ot daldedatecblyathacconipuiesizaek than
drawi rogram lied by the instrument maker. The diaganal.line
e bR o e SR e
deftoethes beuagien indadfASe dakyter gRegtr (B abyet landsthier, aspdlt gthater

thaR UBHGTSY BelEfipeiierROYMErR Bélﬁ@r@iﬁ@f) ﬁb‘x‘@l‘izﬁgf@&tl@% W&Fﬁa%l'rﬂgeag
between 40C and 130C when fractionated using Temperature Rlalfég

. . N . n
diapgitidRsERattheidn deriREren itaneycbticedrthdbeaitisacatn dried as
fibeNAAIngeaDNMRE [cOMANiTUG) prieferaldbniat [@astnpeatcent higher,

more preferably at least 10 percent higher, than that of a comparable

gRflom etpiene nipmRolMabREHRR RN REMELILIRG R Grand of
temperatures, wherein the comparable random ethylene interpolymer
G SRR S LPEBFGTIERS) AR HABIER AR BTy, 2t is
discoafiateavenane heeanif(@ased padhaivhalenpalywech withtechQpesicent
thof that of. gbltockintertpolqmerdPtrefera Iy, tq Mw/Mn of the comparable

© ?r%?ﬁgf%n%r 1S ASE Within ?)pﬁeér%gﬁfl%? atof the block interpolymer

and/or the comparable intergggmer has a total comonomer content within

{02lveight parednt BeiRathet 1PNk reeansbRiisart AmsgdieimaiRbiter

streB@RAENHIR SOYIRNBIa-plefithdiREp oy TRrM a6e OhRIaaRY @aduid an: elastis.
ffERYeY-Re N pereent at 00 percent strain and 4 eycle. measured,on
SO eGSR R SEd iy b B YIRS 2018k R TntdFboly & ahd hivea
congenssivy ethstieigyarh gibeic soetviimiie s, cmbte nepoi th enduteeipad nebl udsasfRe the
oridlR] AR oG (RO R B LU -0 IR RBL R
Is substantially free of a cross-linked phase: 20Re >1481-1629(d); and
preferably Re >1491-1629(d): and more preferably Re >1501-1629(d):
and even more preferably Re >1511-1629(d). [89] Figure 3 shows the
effect of density on elastic recovery for unoriented films 25 made from
certain inventive interpolymers and traditional random copolymers. For the
same density, the inventive interpolymers have substantially higher elastic
recoveries. [90] In some embodiments, the ethylene/a-olefin

interpolymers have a tensile strength above 10 MPa, preferably a tensile
<trenath? 11 MPa more nreferahlvv a tencile <trenath? 12MPa and/or an

C
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WO 2008/089031PCT/US2008/050720 [91] In other embodiments, the

ethylene/a-olefin interpolymers have (1) a storage modulus ratio,
W@2098/087051100C), of from 1 to 50, preferably from 1 to 20, m8kL/US2008/050720

preferably from 1 to 10; and/or (2) a 70C compression set of less than 80

percent, preferably less than 70 percent, especially less than 60 percent,

less than 50 percent, or less than 40 percent, down 5to a compression set
to Ryl pead iy flesignasyl gy E%ﬁl%fﬁ%?té’ﬁ%’éaﬁﬁ‘féﬁis Fhstictiaerals -giefiso referred
to itnties palysnerss avesa aZﬁCmmﬁreﬁﬂomsetoqﬁhea&mmamEﬁa&e@aSas an

t, less than 60 ercen less than .50 ral

e e B O R R e I R o R
the thrdpnB0 peteanenibstplamas lpehcecmnmfdi finkzey. ddnalovwip b olrbOn, sheet,
coRRECHM AN hsaime @@Qﬂgféﬁ%maagne ﬁ&@ﬂ@ﬂ@/ﬁw}efﬁé@ﬁm%ma@ can

have a heat of fusion of less than 85 J/g and/or a pellet blocking strength
be ?}f@ﬁ Eetbos M s th sHlRRY Bb%ﬂ%‘ﬂ%té %W%ﬁh’blf%‘fé%rdﬁ}ﬁr%ﬁl}éﬁé or
less than 50 Ibs/ft2 (2400 Pa), especially equal to or less than 5 Ibs/ft2
(830 Pa), aNdnakdormamedidbisiftar©aRPegteria] 94 Irn bteer thanbodinetsts;, ahe
defBiylgpela-olefin interpolymers comprise, in 15 polymerized form, at least
50 mole percent ethylene and have a 70C compression set of less than 80

ent, preferab ss than 70 ). per r less than 6 cen most
i iorably B AR o Bttt AP GRAG ERL b ere R ahthe
bleﬁgﬁf nppsmmes emtpedwnanﬁsﬁ themmtitn-biock dopolylarersxpagsblss af REH than or
B9 G emIElan AStbntoR PRI, I 3Rl ARKIROR Ty
copolymers are further 2 characterlze as having both a polydisperse
prefsigbly destribearioheqny & 68%}5}3@@@%&@%%%%%&{ sfpabtg g weight
perRIBSBEEHNELA MSIdkobakla Mistr aniion ebRiatklenutbsminealpriecbrtie
, ﬁ_:gﬁjk copolymers are those containing 4 or more blocks or segments
wit TJ%§ Inal blocks. More preferably, the copolymers include at least
5, 10 or 20 blocks or segments including terminal blocks. .
26796]Combppeidrftshiarmansa/herthanbiradingmpeamyesiigipneor domain, and
that@EBNH 8a With | AR HERPPSE FhAN WG A DABNBHGH HRSANRRNES).
("NMR") spectroscopy preferred. Moreover, for polymers or blends of
mers h vm relatively broad TREE cur esi
T Faction o poieit e e, L Y Es, 8 ANt R Rl
regieif pefl@maWang@@lm@@tdm@é@rerﬂm losacts epegatedcionulfieorponent
fib&ollaiaieReperAtuig. A0 windew abi0GArdess afdﬁ-ﬁ@lt@@% R eheHIESnponents

said block interpolymers have at least one such fraction having a higher
My P HESHSHEIRE PRBRENt THA RS ARy HractbR By glly distinct zones
acrmmmaﬁabde;mtefpoﬂymeﬁcom{ﬂﬁ]:ﬂrietﬁefadﬂ&pﬁnamtexmu/mr&mmsmwengthe
d clene the bI Kk inter as a.comanomer tent
1@@%&%%&%%% e e S R A B e

exagipi tityheady2oE3NTRNEAOT7(ivuhe pefepaw‘greate’rm@bﬁeqmw theide
by Qﬂ@%%éeglgrglégbfg'ﬁr%&?méﬂh&r Snl"igHE W[H@E@la@h’ge&taﬁ'ﬂem@%ponent

elution temperature of the TREF fraction being compared, measured in C.
fibqesere- YR A G mRL AIy éeB?é?%N%rﬁ%a%gn? L e 200: i
anditeop@ymers of ethylene and 1-octene where a plot of the comonomer

content versus TREF elution 10 temperature for several comparable

¢&rylene/l-aglene WHeTRAY M BHLRANIAM £OPLNMGRR) AR LIRS astic
representing (- 0.2013) T -F 20.07 (solid line). The line for the equation (-

polynss pemposidandhrou gl RitE By 04 Weteadats cisrubia fsicrnlaFis yRg molten

thre2@8 EHTIRM@INGOIRe mtﬁltefgﬁ&ag:lﬁu@ﬁsfaf)aeygﬁalsbkaﬁi@ ethylansihagienetion to

atté{‘t%r %13/ rea§$£}??ahqvﬁg IO mulfisblock copalymgrs), A” ° h?dsb'og‘éamed
interpolyrner Factions nave S|gn canﬂn%lgﬁwer OERE S S SRR AR
either line at equivalent elution tempegatures. This result is characteristic
of the inventive interpolymer and is believed to be due to the presence of
differentiated blocks within the polymer chains, having both crystalline and
amorphous nature.  [99] Figure 5 graphically displays the TREF curve
and comonomer contents of polymer fractions for Example 5 and
comparative F to be discussed below. The peak eluting 20from 40 to
130C, preferably from 60C to 95C for both polymers is fractionated into

three narte aach nart elitina over a temperatiire ranae nof lace than 10C
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characterized by a molar comonomer content greater than the value
determined from the calibration curve at the same TREF elution

WRMIs&#ke, preferably at least 5 percent greater, more pref@ablyBpIe45p720
10 percent greater. 30[100]In addition to the above aspects and properties
described herein, the inventive polymers can be characterized by one or
more additional characteristics. In one aspect, the - 19- inventive polymer

by teedrigBiaeiosittespotiriar prédarasird amprelisgiemseEnecdndraneé shide

ranGeRDIIREEZabibEee MO ameigedi pabreiesareh fBramatharastiaizait lys.
multiple blocks or segments of two or more polymerized monomer units

Aifgring InShETIGEERLRAYR SR FREILES, HORIEL RV QRS then

preferably a | block copolymer, said block Sinterpolyrner having a
drapgrebgIHPIrdBibnIFHiEh R uTes et fFiciobarshiss tattidRated
diatiSteey IRt BRIE R&tich ahpeacietigactin that said fraction has a molar

comonorner content higher, preferably at least 5 percent higher, more

pegierably-ahlaashd Gndy 2 AbaR RESREH ARG AN RN Gmoplastic

comparable random ethylene interpolyrner-fraction eluting between the
polymsieepppdign et aprateiraagh tolviplrafdirsnuar] sdijtelie dig capillaries
of dRISRREIMMERCAMPEISESING SARIB-AAMNORAMEY (ahidsatarally, ilnis dha grme

., comonomer(s), and a melt index, density, and molar comongmer cont
e T BT T AT TR AL (RCBT OB Hers
withndeepgly hanckre fenaodylytbenhdan khwwf thedcampa@bliennterpolymer is
also within 10 percent of that of the blocked interpolymer and/or the
qmparaglﬁmm?w?ﬁg@vagManﬁmmm &}ﬁi@tﬁg&d&féﬁhﬁwﬁqa\l\tl)ﬁiﬂm or
ercent of that of 15the bloc interpolymer. [101]Preferably, the above
T T S S
kniesp étiadly The stasntefipatymerohiavtegvahnwindieddalmer densiynfiontabbut
. ially. r Ing
o T e R e e
noTHey & A6 b AR ERH M MEh tRenTIREE PEfiEdiion eluting between 40 and
130C greater than or equal to the quantity (- 0.1356) T + 13.89, more
7eterably ' greatenthan eoethisutodhggofmtitye O bBEoY Fd chdaB@edifithments
ost preferably . greater than or.equal to the tity (-:0,2013)T + 21.
e R A S A SR R e et
canthe CPRIEE fiaetraydiednd-esershan, ifass ar e shpatighy 1oRPedfaiginaf uter
coviih2bpYRolRte Ry SR el ethyiraganthatieastonerpip baa @l elifvool.

especially those interpolymers having a whole polymer density from about

5 to ahgut 0.935 g/cm3, and more especially for polymers having
VAT thn SO A SRR B ARTIRNED
mopemeascuhvdirry efcheonter of it TREPSratiivgcatuiiricr beobancy Ochrhehces
the 133 HSRIBHINAL OF &P RN e BRI (0901 3) Tt emore
30preferably greater than or equal to the quantity (-0.2013) T+ 21.07,
re T is.fhe numerical vajue. of the, peak alution 1empsraire o NS, at east
F fractlonplgelng compared, measurédin WS pHSIng
50 pO0SIORIBBIPCT/US2008/050720 [103] In still another aspect, the

inventive polymer is an olefin interpolymer, preferably comprising ethylene
a4l one orimeiBKeReNIMAnZ aplaCaNPRPMET S yHRPYBEALMHAred at least
v Aracterized b multiple blacks.or seaments.of uo o mare Rohymerized
Vohonomer Bhits dﬁ?erlng in chemical or prﬁysicérppr%perties t]b ocked
"copretiyrpery (méyhiost Bity efepiblgdaameiiti- s agdo bopw|prepmeddidib ek different
molGERYYMEnNAVING & Malgsiih frapligrinbich aly s ReEs 1 AdCeaNsbiymer
130C, when fractionated using TREF increments, characterized in tha
every fraction having a comonorner content of at least about 6 mole
percent, has a melting point greater than about 100C. For those fractions
having a comonomer content from about 3 mole percent to about 6 mole
percent, every fraction has a 10 DSC melting point of about 110C or
higher. More preferably, said polymer fractions, having at least 1 mol
percent comonomer, has a DSC melting point that corresponds to the
equation: Tm > (-5.5926)(mol percent comonomer in the fraction) -F

135.90. [104] In yet another aspect, the inventive polymer is an olefin
internnolhvvmer 15 nreferabhlvv compricina ethvlene and one or more
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20 characterized in that every fraction that has an ATREF elution
temperature greater than or equal to about 76C, has a melt enthalpy (heat
WRLH0ERHIYHs measured by DSC, corresponding to the equatidi &R208$/050720

fusion (J/gm) < (3.1718)(ATREF elution temperature in Celsius) - 136.58,
[105] The inventive block inteipolymers have a molecular fraction which
elutes 25 between 40C and 130C, when fractionated using TREF
Prepagrd Aremtd e AR i@f%rﬁ’ﬂ%‘i"@%@fréﬁi&% PRAMISSSHPRY REE PR
polieepgrateser beiweeny f&G andlassithan about 76C, has a melt enthalpy
(heat of fusion) as measured by DSC, corresponding to the equation. Heat

Eﬁgs'on (HHWr @tﬂ?é@él@&'@fﬁﬁrﬁ%&%@?’ RERBIS 0eSeEl é'b'él)yfhers

7. ATREF Peak Comonomer Compaosition Measurement b

conpfisin st Petepsyan &eﬁ?h‘éa&@&%ﬁbm%fﬁéémﬂbéiﬂ@ﬁ o?rﬂﬁeabﬂéeeftyé%w
co@@ﬁh&&mw@dm@mgaaadm niatied ﬁ@S&ﬁé@ i Y RiaedremitRbiackast
kT TR
abose ﬁ@mnC(l@ pbycamd atdenpabitio ﬂeem@pe(@m)ourmﬂm dbeed mglwmamit with

the 'Hfﬁ@tefﬁ?af S PG 1RO\ 8 &ﬁ%e@@@&ﬁ{&ég A NG NGASHRMEM AR that

detects the methylene (CH2) carbons on the polymer (which directly

is prefefiRd @ teoldI) it CE APARIGHIATSHAITD NY W RIS R{IERIS N
copefyifiers datasigdhedaatips (e 3%@%@@@%&191&%61@&@@@&1&@%&@0

atio 10 of the com ostlon signal (CH3) divided the me ent
ol BT S BT R T 18 E Bh Srs fe D S S TR 15,

prefmitjamérqrm gbbutibh tan@bctst ﬂi‘o‘potmlseoahbﬂauedlwmpdimmwn btlytene

em&kﬁl}ﬁ‘e{?t!?féﬂe%%ﬁbﬁ% HiARdREdS I HOGL TG delRTiar YKBS’JW&&%MH? 1BW
ATREF instruméent provides both a’concentration (CH2) and composition

yields[aB)sigRnaPr SRS er af theyatrder bolyrasiaarliyogses1 SYimie the fokegae/o-

olefmRAMRAYSBRGEAE KablRFALA R GAD REEIRAE NI ABY HAG R kEaH AR/ o-
ole?f the CH3 to CH2 f @5%%}?6 Wlth k own comonomer content

I EYSIRBR IHE 45U R Fﬂl“‘rﬁ% COIFHASHREFRBMRAIS SPURRTIRRRNe
rea@eakpod G polf/medcasribaiestpmatss by applying a the reference
calibration of the ratio of the areas for the individual CH3 and CH,

ggponse (iR, e@mﬂ@/ﬁo@@mlﬁwﬁ’omﬁwc@emm@r&@ RiRNSke or more
20[ 109]The area of the peaks can he calculated using a full width/half

COPTYRIPHA EFUOI CANCRIGT SRy PP oHE SPPrSHAS By Rl ffocks
or scgexgmteﬁhed wdivigtu pbbigralzsdsponses roim difeeliERr cﬂ{emmﬂtmgﬂwncal
pran lﬁfsu ”"[\Maqth”&? %ne O- 81g%1}ccl:lﬂl éé) J) I%er?%?eqaﬁ)clmgte V%fe%@fﬁ?g‘f{&%ly

ylene response area | om the ATREF infrare

muigiH-des ninkspalyests ieigtrrsly peek Ehlentifictheamalinehased Terpohterthars
uset@ R EWEEIM PReR 8. dRtRIMiRaboRh&Ci s klian Ea PAFHSIDEn AR

ATREF peak, the FWHM area is defined as the area under the curve
rep{fé‘f\ﬂ}égﬂ?yrtpﬁrﬁﬂu?fl%ﬁ%“ﬁ and T2 are points determined, to the left and

right of the ATREF peak, by dividing the peak height by two, and then

drawing a line horizontal to the baseé\fe, that intersects the left and right

whaertians rhibe AERERIFUNE IO e aPRlicRHAR £finfra:radl 15, 20, 30, 40,
spectroscopy to meastre the comonomer content of polymers in this

50, KB 180 RTtIRBE s Ain HRIETHIS AR A1 AT tracS e &N THR teprpsents
a scﬁ’yslemsmﬁeglﬁsmnbﬁelfmame follend By nefeiitiedas alvisskanially Bmlﬂdﬁlon as

¢ %1““ LOROIS, G i, Linle ubsl?an\él ré)a 3 Ofe% a&%?eﬁ 19
ra Sp

G.,

Oppohroma 0g ra ﬂtla]&ourr?elﬁ ransform in eCtrosco

emwthmtenédﬂwkeﬁeﬂ%/ldﬁe%a@ednéewméfﬂﬁrtb@mylﬂmgheIPelynirrerf'rhain In

othf Q61! %nS BIBBCE AR FAYIRGRIINAJ 130 S2 s ARt R0: ARfRgslauriers,
P.J.; Rohlfing, D.C.; 5Shieh, E.T.; "Quantifying short chain branching
microstructures in ethylene -l-olefin cppolymers using size exclusion
chromatography and Fourier transform infrared spectroscopy
(SEC-FUR)", Polymer (2002), 43, 59-170, both of which are incorporated
by reference herein in their entirety. LIMIn other embodiments, the
inventive ethylene/a-olefin interpolymer is 10characterized by an average
block index, ABI, which is greater than zero and up to about 1.0 and a

molecular weight distribution, MIM", greater than about 1.3. The average
hlock indey ARl ic the weiaht averane of the hlock indevy ("RI™ for each of
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AS! = E(viB/i) 15where Bli is the block index for the ith fraction of the
inventive ethylene/a-olefin interpolymer obtained in preparative TREF, and
W88t ¥%eight percentage of the ith fraction. [112]For each B&¥H&008/050720
fraction, Bl is defined by one of the two following equations (both of which
give the same Bl value): 20 or B/- B1 1/T, -1/T"Ltd?, - LnI?"
11TA-11T4,Ltd?, - LtiP" where Tx is the preparative ATREF elution
temperature for the ith fractf%ﬁ“(‘p_reAférgrﬁye_ essed in Kelvin), Px is the
In tilnylaae:nisdaifiaskiomdoldbieddpdraatieniombialealy heveneasdrepdyr ViR,
whig 'cRn"%‘SrdSésgf{ ' e?gnacpo(%l\l/eﬁolzr)nAerEf(sés fﬁe gihylene maje fraction O&“Bf%cvi{)‘,&"fnd
€ y?er?e?sa-o efin m%erpo(fyrner efOre HACtoRA |on])n,ﬂw ich alfso can be
blophdhbay ot hynRENNVE 0P IRNTIA wheldrda Hya thdo ATTRIEBR1bAtibwithin the block.
In JRIRESAIVTE-RAG the- LRGN JNOLe JARHRB Rl P BRI SEIMERS or sub-

(which refer to the crystalline segments of the interpolyrner). As a first
blo%‘?%?é#éﬂb%‘l‘&?ﬁi?ﬁ%’ﬂ?@ﬁ,“ﬂ’i’e spah A8 d BRSCamsas &’Fé@é%%atﬁg’é@%?]ﬂﬁgjhfferent
corflengibh prlyetdyignertgrvarelyrner, if the actual values for the "hard

2 ents"Tﬁlre %t% allable. Fortcalc ﬁtions gerformed herein Q-'{?q%? 4" and

L L o e e s o T S i
"sofies¥TRER tdhapETstemefor rafeanddoricopfalyneeniahemsanmendarh pdsitéon is
pre&id %H:MQ&&Bt%k@ﬁ&lm‘a{%&%g?&%t‘Eé@en{%ﬁi%&&?b Ieulatea r0Mout

the following equation: Ln PAB = a/T 5where a and 13 are two

98 WeHIRFHSSRhReRcE % Bis astehhihds By uafbritiothusHogds HifRpepptmer
conkfip\WarRAteMMetb)lenetepalyimeisicHess o tHe hedneteskHiaisdeandhds MBay 5
vary from instrument to instrument. Moreover, one would need to creat
e AT S0 T A0 Bl LR o e Lea
polallma.irirassimiI:anbndlmcuﬂartheéigidt_swtasdtm@rﬁsa@ﬂﬂmw_rssulﬁhme‘aﬁyaa_ﬂIq'agntlene.
«sJROEHIAWEIOME SHiRch bR £RUDIANAR GHPYE RLoAINRM 10T AN SimIlar

molecular weight ranges, such effect would be essentially negligible. In

ORI AIERRS D L RAPCEIEH I BHE CBHLRMMISRS SistE A e shasl eI Weight

pertelRtioERIB] LR ter 1B aB3UT AVRER pefbéiiQoreadXiiath®A T REfRight percent,
tem eratur% forllg random copolymer of{f)he sarﬁfe gomdagsition nd having

or SRRV M le HEEIBRBF B 458 R b Lt AR PR M n B 2% Tx0
embopinintS oy erseiyoiRua i kive i@tﬂlﬁleofe swgmgﬂmmmbﬁfghaaﬂmam about 20
wei BPBA%JEBI%E gLING SAMRLGAMRASIion And having An AT, %ﬂ'&'ﬁ f,%’wg?gﬁﬂtﬂé%&ﬁ,

X, which can be calculated from"Ln Pxo =a/Tx + ft  [114] Once the
grepRychamaRout B Vst sbapprisiplictirc PR Bl 48R S8 oIS tamE GrepEn g RPout
45 ¥RIRGRBIAEkiBsexiHABALBRE SoewRIDHeiMEF Sendenaalssdated wBight

some 20embodiments, ABI is greater than zero but less than about 0.3 or
PEIEEBin about 0.1 to about 0.3. In other embodiments, AB | is greater than

about 0.3 and up to about 1.0. Preferably, ABI should be in the range of

fr6th aboulliz4at saselEnG. Pafreftardisoe &5 1o ablock eIl Yaeh EeBabous 1

we@lﬁ;ljla%@& 3- bSO Qv@@h%i%ﬁﬂ&? B kﬂeﬁ@ﬁt @Qﬁl@t@éd‘]&qmeﬂmykh&?
to about 0.9, from about 0.3 to about 0.8, or from about 0.3 to about 0.7

PrefestRlu At B0 A5HE BRI PGBV PEISEM: AN APIOAD Arsdeht
pertetto atiaoi00 Keikhopher anthoolishemtss ABigis preitrandgewissomigh@dicent,
o AR LA R OIS .
aboghdut@ighicretiserft fran about &) weigtieeishnl ttbasticlof ehabtingeany érom
abo%ml%@éﬁf9@@&1%61&91?%@3%%%@&%@Haefmea@ﬂM@4@taxlgme¢@f@&fie about

interpolymer comprises at least one polymer fraction which can be
60 ¥ptlth BT IR pPE FRrAAPRU REFCIRINSERTTHE AMion Hae BroRinide otal
weigheatahéhdet aboeipolinand Ogniersdlp thd uaind gnsitdeaud s predgfitin similar
distribution, M"JM", greater than about 1.3. In some embodiments, the
polymer fraction has a block index grigater than about 0.6 and up to about
1.0, greater than about 0.7 and up to about 1.0, greater than about 0.8
and up to
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5about 1.0, or greater than about 0.9 and up to about 1.0. In other
embodiments, the polymer fraction has a block index greater than about
W@ 20054§99p1to about 1.0, greater than about 0.2 and up to abdRH/§2008/050720
greater than about 0.3 and up to about 1.0, greater than about 0.4 and up
to about 1.0, or greater than about 0.4 and up to about 1.0. In still other
embodiments, the polymer fraction has a block index greater than about
ranges. Jhg softer apeti vrERhg Reste I8 a AR B 8aRY U5 RS IsatsRiRes can be
cal@leaiebibaioakatitddipntitspntD SO oUNMR. S gteatehdiamabaldtQitbandte
. tg a .5. In yet other embodim er fracti
s R S R R S T T S R s
disgBuandf whichabowb P& atpkbyeritrancabengiroialitrratiptyo about 0.7, or
greater than about 0.5 and up to about 0.6. [116]For copolymers of
¢ioylene art asnrm-eighiniiihe’ imeipiveepolyiaes prienakihiGressessa(fiyst
a PDI of at least 1.3, more.prefera tleast 1.5, atleast 1.7, or at least
L G O S T B R v A e
calgnieferaltlySap ¢o @wraémuenhof S, Hrdaspesialy uwpedongerrimagaarty ofith the
enft el A RAARE! HRORA EhYBRLIESSH SR WRMERRASRIET Ol fline
least 50 weight percent; (4) a glass transition temperature, Tg, ofless than
mel-tmoeﬁbeé%fé@#aw»é fekeitiaberenHpe fH e B beily BREFRL .
tecQflLd 7]Further, the inventive polymers can have, alone or in combination
with any other properties disclosed herein, a storage modulus, G', such
44 109 (Gphisgrgaigtinanar &puRkie 40P-kEanaielriaRly sigaterihan or
equal to 1.0 MPa, at a temperature of 100C. Moreover, theé inventive
POlBRIRFARFPHYBEERS o rapaf vaRMAcR StOiHS tTeHIvISr A8 HBIs 7 to as

“bIERIPESAIEL [had@noefrem Qdithd08fet (| usicag dvdnigHim L tbakdally
characteristic of 25 block copolymers an% heretofore (ﬁunknown ];?15{})%}%0

SRR S BN e BB ETAIRS & 6&96‘?9%‘@ FERTSIR e AMHBHED
fun@®n8liajiphetic taamllﬁfimc(@ycm eriéenh Pasbliativ tyafiatfénd isndaniiexinis the
bloMEAMFINALIRG Folin E}%ﬁé‘@c%‘?rﬁ{&ﬁﬁ&%&%;'ﬁ&%tgﬁﬂe%ﬁ, rd %%%%y, the

magnitude between 50 and 100C, preferably between 0 and 1 -
ampyneQf Py Sialieniti i eaypialiinaizs ataPyablaihepelyaieiceé e pyirpsition, the
typSethRne pashanicasanalists panaliaien fAepthalbiildddabaregularity, the

temperature of at least 90C as well as a flexural modulus of from 3 kpsi
amou RIPEPS (EI5S T8 1R AR B P UGV Sn T S8R REPSIY
or agrvthavehartliimophedbanicgleanalYaisnpdriditatkoropld phieofatertharatterized by

temperature of at least 104C as well. as xural lus pf at |east :
s B B P Y B B R R M £ A toution,
and/espghdeighey dlsHaliessiusitieds tzgropracesymkimgqirdecepeiwgatie More

speditAIfL, tRE) BRIGHS B BaHHHSIS HIBIN MRS RQY MG @ Dossess PDI

5compared to other known polymers. The inventive polymers have
frogd fifiRarty BEHR H ASBl Tty ez r8SEt AR B HER! tha i the tbost
prefepdpipersm 1.§1:d29] Additilonaibdutae ethplaeceta-elafibdnteppalyels pefmers
hav elt index, from 0.01 to 0 g/10 minutes, preferably fro
o DI S Z e e T e R /820, and
moghimefiergbhrfepaspddralyd from 0.01 to 100 g/10 minutes. In certain 10
embodiments, the ethylene/a-olefin interpolymers have a melt index, 11,
fiom 0.01 1o the folldvingnddesipion) 41 dum 5k sglikol sred tikasin e gptoxdate
vaidR0.mintes, from hio S iominutes. onom, 0.3 19 10.0/10 minutes. In
certam em o{dlmen s, the meft Rdex forthe & ytfene}é-o efin pofymers is
theregyitld Rgrskn Supatimieriteston BigthGwinvawss are]dogTipekhotsiradunless
speCRR IIRVE QSRR W RIS MY nfEQ %}'{ 899 %&Q@}ﬁ Optr2 RN or,
g/mole, preferably from 1000 g/mole to 1,000,000, more preferably from
10,000 g/mole to 500,000 g/rnole, and especially from 10,000 g/mole to
300,000 g/rnole. The density of the inventive polymers can be from 0.80 to
0.99 g/cm3 and preferably for ethylene containing polymers from 0.85
g/cm3 to 0.97 g/cma3. In certain embodiments, the density of the
ethylene/a-olefin polymers ranges from 0.860 to 0.925 g/cm3or 0.867 to
0.910 g/cm3. 20[121]The process of making the polymers has been

disclosed in the following patent applications: U.S. Provisional Application
No AO/BERER ONA filed March 17 2004 11 < Provicional Annlication No
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March 17, 2005; PCT Application No. PCT/U52005/008916, filed March

17, 2005; PCT 25 Application No. PCT/US2005/008915, filed March 17,
WOQRWS/8PBPCT Application No. PCT/US2005/008917, filed Me¢dHU$2008/050720

2005, all of which are incorporated by reference herein in their entirety.

For example, one such method contains contacting ethylene and

optlonall ne or more addition polymerizable monomers other than

ﬁfﬁ FOrRsERS RN PR R B rEBHARS L it yventiysR "and an
upp@@mpmsﬂfbmmﬂab@mgnﬁathﬁaaﬂmmigr\elmﬁﬂet&ctmgenscs(@uﬁfmﬂylﬂrgglé@am In
a flrst 0 f|n olymerization. cat g

pamcmarhrggﬁ%é)}l?nclgépora 161 M p T E@)are 3B¢onc ﬁ?y%rslcpogf{(/]mlgnzlagﬁor%
RY)catadyein rkavmgaaat@m@mngefrqntbmmattoﬂ 10 exriiwss thdm IPpesoemcrement,
i.e. peclarphibelrss JbRPD0 PerGaRtapast RrefpiARly. 'esmtpaeeﬁtpﬁ feeqt 52

5the comonomer incorporation index of catalyst (A), and a chain
Peretiitttingy KGEARG ORI Repr K KPR RSN SIS B8CBh A1 Ll?&iﬁ?é‘t
Moagrei, afy ﬁﬁrﬁ@ﬁ@ﬂiange{&&&l@@@aﬁ&i I(Adl)rtﬁbers as defined in the above is also
6- thyleth hen nido .
TR R RIS Bl A 5 NI
artldlcmethyplmagam@qub&mtdu@g tofémmnte achiergsond W Oy08fa@a&5herein in its
entﬁé}? 9&9%%@&4?3%&9’%%8@43 filed Maxh fe2303ritd WO

40. [124] Catalyst (A2 ) is
2,6-di(1-meth Iethyl henylainido)(2-
o B BTt NS B 5 QSRR Rt somprsing
blemkilméah}datpmpm@@ﬂﬁlabam@p@}toqﬁmtbachasggwfm@amem%
int ajh{é%%%zn% %%a&%%%%%ﬁb@l&damﬁer%Q%CQQQaMM%m such
124740, [125] Catalyst (A3 is bis[N
flbqu.(mlé@(ﬁghﬁqﬁwm&@mﬁwﬂ%rﬁﬁﬁﬁeﬂ@aﬁmﬁ?e&fw@wf fiqgon; pigpppper

serfr@fad f&tﬂ}dshlgh recovery/retractive force; low stress relaxation (high and low

S et @5&%%5&%@%%% S e e ange tasiarady

resisuibstaritiafjheccontrgnicltheteachisigvely UGAPA0408L0DO3T BhpaGture.

In acd‘mgon tﬁ%%@eS%E%'Y%E @3‘123’ résgltﬂ{g 1(13b§t1%1r LRH g#?ﬂy\ﬁggh%l:(;ng\{)é&er shelf

methylethyl)immino)methyl)(2-oxoylj zirconium dib [128] Catalyst
life(gyq herfapris 3 ds- apmﬁbaﬁ@ﬁ@rwreﬂ@mnmﬂézﬁ%ﬂﬁmwxﬁ?ﬁr bundling).
Bechininineerethy b(pexayh misanimmrsihenziibers’ preflGatalvotighhiss high.

t-butyl am | do)d| methyl(3-N-pynulyl -1,2 3,3a,7a-g-inden- -

S“‘\éz\)fé‘ﬂ%{ﬁélﬁ% ARYA mﬁﬁleffm*’éﬂ%b‘éﬂ%ogﬁB‘&fh‘?ﬁ?&ﬂ%?&&%%ﬁl‘d%iw&

techniques of U.S. Patent No. 6,268,444: (H3C )2S iNTi(C. H3)2 5C
Ethsdopg/a-Olefapinespalyaiere?) is (t-butyl am i do)di

[anethylphenviRdnetbdrd idd Ry hrlindannyhsiianetitasium divestayl

prepared substantially according tg the teachings of US-A-2003/004286:

(also referred to as “inventive interpolymer” or “inventive polymer”) comprise ethylene and

one or more copolymerizable a-olefin comonomers in polymerized form, characterized by
multiple blocks or segments of two or more polymerized monomer units differing in
chemical or physical properties (block interpolymer), preferably a multi-block copolymer.
The ethylene/a-olefin interpolymers are characterized by one or more of the aspects

described as follows.

[84] In one aspect, the ethylene/a-olefin interpolymers used in the cushioning net

structures provided herein have a M,,/M,, from about 1.7 to about 3.5 and at least one melting

-15 -
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00[131]Catalyst (C3) is
(t-butylamido)di(4-methylpheny1)(2-inethy1-1,2,3,3a,8a-g-s-
WOHEAEEEN3N )silanetitanium dirnethyl prepared substantially aBEdYHi¥§ag050720
the teachings of US-A-2003/004286: WO
2008/089031PCT/US2008/050720 H3C H3C [132]Catalyst (D1) is
_bis(dimethyldisiloxane)(indene-1-yl)zirconium dichloride available from .
PoiffiimallndgRicRs §elsiug paddaftifg hgBMECrRiS SHtMAG atRAdn the numerical
valesn pfayedansude ciethylene (i @@uthzine, di(n-hexyl)zinc,
triethylaluminum, trioctylalunainum, u-iethylgallium, ibutylaluminum

bis(gimethyds-utybsilaxane) s rbupylalymiptum Lis(di(trimethylsilyl)amide),

n-octylalurninum di(pyridine-2-methoxide),

bis(h=oetdedy)i-btiglatimiah> o atd Aar e FIY(di(n-pentyeamide),
n-oatylalgsrioucn Bis(3(8ydi-tihaigdpienoxide, n- octylalurninum di(ethylll
-naphthyeamide), ethylaluminurn bis(t-butyldimethylsiloxide),

‘fﬁ'%g(z'a'umiﬁwﬁ'rﬂéﬁm_%é%ﬂm&&@yiﬁkuléﬁwgﬁﬁp%hﬁlﬁw&%ﬁlH{‘_i‘sigure 1. Unlike the

bis(2,3,6,7-dibenzo-lazacycloheptaneamide), n-octylaluminum .
tradifiquabrgigom Béﬁ%]dlﬁ‘?&z‘ayﬁlﬂ’é‘ﬁ@ﬁ%ﬁ%f% MRYSHBEl)RABRIRTE Agcrease with
dechis{dimneiliEhuty isilaxideinetpdrine (2 @by IBhanesisie),eafhit melting

.15etrt1)ylzin.c t-butoxid e) %3 %Pr.eferab.l ,thﬁfolgeg ing. process takes
R e G R T B A T
0.8egfredialiyonfli-bidok dopekamels, theeafieldinplimearimudtipbakers are in the
ran§OBPNIRRIE1 B1ENB AJTOrS MO YRS SR IEESPREIRYEYYIENS 915%?0.945

320 olefin or cycloolefin, and most espécially ethylene and a C4_
g/eq- Sty Huambictheanelipg Myl thih ARbimeaABI@ i range of about 115

°C iBtREQNVSIStoORhINA s el a¥aiD 3B chemyealvdistiscckinder
continuous solution polymerization conditions, the process is ideally suited

fQgpolymerization of paixt NGk ' Qnyersions.
e o e S S e S gy

polygerized fere caifnilpae Hee Offey Suiv arrishas Berfsaiariceethy oVthin

degdRdCNbiltis Rl KaORNMSESRERE iR N R gatt DiltircplRtis conAlY OIS Algry
formed in high efficiency. 11351The inventive interpolymers may be

(DafretBrtfated oM COIMEHHEHAT heritibnt CopEmEien sHpbiesBrshiqaagen
(“OpOIPMAES) anek hlatk lcopolyimers iprEpatéd aia ATque mtthkmisfyahedovllowing
rela%g%%? tquxionaI catalysts, anionic or cationic living polymerization

techniques. 10 In particular, compared to a random copolymer of the

same monomers and monomer content at equivalent crystallinity or

modthds; R TR B\RIREFE R ve better (higher) heat resistance

as measwreddoynrghting R)imid higreprdidtAbpenetration temperature,

hig igh- at nsile strength, and/or higher high-temperature

torggfwgs%ﬁazggpﬁ%{dﬁlﬁg?agg determined by dynamic mechanical analysis.

