POLYETHYLENE-BASED ORIENTED MONOFILAMENTS AND STRIPS AND METHOD FOR THE
PREPARATION THEREOF Technical Field The present disclosure relates to tapes and
monofilaments of a polyethylene composition, a process for making the same, and processes for
fabricating artificial turf thereform. Background The use of polymeric compositions, such as
polyolefins, in producing tapes or monofilaments is generally known. Exemplary polyolefins include,
but are not limited to, polypropylene compositions, which can be used in the manufacture of a variety
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applications. Common applications for polypropylene tapes and/or monofilaments include carpet
backing; industrial-type bags, sack§RriHBISRFdHEB AT L dJEERMfEal turf and geotextiles. They
can be particularly useful in woven materials or fabrics that require a high degree of durability and
toughness. Despite the research efforts in developing compositions suitable for tapes or
monofilaments, there is still a need for a polydie§haitalcBieldosition that displays both improved tenacity

and residual elppoationAnHpERYRReRtINAUN.al thessmbatasterstiss ey danasiyandreaidual
elongation) is a highly desirable achievement. Summary The present disclosure provides for

polyethylEifEB AL riantBe THPeseah @RsHsHI BN ARE ABIHIYLBE Hgifithe same. The tapes
and monofilaments of the present disclosure include a polyethylene composition comprising (a) less
than or equal to 100 percent by weight of the pglyethylene composition derived from ethylene
monomers, and (b) less than 20 percent by Wem%@%olyethylene composition derived from one
or more u-olefimtim osoaietsyhbaalyeihyiene, cochpesitibnlefithe itapedicing noftaon entrhddaameaensity
in the range of Q,920 to 0.970 g/cm3, a molecular weight distribution 4/MQ).in the range of 1.70 to
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the tape or monofilament according to the disclosure can have a hot oil (90 C) shrink measured in
percent aftsriplsing fabmesled gayoe Methdessipryel SrrabdithanBOUARA or more embodiments, the

polyethylene compasition.afthentapsrimanefiisme s Apeorsling Je thediscasurs: eambammasiensity
in the range of 0.925 to 0.960 g/cm3, and a melt index (12) in the range of 0.8 to 1Q g/10 minutes. In
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present in the backbone of the polyethylene composition. In one or more embodiments, the

polyethyfeh 8180 AGEHBIF 8¢ 4% $3158%r monofilament according to the disclosure can have less than 2
peaks on an elution temperature-eluted amount curve determined by continuous temperature rising
elution fraction method at equal or above 30 C, \ghereigl the purge peak which is below 30 C is
excluded. In one or more embodiments, the poly composition of the tape or monofilament
according to théhdigctesuréigdm:have deskiHanpbiypénrdent bysedeightefi thegalyéthytedideoomposition
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composition of the tape or onotiament ace rding to the disclosure can be free of long chain
branchimglyatbyiensromore eivbodimuiiisgttre lsetyibimie aeuebinpO8itor ot thevtaidigdsnofilament
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a hafnium based metallocene catalyst per one'million parts of polyethylene composition.” In one or
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stabilizer. Embodiments of the present disclosure also include a process for ma,kin%a tape or
monofilaRRFREBsHEH g itabatinss (B (A st dasirp ae 981 ethiftehi e A Mt ntisn CekipHEnyrdesd than
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less than 20 percent by weight of the polyethylene composition derived from gne or. more a-olefin
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range of 0.920 to 0.970 g/cm3, a molecular weight distribution (1\4/M11) in the range of 1.70 to 3.5, a
melt index ('2) in the range of 0.2 to 50 g/10 minutes, a molecular weight distribution (Mz/M) in the
range of less than 2.5, vinyl unsaturation of less than 0.1 vinyls per one thousand carbon atoms
present in the backbone of the polyethylene composition; and (2) forming the polyethylene
composition into the tape or monofilament having a decitex of greater than 500 g/10,000 m. In one
or more embodiments, the process for making the tape or monofilament according to the present
disclosure includes the steps of extruding the polyethylene composition from an extruder, and
guenching the polyethylene composition emerging from the extruder in a liquid having a temperature

of 20 to 30C. In one or more embodiments, the process for making the tape or monofilament according
tn the nreceant diceclociire inchiidec the otan of orientinA the tane nr Mmonofilament at a temneratiire



The present disclosure also provides for an artificial turf that comprises a base material, and one or
more tapes and/or monofilaments having a decitex of greater than 500 g/10,000 m, the one or more
tapes and/or monofilaments implanted into and extending from the base material, where the one or
more tapes and/or monofilaments comprises a polyethylene composition comprising (a) less than or
equal to 100 percent by weight of the polyethylene composition derived from ethylene monomers and
(b) less than 20 percent by weight of the polyethylene composition derived from one or more a-olefin
monomers. T olyethylene composition ysed in the one or more.tapes. and/or,monofilaments of the
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and extending from the base material. In one or more embodiments, the artificial turf according to the
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layer include particles of a rubber. In one or more embodiments, the particles of the in-fill layer may

compristhedtifslosta Garhareagliyetkyieiie EBsHI<hkion & heoSrasan: thdddatlidndex (RMBSfiments of
the péesi%agg'tm We @k?’@((}'zﬁ;ﬁiﬁﬁi%%a peaess ﬁ%r@&ﬂ&?c%iﬁ%ﬁ@iﬁ@dw&%?ml&iﬂgmﬁimw %)o
providing a base material; providing a tape or monofilament having a decitex of greater than 5
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unsaturation of less than 0.1 vinyls per one thousand carbon atoms present in the backbone of the
polyethylieheobihpbssici sprBeisfiDederiptblicn #s Drawiagsolelinmaenp@gtrJbseoPillsteating the
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this disclosure is not limited to the precise arrangements and instrumentalities shown.  Fig. 1is a
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extruded tapes of Examples 1 and 2, and Comparatjve Example A. Detailed Des; ,igtion The
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improved elongation at break.(residual elongation percent %) and tenacity, (N/decite compared to
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present giggtasyicapronipestatow ¥y stadtunation and a narrow molecular weight distribution, as
discussed herein..These properties of the. polyethylene composition when combined with steps of
orienting the tae%n%lg %&ﬁ%i onr%mogr?% i 5%8%@ 1%?%%?5 zrios?n1 f:;lél %%?y%t?’& ene rc%lﬁc%% ﬁ%ﬁ ,e as discussed
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of the polyethylene composition derived from gthylene monomers and less than I%\éonpt)‘ercent by weight
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molecular weight distribution (I'VIVIn) in the range of 1.70 to 3.50, a melt index (12) in the range of 0.2
to 50 g/10 minutes, a molecular weight distribution (M,/IV1,) in the range of less than 2 5, and a vinyl
unsaturation of less than 0.1 vinyls per one thousand carbon atoms present in the backbone of the
composition. Tapes and/or monofilaments formed from the polyethylene composition have a decitex of
greater than 500 g/10,000 m. The polyethylene composition according to the present disclosure
possesses unique properties and differentiated performance in diffetent applications, as described in
further details herein. The term (co)polymerization, as used herein, refers to the polymerization of

ethylene monomers and optionally one or more monomers, e.g. one or more a-olefin monomers. Thus,
tha tarm (coXnolvvmeaerizatinn rafare 1o hoth nolvvmerizatinn of ethvliene monomere and connlhvymeri7zatinn



The polyethylene composition according to the present disclosure has a density in the range of 0.920
to 0.970 g/cm3. All individual values and subranges from 0.920 to 0.970 g/cm3 are included herein
and disclosed herein; for example, the density can be from a lower limit of 0.920, 0.923, 0.925, 0.928,
0.930, 0.936, 0.940, or 0.945 g/cm3 to an upper limit of 0.941, 0.947, 0.954, 0.955, 0.956 0.959,
0.960, 0.965, 0.968, or 0.970 g/cm3. For example, the polyethylene composition may have a density
in the range of 0.925 to 0.960 g/cm3; or in the alternative, the polyethylene composition may have a
density in the range of 0.940.t0 0.960 g/cm3; or in the alternative, the polyethylene compositjon may
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range of 0.940 to 0.965 g/cmg; or in the alternative, the polyethylene composition may have a density
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have a dens%ln the range of 0.940 to 0.950 g/cm3. The}polyethylene composition according to
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alternative, the polyethylene composition may have a molecular weight distribution (Myv/M") in the
range ofPRSTY BPSBP AR HE B HET I THOBOREhY RIS aYIpS StiBRIHay hevsmip éeliarsweight
distributiga,(MwiMkén ﬂﬁﬁp@é&l@ W \Je&&%?tﬁ@b@l&%‘ﬁ@rﬁ'E‘%ﬁﬁﬁgéﬁow&eﬁ%@ﬁwﬁaﬁﬁ% posit_ion
may have a molecular weight distribution (Mw/Mn) in the range of 1.70 to 2.15; or in the alternative,
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Mw/M") in the range of 1.70 t0.1.85. The polyethylene composition according to. the instant
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index (122) ineH; ran emof0 Ito. 10 g/10 minutes; or in the alternative, the polyethylene composition may
have a e]I Index fl% h the range of Ito 20 g/l 0 minutes; or in the alternative, the polyethylene
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alternative, the polyethylene composition may have a melt index (12) in the range of 0.3 to 10 g/10
minutesiBpipntad aierrdgventagisnye thy baie serspokitlerrrady mave enhlieatx teay it failge of
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molecular weight (Mm) in the range of 15,000 to 150,000 daltons. All individual values and subranges
from 15,000 to 150,000 daltons are included herein and disclosed herein; for example, the molecular
weight (M,) can be from a lower limit of 15,000, 20,000, 25,000, 30,000, 34,000, 40,000, 50,000,
60,000, 70,000, 80,000, 90,000, 95,000, or 100,000 Haltons to an upper limit of 20,000, 25,000,
30,000, 33,000,



40,000, 50,000, 60,000, 70,000, 80,000, 90,000, 95,000, 100,000, 115,000, 125,000, or 150,000. For
example, the polyethylene composition may have a molecular weight (Mw) in the range of 15,000 to
125,000 daltons; or in the alternative, the polyethylene composition may have a molecular weight (Mw)
in the range of 15,000 to 115,000 daltons; or in the alternative, the polyethylene composition may have
a molecular weight (Mw) in the range of 15,000 to 100,000 daltons; or in the alternative, the
polyethylene composition may have a molecular weight (Mw) in the range of 20,000 to 150,000
daltons; or in the alternative, the polyethylene composition may have a molecular weight (Mw) in the
range of3U0BOAHARER0O0NEItemenis R tid aaket Hatvescthivtpoiye tnden eomp esitiodimeayshiwe a
moleculan weight £ i #q1angs Rl (A0 10,800 dations: or in e alicanative, fiepalyelhylene
composition may have a molecular weight (Mw) in the range of 50,000 to 150,000 daltons; or in the
alternatife & Fohjatsysas Comppissitblemby RavetherpolethiarwsRnpeMinniattle pipgatof 60,000 to
150,000 galtonse or in the alternative, the polyethylene composition may have a molecular weight (Mw)
in the range of 80,000 to 150,000 daltons. The polyethylene composition may have molecular
weight distributSPPASHREY S ofHES BFSEIS s w7 s SafRIRAIORASy AT dabaia MR arGed Woim less
than 2.5cargphgided hepsiprantheiseiosed hariniforBXxample: dhe; RaRIbY lape.comrasiommay
have a moleculay weight distributi/on Mz/Mw) in the range of 2.2 or less ; or in the alternative, the
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or in thecaligrowitive atiie Palyethylisnealeonteasiiomoiayiay ent MelBesdanaeight disttiution (M/Mw) in
the range of less.than 2.00;,0or in the .alternative, the polyethylene composition may have. olecular
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alternative, the polyethylehe composition may have a molecular weight distribution (Mz/Mw) in the
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a vinyl unsaturation of less than 0.1 vinyls per one thousand carbon atoms present in the backbone of
the po|yéfﬁ§1€WéoeéMp%iﬁ6h¥h?ﬁww¥ IsssHapationvabsspravirachieithand thigervaricto be
achievedhfarsthe pabwihdens rempasitien.Albnd vidualp@easrad shpasees.from less than 0.1 are
included herein and disclosed herein; for example, the polyethylene composition may have a vinyl
unsaturation of less than 0 08 vinyls per one thousand carbon atoms present in the backbone of the
polyethylene composition; or in the aieispDyectingi e by BResamposition may have a vinyl
unsaturation of less than 0.06 vinyls per one thousand carbon atoms present in the backbone of the
polyethylene composition; or in the alternative, the polyethylene composition may have a vinyl
unsaturation offlesth¢hemp0 8> vityisrpenoihe fhalisand detodnshtomsptiesentimtha baekbians of the
polyethylene compasition; or.in.the alternativ .polyethylene c Qsition may have a vinyl
unsaturéj:ﬁglr%%%fg’s‘is)ﬂtﬁénr% (5\ %d;f%%ﬁgﬁé p%vrveo‘ﬁeer’t%igthqsgég%%%?%ﬁ gt%?%?pﬁteese%tt% t‘%gcbsgckbone of the
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unsaturdfieaotibssimant olohamgHenpdisslisditousand carbon atoms present in the backbone of the
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unsaturation of less than 0.001 vinyls per one thousand carbon atoms présent in the backbone of the
polyethyk&aE b atidriad Comparprsdrigaple omposition may comprise less than 25 percent by
weight of the polyethylene composition derived from one or more a-olefin monomers. All individual
values and subranges from less than 25 weight percent are included herein and disclosed herein; for
example, the polyethylene composition maﬁéﬁgﬁw&ﬁﬂn 20 percent by weight of the
polyethylene camppsiion dsnivegddiemntans apraens-aieliniaas amessiarjoiiagakeenative, the

polyethylene composition may comprise less than 15 percent by.weight of the polyethylene
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composition may comprise less than 12 percent by weight of the polyethylene composition derived
from one or more a-olefin monomers; or in the alternative, the polyethylene composition may comprise
less than 11 percent by weight of the polyethylene camposition derived from one or more a-olefin
monomers; or in the alternative, the polyethylene composition may comprise less than 9 percent by
weight of the polyethylene composition derived from one or more a-olefin monomers; or in the
alternative, the polyethylene composition may comprise less than? percent by weight of the

polyethylene composition derived from one or more a-olefin monomers; or in the alternative, the
nnoh/ethviliene compbpocitinn mav comnrice lece than B nearcent by weiaht of the nolvvethviene comnocition




measured at 190 C; or in the alternative, the polyethylene composition may have a shear viscosity in
the range of 50 to 55 Pascal-s at 3000s-1 shear rate measured at 190 C. The polyethylene
composition may further comprise less than or equal to 100 parts by weight of hafnium residues
remaining from the hafnium based metallocene catalyst per one million parts of polyethylene
composition. All individual values and subranges from less than or equal to 100 ppm are included
herein and disclosed herein; for example, the polyethylene composition may further comprise less than

or equaltn, 10 parts by weightoffrfniimdasiduesremainingdromuibe afaiumbaseddneialgeene

catalystqjggr one million parts of polyethylene composition; or in the alternative, the polyethylene
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composition; or in the alternative, the 'olyethélene_composition may further comprise less than or

equal o FERELY AL HEBIERTIuM disitied berdginis ror Rl iRaptitmRohsitbirktallocene catalyst
per one dxilliRninakts RiPalyaideReempasitivrnan intbesplicinativendhemalyeihylane compasiion

may further comprise less than or equal to, 4 parts by weight of hafniym residues remaining from the
PafniumPBRSAR RS ANGERTE Bar a2 B SR oS BP RV BEeIeHe BB CREBA BHTh the
alterna_ti&ﬁ,athﬁ_tp,orht&t&im_ngid@mebaig’mmw furtihessCartipriseulaag then @n@qt:ﬁdmﬂlpgﬁaby weight
of hafnium gsiducs,remaining. fom he hafnium.based metallocene eatalvst perane millon pats of
polyethylene composflon, or in the afternative, the polyethylene composition may further comprise
less thathepelyatisierk. Soparts ibyniedfinfarhhadniutne residubsate hpiwitigrisper the Hadniehat E3Bd
metalloqfrllg &%t.ad%?ts%%ﬁﬁ . million parts of _polyethylene composition; or in the alt_ernative, th_e
polyethy &ne composition may further comprise less than or equal to 1 parts by weight of hafnium

residues remaibisgfioathtieckhaminesbases snatalivoche pasalystipéooneinsiiides frertior pokgeylene
composjHiomaIy e%éﬂt%?lg%f?&i\é? RS ROMRIME D SATRROTHOR Y SRR ERMPASEESS HaaBser

equal to 0.75 parts by weight of hafnium reSidues remaining from the hafnium based metallocene
catalyst her sR@Hffib P pREL M YoRrpairehy learssrpstiosrderifid Atsrrasve, aecoRefHylene
compositigRmay furthes Lompiise Esafbanarneaual indhbr-Ramts Ry oxaiohiof halgivmresichies
remaining from the hafnium based metallocene catalyst per one million parts of ola{eth lene
composhidh ¥ pdlyethgleme aamiscsion sl AittHBRIOH MRy 19024 66 T4 t%’t%ﬁ\%éé‘i‘ﬁibf
hafniumirasiduesiremainipg fram thehamiumhased matriiosens gatahisibaaoe e milipm pasts of
polyethylene c mpoation. The hafpium residues remaining from the hafnium Ease%get llocene
Catalyst e Ut £ S U ASr Y LAy USSR (R RS
calibratestdenefeidncasondartisc Hompaiitioar Mesics grani esowelraentpfessidfinelded at elevated
temperature intg plaques having a thickness of about 3/8 qf.an j r the x-ray measurement in a
preferreaorg%/g%agé)’ %??/%P)? ﬁlothco%%eear‘l?r%\ 1|toer)%somglf?;\aet él‘?‘éﬁ(:%r? 861 @‘é@%&h ppm, ICP-AES would be a
suitable methotilte mefethyieeemetglresituas présent ihdipecpolydifnjiens pompositiongiie one
embodiment, the poly lene. compositio SS Ntialk rQMIUM;: Zi ' i titanium
content,pt]f?gtéél,esr;lonér%%r?y% I%tte%o %% ealc%r(a)ér:éo?elretlzl%hqu1 (igégqgiﬁgeagri%%%%éﬁ%%%?ﬁ%ﬁ%s of these
metals drerpresent, such as, for example, less than 0.001 ppm. The polyethylene composition in
accordance withy e Besopt ASRIASMIBTRN0AY s IDARZPRBIS ORI IRRRGIAIure-eluted
amount curve determined Dy Continuous temperature rising elution fraction method af equal or above
30C, WhSFBIANSES BREgP ek HAREH T HEFOROBO IS 5Bl B T MM FHEIPEOAE Dolyethsne
COMPOSHIAR May MUY h PeRK @ 1838 B&ﬁﬂeﬂkﬁiﬁﬂ SreRsarRR bR AMPLP AR dalgrMIned

by continuous temperature rising elution fraction method at equal or above 30 C, wherein the purge

peak whi5 YRR BB FE R GHB AT TS MGy & S HE D BTy BGRB8 MSE8HIEH may have only 1
p:eak Or]: an elutgg %@[zaﬁgﬂéﬁéef@hﬁ@sim@wﬁr@uﬁge}d@éqhmnaﬁdiﬂam@@faﬁ}]upwaé%mlpeﬁaw@ﬁ@ng
elution fraction method at equal or.above 30 C, wherein the purge which | ow 30.C js
exclucett ORGSR AmErAAF e et HIEARARR OCE BB QD B R
considerneldio bedpakssed heftia; fotyathyleaaleomspasitian vedyofurileweolipitise @Gaziioral,

compon S r er ers and/or one or.mor g{)iv itives
include, %%?g?rg%&oglpr%@d bg,gghﬁi‘s%% i lgg‘gni?s‘,g/g’g?orme% E ceér%?n ycée%s?'%u lffig%ﬂs?’,&#icﬁé%?@p%gﬁents,
primary aitexidEins).96¢ohbasy ePtlxidasty) provesEmpmidslit) hstabilizbranteblosiksoslimagents,
tackifiers, fire retardants, antimicrobial agents, odor reducer agents, anti fungal agents, and
combinations thereof The polyethylene composition may contain various amounts of additives. The
polyethylene composition may include less than 5 pe%cent (%) of the additive by weight of the
polyethylene composition. For example, the polyethylene composition can have less than 5 percent
(%) by weight of the polyethylene composition (e.g., less than 50000 parts-per-million (ppm) of the
polyethylene composition) of a UV stabilizer. All individual values and subranges for the UV stabilizer
of less than 5 % by weight of the polyethylene composition are included herein and disclosed herein.

