WO 2011/ 089112PCT/ EP2011/ 050604 1 NOVEL POLYMERS The present invention
relates to polyners and in particular to copol ynmers conprising ethylene and
a- ol ef i nSWVEZBHMSRH2i n t he slurry phase. The copol yners R&Y/EPYHILEEPY be
produced using netal |l ocene catal ysts. The invention particularly relates to
5 copol yners havi ng unexpect ed advant ages when used in the preparation of
films or in coating applications. There are several nethods for the
production of binodal or broad nol ecul ar weight distribution polynmers such
as nmelt blending, reactor in senNGYESOPHILAWIRRISONS or single reactor
processes using a dual site catalySt system WNelt blending has the

di sadvant age ofhepreseatjinveitiay rcbwgsite pelyhenbaehinpatticoler i edpolige®@ei at ed hi gh
costs. Met al | qcene catal.ysts are well kno for..t he oduction of

pol yol ef i ?%T?Prﬁpl%qgg% ﬁ@s%‘PFagé‘é p?dﬂi?%jclé‘ée fIBFY\gS%SSarTl?Fgcoﬁﬁﬁ%ﬁfsePﬁ%s such
as pol yet t}}glcgl Be PAVILEG L%iﬂ%&h&t'aﬂ@&ﬂé cBhlyal. Meastvetioi @?ﬂ&laﬂl@f&?ﬁéﬂ @r wei ght
di stributron erein a catal yst system Conprising at 1east two netal | ocenes
is used foopotyraerphaving bisxpested apantagel whe Ysediin dwrireparationhif dlinger m5and an
et hyl ene g%lggll ndellr%l.é zirconiumdichloride. The use of two different

metal | oce EAPRE % e reactor results in polyners having at |east a

bi modal nol ecutrRére WRI @héralinsthbdPbk ¥ production of bt B8dZFéadiesticubes cighe
production of binodal polyners with netallocene catalysts in two reaction
zones i n dikirbutionpolymets Juok anwelt dleadiigsraasior HhsFEDFHHRHALIOPDOLHAPSUND. US
2003/ 088037 descr i bes the ' ol f3; | ent
cat al yst s]‘ﬂel‘r’mﬁt P F%Slgg Seusﬁ%d%:?%a?. ﬁ{\%(télgérlesggt(%@' cIJ\lx ‘?F%lr%réﬁ%{g #%sﬁtgggés%%%gfrtg a(??enyl
et al { ®cepguiERERbapse Biofmizasied with Bsepned high cbsts.eact or to produce

pol yners having a_hi gh and | ow nol ecul ar i ght conpopents. .EP_98914
describes a pr gf@@@%@r“ﬁ%“&"@ﬁ@ﬂd@@ﬁﬁ fﬁﬁmﬁﬁﬁb‘&WBg‘E%@E@e%ﬁﬁﬁéS%

mul ti moda ' g bl ahliAg 8 MARIMBYAIRG a

bi s-t et rah@sgﬁi())(?sn i S Hphnefih B bl B0 Ruchas byl RS BLviRg &% T ER 608369
di scl osesatdudss b dihodal npldcuiee awrcight disinbupioh ywhersn hastalygt syhtenpeosesywstl ity of

hi ghly branched | ow densi.t ol yet hyl.ene. (LDPE) and the strength, a

t oughness ?eﬁ?t typ ﬁ’éeégYiqCSWSd%ﬁgq%tf?‘}/W‘i}/’é‘? # 1séq%@%rﬁﬁggt}{l?q:hceonbw g/ Ir%i}lroé{agr e

di ffeqent o4 ﬁ%tﬂﬁ@ﬁ@@i@ﬁ@déﬁyﬁQir@éﬁﬁﬂn%i@ﬁéﬂd@ MEhe@¥ o Bv@dififeldn e diloaaebi ng

di stribution wherein the conononers are random y distributed and wherein
subst ant i &l thy sahé reaftor trsulthindgrobpngrabaving peleat edimada malecuda yeeight

et hyl ene/ gogj&gmer rati o but have an absence of |ong chain branching. The
WO 2011/ 089 / EP2011/ 050604 2 polymers of EP 608369 have 0.01 -3 | ong
chai n br anches gfl88B) 3 Péscli®RAh&Cmati aetonadf bihed ) @blymess with kiktaibcamd show a
uni que characteristic in that the LII12 value is essent| ac% lé i ndependent of
mol ecul ar CHRIYSREN BYSTERFHE 205RS s fhe ngtaldogeno maobys Efé"é‘EY rgderdnol yrer's of
et hyl spe E&g &l efins having specific Sconpnoner content distribution
wherefn the Tower mol ecul ar wei ght fraction has the | ower conobnomer content
and the hi gher Usl0£31018803 nddsglibesfthaptepamtitvasf pdlgmhisdlyarse obAdiféenrt cont ent .

he: 1 ower CHAES R BB <Ay NG LB RBIYHEr S ALE O ERe RGN 1o

conmonomer c&ﬂ?feﬁ&tma beuRaliy aRESi-B4teh RiaBRAIEHoliRcd fiyifiti hEYinp Aasgh 418116
nonocycl opent adi enyl 10netal | ocene/ borate catal yst systens. The conononer

di st ri but mwhecotar treeghp obppenents. EPA8O &4 ntleseribdsya nreeqss fafthepisparafemet i onat i on

Chro ogr aph CFQ) . . US 6506866, deseri hes...si.m | ar I

copo I"g&rer §8ﬁ’ﬁ%ﬁ8§%*{"ﬁég %%HB?F@?I SePA VLS BlrS?r bﬁ]ttl% Irtl’?'iuggéﬂ%lﬁgp ﬁcéetne% he

| ower t he aBRhea BiAferiid@thd@lyl aridt@ets anclobed MEREPORYEr the | ower the
conononer content and the higher the nolecul ar weight of a 15 fractjon of

the copol ymer EReS08B6hErcloms stbiwivHelnesmiein polymersdepmRhep@cestiiiys o

conse 1ol L FRELAR R EN RIS S0 B ILEPR ROBRG B RS YRRBIGSPL |
descri bes lipedriewekhdityGpoisédeqs. ORI Mhe pbBmrend are dl ferenetaph homaxémeom

occurring in that part of the conposjtiaon that he}s t.he hi gﬂhest cononormer
30 ~ olefin polymers having a uniform branching distribution wherein the comonomers are

randomly distributed and wherein substantially all of the interpolymer molecules have the

same ethylene/comonomer ratio but have an absence of long chain branching. The



20content. The polyners are suitably prepared in the gas phase in a single
reactor by use of netall ocene catal yst systens. The conmmoner distribution
is expres¥eOOsHHAns of conopnomer and nol ecul ar wei ght PEAEPRQI1EHAY
factors determ ned by use of Tenperatumpe Rising Elution Fractionation
(TREF). WD 04/000919 describes filnms prepared from pol yet hyl enes having a
relatively 25broad conpositional distribution CDBI of 55%and a rel atively
broad nol ecul ar wei ght distribution of about 2.5 - 7.0. The pol yners may be
prepar ed fd1oReRIFEPLHTRBESLAXT. PPeRI @ @R Draf@iea {1L.OB ppe/1NBOCCasas ybhe
systens in a gas phase polynerized bed reactor. W 03/093363 descr.i bes

pol yet hyl i@iﬂnﬁwcg@mwﬁ whow eowiassheragaristesnhadist Lalaglusigesseialzul ar

wei ght pol yet h wt % of a | ow nol ecul ar wei ght
pol yet hyl é'ﬁ ﬁglg 0?8105&’141 %@hgm rfb% O@MW/% ht fraction conprises a | ow
density pol ymewd bi/PEn3ametee cb s € Yih renwn@htoiémqtam@spmﬁm ses a
hi gh density WO 2011/089112PCT/ EP2011/ 050604 3 oI yet hyl ene.. The resins
have & bi ¢mta10mmp@mmtahsmmxtgmwléﬁr@nﬁhmw%mom lém%@gmrsﬂlaﬁ@‘fdpéfﬁbr ed

b f
p)r/e1ch Z?agl &%&é’r %?gél&%l?st 355‘? ﬂéeehlgﬁ t n\{\hﬁ&? g Welgle n{%’}cg (n 5 g r ac%’ ith}o/grl?tc’klllr %%%énggjae? Zd in

the presegsger®f Thives RiveiRe deMgittafitionalcZicgor-Nets czﬁiﬂ&@&ﬁ lithers pdleyeiethiczat i ons
may be perforned in slurry |loop reactors in 5series. Preferablglprthe same

cat al yst Ipaier B raglé@ﬂ@ldfv@g@péra@a@lﬁ'ﬁlef Hactiogihe AEEhRT Fhcaenomey S et i ons and

is pref er t r ahydr oi ndenyl )
zirconi um %%%?m% Zéf)]%%&gg fg@gg esc ﬁ%ﬁ%h@%@lo&eﬁtsa@fgﬁlet hyl ene and
a- ol efg nsme»aﬁbbanteibngatacamyﬁcswtams V\Ehgbmndlcsmmhnmnlmnmnmf theyeolyaerges 3.5 -

4.5 a nelt elastjc rmdul her e 10 4 Paandan
activat i offt %‘F?@P‘%f{/ bypmegisf E%)Fr?ﬁ“)ﬂ’méoq Enaeraphye The copol yners

are suitably pU@%b@@bebafes&%s@fmlm@%mieceeﬁamisqawlua?ulelcb%ﬁaﬁmcorrpl exes
in a single gas phase reactor and copolyirers al so exhibit a

rel at i onstimertydisivianionss such nope shedow enthietnad paariweighydiladeactia pfthecor di ng to

t he equat| on.G > nt | 8/ 074689
descr i besS@SpBTS R E’Wc?f M&ﬁ?ﬂ%ﬁ@%ﬁ%@?ﬁ@éme&géﬁ] mgﬁ&i ! ¥1 ns f?ap bet ween
nel t ipdegadtMn)of thowpBlyaes gdy chardBX cdiilome Rentesd. m@l oﬁgbllyﬁqefmﬂel hys (G )
according to the equations [DRI/M] > 0 and [DRI/ML] <0.0197G , - 0.62.

The copol §uiEbly rieRared Bopelypedadtiop ip ﬁ’é’ﬂé(r@ésfb‘%“&%@%@*%‘iﬂ?&?@ﬁ%ﬁp@rﬁ%ye nyl

20 netal | in the gas phase. The aforerrentl oned Dow
Rheol ogy ﬁl%% C‘(%%gpkn% %S been used to express a polyner's "normalized

rel axation ti rrwcaﬁ“i/aﬁtﬁésmhﬁlaﬂj/ demnigecaioicbn anahosigdnsdrndingdise nekenuldef i ned
as the extent that the rheol ogy of ethyl ene copol rs.incarporating |ong
chain br aW@’rﬁhh@’a?‘?ﬂ‘Bn PHATIIRT PrBat IREAEH %@"a&ﬁtg’f ggt‘fiiﬁ metqﬂgl q}gﬁ@&?%@g‘%f t he
Conve tert 6@ bo MQ@&%‘}%&@M@ heflenas fﬂ%& iR §1n§%ne£at&d>yt@e bave no
| ong c aln ranchi ng usi ng a deflned equation as described for éxanple in

us 61144861eta110cene dataﬂysemrqmse ”JE:@ cbpB0B®0 distfuitivs isexDRIssof bamesadt 8/ ML2,

EP 1360213 a of .at st [ ML2. . and 122 1. 5/M 2.
Qur earli 8‘?m31b°6’|“7rc?59 Inz%ecgfg f‘f’?@ﬁf%%(%gl%gp%?ﬁ E%ﬁ%‘ negggcursle E?E%‘J%& %I%/ener s
30t ypi cal kysueg(mulgbﬁ lpmtland}agh (qrfagf)l prepared from rmnocycl opent adl enyl

nmet al | ocene conpl exes in a single gas phase reator.