Compared to a random copolymer containing 15 the same monomers and
f“ﬁ\‘ér?@ﬁ?eﬁé’oﬁ%ed‘({%@‘iﬁré%ti\?éﬂﬂﬁ?éﬁﬁ&&% TR wWefEHprEagphan 130
J/g s@hepaRicsiarly it e lie datechiesdpeiagurass dosvei Giie s 5 thel axatiniyBigh efmer

reep resistance, higher tear strength, higher blocking resistance, f r

e e e e R o S B AT s o
5 peessovefyhippaticudatlys anafievtfedlteiiperdirar ko dteartahf AIOTAF

enfSHROREIASNGE TR AcHC RkERe AN el el andlerAdpseeniance.

361The inventive interpolyiners also exhibit a unique cr)@talllzatiqn and
Prefﬁréﬁlé’hfﬁﬁ IH%W?éEt?oﬁ"é%ﬁi%??&fﬁﬁ{“?ﬁéﬁé?%ﬁelﬂw%ﬁfﬂié)fﬁ rﬁtﬂ%ﬁ&?@
polfiave Fiiaiyshylargeiffarents hebveapdigniatest paakstesmiparatuee
melasuied usin(g CRYSTAFa':md DSC as a function of he(%of fusion .
examéa es. . te%{ate cak ar(aa\% an Haak temé)er tures are calculate %the computerized
espéciallyas compared to random copolymers containing the

-16 -
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25 same monomers and monomer level or physical blends of polymers,
such as a blend of a high density polymer and a lower density copolymer,
WQRH§II8MENt overall density. It is believed that this unique feRGIEUSRIHE050720
inventive interpolymers is due to the unique distribution of the comonomer
in blocks within the polymer backbone. In particular, the inventive
interpolymers may contain alternating blocks of differing comonomer
drapdpg SRR SRS SN SRSIPYIHRER BIBKRS) ThhdigoamkiRe ihewsdRk gandom
ethylay alsencooihainraidispobutien Jorrdpobey @nakeybicck size of. paigren) +
6 1ocks of differing density or comonomer content, which is a Schultz-Flory
‘type of distribution. In addition, the inventive interpolymers also have a
USidue pebkyeiahivthepointandiceystiiivatidaliemsaralyrep tofikeatheddsular
fraHRASIAALNG ARREOGEReTRAlY S0RF %@1?%%%%@%%%9{%@&91‘8%9@
€ poly

In a preferred embodiment, the microcrystalline order of mers
Elufjepidnsteniorhat REEristitaspiititdd BAtihisrsenhat apaolar comonomer
contigtinguishpleterfilimrandonpecbiotlichapalyrn prefeeiten AldR 1vgleesnthat

. are less bthan 1.7, or even less than 1.5, down to less than 1.3.
i b S b e R BB g geveen the
santethmpgrres¢s, imfierencbehentdwgrble omtore kdfyidockitepslyier, ¢hains the same
conBRGREHGR Aithe: Blnck index iRhaParticsh FASHOMAL LS BB on the

polymer). That is the amount of comonomer and length of each porlﬁlmer
whelpRlyred griteint Capriserarerae Bl bohieekiF AR YRGH drefHAN ofhe Mw/Mn

of thata@ifis dlanteghuNilisgiagesiagivwel) psdba temapesatiedREaterpolymer
cﬁol¥merizatio% and other Qol merizz%tion variables. Asur.pﬁisin bengfit of
andjor le inte f

A RIS 1S TR AISE SR Ay FHAE S AR E GPBE B Wik ityo s it percent
of therdabed]dtieimpticdyproperties, tear strength, and high temperature
recovery properties of the resulting polymer are improved. In particular,

hege decraasasnbilerGaity, teasaiengthorng MgFHEBMRES al tBIQERYREM by
roperties increase as 15the gverage number of blocf<s in the polymer
an ¢} § i ot

RSHSASEQVEY B&IdBRSE EHARITNG RYES IR 2ty et CaRtAitaions having
cotpessiirsirenidhaiiliransteetyipatiinidhighteately ntshuttiageitorsivy leyiis
oraff R0 SENRANOM QIS THOIMR RO ME JERDINALON ALK, BIISTHUEM,

suppressed. Accordingly, little if any 13-hydride elimination’is observedin
relatinplu R hen2abd anfoetiflanaiRinsis s o MR BRTEHiTatipe S akaconinkefBhase:
embodiments of the invention, and the 20resulting crystalline blocks are
highty,~dr8ilistitinliyncorofelatejy, linear, possessing little or no long chain
bra%hé'f%@%i@@}‘@&f%n‘é"r’éh rr(lelgp‘,ﬂ%crystalI|ne_chaln ends can be _
selectively prepared in accordance with embodiments of the invention. In
eladtemErtdplirdadbnad rvdoeneietbistestllive quantity of polymer that
ternpipates wigpgiamorphous block reduces the 25intermolecular dilutive
effect on crystalline regions. This result can be obtained by choosing
in shuttlin nts and catalysts hayin propriate.response to..
i oS Bk R R i CUIE
maggHfismmytiic ey gty deyeediimes ol raditisnalopadam cepelylaes. cheithe same
den€RMRALIRRASHCh RS DY MR RiVvEiaesmh ihandne catalyriirspegsible for

producing the less crystalline polymer segment (such as through 30higher

onomer incarporation, regio-error, or atactic polymer formation), then
e A e
stregegtin b p oIS o ehes by R strorgih aré tMNEPre sultineretmatihatdehsile

streBAEHPS SKYPLAHiaR: BHEISRORIS MiBRLeBr R asB00 AR CTYSI R rably at
polymer forming catalyst site is once again available for reinitiation of

e GMREFIHAHBH PTHE T A ERLREISPhaP e BIERY BIOEFR his g

90(chyaiallineapatyrneidsegmanin Ateordinglynbiatheends of the resulting
multi-block copolymer are preferentialfy. highly crystalline. 5[139]The
ethylene a-olefin interpolymers used in the embodiments of the invention
are preferably interpolymers of ethylene with at least one C3-C20 a-olefin.
Copolymers of ethylene and a C3-C913 a-olefin are especially preferred.
The interpolymers may further comprise C4-CI 8 diolefin and/or
alkenylbenzene. Suitable unsaturated comonomers useful for

polymerizing with ethylene include, for example, ethylenically unsaturated
monnmerce 10coniiiaated or nonconitiaated dienee nolveneac
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or alkyl-substituted styrenes, vinylbenzocyclobutane, 1,4-hexadiene,

1,7-octadiene, and 15naphthenics (e.g., cyclopentene, cyclohexene and
WQRyBISOSMAE).  [140] While ethylene/a-olefin interpolyrners € TESRG&ES0720

polymers, other ethylene/olefin polymers may also be used. Olefins as

used herein refer to a family of unsaturated hydrocarbon-based

compounds with at least one carbon-carbon double bond. Depending on

1 lselectibrPBrestalysigcany Brethiiay et inmeshidihavis oftarase
modflinyed) @ (BreferatlgosyitabimnleflinS@rpréa-0RGaliphasic®mntbre preferably

aromatic co n ntaining vinylic unsatyration, as well as cycli
o R o oo e s e p il Ry g
70 prarborrespesidtiglledinhab f0rmsrdimitéaishandbpervene aulbstituteddpetae®, down
to AUhGPQRHR W feds&ndO hydrocarbyl or cyclohydrocarbyl groups.

Also’included are mixtures of such olefins as well as mixtures of such
ins with C4-C40 25 diolefin compounds. 1].Examples of olefin
oA B LI e et e e S e
conippesiterre; of frsx e, 30 heptandssk-beteHepdroaohn dase fhidet peregnok less than
50 gé}i?&ﬁ.e RertriBHARRCRRE ’cﬁaaﬁﬁ)é?s@&%é? Of HOHRARGFNEs 1 QLOTERE O percent,
- y --

methyl- 1-buténe, 3- methyl-l-pentene, 4-methyl- I-pentene,
lesytlsu it @RS - Keh B2 U PGHRGIE R0 HeRetRd B IyIEY I OHRSKERTE,
norbornadiene, ethylidene norbornene, cyclopentene, cyclohexene,
cﬂ%jclopedt@men@d@mtgn&e@@me/d{elpﬁs,im@ipmlmgets_dtamctalhtmelﬂ
fusf&l%%gyiﬁ%%g& GRS HAHISKRMIANGs &y BaPEXGDIE 0 Bran 100

1,7-octadiene, 1,9-decadiene, other C4-C40 a-olefins, and the like. In
povadpripRteitftline piefetrblncanstiteisrgeshiiemnell Ipyfe 1é4aQ Pa), especially equal

to REEENE-NBXETE 2006 ARGk FosonbinatEn direof. Although any
hydrocarbon containing 5a vinyl group potentially may be used in

odiments, of the nvention,.nractical iss omer... .
e

polymsiBRiefFBm! deast QUMM nsEISHhemielr Badbave IEre promtEifcsaicof less
thahl 8D MQIRaH IRt thadMoneRE: BEERMNAM0 figlnl LidedTieferably less

polymerization processes described herein are well suited for the 10
tha'bf‘(&dﬁ&?d??‘i?f“&‘léﬂﬂ I O S ATF IR 8 hovinylidene aromatic

monomers including styrene, o-methyl styrene, p-methyl styrene,

Hutylstyr&heoramenhediirents tharmelidopkenpelymaresistain gl ditiizae
ScRNY-BlyrenREa0HE Rraraied Prdalowing tha tsachingsaersins Artonally.

copolymers containing ethylene, styrene and a C3-00 alpha olefin, = = .
chagytatraty EBRR i‘ﬁﬁhaa@ﬁb@?@e&?éé&cﬁél}%bﬁ%‘?d’\?gd‘ Bropemasc i tion
of eepared aig] pb{SwiiighlenbamoodnjlgaiedbdicicoftdoanmaigicarPligeared multi-
bofl' A Shaln ranehed haln or.cxcli Bvdrocatban diene Naving.fiom. b

fo 1% carbon atoms. xamplllé% of suitable Non-co ugate IENes INC uée,
blogigt dvkerieatierably tthesteaimersait kdy clideasenel) auidhtdecks or segments
inclhdiriexasien®icki;octadiene, 1,7-octadiene, 1,9-decadiene, branched

chain acyclic dienes, such as 5-methyl-1,4-hexadiene:

-dimethy1-1.6-octadiene: 3,7-dimethyl-1 7-octadiene and 20mixed .

B rs of GO LR S Tt s ISR e Vi
teclfiqves betedhrasucBae yeigpesin acientacd (4NYROhwraddsoeny preferred.
Mokéﬁ@%?@éiﬂ@ﬁl&@%ﬂﬂ%ﬁs%ﬁ%ﬂ%%%@gﬁ %a@%ﬁ’y"ﬂfﬂ&hrﬂ%@' LHGUE the

fused and bridged ring dienes, such as tetrahydroindene, methyl
POlYé‘fFéﬁ?ﬂFélﬂlpd}ﬁrf&S%&W@ﬁ&%@y&&éﬁ?ﬁ?@%@ﬁ%ﬁhﬂﬁa%h%l}lted
tenipt@niyh @hodisereceyatealkemyli anrdcayanadkylicancnnosomenes (shisd ase

. 5-methylene-2-norbornene (MNB): 5- 25propenyl-2-norbomene,
i e el SRRy S deas one
5-cyclohexylidene-2-norbornene, 5-vigyl-2-norbomene, and

norbomadiene. Of the dienes typically used to prepare EPDMs, the

particularly preferred dienes are 1,4-hexadiene (HD),

5-ethylidene-2-norbornene (ENB), 5-vinylidene-2-norbornene (VNB),
5-methylene-2- norbomene (MNB), and dicyclopentadiene (DCPD). The
especially preferred dienes are 5- 30 ethylidene-2-norbornene (ENB) and
1,4-hexadiene (HD). WO 2008/089031PCT/US2008/050720 [144] One

clace nf decirable nolvvmere that can be made in aceordance with
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polycyclic- dienes containing from 4 to 20 carbons. Preferred dienes
include 1,4-pentad ene, 1,4-hexadiene, 5-ethylidene-2-norbornene,
WQiEWsIB¥MAtadiene, cyclohexadiene, and 5- butylidene-2-norbB&IghE2088/050720
particularly preferred diene is 5-ethylidene-2-norbornene.  [145]
Because the diene containing polymers contain alternating segments or
blocks 15containing greater or lesser quantities of the diene (including
such SRS ombe ¥R MR E B ABARI S Bt it s Br tReMEng R cioetfihe
conpanikle iigelpesehadthout loss of subsequent polymer properties. That is,
because the diene and a-olefin monomers are preferentially incorporated

ifyp one tm@fgam?,%ﬂﬁlt@mw&gesﬁ &H}?&@%{h YRR SRR olymer

throughout the polymer, they are more efficiently utilized and

has g goepepasihy tHEBsAmKREHRAIRN SHre RS RERY 1hinpd 1t greater than or

equadriraledaSisg L orosslikable efaston preraabl fhecatsiatpracicts hove
advant perties, including,higher tensile strength and better elastic

a0 Lo g LM BB RS AL HOERE BB R oo

of thedtikBlifrntnen dtetalystsincatporeatimgddiff¥fing quantities of comonomer
have a weight ratio of blocks formed thereby 25 from 95:5 to 5:95. The

eigstomerig fedymeisesisaklyihiave anthviene castaptioffiapdisthia 80
ercent, a diene cgntent of from 0.1 to 10§ercent, and ajil -Elefin content

eth IF?Fo%‘dl%‘%%t%’G PEFEG AP B o i OBt CORIgR STk S5ty Rk Burther
tenmpeedenadiy, thenrivibripockle kEbibmeiliogehsmecsphbvear{retidylenemintent)
are B O BOLK I%Qel?tﬁ{g?ﬂ&ét‘)ﬂi?@%%(ﬁ? q&&fdfif?l@}.%é‘?i&eof&e&%eéhtué&i%q f-”

a-olefin content of from 10 to 40 percent, based on the total 30 weight o
024 dotyile}’ priseitied Pofiaeed Hpe: higtPfriisEd araibsqoniigise contents for

fraddRVINEF SRl Bl RYRKAIR VDB 6HIRY iMEIhY MW b fr i A A0 iehakpbfock
om 20,000 to 500,000, more_pref from

2,500,000, preferably fr rabl
consl B8 o S0 L 5 A B e Sy LA R P A ) R, oeene
conprefdrabiythesstharequid;adum dullovkepsisoosityl(llrailidy dRbLpfistinot the
im0 0 ML RIG 1R AU RO MBS DRV ARSI PRA GRS TR

tc nt, a diene content from O to 6 percent, and an a-olefin content
withighopolyes phdsha AT islidreradianihine palyiters can be
functionalized by incorporating at 5least one functional group in its
oY mer strigiigre gkayxbivyilarlisitlnctidrn AIRES wosvnay chedenfarcoxample,
ethylenical t - and di-functi c lic aci .
v G o EUEd D A SO e o

fromriyarides; santerplrdsratd este IS Yhdee be tseaibtinparict driarigraisgdniediree

parRecaraifat faRsanahprA@lnMe BIaENREn QDEMAKRA data for Example
copolymerized with ethylene and an optional additional 10 comonorner to

> ISEP TSP GITRRES of BIVHERS AR R L ORI LSRG BRI 1ate
calibptipmnallyvethay temonauter{Shr Meaps foregr adingniu p diitferahgrompscoms and
.polyethylene are described for le,in U,S..Patents Nos. 4,762,890,
o G AL e oppul R AR08
intdrpedyperaddhiersin pefers neefimatlziraaAtineeppOnagsanidd aspgiseful
mefdHA0B} B MbmBRRIERD bé(éé_ﬂﬂé?e&ﬁ&%é‘iﬁhﬁhQrﬁz@ﬁk&@m&ﬁﬁﬁﬂﬂ@ﬁﬂﬁ@a'
(0]

group present in the functional interpolymer can vary. The functional

ch o4 RNy B8 PRERShE FHENESBAITHBI e Rivfctiifiamingg from the

calibi@i@obpive ainhaamnaREDE atiteashpbiird, Prafeighll peresnt pretalabster,
' hérggr{tcent and more preferably at least about 7

at least about. 5 w

mo%&rgﬁrﬁ%e%c%ﬁfaﬁtﬁég Punctlor%zrﬂaéerr()up will typically be present in a
copolymer-type functionalized interpolymer in an amount less 20than .
éb‘%ﬂt 40 WeigAitserehe $heteraBrytielyl iaRcais feastibrdigricl the fyentive

polamermareopretataklyAssybancabait 28iwieightpateatistore @ndqeist, the
Index [149] Random copolymers_satisfy the following relationship. See
P. J. Flory, Trans. Faraday Soc., 51, 848 (1955), which is incorporated by
reference herein in its entirety. In P 25AH (.1) [150] In Equation 1, the
mole fraction of crystallizable monomers, P, is related to the melting
temperature, T of the copolymer and the melting temperature of the pure
crystallizable homopolymer, T,". The equation is similar to the relationship
for the natural - 36-
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logarithm of the mole fraction of ethylene as a function of the reciprocal of
the ATREF elution temperature (K) as shown in Figure 8 for various
W% BE&busly branched copolymers of ethylene and olefin®(TASp#8/050720
illustrated in Figure 8, the relationship of ethylene mole fraction to ATREF
5 peak elution temperature and DSC melting temperature for various
homogeneously branched copolymers is analogous to Flory's equation.
inVesTRRY BrE BRI T %%&%@%FWBMSP%P%W@&H‘W?W%% Arigore
copﬁﬂﬁﬁl@fﬁﬁﬂ@%ﬂiﬂ@ﬁrﬁ@ﬁspbﬂ(ﬁﬂﬂﬁ@efafbﬁﬂ Uniscdiniei exoepiniarseslbcks or
molecular weight effects. According to F if P. the. mo le fractiop of
SRt bt Eiea A R R Al
prommpatéb@dbed nfgttpolyarsothepstpraiere yritntherbidvk pedpinmeisseathbioak
intd P PG aa'lﬂdfe%?a?ﬁ'&é’t%ﬂ%h@ﬁ%@&@é‘B)!twl%h%yczaﬁ&hbd@d@ HRUS

occur sequen éls greater than P, then the copolymer is a block
fraqtigpaigiising WBIT: rﬂﬁfﬁm@lﬁaéléa%}ﬁ‘é%%e“éB?’fc?ﬁ}Srﬁ%ﬂCBP@Bﬁ‘Bmﬂ?‘??’fess
corﬁlaa&ﬁmelﬁalaﬁgmtmgfe@pgmme&a sidien hiyden @Jﬁxﬂ@fémm ethyalem)
15, IE ngrgg t%ly ﬁlgﬂlrﬂarll}{ deterrgrla 3 a S ECIflﬁﬂ I%gll?lt%tlo me tf)ractlon
*gthylend Segme ose crystaﬁ]za ion beRavior in turm is govermead
eluting baimiean mee&th leiuperenystathickinessl abmgméﬂttenﬂmratby@ne
1nte 9?1{9{ @o%?&gﬂyﬁﬁé %%BH&T%?@)Tﬁgfgr%}ﬁﬁﬂ'é?e%%ﬁl{eeé&%ﬁ%}i{éﬁs*') and

the inventive block copolymers are related to’the magnitude of the

a m&@\ﬂé’ﬁénd%%ytﬁé@gfﬂi%{rﬁ%%ﬁ% KRRTPREIBRIRE gn AbtoddeeA yaeiktghin 10
perier bis@idlonay moqmﬁhfaérb@hﬁnbdo@Meﬁmwemmaﬁﬁaﬁtmmﬁwe

. t0| randorr @U val tco Igp {%M ﬁ: uwal nt TRE ralllction).
mtef‘?’? NI refe e ex atpar e rpoﬂ/’m%m‘?Faf‘é]tloon 8F
comuisarleriwerpgises hﬂeeketaifcpoiymemednmmmaré(bwcrgmmmmmf that of

the'gn)%[(%@ﬁe[et}gg&%gom equivalents, one corresponding to constant
temperature and one corresponding to constant mole fraction of ethylene.

Iﬁ e25f rm the sigdes ofarrght trlaﬂ}?le as.shown in Flgglre 9I Whlcl% ¢ Jeast
ates ﬁeef‘%i% itioh BPHTBIGR IRES A R B TRORIGGFE B R BSiAp R Leas
oneRilreplefse ripaipliyphoatitecTREiméra dtivingwivdra dipe,nldR Bénshy tiomm about
0. 88%’119%&&‘6993% /and 1hg NIYIR.§ @Yi’ﬁ?? '?\)é’d%lfﬁéﬁti?a%l’ ’%né‘f@tﬁﬁﬁ%ﬁb‘ﬁ?'i’ mole

values. The ethylene mole fract on of the whole pol yme , Is also

per%mmwwwlmﬁ@*mmy%@@mwmmmﬁéﬁﬂ@@wef@aﬁ&ﬁﬁnle
fradtRGURidd BecRéeh @AnRE SPUMAIRE QK HISR &f@ﬁt@&h@tqﬁaﬁtf@yker@emsa T+

homopolymer for ethylene copolymers. The TAB value corresponds t

1355 Mol RaPlIcAH B RoRBIHRINE JURMRING RteaeF Tt and most

prefenipeatate hasead emmh@ e gsuiey ROPdA) The2héasuhes ATREFnumerical

t h m ragtion,
B P R e b e
megpiradhtiv’6f the area of the (Px, Tx) triangle and the (TA, PAR) triangle.

Since the 5right triangles are similar, the ratio of areas is also the squared
fave]of theedifsiabize ok cid afioAe vierotink(d #f i3 lentoatiien r&sadiosmel kiphdn
ddition S|m|l rity of the right triangles means the ratig of the |
o T L TR R RS M B G RS
abaut OPFEY ent g, ,motm@pqqmllyﬁpr PolPpets/Pavargines thasHbald baploteeicent
contiBRbARS, m@%ﬁ&%&t@ﬁ{t@ﬁ%5&&%@55%%%%%%@%9%&@11@@%(&%6 eluting
ut

polymer with a single e mg fraction at the point (TA, PAR), because such

bety s8Il Brateantie crIsHESBERHER( RstibiribA 7D H4Fd

premgmegﬁaatyeﬂheﬁ tadguall thdeyiaitaivyg -octer® (presumattiyinTrinddhab@ieal
|de ical to t ose odu oft segment catalyst). In most_,
R S R it A e R e e
TREF). 15[156]The foIIowmg examples are provided to illustrate the
synthesis of the inventive ethylene/asglefin interpolyrners. Certain
comparisons are made with some existing polymers. Testing Methods
[157] In the examples that follow, the following analytical techniques are
employed: 20 GPC Method for Samples 1-4 and A-C  [158] An
automated liquid-handling robot equipped with a heated needle set to
160C is used to add enough 1,2,4-trichlorobenzene stabilized with 300

ppm lonol to each dried polymer sample to give a final concentration of 30
na/ml A emall alace <tir rod ic nlaced into each tiithe and the ecamplec are
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25shaker rotating at 250 rpm. The concentrated polymer solution is then

diluted to 1 mg/m1 using the automated liquid-handling robot and the
WP dle set to 160C. 11591A Symyx Rapid GPC systen®$sI (15240050720

determine the molecular weight data for each sample. A Gilson 350 pump

set at 2.0 ml/min flow rate is used to pump helium- purged

1,2-dichlorobenzene stabilized with 300 ppm lonol as the mobile phase

H‘bﬂgh thFR &8 R4 ARSNGB BRI S @Bk R PSHRAYESEInmS
prefiadedcithgeiiag angbeaiad saclaQtordcBalymerikalds dohSnba{¥k Retector

is used with the Evaporator set to 250C, the Nebulizer.set to 165C, and .
PO TR e 1 b R P RE S S G0 B A s
moRPagrNnitFifforhgme clsamplbsr ahy hededpatis O ohet esiclpshmpte most
pref@f@ﬁd%eg ﬂﬁIRif[;ﬂ%?lgld%tﬁg)Béﬁ,séﬁﬂll@l@cﬂ%ﬁ%‘ Wapd l%f‘Ha(@l:PgJ& kA neRion

e.

nee Seria analysis of the polymer samplées usm% wo switched loops

whighglgtre rapyseRy e adns Afe vden frpAeaaishspatRiEcaEdtsatand

chagdadyized in ShageSyiNsidipoahying seitwiareniReakasatemardal iuephaird
and the molecular weight information ted uncorrected against a

per R T oo Lo st R R

confiv60}Brawohing wistrilui Srsdeeaieter minea by wpjstailizatienean dlygion has a

psFaciARR B {GRYRT Mo e PG &G RVBE e R HN L EPHIPRIG Al ions,
available from PolymerChar, Valencia Sgam. The samples are dissolved

haviing ap aagti d MOIASETTAE AR BISE 13?5(0 MRS ReY tht SAECsPaBl Edthe
equati@C for 45 minutes. The sampling temperatures range from 95 to 30C
at a cooling rate of 0.2C/min An infrared detector is used to measure the

polyFer salyon oncenialions.Tne.FHmative splublescppeentration is

measured as the polymer crystallizes while the temperature is decreased.
e analytical derivative of the cumulative profile reflects the shqrt chain
iy 51 BUROR B34 RSB SbPLAIFRG G AR
prefarxtperazmpeisa'm@dmhr&rmiﬂelm.dﬁenbtwcﬂwlpemﬁahwysiamdeﬂeimcIuded
polgllga &'?%%Téhﬁra?&?éﬂ’%@&%gﬁ\éﬁ{ﬁ&@ &QM’S%J{YJH@ ro(‘} I?\@B’ oY ?A%Hac %lymerized

in). The CRYSTAF peak finding routine identifies a peak temperature

mopenerNairdiffarin ST enRiy B RIPUFSA (iasked inthe Phrgesk most

preROSHiVE inflactiens @pditner, sislebdhenidgrifiad peakdn thedariyati@on
curve. To calculate the CRYSTAF curve, the preferred 25 processing

whish A eresrd Withr A Mideratthen MRier 76 ¢ g Wtk 'sHashnG:
chapatarnedarstizbeveritfeatemnpératurcaimiTRED dip aod the s dive sernpetiato ke
limit of O. andard h X ing Samples. 1:4 A-C .
el B A R roP IR AR A B irespaine
to thi§edER@®P000 DSC equipped with an RCS cooling accessory and an
autosampler. A nitrogen purge 30 gas flow of 50 ml/min is used. The
santjdet isf fusisaed/ ¢ntp a dhiry fignarRIBR eligdineinpepress iatCeou) 17156.58,
and then air-cooled to room temperature (25C). 3-10 mg of material is

fie81cut INfRA R QIR diBeR by AESHARY MErahRArRIBER S A B

aluminum pan?%;a 50 mgg!, and then crimped shut. The thermal behavior of
betyrrensatrp RPN Es g iaRierats! toipsvimt teinpenstive astisrieebin that
eveBaMYleols thapidkydn el RE Fo- B0 tam@dieldd setivesmad Tonddmistes kbout

Lorder to remove any previous.thermal history. 'Ii%@sam le is %hen cqoled
76 e R QA L A b AR A
equgtiample is then heated to 150 C at 10C/min heating rate. The cooling and

second heating curves are recorded. [163] The DSC melting peak is

meagiaied Rsithe mayinrum i hearker sateo\bgpatthrespedkiesthe2.97.
linear baseline drawn between -30C and the end of melting. The heat of
fusion is measured as the area under the melting curve between -30C and
the end of melting 10using a linear bageline. GPC Method (Excluding

Samples 1-4 and A-C) [164] The gel permeation chromatographic

system consists of either a Polymer Laboratories Model PL-210 or a

Polymer Laboratories Model PL-220 instrument. The column and carousel

compartments are operated at 140 C. Three Polymer Laboratories 10-

15micron Mixed-B columns are used. The solventis 1,2,4

trichlorobenzene. The samples are prepared at a concentration of 0.1
arame of nolvmer in 50O millilitere of colvvent containina 200 nnm of
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weight distribution polystyrene standards with molecular weights ranging

from 580 to 8,400,000, arranged in 6 "cocktail" mixtures with at least a
WQzeHsWBLeparation between individual molecular weights. PRd/US2008/050720

standards are purchased from Polymer Laboratories (Shropshire, UK).

The polystyrene standards are prepared at 0.025 grams in 50 milliliters of

25solvent for molecular weights equal to or greater than 1,000,000, and
ATREE B?QEQ?H‘BWFPHIE@@WEW&P%P%@&R&FW@?QB@IQ§Eeﬂ‘1%Fn

110690, 000THheopolysiwienengtantardstin a RSB bt al BOGewbiiegaritg an TR4
inr3LR00R oL 30 Miutes, The narrap standards gpdures are run first and

ihiorder of Jecreasmg [s] edtorecliar welgaﬁt gomponent to minimize

shyadaponnitrehaclystyrene standard peak molecular weights are
converted to polyethylene 30molecular weights using the following
gopAtion (aredesarfoerion Motierss hndevasdiskeqd@yen wo¢i a Medyiferhéit,

6, 621 (1968)): Mpolyethylcnc = 0.431 (Mpolystyreni WO . . , .
s o4 IAIOBRIDE 30 o 1Ky P IHB LA RRder n the
regimoiFAAR0-MEIg hinCalThiations erespe stormat aeinge istbysiod (SEC-arbons on
the POIDNRIS WIRER'AReR R, &%&é_‘}(ﬁ&%‘ %8157?%3 co @Ak S QMR SRR SEhIR the

measured according to e sample is 5prepared by .
congpapikionysoBsar Mt didhsatstnduhkdidigeps o ﬂlmm}@erﬂrgﬁ Bt omEGHiFatio
of tieknpssitiiikaiatat thickRess of 1 measisiaached 18 discanars e the
Conﬁr()%rgmle%g Cm X a].q:lgallsco I$r ssion mofdted plaaqiltjes molded V\éﬁg a hdot ih

DreddUider e olfoWing Conditone: 2876 présilire 61 3Rt Bt 63(56 Wi
kndwhawett iy 86 MBelifocddehimatst8@ardfollowed by cooling inside the

press with cold running water at 86 MPa. 10Density  [168] Samples for

femity m%@m&@@kx%ﬁ ageh@amdaar?&mﬁ?gﬂ@r&fﬁeﬁwgﬁ@%&oth a <

Measurements are made within one hour of sample pressing using ASTM
congE AR B ST RSB S AR RSPl MG A 0L T i the
TREEmptessare mime@ciﬁma]ﬂimdiushvg E&TMt@l bP2Raklexpht are taddof
the REICENERE FANDITIRAL QI Eh%%“é&ﬁ&%ﬁ?%déé}%gt @&Maﬁﬂ l%ii?asﬁt}%%%e

modulus IS measured according to ASTM -01 or equivalen
NMRehHiggemostes grspeirtiean ATRH mivh sl ihcanerisedged by
appFAmPI essierRidedinainch 3hat PiesshaneisYiRde! ke 4RHHLORARM,

The pellets are placed between polyteu-afluoroethylene sheets, 20 heated
reSRRNIBIE ABI PG (30-kb AT SN IBALGREBY 1.3 MPa for 3 inM, and
then 2.6 MPa for 3 min. The film is then cooled in the press with running

8 waterThe preangherppaknsan terraleplaipiassion b laetbninls mesingay

(FWMPUQ@&W&@FM%&H@i&%ﬂ?@ﬂ?ﬁf@&a{ﬁﬁ@é@&né‘@@?aétfﬁ‘@%ldividual
relaxation. _ [171] Clarity is measured usinggBYK Gardner Haze-gard as

Sig%”déi‘:%ﬁ%‘&s?ﬁ fRes e BE ?hfé).mat‘f%rfé‘]‘-4§h§| E‘?’é%‘@%ﬁ?&‘?@&lwﬂgc%%]@“on is
baséssal e imlossinetkyl i credigsseAbsasnsp etifi @O Hy A%, | Mob- 2@ VTR EZB]infra-
Internal haze is measured .using BYK. Gardner Haze-gard based on AST
rea SUEETS) WAERIE IR CE RN R DAL IR SR TRRC A0 i B
FWéilMasen sergterveigedq For pdistdmice Propardasing endERER peakedis FARHM

ared %Qfef%ﬁ]étfﬁéﬁééﬂﬁiﬂe%ﬁaédﬁf@iBe%‘é@ffi@l tGRsioN haneas ‘alﬁ%drE $%oints
ASTM D 1708 microtensile specimens. Samples are stretched with an

detSHBIAGH: 42 B§0h ARt eht 21 & 1eHRHE Reréntaitne Sk i deyriuk grgnd
thefiepowtiad itk Asriaveragethd baspaaanansnkildad 1Ok and 3@ mortions of the
ATE]\élgtggreV%i's is determined from cyclic loading to 100% and

[110] The application of infra-red spectroscopy to measure the comonomer content

of polymers in this ATREF-infra-red method is, in principle, similar to that of GPC/FTIR
-2
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300% strains using ASTM D 1708 microtensile specimens with an

InstronTM instrument. The sample is loaded and unloaded at 267 % min-1
WOResEPeIBE at 21C. Cyclic experiments at 300% and 80C arePETMEBRAH050720

using an environmental chamber. In the 80 C experiment, the sample is

allowed to equilibrate for 45 minutes at the test temperature before

testing. In the 1021 C, 300% strain cyclic experiment, the retractive stress
sysigimssoiesiribet Ab el avdp s mbEenAe ek quiracBrial Petaahitreestisd
Smiay, aigxpemeentpacacedgellptechdaton hediistodgripad giyclenistrm inerared

strain at which the load returned. to the base, line..The percent, recovery is
spe R D B PR e T S RRIE PR IR
Mafonay SécclvadimbEngthesrisgh B 8iraed vilel80traddack reisns R - thobifisgliPeC.;
shighring theylshinioading %l?bran&ﬂi@]ﬁU&%&@W&%&H@-@%@% at

50 percent strain and 37 C for 12 hours using an InstronTM instrument
COP@&%MWWW&}W% ﬁ%’é?ﬁéﬁt%ﬁéﬂ%é‘ﬂdﬁ%%‘%dﬁé‘sé@&‘ﬁ%ﬁ%ﬁﬁas 76
spedttdstdpyX SEOWTIR P, PenmeAl00B0 US| FRUING BB HEaIchRcBihated by
refenvirchrgrrzcl{ann.trzljll glge%rt\&\gpber, the sample was stretched to 50% strain at
33%% min-1. g}ress was recorded as a function of time for 12 hours. The
percent stress relaxation after 12 hours was calculated using the formula:
Jddfress RepbearaPedimentsxdonvepiyaF RHERS/ 8 Rfithin tleRal ¥ ei0%s
cha$dtain 2 @ yinner Ak bibik theclathat vkl Pekcasipstiaireaftei L ROANSat 1.0
179] Tensile notched. tear experiments are carried on samples having
and GRS B 3 G5 ke el SN O HanR e FRtes Dock
indgpe g¥Béd1iy thervsigtht of eragawd ¢he dbvidnimieX @ BN forld aniof 0O phhyuresfitiv@ons
ob R HGRGHL IR FRS SRR ahia fghe SREGMGDIGRAIN he sample is
stretched at 508 min min' at 21 C until it breaks. The tear energy is
calculated as the area under the stress-elongation curve up to strain at
maximum load. An average of at feBlst Bé ens are reported. 5TMA
[15qk hep il Mephanigal ARANEIRRaERLAHRR T AIRREUIEIS. o otein
conducted on 30mm diameter x 3.3 mm thick, compression molded discs,
intepahErraeaanes angram g Moidimapredsihie ierbtptrsriacs d fecdthair
fraciégnched. The instrument used is a TM A 7, brand available from
Perkin-Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-
16) is.applied to the surface of the sample disc with IN force. . The .
e AT R L RS L SRR S ol R ahEqnagons
(borh pheduchedvasha fumetdryditemperature. The experiment ends when the
probe has penetrated 1 mm into the sample. DMA  [181] Dynamic
Mechanical Analysis DMA)@ mp/q%lred on comppgssmxryolded 15
disks formed in a hot @Wt%%ﬁa‘WS minutes and
then water cooled in the press at 90€ / min. Testing is conducted using an
ARBSeccoiirdlldd stramatheord®EF ClAlinstupeeritsy egulispddsaitivdual
(prERANI LIPS 10 RPIP0 ANy 2 B b BT PIAEIHE R AIGRSEHe

and cut in a bar of dimensions 32 x 12 mm. The sample is clamped at
canSHEHEHBUIEER Rk a8 Lepabatad Bp 1 Srans (BFip eYpas aRln fRacsiamgf the
whaeejRetee éHH ceRESIUTaNREsA e StaRSHN WhitAAG 03 MG éalape by
e t.each temperatu torsion modulus G' is measyred at .
NI ey o 6 b L ARGE DO MR rctn
for petw/dendGcepencerivdin dfrerosht toyentirestzateive tdipmiasuffictent As a
firsPORIP RS IMSASHIEDENLAE PARRL I IPRAKECII NG igh &%ﬁﬁl{fg&% @ﬂ(ene

static force of 10 g is maintained (auto-tension mode) to prevent 25'slack
homorRly BgipIbcER HEHTIs rarlashs eerehs” A% AUsnadtRlenker ¢risulations
perfip&ERatation Alzincigasas with the temperature, particularly above the
melting or softening point of the polymer sample. The test stops at the
maximum temperature or when the_gap between the fixtures reaches 65
mm. Melt Index [184] Melt index, orb, is measured in accordance with
ASTM D 1238, Condition 190C/2.16 kg. Melt index, or 110 is also
measured in accordance with ASTM D 1238, Condition 190C/10 kg.
SATREF
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[185] Analytical temperature rising elution fractionation (ATREF) analysis
is conducted according to the method described in U.S. Patent No.

