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FASERN, TAPES, MONCFI LAMENTS BASED ON EHTYLENE
COPCLYMERS W TH ALFA- OLEFI NS The present invention
WO edoatied24 o pol yners and in particular to copoPGIEPRODH51609
et hyl ene and al pha-olefins ipn particular to Iinear |ow
density polyethylenes (LLDPE) and to articles thereof
in particular to fibres a nonofi |l aments and t he
FRPEES: TATEP e CENPF JSYERTS ﬁ‘éﬁ@pﬁ’gv@ﬂe’é@i‘ﬁ FRRYVAEFANEEE i n
ArBg queedwct i on of polyol efin copol ynmers due to the
i ntroduction of netallocene catal ysts. Metall ocene
catalysts offer the advantage of generally higher

act | t han tradi t onal | er t al d
asusl ISR B Sl o et R e egiege B of
ethﬁeﬁ@&nﬂra@phaaﬁgﬂﬁﬁﬁ p@f‘tlchﬁ? kd lisSdap mv@déisftf FB@EI%SJI%nEMLDPE) and

pol yol ef i'n copol yners produced by netal [ ocene
to@atici¢sytbersoGihtparticatas thﬁbrtee, ta;msf wenefilamenie and thelldkeul ar
structure, For n sen.ta t
21 cqrebeopt SHLBE T s e By ARG b Rlh PR botetin
ogaryh% ] 18Gke RErowRdt@htof eiesdllotbist daaiisstd, Nwa)aume Q@alyew offer
hort Chain Branching Distribution (SCBD). Certain

thp pdyratage of goreratbt hihe eetvatiban raditipil Jaegier catebysts and are usually
A R R LD TR

thphoBuetiel copdlemesd |godideddy atetéllmbemlﬁwbﬁt@ﬁare quise lhlhﬁ)rm in
uni form nature of t he S?BD of netall ocene
OF &5y

thes glecyas srasiurgo & IPSPIPRIALP g@ﬂf@flfﬂ ?ﬁ?gﬁ?@gowed
mBeriRl Ak Rse rMﬁﬂ%lSC/ ?la ﬁl&%‘feﬁ" V@Clé’fﬁrdﬁs%tl%tf?ﬁis (MWD) and narrow

geonetries eg. cir di anond shape e
Slvmrt Ghamﬁ]amthfngr@ish'ibetibm fﬁa(IBlp} operties such as
abrasiop _and the For exa
or GEEA PRPENEy PR ERIB e AT GHE BRI L B A oW MWD
arldth&seThABEals a9 be SlantifcRIQVInELudeRS aftRI4i reRHvdR ZBger Soduced
properties. Generally nonofilanment may be manuf actured

migriglsilowespl fonserge prrdicatiensihe wnifone ratye pEherbngp ametallocene
proﬁoéndgn%ergaq%%ag ”P?Fgaﬁk Qg#egﬁlﬁtcﬁgetgﬂﬁsg@gﬂt%g% 3? oﬂaﬁle

usedvasofiRmenBtant alsridtoof geometrics eg. circular, ﬂat dlamond shape etc.
which may define the final properties such as softness, abrasion and the like. For example
when used for artificial grass applications producers optimize this shape in order to provide
the required balance of properties. Generally monofilament may be manufactured by a
melt spinning process with their sizes ranging from 0.1 to 2.5 mm in diameter depending
on the intended end use. Polyethylenes have been typically used as raw materials for
making monofilaments.

Stretched tapes are prepared from a primary film produced by a blown or a cast
film process. The film may be cut into tapes and then oriented typically by stretching the
film while passing through an air oven or on a hot plate at a temperature below the melting
point.

Synthetic or artificial turf or grass has been used to replace natural grass on
playing. surfaces in particular on sport fields. Polymer compositions useful for this

application need to exhibit the necessary stiffness, resilience, UV stability and wear

resistance as well as a softness to prevent injury.



10

15

20

25

30

maki ng nonofilaments. Stretched tapes are prepared

froma primary fil mproduced by a blown or a cast film
W@e@easd24 The filmmay be cut into tapes and tPEHEP2009/051609

oriented typically by stretching the filmwhile

passi ng through an air oven or on a hot plate at a

tenperature below the nelting point. Synthetic or

artificial turf or grass has been used to repl ace

nat lgpaff%gﬁ @?&esglgli)é)%l Iﬁéﬁlm&eﬁé@foﬁﬁ@eﬁ deg)ééglﬁ{lﬁﬂe? g(%rafglﬁ? gpplications

sport fields. mer conmposition
sudppl maatfilanemeedtapes. Ehieipoivtetityhamen axgagmeay Somfeithedss-indenyl or
.resilience, U stability and wear resi stance as |1
bigelpregpi sl T e ics Ayt e SO ogBEer | BEs
pog%ﬂﬁ!léneéz%ﬁ:aﬂff edmeRd deRlivah v BREsS0 095 —fO'.%'Oeg/(_;ﬁ}% and melt index

pl"i cati"ons Such as nonofil anents or tapes.
in felryegey | erdebg/dd enipr epeard from either bis-indenyl or

bi di enyl tall ' d.

oy SR AR E PR AT | ol EREnS RORL A R Gl ip e
rarRsad 86 0.9, tel ARYeh BeVAfe4 10.1900 284 MABNANE thBtdnge 2 to0 3.5

index in the range 0.1- 5.0 g/1 0 min. WO 94/1269

prefhised byase 9f sinedessitsfcapdysjseinpprtahd ackipls sl ppansadienyirgetallocene
C0g§ﬁ§i§y in the range 0.86 to 0.91 , nelt index in the

r &4 to 1000 and MV VMn in the range 2 to 3.5

pr odu C)lﬁﬁii’ll Tyr3 g$ ﬁc(es@fibi&i qygtietis hiré for gk sk Yisldscomprising individual

particlul ar bis(cycl opentadienyl) netallocene
ﬁl@a%yése@@nwwa%ve@wo wwHprsef adyeh fensity pplypthylegs (HDPE)

853588245168 fn§ LShngnd @dippual filament yarns
ancgggll %t Pngﬁgéggﬁ{}*aﬁy oq‘l Q@rﬁgxt ure of a high density
pol YetAQTEIrté 67 HBREpesthckads furnetéicidl grasd ersily gomprising 70 — 95 wt

o, Pl yet hyl ene (LLDPE). JP. 2007016367 d i bes t d
/0P hEh e B o Y GRAERS a4 3 o0 SQNBPT 47 FGY P08 8190 olgrghogp lymer
ha@inBia@Rn S8 they raﬁigé yobbylens and’ svtdheby Uoddf ARetallocene

et Ayl ene-"al pha-olefin copol ymer having a density in

catahiest.r ange 0. 900 - 0.925 g/cnB obtai ned by use of a
met %bo(%‘?&%w describes tapes, fibres or filaments based on multimodal

polyethylenes comprising from 30 — 70 wt % of an ethylene polymer fraction (A) having a
melt index of at least 1 g/10 min and a density of at least 950 kg/m® and an ethylene
polymer fraction (B) comprising ethylene and an alpha-olefin containing from 4 to 10
carbon atoms and having a melt index of 0.001 to 1 g/10 min and a density of no more than
950 kg/m”.

US 4880691 describes fibres and multifilaments derived from linear low density
copolymers (LLDPE) of ethylene and alpha-olefins having 3 — 12 carbon atoms produced
from Ziegler based catalysts. The copolymers typically have density in the range 0.86 to
0.95 gms/cc and melt index in the range 0.01 to 400 g/10 min.

WO 94/25647 describes elastic fibres, fabrics and similar based on homogeneously
branched substantially linear ethylene polymers having a molecular weight distribution of
less than 3.5 and a density less than 0.90 g/cm’. The ethylene polymers may be prepared
using constrained geometry metallocene catalyst technology preferably by solution

polymerization. Most suitable polymers comprise ethylene - octene copolymers.
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catal yst. WD 06/ 053709 descri bes tapes, fibres or
filaments based on nul tinodal pol yethyl enes conpri sing

Wo e@m1@024 70 wt % of an et hyl ene pol ynmer frackCDREP10)/051609
having a nelt index of at least 1 g/1 0 mn and a
density of at |east 950 kg/nB and an et hyl ene pol yner
fraction (B) conprising ethylene and an al pha-ol efin
containing from4 to 10 carbon atons and having a nelt

| ndeyoh /lga 98O G T G e LCDBEL o BB Ul Brising

t han Scribes fibres an
polyaihylehe ampaditsord ebianexdhd yomel dfseate ditewathéysss wherein the

copolyrmers (LLDPE) of ethylene and al pha-plefin
pokyg 'l@esompqszﬂ%léﬁ%%ag%ﬁ% Fisaieadspkghn Adgrerablles than
3 . i y i is
75 RALY 08T EARGHRLA 1 A N Rl b
indearf21é6 Gghit thorad@O0g/-190 g and ANDWEMIh 3B GrETraniges + Hised are suitably

I ic fibpr. fabri d sjml d
PRBIROgREB BLr o P anET D e NP ey TT MG, (Rl s
ex Bl URLE cHB¥iriten BefRles CiHadity WRi Qbﬁ%]a@ﬁioﬁtaf bRt LéhpREd with
| ess than 3.5 and a density less than 0 90 g/cnB. The

comtepdiddfdrgfol yners may be prepared using constrai ned
geo &-%Xﬂi’é‘?{;lﬁ%ﬂgﬁ%‘;@ﬁigﬁ&m 04 ‘i"aﬁ@%%;ﬁeglﬁ@ ;a%Biié’atiB}{ PCT

sol utton poty abl'e
EPCOOT06 R 0clehyibed eopol pateng ethofemk yne alph MOl 0Bk preb3@biom

and WO 08/ 1 13567 describhe fibres, tapes or fila ts
meRiAseIcTaRly S Y YREHYERER deFHY 4 {hesreedhi0 -Bf*é %@Qu%@elt
. I to@o nei_rknt t :
ind¥ ML RO 6 ke 1R C Rty Bl BPGIOF. 50 270 AL HEL DR PRar weigh
digimftionadBw/Mm S$is thehramged3 S tdy 5 i hesT hepghphymtalspleghibited a melt

cTer Behie & 16 To g Prite neree s 160 92 alg Eekaho orey of
floMVEMR i e 1R P8NIS 1/ moPAREhi@H 8ave U 3P b dBaePAk S htdNF LCB.

use of bis(cCycl opent adi egiyl_) nmet al | oene catal yst
sy Jhe aforemmesighedimetailpganesicaxed ¢ipolianeys e negigviativssiiable for the

oGS B hENAGHLY, A0GcBLRRY8) e Rbnil' Falo QMBS e art,
Examples of such methods are film blowing, film casting and orientation of the partially
crystallised product. The films exhibit good processability, improved optical and
mechanical properties and good heat sealing properties.

In order for use in applications such as tapes, fibres, monofilaments, artificial grass
and the like suitable polymers require molecular structures such as for example relatively
broad molecular weight distributions and long chain branching (LLCB) in order to provide
good strain-hardening and the required balances of melt strength and drawability.

