1 TITLE OF THE I NVENTION PE M B FI LM ZN CR BACKGROUND OF THE | NVENTI ON

FI ELD OF THE | NVENTI ON The present invention relates to a film
conpri si nyoanioassest pol yner of et hyl ene and 3-substit ut edCCAEPA0AFKSNE,
wherein the interpolymer is nade using a catal yst systemconprising a
Ziegler Natta or chrom um oxide catalyist. The invention also relates to a
process for the preparation of the filmand to |am nates and articles

conpri si ngIthe OF THE INEBSRIIBN ON OF THE RELATED ART Pol yet hyl ene is
wi dely used in the manufacture of filnms, often for use in packaging
appl i cati ons. The use of P MHB FIMiZNIGR ami nates for use in the

packagi ng industry is, for instance, well known. Lam nates are used to form
a range of articles, for exanple, food containers, stand up pouches and
product |abels. Filnms usBACKGRONND OH PHEANVENITION possess a certain

conbi natign of properties. ecifically the filnms need excellent tear
strength FHHG?GE?TQEAF“@ﬂNTI production, and in use, articles nade from
the film do n ' : £ : i th and
tensile str eng?lﬁe ?%kénnéliﬁel;}%tﬁ tﬁ(féﬂ #e:ﬂiﬁenitg%sﬁfggll %n%\?\%’st oﬁﬁﬁgﬁﬁgﬁo%&e@ﬁﬁi cal
propert i eandsrshbstitutediPactallshneenlgirbin thdinedkpolymict isendirweinga daglysade which is
economcally unattractive and.in so cases.|ess. a heti cal | y, appeal i ng.
T ol B o CDBTE h 2ol YA hieR S Bonag e P Eamep il K8 b e ae

| ow haze aldedtoGhprotls for tRE plepalassn bsthakisf aad td ARARAE UndRIENSS t Y,
particularly if they are to be used in the preparation of stand up pouches.
bt ai ni ngedmpmEnhtheitig. a desirabl e conbi nation of tear strength and
stiffness is often a chall enge. Anot her conmon application of

pol yethylene filnms in the packaging industry is in the formati on of bags or
sacks. ThpFsCRIPTIGNOF THE FXaAPEB.ART t he packagi ng of food stuffs such as
cereals and crisps, as wel| as nmuch heavier materials such as sand, cenent
m x, conpost, Belypdyleag és widelyjusedin b myasfacamss of filgrs, phien fpagse wo pe
transpare Lo Qr . their content can be easily determ ned. Mre
significaﬁ%ﬁ%@nggggégbgﬁ%nd especially in the case of heavy duty sacks (e.
g. bags and satksustasfifgnedo foam lhinénatéd fpaekagihegaokagimg exdusthsisyfort o 25 kg,

or even 50 kg in ight) the key requirenent is that th ossess good
mechani ca}nsﬁg%&%ﬁ@_gw@ukﬁng@tqs ﬁff‘a‘bsggéq E%Wg‘“t%n%%ﬂp%%ﬂg?’ﬁé ‘g‘f‘@@ th, and
tear strepgliftonthiiess, s@nd 8 ?§§c¥fe¥ afPpioReS 1R, $ARKSSA Br Hﬁé’@ﬁx‘p%set ranspor t ed

on pallets, one on top of the other. Hence the total |oad on at |east sone
of the sauvésl thpossesy eaetayn ¢ringhnateon of propertidseSpediaty dfe AlgBoekd or nore, in

i nst . b _sugh . el dled with d nust
be bl ot BUGEHLTR AR hRTArLRa  FrdrtpdRligh ol Erarmim i iete .
tearing. ARdilki 85abi il TSR A RohiduBlo IRt irhdREStFon g ardl-teifsPE sEb@ih | i ty on
11 B

pall ets, is usually desirable. havi ng attracti ve conbi nations
of pr oper td mske the fHidwos nsable. Magdrous adagpgic meshenipa piiensitees|sueh aseimyant
particul arly i i [ t nd_tensi.l.e. strengt as_ wel.| reasonabl e
ot cal - parsshiater TRS PR o Bt gl §is S RPR ol tEbs Bk D ackag! ng
i ndust ry. sothecdied fekCadsthytiafl lyeppenmguntieilesimpmwwayent fiins Hakatddduage pol ymer
properties that mnjimze are often those that are detrinenta

] , €. g. haze,. ) )
to, e. g.optgghpiorsiticepghrRs 1%\@3?%61 Addnghy glopo SEffpsisyhlse ah BBRUES! ng | ow haze

and reaso i . St i t hose

pol ymer s g@@ggéégﬁgﬁkFgﬁf?@g%RQP?%ﬁ§%%H@¥§BﬁﬁﬁéegﬁBé%%ﬁﬁﬁ?ﬁ@%%gi and in
addi ti on Obruihihg fihaykavingd desdablewosbasitivh ©$ taanstrangthneldtstiffhocas sfterga
difficult. It is therefore common to utilize interpolynmers and/or