WQ 2p089§88Bhnd Wilde, L.; Rye, T.R.; Knobeloch, D.C.; Peat, JRGT/US2008/050720
Determination of Branching Distributions in Polyethylene and Ethylene
Copolymers, J. Polyin. Sci., 20, 441-455 (1982), which are 10incorporated
by reference herein in their entirety. The composition to be analyzed is
cﬁi/égélved iherie 6 rO BB RRRGRH YA S AT ABICR) SeAf e 8 BfutAC

corgpdiaisiing dimines heeeposhd staiblaasisies BROUThY slowdyciedliasidihe the

foll%emxpeéaﬁgf{i%&p 20C at a cooling rate of 0.1Cimin. The column is equipped
with andnitrared detector. An ATREF chromatogram curve is then
generated by eluting the crystallized polymer sample from the column by
slowly 15increasing the temperaWE@fTWéTemﬁr@g solvent
(trichleiehentem ek ookt dfGcataraielabinbedBinc A tiMRing a

nalysis 186] The samples are prepared by addin roximately 3
G A e e R e g
fromampigrienatd @sththtNMbtdonze, disev20kibregles areteibsolved ealbration
curl?@m&%@%&l‘}&é(rgggg?_géﬁﬁ ¢ Hl‘?%%gg%ﬁoﬁ I\;IiﬁBﬁ%’&@iﬁ%ﬂ»ﬁ&@le&ﬁ%\%‘i@}ﬂﬁnge

collected using a clipse' z spectrometer or a Varian

as PnfEgepaRs FNIDDM Highs pelaoiteterisko piéssoHdfifg i batise quss iaphiained

frofi@aHRAGH M. Fddhizal fis, dath afe-acauikesk usivgi400QdsaRBIRNE ReMhe
tc)zla&a filet with a 6 st%ci)nd /tpul ere etitti.o ﬂlel%/lTo. achi1e\t/.e rrflini-mum

e {16 ABRS Pt O T RE O AR A NS i PHS Mk L E e Bl ded
25together. The spectral width is 25,000 Hz with a minimum file size of
32K data points. The sampled Rre-atafyzEaret 130%n a 10 mm broad
band probe. The cornonomer incorporation is determined using Randall's
triad raethbe ARRBHadmpar;udd for Remnddacopoipind béthe Rinysco@psition and

- Ich.Is. incerpgrat r n indn it tirety.

S i LR A P A e o

Copisieldl, Bxalis Sty 98- 0§ BRYBIYAE RiFpdfitacopstlymer of the same

condpdsflidiGhile abeRzeNLTRIBIRYSHRIRIOT.4 WRlES-ah B CLeul iSRS Py,
44 - solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4

- 0‘66?(9:6 cm x 12 cm) steel column packed with a 60:40 (v:v) mix of 30-40
mesh (600-425 Rill) spherical, technical quality glass beads (available
bl PottelPaameheshiisk, ipfiex3B B e eochBrswhtioe d REX, fregon jueidained, the

wei%iﬂiQ@z@ﬁa’%éiﬁ@ék@n@@ﬁ",é(ﬁl?mmﬂ@%@m&tﬁél(}ﬁfe%ﬁ% sbeliyalablg fkemn
Pellets, 5Inc. 63 Industrial Drive, North Tonawanda, NY, 14120

, . The
embodifcAts SRS BEUTh R ASHH RIS BB R i) 4 Qe FoweAhK; §n’ytPoaR%‘6 0.3.
In dthef bawaliinentis AiB3ti coriaer biadlistioally. foadd oGo ttentsldw Retedig ABI
20C at 0,04 C per.minute and held for o our. Fre CB.is introduced
s D b 0e S G T
abowfidgree abqutgBy. Abpronirmaneddize0n. By bt tio A singikiahireo rbewe 0.3 to about

0.9PfSRAxBLYE BREML SR URbAHSHE £Rleoehindul B Statipn SR f5asiano .,

collector. The polymer is concentrated in each fraction using a rotar

Y o
frog 2068t At FURAUNoULET 8 288 HEAEPOR) el URGEIER PRIHARS, FYf is in
the eameasttraiechsaluions asevalmyadhabiand, Hueibiaht oetereoadabog: 0.6 to

ex methanol, filterjin d rinsi rox..300-500 ml of methanol
o A e e B T el FRR Lo oou
1.0vacuum assisted filtering station using 5.0 i.un 15polytetrafluoroethylene
coated filter paper (available from Osmonics Inc., Cat# Z50WP0O4750).
Thesfiltratechbiaetiomnsateridiie of avernighti 1o ayasiiroRYRN dé Ol neni that
weighed on an analytical balance before further testing. Catalysts [189]. .
e D e D e S AR e
hours, 20 the term "room temperaturef, refers to a temperature of 20-25
C, and the term "mixed alkanes- refers to a commercially obtained mixture
of C6_9 aliphatic hydrocarbons available under the trade designation
Isoparfrom ExxonMobil Chemical Company. In the event the name of a
compound herein does not conform to the structural representation
thereof, the structural representation shall control. The synthesis of all
metal complexes and the
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25preparation of all screening experiments were carried out in a dry

nitrogen atmosphere using dry box techniques. All solvents used were
WP te and were dried before their use.  [190] MMAOREeTEPS¢8/050720

modified methylalumoxane, a triisobutylaluminum modified

methylalumoxane available commercially from Akzo-Noble Corporation.

[191] The preparation of catalyst (B1) is conducted as follows. 30a
ca ?J%{ %EP%P@%@WQ&H?&&P@%MPBG‘E&?W&W idrTfiiRfce girater than
abo2008/2EH03 IRGIUSPANBI0RE £2l0at $Q2:h3 distibirteryMaNCy dahae mydeabout

(3.00 g) is added to 10 1111 of isopropylamine. The, solution rapidly tur
LR R e B e e P bR S AR PR RS and
up @rabmanbVegiaard dharcahound 1o ayid lep sotatight 16| Igisateryistalibens08dd Tp to
abo‘ﬁ?ﬁ?@,'?ﬁ%%@érﬁ@ﬁﬁ%%@“ﬁ{& b o2t Beo-H SehURRRIMGRE Ml M rfohier

Y

methylet I)immlno)methy%(z-oxoyl zirconium dibenzyl [193]A solution of
fraqtop g IRIMAYslan&IFaier- B4 ahaus Al 1sphaRryn Ahae (BogTalgt 9130 ahonsh2
and RSO b0l UEN grisatiOMiy ablsled. TaadsedutiaBoat 2 ErbdRA)Ha(BMung.4 bald up
inol) in 50 mL toluene. The resulting dark yellow sglution is stirred for 30
o L e S R GV AR YL ST SRR g
polpred e asnchpe d diblkbirelwn gsedidr {1:9v45he Greprirapomabbeadely stetB2 isn

abo%?ﬁ@%gpat% E%%QWS,@rthgpﬁ{ﬁt%ﬁfOS and up to about 0.3, or greater than
(1-(2-methylcyclohexvilethyl)(2-oxoy1-3,5-difl-butvflphenvilimine

aboutdiand dthip Aperstexy fansheter 4mbedinaents. ihaem ieeh Seshiritins a block
indfREeiRaRe tHAVBYu), I andidphubisalicaldebyee {19 B0 0482 6d Up B J&: 0.8,
addgld. The rﬁahctiocp mixture iso stirred forﬁ[hre hoburss agld then coobegl to
greald BB A hsT FE P& |(r)11(f;t y'el1c())r r%aﬁ%rﬁr%%ﬁpl?él{e 36 Ilé%fgﬁtl%l/lt e
filtration and washed with cold methanol (2 x 15 inL), and then dried under
iddfkted pFessapelynisesyibrahigdens amd gop-RlENolResalentie polmReE preferably

posSERIIBLEPDNIEh ANedesit efl REQHbIc A3y MEXUNESOAIKAINAT'S; or at lea?) 2.0, and

Preparation of . .
MmO ‘J‘%)fe LAY R RS ST BB - S i RBGHITOHaRY B e @ maximum
of Irimiricgiecohiyinp dibenzyimd®6fR SolGliehaf of fusion of 80 J/g or less; (3) an
ethékr@'c'&%ﬁlﬂﬁyzﬁ'PQW%@%M%&%RM Y520 RHHRPRIYRIRNE §7-63 Gy

3.2 mind) in 200 mL tolueneis slowly ad%ed to a solution of Zr(CHZPh)4
thaps 258(g moreaprafeiablinseo gl oltetis/ THe) e g da G dilow solution

is stirred for 1 hour at 25C. The solution is diluted further with 680 mL

tdilEne toKyiktbea Rsalethdnehalinga cantertraion afit @OM8Ralbn with any
othg%grqga??%t%ig tog‘edA hmrié(l ures(t-grgn gthX!ﬁ'l'ﬂ% it Ss&!h)fpﬁ%m : e Srgal&ércg{lan or

tetra is(penta uorophenyl)bora (ﬁere-ln’-a ter arrneem%rggﬁt;:)r e),

equstéep APB Iy peaferibly ereataribaarnaiedudhiRyldiiie. @t arierapera tive pfTL00°C.

MordRiaRIR HRRh A INRRR! plicels Mfel 806 B (C&as) Al ogRs RNTigM @ of
disclosed in U.S. Patent No. 5,919,9883, EX.

e GO B e a8 R St A G e e i

bloeltlkadpineity|amhhersisforsalilafown for an olefin copolymer, especially a copolymer

is(tris(pentafluorophenyl)-alumane):2-undegylimidazalide.. prepared . .
o P S e R S s
corfixé ismaanhthaidenfs’ ¢imProyeld) idedirdect iotigay than DR 2r&s afinagnitude

betHULPSOMENOSARLAUPEMZING ArADorigthylaluminum (TEA, SA4),

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

well as a flexural modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPa). Alternatively, the

_25-



10

15

20

25

30

trioctylaluminum (SA5), triethylgallium (SA6), i-butylaluminum
bis(dimethyhtbutylisiloxane) (SA7), i-butylaluminurn

WSt hyIsilyeamide) (SAS), n-octylalurninum PCT/US2008/050720
di(pyridine-2-methoxide) (SA9), bis(n-octadecyl)i-butylalurninum (SA 10),
i-butylaluminum bis(di(n-pentyl)amide) (SA11), n-octylalurninum
bis(2,6-di-t-butylphenoxide) (SAI2), n- 10octylalurninum

1nvgﬁgﬁqy}ﬁmﬁﬂw%ﬁﬂy§)a( g@g})ﬂe@hﬂ}faﬁb ANMYSHS B?g&tratlon depth of 1 mm at
a tehm@ﬂﬂum&hyisdapﬂd@) (SA 14), sthylslusi maummmmmmwamm)
th bis(2,3,6,7-dibenzo- C
R P R B 4 e oL LoDl Ay 2
S grert. @@WammTMm(ﬂ)|s7(mDmelml,$rﬂbutyl)@dkymﬁve(@wmenemmzlmmers as
conﬁ &ﬂ%ﬁﬁﬁéﬂ@ﬂ&?ﬂﬁﬂ%@% ﬁ%ﬁ%ﬁél%&k%@%&?ﬂf@ﬁ%@&a

xamples 1-4, Comparative A-C General High Throughput Parallel
ﬂe@ﬂl%%??z‘é%ﬁ@%fh‘&ﬂ{?é‘ﬁ% thapshe pbeiplEmsstions are conducted using a
high throughput, parallel polymerization reactor (PPR) available from
S/ x Tedkdvlogils, trcsthyldrefreokitn iR@spdisteertaly bocordinl talex.S.,
froéﬁ%tsm% btﬁ)o%%%n%ge@ 2Rt PR 6103: 1%&9691%‘%%111%% 3588 kably

ylene copobg]merlzatlons are conducted at 130C and 200 psi MPa)

frew@r%fﬁﬁ%é/ HaHishadsRs A D eHaRHOht© P scktanRttesy %é%f?
embotRheAtalM! Rkl Seivales MRRNMM ARIS RERREN!réhiSE 85000 ¢/10

polymerizations are conducted in a parallel pressure reactor ( PPRZ&
Mo 26 InGiedD AN PR IF RIS ] & %Béﬂ&}?é&? tHA k& tee/d LBEes o
fro@ pjiew\fm@nﬁdrgulaﬂsstubﬁceﬁh@ wabsifighsiak me niele actexdactor aallléndDol:fin
0anlTerISEa ﬁﬁ"n'fn% npe dl?lre a esQ)rre SYre, Son roIIed with stiffing provided
P %y individu al stirring’ p e morfomer gas “and guench gas are
plumbed directly into the PPR unit and controlled by automatic valves.
L?&Hﬂd readBRRSBIBFS GRRiBAT BoiGed o el rddetSioee - BYP Y M and
5,0tl00 320y, prlfeiilistroinadoisanes. td heordeo ah additidarasinien 10,000
nes Iven I 1- e cor n
g/mé)é(c% al @tg ? /ggcatarme &Myfg%?%@é gg u? .n?@@é& /In)lglcatTa
derl@rtjcafalysmmueewwwem aambxtinand?. 80 tathfyst/anarmd/ive fa@bby far ethylene

con@iﬁIHé%&&H%?s%ﬁJM% g?dﬂ%’e&! dbe srage ﬁ?c@{ﬁlﬁ@ﬂ%&ﬁﬁléﬁté é{yaﬂn\ﬂ%’ of
|mmed|at(r-:-ﬂiéﬁ)rlor to addition to the reactor. When a;ea&‘gnt is omitted in,

the gdgpe/pinieHn RRE BBBvVansfadroot Sdativiidorernise MRama et &/ em’.

Polymerizations are conducted for approximately 1-2 minutes, until
ptédietermiihe pretvgierfeebimsuthyidns asdire botred sddted quehadhlgvinglpatent

appAilRE EICHIR RIEEPRIHH ARG ABES RS AR NAIRAGEda Jhie tuges

are 5 transferred to a centrlfuge/vacuum drying unit, and dried for 12
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(A) a first olefin polymerization catalyst having a high comonomer incorporation
index,
(B) a second olefin polymerization catalyst having a comonomer incorporation index
less than 90 percent, preferably less than 50 percent, most preferably less than 5 percent of
5  the comonomer incorporation index of catalyst (A), and

(C) a chain shuttling agent.
[122] Representative catalysts and chain shuttling agent are as follows.

[123] Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-
isopropylphenyl)(o-naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared
10 according to the teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May
2,2003, and WO 04/24740.

(H5C),HC /CH }\1 / @

(H;C)HC 'y, CH;

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

2,2003, and WO 04/24740.
Q-

(H5C),HC /CH }\1 /

AN

Hf
/\

(H;C)HC  cy, CH;

[125] Catalyst (A3) is bis[N,N’"’-(2,4,6-
tri(methylphenyl)amido)ethylenediamine Jhafnium dibenzyl.
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CH;

o

HN —>» HtX2 X= CH,C¢Hj;

CH;
N

H5C
CH,
[126] Catalyst (A4) is bis((2-oxoyl-3-(dibenzo-1H-pyrrole-1-yl)-5-(methyl)phenyl)-
2-phenoxymethyl)cyclohexane-1,2-diyl zirconium (IV) dibenzyl, prepared substantially
according to the teachings of US-A-2004/0010103.

[127]  Catalyst (B1) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(1-

methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl

C(CHs)3

CH(CH3)3
p\qcmk
er2
<H3c>3c{§
CH(CH3)2 X=CH,C¢Hs
(CHz); '
[128] Catalyst (B2) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(2-methylcyclohexyl)-

10  immino)methyl)(2-oxoyl) zirconium dibenzyl
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0.192 - TEA (80.0) 0.1879 3338 1.54 9.4 1 C6 or higher chain content per
1000 carbons 2 Bimodal molecular weight distribution 20[202]It may be

WQ2e$$808blymers produced according to certain embodimeft€ BUf3808/050720

invention have a relatively narrow polydispersity (Mw/Mn) and larger
block-copolymer content (trimer, tetramer, or larger) than polymers
prepared in the absence of the shuttling agent. [203]Further characterizing
data for the polymers of Table 1 are minequ&xh 35 reference to the
figures. More specifically DSC and ATREF results show the following: WO
2008/089031PCT/US2008/050720 [204]The DFC cuve for the polymer of
Example 1 shows a 115.7C meltingdjpt £ (BHfusion of
158.1 J/g. The correspondi RYSTAR:BuUrve shows the tallest peak at
34.5C with a pealgpgrea of eycent. )ﬁge_di erence between the DSC
Tin and the Tcrystaf is 81. 05]The DSC caHse f ;E pqlymer of
Example 2 shows a peak with a 09.7C m€lting point Tm%%/vﬁ ’a heat of
fusion of 214.0 J/g. The corresporditilyg-CRYSPAF curve shows the tallest

peak at 46.2C with a peak area of 57.0 percént. The difference between
thedpSC Toatanduttel) srystatysmaidb@imet[RAB]IN-DerldST ICRBE fod-thidden- 1-

o BN TIRRlS 3 Shous  Realitih 2 A0, 1C AOMELing p9 (T

(V
a neat of rusiono corresponding

Noshad@sithe tallest peak at 66.1C with a peak area of 71.8 percent. The

difference between the DSC Tm and the Tcrystaf is 54.6C. [207] The
DSC curve for the polymer of Example 4 sho peak with a 104.5C
melting point (Tm) with a heat of fof 170.7 4/g. The corresponding
CRYSTAF curve 15shows the talles @ at 30 C with a peak area of
18.2 percent. The difference between te{DSC Tm and the Tcrystaf is
74.5C.  [208] The DSC curvefof ebipparate)A shows a 90.0C melting
point (Tm) with a heat of fusion of 86.7 Nfg. The corresponding CRYSTAF
curve shows the tallest peak at 48.5C v@}gﬂa) peak area of 29.4 percent.
Both of these values are consistent with a résin that 20is low in density.

Trspiferengapatees R (i RSE 1D aRe A TERSIAN S ALRG.1 2 2000

The DSC curve for Comparative B shows a 1 melting point (Tm)

indgrh WDREACH RIS 51897 RFSHy Y iePeBREdhHamg! TRERIRRT US-
A-X0wedbestallest peak at 82.4C with a peak area of 83.7 percent. Both of

these values are consistent with a resin that is high in density. The

DSC curve for Comparative C shows BC melting point (Tm) with a

heat of fusion of 143.0 J/g. Hrece RYSTAF curve shows the
tallest peak at 81.8 C with a pea
crystalline peak at 52.4 C. The WO 200
separation between the two peak @
high crystalline and a low crystalline.pg mei. E}W difference between the
DSC Tin and the Tcrystaf is 43t Exam fles 5-19. Com aratives D-F,

Continuous Solution Pol merization Catal 7st A1/B2 + DEZ
[131] Catalyst (C3) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,8a-1-s-

=R peegent as well as a lower
899 1 EE)L/US2008/050720
nsistent with the presence of a

indacen-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of US-

A-2003/004286:
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5[211]Continuous solution polymerizations are carried out in a computer
controlled autoclave reactor equipped with an internal stirrer. Purified
WorRMEEIREhes solvent (IsoparTM E available from ExxonMoBCEASi¢HPS0720
Company), ethylene at 2.70 Ibs/hour (1.22 kg/hour), 1-octene, and
hydrogen (where used) are supplied to a 3.8 L reactor equipped with a
jacket for temperature control and an internal thermocouple. The solvent
feed to the reactor is 10 measured b nass-flow controller. A variable
speed diaphragm pump controls the
reactor. At the discharge ofk Xfeam is taken to provide
flush flows for the catalyst and c C gﬁ lines and the reactor
agitator. These flows are measur e’o i o- ggtqp mass flow meters
and controlled by control valves or e mayrual aéjustment of needle
valves. The remaining solvent is cq ped 1bwith 1-octene, ethylene, and
hydrogen (where used) and feg te'the reactdrA3thass flow controller is
used to deliver hydrogen to the reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before
entering the reactor. This stream enters the bottom of the reactor. The
¢asalyst C@nnﬂymmmmlﬂﬂﬁm&imeehméﬁ&r@dlm(hgl@mmgﬂ)aiﬂcbmaﬁsiﬂm\lrmride
avalrpa%tiertsr are C@a:bllr;ed with the catalyst flush solvent 20 and introduced
into the b tt m of the reactor. The reactor is run liquid-full at 500 psig
(3.45 MPa) with vigorous stirring. Product is removed through exit lines at
the top of the reactor. All exit lines frgm The reactor are steam traced and
insulated. Polymerization is stopped
water into the exit line along with any sta
passing the mixture through a static mixgf.
heated 25by passing through q;ﬂgggg&chang
The polymer product is recovered byExtrusm
extruder and water cooled pelletizer. Prosess
contained in Table 2. Selected polymer proRejties are provided in Table 3.
017S;-?N77 770.0-CC.77r7 7 \).0 -0.48ira,)L.;.;c-00
tr,

[133] Shuttling Agents The shuttling agents employed include diethylzinc, di(i-
butyl)zinc, di(n-hexyl)zinc, triethylaluminum, trioctylaluminum, triethylgallium, i-
butylaluminum bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyl)amide),
n-octylaluminum di(pyridine-2-methoxide), bis(n-octadecyl)i-butylaluminum, i-
butylaluminum bis(di(n-pentyl)amide), n-octylaluminum bis(2,6-di-t-butylphenoxide, n-
octylaluminum di(ethyl(1-naphthyl)amide), ethylaluminum bis(t-butyldimethylsiloxide),
ethylaluminum di(bis(trimethylsilyl)amide), ethylaluminum bis(2,3,6,7-dibenzo-1-
azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide), n-
octylaluminum bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-diphenylphenoxide), and
ethylzinc (t-butoxide).

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

olefin or cycloolefin, and most especially ethylene and a C4.59 a-olefin, using multiple
230 -
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catalysts that are incapable of interconversion. That is, the catalysts are chemically distinct.
Under continuous solution polymerization conditions, the process is ideally suited for
polymerization of mixtures of monomers at high monomer conversions. Under these
polymerization conditions, shuttling from the chain shuttling agent to the catalyst becomes
advantaged compared to chain growth, and multi-block copolymers, especially linear multi-

block copolymers are formed in high efficiency.

[135] The inventive interpolymers may be differentiated from conventional, random
copolymers, physical blends of polymers, and block copolymers prepared via sequential
monomer addition, fluxional catalysts, anionic or cationic living polymerization techniques.
In particular, compared to a random copolymer of the same monomers and monomer content
at equivalent crystallinity or modulus, the inventive interpolymers have better (higher) heat
resistance as measured by melting point, higher TM A penetration temperature, higher high-
temperature tensile strength, and/or higher high-temperature torsion storage modulus as
determined by dynamic mechanical analysis. Compared to a random copolymer containing
the same monomers and monomer content, the inventive interpolymers have lower
compression set, particularly at elevated temperatures, lower stress relaxation, higher creep
resistance, higher tear strength, higher blocking resistance, faster setup due to higher
crystallization (solidification) temperature, higher recovery (particularly at elevated
temperatures), better abrasion resistance, higher retractive force, and better oil and filler

acceptance.

[136] The inventive interpolymers also exhibit a unique crystallization and
branching distribution relationship. That is, the inventive interpolymers have a relatively
large difference between the tallest peak temperature measured using CRYSTAF and DSC as
a function of heat of fusion, especially as compared to random copolymers containing the
same monomers and monomer level or physical blends of polymers, such as a blend of a high
density polymer and a lower density copolymer, at equivalent overall density. It is believed
that this unique feature of the inventive interpolymers is due to the unique distribution of the
comonomer in blocks within the polymer backbone. In particular, the inventive
interpolymers may contain alternating blocks of differing comonomer content (including
homopolymer blocks). The inventive interpolymers may also contain a distribution in
number and/or block size of polymer blocks of differing density or comonomer content,

which is a Schultz-Flory type of distribution. In addition, the inventive interpolymers also
231 -



10

15

20

25

30

0309E963 E91ZSczT6 CC 36 OT LC V6 88 LIVISAUjir-- CV Lt U IL

E,VitCL E8 18 8V 38
WO 2008/089031 PCT/US2008/050720

have a unique peak melting point and crystallization temperature profile that is substantially
independent of polymer density, modulus, and morphology. In a preferred embodiment, the
microcrystalline order of the polymers demonstrates characteristic spherulites and lamellae
that are distinguishable from random or block copolymers, even at PDI values that are less

than 1.7, or even less than 1.5, down to less than 1.3.

[137] Moreover, the inventive interpolymers may be prepared using techniques to
influence the degree or level of blockiness (i.e., the magnitude of the block index for a
particular fraction or for the entire polymer). That is the amount of comonomer and length of
each polymer block or segment can be altered by controlling the ratio and type of catalysts
and shuttling agent as well as the temperature of the polymerization, and other
polymerization variables. A surprising benefit of this phenomenon is the discovery that as
the degree of blockiness is increased, the optical properties, tear strength, and high
temperature recovery properties of the resulting polymer are improved. In particular, haze
decreases while clarity, tear strength, and high temperature recovery properties increase as
the average number of blocks in the polymer increases. By selecting shuttling agents and
catalyst combinations having the desired chain transferring ability (high rates of shuttling
with low levels of chain termination) other forms of polymer termination are effectively
suppressed. Accordingly, little if any B-hydride elimination is observed in the polymerization
of ethylene/a-olefin comonomer mixtures according to embodiments of the invention, and the
resulting crystalline blocks are highly, or substantially completely, linear, possessing little or

no long chain branching.

[138] Polymers with highly crystalline chain ends can be selectively prepared in
accordance with embodiments of the invention. In elastomer applications, reducing the
relative quantity of polymer that terminates with an amorphous block reduces the
intermolecular dilutive effect on crystalline regions. This result can be obtained by choosing
chain shuttling agents and catalysts having an appropriate response to hydrogen or other
chain terminating agents. Specifically, if the catalyst which produces highly crystalline
polymer is more susceptible to chain termination (such as by use of hydrogen) than the
catalyst responsible for producing the less crystalline polymer segment (such as through
higher comonomer incorporation, regio-error, or atactic polymer formation), then the highly
crystalline polymer segments will preferentially populate the terminal portions of the

polymer. Not only are the resulting terminated groups crystalline, but upon termination, the
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highly crystalline polymer forming catalyst site is once again available for reinitiation of
polymer formation. The initially formed polymer is therefore another highly crystalline
polymer segment. Accordingly, both ends of the resulting multi-block copolymer are

preferentially highly crystalline.

[139] The ethylene a-olefin interpolymers used in the embodiments of the invention

are preferably interpolymers of ethylene with at least one C3-C2() a-olefin. Copolymers of
ethylene and a C3-Co() a-olefin are especially preferred. The interpolymers may further
comprise C4-C1§ diolefin and/or alkenylbenzene. Suitable unsaturated comonomers useful
for polymerizing with ethylene include, for example, ethylenically unsaturated monomers,
conjugated or nonconjugated dienes, polyenes, alkenylbenzenes, etc. Examples of such

comonomers include C3-Co() a -olefins such as propylene, isobutylene, 1-butene, 1-hexene,

1-pentene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, and the like. 1-
Butene and 1-octene are especially preferred. Other suitable monomers include styrene, halo-
or alkyl-substituted styrenes, vinylbenzocyclobutane, 1,4-hexadiene, 1,7-octadiene, and

naphthenics (e.g., cyclopentene, cyclohexene and cyclooctene).

[140] While ethylene/a-olefin interpolymers are preferred polymers, other
ethylene/olefin polymers may also be used. Olefins as used herein refer to a family of
unsaturated hydrocarbon-based compounds with at least one carbon-carbon double bond.
Depending on the selection of catalysts, any olefin may be used in embodiments of the
invention. Preferably, suitable olefins are C3-C7() aliphatic and aromatic compounds
containing vinylic unsaturation, as well as cyclic compounds, such as cyclobutene,
cyclopentene, dicyclopentadiene, and norbornene, including but not limited to, norbornene
substituted in the 5 and 6 position with C1-C2( hydrocarbyl or cyclohydrocarbyl groups.
Also included are mixtures of such olefins as well as mixtures of such olefins with C4-C4(

diolefin compounds.

[141] Examples of olefin monomers include, but are not limited to propylene,
isobutylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, and 1-
dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene, 3-methyl-1-butene, 3-
methyl-1-pentene, 4-methyl-1-pentene, 4,6-dimethyl-1-heptene, 4-vinylcyclohexene,

vinylcyclohexane, norbornadiene, ethylidene norbornene, cyclopentene, cyclohexene,
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dicyclopentadiene, cyclooctene, C4-C4() dienes, including but not limited to 1,3-butadiene,
1,3-pentadiene, 1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4-C4() a-
olefins, and the like. In certain embodiments, the a-olefin is propylene,1-butene, 1-
pentene,1-hexene, 1-octene or a combination thereof. Although any hydrocarbon containing
a vinyl group potentially may be used in embodiments of the invention, practical issues such
as monomer availability, cost, and the ability to conveniently remove unreacted monomer
from the resulting polymer may become more problematic as the molecular weight of the

monomer becomes too high.

[142] The polymerization processes described herein are well suited for the
production of olefin polymers containing monovinylidene aromatic monomers including
styrene, o-methyl styrene, p-methyl styrene, t-butylstyrene, and the like. In particular,
interpolymers containing ethylene and styrene can be prepared by following the teachings

herein. Optionally, copolymers containing ethylene, styrene and a C3-C2() alpha olefin,

optionally containing a C4-C2() diene, having improved properties can be prepared.

[143] Suitable non-conjugated diene monomers can be a straight chain, branched
chain or cyclic hydrocarbon diene having from 6 to 15 carbon atoms. Examples of suitable
non-conjugated dienes include, but are not limited to, straight chain acyclic dienes, such as
1,4-hexadiene, 1,6-octadiene, 1,7-octadiene, 1,9-decadiene, branched chain acyclic dienes,
such as 5-methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and
mixed isomers of dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as
1,3-cyclopentadiene; 1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene, and
multi-ring alicyclic fused and bridged ring dienes, such as tetrahydroindene, methyl
tetrahydroindene, dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene,
cycloalkenyl and cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB); 5-
propenyl-2-norbornene, 5-isopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-norbornene,
5-cyclohexylidene-2-norbornene, 5-vinyl-2-norbornene, and norbornadiene. Of the dienes
typically used to prepare EPDMs, the particularly preferred dienes are 1,4-hexadiene (HD),
5-ethylidene-2-norbornene (ENB), 5-vinylidene-2-norbornene (VNB), 5-methylene-2-
norbornene (MINB), and dicyclopentadiene (DCPD). The especially preferred dienes are 5-
ethylidene-2-norbornene (ENB) and 1,4-hexadiene (HD).
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[144] One class of desirable polymers that can be made in accordance with

embodiments of the invention are elastomeric interpolymers of ethylene, a C3-C2( a-olefin,

especially propylene, and optionally one or more diene monomers. Preferred a-olefins for
use in this embodiment of the invention are designated by the formula CH,=CHR*, where R*
is a linear or branched alkyl group of from 1 to 12 carbon atoms. Examples of suitable a-
olefins include, but are not limited to, propylene, isobutylene, 1-butene, 1-pentene, 1-hexene,
4-methyl-1-pentene, and 1-octene. A particularly preferred a-olefin is propylene. The
propylene based polymers are generally referred to in the art as EP or EPDM polymers.
Suitable dienes for use in preparing such polymers, especially multi-block EPDM type
polymers include conjugated or non-conjugated, straight or branched chain-, cyclic- or
polycyclic- dienes containing from 4 to 20 carbons. Preferred dienes include 1,4-pentadiene,
1,4-hexadiene, 5-ethylidene-2-norbornene, dicyclopentadiene, cyclohexadiene, and 5-

butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-2-norbornene.

[145] Because the diene containing polymers contain alternating segments or blocks
containing greater or lesser quantities of the diene (including none) and a-olefin (including
none), the total quantity of diene and a-olefin may be reduced without loss of subsequent
polymer properties. That is, because the diene and a-olefin monomers are preferentially
incorporated into one type of block of the polymer rather than uniformly or randomly
throughout the polymer, they are more efficiently utilized and subsequently the crosslink
density of the polymer can be better controlled. Such crosslinkable elastomers and the cured
products have advantaged properties, including higher tensile strength and better elastic

recovery.

[146] In some embodiments, the inventive interpolymers made with two catalysts
incorporating differing quantities of comonomer have a weight ratio of blocks formed thereby
from 95:5 to 5:95. The elastomeric polymers desirably have an ethylene content of from 20
to 90 percent, a diene content of from 0.1 to 10 percent, and an a-olefin content of from 10 to
80 percent, based on the total weight of the polymer. Further preferably, the multi-block
elastomeric polymers have an ethylene content of from 60 to 90 percent, a diene content of
from 0.1 to 10 percent, and an a-olefin content of from 10 to 40 percent, based on the total
weight of the polymer. Preferred polymers are high molecular weight polymers, having a
weight average molecular weight (Mw) from 10,000 to about 2,500,000, preferably from

20,000 to 500,000, more preferably from 20,000 to 350,000, and a polydispersity less than
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3.5, more preferably less than 3.0, and a Mooney viscosity (ML (1+4) 125°C.) from 1 to 250.
More preferably, such polymers have an ethylene content from 65 to 75 percent, a diene

content from 0 to 6 percent, and an a-olefin content from 20 to 35 percent.