We have now found that certain polyethylenes in particular metallocene-derived
polyethylenes exhibit outstanding properties in the solid state when submitted to high
deformation or to mechanical stress at high temperatures, Without wishing to be bound by
theory, the excellent mechanical properties are believed to be linked to the specific semi-
crystalline structure of the said particular metallocene-derived polyethylenes. The
polyethylenes thus obtained are particularly suitable for highly thermal or mechanical

demanding applications like the preparation of articles including tapes, fibres,

monofilaments and the like. The end-use applications of these tapes, fibres, monofilaments
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Qur earlier published application WO 06/085051 and

copendi ng application PCT EP2007/ 063670 descri bed
waeopoligrres s of et hyl ene and al pha-ol ef ns prepeeEEPI00D081609

net al | ocene catal yst syst ems, having a density in the

range 0.900 0.940 g/cnB, a nelt index M2 (2.16 kg,

1900C) in the range of 0.01 - 50 g/10 mn and a

nol ecul ar wei ght distribution (MM M) in the range 3.5

o G PSP R LA T e

fataits Atdor éaddridgs esaeksgfReablefih@ennédma bulk doneidadnEBLY, appdibls,
kJ/ mol but which have | ow or noderate anmounts of _LC%.@ .
domigaticaysss SAMSES) BIss - Ihelsiry.cektiexttes Bolertdeh 6PaatFdonhscting,
i cul.ar j e o] £.110 ' .
R, TN S AL o oo LB Bl sl
papét, tvipgngelbths Buapping spaymawbodrébleadsipasitesf pdlpmbt-covicrae

reigifc{ygn%ngq?q?,itﬂig%%aggigtg%gb_erg%?xtécin?x{ﬁqv%fg ctggleﬁp fa(l:%,t %%%g%re composites for the
pr%fa%i%ﬁ%j?maEﬂIeF%tchieéTgfoﬁ%?,%ﬂﬂ{dnﬁ%roﬁ%eﬂ%{‘@ﬁiﬂ‘é%ﬁp%ircgté?ns and

roperties and good heat sealing properties.
thd oke.use in applications such as tapes, fibres,

nmonofi | n artificial,grass .and the, |ike suitable
Do anresatahes e iR S Ve ieps ol R Spressed
as SN R e ek ¥@hMtyPiriadomtliee b weakVeh Phrticular it has been found that
di stributions and I'ong chal n branchi ng‘ﬁéLCB) in order
1

the melyinslex @6 theawdysers glay-bedndessed i Bisdensie of Smunrpeust
I f Lt - i)

DA e b PRSob b iR o p DAY e
metTabs aefknderd fgtagpediydtivyresrasinexiida thereus siloaiddd mgape, fibre
properties in the solid state when submtted to hi %Ig

il ofR P RSV s CORPHE A PRI Ine SP@es g Cfpgypses a copolymer of

eﬂi}ﬁgﬂ%%ﬁta Qﬁgleﬁ}{\iggiﬁgg %ﬂngpﬁ% o be bound by theory,

e excel l'ent” nechan propefrties are believed to be
| i nkey atdensibeinshesinge 0.96@mcIMst/aht ke structure of

h id i | | -deri I. .
The (Boievedngren s (hE kob &S aa terangse-t PR s
chgmc?ﬁehm @bt DLORbY. bhe RheRlor @ﬁﬁﬁ?ﬁh@@&enl SRRERLEMion at break

plications |1ke the preparation of articles
(%)reot wdkltngdexapkaeinf i br es,

[dlog(elongation)/&(tenacity)] =2 M x (melt index) + C
wherein M = - 0.45 and C =- 0.55

Preferably the polyethylene composition of the present invention has a unimodal
molecular weight distribution.

Thus according to another aspect of the present invention there is provided a tape,
fibre filament or similar comprising a polyethylene composition comprises a copolymer of
ethylene and an a-olefin having a unimodal molecular weight distribution said copolymer
having

(a) a density in the range 0.900 — 0.970 g/em’® and

{(b) a melt index MI> (2.16 kg,19OOC) in the range 0.7 — 50 g/10 min
characterized in that said fibre, tape, filament or similar has a tenacity, elongation at break
(%) and melt index wherein

[Slog(elongation)/8(tenacity)] 2 M x (melt index) + C



10

15

20

25

30

nonofil aments and the |ike. The end-use applications
of these tapes, fibres, nonofilanentsand the |ike

wo pebaeia2artificial grass and synthetic sport BCF/ER2E%)51609
woven and nonwoven fabrics, £loor coverings, sacks,
flexible internmedi ate bul k containers (FIBC),
apparel s, donestic uses, carpets, rugs, upholstery,
agrotextiles, geotextiles, construction sheeting,

fiIRﬁﬁ*&qu¢;pmg§a%§@@pg§6gcordage, nets, wraps, bags,
medi cal , hygi ene, di apers, durable paper, w ping

cl otPhaferablyrthp dibng, tapgeo Fijameat wogchikhi bases enagigselbegation at break
ol yner-concrete rei nforcenent, thernmal binder fibre
(%Bﬁn%aﬁ&b Wst#Bsi t es, glass fibre conmposites for the

Pr eRaleflih =0y 43Bsliqr batyahes (col our, functiona

properties) for textile appplications and the |ike.
The Prefsubtyatht pblybihekne tappssitemof the ptasénd imsentibi ts prepared by

[ nproved tepsile properties.ex ssed, as the bal ance
PolySRaRaHOR BHAE Preertal AP BRE N R SARE BRSER. 1 n

par tiye b@fordihg RRfoBRE Asgeetdittht Prkerdt iy eiBbA tHeRM8préided a tape,

the polyners may be increased to the benefit of the

fiyse, ddaraent or sicwilas apinprising arplyethyianacainppyigon eanpyigeanepolymer of

bet ween tenacity and .el ongation.at. break. Thu . )
efIYLens A A Cr OICHn PIPAted by POBIR AR i hE BISEnce 67 & sinels sie
catal\Bt §stepn PHOVOSRFNG Haah fibre filament or simlar

conprising a polyethyl ene con805|g|on conprises a

copdflywreensgy iethigyheged). AU 87 gemefand sai d copol yner

o rfB et iR eyl ch BHE e 80y o hymin,
chihrtdr-Be@ i Bat/sard Bite Ghde, Gilarhéent oh st Bad Z Radity, tloagation at break

0said fibre, tape, filanent or simlar has a tenacity,
(VQ1BdhgltindexavheseiBak (99 and nelt index wherein

9 sl s g alsgm sl e o -
pol yeidmyth dne -dotfpari € =on . Df the present invention has
ad ri’ire ega%lly trlrlg lﬁ%(r:el;l ltafapre, 11aingerr]1% ordsiinsqhgri akg:lélct)rid?nrzg' to this aspect of the present
invention has a tenacity, elongation at break (%) and melt index wherein
wherein M= - 0.43 and C=-0.9
Most preferably the fibre, tape, filament or similar has a tenacity, elongation at
break (%) and melt index wherein
wherein M =- 0.43 and C =- 0.78
The fibre, tape, filament or similar according to this aspect of the present invention
has a tenacity and eclongation at break (%) wherein
(1) elongation (%) = 21.4 x (tenacity) %
(ii)  tenacity 2 0.16 N/Tex
Preferably the fibre, tape, filament or similar according to this aspect of the present
invention has a tenacity and elongation at break (%) wherein

{1) clongation (%) = 11.5 x (tenacity)
(i)  tenacity = 0.16 N/Tex
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Thus according to anot her aspect of the present

invention there is provided a tape, fibre filanent or
wa@repher2conpri sing a pol yet hyl ene conposi ti onPCT/EP2009/051609

conprises a copolynmer of ethylene and an a-olefin

havi ng a uni nodal nol ecul ar wei ght distribution said

copol ynmer having (a) a density in the range 0.900 -

0.970 g/cnB and (b) a nmelt index M2 (2.16 kg, 190C) in

the T%@ngxe y17€g1e célﬁgggu}&s'gcgorﬁp%rt@%ﬂ %E;Be%%%f'tﬁb %Ijéﬁlht §Rkftion

fibre or has 'a tenaci
prébrahlg'atamn gt zbal@aln th&fangm 7Trre 26 gf Ifdein, wivee pieferably in the range

0T nd ek i eon e B e S e 11 br e,

t apg’hefpb H}?[Hne %mﬁbé’ﬂﬂn%raceﬁﬂlr% th @N3&pdc¥s ofeh §Hn|t gﬂzrétlon

br eak i ndex wheérein erein
prdm&b@ have a@smﬂ?neﬂmiabgwo P he— fO7) et vy a@den@@m&gahlv éthe range

fot sent invention is prepared by polynerization
§1'"@25@$§§%nce of a single site catalyst system Thus

accandipb et At RbMpbsiasetto@ing th @l RESSANIT thepeidnt Bivention
there is provided a tape, fibre, filanment or simlar

prefersplyi eiva g lewﬂ%fé’f%%téﬁé“@tﬂ%d% the rgnechipti ses a
co . :
L O e
m&ﬁ@@kyﬂﬁbs&&ﬁeﬁh&aﬁﬂnpopolyner haV|ng (a) a density in

t(ge il“gi%n;g"gﬁe_zgm aﬁleghgl7§9]él /@Igancgo ing t @é)l agptgcgql it Q gl%sen%rizvennon
B e B T e b PR R 1125 anc
wccommom@ha aspfadlo {cairosegbiniention tigre énproiidgd a sapey fibre,

ﬁla:mgnt or snnlpar 001)11pr1S1ng a polyethylene composition comprises a copolymer of
ethylene and an c~-olefin having

(i) a density in the range 0.900 — 0.970 glom’,

(ii) a melt index MI, (2.16 kg, 190°C) in the range 0.01 - 50 g/10 min,

(iit) a melt flow ratio (MFR) in the range 20 to 50,

(iv) a molecular weight distribution (Mw/Mn) in the range 3 to 8, and

(v) a melt strength pressure derivative §(MS)/6P in the range 0.15 — 1.3.

According to another aspect of the present invention there is provided a tape, fibre,

filament or similar comprising a polyethylene composition comprises a copolymer of
ethylene and an a-olefin having

(i) a density in the range 0.930 —0.970 glem?,

(ii) a melt index MI, (2.16 kg, 190°C) in the range 0.1 — 3.5 g/10 min,

(iii) a melt elastic modulus G’ (G”’ = 500 Pa) in the range 40 - 150, and

(iv) a ratio of complex dynamic shear viscosities n*(0.1)/n*(100) in the range 1.5 —

5.5.

Preferred alpha-olefins are those having C4 — C12 carbon atoms. Most preferred
alpha-olefins are 1-butene, 1-hexene, 4-methyl-1-pentene and 1-octene.