For example, the polyethylene composition can have less than 4 percent (%) by weight of the
noh/ethviene combpocitinn (e A lece than 40000 nnm of the nnolhvethviene comnocitinn) nf a 1 I\/



available from Cytec Industries, Inc.; and HostavinTM N 30, a 7-Oxa-3,20-
lazadispiro[5.1.11.2]heneicosan-21-one, 2,2,4,4-tetramethy1-20-(2-oxiranylmethyl)-, polymer with
2-(chloromethyl)oxirane, commercially available from Clariant Corporation. Conventional ethylene
monomers (co)polymerization reaction processes may be employed to produce the polyethylene
composition. Such ethylene monomers (co)polymerization reaction processes include, but are not
limited to, gas phase polymerization process, slurry phase polymerization process, liquid phase
polymerization process, and combinations thereof using one or more conventional reactors, e.g.

fluidizedheeel pdenphatee deners00R Féa S8p9, gumeorrankhreakesat ratdly rehxedrdsneparallel, series,

and/or agycomhinAtians e teaindi e AUGHALYEo i ROYSHY 1805 Corp asition May dereroduced in
a high pressure reactor via a coordination catalyst system. For example, the polyethylene composition

may be PrbetedanFsgaROpHiREa S INAYE A H D E oSG dad-phaskreadion Wewever, the
present GSEIRENES de Mt RAHURE doad Ahehih e ARV ERANMEiZAtARRIPCO99as eyshe-gmployed.
In one embodiment, the polymerization reactor may comprise of two or more reactors in series,
parallel, Sr R GHERBRE BT S ¥ BITAD AP RBSHEI EN K617 Asaetar s thedinse Phact e PP
fluidizeddhed’ gasiphiase keaaios, theanoieerambestipentidhe:gps sbaseRotymefizating: [Gastovis a
continuous pglymerization reactor comprising one or more feed streams. In the polymerjzation reactor,
the one SHIGILHSEH SFABME A8 BBBIRPRGEIRAF SATERE Y0 AL SHVIGAR HidRGRRers and
optionallyf Orfs drnioreSmanomers) dgalaneadr more@iotelfinispare fipnstoantycled cardénsiously
through the polymerization tor by any: syitable means, The omprising ethylene monomers
and omt I B R B S B R B B S utor
plate to fleidizeithérdbecin af W%ﬂt&&zﬁtimm tbeelsrnativin hrauhiptidy ahadninosibasedy
metallocens calalyst %Xﬁ%%%ﬁ%‘é'gﬁdf@sét%%.@ﬁ@r?ﬂé a3 desgibed hgieln &l@'géﬁ’j&ﬁyr’é&fr details,
ethylene'monomers;, optionally one or more alpha-olefin monomers, hydrogen, opttonally one or more
inert gaswsansibmigaiibareg. dunsiisopdmasmecaid 940408, Miczisprionally baeltrmbre. dontinuity
additive, 6,0 UichyIia0 ieRMAATIRe AHMiPHMdisiea B YueanRinalioas thererare

continuously fed into a reactor, e.g. a fluidized bed gas phase reactor. The reactor may be in fluid

commuriE&sH Rith ol bihybie srenartiendaks hatpgeleasity b ernasied Ght)de Reyerem’
compres§arsmEn@dempRIalid 8 I8 18RO} tRically mibe Jarae iy hia-dlr G (oaterablyss to
110 'V, more,preferably 75 to 100 C, and the pressure is in the range of 15 to 30 atm, preferably 17 to
26 atm. K W¥stributor plate at the bottom of the polymer bed provides a uniform flow of the upflowing

monomer, CONTOROREYcRRkREGRseScHiRaRdiAdReshasierhagitalenayalsadecpravideshto
facilitate contact between the solid particles and the comonomer gas stream. The fluidized hed, a
vertical TN et S R SOb A et BP0 L GRS LB B4 Clocity
thus, pefsitturg Hehgikalhdesipalyindacicsstparate fso m thelepflowmiof:gdses.cldhe dinrdaaien gases are
then cog remoye the heat of polymerizati r then.recycled,to bottogm of
the reac or‘.“’/tCT)elﬁ1 ézar%\éf:n%fgnr’leam%‘\ygld ﬁ%@fﬁﬁégﬁgﬁ? Q%gﬁsgg%g %’%‘E&%ggi%%é ’p%lrgé) Iirgli(ag ¢
residual toyaroppebbnst MAisture $Mal. e Inifoduced. i ra&dt, With, 3t dal Tatdysl afe evagatialyst prior
to exposure on. wi 0 ition. h rred to an
e B SRR SR,
compositidh tﬁé_y"rﬂjn‘_ﬁhér the ﬂﬁémséVéeﬁhé@.OB@BSéMWQWéQﬁM@ﬁ@@eBQ@q}@ wrightler, the
molten CauASHIRNIS,PAEFaS INID Ane A esR ARV REARRABURESHIOREN b SRHES AEMGHR Hhan

|

one, with each active screen having a micron retention size of from about 21fin to about 400gm (2 to 4
X 10-5 nifyauhar sreferish apbtiestsiriebabeut So0yYm pths 3105 ) fadd ProstpraseyiBRAGout
2tim to aheubLKRAIERLColmBolRiéh kAt AMassiflux afabiont adeimbait AQ0kMing i t,about 20

kg/s/m2). Such further melt screening is disclosed in U.S. Patent No. 6,485,662, which is incorporated

herein by féétence 5 theeEm iyt thEclysEy IarcsEreRmiifg. may I dednatiitientisha fluidized
bed reaciRtiBuHONOMEVEY Gaiikieapassed.10 & RIYMenz AOMEacinR, Theividizachbedrpagiammay
include a reaction zonge in fluid communication with a velocity reduction zone, The reaction zone
inctudes BB TG BN BRSOVl b e B Lk Wt iafy b ORI
particlestfuiglirethbic the captistion snto Wt pahshedizablei gindimodifying yaseumabenpeneafs in the
form of - ed and recycle fluid thro the reaction zone. Preferably, the make-up feed
includes DG Bla s R e S AR At ST R kad taoalen R more
a-olefin monomers, and may also include condensing agents as is known in the art and disclosed in,
for example, U.S. Pat. No. 4,543,399, U.S. Pat. No. 5,405,922, and U.S. Pat. No. 5,462,999. The
fluidized bed has the general appearance of a densedmass of individually moving particles, preferably
polyethylene particles, as created by the percolation of gas through the bed. The pressure drop
through the bed is equal to or slightly greater than the weight of the bed divided by the cross-sectional
area. It is thus dependent on the geometry of the reactor. To maintain a viable fluidized bed in the

reaction zone, the superficial gas velocity through the bed must exceed the minimum flow required for
flindizatinn Prafarahlyv/y the crinearficial Aaac veloecityvy iec at leact hwo timecec the minimiim flow velocity



Make-up fluid may be fed to the bed through a separate line to the reactor. A gas analyzer determines
the composition of the recycle stream, and the composition of the make-up stream is adjusted
accordingly to maintain an essentially steady state gaseous composition within the reaction zone. The
gas analyzer can be a conventional gas analyzer that determines the recycle stream composition to
maintain the ratios of feed stream components. Such equipment is commercially available from a wide
variety of sources. The gas analyzer is typically positioned to receive gas from a sampling point
located between the velocity reduction zone and heat exchanger. . The production rate of |
polyethyl&itdousaibOditdhhiaipEresn 0 hidhts TomIiddhs Hadting thorele by RefreRSHpBsition
injectionmRONANL HEARGEAKAERH: SERRIRIRINCE ANy thavgedsethelrateeb aatalysh aanpeosition:,
injection will change the reaction rate and thus the rate at which heat is generated ip the bed, the
temperaffi 8VY THY KSE E R0 UM BRRLANYT thR PSRBT T g’rséﬂﬁ‘é“%mm&et%ﬁﬁ?aﬁge in the
rate of heat gen@dtiann Thislenswies, the poaiadenancesafpanidssentialyveenstdat tampergture in the
bed. Complete inst ation of both the flyidi bed and the recycle stream cooling system is, of
course, g}s%em%) %é@&dﬁ;}%ﬁﬁb@%ﬁ?&@c @r?glléglg'the bed so as to enable either the operator or a
conventional alitenpaticibyhinelcsyspesitio: makelagtitdséradjustmmentdn the 4emependtxréHfithiberecycle
stream. Un iven,set of operatin ditjons, the fluidized bed i intad essentjally a
constant ihngi%ﬂt )% %%gd%@ir%nﬁg%rt%% Igﬁﬁ%%édaggesp%éusct Q%Ht%% r%?gl (@%g?rﬁgggn@é? 1tgr:'scl-:-{%s é%“J:
particulateipdbhhercpraddctissiried Hareiatéont tavanlgeteratbrindedif&dtiyprdlateete the satengf@roduct

formatio ,amegsurementsol e JeRetiG iSe Af M IfACISSTG reacer, 18- dha.dilferspce

between inlet fluid temperature and exit fluid temperature, is indicative of thé raté of polyethylene

compositiamidilligdarhehrisnseampesdive manhae sieHagighibvasbeizise Houta &9 gféSent in the
inlet fluighin,te N disehaniaeAtiparticiiaicRone L RIRduefQm Feasctol niis idesirablerand Rreferable

to separate fluid from the product and to return the fluid to the recycle line. There are numerous ways
known t8fthdoatb & Kbasmis vt isieplsrantHe phe At st rif GRpRtEINR WHIdH thaysE Hitshatively
employed, arg dferaxamplecdiscioseg and laimaddnibBaial. iNop 1,621,052 cSupbsaisysierm typically
employs at least one (parallel) pair of tanks comprising a settling tank and.a transfer tanlﬁ arranged in
series aRAVRAVIHY A Sedalritdte GREPRAL AT B RBIFEtRE 1o Fof e 8btfirig TRAR T S Bint in the
reactor neafphaitapredthefiuidizedhig. (1) inlththedlvidized kerhgasphase:teactonienmbedinieat, the
reactor temperature of the fluidized bed process hergin ranges from 70C ar 7 80C to 90C or 95
C or 1008 G BT P A R R AL R orricad D G or
temperatheelimitcombiingdl withvimy lawepot@émperajurevimitabscdtedherehe. imgenedd  tthe reactor
temperat f&}ls operated at the highest temperature that is feasible, taking into account the sintering
temperature of the polyethylene composition within the reactor and fouling that may occur in the
reactor or recydleclpmdysiradenetioaytréimpactidmthie folpethyiédsdosnpduitormmbetdatalpsght
productiviy. 1, T RPLQFasSRh e pease disslosie i Stiiable IRLdheRiadcliam g meeglymers

of the polyethylene composition derived from ethylene monomers, or copolymers of the polyethylene

compositidhWerilpdie s etpladasehaioncmbiisalnacdtiesstdhe samiite OtHEP EColeTit&@) Mers.
In order {Q.BRIRIRINBAIEANAS F3i6hSLEIRRL c iDL s BresembdircierE, dois Bralerabicotirat the

ethylene monomers are£resent in the reactor at a partial pressure at or greater than 1_60953ia (1100
kPa), or 4&608sANHEKPY, Br B0 Pl retrasty RPEyPET 16 i Os8 %R, B8 p5P1515 kPa),
or 230 psipokh 80, ita)k R0EAGRs (36980<Ba)00, 93Tt CONNWIRMETS, 008, OREOMErEsa.ciefiFor
monomers, if present in the polymerization reactor, is present at a level that will achieve the desired

weight pEHEBRISHEGRRIYEHOACEE FRIESHERIHIRT MES B HHRIEISERE IR PETRESRT b Wb ssed
as a molexrbenalznemospin didal effytene thgnoredis as desgibribhargihanhichdiscthearatichl the gas

concentration. of comono les jn cycle gas to the gas concentratign qf ethylene monomers
oles i D I TR R B e A R e R B CRH S on
comonomey ispresenionithretkigbn@vinpmairars i tifd tyie gaindathdelenatior ianbe dfefrommve to 0.1
(comonomer to ethylene monomer%%a d from O 10 0.05 in g&;p . embodiment; fro .04 in
i B B ST S e e e S
embodindeltbnkyaregbe ajmsnatie aksoroty eilisist ¢ odhw palipnerizaivn peacteriéty aghtidllihenfihal
propertigs (6.g¢ 325 @ the RAbeetiyiene compasiionsinnaemhodineat thesatias! Avdrgen to total
ethylene ménomers (ppm H2/ mol % C2) in the circulating gas stream is in a range of from 0 to 60:1;
in another embodiment, from 0.10:1 (0.10) to 50:1 (50); in another embodiment, from 0 to 35:1 (35); in
another embodiment, from 0 to 25:1 (25); in another embodiment, from 7:1 (7) to 22:1 (22).  The
hafnium based catalyst system, as used herein, refers to a catalyst composition capable of catalyzing
the polymerization of ethylene monomers and optionally one or more a-olefin co-monomers to produce
polyethylene. Furthermore, the hafnium based catalyst system comprises a hafnocene component.
The hafnocene component may have an average particle size in the range of 12 to 35 um; for

example, the hafnocene component may have an average particle size in the range of 20 to 30 um,
o 2511 The hafnnrcene comnnnent mav comnrice mono- hice- ar trieevvelonantadienvi-tyvyne



Cp"HfXp(1) wherein"islor2,pis1,2or 3, each Cp is independently a cyclopentadienyl ligand or
a ligand isolobal to cyclopentadienyl or a substituted version thereof bound to the hafnium; and X is
selected from the group consisting of hydride, halides, C, to C10 alkyls and C2 to C12 alkenyls; and
wherein when,, is 2, each Cp may be bound to one another through a bridging group A selected from
the group consisting of C, to C5 alkylenes, oxygen, alkylamine, silyl-hydrocarbons, and
siloxylhydrocarbons. An example of C, to C5 alkylenes include ethylene (--CH2CH2--) bridge groups;
an example of an alkylaming bridging group includes methylamide (--(CH3)N--); an example of a
silylhydrBRLEAH B h%@daﬁhﬁ6%9&89%#%8%&19&9%%%@-9}; B ARe A ERANHIENSF a siloxyl-
hydrocashpRihyideing SR CHAEEAr-Q(EH3 2RO ki htqne, patticslangnipadiovent hedhafoocene
component is represented by formula%})}, ﬁ/ggrein nis 2 and pis 1 or 2. Als used hz;\%‘ﬁ thS term
"substit R a4 B S EIrRGHONS S SRRRINR SR Bi5e MSIERIH BidieR" SHbné P fnore
hydrogensda a0 008itonhstliginbikties seiechedfromnisuchhgrpipstad delogensadicalsasuchas F, Cl,
Br, hydroxyl groups, car | groups, car, oyps, ami roups, phosphine groups, alkoxy
groups, lﬁﬂ){eer%]laé%ﬁ%? ﬁ\ggfbﬁﬁg)ﬁ‘%rgn es?@ftég)(g%i g@@%%p%s C2 to C10 alkenyl groups, and
combinations thiereofsExlaieplesofsubstitumed ledky s aladudayisdblutissibotibaridadd linitdd tepacy
radicals, alkylaming sedigalselioxadicals: anexasicalsalluivs iadigelsadaliodanipo radicals,
alkoxycarbonyl radicals, ary oxycarbonyﬁ radicals, carbamoyl radicals, alkyl- and dialkyl-carbamoyl
radicalsdielend/ hadinafer exytarsindaadivelkylanglanmpositigicalsy hadconisakio nsitdiéreof More

prefera f 3 fulingthe pr ' : Lase by.the
o o the

hafniumPesdrR dsiatieplen deneh eTeieirn oM AYaliled e e 1b i alRHC b St sTEsaIbIg,
hydrides ngédgy}%@B@M&ﬁsM&aﬁﬂ%@%me&sm%fg%mmqmﬂwwm%@@mﬁ,(@ﬂegg C10
(0}

alkyls and 12 alkenyls, and more preferably X is selected from the group consisting of halides,
Cl to Ce'RyidNesrdndhe ¢ ‘Qk@%?ﬁ&&%&@%ﬁ%%%k@@é@&ﬁeﬁ%ﬁ%ﬁé Y consisting of
ﬁhlforidedﬁu%!ﬁﬁm%;qx/%%algwﬁl@s (cQZegb@ ﬁ@ﬂ”ﬁdg&e@ ﬂi?b&lfﬁﬂﬁftiplé@fﬁé@@i}%ﬂi?ﬁﬁlﬁﬂle nt, éhf .
afnocene is represented by formula (2) above, wherein at least one R group.is an.a s define
above, (UL Lrest 55 SHRCLHE i D s A QM LD e B thebt. each
Cp is indepsirgeatie stiastiiliiatwdbe o ahtdweydithreengtoups: seladted fdmtibe @i, sansisting
of methy ethl, propylybutyl and isometanereet .. i one pmbodiment, dhe hafnocene ased
catalyst S)(?sffleﬁ‘leis he eroagnen‘eou‘%f e the Rafmbcent Base ga?ré?ysci n‘?ay uﬂherycomprlse a support
materialwehitsligpbrtimaidfidVcambbeanygnaféeial tkaowiindhi dre foresupper timgredyatizstene
compositions, tor example eaz{‘lﬁ%?é&ﬂQ}FW%X#{%{B{AB&Q&%R/ir/%i;%vﬁ’ flica Alumiaysiicasalymipna,
magnesium-c fon e, rapT*nte, magnesia, titania, zirconia, and montmorilldnite, any of which can be

chemicathy/plysially thopifiedsde: asbyftaridng procesBeicahieinitight disthbrpro &sskk kifown in
the art. In ong eMPRAIMER! e SR TAENALS AsligamaieHalbayng#a AUGRAR Railg:pize as

determined by Malvern analysis of from 1 to 60 mm; or in the alternative, 10 to 40 mm. In one

embodistaltHisHARBERE-Cdm po HEnRES DS drfdd hafnocene composition containing a
micro-particulaig, fillef,suehas CabRlsiR®PH8y havd QibafAcanRRaSEHISAtaINS LS SIRIK M@ figrther

comprise an activator. Any suitablé activator known to activate catalyst components for olefin

polymerl2atisRhaIPBR LaRsaE st o srhpddinne st BrPabiRarlne SPRRIHSRardCiHiiE alternative

methalumR¥aReisHehIas esciibeddyid aB threS0aiassan bAadhiddantiel e iHoB@h el Y MER
REACTION ENGINEERING, 131-200 (1995). The aI%mmEne maﬁgreferaﬂ‘l@%f CO-SL(J%)OI’ted on the

support FRFHRIRATf-a oI AT oY SRt AY REeREFR LRI ISR FARitEs AT 40 1958064, most
preferabdysOQstdhekdlt; Ior exsmmisib, iadmiviyebased catalysitRystemdiare faithyencdescrided of defails in
the U.S. Pat g%t No. ’242’5451;}?”(3' U.S. I?atentt No. Zé%%% iglé:&lgao%a(t)? Qegﬁirét 1r%1;erence.

