TITLE OF THE INVENTION PE MIB FILM ZN/CR BACKGROUND OF THE INVENTION FIELD OF
THE INVENTION  The present invention relates to a film comprising an interpolymer of ethylene
and 3-substitutE*E4BH>hikene, wherein the interpolymer is made usinﬁcg@gfgngéwgtem comprising
a Ziegler Natta or chromium oxide catalyst. The invention also relates to a process for the preparation
of the film and to laminates and articles comprising the film. DESCRIPTION OF THE RELATED ART
Polyethylene igwidetyrused inthesmanufacture of films, often for use in packaging applications.

The use of films to form laminates for us?mfﬁi%%gj industry is, for instance, well known.
Laminates are used to form a range of articles, for example, food containers, stand up pouches and
product labels. Films used for this purpose need to possess a certain combination of properties.
Specifically the films need excellgfy teatstrengtlnimerdexthateusiag production, and in use, articles
made from the film, do not fail. The films should also possess impact strength and tensile strength to
make the fiImsFleg%l’BI@.F \Kﬁiﬁ&h&%‘éﬂ&ﬁe mechanical properties such as impact strength, thicker films
have to be made whitie is@eonamicallyrimattractiie: andpinssgme icasgsless desihetically appealing. It
is also importagyt fhat films, have, adeguate, opfical RRAPRITIER SNGh.as Jawehaze grd high gloss. Stiffness
is also an important property, particularly if they are to be used in the preparation of stand up pouches.
Obtaining fiIms%éﬁWrFQ’%@é%ﬁ%’o?é%@ﬁ%%ﬁéﬂb%m eten Gt R DRHREELSE 8Rn a challenge.
Another commenapRlicaiesofpalyeiRyenpdnsimthapackagingiedustayiisin the formation of bags
or sacks. Thesg()%r% Slgge%efg{l example, in the packaging of food stuffs such as cereals and crisps, as
well as much heavier Materials such as sand, cement mix, compost, stones etc. It is often desirable for
the bags to be transparent in order that their content can be easily determined. More significantly,

however, and egpgatatyntha-case pEhaavy)duty sacks (e. g. bags and sacks designed for the 2

packaging of materials up to 25 kg, or even 50 kg in weight) the key requirement is that they possess
good mechanical propBiRY s addipket &rtggﬂiﬁngﬁgﬁ%%?%hgﬂg‘éor%%h%oéHaﬁt%lar strength. This is

necessary as lyagsiging sgaiksians. usually transported on pallets, one on top of the other. Hence the

total load on at least spme.Qfthe, Sacksis 1eXiFamaly: DAk, freGalt BRI GHIRR-PILRP0 kg or more, in

some instances. Moreover such sacks are rarely handled with care and must be able to withstand
conventional trFEREHAEBAIBAYtBRY HitEaTEL IR AN ETEH A j Seeerian T 1aveI%f stiffness, e. g. for
stability on pallgisi isrusualyscesitmhieichesrilthgdRving dirattivecdrilbinationseet properties,
especially ear sgnalnand mechanioat suenalh, padieualy impact stanglh agd tensil strengih, as
well as reasonabie 0 tlchelsper ormance are t erepo?é ighly desired for use in the packaging industry.
The difficulty oftesslsntisenteragthipRrévehastaetpiodecholy mdrbrspaftiestRudafitithize, e. g. haze,
are often thosenthatargcdetrimental temesiguinpach&itep aipaAddiignadythase: pedyaiers possessing
low haze and reasonable.impact strength, often have poor stiffness. whilst those polymers possessing
high tear strené‘fﬁ’%iﬁeetrg %%\% ‘6%%&3%%%03% &’é{ir?auf%ea%%%%lﬁcgleﬁﬁ)% 1?els'vh’élsnlétﬁHrlrfipeﬁ%)tviscosities making
melt processingtdiffibuthicker filigstherefols codimbirtdsstiizentipohpitersvandfor blends of polymers
in the manufactype of filmsdoinda-Ripvidedne, desiresd halanee: efdinmareneriies.Tibus ethylene may

be copolymerized with a comonomer such as | -butene in order to optain a polymer yielding films
having increasQBUGHPARSHIERRAT MRS APAEAEE REATE WEra< L8RS 8thers are generally
used to tailor theopeapgariieisudirdy pollymercto Suitits tatgetfrrajpliostion. tbheretase vast numbers of
commercially u3liARie e dhahatewpdeomAlMF oe apdasiiane sRRONMEHR AL provide
advantages over ethylene homopolymer films. A film manufactured from ethylenel-butene, for
example, typicéwlﬁ&&eimproved impact strength (e. g. dart drop) compared to an ethylene
homopolymer of the samadlensibasgactsapSioengiigefinally incraasasyiitheyincreasing
molecular weight. of the comonomer. Its optical properties are also usuall lent, On the other
nana, however T (A L GO e b o g el a o
strength or as stehyuffesishricerpropeftiesrsaasifad roflebethig indsaivantayedseompensated for
by making films.thickerthasrisdesicable:d hateisiheigiore s rada affdriwaeppalymer properties
such as impact strength, 3 tensile stren th,lt%gg strength and melt viscosity and fth?e;]thickness of the
film that s usabfe &SGR NIAR9 R gaRe Fosl e AT M O AL B ground &t there remains a
need for polymespfitiag;thathare suitdistefonm aldioy packegimyliterhs Gughadsdathinate films and bags or
sacks with an appropriate combination of mechanical properties, in particular impact strength and
tensile strength, tear strength and optical properties, especially transparency and gloss. As always
there is also a need for the film to be capable of being manufactured cost effectively. Since the
margins on many packaging products are small, it is important that packaging costs are kept to a
minimum. It has now been surprisingly found that films comprising an interpolymer of ethylene and
a 3-substituted C4_10 alkene, wherein said interpolymer is made using a catalyst system comprising a
Ziegler Natta or chromium oxide catalyst, have excellent tear strength and high tensile strength as well
as reasonable impact strength and optical properties (e. g. haze). More specifically it has been

unexpectedly found that such interpolymers yield films having tear strength and tensile strength that
are heatter than thnece nf convventinnal ethvlieanea/1 -hiitene connlvvmaere and comnarable imnact ctrenath



4 hi a further preferred embodiment of the present disclosure, the film is a blown film. In a further
preferred embodiment of the present disclosure, the film is an industrial film. In a further
embodiment, 8 P8 HFYisclosure provides a process for the preparatfén 6F 4 fith 4 hereinbefore
described comprising blowing an interpolymer of gthylene and a 3-substituted C4,10 alkene, wherein
said interpolymer is made using a catalyst system comprising a Ziegler Natta or chromium oxide
catalyst.  Ina-secendraspectisthepresenbeiselosurg provides aprecessitemtaeipreparation of a film
as defined abot\(}et ghomé)ris_ir] blowing an interpolymer of ethylene and 3-methyl-l-butene as defined
above. In a third & %Sé%?, fhe p?leesenl}lcfﬁs%rlopsuﬁesﬁ‘}lovi eS Biaminate or an ar&lcle or a packaging,
comprising a filtreasgthendisbeforestie Stifve decessahy yebamotideradsh bsdisndht fvepprssent disclosure
provides an arfigle. gamprisingdA fimashereinheiaa Aaseiibed (.8t lompsedn prgkaging).  In yet
another embodiment, the gresent disclosure provides the use of a film as hereinbefore described in

packaging. DefiffiBRY hiEiag BBAPREFERPHRE PO S RREBRISI PSR SrEPESS PORRSERS comprising repeat
units deriving frorh @thylesexshdhardistibstituiec (@40 @lkb remnvoticmer caitvenifiterbolymer may also
contain repeat Uiz AeHINg. RO DRLMANMMETR, Bridh v ALAlPRGS fPUalRIad dernolymers are
binary (i. e. preferred interpolymers are copolymers) and comprise repeat units deriving from ethylene
and one type oPBsiahibatREfsd ¢ ooakEdestsifonomer. Other preferred interpolymers are ternary, e.
g. they comprise repeatbinisdesivirgfeorsihyiene, Gaepines ofsg-cubstitutedt4h kdalkene
comonomer and another C3 10 alkenge. Particularly preferred interpolymers are copolymers. In
preferred inter;%%ﬂr%%?g at é'ﬁé‘f 8?5[1%}:;\1/’\]/{ lg%ﬂ#n%%lgtrﬁe 3‘}&6%‘}’%%%’% lbals a%%\;t?se. g. at least 0.5 %owt

of each mononasisaplesptitabpgédoimenartoler vsiyhiz b tiwsiisteigolymiethe paciEngarm "alkene

homopolymer"jas,used-heigin rafess 40 Hobimets Which sonsis! essenkahiebrepeasunits deriving from

one type of C2.6 alkene, e. g. ethylene. Homopolymers may, for example, comprise at least 99.9 %wt

e. g. at least 9PETHRIRE? FoFe ittt %anf?ﬁef%%aﬁen%e}%‘gnﬁl&%gl@%tﬁgg%%hm the total weight

of the polymer.A&ditionAly tised feyeias thesssmg3esubsiitate de@dndifeatkeme sefegsito an alkene having:

(i) a backbone gontaining,4 O Acarhan aﬁ&@@}%&@@g@giﬁgﬁgﬁ%g te:theQrgest carbon chain in
itu

the molecule that contains an alkene double bond, and (ii) a substituent (i. €. a group other than H) at
the 3 position. haveResatireyand thaddifion dandfpdrey Lishmeterscrsithe WidPadile entity that
catalyses the patysmekizaifouieaction. Typically the catalyst system is a coordination catalyst system
comprising a transitian. metal.compound thg actiive sitle recur r%% g 3n.ag ivgtg{n(sometimes
referred to as a cocaﬁgﬁﬁgrﬁ%ﬁcig able ‘%éga‘é%}i?&é“& Ot%%:gft%ﬁgrﬁetag csomrg)oé%d. The catalyst system
of the present ioerasfprEfeiaBRsdoiipHsEs Ui Aetidebrd bt rnss Lo AELRARRTSH: rhigtal active site
precursor and gpasticla-Huilding Rateral that maxbethe activatobeeanatbernaterial. Preferably, the
particle building material is a carrier, . As used.herein the term "multisite catalyst system” refers to a
catalyst systent 88%%%555}? gﬁg%{ésl‘? P\i’\tl‘émt%ffle(%?igf%% ﬁ?éﬁr é)ﬁé’sr%lg}r%/ilr% r‘érrﬁe%"%élggﬁ fwo chemically
different active @ite predursmrsiomritisignaatiiystdsiysreler tsaudpetties pfeseitisvéntion comprises at
least one Ziegler;Natiaor ghromium:Rxide catalysisExamplas efa-muiiaie catalusisystem are one

comprising two or three different Ziegler Natta active sites precursors or one comprising a Ziegler
Natta active sitd4a e (ENSERAeAvE SRETEFRDRE DR RS 4R ATE LIS IR e catalyst system,
it can be calledeehdtad Isitecpatatystifystem. Particulate multisite catalyst systems may contain its

diferent active sites g gsigle, HOG.0f SaIANELAVICIS Allspalyel. SachApsof active site may each
| ARAaL ATl Al SEIHC

be contained in separate particles. If all the active sites of one type are contdined in separate particles
of one type, eaBPPHgPe SPpasitteRh ey erffet el eaiersrah i ap iR Pommely ey used herein the
term Ziegler Natias(zd yiaatalystiiefarspomapiabmiihaipreferabiyncbeipsisesa transition metal
component (c. g. ilél') ng{gh [ %iptr&acgonlgoede}%‘gs |itgc% dsoar}glﬁgg agﬁﬂi\(/)atsqlra .eg@%n@d containing
organometallic c%miﬁloung}‘fg referred”?leg or Natt cat%[iyg?s édcfi?ional‘l‘y comprise a particle building
material.  A$nsexbHerdindnboeerypaluemate tampysylspaiehimiesaRclyestaf&nsiistem that when

fed to the polyﬁ@%ﬁ%}ﬁ%ﬁﬁ@@ﬁ&t@%ﬁ Méﬁgﬁ%@ﬂ%ﬂoﬁﬁﬁﬁ?ﬁn@%@@@dvgﬂtﬁslOr active site(s)h
precursors within solid particles, prefera {(ﬁ)grous rticles. This is in cant ast{) catalyst systems wit
PRt s tE i

active sites, or PreCUHSoT @8RSt FrEr [eKeis SIS LTI 1t is generally
presumed that Gawheénticacfying vutca folymenzalioneusinpgesi pastidulatepataiyst Sistem the particles of
the catalyst will be broken down to catalyst fragments. These fragments are thereafter present within
polymer particles whenever the polymerization is carried out in conditions whereby solid polymer
forms. The particulate catalyst system may be prepolymerized during the catalyst preparation
production process or later. The term particulate catalyst system also includes the situation wherein an
active site or active site precursor compound contacts a carrier just before, or at the same time, as the
active site or active site precursor compound contacts the monomer in the polymerization reactor.

As used herein the term "slurry polymerization" refers to a polymerization wherein the polymer forms
as a solid in a liquid. The liquid may be a monomer of the polymer. in the latter case the polymerization

is sometimes referred to as a bulk polymerization. The term slurry polymerization encompasses what
1c eometimeaec refarrad to in the art ac crinearceritical nolvvmerizatinn 1 2 a nolvvmeri7zatinn wherain the



7 only is called "bimodal”. The form of the molecular weight distribution curve, i. e. the appearance of
the graph of the polymer weight fraction as a function of its molecular weight, of a multimodal
polyalkene will show two or more maxima or at least be distinctly broadened in comparison with the
curves for the individual components. In addition, fnultimodality may show as a difference in melting or
crystaltizditon-¢egip eratrenghcomhponentsisity ahd tenbissicaspdipmBmcampsising one component
produggghdnder constant polymerization conditions is referred to herein as unimodal. ~ As used
herein the term laminate refers to a film structure comprising at least one film layer and a substrate.
The film structure is prepared by adhering said film layer(s) to said substrate. During the adhesion
process, the film layer(s) and the substrate a @W@%Ye. they do not form a melt or liquid during the
adhesion prdgess). on ABeusédhiendin the tetim |drmikgitondfilmrtefersto thenfilims layer(srthatare used
in the Jaminaticn R oenss.dhedantration fincmay Lerprise keafsMeaeh (exsy.18ndait) [BY8ES.and AS

used figreinghe ekl syRsrgle 15fers 1o hemalgiabio Which.AIEas! ope hamination fip g adhered.
It may, for example, comprise aigo ymer, a meta If the substrate’1s polymeric, it preferably

or paper.
has a Figfér rﬁgﬁ?ﬁ@so‘f{@nin@nﬁ nt tRstHe Ié?ﬁ]i"naﬁﬁ‘?ﬁl%fhn. %{%y@ﬁ%"a? BtAYTEHE fo tsE' >
prepatetiepeshfiimsnsf thlesnveritichvigysorhmerdiallglseydilabtedirdp riimelibns uppslietapadle. dfom
SigmaalgrichaduSubstidutedsC4iQealkene Sinkeeferablythaamsuhstituaatpreserigt carhoaudof the

3-subsfitulat GAA0.AERCAS B Sk O5aUR,Th, allovhgqup may be substituted by
non-hydrocaibyl substltuenggegr unsubstlthﬁeqb&%prﬁlsaen(tﬁ}lve examples of non:rf%gévqcarbyl

substituents that’ fay B8 pres_entsc‘)lﬁD the'atkyl grotip mc’]u e’ﬁsan?é’)ﬁ’. ?gferaa{blyl, Oey\?é?r, tHa C1-6
alkyl grsilste umdibatitdretbsiaittbulary ptefeiably iseisub@ituciigrelipnpredenticarbbre3 & a C1..3
alkyl grasigssushsasametimyliigtizy| ar idegkopHatdethy| hamespecisidy prefelred substitereatigroup. 8
Prefer@glgy, glg.gn%f%u ba?ﬂtultlﬁgkgdttéi%ﬂ’é]c'm@%ﬁﬁ%e(l% S%ﬂt%d %gg{mshallga?)pW%@{g@ sgg@tit.uent
is present at anagther position it is preferably a yl.grqup as describe ve for the substituent
preso e O S R € pilhor hy o Iner b, Rilfmats
prefersiy thiosealisttusi e 4 THskdaEHE a et gRef@linBANG WERISndhaL SUBsthEHET ca10
alkenehsnprefegsbly ohsataratetoaticarkbthyimetidatstt andoolPreferredi@-substitatebl<C4 idpdkcnes are
thus 3ssumstituted C4galkdrenass. nPrefesiedwosldbstiidtediied-10falliRnepiaensednctbsre

interpolymers are ghosg of formila, (I Rlpwhisrein R1isa g4 ,Stié!:]é.edb%r Yosybstityied.preferably
unsubstituted, Cl. 6@%(\}7/;/@}2%1%&) and 3,{5 an integer between 0 and 6. In preferred compounds of

formufgaﬁ)"ﬁ\fﬁ’éﬂ?ﬁ Ji ‘@<  Miethyl. In further preferred compounds of formula () nis 0, 1 or
2, still more préferalsBrPoTE edly. OnterpoRBlStesehtaidcasamplesiof ésHisbitrds Sffon. A1) that
can baaisebirithadntempblymivddnelude 3dmettndkdrebodene; 3bmethyligpentare, Bepn etlylideiexene,
3- ethykkpenigne @n%%@&kwéﬂéﬂ%%ﬁawrww preferadidrsustituad C44Q0 k%@@%s a
Fmell] buene,,, .s-substiiuted £410 alignes for dse.n the Inventionare commergially,
availabie: €, g. from Sigmg-ﬁ?ﬁich. -m‘ét%yl-l_—%u_tene can be mad%, e.g. aqgording to V\P{)
2008/6886 33 IDHEFIC 32 AKBHABAL Ot e TRIBH e P d§PEorfTFTHEE onE B ot EeaHitiolfre!34
alkenetPrgtierat bptitré mmpediss of additional C34 alkene present in the interpolymer is 0.01 - 15 %wt,
more preferaiphe 0.1 - J%wt, C. gdidetSsYant.  pR¥edesably, the additignal C3-Gpkene is a an
monogliene, Sl mere prafrablyfhg C34.lane s 2 terminalalkeng.In olher itz e.C34 alliene
is preferably ‘unsaturatedat carbon numbers 1 and .ﬂlﬂreferreg 034 alkenes are thus C34 alli-I-enes.
made Gsing a catalyst system comprising a Ziegler Natta or chromium oxide catalyst.
In a first aspect, the present disclosure provides a film comprising an interpolymer of ethylene
and 3-methyl-1-butene, wherein said interpolymer is made using a catalyst system comprising a group 4
transition metal and a particle building material or chromium oxide catalyst, wherein said particle
building material is selected from the group consisting of: (1) an inorganic oxide support; (i1) magnesium
or calcium chlorides, oxychlorides, alkyls or atkoxides; and (iii) metal salts with organic anions.
In a preferred cmbodiment of the present disclosure, said interpolymer is made

using a catalyst system comprising a Ziegier Natta catalyst.



9 The C3.8 alkene is preferably a Ithear alkene. Still more preferably the C3.8 alkene is an
unsubstituted C3_8 alkene. Representative examples of C3.8 alkenes that may be present in the
interpolymer include propylene, 1-butene, 1-pentene, 4-methyl-l-pentene, 1-hexene and 1-octene.
Preferably, the C3_8 alkene is selected from prop§lene, 1-butene, 4- methyl-I-pentenc or mixtures
therefore. 10 @3 TarliKeriseftrdisenhodiepresenttitvatitisitadiseliniiserérslly Hlailabre. RoERnatively,
propyleme and but-I-ene may be prepared by thermal cracking. Linear olefins are available from
catalytic oligomcrization of ethylene or by Eischer Tropsch synthesis. Preferably,.the interpolymer
does not corgrf)risae gﬁﬁﬁa ﬁengr%}ftﬁﬁrlgrg thgrr%tﬂy S?}Fe (§>r'g 3F-%§Sbs%tequ’teend Cf—’%%ﬂz’enéEfCCaft’lélrfi/stlssyéitEem
The potypseizétion catalyst system used in the preparation of the interpolymer comprises a Ziegler

Natta or chropipm.-@xjdesatalist, preferabiuadiegiesMatia satalst for e plalyskeyiemacamprising
a Ziegélng tta catalyst may be used in solution form or particulate form but is preg:‘frably in Earticulate
t

form. &1y stent§ €8T Brising T BHF S Rium BXEEatalySt are THIRSKRER of paHicul&IBET™®  The
particlesiprefefadiystianel a (Gigightlaseragehpaiiticlesiz e iofefhdlito@50imiceades, psaferablycddiys150
minoQ?gté&?%%[pHﬁ{@a% pé;@étglrghmmgm{eo%iggLg{aNQ{[_ta catalyst system preferably comprises a

transition metal component and an activator. Preferably, the transition metal component, when added
to the polymdPiZatfsHTeAMSh EcBIesH SRR SBRMISAridES cstifPhiBferprtstissyy bt IEHR % ome
activatenfsameisesdefanes deiag & cacalalyst) isf atideddanthe pelymenzaadienadAnkguishar solution.
Catalyst systgm,parlicles Jransition metal.cpmponenlac. Theaclive,sils,ofine caravstsystem is a
transition metal. Group For 5 transition metals ar preferred, parfllcuf)arlgi/n roup Z?mell‘jaa]s, and
espechempTring 2 finpashemabyipradeivebediegler Natta catalysts only Group 4 transition metals (e. g.
Ti) are present. vet dsHAIRISRAFRIONIRS (hescatalyshavetomndds piefered R upadiansiton metals in
the form of alﬁaoxy or t‘\?lid{e compounds, spec%ally chlorides. Particularly preferably Ti, at the stage of
its introdGENS RIS HE Ehis g sty stemPRt IR ation process, is provided as TIC14 ~ The content of
transition metal et therfinaksolidicatalyist basedt chsthewe ightidedtys setidyfcatalystcoempareotis
prefergly 8.1 :p Jg.  Preferably, the final solid catalyst system particles also comprise a
group metal, preferably a magnesium compound, still more preferably a Mg-C1 compound, e. g.
MgCl2. T}é}gr,fmagnesium compound may be introduced into the catalyst system preparation as the
Mg-C1 (e. g. g](t.l}i1 11(\S:ompound itself), but it is preferred to make it in situ within the catalyst system
preparation ptecedwre tbeemduréa Highr degreepolydispersiders contacolyitiethe ¢wamsition nrepadtand
porosity; L he fkilgd man,is a%{ﬁ&éhowntp cayTy QULSYERAN incSity reaglian.  mofhigpontent of Mg in
the final solid catalyst based on the weight of dry, solid, (_:ata%st comgonent is preferably 1 - 25 wt%.