2011/ osgllzpmm@é@@D%membﬁs films praparedain in@wegw}eﬁﬁi; Bavieg §19HUEY t hat

copol ared b S tal ref

1 4 agbr B SBREES BT s T s SRR R Sl Sep RSt IE M Bl
achi evi ngdgﬂﬂiﬁﬁ%ﬁbe%du@prsowUﬁmespdmme@qma:ﬁbp@é@ﬂ@mmamum n particul ar
dart drop inpact, when extruded into blown filnms. 5Thus according to_a

first aspbistcyslopenedipndsmstalloprreAShcatairytsysiemp oy Basadnase RUpary#dibeds
et hyl ene and an a- ol efin said copol yner having

WO 03/093363 describes polyethylene resins having from about 44- 55 wt% of a
30  high molecular weight polyethylene fraction and from 45 — 56 wt% of a low molecular
weight polyethylene fraction. The high molecular weight fraction comprises a low density

polymer (LLDPE) and the low molecular weight fraction comprises a high density



(a) a density (D) in the range 0.900 - 0.940 g/cn8, (b) a nelt index M2
(2.16 kg, 190C) in the range of 0.01 -50 g/10 mn, (c) a nelt

i ndex M V9.29H/083112190C) and Dow Rheol ogy | ndex (DRI) s&CTRYIAGSGopE
10equation [DRI/M 2] > 2.65, and (d) a3bart Drop Inpact (DD) in g of a
bl own filmhaving a thickness of 25 |im produced fromthe copol yner
satisfying the equation DDI 19000 x {1 - Exp [-750(D - 0.908)2]} x {Exp

[ (0.919 - D)/0.0045]) 15 The copol yners of the present invention may al so

be descri hadetwlbhe. Takessaarive @ bifeddl nividdul hasglit distisliion anGmafy SiitathPBe Pa)
which is typically in the range 60 to 160 Pa _and preferably in _the range 80

to 120 Paprepared by TeroldBiogrsmies & sries Hdeidwhegh dRrsty frasiamay areiea®llecul ar
oht o ; o i " ; oo
15 0 ana PSR TLR S iy Stah A dbtiof prBbSHELARL brds b R ARGE ]

t he presefikctiony efdrieampleahepelphyrifaions amagdrgictfprngdd) inishurtyhleop arag@rdin910-
0.935 g/cnB and preferably in the rapge 0.915 -0.933 g/cn8. . . .The
copol r %e“ﬁﬁ-é:fréfr%?ﬁ?hythﬁé@@e SAkYPY mf‘%g‘&se@lt? prepareg>olly fh%]l.@‘ﬁ &pd highdersiPange of
0. 30- 50 ' gl:AbadNkYord o @RYEnDoi3 (tenrdhy@thAdEndn) 25The
copol yner gé%tg)g elgda%ﬁge haviey ag{nDc?wBRh(g)oblnjé)fgr;?jbpﬁadexﬁl)%lDRl )1 i(ﬁltlh)% ranélg )1 - 15
and a [ DRritddnBim BicBloride. The copol yners of the present invention also

07144371 descr PR COIREI RIS Fopar PR SR 80 6 iR OREP Pk Buant par t s

of whi ch i | fer ¢RRe F
pr esent iﬁ‘@%ﬁ%‘?ﬁ%@%% sghggﬂdﬂg??%l d%bfi g'rscbgﬁéﬁ%}%bgcl mak%ﬂ((?%t)%ré}r&@ 1000

g of B0 bl ¢0w 160 Pmahdun agivativhcndcgestilow (BS it tmrapgodiedd momh Thee WO
2011/ 089112PCT/ EP2011/ 050604 5 copol r for. the densjt D) over the range
of 0. 9118C0P g g Sutsbly bropareg o GF PoaoB e eRgr P eag EfrieRent  on
may suit aly ¥siRgle §8s piRE rdabtok GhdheQbpdllSicts A% éxh%i%frdlﬁidﬁﬂd? beisveanehelthe

rel ati onship between nelt index and DOw Rheol ogy Index (DRlI). 5Thus

accor di ngindex ambmisk claagpmotulys (G hacerrdingrie thaggepioon there is provided a

copol yner of ethylgn an.a-plefin said copol yner having (a) a
density (D) inbt %eﬁrg%@ggbmﬁlég@xé%4o g/cnB, (b) a nelt index M2 (2.16

kg, 199C) in tReré ael WO 09b74689Uegrifes Bbpolymers df@jhytensahd oedlefiis C
modulus G (G =500Pa) in the range 80 - 120 Pa, and 10((dé‘1a mel t i ndex

M 2(2. 16 kduchroelfioasidp bewerhes!tdadex (Vb D@DRbpolsgy indey (R Diand reddueastion
[DRI/M 2] 5 Rrefer - fins are those having C4 - Cl2 carbon
at ons. l\/bgfomﬁlrué](%r)ragaorg{n%hg?llbqoge@latﬁén%ar e 1-butene, 1-hexene, 4-nethyl-I
-pentene and 1ipRUEME> Odhpieier 08dyatpha-aalefin is | -hexene. The

novel copolyners of the present invention may suitably be prepared by use
of a netal | oced8® EAVYEE aﬁf‘yﬁﬁ‘é’f}‘i’%ﬁ%me@ﬁlﬁ&bh%%f) W&B%VCE’PCHM leny]

ggﬁfggfgﬁﬁgﬁgé&%h} i gH}ﬂg%QgPﬁggpl ex having a 'constrai ned geonetry

Ion together w a“sultabl e activator. Exanples of
monocycl opent adhe aforeroent®ubd Dot e logyriodgpc(Likble hhabideaped @Oxprst exes

L0l € Lot Ao PSSRt LAVSRL O A deSCU R ER RIS,
the gener gLeifQraWh@extent that the rheology of ethylene copolymers incorporating long chain
branching into the polymer backbone deviates from the rheology of the conventional linear
25 homogeneous polyolefins that are reported to have no long chain branching using a defined
equation as described for example in US 6114486.
For example EP 1260540 reports a DRI of at least 8/MI, EP 1360213 a DRI of at
least 20/MI; and EP 1225201 a DRI of at least 5/MIs.
Our earlier application EP 1177225 (US 2004/044155) describes copolymers
30  typically exhibiting a DRI of < 1 prepared from monocyclopentadienyl metallocene

complexes in a single gas phase reator.



CoMXn wherein Cp is a single cyclopentadienyl or substituted

cycl opent adi enyl group 25 optionally covalently bonded to Mthrough a
subst it ueWP,20Ny088113 G oup | VA netal bound in a n5 bondi R§THEAE1{03060he

cycl opent adi enyl or substituted cycl opant adi enyl group, X each occurrence
is hydride or a noiety selected fromthe group consisting of halo, alkyl,
aryl, aryloxy, alkoxy, alkoxyal kyl, am doal kyl, siloxyal kyl etc. having up
to 20 non-hydrogen atonms and neutral Lewi s base |ligands having up to 20

non- hydrogen atweImiveho® RitpeRaklyyfodRd tHaecopotaaat Paspattdtbly usp of ektlocene
metallocycle with Mand n is dependent upgn the val ency, of the netal

Pr ef er r eccatdyes pesieigbhia @irew(istagoproresseahit goodriuogesiahilitn as dgfped by DRI

2011/ 0891 - . 0 in: . QC i .

i ndepende‘%ﬁ ﬁ%@e ‘é?:%}e‘( & 9? ‘?ngﬁﬁlﬁ]&é?%eé%%g ﬁ)}ﬁ?cgggi?%lﬁ‘? %l%y&%aégér}ﬁn% I d,aﬁﬁjé(l)po,
cyano, anghmonyhiheatk®ndedtiierdofn fisas.d R having up to 20 nonhydrogen atons,
and optionally, tw it' graqups (anf%e] R is.not hydrogen, halo or cyano)

t oget her f or M BISALPARIBELO AaFstperecl el the Bresett IRGHHER ek ¥ &TRf%%nt positi ons

of the Cyfdy%@&%g%%@x@*’elne%@gréﬁ%léﬁﬂ @i@@%}ﬂ?#ﬂagg‘@ﬁt ructure; 10X is hydride

or a noie cte rom group consi al o, al kyl, aryl,
aryl oxy, al kaxy a deh&ox¥Blik e, ramge @9@0 k91940 sidnoxyal kyl etc. having up to 20

non- hydrogen atons and neutral Lew s base |igands having up to 20
non- hydr ogen & @rgelt wdpxMlp(2.16 @,,196@19}1@%@ ??(R/p?§ 5@&( W titanium or

zi rconi um 1??):;? gx%lt%gx%ﬂk% 8 ’kg,sl Jg® @)Shllﬂ‘ BowFhed 3y dnd SROTGR atisEM 28 R* 2,

or GeR*,, whe each ‘occurrence’ I's I ndependently hydrogen,” or a
menbeld sel ect edefuationhydr ocar byl , silyl, hal ogenated al kyl, hal ogenat ed

aryl, and conbi ' t eof,, said R* having up to 10 non-hydrogen
atons, and opti Eﬁg,fﬁ@%%%%wl groups fromz* (when R* 20 is not hydrogen),

or an R* gro ‘opd FOYPa HIoRM Al 190K Mt thidkEeS8%F08Mm and n is
1 or 2 depen i?lélt%ri?%ﬁep @gﬁggge&%fg]% b E)?anpl eg(’siaolf s%itabl éln

nmonocycl oEelnt adpmdyabcla(tfmpItWWOWr(satfésfmngmhmcmmid@) di met hyl

rart . . . ; ) . 2. VO
Y071/ 035115 PCTPEBSOPIBS0d04Ew F AR aRb] ParkEb Sl hachifodBh
(tetrpgnethyl -} (':O@rrp%le/)ﬁ};t%’gpﬁégjr(%@ﬂﬂ hvéiioa ey a{fl%éﬂ@s%ﬁéﬂl Wi ference to

Particularly prefe metal | ocene conplexes for use in the preparation of
t he copol sheenmseloflastivenghdse@t (G’ v 200 Ponwinely istepicelly egbatange 69 ta hed Brener al

forml a: a'%@%%%&%{lﬁz%t}lgﬁq%gféa t(gg?(ﬂ)rence i's independently selected from

hydr ogen, ﬁyl, hal o, cyano, and conbi nati ons

thereat said RTh&8WINMSE of hedPeseRiiVeliReeRvah aitbecuftin & e0m RA Y id e R
groups (where R is not h{yd_rogen, hal o or cyano) together forma 10di val ent
d

deri vat i veangpéileot0, psefablydd therangg alcentl S Powidmnesh prediralpliyén Bipdpegseht adi enyl
ring %) f%H]a fused ring structure;

The copolymers of the present invention preferably have a density (D) in the range
0.910 - 0.935 g/em’ and preferably in the range 0.915 — 0.933 gfemr’.

The copolymers preferably have a melt index MI, (2.16 kg, 190°C) in the range of
0.30 — 50 g/10 min and most preferably in the range 0.3 — 5 g/10min.

25 The copolymers preferably have a Dow Rheology Index (DRI) in the range 1 - 15
and a [DRI/MI;] = 5.0.

The copolymers of the present invention also exhibit a comonomer partitioning
factor Cpr2> 1.0. The aforementioned WO 97/44371 describes the comonomer partitioning
factor Cpy the relevant parts of which are incorporated herein by reference.

30 The copolymers of the present invention may also be defined by a Dart Drop

Impact (DDI) = 1000 g of a blown film having a thickness of 25 pm produced from the



Xis a neutral ri4 bonded diene group having up to 30 non-hydrogen atons,
which forns a it-conplex wwth M Yis -0-, -S, -NR*-, -PR*-, 15Mis

titani umWP 201¥8H2um in the + 2 formal oxidation stat ePCPEPREIGHROD CR*2,
SIR*2SIR*2, CR*2CR*2, CR*=CR*, CR*2Si R%2, or GeR*?, wherein: R* each
occurrence is independently hydrogen, or a nenber selected from

hydr ocar byl , silyl, hal ogenated al kyl, hal ogenated aryl, and conbi nati ons

t hereof, said 20 R* having up to 10 non-hydrogen atons, and optionally, two
R gr oupsffror@o%;bi}ﬁme"ﬂ-t% dessitp D) byﬂrth)@famge?f)@.%m RH.9g4&up from zZ* and an
R* group fromY forma ring system WO 2011/089112PCT/ EP20 050604 8
Exanpl es of suTbealBF@“ﬁdQPﬁaweisrﬂf Rfresent pypRten May ﬂilﬁﬁ?g’ﬁl&eﬁnék}h@aﬂ? ene,
strans--n 2 VA T S i 1nBF < = * i ;