The tapé Brr %Hgfﬂ Srﬁgrn?g%cé’élrsgﬁwgc cl)t{%réap%ngepnt iScisure comprise t e%o ethylene
compositimnpasiidbaptioinally eherortivg tbagthbrefolzmersniphe iap esaghdicranondfilasertscofdhe
present disclosu ay have a degitex. in.the,ran f areater. inglividual
values a%?js iﬁ%nrgﬁog%gﬁ r(.:i)s grgg%e&rl 1 E%H%B%I%/&(g%gg %ﬁggﬁgtiﬁc} u%ggc%gélé%lb%%% ’g?s@%fé}é@ Xr%derein; for
examplesampatsiiteocantiveaitomati ety Nishie o300, LO0DsIBEONRD DAY 2500 ¥ Begorgind,000 m to
an uppe[Jiny4f 1009813000, 2000..1 00014990, 13000 of 209009010 0PRL R saspole, the
tapes or monofilaments'may have a decitex in the range of 500 g/10,000 m to 20000 g/10,000 m; or in
the alternative, the tapes or monofilaments may have a decitex in the range of 500 g/10,000 m to
14000 g/10,000 m; or in the alternative, the tapes or monofilaments may have a decitex in the range of
500 /10,000 m to 14000 g/10,000 m; or in the alterrfative, the tapes or monofilaments may have a
decitex in the range of 500 g/10,000 m to 13000 g/10,000 m; or in the alternative, the tapes or
monofilaments may have a decitex in the range of 500 g/10,000 m to 12000 g/10,000 in; or in the
alternative, the tapes or monofilaments may have a decitex in the range of 500 g/10,000 in to 11000

0/10,000 m; or in the alternative, the tapes or monofilaments may have a decitex in the range of 500
al/10 000 in to 10000 /10 000 mMm:* or 1N the alternativie the taneace ar monofilamente mav have a deciteay



The tapes or monofilaments of the present disclosure may have a tenacity in the range of 1 to 7
cN/decitex. All individual values and subranges from 1 to 7 centiNewton/decitex (cN/decitex) are
included herein and disclosed herein; for example, the tenacity can be from a lower limit of 1.0, 1.4,
1.8, 2.0, 2.4, 2.8 or 3.0 cN/decitex to an upper limit of 5.0, 5.4, 5.8, 6.0, 6.2, 6.6 or 7.0 cN/decitex. For
example, the tapes or monofilaments may have a tenacity in the range of 1.0 to 6.6 cN/decitex; or in
the alternative, the tapes or monofilaments may have a tenacity in the range of 1.010 6.2 cN/decitex;
or in the alternative, the tapes or mono filaments may have a tenacity in the range of 1.0 to 5.8
cN/decitexnprsitithecalte thatiltertite tagespotyrtbpisfikarmpmssinay hay bay tendsitd unstie sasryelof 2.0 to
70 cNIjedinerdn g ARG GG IRRER A MaRotiamant> MR G derRgbatiR ance of
3.0 to 6.6 cN/decitex or'in the alternative, the tapes or monofilaments may have a'tenacity in the range
of 3.0 toceueniteciexn deinltiaaiivsribtivel b ape sornnetofimeiehs naayivhvesaieriselglin the
range of 30ie2%sNEAceXoaE Jhe AIERMIVE e iaRSR B dROnRIlRERISHEBY I Daus étenacity in

the range of 3.6 to 7.0 eN/decitex; or in the alternative, the tapes or monofilaments may have a

tenacity IPrHRESHiPRObIBIE 1) ieraatingd iR sihmlene CTRPASHIGE, THY Bipes SiwdwsHisiHimsinay

have a tpgagity, i $h&3108:Ph AL A LOMBBRIRXNbIBstIE liaralives i taRes.Orsmonafilaments
may have a tenacity in the range of 3.6 to 5.8 cN/decitex. . The tapes or monofilaments may have a

residual SIBRGEHIGH, hERiFRIFHBRILARE AR ERAGRe P T PHrCaATE A F0058! RIFRURIGIAvalues
and subraRges o1 10Q:5d 40 4MRsasid uaedherein prddiseleseb:bEseir; Jomhexamplry e residual
elongation measured in percent can be from a lower limit of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20
percent {88 EHB8r limit of 80, 84, 88, 92, 96 or 100 percent. For example, the tapes or monofilaments
may hgve an emi&gﬁﬂiwﬁmmm@oiiﬁerpawﬁwswaﬁ Wﬁm@r@lt@rm@&,dﬁémpes or
monofilaments, may have a fesidual elandaon may.haye an elongation ind aaas.elAReragnt (%0 to
92 %:; of ithe arermatve, the tapes or monofilaments may have a residua eflongaﬁon may have an
elongatisubinrggafige dfst OhpeXeme{eh) te:80n¥eromicithel ditermativi rdotap éstompmionefitambnts may
have a rgsidual elongation. i r 0 %:Qr | I pes or
monofilaﬁr%eepnotg[erﬁgy g\é%%ﬁ%%ﬁﬁ%%%%%#&ﬁ%% %gr%gge%ijfg I%Ze r|gcelgr)}éew¢r{t¥ %)a'goﬁ%?zB %J/Eé%é}}?lr%lt{ge
alternativemttesitapetor TAdivolimentaonay-hieis mresite) él’dﬁ@h@iéﬁefmf’éﬂfﬁn@é m@zs@éﬁa@nt (%) to
100 %; %5}5}(;}%&%@1&%@;%\4%}9&%@@&% mopetilamentsimaw Pae.aiesical elongalioninsrange of
15 percent (%) to 92 %. Alternatively, the tapes or monofilaments may have an elongation measured
in percefPBT Re&idpeaf- 2ty D8; TBeIAMSE acih R AtdHattshe Do PAGHBTIEHH SARPRTNCHAV a residual
elongatigppaaswedimperserlal sraaiahinamb i nibe aliprariivaidhe-tapes ehmanadiilaments

may have a residual elongation measured iniggrcent of greater than 17 %. It is appreciated that

combindtiGHETBIMRBARFTEUY dh e Al I ofth RGBT R RS PRGN SHTERE S tHEstaps r

monofilameets B thadmesant disslabyraatonpssinig. earaxanplendhs tapes oldansitamentsof the
present disclosure can hﬁve v?}:rli ty of combination of both .teqacitélan residt%%l elon%%ti%qlvalues,
as provifehBTEIRAES: IR EHBSARTERD ARG T3PRY G RIRESHISHh B P e Pras &t iiselddtire can
have a tpoBettyylarheramgatioh Hieived Ride cite o andresidisfinatlongation; gréatée tiamiOveetioent (%).;
or in the alferhaiive, the tengcity can bgl é%reéafesrst&gn % %’?Ic/drﬁcnite%(v vyi&)t gp% re%' ual %g@gation greater
than 10 Percem f‘f”}oe);c{())rr]'[1 nihe altemany ) the 6f'enacﬁy an be g?/ea%e%‘ an 4 ENMecitex with and
residual @lopgsition desatdrithemnonb pearcent(@yfiomiotheakernative, therenaeithcpel Bséhytester than 6
cN/decitex with. and residual el tion . Qer 9 S ts were
ke o e o o ey e of
velocity §p2acomermimuntilithie mpesmenofitaménabiroke vPefedsl YstiEfine doarpe el ehsi stress at
break diyidegt RY foe ingay pueiahtdgarlion) o AGSRomRRALLLSA! prarlerisline ANy luas:aie also
possible. " The tapes or monofilaments of the present disclosure may have a hot oil shrink
measuredshnyarseRteatiar bohg diedize Serors hvireesiigeosties AP0 Hershtha individual
values %ﬁ.@%@&%ﬁf%ﬂﬂ@%ﬁaﬂy’@ﬁy@x@@6%%&&(@& Rekudadiel @i andhdisclasedharmiantes; or

example, the hot oil shrink measured in percent can be from a lower limit of 3, 4, 5 or 6 percent to an
upper linfit '8 P18t oR thanglvshylane T IPGHERA BN R BIH DL HOMEHTIIN Y MR/ ¥ hot oil
shrink megiseneddn: e aiicaheing ranedledrahdRCoiBihenangesf less than 25 or in the
alternative, the tapes or monofilaments may have a hot oil shrink measured in percent after being
annealed at 120C in the range of less than 20; or in the alternative, the tapes or monofilaments may
have a hot oil shrink measured in percent after being annealed at 120C in the range of less than 15; or
in the alternative, the tapes or monofilaments may have a hot oil shrink measured in percent after
being annealed at 120 C in the range of 11 or less. The tapes or monofilaments according to the
present disclosure may be produced via different techniques. The term tapes as used in the context of
the present disclosure means flexible, elongate elements of essentially uniform width and thickness
that can have a variety of polygonal cross-sectional shapes, such as rectangular, square, triangular,

among others. The term monofilaments as used in the context of the present disclosure means flexible
alonaate elemente havina a vvariatyy of circirilar allintical ceami-circiilar or cemi-allintical acenmetriee The



film. In one or more embodiments, the layers of the film can all be formed of the same polyethylene
composition as provided herein. Alternatively, the two or more of the layers of the film can all be
formed of the same polyethylene composition as provided herein, with other layers of the film being
formed from a polyethylene composition, as provided herein, that is different than the two or more
layer. In one or more embodiments, it is also possible to form the film discussed herein where each of
the two or more layers are each formed from different polyethylene compositions, as provided herein.
The film may then be cut into tapes having the desired denier and then oriented or, vice versa,
oriented and thEe cublicfia tapesnOrigpiation lisvwy picaltlycithie ddyostredaling thexfimptr thpe; while
passing it tarough an_air oven ar on a,hot plate that can maintain, the film or tape.at a,temperature
petow AUl A PR R Lo SR S e LR S R
residencactinie ot¢hgfilmandior tapeincthenalndyéniaronchiéntitidgiateripslsort érotaie.that the
temperalii gt s imnandiehiane payseelon e meling enaeiaig Al e RANCUKIENR o
composition. In’ other wards, the film or tape is oriented in a non-molten State. For example, orientation
can be daptied-olefinypaesiats theiier oreapdeobe e dited dinndlveeiong cetsiftietleforpsisged -
upstreary, ang, fespesivels downstream af.amais Axeniah Plate-that cas malaintbeflmer tape at a
temperature below a melt temperature of the polyethyiene composition. By operating the first set of
rollers aP&different speed than the second set of rollers (e.g., the speed of the second set of rollers
being higher than the speed of the first set of rollers) the tape or film can be stretched as it passes
through the air bYeRTRSERISERS COMPEs AP AR AP T e pBFSAE B the air oven/hot
plate maioladradeishetapstheomédtined émpenaineacahthemnelyethy lrde ahaiposite and eitexagaple, the
temperagure of{he %g oven/hot Iatte can Qedfré)rkp 60C t%{JjSO}C. @u indiyigilual \falteﬁ and subranges
from les& tHAR" 150! S HEIRFSEh AT iR AR aisdigad elrseclr(f;S for 3§<eaurlnp ee, %gcte%f)ré?ature of the air
oven/hot piatestiion beamnaintpiize difterst d(dpaeedinbiy efeGhit 65110y pedn@8E torappegpperdinmitof 95,
100, 105, 110,,115, 120, or 150 C. For example, during. stretching the tapes onofil ts can be
passed BYaL e L e e SRR e
alternativemgusingt $tretdipgrehet tapesighmoHfiainehid car tupragseddhreed iahectivioven/hot plate

that is maintaingd a &%@Q{?ﬁ#{@e?%%%%&%&?CQHQOQ?&O@EEE% \ﬁqplggyﬂg%%%‘@%}gem%}apes or

monofilaments can be passed through the air oven/hot plate that is maintained at a temperature of

90C to 108 & of thethelsdtbriripeoneRstidpsifstEria frohectips oMttt catepehas S
through g if AueoigRatehatisBaRained Ak 3domperatyre aEHAF dg PoiCeisrreferred that

the temperature of the air oven/hot plate maintained be as close as possible to, but smaller than the
melting RBEFOPSIB RS Bow SthylereorpsEHiehin therHepHbRds RURAHHAESFREWPEEH RN a

predeterpiped draMeratic.sefingedmihe ralicnobir.seedinidhe seeanditellestosithe spgend set of
rollers) to the speed of the first roller (or of the second set of rollers). The tapes or mgnofilaments of
the presBIRAREISsh & Ay BETBHE 1 LFRRRY SRSV SORPRI L Y S BRRES G4 1542 “AIPREIdUAI
values angishilanges fivemylsdetookipesalenidetudadibereihyiad disalnsed; herainidfaaxatiplehthe
draw ratio can be from a lower limit of 1:3, 1:3.5, 1:4%, 1:50r 1!')6 to ar‘%‘ygpt?‘r Iimlit(% .7,1:8,1:9, 1:10,
1111 or P31 BR SBRE e e SRR SHSE P ST ORI T AT S YA 185 the range of
1:3 to 1:iGmpoditithedadtecddtire ctheltapesoomonafilamentdtenayibe dreniadiaylardravmpatitiimthe
range of 1:4 to 1:10; or jn the.alternative, the t or monofilaments may be, griented at aw ratio
e rafi o B e e R e o
be prepareddyesneelingha diehspinaity parebs]Geperaliyithe mopohmnenatst e ie parediyy
g g PRGNS CRAIPOSHAN ALNEARSSNLAISASHISIIOHAR AR nGh A pLally of

holes, normally arranged along a circular pitch, is defined. As is known, the melt is prepared by

extrusioabetistne thaphsiiyrmaatoBPEsSHhsRG Phisraone by srrdam afchepehrifyilsgsrom the die
are normally,subsequenty syRiested e fugPERIRG and oriented by stretching in a manner similar to

that described above with reference to the orientation of the tapes. The present disclosure also
provides a procB¥sHO FHERIG sompesBiomehtmamesit gistespresertbaiepisdrEcrPbavy dpisshein

embodinenissithe posess:intludesseleatingnt e pplygihylenencprpasiticniaacerdingderthe pragent
disclosure and then forming the polyethylene compasition int}cz1 the tape or mono filament having a

decitex ifHB PEGEBE g rEREAH 3655 1 1820885 HPIHE 6P RibS EiB SETHBE R drocess of
making thel fapelandéommaenasianentbansincludedheistepofhenabtingand authat thardapegrer
monofilament, as discussed herein. In one or more embodiments, the process of making the tape
and/or monofilament can include the step of annealing the tape or monofilament, as discussed herein.
End use applications for the tapes or monofilamentsiaf the present disclosure include, but are not
limited to, artificial turf, sport surfaces, woven and non-woven fabrics, floor coverings, sacks, flexible
intennediate bulk containers, carpets, carpet backings, rugs, upholstery, argotextiles, geotextiles,
construction sheeting, ropes, twines, cordages, nets, round bale netting, wraps, bags, medical

applications, strapping, reinforcements, composites, and the like. The present disclosure also relates
tn theace artficlee comnricina the nolvvethvliene comnocitionn and t0 2 nroceace for nrenarinA theceac



The artificial turf 100 of the present disclosure can also include particles 114 of an in-fill layer 116
between the tapes and/or monofilaments 104 and adjacent the base material 102. The use of more
than one in-fill layer 116 with the artificial turf 100 is possible (e.g., two or more separate in-fill layers
116 of the particles 114). In one embodiment, the particles 114 of the in-fill layer 116 can be particles
of rubber (natural and/or synthetic). In one embodiment, the particles 114 of the in-fill layer 116 may
comprise, at least in part, the polyethylene composition as discussed herein. In additional
embodiments, the in-fill layer 116 can include particles 114 that have different degrees of resiliency,
density dndioohardniess, whitretherpastiblesieantesient ) Cdrpressaat prassungpehadMilidd applied

thereto when, 2 persen.fr.alkingor iunning on the anifical (i 190. 1 addlifian to rubberandiar the
polyethy‘fene composition 0 e’preger?f ISC osure,gﬂe particles 8ithe presen%1 iSciosure Coufd iso
be formetiaf &roittengesilient material such as cork or vermiculate, among others. In one or more

embodiments, e, g%{%%@ﬁe%%&z%ﬁo@%% %ﬁgﬁa‘%@ gﬂ&&‘cﬁéﬁ B&‘i’!&{ﬁgéﬁﬁiﬂ&%ﬂ ardifignal

embodiment, the part 114 can"have e a non-uniform size and/dr nonuniform shape. Shapes

of the paiici3izam iheltres bl aretAdtlinitends;idyihrieed odmidarngshéiival paflifélepied, and
elliptical; ARG G Smd aisERRARIRSRAL HACIASHER 2'3R BIEMIdRS PHRIRGESS tkabiicating.the artificial

turf with the tapes and/or monofilaments of the present disclosure. In one or more embodiments, the

process (REBHES provigiiraasertisbnalladdthe tadesland/df mMdndtdmentdtnsihgrleetitex in the
range ofigraalerthas 590,0/19,0001, ALaardingiie) §16 M esenidinglQRuAg: K BB AMIEene

embodiments, the tapes and/or monofilaments can then be implanted into the base material with at

least a pUTHEASIREEHRA SN A SRR RS EEHER Ao R e RSP R Blndtr 1ot Qdticial

turf.  toonemhegieembo P ests: Bk CamPesfasned FIRmcosit aus shianssf dhe-iaprs
and/or nl%r;lofi]fment of the polyethf#[ene cowosition, Wgere the continumfls strands are fwisted

together TS EHALRS TR COHIBFENT fito 1§ Woven kiitRrOPBAl MR MR AL ST RATHOANAY. The
yarn formee: fichvithehtapesandioraneimiiantanid i SEeRpasantidiselgsure2carn fiten adimplanted into
the base [paterial \N}il'[h atl le slia gortion of.the arﬂ extenging Hombthe ase mat rital t%hel form the

artificial fUfF IR ofie emMBodiment, tha é’?h“,“%ﬁé‘}{%?’peaﬁ%éforofhé onottame Egogf’}%ﬁ‘é Predéht disclosure
can be infjo&Med imtbthepast etk idl;by webhvirpieagveatirgeipefadecarpepwsdaving)téehnigues,

as are known,.Examples. _ .The followi il t ‘ isclosurs t
ronded (oS R R A R P Sl B S I B AR 1

is a comthemhdtthM@MQﬁi@empbW@thylm@ct@?ghrb(ﬁmm&gmsbﬁ}'maﬁ@ EviBBRemit
Company, EX3mples ¢ -20d, 2,215 MERIeENR.CR HPRLLSSIRSAGG0THNY LeHbie Arggent

disclosure, Which are formed as discussed herein. Examples 1 and 2 Catalyst Component Preparation
The hafrieeseneohsbapsrdanagi SRETHED By hscRRESUES kA SWhsiATtHERE Bifcsradianilie, HfC14 (1.00
equiv.) cahRendded IR Rt AP HR DM AR SH RIS 'vtﬁﬁwtﬂéi@n%%ﬁfg@@mﬁm sugpension

can then be re-cooled to -30 to -50 C, and then lithium propylcyclopentadienide (2.00 equiv.) added in

portions "1 PE4dGoty will B HHAISTERIY el SRt e HitRestigyerar 46 s BRFSEdiHg the

lithium pregyEEeRentatisnidesdihesEBIDCaR thephe alon@dtowarMeawbair ¢00e temperature
and stirred for 10 to 20 hours. The resultant brown.mijxture can then be filtered.to_qi own solid and
a straw PRSI SR PRY LT BANA hBE e %1‘8?‘%%5‘1‘&% ToACHR Eﬁ%é?r‘t;g Hblgilﬁe
combinethgtber salutioAS; coneanirdteadovenderpraitinite girrpatole, mditesuapangiomiff-white
solid product js then isplated, by filtragi dried under vacu vith.yields .of from 70 to 95 percent.
oo e R B B e e e e i o e rato
of from gldyttBRdn¢a:ABPokiaml iy hafnisshdoading brathkidinibkbed oatalystasio(BEBPBomtbdout 0.6