Partich SRR M A& ial®s THEBEHERBLIIMHS mABYERpriLEht e AR Rats Eatalyst system

may belendnorg@&nitcoxide Suppartysweh asastlica balamina(ititaniapsifigeedluminerarighsitica-titenia or

may b@o%%q%%g% PPQURgsRuch Sdr’%Chll?lﬁge_sd PyENIoRgSS. Qt‘x@@é’r lpxides ?F]Eér@et%ﬁaﬁs with

organic anions. erably, however, the material is silica or MgClIz with optional o components.

The pavﬁéwéuﬁéndiﬁgima&saﬁpr@fé?aw%m&%@“s 30 LIerEi o4 ING MSE, diFsofitieatalyst &f the

particle8uildinggmateriapeemphses Mg+l compourdsidhen typicatypihedsuilding matedial wyill also

functior&(gs the magnesium C(Pm%o%%q_ h%reinbefﬁ)%g desI;ri K(}9(}E.H'll'f ther mgj[igle E)nl%gdiél material is a
IC ine inal }faly%t sysff

metal DXide, the metal oxide partitles typicaflly defihe the ca em GUTEr morphofégy and

the otlsepaprmsondntsrofitmetatalgrppbystem avilllpastsyhtlesirat inside merponusicRidforaedeesirriers
that argsuitahle fof the prepargion.Qf Zigglelc-Nali@nomer is present based on the fotal weight

of the interpolymer.

The term “alkene homopolymer” as wused herein refers to polymers which
consist essentially of repeat units denving from one type of Cos alkene, e g ethylene.
Homopolymers may, for example, comprise at least 999 O%wt e g at least 99.99 %wt
of repeat units deriving fom one type of (o alkene based on the total weight of the

polymer.



catalyst systems are commercially available, e. g. from Grace and PQ Corporation. A 11 preferred
preformed carrier material for use in the catalyst system is inorganic material, e. g. an oxide of silicon
and/or of alumYAHYERYCI2. Preferably, the carrier is an oxide of silicdit SREIBPARIAMium. Still more
preferably the carrier is silica. Preferably, the carrier particles have an average particle size of 1 to
500 microns, preferably 3 to 250 microns, e. g. 10 to 150 microns. Particles of appropriate size can be

obtained by sieving ta eliginatenQVrr sizad Ravticlasd Sigying-aan-ke eariadaid efere, during or after
the preparation.of the catalyst system. Preferably, the particles are spherical. he}s Irface area of the
carrier is prefe?%loﬁé"".%‘%ﬁ%‘*%’ﬁ’é%%?%omﬁ6%60%5?6 ) artﬁglr% %%r%’f%l}]a%iey %@‘?8%6%)%?1%1?6 %ﬁsﬁe pore volume of
the carrier is prefepalshpinitiberaatieul: 1his ®umeygn phkderdbhpo B8leh{Bip If a metal oxide is

the carrier, preferahbethg. cafriesds dehvdiatadprrigisey Particularly preferably the carrier is heated
at 100 to NO C, more greferably 150 to 700 C, e. g. at about 250C prior to use. Preferably,

dehydration is carried dtREOPEE e sdalyst strR EATER S R EeE Y Bfution polymerization,
preferably no cartlgsdstispdyRoiscluticrcpoly Marizaljohe itis! prefessedithabthémajerity (e. g. all) of
the particle building.material ig,idgpiical 1o the-group c%xﬁﬁéﬂ%’HHQa@é§9§@ﬁ§%@c‘@ﬁ§@%ﬂﬁdﬂaﬂSition metal.

Activator and addifional components The activator is a compound that'is capable of activating the
transition meta AR ESTRIBHALS totaiterelptdat dorbledR At itrée it activators are, amongst
others, aluminiwmsalkyls andaipeuniumatsaxyscoripawnds frspacialbnpietesediagtivators are
aluminium alkyls, g eaieulat, A minlm (Al (8 . ImAy elumipium, el gluminium and
tri-isobutyl aluminium). The activator is preferably used in excess t the transition metal component.
For instance, WHBferaiarsi it manhe ibLastiyder ahaaethvatorionid Riefaebhtisheftréckluminium in the
activator to theptransitieadnetal indhriransition metal component is from 1 to 500 moUmol, preferably
2 to 100 molimol, e. % 5 tod 0 motl mtol. The tctitvat(%rlistt%/pitcally ot a parttof tt{le stolid, particulate
catalyst, but added to uesepo f/rr%%rrfaﬁ%% reactoras 53f|‘gqUY(§.eIE2re ISIRE %3&%??%% catalyst system
may additionalfproprisprise leastavtvaittrstanciioe rfotiiftcrsnd fros, fdeakbmplentwalgr more alkyl
aluminium compeunds as.deacribedaRoxemrRNRe Hoed andlar e ralRlysieamponents may be

combined with different types of ethers, esters, silicon ethers_etc tg modify the activity and/or
selectivity of th8 CAHe SORPEEATHET RIfoMFEIA NE AR BRRYS S RerrerehErsadIes  The Ziegler
Natta catalyst systenitisi@ydd prapaceckizopeeceguids: kinownihnecthitertneZgehs Niselosed in US
5,332,793, USafézﬁvﬁ%ié@%Ué&r@%%@é?aﬁ%&a%’ﬁ%%@ﬁeﬁtﬁt& 220 Pk 3Q0, WO 91,98934.

The solid catalyst system particles may optionally be washed prior to use to remove non bonded
transition metatSiié AT CaraRA B RiR Ya i bt caRl they Semy i e BtieH 8y very minor
amounts of transitisk: BeiBkshietid. Devexiraciablkiitalkanessa&say corfthi@ average particle size of
the catalyst syst rticles.is preferably in the range 1 to 250,um, mare preferably 4 to 100 um, still
more preferabl oIS LD e B e a2 10 20 Jrn
for solution ph&sévpeéliprerizatiobs sarsiincdsescrpetpantists b brarabpsiphelrivsl.  The surface

area of the catalyskey&ieampariclperis-praiRiably idhesange dprofidinzies marenpseferably 2 - 300
m2/g. The pore, volume fthehcata‘lyst ?é/stem particles is preferably in the range 0.1 - 5 cm3/g,

1 4C10 fm’o 15 own 1nigt, . .
preferably 0.2 - 1.5¢cm3/g. Chromium oXide catalyst systems Procedures for making chromium
oxide catalyst systendss asedvheltRibwerin Zhelari@ar@iiunadpddefcatalysigalaithealled Phillips
catalysts, are ty&k%?éhiﬁé&qgrﬁé’s %%EM{HQH%%%%B%H%FQ El‘ﬂ_%i@iﬂ 'E%i%ﬁkﬁ‘%m&f tglumlnlu_m_
phosphate together with a Cr compound that is not heat stable, in a flow of dry, oxygen-containing gas

at a temperatul BFBEDLOHH 2B VHHEE B h i P R SRRPB 2l e SPP Y are preferably used
without cocataBsterod adtiglatdvs:doutdpmetidigsatinorameunperotldboild@naliglsrade added to the
polymerization reactoy; [hg ﬁ@%@h@%ﬁ%ﬁ!%&%@&&i}%{%&q Re.RedHGRAMAY RE highly influenced

by the temperature chosen for the calcination. Genera e higher the calcindtion temperature used,
the lower the rifStehtafidr e Bphracraatinirgastay PRame ts MEmsHgtariytaydtsiis  Multisite
catalyst systemstimayitheotisaitdrithe) prepasadianbitespohuners presesilinstedtilms of the present in
the films of the,Iyeliof, . (MAIFIP SRR YGRS fprse e alymerization may be hybrids
from two (or mobre) different catalyst amilies but must include at I6ast one lElegler Natta or chromium
oxide active st eI ANEE: Fidulef Nata e lshadheadiradataly tensittly piesypedikéd together, c. g.
by impregnating metallocene site precursor and activator for the metallocene into the pores of a
particulate Ziegler Natta catalyst Alternatively, chromium oxide may be used together with a
metallocene, e. g. by impregnating, under inert conditions, metallocene site precursor and activator for
the metallocene into the pores of a particulate, thermally activated chromium oxide catalyst. Ziegler
Natta and chromium oxide catalysts may also be used, e. g. as a system where the solid component of
each of these catalysts are fed as separate particles to the polymerization reactor, and a relatively
minor amount of the cocatalyst needed for the Ziegler Natta component is used. Alternatively, multisite
catalyst systems comprising two different ZN sites, e. g. both Hf and Ti active sites, may be prepared.

Alternatively, chromium oxide catalysts may, in some cases, behave as dual site catalysts, e. g. if they
are c1innarted on alimminiim nhoenhate (\with a crirnlhiie nf Al ve PY Thic ic halievved to he diie tn the



High catalyst activity/productivity A feature of the above-described catalyst system, particularly in
gas and slurry phase polymerization, is that it has a high activity coefficient in the copolymerization of
ethylene and 38 HtHtEY C4 10 alkene at a polymerization temperatuf& BFEHSUEEE €. Preferably,
the activity coefficient of the catalyst system is at |gast 60 g polyalkene/(g cat, system, h, bar), still
more preferably the activity coefficient of the catalyst system is at least 80 g polyalkenc/(g cat, system,
h, bfa;r), c.g. at\«lﬁas&alra;@l@b mg@&%@fﬂﬁtﬁﬁtuﬂﬁt@lw?m&)eaﬂﬂﬁﬁﬁtﬁﬁtﬂb@pﬁﬁﬂﬁﬂbﬂhn tEe ﬁctivityl/
coefficient, e. g. it m e. igh as 1000 g polyalkene/(g cat. system, h, bar). _The high catalytic
productivity ha%?ﬁ%{ﬁf Satwgri’t%\{g%lé? SRS a{;r%:ag St %a %agéfilsgt Sg %‘}%‘aﬁ%ﬁgﬁe COSt of the polymer and
minimizes anyrsefatywigks pesueiateatidvithvliaecherttiing vheaatipticsrertedalst 45 less are required.
Additionally 14 e ARUIRLIR.He S BdBSERI R AHN ok catabisl Sy Ham: ReiE Akfipal polymer in some

cases enables production plants tg increase their production output without having to increase their
reactor size orEERAIEEHTStRSIRer S FAYErE RIEP2ratiqe PETHGEPE RIGFAFHCHRLT HOWLVRY, the fact that a
lesser amountmfmtyshﬁumtemtmlse ia@adepérel&}m'iﬁnaﬂppdmeameaﬂgthat:tia&s catalyst and/or
catalyst systenyfesidues, als ReSan: flUie, ROMMeL a5 meusities a0 {ligsmags therefrom are much

less prone to degradation. This can be achieved without washing (e. g. deashing) the polymer as
described bel R SORMNEAF RO AP UBRHSFPIHI FEEESS the MU Rtdf8fymer present in the films of
the present inyemioa mayhepiepared by any conventional polymerization process, e. g. gas phase
polymerization and/oAEIunérc}/h%roel%nh%rg%ioquandlor s%!,%lzteil% npo%psertgzatgqnmgﬂrzeaf%gbly, the interpolymer
is made using slurry andior gas phase polsyrr?gri?za lon, e. g. slurry poT))ngrlzatlon.
prepolymerizatidsrpimipansdyBsepioycosaddiaydnkdos lisekb e fheangpsiesr pféisolymerization less
than about 5 %witekihe tatahpalyimenisppraducadofipienchire riratiansdeestol count as a stage with
regard to consideratian of whether a process is a single or multistage process. Gas phase
polymerizationp SHATHET AT p o se‘%my p‘ﬁ}fén %Zsatﬁ) aeélézoﬁno‘ff}liﬁeé;rlza‘ilésnb%n Strlg%gsrably carried out in a
conventional gefphdseineactorsycheasitcanfluicizetobyigas febunoriatignmdchanibally agitated bed,
orina CirCUWi{S@ﬁ%‘? RrocaRsushtablegas Rh@seiPrasesseailier Ralvefndanginigy.fer example, Unipol
PE gas feed fluidized single reactor process and Unipol PE Il gas feed fluidized staged reactor

process by Unflafigif Eaont Gadsesairntisatreiap e Faa oY BrseRedery MitlliF Y nnovene gas feed
fluidized singlecteactarspritessdiy iheosyhppaiethyGagasifdcs§ltigiziedidgingler@attor process and
Spherilene gas feed flidized SRged.rRACIAL BFAGRRS.LY hypndeiRasall. and asipglymerization part of
Borstar PE stalrge reactor process by Borealis. Gas phase reactor parameters and operation The
high activity of #&polymerization catalyst system with 3-substituted C4-10 alkene comonomer allow
for efficient gas phasa{aehunesizationzitidic Carsiarboti: (Rt eferally piiderpood vetivity of the solid
catalyst is at Ie%%tlc%Sﬂan g polymer per g of solid catalyst system. Still more preferably the productivity
of the solid catalyst'is tleast 3500 g polymer/g catalyst system, e. g. at least 5000 g polymer/g solid
catalyst system. The&ppst lsiitishioeanitivdrtnn palgheberinthebre & orlpnoedigipolymer/g solid
catalyst systemyRraferaly pthenpeadustivitof, the fotaheataly stsystanis atJgast 1000 g polymer per

g of total catalyst sys}%grg. %twlrggggepreferalilg the productivity Ott thg S I|dft atalyst is at least 1500 g

polymcr/g total catal §f’s em: C. g.tgrt-"i‘egg ﬁél%nonl?ﬁigrﬁgr otal ¢al a?ys esystem. The upper limit is

not critical but peightebesimtreacide prs20000my: slymenyotalatiatallbt systelw. Advantageously, the
process typicag}{cgﬁ%&qsd,yﬁip} j@,@g&gﬁggqmrs that B€ gQAditions for carrying out gas phase
polymerization are well established in the art. The reaction temperature is preferably in the range 30 to
120 C, e. g. 50 to 100-T5thEteiag 4ty pretand s piurdrabhy NS YRR E £ ¥80 bar, e. g. 10 to
40 bar. The totadanonpmenpartiahpressure sqneterabdyridithecnangertalidbar, e. g. 3 to 10 bar. The
residence ime g6 439 RS BACIAS RIEIRIAY I ING PAGRGede: oy more preferably 0.5
to 4 hours, still more preferably 0.7 to 3 hours, e. d. 0.9 to 2 hours. Hydrogen is also preferably fed
into the reactoP S fUHERSMAE ATFTSraE VTGRS JUiROE TR s EstE BEREdRN the concentration
of hydrogen anfifthefe@digheiyigapdatetive seaginrsysiercispraiptallydbut@oft: 1. The
concentration ip the gas in the reactor.of the major monomer, € ne, is preferably 10 - 70 mol%,
more preferabl@%ﬁ)‘){% nf%l(t)“t’o, m?elﬁhgéysﬁré}gt%ﬂ?ghe ﬂ%%ﬁﬁ%ﬁﬁggg er IcI:Q’E)EC’)ncentration
preferably is 1 Pregihildhe pebragsrdfara By Sasteniglobmer cppafErgsi i wttoFenidElso present in the
reactor. It functions, e. g. as a flushing gas. Preferably, a C3_g saturated hydrocarbon is also fed
into the reactor. Particularly preferably a C3_6 alkane (e. g. propane, n-butane) is fed into the reactor.
It functions to increase heat transfer efficiency, thereby removing heat more efficiently from within the
reactor. Preferably, the gas phase polymerization reaction is carried out as a continuous or
semi-continuous process. Thus the monomers, hydrogen and other optional gases are preferably fed
continuously or semi-continuously into the reactor.



16 Preferably, the catalyst system is also fed continuously or semi-continuously into the reactor. Still
more preferably polymer is continuously or semi-continuously removed from the reactor. By
semi-continuowgﬁqg”ﬁﬁé‘gﬁt that addition and/or removal is controlled so%@l)&gw&’lsﬁelatively short
time intervals compared to the polymer residence-time in the reactor, e. g. between 20 seconds to 2
minutes, for at least 75 % (e. g. 100 %) of the duration of the polymerization. Thus in a preferred
process the cajaly st componanis orgaiaisbeysemitsinjestachiniontibekenaiae at @ tate equal to its
rate of removal from the reactor. An advantage of the process herein described, however, is that
ecause oss BT At DL B K RS S LT At B ayetom i
removed from teechbadtomalongdsitbepelyener i skoimtsipolyness vebaiadidiastlly from the
polymerizationgi@aeir tnhihasfore spmniisalestiropualies deriving franthsoaatalyst system.
When used in agi?ﬁé)%ﬁa e polymerization of aé%i- ubstituted C440 alken@_ comonomer, the

5 )

polymerization®t Herai FEeeaba PREE S VLK MR aEHvAY “8ibling a high productivity
(g polymer/g catapystisysténvm@onsequently relatively low concentrations of catalyst system are

required in the reactqy, Brgfgratiy e coRSRRARNALIAIBLLARYSRYEMAR the gas phase

polymerization is less than 1 kg,ton polymer, still more preferably less than 0.8 kg/ton polymer, e. g.

less than 0.5 KPEIRSHEAATEFORAtions IEfEidt kasgtes thémpselphase polymerization reaction

preferably comprisesta 33i& satutiaiedhyanocar barstachfas atidibcAomgisTiteafurastion of the C3_8

saturated hydiagaghen. RIelnaIaasR.IbeheRtimaraLeliaisncy ¥ e aas phasg, eactor. Cooling of
yy t ydrocar n

particles is achieve circulating the C3..8 saturated h on withinthe reactor through the
polymerization&sHehihié sepiers ki reathn stfatenpapaeteshedibindgbting iaee, where it is cooled,
and then recyclegTbispEocess dStmpay i fosinea Hiany: paticlepvachaatsisufisienty, it will melt and
stick together with another particle of with the feacton wall | &, agglomeratc, & .06 ydrocarbons
have higher specific ﬁeat capacﬁy han ni rogen an ave bee found 16 function more efficiently for
heat removal tivathedagimiirogepcess. Thialsninaieydibarepyscphages dolymerizativd; fm Addition to the
monomers, thege.jg usually added a substantial concentration of C3_8 saturated hydrocarbon, e. g.
C3.6 17 alkane. For instance, the concentration of C3 8 saturated hydrqcarbon in the reactor may be
in the order of 5.60 rAGHAZA TS RENABERHFAITE: RoleVREM AL 3 USbATIATEA 10 alkenes such
as 3- methyl-bltslsenec&hmastdiscan. effieativier exgitplmeamsrisr seripvimgeeat! rigapassible, and in
many cases pipiglaliguig:ulliee AdSIAH RN PRITRLRL SR Rahihiied  4.40 alkene In gas
phase polymerization and it has’beenfound that it serves as a means to remove heat from the reactor.
This is a furthdfalvaRtEeRBMusing a 3-substituted C4_10 alkene comonomer instead of e. g. a linear
1-butene or 1-hexene. In this way, the cooling can be improved and the amount of C:3_8 saturated
hydrocarbon, e. g. CBtb8aikane, can be reduced. The advantage of eliminating addition of C3-8

saturated hydrocarbafiyge s forduse Alkapeainihatibis gasdimushbsascasked pirfied, added,
controlled, removi%{r m the reactor agg the polyme and §i(z)%:ijllrated from the gas mixture, especially

in quantities. ¥ AR SAUERAGE SRR Ve ue LB etES BHsde polymerization is therefore that it
can be carried out with no additional C38 saturated hydrocarbon or with less additional C3_8 saturated
hydrocarbon. In preférl%@sﬁ&ge&r%seﬂ%ﬂ%nerizations the concentration of C3_8 saturated
hydrocarbon, e. g. CBréalkBnecisutheraiarsdess thantda Yook matstpreierablyless than 10 %mol,
still more preferably less than 5 %mol. In some cases staptially no €3..8 saturated hydrocarbon, e.
2, 40 alkane ey R, T 3T o the rmolar rato of
C3_8 saturateduhyidseirpomsebyitutal ReatkameatySsupginberehyioeitehe is less than 2:1,

preferably lessstipginksks Mmargareferaliv lassdhanildus b iass tharCl Brferablfle partial pressure of
3-substituted G4 10 al%erte prtfkseint in the %?% hase reactar is preferaply at Ieast 10 % of the total
pressure, mord PrETSrabR AL IFELt B8 b L TOMF Sredabre e HOSHIRYSPAd SFHRE total pressure.
For instance, asya plrase gobimerizaidh.mdy bewcarsist sunehdertie doflovwingitonditions: a
concentration qﬁ%ﬁbaig@%(ggl%g;efeﬁé@gg%tgugﬁ)_%g%ration of nitrogen, 10 - 40 mol%, a
concentration of ethylene of 10 -50 mol%, a partial pressure of 3-substituted C4-10 alkene (e. g.
3-methyl but-lI-ene) of more than 20 % of the total pressure in the reactor, and 18 a concentration of
hydrogen of 1-5 mol%. Preferably, the feed of C3..6 alkane into the gas phase reactor system
(reactor + recirculation system) is less than 100 kg/ton polyethylene, preferably less than 30 kg/ton
polyethylene, more preferably less than 10 kg/ton polyethylene. Slurry phase polymerization The
slurry polymerization reaction is preferably carried out in conventional circulating loop or stirred tank
reactors. Suitable polyalkene processes are, for example, Hostalen staged (where catalyst system and
polymer sequentially pass from reactor to reactor) tank slurry reactor process for polyethylene by
LyondellBasell, LyondellBasell-Maruzen staged tank slurry reactor process for polyethylene, Mitsui
staged tank slurry reactor process for polyethylene by Mitsui, CPC single loop slurry polyethylene
process by Chevron Phillips, Innovene staged loop slurry process by Ineos and in part the Borstar

staged slurry loop and gas phase reactor process for polyethylene by Borealis. The high activity of
tha ratalvvet evveteme hearainhefore deceribhed allow far efficient chiirr:y nolvvmerization to he carried ot