bl ends of “lof*Y¥fers in the manufacture of films to try to provide the .
desired bal anc@ngfhcf édiBh PRI hti&Sof J&%@hﬁ%ﬁé’ﬁ%n%p&ﬁagiggﬁldw@' zed with
a conmononer such as 1-butene in order to obtain a polynmer yielding filns
havi ng i novriedsermatidn afrtags et sagky {Thesere tissaly far esamplanoghe packegihgof wor ds

cononormner r ener al | sed to tailor, the properties .of a _pol r to suit
s tar gelooRiTHiaEh Peadralnandeiiips et dpudh ivaapemaridls st ey

avai | abl ecdrhddienik h@tn k€ sﬂasa@lseeté.rlomﬁemdleg%l@m&-tﬁg&m@@@?&rmqﬁs t hat
provi de advant ages over ethyl ene honopol yner fil ns. ATilm

manuf act upelgr thebihes chytceineanibesasibrdsteriarede Mpwp pignificymiye Apwyvdiaandi npr oved

i npact st : e h C red t . pol ymer of
e e L L o e L LS

i ncreasi ng nol ecul ar wei ght of the conmononer. Its optical properties are
al so usually excellent. On the other hand, however, filns nade from

et hyl ene/l -but ene copol yners often do not have as high a tear strength or
as strong nechanical properties as desired. Oten this is disadvantage is
conpensated for by making filnms thicker than is desirable. There is

Y o o 1 o o o - o, o, T



In a first aspect, the present invention provides a filmconprising an

i nterpol ymer of ethylene and a 3-substituted C4_10 al kene, wherein said

i nt er pol ywenroiosmsde using a catal yst system conpri si ngpratire@bso2biatt a or
chrom um oxi de catal yst. In a preferred enbodi mrent of the present
invention, said interpolyner is made Wsing a catal yst system conprising a
Ziegler Natta catalyst. WD 2010/084051PCT/ EP2010/ 050252 4 In a further

pr ef er r edpgixhgidh B Mat@falstUpeo 58S BE cvieh SOl i RicidHiEtht ikbytdggirémbhtayn il m

In a furtﬂer preferred enbodi nent of the present invention, the filmis an
i ndust ri athaf theyrpossess gojod r@pch@rrlﬁri@romﬁpfécsvch @m@mﬁeﬁ@ngthraﬁdéﬁtsrl@m provi des a

bl ovi ng an il oP R FAERAEAT 1l Pacd\ AR DS SUTREPRE AR 4Rl = "

wher ei n sanh galien, ehf)ohWIﬁcﬁfthSOﬂiaﬂGHdnSetﬂ@t@tablaﬁcabiyait lesy SéBELEDRPAIKSIING a
Ziegler Natta or chrom um oxide cataly In a still further aspect,
the preseRtTSPRIBAENOR % IHIE degionof %ﬂﬁoﬁ%&% TR RIA S8R dNSHCEY: MA8OYrEr ei nbef or e
descri bedg,cp gackslafe %’a?c%l ?Q&&l@@ﬁnﬁ%&% tng &?b@ﬁﬁéﬁg% Jh&éﬁ‘f‘d‘édn‘%?ntﬂrngy i des an
article conprising a /I'mas herelnbefore descr or use in
packagi ngjransportatidincopditioaneftheut taa;rpgcAdditlbealpr £s@in lewler&shffneqsr oy. des the
use of a Frlghgs her e nbeforeld E ed in packaging. Definitions As
used her ef% St ”¥8Pﬁ? qﬁﬂ%?%@ y efers to polyners conprising repeat
units derivi “9Ff1ﬁ19Hh@ih@ﬁ!t%@ﬁv@&ﬁn@n@ho%k‘B%l‘otp%f%ﬁi Secldiyabianengmngger . The
interpolynmer may al so contain repeat units deriving from other nononers, e.
g. C3_10 aicklmmas] stwmmaemulaﬂvempmtymgth amdetebsllmtlyngtrh asgwvelprsef erred

i nterpol yners and. co unrts eriving from

et hy! one” B As el SR Hey O5h e BT wERTRG nRh, BRER itk B B ey

pr ef er r edindnitey. ARk NSl 26 Berl ercaaﬁtynedehovgavef RethaCOBRY potPmESRepdrtieNi t S
deriving fromethyl ene, one type of 3- substituted C4-10 al kene conononer
and anot heet mnimieaF ke haze, F’@rq cautheselthat predasiimental tor ergp dnpaet pisengtle

oD ab) 3 BpBERSL S SORUNAE Ly el M bbb o7,

pr Fi ent Eaﬁﬁdhzfm pobestiféiicad wiélﬂsr;cgﬂfﬂse (pblytrﬂtes pcﬂ‘sts&’sm(glmmear %engtrl]fﬁf&nt erm

"al kene honopol yner" as use ereinr ymers i ch consi st
essenti al h%/Ved%OOFétb{@}ﬂS errrij ngadgdgionpengfo iﬂ&ﬁﬁl@h@leﬁ ﬁéc%rlee@aémgr%he e. g.
et hyl ene. 8}398539‘%%{%@ may, for exanple, conprise at least 99.9 %uv e. g.

at | east repeat units deriving fromone type of C2_6 al kene
based on the thtlathevéorgrcbnmiomtbeltmm intepolynidrs and/or bAsdsispbli@esiin, the term