008 Werk%% %‘?’QF%”EW(P%P& the a‘iﬂ'cl,o"g"i‘%,q Q§é"§‘g§%{}% ﬁﬁnd%“é%n%gog}ﬁg!%@iHQ%@Q%M%%M” toluene

should be added to a clean, dry vessel and stirr 0°80 rpm and at a temperature in the
range ofgenghi@GiEtrAddivbreatbhuSit ) thichdoaradddd while “Stirving. tFnellsafrdcaneecan then be

dissolved in talyene &Qﬂp%@ﬁ&qﬁ'ihﬁl%x‘/ﬁ%%%Wiéﬁa%%%%n@&%fﬁﬁﬁ%ﬂ%@%?ﬂf@}ﬁ@ﬁﬁ‘Eﬁ f@n then

be stifled at for from 30 min to 2 hours. Next, an appropriate amount of silica (average particle size in

the rang&BERofth 9@ A, Bhy ditradtiestis pylreh Hena qeaesHiPsRBhBC A S0IEF BT or more.
The liquighamihem BB IREANIRL. ARISOR 5B St CRMRORion Aries @iielpraleshiempsr atiie pder

flowing nitrogen while being stirred. Polymerization Process
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The ethylene monomers/1 -hexene copolymers were produced in accordance with the following
general procedure. The catalyst composition comprised a silica supported
bis(npropylcyclopentadienyl) hafnium dichloride with methalumoxane, the Al:Hf ratio being from about
80:1 to 130:1. The catalyst composition was injected dry into a fluidized bed gas phase polymerization
reactor. More patrticularly, polymerization was conducted in a 336.5 -419 3 mm ID diameter gas-phase
fluidized bed reactor operating at approximately 2068 to 2586 kPa total pressure. The reactor bed

weight was ap ' ?«E@%b&l%ﬁé%ﬂﬁ@oﬁﬂﬂﬁiﬁigﬁlﬂ% W%%Mﬁ?rﬂ%@ 1‘&%@8@'2@%@ YEIOL ity s
to 0. h

approximately 0,4 62 m per second. The fluidizing gas exiting the bed entered a resin
disenga8i ﬁ&%&néh’ﬁ%‘é’f@ﬁ Bense e el Hoftion Bt i v ranfuitbr g g domen Enfefblestrbeycle
loop and pessed thiue e evclaSascoMPEssomAndalettonledibastexehianges: fhenphelside

water temperature was adjusted to maintain the reaction temperature to the specified value. Ethylene
monomé’ffyﬁ@@%@%ﬁ%ﬂ&&@ﬁéﬂ&ﬁ&%ﬁ@@%}&&%ﬁ 8 thea)ere°§as 1BaR lstilstidan Bt the
compressesratiuasiiesduifficient; tor thalniaifethatidesie pgasiedece siralieontobnas EaneeNtREONS

were measured by an on-lin ot fraction.anal . Product {the olyethylene, articleﬁ{ was
it T SR T L AR e Tl R R R BB Rt 2 product
bin. Resitftualatataliist mrigedotivatavinpibetiesinayas deadinmatedcrsittya ipttodisatd nfidOxith Hwet
nitrogenpurge, T talyst was. fed to the reactor-bed.through a stainless steel injection tube. at a rate
et S R g et ol U RN e e A S
for ExamplebavandiRard shoynitiiEabhes.of 21601 SRawatizes 10e0solboul satoveigaistsiiatal@@rization

of Examples, 1, aad %tﬁﬂﬁi%o%%%@Xﬁﬁé?é%lﬁﬁ%siﬁ%ﬂ%&y MERsURment Exampiad F¥aMpies2

Reactor Temperature C. 95.Q 85.0 Isopéntane % Mole percent 4.8 5.1 Ethylené monomers Partial
Pressuré& 80 Pascal-s at 3000s™ shear rate measured at 190 °C; or in the alternative, the polyethylene

composition may have a shear viscosity in the range of 25 to 55 Pascal-s at 3000s™ shear rate
measured at 190 °C; or in the alternative, the polyethylene composition may have a shear viscosity in
the range of 25 to 50 Pascal-s at 3000s™" shear rate measured at 190 °C; or in the alternative, the
polyethylene composition may have a shear viscosity in the range of 25 to 45 Pascal-s at 3000s™
shear rate measured at 190 °C; or in the alternative, the polvethylene composition may have a shear
viscosity in the range of 23 to 45 Pascal-s at 3000s™ shear rate measured at 190 °C; or in the
alternative, the polyethylene composition may have a shear viscosity in the range of 25 to 35 Pascal-
s at 3000s™ shear rate measured at 190 °C; or in the alternative, the polyethylene composition may
have a shear viscosity in the range of 25 to 30 Pascal-s at 3000s™ shear rate measured at 190 °C; or
in the alternative, the polyethylene composition may have a shear viscosity in the range of 30 to 55
Pascal-s at 3000s™" shear rate measured at 190 °C; or in the alternative, the polyethylene composition
may have a shear viscosity in the range of 35 to 55 Pascal-s at 3000s shear rate measured at 190 °C;
or in the alternative, the polyethylene composition may have a shear viscosity in the range of 40 to
55 Pascal-s at 3000s shear rate measured at 190 °C; or in the alternative, the polyethylene
composition may have a shear viscosity in the range of 45 to 55 Pascal-s at 3000s™ shear rate
measured at 190 °C; or in the alternative, the polyethylene composition may have a shear viscosity in
the range of 50 to 55 Pascal-s at 3000s™ shear rate measured at 190 °C.

The polyethylene composition may further comprise less than or equal to 100 parts by weight
of hafnium residues remaining from the hafnium based metallocene catalyst per one million parts of

polyethylene composition. All individual values and subranges from less than or equal to 100 ppm
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psia 225.0 225.0 C6/C2 molar ratio unitless 0.0016 0.0015 Hydrogen Vapor Concentration PPm 320
345 Continuity Additive amount in resin PPm(w) 6 6 Hf amount in resin PPm(w)

are included herein and disclosed herein; for example, the polyethylene composition may further
comprise less than or equal to 10 parts by weight of hafnium residues remaining from the hafnium
based metallocene catalyst per one million parts of polyethylene composition; or in the alternative,
the polyethylene composition may further comprise less than or equal to 8 parts by weight of
hafnium residues remaining from the hafnium based metallocene catalyst per one million parts of
polyethylene composition; or in the alternative, the polyethylene composition may further comprise
Jess than or equal to 6 parts by weight of hafnium residues remaining from the hafnium based
metallocene catalyst per one million parts of polyethylene composition; or in the alternative, the
polyethylene composition may further comprise less than or equal to 4 parts by weight of hafnium
residues remaining from the hafnium based metallocene catalyst per one million parts of
polyethylene composition; or in the alternative, the polyethylene composition may further comprise
less than or equal to 2 parts by weight of hafnium residues remaining from the hafnium based
metallocene catalyst per one million parts of polyethylene composition; or in the alternative, the
polyethylene composition may further comprise less than or equal to 1.5 parts by weight of hafnium
residucs remaining from the hafnium based metallocene catalyst per one million parts of
polyethylene composition; or in the alternative, the polyethylene composition may further comprise
less than or equal to 1 parts by weight of hafnium residues remaining from the hafnium based
metallocene catalyst per one million parts of polyethylene composition; or in the alternative, the
polyethylene composition may further comprise less than or equal to 0.75 parts by weight of
hafnium residues remaining from the hafnium based metallocene catalyst per one million parts of
polyethylene composition; or in the alternative, the polyethylene composition may further comprise
less than or equal to 0.5 parts by weight of hafnium residues remaining from the hafhium based
metallocene catalyst per one million parts of polyethylene composition the polyethylene composition
may further comprise from 0.1 to 100 parts by weight of hafnium residues remaining from the
hafnium based metallocene catalyst per one million parts of polyethylene composition. The hafnium
residues remaining from the hafnium based metallocene catalyst in the polyethylene composition
may be measured by x-ray fluorescence (XRF), which is calibrated to reference standards. The
polymer resin granules were compression molded at elevated temperature into plaques having a
thickness of about 3/8 of an inch for the x-ray measurement in a preferred method. At very low
concentrations of metal, such as below 0.1 ppm, ICP-AES would be a suitable method to determine

metal residues present in the polyethylene composition. In one embodiment, the polyethylene

13



0.87 0.82 Al amount in resin Ppm(w) 11,3 13.2

composition has substantially no chromium, zirconium or titanium content, that is, no or only what
would be considered by those skilled in the art, frace amountis of these metals are present, such as,
for example, less than 0.001 ppm.

The polyethylene composition in accordance with the present disclosure may have less than 2
peaks on an elution temperature-eluted amount curve determined by continuous temperature rising
elution fraction method at equal or above 30 °C, wherein the purge peak which is below 30 °C is
excluded. In the alternative, the polyethylene composition may have only 1 peak or less on an
elution temperature-eluted amount curve determined by continuous temperature rising elution
fraction method at equal or above 30 °C, wherein the purge peak which is below 30 °C is excluded.
In the alternative, the polyethylene composition may have only 1 peak on an elution temperature-
eluted amount curve determined by contimiious temperature rising elution fraction method at equal or
above 30 °C, wherein the purge peak which is below 30 °C is excluded. In addition, artifacts
generated due to instrumental noise at either side of a peak are not considered to be peaks.

The polyethylene composition may further comprise additional components such as one or
more other polymers and/or one or more additives. Such additives include, but are not limited to,
antistatic agents, color enhancers, dyes, lubricants, fillers, pigments, primary antioxidants, secondary
antioxidants, processing aids, UV stabilizers, anti-blocks, slip agents, tackifiers, fire retardants, anti-
microbial agents, odor reducer agents, anti fungal agents, and combinations thereof. The
polyethylene composition may contain various amounts of additives.

The polyethylene composition may include less than 5 percent (%) of the additive by weight
of the polyethylene composition. For example, the polyethylene composition can have less than 5
percent (%) by weight of the polyethylene composition (e.g., less than 50000 parts-per-million
(ppm)} of the polyethylene composition} of a UV stabilizer. All individual values and subranges for
the UV stabilizer of less than 5 % by weight of the polyethylene composition are mciuded herein and
disclosed herein. For example, the polyethylene composition can have less than 4 percent (%) by
weight of the polyethylene composition (e.g., less than 40000 ppm of the polyethylene composition)
of a UV stabilizer; or in the alternative, the polyethylene composition may have less than 3 percent
(%) by weight of the polyethylene composition {e.g., less than 30000 ppm of the polyethylene
composition) of a UV stabilizer; or in the alternative, the polyethylene composition may have less
than 2 percent (%) by weight 6f the polyethylene composition (e.g., less than 20000 ppm of the

polyethylene composition) of a UV stabilizer; or in the alternative, the polyethylene composition
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may have less than 1 percent (%) by weight of the polyethylene composition (e.g., less than 10000
ppm of the polyethylene composition) of a UV stabilizer; or in the alternative, the polyethylene
composition may have less than 0.5 percent (%) by weight of the polyethylene composition (e.g.,
less than 5000 ppm of the polyethylene composition) of a UV stabilizer; or in the alternative, the
polyethylene composition may have zero (0) percent (%) by weight of the polyethylene composition
of a UV stabilizer.

In an additional embodiment, the polyethylene composition may comprise from 0 to about 10
percent by the combined weight of such additives, based on the weight of the polyethylene
composition including such additives. All individual values and subranges from 0 to about 10
weight percent are included herein and disclosed herein; for example, the polyethylene composition
may comprise from 0.1 to 7 percent by the combined weight of additives, based on the weight of the
polyethylene composition including such additives; in the alternative, the polyethylene composition
may comprise from 0.1 to 5 percent by the combined weight of additives, based on the weight of the
polyethylene composition including such additives; or 1n the alternative, the polyethylene
composition may comprise from 0.1 to 3 percent by the combined weight of additives, based on the
weight of the polyethylene composition including such additives; or in the alternative, the
polyethylene composition may comprise from 0.1 to 2 percent by the combined weight of additives,
based on the weight of the polyethylene composition including such additives; or in the alternative,
the polyethylene composition may comprise from 0.1 to 1 percent by the combined weight of
additives, based on the weight of the polyethylene composition including such additives; or in the
alternative, the polyethylene composition may comprise from 0.1 to 0.5 percent by the combined
weight of additives, based on the weight of the polyethylene composition including such additives.
In one or more embodiments, the polyethylene composition including no additives {e.g., no UV
stabilizer).

Antioxidants, such as Irgafos™ 168, Irganox™ 3114, Cyanox ™ 1790, Irganox™ 1010,
Irganox™ 1076, Irganox™1330, Irganox™1425WL, Irgastab™ may be used to protect the
polyethylene composition from thermal and/or oxidative degradation. Irganox™ 1010 is tetrakis
(methylene (3,5-di-tert-butyl-4hydroxvhvdrocinnamate), commercially available from Ciba Geigy
Inc.; Irgafos™ 168 is tris (2,4 di-tert-butyiphenyl) phosphite, commercially available from Ciba
Geigy Inc.; Irganox™ 3114 is [1,3,5-Tris(3,5-di-(tert)-butyl-4-hydroxybenzyl)-1,3,5-triazine-
2,4,6(1H,3H,5H)-trione], commercially available from Ciba Geigy Inc.; [rganox™ 1076 is
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(Octadecyl 3,5-di-tert-butyl-4 hydroxycinnamate), commercially available from Ciba Geigy Inc.;
Irganox™1330 is [1,3,5-Trimethyl-2,4,6-1r1s(3,5-di-tert-butyl-4-hydroxybenzyl)benzene],
commercially available from Ciba Geigy Inc.; Irganox™1425WL is (Calcium bis[fluoriding(3,5-di-
(tert)-butyl-4-hydroxybenzyl)phosphonate]), commercially available from Ciba Geigy Inc.;
Irgastab™is [bis(hydrogenated tallow alkyljamines, oxidized], commercially available from Ciba
Geigy Inc.; Cyanox ™ 1790is [Tris (4-t-butyl-3-hydroxy-2,6-dimethylbenzyl)-s-triazine-2,4,6-
(1H,3H,5H)-trione], commercially available from Cytec Industries, Inc. Other commercially
available antioxidants include, but are not limited to, Ultranox™ 626, a Bis (2, 4-di-t-butylphenyl)
Pentaerythritol Diphosphite, commercially available from Chemtura Corporation; P-EPQ™, a
Phosphonous acid, P,P’-[[1,1°-biphenyl]-4,4’-divl]bis-, P,P P’.P’-tetrakis[2,4-bis(1,1-
dimethylethyDphenyl] ester, commercially available from Clariant Corporation; Doverphos™ 9228,
a Bis (2, 4-decumylphenyl) Pentaerythritol Diphosphite, commercially available from Dover
Chemical Corporation; Chimassorb™ 944, a Poly[[6-[(1,1,3,3-tetramethylbutyl)amino]-1,3,5-
triazine-2,4-diyl]{(2,2,6,6-tetramethyl-4-piperidinyl Jimino]-1,6-hexanedivl[(2,2,6,6-tetramethyl-4-
piperidinyhimino]], commercially available from Ciba Geigy Inc.; Chimassorb™ 119, a 1,3,5-
Triazine-2,4,6-triamine, N2,N2’-1,2-ethanediylbis[N2-{3-[[4,6-bis[butyl(1,2,2,6,6-pentamethyl-4-
piperidinyljamino]-1,3,5-triazin-2-ylJaminoJpropyl1-N4,N6-dibutyl-N4,N6-bis(1,2,2,6,6-
pentamethyl-4-piperidinyl)-, commercially available from Ciba Geigy Inc.; Chimassorb™ 2020, a
Poly[[6-{butyl(2,2,6,6-tetramethyl-4-piperidinyl)amino}-1,3,5-triazine-2,4-diy11{(2,2,6,6-
tetramethyl-4-piperidinyl)imino]-1,6-hexanediyl[(2,2,6,6-tetramethyl-4-piperidinyD)imino]], o-[{6-
[[4,6-bis(dibutylamino)-1,3,5-triazin-2-y1J(2,2,6,6-tetramethyl-4-piperidinyl JaminoThexyl](2,2,6,6-
tetramethyl-4-piperidinyl yamino |-o-{4,6-bis(dibutylamino)-1,3,5-triazin-2-y1]-, commercially
available from Ciba Geigy Inc.; Tinuvin™ 622, a Butanedioic acid polymer with 4-hydroxy-2,2,6,6-
tetramethyl-1-piperidineethanol, commercially availabie from Ciba Geigy Inc.; Tinuvin™ 770, a
Decanedioic acid, 1,10-bis(2,2,6,6-tetramethyl-4-piperidinyl) ester, commercially available from
Ciba Geigy Inc.; Uvasorb HA™ 88, a 2,5-Pyrrolidinedione, 3-dodecyl-1-(2,2,6,6-tetramethyl-4-
piperidinyl), commercially available from 3V; CYASORB™ UV-3346, a Poly[[6-(4-morpholinyl)-
1,3,5-triazine-2,4-diyl][(2,2,6,6-tetramethyl-4-piperidinyl)imino]-1,6-hexanediyl{ (2,2,6,6-
tetramethyl-4-piperidinyl)imino}], commercially available from Cytec Industries, Inc.;
CYASORB™ UV-3529, a Poly{[6-(4-morpholinyl}-1,3,5-triazine-2,4-diy1]{(1,2,2,6,6-pentamethyl-
4-piperidinyl)imino}-1,6-hexanedivi[{1,2,2,6,6-pentamethyl-4-piperidinyl Jimino]], commercially
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available from Cytec Industries, Inc.; and Hostavin™ N 30, a 7-Oxa-3,20-
iazadispiro[5.1.11.2]heneicosan-21-one, 2,2,4,4-tetramethyl-20-(2-oxiranylmethyl)-, polymer with
2-(chloromethyl)oxirane, commercially available from Clariant Corporation.

Conventional ethylene monomers (co)polymerization reaction processes may be employed to
produce the polyethylene composition. Such ethylene monomers (co)polymerization reaction
processes include, but are not limited to, gas phase polymerization process, slurry phase
polymerization process, liquid phase polymerization process, and combinations thereof using one or
more conventional reactors, e.g. fluidized bed gas phase reactors, loop reactors, stirred tank reactors,
batch reactors in parallel, series, and/or any combinations thereof. In the alternative, the
polyethylene composition may be produced in a high pressure reactor via a coordination catalyst
system. For example, the polyethylene composition may be produced via gas phase polymerization
process in a single gas phase reactor; however, the present disclosure is not so limited, and any of the
above polymerization processes may be employed. In one embodiment, the polymerization reactor
may comprise of two or more reactors in series, parallel, or combinations thereof. Preferably, the
polymerization reactor is a single reactor, e.g. a fluidized bed gas phase reactor. In another
embodiment, the gas phase polymerization reactor is a continuous polymerization reactor comprising
one or more feed streams. In the polymerization reactor, the one or more feed streams are combined
together, and the gas comprising ethylene monomers and optionally one or more monomers, ¢.g2. one
or more a-olefins, are flowed or cycled continuously through the polymerization reactor by any
suitable means. The gas comprising ethylene monomers and optionally one or more monomers, e.g.

one or more ¢-olefins, may be fed up through a distributor plate to fiuidize the bed in a continuous

fluidization process.