1 ans. 1 fesHsikate foRfitkadh By MAThak it At RN PAR Ricology
s-trans-rinded (BRBi s(trimethyl silyl)-1, 3-butadi ene;

s-eisrj 4-3- hyl-1, 3-pentadj ene;, s-gis-ri4-1, 4-di benzyl -1, 3-but adi ene;
S- Ci s-Y | 4- 1n§hﬂéﬁf’%ﬂﬁ 1BRde a@gﬁ‘?,riaép‘?"iﬁft F@I%F%t(lw‘?rﬁéflﬁ?ﬂ%]swfﬁlgﬁ#@ but adi ene,
sai d s-ci g fdi-eng &%&g%g%ggﬁﬁ%-&eﬂ %@P&ﬁd{y}{s}& g&efdoned herein with the

met al . Most  pr |§1 ydrogeh, nethyl, ethyl, propyl, butyl,
pentyl, hex(yal),admsﬁzy{[))imthepmegg/d}.%@—@.%o@m’o‘hps (except hydrogen) are

| i nked togefher, the entjr 4 grou reby, bein for exanpl e,
an i ndenyl ,Ebt)e%mﬁlﬁﬁfd%eéi%é%/? ,kg’r#95(%5&WP?W@E8%§@&%}$@@F8¢W| , or
oct ahydr of | 49t eyl e184i0 Wb dullsai (G RISBORL)IR the FaBEOMPS 120 Ba,Hnlir 0gen or
phosphorus contai ni ng groups cont ai ni % a group corresponding to the

d

formul@ - N( @) k)melondeP¥iR (2)16 kgh PG amil DovsRIBrolpgy hdex JeBD sytisfying ghe
preferred co }.exes are am dosil ane - or am doal kanedi yl conpl exes. Mbst
preferred cBHi'€es are those wherein Mis titanium 15Specific conpl exes
are those discl gspgMin WO 95/ 00526 and are incorporated herein by

r ef er ence. A particularly preferred conplex is (t-butylam do)

(t et r amet hy 14Preteyret oppbatodefineraye thosti hesing/ T4 siC i@rmathanaterom M%&qufeged

- pent adi ene . i.tabl e cocatal ysts, for,_use jin the preparation of the
novel copgpp?fﬂ}egnﬁ)fuetlﬁ Utﬁ]?eeég}?f(elfﬂ%lhr{l/ée@ﬁ}di'ldﬁe%%e Efl}%lols'g&g%pi cally used with

t he aforement Tinadfeiet alpghaotm i€ ampxexes. These incl ude al um noxanes such
as net hyl al um noxane (MAO, boranes such as tris(pentafluoro henyl% bor ane
and bor at es. The novehgqpelyFestanbdic reseidny e ey HitaHg bgprerared Gyt et abl y
conprise Ql.li r I o iy I . Lhoxanes
oy be pr s AGHe cilsD ARl it oty ip oot RpNARER AR

cont act i ngomplee hadng a dcdnsirahéd/ balnay) comfi gonroungethdroritlex suifabke activator.
trimethylalumnium_ in_ a suit]gbl ea&éll%ani c .medium such as benzene or an

al i phatic hydr 5E&PB&HO! RopecrlopEY o RE3eEHECd QORRISAPCRAH M Hoxane (MAO) .

Q hery@ui LaRbIRQAGRLAL YsitRe & Bic PHIBNARALHBN GRIRANASR ih EPRAGR] S War _
triaryl boron 30conpounds. A particularly preferred triarylboron conpound is

tri s(pent &t $04dr BpHeA6)andditand 277W0 2011/ 089112PCT/ EP2011/ 050604 9 O her
conpounds suitghle.as cocatal ysts are coppounds whj gh conprise a cation and
an ani on. The s&%%&%cqrgﬁf)%il %l?islfeg}egre%?lﬁ%@}éﬂmﬁp%}afc{g?BgBﬁ'e of donating a
proton and the anion is tymixally a conpatible non-coordinating bul ky

speci es capable of stabilizing the cation.

wherein Cp is a single cyclopentadienyl! or substituted cyclopentadienyl group
25  optionally covalently bonded to M through a substituent, M is a Group IVA metal bound in
a1’ bonding mode to the cyclopentadienyl or substituted cyclopentadienyl group, X each
occurrence is hydride or a moiety selected from the group consisting of halo, alkyl, aryl,
aryloxy, alkoxy, alkoxyalkyl, amidoalkyl, siloxyalkyl etc. having up to 20 non-hydrogen
atoms and neutral Lewis base ligands having up to 20 non-hydrogen atoms or optionally
30 one X together with Cp forms a metallocycle with M and n is dependent upon the valency
of the metal.

Preferred monocyclopentadienyl complexes have the formula:



5Such cocatal ysts may be represented by the fornula: (L*-H)+d (Ad-)
wherein:- L* is a neutral Lews base (L*-H)d is a Bronsted acid 10Ad- is a
non- coor WA Hdnpat i bl e ani on havi ng a charge of d- PCAAR2¢11{08068H
integer from1l to 3. The cati o of the ionic conpound may be
selected fromthe group consisting of acidic cations, carboniumcations,
silylium cations, oxonium cations, organonetallic cations and cationic
oxi di zing agents. 15Suitably preferred cations include trihydrocarbyl
substituted anmoni um cations eg. triethylamonium tripropyl amoni um
tri(n-butyl)ammoniumand simlar. A so suitable are N N-dial kylanilinium
cations such as N, N-di net hyl ani | inium cati ons. The preferred ionic
conmpounds used aggcocatalysts are those wherein the cation of the ionic
conmpound conpri s a hydrocarpyl substituted anmoni umsalt and the anion
20conpri ses an ar ¥l 'tuted\g?rate. Typi cal borates suitable as ionic
conpounds i ncl udes t hyl ar nnoni um t et raphenyl borate tri et hyl anmoni um

tetraphenyl . orat'e ripropylannoﬁiqw1tetraphenylborate,
25tri (n-butyl)a (;;ﬁ\rntetraphenylborate, tri(t-butyl)ammoni um

t et r aphenyl bor at i.ret hyl ani’l i ni um t et raphenyl bor at e,
N, N-di et hyl ani | i ni ?tabheg%l orate, trinmethylamoni um
tetrakis(pent&?luorophepyl) bor'ate, 30tri et hyl amoni um

tetraki s(pent afl uorophenyl) borate, tripropylamoni um

t et raki s(pent af |l uorophenyl) borate, tri(n-butyl)amonium

t et raki s(pent af | uorophenyl) b Féﬁe, WO 2011/ 089112PCT/ EP2011/ 050604 10

N, N-di met hyl ani | i ni um t et raki s(pent af | uorophenyl) borate,

N, N-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 conpounds conprising a cation and an ani on wherein
t he ani on has ghﬂpgﬁét 5one substituent conprising a noiety having an

acti ves hygdr eg@hccurrence il Eae Rl EIns hodrobt, ydnspabal eildegemyhed in
WO 98/ 27119 the rel evant portions of which are 1ncorporated herein by

r ef er encehalpxeyape.cad spmbhijagons thereaf, sadile hav e wpde 20 npnibEegan@gmas ¢ pheny | )

b te 10t .k -1 ! i
( g;ﬁ t 2 £ uéé%o&%gh}%oﬁ%ﬁ%%;gﬁéﬁgf;% E}étr 1&@2@%@% éz{lb Br cyano) together form a
(pent af | uaivarhedylva(ide thgcbo6xytplectey k) adiareat positions of Eacaayplopsntediesylirtnalib e

cations fqr this type of cocatalyst include triethylanmoni um
triisoprof{iefitsef Ung StHCEBHRy | met hyl ammoni um  di but yI et hyl ammoni um and

simlgg. X is hydride or a moiety selected from the group consisting of halo, alkyl, aryl,

=

aryloxy, alkoxy, alkoxyalkyl, amidoalkyl, siloxyalkyl etc. having up to 20 non-hydrogen
atoms and neutral Lewis base ligands having up to 20 non-hydrogen atoms,
Y is —O-, -8-, -NR*-, -PR*-,
M is hafivium, titanium or zirconium,
15 Z* is SiR*,, CR*,, SiR*38iR*,;, CR*,CR*;, CR*=CR*, CR*,S8iR*,, or
GeR*,, wherein:
R* each occurrence is independently hydrogen, or a 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*
20 isnot hydrogen), or an R* group from Z* and an R* group from Y form a ring system,
and n is 1 or 2 depending on the valence of M.
Examples of suitable monocyclopentadienyl complexes are (tert-butylamido)

dimethyl (tetramethyl-’- cyclopentadienyl) silanetitanium dichloride and (2-



15Particularly suitable are those cations having | onger al kyl chains such
as di hexyl decyl net hyl ammoni um di oct adecyl net hyl ammoni um

di t et r adeWQI2AEY49113moni um  bi s(hydrogent ated tal | ow al RETEPREIARFIEmONI um
and simlar. Particular preferred cocat/al ysts of this type are

al kyl amoni um 20t ri s(pent af | uor ophenyl) 4-(hydroxyphenyl) borates. A
particularly preferred cocatal yst is bis(hydrogenated tallow al kyl) nethyl
ammoniumtris (pentafluorophenyl) (4- hydroxyphenyl) borate. Wth respect
to this typ@oRiphesdahalcy FimetByltdfaalcl8ll-gopelupehtidiedymesibgantiion product of
an aIkylannnn?%inggris{%entaf Sropheé??}ﬁ4??hygroxypﬁgﬁ;l) borate and an 25
or ganonet@fhlpgdgonpound, for exanple triethylal umniumor an al umi noxane
such as tetraigsobutylal um n T { are the
novel “copal ymeh Sttt B AT R ossus eoml e B Bt AR E DB

Sui t abl e gipBBRidrs OBhe hiedks ihvidtiofl enalytergasicntadtiyathe Qs fomtulal t ernati vel y
30pol yneri c supports may be used for exanpl e pol yet hyl ene, pol ypropyl ene,
clays, zeolites, etc. WD 2011/089112PCT/EP2011/ 050604 11 to the nethod of
the present invention is silica. Suitable silicas include |Ineos ES7OX and
Grace Davison 948 silicas. The support material may be subjected to a heat
treatnent and/or chemical tr@atnment to ce the water content or the

hydr oxyl content of the suppoft material.” RTypically chem cal dehydration
' al um ni al kyl s and halides. Prior to

agents are reactive netal

its use the support naterial @ subj ected treatnment at 100C to 1000C
and preferably at 200 t 3 i nert atnogphere under reduced

pressure. The porous supports are preferably pgretreated with an
organonetal | i ¢ conpound pref epabhy Q

%ﬁoaluniniun1conpound and nost
preferably a trial kyl al ungi ound 'f'n a dilute sol vent. The
support material is pretreated wiwth the organornetallic conpound at a
tenperature of -20C to 150C and preferably,at 20C to 100C. Sui t abl e
catal ysts for use in the preparation of the copolyners of the present
invention further conprise netall ocene conpl exes which have been treated
with 15 pol yneri sabl e nononers. Qur earlier applications WO 04/020487 and
WD 05/019275 descri be supported catal yst conpositions wherein a
pol yrer i sahéeinononer is used in the catal yst preparation.
Pol ymeri sabl e mononers suitable for use in this aspect of the present
i nvent i onRi RRAGEESE ISRACPERREV S@W@Eedﬁ%ﬂ%ﬁegm&- K )?é?fgyl’ i‘iétﬁeé’ﬁ‘é,’
1- decene, Y, , i . Helo B iRy
acet at o BE R B e 2 R Ik e 6 2 o
10 car bonopticoatly. twoddrgrons (ahertRiyik eneh)ydpogepyhdn ey cyanobivgether orme- hexene.
Alterpatively a conbi nation of one or,.nore nononer.s nmay. be used for exanple
ot byt Bhe SRatsCeseRanes MotedRetne Spe I SmBB AERE TS WoarRr e [eEane.
The polyngﬁﬁﬁaggaiﬁg?gﬁﬁhng§ suitably used in liquid formor alternatively
may be used in a suitable solvent. Suitable solvents include for exanple
hept ane. XTibe npatral e bosdesl diengronphavieg upto Hbdedhydoginetens atel st
before addition of the n | | ocene conplex or alternatively the conplex may
be pretr eHBd aF tHRIRE 38 Mol yneri sabl e nononer . The novel copol yners
of the presentyggyepngnNggy_§R&Lably be prepared by any suitable
pol yrmeri zati on processes but are ‘preferably prepared in the slurry phase.
15 M is titanium or zirconium in the + 2 formal oxidation state;

Z* is SiR¥*,, CR*;, SiR*;SIR*,, CR*,CR*,, CR*=CR*, CR*,SiR*,, or
GeR*,, wheremn:
R* each occurrence is independently hydrogen, or a member selected from
hydrocarbyl, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said
20 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 aring

system.