3-substityte 10 al f t h : i . backb
Sont ot R BF SERS ol 616 Prakidr B Reral et gh dim bdnBicRafBor *car bon
chain in Eﬂﬂ?leﬁ@hﬁ?%%%ofa&?ﬁmﬁ%@lt@ﬁﬁ]ﬁ c8RoRdKENGH I DILEtRORordan® dbtdid @

substi t uent e. a group other than H at the 3 position. As used
herein th@pbb’ﬂm (vet:ﬂchng/ﬁtmsls@’a@nnc@fawdsiartcir@metrtmgtlaandatean registenpei tny t hat
cat al yses e polynerization reac ically the. catal st S stemrs a
coor df na: PO eBRETEPRERLE Ak ESREDL ARy LB Fhe e SieS B AP Ehebiina (e
active si bt i RELH S0H hpFidtion Tetd Matadt n(lﬁfbﬁﬁtdf%ﬁmfeﬁflﬂw Sailh6le TmA

cocatal yst) that is ab?e to activate the transition metal conpound. The
catal yst Hipstiemase fiamecthyleaenrd i Hyine conepnendhaprevicorieniesss & act i vat or
at | east active site precursor and a particle building
mat eri al ?tﬁgehéﬁ&ﬁgédl?ﬁ RT?Sr vator or another material. Preferably, the
particle buil dAr@nmhmrfaahrddsfrm cthylehel -butene, for Asarsletypiesléy hast he term
"multisite catalyst systeni refers to a cat Iyst em conprising at | east
two di ffeF%H’fPV%chlfﬂi‘Ri‘ét grongd (ges- .d@rtﬁi&)ﬁ%rcempare |t<éa%fi51r(%6 ¢ APRAPARMEL Ol £ f er ent
active sifig BHEAEASS R dah diop dtehblGchdhf YitkeAUSHRMISRGchdind he present

i nvention cosrrprr seit@at aeag%B oneng\geeg?%rill\lat%a or chr om&Sm o%q de catal yst.
Exanpl es obleaulmeight t)éthc&t)mbyemelsirtsbemadipmp@nésan:rqisq muaki]y t:wallcltt three

di fferent .Ziegl Natt activ S ec one a Ziegler
Nat t act PO4ShTer B Bt R ahes 40 Ui BFe B oo BRasiE e Ry s vo

active si h@shav®ad H@heaéaalsrr@ﬁ tR %8 heHonl fkgtme%ﬁﬁhl&ﬁ ekeéiaedesr@h otk cat al yst
system Particulate rrultrsrte cataly systenms nmay contain its different
active si thisisidisadvasitaggliecarppensatd &rtlarl ry@tmg)ﬁrms ihicker than érdrarablel y, each
Lype of aghiNG, filSoTBh B26R RE CANARGL LR AR RLERALE (ghes If all the
active si e F are contaimned v spepar ate par R ’one type,
each type of partrcles may enter the reactor through its own inlet.

As used herein the termZi egler Natta (ZN) catalyst refers to a catal yst
that preferably conprises a transition netal conponent (e. g. Ti) which is
sigma bonded to its ligands and an activator (e. g. an Al containing

or ganorret al I | c corrpound) Pr ef erred Zr egl er Natta cat aI yst S addr ti onal ly

e - a



Gas phase polynerization is a termof the art and is readily understood by

the skilled man. As used herein the term"solution polynerization”
refers towa2pmlogmesni zati on wherein, in the pol ynerizati eaTEPaci®60252 he
pol ymers are di ssolved in a solvent. As used herein the term

“pol ynmerization section" refers to all3 of the pol ynerization reactors
present in a nultistage polynerization. The term al so enconpasses any

pr epol y mefdngiad dt@ngtheaat Qregthhaid melevisesdy and the thi€Bndds 6elthBaT@ithattihie term
"mul timodal " refers to a polynmer conpri sr ng at |east two conponents, which
have beenuﬁrbéi‘duced under different polynerization conditions and/or by
using a nultisite catal yst systemin a single reactor and/or by using two
or nore different catal yst systens in a polynerization stage resulting in
di fferent (weight av@Eé@HLEEDESEIR&PTMEﬂ@EEHEﬂNVEENE@N ar wei ght

distributions for the c nents. The prefix "multi" refers the nunber
of different cgﬁﬁér%ﬁ%legwig@?ﬁof ithe backeroyng awts therprgraing g meed, a

pol ymer C?@l?fn%% kiR @ht JrQuEAIPRPERkRe Cpécgdwg ftém&s'ﬂch%g lan}ﬁhé'fg(ﬂﬁ%s an Jhe form
of the no ular wei ght distribution rve, 1. e. the appearance of the
graph of béms quehckyevithwe mrommmqma@n@fmhanlm pufperttes, mrqalaetc:tulaar wei ght ,