The copolymers of the present invention may suitably be prepared by use of a

single site catalyst system and preferably by use of a metallocene catalyst system
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wherein M= - 0.43 and C = - 1.2 Preferably the fibre,
tape, filanment or simlar according to this aspect of
W@ b@Iporeent i nvention has a tenacity, el ongatPOHER2009/051609
break (% and nelt index wheyein wherein M= - 0.43
and C - 0.9 Most preferably the fibre, tape, filanment
or simlar has a tenacity, elongation at break (% and
melt index wherein wherein M= - 0.43 and C 0.78 The
coﬁlgﬁ&ﬁv, ﬂr@[@?abi}f 4 BAERficdPlnBliRhY13hetBRGRRE bdEpIEL hmhg a
aspecT the present invention has a tenacity and
'coeIstcﬂmmltgeomea‘y don8gkra(ie toghdeeivith @ishitelloagamioon (% >
enaci t tenacity.> 0,16. N Tex.
b o £apmbles Of onpsTowSRiadishi! drSEHuRA onafiiqbp iieny
coﬁ%ﬁ:ﬁééjélﬁ\@bl%%ﬁ e Sn &feﬁﬁ@gen%vémnm%@s@ehbemm 41®81hasp
a tenacity and elongation at break (% wherein (i)

41%@%@&42%35(%(151’ §31 7x (tenacity) (ii) tenacity >
xTh t ing to

aI I %ﬁgf %mg]feQ?SI%g%E%ls E’P{émﬁ%@ggﬁe eggl?ﬂeﬁ)er a[) y have a

melt i ndex i nQpheXyange 0.7 to 25 g/10 mn, nore

preferably in the range 0.7 to 15 g/.10 n. and

pr efE1cEBR pnhaﬁlﬁglercaﬁlgeerﬁa@emd oK, S'a:ismt Wciopﬁ%tadienyf group

t

op Rl SLUERS, SRR SRR RS Ry PR GIERT TN e pound i
a 17 &g éing n9dde to ik cQ,rZQ)pgvitacﬂISnﬁmd snhmtutm ejoﬁ)mbiamenpl grbep, X each

range 0.915 - 0.950 g/cnB._ The yet hyl ene
ocelarﬁ@sg isthvgrde gE& BIOFLY §31?CéedafmeéE%§1@P§ cBpsiiing of haleflkyl, aryl,

I I
ey EE AR, BEFLEIGE i AN SIBRIGEARE R ¢ 20 pon-hydrogen
atdmd zanleTWtrairLeswmbhwh@n@dmhn@n o 24} Hondgydexges atfing drepptionally
sent | nve&tl on

ong together with Cp forms a metallocycle with M and n is dependent upon the valency
of the metal.

Preferred monocyclopentadienyl complexes have the formula:

R' 7
N
R Y
Ve
\{ /
R R ()
(%),
wherein:-

R’ each occurrence is independently selected from hydrogen, hydrocarbyl, silyl,
germyl, halo, cyano, and combinations thereof, said R' having up to 20 nonhydrogen

atoms, and optionally, two R' groups (where R' is not hydrogen, halo or cyano) together
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may typically be in stretched form The fibre, tape,
filament or simlar according to all aspects of the
W@e@samti24 nvention have a draw ratio in the raPQgBER20094051609
to 1:10 and preferably 1:5 tg 1:10. According to
anot her aspect of the present invention there is
provided a tape, fibre, filanment or simlar conprising
a pol yet hyl ene conposition conprises a copol yner of
forfil Qéﬁlvgl'%ﬁt &gl‘é'a% tﬁeﬁb?édrﬁ‘le&@& b GHjddeht &Jsﬁﬁ)‘% bf el cgclbg&itadwny}
range 0O (1) a nmelt index
mnggymnMKmﬁedmngﬁamhamge O 01 - 50 g/10 rain, (|||) a

t 20 t e .
ol S P HPORPOIS A o GV RGP DRB! PR, v
ar)ll&cyg au@g@l afRok ﬁkple hﬁncﬁian%@tlbx@l@ﬂ S Bavigg Ly & 20/Bon-hydrogen

in t e range O Accordi ng to anot her
atmdtneg&altwlpbaesg digandsrhesing uprio 2Repe-ydrageneicasd a

tape, fi "Eﬁ' ﬁ% Oprsimlar conprising a
polyethyleﬁe I’'on cdnprlses a copol ynmer of

et hyl enemmaMu@-ﬁ{aameMwon@mu) a density in the
range 0.930 - _0.970

}% & a nelt index M2

16 o, 1900C i CREs SRSt R g T o RO R, CRrASTR a0
neag%gﬁgqggg eifpdul us G (G = 500 Pa) in the range 40

- . &an

iv) a ratio of conplex dynam ¢ shear
Vi s®Fsdath escurele it ndehCAdn)ly ihydltogen wangenihed seleGedirom

QBB ST B ORBES BT ARl S G PG g théreof, seid

1- by e inghi 840N n- i PRleh Ylorhs; RERNE RN Gwd-FOC from Z*
Theq%opofynéﬁé o?ﬁ?'éfﬂﬁ%seﬁ% invedﬁloﬁgﬂay'SU|%€H$}rom

(when BF épantagidiogen)s er of Ra givpdian £ pad ea Ryl grer Sgwte iﬁ@rm aring
@nd preferably by use of a netall ocene catal yst

3Y tennonprising, preferably a nonocyl copent adi enyl
met ahll aGener 2 dsfindngravihsgalance of M.

Examples of suitable monocyclopentadienyl complexes are (tert-butylamido)
dimethyl (tetramethyl-1’- cyclopentadienyl) silanetitanium dichloride and (2-
methoxyphenylamido) dimethyl (tetramethyl--1’- cyclopentadienyl) silanetitanium
dichloride.

Particularly preferred metallocene complexes for use in the preparation of the

copolymers of the present invention may be represented by the general formula:
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"constrained geonetry' configuration together with a

sui tabl e activator. Exanples of nonocycl opent adi enyl
w@eo0gade4 t ut ed nonocycl opent adi enyl conpl exesPGUEP2NY/@51609

for use in the present invengion are described in EP

416815, EP 418044, EP 420436 and EP 551277. Suitable

conpl exes may be represented by the general fornula:

CpMXn wherein Cp is a single cyclopentadienyl or

sub } .ed cycl opent adi enyl group optionally

cova 'y bonded to Mthrough a substituent, Mis a

G ol emcmmce hmmdcpmdemlymﬁlebtmd diomg hypdrdgert, hycﬂmearbyi, silyl,

et sty a AT EREPREHES thECHy i SohBRTa Gl 4] fnaydrogen
atohd, §d @;5’(16}15}1’?" thB Q{' %ﬁﬁffh@ (\QH&% 'RSIS' ¥ hpdrobad, ‘Baloaﬂr leyAno) together

aryl, aryloxy, alkoxy, al koxyal kyl, am doal k
fori b dw@k@@nvetm:e thiezeell nepnepted to adjaceohpsjiams gé ﬁﬂealygmentadlenyi

i 2 fneut %emu§c%§se | i gands having up to 20
Troh I Hbt 5%% 2 SHESF optional Iy one X together with

Cp f501sBnedtr mdna@wsﬂeﬁe Wolp hidiag qpreo B6 nepeMdeat attiRewhich
t he val ency the netal. Preferred

ibmmnnmyoMpbmnmﬁd@bnyl conpl exes have the fornul a:

|n - eg&h %g%rrence i s independently sel ected
yd

fro Hrogen arbyl, silyl, gernyl, halo,

Cyang s %ﬁumlﬁgﬁlhﬁﬂ% thde Q%ﬁnal%@icﬂtl& stlaﬁéw ng up to
20 nonhydrogen atons, and optionally, two Rigr oups

( whei*ds RiR12sCR&t1, Sh&ﬁﬁo%’énCRﬁﬂlb*zoCRfygﬁé“) CR&Q‘J‘&RI“I& of or m
a dl(%/zﬂo*ent derivative thereof connected to adjacent
posi § q‘r Phe cycl opentadi enyl ring to forma fused

ri NQR*Séachl okt fnceXisiifddpyaddntle hgdrogem@ir atnyelﬁledr eélbaéd froem

oup conS|st|ng of hal o, aIkyI ary
hyam@@%yl stylkbalgganeied all hedagergied gy, |a@54>¢amﬂawaﬂ@$5cthereof said

haV'I{‘*gheHr %01 O%B-l{}ﬁgﬁj(%%g%blﬁst Q y@ﬂﬁ‘laﬁ Woa}i* LW Strom Z*

base I1ga avi ng non- rogen atons;
(when R* is not hydrogen), or an R* group from Z* and an R* group from Y form aring

system.

Examples of suitable X groups include s-trans-n*-1,4-diphenyl-1,3-butadiene, s-
trans-n°-3-methyl-1,3-pentadiene; s-trans-1*-2,4-hexadiene; s-trans-n’*-1,3-pentadiene; s-
trans-n°-1,4-ditolyl-1,3-butadiene; s-trans-1y°-1,4-bis(trimethylsilyl)-1,3-butadiene; s-cis-
n4-3-methyl— 1,3-pentadiene; s-cis-n4- 1.4-dibenzyl-1,3-butadiene; s~cisnn4- 1,3-pentadiene;
s-ois-rf-1,4~bis(trimethylsily1)-I,B—butadiene, said s-cis diene group forming a m-complex
as defined herein with the metal.

Most preferably R'is hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl, benzyl,
or phenyl or 2 R' groups (except hydrogen) are linked together, the entire
CsR's group thereby being, for example, an indenyl, tetrahydroindenyl, fluorenyl,
terahydrofluorenyl, or octahydrofluorenyl group.

Highly preferred Y groups are nitrogen or phosphorus containing groups containing
a group corresponding to the formula N(R"- or -P(R* N- wherein R” is C).10 hydrocarbyl.

Most preferred complexes are amidosilane - or amidoalkanediyl complexes.

Most preferred complexes are those wherein M is titanium.
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Yis -O, -S, -NR-, -PR*-, Mis hafnium titanium or

zirconium Z* is SiR*2, CR*2, SiR*2SI R*2, CR*2CR*2,
WERDR124 CR* 2SI R*2; or GeR*2, wherein: R* eacPCT/EP2009/051609

occurrence is independently hydrogen, or a nenber

sel ected from hydrocarbyl, silyl, hal ogenated al kyl,

hal ogenated aryl, and conbi nations thereof, said R*

having up to 10 non-hydrogen atonms, and optionally,

t wo : * o I ;

R SPeria PHBRIES RO, fosh HRORc i O P RO ncchborded
hesyisbergferamat. n is 1 or 2 depending on the val ence of M

Exanpl es of _sui tabl vl t adi I I
ot o K P U PIeRTRIGP T Y PE PERCl P DRI
I di S | [ i ' id d (2-

oo SRR B APl g oo and

cy clsppeablt adéadlydty fos nkaihethe paphtativt of the@bpslgmers of the present
_Particularly preferred netal | ocene conpl exes for use
inystipmarephessaveicalbrissd withdhe slosrysniiogegetatieceyp ég@ﬁfexe&
' nveﬁllteéé}l\?lvﬁl%X aﬁ%iﬁ%ﬁﬁ@?&%ﬁﬁ %glﬂ%ﬂl‘;fl Qﬁinﬂﬁ%ﬁ@ AQO), boranes such as

nmul a: eac

for ereln: - occurrence Is | ndependently
trisetrasfhedofireapt) bydnegedbortaedr ocar byl , silyl, gernyl,

hal o, , d i nat i th id R having.
N TN A A T

1ir@A R r CYORY KT alilrdinBinehY ALRHRBxaMa iy e peopaRA)in a number of
together "formwa dival ent derivative théreof connected

ways andipeefanblyposprepan by opniatien sy abopsin widlke uminiyrg cepound,

forgPae e R S b Pl nb iy SrBg Sicn it P oRRRER on
alibBatiEhy@rdtaft@apl ex with M

A preferred aluminoxane is methyl aluminoxane (MAQ).

Other suitable cocatalysts are organoboron compounds in particular triarylboron
compounds. A particularly preferred triarylboron compound is tris(pentafluorophenyl)
borane.

Other compounds suitable as cocatalysts are compounds which comprise a cation
and an anion. The cation is typically a Bronsted acid capable of donating a proton and the
anion is typically a compatible non-coordinating bulky species capable of stabilizing the

cation.