19 Hydrogen is also preferably fed into the reactor to function as a molecular weight regulator. The
molar ratio between the feed of hydrogen and the feed of the ethylene into the reactor system is 1: 10
000 - 1: 10. W%‘gf’é?%fﬁ, the polymerization reaction is carried out as BCEGRaRS0E S
semi-continuous process. Thus the monomers, difjuent and hydrogen are preferably fed continuously
or semi-continuously into the reactor. Preferably, the catalyst system is also fed continuously or
semi-continuously inbecthetigatios-Sitkinoese Prefelablyipaljsyansititnedsacontinudusly or
semi-continuously. removed. from the reactor. B l=COMNtIE Ly ant.th ition and/or
removal is con%%bl/fgar ’S%St%%%ei?%ﬁsr%? ?%ﬁg%?féﬁ}é§ rt ﬁ}%(%lelgr%lé%gé%%r%‘géfég( i{g%ﬁ% polymer residence
time in the reattdes@ibgdisbexetn he SbEFHY P GiEROT6r at least 75 % (e. g. 100 %) of the
duration of the polyn@ezatistituted thys dMaadkgiemned proeessihecatyshaystem is preferably
injected into thie feacionat2 tate cqual to I Tate. of remoyal from the reactor, An advantage of the
invention herelh deSEAbED, Rowever, is'thatbecalse 16ss calia]fys{ sys?em can béused per kg of
polymer produséd;tdss Catatjismsystesicishiznmsvadeied s thdbepauobeaidrigdvtiFséiyader. The
interpolymers ghtangdditectyfom theRelyuarizationdherafore.gqmprise less impurities deriving
from the catalyst system. When used with a 3-sg,1bstitute C410 alkene comonomer, the catalyst
systems herein desc?%@&"gq\}éggs%’liﬁiﬁjdﬁ”5&?@&@,oérlilé‘ft)ﬁh SHRPCBBHIERRPESH polymer/kg
catalyst systerfoum@on$equently relatively low concentrations of catalyst system are required in the
reactor. Preferably, the concentratign of catalyst system in the slurry polymerization is less than 0.3
kg/ton slurry, still mor, than 0.2 kg/ton slurry, e. g. less than 0.1 kg/ton slurry.
Preferably, the concentration of catalyst system is at least 0.01 kg/ton slurry. Preferably, the
concentration of polymer prest nt in the reactor during polymerization is in thc range 15 to 55 %wt
based on total slurry, more preferably 25 to 50 %wt based on total slurry. Such a concentration can be
maintained by Wit Rné thesbatistsr agunsabrdnieb meriebmwrabstrtad dioalsr @iRNt and catalyst
system and, to,s0fe xieptctheaie of.sgrgoval of polymer slurry from the slurry reactor. 20 Solution
phase polymerizatio olymerizatio be conduycted in solutio g e. with the polymer in
solution in a solvent)?@é?%ﬁ%?@%%%@é@%%gﬁs e %S{r{r;?gﬁgi%l}éy% i%‘g]i[éeFE 1éttna catalyst is used.
The conditions¥shaamfimgdeaspiutidiop faselpOlymeflizhto R, ard welk estiidnédin the art. The
reaction temperatyye is preferably 120 - 250 'C. The solvent is preferably a saturated C6-10
hydrocarbon or a mixture thereof The residence time in the reactor(s) is preferably in the range | - 30
minutes, The partial PrEESERE BSOS OIS BRSO 2B 8y (BdPa5%58 RoPeEntEKon of polymer is
preferably 520in¥#énwtlimaslditionctd-sotrent ; momortomen($)! ardroatadystbysiehe-components, hydrogen
may optionally he fed ia:the Jepeiaty 1 MMIHEeRGIRL SRR PavaRtianalv-be employed. When used,
multistage reactor systems are preférably in a parallel arrangement.  After po1ymer|zat|on, the
liquids (solvenﬁlgFftF é‘i}?ﬂ"&ﬁéﬂ%‘éf}"&?@epreferably vaporized from the polymer. The polymer is preferably
mixed with additives aathpelletized askdirsussad in thrdre ahetal:betommbitcitistagaipgbymerization

The interbolyme? iy, b6, preRRied, . S9le stage Agyerizatiop oL ATttage polymerization.
| 318, oYmgization orin &,

When a polymeriis produced in a multistage process, the reactors may parallel or in series but
arrangement in$eAE806fdferred, e. g. for slurry and gas phase polymerization. For solution
polymerization, a parallel arrangement is preferred. If the polymer components are produced in a
parallel arrang@therfiin Sldkri¢on polymerization, their solutions are preferably mixed for

homogenization befqgqug}gg%er mdy RUlisRge Ll vmerizalRMay, GamRrise the above-described
inati h

slurry polymerization in combination with one or more further polymerizations. Thus, for example, two
slurry polymeriZsfisidse i BEeut G BlaRs Catalier ey rnntitste e EmeE s 8 thnovene slurry
processes) or asshustypatyprekization. stage sancde. foldwed. by a gas phase polymerization stage as

described above (e. ﬁi‘c—:i%rggrstt%‘g o) d%e)gglr@ol ﬂ%@ﬁ?ﬁsael%nﬁ‘“iﬁéﬂgtg{%%&es'%fé&:ﬁ; lymerization may be
preceded by a gas phase palymerization. A’St “ i (})j

urther possibility is that two gas phase
polymerization$'afe- cHkdetivttrnsed alsee Jnother thapelgiae s pideaeld in a sequential
multistage processuldsing: @asiormeopledin senas-aad Using eifferemtconditionssiirseach reactor, the
polymer components produced in the different reactors will each have their own molecular weight
distribution and weight average molecular weight. When the molecular weight distribution curve of
such a polymer is recorded, the individual curves from these fractions are superimposed into the
molecular weight distribution curve for the total resulting polymer product, usually yielding a curve with
two or more distinct maxima or at least a broadening of the molecular weight distribution of each
polymer component by itself The product of a multistage polymerization is usually a multimodal
polyalkene. Preferred conditions for the slurry and gas phase polymerizations in a multistage
process are the same as those described above. It is possible, however, not to add comonomer to one
stage of a multistage polymerization. When no comonomer is present in a stage of a multistage
polymerization, the polymer component from that stage is an ethylene homopolymer. Staged

processes for polyethylene preferably produce a combination of a major component A of lower
maoleciilar weiaht and lower (ecneaciallyy nrafarred iec 7zarn when nrodiicina final nrodiicte of deancity




Multimodal polymers may alternatively be prepared by using two or more different Ziegler Natta and/or
chromium oxide catalysts in a single reactor or by using a multisite catalyst as described above.
Alternatively, Mt 8é‘g:ﬂatlyst systems, as described above, may be u %T%Pﬁ%%%%s%ultimodal
polymers. In this case, in order to achieve the optgnum polymer properties, especially in a single
reactor system, it is preferably for the multisite catalyst system to have as high a ratio as possible
between the incorpomaian. piamareinkeEe ratingeokaan Griemor: arsiteabgnbkeah.another less
incorporating site 1l. It has b%%&&%ﬁ%gig@ nfound that the 3-substituted C4.10 alkene cornonomer as

. CTIC, 18 Su c. .. . . . . .
hereinbefore cfaésc:rlbeféll,l or numerous combinations of active sites, gives a higher ratio compared to

the corresponding reletiesiizig Corbetidialcormeichere ke nsereRehend 1- hexene. Utilizing
3-substituted GOt neNithpRoplS e Gataly Stisysigvisdherefosenasperiakedavorable.
Multimodal polymer may therefare be obtained in a single.reactor or in stem, of two or more
reactors, e. g. %%da?'s?gﬁged ?éeafl%t%br? rtggeeéﬁ Fgfe}sa%e?ﬁf%ds%%%q&ﬁog}%?ﬁeg’lz'Eégc&%r4 process (except
optional prepotyetistizattorere actorgursakiatgferss than 7 % of the total polymer) is used. A further

possibility is to blenddiffareptirierRolymersasherrinkelore desetibafy evaipror to pelletisation.
Blending is, however, less preferable to the production of myltimodal Eol mer, €. g. by multistage

polymerization S8 UHMBRY SAE BHiFE AATH SIS EPar5q G AESFBBy TSR as hereinbefore
described, andhespeeiallydhdsefwhergiitiehigherinnoleciflathwenght poKisceerconmednent A has a
higher comon%%%eggntent than the lower molecular weight component B, may in some instances
possess some advantages over unimodal interpolymers. ~ Compared to unimodal interpolymer, at
the same density (stﬁﬁ%&%léﬁﬁeéﬁﬁé%é%@wgﬁgﬁf%ﬁ?ﬂéﬁé?éhFé&%ké(ﬁFﬁder screw and die
processes, a mdiimbvdakisterpehrras.comprising ethylene and a 3-substituted C440 alkene may be
prepared having a higher stress crack, brittle crack hoop stress failure and/or slow crack growth
resistance. Such interpalymersase particularly useful in film applications wherein they enable
improved impact resistance and often improved tear resistance. . Multimodal interpolymers as
hereinbefore describ&tF REy AT ERREIERTHISTED LELiRS PR PIALL R §eB é]'?ﬁ‘l’ﬁeﬁnum sealing
temperature, seatipgstempephiuratrangehbroacdnesdy cophparpd ftoadly sdivdctdipolymer of the same
density and eag,d%gjsgxtrusion. This is useful in the manufacture of films. Downstream requirements
and process hen the final polymer product is obtained from the reactor(s), the polymer s
removed therefrom ittty SHIICPUBIRATNE LSiRREHRRATE Sl SIparsIEPom it by stripping,
flashing and/orditiatiQaukarinsiander fosprsuryanchgasuphasenr deasgesytkenpolymer is removed

from the reactor section and to remove volatiles, is prefer b% filtered or flashed. For slurry processes,
the diluent is afS0" Brrlg%megrgg f%%lggqrg%é%f%mgfhef%é]lymé%%y gsﬁ?lg or filtration. Preferably, the

polymer is not subjeckbeingti depshing sthiycle actehivasHigRPris arzebRs| optfonally mixed with a

hydrocarbon ligyigQr patesbly 4 Brefermiiyihe polymer is dried (e. g. to remove residues of liquids

and gases from the reactor). In slurry and gas phase processes, in order that the polymer can be
handled without difficliltglchbttadttdty dmgsdownstream of the polymerization process, the polymer

powder from the rea@ﬁé@%@ﬁ%@t?@a@l fregeflp @&a%ﬁ%t%rﬂ[éﬁi%£%m¥r1@¥i&{%&91 relatively large
particles of high bulk density, e. g. less than 10 %wt of the polymer being smalleirfﬁ;égn 100 um size,

and the dry, loGSBRSERAEA SR BB higRerf P OB KRN SA! compsPaBtish esses, the solvent
is preferably rembeedibydiashimngandoing coekicahweieddidestiyidostiielb eltet peradidy additivation.
The major part,of (e liguid. And 9aReRUSCOMRANE IS haLleara e JeaGLRrs) with the polymer,
including unconverted comonomer, is recycled back to the polymerization section.  Preferably, these
processes, froRPHHEHBNRTEHZABHAMIHEBelletisation extruder outlet, are carried out under an inert
(e. g. N2) gas atmosphere. Prior to pelletisation, the polymer preferably contacts less than 1 kg/ton,
still more preferably [€sg!isasy9einkyftentgswater or alcohol. Prior to extrusion, the polymer preferably
does not contact acicrAdditivesanchhplglisation  Antioxidants are preferably added (process
stabilizers and long term antioxidants) to the polymer, e. g. prior to (—:é,l}?egisa ion, Other additives
(antiblocking agents, TH18F REle A Abe R ahty §ﬁb’§,a§ﬁ?§%’(ﬂ%{3§f’tﬁ% ,u@lé%ﬂ?sorbers, lubricants,
acid neutralizetsyfltioroetastomearenacotpertipdlyiméirprpdassilg aidssREA)y UMistabilizers, acid
scavengers, nucleating agents) may optionally be added to the polymer.  As antioxidant, all types of
compounds known for this purpose may be used, such as sterically hindered or semi-hindered
phenols, aromatic amines, aliphatic sterically hindered amines, organic phosphites/phosphonites and
sulphur-containing compounds (e. g. thioethers).  Preferably, the antioxidant(s) is selected from the
group of organic phosphites/phosphonites and sterically hindered or semi-hindered phenols, i. e.
phenols which comprise two or one bulky residue(s), respectively, in ortho-position to the hydroxy
group, and sulphur containing compounds.  Representative examples of sterically hindered phenolic
compounds include 2,6-di-tert.-butyl-4-methyl phenol; pentaerythrityl-tetrakis(3-(3,5t-di-tert.-butyl-4-
hydroxyphenyl)-propion-ate; octadecyl 3-(3',5'-di-tert.-buty1-4- hydroxyphenyl)propionate;
1,3,5-trimethy1-2,4,6-tris-(3,5-di-tert.-butyl-4- hydroxyphenyl)benzene;

2 2'_thindiethviene-hic-(2 B_Adi-tart -hiitvi-A-bvdrovyy'snhenv1)- nronionate-



Among those compounds, the following phenolic-type antioxidant compounds are especially preferred
to be included in the ol}/mers: pentaerythrityl-tetrakis(3- o
(31,5'-di-tert-bwuﬁﬁpigﬁ%r%xypheyl)-propionate; octadecyl 3-(3',5'-di-tert}.)- *{J@ﬂgﬁe{maozaz
hydroxyphenyl)propionate; 1,3,5-trimethy1-2,4,6-{gs-(3,5-di-tert.-butyl-4- hydroxyphenyObenzene,
1,3,5-tris(3',5'-di-tert.-buty1-4'-hydroxybenzypisocyanurate,

bis-(3,3-bis-(4 phyiduiuty- BrdfrtecdBiyipirenl) batsnoioagidiglydolestaioametds9e. g. Ti)
bis(l,1-dimethyl,]é-zrégtggta-(ia-tert.-butyl-4-hydroxy-5-
methylphenyl)pro%ionytl'oxy)ethyl)-z,4,8,10-tetraoxaspir_o_(5,5)undecane. Preferred organic
phosphite/phosphonRerigtisideied coharraphosptnd iorelse £ prbLprbitte moiety.
Representative,examplessbnseliarsed pharphisibesphegiteiantioxdapishneiidety
tris(2,4-di-t-butylphenyl)phosph e; tetrakis-(2,4-di-t-butylphenyl)-4.4'-biphenylen-di-phosphonite,
bis(2,4-di-t- 2%’éﬁ?@%@%ﬁ%éﬁ%&iﬁ?ﬁH’{f?f’éil‘fﬁc%’%‘s‘b’%‘?tte&% ﬁts%g%f?ﬁggﬁ?éegr%ﬁ%ﬁ?yl-di-phosphite;
tris-nonylphenytqshossiiteyitid (@ Bi€li4-buty1-4-methylphenyl)pentaerythrityl-diphosphite;
2h2t-m§_thygen%bi8(l4fﬁgiclz;zgeﬁym%lﬂihgwlkjﬁhmw'fgﬁaﬂsolig-ctiﬂag%t ga@?yk%tﬂe?tg?gagyl yphosphi
phosphite-5-t-butylphenyl)butane; 4,4'-butylidenebis(3-me -6- t-butylphenyl-di-tridecyl)phosphite;
Dis(o 4. drocmyTb By So LB 4BHRGDD 0~ ol
bis(2-methyl-4,6-bis(dfectibhg iyl Etlay Bphbryd)ph o gpho rousclsid ethytasiey a 21242 "-nitrilo
triethyl-ris(3, 3,3, pirtelALRYY hibddsRiPheRrbind siYARBRRRTIE) 9&@5@9594}%@[@ cyclic butylethy!
propandiol, 2,4,6-tri-tbutylphenyl ester; bis(2,4,6-tri-t-butylphenyl)-pentaerythrityl-di-phosphite;
2,2TethylideneébisGE&-4i-t-butylphenyl)fluorophosphonite, 6-(3-tert-buty1-4-hydroxy-5-

methylphenyl) propoxe 2pds8: dilid etrapiatidontsy e ibenaic:t) (i3t 2) divxdgphesphepin; and
tetrakis-(2,4-di-t-buty1-5-methyl-phenyl).4.4'-biphenylen-dj honit above-mentioned
compounds, tlpempoal%\ﬁll}}ags p%gé %}Sfp b)lgfr éézn(ff%m ?1%0%(%%@? @gt?r?p%éﬁihgﬂgp%%%ﬁed to be included
in the polymerd! st aitiain sha carelisttytive PRADEECILIEPIS YR i GRPHB 4 pREfierce of
bis(2,6-di-tbutyilsd-migthadphenyiipertasnyilityieitphopphitey ditsteandt pemntacrytigityl-diphosphite;
and bis(2,4-di%m¥%h§§1yotpenﬁaerythritol dighlgsphite. As antioxidant either a single compound or
a mixture of coMpount liay%;e ?Jnséldg.nﬁé?%félﬂarly preferably the polymer comprises a sterically
hindered phenolic cohipeemichapidMephdspiidAchésphbnitessvmptreizht Thskilledl man can readily
determine an apRIoRLAG AMAUNEfaMIexidantie nclude in the polymers. As discussed above,
however, the polymers comprise less catalyst system residues than a film of the same density and
MFR made with 1-butene as comonomer thus it is possible to add less antioxidant thereto (i. c. the
polymer possess increasadbmhinemistability). Thus a sterically hindered phenolic antioxidant may be
used in an amount o200, 1900, PR Vi HRY B SEAR.200: B0 RRHI L Rickh AQD- 600 ppm wt or

about 500 ppm wt. The amount of organic phoshite/phosphonite antioxidant present in the polymer is
preferably 50 -PS00 BRFRANE, FreFe BT AapR21 i c2 st pntionand i & BrEfctbly 150 - 250 ppm wi.
The above-megtienadantioxidant 3arer Narteuarlyde weitrie dnshides fheyahheidet aiky&nsition metal
present in the golymers sufficienl io Ageelelale.RudaNonIERGLANG: & 4n1hED g level of transition
metal in the polymer is more than a“l.imolr ransition metaf per kg polymer, more typically more than 2
nmol transitionsifetal pEECR vikgpoRiHarthe: ¢rpiethan 6 umol transition metal per kg polymer. Such
levels of transition metals.Aray 66tshAmiReiinteERolpnesmarseiien prepesed mitheut a washing (e. g.
deashing) step Further preferred polymers comprise a lubricant. Preferred |ulricants include fatty
acid salts (e. gfi%ﬁ%lftj fﬁ&a?gtgga&at%e ﬁﬁ%?ﬁygﬁ%él F &%g%égs‘i%’él%}%%s ?ﬁ%ﬁs‘fﬁpg%l e’r?{é%] PPAis a
fluoropolymer, wpigalstas/miidditg froteriBymdosa fuppigoaahanesamountwiiartant present in the
polymer is preferably.400 1208 QPR W p AR RISIEARIM300:420R0XWE, the mkl@ Polymer or polymer
mix is preferably extruded and granulated inéo Erglle S, preferabl aﬂf]tgé ggcldivation In this step, any

extruder know T EHEHAH B HLY SePHB I SEPER 8REFL %gﬁrﬁé’féf'f?ﬁd. A preferred twin
screw extruderokha @onmbemrotd tingctivily s syswnexitUderyrfrefiecd iohyidhes nesedting pellets have a high
bulk density, e. 9. mase 4han KO0 KAM3 and a,lgw @mgggﬁeszuﬁa&%o@zgg ESSffan 10 Y%owt of the

polymer is smaller than 2 mm in size. Interpolymer production advanta ei As discussed above, it is
known that the HEEH SRR EREPRAEE BT B fisdrApsAd B%l (FERSSEIAY the molecular
weight of comonomer in the order propylene, butene, hexene and octene. The higher the molecular
weight of the comonomer, however, the harder it is to produce the copolymer economically. To
obtain pure polymer, the non-incorporated comonomer residues therein should be low. The higher the
molecular weight of the comonomer, however, the higher its solubility in the polymer at a given partial
pressure. For particle form polymerization processes (slurry and gas phase polymerization processes),
the removal of non-incorporated monomer is typically done by counter current drying of the polymer
powder with N2, a process in which there is typically close to equilibrium between the comonomer in
the gas and comonomer dissolved within the polymer phase. Thereafter an increase in the molecular

weight of the comonomer makes the drying much more difficult and in practice, octenc is not used in
narticle form nolvvmeri7zatinn for thie reacnn 1-havene and 1-hiitene are therefore mnoet commaonihv