of a multinodal polyal en AN ow or at ast be

Gi sti not | PR DRRIA S presB Sttty Rand Bh GalBioar e sPoritt G Gual
conponent gandpBreAcHhtd @18ss. AW latv YR GRrE toYal SHBY n &AWt @S fAmdb bE 84 RBELfi N el ting
or crystallization tenperature of conponents. In contrast a polyner
conpri si nbelbglela@@fﬁtp Oqu?f&mE@lM Rnekethe geigingan npelyyoneiagmmr@@ucé&)ndr tions
is referred &9 ﬁ”efm ntutrﬁat acga 1o cost arA1S< lﬁoamnerel n the termlamnate
referstoarmllmsr ure cop %%1 at 't 645t onelﬂnrmlayer and a
substrate. Theltfbak ﬁwtbeucgu#plesm@lypfdslﬁmahaoﬁlbm cathpeisinp@n S@kthofyimaolfayer (s) to
said substrate. During the adhesion process t he f| I'm | ayer(s) and the
subst r at eetavleneémdaﬂ(wbstéute@ hey denaovhargingaid insrrolypen is gisdeuEing eng t he
adhesi on f fers to
the film PJthé?t?S?%te ar pgrs @@&seggf ﬁﬁ%ﬁd& %%&Hgltﬁr{ %hg%@gy RE!'llv'lehé@ft:%“aelirrlrj‘?nat| on
filmmy cemprdngth dnddrighheneloserength a3 well, as?éasbm}ﬁﬂf Bunpact strengASandsed herein

the termsubstrate refers to mat e to which at | east. one. | am nation
filmis aawé%aiearopr@w%ryg hagp)- E\E%Iﬁﬁp ﬁe@arﬂrre@eanb%qu%rﬁwow B or paper.
If the SUBSHNALEJIFnG? mﬁm@s havrn eefs%ﬁghxn&@alsﬁe m gﬁrthgeirg bagsof t eni ng

point than the I'amnation fil yl ene for use in
pr epar at i trandfost iof penvehtigrad eﬂlmkrceertl f@ﬂﬁﬂesop@mrscandwbmpambld iaiplaet from

nuner ous suppl.i e rra Al dr bstitut.ed 10 al kene

br ot er abl ST TR E Tane iy BeRE ot abs iSO S phsc S EeT L ut ed oA 10
al kene i sp@ss€sh abvey Kyhctdfetdincd BEp@bKYiks ﬂ{ongy ey, Reussd Rsthidndt ey

non- hydrocar byl substituents or unsubstitute Represent ati ve exanpl es of
non- hydr od@nisgnvestipaal icthyéamesd -puienc fens. be pr esent on the alkyl group include
F and . Prefegrabl y ek he C1 oyp nspbst it ut ed.
Particularly prﬁlh%grcé%lprl lfl%egmt%@?gl 0eR et% 1Séepm%{r egeSH S%ltu[ &% allk ggr s acCl3
al kyl gr ohpresieeh g@t&rﬁeﬂl}h&'ﬂsclo%dhﬁhh@ﬁack@t@uﬁd{ eyl it N&tﬂwbr bé‘en&téalﬁscﬂ)eCI ally
preferred substituent ‘9 Pr ef er abl the 3-substituted C4_10
al kene i sbafBredhyt apmrt 19%1@%51@01&@%%1133 Jubstithispeuer alkancsipds ysitgeht |
present a t a R ﬂ&

descri bedEag%ig@es@?t (E)rrnl%t%?rﬂéjtr Ql%stzrlte %enlﬁmgr g@gﬁéﬁ{gﬁ %dgcﬂhl gt welllep e

3-substi tﬁtmd/itﬁébumamhcﬂ(\elnagemsmoefbetaa]bhy)f scametnogttk emsile Stdnigth, tmpast

pr ef er abl e%S substituted C4_10 al kene is a termnal al kene. In other
words, th r@?}g YWQOCH BAPEAS10 ™ al kene is preferably unsaturated at carbon

nurrber s 1 and ga Ffs%ﬁ{e&e%e%rés!éﬁt%hbéﬂﬁo%%r@éidésoa ﬁl'nk@d}ﬁﬁnﬁﬁgeaﬁ hus
3-substi tut ed C4- - enes. Preferred 3-substituted C4 10 al kenes
for use i mterhelyingt ef ﬁbylymsmi ?aﬁeubsmiged ©61.1ofableneil vehof ¢ip said Ritexplobmedris R |s a

substituted or .unsubstit ut ed ref n stituted

o n 1o 07 HyiBhA R RbblaaR et 2 et RS b et i sy sTHbSL of

formula (1) Rlpd §pﬂ'€%ﬁ1’)ﬂ| enfHodBhdht bof tiR- pre;enmbéh\don daid Tl rgdsl%leprseﬁarer ed
conpounds of formula (1) nis O, 1 or 2, still nore preferably O 1, e.

g. O. umngaesate@éh&ywmnmmm9eéleelrerb@%©mld§t of formula (1) that can be
used in the interpolynmers include 3-nethyl-I-butene, 3-nethyl-I|-pentene,
3-nmet hyl -1 -hexene, 3- ethyl-Il-pentene and 3-ethyl-|-hexene. A particularly
preferred 3-substituted C4-10 al kene is 3-nethyl -I-butene.