Such cocatalysts may be represented by the formula:
(L*-H)"y (A%)

wherein:-

L* is a neutral Lewis base

(L*-H)"q is a Bronsted acid

A% is a non-coordinating compatible anion having a charge of d, and

d is an integer from 1 to 3.

The cation of the ionic compound may be selected from the group consisting of
acidic cations, carbonium cations, silylium cations, oxonium cations, organometallic

cations and cationic oxidizing agents.
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Yis -O, -S, -NR-, -PR*-, Mis titanium or

zirconiumin the + 2 formal oxidation state; Z* is
WEMRY20118R* 2, Si R*2Si R*2, CR*2CR*2, CR*=CR*, OR*DBPRON051609

or GeR*2, wherein: R each oggurrence is independently

hydr ogen, or a nmenber selected from hydrocarbyl,

silyl, hal ogenated al kyl, hal ogenated aryl, and

conbi nations thereof, said R* having up to 10

non 5%%19%?&%@%@0 IOH?QSIU% 1])1 c!a}(bﬁfl Ex&tlﬁlt&{ &#}B%%ﬁlﬁloéytions eg.

tmanﬁaﬁmoﬁfu@rtﬁpmpﬂaﬁﬂmdfnﬁmr m(labmym)gmmﬁmn&mﬂm. eAlsofsuitable
sui .t abl e X groups .i ncl ude s-trans-h4-|, 4-di

arg N dyrghallylagulpipmcatipes sush ps Nah- d1methyian1hmum cations.
h4- A- g £
o f%jn ﬁ'ﬁﬁ?d 1§)§1 ﬂ-g%lqiéﬁsre\%ecsl ?? gcg]c%&%ﬁtfb a[rg th%s@%@x@ir?ﬂﬁ cation o

theioliet @mhp@nmd compmmn ahlydrdcanbybswsmuutadmnmmmum)sblﬁ ahd the anion

3-.but adi e E’ - 3-net hyl -1, 3- pent adi ene;
coiPESe. A Yl HLRHE wate 1, 3- but adi ene;
S- C'”l%/pﬁ,‘lﬁ ﬁ@r%te?@xﬂ%a%f@ £N6nic com ounds 1nclude .
s-ci s-h 4-Dbi s(trinet hyl SIP 3- but adi ene, said
s-cis d| én@hglamup)rmunmtwgh%nyﬂﬁ%aiﬁpl ex as defined

herein wi th,the neta referably R is hydrogen,
nmet hyl , é'il'fﬁ Ylam&o&bwtet@gﬁ?}y% 3étﬁ’t yl, hexyl, benzyl,

or phenyImpIrOpgaaﬁing:rrWﬁ&tfa@h@gmormdr ogen) are |inked
together, the entire C5R group t her eby being, for

exanpl e, tE-Pugdaymonive \eHRRReNHAEEY] | 1 uor enyl

t er ahydr orenyl gr oup.

H ghly pﬁétte%%e oxﬁ%@%ﬁ%ﬂéﬁﬁ?{?ﬁ%@en or phosphorus
cont ai ni ngNgdlmﬂgdmlmlamrtem@hangbmam, orresponding to

the for wherein R/ is CO
hydr ocar yﬁ dlﬁégﬁanb?’é‘fl’@rt‘?t@%ﬁ%ﬁ]fﬂr@tfes are ani dosil ane
- or am dggle h@%ﬁwﬁluﬁqgmﬁg{ﬁﬂ 1taNRBEp1RA ST BbFae

conpl exes are“those wherein is titani um Specific
conpl exedrigthglammeweurditgwkoteatalvowphesylpb®2ae. and ar e

 ncor por %rlpl 'opylammonium tetrakis(pentafluorophenyl) borate,

tri(n-butyl)ammonium tetrakis(pentafluorophenyl) borate,
N,N-dimethylanilinium tetrakis(pentafluorophenyl}) borate,
N,N-diethylanilinium tetrakis{pentafluorophenyl) borate.

A preferred type of cocatalyst suitable for use with the metallocene complexes
comprise ionic compounds comprising a cation and an anion wherein the anion has at least
one substituent comprising a moiety having an active hydrogen.

Suitable cocatalysts of this type are described in WO 98/27119 the relevant
portions of which are incorporated herein by reference.

Examples of this type of anion include:

triphenyl(hydroxyphenyl) borate
tri (p-tolyl)(hydroxyphenyl) borate
tris (pentafluorophenyl)(hydroxyphenyl) borate
tris (pentafluorophenyl)(4-hydroxyphenyl) borate
Examples of suitable cations for this type of cocatalyst include triethylammonium,

triisopropylammonium, diethylmethylammonium, dibutylethylammonium and similar.
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herein by reference. A particularly preferred conpl ex

is (t-butylam do) (tetranethyl-h5- cycl opentadi enyl)
walzovettbmb4 si | anetitam um -h4-1. 3 -pent adi ene. BUI/ERNE051609

cocatal ysts for use in the preparation of the

copol ynmers of the present invention are those

typically used with the aforenenti oned netaHocene

conpl exes. These include al um noxanes such as mnet hyl

al urg, RAXARE, sLIYAR: WeQH?%%ﬁoﬁ%@ir%?o er alkyl chains such as
trls(arenta | 'uor opheny borane a rates.
dilxyhieodmathylnanenivel Hioktadeeylmethyhenanmtiurand pr ef er abl y

.conprise oligoneric. linear and/or. cyclic alkyl .
e MO R i Ao ey Sy asePafed Hemmaniga,
an@Kinyf¥s and preferably are prepare by contacting water
and a trial kyl al um ni um conpound, for exanple
t ri ertioplaaiprafemécduencatalysts of this gpearpalljglainenamsyi um such

tl‘ig(f)ﬂﬁ%ﬂlgg%n 91{{1% %2@?%?9@%6&}%) ﬁ%l%g%gq{ %}%%?glé‘éf }r%lge];fe“:i"ferdec%catalyst is
biﬁ%dr@ﬁﬁn@te@@ﬂﬁivﬁblk?l) $ncfli@ aBingRNeh A O eARAPeBRRIN4-

particul ar triarylboron conmpounds. A particularly

hygraxyplanel) borater yl bor on conpound i s

tr ' %Eﬁ gésggét Y9 {h?f gék Zocg&gﬁggir%%ﬁgé C%P@ﬂﬂqgﬁm reaction product

suita s coca s ar conprise a
ofeatlkgiunancniam tasipemnafliiophasi}-bthiidsotyppecd) borata and an
Br onst efd aci d capabl e of donating.a proton and the

orgaiogtetallic eapmppmel) pr exapntp SiGtyl AU RS A HERINFADS SPiy as

teéﬁ%‘u%ﬁalﬁﬁﬂﬁy%ﬁeﬁf stabilizing the cation. Such

cocatdl ysts nmay be represented by the fornmula: (L*-H)
d ( Athewhwtwsisused to prepare the copolymers of the present invention may suitably

be supported.

Suitable support materials include inorganic metal oxides or alternatively
polymeric supports may be used for example polyethylene, polypropylene, clays, zeolites,
etc.

The most preferred support material for use with the supported catalysts of the
present invention is silica. Suitable silicas include Ineos ES70 and Grace Davison 948
silicas.

The support material may be subjected to a heat treatment and/or chemical
treatment to reduce the water content or the hydroxyl content of the support material.
Typically chemical dehydration agents are reactive metal hydrides, aluminium alkyls and
halides. Prior to its use the support material may be subjected to treatment at 100°C to
1000°C and preferably at 200 to 850°C in an inert atmosphere under reduced pressure.

The porous supports are preferably pretreated with an organometallic compound
preferably an organoaluminium compound and most preferably a trialkylaluminium
compound in a dilute solvent.

The support material is pretreated with the organometallic compound at a
temperature of -20°C to 150°C and preferably at 20°C to 100°C.

Particularly suitable catalysts for use in the preparation of the copolymers of the

present invention are metallocene complexes which have been treated with polymerisable
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Lis a neutral Lewis base (L*-H)+ d is a Bronsted acid

A is a non-coordinating conpatible anion having a
web@pgetiad d , and d is an integer from1 to 3PCIVRR2009/051609

cation of the ionic conpoundsmay be selected fromthe

group consisting of acidic cations, carbonium cations,

silylium cations, oxonium cations, organonetallic

cations and cationic oxidizing agents. Suitably

mogE)ﬁfef‘sf bgf eé"rﬁléﬂ.o Eﬁ(éeg:ﬁﬁ% WS olaf20X8Y QRLHRY b5/ 1S5 debtirBe supported

moni um ca riethyl amoni um
cathlybtproappkizionowherein 4 pal mebsabid hameoeriisinseadrio thed quidl st .
Alsg suitable are N. N-dialkylaniliniumcations such as
PraaRtigfnet hyl ani | i ni um cations. The preferred ionic

COMPOHAASi i€ RS mERGRI 1Y 3rTus@irBthl NRPEt WA BeYirfsehii@vention
cation of the ionic conpound conprises a hydrocarb

|
inchudesihitlertegproppienei lubntsad, f -lenena hoctantohdewnprsiwess, éﬁtadiene,

ryl substituted borat.e., Typjcal .borates L tabl
and Bl PEBRITARIS P RO B vl RyFRRRBHRGRAe o Pieftied
mdn8hfefPE MdsORAFEE2 td | @ERWORMTRRIN PtietlagheRit, posBlae, 1-
tri propyl ammoni um t et raphenyl borate, tri(n-butyl)anmon
buigrie pethapteny| borate, tri (t-butyl)anmoni um

tet rﬁx&}%ﬁ%%welg%rc %ng):inaﬁ:oﬁ::o ! :og% %&%ﬁgﬁ%&ﬁd}ﬁ&mnay be used for example

t et raphenyl'bora I'nrum
etHyidneapt¢nykbar at e, trimet hyl anmoni um
t et raki s(pent af |l uoro rhen%I ) horate, triethyl anmoni um

t et AR PEIHEF REYISHEBRIIGNYIF fbexene.

The polymerisable monomer is suitably used in liquid form or alternatively may be
used in a suitable solvent. Suitable solvents include for example heptane.

The polymerisable monomer may be added to the cocatalyst before addition of the
metallocene complex or alternatively the complex may be pretreated with the
polymerisable monomer.

The copolymers of the present invention may suitably be prepared in processes
performed in either the slurry or the gas phase.

A slurry process typically uses an inert hydrocarbon diluent and temperatures from
about 0°C up to a temperature just below the temperature at which the resulting polymer
becomes substantially soluble in the inert polymerisation medium. Suitable diluents
include toluene or alkanes such as hexane, propane or isobutane. Preferred temperatures
are from about 30°C up to about 200°C but preferably from about 60°C to 100°C. Loop
reactors are widely used in slurry polymerisation processes.

The copolymers are most suitably prepared in a gas phase process.

Gas phase processes for the polymerisation of olefins, especially for the
homopolymerisation and the copolymerisation of ethylene and a-olefins for example 1-
butene, 1-hexene, 4-methyl-1-pentene are well known in the art.