In produciton, a hafnium based metallocene catalyst system including a co-catalyst, as
described herein below in further details, ethylene monomers, optionally one or more alpha-olefin
monomers, hydrogen, optionally one or more inert gases and/or liquids, e.g. N, isopentane, and
hexane, and optionally one or more continuity additive, e.g. ethoxylated stearyl amine or aluminum
distearate or combinations thereof, are continuously fed into a reactor, e.g. a fluidized bed gas phase
reactor. The reactor may be in fluid communication with one or more discharge tanks, surge tanks,
purge tanks, and/or recycle compressors. The temperature in the reactor is typically in the range of
70 to 115 °C, preferably 75 10 110 °C, more preferably 75 to 100 °C, and the pressure is in the range
of 15 to 30 atm, preferably 17 to 26 atm. A distributor plate at the bottom of the polymer bed
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0.45 0.948 Example 2 1.0 0.956 Example 1 1.0 0.950 Tapes of Examples 1 and 2 and Comparative
Example A Examples 1 and 2 of the polyethylene composition, and Comparative Example A were
formed into a tape according to the process described below, and tested for their physical properties.
The results are shown in Table IV. Each of Examples 1 and 2, and Comparative Example A were
extruded into tapes on a 30 L/D extruder with gear pump and a 500min flat die at the parameters
provided in Table IV. The film of each sample was extruded into a water bath (30mm water bath
distance, 25 to 30 C), dried and cut into 8.7mm x 0.042 tapes. These tapes were directly oriented in a
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tested for their hot oil shrinkage according to the following procedure. The tapes of Examples 1 and 2,
and Corfios B0 EHE XTI 8% L MR AREECTET RAGTHTEL AR Sh P HrERPEBSRRGL Ator 20 seconds in
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oxygen. The polyethylene composition may then be transferred to an extruder to be pelletized. Such

pelletization techniques are generally known. The polyethylene composition may further be melt

screened. Subsequent to the melting process in the extruder, the molten composition is passed

through one or more active screens, positioned in series of more than one, with each active screen

having a micron retention size of from about 2um to about 400pm (2 to 4 X 107 m), and preferably

about 2pum to about 300um (2 to 3 X 107 m), and most preferably about 2um to about 70um (2 to 7

X 10°° m), at a mass flux of about 5 to about 100 Ib/h/in” (1.0 to about 20 kg/s/m?). Such further

melt screening is disclosed in U.S. Patent No. 6,485,662, which is incorporated herein by reference

to the extent that it discloses melt screening.

In an embodiment of a fluidized bed reactor, a monomer stream is passed to a polymerization
section. The fluidized bed reactor may inchude a reaction zone in fluid communication with a
velocity reduction zone. The reaction zone includes a bed of growing polymer particles, formed
polymer particles and catalyst composition particles fluidized by the continuous flow of
polymerizable and modifying gaseous components in the form of make-up feed and recycle fluid
through the reaction zone. Preferably, the make-up feed includes polymerizable monomer, most
preferably ethylene monomers and optionally one or more «-ofefin monomers, and may also include
condensing agents as is known in the art and disclosed in, for example, U.S. Pat. No. 4,543,399, U.S.
Pat. No. 5,405,922, and U.S. Pat. No. 5,462,599,

The fluidized bed has the general appearance of a dense mass of individually moving
particles, preferably polyethylene particles, as created by the percolation of gas through the bed. The
pressure drop through the bed is equal to or slightly greater than the weight of the bed divided by the
cross-sectional area. It is thus dependent on the geometry of the reactor. To maintain a viable

fluidized bed in the reaction zone, the superficial gas velocity through the bed must exceed the
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minimum flow required for fluidization. Preferably, the superficial gas velocity is at least two times
the minimum flow velocity. Ordinarily, the superficial gas velocity does not exceed 1.5 m/sec and
usually no more than 0.76 m/sec is sufficient.

In general, the height to diameter ratio of the reaction zone can vary in the range of about 2:1
to about 5:1. The range, of course, can vary to larger or smaller ratios and depends upon the desired
production capacity. The cross-sectional area of the velocity reduction zone is typically within the
range of about 2 to about 3 multiplied by the cross-sectional area of the reaction zone.

The velocity reduction zone has a larger inner diameter than the reaction zone, and can be
conically tapered in shape. As the name suggests, the velocity reduction zone slows the velocity of
the gas due to the increased cross sectional area. This reduction in gas velocity drops the entrained
particles into the bed, reducing the quantity of entrained particles that flow from the reactor. The gas
exiting the overhead of the reactor is the recycle gas stream.

The recycle stream is compressed in a compressor and then passed through a heat exchange
zone where heat is removed before the stream is returned to the bed. The heat exchange zone is
typically a heat exchanger, which can be of the horizontal or vertical type. If desired, several heat
exchangers can be employed to lower the temperature of the cycle gas stream in stages. It is also
possible to locate the compressor downstream from the heat exchanger or at an intermediate point
between several heat exchangers. After cooling, the recycle stream is returned to the reactor through
arecycle inlet line. The cooled recycle stream absorbs the heat of reaction generated by the
polymerization reaction.

Preferably, the recycle stream is returned to the reactor and to the fluidized bed through a gas
distributor plate. A gas deflector is preferably installed at the inlet to the reactor to prevent
contained polymer particles from settling out and agglomerating into a solid mass and to prevent
liquid accumulation at the bottom of the reactor as well to facilitate easy transitions between
processes that contain liquid in the cycle gas stream and those that do not and vice versa. Such
deflectors are described m the U.S. Pat. No. 4,933,149 and U.S. Pat. No. 6,627,713.

The hafnium based catalyst system used in the fluidized bed is preferably stored for service
in a reservoir under a blanket of a gas, which is inert to the stored material, such as nitrogen or
argon. The hafnium based catalyst system is injected into the bed at a point above distributor plate.

Preferably, the hafnium based catalyst system is injected at a point in the bed where good mixing
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with polymer particles occurs. Injecting the hafnium based catalyst system at a point above the
distribution plate facilitates the operation of a fluidized bed polymerization reactor.

The monomers can be introduced into the polymerization zone in various ways including, but
not limited to, direct injection through a nozzle into the bed or cycle gas line. The monomers can
also be sprayed onto the top of the bed through a nozzle positioned above the bed, which may aid in
eliminating some carryover of fines by the cycle gas stream.

Make-up fluid may be fed to the bed through a separate line to the reactor. A gas analyzer
determines the composition of the recycle stream, and the composition of the make-up stream 1s
adjusted accordingly to maintain an essentially steady state gaseous composition within the reaction
zone. The gas analyzer can be a conventional gas analyzer that determines the recycle stream
composition to maintain the ratios of feed stream components. Such equipment is commercially
available from a wide variety of sources. The gas analyzer is typically positioned to receive gas
from a sampling point located between the velocity reduction zone and heat exchanger.

The production rate of polyethylene composition may be conveniently controlled by
adjusting the rate of catalyst composition injection, monomer concentration, or both. Since any
change in the rate of catalyst composition injection will change the reaction rate and thus the rate at
which heat is generated in the bed, the temperature of the recycle stream entering the reactor is
adjusted to accommodate any change in the rate of heat generation. This ensures the maintenance of
an essentially constant temperature in the bed. Complete instrumentation of both the fluidized bed
and the recycle stream cooling system is, of course, useful to detect any temperature change in the
bed so as o enable either the operator or a conventional automatic control system to make a suitable
adjustment in the temperature of the recycle stream.

Under a given set of operating conditions, the fluidized bed is maintained at essentially a
constant height by withdrawing a portion of the bed as product at the rate of formation of the
particulate polymer product. Since the rate of heat generation is directly related to the rate of
product formation, a measurement of the temperature rise of the fluid across the reactor, i.e. the
difference between inlet fluid temperature and exit fluid temperature, is indicative of the rate of
polyethylene composition formation at a constant fluid velocity if no or negligible vaporizable liquid
is present in the inlet fluid.

On discharge of particulate polymer product from reactor, it is desirable and preferable to

separate fluid from the product and to return the fluid to the recycle line. There are numerous ways

20



140.9 145.2 155.8 151.3 151.9 152.8 152.8 Extruder rpm 24.8 25.6 33.6 13.9 45.1 Melt pump rmp
5.6

known to the art to accomplish this separation. Product discharge systems which may be
alternatively employed are, for example, disclosed and claimed in U.S. Pat. No. 4,621,952, Such a
system typically employs at least one (parallel) pair of tanks comprising a settling tank and a transfer
tank arranged in series and having the separated gas phase returned from the top of the settling tank
to a point in the reactor near the top of the fluidized bed.

In the fluidized bed gas phase reactor embodiment, the reactor temperature of the fluidized
bed process herein ranges from 70 °C or 75 °C, or 80 °C to 90 °C or 95 °C or 100 °C or 110°C or 115
°C , wherein a desirable temperature range comprises any upper temperature limit combined with
any lower temperature limit described herein. In general, the reactor temperature is operated at the
highest temperature that is feasible, taking into account the sintering temperature of the polyethylene
composition within the reactor and fouling that may occur in the reactor or recycle line(s) as well as
the impact on the polyethylene composition and catalyst productivity.

The process of the present disclosure is suitable for the production of homopolymers of the
polyethylene composition derived from ethylene monomers, or copolymers of the polyethylene
composition derived from ethylene monomers and at least one or more other a-olefin(s) monomers.

In order to maintain an adequate catalyst productivity in the present disclosure, it is
preferable that the ethylene monomers are present in the reactor at a partial pressure at or greater
than 160 psia (1100 kPa), or 190 psia (1300 kPa), or 200 psia (1380 kPa), or 210 psia (1450 kPa), or
220 psia (1515 kPa), or 230 psia (1585 kPa), or 240 psia (1655 kPa).

The comonomer, e.g. one or more a-olefin monomers, if present in the polymerization
reactor, is present at a level that will achieve the desired weight percent incorporation of the
comonomer into the finished polyethylene. This may be expressed as a mole ratio of comonomer to
ethylene monomers as described herein, which is the ratio of the gas concentration of comonomer
moles in the cycle gas to the gas concentration of ethylene monomers moles in the cycle gas. In one
embodiment of the polyethylene composition production, the comonomer is present with ethylene
monomers in the cycle gas in a mole ratio range of from 0 to 0.1 (comonomer to ethylene
monomers); and from 0 to 0.05 in another embodiment; and from 0 to 0.04 in another embodiment;
and from 0 to 0.03 in another embodiment; and from 0 to .02 in another embodiment.

Hydrogen gas may also be added to the polymerization reactor(s) to control the final
properties (e.g., I} of the polyethylene composition. In one embodiment, the ratio of hydrogen to

total ethylene monomers (ppm Ha/ mol % C;) in the circulating gas stream is in a range of from 0 to
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60:1; in another embodiment, from 0.10:1 (0.10) to 50:1 (50); in another embodiment, from 0 to 35:1
(35); in another embodiment, from 0 to 25:1 (25); in another embodiment, from 7:1 (7) to 22:1 (22).

The hafnium based catalyst system, as used herein, refers to a catalyst composition capable
of catalyzing the polymerization of ethylene monomers and optionally one or more a-olefin co-
monomers to produce polyethylene. Furthermore, the hafnium based catalyst system comprises a
hafnocene component. The hafnocene component may have an average particle size in the range of
12 to 35 um; for example, the hafhocene component may have an average particle size in the range
of 20 to 30 pm, e.g. 25 n. The hafhocene component may comprise mono-, bis- or tris-
cyclopentadienyl-type complexes of hafnium. In one embodiment, the cyclopentadienyl-type ligand
comprises cyclopentadienyl or ligands isolobal to cyclopentadienyl and substituted versions thereof.
Representative examples of ligands isolobal to cyclopentadienyl include, but are not limited to,
cyclopentaphenanthreneyl, indenyl, benzindenyl, fluorenyl, octahydrofluorenyl, cyclooctatetraenyl,
cyclopentacyclododecene, phenanthrindenyl, 3,4-benzofluorenyl, 9-phenylfluorenyl, 8-H-
cyclopent[a]acenaphthylenyl, 7H-dibenzofluorenyl, indeno[1,2-9]anthrene, thiophenoindenyl,
thiophenofluorenyl, hydrogenated versions thereof (¢.g., 4,5,6,7-tetrahydroindenyl, or “Hylnd™) and
substituted versions thereof. In one embodiment, the hafhocene component is an unbridged bis-
cyclopentadienyl hafnocene and substituted versions thereof. In another embodiment, the hafnocene
component excludes unsubstituted bridged and unbridged bis-cyclopentadienyl hafnocenes, and
unsubstituted bridged and unbridged bis-indenyl hafhocenes. The term “unsubstituted,” as used
herein, means that there are only hydride groups bound to the rings and no other group. Preferably,
the hafnocene useful in the present disclosure can be represented by the formula (where “Hf” is
hafnium):

Cp HiX,, (1)

wherein , is 1 or 2, ,is 1, 2 or 3, each Cp is independently a cyclopentadienyl ligand or a
ligand isolobal to cyclopentadienyl or a substituted version thereof bound to the hafnium; and X is
selected from the group consisting of hydride, halides, C, to Cy alkyls and C; to Cj, alkenyls; and
wherein when , is 2, each Cp may be bound to one another through a bridging group A selected from
the group consisting of C; to Cs alkylenes, oxygen, alkylamine, silyl-hydrocarbons, and siloxyl-
hydrocarbons. An example of C; to Cs alkylenes include ethylene (--CH,CHo--) bridge groups; an
example of an alkylamine bridging group includes methylamide (--(CH3;)N--); an example of a silyl-

hydrocarbon bridging group includes dimethyvlsilyl (--(CH3),Si--); and an example of a siloxyl-
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hydrocarbon bridging group includes (--O~—CH1),51—0--). In one particular embodiment, the
hafnocene component 15 represented by formula (1), wherein ,is 2 and is 1 or 2.

As used herein, the term “substituted” means that the referenced group possesses at least one
moiety in place of one or more hydrogens in any position, the moieties selected from such groups as
halogen radicals such as ¥, Cl, Br, hydroxyl groups, carbonyl groups, carboxyl groups, amine
groups, phosphine groups, alkoxy groups, phenyl groups, naphthyl groups, C to Cy; alkyl groups, C;
to Cyp alkenyl groups, and combinations thereof. Examples of substituted alkyls and aryls includes,
but are not limited to, acyl radicals, alkylamino radicals, alkoxy radicals, aryloxy radicals, alkylthio
radicals, dialkylamino radicals, alkoxycarbonyl radicals, aryloxycarbonyl radicals, carbamoyl
radicals, alkyl- and dialkyl-carbamoyl radicals, acyloxy radicals, acylamino radicals, arylamino
radicals, and combinations thereof. More preferably, the hafnocene component useful in the present
disclosure can be represented by the formula:

(CpRs):HIX, (2)

wherein each Cp is a cyclopentadienyl ligand and each is bound to the hafnium; each R is
mdependently selected from hydrides and C; to Cy alkyls, most preferably hydrides and Cy 1o Cs
alkyls; and X is selected from the group consisting of hydride, halide, C, to Cy alkyls and Cs to Cj2
alkenyls, and more preferably X is selected from the group consisting of halides, C» to Cg alkylenes
and C; to Gy alkyls, and most preferably X is selected from the group consisting of chloride,
fluoride, C; to Cs alkyls and C» to Cg alkylenes. In a most preferred embodiment, the hafnocene is
represented by formula (2) above, wherein at least one R group is an alky! as defined above,
preferably a C; to Cs alkyl, and the others are hydrides. In a most preferred embodiment, each Cp is
independently substituted with from one, two, or three groups sclected from the group consisting of
methyl, ethyl, propyl, butyl, and isomers thereof.

In one embodiment, the hafnocene based catalyst system is heterogeneous, 1.¢. the hafnocene
based catalyst may further comprise a support material. The support material can be any material
known in the art for supporting catalyst compositions; for example, an inorganic oxide; or in the
alternative, silica, alumina, silica-alumina, magnesium chloride, graphite, magnesia, titania, zirconia,
and montmorillonite, any of which can be chemically/physically modified such as by fluoriding
processes, caleining or other processes known in the art. In one embodiment the support material is
a silica material having an average particle size as determined by Malvern analysis of from 1 to 60

mu; or in the alternative, 10 to 40 mm.
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In one embodiment, the hafhocene component may be spray-dried hafnocene composition
containing a micro-particulate filler such as Cabot TS-610.

The hafnocene based catalyst system may further comprise an activator. Any suitable
activator known to activate catalyst components for olefin polymerization may be suitable. In one
embodiment, the activator is an alumoxane; in the alternative methalumoxane such as described by I.
B. P. Soares and A. E. Hamiclec in 3(2) POLYMER REACTION ENGINEERING, 131-200 (1995).
The alumoxane may preferably be co-supported on the support material in a molar ratio of aluminum
to hafnium (ALHS) ranging from 80:1 to 200:1, most preferably 90:1 to 140:1.

Such hafnium based catalyst systems are further described in details in the U.S. Patent No.
6,242,545 and U.S. Patent No. 7,078,467, incorporated herein by reference.

The tapes or monofilaments according to the present disclosure comprise the polyethylene
composition, and optionally one or more other polymers. The tapes and/or monofilaments of the
present disclosure may have a decitex in the range of greater than 500 g/10,000 m. All individual
values and subranges from greater than 500 g/10,000 m are included herein and disclosed herein; for
example, the decitex can be from a lower limit of 500, 1000, 1500, 2000, 2500 or 3000 g/10,000 m
to an upper limit of 10000, 11000, 12000, 13000, 14000, 15000 or 20000 g/10,000 m. For example,
the tapes or monofilaments may have a decitex in the range of 500 g/10,000 m to 20000 g/10,000 m;
or in the alternative, the tapes or monofilaments may have a decitex in the range of 500 g/10,000 m
to 14000 g/10,000 m; or in the alternative, the tapes or monofilaments may have a decitex in the
range of 500 /10,000 m to 14000 g/10,000 m; or in the alternative, the tapes or monofilaments may
have a decitex in the range of 500 /10,000 m to 13000 g/10,000 m; or in the altemative, the tapes or
monofilaments may have a decitex in the range of 500 g/10,000 m to 12000 g/10,000 m; or in the
alternative, the tapes or monofilaments may have a decitex in the range of 500 g/10,000 m to 11000
g/10,000 m; or in the alternative, the tapes or monofilaments may have a decitex in the range of 500
¢/10,000 m to 10000 g/10,000 m; or in the alternative, the tapes or monofilaments may have a
decitex in the range of 1000 g/10,000 m to 2000 g/10,000 m; or in the alternative, the tapes or
monofilaments may have a decitex in the range of 6000 g/10,000 m to 14000 g/10,000 m; or in the
alternative, the tapes or monofilaments may have a decitex in the range of greater than 1000
¢/10,000 m; or in the alternative, the tapes or monofilaments may have a decitex in the range of
greater than 1500 g/10,000 m; or in the alternative, the tapes or monofilaments may have a decitex in

the range of greater than 2000 g/10,000 m; or in the alternative, the tapes or monofilaments may
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have a decitex in the range of greater than 2500 g/10,000 m; or in the alternative, the tapes or
monofilaments may have a decitex in the range of greater than 3000 g/10,000 m.