[147] The ethylene/a-olefin interpolymers can be functionalized by incorporating at
least one functional group in its polymer structure. Exemplary functional groups may
include, for example, ethylenically unsaturated mono- and di-functional carboxylic acids,
ethylenically unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof
and esters thereof. Such functional groups may be grafted to an ethylene/ o -olefin
interpolymer, or it may be copolymerized with ethylene and an optional additional
comonomer to form an interpolymer of ethylene, the functional comonomer and optionally
other comonomer(s). Means for grafting functional groups onto polyethylene are described
for example in U.S. Patents Nos. 4,762,890, 4,927,888, and 4,950,541, the disclosures of
these patents are incorporated herein by reference in their entirety. One particularly useful

functional group is malic anhydride.

[148] The amount of the functional group present in the functional interpolymer can
vary. The functional group can typically be present in a copolymer-type functionalized
interpolymer in an amount of at least about 1.0 weight percent, preferably at least about 5
weight percent, and more preferably at least about 7 weight percent. The functional group
will typically be present in a copolymer-type functionalized interpolymer in an amount less
than about 40 weight percent, preferably less than about 30 weight percent, and more

preferably less than about 25 weight percent.

More on Block Index

[149] Random copolymers satisfy the following relationship. See P. J. Flory, Trans.

Faraday Soc., 51, 848 (1955), which is incorporated by reference herein in its entirety.

(D

[150] In Equation 1, the mole fraction of crystallizable monomers, P, is related to
the melting temperature, 7,,, of the copolymer and the melting temperature of the pure

crystallizable homopolymer, T,.. The equation is similar to the relationship for the natural
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logarithm of the mole fraction of ethylene as a function of the reciprocal of the ATREF
elution temperature (°K) as shown in Figure § for various homogeneously branched

copolymers of ethylene and olefins.

[151] As illustrated in Figure 8, the relationship of ethylene mole fraction to ATREF
peak elution temperature and DSC melting temperature for various homogeneously branched
copolymers is analogous to Flory’s equation. Similarly, preparative TREF fractions of nearly
all random copolymers and random copolymer blends likewise fall on this line, except for

small molecular weight effects.

[152] According to Flory, if P, the mole fraction of ethylene, is equal to the
conditional probability that one ethylene unit will precede or follow another ethylene unit,
then the polymer is random. On the other hand if the conditional probability that any 2
ethylene units occur sequentially is greater than P, then the copolymer is a block copolymer.
The remaining case where the conditional probability is less than P yields alternating

copolymers.

[153] The mole fraction of ethylene in random copolymers primarily determines a
specific distribution of ethylene segments whose crystallization behavior in turn is governed
by the minimum equilibrium crystal thickness at a given temperature. Therefore, the
copolymer melting and TREF crystallization temperatures of the inventive block copolymers
are related to the magnitude of the deviation from the random relationship in Figure 8, and
such deviation is a useful way to quantify how “blocky” a given TREF fraction is relative to
its random equivalent copolymer (or random equivalent TREF fraction). The term “blocky”
refers to the extent a particular polymer fraction or polymer comprises blocks of polymerized
monomers or comonomers. There are two random equivalents, one corresponding to
constant temperature and one corresponding to constant mole fraction of ethylene. These
form the sides of a right triangle as shown in Figure 9, which illustrates the definition of the

block index.

[154] In Figure 9, the point (Tx, Px) represents a preparative TREF fraction, where
the ATREF elution temperature, Tx, and the NMR ethylene mole fraction, Px, are measured
values. The ethylene mole fraction of the whole polymer, P,g, is also measured by NMR.
The “hard segment” elution temperature and mole fraction, (T4, P»), can be estimated or else

set to that of ethylene homopolymer for ethylene copolymers. The 745 value corresponds to
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the calculated random copolymer equivalent ATREF elution temperature based on the
measured Psp. From the measured ATREF elution temperature, T, the corresponding
random ethylene mole fraction, Py, can also be calculated. The square of the block index is
defined to be the ratio of the area of the (Px, Tx) triangle and the (T,, Pap) triangle. Since the
right triangles are similar, the ratio of areas is also the squared ratio of the distances from (7},
P4p) and (T, Px) to the random line. In addition, the similarity of the right triangles means

the ratio of the lengths of either of the corresponding sides can be used instead of the areas.

BI:UTX -1/T,, :_LnPX —LnP,,
UT, -UT,, . LnP, — LnP,,
[155] It should be noted that the most perfect block distribution would correspond to

a whole polymer with a single eluting fraction at the point (74, P4p), because such a polymer
would preserve the ethylene segment distribution in the “hard segment”, yet contain all the
available octene (presumably in runs that are nearly identical to those produced by the soft
segment catalyst). In most cases, the “soft segment” will not crystallize in the ATREF (or

preparative TREF).

[156] The following examples are provided to illustrate the synthesis of the

inventive ethylene/a-olefin interpolymers. Certain comparisons are made with some existing

polymers.
Testing Methods
[157] In the examples that follow, the following analytical techniques are employed:

GPC Method for Samples 1-4 and A-C

[158] An automated liquid-handling robot equipped with a heated needle set to
160°C is used to add enough 1,2,4-trichlorobenzene stabilized with 300 ppm Ionol to each
dried polymer sample to give a final concentration of 30 mg/mL. A small glass stir rod is
placed into each tube and the samples are heated to 160°C for 2 hours on a heated, orbital-
shaker rotating at 250 rpm. The concentrated polymer solution is then diluted to 1 mg/ml

using the automated liquid-handling robot and the heated needle set to 160°C.

[159] A Symyx Rapid GPC system is used to determine the molecular weight data

for each sample. A Gilson 350 pump set at 2.0 ml/min flow rate is used to pump helivm-
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purged 1,2-dichlorobenzene stabilized with 300 ppm Ionol as the mobile phase through three
Plgel 10 micrometer (um) Mixed B 300mm x 7.5mm columns placed in series and heated to
160°C. A Polymer Labs ELS 1000 Detector is used with the Evaporator set to 250°C, the
Nebulizer set to 165°C, and the nitrogen flow rate set to 1.8 SLM at a pressure of 60-80 psi
(400-600 kPa) N,. The polymer samples are heated to 160°C and each sample injected into a
250 pl loop using the liquid-handling robot and a heated needle. Serial analysis of the
polymer samples using two switched loops and overlapping injections are used. The sample
data is collected and analyzed using Symyx Epoch™ software. Peaks are manually
integrated and the molecular weight information reported uncorrected against a polystyrene

standard calibration curve.

Standard CRYSTAF Method

[160] Branching distributions are determined by crystallization analysis
fractionation (CRYSTAF) using a CRYSTAF 200 unit commercially available from
PolymerChar, Valencia, Spain. The samples are dissolved in 1,2,4 trichlorobenzene at 160°C
(0.66 mg/mL) for 1 hr and stabilized at 95°C for 45 minutes. The sampling temperatures
range from 95 to 30°C at a cooling rate of 0.2°C/min. An infrared detector is used to measure
the polymer solution concentrations. The cumulative soluble concentration is measured as
the polymer crystallizes while the temperature is decreased. The analytical derivative of the

cumulative profile reflects the short chain branching distribution of the polymer.

[161] The CRYSTAF peak temperature and area are identified by the peak analysis
module included in the CRYSTAF Software (Version 2001.b, PolymerChar, Valencia,
Spain). The CRYSTAF peak finding routine identifies a peak temperature as a maximum in
the dW/dT curve and the area between the largest positive inflections on either side of the
identified peak in the derivative curve. To calculate the CRYSTAF curve, the preferred
processing parameters are with a temperature limit of 70°C and with smoothing parameters

above the temperature limit of 0.1, and below the temperature limit of 0.3.

DSC Standard Method (Excluding Samples 1-4 and A-C)
[162] Differential Scanning Calorimetry results are determined using a TAI model
Q1000 DSC equipped with an RCS cooling accessory and an autosampler. A nitrogen purge
gas flow of 50 ml/min is used. The sample is pressed into a thin film and melted in the press

at about 175°C and then air-cooled to room temperature (25°C). 3-10 mg of material is then
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150 °C at 10°C/min heating rate. The cooling and second heating curves are recorded.

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

using a linear baseline.

GPC Method (Excluding Samples 1-4 and A-C)

[164] The gel permeation chromatographic system consists of either a Polymer
Laboratories Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The
column and carousel compartments are operated at 140 °C. Three Polymer Laboratories 10-
micron Mixed-B columns are used. The solvent is 1,2,4 trichlorobenzene. The samples are
prepared at a concentration of 0.1 grams of polymer in 50 milliliters of solvent containing
200 ppm of butylated hydroxytoluene (BHT). Samples are prepared by agitating lightly for 2
hours at 160°C. The injection volume used is 100 microliters and the flow rate is 1.0

ml/minute.

[165] Calibration of the GPC column set is performed with 21 narrow molecular
weight distribution polystyrene standards with molecular weights ranging from 580 to
8,400,000, arranged in 6 “cocktail” mixtures with at least a decade of separation between
individual molecular weights. The standards are purchased from Polymer Laboratories
(Shropshire, UK). The polystyrene standards are prepared at 0.025 grams in 50 milliliters of
solvent for molecular weights equal to or greater than 1,000,000, and 0.05 grams in 50
milliliters of solvent for molecular weights less than 1,000,000. The polystyrene standards
are dissolved at 80°C with gentle agitation for 30 minutes. The narrow standards mixtures
are run first and in order of decreasing highest molecular weight component to minimize
degradation. The polystyrene standard peak molecular weights are converted to polyethylene
molecular weights using the following equation (as described in Williams and Ward, J.

Polym. Sci., Polym. Let., 6, 621 (1968)): Mpoiyetnylene = 0.431(Mpolystyrene)-
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[176] where €;is the strain taken for cyclic loading and & is the strain where the load

returns to the baseline during the 1* unloading cycle.

[177] Stress relaxation is measured at 50 percent strain and 37 °C for 12 hours using
an Instron™ instrument equipped with an environmental chamber. The gauge geometry was
76 mm x 25 mm x 0.4 mm. After equilibrating at 37°C for 45 min in the environmental
chamber, the sample was stretched to 50% strain at 333% min™'. Stress was recorded as a
function of time for 12 hours. The percent stress relaxation after 12 hours was calculated

using the formula:

L, —L
% Stress Relaxation = ———2x100
0

[178] where L is the load at 50% strain at O time and L, is the load at 50 percent

strain after 12 hours.

[179] Tensile notched tear experiments are carried out on samples having a density

of 0.88 g/cc or less using an Instron™ instrument. The geometry consists of a gauge section
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of 76 mm x 13 mm x 0.4 mm with a 2 mm notch cut into the sample at half the specimen
length. The sample is stretched at 508 mm min™ at 21 °C until it breaks. The tear energy is
calculated as the area under the stress-elongation curve up to strain at maximum load. An

average of at least 3 specimens are reported.

TMA
[180] Thermal Mechanical Analysis (Penetration Temperature) is conducted on
30mm diameter x 3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa
molding pressure for 5 minutes and then air quenched. The instrument used is a TMA 7,
brand available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-
0416) is applied to the surface of the sample disc with 1N force. The temperature is raised at
5°C/min from 25°C. The probe penetration distance is measured as a function of

temperature. The experiment ends when the probe has penetrated 1 mm into the sample.

DMA
[181] Dynamic Mechanical Analysis (DMA) is measured on compression molded
disks formed in a hot press at 180°C at 10 MPa pressure for 5 minutes and then water cooled
in the press at 90°C / min. Testing is conducted using an ARES controlled strain rheometer

(TA instruments) equipped with dual cantilever fixtures for torsion testing.

[182] A 1.5 mm plaque is pressed and cut in a bar of dimensions 32 x 12 mm. The
sample is clamped at both ends between fixtures separated by 10mm (grip separation AL) and
subjected to successive temperature steps from -100°C to 200°C (5°C per step). At each
temperature the torsion modulus G’ is measured at an angular frequency of 10 rad/s, the
strain amplitude being maintained between 0.1 percent and 4 percent to ensure that the torque

is sufficient and that the measurement remains in the linear regime.

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

fixtures reaches 65 mm.
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Melt Index
[184] Melt index, or I», is measured in accordance with ASTM D 1238, Condition
190°C/2.16 kg. Melt index, or I; is also measured in accordance with ASTM D 1238,
Condition 190°C/10 kg.

ATREF

[185] Analytical temperature rising elution fractionation (ATREF) analysis is
conducted according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.;
Ryle, T.R.; Knobeloch, D.C.; Peat, I.R.; Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
incorporated by reference herein in their entirety. The composition to be analyzed is
dissolved in trichlorobenzene and allowed to crystallize in a column containing an inert
support (stainless steel shot) by slowly reducing the temperature to 20°C at a cooling rate of
0.1°C/min. The column is equipped with an infrared detector. An ATREF chromatogram
curve is then generated by eluting the crystallized polymer sample from the column by slowly
increasing the temperature of the eluting solvent (trichlorobenzene) from 20 to 120°C at a rate

of 1.5°C/min.

3C NMR Analysis

[186] The samples are prepared by adding approximately 3g of a 50/50 mixture of
tetrachloroethane-d*/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube. The
samples are dissolved and homogenized by heating the tube and its contents to 150°C. The
data are collected using a JEOL Eclipse™ 400MHz spectrometer or a Varian Unity Plus™
400MHz spectrometer, corresponding to a BC resonance frequency of 100.5 MHz. The data
are acquired using 4000 transients per data file with a 6 second pulse repetition delay. To
achieve minimum signal-to-noise for quantitative analysis, multiple data files are added
together. The spectral width is 25,000 Hz with a minimum file size of 32K data points. The
samples are analyzed at 130 °C in a 10 mm broad band probe. The comonomer incorporation
is determined using Randall's triad method (Randall, J.C.; JMS-Rev. Macromol. Chem.
Phys., C29, 201-317 (1989), which is incorporated by reference herein in its entirety.

Polymer Fractionation by TREF
[187] Large-scale TREEF fractionation is carried by dissolving 15-20 g of polymer in
2 liters of 1,2,4-trichlorobenzene (TCB)by stirring for 4 hours at 160°C. The polymer
- 44 -
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solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot (7.6 cm x 12 cm) steel
column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 um) spherical, technical
quality glass beads (available from Potters Industries, HC 30 Box 20, Brownwood, TX,
76801) and stainless steel, 0.028” (0.7mm) diameter cut wire shot (available from Pellets,
Inc. 63 Industrial Drive, North Tonawanda, NY, 14120). The column is immersed in a
thermally controlled oil jacket, set initially to 160 °C. The column is first cooled ballistically
to 125 °C, then slow cooled to 20 °C at 0.04 °C per minute and held for one hour. Fresh TCB

is introduced at about 65 ml/min while the temperature is increased at 0.167 °C per minute.

[188] Approximately 2000 ml portions of eluant from the preparative TREF column
are collected in a 16 station, heated fraction collector. The polymer is concentrated in each
fraction using a rotary evaporator until about 50 to 100 ml of the polymer solution remains.
The concentrated solutions are allowed to stand overnight before adding excess methanol,
filtering, and rinsing (approx. 300-500 ml of methanol including the final rinse). The
filtration step is performed on a 3 position vacuum assisted filtering station using 5.0 um
polytetrafluoroethylene coated filter paper (available from Osmonics Inc., Cat#
Z50WP04750). The filtrated fractions are dried overnight in a vacuum oven at 60 °C and

weighed on an analytical balance before further testing.

Catalysts

[189] The term “overnight”, if used, refers to a time of approximately 16-18 hours,
the term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed
alkanes” refers to a commercially obtained mixture of Ce 9 aliphatic hydrocarbons available
under the trade designation Isopar E®, from ExxonMobil Chemical Company. In the event
the name of a compound herein does not conform to the structural representation thereof, the
structural representation shall control. The synthesis of all metal complexes and the
preparation of all screening experiments were carried out in a dry nitrogen atmosphere using

dry box techniques. All solvents used were HPLC grade and were dried before their use.

[190] MMAO refers to modified methylalumoxane, a triisobutylaluminum modified

methylalumoxane available commercially from Akzo-Noble Corporation.
[191] The preparation of catalyst (B1) is conducted as follows.

a) Preparation of (1-methylethy])(2-hydroxy-3,5-di(t-butyl)phenyl)methylimine
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[192] 3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine.
The solution rapidly turns bright yellow. After stirring at ambient temperature for 3 hours,

volatiles are removed under vacuum to yield a bright yellow, crystalline solid (97 percent

yield).

b) Preparation of 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(1-

methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl
[193] A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine (605 mg,
2.2 mmol) in 5 mL toluene is slowly added to a solution of Zr(CH;Ph)4 (500 mg, 1.1 mmol)

in 50 mL toluene. The resulting dark yellow solution is stirred for 30 min. Solvent is

removed under reduced pressure to yield the desired product as a reddish-brown solid.

[194] The preparation of catalyst (B2) is conducted as follows.

a) Preparation of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)imine
[195] 2-Methylcyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in methanol (90

mL), and di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is
stirred for three hours and then cooled to -25°C for 12 hrs. The resulting yellow solid
precipitate is collected by filtration and washed with cold methanol (2 x 15 mL), and then
dried under reduced pressure. The yield is 11.17 g of a yellow solid. "H NMR is consistent

with the desired product as a mixture of isomers.

b) Preparation of bis-(1-(2-methylcyclohexyl)ethy])(2-oxoyl-3,5-di(t-butyl)phenyl)

immino)zirconium dibenzyl

[196] A solution of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-

butyl)phenyl)imine (7.63 g, 23.2 mmol) in 200 mL toluene is slowly added to a solution of
Zr(CH,Ph)4 (5.28 g, 11.6 mmol) in 600 mL toluene. The resulting dark yellow solution is
stirred for 1 hour at 25°C. The solution is diluted further with 680 mL toluene to give a

solution having a concentration of 0.00783 M.

[197] Cocatalyst 1 A mixture of methyldi(C;4.1g alkyl)ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a
long chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.), HCI and
Li[B(C¢Fs)4], substantially as disclosed in U.S. Patent No. 5,919,9883, Ex. 2.
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with a pre-weighed glass tube. The working volume in each reactor cell is 6000 uL. Each
cell is temperature and pressure controlled with stirring provided by individual stirring
paddles. The monomer gas and quench gas are plumbed directly into the PPR unit and
controlled by automatic valves. Liquid reagents are robotically added to each reactor cell by
syringes and the reservoir solvent is mixed alkanes. The order of addition is mixed alkanes
solvent (4 ml), ethylene, 1-octene comonomer (1 ml), cocatalyst 1 or cocatalyst I/MMAO
mixture, shuttling agent, and catalyst or catalyst mixture. When a mixture of cocatalyst 1 and

MMAO or a mixture of two catalysts is used, the reagents are premixed in a small vial
-47 -



10

15

20

25

0S- os Compression Set 21"C (Percent) Il Zt P1 1 ZZ CZtl trl

LITZ ,
WO 2008/089031 PCT/US2008/050720

immediately prior to addition to the reactor. When a reagent is omitted in an experiment, the
above order of addition is otherwise maintained. Polymerizations are conducted for
approximately 1-2 minutes, until predetermined ethylene consumptions are reached. After
quenching with CO, the reactors are cooled and the glass tubes are unloaded. The tubes are
transferred to a centrifuge/vacuum drying unit, and dried for 12 hours at 60 °C. The tubes
containing dried polymer are weighed and the difference between this weight and the tare
weight gives the net yield of polymer. Results are contained in Table 1. In Table 1 and

elsewhere in the application, comparative compounds are indicated by an asterisk (¥*).

[201] Examples 1-4 demonstrate the synthesis of linear block copolymers in
according with some embodiments of the invention as evidenced by the formation of a very
narrow MWD, essentially monomodal copolymer when DEZ is present and a bimodal, broad
molecular weight distribution product (a mixture of separately produced polymers) in the
absence of DEZ. Due to the fact that Catalyst (A1) is known to incorporate more octene than
Catalyst (B1), the different blocks or segments of the resulting copolymers of the invention

are distinguishable based on branching or density.

Table 1

Cat. (A1) Cat (B1) Cocat MMAO shuttling
Ex. (umol) (umol) (umol) (umol) agent(umol) Yield (g) Mn Mw/Mn hexyls'

A*  0.006 0066 03 - 0.1363 300502 3.32 -

B* - 0.1 0.110 05 - 0.1581 36957 1.22 25
C* 0.006 0.1 0176 0.8 - 02038 45526 5.30° 55
1 0.06 0.1 0.192 - DEZ (8.0) 0.1974 28715 1.19 4.8
2 0.06 0.1 0.192 - DEZ (80.0) 0.1468 2161 1.12 14.4
3 0.06 0.1 0.192 - TEA (8.0)  0.208 22675 1.71 4.6
4 0.06 0.1 0.192 - TEA (80.0) 0.1879 3338 154 9.4

' Cgor higher chain content per 1000 carbons
* Bimodal molecular weight distribution

[202] It may be seen the polymers produced according to certain embodiments of the
invention have a relatively narrow polydispersity (Mw/Mn) and larger block-copolymer
content (trimer, tetramer, or larger) than polymers prepared in the absence of the shuttling

agent.

[203] Further characterizing data for the polymers of Table 1 are determined by

reference to the figures. More specifically DSC and ATREEF results show the following:
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[204] The DSC curve for the polymer of Example 1 shows a 115.7°C melting point
(Tm) with a heat of fusion of 158.1 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 34.5°C with a peak area of 52.9 percent. The difference between the DSC Tm
and the Terystaf is §1.2°C.

[205] The DSC curve for the polymer of Example 2 shows a peak with a 109.7°C
melting point (Tm) with a heat of fusion of 214.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 46.2°C with a peak area of 57.0 percent. The difference between the
DSC Tm and the Terystaf is 63.5°C.

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

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

[208] The DSC curve for comparative A shows a 90.0°C melting point (Tm) with a
heat of fusion of 86.7 J/g. The corresponding CRYSTAF curve shows the tallest peak at
48.5°C with a peak area of 29.4 percent. Both of these values are consistent with a resin that

is low in density. The difference between the DSC Tm and the Terystaf is 41.8°C.

[209] The DSC curve for Comparative B shows a 129.8°C melting point (Tm) with a
heat of fusion of 237.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at
82.4°C with a peak area of 83.7 percent. Both of these values are consistent with a resin that

is high in density. The difference between the DSC Tm and the Terystaf is 47.4°C.

[210] The DSC curve for Comparative C shows a 125.3°C melting point (Tm) with a
heat of fusion of 143.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at
81.8 °C with a peak area of 34.7 percent as well as a lower crystalline peak at 52.4 °C. The
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separation between the two peaks is consistent with the presence of a high crystalline and a

low crystalline polymer. The difference between the DSC Tm and the Terystaf is 43.5°C.

Examples 5-19, Comparatives D-F, Continuous Solution Polymerization, Catalyst

Al/B2 + DEZ

[211] Continuous solution polymerizations are carried out in a computer controlled
autoclave reactor equipped with an internal stirrer. Purified mixed alkanes solvent (Isopar™
E available from ExxonMobil Chemical Company), ethylene at 2.70 1bs/hour (1.22 kg/hour),
1-octene, and hydrogen (where used) are supplied to a 3.8 L reactor equipped with a jacket
for temperature control and an internal thermocouple. The solvent feed to the reactor is
measured by a mass-flow controller. A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the discharge of the pump, a side stream is taken to
provide flush flows for the catalyst and cocatalyst 1 injection lines and the reactor agitator.
These flows are measured by Micro-Motion mass flow meters and controlled by control
valves or by the manual adjustment of needle valves. The remaining solvent is combined
with 1-octene, ethylene, and hydrogen (where used) and fed to the reactor. A mass flow
controller is used to deliver hydrogen to the reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the
reactor. This stream enters the bottom of the reactor. The catalyst component solutions are
metered using pumps and mass flow meters and are combined with the catalyst flush solvent
and introduced into the bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45
MPa) with vigorous stirring. Product is removed through exit lines at the top of the reactor.
All exit lines from the reactor are steam traced and insulated. Polymerization is stopped by
the addition of a small amount of water into the exit line along with any stabilizers or other
additives and passing the mixture through a static mixer. The product stream is then heated
by passing through a heat exchanger before devolatilization. The polymer product is
recovered by extrusion using a devolatilizing extruder and water cooled pelletizer. Process
details and results are contained in Table 2. Selected polymer properties are provided in

Table 3.
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[212] The resulting polymers are tested by DSC and ATREF as with previous

examples. Results are as follows:

[213] The DSC curve for the polymer of Example 5 shows a peak with a 119.6 °C
melting point (Tm) with a heat of fusion of 60.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 47.6°C with a peak area of 59.5 percent. The delta between the DSC
Tm and the Tcrystaf is 72.0°C.

[214] The DSC curve for the polymer of Example 6 shows a peak with a 115.2 °C
melting point (Tm) with a heat of fusion of 60.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 44.2°C with a peak area of 62.7 percent. The delta between the DSC
Tm and the Tcrystaf is 71.0°C.

[215] The DSC curve for the polymer of Example 7 shows a peak with a 121.3 °C
melting point with a heat of fusion of 69.1 J/g. The corresponding CRYSTAF curve shows
the tallest peak at 49.2°C with a peak area of 29.4 percent. The delta between the DSC Tm
and the Terystaf is 72.1°C.

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

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

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

[219] The DSC curve for the polymer of Example 11 shows a peak with a 113.6 °C

melting point (Tm) with a heat of fusion of 70.4 J/g. The corresponding CRYSTAF curve
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shows the tallest peak at 39.6°C with a peak area of 25.2 percent. The delta between the DSC
Tm and the Tcrystaf is 74.1°C.

[220] The DSC curve for the polymer of Example 12 shows a peak with a 113.2 °C
melting point (Tm) with a heat of fusion of 48.9 J/g. The corresponding CRYSTAF curve
shows no peak equal to or above 30 °C. (Tcrystaf for purposes of further calculation is

therefore set at 30°C). The delta between the DSC Tm and the Terystaf is 83.2°C.

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

Tm and the Tcrystaf is 84.4°C.

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

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

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

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

[226] The DSC curve for the polymer of Example 18 shows a peak with a 120.5 °C

melting point (Tm) with a heat of fusion of 141.8 J/g. The corresponding CRYSTAF curve
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shows the tallest peak at 70.0 °C with a peak area of 94.0 percent. The delta between the
DSC Tm and the Terystaf is 50.5 °C.

[227] The DSC curve for the polymer of Example 19 shows a peak with a 124.8 °C
melting point (Tm) with a heat of fusion of 174.8 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 79.9 °C with a peak area of 87.9 percent. The delta between the
DSC Tm and the Terystaf is 45.0 °C.

[228] The DSC curve for the polymer of Comparative D shows a peak with a 37.3°C
melting point (Tm) with a heat of fusion of 31.6 J/g. The corresponding CRYSTAF curve
shows no peak equal to and above 30°C. Both of these values are consistent with a resin that

is low in density. The delta between the DSC Tm and the Tcrystaf is 7.3°C.

[229] The DSC curve for the polymer of Comparative E shows a peak with a 124.0
°C melting point (Tm) with a heat of fusion of 179.3 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 79.3°C with a peak area of 94.6 percent. Both of these values
are consistent with a resin that is high in density. The delta between the DSC Tm and the

Terystaf is 44.6°C.

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

polymer. The delta between the DSC Tm and the Terystaf is 47.2°C.

Physical Property Testing

[231] Polymer samples are evaluated for physical properties such as high
temperature resistance properties, as evidenced by TMA temperature testing, pellet blocking
strength, high temperature recovery, high temperature compression set and storage modulus
ratio, G’(25°C)/G’(100°C). Several commercially available polymers are included in the
tests: Comparative G* is a substantially linear ethylene/1-octene copolymer (AFFINITY®,
available from The Dow Chemical Company), Comparative H* is an elastomeric,
substantially linear ethylene/ 1-octene copolymer (AFFINITY®EG8100, available from The

Dow Chemical Company), Comparative [ is a substantially linear ethylene/1-octene
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copolymer (AFFINITY®PL1840, available from The Dow Chemical Company), Comparative
Jis a hydrogenated styrene/butadiene/styrene triblock copolymer (Kraton™ (G1652, available
from KRATON Polymers LLC), Comparative K is a thermoplastic vulanizate (TPV, a

polyolefin blend containing dispersed therein a crosslinked elastomer). Results are presented

in Table 4.

Table 4 High Temperature Mechanical Properties

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

Ex. | (°C) b/t (kPa) G’ (100°C) | (percent) (percent)

D* | 51 - 9 Failed -

E* | 130 - 18 - -

F* 170 141 (6.8) 9 Failed 100

5 104 0 6 81 49

6 110 - 5 - 52

7 113 - 4 84 43

8 111 - 4 Failed 41

9 197 - 4 - 66

10 | 108 - 5 81 55

11 ] 100 - 8 - 68

12 | 88 - 8 - 79

13 195 - 6 84 71

14 | 125 - 7 - -

15 |96 - 5 - 58

16 | 113 - 4 - 42

17 | 108 0 ) 4 82 47

18 | 125 - 10 - -

19 133 - 9 - -

G* |75 463 (22.2) 89 Failed 100

H* | 70 213 (10.2) 29 Failed 100

F 111 - 11 - -

J* 1107 - 5 Failed 100

K* | 152 - 3 - 40

[232] In Table 4, Comparative F (which is a physical blend of the two polymers

resulting from simultaneous polymerizations using catalyst A1l and B1) has a 1 mm
penetration temperature of about 70°C, while Examples 5-9 have a 1 mm penetration
temperature of 100°C or greater. Further, Examples 10-19 all have a 1 mm penetration
temperature of greater than 85°C, with most having 1 mm TMA temperature of greater than
90°C or even greater than 100°C. This shows that the novel polymers have better
dimensional stability at higher temperatures compared to a physical blend. Comparative J (a
commercial SEBS) has a good 1 mm TMA temperature of about 107°C, but it has very poor
(high temperature 70°C) compression set of about 100 percent and it also failed to recover
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(sample broke) during a high temperature (80°C) 300 percent strain recovery. Thus the
exemplified polymers have a unique combination of properties unavailable even in some

commercially available, high performance thermoplastic elastomers.

[233] Similarly, Table 4 shows a low (good) storage modulus ratio,
G’ (25°C)/G’(100°C), for the inventive polymers of 6 or less, whereas a physical blend
(Comparative F) has a storage modulus ratio of 9 and a random ethylene/octene copolymer
(Comparative G) of similar density has a storage modulus ratio an order of magnitude greater
(89). It is desirable that the storage modulus ratio of a polymer be as close to 1 as possible.
Such polymers will be relatively unaffected by temperature, and fabricated articles made
from such polymers can be usefully employed over a broad temperature range. This feature
of low storage modulus ratio and temperature independence is particularly useful in elastomer

applications such as in pressure sensitive adhesive formulations.

[234] The data in Table 4 also demonstrate that the polymers of the invention
possess improved pellet blocking strength. In particular, Example 5 has a pellet blocking
strength of O MPa, meaning it is free flowing under the conditions tested, compared to
Comparatives F and G which show considerable blocking. Blocking strength is important
since bulk shipment of polymers having large blocking strengths can result in product

clumping or sticking together upon storage or shipping, resulting in poor handling properties.

[235] High temperature (70°C) compression set for the inventive polymers is
generally good, meaning generally less than about 80 percent, preferably less than about 70
percent and especially less than about 60 percent. In contrast, Comparatives F, G, H and J all
have a 70°C compression set of 100 percent (the maximum possible value, indicating no
recovery). Good high temperature compression set (low numerical values) is especially

needed for applications such as gaskets, window profiles, o-rings, and the like.
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results for mechanical properties for the new polymers as well as for
WQAMS$UBMparison polymers at ambient temperatures. It ma)FEEEaps/050720

that the inventive polymers have very good abrasion resistance when

tested according to ISO 4649, generally showing a volume loss of less

than about 90 m1113, preferably less than about 80 5mm3, and especially
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no higher than 750 rid.  [238] Table 5 also shows that the polymers of
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applications, such as elastic fibers and fabrics, especially nonwoven
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waistband applications, such as tabs and elastic bands. 20[239]Table 5
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olymer Optical Properties Ex. internal Haze (percent) Clarity (percent)
apphisaEIssssypercaiyte Baepandfaxissygspecially nonwoven fabncs Other

applications include diaper, hygiene, and medical garment waistband applications, such as

tabs and elastic bands.

[239] Table 5 also shows that stress relaxation (at 50 percent strain) is also improved
(less) for the inventive polymers as compared to, for example, Comparative G. Lower stress
relaxation means that the polymer retains its force better in applications such as diapers and
other garments where retention of elastic properties over long time periods at body

temperatures is desired.

-59-



10

15

5651372606 3369537285759 82065629613849 10157367

11136967128
WO 2008/089031 PCT/US2008/050720

Optical Testing
Table 6 Polymer Optical Properties

Ex. Internal Haze (percent) | Clarity (percent) 45° Gloss (percent)
F* 84 22 49
G* 5 73 56
5 13 72 60
6 33 69 53
7 28 57 59
8 20 65 62
9 61 38 49
10 15 73 67
11 13 69 67
12 8 75 72
13 7 74 69
14 59 15 62
15 11 74 60
16 39 70 65
17 29 73 66
18 61 22 60
19 74 11 52
G* 5 73 56
H* 12 76 59
I* 20 75 59
[240] The optical properties reported in Table 6 are based on compression molded

films substantially lacking in orientation. Optical properties of the polymers may be varied
over wide ranges, due to variation in crystallite size, resulting from variation in the quantity

of chain shuttling agent employed in the polymerization.

Extractions of Multi-Block Copolymers

[241] Extraction studies of the polymers of Examples 5, 7 and Comparative E are
conducted. In the experiments, the polymer sample is weighed into a glass fritted extraction
thimble and fitted into a Kumagawa type extractor. The extractor with sample is purged with
nitrogen, and a S00mL round bottom flask is charged with 350 mL of diethyl ether. The flask
is then fitted to the extractor. The ether is heated while being stirred. Time is noted when the
ether begins to condense into the thimble, and the extraction is allowed to proceed under
nitrogen for 24 hours. At this time, heating is stopped and the solution is allowed to cool.
Any ether remaining in the extractor is returned to the flask. The ether in the flask is
evaporated under vacuum at ambient temperature, and the resulting solids are purged dry
with nitrogen. Any residue is transferred to a weighed bottle using successive washes of

hexane. The combined hexane washes are then evaporated with another nitrogen purge, and
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the residue dried under vacuum overnight at 40°C. Any remaining ether in the extractor is

purged dry with nitrogen.

[242] A second clean round bottom flask charged with 350 mL of hexane is then
connected to the extractor. The hexane is heated to reflux with stirring and maintained at
reflux for 24 hours after hexane is first noticed condensing into the thimble. Heating is then
stopped and the flask is allowed to cool. Any hexane remaining in the extractor is transferred
back to the flask. The hexane is removed by evaporation under vacuum at ambient
temperature, and any residue remaining in the flask is transferred to a weighed bottle using
successive hexane washes. The hexane in the flask is evaporated by a nitrogen purge, and the

residue is vacuum dried overnight at 40°C.

[243] The polymer sample remaining in the thimble after the extractions is
transferred from the thimble to a weighed bottle and vacuum dried overnight at 40°C. Results

are contained in Table 7.

Table 7
ether ether Cs hexane | hexane Cs residue

wt. soluble | soluble mole soluble | soluble mole Cg mole
Sample (g) (2) (percent) | percent' | (2) (percent) | percent' | percent'
Comp. 1.097 | 0.063 5.69 12.2 0.245 22.35 13.6 6.5
F*
Ex. 5 1.006 | 0.041 4.08 - 0.040 3.98 14.2 11.6
Ex. 7 1.092 | 0.017 1.59 13.3 0.012 1.10 11.7 9.9

" Determined by “C NMR

Additional Polymer Examples 19 A-J., Continuous Solution Polymerization, Catalyst
A1/B2 + DEZ

For Examples 19 A-1
[244] Continuous solution polymerizations are carried out in a computer controlled

well-mixed reactor. Purified mixed alkanes solvent (Isopar™ E available from ExxonMobil
Chemical Company), ethylene, 1-octene, and hydrogen (where used) are combined and fed to
a 27 gallon reactor. The feeds to the reactor are measured by mass-flow controllers. The
temperature of the feed stream is controlled by use of a glycol cooled heat exchanger before
entering the reactor. The catalyst component solutions are metered using pumps and mass
flow meters. The reactor is run liquid-full at approximately 550 psig pressure. Upon exiting

the reactor, water and additive are injected in the polymer solution. The water hydrolyzes the
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and introduced into the bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45
MPa) with vigorous stirring. Product is removed through exit lines at the top of the reactor.
All exit lines from the reactor are steam traced and insulated. Polymerization is stopped by
the addition of a small amount of water into the exit line along with any stabilizers or other
additives and passing the mixture through a static mixer. The product stream is then heated
by passing through a heat exchanger before devolatilization. The polymer product is

recovered by extrusion using a devolatilizing extruder and water cooled pelletizer.