WO 2011/ 089112PCT/ EP2011/ 050604 12 A slurry process typically uses an
i nert hydrocarbon diluent and tenperatures fromabout OC up to a

t enper at WO PULB9YR| ow t he tenperature at which the resBCTIERGOIAOF8FAEr
beconmes substantially soluble in the imgert polynerization nedium Suitable
di luents include toluene or al kanes such as hexane, propane or isobutane.
Preferred tenperatures 5 are from about 30C up to about 200C but preferably
from about 60C to 100C. Loop reactors are widely used in slurry

pol yneri zat i OnzpfQA&SS@Ritable X FBEpCARALY SBhss-Qf- 1 Wb@pRasEeRtbdaNaR s-on are
sui tably prepared in a nultistage polynerlzatlon process wherein a

pl ural it ytrafs-1f e‘hnted%lﬁnpsﬂrdnm sraynd g -Ddddxadiana stt;qnsﬁ‘éﬂ bp@t@h@a@as-

catal yst, ethylene and a-olefin are polynerized in %W ui t diluent in a

first 10r@&astorl-dkiol-4 és@é%@?% Sé@ﬁfjﬂ idBisEamgas st"ia ieag srds-
t sS4 d 4l
conti nuou %Iqeltlhygg d3a tac[1 1{9 §%Lsewpl i an en%?lg %? Wﬁa e%\%’is: glg lrf ?%ﬁ%%mm

opt i onal IE} ona di'l

pol ymey i zatisqyt. it AbREriRlcBfAsilyl)-1,3-butad[d8 Cdal Pd-Eig ﬂ%n@fgr(ﬁ%' ﬁéﬂ%g%aucﬁﬂpleeact ors
suitable for usé in the present i nvention may be fou in our earlier

appl i cat | snkfiERd 1@2R34ith thEmQ838345 and EP 2123682 the 15rel evant parts of

whi ch i t f h
o erorabry. be WBSLRERERPR ol hitodef, BHEDE Sl propy DG REB N R TR EbRH ™
possi bl e §GHeRAtd:! Ll@’?bﬁpsf{ﬁiée}ﬁt Bythogenr)eﬁamlde@mogethe@rtﬁesmrre Sui tabl e

n

devices are describ [ e af orenentioned g@rl or applications. The novel
pol ymer s ©fR’t seouprieerehit being: dor SoMmDia g Ifisnyn srapyirgmeeny s thewehs. The 20

prefe ed I is in the range 40 - 60% and

pr ef ei(%bl ym&f‘{z’ﬁ‘ég{e& Po?’ﬁéjﬁh@é@}ﬁo&&@#é@u& anount s of Pol yner fra(z:ti on (B)
?re in the rang%h@plgfe@ﬁ%gagﬂ)upﬁ afeeﬁtakgeyionph(bdgﬁonfﬁmgﬂaﬂmlg grBﬁﬁéco'ﬁhﬂnipgl ym;r
ractions are defined as bei wei ght each.c roduce
based on %aeupéea'ﬁsme@lgaﬂo Bﬁ%@g%&?ﬁﬁh%‘%& r‘@?eh‘@nﬁo’%ﬁbt"ﬁe roguB¥ht of
the present i ”%ﬁ%@%&%nfe@%&% fe§690£r9‘éinqj(ﬁg1lﬁqeor OCARRoARNRLi] REmPregBAr ati on of

copol ynmers as herei nbefore escrl bed, said process conprising
copol yneri zi ngMestykiened aodpkxed @t itrse whetdieMpisédanas. of a cat al yst system

o o pr ot el TR PR R ar ) /080 A DR GO BB, ocon

i nvent i onpyRfergh&? i nclude a prepol ymerization stage wherein the catalyst,
ethylene and a-olefin are prepolynerized in a suitable diluent ina WO
2011/ 089112PCTAElamldlb’Bﬂ%ﬂedsompbp@ﬁ groutdamidon(tetsametbyl-wind wherein t he

resul t ant e ont.i nuous dr avvn fromthe prepol ynerisation
react or aWéFE"i’P%P éﬂ‘&@é 1y Sﬂlﬁ’eeq‘t?“rig% 'F‘e‘él 5 AGent i onal pol ymers with
I ong chain %l%m&gta\gétsQoy uddiig i BSRM& Mgno%mm%ﬁq{e resehi h

br oadeni ng nol ecul ar Ight distribution (e.qg., Ziegler Natta 5bi nodal
resi n¥) ex hlmemncmxarethoemypraadyeseh\mth iheyaféremgniioned 1ﬁ¢thlﬁn0bn©w1n1gi)3xe8but their
mechani cal pro rti. e

conproni sed t o ‘E§8 g %earh?‘BPWﬁ%eé SuCtes m%ilct 16’%%{03% @)[Aés’ﬁ]r? %? natS

i nvent i ony{s@seatdilubopBin B XE@hheitd adegice of properties in parti cuI ar
i nproved processing as defined by the rel ationshi p bet ween t he Dow

10Rheol ogy | ndékun(lme)neaﬁ@ wied] kndwiriexthe gt end predaablinspaptipeelisRarcist

051 ULl B8 TG RALAA ARE SO BLERSLE Bl bl I | o

mul ti 33 ag@asd adpt eﬁ%ﬁiﬁaﬂe@ﬁ@aﬁf By @ﬁfcztdtmglv&&ltdnans haralk vl uminjerosenguing, when
conpared with copolymers produced in a single g %CE phase reactor. 15The
present i FFEREmBI§ twﬂly}?@wwm,uflew%ahlﬁ P{Eé‘ﬂca{? g SpEN AtEIEERCE Ao t he

fol |l ow nga%gplhe&ocggg&gent S
A preferred aluminoxane is methyl aluminoxane (MAO).
Other suitable cocatalysts are organoboron compounds in particular triarylboron
30  compounds. A particularly preferred triarylboron compound is tris(pentafluorophenyl)

borane.



TEATr i et hyl al um ni um TMATr i et hyl al um ni um 20 1 oni ¢ Conpound A [ N(H) Me(C 1
822H37. 45) 2] [ B(C6F5) 3( P- OHC6144)] Conpl ex

A( C5Me4SiWR2RIAEI T2 (r 14- 1, 3- pent adi ene CHEMAX X- 997Ant i $CAEPR013HE0604
commercially avail able (PPC CHEMAX, Ing.) Cctastat 2000Antistatic agent,
commercially available fromlnnospec, Inc Exanple 1 25 Catalyst A

To 9.0 Kg of silica ES7TOX (available fromlneos), previously calcined at
400C for 5 hours, in 90 litres of hexane was added 20.26 Kg of 0.5 nol
AlfTitre of Thfe ébnﬁ};gfﬁﬁ suithb @S cdeatal AL BlpbladidyiRtn é&n}?i&ﬁe silica was
allowed to settiee and the supernatant” was renoved by decantation. The

resi due wemsionhed amasibed The veichiisrepioailyla Braosted aqié safableanialog@angd pretoinur ri ed
in 130 litres hexane. Then 1 litre of an Qctastat. 2000.sol ution.in pentane
(51 1) vt BaoaRtvpRaTLp oyl Sar P s S Srevict i, or "

t ol uene sgjlwijﬁggﬂggcaﬁ@ﬂi ¢ Conpound A (10.09% w) was cooled to 15 WO
2011/ 089112PCT/ EP2011/ 050604 14 C and 330 g of a hexane solution of TMA
(10 w39 wer Sustidechtalysss meg bairenseseafeddyy the farmivkyg for a further 140 mins at
15 C, the sol ugl*o]a +mqga.iransferred to the slurry containing the TEA-treated
silica fromthe p ?eGi step. The resulting m xture was well agitated for
1 hour at 2¢h&einthen 2.63 Kg of a heptane solution of Conplex A (9.31% w)
wer e added 5over a period of 30 minutes and the m xture was wel| agitated

f or anot her L7® fmgvérabbew bese Then the slurry was allowed to settle and the
super nat ant ,\wag\+ cantation. The residue was then washed three
times with %Oﬁ?l‘fﬁgﬁﬁ%@éﬁgﬁand dried in vacuumat 45 Cuntil a free

flow iy gr eafl ipawndecowdmatig edmgdibledidien hdvifba ovwkd of 04T | --- 39 gnol /g
Exanpl e 2 talyst B To 9.8 Kg of silica ES7OX (available from

I neos), pre¥iishipeeianid‘at 400C for 5 hours, in 90 litres of hexane was
added 20.37 Kg ofyDeapioflRF udlibhik tbBipQindFAy b8 sdiget@Bom theo odlub @bnslstiaghour s
stirring at 30 Cthe silica was al Powed to settle and thé supernatant was
removed byf addianttatisorarbolien cgginduelyias dahiens, wastioa dabors, piganemeatlic 150
litres hexane and reslurri.ed in 150 litres hexane. Then 1 litre of an
Octastat  2008° &8t tRHCBIF P PLBARAEHES (29/ 1) was added and the slurry was

stirregd for 15gakdbsy Fl%fé?l‘éd'ﬁgti@fs iAclh@d HRRAroealbyt §udetiRfed @iheniGaraamcgA
(10.94 % wt) was cooled to 12 20 C and 540 nlL of a hexane solution_of TMA

(r Al] - 1. Otipdmlanmeaiven, Hinfepy swaonivg ififfsbutph pramostunt aidhgmilar Alse swiiakls 20
mns at 1 , |yt . f-ehF : ry containing the
TEA-treat érgq{éll\llt"lﬂglé&%gl gﬁ@ﬂﬁ%ﬁ%%@ﬁ% lgtﬁ\feggnéf'%el&pgrsnﬁlw(gaﬁ}énﬁl xture was well
agi tated for 3Thepfeteradd i@flc Compbanls 2s&PaK@catklyatshepthasewbakintthocatoh ofonpl ex

A (9.51% wt) were added over a gy%i od of 30 mnutes and the m xture was
vel | agi t Hedenic Gpmapgidompsisesshyiocabysubgiteed #pmmpniye salf k(e gaien a1 | owned

to sejgle 106, SHPSHE bhas renoved by decantation. The residue was
t hen vvashgﬁﬂﬁ%reeent{l‘wrres vvlil’tﬁﬁtf 150 Titres hexane and dried in vacuumat 45 C

until a free fI'gpicaidogrtecnitpbnaeronvasomopiaidaedhfdsl] = 0.83 mmol /g [Ti]= 49
innol/g 30 Preparatio f the. Pol yet.hyl ene resins The manufacture of the
pol ymer resins accoP&ﬁrﬁch?alP‘&‘OPW@ tﬁ%@@ﬁyﬁﬂ"ﬂ}%nti on was WO

2011/ 089112PCT/ EP20% {10248 8Adnikd tetraphenylborate,

tripropylammonium tetraphenylborate,

25 tri(n-butyl)ammonium tetraphenylborate,
tri(t-butyl)amumonium tetraphenylborate,
N,N-dimethylanilinium tetraphenylborate,
N,N-diethylanilinium tetraphenylborate,
trimethylammonium tetrakis(pentafluorophenyl) borate,

30 triethylammonium tetrakis(pentafluorophenyl) borate,
tripropylammonium tetrakis(pentafluorophenyl) borate,

tri(n-butyl)ammonium tetrakis(pentafluorophenyl) borate,



carried out in suspension in isobutane in a nmultistage reaction in two | oop
reactors of 200L and 300L vol une respectively, further conprising a

pr epol ymeWP2AHI2n | sobutane in a 40L | oop reactor. TRETHERAGHAPWOher e
connected in series, the slurry fromtig prepolynerisation reactor was
transferred directly to the first | oop reactor. The second | oop 5reactor
was separated fromthe first | oop reactor by a device naking it possible to
continuously carry out a reduction in pressure. | sobut ane, et hyl ene,
hydrogen, Ti BAL (10NpR@im&RdadiNfiveflebyiSiheRafRGbEReryY) Reatdescri bed above
were continuously introduced 1nto the prepol ynerisati'on reactor and the

pol ymeri sati on of eNiditieylamisnivarteirads(pettaflypropliosyhribgiald.e in order to form
t he prepol ymer ,10(P).,The m xture, additionall onprising the .nrepol ynmer
(P), was contiﬁd%%g%?jWFFﬁg}%Wﬁﬁ¥#8W&$k%kégﬁﬂwﬁv§B§FVH@¥Fg%f@%%£¥%%ctor and
i nt r oduceghifprisedordit eXhPhrdRcORpHThS a lhiforf dnidSdn @Rk BéreinABEAibO NS at least

i sobut ane, ethyl ene, hydrogen ﬁ,_'i BAI (I Oopm, 1-hexene and optionaly an

ant i stiat i encydsttueRi cempusngE audUslyhavmersdadedhydiegen he first | oop reactor
and the copoly hzation h - HE$71G8% j t inthis
m xture in ordgﬁ&P‘”T%%ﬁbﬁ%ﬁ$§“¥b&@?“%%%?ﬁ%@gﬁﬁ?ﬁexenéqgggkﬁgﬁéﬁ (A). The

m xture, pettiohd ONahikl a@dnfrpShied hefetn by fdtrepal ymer (A) was conti nuously
wi thdrawn fromsaid first reactor and subjected to a reduction in pressure
(-45C, 6.0 bar Fxamplenal this tyesneha@ion nfl@det a portion of the hydrogen. The

resulting m xture, ' assed of hydrogen, was then
continuously int rod%ggﬁﬁﬁpgﬂgﬁgﬁgpﬁogﬁgymri sation reactor, at the sane
ti {re f@st_et hyl ente, 1&-3@;<tﬁné)(hﬁﬁ?@qhapﬁh?9ratwd; ogteﬂ iand opt idogalhy an
antistatic agent, an e copolynerjsation o ene an - hexene was
carri ed out_therein“ﬁﬁ?%ﬁ@%%“? epﬁégygﬁ% fwypzﬁg%i-hexene copol ymer (B).
The suspensi on COWpfﬂSS(b&gaﬂJ@OIQQH?Q@LE PEx YRRV Bora@ et hyl ene pol yners was
continuously withdrawn fromthe second reactor and this suspensi on was

subj ect ed to aEkamplks piteblieoatidns fpr béstipeof ensatalyst wmehyda gtethHemmesbiit.ane

ecover t RCRmyRuREEB A PR P Ay R HFORI R AR Ry 8.