The density of the interpolymer is preferably in the range 890 - 965 kg/m3, still more preferably in the
range 915 - 950 kg/m3, e. g. 925 -940 kg/m3. The MFR2 of the interpolymer is preferably in the
range 0.002 - Y laﬁéeﬁin, more preferably in the range 0.05 - 500 g/fﬁ%‘?ﬁ{’%ﬁgf‘ﬁae preferably
0.15- 49 g/10 min, e. g. 0.3 - 5 g/10 min. ThelyIFR21 of the interpolymer is preferably greater than
0.05 g/ 10 min, more preferably greater than 0.1 g/10 min, still more preferably greater than 1 g/10
mm.  The meitngiemperaiiiterotthadniarpolymer is piefesablydm hentaggec 110 - 140 C, still more
preferably in the range 115 - 135 C, e.d. 120,- 130.C.. . Th of the interpplymer of the invention
o preferably it e T 9500 00 B RS 2 ey A N RO 500 - 100 000
g/mol, e. g. 12900 500004/ Aicilicen and/or ghmyipuet. thielli ek fimerisisefaiably in the range 30 000
- 800 000 g/maqljiskill more preferably in the range 50 000 - 150 000 g/mol, e. g. 90 000 - 130 000

g/mol. The Mw/ f the interpolymer is preferably in the range 4 - 50, moye preferably in the
oG8 5- 30, 0. 5. 6 T8 BRALD TGN B1 e RO En d umimodal.  The
interpolymer as:verainbeforéldéseribédisradsocpartie tldd) suites f@rtdsslinkingeirispared to other

single _Site_ or Zé%'@in‘\!@‘&_@tﬁ&éﬁ@ﬁ%ﬂl%% H%&Wﬁ%&%&i@%%i&% g Lamgnomers.
Crosslinking may be carried out on the articles, in their final geometric form, e. g. through the use of

radicals, eithe®By EiadBH B ARMERT G AP YRR R Blhehigfnt serathke BY peroxides

decompositionparticldhedspbepodyriibe isréhtainad fyith datghr pupitferiblysribie interpblymer contains only

very low amou Pﬁﬁo%@@,t%lﬁet ﬁ%fé?atﬁ’i%’% %é(%mf@?ﬂ&é%@\%uﬁﬁmf%_%eéafﬁé?'}é the amount of catalyst
P

system ash in the interpolymer, and therefare film, is less than 1000 ppm wt, still more preferably less
than 500 ppm Weferey @dsaraesibd Bpraivie- Byt athlyd©58tem ash is meant the ash from the
active site precursor 1actsadDixiganE eeanethe peialystpacicierconstrueiansmateriakand any other

components of the catalyst syst resent in the .pol r after polymerization and prior to any
washing, deasFuarr}t 10%%? yﬁfﬁég%o%% e%?”"’f ! r%an%?tﬁgg@g%fﬂéba((gﬁgﬁwﬁ ?ﬁaﬁ%@ﬁ%r lower
concentrations78fhde eheyebiioas 20ce erisroies sy Brsfrablatioshpirdiepis gariediopdy8én and
temperature, givinggliscoloration and reducing or destroying mechanical properties. A particular
advantage of the films of the present inventjon is that they contain very lqw amounts of transition
metal. The interpoly et(ﬁf,cgﬁg’ thirgres ??HT# f%ﬁ@f@&ﬁ%ﬁ%ﬂ% fggéi%é%'@dﬁlﬂﬁ%ﬁ transition metal
per kg polymemsadoFemprefigralyiy fossitharm 200 preoltrdtisitibnmastatyder kghal{ther, still more
preferably less than 450 Mok ansition.melakpark kLopY BshEmd <653 dhan Apgumol transition metal
per kg polymer. Film preparation Optional further polymer components and/or additives may be
added to the pBEFIEHPHE film extrusion stage, especially polymer processing aids, external 30
lubricants and antiblocking agents. Preferably, further polymer components are added as is discussed
in more detail below.ActivE fishalaitigns sesemervention may be monolayer or multilayer films. To
form multilayer films, the ntargelymasamrosiicnbsnainbefara.desaihed saay Aegoextruded, i. e. the
interpolymer com osit;]%npas heretinbefo;e d§§criqbed istf dtinéo I%}F fi!m Fxtrpsion die ¥vith at least one
other film matenial® each fron a. gé%%sré & feed Extrider 1o make a‘hulti §§éifefiﬁﬁ’ﬁl o 1(’i%)sritaining two or
more layers. Aftériheleninigion e eedslimalfuwhitherctonperodic & wenielivtaytriod multilayer film), the
film can be mopeRxigil.Qrfiadaiv §BE§F§,'?§9& émwr@mmﬁﬁh%ﬁ@iﬁ@_d%%ﬁi&amroperties-
Alternatively, films may be prepared by lamination. Multilayer films ma%(, or example, be prepared by
lamination of a*SERHTHSTCHRIAIETEF fitneod TR AT PR YL RR ASTHRIBRon may be prepared by
any conventionatfprade dsidinegecastingendifowinga Rreferably, Ebeifitasaretprepared by blowing.
Castfilm  The fimsPt3e: PIESPALINVERIAN MR%BENERYEIN Hing easHng techniques, such as

a chill roll casting process. For example, a composition comprising the interpolymer hereinbefore
described can H&&RFiRES W&Smt’é‘ﬁ@téﬁ&’ﬂﬁﬂ%’émﬁ?w@fmﬁﬁéﬁf&ﬁélé&’t@?orm a film. The
skilled man is awareoDbtypiaalycasting) casditions ¢ Ty picallyehaweVes sexttasiongicaryied out at a
temperature in the ra 50 t0,350.C .the di is.ip, the range, 500 - 1300 um and the draw down
atio s m he 1L R A e B B B e ™ s
specific exampligiigast films can be prepared using a pilot scale commercial cast film line machine as
follows. Pellets of the interpolymer composition are melted at a temperature ranging from about 200 to
260 C, with the specific melt temperature being chosen to match the melt viscosity of the particular
polymers. In the case of a multilayer cast film, the two or more different melts are conveyed to a
co-extrusion adapter that combines the two or more melt flows into a multilayer, co-extruded structure.
This layered flow is distributed through a single manifold film extrusion die to the desired width. The
die gap opening is typically about 600 um. The material is then drawn down to the final gauge. The
material draw down ratio is typically about 21:1 for 40 um films. A vacuum box or air knife may then be
usedto 31



pin the melt exiting the die opening to a primary chill roll maintained at about 32 C. The resulting
polymer film is collected on a winder. The film thickness may be monitored b¥ a gauge monitor and the
film may be eaﬁézﬂ"lp{?ﬁ?@?} by a trimmer. One or more optional treaters dan Eezﬁéé%(%zsurface treat the
film, if desired. A chill roll casting process and-apparatus that can be used to form a film of the
present invention suitably modified in accordance with the above-described processing parameters is
in The Wiley Encyclopedia@éPaskagtagsT echnolagy :@econtskditipnscAolacBradysand K. S. Marsh,
=d-, John Wiley, od 3annfy N Xot @ 20 by aithouah aibipll6asling isgne example, otber

forms of casting ¢an be used. Blown e films of the invention are preferably prepared by

blowing accordiereshrbertitrd ovedersion fie et CPRISIFESRR PaseB®BEEdtitked by extrusion

through an anifasedieypacblawing {erg st aifkinte atuaalar fibadayioiming a bubble which is
collapsed between .nigy rcl)cltlgrs after so!%dificaticl(n. The fﬁ‘rln can then be slit, cut or converted (e. g.
sealed) as reqfﬁPec(tf.V ohventiBART It %rPoa ue |3?1%3}mfﬁue's may be used in this regard. The
skilled man is aware of typical blowing conditions. Typically, however, extrusion is carried out at a
temperature in the r o162 AR AT cooled by blowing gas (e. g. air) at a temperature of 10 to
50 C to provide a froshlidéefleightrafcapliet @:timestypicaihy-2dtbydtimesrthdudiamzter of the die. The
blow up ratio stkﬁ tgllg 9%%“‘[%!‘)&9% %n mttﬂfsr %tq%, Preferably2 Dl 445 As a specific example,
as tefpolymer’composition’ her

blown films can be prepare ollows. The intefpolymer’composition’hereinbefore described is

introduced intd-& f88d Hpperietdr &t lidet-04tehtas’d 63/55H¥m Egan extruder that is water-cooled,
resistance heated, angdehasanthifa Blieahdideshe fipncambe: praducadodsingad 5.24 cm Sano die

with a 2.24 mm die gap, along. with a San al orifice non-rotating, non-adjustable air ring. The film is
extruded throu%ﬁ?ﬁgncﬁ%%l?g%\% m ﬁoélt%g@gg eﬁ%;}nﬁﬁg\%ﬁqﬁ%ﬁ %er%g %ﬁécgu#a%%%)%}%e film. The film is
drawn from thediengypigadly fohmiery miegtindrivatsfithirshsitios covibehoeblibpseamentioptionally subjected
to a desired auxiliary prasess, such as slitting, treating, sealing and/or printing. The finished film 32
can be wound into rolls for later processing.or can be fed into a ba .ma?in and converted into bags.
Apparatus for makind % BYSHRSAIRT SECHFaMd o Bia S ELdHP %/rtelﬁlﬁg%’? 8% ?/Igﬁgbﬁ%{ﬁeom e. g. Windmaller
& Holscher anefigan WIpineu ot ped:atied bldwh filnsformengpeduigrmenteiiduoarresponding
methods can alsg B 9% DL RIKCINE AN COMRORIION 0n 103 RT9FHE PG fortning
process may be & mondrayer film'ora i cgmprlglr@mtwo or more IayeréﬁL I, e, a muﬁtllayer film). In a
multilayer film, tiressiymenaoanp bsiicnes.ohepkiyielcisty pletisbbifferemtdrom that of adjacent layers,
e. g. it comprises diffefent.RrIRRRENISQLINESaMECOMRANEN SR Hiflereniralios -  In the case of
monolayer films, they may con?'

ist of the aboye-described jnterpolymer composition, i. e. it may not
comprise any Stir MEVEHER) %néﬁqnﬁ? %Wém‘f!’i‘g‘ f\hgg %ff}%%?tc,sg%ep%sition may be
blended with opetianisregiohriyen dempenérits 5 cmifetheaddy & 2-rhaltiayer film, one or more of its
layers may consist of the above-described interpolymer composition, i. e. said layer may not comprise
any other polyalkenc cBrHBReHdAsEHYAtBIYhe interpolymer composition may be blended with one
or more polymer conmpenadiis Othakpelyimenioenaprinentdyst sykhaediliesyghanetayrrtend multilayer) of
the present invention may therefore.comprise ane.pr.more polyalkene ¢ . The film may, for
example, comﬁ??stéﬂg oW é’r’%éd?fy‘%*%'l\}%?hyi‘é’n“é‘%%%Egl?’ n ﬁ?g%é%s&éegpgc%dﬁﬁ{g%r ilm, the LDPE may
be present in outssinmarertas goaiyoiitikeysiica-alupppe ldugrepEralarsiig L88Irknown high
p;]essure radiCﬁJiMQ@i%@rﬂﬁéﬁﬂd@H@@hgjﬂ aga@@iagnmrl?mﬁu%aw@t@?ﬁﬁg%m skillecli polymer
chemist appreciates that LDPE is | the art. Both LDP int ar and in autoclave
reactors may baetﬂ’g%e(ﬁ?ﬁlﬁglﬂ§§% it @0&@%@%‘3@&6& FEffly 5%%%?@?%(%’%% TEVA), ethylene methyl
acrylate (EMA)reftiglénesbliyitaondetet{EBN)randvethyl bntsettvjinzesnyiaw (EBNcdpblymers.  The
LDPE present jp ghaifiling of ey pyasentinventionmrieicrabi: haga densifyinthe.range 915-937
kg/m3, still more preférably 918-930 kg/m3, e. g. 920- 924 kg/m3. 33 The LDPE present in the
films of the preRUREVR RSB FABI hYSINTERTALRE Pelgans 3 gAT MiS” &l more preferably
0.5-2 g/10 mingdcgafhd - GOgily mitigher Fheadrnationt ehipRRErprestmiddosvendrolayer film of the
invention may 91%1@&%@9@{%%0%%Hﬁﬁﬁ%@&%@ﬁo 50% wit, still more preferably 4-25 %wt, e. g. 6-15
%wit. In the case of multilayer films, the amount of LDPE present in any given layer may be 2 to 60
%wt, more preferably 3 to 50 % wt, still more preferably 4-25 %wt, e. g. 6-15 %wt. Further additives



The films of the present invention may additionally comprise conventional additives such as
antioxidants, antiblocking agents, color masterbatches, antistatics, slip agents %extqrngl lubricants),
fillers, UV abs‘gfﬁé%a,ﬂmﬁ%%al lubricants, acid neutralizers, fiuoroelaston?gt:Té]H)& 6%0€?266Iymer
processing aids (PPA), UV stabilizers, acid scavepgers, nucleating agents, etc. In the case of a
multilayer film, the additives may be present in one or more (e. g. all) of its layers. - Preferred films
may comprise exterrdultbricans{diptagents), e. g. erucamide or oleainide, to decrease film friction.
External lubricant Sh$)fjulﬁli grefer blé/%l:ﬁe resentoin an, amount of BOO-OJfEfI%gr QM wi. Film thickness

In the case of a multilayer }ﬁr%atae\afsch 1Im Fagr/@ rﬁ%? dagl/é g%ﬁgirﬁté%% of, e. g. 22560 tim, preferably 5 -
70 pm, more preferatiyhesilee pithepigscpomdbediins of tpayeriiPthickness of the film (monolayer or

multilayer) is not critigaliand depeadsemtie:eneivse: Jiniadilrsonay ave s iigkngess of, e. g. 10 -
300 pm, preferably 15- 150 am, more preferably. 20 - 70.gm, e. g. 30-60 pm.. Fi roperties The films
of the vertio M RATG G TSR GF DRoSahfRe: POV s OF (OB e e
reasonable dachimpiact stiéngtiveDart Crop B @, Zi68¢1 Naimyetbsizlealst tatplism sigreferably at least
1.1 g/pm, still more,preleiablinat [east lig3hmiity thoalilgast 1id Sldiof HiRiWBREHkdimit of dart drop is

not critical and may be, e. g. 10 g/ttm. In particular for a 40 pm blown film consisting of 34 an
interpolymer a?ﬁ@r%%@*%?%nﬁggeﬁ]@é@@ﬁ QESATEIGRIRS fricger DRl BRI breBEYE according to
example | belossodairt-oloapi¢ IS B 6oilipisthre fenablynat: kashd g/gmw imaff@&@iygat [east 1._1 g/urn, still
e reterab b Al SAN bR AT il LSRR 1 g o IS R YEIOD Xt

excellent tensile strength. MD (machine direction) tensile strength (ISO 527-3) may be at least 29
MPa, preferabfj‘atie a8tes2 Py ticHitim e préverabirot estiam piply calalysh g8t 36 MPa . The
upper limit of Miatensilensirgaatb sl aridtcalandataybel, €. € a1 00WiRawhzrpaktcular for a 40 um
blown film consisting of an interpal r as hereinbefare described a rticularly in the case of a film
prepared acco?%?rﬁ!{g%én ?(Iéerrﬁpﬁl?e i%rﬁ)%\ﬁs?\f%%éﬁgi é{es%%ﬁsg?ﬁﬁg%pg ]5%%% %{F\eferably at least 29 MPa,
preferably at la@dtBerikaPen seitpioned grefelisply abeasanigitbe e gladsiassigeimma.  TD
(transverse dirgclionNgRsis sength (SO AR fmsvdynharakieash 7 MasRisigrably at least 30 MPa,
still more preferabﬁzf t least 32 MPa, %ﬁé le %SAE.MP%. The ypper Iimicli of TD tensile strength is not
critical and ma{'BE ETE %a?‘l%%’a r5 46 HirbIoWwn filth €oRsisting of an interpolymer as
hereinbefore describédtamndipayticulerdiyindhidecasa wisafiimiprepa@seadednding th@dxample 1 below,
TD tensile streggtf, (1RQ527; 3} i Prelaipiel IAgka l%oasﬁi%rab#% aLlegat 30 MPa, still more

m

preferably at least 32 MPa, €. g. at least 34 MPa, The films of the invention exhibit excellent tear
strength. MD (ﬁ?a%hiﬁ@%“ﬁé&ﬁ%‘f’?fiE‘h?Fe?’ﬂfo‘Pf%m%‘%m%%m@@%@m@@eﬁlféast 0.018 N/pm,
preferably at le#shO022: Wkum, still more preferably at least 0.025 N/pm, e. g. at least 0.027 Mum,
The upper limit of tear resistance is not critical and may be, e. g. 0.2 N/tim. In particular for a 40 um
blown film consistingph.arakRtemeiwnesrashergipbefore described and particularly in the case of a film
prepared according tq example 1 below, MD.tear strength (ISO 638 Q’ES referably at least 0.7 N,
preferably at least O.g Rﬁag‘ﬁ %fgl%%%‘r’é’ écrlésb“ Qbé Icea}'glas1 %%@’gt ) .%?C%Taf% a%lt%.%)gli\ﬁﬁl?u}ll‘yTD (transverse
direction) EiImarderbtdansesittanse¢S0:63884) aviayt heocallleiast 10 .08 thatsimpreféiably at least 0.04
N/gm, still morggigferably e leastiQboN{Muete 9 Abd8RRLAA0NARRE: YPRES iRt of tear

resistance is ngt critical and may be, e. g. 4 N/nrn. In particular for a 40 tim blown film consisting of an
interpolymer asChgféfﬁ‘ﬁ@%r@%&?%éaﬁ%ﬁebfa?ﬁ&ﬂé?fﬁi?’ﬁtﬁét%rgéﬁa&egsfiﬁﬂ Prepared WO

2010/084051 PelyER26819 105926230 aceardimgpto m&mpllﬁmebetbwy I ffeamstrethgth (ISO 6383/2) is
preferably at leash ] 7 N refarably & Efo%% #&gu&.@%ﬁ@%@my g.ﬂa{%@a%{ 21p N, e g. atleast 2.3

N. Particularly preferred films (e. g 0 gm thick) of the invention satisfy the following equation:
Tear > A (Thim@ésnﬁwwmmz avvﬁfév?éﬁﬁ%ﬁrn&L@ﬁﬁfe‘ﬁaﬁﬁqg&raﬁﬁ@&gﬁf’é&%&brding to ISO
6383/2 and giverzin Mafhickneiss is 10@Ng, dendibnig measwed aceargding to 1ISO 1183:1987 (E),
method D and is in g/&m E §3§ IS mea urquacc rding 10150 1133 and is, given in g/10 min and. In
MD direction, B is -0. %éh/ilga- 'a 13(? “ié"b‘yo gar%) iﬁ(%gﬁ%ﬁ aﬁ?f&?‘“é%é‘%éc} films A is 0.017, more
preferably 0.19egersitinoredpeetaretshpOtiopne iy rsitisiveByy 882, 164 -0.3 and A is 0.04 and
in particularly prefeised fiimsd ks:Q0dmeis freferably £ 080.and atiltmareipretgrably 0.055.  The
films of the invention additionally exhibit high tensile modulus properties (0.05-1.05%, ASTM D 882-A)
in the machine and transverse directions. These are preferably 250-600 MPa, more preferably
320-450 MPa, e. g. 360- 400 MPa, particularly for a 40 gm blown film consisting of the interpolymer as
hereinbefore described, and especially in the case of a film prepared according to example 1 below.
The films of the invention also preferably have a high strain at break in both machine and transverse
directions, e. g. at least 600 % in either direction (MD/TD), particularly for a 40 gm blown film
consisting of the interpolymer as hereinbefore described and especially in the case of a film prepared
according to example 1 below. The films of the invention preferably exhibit low haze. Haze (ASTM
D 1003) may be less than 40 A, preferably less than 45 %, e. g. less than 30 %, particularly for a 40

gm blown film consisting of the interpolymer as hereinbefore described and especially in the case of a
film Nnrenared acecordina 10 avamnle 1 healow The lower limit of haze ic not eritical and mav be a2 A 1



36 applications Industrial Films The films of the present invention may be used as industrial films,
e. g. as industrial packaging films and as non packaging industrial films. Examples of industrial
packaging filmA9réiid&*%r example, shipping sacks e. g. heavy duty sHipBRGFEAREFHDSS), stretch
hoods, stretch wraps, liners and industrial shrink fjlm. Examples of non packaging industrial films
include, for example, building and constructing films (e. g. air and moisture membranes, barrier films
and geomembyangs)2@ricy kusaldikpsupr otestion filvesandriechnical fiRser in Risferably, the films of
the invention arc usedbi{'u pacga inlg. lHeta\L/@/‘du‘EX SQﬂpPinI%(faCks m%}i_‘, for ex%nele, Pe used for
packaging sand. cement. gfgn%sfoc@rﬁ% S ,IB%)TyrSheer %léﬂetsutca fon OutPHL WIHIO PEEHHP the production of
industrial film rmasedse GanovictayerditmcaalykisersialsthedviBRR®f the interpolymer composition from

which it is formed is @%mys%fg&@m@% pg&t@l@lgl%sgcq,@%@}g@g&@m@nd still more
preferably 0.5 -2 g/10 min. The density of the interpolyrner composition is preferably 900 --950 g/dm3,

more preferabfy 818 8B AP L0 PRLFRFABIPEL B! dotd I3 e NG Breferably, however,
the film used foytha produstionpoésidistiiapdiymes & muplirildenfilfiimpreidealdycbbtaimred by
coextrusion. By, tlizing, mpre than, eng.laysls thepronedies.hilie Queral fiig may be optimized to a
greater extent than with a single Tayer (monolayer) structure. This means that the film can be made
thinner withoutlSXEffRIRY RfEBItaH (5repRiiEsiow- A preferred multilayer film for use in industrial film
has the structure aba wherein: (a): outer layer (b): core layer or core layers (b1b2b3) (a): outer layer
Layers (a) preferablyPebrmorizaon and dogmsrarpithecinterpolymer composition hereinbefore described,

more preferably 50- 30 X And still-0er e RESTRFADY 70 praRaEWEnSEHI M9 RESISRblY at least one
of the layers (a) and more ‘é%?f?rably both additionally comprjse 3 - 30 %wt, more preferably 5 - 20

9wt LDPE 37°8<NerINBEI0re’ ARYEMRAH Brfsiably, the't BBE RYMPBHERhEE L density of 880 - 930
kg/dm3 and a MER 2bliMicR2: gre atdlathani3éh polyhleeiintenpBlyfaeblasthersmmbdfore described that is
present in the ayers @) BiE(etaRiv1ae AR LA, 268,00 Wil MRiGRIEIREGRIY 05 -2 0/10 min and

still more preferably 0.7- 1.5°g/I0 min. The density of the interpolymer is preferably 900 - 945 g/dm3,
more preferably 910 2ONENG IR QST B IERBIARY 420 YaEng e aalRBPE polymer
optionally pressmidil fayersi(a)ipreienablhhassadViFR2teff the te3appd O minis rotadateferably 0.5 -2 g/10
min and still mgre preferably 0.7- 1.5 g/10 min._The densit the LDPE.i ferably 905 -930 g/dm3,
more proferabl B1 B e o L B e
composition offfifectayersits) prefarbbiyenaveeMER2 of 0.2-3 g/10 min, more preferably 0.5 -2 g/10 min
and still more preferably Q.7- 1.5 g/10 min. The density of the polymer composition of the layers (a) is
preferably 890 - 9403‘5? M- His égrb%zf%t?’%ly 900 -935 g/dm3, still more preferably 910 - 930 g/dm3.
Layers (a) may optiofallyeontindeatiser polymer components.  The layers (a) may have the same
or different C0mp05't@ﬁl§ggtﬂhﬁs§ﬂafﬁﬁf‘e§'§§9§dﬁ §9&%ﬁ%@n@@’&%@?m&%@%§§“0n- 'One or
both of layers (a) may be used for printing. Layer(s) (a) preferably has good sealing properties.