Typical operating conditions for the gas phase are from 20°C to 100°C and most
preferably from 40°C to 85°C with pressures from subatmospheric to 100 bar.
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tripropyl ammoni um tetraki s(pentafluoro rhenyl) borate,

tri(n~butyl)amonium tetraki s(pentafl uorophenyl)
whoroatier12, N- di met hyl ani | i ni um PCT/EP2009/051609

tetraki s(pentafiuorophenyl) {Qorate,

NSN- di et hyl ani i ni um tetraki s(pentafl uorophenyl)

borate. A preferred type of cocatal yst suitable for

use with the netall ocene conpl exes conprise ionic

Con@?éf%q 'B%é rBQesQes%?%ih%E‘e ﬁgb?]etlt AR RSl @’aﬁﬂ:ﬁiarly

ani on one substit onprising a noiety
préfavédngps @ha@qiro&essdsyam ihgenopeBuinzabeomlonset abodst 8s ddscribed in EP

soheh en b o b R S ha Brpop At et o

r ef gyyeneRIenkBRBALS s ﬁfeaﬁtﬂh@ “brbB&ss %‘? p@RbTl k8 ing a recycle
triphenyl (hydroxyphenyl) borate tr

str¢qm h@\hyg 3 linydraodygae pyas): 5o raa*p@t@rqugh that the weight percent of liquid
ent ro hen or at
v e B |G PR R i S bdSagt 2 weieh

peRkntSUi tabl e cations for this type of cocat al yst
i nclude triethylamonium triisopropyl amoni um
di etlppaivetylemesriposiiions iteble S @Mb@rpr%ﬁﬁltan‘demlon may

co ngﬁaeeglfa%cr l&# Do aﬁilmeq% %‘c% eﬁ%ﬁﬁl%%l Bledf &t (‘éfé) (‘f’o%o?ﬁltlé %@%th@ﬁ% Ma a o-
ol HnN¥YHrEERY boTombY b AIGNOA e PrebnOE bBAGEYE RBE Bathl mmrmnd () a

di t et radecynet hyl anmoni um bi s(hydro ent ated tal

pomlpyemeqdrhw RORYFOPT 43H0 A HYLhS iPRRsPRGe of paAipgleiNatfa catalyst system.
Pr efRlia0y g@g@pgﬂpﬁ &P,)%sgsdgﬁ% 8% o BL MU BB Bvention

tris(pen roxyp eny ) bor at'es.
m@addniisk 8lenils of @{)elr+ eabsbycadightysta dopolginst hﬁ/ﬁhgaglemzaideada olefin

el o 2LVl )methyl, amon um tri s Cpentaf | uo ophenyl) ¢
ethylene and a a-olefin having from 3 to 10 carbon atoms, prepared by polymerization in
the presence of a single site catalyst system, wherein the sum of (A) and (B) is 100 %.

Thus according to another aspect of the present invention there is provided
a fibre, tape, filament or similar comprising a polyethylene composition wherein said
polyethylene composition comprises a polymer blend of (A) 1 — 99% by weight of a
copolymer of ethylene and a a-olefin having from 3 to 10 carbon atoms, and (B) from 1 -
99% by weight of a copolymer of ethylene and a o-olefin having from 3 to 10 carbon
atoms, prepared by polymerization in the presence of a single site catalyst system, wherein
the sum of (A) and (B) is 100 %, said copolymer blend having

(a) adensity in the range 0.900 - 0.970 g/em’ and

(b) amelt index ML (2.16 kg,19OOC) in the range 0.7 — 50 g/10 min
characterized in that said fibre, tape, filament or similar has a tenacity, elongation at break
(%) and melt index wherein

[Slog(elongation)/8(tenacity)] = 8 M x (melt index) + C
wherein M = - 0.45 and C = - 0.55
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Wth respect to this type of cocatal yst, a preferred
conpound is the reaction product of an al kyl ammoni um
W@ eios(ipaes af | ur ophenyl ) - 4- (hydr oxyphenyl ) bor ap@I/EPZHOEO51609
organonetal | i ¢ conpound, forsexanple triethylal unm nium
or an al um noxane such as tetraisobutyl al um noxane.
The catal ysts used to prepare the copol yners of the
present invention may suitably be supported. Suitable
U ey el ot > .
a1 TREH A hF A RAHAS of D PBRL TR Y (S S bR, flaments
or gixdhipray pe by etdiyddarves]] lnaiwrpinalwy hre me] tocklayls thezkdled tegpert would
et.c. The st preferred support material for use with
re@ﬂ@@gﬁﬁé‘g&ed catal ysts of the present invention is

Si | g tapekli Ak, BladhdnkLASihiIg! didke éﬁ@éﬁ%inﬁazt%rﬁﬁg}é SAAGEnally

k!
Davi son 948 silicas. The support material may ‘
costain woiledditveawhi &hown eathwentkibdeidhdhe ahaurshealantioxidants,

reat nent to redu t wat er .content qr .t he hydr.oxyl
st B oL PR L SR ST Fy S gRgHeh S
defryefealB RN eRBEP bS pRk&t i aflth 8, ilbalfilineHts Ssmilar in quantities
al um ni um al ki/ls and halides. Prior to its use the
gesarpihobetwaen @P1 and ket &ubj ected to treatment at

1000C : | '
Ol O B 1t s B8, SRR o e
suBAHdP I use 'ﬂllrefitiﬁcfielftaffabf gra@sfe@?ﬂcﬁﬁﬁﬁgismitﬁehc aporting surfaces.
organonetal | j ¢ conpound preferably an grganoal um ni um,
co%ﬁﬁ@ﬁf&’m&ﬁ%ﬂ g copelamersaBFRATE! wm%\mra@ﬁa?%cam@ es and in

i i . | t . i:al:i.i s
RPN ocThe BN R
compnpeisabetwecofena@@O@dtebonps 0@ Catdmerkpasdibversabbparet fr@@d@ditional

Zi{e gigr]]ga?t%gcﬂai?s{tsgl{l& él% f%)trv‘}% d%t%?e@%@yé%ﬁ? h%{ﬂtéﬁjrés%ro bléségﬁniernand
therefore advantageous for artificial grass applications. Alternatively the melt index of the
copolymers produced with monocyclopentadienyl metallocene complexes may be
increased to the benefit of the product processability while maintaining a similar balance
between tenacity and elongation at break. In addition the fibres obtained from the
copolymers in the present invention also show improvements over those prepared using
catalyst systems comprising bis(cyclopentadienyl) metallocene complexes.

The present invention will now be further illustrated with reference to the following

examples:

Examples

General catalyst preparation

(a) Treatment of silica with TEA

Under continuous agitation, 1491 L of isohexane and 397 kg of silica D948 (available from
W .R. Grace), were added to a reactor. (The silica had been previously calcined under
nitrogen to reach a level of hydroxyl groups of 1.53 mmol/g). 19.3 kg of an Octastat 2000

(available from Octel) solution in pentane (2g/1) was then added and the mixture was
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present invention are netall ocene conpl exes which have

been treated with pol yneri sabl enononers. Qur earlier
wa@ppbieraed ons WO 04/ 020487 and WO 05/ 019275 deRCYER09/051609

supported catal yst conpositijgns wherein a pol yneri

sabl e nononer is used in the catal yst preparation.

Pol yrmeri sabl e nononers suitable for use in this aspect

of the present invention include ethylene, propylene,

o] - 6 > ; .
s ST Ao B8 By A RRRT R YOG in isohoxane
watkdnadl @vlyntibd/bverathoac ayd it mxxﬁt&waﬂm‘fﬁrfbe bl howrforteersat 30°C.

Thg{sﬁﬁygg%e %?%gquetﬁ@roug lgbﬁaség:fgwgﬁg ore {)gulljé ta}'gnsferred toa
rl C00! bPth SentdR g2 QT vl‘r‘é%@%dé@ﬁ%é fhixtu

drﬁéayﬁjbemﬁfsed g%te%?gbnsgghet hy en ne g % )1 hexene. The e was

firpiletleed > QFE yvier vsaline 48® kg wésilica TEANese nbt&m'ﬁde'fhe aluminium

ol i sghl e noner, is,suitably used in [iquid form
Cog?eng‘ifftﬁ? f'fﬁ’a ‘Q}@%HWEE’ l?felsag’é’ad 81 a suitabl e sol vent.
Sui tabl e solvents include for exanpl e heptane. The
pol yneri sabl e nmononer my be added to the cocatal yst
bhBdeparatioimofi qatahyst gompereniet al | ocene conpl ex or
alternatively the conplex may be pretreated with the
pol yneri sabl e nononer. The copol yners of the present
Td INERkE 6Na MBY%YeHaliitial of [N@I{N@{DJ@JZQH3714@2}[R(@EQ§@ OHC6H4)] Jonic
performed in either the slurry or th g afhas0
Cagnpung Agrin sduenerwase agdadyoves B3 mamitesnkh { beh KbBEA solution in
r
e R R PR e g ?%"%2?*5&%&?2@;% Ui ctalyst
corg®uértilng pol ynmer becones substantially soluble in the
i nert polymerisation nmedium Suitable diluents include
tol uene or al kanes such as hexane, propane or

(c} ﬁl%awaﬁ&ﬁof d%ﬁ&%ro%d_gdsmmmumﬁmﬁ”el Jpemabayt(C3fex A)

0 abou preferably from about 6Q0C to
m_llﬁlmﬁhﬁ@n_Loop
To 53.0 kg of a 11.6 % solution of Complex A in heptane were added 47.8 kg of 1-hexene.

(d) Preparation of the supported catalyst

288 kg of the above prepared silica/TEA was introduced into a reactor. The above prepared
solution of catalyst component 1 was fed to the reactor over 45 minutes and the mixture
was then stirred for further 30 minutes. The contents of the reactor were then cooled to
15°C and the above prepared solution of Complex A and 1-hexene was fed over a period of
30 minutes, and then the mixture was further stirred for 1 hour. During the addition the
internal temperature increased to a maximum of 23°C. 34 kg of an Octastat 2000 solution
in pentane (2g/1) was then added and the mixture was dried at 45°C until the residual
solvent content in the catalyst was <1%.

Analysis of the resulting dry powder showed the titanium content to be 44.0 umol/g, the

boron content to be 53.7 umol/g and the aluminium content to be 1.02 mmol/g.
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The polyethylene powders were compounded under nitrogen atmosphere on a ZSK58
extruder with the following additive package: to 99.88 parts of the polyethylene
composition, 0.08 part of Irgafos® 168 and 0.04 part of Irganox® 1076 were added.

The resulting product was submitted to detailed characterization as summarized in Table 2.