subseggient | y dpgeissiafly k@it & ehdsh eati@RDYAing Oingeeslkdlelainikdelogar bons. The
ot her pol ynerisation conditions_and copoléyer properties are specified in
Tabl e 1 f 8hcaydesyimehglammpnignfogtpdecypasieylsmmenidt.s A and B. 16 TABLE 1.
EXAVPLE 371‘% t?at:lgc%reﬁlly}/a%m&ligm}g’ls(h@%@gnﬂgﬁ%lw lal@%) In?é?l‘?}%tﬁﬂl%nfuh{ h) 74 68 68
68 C2 (kgfhy

and similar,

Particular preferred cocatalysts of this type are alkylammonium
20  tris(pentafluorophenyl) 4-(hydroxyphenyl) borates. A particularly preferred cocatalyst is
bis(hydrogenated tallow alkyl} methyl ammonium tris (pentafluorophenyl) (4-
hydroxyphenyl) borate.
With respect to this type of cocatalyst, a preferred compound is the reaction
product of an atkylammonium tris(pentaflurophenyl)-4-(hydroxyphenyl) borate and an
25  organometallic compound, for example triethylaluminium or an aluminoxane such as
tetraisobutylaluminoxane,
The catalysts used to prepare the novel copolymers of the present invention may
suitably be supported.
Suitable support materials include inorganic metal oxides or alternatively
30  polymeric supports may be used for example polyethylene, polypropylene, clays, zeolites,
ele.

The most preferred support material for use with the supported catalysts according



1.91.2 1.2 H (g/h) 0.50.30.40.4T(C 27.6 25.0 25.5 96.5 Residence
time (h) 0.54 0.59 0.59 0.59 -Prepolyner P fraction (%9w) 1 1 1 1 REACTOR
1 | sobut aWM€ 2011/4§911224 118 118 118 C2 (kg/ h) 20.0 20.0 2@CH/EPA01H/0306pkxene

(kg/ h)

10

15

20

25

30

11

to the method of the present invention is silica. Suitable silicas include Ineos ES70X 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.

Suitable catalysts for use in the preparation of the copolymers of the present
invention further comprise metallocene complexes which have been treated with
polymerisable monomers. Our earlier applications WO 04/020487 and WO 05/019275
describe supported catalyst compositions wherein a polymerisable monomer is used in the
catalyst preparation.

Polymerisable monomers suitable for use in this aspect of the present invention
include ethylene, propylene, 1-butene, 1-hexene, 1-octene, 1-decene, styrene, butadiene,
and polar monomers for example vinyl acetate, methyl methacrylate, etc. Preferred
monomers are those having 2 to 10 carbon atoms in particular ethylene, propylene, 1-
butene or 1-hexene.

Alternatively a combination of one or more monomers may be used for example
ethylene and 1-hexene.

The preferred polymerisable monomer is 1-hexene.

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 altematively the complex may be pretreated with the
polymerisable monomer.

The novel copolymers of the present invention may suitably be prepared by any

suitable polymerization processes but are preferably prepared in the slurry phase.
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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 polymerization 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 polymerization processes.

The copolymers of the present invention are suitably prepared in a multistage
polymerization process wherein a plurality of reactors in series may be used. In a typical
process a catalyst, ethylene and o-olefin are polymerized in a suitable diluent in a first
reactor and a suspension comprising polyolefin particles is continuously withdrawn from
said first reactor to a second reactor optionally with additional diluent and/or catalyst
wherein further polymerization takes place.

Descriptions of polymerisation reactors suitable for use in the present invention
may be found in our earlier applications EP 1922342, EP 2038345 and EP 2123682 the
relevant parts of which are incorporated herein by reference.

The second reactor may preferably be separated from the first reactor by a device
making it possible to continuously carry out a reduction in pressure. Suitable devices are
described in the aforementioned prior applications.

The novel polymers of the present invention have defined polymer fractions. The
preferred amount of polymer fraction (A) is in the range 40 — 60% and preferably in the
range 44 — 55%. Preferred amounts of Polymer fraction (B) are in the range 40 — 60% and
preferably in the range 44 — 55%. The polymer fractions are defined as being the total
weight of each component produced based on the total weight of polymer.

Thus according to another aspect of the present invention there is provided a process
for the preparation of copolymers as hereinbefore described, said process comprising
copolymerizing ethylene and o-olefins in the presence of a catalyst system in a multistage
polymerization process.

Preferably the number of reactors is two.

Preferred reactors are loops reactors.

The process of the present invention may also include a prepolymerization stage

wherein the catalyst, ethylene and o-olefin are prepolymerized in a suitable diluent in a

9
t

9
me
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prepolymerzation reactor and wherein the resultant prepolymer is continuously withdrawn
from the prepolymerisation reactor and introduced into the first reactor.

Conventional polymers with long chain branching (e.g., high pressure LDPE:
LD5310AA) and/or with broadening molecular weight distribution (e.g., Ziegler Natta

5  bimodal resins) exhibit excellent Processability (e.g., in film blowing), but their

mechanical properties (e.g., Dart Drop Impact strength) are usually compromised to poorer
performance.

The copolymers of the present invention result in an excellent balance of properties
in particular improved processing as defined by the relationship between the Dow

10 Rheology Index (DRI) and melt index, with broad molecular weight distribution, and also

improved mechanical properties of resultant films as seen from the Dart Drop Impact
(DDI). Such copolymers produced in multistage slurry phase reactors particularly show

such improvements when compared with copolymers produced in a single gas phase

reactor.

15 The present invention will now be further illustrated with reference to the following
examples:
Reagents
TEA Triethylaluminium
TMA Trimethylaluminium

20 lonic Compound A  [N(H)Me(C)s.22Hz37.45)2][B(CeFs)3(p-OHCgHa)]
Complex A (CsMesSiMe,N'Bu)Ti(n*-1,3-pentadiene
CHEMAX X-997 Antistatic agent, commercially available (PPC CHEMAX, Inc.)
Octastat 2000 Antistatic agent, commercially available from Innospec, Inc
Example 1

25  Catalyst A
To 9.0 Kg of'silica ES70X (available from Ineos), previously calcined at 400°C for

5 hours, in 90 litres of hexane was added 20.26 Kg of 0.5 mol Al/litre of TEA in hexane.
After 1.5 hours stirring at 30° C the silica was allowed to settle and the supernatant was
removed by decantation. The residue was then washed five times with 130 litres hexane
30  and reshurried in 130 litres hexane. Then 1 litre of an Octastat 2000 solution in pentane
(2g/1) was added and the slurry was stirred for 15 mins.
8.38 Kg of a toluene solution of Ionic Compound A (10.09 % wt) was cooled to 15



Residence tine (It) 1.20 1.36 1.40 1.43 Polyner B fraction (%wt) 55 50
49.5 44 Productivity (g PE/g catalyst) 2125 6197 6407 6097 WO

2011/ 0891Y9ReI/48PHR11/ 050604 17 The resul tant pol ymers RETEPAHAOFWEY and
the resultant polymer properties are shpwn below in Table 2. TABLE 2
EXAMPLE 3 4 5 6 Copol yner A properties
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°C and 330 g of a hexane solution of TMA (10 wt%) were added over 10 mins. After
stirring for a further 140 mins at 15 °C, the solution was transferred to the slurry containing
the TEA-treated silica from the previous step. The resulting mixture was well agitated for 1
hour at 27 °C. Then 2.63 Kg of a heptane solution of Complex A (9.31% wt) were added
over a period of 30 minutes and the mixture was well agitated for another 70 mins at 27
°C. Then the slurry was allowed to settle and the supernatant was removed by decantation.
The residue was then washed three times with 150 litres hexane and dried in vacuum at 45
°C until a free flowing green powder was obtained

[Al}= 1.05 mmol/g

[Ti]= 39 umol/g
Example 2
Catalyst B

To 9.8 Kg of silica ES70X (available from Ineos), previously calcined at 400°C for 5
hours, in 90 litres of hexane was added 20.37 Kg of 0.5 mol Al/litre of TEA in hexane.
After 1.5 hours stirring at 30° C the silica was allowed to settie and the supernatant was
removed by decantation. The residue was then washed four times with 150 litres hexane
and reslurried in 150 litres hexane. Then 1 litre of an Octastat 2000 solution in pentane
(2g/1) was added and the slurry was stirred for 15 mins.
8.04 Kg of a toluene solution of Ionic Compound A (10.94 % wt) was cooled to 12 °

C and 540 mL of a hexane solution of TMA ([Al]=1.0 mol/l) were added over 10 mins.
After stirring for a further 20 mins at 12 °C, the solution was transferred to the slurry
containing the TEA-treated silica from the previous step. The resulting mixture was well
agitated for 3 hours at 20 °C. Then 2.59 Kg of a heptane solution of Complex A (9.51%
wt) were added over a period of 30 minutes and the mixture was well agitated for another 3
hours at 20 °C. Then the slurry was allowed to settle and the supernatant was removed by
decantation. The residue was then washed three times with 150 litres hexane and dried in
vacuum at 45 °C until a free flowing green powder was obtained

[Al}= 0.83 mmol/g

[Ti]= 49 umol/g
Preparation of the Polyethylene resins

The manufacture of the polymer resins according to the present invention was



Density (g/cnB) 0.9398 0.9398 0.9405 0.9397 Melt Index M (8f1)# copol yner
A (g/10 mn) 13.0 Melt Index M2 copolyner A (g/10 mn) 1.45 5.90 5.40
Fi nal resWf 2BH4§&12| es Density (g/cn8) 0.9327 0.922PCHEF294/08060005 Mel t
I ndex M2(0 0 min) 0.35 0.62 0.64 0.6914klt elastic nmdulus G (G'-= 500
Pa), (Pa) 92 98 107 107

carried out in suspension in isobutane in a multistage reaction in two loop reactors of 200L
and 300L volume respectively, further comprising a prepolymerisation in isobutane in a
40L loop reactor. The reactors were connected in series, the slurry from the
prepolymerisation reactor was transferred directly to the first loop reactor. The second loop

5  reactor was separated from the first loop reactor by a device making it possible to
continuously carry out a reduction in pressure.

Isobutane, ethylene, hydrogen, TiBAI1 (10 ppm) and the catalyst prepared in as
described above were continuously introduced into the prepolymerisation reactor and the
polymerisation of ethylene was carried out in this mixture in order to form the prepolymer

10 (P). The mixture, additionally comprising the prepolymer (P), was continuously withdrawn
from the said prepolymerisation reactor and introduced via a flexible pipe into the first
reactor. Additional isobutane, ethylene, hydrogen TiBAI (10ppm), 1-hexene and optionaly
an antistatic agent were continuously introduced into the first loop reactor and the
copolymerization of ethylene and 1-hexene was carried out in this mixture in order to

15  obtain a first ethylene/1-hexene copolymer (A). The mixture, additionally comprising the
first polymer (A) was continuously withdrawn from said first reactor and subjected to a
reduction in pressure (~45°C, 6.0 bar), so as to remove at least a portion of the hydrogen.
The resulting mixture, at least partially degassed of hydrogen, was then continuously
introduced into a second polymerisation reactor, at the same time as ethylene, 1-hexene,

20  isobutane, hydrogen and optionaly an antistatic agent, and the copolymerisation of
ethylene and 1-hexene was carried out therein in order to form the ethylene/1-hexene
copolymer (B). The suspension comprising the composition comprising ethylene polymers
was continuously withdrawn from the second reactor and this suspension was subjected to
a final reduction in pressure, so as to flash the isobutane and the reactants present

25  {ethylene, 1-hexene and hydrogen) and to recover the composition in the form of a dry
powder, which was subsequently degassed to pursue the removal of residual hydrocarbons.
The other polymerisation conditions and copolymer properties are specified in Table 1 for

examples 3 — 6 using the above catalysts A and B.