Layer (b) may BESETG5ERMET thabehHus ‘%%’&f%ﬁf’ﬁ fitfh® W-ﬂﬁé@‘ﬁﬂ%ﬁ&ﬁa&"g}?ﬁ‘g Provide
mechanical propertiesiitinpact strengtiSandistftheiss) prdoassie fprogertietnkt snayoconsist of several
ayers. - 9. 3 L0 JAYBIPr o The ARG ROLY SIS S ESPEEIAI R SHIgG for iclusion in
layer (b): Polyethyleneterephtalate (PET), polyamides (PA), ethylene vinyl alcohol (EVOH),
polypropylene (e lidfig o fentdeponpispyhe {OpBynfatisdatiFetidttea deRistopylene (BOPP))
and polyethylepadistgiided syisntad, palveshylape-(ORE)ized stk faxes (st mayialeg comprise a
polyethylene, particularly a polyethylene.interpolymer as hereinbefore described. .The interpolymer
Composion PSR h e SR S e MDA D T ente meeh T SFSbly 0.3 t0 5 /10
min, and still niechrefelatip G2 by Lyongd Bt Tddaderditpotatienmerpdmerddmposition is
preferably 900 @{em 3:-te:95%@dm3, mpregipreferably 920 to 945 g/dm3 and still

Gas phase reactor parameters and operation
The high activity of the polymerization catalyst system with 3-substituted Cao

alkene comonomer allow for ¢fficient gas phase polymerization to be carrvied out.



more preferably 920 - 940 g/dm3. Preferably, the interpolymer composition present in 38 layer(s) (b)
has a lower MFR2 and a lower density than the average of the polyethy}l,er_}?FFoI%n&SeOrz%)zresent in the
layer. ThetGAIIEKRL ss of the film of this embodiment (i. e. an indOStHAT filny 19 preferably 15
-300 urn, more preferably 25 -250 um, still more pgeferably 40 -200 Rill If the film has 3 or more
layers, then preferably layers (a) should each be 5 - 30% of the total thickness of the multilayer film,
and layer or |lagers{blyiatalyodbet 90, Ut ofethvdi datak isicknekssili08 thelthickpesg af each layer (a) is

preferaly 10-30,ym, e 16k S5 SLRIEL (DS MEIHAN AT DR AaMpgices o The i of e

. . Q11 Ce . . H .
invention may also be orated into a laminate. In the process of lamination a film is adhered to a

substrate. Thelg g oUsaaria eralahalssab s Brot ks iR0nR e vatersetr id séalytamination film. The
resulting produgiisnrafesrggdoihereinasalamnaiegkaninationdidinat 100The damination film may be a
monolayer film or a yltil er film. Prefergbl e lamination film is.a multilayer film, preferably formed
by coextrusiorﬁgl%e?)éms?r]?gt%ﬁa&ﬁ i Stgrfll,' ?orF %&%rﬁ’b ee, rgéxéché é’)ﬁtrlllfdtg Illg%/%%gtructure AC: A outer
layer; and C irayeictaiie, intabl8n gievinmer nayeplisotdjecdmsttey svansbitis trate rrbrabbreferably the

lamination filmymay, havs & coadrdded sietyie IMBG sfoouerlaves (B.cotaiayefsiminner layer,
wherein the inner layer is adjacent to the s#bstrate. inner lﬁé{’erc preferateli/ comprises 10 100

T
9wt of the intéroRimiaT cOMSOSTBR Re FRINISARE GLdebet’ IRBFE BrEAE/ABI 56" 100 %wt and most
preferably 70 «85h%bant. tBtitirirord jiréfe sy tive/ inel fajpdysCsadditionally comprises 3 - 30 %wt, more

preferably 5 - 20 %wf Mﬁ%gﬁ@@&ig%@g@ ‘?@I@gﬁipﬁgcger&f@q@r@%rgggkl,,[?guﬁﬂ%gmponent has a
density of 880 - 930 qEﬁ/dm and a 39 MFR2[/MFR2 greater than 30. The inclusion of such a

component typically T FEVEERE I GHEELE Bt s P BolymEetmpEsBhes 2> hedinterpolymer as
hereinbefore desesibedrthatistpresepetatiieid pagetae inGhp naferalil yohd a0OM122561d0.2-3 g/10 min,
more preferab -2.9/10 min and still more preferably 0.7- 1. he, ity of the
interpolymer is%?ﬁériﬁ% g%%auéggrasl%ﬁég rfg%égé?e?g%cbﬁng%g t%élj%gg?grﬁsé aﬁ%qgt?ﬁ more preferably
920 - 940 g/diar Theo PErpEFRETiBTTeHEIR I pPESERPIN Ik rager € prerErably hifs a MF122 of
0.2-3 g/10 min;gnarerpratrably: G:hc 2 94tR i are:sitlonpre-geefssalhOrZngk.6.0fd0 min. The density

of the L DPE is preferably 08 570 91973, 118 Preie bt 8496 920, 46m3 2l more preferably

2 hours.

Hydrogen is also preferably fed into the reactor to function as a melecular
weight regulator. The molar ratio between the concentration of hydrogen and the feed
of ethylene into the reactor system is preferably 1 : 1000 -1 : 1.

The concentration in the gas in the reactor of the major monomer, ethylene, is
preferably 10 — 70 mol%, more preferably 20 — 50 mol%, while the 3-substituted Cai0
alkene comonomer concentration preferably is 1 — 70 mol%, more preferably 5 — 50
mol%.

Preferably, nitrogen is also present in the reactor. It functions, ¢. g. as a
flushing gas.

Preferably, a Csg saturated hydrocarbon is also fed into the reactor.
Particularly preferably a Cs alkane (e. g. propane, n-butane) is fed into the reactor. It
functions to increase heat transfer efficiency, thereby removing heat more efficiently
from within the reactor.

Preferably, the gas phase polymerization reaction is carried out as a
continuous or semi-continuous process. Thus the monomers, hydrogen and other

optional gases are preferably fed continuously or semi-continuously info the reactor.



The polymer composition of the inner layer C preferably has a MF122 of 0.2-3 g/I0 min, more
preferably 0.5 -2 g/10 min and still more preferably 0.7- 1.5 g/10 min. The.density of the polymer
composition orth Wﬁ%‘ﬁéyer C is preferably 890 - 940 g/din3, more pré‘nf%Tr%’ﬁ? 00"2935 g/dma3, still
more preferably 910- 930 g/dm3. Layer C may optonally contain further polymer components.  The
outer layer A preferably has good sealing properties since this side of the laminate is typically
subjected to asetingyplacessys.sgstimthapsdelictiomefipuchesiandtbagssiPhefetably, outer layer A
also has good,opligALRIORSIIERAAMPNDAEE M oS £ aPssinlyalass. frtapaly. there is an

additional substrate on top of layer ut'preferably, A is a free surface. n AC lamination films, the
layers A and Cipaugieseasiitfe Bsntonh- B @ramin dtiarefiliiet petampil BURRRPEFES A is identical to inner

layer C. Thus pigferersiaatyiesaldayeritegraaisarreiered foajuies witayatyieA preferred
lamination film styiciure fs Iereloie ARA, ., The fptelaxe B may,be anv.pelymenfhat can be formed
into a film. It m §/ nction'e. g. to pr0\7|deg meéchanical properties (rupture properties and stiffness) and

barrier propertiesz(d8ygemiwatdnrfimend the pbyneomsistof several layers.  The following polymers
are especially well syitgdifol inglisionindaver Braalyeshyensaierepiialateydialy, polyamides (PA),
ethylene vinyl alcohol (EVOH), polypropylene, (includin forientgad ol){ roggllen%OPP) and biaxially
oriented polyptIfSEHE B BE "5%@5&%&%% %‘ésfi?‘%l%argﬁl%‘?‘i%rf{?’éﬁ E%fye‘iﬁfﬂene (OPE)). 40 If
the core layer Biconsists dlemoreshanconédayer.ihpreferabligdusists BESc&!Tsor 9 layers. In such a
case, the layers praferably, are symme i se.haldia 3y e aompeaition 8RB A /ayers B1 and B3

are identical. The total thickness of the lamination film_is preferably 10- 150 um, more preferably
15-90 um and SRFRRERISRbEL B o hrinterrolymssmbieingg Srar bR &Brers, then preferably layer
A and C shoulgoastibeibn-30ci6ra) the dbialcdtickine ssobthe i titayerfim daccimiest or layers B
totally 25 - 90 %“%E&he total thickness. Thus the thickness of layers A and C is preferably 10-30 um.
The thickness 6f ayer B is preferably 25-60 um. If the film has 2 layers A and B, then preferably
each layer should beMiipn godipefarephotarelierpessar the Firvbshisie Srercikei§ 20 - 80 % and most
preferably 30 -¢QMorddusdhelihicknass oftlayekAtisnpreter b6 Ehentigickness of layer B is
preferably 50-120 um. Supstrate The, substrate used in the preparation of the laminate preferably
comprises polﬁgﬁm/%ﬁg%g%ﬁﬁt&%}%é) r@%‘%@%ﬁ%éﬁ %ﬁ%’j‘ﬁ’é%ﬁﬁgﬁg \%%?/ %II%%H%%I (EVOH),
polypropylene rpaiyethiderenmetaticospé ciglysahupimarn I paiped oribaratseurdreaferebsubstrate may also
comprise morghag, Qg Jayehs trdomeirized (auminized)palimssal-alminiymskoil coated with
polyethylene. The thickness of the substrate is %ref rab| urn iﬁ%e gref{arably 4 - 50 um, still

bly 3 - 10 , s

more preferabf{® 1 88 QPO MBI IBHEH ’IW%@ gBBIPe%lkﬁ%%go ace 8 e lamination film,
preferably to atlayeér ¥ hrerginlybefore the lamination process. Alternatively, print may be applied to the
surface of the substrate, [0 the.latier cage %Q%Qgggtpﬁﬂ%%q fromonpchanigal influence and from

solvent/chemical action b&/ the laminafion film, but is still visible through a transparent lamination film.

Laminate and RaRiifioh Css sapvraitdivAmearemsred prareraplyamitadiacsneaitte Susstrate after the
lamination filmsaas:haendened: iamination finaaynaptida@ity-be adivengd pbasoth sides of a

sustrate. 41 ., 2MIAEN MR A SLRd Y RSANIHOS PLRGESSMIIREE pInation fim(s) and
substrate are presse agalﬁst Bach other at elevated tempeérature. Typical temperatures used may be
150-300 C. Newfibintthe Teaptpratiesaiinen ymetsunet 208 MERE dutivly W& tahiifatdh process. Often, in
addition to the JaxeisspreyiRidshementionsth-ailayeso{ed, and fhendepyMcthith) ofadhdsive is applied to
the surface of at least one of.the surfaces to,be laminated together.. Suitabl uipment for lamination
can be boughthﬁﬁtWﬁgfﬁ%}fearné 18@8%?%%&1 sfsr’lg%r%# ﬁ%@éﬁgmwmlﬁﬁea ?ér%%‘%?%%eﬂc%{he invention have
a wide variety ofithppligationsidepardtbfisacicigavittéresapipeekisgingaitobecamandrink as well as
packaging of CQR%%H@%@BQ&BQ%_%&Ei@fl;fg@@@&akhm@gbﬁ@%ﬁwg%&ﬁfmwﬁ&%ﬁ%}evention may, for

example, be used for the packaging of pasta, milk powder, snack food, coffee bags, margarine and

frozen food. In CORSERAPEHEBAEKARIRG, $hE F2RTHates of the invention may be used for packaging
detergent powder antitoothpagtehgavehkiopthenmantifacturd dfistdndapypousheshor, e. g. for pet
food, beverages el .aiAVINGEREIALASSGHRedrR]S INERUPRyAduiRs! understanding can be
obtained by reference to certain specific examples which are provided herein for purposes of
illustration only, and are not intended to be limiting unless otherwise specified. EXAMPLES
Determination ethods Polymers Unless otherwise stated, the following parameters were measured
on polymer samples as indicated in the Tables below. MFR2, MFR5 and MFR21 were measured
according to ISO 1133 at loads of 2.16, 5.0, and 21.6 kg respectively. The measurements were at
190C for polyethylene interpolymers and at 230C for polypropylene interpolymers.



Molecular weights and molecular weight distribution, Mn, Mw and MWD were measured by Gel
Permeation Chromatography (GPC) according to the following method: The weight average molecular
weight Mw anﬁ?ﬁglf’ﬁ%%gﬁ lar weight distribution (MV/fl = Mw/Mn whereht nplzglﬂqgar%azmber average
molecular weight 42 and Mw is the weight average molecular weight) is measured by a method based
on ISO 16014-4:2003. A Waters 150CV plus instrument, equipped with refractive index detector and
online viscosimeige Wasinsadayvits oxckhleEostyl agekaotumis fromiMatersi{styrane-divinylbenzene)
and 1,2,4-trich|oar éal%tgger gr%%%t@bicl}ilg}gd with 250 mg/L 2,6-Di tert butyl-4-methyl-phenol) as solvent
at 140 C and at & constant flow rate of 1 mL/min 500 d of sample solution were injected per analysis.

The column set was iEaiibrarebeesiRgndnivaisar CArbr ibH e Sraint e 58060 T4- 2:2003) with 15

narrow molecylamweight distiiuiionnelysiueredRe)siandardsohg kengeiof 1.0 kg/mol to 12 000
kg/mol. These stan arda were from I?Qlég‘n riLabstetndrhagaMV\{/V\%n ]fgor%]].orz 10 1.10. Mark Houwink
constants wer8UEBE I P ER SRS hd Polvathyiens (G B4 Y TEERAlTy BRd'a 0725 for PS and K:
3.92 x 104 dL/¢rsbstinut®l V25 fokRER 2db shavpholyweneapivepaddtiboy wisssividghet5-3.5 mg of polymer
in 4 mL (at 14Q.). of stahilized ToB/Same:as mokilephasr)iandkesning.dal:s diQuhs;at 140C and for

another 1 hour at 160C with occasional shaking prior to. sam Iing into the GPC instrument. Melting
temperature whas HESEHFA ¢ a6 AR GABIEET 15579 96K Betili "%I}ﬁ?éli’t‘ﬁ%@- ~S¥fdiential scanning
calorimetry. Héatligveygrvescnvdiestedos froprovid @hio RO Giet K@ G/mimrakddld for 10 min at 200 C.
Cooling curveg yyere kaken from 2004 10 10+ ahdQ CReMit:Melinglemnpgrature was taken as the

peak of the endotherm of thé second heating. The degree of crystallinity was calculated by dividing the
observed meltidgifenki Fithsthe HehbsrerEiy Dealperkens S e oEtiyiene, i. c. 290 J/g.
Cornonomer cedgnid(wirto}dvasietienmsird, based o frdrotietdcainstantidntigred spectroscopy (FTIR)
determination %Jse{ngegfll?oer l%% Ealgnnt?{ §peec'§rugn X{;nﬁggll{r@{%nt) calibrated with C13-NMR. Methyl
groups (1/10 O 8 8) Wwas detefmined %yéf§ﬁ R. " Dénsity of materials is measured according to

1ISO 1183,1987 (E), Mvetivenpesifiitisapropdseliivd e 2845 AisAerigeian THeeddihg rate of the

plagues when grystakizigthesamplasnyagiialnin sCondiiianimg ime wasikddhours.  Rheology
of the polymers was determined by frequency sweep at 190 C under nitrogen atmosphere according to
1SO 6721-10, ALY ?ftﬁé%ﬁ*?%w%tseéﬁ’&afﬁyoﬁ};jrﬁ@ ﬁ%ggdr'}%fe? \?’\/&i(fkptﬁ){gmmﬁff&%g’f)ﬁ;e%%eometry, 25 mm
diameter platecanckdti2tiomoigap. sThewkasiverionts galte sttrageiniedefers (09 hesdnodulus (G") and
complex 43 m%%'ﬂg%{%*};r&@&%mg@mm% COMRIX iR OSIdELAb)y Mbad Bmstianief frequency (co).

These parameters are re ated as follows: For any frequency co: The gl%mgleg( odulus: G* _KG12
Gt2,1/2. some cassspBSEGHANIYO fiesSRITHR® WEERFEEOT ety SrbMARIBAUSRd for modulus is Pa
(or kPa) and fgrraiaegosity Pa s and frequency (1/s). 1*0,05 is the complex viscosity at a frequency of

0.05 5-1 and 1*300 is, the, complex viscosity At 300 merAGGRIRING R he.cipeirical Cox-Merz rule, for a

given polymer and temperature, the complex viscosity as function of frequency measured by this

dynamic methétftibhadivrarientfe viSeo sty s g furbiidntet Shodiehe #drsi4ty dtate flow (e. g. a

capillary).  Fhecagtivitsonefficie Mderihehendbssaale polynaetizatian rdns is calculated by the

folowing eduation: (gl afRONRT (dah ety e Al SR A AL ks, (catayst _amouni(g)
& “élﬁs((ﬁ ] ik 0y F ntinu

(Partial _pressure of _eetﬁf/ en olymerisation time - ( orc ous polymerizations,
the activity coefficientsigrefreidysulsdsy Wsingfprodictivesyate BPEoNsfelstestrotield of product and
feed rate of calalygtisustensinstead afiamaunt tedeatalysicsystem, and using the average residence
time in the continuou&g reactor. Mechgﬂfical roperties on cqmpressjon m%%lequ specimens Secant
modulus is measured ScESFATY BARTRT 1Y BB A B A Temperatire of 55 C and a speed of 1 min/min.
Tensile propertfdktegsitedtass at yield, tensile strain at yield, tensile strength at break, tensile strain
at break) on compressigh.meMCed SAMRIES ke dneasyigdat 23 'V according to ISO 527-2, the
modulus is measured at a speed of 1 ram/min, while yield and break point properties at 50 mrn/min.
The specimens for tHSTBETHAER LGB RS diftg T8 T‘é"é/"1872-2 with cooling rate 15 C/min. For Charpy
impact are used comptessinmtivaulfietyspecifiiénsshaddwaccording to 1ISO 10350-1(1998-11-15) -

option IS0 179-1 with) \-notch.Re &sTHBSRALR (o5iaran [IRastasarling lodRe 179 at 23 C. 44

more than 20 % of the total pressure i the reactor, and



Films Unless otherwise stated, the following parameters were measured at 23 C on 40 um thick
films prepared as described in the examples. Dart is measured according to drop: ISO 7765/1. Haze is
measured accBRUAYE*AETM D 1003. Gloss is measured according to E%‘pf’f\ﬂzﬁ)tp“é%ng? Measured at
light angle of 60. Minimum fusion temperaturg ¢sealing property): Minimum fusion temperature
(cold sealing) of film was measured using a CeraTek welding equipment. Film is welded in 8 welding
zones with 5 C differgpseshatweenzangs:for | seeend at 2 bar pressure. After cooling, films are cut in
15 mm breadth and ye nyally pulled apart. Minimum fusion temperature is the minimum
temperature at Whicr\gﬁgfég ?‘Ur%\{?lﬁvgsc%%ﬁ%ﬁea %ﬁ%eii%gﬁ set?gtg%%g? &%%lﬁ?]é TSI is measured
according to ASTNuBEIng stem) Sdesrhand @0 ket prézeshyés s cedeaibly tesA8aMD 882-A, and

calculated fromdhg, yaluasatQ. S andtAo1A isttaiy, Tergiensitersniensile strain and tensile strength

is measured according to ISO 527-3. EImendorf tear strength is measured according to ISO 6383/2
Examples Example Bhizagiphaselpolyinemnation using a Ziegler Natta catalyst system A conventional

Zlegler Natta catalysiyif ) s ransition Fossal wasarsed TEAL Gt AUmIRHM): 10 dowt in

heptane Polymerization Method™ Polymerization was carfied out in a 5.3 liter reactor fitted with a
stirrer and a tetHPERERE B GOPRAENSFERTerHE S aHE Us ROSHOITRT PEUERE &)stéi was used for all runs.
The procedurescansistadsef dhefpltowingstepsist systdm 260 polyhicuticprapatie wasiadded to the reactor
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resulting interpolymers are provided in Table 1 below. Table 1; Ponmerizatf'on Polymerization run
no.24 POLYMERIZ A’%@l}{gh activity of the catalyst systems hereinbefore described allow for

efficient slurry polymerization to be carried out. Preferably, the productivity achieved
based on the total (dry) weight of the catalyst system in the polymerization process is
at least 1 ton polymer/kg of catalyst system. Still more preferably the productivity of
the total catalyst system is at least 2 ton polymer/kg catalyst system, e. g. at least 3 ton
polymer/kg catalyst system. The upper limit is not critical but might be in the order of
30 ton polymer/kg catalyst system, Advantageously, the process typically proceeds

without reactor fouling,

Sharry reactor parameters and operation

The conditions for carrying out slurry polymerizations are well established in
the art. The reaction temperature is preferably in the range 30 to 120 °C, e. g. 50+to0
100 °C. The reaction pressure will preferably be in the range 1 to 100 bar, ¢. g. 1010
70 bar. The residence time in the reactor or reactors (1. e. in the polymerization
section) is preferably in the range 0.5 to 6 hours, . g. 1 to 4 hours. The diluent used
will generally be an aliphatic hydrocarbon having a boiling point in the range -30 to
100 °C. Preferred diluents include n-hexane, isobutane and propane, especially

isobutane.
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Hydrogen is also preferably fed into the reactor to function as a molecular
weight regulator. The molar ratio between the feed of hydrogen and the feed of the
ethylene into the reactor systemis 1 : 10 000 -1:10.

Preferably, the polymerization reaction is carried out as a continuous or semi-
continuous process. Thus the monomers, diluent and hydrogen are preferably fed
continuously or semi-continuously into the reactor. Preferably, the catalyst system is
also fed continuously or semi-continuously into the reactor. Still more preferably
polymer slurry is continuously or semi-continuously removed from the reactor. By
semi-continuously is meant that addition and/or removal is controlled so they occur at
refatively short time intervals compared to the polymer residence time in the reactor,
e. g. between 20 seconds to 2 minutes, for at least 75 % (e. g. 100 %) of the duration
of the polymerization.

Thus in a preferred process the catalyst system is preferably injected into the
reactor at a rate equal to its rate of removal from the reactor. An advantage of the
invention herein described, however, s that because less catalyst system can be used
per kg of polymer produced, less catalyst system is removed from the reactor along
with polymer. The interpolymers obtained divectly from the polymerization therefore
comprise less impurities deriving from the catalyst system.