3-substituted C4_10 al kenes for use in the invention are commercially
available, e. g. fromSigma-Adrich. 3-nethyl-I|-butene can be nade, e. g.
accor di ngvoaolDs23@8/ 006633. Ot her C3_8 Al kene ThecCTireeiposozser My
conprise one or nore additional C3_8 al kene. Preferably, the anount of
additional C3_8 al kene present in thedinterpolynmer is 0.01 - 15 %W, nore
preferably 0.1 - 10 %, e. g. 1 -5 %u. Preferably, the additional
C3_8 al kene i sTifa ARMeApkeRd chitoldimdpbethereésenail ontioRetheIilB iah ke i s a
term nal al kene. In other words, the C3_8 al kene is preferably unsaturated
at carbonfiiinbers 1 and 2. Preferred C3_8 al kenes are thus C3_8 al k-1-enes.
9 The C3 i r r i ; . NP re
preferably theh§%§%ﬁ§F]gﬁéﬁﬁgﬁgﬁdﬁﬁ%% gy%ﬁﬂ%%gt@g_ BQT%EEQ&JSQP

Repr esent aidumeiakflanpl es of C3_8 al kenes that may be present in the

i nterpol ymer incluyde propyl ene, 1-butene, 1l-pentene, 4-methyl- 1-pentene,
1- hexene and 1%%?"6&’@? AgPLEf BF PBISYNL IHANLES PEOVAPGSEOFasS T S S

propyl ene s o=l i

B al Ko B e o e R A 5B 1 2 e.
Al t er nat i wed ¥ }-spbsdipyibd fe cadkknbLwhertinesarl inwypdbemerie peade dsiby atchetysal cr acki ng

Linear olefins are.available fromcatal.ytic.pli rization of ethylene or
by Fischeﬁ“*?%ﬁ@@ﬂ“%@%?k@%%??&maOrc]@PE%@fgﬂf ngﬁg i nter pol ymer does not
conprise an al kengilph@er dpad, Bt hydsenan@intidn prigddstaub@ha rRldgene.
Cat al yst system The pol ynerization catal yst systemused in the

pr epar at i 6hm e$ herhmbeforedgsotibader conpri ses a Ziegler Natta or chronm um oxi de
catal yst, preferabl Ziegler Natta.catalyst. . tal yst .systens
corpr i n'a. zegreroRafb iR PR RIEERY Blovide so et Rl o
par ti cul atién hoherchbtforSdREebRr @bt ot tkcpabhdkapingi.e form Catal yst systens
conprising a chrom um oxi de catalyst are in the formof particul ates.

The particl es Br¥stapetbeiaspesi<tha pigseneveation pipyidsathquseef 3ifBm asf 0.5 to 250
m crons, H&%ﬁééﬁ?i&m@d<%iﬁ%8dﬂ%ﬁf9”s' Ziegler Natta catal yst system

The Zi egl er tta catal yst "sys eﬁipreferably conprises a transition netal
conponent and an activator. Preferably, the transition nmetal conponent,
when added to Dk8&ngpiohyneri zation reaction is contained within solid

particles. Still nore preferably at |easf sone activator (.sonetines
Peferred to asA USGEITER Yt i s IATRRIITED toes BOMJHRTS SAMPENTALRS | qui d or
sol ution. Gl @lale ByRlaRRR:LhE 6egibdiaRaId,, PAKERI BbnhRFPPRENT The

active site of the catalyst systemis a transition netal. Goup 4 or 5
t ransi ti omterpelynst mag apspebetamegpeapanits derivangd fro@radhgy ndongetesy, s, g.drdo

especially, Ti. fn. 10 .particularly.preferred.Zi eqgler tta catalysts only
& bup 4 ¢ Pk PRferiid DR St £ BB e Eho NSl 7Y S ar ot on
of the catejoyahersysidednipiisé Sepitafmek dedvihg fvsecthyiRchdd Ot thpéaf > in the form
of al koxy or halide conmpounds, especially chlorides. Particularly

pr ef er abl §ubptitutesk C4ih glkenggemeyforarsOthst prsduicad; ibternohiracrs pee e, $s§- syst em

BT8RO yk MOHLAT AfaThEE. o e e GRIAGRS O gt on
cat al yst alksmoseimdnontr picietad| G, Qalkene. Pamiavlatlg preferred interpolymers are

copolymers. In preferred interpolymers at least 0.01 %wt, still more preferably at least

0.1 %wt, e. g. at least 0.5 %wt of each monomer is present based on the total weight

of the interpolymer.

The term “alkene homopolymer” as used herein refers to polymers which

consist essentially of repeat units deriving from one type of C, alkene, e. g. ethylene.

Homopolymers may, for example, comprise at least 99.9 %wt e. g. at least 99.99 %wt

of repeat units deriving from one type of C, alkene based on the total weight of the

polymer.