[246] Process details and results are contained in Table 8. Selected polymer

properties are provided in Tables 9A-B.

[247] In Table 9B, inventive examples 19F and 19G show low immediate set of

around 65 — 70 % strain after 500% elongation.
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Fibers and Articles of Manufacture

[248] Various homofil fibers can be made from the inventive block interpolymers
(also referred to hereinafter as “copolymer(s)”), including staple fibers, spunbond fibers or
melt blown fibers (using, e.g., systems as disclosed in U.S. Patents No. 4,340,563, 4,663,220,
4,668,566 or 4,322,027, and gel spun fibers (e.g., the system disclosed in U.S. Patent No.
4,413,110). Staple fibers can be melt spun into the final fiber diameter directly without
additional drawing, or they can be melt spun into a higher diameter and subsequently hot or

cold drawn to the desired diameter using conventional fiber drawing techniques.

[249] Bicomponent fibers can also be made from the block copolymers according to
some embodiments of the invention. Such bicomponent fibers have the inventive block
interpolymer in at least one portion of the fiber. For example, in a sheath/core bicomponent
fiber (i.e., one in which the sheath concentrically surrounds the core), the inventive blend
with the block interpolymer can be in either the sheath or the core. Typically and preferably,
the copolymer blend is the sheath component of the bicomponent fiber but if it is the core
component, then the sheath component must be such that it does not prevent the crosslinking
of the core, i.e., the sheath component is transparent or translucent to UV-radiation such that
sufficient UV-radiation can pass through it to substantially crosslink the core polymer.
Different copolymers 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 the scope of the invention as well, and include such structures as side-by-
side conjugated fibers (e.g., fibers having separate regions of polymers, wherein the inventive

block interpolymer comprises at least a portion of the fiber's surface).

[250] The shape of the fiber is not limited. For example, typical fiber has a circular
cross-sectional shape, but sometimes fibers have different shapes, such as a trilobal shape, or
a flat (i.e., "ribbon" like) shape. The fiber disclosed herein is not limited by the shape of the
fiber.

[251] 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 fiber per 9000 meters of that fiber's length. Monofilament
generally refers to an extruded strand having a denier per filament greater than 15, usually

greater than 30. Fine denier fiber generally refers to fiber having a denier of about 15 or less.
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Microdenier (aka microfiber) generally refers to fiber having a diameter not greater than
about 100 micrometers. For the fibers according to some embodiments of the invention, the
diameter can be widely varied, with little impact upon the elasticity of the fiber. The fiber
denier, however, can be adjusted to suit the capabilities of the finished article and as such,
would preferably be: from about 0.5 to about 30 denier/filament for melt blown; from about 1
to about 30 denier/filament for spunbond; and from about 1 to about 20,000 denier/filament
for continuous wound filament. Nonetheless, preferably, the denier is greater than 40, more
preferably greater than or equal to 55 and most preferably greater than or equal to 65. These
preferences are due to the fact that typically durable apparel employ fibers with deniers

greater than about 40.

[252] The elastic copolymer can also be shaped or fabricated into elastic films,
coatings, sheets, strips, tapes, ribbons and the like. Such elastic film, coating and sheet may
be fabricated by any method known in the art, including blown bubble processes (e.g., simple
bubble as well as biaxial orientation techniques such trapped bubble, 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

Technology, 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, 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.

[253] The elastic strips, tapes and ribbons 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 is particularly

suited to the preparation of tapes, bands, ribbons and the like.

[254] The fibers according to embodiments of the invention can be used with other
fibers such as PET, nylon, cotton, KevlarTM, etc. to make elastic fabrics. As an added
advantage, the heat (and moisture) resistance of certain fibers can enable polyester PET fibers

to be dyed at ordinary PET dyeing conditions. The other commonly used fibers, especially
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[255] Fabrics made from the fibers according to embodiments of the invention
include woven, nonwoven and knit fabrics, including circular knitted, warp knitted and flat
knitted fabrics. Nonwoven fabrics can be made various by methods, e.g., spunlaced (or
hydrodynamically entangled) fabrics as disclosed in U.S. Patents No. 3,485,706 and
4,939,016, carding and thermally bonding staple fibers; spunbonding continuous fibers in one
continuous operation; or by melt blowing or spinning fibers into fabric and subsequently
calandering or thermally bonding the resultant web. These various nonwoven fabric
manufacturing techniques are known to those skilled in the art and the disclosure is not
limited to any particular method. Other structures made from such fibers are also included
within the scope of the invention, including e.g., blends of these novel fibers with other fibers

(e.g., poly(ethylene terephthalate) or cotton).

[256] Nonwoven fabrics can be made from fibers obtained from solution spinning or
flash spinning the inventive ethylene/a-olefin interpolmers. Solution spinning includes wet
spinning and dry spinning. In both methods, a viscous solution of polymer is pumped
through a filter and then passed through the fine holes of a spinnerette. The solvent is

subsequently removed, leaving a fiber.

[257] In some embodiments, the following process is used for flash spinning fibers
and forming sheets from an inventive ethylene/a-olefin interpolymer. The basic system has
been previously disclosed in U.S. Patents No. 3,860,369 and No. 6,117,801, which are hereby
incorporated by reference herein in their entirety. The process is conducted in a chamber,
sometimes referred to as a spin cell, which has a vapor-removal port and an opening through
which non-woven sheet material produced in the process is removed. Polymer solution (or
spin liquid) is continuously or batchwise prepared at an elevated temperature and pressure
and provided to the spin cell via a conduit. The pressure of the solution is greater than the
cloud-point pressure which is the lowest pressure at which the polymer is fully dissolved in

the spin agent forming a homogeneous single phase mixture.

[258] The single phase polymer solution passes through a letdown orifice into a
lower pressure (or letdown) chamber. In the lower pressure chamber, the solution separates
into a two-phase liquid-liquid dispersion. One phase of the dispersion is a spin agent-rich

phase which comprises primarily the spin agent and the other phase of the dispersion is a
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polgzt}iigrfr?cg% Iage/gv ic ,éldnt'aigs most of the polymer. This two phase liquid-liquid
dispersion is forced through a spinneret into an area of much lower pressure (preferably
atmospheric pressure) where the spin agent evaporates very rapidly (flashes), and the
polymer emerges from the spinneret as a yarn (or plexifilament). The yarn is stretched in a
tunnel and is directed to impact a rotating baffle. The rotating baffle has a shape that
transforms the yarn into a flat web, which is about 5-15 cm wide, and separating the fibrils to
open up the web. The rotating baffle further imparts a back and forth oscillating motion
having sufficient amplitude to generate a wide back and forth swath. The web is laid down

on a moving wire lay-down belt located about 50 cm below the spinneret, and the back and

forth oscillating motion is arranged to be generally across the belt to form a sheet.

[259] As the web is deflected by the baffle on its way to the moving belt, it enters a
corona charging zone between a stationary multi-needle ion gun and a grounded rotating
target plate. The multi-needle ion gun is charged to a DC potential of by a suitable voltage
source. The charged web is carried by a high velocity spin agent vapor stream through a
diffuser comprising two parts: a front section and a back section. The diffuser controls the
expansion of the web and slows it down. The back section of the diffuser may be stationary
and separate from target plate, or it may be integral with it. In the case where the back section
and the target plate are integral, they rotate together. Aspiration holes are drilled in the back
section of the diffuser to assure adequate flow of gas between the moving web and the
diffuser back section to prevent sticking of the moving web to the diffuser back section. The
moving belt is grounded through rolls so that the charged web is electrostatically attracted to
the belt and held in place thereon. Overlapping web swaths collected on the moving belt and
held there by electrostatic forces are formed into a sheet with a thickness controlled by the
belt speed. The sheet is compressed between the belt and the consolidation roll into a
structure having sufficient strength to be handled outside the chamber and then collected

outside the chamber on a windup roll.

[260] Accordingly, some embodiments of the invention provide a soft polymeric
flash-spun plexifilamentary material comprising an inventive ethylene/a-olefin interpolymer
described herein. Preferably, the ethylene/a-olefin interpolymer has a melt index from about
0.1 to about 50 g/10 min or from about 0.4 to about 10 g/10 min and a density from about
0.85 to about 0.95 g/cc or from about 0.87 and about 0.90 g/cc. Preferably, the molecular
weight distribution of the interpolymer is greater than about 1 but less than about four.

Moreover, the flash-spun plexifilamentary material has a BET surface area of greater than
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about 2 m*/ g or greater than about 8 m?/ g. A soft flash-spun nonwoven sheet material can be
made from the soft polymeric flash-spun plexifilamentary material. The soft flash-spun
nonwoven sheet material can be spunbonded, area bonded, or pointed bonded. Other
embodiments of the invention provide a soft polymeric flash-spun plexifilamentary material
comprising an ethylene/a-alpha interpolymer (described herein) blended with high density
polyethylene polymer, wherein the ethylene/a-alpha interpolymer has a melt index of
between about 0.4 and about 10 g/10 min, a density between about 0.87 and about 0.93 g/cc,
and a molecular weight distribution less than about 4, and wherein the plexifilamentary

material has a BET surface area greater than about 8 m%/g. The soft flash-spun nonwoven

sheet has an opacity of at least 85%.

[261] Flash-spun nonwoven sheets made by the above process or a similar process
can used to replace Tyvek® spunbonded olefin sheets for air infiltration barriers in
construction applications, as packaging such as air express envelopes, as medical packaging,

as banners, and for protective apparel and other uses.

[262] Fabricated articles which can be made using the fibers and fabrics according to
embodiments of the invention include elastic composite articles (e.g., diapers) that have
elastic portions. For example, elastic portions are typically constructed into diaper waist
band portions to prevent the diaper from falling and leg band portions to prevent leakage (as
shown in U.S. Patent No. 4,381,781, the disclosure of which is incorporated herein by
reference). Often, the elastic portions promote better form fitting and/or fastening systems
for a good combination of comfort and reliability. The inventive fibers and fabrics can also
produce structures which combine elasticity with breathability. For example, the inventive
fibers, fabrics and/or films may be incorporated into the structures disclosed in U.S.
provisional patent application 60/083,784, filed May 1, 1998 . Laminates of non-wovens
comprising fibers of the invention can also be formed and can be used in various articles,
including consumer goods, such as durables and disposable consumers goods, like apparel,

diapers, hospital gowns, hygiene applications, upholstery fabrics, etc.

[263] The inventive fibers, films and fabrics can also be used in various structures as
described in U.S. Patent No. 2,957,512, For example, layer 50 of the structure described in
the preceding patent (i.e., the elastic component) can be replaced with the inventive fibers
and fabrics, especially where flat, pleated, creped, crimped, etc., nonelastic materials are
made into elastic structures. Attachment of the inventive fibers and/or fabric to nonfibers,

fabrics or other structures can be done by melt bonding or with adhesives. Gathered or
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shirted elastic structures can be produced from the inventive fibers and/or fabrics and
nonelastic components by pleating the non-elastic component (as described in U.S. Patent
No. 2,957,512) prior to attachment, pre-stretching the elastic component prior to attachment,

or heat shrinking the elastic component after attachment.

[264] The inventive fibers also can be used in a spunlaced (or hydrodynamically
entangled) process to make novel structures. For example, U.S. Patent No. 4,801,482
discloses an elastic sheet (12) which can now be made with the novel fibers/films/fabric

described herein.

[265] Continuous elastic filaments as described herein can also be used in woven or

knit applications where high resilience is desired.

[266] U.S. Patent No. 5,037,416 describes the advantages of a form fitting top sheet
by using elastic ribbons (see member 19 of U.S. Patent No. 5,037,416). The inventive fibers
could serve the function of member 19 of U.S. Patent No. 5,037,416, or could be used in

fabric form to provide the desired elasticity.

[267] In U.S. Patent No. 4,981,747 (Morman), the inventive fibers and/or fabrics
disclosed herein can be substituted for elastic sheet 122, which forms a composite elastic

material including a reversibly necked material.

[268] The inventive fibers can also be a melt blown elastic component, as described

in reference 6 of the drawings of U.S. Patent No. 4,879,170.

[269] Elastic panels can also be made from the inventive fibers and fabrics disclosed
herein, and can be used, for example, as members 18, 20, 14, and/or 26 of U.S. Patent No.
4,940,464. The inventive fibers and fabrics described herein can also be used as elastic

components of composite side panels (e.g., layer 86 of the patent).

[270] The elastic materials can also be rendered pervious or "breathable” by any
method known in the art including by apperturing, slitting, microperforating, mixing with
fibers or foams, or the like and combinations thereof. Examples of such methods include,
U.S. Patent No. 3,156,242 by Crowe, Jr., U.S. Patent No. 3,881,489 by Hartwell, U.S. Patent
No. 3,989,867 by Sisson and U.S. Patent No. 5,085,654 by Buell.

[271] The fibers in accordance with certain embodiments of the invention can

include covered fibers. Covered fibers comprise a core and a cover. Generally, the core
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unstretched states intertwined with or twisted about one another, is not a covered fiber. These
yarns can, however, be used as either or both the core and cover of the covered fiber. In other

embodiments, covered fibers may comprise an elastic core wrapped in an elastic cover.

[272] Full or substantial reversibility of heat-set stretch imparted to a fiber or fabric
made from the fiber can be a useful property. For example, if a covered fiber can be heat-set
before dyeing and/or weaving, then the dyeing and/or weaving processes are more efficient
because the fiber is less likely to stretch during winding operations. This, in turn, can be
useful in dyeing and weaving operations in which the fiber is first wound onto a spool. Once
the dyeing and/or weaving is completed, then the covered fiber or fabric comprising the
covered fiber can be relaxed. Not only does this technique reduce the amount of fiber
necessary for a particular weaving operation, but it will also guard against subsequent
shrinkage. Such reversible, heat-set, elastic fibers, and methods of making the fibers and
articles made from such fibers are disclosed in U.S. Patent Application Serial No. 10/507,230
(published as US 20050165193), which is incorporated by reference herein in its entirety.
Such methods can also be used in embodiments of the invention with or without

modifications to make reversible, heat-set, elastic fibers, fabrics, and articles made therefrom.

[273] Preactivated articles can be made according to the teachings of U.S. Patents
No. 5,226,992, No. 4,981,747 (KCC, Morman), and No. 5,354,597, all of which are

incorporated by reference herein in their entirety.

[274] High tenacity fibers can be made according to the teachings of U.S. Patents
No. 6,113,656, No. 5,846,654, and No. 5,840,234, all of which are incorporated by reference

herein in their entirety.

[275] Low denier fibers, including microdenier fibers, can be made from the

inventive interpolymers.

[276] The preferred use of the inventive fibers, is in the formation of fabric, both

woven and non-woven fabrics. Fabrics formed from the fibers have been found to have
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WQ N SHShwoven fabric 10manufacturing techniques are kn@&/i/ 1S ges0720
skilled in the art and the disclosure is not limited to any particular method.
e TR R S I 8 Ht e Lt ot 10t
abObeéﬁg(el 9 Prpf@iy@m@né @a@ﬁiﬁh@fa@)@d xsoetbhyrs hpsgidNmewooeabout 25-
28 faRirics can be made from fibers obtained from solution spinning or 15flash
spinning the inventive ethylene/a-olefin interpolmers Solution spinning
g?&ﬁd t 2 ptgi(r)]%naﬂ dry S inpin aOlBhe %qesﬂtsa o\f% 1nvent on, the
ion o ymeris p ump d1 roug“-’h &rand then passe Hht roug K
PrefheeﬂmdponSSdb&ogpinnerette The solvent is subsequently removed,
leaving a fiber.  [257] In some embodiments, the following process is

lﬂﬁ?&] for f|B§J|‘ihﬁﬁ8’ﬂE; mg(%qm%%mgmmc?ee@r@%@mem%n 25,
e oleJin inter mer e stem revjously
o R TS PR St D0t AR O E b S RIGH ave

hereby incorporated by reference herein in their entirety. The process is

E28Uu cte PRITBABRRFIE PO SORTE B IRiTePrexs 15 D SirfeEdly Iopichanagopt

25, YARepreriavs! ikt 2t abr apening- Absatiah WhicprorRpmypYsn shealor
material produced in the process is removed. Polymer solution (or 25 spin

l{Sb) 1S CRHRQUSAY QL ;&jﬁ%@%‘%&@ﬁ?@ﬁ“g fﬁ&”ﬁiﬁ"%i%f’eﬁ%ﬂp&rﬁ%ﬁ% than

and pressure and provid e spin cell via a conduit. The pressure of
aboe3 Qo) nsn HE e hke it Ihee bGP pheus 308 WRAEN is the lowest
pressure at which the polymer is fully dissolved in the spin agent forming a
i28hbgenkeusikingléuphage (Aligt ereensid2 384 yEhs, Sihgyl @pfasd plebgnban about
lon s.through a letdow, &ntg.a,30lower bressure (or
3O(is c? % Q%S%? bI(}elrt In'%iﬁ‘ ei8%v§°r°8€3§s&§é CE%B er t ess£ l‘f{?gn separates
into_a two-phase liquid-liquid dispersion. One phase of the dispersion is a
LT qoni P AL CRCH 0SB ATRAfp HE 'S S 8 bout
70, oiberppéfasd 19fitheediapersicaibdstd Opolyimed-rich phase which contains
most of the polymer. This two phase liquid-liquid dispersion is forced

higyigh a ?Hé@@ﬁf@ﬁéﬂf@s ar %f@@ﬁdﬁﬁ@hd@é’\{ﬁfh@i?%?%ﬁaﬁﬁ rgigiaade in
atmospheric pressure) where the spin agent evaporates very rapidl

somASEROSIMEAL BB ATEPBrARI GES FrBIPEHa i ErerieaRyarigBfown fabric
witplexifilement).vidiehyafatisustresnh & dnisia fosunfiedand §s dipacteshieidmpact
a rotating baffle. The rotating baffle has a shape that transforms the yarn

Bl & At WRnWHER is.about 5-15 cm wide, and separating the fibrils to
open up the web. The rotating baffle further imparts a back and forth

j’oéi!iia“”gfﬂo“%“ ha"'” It diﬁl%'i&% lilude t%%leﬁ'eé?e‘rgp'g‘dv&oiﬁ astta Qiher
fr swath. T own on m V|ng wire own b Ioc o

Polmouﬁﬁﬂlmbmiawethe (sp;n pe}ﬂtrmti:mh)at@adkfaﬁblensowpﬂh aoseitathed above.

Thﬁk%iéf?ﬁh'ﬁ&&iﬁéi%%ﬁ&%ﬁtgﬁdﬁ?fﬂé'&ﬁﬁ%?é%&%ﬂ?ﬁm%ﬂ%%ﬁih?&&n [259]

As the web is deflected by the baffle on its way to the moving belt, it
COrERRHOR (CORMITR BRI PHARCBIH OB ﬁéﬁdﬁ‘éﬂﬁ%ﬁi‘ﬁ%ﬁi@‘ién gun
corﬂﬂdaacgreﬂwiﬁd F@t@t{@@ﬂ&r@e&ptatahﬁh@emctﬁh@ essiighan gunrisrefianged

ao pot ntial ofb asurtable ta e source. The char%ed web is
random.et y eNne, cte e C mer,.even i VY ave tlfle sam amou igla%omers A
caried’ by s i c y Spin agen apor st oty user

bloclp m@lm@mmp&n@ym@onﬂeé@nmmmd@adm&wm CPpelyliffusegardless
of &R&H&'ﬁ {0¢ exRERIPRINRS Wehand IRt ARW e e PAGK SR Gtent.

the diffuser may be stationary and segﬁ/ate from target plate, or it may be

Twihpehraewwithsn 21n tpsidase dinsrentibthachase arbHeasny mrleargerpighe aren if

the {Mie@ ale M) IRtata o gRiRemASRIGAtion holes are drilled in the back
section of the diffuser to assure adequate flow of gas between the moving

web and the 20diffuser back section to prevent sticking of the moving web
to the diffuser back section. The moving belt is grounded through rolls so
that the charged web is electrostaticgﬂly attracted to the belt and held in
place thereon. Overlapping web swaths collected on the moving belt and
held there by electrostatic forces are formed into a sheet with a thickness

controlled by the belt speed. The sheet is compressed between the belt
and the concenlidation roll into a 2G<triictiire havina <iifficient <trennth to he
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about 2 in2/g or greater than about 8 m2/g. A soft flash-spun nonwoven
sheet material can be made from the soft polymeric flash-spun
WQrefiipgAéhtary material. The soft flash-spun nonwoven she@GhAieHWP/050720
can be spunbonded, area bonded or pointed bonded. Other embodiments
invention prqvide a s ft mer flas spun | Iex ntar
R i s B G S s TR ety An
Oleﬁtehdedlkmh)hﬁgﬂtmém%bp@t;@mmm@mh}m@ﬁ eathorepartiea double bond. The

oleBH AR BE ARt N RAIVEER hAR R TGHdRdeXoh ReaeR @OHL it &Rk
about 10 g/10 min, a density between about 0.87 and about 0.93 g/cc, and

(i.e a%%‘f'é&hté‘?’%%fg‘tﬂ ‘dt@t?tbﬁi‘?&ﬁfté@&'tﬁd%?%&d’flﬁnea%d Whelein haging three
carpb@xififasneioiaiy mtemabhma(BtEInsuétaceaaregafgﬁeamdlhaﬁﬂabmmﬁte
b f% The oft fl sh -Sp woven %Osheethhas an o CAtX oftat ea§t

© /0 %ﬁflgs eélf)?m nonwovrle(r)trélh fs made gi??ﬁe abovreeprré%rgé;segfa%le
andsithiapqreoes sapimusé ditoveptade T yigek(r} spurte ndédnolsfies sheetsofer
carfih AR08 B4R CRARIVRIQN ARG EARALAING BUENAS abou

air express envelo&es as medical packagi ng as banners, and fo
E\eld

100 sepeanidiemap pEa| ‘B btHe tesbansnny &tféabavﬁé@sc\ﬂmha&tﬂs

froles Radeud S Igcthofibesmanebiabricareeauding da oM dicneRts abshe2s

nventlon clude e stlc mposite artlflesg (9 dlaagrs that have Ias c
carl tOIIlSFEI to.a ? % on _atoms, frrom,o t aq ut

por loney For't examp e e astic portions are typlca y cOns ruc e aper
aboneisStdoevd portions tepréveabehel diepbefronmfallin gtmmmetagouan@ts the olefin
is aﬁR{éL‘P% BRRIRYEN #éﬁ@@qu@l% %H&Y&anhgvﬁg%%ﬁ%@ Jé'gbéu?’%cl%nt%ms

disclosure of which is mcorporated herein by Oreferenceg Often, t

In Qthes e poftBHYp FIbiEnB étfef o Tty CadisRT a8tk hitr e§9§terﬁs Ifbf“éther

emBRRAGRMAINAICMHObEMNRHras ERERRIGTHh RV BIveedSK#Rtn alkyl or
also duce sfructures, w\;yh comblgﬁ elasticity wit

rics ca
aryL E‘hﬂ%&!ﬁt‘ A fif% AR i E e S R HBEr BT IRBS érli’ 8??1|E11éet‘ﬁ£y be
octémeolplrated 4ntetthyd birackine s disoiosed linlddcSe gravibmaal patentdiene,
sty I%HQ!&?@[&%E@Q{Q%?{ %@A&,O?Ied May 1, 1998. Laminates of non-wovens
25comprising fibers of the invention can also be formed and can be used
arious articles, inc onsumer goods, such as durables and
S s EHSTHER: D500 TR Ao Py AR PR S con be
froinyadpend app hbatiovtswitfhbistesydabiios, abke [ 263 T drinvehdivefibe pbout 80
w5 RAAIRA0HGS R0, R e URSH IBAIGHSRIHSBLES AR APSEIRIS 1 abou

Patent No. 2,957,512. For example, layer 50 of the structure

95 Wé%cﬁl@éblah?‘gd@rfé ﬁ?@éﬁe’ﬂlﬁﬁ%a@éﬁpﬂlébotﬁé@@%@c% péfertihedatte

weigRlecad yilthibeigygntive fibers and fabrics, especially where flat,
pleated, creped, crimped, etc., nonelastic materials are made into elastic

FHUres ABERN RIS, BRI, Theraang ot IARTRQNORIRE Red o

rics or ot ructures can one by me Ing or W|t adhesives.

prepzsgties dalpmes hikad @tabttectltﬁt@tm rddepplsdchrsdandd dlofm HpapRAdyiioes.
olefIREEPADMAL falRFIRSANyARDE Ié@fﬁtg RGOS RS- LYnRIRRUNG IR combinations

non-elastic component (as described in U.S. Patent No. 2,957,512) prior
thexgoftachment, pre-stretching the elastic component prior to attachment, or

heat shrinking the elastic component after attachment. 5[264]The

iRA8htive finspenalenagdinisatssay i hispunisced (erlysldfiodynameledin
horﬁéﬁé?ﬂl@ﬂ)ﬂ’@@ﬁ% %ﬁﬁ@%ﬁyﬁ%\‘%hﬁ%%ﬁ@& frOhL SXamBlG. Ukry Flakgnt

No. 4,801,482 discloses an elastic sheet (12) which can now be made

hort?\ﬂﬂ‘?ltﬁ%ehtﬁ%‘m bR APRICY/ALSHLMES Kb Hemiinay psasiEdirmtiBiEne
exaﬁi@&@@fllﬂéﬁﬁﬂt@n&ﬁo@i@ﬁ@i@ﬁdlhwem}ea@m@(hg usadwwwowenrearltaknlt

ons where high resme

e R S R o e e U
elastic ribbons (see member 19 of U.S. Patent No. 5,037,416). The
inventive fibers could serve the function of member 19 of U.S. Patent No.
5,037,416, or could be used in fabric form to provide the desired elasticity.
IS[267]In U.S. Patent No. 4,981,747 (SIVIorman) the inventive fibers and/or
fabrics disclosed herein can be substituted for elastic sheet 122, which
forms a composite elastic material including a reversibly necked material.

[268]The inventive fibers can also be a melt blown elastic component, as
Aeceribed in reference A of the drawinace of 11 K Patent Nlo 4 K79 170
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herein, and can be used, for example, as members 18, 20, 14, and/or 26

of U.S. Patent No. 4,940,464. The inventive fibers and fabrics described
W0t 881also be used as elastic components of composite B{FEUSaMEGS0720

(e.g., layer 86 of the patent). [270] The elastic materials can also be

rendered pervious or "breathable” ny 25method known.in the art
SRR R S S U A
mefladhwesnsr theoliké-asthelpnitinetlo nelvirerwete Dxdrhpledicof spalli- e tiroddiene.

include, U.S. Patent No. 3,156,242 by Crowe, Jr., U.S. Patent No.

$2081.,4891hyurtastwelhodibeitaianhbloo3fR59 8o P)enissaBdEsdyhs. Any
rop SNG4 0,080,054 by Buel [271LThe fbers ip asgordance with geytain
PR BOdiments of the veahtionean suincude covered fibera e gvere
prefifre rbepotpriseb e mbyrdi shebel bovean, Gendnallyngitaacarkss ob mppidescdrscdr
pol AR BlAgHE é@%?o@ﬂ&éﬁﬁ]ﬁ?ﬂ? %?QP&QB@S%%%%&EM@(%@%@'&QP%{&

red fi

At the time of the construction of the cove er and in their respective
strefgdrRAREP K e BBV ik iBmger Pejinecniiear HHERMtIyBHdfer, than
poliipeoporardiber) IhadenerispoIopidgsithe €PPe AndaiGOmue AHe BB aimes,

tgg'cally in a spiral wrap configuration. Uncovered fibers are 5fibers
ther é] . . . . _

without a cover. Generally, a braided fiber or yarn, i.e., a fiber comprising
two or more fiber strands or filaments (elastic and/or inelastic) of about

RN lengthadtoemt Rishe eRry 5AS hasterady stet ds therephimea b withcap be from
abd;]W@B;—‘Q) abgumwa%nﬁﬂ_aﬁab&nm %@gw@d \ﬁb%rfﬂ;ﬁﬂﬂﬂ)?‘tfﬂ&%@ut 80 wt%,
owever, be used as either or poth the core over of the covere
ot R B e O SRS Ly Lo RS SRt et
wtirappediontarteiasticlCover, frof ABow D or shilvs thtvaforduansibility 16fto about
s0 eRtastsiaichimPRIed fooB fherpriahsis made bemetha fikersambe a
useful property. For example, If a covered fiber ¢an be heat-set before
dyeing and/or weaving, then the dyeing and/or weaving processes are
Cr Bficient because the fiber is less likely to stretch during winding
operations. This, in turn, can be useful in dyeing and weaving operations
iBWhich tHgibberishrseeratridiakes by o oean iaomrie Hyalivgehiae. but

not\WEAMINE IS 1EOFBRIELAH i iathﬁl,o&\(ﬁ[ﬁ%ﬁ@%?géﬁh{ﬁqﬁmﬂﬁi%rﬁiﬁ
covered fiber can be relaxed. Not only dges this technique reduce the

imag i S UrmS ereretdes AN kP RRosRE AT WL L BprAtSh™ERoY will
crosiBokiigaral agai nSiSs PhsagLsot GROB B HY endh6H7IRVE thibleschdatisatbeam
. elastic fibers methods of making the fibers and articles made from
e et A ™ 0707 230
ZOéZ]ublished as US 20050165193), which is incorporated by reference
42 in ifcadintion mey bh IrRAmBHE R AaRGUse AidiehinerRbdaARIE gtrons,
ultrthd dRventio N \wdth, @anvitih ey s tediffeatices dal thakk ¢ avesiblsinheai-seteof,
lastic fipers, fabrics, and articles made therefrom. 273] Preactivated
P R R e S TR TR, T R A et be
anys:RPEODIRAN GCUC ORI, PAT G @) Menasant pband ING kBogsUs39 Abaut 6fpeivielts
witﬁ%ep%@MtBQ{ %&%%Wﬂ?ﬁ%?g ﬁ%@&i@éh@iﬁ&‘ﬁ@%ltaé@@éﬁ Blai%justed to

tenacity fibers can be made according to the teachings of U.S. Patents
SPIXPETIBTS R35BN ME 4, SR 08 8o 990001 LGRARA 22000.000 or
3,000080P of @ ecolnp teferamee digsier VMg beRE RParati far BlldoiirdgidiBimeric
malRSISa 0 ENdING | icroli’ 5{45%%% C%”u?u%ﬁn%gﬁiéﬁPE”xtQF %%LQVS'P)E%’V‘? en

m?erpolymers. n%}%%r' € preferred use 0 théinventive fibers s the
abolgrfratigmadt falakicu bt megavely, ancfaarisvboters it S Fadrics 20mmedrads.