When used with a 3-substituted Csi0 alkene comonomer, the catalyst systems
herein described gives a very high activity, enabling a high productivity (ton
polymer/kg catalyst system). Consequently relatively fow concentrations of catalyst
system are required in the reactor. Preferably, the concentration of catalyst system in
the shurry polymenzation is less than 0.3 kg/ton slurry, still more preferably less than
0.2 kg/ton slurry, e. g. less than 0.1 kg/ton siurry. Preferably, the concentration of
catalyst system is at least 0.01 kg/ton slurry. Preferably, the concentration of polymer
present in the reactor during polymerization is in the range 15 to 55 %wt based on
total slurry, more preferably 25 to 50 %wt based on total slurry. Such a concentration
can be maintained by controlling the rate of addition of monomer, the rate of addition
of diluent and catalyst system and, to some extent, the rate of removal of polymer

slurry from the slurry reactor.
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Solution phase polymerization

Polymerization may be conducted in solution (1. e. with the polymer in
solution in a solvent), particularly when a catalyst systemn comprising a Ziegler Natta
catalyst is used. The conditions for carrying out solution phase polymerization are
well established in the art. The reaction temperature is preferably 120 — 250 °C. The
solvent is preferably a saturated Cy.19 hydrocarbon or a mixture thereof. The residence
time in the reactor(s) is preferably in the range 1 — 30 minutes. The partial pressure of
monomer is preferably 20 — 150 bar. The concentration of polymer is preferably 5
20 %wt. In addition to solvent, comonomer(s) and catalyst gystem components,
hydrogen may opttonally be fed to the reactor.

Multireactor systems may optionally be employed. When used, multistage
reactor systems are preferably in a parallel arrangement.

After polymerization, the liquids (solvent and comonomer) are preferably
vaporized from the polymer. The polymer is preferably mixed with additives and

pelietized as discussed in more detail below.

Multistage polymerization

The interpolymer may be prepared in a single stage polymerization or in a
multistage polymerization.

When a polymer is produced in a multistage process, the reactors may be in
parallel or in series but arrangement in series 18 preferred, e. g. for shury and gas
phase polymerization. For solution polymerization, a paralie] arrangement is
preferred. If the polymer components are produced in a parallel arrangement in
solution polymerization, their solutions are preferably mixed for homogenization
before extrusion.

A multistage polymerization may comprise the above-described shurry
polymerization in combination with one or more further polymerizations. Thus, for
example, two slurry polymerizations can be carried out in sequence (e. g. in Mitsui,
Hostalen or Innovene shurry processes) or a shurry polymerization stage can be
followed by a pas phase polymerization stage as described above (¢. g. in Borstar or
Spheripol processes). Alternatively, a shurry polymerization may be preceded by a gas
phase polymerization. A stili further possibility is that two gas phase polymerizations

are carried out in sequence.
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When a polymer is produced in a sequential multistage process, using reactors
coupled in series and using different conditions in each reactor, the polymer
components produced in the different reactors will each have their own molecular
weight distribution and weight average molecular weight. When the molecular weight
distribution curve of such a polymer is recorded, the individual curves from these
fractions are superimposed into the molecular weight distribution curve for the total
resulting polymer product, usually yielding a curve with two or more distinct maxima
or at least a broadening of the molecular weight distribution of cach polymer
component by itself. The product of a multistage polymerization is usually a
multimodal polyalkene.

Preferred conditions for the slurry and gas phase polymerizations in a
multistage process are the same as those described above, It is possible, however, not
to add comonomer to one stage of a multistage polymerization. When no comonomer
is present in a stage of & multistage polymerization, the polymer component from that
stage is an ethylene homopolymer.

Staged processes for polyethylene preferably produce a combination of a
major component A of lower molecular weight and lower (especially preferred is zero
when producing final products of density higher than 940 g/dm’) comonomer content
and one major component B of higher molecular weight and higher comonomer
content. Component A is preferably made in a reactor A’ wherein the hydrogen level
is higher and the comonomer level lower than in the reactor B” where component B is
made. If reactor A’ precedes B’, it is preferred that hydrogen should be stripped off
{rom the polymer flow from A’ to B’. If reactor B’ precedes A’, then preferably no
extra comonomer is added to reactor B, and it is preferred to remove a significant
part of the non converted comonomer from the polymer flow from B’ to A’. It is also
preferred that the 3-substituted Cs.0 alkene is used 1n the reactor where the polymer
with highest incorporation of comonomer is produced, and especially preferred in all
the reactors of the process where comonomer is used.

When a two stage polymerization is utilized, the lower molecular weight
polymer component is preferably produced in the slurry reactor as described in detail
above. The higher molecular weight component may be produced in another slurry
reactor or in a gas phase reactor. The higher molecular weight component is typically

produced using a lower hydrogen/monomer feed. The reactors may be connected in
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parallel or in series, but preferably they are connected in series, especially if they are
slurry or gas phase reactors or a combination of the two. Preferably, the same catalyst
systemn is used in both reactors. Preferably, the catalyst system is only fed into the first
reactor and flows from this, along with polymer, to the next reactor(s) in sequence.
The higher moiecular weight component may be an interpolymer (e. g. copolymer) or
homopolymer. Preferably, it is a copolymer, and more preferably, it is a copolymer
comprising a 3-substituted Cy.jp alkene as hereinbefore described.

Preferably, however, the interpolymer is made in a single stage
polymerization. Still more preferably the interpolymer is made in a slurry phase
polymerization.

Multimodal polymers may alternatively be prepared by using two or more
different Ziegler Natta and/or chromium oxide catalysts in a single reactor or by using
a multisite catalyst as described above.

Alternatively, multisite catalyst systems, as described above, may be used to
prepare multimodal polymers. In this case, in order to achieve the optimum polymer
properties, especially in a single reactor system, it is preferably for the multisite
catalyst system to have as high a ratio as possible between the incorporation of a more
incorporating comonomer on a site I and on another less incorporating site 1. It has
been surprisingly found that the 3-substituted Ca.i alkene comonomer as hereinbefore
described, for numerous combinations of active sites, gives a higher ratio compared to
the corresponding reaction using conventional comonomers like 1-butene and 1-
hexene. Utilizing 3-substituted Ca.1o alkene with a multisite catalyst system is
therefore especially favorable,

Multimodal polymer may therefore be obtained in a single reactor orin a
system of two or more reactors, e. g. in a staged reactor process. Preferably, however,
a single reactor process (except optional prepolymerization reactors making less than
7 % of the total polymer) is used.

A further possibility s to blend different interpolymers as hereinbefore
described, e. g. prior to pelletisation. Biending is, however, less preferable to the

production of multimodal polymer, e. g. by multistage polymerization.
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Muitimodal and unimodal polymers

Multimodal interpolymers as hereinbefore described, and especially those
wherein the higher molecular weight polymer component A has a higher comonomer
content than the lower molecular weight component B, may in some instances possess
some advantages over unimodal interpolymers.

Compared to unimodal interpolymer, at the same density (stiffness) and at the
same high ease of extrusion as regards extruder screw and die processes, a multimodal
interpolymer comprising cthylenc and a 3-substituted Ca.y0 alkene may be prepared
having a higher stress crack, brittle crack hoop stress failure and/or slow crack growth
resistance. Such interpolymers are particularly useful in film applications wherein
they enable improved impact resistance and often improved tear resistance.

Multimodal interpolymers as hereinbefore described may also exhibit
improved sealing properties (e. g. lower minimum sealing temperature, scaling
temperature range broadness) compared to an unimodal polymer of the same density

and ease of exirusion. This is useful in the manufacture of films.

Downstream requirements and process

When the final polymer product is obtained from the reactor(s), the polymer is
removed therefrom and liquid and/or volatile components are preferably separated
from it by stripping, flashing and/or filtration. For instance, for slurry and gas phase
processes, the polymer is removed from the reactor section and to remove volatiles, is
preferably filtered or flashed. For slurty processes, the diluent is also preferably
separated from the polymer by flashing or filtration,

Preferably, the polymer is not subjected to a deashing step, 1. . to washing
with an alcohol, optionally mixed with a hydrocarbon liquid, or water,

Preferably, the polymer is dried (e. g. to remove residues of liquids and gases
from the reactor).

In shurry and gas phase processes, in order that the polymer can be handled
without difficulty, both within and downstream of the polymerization process, the
polymer powder from the reactor(s) should be in a free-flowing state, preferably by
having relatively large particles of high bulk density, e. g. less than 10 % wt of the
polymer being smaller than 100 um size, and the dry, loose bulk density being higher
than 300 kg/m’.
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extruder outlet, are carried out under an inert (e. g. Np) gas atmosphere. Prior fo
pelletisation, the polymer preferably contacts less than 1 kg/ton, still more preferably
less than 0.1 kg/ton, water or alcohol. Prior to extrusion, the polymer preferably does

not contact acid.

Additives and pelletisation

Antioxidants are preferably added (process stabilizers and long term
antioxidants) to the polymer, e. g. prior to pelietisation. Other additives (antiblocking
agents, color masterbatches, antistatics, ship agents, fillers, UV absorbers, lubricants,
acid neutralizers, fluoroelastomer and other polymer processing aids (PPA), UV
stabilizers, acid scavengers, nucleating agents) may optionally be added to the
polymer,

As antioxidant, all types of compounds known for this purpose may be used,
such as sterically hindered or semi-hindered phenols, aromatic amines, aliphatic
sterically hindercd amines, organic phosphites/phosphonites and sulphur-containing
compounds {e. g. thioethers).

Preferably, the antioxidant(s) is selected from the group of organic
phosphites/phosphonites and sterically hindered or semi-hindered phenols, 1. ¢.
phenols which comprise two or one bulky residue(s), respectively, in ortho-position to
the hydroxy group, and sulphur containing compounds.

Representative examples of sterically hindered phenolic compounds include
2,6-di-tert.-butyl-4-methyl phenol; pentaerythrityl-tetrakis(3-(3',5'-di-tert.-butyl-4-
hydroxyphenyl)-propion-ate; octadecyl 3-(3',5"-di-tert.-butyl-4-
hydroxyphenyl)propionate; 1,3,5-trimethyl-2.4,6-iris-(3,5-di-tert.~-butyl-4-
hydroxyphenyl)benzene; 2,2'-thiodiethylene-bis-(3,5-di-tert.-butyl-4-hydroxyphenyl)-
propionate; calcium-(3,5-di-tert.~butyl-4-hydroxy benzyl monoethyl-phosphonate);
1,3,3-tris(3',5"-di-tert. -butyl-4'-hydroxybenzyl)-isocyanurate; bis-(3,3-bis-(4'-hydroxy-
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3"tert.-butylphenyl)butanoic acid}-glycolester; 4,4"-thiobis(2-tert.-butyl-5-
methylphenol); 2,2'-methylene-bis(6-(1-methyl-cyclohexyl)para-cresol); nn'-
hexamethylene bis(3,5-di-tert. Butyl-4-hydroxy-hydrocinnamamide; 2,5,7,8-
tetramethyl-2-(4',8',12"-trimethyltridecyl)chroman-6-ol; 2,2-ethylidenebis(4,6-di-tert.-
butylphenof); 1,1,3-tris(2-methyl-4-hydrosy-3-tert.-butylphenyl)butane; 1,3,5-tris(4-
tert.-butyl-3-hydroxy-2,6-dimethyltbenzyl)-1,3,5-triazine-2,4- ,6-(1h,3h,5h)-trione;
3,9-bis(1,1-dimethyl-2-(beta-(3-tert.-butyl-4-hydroxy-5-methylphenyl)prop-
ionyloxy)ethyl)-2,4,8,10-tetraoxaspiro(5,5) undecane; 1,6-hexanediyl-bis(3,5-bis(1,1-
dimethylethyl)-4-hydroxybenzene-propanoate); 2,6-di-tert.-butyl-4-nonylphenol; 3,5-
di-tert.-butyl-4-hydroxyhydrocinnamic acid triester with 1,3,5-tris(2-hydroxyethyl)-s-
triazine-2,4,6(1h,3h,5h)-trione; 4,4'-butylidencbis(6-tert butyl-3-methylphenol); 2,2'-
methylene bis(4-methyl-6-tert -butylphenol); 2,2-bis(4-(2-(3,5-di-t-butyl-4-
hydroxyhydrocinnamoyloxy))ethoxyphenyl))propane; tricthyleneglycole-bis-(3-tert.-
butyl-4-hydroxy-3methylphenyl)propionate; benzenepropanoic acid, 3,5-bis(1,1-
dimethylethyl}-4-hydroxy-ci3.1s-branched and linear alkyl esters; 6,6'-di-tert.-butyl-
2,2 -thiodi-p-cresol; diethyl((3,5-bis(1,1-dimethylethy[}-4 -
hydroxyphenyl)methyDphosphonate; 4,6-bis(octylthiomethylo-cresol;
benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)4-hydroxy-c;.o-branched and linear
alkyl esters; 1,1,3-tris[2-methyl-4-[3-(3,5-di-t-butyl-4-hydroxyphenylpropionyloxy]-
5- t-butylphenyl] butane; and a butylated reaction product of p-cresol and
dicvclopentadiene.

Among those compounds, the following phenolic-type antioxidant compounds
are especially preferred to be inctuded in the polymers: pentaerythrityi-tetraiis(3-
(3',5'-di-tert.-butyl-4-hydroxypheyl)-propionate; octadecyl 3-(3",5'-di-tert.-butyl-4-
hydroxyphenyl)propionate; 1,3,5-trimethyl-2,4,6-tris-(3,5-di-tert.-butyl-4-
hydroxyphenyl)benzene; 1,3,5-tris(3',5'-di-tert.-butyl-4"-hydroxybenzyl)isocyanurate,
bis~(3,3-bis-(4'-hydroxy-3'-tert.-butylphenyl)butanoic acid)-glycolester; and 3,9-
bis(1,1-dimethyl-2-(beta-(3-tert.-butyl-4-hydroxy-5-
methylnhenyl)propionyloxy)ethyl)-2,4,8,10-tetraoxaspiro(5,3 Jundecane.

Preferred organic phosphite/phosphonite antioxidants contain a phosphite
moicty or a phosphonite moiety. Representative examples of preferred
phosphite/phosphonite antioxidants include tris(2,4-di-t-butylphenyljphosphite;
tetrakis-(2,4-di-t-butylphenyl)-4,4'-biphenylen-di-phosphonite, bis(2,4-di-t-
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butylphenyl)-pentaerythrityl-di-phosphite; di-stearyl-pentaerythrityl-di-phosphite;
tris-nonylphenyi phosphite; bis(2,6-di-t-butyl-4-methylphenyl)pentaerythrityi-di-
phosphite; 2,2-methylencbis{4,6-di-t-butyiphenyDoctyl-phosphite; 1,1,3-tris(2-
methyl-4-ditridecyl phosphite-5-t-butylphenyljbutane; 4.4"-butylidenebis(3-methyl-6-
t-butylphenyl-di-tridecyl)phosphite; bis(2,4-dicumylphenyl)pentaerythritol
diphosphite; bis(2-methyi-4,6-bis( 1,1 -dimethylethyDphenyl)phosphorous acid
ethyiester; 2,2',2" -nitrilo triethyl-tris(3,3'5,5"-tetra-t-butyl-1,1%biphenyl-2,2'
diyl)phosphite); phosphorous acid, cyclic butylethyl propandiol, 2,4,6-tri-t-
butylphenyl ester; bis(2,4,6-tri-t-butylphenyl}-pentaerythrityl-di-phosphite; 2.2'-
ethylidenebis(4,6-di-t-butylphenyl}fluorophosphenite, 6-(3-tert-butyl-4-hydroxy-5-
methylphenyl)propoxy)-2,4,8,10-tetra-tert.but- yidibenz(d,t)(1.3.2)dioxaphosphepin;
and tetrakis-(2,4-di-t-butyl-5-methyl-phenyl)-4,4'-biphenylen-di-phosphonite.

Among the above-mentioned compounds, the following
phosphite/phosphonite antioxidant compounds are preferred to be included in the
polymers: tetrakis-(2,4-di-t-butylphenyl)-4,4"-biphenylen-di-phosphonite; bis(2,6-di-t-
butyl-4-methylphenyl)pentacrythrityl-di-phosphite; di-stearyl-pentaerythrityl-di-
phosphite; and bis(2,4-dicumylphenyl)pentaerythrito! diphosphite.

As antioxidant either a singie compound or a mixture of compounds may be
used. Particularly preferably the polymer comprises a sterically hindered phenolic
compound and a phosphite/phosphonite compound.

The skilled man can readily determine an appropriatc amount of antioxidant to
mclude in the polymers. As discussed above, however, the polymers comprise less
catalyst system residues than a film of the same density and MFR made with 1-butene
as comonomer thus it is possible to add less antioxidant thereto (i. e. the polymer
possess increased inherent stability). Thus a sterically hindered phenolic antioxidant
may be used in an amount of 200 - 1000 ppm wt, more preferably 300 - 800 ppm wt,
e. g. 400 - 600 ppm wt or about 500 ppm wt. The amount of organic
phoshite/phosphonite antioxidant present in the polymer 1s preferably 50 - 500 ppm
wt, more preferably 100 - 350 ppm wt and most preferably 150 - 250 ppm wt.

The above-mentioned antioxidants are particularly preferred when the amount
of transition metal present in the polymer 1s sufficient to accelerate oxidation
reactions, ¢, g. when the level of transition metal in the polymer is more than 1 umol

transition metal per kg polymer, more typically more than 2 pmol transition metal per
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kg polymer, e. g. more than 6 pmol transition metal per kg polymer. Such levels of
transition metals may occur as the interpolymers are often prepared without a washing
(e. g. deashing) step.

Further preferred polymers comprise a lubricant. Preferred lubricants include
fatty acid salts (e. g. Ca or Mg stearate) and polymer processing aids (PPAs). A
preferred PPA s a fluoropolymer, e. g. as available from Dyneon as FX 5922, The
amount of lubricant present in the polymer 1s preferably 100 - 500 ppm wt, more
preferably 300 - 450 ppm wt.

The polymer or polymer mix is preferably extruded and granulated into
pellets, preferably after addivation. In this step, any extruder known in the art may be
used, however, twin screw extruders are preferred. A preferred twin screw extruder is
a counter rotating twin screw extruder. Preferably, the resulting pellets have a high
bulk density, e, g. more than 500 kg/m’ and a low amount of fines, e. g. less than 10

%wt of the polymer is smaller than 2 mm in size.

Interpolymer production advantage

As discussed above, it is known that the mechanical performance of polymer
films is improved by increasing the molecular weight of comonomer in the order
propylene, butene, hexene and octene. The higher the molecular weight of the
comonomer, however, the harder it is to produce the copolymer economically.

To obtain pure polymer, the non-incorporated comonomer residues therein
shouid be low. The higher the molecular weight of the comonomer, however, the
higher its solubility in the polymer at a given partial pressure. For particle form
polymerization processes (slurry and gas phase polymerization processes), the
removal of non-incorporated monomer is typically done by counter current drying of
the polymer powder with N», a process in which there is typically close to equilibrium
between the comonomer in the gas and comonomer dissolved within the polymer
phase. Thereafter an increase in the molecular weight of the comonomer makes the
drying much more difficult and in practice, octene is not used in particle form
polymerization for this reason. 1-hexene and 1-butene are therefore most commonly
used, especially 1-butene, which can be stripped off relatively easily, i. e. with
reasonable low feed of N; compared to the polymer flow, at a temperature somewhat

below the lumping temperature of the polymer powder.
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A further advantage of the films of the invention is therefore that they
comprise a 3-substituted Cq.10 alkene such as 3-methyl-1-butene that is more volatile

than hexene and octene and is therefore easier to strip from the polymer product.

Interpolymer composition and properties

The amount of ethylene monomer present in the interpolymer is preferably 60-
99,99 %owt, more preferably 70 — 99.9 %wt, still more preferably 80-99.5 %wt, e. g.
93-99.0 %wt.

The amount of 3-substititted Cy.10 alkene (e. g. 3-methyl-1-butene) monomer
present in the interpolymer is preferably 0.01 to 40 %wt, more preferably 0,1-30 %wt,
still more preferably 0.5-20 %wt, e. g. 0.5-6.5 %wt or less than 7 %wt.

If the interpolymer comprises two types of Cy5 alkenes (e. g. ethylene and 1-butene),
the Co¢ alkene in the minor amount {e. g. 1-butene) is preferably present in an amount
0.1 — 20 %wt, still more preferably 0.5 — 10 %wt, ¢. g. 1 -7 %owt.

When it is stated herein that the amount of a given monomer present in a
polymer is a certain amount, it is to be understood that the monomer is present in the
polymer in the form of a repeat unit. The skilled man can readily determine what is
the repeat unit for any given monomer.

Preferably, the interpolymer has a crystallinity as measured by DSC of 10 - 90
%, more preferably 15 — 73 %, most preferably 25 — 70 %.

The density of the interpolymer is preferably in the range 890 - 965 kg/m?®, still
more preferably in the range 915 - 950 kg/m’, e. g. 925 - 940 kg/m’,

The MFR; of the interpolymer is preferably in the range 0.002 - 2000 g/10
min, more preferably in the range 0.05 - 500 g/10 min, still more preferably 0.15 - 49
g/10 min, ¢, g. 0.3 - 5 g/10 min. ‘

The MFR; of the interpolymer is preferably greater than 0.05 g/10 min, more
preferably greater than 0.1 /10 min, still more preferably greater than 1 g/10 min,

The melting temperature of the interpolymer is preferably in the range 110 -
140 °C, still more preferably in the range 115 - 135°C, e. g. 120 - 130 °C.

The Ma of the interpolymer of the invention is preferably in the range 5000 -
200 000 g/mol, still more preferably in the range 8 000 - 100 000 g/mol, e. g. 12 000-
50 000 g/mol. |
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Preferably, the interpolymer of the present invention is unimodal.

The interpolymer as hereinbefore described is also particularly suited for
crosslinking compared to other single sitc or Ziegler Naita polymers made using
conventional, linear alkenes as comonomers. Crosslinking may be carried out on the
articles in their final geometric form, ¢. g. through the use of radicals, either by
radiation, primarily gamma radiation or at high temperature by peroxides
decomposition.

The interpolymer is obtained with high purity. Thus the interpolymer contains
only very low amounts of catalyst or catalyst system residues (i. e. ash). Preferably,
the amount of catalyst system ash in the interpolymer, and therefore film, is less than
1000 ppm wt, still more preferably less than 500 ppm wt, e. g. less than 300 ppm wt.
By the catalyst system ash is meant the ash from the active site precursor, activator,
cartier or other catalyst particle construction material and any other components of the
catalyst system present in the polymer after polymerization and prior to any washing,
deashing or additivation step.