Preferably, the final solid catal yst systemparticles also conprise a group
netal, preferably a magnesi um conpound, still nore preferably a My-Cl
conmpound,we.20/0SMFC12. The magnesi um conmpound nay Poe/EPat0os02sEd i nt O
the catal yst system preparation as the My-ClL (e. g. MyCl2 conmpound itself),
but it is preferred to nmake it in sitd within the catal yst system
preparation procedure to endure a high degree of dispersion, contact with
the transitionAgebt& haadif, Pekesl I-Yubstiti€edSRI |, laB@ndBiferk $o ana@kencHaviigw to carry
out such an in situ reaction. The content of I\/qwn the final solid
catal yst Oaabackbane pentgigingidtod0 carbpn atams, avheron Hieypsek ?q!ﬁ)tﬁé ngiesf

pr ef er abl i particle

bui | di ng %(r%r OeI} flﬁﬁn%%%gﬁ?&hle%% J%E{ahlglag%ll@tetﬁgh@gtbo ssz st em may be an

i nor gani cStmstmhems(mmp@rgto@LmllneraJSansH) atcthﬁpbmmma ti tani a, silica-alumna
and silica-titania or nds such as chl ori des,

u
oxychl ori des, ér*sth%tlnétl%waé@{yasya@me? 519 t&e fgiglachy g amity thihi ons.
Pref er abl Matal@?é%ﬁﬂ@ﬁ%lyﬁ@ﬁzaﬁﬁh%dcﬁbn éa'll GRe %talf)@?%&%%ﬁi‘a eRriagd, Ot her
conponents. e particle buil teria erably conprises 30 -
90 wt % of cdthlgstfsiystain, COdrp]?lSnglal tchnsaltoalnyﬂal cohfpotulnia(tbamtwc Isete brechidomgndrat er i al
conpri ses nds pi cal e building material wll also
function Q%Ng‘tt t%@%% r%% @t?nqvf %ﬁaﬁ'ﬁé?%artés q]oégtor%gg% %Tef the particle
bui | di ng R4 idBhetaBedinfBRihal Tma@a sttst?seerﬁ%tate R&cHeinP&tionGr&erabypi cal |y
define the final catal yst system out er rphol ogy and the other conponents
of the catehpsses gy g@t@fﬁ% ttllea@éorsa/tmusé@unmah aeyveleitd precyserasd apedfcts med
carriers th e Sy ararion e tta ctalyst
syst ens a%%lﬁ}m ateéllaathﬁ 9\768 ! anoﬁher m ng?g %ﬁ&glﬁl\lﬁﬁé}rapo?atl on.
11 pref er veitding sfariabd acoamdrer mat erl aI for use in the catalyst systemi s
inorganic material, e. g. an oxide of silicon and/or of alum niumor MC12.
Preferably, thésaatctlteétmﬂl@,e tgFm oRyufisite Catalysi ysteraieicsT o4 G@HALYHE SRSt i | | ror e
pr ef er abl r o I particles
have an ayepRAEEIERL b e Borve sieq IR LERR Y1kl EBEREL PO
m crons, ehffegent hritessitd pleontsorO Asmulbiaite cathlgst sgitempped)mrthapﬁ:s&ttze can be

obt ai ned by sieving to ellmnat ove S|zed articles. g

carried olit® ‘b“roélgpr‘cfﬁsr ptepshPncy teéter fEa BF pamEm 8%ids Pattag/ %ét‘%l’ 8t system
Pref erabl ys, bhéisRathhghk @sérst%h?ar%%ﬁ@l’:é)rﬁ isi n%ﬂ:@o %ﬁf&%ff&%ﬁab@%leﬁﬁgtt&ar rier is
preferably 1 n the range re preferably 50 To 600 nR2/g. The
por e vol uagivefsittherecarsars er omescqmmmtsmgdalyeglenNta’rte a¢timg;éate énd a netdlocerBy g,

pr ef er abl L2.cnB/g. met preferably
Phe carri BreStadnyBrarEani g ectiye SuB T Bl tlobi STy F e aBloe ¢ he car rier
I s heat edd@d] stOPathi9stYStefn. PAREIRIRE BBTAL ¥talBOsykRméQfhyCeontiin s at about 250
C prior to use. Preferably, dehydration is carried out for 0.5 - 12 hours.
If the catdfoyent aptéversifehim augegle fime @@a@tysbwrp@byf?mrn&tatebonacmm et ably no
carrier i For . so Iy rizati.o ferr hat t he

maj ority %the Sgeg}aly)ea&}%et %él?%%ér) IR tﬁlpﬁlalcrﬂes er| a es“ieggﬁt "cal to the
group 2 c@@p@w%nwﬁﬁsdcmaé@datwmlctds@fbﬁaty@btda@lmtypetoabam%&ImIaateaterand

addi ti onal. conponents The activat or |s a conpound that is capable of
acti vat i ngretrmeterthiosgh ityAWHdRlSl conponent . is sometines referred to as a
cocatal yst. Usﬁfs‘dkecﬂ?éra}{gﬁ&{eéy 1er8tﬁ‘&?{a€{2Nf)%£ﬂa§f Srefd Y QM@ AY! s and

al um ni um al koxy conpounds. Especi al | §tred activators’ are al um ni um
al kyl's, i pre;ﬁaattly«:uﬂn@rlsesaﬂ twnismoummdtatllcahipyshmt((e g. @1) thhlbh[rBtsh‘glha bt o um

tr|ethyl andtrl-lsobut al um niu activator is preferably
used in ettﬁg@%ﬁaﬁ AR AGtPAHE(§ i AR ﬁéf%ﬂl OBEASRUL aits? C?rﬁgtt%ie when an

al umi ni unpalekydy 7i8 l@ﬁﬁ%@&ttﬁ%t@%dlﬂﬁ{a@&’coﬁllﬂﬁsé@b%lcfe%ﬁlgln%fmét&@alal um ni um
in the activator to the tranSition netal in the transition netal conponent
is from1 to 566 usel Hareih theptesh prdishiatexcatadyst Opsterniniaans a caalyet. syStetmo 50