FurfiRM HaG fRELS VS Deem ey Be: [ ARYRBXCR 'l@&&%k?%l&d?ﬁ%%ﬁ%ﬁgh higher

making them suitable for many garment applications. They also have
anddBEY&rd?gi?@%‘i’ﬁfﬁz for ‘[?’7“?!’]8 SR i%&@%i‘&ﬁéﬁié‘%‘@?%’e ALY
the fiaRA R IAYskArE¥P@E e Fhtpifdsop fABnGi e MsrdndUs RN ARBNANGtRStzd

For a spunbonded fabric according to certain 5embodiments of the

invention, the preferred properties which are obtained are as follows:

[278] Tensile modulus (g) (ASTM-167§2) (100% extension, 6 cycles,

machine direction (MD)): preferably less than 900, more preferably less

than 800, most preferably from 100 to 400; and/or  [279] Tensile

modulus (g) (50% extension, 6 cycles, MD): preferably less than 700,

10more nrefarahlv lece than GOO moct nreferabhlvy from 100 t0 R00: and/or
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[282] Permanent set (%) (obtained through use of a modification of ASTM

D-1682 wherein the stretching is cycled rather than continued through
WOR90%a¥Nde) (50% extension, 6 cycles, MD): preferably less HaU3Q008/050720

more preferably in the range of about 5-about 25%, most preferably less
em%rﬁégﬂ%ﬁé 1 g /song%OL%?aﬂqg)lf%rg?&%ntoSfEte 0/\(8 t 59 ;’)/o o?)gfgl(ﬂgp eq C1 Cﬁgted

5. prefera yIiess]t(ﬁan 3% more prefera ]Iy infhe range o about

WitB A¢ntien 25961 epdeiiaen a8 B erkave A0 seedsii{100% extension, 6

cycles, MD): preferably less than 40%, more preferably in the range of

abeB]t 5-almuisiakmdresbpistenakly BriBQleantiang ci28%d Pamanentsst

%) (100% extepsion, 6 cycles, TD): preferably less than 40%, 25more
L D
carfxatioat s, m/qrmmtallipﬁﬁﬂl@@ndsTlmiup'emnugen@@mmeﬂmd taipplexes
or (IBER RERIEHRRlYIN- tBgiraRge REa ot SRRV DIOR, IREIRIgierably from

~ 40-80. These properties are preferred and have utility for all fabrics of the
dioghxldntsis ki d1avey Horiarstrat e uisliadionpie: B{RaPFp ACSHISdUARBRHS octoate,
leadiRgpBtHRGEEI ARG dehBAktal R BNDAGRARMNED hHa’HOURBLIDIA aBloR MR Oespecially
.. basis weight of about 70 to about 80 g/m2. preferabl out 7Q g/m2 and
g R 30 P e AT BB Ae BE Y SRy tre
of qateliistovimpizbeit imecording toncentaimperalbobitmentsabbune thgentiehoth.035
neopreferred properties follow:  [288] Permanent set (%) (50% extension,
6 cycles, MD): preferably less than 25 more preferably in the range of
t 10-about 20, most preferably 15-18; and/or  [289] Permanent set
ERBH 5006 BRRERUATYS BB A Srorichy et A Beiore
conredfiedabdyzimitperanigesahdipoltf bd-adralivia®] onaByhrefgralolyskbehs, for
exagﬂ)‘iiéf’{ﬁja%{@%%}(ﬁg@!‘?rmﬁﬁ WHS A (RO FHGORION & N RN

referably not more than about 300, more preferably in the rarnge of about
glupgddshyie: shyleanglyeo! dipstharahafednbvunesy Borrasgdisniiie
dip%ﬁ%%l E?gbﬂgﬁ@gilag{ga!@gaim%{%a&@@g}a&%J[fgarz&gpﬁeifgﬁhg Rthgrange

of about 50-about 150; about ; and/or otal Han :
P“B?%?EbRf’i]ég%?tﬁe&ﬂ"é%"oﬁ‘c“"’?%??i?éﬂf‘é"BFé?éf%%|S738éfé l%ﬁra?ﬁt%?nﬂ(%@’cf%st
ketpreferabiyeir2theirasibyel-af aioub O pbouy POxand 93} Theseidropertiaslare
per%&!ﬁg %%Bﬂ%&%%gy% WAl 195 Gerialn f%@é'&%ﬁh%qu%%%}e B % Ul

he invention, and are demonstrated, for examp ,E)y meltblown fabric
addfitgsrieftitrainowsis orehgABTEhfUhy OyRAZOMIERIeCTPRY Midsendlish 8210 pHY-
funfipmeiee. Blendingovith AnatbenRoyorereiZz4iLoe ethylene/u-olefin
block interpolyrners can be blended with at least another polymer, such as
yolefip (g.9.. polypropylene) to make fibers, such as described above.
T T e e

knawierpdlyaier ilpwerspasitonioohianemidraddsydemongieicedrte atnagenbatch
cordUHEHY BoRFRREE YN O A QMRiRaiAL Sfcheth ﬁQﬁ@éﬁc?imedﬁ&Ba%er.
(0}

ethylene/octene copolymer is different than a 25 random ethylene/octene
Prefespal e evaa HotHEY LT DE IR LN R I LTHOIOHIETS, HeBiEk about
25 ethyhe pevaticbesed po pmetdsvhfferentibabnaenathylene/butane

copolymer, regardless of whether it is a random or block copolymer or

uRiner ithas,ihe SBReROMANAMET LRRRHEWAPRY BETH8ISP MPeffective
considered different if they have a different molecular weight, even if they

ameEfie ]fﬁfgegélﬂye tglﬁaa% %?dp&)—ﬁarg 6%&1[8}&'6 1W@iuction amount 1s from about 0.001
to abO08IGRIR Rt ) DIRAFHEATR Gron] AB&]tA . pOiyo edisuiD 3 pelyfi@ercent and
erived from two,or lefins (i.e alkenes). olefin (i.e., alkene) |
R CAT O EAALRRD 2 LA i AP b A T e o e
bleadefin can be a monoene (Le, an olefin having a single carbon-carbon
double bond), diene (i.e, an olefin having two carbon-carbon double
bonds), triene (i.e. an olefin having three 5carbon-carbon double bonds),
tetraene (i.e, an olefin having four carbon-carbon double bonds), and
other polyenes. The olefin or alkene, such as monoene, diene, triene,
tetraene and other polyenes, can ha{/e 3 or more carbon atoms, 4 or more
carbon atoms, 6 or more carbon atoms, 8 or more carbon atoms. In some
embodiments, the olefin has from 3 to about 100 carbon atoms, from 4 to
about 100 carbon atoms, from 6 to about 100 carbon atoms,
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10 from 8 to about 100 carbon atoms, from 3 to about 50 carbon atoms,
from 3 to about 25 carbon atoms, from 4 to about 25 carbon atoms, from 6
WOHIBA§PI carbon atoms, from 8 to about 25 carbon atoms, B &z @§@50720
about 10 carbon atoms In some embodiments, the olefin is a linear or
i?ﬁnfh?d I(iy((‘iéc 1t10 I‘o nz?n? ?ea 1) 101‘9 from%ktu'}gf? OUtlsoob%a flPected by
noheremo mens e alkene isadiene s as butadiene
UVanddiagone tadidtaenimNorthé19158rdlsodirerenesosstliakbisigoneshotithe UV

irraDAHROC R ARMHO LIRS RIRRE IR RYRSIHEh il A MVhRERI olRprises

particular embodiments, the alkene is ethylene, propylene, 1-butene,
mix{ng g pliatoinitigiae Nt opuEBA YPRRASHpkFIEHE hBphERRERRIor. during, or
aftek-(ifbare fhviadiieaehdn 2xpoxag |@1|aeltﬁty«emamrpamembmaltlmmﬂe¢eaf Uv

96] Th f fi I k fib
rod L s e e e e e s BB o5
pragiide ¢ Ofrthwamupz @recaaivastc8@ wies, fronbaizoph<d0rtes abuuma):m% ofrbth
dikABRME iR @%ﬂbﬁ&\é{%{%ﬂ%‘ &QR&‘&%Q&%&R%[&%YB@&@&L HLAR LG,

about 50 om about 50 to about 90 wt% of the total weight of the

boqddtygil@r dsielrrnd digi@xyalkyl prstivelefidtin own ebagersns bfkoadimarsagifrish
Ty P REALMAY. 86 USEH RIAPRIERRES tRew ¥ mRIpERddizeoses BRIGIR

he polyolefins can be olefi in homopol mers, olefin copolymers, olefin

Phoohisiitiers Aofedinn ¥ : lﬂﬁéiﬂ{évoéﬁé”‘éﬁfﬁﬁlﬂé‘ﬂﬁﬁét?ﬁe”f%‘fmd
199[2 %mgamaﬁ,@ab@@mﬂﬁemaxof sheiaideaspivwen) Vel fing isead) RIEfiRew

eolefl homo mer ca erived fr oIef|
Yof&h %n B%rf[lomo ‘Tta Eﬂé’ T{esé?ggg gf éar/d?ﬁlar?@k% %fh ar’t
_rrll@lggbgj.&dl%hhl 1|$ni=tﬁg eXberyylebeofs olefiotvaratyirodyarersamciuigidiketones,
Ar-PYEIBRENE (R des MW URVPIREAGLOW 1 oS Tha AP BRI 3. The

density polyeth lene), polypropylene, polybutylene (e.g., polybutene-1),
Pref?&%émnﬂ fg&%‘ﬁég B %%1%%WéY121ﬁafyd@eéW@hfnﬁeﬂychs
c((D(r,emyltzgltgn@tﬂemlyoﬁnm&mnpan&ﬂaaelﬁrmlmﬁme@ aQQfgbwﬁ%eme

xadlene n furt r embodlments th
EX%? B, Ik L RS LG o ki s 1920
mmlbﬁw&hwﬁ@klmlhath‘mgyt may be used to 5 prepare the polymer
blends disclosed herein. Non-limiting examples of propylene based

mmmﬁers iRcide @rﬂ&iﬁﬁﬁ@@b’&ﬁﬁ: (RRFO Nighy HEBSIY AAsH YPHRYIE BEmbination

ool SRR Lol P VSR, AR acan

hnlpm;pmnpyte mdaafsﬂia)yami thexlikeestngedembinagio s mmmbmﬁ[a@mwme)onds
wuﬁ‘EﬂQ'ﬂQ&% HE Rropyleng %é%?aBﬁéyéﬁb%E ghgﬂoq%‘g ymerole é‘éjoom a% Bl c..

about 0.5 to about 99 wt%, from about 10 to about 90 wt% out 20
theyeiBBUSBO VYIS Hi tabhat B trebBteT OV ilkierra s wbenitbond \ibassoon
the WALRbLEHRBRROW R B 1R 2N 281 e BRETDABHNRAQ RMoRIE 1uMondtaRited

about 50 to about 95 wt%, from about 10 to about 50 wt%, or from about

o Roty{BnSHBRR 9k ad]fyﬂtfé"?&%‘f%é@ﬁ?é‘f’tf% BRI B thipdfyg cyanurate, triallyl
1sod;561m$slpﬂnmgrthnﬁaoﬂe}rﬁmetnmmeaathﬁmglsdmIdaddd}aamamenﬂs/l
%%"V&ﬁ{l&iﬁ & AhiReiuding,, %&'} DPhimited t@ GI5GHQ %abﬁ%"é“ﬂ(é raiiglioty

eta irra n gamma Ia on coro al adiation silanes, peroxides,

phogngios ekt Fefsisaia W@&@hﬂ@@%tﬁ%ﬁ%th@ﬁ@b@@l pRomgEsankieh have
poluRefiGaNIS. NP1eQsBAR PdiaRd, 6@@?@3&5@%@%&1@&93%3&%3 are

20irradiation methods that can be used in embodiments of the invention.
triaplyeytHAM AT oG haS HalhdissmpRMRLS K hk use of high energy, ionizing

electrons, ultra violet rays, X-rays, gamma rays, beta particles and the like
&MRPLomblreition apareundP pefapdisih LRbotrimS2ipe anhplpeecupsonizer. These
colpeaRIags Q&%ﬁ&&%zéﬁhﬁ‘y Wiradiai rioggéi{&%té"ﬂk}ohﬁ ARY-SIBEHANPERN (e.c.
generator operating in a range of about 150 kilovolts to about 6 megavo ts
25with a power output capable of supplying the desired dosage. The
voltage can be adjusted to appropriate levels which may be, for example,
100,000, 300,000, 1,000,000 or 2,000,000 or 3,000,000 or 6,000,000 or
higher or lower. Many other apparati for irradiating polymeric materials are
known in the art. The irradiation is usually carried out at a dosage

between about 3 megarads to about 35 megarads, preferably between
ahoiit Q t0 ahotit 20 meaarade RAOEnirther the irradiation can be carried
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5carboxylic acids, and organometallic compounds including organic
titanates and complexes or carboxylates of lead, cobalt, iron, nickel, zinc
WQRHSASOI utyltindilaurate, dioctyltinmaleate, dibutyltindiacet®EeT/US2008/050720
dibutyltindioctoate, stannous acetate, stannous octoate, lead naphthenate,
zinc. caprylate, cobalt naphthenate: and the like. Tin carpoxylate
e S A e e B g b S Eponc
covalfathivront vatbavedyol {orenshaine Adofcoatadpsdihat pregerfoimahestaiyeic
fun@ﬁ%ﬁyMn@%@HYIR%M@&H%Q%&S%%@M@&%! Qngr‘??épméntatikgéocﬂmpounds

~ Representative pro-rad additives include, but are not limited to, azo

inc e artiemd Ryt JsereRides Bt BuRptiniichal Vit BrddigPtdiipounds
such as, for example, triallyl cyanurate, triallyl isocyanurate, pentaerthritol
tttnethderiatecr Esiflodaraidesii ylae jetnienglyyopbiimvetih auhjdated to

secHiRAM Mal&RRgIRIOPAIV RAIEBIE. AR R gy L RRAA HERHER Rking. In
dlcumiﬁ!@peromde, di-tert-butyl peroxide, t-butyl perbenzoate, benzoyl

thigsapbostiuerty e RBIR/aIdpersxied eiftsRnsorsbienten eI PRAReoEnker,
e.g PEIANIRE o2 (he AsPEiNHdr 2, Suljttiuty Pei@aidiexasieli ity bRe e o,

tert-butyl peracetate, azqbisisobutyl nitrite and like and.combinatjon .
S R S R i G
in %H&ﬂ@mm @.B@%@héipmmmwmkmglaveugbIslxtmmtﬁmdi—(ieenatatéama_\bfo)
desPHUGHESPYCP AR E NG S5 7Ga8s, 324398 AhLEA RIS RS AR enis

can be introduced to the polymer by any’ method known in the art.
emppdiiRspéis pRERIADIY the pro-rad additive(s) is introduced via a

masterbatch concentrate comprising the same or different base resin as

t13d Hthylere mmma@Me@mmmehmwmagdnm [wensanssitiber,
canf% IH&O@Q@IF&?@@@OF?;‘%%\E?XW%%& ’lﬁQ&HHE%W%g HII(R%Q&{] ﬁ@@ﬁd%‘ijy the

on the total weight o centrate).  [306] The at least one pro-ra
Phosepdiiirds I itroiidalaG e8e Yol messrPalfly eTheervalarABRHE IR BT pABI O

diffél@nﬁbL@asﬁésg{}@shmw@%@ﬂﬁitivmmf?w%lllh@?)@m%mtﬂ@g&glg%eﬂkmg@f&ghe
to about 5 weight percent, more prefer rom about 0. to about 2.
S B BB BRI aB TN BB P A SIS e Gt
conpexger)d.(based on the total weight of the blend). WO
2008/089031PCT/US2008/050720 [307]In addition to electron-beam
irsagijationTaEOR SR iHK: GABSIaai O elfReied. & WMHETadialaR th 2n P atedlve
No. 6,709,742 discloses a cross-linking method by UV irradiation which
amouit. RrefeER Y e BREP B BALIHDSHBBRIFHE RIS isdrApribegt 0.001
to atuMirty ek ptefaidisiofomi tibout Witos ud abpho2acias sliokereteittbla frolynigrut
ore, during, or pafter a fiher is formed and then exposing the fiber with
O B A S OB polymer o the
desired level. The photoinitiators used in the practice of the invention are
rdiiatic kKEIERBRICH A BER, HHENORBSPBP RS HBKTHR 6108 Adike i
diffthatpriparyf phofike actinm afdhdfanonacpialsss tiphesaddyicesleavagesahd
the a-baond to give acyl and dialkoxyalkyl radicals. This of a-cleavage
e e R N SRR
fedyytoHbg sptivlieme O. vinhartterorighaitd Mot cthenisre)y Adddivgretiebsive
incoisaIaN R iz Hervped kipirdi & hichestal drnglande %ﬁ%lﬂ-dﬁgﬁw
Organic PhotochenkVisualAi-oach VCH Publishers, Inc., New York
compaRSNiN bF FarE FHTUY ) ISARBOEHI T Rther 6pproachy slekinpglmerdifiess tn be
dradh, withvin. ghbeaddftiees, 1RP3pAdbindhid:. ahiesynihesisstihrepandceipldied to
aromatic.1,2 diketanes, 15Ar-CQO-C(OR),-Ar' is descriped in.U.S. Patent
e R D S o R Dty i S A A eo b Proane
othehigdlasnlignptiodifthescyrcapivany [Hretesyhargdieer with photoadditive(s) is then
cur%ég%ﬁg&é@ 2258 WRIHB CAR B S l]b’f@éé@élalﬂﬁ: Eﬁ’&b additives can
Ciba-Geigy as Irgacure 651. Examples of other aromatic ketones useful
as photoinitiators are Irgacure 184, 369, 819, 907 and 2959, all available
from Ciba-Geigy. 20[308]In one embodiment of the invention, the
photoinitiator is used in combination With a photocrosslinker. Any
photecresslinker that will upon the generation of free radicals, link two or
more olefin polymer backbones together through the formation of covalent

bonds with the backbones can be used. Preferably, these
nhotocroccelinkere are nolv/fiinectinnal 1e thev comnrice two or more <itac
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30polyfunctional (i.e. at least two) moieties. Particularly preferred

photocrosslinkers are n-iallycyanurate (TAC) and n-iallylisocyanurate
WQRAB®$P309]Certain compounds act as both a photoinitiator B&H8S2008/050720

photocrosslinker. These compounds are characterized by the ability to

ener ore reactive SpeCIES free ra |cas carb
be B S o R R o BRI SR Suting

Slnﬁoﬁdd/vmntweﬁp(ﬂym@m@hains. Any compound that can perform these two
functions can be used in some embodiments of the invention, and
r[epuese Ntathée X6 P urwadaﬁdmd@ﬂa@ stiianyh azinas desailkediifeldrSchosen
L N e
Thepodsiinitipyaitias dqammrdurﬁgddﬁ%rsﬁé Bhoﬂdm@sslﬂnkrﬂg)lmthrslfficient

theﬁﬁgpggﬁm% ﬂ?%ﬁ@&'m Fh ‘c&ﬁﬂl Egﬂﬁﬁéﬂgﬁm Q&%ﬁi@@ 1%@ #ber, and

nonphotocrosslln er, e.g., a silane, or the copolymer is subjected to a
maéé’é?fhd‘a?rﬁmﬁl&?ﬁ&?ﬁsd&é‘%ﬁr?ée ENGrETELT BT RRS EEIBb S sl o 2 series.
m&@p@@&@i@ta@ﬁ%@gﬁmﬂeaﬂ@ewﬁm}slm&aﬁs asengasaaata o pSeess to

Pa nt No. 5,824,718, cros ough exposure to E-beam
e SRR AR AR TG PRRSREN ) SAL SRARIEES 354,576, The

use of a photocrossllnker in this embodlment is optional.  [311] At least

A bhotoHErsiNAeN Ny SR 3fSRIPARIIEARY Bptisnal fiotadisisdlinkisferkiy e V-
radifiadiy cagh oy taaisepaly menfyy apy coerbad mewmamamg&rbaw@%erany UV-
i t{é:)referabl the 15photoadditiv fae%‘%é P(@\ﬁ‘%tmtro %@fﬁa rpast erbatch
181 SHREHALP: té’%&ﬁﬁ% [SIAGIE 8 Rt e ES %’1& pERMEr.
outprefepalby/of kepphotgalddittyeedatvsegitr ltorwar agrecandstedpatet is appropriate
leveﬁl%\faly '?Beefgr eQQﬁ)lgf 2?0\6(@ \QQ{&&%@H \Q?lﬂ§%g %Gh&a{gt@ HYQ&QP&Hower

the concentrate The at least one photoadditive is introdticed to

Magpyeothsp appatati ﬁ?rdﬁyeﬁ%ﬁm polvnsEamiariate papkname attheast oRee

maam@addﬁwmqﬁw&mtmewge isetwshaégew DINOF 10 a0 NQIE’,

PR Ty SB0 £Vt Pl 1 15 G of h A e comid

out[&I3Fiketlyhotomiti@toptsitard Oipivopiahghetaorbissitrken(syreameche@daeaiple
O°Cd urm 3 §(?{/ nt Sta of thaflb%h fll o%acpo%];ﬁ‘crﬁy nnll%r geoé:seg%asr{er at higher

0 oa es C n WI starF e ex usion temper re, an ole
nrpoiyms réspficcziybthemixetiatidthiaduiticesud efsreivping fedhnioativa of the

artiERU HHE rer el B BRI PRAIC BT O wALR IRTEN AR Gath Re

mtroduced into the extruder just prior the slot die, hut in this case the
PhospEtY Stk S B oMY RS BERSR: ARBHISIBA FeninidBResH P A W SRother

approach, olefin polymer fibers can be drawn without photoadditives, and
Otheiphdidtimétiator and/or photocrosslinker can be applied to 30the extruded

fiber via a kiss-roll, spray, dipping into a solution with additives, or by

UR3 (1) otheAﬂﬁdtdﬁﬁiﬁé mgth@gﬁ@nws}g@a&r{l@m Fa@sesuligriderinitfiorb

. holo%d re)/e en curedg‘eh ctr ma netic ra |at|on ina
crcl)lﬁ 1§ s or a%Xh Ttk e 6h ?o a ene Eﬂém e%t vﬁ%ﬁn

undol dﬁgrmmeiuuem@mngenfahmhmmmmmmgndmmprhemr tooludlifig extent of
graﬁ ng's, AR dinmRerew ﬁfﬁﬁﬂféjé{ées@%%‘ﬂ'eﬁ@&oﬂ?"‘iﬁ WS E&ﬁﬁ%@@@%r‘géi&um

iation and the irradiation time are chosen so as to allow efficie

Ste%??éfeeﬁﬁﬁfnﬂqﬁmﬂ?éﬁ%ﬁrﬁfér ey e R ehEoPURAEs Sishasderdlss.
deaéarﬁareh@rﬁdlmeaag&ti ardescHRRey By R Q4 Bp4BluRRotrRdeitive(s)-

G Wléh sufficien ther | Stabfllt is (are) premixed with an olefin polymer
“Fesiextriiidedin ff’ﬁ@r '4¥d irradiated in a continuous process using

one energy source or several units linked in a series. There are several
advantages to using a continuous process compared with a batch process
to cure a fiber or sheet of a knitted fabric which are collected onto a spool.
10[315]Irradiation may be accomplished by the use of UV-radiation.
Preferably, UV- radiation is employed up to the intensity of 100 J/cm2.
The irradiation source can be any Ut light generator operating in a range
of about 50 watts to about 25000 watts with a power output capable of
supplying the desired dosage. The wattage can be adjusted to appropriate

levels which may be, for example, 1000 watts or 4800 watts or 6000 watts
or hicdher or lower 1EManv other annarati for | IN/-irradiatina nolvvmerice
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irradiation is usually carried out at a dosage between about 3 J/cm2 to
about 500 J/scm2, preferably between about 5 licrn2 to about 100 J/cm?2.
WEYHBEBIHEE irradiation can be carried out conveniently at rooRCT/US2008/050720
temperature although higher and Iower temperatures, for example 0C to
?7? t60 %Qrecz?n el?}/leg @ %%fﬁf%l %In%grgnqggrﬁ Sff11%er
r at hlg Yer 58 emperatures refera Fy e irragiation is cared
preggfoe slshaghirey ancéal doatisrgithae vertld edmrsepreftacesdteambendiressipntiseor
el SRANMR IR Ras beaRdNEPERQLAIed eﬁngtﬁb%%ﬂmme lwadigted 0.01

with"UV-radiation at about 10 J/cm2 to about 50 J/cm2. Other Additives
and;$4 1RSIy ivgiapiscl 815, aPgakBe 61 ¢, aR) b 4 FB0 A and one
or ifhdiindassdly2teR4tenatiedyl GiligHoaigy GRi). Rayreeasddedieigclude
thylene polymer to ct ag ains o0 de ation d fing sh r
kao? %/rfcg’tloﬁgopselrla roxé%or 0 beter’ cE)irlctarloalr(g!{]Cegllexlfen(f‘alrl?graf:tlnfgllgporig eférred
embpdistintkingviieh, arfitlidi i execessivbegdlatioropaiadoradesmatcditi e, ve lgprevent
or 1@@!1‘:& lﬁﬂ} %éﬁ@éﬁé? ’tlﬂﬂﬁé fﬁl’é? Eﬁ&ﬂly&ih%f%%tﬁaw%%&é?fé}é%‘%ﬂ erosshnkmg

purposes such as for the  deactivation of residual catalyst and/or

reaghigiovigaprordd satintrats liPetyd e ei9830Geigy) can be used as

a light stabilizer. WO 2008/089031PCT/US2008/050720 [317]The

¢3pllymeMoanduectilie drotiomfitieicit fil leibththiae th e armeusit o fifilldr foresdations
can%eoﬁélgi n&%ﬁﬁgmaﬁ[& @EQB&&E&Q%%W&%@@Q%‘?&S&% %ﬁeegrtaﬁiﬂq@fj S. Patent No.

heat-resistance or elasticit %g at an elevated temperature. If present,

3.09ptdainy the: AHEUAN OIFfer- 18 Ve tdetR0DM a0l frassitrtHe
putidaiyveight/0btheseo paiypRAleNIf1axkIRE ke RcoRlpBEr. 9%@6@@ or

s et U5 g o e e RO

as [¢andiYrn 1¢aRsoOndie] dse aspie fanigccembpysdinns mbaicanhish tz filed.is present,
the filler is coated with a material that will prevent or retard any tendency
thavthe fi”ﬁ'ié%ﬁlbwg%&\é\/ﬂﬁﬁ éaev@ﬁegmeri%%aﬁémpmﬁ &G0s8lInkiRGof the

. reactions. Stearic acjd is i|lustrative of suc iller ¢oatin 318]To

BB 85 BV BB AR P B BT o Totre L TS R

Unkanitdicaasedpshiec boaememllrraﬁoamr@ispmn@esi dre textia ghils fgbmufoerical

vali a%%:palf x1mat%teWhNo §me§%a§?%% Lfr(? 61 emsl%%k?b@%%&%g%bd tha

sur ts In a base ol see or exa Ircatlon 2003 0024052
em%mhlmvamsﬁrslﬂdhaﬁ@@@geegﬁﬁr%rﬁb|@1Uwsthmatt@rﬁcm. o thganyeyien.
Speeiff: RateNiNGivbPI%ddDIxdapic BB APRY Q@HQHJN%S@&%%&%@MM(&S of

(published 15as US20050142360) discloses spin finish compositions that
the VP8 be used. [319]The following examples are presented to exemplify

embodiments of the invention but are not intended to limit the invention to

_the specific embodiments set foBRANHIEBES indicated to the contrary, all
Fibgisrts and percentages are by weight. All numerical values are

? Xim eI When numerical ran s |venl |t1§h l?ibe under ood
U e T e A
intsgopatidiltheinbentlonf Spébdic dichadedegosibedtiomach ékampl@smiuid
(FolRkHE ?ﬁ%ﬁ%&%&%ﬁﬁﬁ%&ﬁ%&ﬂ %n%ﬁﬁ? Inye Rt EPﬁ‘SlMPdrgc?f 260 °C,

Fibers 20 Po%mer samples from Examplé 1 Example

a melbfRpRPEVE &f R SpiiN ity ishemeafitseh @QPB%‘HI@&?GZ&%@% fandifamdre
list€d S TRREIONTH3 achiRg oS pib v dNEHmaw NEPREIXPRAE VI EWE D e Fau
&/ %qul mm spinnerets, a spin head temperature of 260 C, a melt
e>rature of 302C and a winder speed of 70 m/min. Other spinning
conditions are listed in Table 10. The denier of the resulting bundle is
approximately 95 to 100 denier 30(g/9000 m). [321]
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Table 10 Pump Size (em3/rev) 1.12 Pump Speed (rpm) 10 Screen Size,
mesh (Lm) 325 (45) Extruder Discharge Pressure (MPa) 2 [322] The
WOBMEWAYHrosslinked by passing six times through an electroPCH&ayAAg050720
5crosslinking machine operating at an electron beam dosage of 32 KGy/
E , giving a total dosage level of 192 KGy. Between each pass, the
ers are cooled to -10 C.  [323] The tensile behavior of the resulting
uncrosslinked and crosslinked fibers is measured according to BISFA Test
Methods for Bare Elastic Yarns, CT]%WJe[éPG Tensile Properties using
Option C clamps afdn®lierichtesh speed. Tenacityizand elpngation at
break 10are repornt&duiroypeeth@erage of 5 repligatfbns. The recovery
behavior of the croSSIHSREFiBEES (WAlso measureli&iily BISFA Test
Methods for Bare E EEB@W@@?H]&&T%Q}PEWBFG%MEPQN\ZInefm Drgperties
Procedure A where the fiber is cycllcally loaded to 300 percent strain. The
pa22ent parmditent aefonsstitibal isygacutated abikisetvegih ra'mg@hthebehlming
cro@f“ﬂﬁﬁﬁsrﬁg fléeg)épa{&% !1??15 3989 b&g’?ﬁ&ﬂ%@? §j ‘i‘é%x? ng 1Véng a total

crossli IS measure from 10 percent strain at alternatin
dosgegmsaphfirt® @y Bengensach prindhegermientoalsdsopdofthe bundle

fibers with a circumference of 324 mm are mounted to an Insn-on test
r[rsaemine bih2 feadkshedavitings iuhearmnug@ ergbbsiif bl idrocoddimisaitiplesis
retch 10 t | tl / at
&8 aggl }ﬁmﬁ hg%cl %‘( 10 %%%é%is% Oélea%ﬁent th%ren?a 2 tgrergiemnsé%t
Progergeﬁ rigtOStE0 drinpa dieptei !I?@t rfieRgte d amaoity @nich dgmgpgon at break

are %w@&@&ﬂqlgwr Waker Batba AR, HEhEVELERS Pt Cold Bilte TRRIME@dO

transfer the sam etween the water bath and the air cooling chamber is
ﬁb“é%éébgﬁd%‘?%‘tfﬁf{)ﬁsfﬁ% Blxfre procietharirsfinne Fishforaas @@ﬁﬁgent
Vish]ﬁlhﬂhﬁlﬂgﬁeﬁtmmmddlﬁé atvﬁﬁznmthufﬁ&ﬂl@dﬁbﬂﬁ:lﬂ]&do&ﬂéﬁtﬂﬂlﬂﬁﬁd&t strain,

TheESlCUl tegrugln% (IOI’ uals_c%c Y tthe ﬁl%S(g g %“ Qi ess_e fied
55 ﬁ) ereLt ggmln W(E mln)ae 35 minutes and
in & terimuded.

[324] Stress relaxation of crosslinked fibers is measured from 10 percent strain at
alternating temperatures of 21 °C and 40 °C. In the experiment, 13 loops of the bundle fibers
with a circumference of 324 mm are mounted to an Instron test machine by 2 hooks resulting
in a gauge length of 162 mm. The sample is stretched to 10 percent strain at a rate of 100
percent elongation/minute at 21 °C and then held for 10 minutes. The subsequent thermal
treatment is: 10 minutes at 40 °C in a water bath, 10 minutes at 21 °C in air, 10 minutes at 40
°C in a water bath, and 10 minutes at 21 °C in air. The time to transfer the sample between
the water bath and the air cooling chamber is 6 seconds. During the entire process, the load is
monitored. The percent load change from the load at 35 minutes and the load at 45 minutes

is calculated using the formula:

L(t =35min)— L(t = 45min)
L(f =35min)

% load change =

where L(t=35 min) and L(t=45 min) are loads at 35 minutes and 45 minutes,
corresponding to the middle periods of the last 40 °C water bath and 21 °C air exposures,

respectively. Fiber properties are also tabulated in Table 11.
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corresponding to the middle periods of the last 40 C water bath and 21 C
air exposures, respectively. Fiber properties are also tabulated in Table

WQ 2008408903008/089031PCT/US2008/050720 Table 11 Fiber PP6épfia)8/050720
Uncrosslinked Crosslinked Elongation Elongation Permanent Percent
Tenacity at Break Tenacity a Break Deformation Load Ex. (gf/denier)

(percent) (gf/denier) (percent) (percent) Change 11 3.7 720
Table 11 Fiber Properties

Uncrosslinked Crosslinked
Elongation Elongation Permanent Percent
Tenacity at Break Tenacity at Break Deformation Load
Ex. | (gf/denier) | (percent) | (gf/denier) (percent) (percent) Change
11 3.7 720 50 669 133 4
G* 6.4 423 7.7 382 137 25

[325] In fibers prepared from both polymer Example 11 and Comparative G,
crosslinking results in an increase in tenacity with some loss of elongation. Both examples
show similar permanent deformation of approximately 135 percent. Example 11 displays
lower stress relaxation than Comparative G as well as being less temperature sensitive. The
percent load change between 40°C (35min) and 21°C (35min) are listed in Table 9. The fiber
prepared from Example 11 polymer shows only 4 percent change in load whereas the fiber of
Comparative G displays 25 percent change. Low temperature sensitivity in stress relaxation
is important in maintaining long shelf life of fiber bobbins. High temperature sensitivity in
stress relaxation can lead to bobbin defects during storage in a non-climate controlled storage
facility as the fiber alternately relaxes and constricts due to temperature fluctuations. This
can lead to problems such as poor fiber unwinding behavior and fiber breaks in subsequent

downstream processing of the fiber.

Fiber Production

[326] Monofilament fibers of 40 denier are melt spun into 100 to 300 g bobbins
using inventive Ex. 19A and Ex. 19B, and comparative Ex. 19K (AFFINITY® EG8100 (The
Dow Chemical Company)) with a 2.7 x 0.9 mm round spinneret. With density and melt
index similar to Ex. 19A and Ex. 19B, Ex. 19K is an ethylene-octene copolymer with 0.870
g/cc density as determined by ASTM D-792 and 1 MI as determined according to ASTM D-
1238, Condition 190°C/2.16 kg. Spinning temperatures range from 280°C to 290°C for Ex.
19A and Ex. 19B. Ex. 19K is spun at 290°C and 300°C only due to excessive fiber breakage
when spun at a lower temperature. Between the spinneret and the take-up roller, there is a
cold air quench chamber with 2 m in length for solidifying the fiber. A silicone based spin
finish of Lurol 8517 (Goulston Technologies) is applied at 2 wt% to the surface of the fiber
via a spin finish applicator after the fiber had solidified from the melt. Afterwards, the fiber
is wound into a bobbin with speeds ranged from 400 to 600 m/min. The spinning
temperature and winding speeds are processing variables used to tailor the tensile response of

the resulting fiber. Prior to spinning, resins from each of the examples are compounded with
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5.0669 1334 C1-*6.4 423 7.7382 13725 [325] In fibers prepared
from both polymer Example 11 and Comparative G, 5crosslinking results
WOorReB/ePSase in tenacity with some loss of elongation. Both &&dittjsR0§8/050720
show similar permanent deformation of approximately 135 percent.
IRl disniags jouer sicsslsiaxalin han Comparative G gsuell
eing ds8 temper(a fe sensitive, The perggnf (I)oaclil change betwee
Sp%@@%@@nma@)dsmoe@@mﬁ) are Ilsted in Table 9. The fiber prepared
from Example 11 polymer shows only 4 percent change in load whereas
the flber of 1OComparat|ve G displays 25 percent change. Low
DB wirées relaxation is important in maintaining long

TE‘?}? “fe Ohfup B%bﬁéﬂévlbl IORS RN R RERSIHYILY i} Sfé%ssaﬁ'ﬁ%afﬁt‘ are

can lead to bobbin defects during storage in a non-climate controlled

meggefiectfervet ity BASHAL %é\ﬁ%{heﬁlﬁéﬁéﬁafe%%é%mﬁéﬂw&g Aensile

Prof@iee Gpu6a AUctBaions:. thiecansme iomiokiemecush asgoenfther
unwmdl behawor rMif' eﬁ SUb%%%%? 15down tream

Pneymatic c fa{ﬁ nstron ena 101 at hreak,
processmg [0) uction ono ers o

and4l0adex Welmgutsplmdm;;omo o300 gvbmgbwfsﬁuspmamentlve Ex. 19A
and Ex. 19B, and comparative Ex. 19K (AFFINITY(r) EG8100 (The Dow

@mwcal @mgt@w» WhAIOR of KtR:Q mram@msw&anerﬁg M@tmd%asiwethods
nde 19K i

nd eIt.2 mllart Ex. 19A Ex. 1
for B S AT IS o R LT U A At Reegper i
Cycli&]l&/ﬂ@dlgzoa’ﬁm% Mhias detcfnpieradusatdeding 1GoA S TWldDIR8fter the 1% and

50 gy%qﬁ'% i'o%%%c&lﬁvggs U‘Péﬂqntﬁ{é‘ Pe%E%E&?o%ra&&?ofﬂg%go%ogc‘&r%?%al

for Ex. 19A and 19K Is spun at 290C and 300C only due to
crogslinked;d dapeat B?béka%b%ﬂ@ﬁ BeurAemicihepiitiperatlse waseicthe

tenSRIANE LSt ARE thénialssup roller, there is a 25cold air quench chamber with
2 m in length for solidifying the fiber. A silicone based spin finish of Lurol

e o B P TG e
19K\ adfmpamiey ¢ibar B yduettisrite anbisHtim ngfe@#amé@ﬁo rfibegio(The

DolP @R BIMiBmphey SRIARHIG LaPasRtyse RRAWINEIG-SRABIS S Ex. 19A, Ex.
ing variables used to tailor the tensile response of 30the resultlng

rocessin
Sl e R R T e e T
comviirhcﬁﬂ)ﬁfbcﬂlmmlofiﬁyanomSﬂa(@yiﬁ(lﬂmﬂjstl%)aﬁdhE)SQQB pEiis @6 be spun at

Chimasorb 944 antioxidants.
o s A e AR Y R RIS o
elongNoEx. Irowk. aHusExegoi hee elmeamte@bléze@rehsepemcme@throughput

Wh‘l}ﬂeﬁw@g@qg@g[ﬁ,@gﬁgl&ams Chapter 6: Tensile Properties Option A. F
Fibers are tested at 500 mm/min with 100 mm gauge length. Pneumatic

ps are Lise el 2712 tragn Cor aC|t elong tion at
E rea ang)%adqé%ﬂ e grllsga |ofr?({;$er ré)Bvélrsttepda)?jegm ah gé/%ra 1%5
apnlepn@aﬁesh{@zﬁ?érhreunemve#pqgemlbrduwmemiare@@mmmwmg)u@mgne

enBOSEA TRt Matbads: HoierBats lastic. algeGhaRIEh & YifR8 BRlfon,

Properties Procedure A where the fiber is
Fiber can break in the machine if the line tension is dropped too low. Table 12 shows that

Ex. 19A and Ex 19B had higher loads that Ex. 19K and Ex. 19L at 300% strain while
maintaining similar elongation at break. In particular, Ex. 19A exhibits significantly higher

load at 300% (10.2 g for Ex. 19A versus 7.0 g for Ex. 19L)

[331] For elastic fibers, high degree of recovery is preferred after stretching. Both

Ex 19A and Ex 19B show lower permanent set (higher recovery) than comparative Ex 19K.
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cyclically loaded to 300% strain. The % permanent deformation is
calculated after the 1st and 5th cycle in the loading curve as specified in

WM E8MHthod. As comparison, a commercial crosslinked 4®dE#ig3008/050720
XLA(r) Fiber (The Dow Chemical Company) is also measured for tensile

d overy ors. 1S 329 |cal ertle fro
an Y P SR i e e L TR R R o
Ex g E@immélr&?alfpr&}uét)b} 40 denier XLA(r) fibers (The Dow Chemical
Company) are shown in Table 12. The spinning conditions for Ex. 19A,

rf;«x;zth ang &ma&{@raﬁheseersue&btaagtmmmaﬁﬁn aft faedakeiion,

gg{a% to th com ercial u% ﬁx 19L. Thted how_that X
R R RO e S S M e BTl RSt ey

high peeUeltrﬁaanfxrab%Kaahtngas @thlfh, orel eret@rmmﬁ@ve\smr@mmg stiohaat
fib GRS SHOGRRIS iRk ﬂﬂ%ﬁ&}?r&&%@ﬁ@ﬁl NRGTRRSERIRAVSHAN 2.5, The

throughput when using the inventive examples. [330]Often, higher tension
perfasgieriiisti¥otgdniieteatng AT Probreysirys fadpplitis ﬁé‘“xﬂﬂt@?@eﬁ%%?l@e
h1gmmm¥m@ylémmm(ﬂarﬁa%ﬂrﬁﬂb@B@tﬁﬂﬁdﬂ&ﬁt%ﬁ%nﬁi&ﬁ

rop as the fiber passes thro var ous es and emen
S S Ry e R R
zmdnuse?rabthelszlsﬂuwsghat @xrelzgﬁ andk Mw1dB, hadh Higheehondstthat i levels
used Rl AL RO chainivie mARAIRIG: R R naRlen at
break. In particular, Ex. 19A exhibits significantly higher load at 300%

PerpaRentsehr Ex. 19A versus 7.0 g for Ex. 19L) 30[331]For elastic fibers, high

degree of recovery is preferred after stretching. Both Ex 19A and Ex 19B

show Iower permanent set (hlgher recovery) than comparatlve Ex 19K.