30 Examples3 -6



Dow Rheol ogy Index (DRI) 1.8 11.7 9.2 13.6 DRI/M 5.3 18.9 14.4 19.8 DDl
(g) 1265 2200 2030 RHS of DDI equation * 332 1249 1596 1505 Mw (Da) 152000
156000 1MW0G0111089080 Mz (Da) 487000 429000 543000 545008CWKPRMH 130684 4 8 4.9

6.3 16
TABLE 1

EXAMPLE 3 4
Catalyst A B B B
PREPOLYMERIZATION
Isobutane (L/h) 74 68 68 68
C (kg/h) 13 1.2 1.2 1.2
H: (g/h) 0.5 0.3 0.4 0.4
T(°C) 27.6 25.0 255 26.5
Residence time (h) 0.54 0.59 0.59 0.59
Prepolymer P fraction (% wt) 1 1 1 1
REACTOR 1
Isobutane (L/h) 124 118 118 118
Cz (kg/h) 20.0 20.0 20.0 20.0
1-Hexene (kg/h) 1.5 0.8 0.9 0.9
Ha (g/h) 5.5 2.0 28 2.9
CHEMAX X-997 (ppm) - 77 9.9 9.9
T (°C) 65.0 65.0 65.0 65.0
Pressure (bar) 38.2 373 38.0 38.1
Residence time (h) 1.27 1.34 1.34 1.34
Polymer A fraction (% wt) 44 49 495 55
REACTOR 2
Isobutane (L/h) 177 159 153 152
C; (kg/h) 31.5 219 22.0 17.9
1-Hexene (kg/h) 3.8 5.3 6.1 5.6
H: (g/h) 4.0 1.7 1.3 1.0
CHEMAX X-997 (ppm) 53 5.9 7.9 7.9
T (°C) 75.0 75.0 75.0 75.0
Pressure (bar) 357 359 36.2 35.8
Residence time (h) 1.20 1.36 1.40 1.43
Polymer B fraction (% wt) 55 50 495 44
Productivity {g PE/g catalyst) 2125 6197 6407 6097




SCB (per 1000C) 7.3 8.8 13.5 12.8 Cpf 1.0 1.52 1.64 2.09 5 * RHS = Ri ght
Hand Side DDI equation: DD ?. 19000 x {1 - Exp [-750(D 0.908)2] } x {Exp

[ (0.919 -WOR2PD/@3OUZ1} # Melt index M (8/1) = measur emeRCI/ERIPIAGYSWPE of
length L = 8.0 mm and dianeter D = 1.01m in accordance to | SO 1133 at
190C using | oads of 2.16 kg. WD 2011/089112PCT/ EP2011/ 050604 18

Conpar ati ve Exanples Conparative exanples are shown in Table 3 as foll ows:
Exanpl e CE1 (exanple 2 from WO 06/ 085051) Exanple CE2 (exanple 4 from WD
06/ 08505 1")'11651'6@1&@%@71@51% W&% andledand ltliHE‘eMa@B*S@M@B&bp&ﬁai@’e@héﬁé
(LD5310AA from WO 99/ 35174) Exanple CE5 (Borealis FB2230) Exanpl e CE6

(Bor eal i sb®B23103blFBe copol ymers in exanples CEL - CE3 were prepared by use
of a 10 rnonocycl opent adi enyl netal | G Eonpl ex in a gas phase process
performed in a single reactor. Exanpﬁe@i—represents a | ow density pol yner
pr epar edi BxAabLgh pressure proces® Comerndi al sanpkes CE5 ahd CE6 are
under st ood-to be.prepared by a sluyrry/gas phase.twolreactor process—TABLE 3
EXAMPLE CE1 CE2 CE3 CE4 CE5 CE6

Copolymer A properties

Density (g/cm’) 0.9398 0.9398 0.9405 0.9397
Melt Index M1 (8/1)# copolymer A | 13.0

(g/10 min)

Melt Index M1, copolymer A (g/10 1.45 5.90 5.40
min)

Final resin properties

Density (g/cm’) 0.9327 0.9227 0.9196 0.9205
Melt Index MI>(g/10 min) 0.35 0.62 0.64 0.69
Melt elastic modulus G (G”’= 500 | 92 98 107 107
Pa), (Pa)

Dow Rheology Index (DRI) 1.8 11.7 9.2 13.6
DRI/MI 53 18.9 14.4 19.8
DDI (g) 1265 2200 2030
RHS of DD1 equation * 332 1249 1596 1505
Mw (Da) 152000 156000 177000 159000
Mz (Da) 487000 429000 543000 545000
Mw/Mn 11.3 4.8 4.9 6.3
SCB (per 1000C) 7.3 8.8 13.5 12.8
Cor 1.0 1.52 1.64 2.09

5  *RHS =Right Hand Side
DDI equation: DDI = 19000 x {1 — Exp [-750(D ~ 0.908)*1} x {Exp [(0.919 -
D)/0.0045]}
# Melt index MI (8/1) = measurements using die of length L = 8.0 mm and diameter D =

1.0 mm, in accordance to ISO 1133 at 190°C using loads of 2.16 kg.



Density (g/cn8) 0.9194 0.9181 0.9213 0.9230 0.9227 0.9311 Melt Index
M2(g/10 mn) 1.20 0.95 1.37 1.00 0.20 0.17 Melt elastic nodulus G (G'=
500 Pa), VO19B9923 47.3 75.7 135 130 Dow Rheal ogy | ndeRCTBRRYIIHS®HE 2. 118
0.321 4.80 7.04 6.95 DRI/M 18

Comparative Examples

Comparative examples are shown in Table 3 as follows:
Example CE1 (example 2 from WO 06/085051)
Example CE2 (example 4 from WO 06/085051)

5  Example CE3 (example 6 from WO 08/074689)
Example CE4 (LD5310AA from WO 99/35174)

Example CES (Borealis FB2230)
Example CE6 (Borealis FB2310)

The copolymers in examples CE1 — CE3 were prepared by use of a

10 monocyclopentadienyl metallocene complex in a gas phase process performed in a single
reactor. Example CE4 represents a low density polymer prepared by a high pressure
process. Commercial samples CES and CE6 are understood to be prepared by a slurry/gas
phase two reactor process

TABLE 3

EXAMPLE CEl CE2 CE3 CE4 CES CE6
Density (g/cm’) 0.9194 | 0.9181 0.9213 | 0.9230 |0.9227 | 0.9311
Melt Index MIy(g/10 min) | 1.20 0.95 1.37 1.00 0.20 0.17
Melt elastic modulus G’ 51 64 473 75.7 135 130
(G*’= 500 Pa), (Pa)
Dow Rheology Index 0.898 2.118 0.321 4.80 7.04 6.95
(DRI)
DRI/MI 0.748 2.229 (.234 4.80 35.55 41.14
DDI (g) 2250 1323 1707 150 300 300
RHS of DDI equation * i614 1709 1416 1213 1249 426
Mw (Da) 105000 | 115000 | 106000 | 137500 |216000 | 223000
Mz (Da) 235000 | 265000 229000 1528000 | 1428000
Mw/Mn 3.8 3.8 4.0 7.0 17.4 20.4
SCB (per 1000C) 17.2 14.5
Cot 1.84 2.06

15

* RHS = Right Hand Side
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DDI equation: DDI = 19000 x {1 — Exp [-750(D — 0.908)]} x {Exp [(0.919 — D)/0.0045)}

Methods of test
Melt index MI, was measured according to ISO 1133 at 190°C using loads of 2.16 kg.

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
in the press under pressure (100 bars) at a cooling rate of 15°C/min from 190°C to 40°C.
Dynamic Rheological Analysis

To characterize the theological behavior of substantially linear ethylene polymers, S Lai
and G. W. Knight introduced (ANTEC '93 Proceedings, Insite (TM} Technology
Polyolefins (ITP)-New Rules in the Structure/Rheology Relationship of Ethylene &-Olefin
Copolymers, New Orleans, La., May 1993} a new rheological measurement, the Dow
Rheology Index (DRI) which expresses a polymer's "normalized relaxation time as the
result of long chain branching”. S. Lai et al; (Antec '94, Dow Rheology Index (DRI) for
Insite(TM) Technology Polyolefins (ITP): Unique structure-Processing Relationships, pp.
1814-1815) defined the DRI as the extent to which the rheology of ethylene-octene
copolymers known as ITP (Dow's Insite Technology Polyolefins) incorporating long chain
branches into the polymer backbone deviates from the rheology of the conventional linear
homogeneous polyolefins that are reported to have no Long Chain Branches (LCB) by the

following normalized equation:

DRI = [365000 (to/mo) - 1]/10

wherein 1 is the characteristic relaxation time of the material and r is the zero shear
viscosity of the material. The DRI is calculated by least squares fit of the rheological curve
(dynamic complex viscosity versus applied frequency eg. 0.01 — 100 rads/s) as described in

U.S. Pat. No. 6,114,486 with the following generalized Cross equation, 1.e.

N (©®) = 1o /[ 1H@ t0)"]

wherein n is the power law index of the material, i{®) and © are the measured complex

viscosity and applied frequency data respectively.
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10 carried out after the samples have been equilibrated at 190°C for about 15 minutes and are
run under full nitrogen blanketing.
Two strain sweep (SS) experiments are initially carried out at 190°C to determine
the linear viscoelastic strain that would generate a torque signal which is greater than 10%
of the lower scale of the transducer, over the full frequency (e.g. 0.01 to 100 rad/s) range.
15  The first SS experiment is carried out with a low applied frequency of 0.1 rad/s. This test
is used to determine the sensitivity of the torque at low frequency. The second S8
experiment is carried out with a high applied frequency of 100 rad/s. This is to ensure that
the selected applied strain is well within the linear viscoelastic region of the polymer so
that the oscillatory rheological measurements do not induce structural changes to the
20  polymer during testing. In addition, a time sweep (TS) experiment is carried out with a
low applied frequency of 0.1 rad/s at the selected strain (as determined by the S8

experiments) to check the stability of the sample during testing.

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

25 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 rheometer 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").

30
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force to @iég/ﬁleasend@an’ktlmméﬂtmedT\hah ai0gd3pal Osmeaiss beneibves fikere Polyowr ri ed out
after the

are run u‘?‘?z ?Il %qrﬁlvﬁtf%‘gogﬁe% l lfglé‘?‘?rl?\élepawd ag‘?% f(g)]t ?%?qh"“émi‘ Sg‘ 2 ditty 2"

exper i ”enétﬁh@ragt 0hinu@ds! he abmiRd igettioaty o hARGyhDsedl et 400N A ﬂlb(ﬁoinh}fh@ar vi sco
elastic strain that would generate a torque signal which is greater than

10% of0 t hBowastevasdanléns¥ the transducer, over the full frequency (e.g.
0.01 to 100 rag/ ar [ with a
| ow appl i ed frgqg%trllc paglﬁlaél%ﬁwa%&? hgtﬁLFhT?%sﬁfépl [}ag% wslggf%c Qld‘?e/% ggtmm%rt he

sensi ti vi polyafrehbstabdiidgie at | ow frequency. The second SS experinment is
carried out wth a high applied frequency of 100 rad/s. This is to ensure
that the selected applied strain is well within the |linear viscoel astie
regi on of the Fymer su-ttrat—the oscrj | atory theol ogi cal neasurenents do
not induce st rjud¥Suitardashgnielscyley Weightlopol yner during testing. In addition,
a time sweep ([TS) €Xper] nt75§0 gred out with a |ow applied frequency of
0.1 rad/s at the seEect ed term ned by the SS experinents) to
check the stabjlity~of the % urijng testing. Measurenent of Melt

El astic Mdul us G (@3 --50 %)é 001 g0lc.  25The frequency sweep (FS)
experinment is fthen dan-i dd 8t OPQO usi ng the above appropriately

sel ected straijn | evél and the'f'QWBQﬁmc heol ogi cal data thus neasured are

t hen anal ysed usi nget he rlheorg5ep0®of tmware (viz., Rheornetrics RH OS V4.4
or Orchestratof Sof tware)| to xgt@yom nel the nelt elastic nodulus G (G = 500
Pa) at a constfnt, gefergnce jal (500 Pa) of nelt viscous nodulus (G').
WO 2011/ 089112PCT/ EE’ZOll/ 05062§ ‘5 Gel| Permeati on Chr omat ogr aphy Anal ysi s

for Ml ecul ar Di stiri bu;l determ nati on Apparent nol ecul ar wei ght
di stribution d astoci atled av ges, ncorrected for | ong chain branching,
were determ ned by el PdrmeaiP&0Chr opat ogr aphy using a Waters 5150CV,
with 4 Waters HWV 6R col Ums &n82@ differential refractoneter detector. The
sol vent used s 1,234 Trlichl @eb@enzene at 135C, which is stabilised with
BHT, of 0.2g/lrtré concentratron and filtered with a 0.451.tm Gsnonics Inc.
silvelSfilter. Polyner solutions of 1 0 g/litre concentration were prepared
at 160C for ong,h t{,rrin t t nom nal
i njection vol uﬁ% \%/gl{slogg‘{)luglt%’ XOB’TS.L’%CQ cﬁea%lgrﬁns ﬁ@%ﬁ?@ﬁrﬁ?’ éle\%%gle 1
m/mn. weight was then converted to PE equivalent using the following Mark Houwink parameters

kps =121x 10“4, Opyg= 0.707, kpe= 3.92x 104, Ope = 0.725. The calibration curve Mw pg

= f(V) was then fitted with a first order linear equation. All the calculations are done with
20  Millennium 3.2 software from Waters.
The very low molecular weight fractions (below 1000 Daltons) were routinely

excluded in the calculation of number average molecular weight, Mn, and hence the



A relative calibration was constructed using 13 narrow nol ecul ar wei ght

| i near pol ystyrene standards: PS Standard Ml ecular Weight 1 7 520 000 2 4
290 000 3VO28B@8BUB 4 1 270 000 5 706 000 6 355 000 7 1BOTEHEFR01E/030644 000 9
43 700 10 18 600 11 10 900 12 6 520 1322 950 15 The elution volume, V, was
recorded for each PS standards. The PS nol ecul ar wei ght was then converted
to PE equival ent using the follow ng Mark Houwi nk paraneters kps =1.21 X
10-4, ctps= 0.707, kpe= 3.92x 10-4, ape = 0.725. The calibration curve Mv

pE polymer polydispersity, Mw/Mn, in order to improve integration at the low end of the
molecular weight curve, leading to a better reproducibility and repeatability in the

extraction and calculation these parameters.