AR T R e (N IS

The Zi egl g#ivdiatttPorcatiod M%(s)%!‘@ciu@d@rm&th@@@h& pamidlck YpreRmdIy pRoGP- acti vators
and/or nodifiers. Thus, for exanple, two or nore al kyl alum nium conpounds

as descr i baticlgpohbes ey C@éraag@cpa f Bystaniew ta pell Wesites OFPENBIES may be

conbi ned f t ES, to

modi 1y ¢ nenpe b e R B il BHRE R SEIE 1 b BB | Do

in the art. Catal yst system preparation The Ziegler Natta catal yst
system nmay be prepared by procedures known in the art, e. g. as disclosed
in US 5,332,793, US 6,187,866, US 5,290,745, US 390, 1863, US 4, 294, 2200, US
4,617,360, WO 91/18934. The solid catal yst systemparticles may
optlonally be mashed prlor to use to renove non bonded tran5|t|on netal In

o, o o, b -, =



The surface area of the catal yst systemparticles is preferably in the
range 1- 500 n2/g, nore preferably 2 - 300 n2/g. The pore volune of the

cat al yst wosvswmsp@Eiti cles is preferably in the range 0. PCI/ER2a0B5@52
preferably 0.2 - 1.5 cnB/g. Chrom um oxi de catal yst systens

Procedures for making chrom um oxi de d¢atal yst systens are well known in the
art. Chrom um oxide catalysts, also called Phillips catalysts, are

typi cal | ywiieslearBing€ 841G puligcizapion Qbisig APAERI1QS catdlldtGasterdithd gati@bysf na or

al um ni um phosphate together with a Cr conpound that is not heat stable, in
a flow of theroptalysiygéhe g@h@lariwvﬁgb eraadyftfragmeptep Ehese djagments sopthereafier C. The
Cr content,.. of -2 0 : . - W t hout
cocata|ysﬁﬁ%%¥9§§%?@§?%¥%&“éﬂgsé%%%?%ﬁ@ép§§§§$&§%§t§?§¥§P%§Fm0r B al kyl s
ar e addedcdémlitidie vdekgbyaolid adiyarer feast Ohe partieula®lcelylsasyswei ghy bof t he

pol ymer to be produced. may be highly influenced by the tenperature chosen
for the caweeplﬂa%erlaﬁf S@fget & FHglypiECRT Y HEY PIPRCtion PEGCRSY: STdRet dRB&F Y ur e used,
the I over i he 0l Gty yeh 905 iRiuded e Giktidd VbRl AMRfive sittdMtidd Site

cat al yst gystens Mul tisite catal yst systens may be used in the

pr epar at i site mecursdreoppbymke@tptes eartict josttheéore, drrms thefsamhéinpr, esdlt in t he
films of th iqvention.. Nhltisitg cq;%%¥st systens for use in the

pol yrer i zA TV EAHE, A BRCKYHPICGUrse HRRANGT coMads oM RL iR e cat al yst

fam ['ies BylymdHsdtionneidsle at | east one Ziegler Natta or chrom um oxide
active site. For instance, Ziegler Natta and sinPIe site catalytic sites
may be used t odétubetherein the tey “slopy eglymdragtiorétralcroloamelyherezagpecur sor  and
acti vat or Lol l e JIELAL LQERNE 381t DR RATBS: 0fui £ oLl S Bl e Araal e Natta
catal yst. e nalPvely, O CRrS AT Okt aé may DelUSETt Sgenfl%er Wi if a

met al | ocepslyn®r. 1 thdlyittérgase@o ablydgrizudels shietihesRgidditonsa bukt al | ocene
site precursor and activator for the nmetall ocene into the pores of a

parti cul aPelymerationl [Nhederm shatre golyRcHatting Gpapasees whafds somgtdagser Natta and
chrom um Qxi \ . e : ere. t he
solid con%%%gﬁpgo a%ﬁ% aﬁgB%ﬁgg%QBQSé ?gggnﬁ}ég?gggg%HZéggﬁg%%@%égiicles to
t he pol ynpolymat isarsotidaatpendedaind fhuid eaatsirelatiyelpichse taitderiticabpoitther docat al yst

needed for the Ziegler Natta conmponent i sed. Alternatively, nultisite
catal yst_ gfg?st{]%%* TR e SREE o cd56tNCE  and i
active Sitgse to%ycrﬁ%#gfo%% ﬁéjcompressibi@gtfgﬁcglf‘fs'lé’sg k¥on SORPRMIsWRiRXI de