) : d ot Bispermanent set (48%

@ﬁﬁ] 5 qutﬁstteﬁﬁiség&y@rmslﬁ%steg @%cgrghl)c Cob3a4l Falsgame of

the elastic fibers accordlﬁlg to embodiments of the inventjon, inventive

Trag R oS h@ 55ty Era R0k PR e A NRRRIALSOY tha#s%nﬁa%%ﬁt% 10.
ThaRCEE Ghigh atadbeditd] hefetabikashigh @s @boulld] axepefermsdiar
con@ut%F a5t %r\‘x%”t %‘Féﬁﬂhé@eﬂba? E%ﬁ&%gtetéﬁ‘;’l%h'Hé‘lﬁgﬁ"f%e%?%‘ﬂ”ﬁ%{t?&'}’é?ﬁvfodel

aving Mw/Mn esst an about 2.5. The permanént set at 300%

KTEII&H&&&T aRennshHe ipystard sig Aybroderrade il snfrtaie Froprmd¢Ryaend
aftétﬂméﬂo%qtﬁm@rﬁrlaﬁ&mwnﬁtm{pcnrﬁfar@ahyma«fmorenthﬁm)a@m{tN

50%, more preferably no more than about 40%, and can be as low as 0%.

RotfsgylebBevest thad i as 1 BsiHRer RIS RATRE Sty LyRrer dBrHanpia

90 withpMug/i¥! nrwucchffhmhtﬁgb@mhﬁthytezmedlayalmlusedﬁorpngymegmzﬁctma fiber

multi- mers re uIt in_narrower, and h| her erm
ST e st R T el
Heﬁﬁdmdn&hprbw@hy wnﬁaeameldlwmg@é@tmﬁm Consteendigpsigipihss
conl &'Pa?ﬁ%% o%e'?%ThT Hr3neen Hempihof 5 ﬁ%ﬂ@?ﬁ?&d R REHR ISThe

shown in Figure 10. The ECTT consists of a feed roll (1) and a take-up roll

fict{on eentfreiatchidRarairidrad unna @Grﬁp@fé@(ﬁ@tashown) Fiber is fed at
constant tension using a feeder attachment (3) (Model KTF100HP, BTSR)
and it is wound up at the other end at 100 m/min. Tensions before and
after a friction pin (4) are measurefi withdwo 25 cN load cell (Perma Tens
100p/100cN, 20Rothschild). Between fne load cells, the fiber passes
across a 6.4mm diameter friction pin at 90 Wrap angle. Two different

whl}lé: tl?sn tgeqs atlroen%%g 1t(1)ersltquu| t%thgngﬂ)rr]l urfaceis 1S t t(%et{;,nswn before the
encounter during p nnfng processrng first ype IS a ceramic pin

pln(mQEOSthHeangfldrﬁd/Qé;tnes) with a surface roughness of 0.32wn Ra.
The second type of pin is considerably smoother with Ra of 0.14 rim made
from nickel plated polished steel. The 25fiction coefficient can be
calculated using the Euler formula: T, = e T1 where p is the friction
coefficient, T, is the tension after the pin, T1 is the tension before the pin,
and 0 is the wrap angle (n/2). WO 2008/089031PCUUS2008/050720
[334]Dynamic coefficient of friction (éSOF) results are listed in Table 13.
The data
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show that inventive Ex. 19A. and Ex. 19B have lower friction than Ex. 19K

and Ex. 19L in ceramic and steel pins. Having low COP is desirable
W W8 Kigh friction can often lead to fiber breaks in weavin§GHY ISR 720

applications For some preferred fibers of the invention, 5 the COF with

ished metal can be relatjvely low as gbout 1.15.and. les

by T S e e T e
shoTrdad aitecofi Table 1P3\shitssxtHaBfliverslof théteiiantion Fra @ komwmdEE OPL in
cerlfIA0 £ANLABHVE fiRAES: BYSOSRUAR AR the,lIRErRRAYEIE 5261 n lead to
~amount and type of spin finish. EXAMPLE 3: Crosslinking 10[335]After
fibeg ptleg N firrdrdngrand eKHg & ARRHEMI M r dE S oaraPEs BeeathiBertrfdbg i vention,
the €OEtROIThRABKRDN e eamet e iipert lighatapipeasatdia 1eFsianees, paderably

fibers are irradiat ith a dosage qf 192 KG ing.a series af es
BEa - ke f s S G e o
thaefaletrpashe Betwtemhaachopas§ QRdhibersipraatoolderte YOO dweltall of the
ribEANNGELIING RGP EAMPIAGES M FRIG36]Dynamic mechanical

spectroscopy (DMS) is performed on an RSA Il extensional rheometer

(TA instruments) to measure heat resistance. A bundle of 60 40-denier

exiagi s gla&gg&ﬂﬂi}gth ends between fixtures separated by 10 nun. The
: i

sg[tnic? € IS tnen subjected to successive temperature steps from 25C to
T at 3G IFErRENATRSER e RISErSEd e deTanEiBeaR avh ekt thgough
clediBABUARENAY & KRN (@O PSD B R tekib bt TR 6 B RASUSH ORIt U  rradiated

.. cycling bet 1% and 5%. An initial static force of 59 is applied to .
i R PO TS SRR oI BAEIS SE (Bl SR
witR @QICs B3] Frgkifey Tdr shdwmsth eBdywesnicachgohaniedithermat selsgonsHof
due%)ﬁgﬂﬂ?&%&l%@&é&?ﬁm% 19K and Ex 19L. The plot shows that Ex.

19A andEx 19B have 10 times higher modulus than Ex 19L between 75C

%1100 The storage modulus ratio of 25E'(25C)/E'(100C) are listed in

b 14. THRBS PSRN SAVERETRS Iy KACHUBrag8 mddinulratio

extafsd oal [desnwihe@asicompanadi e wxamplbsahavstanstoragemiedifl 66 46dienier
. 10.an ti irabledh stati the.fi
R S G T SV
subjeptfderatufeceies (anPSrevide PRy firmance Qdntaties Gnehstpimprasied
tenfBlARCeOReAlAHINA Bl age NGB eamiRdn FSOMRLE ) {4awind a

Behavior  [338] An impartant performance property for elastic fibers is
S ARE S EREEES B vt o g BYHHCSIG B iy S dRRIAD R
prelesaitscklinehanwinpdeteTistanstitadcariptione andpgradie méachkiedofah within

the bobbin can be used to infer bobbin unwinding 5 performance in yarn

agshiextilepnitopeiRlionthe adaficTnlcthises! R-MBRARYR RAGRRMAMIRG Ex.
tension at 200m/min take-up speed, as shown in Fi%ure 12. Data are

192y dthdrdt For WRendFor Bimilielohipttiidhididis himanestor iR Lol 0 Soeps
higherabbdindhémE&an abhddhe ataicarhdeiaiomnd sioviicthiendionraBobbins

, Lised for the test with 2 storage conditions. They are either
G R T e TR M SRR R e
modlusaatio tf Sipnldstevdictesierataphedfirieamplischien gistaraze asedelrsantip of 10

anclolRkanah 3 ipasitionsd (he-sPolaskiaeR Ghembuirrs ahauthalithe
fibers are stripped off, and 0.5 cm, where most of the fibers are stripped

posgifple. aclofiiHe vabhrscevehdfn fesiga ey I aGHrEcR! AT tEhsion

perferplaitec@égatagt SpblSizephigdre tdachowsatlatisiosaggab 2d Etshoivs.
that both Ex. 19A and Ex 15 19L have unwind tensions relatively constant
with spool size, with Ex. 19A showing higher tension at about 1.6g versus
about 1.0 g for Ex. 19L. After subjected to storage at 40C for 12 hours, the
unwind tension for both examples increases but to a greater extent for Ex.
19L (Figure 13b). The unwind tension for Ex 19A is relatively constant with
spool size at 2.0 to 2.3g. For Ex. 19L, the surface had an unwind tension
of 1.4 g at the surface and increases 20 significantly to almost 3.0 g at 1.5
cm spool size. Because of the highé§6fnelting temperature in the inventive
example, the unwind performance is less temperature sensitive during
storage and can potentially have longer shelf life than the comparative
example. r)op CO1"--0.)0..-00a)C(9COCO C.COO0 cdcidR
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000 0000 LC)LOLI)'71'00000)CO000.1CVCOCO WO
2008/089031PCT/US2008/050720 Nonwoven Fabrics The resins listed in
WRRSAHPIBEIow are used in following examples. Ex. Resin GrBg®/WAa08/050720
Flow Density, g/cc Note 19C Inventive polymer 5MI 0.877 19E Inventive

polymer 5Mi

EXAMPLE 4: Unwind Behavior

[338] An important performance property for elastic fibers is that the fiber needs to
be unwound from the bobbin smoothly and without breaks. The unwind tension, its
variation, and gradients of tension within the bobbin can be used to infer bobbin unwinding
performance in yarn and textile unit operations. The ECTT is used to measure end-on
unwind tension at 200m/min take-up speed, as shown in Figure 12. Data are gathered for a
period of 5 minutes with the last 3 minutes of the scan used to obtain the mean and the
standard deviation of unwind tension. Bobbins of 300g are used for the test with 2 storage
conditions. They are either stored at 21°C about 1 day after spinning or stored in an oven at
40°C for 12 hours to simulate accelerated aging. Unwind tension measurements are taken at
3 positions of the spool: surface, 0.5 cm where about half the fibers are stripped off, and 0.5

cm, where most of the fibers are stripped off.

[339] The results are shown in Figure 13, where the unwind tension is plotted
against spool size. Figure 13a shows that storage at 21°C shows that both Ex. 19A and Ex
19L have unwind tensions relatively constant with spool size, with Ex. 19A showing higher
tension at about 1.6g versus about 1.0 g for Ex. 19L. After subjected to storage at 40°C for
12 hours, the unwind tension for both examples increases but to a greater extent for Ex. 19L
(Figure 13b). The unwind tension for Ex 19A is relatively constant with spool size at 2.0 to
2.3g. For Ex. 19L, the surface had an unwind tension of 1.4 g at the surface and increases
significantly to almost 3.0 g at 1.5 cm spool size. Because of the higher melting temperature
in the inventive example, the unwind performance is less temperature sensitive during storage

and can potentially have longer shelf life than the comparative example.
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10MI1 0.870 190 < VERSIFY DE4300 25M F R 0.8665 equiv. to 8.3M1*

19P VERSIFY(r) DE3300 8M F R 0.8665 equiv. to 2.7M1* Spinning
WEHS9AZ15[340]Fiber samples are prepared by using the HRET/US2008/050720

Bi-component Fiber Line. The fiber spinning line consists of two 1" single

ch:r%l%guedeﬁ% }ﬂ\ivcs) Zenith gear pumps, a 144- hole spinneret with a

ockrrrg-pY'a'Fe-vv%t?rreduced the available holes to 72, a fiber quenching

cabifgt A0 ANErUR BIRlY WG SRR ARG AL hespianeret is 0.65

m in diameter with L/D ratio = 3.85:1. The melt temperature is set to 245
C. The throughputis 10 0.6 grams per Hoimger MygHeg, (o) Fibers are
spun by uing‘two differaht meth6HS air dFawing, ared mechanical drawing
by using g wipder to ‘€4t finer packagdessiar property testing.
i A m o g b DOIVINCE rm g s b nbtgn i e g g ;
Determingtionof SUGKROIIL [oF L] SUCKPPit 1Sgenheaasine point in the
spinline af whiEh the fibgkeis solid 15 enough'hot t8-8fick|to an object. Stick
points are{usyglly méasured by stringing up, the|figrat fixed speeds (e.g.,
1000, 2_00 —300 mllpﬁﬁ?fean then pressing a{uagng@mgainsLthe fr_ont
of the fibef bieadie at fiié, Hottom of the queaih cabisest. The glass rod is
slowly raig ed1 sLajlntl the fdagveSticks to the o .l\)“ne distance from the
spinneret 1o the poinpavtle cabinet where the glass rod|stuck tolthe fibers
is recorded 48he éﬁ&EbTﬁff@Tlﬁ@&?ﬁ@ﬁsuréMbnt i9-fEpeated 3 20 times at
each spinningspead BN TNE stick points deMaveraged. When measuring

the stick o equiv.
190 | VERSIFY® | DE4300 | 25MFR | 0.8665 to
8.3MI*
equiv.
19P | VERSIFY® | DE3300 | 8MFR | 0.8665 to
2. 7MI*

Spinning Conditions

[340] Fiber samples are prepared by using the Hills Bi-component Fiber Line. The
fiber spinning line consists of two 17 single screw extruders, two Zenith gear pumps, a 144-
hole spinneret with a blocking plate which reduced the available holes to 72, a fiber
quenching cabinet, and a wind-up station. The capillary hole of the spinneret is 0.65 m in
diameter with L/D ratio = 3.85:1. The melt temperature is set to 245 °C. The throughput is
0.6 grams per hole per minute (ghm). Fibers are spun by using two different methods, air
drawing, and mechanical drawing by using a winder to collect fiber packages for property

testing.

Determination of Stickpoint
[341] “Stickpoint” is defined as the point in the spinline at which the fiber is solid
enough not to stick to an object. Stick points are usually measured by stringing up the fiber
at fixed speeds (e.g., 1000, 2000, 3000 m/min), and then pressing a glass rod against the front
of the fiber bundle at the bottom of the quench cabinet. The glass rod is slowly raised until
the fiber sticks to the rod. The distance from the spinneret to the point in the cabinet where
the glass rod stuck to the fibers is recorded as the stickpoint. This measurement is repeated 3

times at each spinning speed and the stick points are averaged. When measuring the stick
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point or collecting the monocomponent elastic fibers, only the A-side

extruder was used for extruding fibers Aspirator/Moving Screen Setup for
WERHEMEDRIdy [342] Figure 14 is a schematic representatioREK HS8§(950720

to simulate conditions in a 5spunbond line in which roping could occur. It

IS an irator, (3)/moving screen (4) setup constructed.to air draw fiber
e R o S R e
extapigafibe(8) form a fiber web (2). This setup uses an aspirator (3) (Air

Amplifier, model ITW Vortex 912/952 by Transvector Incoporation) with

1.6 pachialianeing SpeRINGetl i iRaRépihaseRinches (about 150cm)

below the die face (not shown) 10 from which fibers (1B) exit. It also

&}ds thefagpirdibis By BetiseNe tRR PSRN te e BRI pOIYIAST feaditions in a
spufiBBMAINgelinayiastiropied dsuleaheuias Anehssater thenialant Lenig s Adup

inlet pressure of 100 psi for a 0.3 ghm throughput is used. £343] A
CONAIETEIAY AUy SRFEEH AhTTReR B taRRy o P dEHEB [ gseine
thragira¢cr pahisri(istidtedatéleontibu@usBhoolteqs fisasrawedpsr{R): (Bhig\is
AnlPHERESHLIRAYIRNG B LAY58 A ER QUSRS ASRIAIRN (B4t

onfined space and air turbulence are thought to generate a hig

diapestratpiinnes fivedomsed ebathiadier (@pagslitien) halothibahietiepgnot shown)
froMRAREMAEY-{QT BPerR. 1o iacknbiars FhdeatnlideRNhARNEMNEMA stick

_significant adhesion have the oppaortunity to separate upon deceleration at
POl QBRI RS C O ES: HE ARtV d 6B T Be At eI h ot MM
prepiapagat® ps fiher 033 glawmibughigi itheaspirator 20(3). This is thought to

produce a continuous bond along the fiber axis resulting in the structure

kBgyyn as g H?Hl%aﬁ@Q?@VH%%@E%_@J@%H@&&%%?HW&BH&Q 1medialRisehe
and Retained Load [344] The fiber strand comprising 72 filaments is
aspHALARd dS ARYPYRD ReeP I HBU S AP Shithos e G-I cHutHs ARRdsd & rioytate a
wirspeedisaaicat Lidthrchpspar R))thieolit:dpashaatais ivaiaed watthaught to
strain of 100% is. [ and then the crosshead is returned.at the same
SN R et AR e U i e el
opreresientedibar Oibloklss pbermihBitehis adde andaln e bavesianetcimt adbesion
hav@HRINAL3 ORI NG b e sgl-oflaadhWamdakpn.as the Imnsiale skt

[345] Reduced load is measured during the first extension and first

adhestys o of tHEGens ARspRAP20DECERZAN, RECENE(TRNE R (hardtpizyor
(3) thenrer uaekhoasia BR¥u sisaimhiring thelfirgt retraetiontividra i the
o rc%i%gg% IonaolS gtrg,O% strain during the first extension and then multiplied
rulby].fL . §/t|c?<p0|n1t)el\'/leasurement [346]Stickpoint represents the melt
freezin%)point formed under stress- induced/enhanced crﬁstal_lization
duritP G dhirtgresisdisshonBefermining Immediateoy et Mukhetained Jopd
BAK]Y. STaRgibe SHakpainisian/arinlmblbekspkp R Citaainppemid i #iron
wit&%N g?lgg:(-[: gngt . E%%lgr&séh%?ggeg?snslgtng P(E 8811@3%@%'1%\1/1\(5 bI%gI;:er)%E Oeg is
raised until a strain of 100% is applied, and then the crosshead is returned at the same
crosshead speed to 0% strain. After returning to 0% strain, the crosshead is extended at 10
inches per minute to 100% strain as calculated for the original 3 inch length. The onset of

load was taken as the immediate set.

[345] Reduced load is measured during the first extension and first retraction of the
sample at 30% strain. Retained load is calculated as the reduced load at 30% strain during
the first retraction divided by the reduced load at 30% strain during the first extension and

then multiplied by 100.
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Samples Visual Web Formation Ranking 191 A 19N C 190 B

[347] In

the visual ranking test on web formations, A is the best with least roping,
WQ aMB89031s the worst with most roping. Figure 15 is a photo BETHESAHA8&S0720

webs for Ex. 191, Ex 19N, and Ex 190.

COI’Tg%l’IF
mterpo ers WI

[348] Thus, non-woven fabrics
fﬁﬁrs made fr m the inventive block copolymers or
Have Dlesser degree of roping than non-woven fabrics

(849] spuriitiskpoor mepiessiawihe mali éréraingipsans foomadritidey stsimilar

1nd{1@&991ma99&?

enS|ty are w

ﬁl‘ih%)ﬁé@éﬂﬂﬂgﬁr% %Wép%

in 10% of each other, and that each copolymer comprises

[H%M@% t"ﬁ@%e) is

desifrd E%i”?i@lﬁ{BH’é‘I%\ers By improved roping, it is meant that there are a
minimal number of filament/fiber aggregates (bundles). Filament
aggregates consist Bable liieidkpmintstfoinVzataile Fohiantation fused

together. To quanﬂlfv a fald#kc with g

ood $okiioh qive., n

linimal roping),

the number of filament aghtbgates

er 2 cm khgth is 20

easured. Each

filament aggregat

is at |38 10 times the fib&t width in

ength. Care is

taken not to include_ therm8Pand pressure ho®#l paints in the 2 cm length.
The linear line count of filament aggregates is taken over a 2 cm length in
random directions. For good web formation, the number of filament
aggregated el rgpmpamme W%F PRI cm, and
can be as low as gbout : s abqut 112 cm,
especially as 25low-as 0/% ch (i.e., rope .reeqn ..?.me&iate Set and
Retained Load [349]Figurf$9 macle in accordance
with embodimentsiof-the iy Ation-¢can-also Bhibit tow-nmediate set,

I
after testing at one-hysteresiscycte-at-160% strain—The-immediate set

¢aa7he as 1A AP RiBErAPbh SRV -ARRRQUA 10k 3Rd (AR REsPASing,

low as 0% immediate set, especially for fibers made from inventive block
while hdf Rierett ﬁﬁ@%&ﬁ?&%gh AVACdenisifielos? bt gehnacbFiedl Bx
1oyuratam@biypabout 0.895 g/cm3 or less, more preferably 0.89 g/cin3 or less,

and can be as low as about 0.85 g/cm3. [350]It is seen from Figure 17 that

fiBegs madg, oM InYBYLY e, RRSS gﬁ%%ﬁi%@@@l@l%ﬁ&ﬁ%ﬁ&% block

AFFINITY(r) and VERSIFY(r) fibers. Hig rden5|ty fiber shows higher
coPPhi TRt Baly Rera N H AR, 2P BE0ASE AT FOpEI A BRI SHEW AR Fte- &
spuﬁbtaiﬂ@d ﬂmcblbaﬁ)%ﬁél‘ﬂa'ﬁ( famls\éErR{ﬁiﬁ?{gra) s&lﬁuﬁi@mtmsﬂiaimblynﬁg UBg

and TabI hIS i cause, [ tlve fiber extensi
e S R R I Bl BT SR

simglar 1t 1S %1?
mflor(ies Table
eachipygrdymer comprises the same monomers. By improved roping, it is meant that there

~
Lai
a0

are a minimal number of filament/fiber aggregates (bundles). Filament aggregates consist of
multiple filaments in parallel orientation fused together. To quantify a fabric with good
formation (i.e., minimal roping), the number of filament aggregates per 2 cm length is
measured. Each filament aggregate is at least 10 times the fiber width in length. Care is taken
not to include thermal and pressure bond points in the 2 cm length. The linear line count of
filament aggregates is taken over a 2 cm length in random directions. For good web
formation, the number of filament aggregates is lower than 30/2 cm, preferentially lower than
20/ 2cm, and can be as low as about 5/2 cm, preferably as low as about 1/2 cm, especially as

low as 0/2 cm (i.e., rope free).
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Ex Resins Spinning Speed, m/min Immediate Set, % Retained Load, %
19C Inventive Polymer 750 8 14.6 19C Inventive Polymer 1000 10 12.1

WQ 20085 2ve Polymer 750 12 13.5 19E Inventive Polymer 183/A/820984050720
19D Inventive Polymer 750 15 10.7 19D

Immediate Set and Retained Load

[349] Figure 16 shows that the fibers made in accordance with embodiments of the
invention can also exhibit low immediate set, after testing at one hysteresis cycle at 100%
strain. The immediate set can be as low as 20%, preferably as low as about 10% and can be
as low as 0% immediate set, especially for fibers made from inventive block copolymers or
interpolymers having densities of about 0.9 g/cm’ or less, preferably about 0.895 g/cm’ or

less, more preferably 0.89 g/cm3 or less, and can be as low as about 0.85 g/cm3.

[350] It is seen from Figure 17 that fibers made from inventive polymers have lower
immediate set than AFFINITY® and VERSIFY® fibers. Higher density fiber shows higher
immediate set, as expected, At 60% strain, inventive fibers show higher retained load than
AFFINITY® and VERSIFY® as demonstrated in Figure 17 and Table 17. This is because

inventive fibers have lower extension forces.

Table 17. Immediate Set and Retained Load for Comparable Fibers

Ex Resins Spinning Speed, | Immediate Set, Retained
m/min % Load, %

19C Inventive Polymer | 750 8 14.6

19C Inventive Polymer | 1000 10 12.1

19E Inventive Polymer | 750 12 13.5

19E Inventive Polymer | 1000 17 12.1

19D Inventive Polymer | 750 15 10.7

19D Inventive Polymer | 1000 20 8.1

19M AFFINITY" 750 20 6.0
EG8200G

19M AFFINITY" 1000 232 5.4
EG8200G

19P VERSIFY” 750 21 6.1
DE3300

19P VERSIFY® 1000 26 55
DE3300

Additional Examples

Polymer Example 20

[351] Continuous solution polymerizations are carried out in a computer controlled
well-mixed reactor. Purified mixed alkanes solvent (Isopar™ E available from Exxon Mobil,
Inc.), ethylene, 1-octene, and hydrogen (where used) are combined and fed to a 40 gallon
reactor. The feeds to the reactor are measured by mass-flow controllers. The temperature of

the feed stream is controlled by use of a glycol cooled heat exchanger before entering the
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Inventive Polymer 1000 20 8.1 19M AFFINITY(r) EG8200G 750 20 6.0

19M AFFINITY(r) EG8200G 1000 23.7 5.4 19P VERSIFY(R) DE3300 750
WQ@20880899p1 VERSIFY (r) DE3300 1000 26 5.5 Is Additional EX&HBIE208/050720

Polymer Example 20 [351]Continuous solution polymerizations are
reac(::ta£ %‘ijleo cl:Ja:[ I gom ter ¢ nHOol’llSeaq‘eWH?IlterI%g(eglI{eaCtor Pn ﬁllegjs meters

anes solv (Xnt 85 paelﬁ\ﬁ available from grllnf\r/flgb? ene, '

Thqr@@tehé randidwehivyent a(wlr@mna@@d%iese@mtﬁﬂéd dﬁ@pfe@cm th@ gaflon
wat%pﬁﬁagﬁﬂﬁu-\lf-ggr&%&tgg fﬁ‘ﬁlé%%ﬁ{e%%m%ﬂswm mﬁf?l?oi@é/s the catalysts,

controllers. The temperature of
and terminates the polymerization reactions. The post reactor solution is then heated in

preparation for a two-stage devolatization. The solvent and unreacted monomers are
removed during the devolatization process. The polymer melt is pumped to a die for

underwater pellet cutting. The reactor conditions are shown in Table 18.

[352] The prime product was collected under stable reactor conditions. After several
hours, the product samples showed no substantial change in melt index or density. The
products were stabilized with a mixture of IRGANOX®1010, IRGANOX® 1076 and
IRGAFOS®176.
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the feed stream is controlled by use of a glycol cooled heat exchanger

before entering the

reactor. The catalyst component solutions are

WOSBRH#ding pumps and mass flow meters. The reactor is rBATHSAORHS0720

at approximately 725 psig pressure. Upon exiting the reactor, water and
additive are m;ected in the polymer solution. The water hydrolyzes the

catalysts :

cutting. THe réacto

Rates the polymerlzatlon reactions. The post reactor

=t

gnmer melt is pumped to a die for underwater pellet

“conditions are shown in Table 18. [352]The prime

product was colleged under stable reactor conditions. After several

hours, the|progluct
density. The to pro
IRGANOXE) 2078
2008/089(31RCT/

“amples showed no substantial change in melt index or
lucts were stabilized with a mixture of IRGANOf1010,
ond IRGAFOS 176. WO

)S2008/050720 [353]The structures for the two

catalysts ge&m )
shown belfw

:=Catalyst A2

e above procedures (i.e., Catalysts Al and A2) are
[354] Polymer Example 20 is an
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11.1 mol% 533 W
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Table 19 - 40 d fibers Fiber Parts Ex. 20 Polymer Parts PP 4 90 10 PP1 5

90 10 PP2 15Table 20 - 70 d fibers Fiber Parts Ex. 20 Polymer Parts PP
W@290810§9H3 7 8 90 85 10 PP4 15 PP4 Table 21 - 140d fiberBGHHE2p08/050720

Ex. 20 Polymer Parts PP 9 90

[353] The structures for the two catalysts used in the above procedures (i.e.,

Catalysts Al and A2) are shown below:

t-Bu

O

N/, I N
7 viv I)
O

t-Bu
t-Bu

Catalyst A2
[354] Polymer Example 20 is an ethylene/1-octene block copolymer having a
composite 1-octene content of 11.1 mol% (33 wt. %), a composite density of 0.880 g/cc, a
DSC peak melting point of 123°C, a hard segment level based upon DSC measurement of 0.4
mol% (1.6 wt.%), an ATREF crystallization temperature of 91°C, a number average
molecular weight of 43,600 g/mol, a weight average molecular weight of 119,900 g/mol, and
a melt index at 190°C, 2.16 Kg of about 1 dg/min.

[355] Fibers 1, 2 and 3 are made from Polymer Example 20 at 40d, 70d and 140d,
respectively. Monofilament fibers are melt spun into 100 to 300 g bobbins with a 0.8 mm
round spinneret at a spinning temperature of about 300°C. Between the spinneret and the
takeup roller, there is a cold air quench chamber with 2 m in length for solidifying the fiber.
A silicone based spin finish of Lurol 8517 (Goulston Technologies) is applied at 2 wt% to the
surface of the fiber via a spin finish applicator after the fiber solidifies from the melt.
Afterwards, the fiber is wound into a bobbin with speeds ranging from 400 to 600 m/min.
The spinning temperature and winding speeds are processing variables used to tailor the
tensile response of the resulting fiber. Prior to spinning, resins from each of the examples are
compounded with 3000 ppm of Cyanox 1790 (Cytec Industries) and 3000 ppm of Chimasorb
944 (Ciba Specialty Chemicals) as antioxidants.
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10 PP3 10 90 10 PP3 Fiber Properties for Polymer Example 20 and

Blends thereof with Polypropylene 20[361]The formulations listed in
WOr9/8898301 are melt-blended by using a twin- screw extrud8E€BAfS}08/050720

fiber spinning. The blends are tumble mixed before compounding. The

T Plendia sconscied 00,8 286728 (Bamml sgupter- rotating win

polypropylene blends, under the following conditions: length to diameter

34g(L/D)Pp 1be ﬁﬁ%%g%}%ﬁe ﬂkﬁﬂ@@@%{éﬁﬂﬁ‘%m 23mG AETEWRREEE35°809 16

rpm, and torque level to 70%. [362] Flbers 4 and 5 are spun using
Kg 3@%%@%&%&%@%&@%&%&%@0@ 1587868 B8 &fStin using a 0.8

mm round profile die at about 290 "C. Fibers 9 and 10 are 5spun using a

38 Tectangblas dipoktr2gty ke nkduitiopelyosm ditions e listed ekovntia3paBIE. 16

Kg {7918 42 RHMmIEHRS gg‘f)t Sl 4RUmR FRERT{THDlobQ KCreen Size,
mesh (Um) 325 (45) Extruder Discharge Pressure (MPa) 2 [363] Fibers

nd 5 Crosy linked b assm 3|x times through 2N electron

g SRR e GO S TSt R 8 VAT B s Ry C. 216

Kg BEdetyinsachIpISsn¢hiafipens afd Gﬁ)ﬁl,edld@ deDs@y iFh@Qﬁgé@lmked f| bers
will be referred to as Fiber 1 CL, Fiber 4 CL and Fiber 5 CL respectively.

@sbﬁ:ontepp&f he psrﬁﬁeﬁﬁeh&ﬁmﬂiyogfrﬁeﬂﬁmﬁﬁnsked fﬂlbfﬁ%éd&gﬂﬁ@ﬁ!a@% 16
lene n 15 met to A 765-95a, whic
Ke R A TG, B Fal e FERRI Lt T B a5, b
lower gel contents than Fiber 1, as would be expected due to the

dffinant Eﬁ%ﬁﬁﬁ@éi%%ﬁrfé%ﬁéﬁ@e%b@ﬁé%‘?@b‘}%hgw dpadming.

polbiR¥s ek henblensuah fihgesd showed a lower reduction of gel content as
compared to Fiber 1 than that of Fiber 5, and this gel reduction level is

less than the physical blendiﬂ%feaiig._%ig skggests that some portion

Fiber | Parts Ex. 20 Polymer | Parts PP
4 90 10 PP1
5 90 10 PP2

Table 20 - 70 d fibers

Fiber | Parts Ex. 20 Polymer | Parts PP
6 90 10 PP3
7 90 10 PP4
8 85 15 PP4

Table 21 - 140d fibers

Fiber | Parts Ex. 20 Polymer | Parts PP
9 90 10 PP3
10 90 10 PP3

Fiber Properties for Polymer Example 20 and Blends thereof with Polypropylene

[361] The formulations listed in Tables 19-21 are melt-blended by using a twin-
screw extruder before fiber spinning. The blends are tumble mixed before compounding. The
melt blending is conducted on a ZSK-25 (25mm) counter- rotating twin extruder using a

standard screw design suitable for compounding polypropylene blends, under the following
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20 of the polypropylene may be crosslinked The gel contents are shown in
Table 23. Table 23 - Gel content for Fiber 1 CL, Fiber 4 CL and Fiber 5
W@I008R8A3G el Content % wt Gel Content difference from FibetCITfip108/050720
CL 63.3 Fiber 4 CL 60.8 2.5 F ber5CL 57.36.0 WO
corf 0010990 PGTILIS2008/050720 Temal Bebayior, Thethermal .,
ehavior iBerst 4 &nd 5was Studied via . Figures S an
spestheni AR epheatiddosmd toelingbeshdViors respectively. In Figure 18, the
polypropylene melting peak at 164C was clearly preserved in the blend
fibe1] It is palievedibatdhefiighsnmeliseie mpadgisaddas ihgbout 300 C.
Fib%%'}é&f R, legr?uvgilrlllgay&\g/ fhe ﬁ)'e” 10?(? %Sdtlgc?sg out a0 e %%%%EFH?%'H‘%%}%

e cone dyeing process wit cotton , Whére the required dyeing
sputewsipgrafutadstaR0@r fieFigie 09, Adiditdaah dprati tieesavigylingdd below in Table
2o polypropylene crystallizing peak at 125C disappeared in the blend cooling

process. Not wishing to be bound by any particular theory, it is postulated
that the effect of supercooling cau gbqetgf crystallization peak of the
polypropylene component to be 10lower in the blend. Tensile Behavior

[364]The tensile behavior of the uncrosslinked fibers is measured using an
. L P i .
Instron Universal TRERR-YASLEBA B arn ) at 508 tbkAmin-with 102 mm
auge length Pnetgﬁ%%%%%m)ﬂm tsed-(ModeL271.2-60/1, Instron
% 9 . }? T CIECn DIZE, 11ES fﬂtﬁl)u?cu‘\'nkiu ‘BESI [l
orp.) with a grip PREFRIEDR R P R Mbhy - Tgnacity,
elongation at break, and foad at 300% elongation are reported from an
average of 5 replicates. Tensile data at 23 C is given in Tables 24 - 27.

ik 24 Fiesisile hrop et inkadSxreaevy Bren s e

beahili@rcflosslinking machine giving a total dosage level of 176 KGy. Between each pass,
the fibers are cooled to -10 °C. The crosslinked fibers will be referred to as Fiber 1 CL, Fiber
4 CL and Fiber 5 CL respectively.

Gel Content

The percent gel content of the crosslinked fibers is measured by the xylene extraction
method according to ASTM D2765-95a, which is herein incorporated by reference. The blend
fibers, Fibers 4 and 5, had lower gel contents than Fiber 1, as would be expected due to the
dominant chain-scission responses of polypropylene under e-beaming. However, the blend of
Fiber 4 showed a lower reduction of gel content as compared to Fiber 1 than that of Fiber 5, and
this gel reduction level is less than the physical blending ratio. This suggests that some portion

of the polypropylene may be crosslinked. The gel contents are shown in Table 23.

Table 23 - Gel content for Fiber 1 CL, Fiber 4 CL and Fiber 5 CL.