The corresponding product characteristics of comparative polymers are shown in Table 3.
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ne conpllexes, exhibit alsimlar

density kg/m’ 936 939 919.4 046.4 | 944.5

MI, /10 min | 1.1 4.5 0.9 0.61 0.39

melt flow ratio (MFR)

Mw/Mn

dynamic viscosity Pa.s 1759 736 1638 1738 | 2209

[Eta* g0] at 100 rad/s

dynamic viscosity Pa.s 8541 2000 | 9824 20068 | 21369

[Eta*p] at 0.1 rad/s

Eta*;00/Eta*p, ratio 4.9 2.7 6.0 11.5 9.7

G’(G’* = 500 Pa) Pa 37.6 36.6 54.2 95.6 107

S(MS)/5P cN/MPa

Tables 4 and 5 show the mechanical properties of tapes produced from both the

copolymers according of the present invention and the comparative polymers.
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To 216.9 kg of a 9.58% solution of [N(H) Me(C

| g- 22H37- 45)2] [B ( C8F ) 3( P- OHCBH4) |
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conponent 1.
Me4Si Me?Nt Bu) Ti ('

h4-1,
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pol yet hyl ene conposition, 0,98 part of Irgafos(r) 168

and 0.04 part of Irganox(r) 1076 were added. The

resul ting product was submtted to detailed

characterization as summarized in Table 2. The

ar , ¢ e . _
O DR e P A e ML S ERm OB TR By B Zicglr
catebvainpreesdd dabldesg % axanhple SOOWPIINESGERCchani cal

roperties of tapes produced from bot h ol yners
CHATBAG A PoHe SpPUERT gP’Hs’E?ﬂSi Blie2d b lggﬁpar ative
CHCL YBhsrc AR nd copayaRE ¥s IRXATPLesf@mpl e 5 is an

80: 20 bl end of conparative exanple CE4 and inventive
ChbcanphmeRial ietxine cEpdPmephrmtiness (Exaxnpl>5684IA#I095) LLDPE

oduced in,a gas phase process  sim le 1
cff oty ol borelg P TR s (Bl St Rnaral o
exanple 1 of EP 998503. CE2 commerci al hexene
copol ymer fromlneos (Eltex AF7040F1365) CE3 =

Tablernmiew ahowrethe nedattmsbipyhesreenribes(tlnagation)/ blogOemeity)den the
= CcO0 ci.al hexeng. copol r fromlneos (Eltex
ex%@%@%ﬁ@%ﬁm@%mft@s ﬁﬁé‘?%ﬁg&'e BRRE- copol( yner from

neos (Eltex A5006FN1362) Table 6 bel ow shows the

rel ati onshi p between dl og(el ongation)/ dlog(tenacity)
TABIE 6he exanpl es of the invention and the conparative

exanpl es. TABLE 6 Determ nation of product properties

Density of the pol yethyl ene was neasured according to

Exbidplel 183- 1 |(Wed(BlodeNonaBibeltbacagnpl e pl aque was
prepared accac‘)%i nggtn ,%IETI%It DA?()% Condition C where

it was coolled under pressure at ajcooling rate of

1 15—+ "’AGC to400€Mett—ndex: M2 and M2
S

m-1
wer e maasure"dl‘ i ng the procedures of |1SO 1133 at

72 1900C using Ipags of 2.16 and 21.6 kg respectively.

Melt flow riatio (MER) is given hylthe ratio of M2 1
3 agai nst M 2.- I&15 Per neati on Chromat ogr aphy Anal ysi s

5 For Mot-eet °‘-'u1.¥f?i ght—brstributton
5 -0.851
CEl -2.337
CE2 - 2.967
CE3 -1.710
CE4 -0.922
CES - 0.864

Determination of product properties

Density of the polyethylene was measured according to ISO 1183-1 (Method A) and the

sample plaque was prepared according to ASTM D4703 (Condition C) where it was cooled

under pressure at a cooling rate of 15°C/min from 190°C to 40°C.
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determ nati on Apparent nol ecul ar wei ght distribution

and associ ated averages, uncorrected for |ong chain
whe@pgiipgy, were determ ned by Cel Perneation PCT/EP2009/051609

Chr omat ogr aphy using a GPCV 52000 from Wat ers.

Acqui sition is done using Alliance software fromthe

sane supplier. The apparatus settings were the

foll owi ng: Colunm tenperature: 1500C I njector

M&? rﬂjcﬁa&awaa‘;q’dé\%? %EF@@ash?f{mﬁfr@tgéﬁmc @% %ﬁ?@clti?;g 4t 190°C using

loéH@Ioflzl16ra@bemzsa{g&e§ﬁeahvélysed with 0.05% BHT Fl ow rat e:
1 rnvVm n Colums set; 2 Shodex. AT806MS + 1 Waters HT2

Mgl figwaragiodMF R aivep By thepio ﬁ'él\’@maﬁalaﬁt Mpi cal I'y
26,000 Detector: differential refractometer Prior the
el ution, the polyethyl ene sanpl es were dissol ved at

G Peffedtion Chrédmatpsraphy Ansglyiis fomgolenulay Wedeht Distribution
Trichl. or obenzene stabilised with 0.05% BHT. The

de | ene concentration is 0.1%ww. A relative

calibration was constructed usi n{gﬁnarrow olg rene

st arftiaERat mpiRsulip et iSRG NG AROsiAEd dueTa corrected for
GPCV
oPIEBIASE S AL AL 80| Ol R Ch b Ty iy
2000 érorSWhandre cAdqaisitivei igldbnevasng Atlisare sdtware REmathesara¢ supplier.
using the follow ng Mark Houw nk constants. a ps =
0.67 K ps = 0.000175

The apparatus settings were the following:

Column temperature: 150°C

Injector temperature: 150°C

Pump temperature: 50°C

Injection volume: 217,5 pl

Elution time: 60 min

Eluant: 1,2,4 Trichlorobenzene stabilised with 0.05% BHT

Flow rate: 1 ml/min

Columns set: 2 Shodex AT806MS + 1 Waters HT2 with a plate count (at half
height) of typically 26,000

Detector; differential refractometer

Prior the elution, the polyethylene samples were dissolved at 150°C for 2 hours with
stirring in 1,2,4 Trichlorobenzene stabilised with 0.05% BHT. The polyethylene

concentration is 0.1% w/w.

A relative calibration was constructed using narrow polystyrene standards. The molecular

weight and the solution concentrations are listed in the below table.
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The calibration curve Mw pg = f{(V) was then fitted with a 3™ polynomial equation.

Gps=057
O pg~ 0.706

measurenents do not
ﬂﬂf ng testing.
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was carried out
Thai HShnaleb@Mr weight was converted in PE equivalent using the following Mark

All the calculations are done with Millennium 32 software from Waters.

This calibration has been checked against the NIST certified polyethylene BRPEO the

values obtained being 53,000 for Mw and 19,000 for Mn.

Dynamic Rheological Analysis

Rheological measurements were carried out on an oscillatory rtheometer (e.g., Rheometrics
RDS-2, ARES) with 25mm diameter parallel plates in a dynamic mode under an inert
(nitrogen) atmosphere. For all experiments, the rheometer was thermally stable at 190°C

for at least 30 minutes before inserting the appropriately stabilised (with anti-oxidant
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applied frequency of 0.1 rad/s at the selected strain
under nitrogen (as determ ned by the SS experinents)
Wa onogheidk4 t he stability of the sanple during tRGI/EPZP09/051609
The frequency sweep (FS) expgrinment was then carried
out at 1900C using the above appropriately sel ected
strain | evel between dynam c frequencies range of 10 2
to 100 rad/s under a nitrogen atnosphere. The conpl ex
= B0 & lophOaaS) ehitle ofehih Yo, B oSty AHERE were
theinrobshde math aofostlive nbﬁdﬂﬂ)rdmegstdi&:ﬁ ennhamdted ior @stileygobd ocomtact.

the viscosity data of the freque sweep
Aftsg goyt merinice as Ll the Plaentsr gLy eibse @n%lxﬂretsufplus

po?vrrvgez g %Egg?gl%fé?en@e & ArQfatE8 @i mdd O aurfilt® 16 Eﬁﬂﬁ{%@ﬁxﬁs allowed for

experinment i's then earned out at
tharsiahgalihy @l duethe ppmeg fomt & gifecs@ISebm@dOstznoal n I eveI
and. t he dynam heol o i cal dat a
T S P (S PG PERECT R PRI BGRRG By 29-C tnder itrogen
to BOERNRE EHGQ&emlg&ﬁeMéhést%n Qa@%ﬁﬂdrg%h%teﬁgf)h%% aI @hlch is

deternmine the nelt elastic nodulus G (G

greatardiest W of theflewarscale pélhedransdmepay ciohe gl freqneé%(% 0.01to
P 5y PSR 00 S0 TR TR by o

0. mﬁlsfserak tRi@ahens thextaisvionsl the heqred: ésw ifileqe@ioy UMae seond SS
with a Gottfert Rheo-Tester 2000 Capill ar Rheonet e
expiriTent v ciaied apbiih arhigt apphcteaacy of L0dmeisde @W%%)fhat the
r
selt%ﬁt%, %]lﬂsg sg'gﬁl 15?8J %r{@ﬁnﬁﬁhﬁgﬁr}g{‘@%&g% Sgearﬁn}ﬁn c_lﬁ“ r’gﬁc{) ﬂeoggnel so that
thenbdchilator9 Gheaiigigal aregheemdite dexbr indadesstiustud aimges tdwtha polymer

du%Bg Eqsg;g g%?g@g{%gﬁg ggtsy%ggzg@e%géqart@%ﬂ %gzlglerged( V)L with aelow

apﬁl@&pﬁéqu%ﬂéy ST Hard HAhOE1dNR RefPhRIeAhinOBe n?% %éteﬁﬁm%@ By the
drawi ng wheels, ranging from0.12 to 1.2 ¢

S Wﬁnmenfabmeiheqﬂ@ﬁm swbilgedf the samplechwisg testipg.s
acceher gl o0 fAGH) 1idh dBefifGR3AAHen AReARRLPRIG-ELRINE the

sel
ahove appropriately selected strain level between dynamic frequencies range of 107 to 100

rad/s under a nitrogen atmosphere. The complex dynamic shear viscosities, *(100) in
Pa.s, at dynamic frequency of 100 rad/s, and n*(0.1), at a dynamic frequency of 0.1 rad/s,
were determined directly from the viscosity data of the frequency sweep (I'S) experiment

measured at 190°C.

Measurement of Melt Elastic Modulus G'(G"=500 Pa) at 190°C;

The frequency sweep (FS) experiment is then carried out at 190°C using the above
appropriately selected strain level and the dynamic rheological data thus measured are then
analysed using the theometer software (viz., Rheometrics RHIOS V4.4 or Orchestrator
Software) to determine the melt elastic modulus G'(G" = 500 Pa} at a constant, reference

value (500 Pa) of melt viscous modulus (G").
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tension and allow the conti nuous drawi ng of the

extrudate by increasing drawi ng rates, for a given
wW@xaopasiloh pressure at the die of the capil |l arpCI/EP2009/051609

rheometer. It facilitates thg drawi ng of polymers

extrudates exiting the extrusion die with differing

flow rates (or velocities, Vo) depending on the

extrusion pressures selected, without affecting the
Rh%t@x‘%l@ﬁgﬁs‘?&n‘%ﬁiﬁ@m peri enced by the polymer extrudate

€., Lhe actud ues of their nelt strength thus
rreaS‘lﬁé ac)t.strehgtl oﬁt}m po@ymmit messuoed @ri@e9linsingsa Gottfert Rheotens

sel ected, the piston of t apLl l.ary rheo il

exiepsioRal ThaqmstRg A F%ua%l%w@ %ﬁ%@f % @W‘tﬁ“%%éoeéﬂ\é\@%‘ y

RHeOAb e} %i]ﬁHI $drfdl Ane: G oT8h B! 'Thfsh?ﬁclf?év%ﬁ%weﬁtrﬁ&ﬁ? @ Polymer at
usi ng ‘the constant pressure system of the’rheone

a cﬂihsiamqnmssm’e (Methtoulbhahe of hf enrg glanfeder aad GOven lﬁiﬂﬂgtlﬂsw@h a 90°
E ure can then be conputed for the polyner at the

en t'ed pressure. The drawing force (F) experienced

by tiie eﬁ@fﬁ&av@ﬁtd@awrswﬁﬁ@wm 2t hedld £ NS EMER N Peed (V). The

recorded together with the drawi ng speed, The maxi mum

Giftidert Bhegtersrhaak rargedﬁﬂftqhe@ala@ewﬁmtl@ﬁ iegieting (hwRpederation rates of

the C%E%é%g%lﬁ% rané ng e gsﬁt{é ? eZ( Fr?xl)sDrT]%qtlyg el aoc?ieratlon used is 0.3
et ITUSH 220cl padiss Blctlity (4 yebsatyl, ¥ndappBopriisly 6 edve Yo amatmtain

sel ect ed for each pol yner depend| ng on its fl ow
tensropparellew thegmtighews ERVIEHTdhe na,t alG by ingreasing Jravngsrates, for

gg f{%xﬁ%aa BER o%%’t AL Qi f@ﬁrﬁge %oﬁ{&t@vl%rwﬁa%me drawing of

tal ne atl ve functions of
polyneresttrudaics nxmngslsameruamd d@wah diffrimgdeperathsifor vedddities, Vo)

strength ch. pol r.ar 0 ted
dep TR LT FOEROT B TR er e e F TR e R Free ()
exp&fenBb by th@fpofﬁ‘@er@(ﬁ'ﬁ@ﬁ@% iMS tl@egﬁ!ttﬁlﬁ taR¥d HIRER Melt strength thus
pressur €. Processi ng of e resin into tapes The

m@@lluyé) hyl ene copol yrrers have been fornmed into tapes on

essi.ng line ¢o | _
e DIORRIR 508 BRUE iy PR S A lifardthchcter
willhwveiChtcughits 1 hese dﬁaa:ma el itonpeat eatistafthanm thyintain that

regul at ed:
pressure constant using the constant pressure system of the rheometer. The nominal wall

Ishear rate (y) for a given extrusion pressure can then be computed for the polymer at the
selected pressure.