Transition metals are harmful in films in far lower concentrations since they
act as accelerators for degradation of the polymer by oxygen and temperature, giving
discoloration and reducing or destroying mechanical properties. A particular
advantage of the films of the present invention is that they contain very low amounts
of transition metal. The interpolymers, and therefore films, preferably comprise less
than 300 umol transition metal per kg polymer, more preferably less than 200 wmol
transition metal per kg polymer, still more preferably less than 150 umol transition

metal per kg polymer, e. g. less than 100 umol transition metal per kg polymer.

Film preparation
Optional further polymer components and/or additives may be added to the

polymer at the film extrusion stage, especially polymer processing aids, external
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process itself (whether to produce a monolayer or multitayer film), the film can be

monoaxially or biaxially stretched to improve mechanical and optical properties.
Alternatively, films may be prepared by lamination. Multilayer films may, for
example, be prepared by lfamination of a coextruded multilayer film.
The films of the present invention may be prepared by any conventional

procedure, c. g. casting or blowing. Preferably, the films are prepared by blowing.

Cast film

The films of the present invention may be prepared by using casting
techniques, such as a chill roll casting process. For example, a composition
comprising the interpolymer hereinbefore described can be extruded in a molten state
through a flat die and then cooled to form a film. The skilled man is aware of typical
casting conditions. Typically, however, extrusion is carried out at a temperature in the
range 150 to 350 °C, the die gap is in the range 500 - 1300 um and the draw down
ratio is in the range 50 - 200. Cooling is preferably carried out at a temperature of 0 ~
35°C.

As a specific example, cast films can be prepared using a pilot scale
commercial cast film line machine as follows. Pellets of the interpolymer composition
are mgclied at a temperaturc ranging from about 200 to 260 °C, with the specific melt
temperature being chosen to match the melt viscosity of the particular polymers. In
the case of a multilayer cast film, the two or more different melts are conveyed to a
co-extrusion adapter that combines the two or more melt flows into a multilayer, co-
extruded structure. This layered flow is distributed through a single manifold film
extrusion die to the desired width. The die gap opening is typically about 600 ym. The
material is then drawn down to the final gauge. The material draw down ratio is

typically about 21:1 for 40 um films. A vacuum box or air knife may then be used to
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pin the melt exiting the die opening to a primary chill roll maintained at about 32 °C.
The resulting polymer film is collected on a winder. The film thickness may be
monitored by a gauge monitor and the film may be edge trimmed by a trimmer. One
or more optional treaters can be used to surface treat the film, if desired.

A chill roli casting process and apparatus that can be used to form a film of the
present invention suitably modified in accordance with the above-described
processing parameters is in The Wiley Encyclopedia of Packaging Technology,
Second Edition, A. L. Brody and K. 8. Marsh, Ed., John Wiley and Sons, Inc., New
York (1997). |

Although chill roll casting is one example, other forms of casting can be used.

Blown film

The films of the invention are preferably prepared by blowing according to
procedures well known in the art. Thus the film may be produced by extrusion
through an annular die and blowing (e. g. with air) into a tubular film by forming a
bubble which is collapsed between nip rollers after solidification. The film can then
be slit, cut or converted (e. g. sealed) as required. Conventional film production
techniques may be used in this regard.

The skilled man is aware of typical blowing conditions. Typically, however,
extrusion is carried out at a temperature in the range 160 to 240 °C and cooled by
blowing gas (e. g. air) at a temaperature of 10 to 50 °C to provide a frost line height of
up to 10 times, typically 2 to B times the diameter of the die. The blow up ratio should
generally be in the range 2 to 5, preferably 2.5 to 4.

As a specific example, biown films can be prepared as follows, The
interpolymer composition hereinbefore described is introduced into a feed hopper of
an extruder, such as a 63.5 mm Egan extruder that is water-cooled, resistance heated,
and has an L/D ratio of 24:1. The film can be produced using a 15.24 cm Sano die
with a 2.24 mm die gap. along with a Sano dual orifice non-rotating, non-adjustable
air ring. The film is extruded through the die into a film that is cooled by blowing air
onto the surface of the film. The film is drawn from the die typically forming a
cylindrical film that is cooled, collapsed and optionally subjected to a desired

auxiliary process, such as slitting, treating, sealing and/or printing. The finished film
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can be wound into rolls for later processing or can be fed into a bag machine and
converted into bags.

Apparatus for making a blown film according to the present invention is
available from e. g. Windméller & Holscher and from Alpine. Of course, other blown

film forming equipment and corresponding methods can also be used.

Film structure and composition

The product from the film forming process may be a monolayer film or a fiim
comprising two or more layers (1. e. a multilayer film). In a multilayer film, the
polymer compaosition of one layer is typically different from that of adjacent layers,
e. g. it comprises different components or the same components in different ratios.

In the case of monolayer films, they may consist of the above-described
interpolymer coniposi.tion, i. ¢. it may not comprise any other polyalkene component.
Alternatively, the interpolymer composition may be blended with one or more
polymer components,

In the case of a multilayer film, one or more of its layers may consist of the
above-described interpolymer compaosition, i. e. said layer may not comprise any
other polyalkene component, Alternatively, the interpolymer composition may be

blended with one or more polymer components.

Other polymer components

The films (monolayer and multilayer) of the present invention may therefore
comprise one or more polyatkene components. The film may, for example, comprise a
low density polyethylene (LDPE). In the case of a multilayer film, the LDPE may be
present in one or more (e. g. all) of its layers.

LDPE is prepared using a well known high pressure radical process using a
radical generating compound such as peroxide. The skilled polymer chemist
appreciates that LDPE is a term of the art. Both LDPE made in tubular and in
autoclave reactors may be used, including its copolymers, e. g. Ethylene vinyl acrylate
(EVA), ethylene methyl acrylate (EMA), cthylene butyl acrylate (EBA) and ethylene
cthyl acrylate (EEA )copolymers.

The LDPE present in the films of the present invention preferably has a
density in the range 915-937 kg/my’, still more preferably 918-930 kg/m’, e. g. 920-
924 kg/m’.
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The LDPE present in the films of the present invention preferably has a MFR;
in the range 0.2-4 g/10 min, still more preferably 0.5-2 g/10 min, e. g. 0.7-1.0 g/10
min.

The amount of LDPE present in a monolaver film of the invention may be 2 to
60 %wt, more preferably 3 to 50 % wt, still more preferably 4-25 %wt, e. g. 6-15
Yowt.

In the case of multilayer films, the amount of LDPE present in any given layer
may be 2 to 60 Y%wt, more preferably 3 to 50 % wt, still more preferably 4-25 %wt,
e. g 6-15 Ywt,

Further additives

The films of the present invention may additionally comprise conventional
additives such as antioxidants, antiblocking agents, color masterbatches, antistatics,
slip agents (external lubricants), fillers, UV absorbers, internal lubricants, acid
neutralizers, fluoroelastomer and other polymer processing aids (PPA), UV
stabilizers, acid scavengers, nucleating agents, ¢tc. In the case of a multilayer film, the
additives may be present in one or more (e. g. all) of its layers.

Preferred films may comprise external ubricants {slip agents), e. g. erucamide
or oleamide, to decrease film friction. External lubricant should preferably be present

in an amount of 300 — 1500 ppm wt.

Film thickness

In the case of a multilayer film, each film layer may have a thickness of, e. g. 2
- 200 um, preferably 5 - 70 um, more preferably 15 - 40 um ¢. g. 20 - 35 um.

The total thickness of the filra (monolayer or multilayer) is not critical and
depends on the end use. Thus films may have a thickness of, e. g. 10 — 300 pm,
preferably 15 — 150 pm, more preferably 20 — 70 um, e. g. 30 -60 pm.

Film properties

The films of the invention have a desirable balance of properties.

The films of the invention exhibit reasonable dart impact strength. Dart drop
(ISO 7765/1) may be at least 1 g/uum, preferably at least 1.1 g/um, still more
preferably at [east 1.2 g/um, e. g. at least 1.3 g/um. The upper limit of dart drop is not

critical and may be, ¢. g. 10 g/um. In particular for a 40 pm blown film consisting of
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an interpolymer as hereinbefore described and particularly in the case of a film
prepared according to example 1 below, dart drop (ISO 7765/1) is preferably at least 1
g/um, preferably at least 1.1 g/um, still more preferably at least 1.2 g/um, €. g. at least
1.3 g/pm.

The films of the invention exhibit excellent tensile strength. MD {machine
direction) tensile strength (ISO 527-3) may be at least 29 MPa, preferably at least 32
MPa, stili more preferably at least 34 MPa, ¢. g. at least 36 MPa . The upper imit of
MD tensile strength is not critical and may be, e. g. 100 MPa. In particular for a 40
um blown film consisting of an interpolymer as hercinbefore described and
particularly in the case of a film prepared according to example 1 below, MD tensile
strength (ISO 527-3) is preferably at least 29 MPa, preferably at least 32 MPa, still
more preferably at least 34 MPa, e. g. at least 36 MPa.

TD (transverse direction) tensile strength (1SO 527-3) may be at least 27 MPa,
preferably at least 30 MPa, still more preferably at least 32 MPa, e. g. at least 34 MPa.
The upper limit of TD tensile strength is not critical and may be, . g. 100 MPa. In
particular for a 40 pm blown film consisting of an interpolymer as hereinbefore
described and particularly in the case of a film prepared according to example 1
below, TD tensile strength (1SO 527-3) is preferably at least 27 MPa, preferably at
least 30 MPa, still more preferably at least 32 MPa, ¢. g. at least 34 MPa.

The films of the invention exhibit excellent tear strength. MD (machine
direction) Elmendorf tear resistance (ISO 6383/2) may be at least 0.018 N/um,
preferably at least 0.022 N/um, still more preferably at least 0.025 N/um, e. g. at least
0.027 N/um. The upper limit of tear resistance is not critical and may be, ¢. g. 0.2
N/um. In particular for a 40 um blown film consisting of an interpolymer as
hereinbefore described and particularly in the casé of a film prepared according to
example 1 below, MD tear strength (ISO 6383/2) is preferably at least 0.7 N,
preferably at least 0.8 N, still more preferably at least 0.95 N, ¢. g. at least 1.05 N.

TD (transverse direction) Elmendorf tear resistance (JSO 6383/2) may be at
least 0.03 N/um, preferably at least 0.04 N/um, stifl more préferabiy at least 0.05
N/um, e. g. at least 0.06 N/um, The upper limit of tear resistance is not critical and
may be, e. g. 4 N/um. In particular for a 40 pm blown film consisting of an

interpolymer as hercinbefore described and particularly in the casc of a film prepared
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according to example 1 below, TD tear strength (ISO 6383/2) is preferably at least 1.7
N, preferably at least 1.9 N, still more preferably at least 2.1 N, e. g at least 2.3 N,
Particularly preferred films (e. g. 40 wm thick) of the invention satisfy the

following equation:

Tear > A-(Thiciness)-1(} -MF ch

wherein tear is Elmendorf tear measured according to ISO 6383/2 and given in N,
thickness is in um, density is measured according to ISO 1183:1987 (E), method D
and is in g/dm’, MFR, is measured according to ISO 1133 and is given in g/10 min
and. In MD direction, B is -0.045, Cis -0.2 and A is 0.015 and in particularly
preferred films A is 0.017, more preferably 0.19 and still more preferably 0.021. In
TD direction, B is -0.02, C is -0.3 and A is 0.04 and in particularly preferred films A
is 0.043, more preferably 0.050 and still more preferably 0,055,

The films of the invention additionally exhibif high tensiie modulus properties
(0.05-1.05%, ASTM D 882-A) in the machine and transverse directions. These are
preferably 250-600 MPa, more preferably 320-450 MPa, ¢. g, 360- 400 MPa,
particularly for a 40 um blown film consisting of the interpolymer as hereinbefore
described, and especially in the casc of a film prepared according to example 1 below.,

The films of the invention also preferably have a high strain at break in both
machine and transverse directions, e. g. at least 600 % in either direction (MD/TD),
particularly for a 40 pm blown film consisting of the interpolymer as hereinbefore
described and especially in the case of a film prepared according to example 1 below.

The films of the invention preferably exhibit low haze. Haze (ASTM D 1003)
may be less than 40 %, preferably less than 45 %, e. g. less than 30 %, particularly for
a 40 pm blown film consisting of the interpolymer as hereinbefore described and
especielly in the case of a film prepared according to example 1 below. The lower
limit of haze 1s not critical and may be, ¢. g. 1 %.

The films of the invention preferably exhibit high gloss. Gloss (ASTM D
2457) may be greater than 60 %, preferably greater than 65 %, e. g. greater than 70 %,
particularly for a 40 um blown film consisting of the interpolymer as hereinbefore
described and especially in the case of a film prepared according to example 1 below.

The upper limit of gloss is not critical and may be, ¢. g. 120 %.
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Fiim applications

Industrial Films

The films of the present invention may be used as industrial films, e. g. as
industrial packaging films and as non packaging industrial films, Examples of
industrial packaging films include, for example, shipping sacks e. g. heavy duty
shipping sacks (HDSS), stretch hoods, stretch wraps, liners and industrial shrink film.
Examples of non packaging industrial films include, for example, building and
constructing films (e. g. air and moisture membranes, barrier films and
geomembranes), agricultural films, protection films and technical films.

Preferably, the films of the invention are used in packaging. Heavy duty
shipping sacks may, for example, be used for packaging sand, cement, stones,
compaost, polymer pellets etc.

The film used for the production of industrial film may be a monolayer film.
In this case, the MFR; of the interpolymer composition from which it is formed is
preferably 0.2 =3 g/10 min, more preferably 0.4 — 2.5 g/10 min and still more
preferably 0.5 — 2 g/10 min, The density of the interpolymer composition is preferably
900 — 950 g/dm’, more preferably 915 — 945 g/dm’ and more preferably 920 — 946
g/dm’,

More preferably, however, the film used for the production of industrial film is
a multilayer film, preferably obtained by coextrusion. By utilizing more than one
layer, the properties of the overall film may be optimized to a greater extent than with
a single layer (monolayer) structure, This means that the film can be made thinner
without sacrificing important properties.

A preferred multilayer film for use in industrial film has the structure aba
wherein:

(a): outer layer

(b): core layer or core layers (b1b2b3)

(a): outer layer

Layers (a) preferably comprises 10 — 100 %wt of the interpolymer
composition hereinbefore described, more preferably 50 — 100 %wt and still more
preferably 70 — 95 % wt. Still more preferably at least one of the layers (a) and more
preferably both additionally comprise 3 - 30 %wt, more preferably 5 — 20 %wt LDPE
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as hereinbefore described. Preferably, the LDPE component has a density of 880 —
930 kg/dm’ and a MFRy;/MFR, greater than 30,

The interpolymer as heremnbefore described that is present in the layers (a)
preferably has a MFR, 0of 0.2 ~3 /10 min, more preferably 0.5 — 2 g/10 min and still
more preferably 0.7- 1.5 g/10 min. The density of the interpolymer is preferably 900 —
945 o/dm’, more preferably 910 940 g/dny’ and still more preferably 920 — 937
g/dm’.

A LDPE polymer optionally present in layers (a) preferably has a MFR, 0f 0.2
-3 ¢/10 min, more preferably 0.5 — 2 g/10 min and still more preferably 0.7- 1.5 g/10
min. The density of the LDPE is preferably 905 — 930 g/dm’, more preferably 910 —
926 g/dm’ and still more preferably 917 -924 g/dm’. |

The polymer composition of the layers (a) preferably has a MFR; 0f 0.2 -3
g/10 min, more preferably 0.5 - 2 g/10 min and still more preferably 0.7- 1.5 g/10
min. The density of the polymer composition of the lavers (a) is preferably §90 — 940
g/dm’, more preferably 900 -935 g/dm’, still more preferably 910 - 930 g/dm’,

Layers (a) may optionally contain further polymer components.

The layers (2) may have the same or different compositions, but it is preferred
if the 1ayers (a) have the same composition.

One or both of layers (2) may be used for printing. Layer(s} (a) preferably has
good secaling properties.

Laver (b) may be any polymer that can be formed into a film. It may function
e. g. to provide mechanical properties (impact strength and stiffness) or barrier
properties. It may consist of several layers, e. g. 3, 5, 7 or 9 layers.

The following polymers are especially well suited for inclusion in layer (b):
Polyethylencterephtalate (PET), polyamides (PA), ethylene vinyl alcohol (EVOH),
polypropylene {including oriented polypropylene (OPP) and biaxially oriented
polypropylene (BOPP)) and polyethylene (included oriented polyethylene (OPE).

The tayer(s) (b) may also comprise a polycthylene, particularly a polyethylene
interpolymer as hereinbefore described. The interpolymer composition present in this
layer preferably has a MFR; 0of 0.1 - 4 g/dm’, more preferably 0.3 to 2 g/10 min, and
still more preferably 0.2 to 1.5 g/10 min. The density of the interpolymer composition
is preferably 900 g/dm’ to 955 g/dm’, more preferably 920 to 945 g/dm” and still
more preferably 920 — 940 g/dm’. Preferably, the interpolymer composition present in
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layer(s) (b) has a lower MFR; and a lower density than the average of the
polyethylene polymer present in the layer.

The total thickness of the film of this embodiment (i. ¢. an industrial film} is
preferably 15 — 300 pm, more preferably 25 — 250 pm, still more preferably 40 — 200
um.

If the film has 3 or more layers, then preferably layers (a) should each be 5 -
30 % of the total thickness of the multilayer film, and layer or layers (b) totally 25 —
90 % of the total thickness. Thus the thickness of each layer (a} is preferably 10-30
um. The thickness of layer (b) is preferably 25-60 um.

Laminates

The film of the invention may also be incorporated into a laminate. In the
process of lamination a film is adhered to 2 substrate. The film that is used in the
lamination process is herein referred to as a lamination film. The resulting product is

referred to herein as a laminate.

Larmination film

The lamination film may be a monolayer film or a multilayer film. Preferably,
the lamination film is a multilayer fitm, preferably formed by coextrusion.

The lamination film may, for example, have a coextruded layer structure AC:

A outer layer; and

C inner layer,
wherein the inner layer is adjacent to the substrate.

More preferéb ly the lamination film may have a coextruded structure ABC:

A outer layer;

B core layer,

C inner layer,
wherein the inner layer is adjacent to the substrate.

The mmer layer C preferably comprises 10 — 100 %wt of the interpolymer
composition hereinbefore described, more preferably 50 — 100 %%wt and most
preferably 70 — 93 % wt. Still more preferably the moer layer C additionally
comprises 3 — 30 %wt, more preferably 5 — 20 %wt LDPE as hereinbefore described.
Preferably, the LDPE component has a density of 880 — 930 kg/dm” and a
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MFRz1/MFR; greater than 30. The inclusion of such a component typically improves
the processability of the polymer composition.

The interpolymer as hereinbefore described that is present in the inner layer C
preferably has a MFR; 0£0.2 -3 g/10 min, more preferably 0.5 — 2 /10 min and still
more preferably 0.7- 1.5 g/10 min. The density of the interpolymer is preferably 900 -
950 g/dm’, more preferably 910 943 g/dny’ and still more preferably 920 — 940
g/dnr’,

A LDPE polymer optionally present in inner layer C preferably has a MFR; of
0.2 -3 g/10 min, more preferably 0.5 — 2 g/10 min and still more preferably 0.7- 1.5
g/10 min. The density of the LDPE is preferably 9035 - 930 g/dm3 , more preferably
910 - 926 g/dm’ and still more preferably 917 —924 g/dm’.

The polymer composition of the inner layer C preferably has a MFR; of 0.2 -3
g/10 min, more preferably 0.5 -2 g/10 minza;nd still more preferably 0.7- 1.5 g/10
min. The density of the polymer composition of the Inner layer C is preferably 890 —
940 g/dm’, more preferably 900 ~935 g/dmr’, still more preferably 910 — 930 g/dm’

Layer C may optionally contain further polymer components.

The outer layer A preferably has good scaling properties since this side of the
laminate is typically subjected to a sealing process, e. g. in the production of pouches
and bags. Preferably, outer layer A also has good optical properties, namely haze and
gloss, especially gloss. Optionally, there is an additional substrate on top of layer A,
but preferably, A is a free surface,

In AC lamination films, the layers A and C must be different. In ABC
lamination films, preferably outer layer A 1s identical to inner layer C. Thus preferred
features of layer C are also preferred features of layer A, A preferred lamination film
structure is therefore ABA.

The core layer B may be any polymer that can be formed into a film. It may
function e. g. to provide mechanical properties (rupture propertics and stiffness) and
barrier properties (oxygen, water, flavor). It may consist of several layers.

The following polymers are especially well suited for inclusion in layer B:
polyethyleneterephtalate (PET). polyamides (PA), ethylene vinyl alcohol (EVOH),
polypropylene (including oriented polypropylene (OPP) and biaxially oriented
polypropvlene (BOPP)) and polyethylene (included oriented polyethylene (OPE)).
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If the core layer B consists of more than one layer, it preferably consists of 3,
5,7 or 9 layers. In such a case, the layers preferably are symmetric so thatin a 3 layer
composition B1B2B3, layers B1 and B3 are identical.

The total thickness of the lamination film is preferably 10 — 130 pum, more
preferably 15-90 pum and still more preferably 20 — 70 pm.

If the film has 3 or more layers, then preferably layer A and C should each be
5 — 30 % of the total thickness of the multilayer film, and layer or layers B totally 25 -
90 % of the total thickness. Thus the thickness of lavers A and C is preferably 10-30
um. The thickness of layer B is preferably 25-60 um.

If the film has 2 layers A and B, then preferably each layer should be 10 — 90
% of the total thickness of the film, more preferably 20 — 80 % and most preferably 30
— 70 %, Thus the thickness of layer A is preferably 20-60 um. The thickness of layer
B is preferably 50-120 um.

Substrate

The substraie used in the preparation of the laminate preferably comprises
polyvethyleneterephtalate (PET), polyamides (PA), ethylenc viny! alcohol (EVOH),
polypropylene, potyethylene, metal, especially aluminium, paper or cardboard. The
substrate may also cormprise more than one layer, e. g metalized (aluminized)
polvmer, or aluminium foil coated with polyethylene. The thickness of the substrate is
preferably 3 - 100 um, more preferably 4 ~ 50 pm, still more preferably 5 — 30 um.

Print may optionally be applied on the surface of the lamination film,
preferably to a layer A therein, before the lamination process. Alternatively, print may
be applied to the surface of the substrate. In the latter case the print is protected from
mechanical influence and from solvent/chemical action by the lamination film, but is

still visible through a transparent lamination film.