% wt Gel Content % wt Gel Content difference
from Fiber 1
Fiber 1 CL 63.3 -
Fiber 4 CL 60.8 2.5
Fiber 5 CL 57.3 6.0
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Fiber 5 Load at 300% (g) 10.5 9.3 13.4 Elongation to break (%) 475 508

458 |.oad at break (g) 40.1 39.1 39.8 Table 25 - Tensile properties for
WQaKHeEIked 70d blend fibers Fiber 2 Fiber 6 Fiber 7 Fiber B{1H§2808/050720

300% (g) 6.8 10.6 9.7 11.3 Elongation to break (%) 614 606 598 532 Load

ThEhRIFRE Lo

The thermal behavior of Fibers 1, 4 and 5 was studied via DSC. Figures 18 and 19 show

the heating and cooling behaviors respectively. In Figure 18, the polypropylene melting peak at

164°C was clearly preserved in the blend fiber. It is believed that the higher melting temperature

of the polypropylene will allow the blend fibers to show improved performance in the cone

dyeing process with PET/cotton CSY, where the required dyeing temperature is 130°C. In

Figure 19, it is seen that the original polypropylene crystallizing peak at 125°C disappeared in

the blend cooling process. Not wishing to be bound by any particular theory, it is postulated that

the effect of supercooling caused the crystallization peak of the polypropylene component to be

lower in the blend.

Tensile Behavior

[364] The tensile behavior of the uncrosslinked fibers is measured using an Instron

Universal Tester (Instron, Corp.), at 508 mm/min with 102 mm gauge length. Pneumatic

clamps are used (Model 2712-001, Instron Corp.) with a grip pressure of 60 psi (about 413

kPa). Tenacity, elongation at break, and load at 300% elongation are reported from an

average of 5 replicates. Tensile data at 23 °C is given in Tables 24 - 27.

Table 24 - Tensile properties for uncrosslinked 40d blend fibers

Fiber 1 Fiber 4 Fiber 5

Load at 300% (g) 10.5 9.3 134
Elongation to break (%) 475 508 458

Load at break (g) 40.1 39.1 39.8

Table 25 - Tensile properties for uncrosslinked 70d blend fibers
Fiber 2 Fiber 6 Fiber 7 Fiber 8

Load at 300% (g) 6.8 10.6 9.7 11.3
Elongation to break (%) 614 606 598 532

Load at break (g) 51 63.3 39.6 50.8
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51 63.359.6 50.8 20 WO 2008/089031PCT/US2008/050720 Table 26 -
Tensile properties for uncrosslinked 140d fibers Fiber 3 Fiber 9 Fiber 10
WQ 218/889900% (g) 19.8 26.5 25.2 Elongation to break (%) 630P63U§2H8/050720
Load at break (g) 97 127.4 114.3 Permanent Set w/300% strain 44 64
eltebli\s%s test ﬁSI at erléa\é ebdf(;relgplpmss ure 1@g§£rled out in an Instron in an

environment ¢ ers are stretc to a given draft ratio (e.g., 3X)

on-a Teflon chnnf then heat treat

TC AL tr T atg

Fiber 3 Flber 9 Fiber 10

Load at 400% (g) 19.8 26.5 25.2
Elongation to break (%) 630 637 635
Load at break (g) 97 127.4 114.3
Permanent Set w/300% strain 44 64 -

The tensile test at elevated temperatures is carried out in an Instron in an environment
chamber. Fibers are stretched to a given draft ratio (e.g., 3X) on a Teflon sheet, then heat treated
5 ata predefined temperature (e.g., 95°C) for 10 min to simulate the streaming process. A card
board window (linch long) is then placed on the stretched fibers. 3M Scotch tape is used to fix
the fiber to the card board so that fibers are not allowed to shrink in order to simulate the fiber
stretching state in core spun yarn. The card board with fiber is then clamped. Before the tensile
stretching, the waist of the window is cut to allow fiber stretching. Fiber properties are tested at

10  the cone dyeing temperature (e.g., 95°C).

Table 27 - High temperature tensile properties of 40d fibers

Fiber 1 Fiber 4 Fiber 5
95 °C Fracture load (g) 10.2 11.2 7.6
95 °C Elongation to break (%) 148 115 75
120 °C Fracture load (g) 5.7 7.7 6.3
120 °C Elongation to break (%) 102 113 124
Dynamic Friction with Metal Pins
[365] The frictional property is measured using an Electronic Constant Tension

15  Transporter or ECTT ST200 (Lawson Hemphill). A schematic of the setup is shown in
Figure 12, The ECTT ST200 consists of an elastomeric yarn feeder (EYF) (1) and a take-up
roll (2) controlled independently by a computer (not shown). A draft of 1.5X was applied
(ratio between take-up lineal speed and EYF lineal speed). This draft value is a reference
obtained from historic draft partitioning data coming from commercial warping machines. A

20  piece of a commercial standard creel type 23E-1100 82 mm LIBA unwinding roll (LIBA
Maschinenfabrik GmbH) is placed between the EYF and the take-up roll (friction element).

Tensions are measured with a single 10 cN load cell (Perma Tens 100p/50cN, Rothschild).

-99.



10

15

20

25

5 at a predefined temperature (e.g., 95C) for 10 min to simulate the
streaming process. A card board window (linch long) is then placed on the
WA IIbers. 3M Scotch tape is used to fix the fiber to theRGEFIBYWRFAS0720

so that fibers are not aIIowed to shrink in order to simulate the fiber
hing.state in.core s The car dlrawrt fi S
T e B el S R iR e o
undglithe fibee Str&tepind ratiper propertles are tested at 10the cone dyemg
temperature (e.g., 95C). Table 27 - High temperature tensile properties of
48¢l7fibersa) Aikefithifdbehd iilpie 98B 6t Ef(ﬂﬁ&lur@é@ﬂdi(@)el&%ﬂkl 27.6

95 C. Elongation to 0) 148 Fra ture load ( 7
T B b e 5% T0BTa R DA bt
tendibat dlaPings{B6&] Phéofei dtioakioropentynis andasured using an Electronic

Constant Tension

[368] b) The filament is wrapped 180° on the friction element. The tension read on

the load cell is Ty, the tension after the friction element, also referred to as “available

tension”.
[369] The fiction coefficient can be calculated using the Euler formula:
To_ e
n

where 4 is the friction coefficient.

[370] Dynamic coefficient of friction (COF) results are listed in Table 28. Having
low COF is desirable because high friction can often lead to fiber breaks in weaving and
knitting applications. For some preferred fibers of the invention, the COF with polished
metal can be relatively low, as low as about 0.6 and less, preferably 0.5 or less, more
preferably 0.4 or less, and as low as about 0.3. Preferably, the COF is no higher than 1.0,
more preferably no higher than 0.9 and most preferably no higher than 0.7.

Table 28

Fiber 1 CL Fiber 4 CL Fiber 5 CL

Dynamic COF 0.521 0.433 0.389

[371] Dynamic mechanical spectroscopy (DMS) is performed on an RSA III
extensional rheometer (TA Instruments) to measure heat resistance. A bundle of 60 40-
denier fibers is clamped between at both ends between fixtures separated by 10 mm. The
sample is then subjected to successive temperature steps from 25°C to 200°C at 3°C per step.
At each temperature the storage modulus, E’, is measured at a strain frequency of 10 rad/s
and a strain amplitude cycling between 0.1% and 5%. An initial static force of 5g is applied

to prevent slack in the sample. The test ends when the temperature reaches 200°C.
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15 Transporter or ECTT ST200 (Lawson Hemphill). A schematic of the

setup is shown in Figure 12. The ECTT ST200 consists of an elastomeric
WQansfesél (EYF) (1) and a take-up roll (2) controlled indepeREEAINZH$/850720

computer (not shown) A draft of 1.5X was applied (ratio between take-up

lineal spe YF lineal speed). Thi dra alue.is a refere
S e R AT O SR Bet s R R -
Fibgyarpihgmadicrna 1A ?beméttémm duttheetoiabstandidnd elébypé CL and
Fibé35-¢100-82 Ak BA K eninding ¢oll (LIBA Maschinenfabrik GmbH) is
placed between the EYF and the take-up roll (friction element). Tensions

conflguratlons in ECTT are used to calculate the LISA dynamic COF,

U3Er the Sagiaotphslagyeidheatibers is [edipdy rABIRAIE MM BEHSIRE

TradOaR ek Mebada Mrbicipn @Eementyd Wﬁﬁmczwsd i dmbigakhel he
tensm of tp load cell is n&dlct%ted as éhat IS, thed'??1 ension that is
Rgde

POl HbIBTE R LB SR BRH TSBAFE he RmEhTIgres. For
perperajipda Qﬁ@sanqtltmlstmimdrbeiemnllacw ertefsiembeddingmihkl loaditlell isith

EpoF xR 16 @§§9{‘a'f}3§fl6%cf@8'éﬁ¥é pemank ﬁ'Eé"&ef%Uﬁ@&g{tﬂﬁmﬁf’%@PL%cuons

tension-.  [369] The fiction coefficient can be calculated using the Euler

straggtrRIRDere arg st o Ga R TP e RE e tainiTg7 dhplpeee allowed to
dryGeafpriest &f {rigtierI(GeQbihserubt21eliSige ib alRhends:. (bl aviRgHAY GO the

is desirable becayse high friction can fte to fiber breaks in weaving
Sl AR A b
ten@&undthlpolishimdgl Sinatal camcpareed lativelghow Oz iowf astainouh QLB)ahtbride
hyd&%é(l@&%ﬁe ﬂaf?ib?ét% t%ﬁ?g TRRIEMERTELARY Pt 0F Jai AN A% 1% 88,

about 0.3’ Preferabl y, the COF is no higher than 1.0, more preferably no

aqueRyts P LR lD/erakiaridstthedterably ﬁ@ﬂﬁl@}ﬁl@r%ﬁﬁ@ﬁg thstiibepgis pipegdiin the

staifih SHBRIe 4 okdEHE s Sehd MR CikeRAHRRAL QK 3800389 staining solution.
20[371]Dynamic mechanical spectroscopy (DMS) is performed on an RSA

bung‘tens'ﬂ%l Eﬁgxgﬁlﬁerﬁé B ’l?%%% é-?[) ItS’nmﬁ@?a‘ﬂ ﬁﬁ%&g lﬁ&ab%ﬁﬁe&f

le of 60 40 |bers Is clamped between at etween

méﬁ%y@ewm@alweﬂd%mpmﬁ@@m&@mmﬁ@@ﬁ]@&eﬁ@}té@g@@ébggwe
frofSIPSIAPIES FiRR%FRMRAGHE ARG ARG RELaiaRu RaACiemperature

the storage modulus, E', is measured at a strain frequency of 10 rad/s
longitudinally; a small piece of a stained fiber is cut to approximately 3mm in length and

placed into a flat embedding mold. A piece of double sided tape is placed at the tip of the
mold and the fiber is adhered to the tape in order to keep it stationary during the embedding
process. A single fiber is embedded with Epofix epoxy and allowed to cure at 38°C for 16
hours. Once cured, the block is removed from the embedding mold and the double sided tape
peeled from the tip of the mold exposing the single fiber. The block is trimmed down to

approximately about 0.1mm to 0.3mm with the fiber at the center of the embedding epoxy.

[375] Bright-field TEM images are collected on a JEOL JEM 1230 operated at
100kV accelerating voltage using Gatan 791 and 794 digital cameras. The images are post

processed using Adobe Photoshop 7.0.

[376] Figures 21 and 22 show TEM images of a sample of Fiber 4 cut
perpendicularly and longitudinally, respectively, to the fiber orientation at low (about

3,000X) magnification. Unexpectedly, the polypropylene component in the blend, seen as
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25and a strain amplitude cycling between 0.1% and 5%. An initial static
force of 5g is applied to prevent slack in the sample. The test ends when
WGP hture reaches 200C. WO 2008/089031PCT/US2008I5erp0$050720
[372]Figure 20 shows the dynamic mechanical thermal response of Fiber
CL, Fiber and Fiber 5 CL. The plot shows that the storage modulu
S T S b S T A e B G et
dirgglemprolb gy elofgibéreds omile lendsudiRblirpeita . 26igirds Ro gt 3 lee the

corﬁs%%ﬁ]iﬂ'gelﬁh%‘é@'&?m%&&mggﬂﬁﬁrﬁiiﬁl%ﬂ'ﬁg@@dﬁw%ﬁ?fﬂg@ ARG HRIPG
Transmission Electron Microscopy (TEM). The ruthenium stain does not
shogtedrhptdhS APRIBDIETRS. qerBReacafdn i RIERf \With 12 e Bngracflersbipe. This
nandhechggipnsel ltamestubioriaeHeadian]abcrass seetisnisothe Hibars @ieicular
laced n a fla bedding mald and.filled wjth Epofix epoxy resin and

e e S ABEL P BRI AE Siose sactions,

10strands of fibers are first sonicated in methanol prior to stainin&. The

ABETS are BifNRSd-Io iy QAR ddaMbimassra e’ DR dnteIdisidan of 2
sanipR&IFBEPW AR tashangdiralidiam thaesiterepRasiiotiiedans alatompares

fibers are prestained with Ru04 vapors for Ihour at ambient temperature,
e FRERTARG Qoo 1 PR Ly SISO Ieh Por el AR te
polmiomdelhwmm(mﬁ@agﬂahw@datgmbmmnpnamv@ lidlzprdpylene
on ﬁgqlggr mﬂHeOfﬁi&}é %a‘l’%@%@%ﬁc@qg MGMWQ{\@&}P&Q %dﬁﬁtg E'I?d central

glass slide containing the fibers is placed in the Staining bottle in order to
aredy ieHPEEIECRI S8 BB about 1 inch above the staining solution.  [374]

After staining, the fibers are removed from the jar and placed in a beaker

@&ioniz@@wﬂ@ﬁamd D shioatddE i iapgroxi mm_lmmmmgmﬁqrmow a
sangBlY SEEIAMA RMQA o e SRMA!GnE QLR IR QHeRt the JIRETRIF0 ﬁ_‘l%é seen

sections could be collected 20 longitudinally, a small piece of a’staine
thatifes A RolYRIER YRR ShBig15r SraleCIHYEY g B e PRaceY IteQyRERPYlene phases
wembedsingdmold. A piece of double sided tape is placed at the tip of the

ingle fiber. The block is trimmed
down to approximately about 0.1mm to 0.3mm with the fiber at the center

HPAE emBdgdirel epngyh ang3irsy BrilifhittieRe YRR Frrgels 2Pardiieditsadpith

polfprPlemlEM d 23R pesated &t 4 AUV GsaIsiali gV @t agRYsings @RI bwn in
791 and 79%giqgital cameras. The images are post processed usin

Figngate Pioteiopored S aelptiressniand oy @%@%T@l\ﬂ“ﬁﬁ%@&%{"‘&hty
wasampleaid-iber 4 cut perpendicularly and longitudinally, respectively, to
the fiber orientation at low (about 3,000X) magnification. Unexpectedly,
the REIRRPYISHE. component in the blend, seen as white areas in the
TEM images, Is evenly distributed as nano-cylinders in the perpendicular

irection, and as. el ted rods.in the longitudinal direction. Figures 23
e o R S e e D AN AR B HER OIS Sere

ext@dE00X)2 Thiegshmagesiiuttimeetshovechtirarthie wolppropdlemte rod and
forGRAMPPEBA lﬂé@@rﬂk%ﬂgﬁé/ﬁéd@ %Paﬂ%gf%ﬁ%%éﬁéw&gé: ThissaRan-scale

polymer blend structure is novel and, not wishing to be bound by any

scryfehid iodrspreriey e ighpRRaddagat RAARY tonthibingy e ithfikdRRsE samples show

sonftf @pekieSresisiance] guirs Ak andplScdismhay ool jropgeseahalwoWss surface
30,000X magnificatjon of a sample of Fiber 4 which was cut perpendicular

dar?ggt?lte ?%%H%S%%H%ﬁgﬂn&r&ﬁ% IE’?Jine)él é(c))l':mpares the morphologies of the
surface and central sections, respectively, for the dispersion of the 10
polypropylene domains. The images showed that there was no
concentrated polypropylene on the fiber surface. There was no difference
in morphology between the surface and central areas in a fiber cross
section.  [378] Figures 27 and 28 Pow TEM images at about 30,000X
magnification of a sample of Fiber 5 cut in perpendicular and longitudinal
directions, respectively. It was seen 15that for a polypropylene with higher

molecular weight, the nano-scale polypropylene phases were still
nhecerved
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Properties of Polymer Example 20 and Blends with Polypropylene used in

Fiber Examples Melt Strength vs Drawability at 200 C  [379] The melt
W AISEPEPEHAd drawability for Polymer Example 20 and the bleR€ Tlih20¢5/050720

polypropylene used in Fibers 6, 9 and 10 were measured at 200 C. The

res rI%CPe[PI wn [ (!,:3'19 Ire 29. The blend showed higher melt strength

than‘@tﬁlynm%x—%%m#. the drawability was comparable. Abrasion

Testing EPSO] A sample of Polymer Ex. 20 and a sample of the blend

E38H in FilMA RsuBIS RS AYEIFRE XFECMNSES enRostiaked@iraaes which
weilRQReIVHenVas ke SSREl R sadietl fiarseontmsciadie A dhass wihgkeature for

. re edly for an hour with 8000,cycles. The surfaces of the scratched rod

Fio e T I Ao 30 SO AC il e et BOTH el
hovehigw BbmeedndSidmresistapcechowleveticihessimgle dbitahmgteristic can
propﬁlyﬂﬁ%p&dgﬁge%%&@%ﬁ wi&%%s%%%@%éﬁéﬁyﬁ?ﬁg%@ﬁ@@ %hgfff%mycan be more

Polymer Ex. 20. WO 2008/089031 TMA Indentation Results
resigient f0 Sreiokeo sty bigaks dugspaquiagiaviybHh iR measurements were

conducted on crosslinked plaques which were compression molded. The

ihastration dégthrfarate dehstantivadiagainst teenpenationefoviBei@rerd pdade
frofCbR% SPONLIN IR AR AR AL AR R LI E RN SO SHR We hsed

5however, Fibers 4 and 5 show an improved indentation resistance. This
polymsracldridiReEanayrbiia enrpirB\ et P éhroicHanine i prpicessee gl ighrasion
resig&'ﬁeﬁgmd ' Mfﬁ@éﬁ%ﬁfﬂﬁr@%@m@w@mm gﬁ@%aﬁ@ﬁ, sdang

reaks due to contact with hard yarns, . [382] As demonstrate ove, .

recIORITEHE I IO BROVIE S e A Braha e TG ehieh
elongutioddlo bkeabpobrmerenot dtieylsmecand\arelatimandlipedibdenabased]dpun at
a rePRIYENCESo ] QIR SR BAYE: PG Rl MAKE AldRe IPHAWINA AAYAYHAIRS ron

good abrasion resistance; low coefficient of friction; high upper service
beagapipthsturediigprractinssy/faradiive thecBbsnnstiess vislkaxatioHipgighbatier
unviid &m&%ﬁ%&b\gaﬁh_ @Qi&rsstne%hfibégia 8le aggtmﬁtﬁ@%f i@gfﬁglgqb@[;ﬁ%ha} )

resistance; resistance. The fibers can be inch spun at a relatively hig
b“%di‘i?ﬁ?at%eé?w‘H%Wefr‘%}%%ﬁ&B‘?&Pé{nfﬁ & HgBFE AN BE 638 dBifked %&‘i%é‘&tro n
thrdufghpans bighthBudhréitkatigisorhethbasud foadditoryitiiedibens brexigssstickg,

. resulting.in hetter i rf 1ce and. better [ e

i e I R R R,

spun at a higher spin rate, the fibers' production throughput is high. Such

FBEAL a1so Petle 7 e R B PP G SRS B3R S LG HEr Dl
emkthiaie adyhntggerdiafidoharattar stids diteeapgdandinid teaseiskiled istiae
em 5&1%%&?&% ehﬂlevérl’llt? iril’lV otis(i)r{1 féa%llggﬁrr}lg S1crriet:J ergsg\rllitta i(f%s %ﬁt tso a(:ts of the

imited number of embo imen?s, the specific features of one embodiment
inveguld Incee embpditeents drherrepabiodimeniy dbtherinyadisle. NoWiegle

corfBRRAIRRR s HaRFeREM Al ke ah all ASIRECS 85 dhRINY AL BN SABIS or
embodiments, the compositions or methods may include numerous

me@&ﬁ?ﬁ&ﬁﬂﬂ%@f‘eﬁ& WotRUARLHEC 8 i SR BB AIFRE AR Sfftnerated
here@MPasit com oEmbriribod audasotied udesroprivia s dtantially tkespofient or
ste an %P Al %ldpnqg’n sr Sgeqsc?u?gl‘eeo%lélryn%{g‘}&dsg reci nﬁlvgh(ialr?t 89 gpee Variations and
%m od?ments are érégcr]i]be as comprls'ng gat ioea%tnone corﬁ'ponent or
modtapatioticirambe dirsrsibes] wrahodiolanie on. abek omthed oh makachersors is
desé;ﬁ,@d\@s@ﬂdsngmnmﬁgép cationstampsthendesgahest smhasirne piscadistin

The method of maldng the resins is described as comprising a number of

ANy CRIBHERPY d?h\gggsgfgﬁgr\gisg&giﬁqw.bgilbq,]é&?égdlmnber isclosed herein

should be construed to mean approximate, regardless of whether the word "about" or
"approximately"” is used in describing the number. The appended claims intend to cover all

those modifications and variations as falling within the scope of the invention.
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30any sequence or order unless otherwise indicated. Finally, any number
disclosed herein should be construed to mean approximate, regardless of
whether the word "about" or "approximately” is used in describing the
number. The appended claims intend to cover all those modificatigisl.afd
variations as falling within the scope of the invention. MCSLIP Claims: I.A
‘obtainable from or comprising a blend of at least one propylene

1. based pobiobtaabRI g @t deagi-bake wstight percratoi Ry pRienacdaged
at Ieastlé/fae multi-block et% r}?i olefln interpolymer, wherein the
ethylBRR/ASS ISR EISTRRFONHRE 1Y AT SR fé’r’fi%‘a’bé?é’ﬁ%pé{ IRioArpgast one
followngipshperies leattieotsasshinkingimer, whe(ai)na}M\M/}Mrbﬁmﬁno%mut
1.7 to about 3.5, at least one meltin 0|nt m, | ees Celsius, an
i S hERH fore

densIBfeRONGFAHRSAUBES Shiagin dh STEBE PARRSE 6P
and droestespend to the relationship: 10T",> -2002.9 + 4538 5(d) -

24222(d)2; w/M from t1, 7t bout 3.5, a
heat of fusufﬁ) All ify l\f‘/éwéﬁy&‘aeﬁ 8‘&}& t‘i‘t’)f% g@g@}%mg point,

Trdefﬂmgﬁﬁ:ihezlﬁmpeﬁatw k&ﬁffwanﬁegbatwﬁﬂmm&taﬂﬁsﬁe@%daaﬁkmd
the tal estCRY :g@ é)gegk wherei the nunierlcal values of AT and AH
YRR ¥%’ﬁ’8\f?/ HIS YEERAD + 62.81 for AH

greater than zero amgl upZOOI&O%rg;3AB?d48(24QEAtd)é,reater than 130

.11g, wherejn the C ak isd s1n tl ast5 ercent
of the cumu?g%lve po@ﬁ@% ?ngt z?e 'Y é)?% nt o%{ FHEY AH in
J/@rmﬂ@ﬂéﬂado@ﬁmﬁsimmp@feéb@a:lthes@aﬁﬁaéi:tterfwaﬁmedﬁﬁ&@ence

r 20( erc strainand 1 .
o e e ot RS RO ik A e gt s
vampﬁmmdaﬁiﬁi mdeﬁmtﬁ)ltbmgrms/muﬂm:pszenUmeter wherein the

numerical v atisfy the foII W|n relati nshlp the

ethylé{rllfe/a O&é %ﬁpo rige?rf%rs%% Eull |ealll Tee 6)1‘%{1 s% Ilrﬁﬁ]j(aﬂ/n hase:

95Re >1481- 1629(1(311‘ BHr8°C for A({d)gacmeﬂemnar%anglon which elutes
wRgiean 9G and 130G when ractionated using, TREE, charagierized i,

ion has‘a’comonaomer conte P SRS h WhitH I
p&eﬂme,ezmdﬁ)ﬂeam&&ﬁ@@egbeat@rf thalp@iymuhhtcnﬁhe@mﬂmbﬂy ((R2MIB)F peak,
th g tg? dligﬁ ethe numerlce}, y&lue of the peak ATREF elution 30

?empe rature fractlon measured in C; (e) has at least
one molecula) fracummlmcheedmes tlestweqmz@eﬁ arﬁi)Q&@féamhﬁmm and 1
. C ctlonat(ree%%l@lg?TREF (S:hlaract rzgt n thfl% the fr g}llga ha %1% Pnlt% ck er,
MOBELH IRdEX of at IERSt 0.5 an 0 abou d'a mélecular we"BR ym
andistdbagion dl,\/iw@qungteétercﬁnamatmwﬁeﬁemrﬂ@e hama;nwlleaage b)fdwand d
r er than Z8r0 a olecular. we|
A B ok Yt S R pased
s@etyﬂumﬂgsfpwesératcmes&émiﬁ@bh&rs The fiber of claim 1 wherein the
ethylene/a-olefin interpolyme is. a d by an elastic recovery, Re,
in percent at 300 percent st%n aqnq(? 1 cyc?e%%iea%ured from a
compreSS|orﬁdmoldedrfd}mofauh&aethyim@lem intevpahyAier andl i30°C when
enS|t d |n b|c entimete eregin Iastlc recovery an
i e e B B S BB Bl o
a IFR@E(ﬂynmem|whu:bsthnmhthemcﬁ(ﬁCmeslﬁﬁR@@@hmehﬂmr equal to the

quanu?y (6 9%%5‘% +21.07, where T is the numerical value of the peak ATREF elution
temperature of the TREF fraction, measured in °C;
(e) has at least one molecular fraction which elutes between 40°C

and 130°C when fractionated using TREF, characterized in that the fraction has a block
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153.The fiber of claim 1, wherein the ethylene/a-olefin intcrpolymer has at
least one melting point, T,", in degrees Celsius and density, d, in
grams/cubic centimeter, wherein the numerical values of the variables.L.P
correspond to the relationship: Tr, > -2002.9 + 4538.5(d) - 2422.2(d)2 and
wherein the interpolymer has a M"/M" from about 1.7 to about 3.5. 20

index¥ Ré FidersoPelaind Tpumehei inedimpelseraswaitidigsoRiher iy Mo,

oMM oM akqui 1,¢ to about 3.5, and the interpolymer is characterized
by a heat of fusion, AH, in .Tl/g, and a delta quantity, AT, in degree Celsius

defined as tfé diffdrseeanetsdatle pirEsTERe heaeriring e tefeegt 1.0

anFRYSAL RerkotheZeiland Wi Meetibadeliowing.elationships: AT >
-0.1299(AH) + 6% 81, for AH greater than zero and up to 130 J/g, Or AT >

48 C, for AUHeegife®BroRgdgnsGased PoyHsioin RS TRy SFECHHARGS-
determined using at least 5 percent of the 30cumulative polymer, and if

less ercent of the ntifiable CR STAE p

2 o T EPR S RE AR T LML BUPRaTe! Bt grized
whereynfthelér@;ﬁrmﬂymgr, sia piﬁﬂsﬁya@fiﬂ@p’eabﬁr?ﬁtfhﬁgﬁlglécydabmﬁmured
0.895.g/ec and a compre tat./ ess t out 70%. 6. T

fiber ggg}aalrﬁoflwg%gﬂﬁidogo? i nolfstg?yertgﬁgenﬁ opy eﬁgle RtesTjand a
hexeaemsltgaienegxémeiﬁyﬂeb@emhem ﬁzm@enbe etaatardsinatjamd the
thereof 7. The fiber of mIWh eris
pres ﬁ\%ﬁ%‘ﬁ?&ﬁlﬁ? &W@éﬁ 3% %t% gu?nfg WO%? "™ 08.The
fiber Mt&g&yhéﬂkﬁi’ﬂb@tﬁlﬁﬂeﬂl}ﬁr& @f%@rhsﬂ(hdk&i'ﬁheshber of claim 1,
wherein the fiber is cross-link %Otgé#% diation, electron beam

irradiation, or a cross-linking ai ént iber of claim 1, wherein the
percent of cross-linked polymer is at least 20 percent as measured by the

3 'Welgﬁt}geﬁggpgp&gﬁhs 1th&}ﬂgx%1r}@hg_gﬁl§'lgﬁé/9f&@ﬁ]131%‘!{3@%%%3 at least one

propylene based polymer is a highly crystalline polypropyléne. The fiber of
claimn¢liie psiinthbr-fibefegiadsicetaporiadidmeaity1 8. MisApEedfielemimeter,

whergif e, fiRey Hﬂi%@cﬁ?@ﬁ'&é@%%ﬁér%%m% l%?lseyr?m BRARME Qc@atlonshlp

wherein the interpolymer is not mixed with any filler A fabric

comprising the fiber dfclairf92 5t +haSratshic GFRRRA4, wherein the
fabric, s a,ARAMICHRN SBRRN FRITISIRG. fIDRTS AL RY SCIiPRLSRIMNENg or

melt spinning. 16. The fabric of claim 14" wherein the fabric is elastic.

4, The fiber of claim 1, wherein the ethylene/a-olefin interpolymer has a My/M;,
from about 1.7 to about 3.5, and the interpolymer is characterized by a heat of
fusion, AH, in J/g, and a delta quantity, AT, in degree Celsius defined as the
difference between the tallest DSC peak minus the tallest CRYSTAF peak, the
AT and AH meet the following relationships:

AT > -0.1299(AH) + 62.81, for AH greater than zero and up to 130 J/g,
or
AT > 48 °C, for AH greater than 130 J/g,
wherein the CRYSTAF peak is determined using at least 5 percent of the
cumulative polymer, and if less than 5 percent of the polymer has an identifiable
CRYSTAF peak, then the CRYSTAF temperature is 30°C.
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17. The fabric of claim 14, wherein the fabric is woven. -106- MCSUP 18.
The fabric of claim 14, wherein the fabric is knitted. 19. The fabric of claim
18, wherein the fabric is circular knittedwarp knitted or flat knitted. 520LLP
The fabric of claim 14, wherein the fabric has an MD percent recovery of
at least 50, percent at 100.percent strain. 21. A yam comprising. the fiber of
5'claim ?épgfeﬁlﬁ%e@%% of cfaimi 21 Whet |n%¥ﬁl<§ry¥la?ﬁ alls(%g§ é)g. N %ut8'860
yarn gicclairbad WRefeircthmgarcvismevasaddycotton yétns oiayidout 70%.
yarns. 1524.A method of making a fiber or fabric, comprising: melt mixing
a blend of at least one propylene based polymer comprising at least 50%
6.weigHthsdreene bflproplylaherandhs molalbletketiopiemeaadain | -butene, 1-
interpRUyIET: akne, 4-mEXYUYING G DIEN QIR B ADELVAEHEIR € cor
ethylene/a-olefin interpolymer is 20characterized by one or more of the
following properties before crosslinking: (4)a Mw/Mn from about

7.1.7 torabowt84, ciileasthaprmeldngpeiehe ik siegreas Grlsiig.iand a
density, d, in??brams/cub{'%c%centimeter, wherein the numerical values of Tin

and dESHEsPoN S ThaT¥thtohEhip a0 854)911825 3(d) + 1112.8(d)2;
or 25a Mw/Mn fro_m abou_t 1.7 In about 35 and a heat of fusion, AH iii J/g,
s.2nd agelia quaniiy, AT dedraesifelsius delipgd s the temperature

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

wherein the numerical values of AT and AU have the following
9.relatignghiBs: of clainfl w43 AT ES 3L foATEr BRI thaREMeN,
and up to 130 Pg, 30AT? 48C for AU greater than 130 J/g , wherein the
CRY S'PAFOPLSRTS HatEAHRetr iRyt idRE 8458Fcent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiable
1R e s [ B T b SRS 1ot b8l mer is at 1668 20
an elastic recovery, Re; in percen At 50 percen strain and' 1 cycsle
measunednvithraccomgi éssibaweattiepefitanod figel etoyhenke/a-olefin
interpolymer, and a density, d, in grams/cubic centimeter, wherein the
numerical values of Re and d satisfy the following relationship when the
Lethyldie/Bhstetihciaterdo yheaein heppepsaseknsl yngoss fngely crystalline
phasg,Re: gﬁ%ﬁg_ﬁZQ(d); or (d) a molecular fraction winch elutes
between 40C and 130"C when fractionated using TREF, characterized in
that the fraction has a comonomer content of a TREF fraction which elutes
1 hetwdaerr 406 andldid0C gieater thafilosr eguldonipedoaddetity (0.2013)T
+ 21.07, where T is the numerical value of the peak ATREF elution
temperature of the TREF fraction, measured in C; (c)has at least one

1%qle&haﬁﬁmﬁ6ﬁlméh@m§1§b@\/ﬁé@n 12?(_3@ eprdfidog Wr_féntf@aczﬂﬂaté@an
using L REb.ccRaaeisrize duia gt e fiagtion; vas ahlagl inggx of at least

0.5 and up to about 1 and a molecular weight distributiori, Mw/Mn,
15greater than about 1.3; or

14. A fabric comprising the fiber of claim 1.

15. The fabric of claim 14, wherein the fabric is a nonwoven sheet comprising fibers

made by solution spinning or melt spinning.
16. The fabric of claim 14, wherein the fabric is elastic.

17. The fabric of claim 14, wherein the fabric is woven.
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has an average block index greater than zero and up to about 1.0 and a
molecular weight distribution, Mw/Mn, greater than about 1.3 wherein the
propylene based polymer is present as nano-cylinders. 2025.The method

of claim 24, further comprising foiming a fabric from the fiber, wherein theSLLP

fabric is substantially free of ropin%. o
18.  The fabric of claim 14, wherein the fabric is knitted.

19.  The fabric of claim 18, wherein the fabric is circular knitted, warp knitted or flat
knitted.
20.  The fabric of claim 14, wherein the fabric has an MD percent recovery of at least

50 percent at 100 percent strain.
21. A yarn comprising the fiber of claim 1.
22.  The yarn of claim 21, wherein the yarn is covered.
23.  The yarn of claim 22, wherein the yarn is covered by cotton yarns or nylon yarns.

24. A method of making a fiber or fabric, comprising:
melt mixing a blend of at least one propylene based polymer comprising at least
50% weight percent of propylene, and a multi-block ethylene/a-olefin
interpolymer; and
extruding the blend into a fiber, wherein the ethylene/a-olefin interpolymer is
characterized by one or more of the following properties before crosslinking:
(a) a Mw/Mn from about 1.7 to about 3.5, at least one melting point,
Tm, in degrees Celsius, and a density, d, in grams/cubic centimeter, wherein the
numerical values of Tm and d correspond to the relationship:
T = 858.91 — 1825.3(d) + 1112.8(d)*; or
(b) a Mw/Mn from about 1.7 to about 3.5, and a heat of fusion, AH in
J/g, and a delta quantity, AT, in degrees Celsius defined as the temperature difference
between the tallest DSC peak and the tallest CRYSTAF peak, wherein the numerical
values of AT and AH have the following relationships:
AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,
AT > 48°C for AH greater than 130 J/g,
wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak,
then the CRYSTAF temperature is 30°C; or
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(¢) an elastic recovery, Re, in percent at 300 percent strain and 1
cycle measured with a compression-molded film of the ethylene/a-olefin interpolymer,
and a density, d, in grams/cubic centimeter, wherein the numerical values of Re and d
satisfy the following relationship when the ethylene/a-olefin interpolymer is
substantially free of a cross-linked phase:

Re >1481-1629(d); or

(d) a molecular fraction which elutes between 40°C and 130°C when
fractionated using TREF, characterized in that the fraction has a comonomer content of
a TREF fraction which elutes between 40°C and 130°C greater than or equal to the
quantity (0.2013)T + 21.07, where T is the numerical value of the peak ATREF elution
temperature of the TREF fraction, measured in °C;

(e) has at least one molecular fraction which elutes between 40°C
and 130°C when fractionated using TREF, characterized in that the fraction has a block
index of at least 0.5 and up to about 1 and a molecular weight distribution, Mw/Mn,
greater than about 1.3; or

(f) has an average block index greater than zero and up to about 1.0
and a molecular weight distribution, Mw/Mn, greater than about 1.3

wherein the propylene based polymer is present as nano-cylinders.

25.  The method of claim 24, further comprising forming a fabric from the fiber,

wherein the fabric is substantially free of roping.
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