The tapes or monofilaments of the present disclosure may have a tenacity in the range of [ to
7 cN/decitex. All individual values and subranges from 1 to 7 centiNewton/decitex (cN/decitex) are
included herein and disclosed herein; for example, the tenacity can be from a lower limit of 1.0, 1.4,
1.8,2.0,2.4, 2.8 or 3.0 cN/decitex to an upper limit of 5.0, 5.4, 5.8, 6.0, 6.2, 6.6 or 7.0 cN/decitex.
For example, the tapes or monofilaments may have a tenacity in the range of 1.0 to 6.6 cN/decitex;
or in the alternative, the tapes or monofilaments may have a tenacity in the range of 1.0 to 6.2
cN/decitex; or in the alternative, the tapes or monofilaments may have a tenacity in the range of 1.0
to 5.8 ¢cN/decitex; or in the alternative, the tapes or monofilaments may have a tenacity in the range
of 2.0 to 7.0 ¢N/decitex; or in the alternative, the tapes or monofilaments may have a tenacity in the
range of 3.0 to 6.6 cN/decitex or in the alternative, the tapes or monofilaments may have a tenacity
in the range of 3.0 to 6.2 ¢cN/decitex; or in the alternative, the tapes or monofilaments may have a
tenacity in the range of 3.0 to 5.8 cN/decitex; or in the alternative, the tapes or monofilaments may
have a tenacity in the range of 3.6 to 7.0 cN/decitex; or in the alternative, the tapes or monofilaments
may have a tenacity in the range of 3.6 to 6.6 cN/decitex or in the alternative, the tapes or
monofilaments may have a tenacity in the range of 3.6 to 6.2 cN/decitex; or in the alternative, the
tapes or monofilaments may have a tenacity in the range of 3.6 to 5.8 cN/decitex.

The tapes or monofilaments may have a residual elongation, measured in percent, in a range
of 10 percent (%) to 100%. All individual values and subranges from 10 % to 100 % are included
herein and disclosed herein; for example, the residual elongation measured in percent can be from a
lower limit 0f 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 percent to an upper limit of 80, 84, 88, 92,
96 or 100 percent. For example, the tapes or monofilaments may have an elongation in a range of 10
percent (%) to 96 %; or in the alternative, the tapes or monofilaments may have a residual elongation
may have an elongation in a range of 10 percent (%) to 92 %; or in the alternative, the tapes or
monofilaments may have a residual elongation may have an elongation in a range of 10 percent (%)
to 80 %; or in the alternative, the tapes or monofilaments may have a residual elongation in a range
of 12 percent (%) to 100 %; or in the alternative, the tapes or monofilaments may have a residual
elongation in a range of 12 percent (%) to 92 %; or in the alternative, the tapes or monofilaments
may have a residual elongation in a range of 15 percent (%) to 100 %; or in the alternative, the tapes

or monofilaments may have a residual elongation in a range of 15 percent (%) to 92 %.
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Alternatively, the tapes or monofilaments may have an elongation measured in percent of greater
than 10 %; or in the alternative, the tapes or monofilaments may have a residual elongation
measured in percent of greater than 15 %; or in the alternative, the tapes or monofilaments may have
a residual elongation measured in percent of greater than 17 %.

It is appreciated that combinations of the various characteristics of the polyethylene
composition and/or the tapes or monofilaments of the present disclosure are possible. For example,
the tapes or monofilaments of the present disclosure can have a variety of combination of both
tenacity and residual elongation values, as provided herein. So, in one embodiment, the tapes or
monofilaments of the present disclosure can have a tenacity in the range of 1 to 7 cN/decitex and
residual elongation greater than [0 percent (%).; or in the alternative, the tenacity can be greater than
2 ¢N/decitex with and residual elongation greater than 10 percent (%); or in the alternative, the
tenacity can be greater than 4 cN/decitex with and residual elongation greater than 15 percent (%), or
in the alternative, the tenacity can be greater than 6 ¢cN/decitex with and residual elongation greater
than 17 percent (%), where such measurements were taken on a Zwick tensile tester on a
tape/monofilament length of 260mm and an extension rate of velocity of 250mm/min until the
tape/monofilament broke. Tenacity is defined as the tensile stress at break divided by the linear
weight (decitex). Other combinations of characteristics and values are also possible,

The tapes or monofilaments of the present disclosure may have a hot oil shrink measured in
percent after being annealed at 120 °C in the range of less than 30 percent. All individual values and
subranges from less than 30 percent are included herein and disclosed herein; for example, the hot
oil shrink measured m percent can be from a lower Hmit of 3, 4, 5 or 6 percent to an upper limit of
11, 15, 20, 25 or 30 percent. For example, the tapes or monofilaments may have a hot oil shrink
measured in percent after being annealed at 120 °C in the range of less than 25 or in the alternative,
the tapes or monofilaments may have a hot oil shrink measured in percent after being annealed at
120 °C in the range of less than 20; or in the alternative, the tapes or monofilaments may have a hot
oil shrink measured in percent after being annealed at 120 °C in the range of less than 15; or in the
alternative, the tapes or monofilaments may have a hot oil shrink measured in percent after being
annealed at 120 °C in the range of 11 or less.

The tapes or monofilaments according to the present disclosure may be produced via
different techniques. The term tapes as used in the context of the present disclosure means flexible,

elongate elements of essentially uniform width and thickness that can have a variety of polygonal
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cross-sectional shapes, such as rectangular, square, triangular, among others. The term
monofilaments as used in the context of the present disclosure means flexible elongate elements
having a variety of circular, elliptical, semi-circular or semi-elliptical geometries. The shape, or
shapes, of the monofilaments and/or tapes can be tailored for the application so as to provide the
required balance of properties for the article being made with the tapes and/or monofilaments (e.g.,
artificial turf, as discussed herein).

With respect to the tapes of the present disclosure, these can be prepared from a film of the
polyethylene composition of the present disclosure formed by a blown or a cast film process. Blown
or case film process can produce films having a constant and uniform cross-sectional shape with
little to no creasing.

In one embodiment, a film of the polyethylene composition can be prepared via the blown
film process by forcing a melt of the polyethylene composition through an annular die. A bubble of
the polyethylene composition is formed which is inflated with air and is removed at a higher speed
than the die outlet speed. The bubble can be intensively cooled by a current of air so that the
temperature at the frost line delimiting the molten polyethylene composition from the solidified
polyethylene composition is lower than the crystallite melting point. The bubble of the polyethylene
composition is then collapsed, trimmed if necessary and the resulting film can then be wound onto a
roll.

In the cast film process, a thin film of the polyethylene composition can be extruded through
a die (e.g., T-slot or coat hanger design) onto a chilled, highly polished turning roll, where it is
guenched from one side. The speed of the roller can be used to control the draw ratio and final film
thickness. The film is then sent to a second roller for cooling on the other side. Finally the resulting
film can pass through a system of rollers and then wound onte a roll.

Preparing the film of the polyethylene composition of the present disclosure can also include
a quenching step. In one or more embodiments, the quenching step can occur after the polyethylene
composition emerges from an extruder of the blown or cast film process. In one or more
embodiments, as the polyethylene composition is extruded from the extruder it can be quenched in a
liquid, such as water, having a temperature of 20 to 50 °C.

In one or more embodiments, it is also possible to form the film discussed herein with two or
more layers of the polyethylene composition. For example, two or more layer of the polyethylene

composition can be co-extruded in the processes discussed herein, and as are known, to form the
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film. In one or more embodiments, the layers of the film can all be formed of the same polyethylene
composition as provided herein. Alternatively, the two or more of the layers of the film can all be
formed of the same polyethylene composition as provided herein, with other layers of the film being
formed from a polyethylene composition, as provided herein, that is different than the two or more
layer. In one or more embodiments, it is also possible to form the film discussed herein where each
of the two or more layers are each formed from different polyethylene compositions, as provided
herein.

The film may then be cut into tapes having the desired denier and then oriented or, vice
versa, oriented and then cut into tapes. Orientation is typically achieved by stretching the film or
tape, while passing it through an air oven or on a hot plate that can maintain the film or tape at a
temperature below a melt temperature of the polyethylene composition. For the various
embodiments, the residence time of the film and/or tape in the air oven or on the hot plate is short
enough that the temperature of the film and/or tape stays below the melting temperature of the
polyethylene composition. In other words, the film or tape is oriented in a non-molten state. For
example, orientation can be carried out by passing the film or tape over a first and a second set of
rollers arranged upstream and, respectively, downstream of an air oven/hot plate that can maintain
the film or tape at a temperature below a melt temperature of the polyethylene composition. By
operating the first set of rollers at a different speed than the second set of rollers (e.g., the speed of
the second set of rollers being higher than the speed of the first set of rollers) the tape or film can be
stretched as it passes through the air oven/hot plate.

For the various embodiments, the temperature of the air oven/hot plate maintained 1s below
the melting temperature of the polyethylene composition. For example, the temperature of the air
oven/hot plate can be from 60 °C to 150 °C. All individual values and subranges from less than 150
°C are included herein and disclosed herein; for example, the temperature of the air oven/hot plate
can be maintained from a lower limit of 60, 65, 70, 75 or 80 °C to an upper iimit of 95, 100, 105,
110, 115, 120, or 150 °C. For example, during stretching the tapes or monofilaments can be passed
through the air oven/hot plate that is maintained at a temperature of 65 °C to 95 °C; or in the
alternative, during stretching the tapes or monofilaments can be passed through the air oven/hot plate
that is maintained at a temperature of 80 °C to 100 °C; or in the alternative, during stretching the
tapes or monofilaments can be passed through the air oven/hot plate that is maintained at a

temperature of 90 °C to 105 °C; or in the alternative, during stretching the tapes or monofilaments
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can be passed through the air oven/hot plate that is mamtained at a temperature of 70 °C to 95°C. Tt
is preferred that the temperature of the air oven/hot plate maintained be as close as possible to, but
smaller than the melting temperature of the polyethylene composition.

The orientation can be carried out with a predetermined draw ratio defined by the ratio of the
speed of the second roller {or of the second set of rollers) to the speed of the first roller (or of the
second set of rollers). The tapes or monofilaments of the present disclosure may be oriented with a
draw ratio in the range of 1:3 to 1:12. All individual values and subranges from 1:3 to 1:12 are
included herein and disclosed herein; for example, the draw ratio can be from a lower limit of 1:3,
1:3.5, 1:4, 1:5 or 1:6 to an upper limit of 1:7, 1:8, 1:9, 1:10, 1:11 or 1:12. For example, the tapes or
monofilaments may be oriented at a draw ratio in the range of 1:3 to 1:10; or in the alternative, the
tapes or monofilaments may be oriented at a draw ratio in the range of 1:4 to 1:10; or in the
alternative, the tapes or monofilaments may be oriented at a draw ratio in the range of 1:5 to 1:10.

With respect to the monofilaments of the present disclosure, these can be prepared by a melt
or a gel spinning process. Generally the monofilaments are prepared by extruding the polyethylene
composition of the present disclosure through a die in which a plurality of holes, normally arranged
along a circular pitch, is defined. As is known, the melt is prepared by extrusion and fed to the die
by means of a spinning pump. The monofilaments emerging from the die are normally subsequently
subjected to quenching and oriented by stretching in a manner similar to that described above with
reference to the orientation of the tapes.

The present disclosure also provides a process for making a tape or monofilament of the
present disclosure. In one or more embodiments, the process includes selecting the polyethylene
composition according to the present disclosure and then forming the polyethylene composition into
the tape or monofilament having a decitex in the range of greater than 500 ¢/10,000 m. In one or
more embodiments, the process of making the tape and/or monofilament can include the step of
orienting and cutting the tape or monofilament, as discussed herein. In one or more embodiments,
the process of making the tape and/or monofilament can include the step of annealing the tape or
monofilament, as discussed herein.

End use applications for the tapes or monofilaments of the present disclosure include, but are
not limited to, artificial turf, sport surfaces, woven and non-woven fabrics, floor coverings, sacks,
flexible intermediate bulk containers, carpets, carpet backings, rugs, upholstery, argotextiles,

geotextiles, construction sheeting, ropes, twines, cordages, nets, round bale netting, wraps, bags,
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medical applications, strapping, reinforcements, composites, and the like. The present disclosure
also relates to these articles comprising the polyethylene composition and to a process for preparing
theses articles with the polyethylene composition of the present disclosure.

By way of example, embodiments of the present disclosure can be used in an artificial turf
that is formed with one or more of the tapes and/or the monofilaments discussed herein. As
appreciated, artificial furf has been used fo replace natural grass on playing, surfaces in particular on
sport fields. Polymer compositions useful for this application need to exhibit the necessary
durability, tenacity, residual elongation and softness. The tapes and/or the monofilaments of the
present disclosure can provide such advantageous properties for use in, among other things, artificial
turf.

Referring now to Fig. 1, there is shown an artificial twf 100 according to one embodiment of
the present disclosure. As illustrated, the artificial tarf 100 includes a base material 102 and one or
more of the tapes and/or monofilaments 104, provided herein, implanted into and extending from the
base material 102, As illustrated, the tapes and/or monofilaments 104 can have a variety of different
shapes and forms. For example, the tapes and/or monofilaments 104 can be in the form of tufts 106
(e.g., a short cluster of elongated strands of the tapes or monofilaments 104 attached at the base
material 102) that are implanted into and extend from the base matertal 102.

In various embodiments, the tapes and/or monofilaments 104 of the artificial turf 100 can
have a variety of shapes, sizes and/or stiffness. For example, the tapes and/or monofilaments 104
can have a spiral configuration 108. In another embodiment, the tapes and/or monofilaments 104
can have a relatively straight/linear configuration 110. In an additional embodiment, the tapes
and/or monofilaments 104 used in the artificial turf 100 can have different lengths, heights and/or
stiffness relative the other tapes and/or monofilaments 104 used in the artificial turf 100. In one
embodiment, the stiffness of the tapes and/or monofilaments 104 can be altered by modifying the
cross-sectional shape and/or the decitex of the tapes and/or monofilaments 104. Combinations of
theses forms of the tapes and/or monofilaments 104 can be used in forming the artificial turf 100 of
the present disclosure.

The artificial turf 100 of the present disclosure can also include particles 114 of an in-fill
layer 116 between the tapes and/or monofilaments 104 and adjacent the base material 102. The use
of more than one in-fill layer 116 with the artificial turf 100 is possible (e.g., two or more separate

in~fill layers 116 of the particles 114). In one embodiment, the particles 114 of the in-fill layer 116
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can be particles of rubber (natural and/or synthetic). In one embodiment, the particles 114 of the in-
fill layer 116 may comprise, at least in part, the polyethylene composition as discussed herein.

In additional embodiments, the in-fill layer 116 can include particles 114 that have different
degrees of resiliency, density and/or hardness, where the particles can resiliently compress at
pressures that will be applied thereto when a person is walking or running on the artificial turf 100.
In addition to rubber and/or the polyethylene composition of the present disclosure, the particles of
the present disclosure could also be formed of another resilient material such as cork or vermiculate,
among others.

In one or more embodiments, the particles 114 can have either a uniform size and/or shape.
In an additional embodiment, the particles 114 can have either a non-uniform size and/or non-
uniform shape. Shapes of the particles can include, but are not limited to, cylindrical, conical,
spherical, parallelepiped, and elliptical, among others.

The present disclosure also provides a process for fabricating the artificial turf with the tapes
and/or monofilaments of the present disclosure. In one or more embodiments, the process includes
providing a base material and the tapes and/or monofilaments having a decitex in the range of
greater than 500 g/10,000 m, according to the present disclosure. In one or more embodiments, the
tapes and/or monofilaments can then be implanted into the base material with at least a portion of the
tape and/or monofilament extending from the base material to form the artificial turf.

In one or more embodiments, yarns can be formed from continuous strands of the tapes
and/or monofilaments of the polyethylene composition, where the continuous strands are twisted
together to enable their conversion into a woven, knitted or braided material, such as artificial turf.
The yarn formed from the tapes and/or monofilaments of the present disclosure can then be
implanted into the base material with at least a portion of the yam extending from the base material
to help form the artificial turf. In one embodiment, the yarn, the tape and/or the monofilament of the
present disclosure can be implanted into the base material by weaving (e.g., a face-to-face carpet

weaving) techniques, as are known.

Examples

The following examples illustrate the present disclosure but are not intended to limit the

scope of the disclosure.
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In the following Examples, Comparative Example A is a commercially available high density
polyethylene resin (HDPE 50250E) from the Dow Chemical Company. Examples 1 and 2 are
metallocene catalyzed HDPE resins according to the present disclosure, which are formed as

discussed herein.

Examples 1 and 2

Catalyst Component Preparation

The hafnocene component can be prepared by techniques known i the art. For example,
HECl4 (1.00 equiv.) can be added to ether at -30 to -50 °C and stirred to give a white suspension. The
suspension can then be re-cooled to -30 to -50 °C, and then lithium propylcyclopentadienide (2.00
equiv.) added in portions. The reaction will turn light brown and become thick with suspended solid
on adding the lithium propylcyclopentadienide. The reaction can then be allowed to warm slowly to
room temperature and stirred for 10 to 20 hours. The resultant brown mixture can then be filtered to
give brown solid and a straw yellow solution. The solid can then be washed with ether as is known
in the art, and the combined ether solutions concentrated to under vacuum to give a cold, white
suspension. Off-white solid product is then isolated by filtration and dried under vacuum, with

yields of from 70 to 95 percent.

Catalvst Compositicn Preparation

The catalyst compositions should be made at a A/Hf mole ratio of from about 80:1 to 130:1
and the hafnium loading on the {inished catalyst should be from about 0.6 to 0.8 weight percent Hf
using the following general procedure. Methylaluminoxane (MAOQ) in toluene should be added to a
clean, dry vessel and stirred at from 50 to 80 rpm and at a temperature in the range of 60 to 100 °F.
Additional toluene can then be added while stirring. The hafnocene can then be dissolved in toluene
and placed in the vessel with the MAO. The metallocene/MAO mixture can then be stirred at for
from 30 min to 2 hours. Next, an appropriate amount of silica (average particle size in the range of
22 to 28 um, dehydrated at 600 °C) can be added and stirred for another hour or more, The liquid can
then be decanted and the catalyst composition dried rat elevated temperature under flowing nitrogen

while being stirred.

Polvimerization Process
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The ethylene monomers/1-hexene copolymers were produced in accordance with the
following general procedure. The catalyst composition comprised a silica supported bis(n-
propylcyclopentadienyl) hafnium dichlonde with methalumoxane, the Al:Hf ratio being from about
80:1 to 130:1. The catalyst composition was injected dry into a fluidized bed gas phase
polymerization reactor. More particularly, polymerization was conducted in a 336.5 —419.3 mm [D
diameter gas-phase fluidized bed reactor operating at approximately 2068 to 2586 kPa total pressure.
The reactor bed weight was approximately 41-91 kg. Fluidizing gas was passed through the bed at a
velocity of approximately 0.49 to 0.762 m per second. The fluidizing gas exiting the bed entered a
resin disengaging zone located at the upper portion of the reactor. The fluidizing gas then entered a
recycle loop and passed through a cycle gas compressor and water-cooled heat exchanger. The shell
side water temperature was adjusted to maintain the reaction temperature to the specified value.
Ethylene monomers, hydrogen, 1-hexene and nitrogen were fed to the cycle gas loop just upstream
of the compressor at quantities sufficient to maintain the desired gas concentrations. Gas
concentrations were measured by an on-line vapor fraction analyzer. Product (the polyethylene
particles) was withdrawn from the reactor in batch mode into a purging vessel before it was
transferred into a product bin. Residual catalyst and activator in the resin was deactivated in the
product drum with a wet nitrogen purge. The catalyst was fed to the reactor bed through a stainless
steel injection tube at a rate sufficient to maintain the desired polymer production rate. The
conditions for the polymerization runs for Examples 1 and 2 are shown in Table I. Table II

summarizes the molecular weight characterization of Examples 1 and 2, and Comparative Example

A.
Table [
Measurement Example 1 Example 2
Reactor Temperature °C. 95.0 85.0
Isopentane % Mole percent 4.8 5.1
Ethylene monomers Partial Pressure psia 225.0 225.0
C6/C2 molar ratio unitless 0.0016 0.0015
Hydrogen Vapor Concentration ppm 320 345
Continuity Additive amount in resin ppmiw) 6 6
Hf amount in resin ppm{w) 0.87 0.82
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Al amount in resin ppm{w) 113 13.2
Table I
Conventional GPC | Absolute GPC

Identification Mn  Mw Mz Mw/Mn Mn  Mw Mz(abs) Mz/Mw
Example 1 38790 110980 231500 [2.86 40780 |116520 242700 2.08
Example 2 35140 113370 265000 3.23 37371 [117690 |254700 2.16
Comparative
Example A %24010 ‘137950 572900 |5.75 %25927 190900 |1320900 6.92

Table H characterizes the molecular weight distribution of Examples 1 and 2 and
Comparative Example A. Examples 1 and 2 have significantly smaller ratio of Mw over Mn, as

compared to Comparative Example A. The melt index and densities of Examples 1 and 2, and

Comparative Example A are given in Table I

Table II1
MI (2.16kg @ ]
Resins 190°C) Density
g/10min glem’
Comparative
Exampie A 0.45 10.948
| Example 2 1.0 0.956
Example 1 1.0 0.950

Tapes of Examples 1 and 2 and Comparative Example A

Examples 1 and 2 of the polyethylene composition, and Comparative Example A were

formed into a tape according to the process described below, and tested for their physical properties.