Laminate and lamination
The lamination film is preferably laminated onto the substrate after the
lamination film has been formed. Lamination film may optionally be adhered to both

sides of a substrate.
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Lamination may be carried out by a continuous process where lamination
film(s) and substrate are pressed against each other at elevated temperature, Typical
temperatures used may be 150-300 °C. Neither the lamination film nor the substrate
melts during the lamination process. Often, in addition to the layers previously
mentioned, a layer (e. g. 0.5 — 5 um thick) of adhesive is applied to the surface of at
least one of the surfaces to be laminated together. Suitable equipment for lamination
can be bought from Windmélier & Hélscher and from Macchi.

The laminates of the invention have a wide variety of applications but are of
particular interest in packaging of food and drink as well as packaging of consumer
and industrial goods. In food packaging the laminates of the invention may, for
example, be used for the packaging of pasta, milk powder, snack food, coffee bags,
margarine and frozen food. In consumer goods packaging, the laminates of the
invention may be used for packaging detergent powder and toothpaste as well for the
manufacture of stand-up pouches for, e, g. for pet food, beverages etc.

Having generally described this invention, a further understanding can be
obtained by reference to certain specific examples which are provided herein for
purposcs of illustration only, and arce not intended to be limiting unless otherwise

specified.

EXAMPLES

Determination methods

Polymers

Unless otherwise stated, the following parameters were measured on polymer
samples as indicated in the Tables below.

MFR;, MFR;s and MFRy; were measured according to ISO 1133 at loads of
2.16, 5.0, and 21.6 kg respectively. The measurements were at 190 °C for
polyethylene interpolymers and at 230 °C for polypropylene interpolymers.

Molecular weights and molecular weight distribution, Mn, Mw and MWD
were measured by Gel Permeation Chromatography (GPC) according to the following
method: The weight average molecular weight Mw and the molecular weight

distribution (MWD = Mw/Mn wherein Mn is the number average molecular weight
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and Mw is the weight average molecular weight) is measured by a method based on
ISO 16014-4:2003. A Waters 150CV plus mstrument, equipped with refraciive index
detector and online viscosimeter was used with 3 x HT6E styragel columns from
Waters (styrene-divinylbenzene) and 1,2,4-trichlorobenzene (TCB, stabilized with
250 mg/L 2,6-Di tert butyl-4-methyl-phenol) as solvent at 140 °C and at a constant
flow rate of I mL/min. 500 ul of sample solution were injected per anélysis. The
column set was calibrated using universal calibration (according to ISO 16014-
2:2003) with 15 narrow molecular weight distribution polystyrene (PS) standards in
the range of 1.0 kg/mol to 12 000 kg/mol. These standards were from Polymer Labs
and had Mw/Mn from 1.02 to 1.10. Mark Houwink constants were used for
polystyrene and polyethylene (K:9.54 x 107 dL/g and a: 0.725 for PS and K: 3.92 x
10™ dL/g and a: 0.725 for PE). All samples were prepared by dissolving 0.5-3.5 mg of
polymer in 4 mL (at 140 °C) of stabilized TCB (same as mobile phase) and kecping
for 3 hours at 140 °C and for another 1 hour at 160 °C with occasional shaking prior to
sampling into the GPC instrument,

Melting temperature was measured according to ISO 11357-1 on Perkin Elmer
DSC-7 differentiai scanning caiorimetry. Heating curves were taken from —10 °C to
200 °C at 10 °C/min. Hold for 10 min at 200 °C. Cooling curves were taken from 200
°C to =10 °C at 10 °C per min. Melting temperature was taken as the peak of the
endotherm of the second heating. The degree of crystallinity was calculated by
dividing the observed melting peak with the heat of melting of a perfectly crystalline
polyethylene, 1. e. 290 Jg.

Comonomer content {wt %) was determined based on Fourler transform
infrared spectroscopy (FTIR) determination (using a Perkin Elmer Spectrum GX
instrument) calibrated with C13-NMR.

Methyl groups (1/10 000 C) was determined by C13-NMR.

Density of materials is measured according to 18O 1183:1987 (E), method D,
with isopropanol-water as gradient liquid. The cooling rate of the plaques when
crystallizing the samples was 15 C/min. Conditioning time was 16 hours.

Rheology of the polymers was determined by frequency sweep at 190 °C
under nitrogen atmosphere according to ISO 6721-10, using Rheometrics RDA 1
Dynamic Rheometer with parallel plate geometry, 25 mm diameter plate and 1.2 mm

gap. The measurements gave storage modulus (G’), loss modulus (G”) and complex
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modulus (G*) together with the complex viscosity (m*), all as a function of frequency
{w). These parameters are related as follows: For any frequency @: The complex
modulus: G* =(G* + G'%)*. The complex viscosity: n* = G* . The denomination
used for modulus is Pa {or kPa) and for viscosity Pa s and frequency (1/8). 1*p.0s 1S the
complex viscosity at a frequency of 0.05 8™ and 1*300 18 the complex viscosity at 300
57

According fo the empirical Cox-Merz rule, for a given polymer and
temperature, the complex viscosity as function of frequency measured by this
dynamic method is the same as the viscosity as a function of shear rate for steady state
flow {e¢. g. a capillary),

The activity coefficient for the bench scale polymerization runs is calculated
by the foilowing equation:

(Yield _of _ palymer (kg

Activity  coefficient{kg /(g bar, i} = -
(Catelyst  amount (g)) - (Particl _ pressure _of _ethylene {bar)-(Polymerisation _time - {J))

For continuous polymerizations, the activity coefficient is analogous by using
production rate of polymer instead of yield of product and feed rate of catalyst system
instead of amount fed catalyst system, and using the average residence time in the

continuous reactor,

Mechanical propertics on compression moulded specimeng

Secant modulus is measured according to ASTM D 882-A at a temperature of 23 °C

and a speed of I mm/min.

Tensile properties (tensile stress at yield, tensile strain at yield, tensile strength at
break, tensile strain at break) on compression moulded samples are measured at 23 °C
according to ISO 527-2, the modulus is measured at a speed of 1 mm/min, while yield
and break point properties at 50 mm/min. The specimens for this test are made

according to ISO 1872-2 with cooling rate 15 °C/min.

For Charpy impact are used compression moulded specimens made according to 15O
10350-1 (1998-11-15) - option ISO 179-1 with V-notch type A, These are tested on
impact according to 1SO 179 at 23 °C.
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. Films

Unless otherwise stated, the following parameters were measured at 23 °C on
40 um thick films prepared as described in the examples.

Dart is measured according to drop: ISO 7765/1.

Haze is measured according to ASTM D 1003.

Gloss is measured according to ASTM D 2457, Measured at light angle of 60°.

Minimum fusion temperature (sealing property): Minimurm fusion temperature
(cold sealing) of film was measured using a CeraTek welding equipment. Film is
welded in 8 welding zones with 5 °C differences between zones for I second at 2 bar
pressure. After cooling, films are cut in 15 mm breadth and weld manually pulled
apart. Minimum fusion temperature is the minimum temperature at which weld
survives until the film itself stretches.

Puncture resistance is measured according to ASTM D5748.

Secant modulus is measured according to ASTM D 882-A, and calculated
from the values at 0.05 and 1.05 % strain.

Tensile stress, tensile strain and tensile strength is measured according to ISO
527-3.

Elmendorf tear strength is measured according to 1SO 6383/2

Examples

Example 1: Gas phase polymerization using a Ziegler Natta catalyst system

A conventional Ziegler Natta catalyst, with Ti as trangition metal, was used.

TEAL (triethyl aluminium): 10 %wt in heptane

Polymerization Method

Polymerization was carried out in a 5.3 liter reactor fitted with a stirrer and a
temperature control system. The same comonomer feeding system was used for all
runs. The procedure consisted of the following steps:

1. 260 mi liquid propane was added to the reactor and stirring started
(300 rpm). The reactor temperature was 85 °C, which temperature was maintained
during the polymerization,

2. Hydrogen, cthylene and comonomer were added into the reactor.

Hydrogen was added as a batch. The pressure was maintained at the required pressure
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by supply of ethylene via a pressure control valve. Comonomer was aiso added
continuously into the reactor, proportional to the ethylene flow.

3 Catalyst system was added. The cocatalyst triethylalumium (TEA)
was fed as 1M solution in heptane.

4. The polymerization was stopped by venting the reactor of volatiles and
reducing the temperature.

5. The polymer was further dried in a vacuum oven at 70 °C for 30
minutes.

Further details of the polymerization procedure and details of the resulting
interpolymers are provided in Table 1 below.

Table 1: Polymerization

| Polymerization unno, | f { | 2 | 3 | 4 |

POLYMERIZATION

Solid catalyst feed G 0.262 0.258 (.253 0.253

TEA {1 M) sohation Ml 3.2 3.2 3.4 3.4

Total pressure bar g 22 22 21 21

Hydrogen partial pressure | bar g 0.5 0.5 ¢.5 0.5

start

Comonomer type * MIB M1B Butene | Butene

Comonomer start Ml 10 10 5.5 825

Comonomer {continuous} | g/100 g 15 20 SIH5T | 10/10/5
ethylene AT ) 10/10/

10

Run time Min 180 180 180 180

Yield G 1410 1 490 542 382

Productivity 1 kg PE/(g solid 5.4 5.8 2.1 1.5
cat.)

Productivity 2 ke PE/(g cat. 23 24 0.8 0.6
system)

Activity coefficient 1 g PE/Agsolid 276 296 127 91
cat,h, bar)

Activity coefficient 2 g PE/(g cat 115 123 51 36
system, L, bar)

POLYMER ANALYSES POWDER

MFR2 g/10 min G.64 0.48 0.79 0.96

MFR21 /10 min 15 12 18 22

Mw g/mol 140 000 - 153 -

564

Mn g/mol 33 000 - -

Mw/Mn - 4.2 - -

Meithyl groups 171000 C 1.8

Comon, content (FT-IR) wt % - 3.2 2.8 3.1

Density kg/dm3 934.4 933 935 934.4

Ash Wt ppin 279 260 650 980

* M1B: 3-methyl-1-butene
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Surprisingly, the activity coefficients were higher with 3-methyt-1-butene than

with 1-butene, This is advantageous in films, as it would result in purer films with

cither less tendency to degradation or less consumption of costly antioxidant for the

same life time of the film.

Polymers were also mixed with antioxidant, 1500 ppm Irganox B561 from
Ciba (contains 20 w% Irgafos 168 (tris (2,4-di-t-butylphenyl) phosphite) and 80 wt%o
Irganox 1010 (pentaerythrityl-tetrakis(3-(3°,5"-di-tert butyl-4-hydroxyphenyl)-

propionate)) and then pelletized by a Prism 16 extruder at 200 °C extruder

temperature. Powders of parallel runs were partially mixed before pelletisation as can

be seen in Table 2 below.

Preparation of polymer films

Peilets were blown into film on a Collin monolayer film kine with screw

diameter 25 mm, length/diameter ratio of 25, die diameter 50 mm and with die gap

adjusted to 1.5 mm. The polymers were run at a screw speed of 60 rpm, melt

temperature 175 °C, blow up ratio (BUR) of 3.5 and take off speed 1.9 m/min. The

film thickness was adjusted to approximately 40 pm. Films for testing were selected

to be 40 um.
Table 2: Pellets and film

Material A B D

Polymerization runs 1 2 3+4

Comonomer M1B M1B8 1-butene

ANALYSES OF PELLETS

MFR, g/10 0.72 0.B5 0.89
min

*(0.0587) Pas 10713

n*(300s™) Pas 986

ik, g/mol 120 000 135 000 125 000

M, g/mol 31800 33 200 28 900

Mu/M,, - 3.8 4.1 4.3

M. g/mol 365 000 465 000 425 000

My g/mol 100 000 115 000 100 000

Density kgidm™ 935.5 934.0 935.7

FILM TESTING

General

- Fiim thickness wm 40 40 40

- Dart Drop g 70 70 70

- Haze Yo 29 30 30
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Tensile tests machine direction (MD)
- Secant modulus MPa 375 360 375
- Tensile stress at yield MPa 17.2 17.6 19
- Tensile strain at yield Yo 9.9 10.9 12
- Tensile strength MPa 37 43 35
- Tensile sirain at break % 715 705 765
- Elmendorf tear resistance N 1.3 1.1 0.62
Tensile tests fransverse direction (TD)
- Secant modulus MPa 400 355 390
- Tensile stress at yield MPa 17.6 18.5 21.4
- Tensile strain at yield % 8.7 7.7 8.8
- Tensile strength MPa 35 36 33
- Tensile strain at break % 745 730 780
- Elmendoif tear resistance N 2.4 32 1.7

Surprisingly the tear resistance of the films made with a copolymer comprising
3-methyl-1-butene were much better than those made with a copolymer comprising
butene. Also the tensile strength was higher for the films with 3-methyl-1-butene than
those with butene. Both of these mechanical properties are vital to have at a high

value for films for industrial use as well as for lammation film.

5.2.2 Example 2: Ziegler Natta co- and ter-polymerisation
Ziegler Natta catalyst was synthesised in laboratory scale according to Example 1 of
US 2006/0014897.

Poiymerisation

Polymerisation was carried out in an 8 litre reactor fitted with a stirrer and a
temperature control system, 0,15 bar H; had been added to the reactor. Polymerisation
was done at 85 °, at a total pressure of 21 bar gauge, and with 15 bar N, partial
pressure in the reactor, No alkane was added. 1 M triethylaluminum (TEAL) in
heptane was added as given in Table 3a and polymerised for a period as shown in
Table 3a.

Tabie 3a shows that the runs gave essentially the same density. The activity
coefficient with 3-methyl-1-butene as comonomer is about 1.7 higher than with with
the linear alkenes 1-butene and 1-hexene in order to reach this density. Using a
mixture of 3-methyl-1-butene and 1-butene, surprisingly gives almost no loss in

activity cocfficient in comparison to using 3-methyl-1-butene alone to reach this
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density. This was achieved by adding about half the amount of 1-butene used alone,
and about half of the 3-methyl-1-butene used alone. Thus, a mixture of 3-methyl-1-
butene and a linear 1-alkene gives a combination of essentially the high activity
achieved with 3-methyl-1-butene alone, at the same time that it needs a much lower
total concentration of comonomer in the reactor than 3-methyl-1-butene alone as

comonomer to reach a given density.

Pelletisation

The dried polymer powders from polymerisations were mixed with 1500 ppm Irganox
B561 antioxidant from Ciba (contains 20 w% Irgafos 168 (Tris (2,4-di-t-butylphenyl)
phosphate) and 80 wt% Irganox 1010 (Pentaerythrityl-tetrakis(3-(37,5 *di-tert butyl4-
hydroxyphenyt}-propionate)) and 10 %wt of a Ziegler Natta bimodal PE of density
937 g/dm’ and MFR2 of 0.4. The mixture was blended pelletised by a Prism 16

extruder at 210 °C extruder temperature,
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FILM BLOWING Bubble stability Output kg/h Take off speed FILM TESTING General - Density (film

material) - Dart dg‘ifé Puncture resistance - Max force - Deformation at ma x force ;9135'%&' properties

seals - 1 ezeM P& R hnsverse direction (TD) - Secant modulus - TenS| Iemé2 (655 4 yield - Tensile

strain at yield - Tensile strength - Tensile strain atreak - EImendorf tear resistance Tests machine
direction (MD) - Secant modulus - Tensile stress at yield

Tt was observed that the maximum output rate achievable before getting operational problems
was highest for polymers with 3-methyl-1-butene only as comonomer and next highest for
polymers with a blend of 3-methyl-1-butene and 1-butene, see Table 3a. The polymers with

only linear alkenes (1-butene and 1-hexenc) as comonomer were inferior.

Film blowing and film
Pellets were blown into film on a Collin monolayer film line with screw diameter 25 mm,
length/diameter ratio of 25, die diameter 50 mm and with die gap adjusted to 1.5 mm. The
polymets were run at a blow up ratio (BUR) of 3.5 and screw speed of 90 rpm. The

10 temperature zones settings were set to (increasing towards extruder head) 200 - 230 °C. By
varying take off speed, the film thickness was adjusted to approximately 40 pm in each run.
Films for testing were selected to be 40 um. The film blowing parameters and analytical

results are shown in Table 3b.

15 Tabie 3b shows that in spite of the constant screw rotational speed, the output rate, and
therefore also the take off speed, varied quite much between runs. The polymers with 3-
methyl-1-butene only as comonomer had the highest production rate, those with 1-butene
only the lowest rates, while the polymers with blend of 3-methyl-1-butene and 1-butene had
intermediate rates.

20
Furthermore, the polymers with 1-butene only showed unstable bubble (indicating that a
slightly higher production rate would result in bubble failure), while the runs with 3-methyl-

1-butene gave good stability.

25 It was found that that the polymers with 3-methyl-1-butene as comonomer compared with
polymers with 1-butene only as comonomer gave significantly improved propertics (Table 3):
Better impact properties (higher dart drop), better puncture resistance (higher maximum force
and deformation at maximum force), better optical properties (higher gloss, lower haze), and
higher Elmendorf tear resistance in both TD and MD direction. It should be noted that for

30  optical properties, gloss and haze, the terpolymers having both 3-methyl-1-butene and 1-

butene together were surprisingly the superior.
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had the highest production rate, those with 1-butene only the lowest rates, while the polymers with
blend of 3-methyl-I-butene and 1-butene had intermediate rates. 20 Furthermore, the polymers with
1-butene only showed unstable bubble (indicating that a slightly higher production rate would result in
bubble failure), while the runs with 3-methyll -butcne gave good stability. 25 It was found that that the
polymers with -methyl-I-butene as comonomer compared with polymers with 1-butene only as
comonomer gave significantly improved properties (Table 3): Better impact properties (higher dart
drop), better puncture resistance (higher maximum force and deformation at maximum force), better
optical properties (higher gloss, lower haze), and higher EImendorf tear resistance in both TO and MD
direction. It should be noted that for 30optical properties, gloss and haze, the terpolymers having both
3-methyl-l-butene and 1- butene together were surprisingly the superior. 54 United States
provisional patent application 61/146,948 filed January 23, 2009, is incorporated herein by reference.
Numerous modifications and variations on the present invention are possible in light of the above
teachings. It is therefore to be understood that within the scope of the appended 5claims, the invention
may be practiced otherwise than as specifically described herein. 55 CLAIMS 1. A film comprising an
interpolymer of ethylene and 3-methyl- 1 -butene, wherein said interpolymer is made using a catalyst
system comprising a group 4 transition metal and a particle building material or chromium oxide
catalyst, wherein said particle building material is selected from the group consisting of: (i) an inorganic
oxide support; (ii)) magnesium or calcium chlorides, oxychlorides, alkyls or alkoxides; and (iii) metal
salts with organic anions.



2. A film as claimed in claim 1, wherein said catalyst system is in particulate form. 3. A film as claimed
in claims Ito 2, wherein said catalyst system comprises a group 4 transition metal and a patrticle
building material. 4. A film as claimed in claims 1 to 3, wherein said interpolymer comprises said
3-methyl-lbutene comonomer in an amount of 0.01-40 wt% based on the total weight of the
interpolymer. 5. A film as claimed in claims 1 to 4, §herein said interpolymer comprises ethylene in an
amount of at least 60 wt% based on the total weight of the interpolymer. 56 6. A film as claimed in
claims 1GbAlMfherein said interpolymer comprises two types of C2-5 alkene monomers and at least
said 3-methyl-1 -butene. 7. A film as claimed in claims 1 to 6, wherein said alkene interpolymer has a
Mw of 20 @00AdI20QRRIE Sadafilinta clatmeedfinticiadmsatds -Mathéreibusaid, atkengniniefpolymer has a
MFR2 of 0.01- 500Q. 9. A filmdas claimedti clfaim 1 to 8, wherein said glgeéw? igtenrl%g)alymgr is un
modal. 10. A FIR RS ARASE TN Haits 26" ,S URher comprising afother po yse{hy éne 11K film as
claimed in claimmsdiohifidfugtherctiprigingrantioxidintathB:sA filmrem clathpedimednyldimg of claims Ito 11
Which_is a blox\{lvqezfli‘&gf %rsgpu#g@ﬁ%rmﬁ@eor an ip(gn%flss Qg’gkr:n. 13. A process for the preparation of a film
as claimed in'claims I fo 1 comprlsmggﬁio Ing an irnterpolymer of ethylene and 3-methyl-l-butene as
defined in anyipmeiofigdaimetitee BugpbrA laminate or an article or a packaging, comprising a film as
claimed in clajs,h I9.4end S EAGHMASCRINBLIGIAINS AdA LS MIREIR.salg Interpolymer is
prepared using a catalyst system comprising a chromium oxide catalyst.

(1ii) metal salts with organic anions.

2. A film as claimed in claim 1, wherein said catalyst system is in particulate form.

3. A film as claimed in claims 1 to 2, wherein said catalyst system comprises a group 4

transition metal and a particle building material.

4. A film as claimed in claims 1 to 3, wherein said interpolymer comprises said 3-methyl-1-
butene comonomer in an amount of 0.01-40 wt% based on the total weight of the

interpolymer.

5. A film as claimed in claims 1 to 4, wherein said interpolymer comprises ethylene in an

amount of at least 60 wt% based on the total weight of the interpolymer.
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6. A film as claimed in claims 1 to 5, wherein said interpolymer comprises two types of Cag

10.

I1.

12,

13.

14.

alkene monomers and at least said 3-methyl-1-butene.

A film as claimed in claims 1 to 6, wherein said alkene interpolymer has a Mw of 20 000 to
900 000.

A film as claimed in claims | to 7, wherein said alkene interpolymer has a MFR; of 0.01-
5000.

A film as claimed in claims 1 to 8, wherein said alkene interpolymer is unimodal.
A film as claimed in claims 1 to 9, further comprising another polyethylene.
A film as claimed in claims 1 to 10, further comprising antioxidant.

A film as claimed in any one of claims 1 to 11 which is a blown film or multilayer film or

an industrial film,

A process for the preparation of a film as claimed in claims 1 to 12 comprising blowing an

interpolymer of ethylene and 3-methyl-1-butene as defined in any one of claims 1 to 11.
A laminate or an article or a packaging, comprising a film as claimed in claims 1 to 12.

The film as claimed in claims 1 to 12, wherein said interpolymer 18 prepared using a

catalyst system comprising a chromium oxide catalyst.