5  Determination of C¢

(a) Comonomer or Short Chain Branching (SCB) Distribution by GPC/FTIR

Measurement of Comonomer (SCB) Content vs. Molecular Weight

The comonomer content as a function of molecular weight was measured by
10 coupling a Nicolet ESP protégé 460 Fourier transform infrared spectrometer (FTIR) to
Polymer Laboratories (PL 210) Gel Permeation Chromatograph (GPC) with a transfer line
thermally controlled at 160°C. The setting up, calibration and operation of this system

together with the method for data treatment are summarised below:

15  Preparation of polvmer solution (in a heat block with constant agitation) :
o Polymer Concentration: 2 g/l (20 mg in a vial of 10 ml)

o Solvent: 1,2,4 trichlorobenzene « dry » of Biosolve and stabilized with BHT (ionol
CP)at0.2 g/
o Dissolution temperature: 160 °C
20 o Duration : 1 h (30 minutes without agitation and 30 minutes with agitation at 150

revolutions/minute)

GPC Conditions (PL 210 Polymer L aboratories)
o Columns set: 2 PL mixed-B (30 cm length 30; 10 pm beads; 5 pm sintered)

25 o Mobile Phase: 1,2.4 trichlorobenzene « dry » of Biosolve and_non-stabilised
o Oven Temperature: 160 °C
o Flow rate : 1 ml/ min
o Injection Volume: 500 pl
o Transfer line temperature: 160 °C.
30
FTIR (Nicolet Protégé 460) Spectrometer

Flow cell commercialised by PL Laboratories and placed inside the Nicolet



= f(V) was then fitted with a first order |linear equation. Al the

cal cul ations are done with 20 MIlennium 3.2 software from Waters. The very
| ow ol ecP2P1IWISPYRt fracti ons (bel ow 1000 Dal t ons) wer @CTEFRR¢1AEF360€xc| uded
in the cal cul ati on of nunber average nd} ecul ar wei ght, M, and hence the
WO 2011/ 089112PCT/ EP2011/ 050604 22 pol yner pol ydi spersity, Mwv M, in order
to inprove integration at the |low end of the nol ecular wei ght curve,

| eading to a better reproducibility and repeatability in the extraction and
cal cul ati onshéieeendpar aneters. 5 Determ nation of Cg (a) Conmononer or Short
Chai n Branchi ngl (SCB) Distribution by GPC/ FTI R Measur enent of Conononer
(SCB) Contert Kew qvebumar/Owdi ght The comononer content as a function of
nmol ecul ar i g d by 10coupling a Nico | et ESP protg 460

Fouri er trgﬁsf@%%\%ﬁfﬁgzgﬂ@pectromt er (FTIR) to Polynmer Laboratories (PL
210) Gel PerareBliowosellGhindomat ogeaphflfd@@Ie) with a transfer line thermally
controlled at 160C.. The seftin p,..calibration and operation of this
syst em t ogethef L PRiCFRE Ipgh ﬁQ?geCﬁW ligHe 21498/t ment are summari sed bel ow
15Preparati on QfBel ¥ein S ution (in a heat block with constant agitation)
. Polynmer Concentration: 2 g/1 (20 ng in a vial of 10 M) Solvent: 1,2,4
t ri chl or oberzeResclutdmy 4'eot Bi osol ve and stabilized with BHT (it onol CP) at
01 g/1 Dissol ytion tenper -nd60.:C 200 Duration : 1 h (30 m nutes

wi t hout agi t%at $%9? 13%%3%‘@%{0230 h agitation at 150 revol utions/m nute)
GPC Conditions (PL 210 Pol yner Laboratories) Colums set: 2 PL

m xed-B (30 cmlength 30; 10 pin beads; 5 umsintered) 250 Mobil e Phase:

1, 2, 414 r i pefitwarshenzene " dry >> of Biosol ve and non-stabilised

Oven Tenperat uges 1 s Flawy . ..M N | nj ection
Vol ume: 5001. 1§°ﬁwar%%°&““?‘r’%%efter?5'l i ner@iﬁ%sel?é?@ o, Bperma-Niggle

(Ni col et BsfokgesePbitSpac OIRRESeforfrPolyneellaboarories ¢Ciadus GRC/byltRletector
Laboratories and placed inside the Nicolet WD 2011/089112PCT/ EP2011/ 050604
23 spect r FBrE3)- Flow cel | volume: 70 pi  Flow cell path: 1 nm Flow cell
wi ndow : cal cium fluoride

15  Calibration
The apparent molecular weights, and the associated averages and distribution,
uncorrected for long chain branching, were determined by Gel Permeation
Chromatography using a PL210, with 2 PL mixed-B and a FTIR (InSb) detector. The
solvent used was 1,2,4 Trichlorobenzene at 160°C, which is stabilised with BHT, of
20 0.2g/litre concentration and filtered with a 0.45um Osmonics Inc. silver filter. Polymer
solutions of 2.0 g/litre concentration were prepared at 160°C for one hour with stirring only
at the last 30 minutes. The nominal injection volume was set at 500ul and the nominal
flow rate was 1 ml/min.
A relative calibration was constructed using 10 narrow molecular weight linear

25  polystyrene standards:

30



50 FTIR Detector: InSb cooled by liquid nitrogen Nunber of scan : 16
Resolution : 4 cm| Spectral Range : 3000 t02700 crn 10 Software Software
acqui si t ¥R 28P&8PYids: OWNI C (version 6.0) from Ther no- NPESERROISHFGoRAS e
exploitation: CIRRUS from Pol yner Laboréatories (G rrus GPC/mul tidetector
2001- 2003). 15Cal i bration The apparent nol ecul ar wei ghts, and the
associ at ed averages and distribution, uncorrected for |ong chain branching,
were determ ned by Gel Perneation Chromatography using a PL210, with 2 PL
m xed-B and a FTIR (I nSb) getestddrd TheModoudii wegdd was 1, 2,4
Trichl orobenzene at 160C|_which is stabilised with.BHT, of 200.2g/litre
concentration and filtered with a 0.451. an7#BRi088 Inc.|silver filter.
Pol ymer sol utions of 2.0rgrt the wmcntua‘zi S g e P! pared at 160C for
one hour with stirring only at "the |ast 30 r% pgs. The nom nal injection
vol unme was set at 5001 apd theznom nal flowaiatoe was 1| m / m n. A
relative calibration was|constructed.lusing 10 narrow npl ecul ar wei ght
| i near 25pol ystyrene standards4 WD 2011/ 088M1MOCT/ EP2D11/ 050604 24 PS
60622 5@@ 4’6(60 3—84L 700 4 280 500 5 143

St andard Mol ecul ar Wi ght—17 gOG

400 6 63 350 7 31 420 8
6 63 350
7 31420
8 9920
9 2930
10 580

The elution volume, V, was recorded for each PS standards. The PS molecular

weight was then converted to PE equivalent using the following Mark Houwink parameters
kps =1.21 x 10-4, aps= 0.707, kpe= 3.92x 10-4, Ope = 0.725. The calibration curve Mw px

5 =1{V) was then fitted with a first order linear equation.

Calibration IR for Short Chain Branching (SCB)
The chemometric model employed within the Polymer Laboratories Softwares

(e.g., CIRRUS, GPC/Multidetector) involved the calibration of the FTIR detector using

10 Standards, including the following;

Standard CH-/1000 C
CF24-7 15.4
CF24-10 11.1

CF 25-24 9.4

CF25-1 1.3

CF25-3 2.7

CF25-5 3.7

CF25-6 4.2




9 920 9 2 930 10 580 The elution volune, V, was recorded for each PS
standards. The PS nol ecul ar wei ght was then converted to PE equival ent

usi ng t heVPEPIIPRPHE Mar k Houwi nk paraneters kps - 1. PCTEPIQIAS06EhHS =
0.707, kpe= 3.92x 10-4, ape = 0.725. Tk® calibration curve Mv PE 5- f(V)
was then fitted with a first order linear equation. Calibration IR for
Short Chai n Branchi ng ( SCB) The thenonetric nodel enployed within
the Pol yner Laboratories Softwares (e.g., CIRRUS, GPC/ Multidetector)

i nvol ved the caldridrab clera@éridchiie Ea'gﬁé thewkick dte d@»&idﬂgn&f)ﬁtcaﬂ@kmldmd in fel udi ng

the follow ng: Standard CH3/1000 C CF24-7 15 4 CF24-10 11.1 CE 25-24 9.4
CF25-1 1. lgglq;g@gecglagwplggtgg‘t gf the poymaar, the HPL/FNB data were used to calculate a

2011/ 0891%%5%5?%9&1&0%91@91%1'é%%?(ﬁlg{lgééd?orobder to characterize the degree

to which e conononmer 1S con in the hi gh nol ecul ar wei ght part of
the polyner, the GPC/ FTIR data were used to cal cul ate a paraneter naned
conbnoner _pa t|t|on| 0 f,a,ct_or, Cf. (b) Comononer Partitioning Factor

TR i) is cal cul ated from GPC/ FTI R dat a,
as has previ Ouﬁﬁé/coli)l?(ﬁﬁlrggﬁ&‘fl'tIQEng'fithQng’ié]tﬂaﬁla&Wﬁgﬁ GECAFFIRIdRea, as has
i ncorporated by reference. characterizes the ratio of the aver age
cononomerprevntenbewt daserebedii 1g I’%@ 148 ¢ L ndmichie hgrmn m&a‘ooﬁatﬁdsbyu@fqr ﬁ@eal\t' er age
conononer .con ul ar we t.i,0ns and
over ol Lete A PG S o PR S Blneh oS oL R g €t v,
nol ecul aryyioadto the sResdd dbeldnomeh adntéri of titeloWel @6lebalar WeigBhfradiont. r i but ion

is divided into two parts of equal weight. Cpf is calculated fromthe
f ol | o\l ngHEhemanddgwer molecular weight are defified as bemng above or below the median

molecular weight respectively, that is, the molecular weight distribution is divided into two
parts of equal weight. C, is calculated from the following Equation:
!
2w G
= {
8
oy
[& . = j=
”@ I I7H
;5;,‘ Wi,
Fhal SN
n
3wy
j=i
where ¢; is the mole fraction comonomer content and w; is the normalized weight fraction
15  as determined by GPC/FTIR for the n FTIR data points above the median molecular
weight. ¢; is the mole fraction comonomer content and wj is the normalized weight fraction
as determined by GPC/FTIR for the m FTIR data points below the median molecular
weight. Only those weight fractions, w; or wj which have associated mole fraction
comonomer content values are used to calculate Cp:. For a valid calculation, it is required
20  that n and m are greater than or equal to 3. FTIR data corresponding to molecular weight
fractions below 5,000 are not included in the calculation due to the uncertainties present in

such data.