The drawing force (F) experienced by the extrudate is measured with a transducer
and recorded together with the drawing speed. The maximum force at break is defined as
melt strength (MS) at a constant extrusion pressure (P) or at its corresponding extrusion
rate (y). Three or four extrusion pressures (typically 6, 8, 12, 16 MPa) are selected for each
polymer depending on its flow properties. For each extrusion pressure, a minimum of 3
MS measurements are performed and an average MS value is then obtained.

The derivative functions of the extrusion pressure and shear rate dependent melt
strengths, 3(MS)/8(P), for each polymer are computed from the slopes (by a least square

line fitting) of the plots of the average MS against extrusion pressure.
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The polynmer material is first extruded, to produce
film on a Col Hh EP45 extruder equi pped with an 80 nm
wale@oroaed ci rcul ar die and a film bl ow ng equi PEERP2009/051609
The tenperature profile of tge extruder was
180- 200- 210- 210- 210C and the tenperature at the die
was 210 C. The filmblow ng conditions were tuned to
reach a blow up ratio of about 2 and a neck-in of
h&%ﬁ&&@%@%uﬁ@ﬂﬁgmmwwrMecﬁthefnstroH (M)
thie~stretching section is set in order to obtain a
fl | Tht pblykihekae obpdamennhbfobeeaxXanmdeiatoothpdsainl aepr8¢essing line
rate of ﬂrstroH varied from4.4 to
COmpEsIg Pﬁiﬁmi lesying upiiapd f K5 nl&\ﬁl&@f&ﬂ@ﬁ@?*&ﬂflﬁ’@ﬂ?%&% Wetion
whgfer ft r(hgtat ﬁieﬁe %ggsnse(:tléﬁlsoc@g)lot' tﬁeﬁ%ﬁz'r@@lﬁéfd fixing the
raw rate of second roll (V2) at a val ue higher
The Ipa}yntdn enathr m\hnsrfa'steexdmldtd;eo prodsee filoh,lon aT(E@hd ERAS eatradss
‘é &ﬁ B ratl orted 31 ar e de{HQed
€ QP“t ! Aigme erﬁ{é? ’E?l&aeﬂé Y ‘é‘%‘nﬁrf"&“‘%’ﬁ’eeﬁ 1
tertiteSfoRl dARSHMAdENWAOLR(8100-210-110P0°0Mind tReeApdrature at the
oven; the rate of the third roll (V3) after this
dieswassHA Gy Bire filan blowing coygidoss wertunad & ishch Hlowaioito of about 2
oII V3/V. The tapes are finally wound up
an%%flg? Jf P%%S%l\r/écham cal properties of the resulting
t apase Bhﬁvddmﬁﬁ&fe sfensfiisy rd{Tex) ofide sherhingatetion ineet ifi order to

each product and each draw rat di t
bt I JHeIgTess PeS SR AG CGATECD OLOb e A Ghoral: of G e sod varied
ﬁo‘?ﬁ(@ qu%gdmh in§ 19l AR Y R n@/talgf%%d @sﬂfetcflfﬁ € a Fe %ol &r oven

tests have been per or ned e polyner apes
(1 HECYistippied by fikmgtteadiaivigteaff theheecetdrdaV2) kSOPOG2higherghan the

Hounsfiel d tes ench. e . W | nst
g g Ok Bt el RSB0 TS S i ety Ted i fele Hire
deﬁﬁ‘&i ffs' thefativamVe. Jf’l@é WRShell ek W tﬁ&rﬁﬁﬁﬁal\%@%y %Qﬁlr{g[h@lﬂﬂazr at
drawi ng rate has been set to
1 lt)%h gn a@ecsmg@ﬁgn ;Rhexatefehk ﬂ?(HI‘dri‘Ol‘ll)(Véh@Iﬁftl‘l’i}@S §@qoad ﬁV@n is set at 90%
o gt sreoRLRRT LT 0B She Wik bR nd SR estine
10 i ndependent mneasurenents per

Mechanical properties of the resulting {apes

The linear density (Tex) has been determined for each product and each draw ratio
according to the teachings of the standard ISO2060. The Tex result is expressed in g of
polymer by 1000 m of tape.

Tensile tests have been performed on the polymer tapes according to the teaching
of the standard ISO2062 on a Hounsfield testing bench equipped with an Instron force
transducer (2500 N maximum force). The length of the fiber sample between the two
clamps was 200 mm and the drawing rate has been set to 200 mm/min. The tensile strength
at break (in N) and the strain at break (i.e., elongation, in %) were recorded. The data
reported in table 3 are average values computed from 10 independent measurements per
sample with the assistance of HTE QMAT Testzone software supplied by Hounsfield Test
Equipment Ltd.



10

15

20

25

30

sanple with the assi stance of HTE QVAT Testzone
sof tware supplied by Hounsfield Test Equi pnment
waoe@otegas i t hm ¢ (Power Law) plot of El ongati oPCT/#2009/051609
agai nst Tenacity The tenacity (N Tex)) was cal cul ated
fromthe follow ng equation: (Tensile Strength at
Break)/ Tex, where Tex = weight (g) of 1000 mfibre.
The elongation and tenacity of the materials at
] ..appeared to
] 3 - El ongati on
( % The @en&c&ﬂ' @W&“@X)I) Wax ca'lbtﬂiatedtﬂ‘lﬁn gfeafd]l@\HMg eQiiatiinO PRensile
dlog]EIon ation)/ dlog(Tenacity) can be cal cul ated

Stepghat Recak e |"f}WFﬁ ex = Pt Kg)tﬂﬂlg%%ﬁbréf El ongat i on
i
Thg?ﬁog?ﬁ %ﬁqgﬂatcﬁ}l’B?Ele%eltelﬁigat?\%lglsgig?&?l{ggtratfbs ag@ﬁ:rﬁ?e%and
appraegeotiollaw alpbwenla@LékjdyBoﬁas s@nofmnkhemwt ape, filanent or
simlar conprising a polyethyl ene conposition
conprises a copolyner of ethylene and a a-olefin said
copol ynermfiauiing ek ;cﬁxgﬁgﬁbg Xin the range 0.900 -
0. 970 g/cﬁ%%%ﬁd ? a melt ‘%ex M2 (2.16 kg, 1900 in
the range 0.7 - 50 g/lO mn characterized in that said

fibre, tape, fila | ar, enagi.ty.

el orfdiiBhEiadient gk 0?% Plogtlltngrfion e TsABRE i X can be
caf\ﬁﬂfa%g(i?dlﬁ Rgab gé%ﬁ?lﬁamd-(lbgﬁﬁﬁinﬁd/%ﬂ)t of %?f%a(tﬁﬁ labaibQd®Rcity for all the

erein = bre, tape,

strétichathmtiv rorges stiliedr Faunpt sluiwsghis fpoéxaetbssl lend of the present
._conposition conprises a copolyner of ethylene and a
IVENYPRf i n havi ng a uni nodal nol ecul ar wei ght

di stribution said copolynmer having (a) a density in

the range 0.900 - 0.970 g/cnB
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, and (b) a nelt index M2 (2.16 kg, 1900C) in the
range 0.7 - 50 g/10 mn characterized in that said
w0 epao1ieape, filanment or simlar has a tenaci BgI/EP2009/051609

el ongation at break (% and It index wherein
[dl og(el ongation)/ d(tenacity)] > Mx (nelt index) C
wherein M= - 0.48 and C = - 0.68 3. Afibre, tape,

filament or simlar conprising a polyethyl ene

£ﬂ;§§ﬁ§§!tion conprises a copolyner of ethylene and a

fin prepared by polynerization in the presence of
a single site catal yst system said copol yner havi ng
(a) a_density_in the range 0.900 - 0.970 g/cnB, and .
(-b) Anfike tapp.fiamem e sl gopyrisingaogyethmenefiampapgan comprises

0.01 - / ] t erd ' i.d fibre,

¢ apd, CPPRIRE AT By el AR S5 IS0 Lttt BORE 0T

at hpealeds¥y iand ramid0.900en.onbgrai’mriddl og( el ongati on)/

d(t enaci tY)' > Mx (nelt ipdex) + C wherein M= - 0.43

and (&) a meltandex MILrRpoks. 198pe) wthe spes - Tor > B maip
accordi.ng,.. : r =.0. .43 T :
A TR Bl el B M B il of S nfe Tiemadin Pongation
3 whebssak (9¢) =nd melt4ideanchetziz - 0 78 6. A fibre, tape,

compBUTEFBEBBRYPREES T Sohd G PFOaty| ene and a
a- o!‘gﬁ' lRhgRArLE By @al ygeg i zation in the presence of
a singlée site catalyst system said copol ynmer having
2.(a) Afidensipeyfilamehhe similgecobp@Big-a @197yl glecvBposiding comprises
a copolymer of ethylene and a o-olefin having a unimodal molecular weight
distribution said copolymer having
(a) a density in the range 0.900 — 0.970 g/cm{ and
(b) a melt index ML, (2.16 kg,lQOOC) in the range 0.7 — 50 g/10 min
characterized in that said fibre, tape, filament or similar has a tenacity, elongation
at break (%) and melt index wherein
[Slog(elongation)/d(tenacity)] 2 M x (melt index) + C
wherein M = - 0.48 and C = - 0.68
3. A fibre, tape, filament or similar comprising a polyethylene composition comprises
a copolymer of ethylene and a o-olefin prepared by polymerization in the presence
of a single site catalyst system said copolymer having
(2) a density in the range 0.900 — 0.970 g/cm’ and
(b) a melt index M1, (2.16 kg,190°C) in the range 0.01 — 50 g/10 min
characterized in that said fibre, tape, filament or similar has a tenacity, elongation
at break (%) and melt index wherein
[8log(elongation)/d(tenacity)] = M x (melt index) + C
whereinM=-043 and C=-1.2
4, A fibre, tape, filament or similar according to claim 3

wherein M =-0.43 and C=-0.9
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(b) a nelt index M2 (2.16 kg, 190C) in the range 0.01
- 50 g/10 mn characterized in that said fibre, tape,