The results are shown in Table IV.
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Each of Examples 1 and 2, and Comparative Example A were extruded into tapes on a 30
L/D extruder with gear pump and a 500mm flat die at the parameters provided in Table IV. The film
of each sample was extruded into a water bath (30mm water bath distance, 25 to 30 °C), dried and
cut into 8.7mm x 0.042 tapes. These tapes were directly oriented in a hot air oven of 6m length and

collected for property measurements on winders.

Linear weight (decitex) was measured by taking the weight of 50 meters of tape. Tenacity
and residual elongation were measured on a Zwick tensile tester on a filament length of 260mm and
an extension rate of velocity of 250mm/min until filament break. Tenacity is defined as the tensile
stress at break divided by the linear weight (decitex).

The tapes of Examples 1 and 2, and Comparative Example A were tested for their hot oil

shrinkage according to the following procedure. The tapes of Examples 1 and 2, and Comparative
Example A first marked for length (1 meter) and then submerged for 20 seconds in hot silicon oil (90

°C), then withdrawn and remeasured. Shrinkage is measured as the percent % length reduction.

Table TV provides the extrusion, tape orientation and all other relevant processing data of the
comparative evaluation. The five last rows provide physical properties of the extruded and oriented

tapes of Examples 1 and 2, and Comparative Example A. All temperatures are in °C.

Table IV
Comparative [Comparative | Example | Example  Example  Example | Example

Polymer Example A | Example A | 1 I 1 2 2
Pl Ex 83.1 84.5 81.1 83.8 83.2 83.7 82.4
PS Pump 57.2 57.6 57.5 59.9 58.2 58.5 57.8
P3 Tool 140.9 145.2 155.8 151.3 151.9 152.8 152.8
Extruder rpm [24.8 25.6 33.6 13.9 45.1

Melt pump

rmp 5.6 5.8 5.9 3.5 5.8 5.7 5.7
TExZ1 187.5 190.5 188.8 183.4 1923 183.9 184.8
TEx 72 230.6 230.5 223.4 235.2 229.8 224.1 224.4
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96.6 Rolls 4 T 93.193.9 95 100.2 100 100.4 100.1 Stretch 7.06.1 6.1 7.08.0 7.0

TEx Z3 230.9 230.1 229.7 2287 229.4 230.5 230
T Ex Z4 230.1 230.7 228.1 230.7 2299 230.5 2297
TExZS5 229.6 230.8 229.7 2311 231.1 231.4 2309
Adapter 229.8 229.7 229.8 230.1 229.7 230.1 229.7
Filter T1 2257 227.1 228.6 233.6 227.1 227.7 2309
Filter T2 208.6 211.9 210.1 212.1 209.7 208.8 208.9
Adapter

filter 230.1 2299 230 230.1 2299 2299 229.9
Pump T 237.1 226.9 2293 235.2 2352 232.4 230.9
Adapter tool

T 240.8 240.5 240.7 239.2 239.1 239.1 239.8
Tool T1 240 240 240 240 239.9 240 239.9
Tool T2 240.1 2399 240 240 240 240 239.9
Tool T3 240.1 240.1 240.1 240 240 240 240
Haul off

m/min 16.1 18.6 18.6 16.1 16.1 16.2 16.2
Haul off 2

m/min 16.5 19 19 16.4 16.4 16.5 16.5
G1 m/min 17.1 19.8 19.8 17.1 17.1 17.1 17.1
G2 m/min 120.1 120 120 120 137.1 120.1 137
G3 m/min 120 120 120 120 137 120 137
Fibrillator |0 0 0 0 0 0 0
G4 m/min 126.1 120 120 120 137 120 136.9
G5 m/min 119.9 120 120 120 137 120 137
G6 m/min 120 120 120 120 137 120 137
Cooling- 32.5 33.3 31.8 29.5 32.8 32.8 343
Oven'T 110.2 114.8 113.4 95.1 95.1 94.9 94.9
Rolls 1 T 86.5 §7.2 88 91.2 90.8 90.1 90
Rolis2 T 85.2 85.5 85.7 89.5 88.9 88.2 88.4
Rolls3 T 90 90.9 92.7 98.6 98.1 96.6 96.6
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8.0 Decitex 3350 3350 3500 3350 2900 3400 3000 cN/decitex 2.87 2.18 3.11 3.6 4.41 3.78 4.74

Rolls4 T 93.1 93.9 95 100.2 100 100.4 100.1
Stretch 7.0 6.1 6.1 7.0 8.0 7.0 8.0
Decitex 3350 3350 3500 3350 2900 3400 3000
cN/decitex  |2.87 2.18 3.11 3.6 4.41 3.78 474
clongation % {7.3 8 35.2 22.9 155 26.1 17.1
Shrink % 7 6 6 8 7 I 11

To illustrate the beneficial property combination of Examples 1 and 2, Figure 2 shows the
elongation at break versus the tenacity for the tape samples of Examples 1 and 2, and Comparative
Example A. As illustrated in Fig. 2, both the elongation and tenacity are significantly improved for

Examples 1 and 2 as compared to Comparative Example A.

Test Methods
Test methods include the following:

Density (g/cm”) was measured according to ASTM-D 792-03, Method B, in isopropanol.
Specimens were measured within [ hour of molding after conditioning in the isopropanol bath at 23
°C for 8 min to achieve thermal equilibrium prior to measurement. The specimens were
compression molded according to ASTM D-4703-00 Annex A with a 5 min initial heating period at
about 190 °C and a 15 °C/min cooling rate per Procedure C. The specimen was cooled to 45 °C in

the press with continued cooling until “cool to the touch.”

‘Melt index (Iz) was measured at 190 °C under a load of 2.16 kg according to ASTM D-1238-
03.

Weight average molecular weight (M) and number average molecular weight (M) were
determined according to methods known in the art using triple detector GPC, as described herein
below.

The molecular weight distributions of the ethylene monomers polymers were determined by
gel permeation chromatography (GPC). The chromatographic system consisted of a Waters
(Miliford, MA) 150 °C high temperature gel permeation chromatograph, equipped with a Precision
Detectors (Ambherst, MA) 2-angle laser light scattering detector Model 2040. The 15° angle of the
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elongation % 7.3 8 35.222.9 15.526.1 17.1 Shrink % 766 8 7 11 11

light scattering detector was used for calculation purposes. Data collection was performed using
Viscotek TriSEC software version 3 and a 4-channel Viscotek Data Manager DM400. The system
was equipped with an on-line solvent degas device from Polymer Laboratories. The carousel
compartment was operated at 140 °C and the column compartment was operated at 150 °C. The
columns used were four Shodex HT 806M 300 mm, 13 pum columns and one Shodex HT803M 150
mm, 12 pm column. The solvent used was 1,2.4 trichlorobenzene. The samples were prepared at a
concentration of 0.1 grams of polymer in 50 milliliters of solvent. The chromatographic solvent and
the sample preparation solvent contained 200 pg/g of butylated hydroxytoluene (BHT). Both
solvent sources were nitrogen sparged. Polyethylene samples were stirred gently at 160 °C for 4
hours. The injection volume used was 200 microliters, and the flow rate was 0.67 milliliters/min.
Calibration of the GPC column set was performed with 21 narrow molecular weight distribution
polystyrene standards, with molecular weights ranging from 580 to 8,400,000 g/mol, which were
arranged in 6 “cocktail” mixtures with at least a decade of separation between individual molecular
weights. The standards were purchased from Polymer Laboratories (Shropshire, UK). The
polystyrene standards were prepared at 0.025 grams in 50 milliliters of solvent for molecular weights
equal to, or greater than, 1,000,000 g/mol, and 0.05 grams in 50 milliliters of solvent for molecular
weights Iess than 1,000,000 g/mol. The polystyrene standards were dissolved at 80 °C with gentle
agitation for 30 minutes. The narrow standards mixtures were run first, and in order of decreasing
highest molecular weight component, to minimize degradation. The polystyrene standard peak
molecular weights were converted to polyethylene molecular weights using the following equation
(as described in Williams and Ward, J. Polym. Sci., Polym. Let., 6, 621 (1968)):

Mpolyethylene = A x (Mpolystyrene)®,
where M is the molecular weight, A has a value of 0.41 and B is equal to 1.0. The Systematic
Approach for the determination of multi-detector offsets was done in 2 manner consistent with that
published by Balke, Mourey, et al. (Mourey and Balke, Chromatography Polym. Chpt 12, (1992)
and Balke, Thitiratsakul, Lew, Cheung, Mourey, Chromatography Polym. Chpt 13, (1992)),
optimizing dual detector log results from Dow broad polystyrene 1683 to the narrow standard
column calibration results from the narrow standards calibration curve using in-house software. The
molecular weight data for off-set determination was obtained in a manner consistent with that
published by Zimm (Zimm,B.H., J.Chem. Phys., 16, 1099 (1948)) and Kratochvil (Kratochvil, P.,
Classical Light Scattering from Polymer Solutions, Elsevier, Oxford, NY (1987)). The overall
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To illustrate the beneficial property combination of Examples 1 and 2, Figure 2 shows the elongation at
break versus the tenacity for the tape samples of Examples 1 and 2, and Comparative Example A. As
illustrated in Fig. 2, both the elongation and tenacity are significantly improved for Examples 1 and 2
as compared to Comparative Example A. Test Methods Test methods include the following:

Density (g/cm3) was measured according to ASTM-D 792-03, Method B, in isopropanol. Specimens
were measured within 1 hour of molding after conditioning in the isopropanol bath at 23 C for 8 min to
achievethermal Gaulifbrin pIATLe MeAsUSMEN, LreSRRGIRERS WEES G BIRSHIANFapIded
according to ASTM D-4703-00 Annex A with a 5 min initial heating period at about 190 C and a 15
C/min cenipl rafagseprderdimeaed ke dpstinsdndpadeessdibaaion FeHeaiaey Ry Ebrifitied

cooling Hitibyeaahia Hre fumh JMeltindenlh) was measved AblRR.Q Wndrtadeas 0f2rl6 kg
according to ASTM D-1238- 03. Weight average molecular weight (M% and number average

moleculBPhrigtahepverl msttitnnay AééordiRg (O RTBHEERHOWRSAFRNE S iRt &8ctor
GPC, asgigseribedhaainaelewing 27 Rerlolesaeweighitdigtiutionsoaldiie  atby enecaanomers
polymers were determined by gel permeation chromatography (GPC). The chromatographic sysiem
consiste‘ﬂe&ﬁhé)m}\éfé?ﬂ]l%ﬁ&%gtl\ﬁ% OGRS é?é%?&é%l Pe %ea?fgﬁwéﬁ?‘orﬁ?é&%fggﬁ?o ﬂ%pped
with a Pecisiondpatecioesnidliaherstydvih), F-antielaserdigolsobttersighdeiationhMade h2fldtilahe 15
angle of the, light scattering detector was used for calculation pur Data collection. was.
perTormEd BRI CUBIE RoTHEEE St I VAP OAL A A AR ar B VAR DMaco.
The systérribagreoptipped withcahtdineditens e bhsd gassdevicesfroriideaipeter fiahdrato e Jirthidy
carousel compatintent w ated at 14 nd.the colymn r t 190 C.
e cani L L B B e oA T
150 mmt,hiZmnﬁhmimaiﬁh@té@mﬁemwge_ﬂlmql}gmﬁ@qldmm@ér@.ﬁm@ é@ﬁﬁl@étwb}@tprepared at
a concepteafion.af Q-1 Grams of AWk M0 MIkLeLs AbSolvent. Ihe bremABapiS salveayand

the sample preparation solvent contained 200 fig/g of butylated hydroxytoluene (BHT). Both solvent
sourcesligbtecaitroigarsispargetbraihathyrhiesampledufar b etigti yeaLs | renle Yo dhhdids. The
injectionolume, Lised iwag.480-rmeilitars, and the flow rate was 0.67 milliliters/min. Calibration of the
GPC column set was performed with 21 narrow molecular weight distribution polystyrene standards,
with molecular weights ranging, from 580 to 8,400,000 g/mol, which were arranged in 6 "cocktail"
mixtures with at Ieasta g_gcadE(Wbiseparation betl; een ihdjiddal molecular weights. The standards
were purchased from Palyme = atories (Shropghire;-UK)—The polystyrene standards were
prepared at 0.025 grams in s Hiters of solvent for molétflar weights equal to, or greater than,
- 1,000,000 g/mol, and 0.05 grams in 50 milliliters of solvent for molecular weights less than 1,000,000
g/mol. The polystyrene stamﬁpgskyyepe dissolved at 80C with gentle agitation for 30 minutes. The
narrow standards miﬂhgg’;s:were(run! irst,(&hd in order of decreasing highest molecular weight
component, to minimize deg tigin.) The polystyrene standard peak molecular weights were
converted to polyethylene molecular weights using the following equation (as described in Williams

and Ward, J Peih6dal @ bulieh @b 26801 Mpolysibylans wefii Mealysiyraaighayhere M is

the molecular weight, A has a value of 0.41 and B is equal to 1.0. The Systematic Approach for the
determirelBRr SR MR derr MBS INRS detenifartioaniier comslybRmnited BubiRRED B9'Balke,
Mourey,glialcf¥aurey anghBrlke, Whamatogiaphy HFolypmemid2.(F992)and BalkeoThiirtsalcul,
Lew, Cheung, Mourey, Chromatography Polym. Chpt 13, (1992)), optimizing dual detector log results
from Dofi*h %%nﬂﬁeﬁ@% [6%%%8%& efdhdard g:@ﬁﬂﬁ?#cﬁ%?&’[iﬁtrfﬂr&%ﬁé% W Rhrrow
standardg] cakaiarCudResing iRchon s catware. Themaalesllanveight datagdeluiiset
determination was obtained in @ manner consist ith that published by Zimm (Zimm,B.H., J.Chem.
Pye. TR 120 85 A R AT (RS e ARG e SO A G O Hor
Solutionsyizjssitien ©kfosdaM¥ed 198i3h] Tdie ouarddhbiejbctedicandénteatiomplaséd.for the determination
of the molecular. weight wa tained from the sample refractive index are , |ve jndex
detector%gﬁg)r%)%fgﬁzf%%ﬁi %nﬁn%fgrw ﬁc%g%%Tearﬁéz “gﬁﬁlﬁpﬁg}ﬁéﬁé’ iai%l%%lgz?r%nrgﬁ%é?iﬁ%r% Vg\{/%}?l f?,’ which
was measumbusinteefehetdey td B Feulyegthie renhortopo lyrhe peliamul ares t47®PThe chiihaaographic
concentraigns et AssHn e aRanen q siminats addiessing Anvinel soelirianhelistisure
(concentration effects on molecular weight). Molecular weight calculations were performed using
in-houserssfteargcrpraasHicuibtion Siake vk nolersg sampledinar heightondiysloaisiageatisfcular
weight, and z-average molecular weight were made according to the following equations, assuming
that the refractorneter signal is directly proportional tg,weight fraction. The baseline-subtracted
refractometer signal can be directly substituted for weight fraction in the equations below. Note that the
molecular weight can be from the conventional calibration curve or the absolute molecular weight from
the light scattering to refi-actometer ratio. An improved estimation of z-average molecular weight, the

baseline-subtracted light scattering signal can be substituted for the product of weight average
molecular weight and weight fraction in equation (2) below:



Dwf.m Monomodal distribution was characterized according to the weight fraction of the highest
temperature peak in temperature rising elution fractionation (typically abbreviated as "TREF") data as
described, for example, in Wild et al., Journal of Polymer Science, Poly. Phys. Ed., Vol. 20, p. 441
(1982), in U.S. 4,798,081 (Hazlitt et al.), or in U.S. 5,089,321 (Chum et al.), the disclosures of all of
which are incorporated herein by reference. In analytical temperature rising elution fractionation
analysis (as described in U.S. 4,798,081 and abbreviated herein as "ATREF"), the composition to be
analyzed is dissolved in a suitable hot solvent (for example, 1,2,4 trichlorobenzene &sand allowed to

crystalli RS SHEcESRImAL Com EARNRY SaH fe %H&lﬂlﬁ‘{ﬂbé%@le TEeahIEEERY RS HY slowly
reducingdhe;temperatuee aihg ol nvas eluiRRa Wi beiaR Nk mbechoriea et differential
viscometer (DV) detector. An ATREF-DV chromatogram curve was then generated by eluting the
crystallif%@%%‘l?mer sample from the column by slowly increasing the temperature of the eluting
solvent (1,2,4 wighiarphieFene)intheaA TREmiEN Haetlﬁaelg'&cdeeqﬂb@ddm ltmthetrde;aﬂr'tn Wé@as

99/14271, the disclosure of which is |nco rat herei referenc Lon anching was
determlﬁgld’ﬁlc'gﬁﬁﬂl’gcut‘é%tﬂ%?ﬂ% g[?l 1%%% f é?é"r Sﬁ%l‘ﬁlé%% al@(ft%orgraphy
couplediwiItl ovamhgie dasecdight Qﬁattemmaqlhgemopl(ﬁ R@hAldhﬁ@randﬂgebpgnmea@mactor (GPC-
chroma % phy coupled with a differential viscometer detector (GPCDV). Short chain branch
distribution’breadth (SCBDB) was determined based in the data obtained via analytical temperature
rising elution frélationbdiorv (AEREFy@ntiysiseabbcib&dRereis Belowiindurdset tetailda@iobtamed
cumulatiye digiibuiion. af e lan eus,was easHIAled hesinng A1 36-C. AN ARG QAN

including 1 From t e cum ribution, temperatures were sélected at 5 weight percent

(7'5) an@lgsawérgfnlqoé?cewa(mgsylamé@twb@ttemﬁék@tel@sowewm‘éhsM@@ﬂl@ﬁ@uﬁwﬁ@the
SCBDBgalgyation,,) l? o RO R 5 den s lated fram e falowind KRR mp okl wingluding

and between 715 an 95.T, is the temperature at the ith point on the elution curve w, Is the weight
fraction sfieptatbeial froigheactetahiporandred ovetllet ehution Clve Thask TWS mem@msavm@ea

temperajurg f e, SlieR FUNS BB VAN ReIeaD SREMIFNding Ia.a0ekd 9om thAB

temperature rising elution fractionation (ATREF) analysis was conducted according to the met od
described4atInS. Patent No. 4,798,081 and Wilde, L.; Ryle, T.R.; Knobeloch, D.C.; Peat, |.R.;
Determination of Branching Distributions in Polyethylene and Ethylene monomers Copolymers, J.
Polym. Sci., 20, 441-455 (1982), which are incorporated by reference herein in their entirety. The
composition to be analyzed was dissolved in trichl E d allowed to crystallize in a column
containing an inert support (stainless steel shot) b V\/Iy redﬂl ing the temperature to 20 C at a
cooling rate of 0.1 C/min. The column w&s&e#iip red detector. An ATREF
chromatogram curve was then generated by elut%g the Er%alllzed polymer sample from the column
by slowly increasing the temperature of the eluting solvént (trichlorobenzene) from 20 to 120 C at a
rate of 1.5 C/min Comonomer content was measured using C13 NMR, as discussed in Randall,
Rev. Macromot Chem. Chys., C29 (2&3), pp. 285-297, and in U.S. 5,292,845, the disclosures of which
are incofposit&dihdudingnnidferenoe ok loxtehiydlatethtersuch mdastrewientrThe danoples vere
e e A RaARRoK RISl Ao A Ralat e SNSRI ARBInanec Aot anloro nenene
that was 0 in c om|um acetylacetonate tion agent) to 0.4g sample in a1Omm NMR tube.
The samplahiwsreagisbtivedrandeditsgdwizad by heating e betaeeh its Eorvledmad 1800 »The data
was collected viga IR CHnelinRe AR MidtNMR RSRIR IR FPHRFRANIIGARSE resonance

frequency of 100.6'MHz. Acquisition parameters were selected to ensuré quantitative 13C data

acquisitiefsMiene ﬁ@r@%‘éﬁé@@ﬁ flsecrdras atibhsagatsntie Gt nds aglids dsidy tfate& 1H decoupling,