Film Characteristics

Blown films of 25 um thickness were prepared from the polymers prepared in Examples 4



where ci is the nole fraction conmononer content and wi is the normalized
wei ght fraction 15 as determ ned by GPC/FTIR for the n FTIR data points
above t heVREAIAROWBI ecul ar weight. cj is the nole fract PEREP3NHBNSI0ET
content and wj is the normalized weigh26fraction as determ ned by GPC/ FTIR
for the mFTIR data points bel ow the nedi an nol ecul ar weight. Only those
wei ght fractions, wi or w which have associated nole fraction conononer
content values are used to calculate Cpf. For a valid calculation, it is
required 2 daThedeails oneairesi@r ealdétions had tlermedpamicaltand dptiéal pRpaetea of the
corresponqdl ng to. nol ecul ar_wei ght fractions below 5,000 are not included in

the cal culldis Bf &trge belg™ R alikcer t ai nt i es present in such data. Film
Characteristics Blown filnms of 25 piyl ness were prepared fromthe
pol ymers prepared in Exanples 4 WO 9112PCT/ EP2011/ 050604 26 and 6.
The details of extrusion conditions and the rrechanl cal and opti cal
3 Exanpl EPESEEL rusi on par aneters bt prOSSUFa (DALFOIBF C22a Wit
t enper at DL dSon &sNOTOT Toad (A) 82 72 Screw speed (rpm |59 62 Air
t enper at put (kg/h)
Melt pressure (bar) 257 224
Melt temperature (°C) 216 217
Motor load (A) 82 72
Screw speed (rpm) 59 62
Air temperature (°C) 23 23
Output (kg/h) 50 50
mechanical properties
Dart Drop Impact (dart head) g 1265 2030
Elmendorf tear strength (g/25um) MD 227 222
D 518 454
Tensile stress at yield (MPa) MD 11.6 10.6
Tensile stress at break (MPa) MD 66 59.2
Elongation at break (%) (MPa) MD 591 559
Secant modulus 1% (MPa) MD 194 193
optical properties
haze (%) 15.1 20.3
gloss 45° (%) 435 32.8
5
Extruder & extrusion characteristics
Extruder:
CMG (Costruzione Meccaniche Gallia) 1200 TSA
Screw diameter 55mm
10 Screw L/D ratio 30
Die diameter/gap 150/2.2 mm

Screen pack flat



50 50 nechanical properties Dart Drop Inpact (dart head) g 1265 2030

El mendorf tear strength (g/25p. mND 227 222 TD 518 454 Tensile stress at
yield (MPEPNDI0BIE210. 6 Tensile stress at break (MPa) MDPEB/ERI1R/08)68hgat i on
at break (% (MPa)MD 591 559 Secant noul us 1% (MPa) MD 194 193 opti cal
properties 15.1 20.3 haze (% gloss 45 (% 43.5 32.8

10

15

20

25

Extrusion:

Temperature profile:

Screw 200/210/210/210/210°C
Die 210/210/220/225°C
Output 50kg/h

Take-off speed 21m/min

Blow-up ratio 3.8:1

Frostline height 430mm

Film thickness 25um

Dart Drop Impact strength (DDI) was measured by ASTM D1709-98 (Method A), using
a Tufnol (Carp Brand to BS.6128) 60g Dart Head and the diameter of the incremental
weights is equal to the diameter of the dart head (38.10 mm), haze by ASTM D1003, gloss
(45°) by ASTM D2457, tear strength (Elmendorf) by ASTM 1922, tensile properties and
secant modulus (1%) according to ISO 1184.



5 Extruder & extrusion characteristics Extruder: CMs (Costruzione

Meccani che Gallia) 1200 TSA Screw di anmet er 55mm 10Screw LID rati 030 Die

di anet er /YQFIHOB2112 nm Screen packflat WO 2011/ 089112PEFTER20105®8H604 27
Extrusion: Tenperature profile: Screwg200/210/210/210/210C Di e

210/ 210/ 220/ 225C CQut put 50kg/ h Take-off speed 21lmimn Blowup ratio 3,8:1
Frostline height 430mm Fil mthickness 25]..tm 10 Dart Drop Inpact strength
(DDT) was neasured by ASTM D1709-98 (Method A), using a Tufnol (Carp Brand
to B S. 6128)in809 Dart Head and the dianmeter of the increnental weights is
equal to the dianmeter of the dart head (38.10 mm), haze by ASTM D 003,

gl oss (45) by ASTM D2457, tear strength (El nendorf) by ASTM 1922, tensile

properti e?_ andAlc%;S:agi(}:qan%E‘ oF&ﬂ?ﬁ'eHes algdl 39 oa—%?é\f%r s%%(fl (%p%?m%e%%a&i%gA"
(a) adensity D in the range 0.900 — 0.940 gfem’,
5 (b) a melt index MI; (2.16 kg, 190°C) in the range of 0.01 - 50 g/10 min,
(c) a melt index Ml {2.16 kg, 190°C) and Dow Rheology Index (DRI) satisfying
the equation
[DRI/MI;] > 2.65, and
(d) a Dart Drop Impact (DDI) in g of a blown film having a thickness of 25 pm
10 produced from the copolymer satisfying the equation
DDI = 19000 x {1 — Exp [-750(D — 0.908)*]} x {Exp [(0.919 — D)/0.0045]}
2. A copolymer of ethylene and an o-olefin said copolymer having
(a} a density (D) in the range 0.900 - 0.940 g/cm3 ,
(b) amelt index MI, (2.16 kg, 190°C) in the range of 0.01 — 50 g/10 min,
15 (c) a melt elastic modulus G’ (G’ =500Pa) in the range 80 — 120 Pa, and
(d) a melt index MI,(2.16 kg, 190°C) and Dow Rheology Index (DRI) satisfying
the equation
[DRI/MI;]) =5
3. A copolymer according to either of the preceding claims having a density (D) in the
20 range 0.910-0.935 gfem’ and most preferably in the range 0.915 - 0.933 g/cm3 .
4. A copolymer according to any of the preceding claims having a melt index ML,
(2.16 kg, 190°C) in the range of 0.3 — 50 g/10 min and most preferably in the range 0.3 - 5
g/10min.
5. A copolymer according to any of preceding claims having a Dow Rheology Index
25 (DRI]) intherange 1 —15.
6. A copolymer according to any of the preceding claims having a molecular weight
distribution in the range 4.0 — 20 and most preferably in the range 4.5 — 12.0.
7. A copolymer according to any of the preceding claims having a comonomer

partitioning factor Cye 2 1.0.



20 25 WO 2011/089112PCT/ EP2011/ 050604 28 Cl ainms: 1. A copol yner of ethyl ene
and an a-olefin said copolyner having (a) a density Din the range 0.900 -
0.940 g/ WB205(489113 nelt index M2 (2.16 kg, 190C) in t RETERAYL/0f0H 01 -
50 g/10 mn, (c) a nelt index M2(2.1% kg, 190C) and Dow Rheol ogy I ndex
(DRI') satisfying the equation [DRI/M 2] > 2.65, and (d) a Dart
Drop Inpact (DDI) in g of a blown film having a thickness of 25 10produced
fromthe copol yner satisfying the equation DDl 19000 x {1 - Exp [-750(D -
0.908) 2] }g.x { EXRopdIOmEALcHiditks @%?]o}f i e&aRR J4TRE hatingtalydreEDpARthad
a-olefin said copol yner having (a) a density (D) in the range 0.900 - 0.940
g/ cnB, ( bPL) &el000igndesblowe fijie hawing g thith@sy of 25 pmerpdurge fiom Wid1 - 50 g/ 10

in, 15 |t elastic.mdulus G (G, =50QPa) ip th 80 - 120 Pa,
ano () SwRLPIaERE s R kb heTepts ST 8o B0l ogy | ndex (DR) -
satisfying t heA%gF@l&anPac_[c%ﬁgMo%ny%f%le(%r?&!amg)’diﬁfnsaﬂ@%%iﬂ'tl%-bibﬁ%'ﬂa@@ﬁ of

the preceding clalns having a density (D) in the 20 range 0.910 - 0.935

Wr n3 Sand- A3 capoehenabl y in the range 0.915 - 0.933 g/cnB. 4. A copol yner
according to any of the precedi ng .clai hayi ng a.nelt index My (2.16 kg,
190C) in the r%r?ﬁ@‘)léf@eb?‘go‘-@éﬁ B’/Cg@“h;?‘(gsﬁrﬁﬂ‘ &‘Olﬁﬁ’éfseﬁ”aﬁfe?ei n the range 0.3
- 5.9/1Q4n. g - SR NS pbiI9nRAYacelrd 36 GH 8O/l Bingavi ng a
Dow Rheologigy I%@(&%%W@%qt ﬁ{enddr ange%ln%- afS.r 6.%%\ copol ymap?é aclcrzlgrdi ng to
any of t hdaipiseagidirogess b@ahpmsihapolymedzingledhyldnamndven ghtletin 81t the presérom of @ t he
range 4.0 - 20 and npst preferably in the range 4.5 - 12.0. 7. A copol yner
accor di ngreBlasRpe rtabBesYsBtedi ng ¢l ai ms havi ng a comonorner partitioning
fact ofg Opfy 1. Op o Y0, 20LY HROLIZRET ERRQLY/ 506002 Bralyds 6RRM YoBprises
acco?lc?i ngT to aﬁylof S%%i:&for ec%’di r}g cﬁgﬁms havi ng g Dgrt a[ﬁogﬁl rrpactlsré DDl )
1000 g of a mohbomivpentadichgvhctgllaenhakpless of 25 1.1111 produced from said
copol yner_ having a densi t D) ,i.n gue ran of 0.9118 - 0.9248, 9. A
copol ynerle;cco’rj‘gq‘%ifsﬁ %Ccaﬁiélﬂé)tf) e EE%VSEH%EG B“IOQ?%}WE‘F&GH%IIﬂgfa%\chfleefi n has
CA 5 - Clgos@RePRst Bt 98feral f3@auld copol ymer according to claim9 wherein the
a-olefin is 1 -hexene

Rl

*

/Z\
R @\\\M/
A

X

15
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 form a

20  divalent derivative thereof connected to adjacent positions of the cyclopentadienyl ring to

form a fused ring structure;



11. A process for the preparation of copolynmers according to any of the
precedi ng clainms said process conprising polynerizing ethylene and an

a-ol efi n WA 20HY8PYdsence of a netal |l ocene catal yst syst EmI/EPBAIR036B4 ocess
according to claim 11l wherein the netajd ocene catal yst system conprises a
nonocycl opent adi enyl netal | ocene conplex. 13. A process according to claim
12 wherein the nonocycl opent adi enyl netall ocene conpl ex has the general
formula: 15 wherein:- R each occurrence is independently selected from
hydrogen, hydrcas Rtlsal 5 bitlded SRtk ouriah s (VB0 oA IRARRLAAL Ak
thereof, said R having up t nhydrogen "atons, and optionally, two R
groups (woenea R-conpleoithidtlr ogen, hal o or cyano) together forma 20dival ent
derivative thereof connected to adj acent positions of the cycl opentadi enyl
ring to form a¥fitsed -#» RSt riRtwre; X is a neutral ri4 bonded
di ene group hay i forms a 7T-conpl ex
wth M Y %I‘lggtaéﬂlrﬁBf\é?m%ﬂ?’gﬂ%qg?fbﬁ%?ﬁ%tmsg% zirconiumin the + 2
f or mal5 oxi dat i OhisSSiBt e CIB5ZrSiRS, BREY, Z,R'GRRZ,, (RIS, RR*:SiBRs.2ER* 2, CR*=CR*,
CR*2Si R*2, or 1, wherein: R* each occurrence is independently
hydr ogen, or a r?b&’Pe]?@} ected from hydrocarbyl, silyl, hal ogenated al kyl,

hal ogenat ed ary# eac?ir!ﬁcﬁl%'ﬂ?:'en@ﬁ1ﬁ@[§b§déﬁl§rl%fr@ge§%1% Rembavicn@tcdfirdre 10
non- hydrogen atons, and optionally, two groups from2Zz* 10 (when R* is

not hydr d@@hl()carb),d sy, Ralogemaed dlkriFﬁl@bgeiﬁttdalmylWn@@ﬂpnﬁtmmmr%r&mcb ring

system process _accor di Lo any 1to ¢ in the
slurry phase R gawg\ggp g g@gmggg%?%ﬁnn a&ﬁ gggal Wr%R fr mg%rfor ned
in amltivage 1@@5Mﬁ§&frbg@1}lcﬁ@nwﬂge§ﬁfrom’ﬁaaﬂ mmﬁgﬁﬁlpmovdbﬁg atrimgcl ai m
15 wherein the nunber of reactors is two. 17.A process according to clains

14 tol6 wieéKEln the reactors are | oop reactors. 20 25
14. A process according to any of claims 11 to 13 performed in the slurry phase.

15. A process according to any of claims 11 to 14 performed in a multistage
polymerization process.
15 16, A process according to claim 15 wherein the number of reactors is two.

17. A process according to claims 14 to16 wherein the reactors are loop reactors.

20

25

30