WO pdoatrerie4 or simlar has a tenacity and el ongaRCDRPANI/051609

break (% wherein (i) el ong%i on (% > 21.4 x
(tenacity) i 05 (ii) tenacity > 0.16 NNTex 7. A fibre,

tape, filament or simlar according to claim6 wherein

el ongation (% > 11.5 x (tenacity) L 4 8. A fibre,

tapg, fil il di f th
- pr odubierPe e ek RErEPEREET I Che range

0. 7whedn M2 -0.431a0d (O=-AMRi bre, tape, filanment or

simlar according to any of the preceeding clains .
6. whedefibrentepe, filament or simikar ch@priging e polyethyleps cgmposifigmcomprises

t he of aBmeleité chta
whef®i hdegite ipde yargeyP ¥de-

2994 m‘%lt?ﬁa%é?énﬂér@ 16%8:1 960(51 iﬁrtﬁe raﬁaggg.;mfi éqagf%iﬁr

S

10. A fibre filamen rosinmlar r.dj ,
any *5ppitfaep Eene TR her B B PRI 1 By presence
g{sﬂ@rsf&rﬂsaid@opoﬁ/ﬁéﬂfa@ingt ape, filanment
or simlar according to an& of the preceding clains
840 g/caemailty in the range
ar ~accor 0 any ~of

e pre ng C

whergimaceakeld pahyatilyiteaaahasilande 0s sitnlatr hastdhendcnged
0.915 - 0. QS%mga%chB. 13.. Afibre, tape, filanent or

si mcloREalRsa

DKM of the preceding clains

wher. gi I: e Ne. € @sition has a nol ecul ar
wei éﬁtagl?@tuglng%bF?Ar%/%&“ﬁaéﬁggﬁge 3to 8 14. Afibre,
t apeii) fehdciyend. 1®N/Béxvi | ar according to any of the

preceeding clainms being in a stretched form, 15. A
7.1 i briefibreaispe. flpmaprsinsitar seearfiag taglebr diviyre® cl ai m

haViepo%ggti(%r @%\5 Zr ﬂ's% (itergla(t:ipy% -4

10.

11.

12.

13.

14

1.

A fibre, tape, filament or similar according to any of the preceeding claims wherein
melt index is in the range 0.7 — 25 g/10 min.

A fibre, tape, filament or similar according to any of the preceeding claims wherein
melt index is in the range 0.7 — 15 g/10 min.

A fibre, tape, filament or similar according to any of the preceeding claims wherein
melt index is in the range 0.7 — 5 g/10 min.

A fibre, tape, filament or similar according to any of the preceding claims wherein
said polyethylene has a density in the range 0.915 - 0.970 g/em’.

A fibre, tape, filament or similar according to any of the preceding claims wherein
said polyethylene has a density in the range 0.915 — 0.950 g/cm3 }

A fibre, tape, filament or similar according to any of the preceding claims wherein
said polyethylene composition has a molecular weight distribution in the range 3 to
8.

A fibre, tape, filament or similar according to any of the preceeding claims being in
a stretched form.

A fibre, tape, filament or similar according to claim having a draw ratio in the

range 1:4 to 1:10 and preferably 1:5 to 1:10.
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range 1:4 to 1:10 and preferably 1:5 to 1:10.16. A
fibre, tape, filanment or simlar according to claim3

wob@eain2sai d pol yet hyl ene conposi tion has (i )PEI/EP2009/051609

161

density in the range 0.900 -,,0.970 g/cnB, (ii) a nmelt
index M2 (2.16 kg, 1900C) i'n the range 0.01 50 g/10
mn, (iii) anelt flowratio (MFR) in the range 20 to
50, (iv) a nolecular weight distribution (MvV M) in
the range 3 to 8, and (v) a nelt strength pressure
derivative d(M5)/dP in the range 0.15 - 1.5. 17. A

fi bpefibrkapgs, fildvh@eniinilar 8¢ddtdiag toadgiar 8ivhgreiosaid polpetBylenc
wher ei n said pol yethyl ene conposition has (i) a
densompositiprelife range 0.930 - 0.970 g/cnB, (ii) a nelt

i nde; . , Oqnt srange 0.1 - 3.5 g/10
i nf‘ﬁ(%eﬁ‘f{t‘i‘“ﬁﬁﬁ‘éfﬁg@c %3 u%‘g‘ G (G = 500 Pa) in
t he (fpngelt 4hllex MBQ2.1aRg, A09T) m thatdnge 6101 ¢/ Bkmin,
dynam c shear viscosities h*(0.1)/h*(100) in the range
1. 5(111)_3!15‘?“ Hay rafiof (MEFR) ingthgeangg 1’}% t or simlar _
accg{vz%a%lé&laQWei%{St d@%&%ﬁ“(ﬁ/ﬁ%ﬂg iff bRl oY lafd sal d

a- I'n conpris 2 carbon atons. 19

fi bre)a malpetrerfgth presnitre derivaiine BAVIS HSkt ortte rpge 6. 181-al ., 18
wherein said a- olefin conprises 1-hexene. 20. A

17¢1 brelibie oRe, THmEHOREMIr SPGAPIAE R Mg aifhpolgpthylene
thec&[j?&qga{ g cl aims wherein said polyethyl ene

conmposttion 1s prepared by polynerization of ethyl ene
and (8na densoy af fha ra’mget(kféi()pf@%@lg@nﬁf a netal |l ocene

C1 O gl 7 36 Kl P in e P U o i cene

cat i) StmaYSLRIN FATINEY G852 =TFI0PGY & @B edHgadDengh, and

18.

19.

20.

21.

22.

met al I ocene conpl ex. . _
(iv) a ratio of complex dynamic shear viscosities n*(0.1)/m*(100) in the range 1.5 -

5.5.

A fibre, tape, filament or similar according to any of the preceeding claims wherein
said a- olefin comprises C4 — C12 carbon atoms.

A fibre, tape, filament or similar according to claim 18 wherein said «- olefin
comprises 1-hexene.

A fibre, tape, filament or similar according to any of the preceeding claims wherein
said polyethylene composition is prepared by polymerization of ethylene and an o-
olefin in the presence of a metallocene catalyst system.

A fibre, tape, filament or similar according to claim 20 wherein said metallocene
catalyst system comprises a monocyclopentadienyl metallocene complex.

A fibre, tape, filament or similar according to claim 21 wherein said

monocyclopentadienyl metallocene complex has the general formula:
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23.

22. Afibre, tape, filanent or simlar according to
claim2 1 wherein said nonocycl opent adi enyl

woreioalidiaeene conpl ex has the general fornul a: Wwer/Bpr2909/051609

Rleach occurrence is indepe@qently sel ected from

hydr ogen, hydrocarbyl, silyl, gernyl, halo, cyano, and
conbi nations thereof, said R having up to 20

nonhydr ogen atons, and optionally, two R groups
(where R is not hydrogen, halo or cyano) together
forma dival ent derivative thereof connected to

adj acent positions of the cyclopentadienyl ring to
forma fused ring strugture; X is a neutral h4 bonded
di ene group having up tt® 30 non- hydysagen at ons, which
fornms a p-conplex with M_Y is~0O, &, -NR-, -PR"-,
Mis titaniumor zirconi the + 2 mal oxi dation
state; Z* is Si R2,, R*2Si R*2, CR*2¢R*2, CR
=CR*, CR*2Si R*2, X erein: R* eath occurrence
IS i ndependentl|y hydroge menber gel ected from
hydr ocar byl , silyl, hal ggenatw hal ogenat ed
aryl, and conbi nati dr§ “t her eofr sai having up to
10 non- hydrogen atons, and optionally, two R* groups
fromZz* (when Ris not hydrogen), or san R* group from
Z* and an R group fromY forma ring system 23. A
fibre, tape, filanent or simlar according to any of

t he preceeding clains wherein said polyethyl ene
conmposition conprises (a) a copol yner of ethylene and
a a-wlgrghi-n prepared by pol ynerization in the presence

o eGSR SRR o B eBG Rarby, sity
Zi eephiyiNailbacyaad, aind Sonmbietien thedof, Aaildidheving apeo 20

filament or simlar according to claim 23 wherein said
pol yenhydragen atoms, and optionally, two R’ groups (where R' is not hydrogen, halo

or cyano) together form a divalent derivative thereof connected to adjacent
positions of the cyclopentadienyl ring to form a fused ring structure;

X is a neutral n’ bonded diene group having up to 30 non-hydrogen atoms, which
forms a m-complex with M,

Y is -O-, -8~, -NR*-, -PR*-,

M is titanium or zirconium in the + 2 formal oxidation state;

Z* is SiR*,, CR*,, SiR*;SiR*,, CR*,CR*,, CR*=CR*, CR*;81R*;, or

GeR*,, wherein:

R* each occurrence is independently hydrogen, or 2 member selected from
hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations thereof,
said R* having up to 10 non-hydrogen atoms, and optionally, two R* groups from
Z* (when R* is not hydrogen), or an R* group from Z* and an R* group from Y
form a ring system.

A fibre, tape, filament or similar according to any of the preceeding claims wherein
said polyethylene composition comprises (a) a copolymer of ethylene and a o

olefin prepared by polymerization in the presence of a single site catalyst system
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conposition conprises a polynmer blend of (A 1 - 99%
by wei ght of a copolyner of ethylene and a a-olefin

wh200ongrit4 om 3 to 10 carbon atoms, and (B) fr oPCIWEP2099051609

by wei ght of a copol yner of ?t hyl ene and a a-ol efn
having from 3 to 10 carbon ons, prepared by

pol yneri zation in the presence of a single site

catal yst system wherein the sum of (A) and (B) is 100

% r edhwn density i h
ranged ()R Tntes erdr Gl e i e P Sehthetf e e
16 Iégag,gpsg);tehp the range O. 7 - 509g/1 0 mn
characterized in that said fibre, tape, filanent or

24si miA Bbrehtape. dilveerier simnilas Reseg@ing <tmclatm B3 wdwreimgaidypeiyethylene

B T g e

AN JFkihelcBe GRIP B SEMYhiviRg Gomt BRELO éalrlboamahs @id $Byirbarl — 99%

according to any of the preceedi ng cl ai ns. 26. An
ar t ibyIveeight @6adﬂp@ymcr off etlylerzsandta aleldfie hamingrfrant 66@ &0 carbon

¢l di 25 whi
vl BBy A B PREET A e B A D o s AR Fsvstem,
t o GhRkd a4 M &ﬂ(}A@raﬁd @@}"1@@9@% shRR@PoRAEdr BRAYE hiddng 29.

An article acco

26.
27.
28.
29.

| ai m 25 ichis a flexible

i nt éDnedénsite nbthekarw& %ﬂone@ MeeRa . and
(b) a melt index MI, (2.16 kg,1900C) in the range 0.7 — 50 g/10 min

characterized in that said fibre, tape, filament or similar has a tenacity, elongation
at break (%) and melt index wherein

[Blog(elongation)/d(tenacity)] = M x (melt index) + C

wherein M = - 0.45 and C=-0.55

An article comprising fibre, tape, filament or similar according to any of the
preceeding claims.

An article according to claim 25 which is an artificial grass.

An article according to claim 25 which are woven and nonwoven fabrics.

An article according to claim 25 which are cordages, ropes and netting.

An article according to claim 25 which is a flexible intermediate bulk container

(FIBC).