4000 trapgisyis perdetaplile, prd. Isge plaxasiondelaxand Hidseeend acavisiiondme,2 sngetial
width of 24,200 Hz and a file size of 64K data points, with the probe head heated to 130 C. The

spectra REPETREFE (CPRUNHE thés Frby Sk patde 4 pb?ﬁz}rh@l@%%ﬁ@%@r%%%‘ﬁ?ulﬁt&feaﬁ%ﬁd|ng to

ASTM metbrdhei tiitety. THeldempeaiaturetandarystallizadnrolesneraiiie e oneasdred via
Differential Scanning Calorimetry (DSC). All of the results reported here were ted via a TA
53R Sy

Instru mﬂ%“%@elr&%ﬁ%%&cgaﬁ%@&"ﬁmﬁlgﬁrﬁ% (l’@t (skeg BBing accessory
and an audaaﬁgnplarerﬁpeuhmgew pumwa&d&wﬁmmmm ugbﬂcﬂttmxghamhqﬁh@aamplawas
pressed, |;§ |n fl mu in 2PEESS at 17,{5 C and 1500 1(é)yt%el\r/lal13e n}g ressu Ffo(f about
15 secon en ol cooled 0'room é)rrﬁlﬁé’r%ﬁlr Cu]tvatm pherc press tors_'LS(S mg Xoli
material was then cut into a 6 mm diameter disk using a paper hole punch We|ghed to the nearest
0.001 mg, placed in a light aluminum pan (ca 50 mg) and then crimped shut. The thermal behavior of
the sample was investigated with the following temp#tature profile: The sample was rapidly heated to
180 C and held isothermal for 3 minutes in order to remove any previous thermal history. The sample
was then cooled to -40 C at 10 C/min cooling rate and was held at -40 C for 3 minutes. The sample
was then heated to 150 C at 10 C/min heating rate. The cooling and second heating curves were
recorded.




Vinyl unsaturations can be measure according to ASTM D-6248-98. Trans unsaturations were
measured according to ASTM D-6248-98. Methyl groups were determined according to ASTM
D-2238-92. Resin stiffness was characterized by measuring the Flexural Modulus at 5 percent
strain and Secant Modulii at 1 percent and 2 percent strain, and a test speed of 0.5 inch/min (13
mm/min) according to ASTM D-790-99 Method B. Tensile testing is determined via ASTM D-638 at 2
inches per minute strain rate. Tensile impact was determined according to ASTM D-1822-06. The
capillary viscosity measured at 190 C. on a Goettfert Rheograph 2003 fitted with a flat entrance (180)
die of lepghim0 sy Eridedidheeteluofiibmsivat npserem s Hederates ran gindg s rdntiin®eotred800 s4.

Rabino%%ﬁogg%%gg@ was Q@QHQ%Q_@QFQ&‘J{E fartheshear thinning effect. The corrected shear rate

and shear viscosity were reported herein. The present disclosure may be embodied in other forms
without departing from the spirit and the essential attributes thereof, and, accordingly, reference should
i

be made to the-APISERESE AIRRS YaiHRaET e forDodiPs paciisstdh RaB A &t e &bpe of
the disclgsee CHle, Clzo L&58 1ape 08 Bolilme Tt SCorPmriSHT ik RalyRityisng wardpesition
comprising: less than or equal to 100 percent hy weight of the polyethylene composition derived
rorm et THRRSAIIEE oY FIEEiR AR O TR bg ISP O TRty 0h STOB o derived
from onereparalbyeaditiin amaneinarsty 3¢ whei@ifithexpolyethylsblearipesition of the tape or

monofilament h density in the ran 920.t0 0.970 g/cm3, a molecular weight distrihution
s kb bt S e S A DR
molecularmmigintadi SrbUuNOAR Tulz/Mhinstineptemny erofliesd ibdang. Bowirgdrinshbyrhtivmofiesshthan 0.1

vinyls Pepang housand ¢agben %%@M&%%%%ﬁa&%%gggg@ﬁ% polystpignegamposition;

wherein the tape or monofilament has a decitex of great n 500 g/10,000 m. 2. The tape or
monofiliPrstioattedipgar Ciding 1 wwhkreinanentagdecaranonofilahendHas Acanacion ppipasiarge of 1

to 7 cN/decirexaidh %%Q%E%@Mﬁ% g'@ﬁ@'ﬁ@t{hi’sﬂigﬁ emE ﬁ:%%)sence of the relaxation agent.
The data was acquired using gated 1H decoupling, 4000 transients per data file, a 4.7sec relaxation
delay and 1.3 second acquisition time, a spectral width of 24,200 Hz and a file size of 64K data
points, with the probe head heated to 130 °C. The spectra were referenced to the methylene peak at
30 ppm. The results were calculated according to ASTM method D5017-91.

Melt temperature and crystallization temperature were measured via Differential Scanning
Calorimetry (DSC). All of the results reported here were generated via a TA Instruments Model
Q1000 DSC equipped with an RCS (refrigerated cooling system) cooling accessory and an auto
sampler. A nitrogen purge gas flow of 50 ml/min was used throughout. The sample was pressed
into a thin film using a press at 175 °C and 1500 psi (10.3 MPa) maximum pressure for about 15
seconds, then air-cooled to room temperature at atimospheric pressure. About 3 to 10 mg of material
was then cut into a 6 mm diameter disk using a paper hole punch, weighed to the nearest (.001 mg,
placed in a light aluminum pan (ca 50 mg) and then crimped shut. The thermal behavior of the
sample was investigated with the following temperature profile: The sample was rapidly heated to
180 °C and held isothermal for 3 minutes in order to remove any previous thermal history. The
sample was then cooled to -40 °C at 10 °C/min cooling rate and was held at -40 °C for 3 minutes.
The sample was then heated to 150 °C at 10 °C/min heating rate. The cooling and second heating
curves were recorded.

Vinyl unsaturations can be measure according to ASTM D-6248-98.

Trans unsaturations were measured according to ASTM D-6248-98.
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3. The tape or monofilament according to Claim 1, wherein the tape or monotilament has a hot oil (90
C) shrink measured in percent after being annealed at 120C in the range of less than 30. 4. The tape
or monofilament according to Claim 1, wherein the polyethylene composition has a density in the
range of 0.925 to 0.960 g/cm3, and a melt index (12) in the range of 0.8 to 10 g/10 minutes. 5. The
tape or monofilament according to Claim 1, wherein the polyethylene composition has a vinyl
unsaturation of less than 0.05 vinyls per one thousand carbon atoms present in the backbone of the
polyethylene composition. 6. The tape or monofilament according to Claim 1, wherein the
polyethylene cHHHF5RTORPR AECTE STEHE hREIEEREdn %ﬁ}fme%g%%}ure-eluted amount curve
determined by continugus temperature ,rising elution fraction method at equal or above 30, C,é\:{herein

the purge pealfiticH (EEESRSTEARL TRARAE e RS BHE GFHONOAHEAL 2BREHRYENEMIm 1,
whereingbapalyeitilene samposiipn satepriseslessdbasildpaareeniyonsight of the/palyethylene
composition derived { ne qr more a-qlefin monomers. 8. The tape or monofilament according to
Claim |,%ﬁ%&éﬂ%fﬁ%ﬁ&&”ﬁ%@iﬁ%ﬁ@S@i%n is free of long chain branching. 9. The tape or
monofilament deaeildirgtioxGaieeininbéreiniBENIdlyetydenénchen postiidneamprises less than 100
parts by weightfgf 1afnium residgeg re{&a'nin f 9{2 a R%tfmﬁrﬁ_q?\?s%gnetallocene catalyst per one

s 1€ impact was det . . . .
million parts of pglsyetﬁy ernie compaosition. 10 e ape or monofilament according to Claim 1, wherein

the po'y,e,thy'e%99599&%&1?9@45‘&%%@&1@?@&Q@fbéQer&?gﬁ%&%%@g& SRBROMRINKIERS flat
composition of a UV stabilizer. 11. A process for making a tape or monofilament comprising the steps
of: selecHfigzepolyethgientlepsdpdgitem auhdinmairy:of 1 nesqtisanases ghedrttrieorpereiepylfeight of
the polygihyigne campasiian.derved FaM KHyens MM S the BosthamaY RELeNthy weight of

the polyethylene composition derived from one or more a-olefin monomers; wherein the
polyethyBHEESHipREitRR B e 8PS RS HHONEIRARREHER A& 8 ¥ensity in the range of 0.920 to 0.970
g/cm3, a molecular weight distribution (1v1/Mn) in the range of 1.7Q to 3.5, a melt index (12).in the
range of 0.2 to 55 aﬁiﬁ“?ﬁfiﬁ&%&%{j 81 RIS Gh LR RTSR (TTIRK drPATET: aglﬁr‘%gﬁh 2.5,
vinyl unmwaﬁmnitlﬁsagﬁgahe@e&fyhmlsfapmrmmh@ﬁ%&ﬁﬁ@&tbﬂﬂ m@f@ﬂ&rﬁﬂpeﬂmma@kbgne of
the polyethylene co oismon' and fortmla?5 t poé;l/ethxéetﬂe com g&lﬂg .m}o the tape or monotilament

k he
having d HACHEX bf OfSalBr THAIT BUD GITOI0D0 Y1411 The sCOPE OTHRE Gisclosis
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12. The process for making a tape or monofilament according to Claim 11, wherein the process further
comprises the steps of extruding the polyethylene composition from an extruder, and quenching the
polyethylene composition emerging from the extruder in a liquid having a temperature of 20 to 50C.
13. The process for making a tape or monofilament according to Claim 11, wherein the process further
comprises the step of orienting the tape or monofilament at a temperature below a melt temperature of
the polyethylene composition. 14. The process for making a tape or monofilament according to Claim
13, wherein orienting the tape or monofilament includes stretching the tape or monofilament at a draw
ratio of 3wQRIM 5. The process for making a tape or monofilament according to Claim 13 wherein
process further comprises the step of annealing the tape or monofilament. 16. The process for making
a tape or monofilament according to Claim 15 wherein the annealing step is carried out at 100 C or
above. 17. Théd frescesa e iansiy: §TPEBRFMonofilament according to Claim 15 wherein the tape or
monofilament @W@E@,@@%@p%ﬁﬁn@ process for fabricating artificial turf comprising the
steps of: providing a base material; roviding a tape or mfonofila ent having a decitex of greater
than 500 §/10,000 m ARSI ATRERECORPEIRY & BB RHATREES MEBS HORE TR Fing:
less than or eqiiedhtedfeneeneaniysweight of the polyethylene composition derived from ethylene

monomers; less than 20 percent b{ weightgof 1gjipolyet 1ene comgogitiocril deri(y d fg%rlpe%Qe or
more a-olefin monom&rs: a2 tYRSISHITRE B5IgaHS RpoSTto RS A GENSH T the Tange of 0.920
to 0.970 g/cm3narewidefitamasightrdistribution (Mw/Mi,) in the range of 1.70 to 3.5, a melt index (12)

i the range of 92,1030 A0 IO, A AR e AL ABIAN AMIER D, e ADgP gL Ieggdhan 2
5, vinyl unsaturation of 168s tharm 01 vinyls per one thousand carbon atoms present in the backbone of
the polyeflfydeAaccofifosition;sandlecul imptaghingstidthpe LAdndfil dmentdntd ihelbaseShatendl with
at least g eo)!@f;;? igftll%%?tx?cé)eeo?ﬁ@?@%l 15 shakexigpas fiam s Past:Raisialiaorm the artificial
turf. 19. An artificial tur omprising: a Base material; and

range of less than 2.5, vinyl unsaturation of less than 0.1 vinyls per one thousand carbon atoms

present in the backbone of the polyethylene composition;

wherein the tape or monofilament has a decitex of greater than 500 g/10,000 m.

2. The tape or monofilament according to Claim i, wherein the tape or monofilament has a

tenacity in the range of 1 to 7 cN/decitex and residual elongation greater than 10 percent (%).

3. The tape or monofilament according to Claim 1, wherein the tape or monofilament has a hot

oil (90 °C) shrink measured in percent after being annealed at 120 °C in the range of less than 30.

4, The tape or monofilament according to Claim 1, wherein the polyethylene composition has a
density in the range of 0.925 to 0.960 g/em’, and a melt index (I,) in the range of 0.8 to 10 g/10

minutes.
5. The tape or monofilament according to Claim 1, wherein the polyethylene composition has a
vinyl unsaturation of less than 0.05 vinyls per one thousand carbon atoms present in the backbone of

the polyethylene composition.

6. The tape or monofilament according to Claim 1, wherein the polyethylene composition has

less than 2 peaks on an elution temperature-cluted amount curve determined by continuous
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one or more tapes or monofilaments having a decitex of greater than 500 g/10,000 m, the one or more
tapes or monofilaments implanted into and extending from the base material, where the one or more
tapes or monofilaments comprises: a polyethylene composition comprising: less than or equal to
100 percent by weight of the polyethylene composition derived from ethylene monomers; less than
20 percent by weight of the polyethylene composition derived from one or more a-olefin monomers;
wherein the polyethylene composition has a density in the range of 0.920 to 0.970 g/cm3, a molecular

weight qisribinon (M}, 0,186 Fn0e f du 70 40,312 AuDedIpaeX(heletn e ShQ,4:4, 30 9/10
minutes, a ﬁ]({;%tégcula}rlmé\iégﬁ% dils%tlﬁbution (1%/1%4,5%% the range of léss thgn 2.5,ﬂ’%ﬁ)unsatulration of
less thahebow Vidiyds ipekdnéethousand carbon atoms present in the backbone of the polyethylene
composition. 20. The artificial turf according to Claim 19, wherein the one or more tapes or

monofilaments implanted into and extending from the base material includes tufts of the one or more

tapes or’monofRfiEfimeRHtRE R sPRIBREAdIY T dnTirrsia gl Rpdtetialeneicommrosifiiitial turf
according e, &daim <k In furihelcQumyising ghaicies ol ik l@e}fﬁ?&%ﬁwa&m&l FRENQIINGF ntRRES OF

monofilaments and adjacent to the base material. 22. The artificial turf according to Claim 21, where
the partfsIR4r tRESE S ayer include particles of a rubber.

8. The tape or monofilament according to Claim 1, wherein the polyethylene composition is

free of long chain branching.

9. The tape or monofilament according to Claim 1, wherein the polyethylene composition
comprises less than 100 parts by weight of hafnium residues remaining from a hafnivm based

metallocene catalyst per one million parts of polyethylene composition.

10. The tape or monofilament according to Claim 1, wherein the polyethylene composition

includes less than 5 percent (%) by weight of the polyethylene composition of a UV stabilizer.

1. A process for making a tape or monofilament comprising the steps of:

selecting a polyethylene composition comprising;

less than or equal to 100 percent by weight of the polyethylene composition derived
from ethylene monomers;

less than 20 percent by weight of the polyethylene composition derived from one or
more a~olefin monomers;

wherein the polyethylene composition of the tape or monofilament has a density in
the range of 0.920 to 0.970 g/’cm3 , 2 molecular weight distribution (M,,/M,) in the range of
1.70 to0 3.5, a melt index (1) in the range of 0.2 to 50 g/10 minutes, a molecular weight
distribution (M,/M,,} in the range of less than 2.5, vinyl unsaturation of less than 0.1 vinyls
per one thousand carbon atoms present in the backbone of the polyethylene composition; and
forming the polyethylene composition into the tape or monofilament having a decitex of

greater than 500 g/10,000 m.
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12. The process for making a tape or monofilament according to Claim 11, wherein the process
further comprises the steps of extruding the polyethylene composition from an extruder, and
quenching the polyethylene composition emerging from the extruder in a liquid having a

temperature of 20 to 50 °C.

13.  The process for making a tape or monofilament according to Claim 11, wherein the process
further comprises the step of orienting the tape or monofilament at a temperature below a melt

temperature of the polyethylene composition.

14.  The process for making a tape or monofilament according to Claim 13, wherein orienting the

tape or monofilament includes stretching the tape or monofilament at a draw ratio of 3 to 12.

15.  The process for making a tape or monofilament according to Claim 13 wherein process

further comprises the step of annealing the tape or monofilament.

16.  The process for making a tape or monofilament according to Claim 15 wherein the annealing

step is carried out at 100 °C or above.

17.  The process for making a tape or monofilament according to Claim 15 wherein the tape or

monofilament is annealed at a fixed length.

18. A process for fabricating artificial turf comprising the steps of:
providing a base material;
providing a tape or monofilament having a decitex of greater than 500 g/10,000 m, the tape
or monofilament comprising a polyethylene composition comprising;
less than or equal to 100 percent by weight of the polyethylene composition derived
from ethylene monomers;
less than 20 percent by weight of the polyethylene composition derived from one or
more a-olefin monomers;
wherein the polyethylene composition has a density in the range of 0.920 to 0.970
g/cmS, a molecular weight distribution (M,/M,,) in the range of 1.70 to 3.5, a melt index (1)
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in the range of 0.2 to 50 g/10 minutes, a molecular weight distribution (M,/M,,) in the range
of less than 2.5, vinyl unsaturation of less than 0.1 vinyls per one thousand carbon atoms
present in the backbone of the polyethylene composition; and

implanting the tape or monofilament into the base material with at least a portion of the tape

or monofilament that extends from the base material to form the artificial turf.

19.  An artificial turf comprising:
a base material; and
one or more tapes or monofilaments having a decitex of greater than 500 g/10,000 m, the one
or more tapes or monofilaments implanted into and extending from the base material, where the one
or more tapes or monofilaments comprises:
a polyethylene composition comprising:
less than or equal to 100 percent by weight of the polyethylene composition derived
from ethylene monomers;
less than 20 percent by weight of the polyethylene composition derived from one or
more o-olefin monomers;
wherein the polyethylene composition has a density in the range of 0.920 to
0.970 g/em’, a molecular weight distribution (My/M,,) in the range of 1.70 to 3.5, a melt
index (L) in the range of 0.2 to 50 g/10 minutes, a molecular weight distribution (M,/M,,) in
the range of less than 2.5, vinyl unsaturation of less than 0.1 vinyls per one thousand carbon

atoms present in the backbone of the polyethylene composition.
20.  The artificial turf according to Claim 19, wherein the one or more tapes or monofilaments
implanted into and extending from the base material includes tufts of the one or more tapes or

monofilaments implanted into and extending from the base material.

21.  The artificial turf according to Claim 19, further comprising particles of an in-fill layer

between the one or more tapes or monofilaments and adjacent to the base material.

22.  ‘The artificial turf according to Claim 21, where the particles of the in-fill layer include

particles of a rubber.
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