catal ysts nmay, in so cases, behave a Ssite catalysts, e. g. if they
ar e suppocaerepressbibityufiattouon, phths phset o a(mixture atsspsepdagsitiofl cAmpuessibPity This i s
bel i eved Eo be due to the effect of the support influencing the properties
of the actd% site. High catalyst activity/productivity A feature of
t he above- descGahprhse pbBSizatiobsk @RrmPEf the aHladd idrchdily@RicARbddyuhe y phase
polynerization, is that ‘it has a high activity coefficient in the

copol yner bigbed manof et hyl ene and 3-substituted C4_10 al kene at a

pol ymeri zation,te rat.ure of abqut 80 .C Prefesabl h ct.ivity

oel 1ol ent of ALHERIPUYE: Cly SRBiHiortboiimp ZREPRER s IS REREY e
system hwhb@in, in Skipolynigizatipn ehebabhy/pdli@caaid dikdopvadahisobicant of the
catal yst systemis at |east 80 ol yal kene/ (g_cat. system h, bar), e. g.

gp g,
at least 110 gApopSHIKeRdhqigmeapolygpizaian sctighaprsferstaatofihe no upper 1imt

on the activiLy filci ¥ W yZ?ﬁj I g
polyalkengélg%ﬁgﬁgﬁgégggﬁgkﬁ?ﬁﬁgg?ﬁhﬁmagnj e&%?ghgzgggpégggoproductivity
has nmany eathoanpiasgesny piepolynetiantos, readtord eleat easiessd.t he producti on cost of the
pol ymer and m ni mi zes any, saf et, i sks_associated with the handling of
Cat 2l yti o mat eRFAPe BREcin SaCioap einulRe Lokl 4 P AT gpmarzﬁl%aéqgﬁah ity to
use a | esggy cAHRHhts O hRAHE Y BlenHSdREY Bfder KT QEntToN\RherPQliYTEr i N Ssone
cases enabl es production plants to increase their production output without
havi ng t océniciaasediohby nsingaatwiisiti catalyt sysénalinys singletreacicalagdfoeby syst ens.

i the fact that .a l ser a unt. of catal yst

E ifi tl h
Syst em cahsBE R ATreRT ST SYSanS et PoAREARA S HER SSURBEAR yst and/ or

catal yst gift@M(WEEhtiREgdf RoRLEELREIgh dnBenASIWATeYci@g disiibiitiohs & and fil s
made therefromare much l'ess prone to degradati on. is can be achieved

wi t hout wihstoppopents.  hedaefehimygji” refers e therrsmbes ofdisieranb eempriicaty.

Pol ymeri zation. t r i r pRl resent in the
e of DR iERE PRI ERRONSR5REE: speymeltisl ObgEP R TEinati RS

pol ymeri zati on process, e. g. gas phase polynerization and/or slurry

pol ynmeri zati on and/ or solution polynerization. Preferably, the interpol yner
is made using slurry and/ or gas phase pol ynerization, e. g. slurry

pol ymeri zati on. A prepolynerization may al so be enployed as is well
known in the art. In a typical prepolynerization |ess than about 5 %w of

- M 1 -, = o L,



15 Preferably, the productivity of the solid catalyst is at |east 2500 g
pol ynmer per g of solid catalyst system Still nore preferably the
product i woyonfostdse solid catalyst is at |east 3500 g pecymeedig/osasal yst
system e. g. at least 5000 g polyner/g solid catal yst system The upper
limt is not critical but mght be in“he order of 100 000 g polyner/g
solid catal yst system Preferably, the productivity of the total catalyst
system i sodl i4 €ARH “BREUAD’. WAt YorR! oRBE n®lRlilat Qledht @RtrNYiISH ceiyEli€ethSt i | |
nore preferably the productivity of the solid catalyst is at |east 1500 g
pol ymer / gairsesnceaf the geaph of sheaiplyracr weighitfracsigs as o hogtign pbitymelecylat ot al

cat al yst . ro b mit i i L] - m i.n the order
of 20000 §¥%%ﬁgﬁé}$g“#§?§ﬁ”%%@%%§?@”g@%?g&éBﬁﬁbé% g%%%ﬁ%?@?gﬁﬁg process

t ypi cal | ydptingBegsadsntdmudontpaaisérowith ohd ¢unges for the individud@odipbhans I or
carrying out. .gas phase polynerization are well established jn the art. The
reaction # ‘é‘bé‘ﬂlﬁ?@oﬁ%h% P@Wé?aw? aid#f%rﬁ%ceruaﬁgéﬂwrtcesy%ggwone. g. 50 to
100 C. ThegbptRlrcQRU8RppiERSUre is preferably in the range 1 to 100 bar, e.
g. 10 to 40 'bar. The t8ta| nononer partial pressure is preferably in the
range 2 to 20 bueontmest agpol@merocobprisang ontlvempesind erciaced weler porsgach gas phase

t [ f. bly in th 0.3.to 7 h , f bly 0.5 to 4
nour s, st PR ERUaBY S oLk B sl 079 1o 2 hours,

Hydrogen is al aQupéehtiabhdichB thrhinhe rtR8 b adNhrubRird sUMEhiPRl Adcat Ol ecul ar
wei ght regulator. The nolar ratio between the concentration of hydrogen and

the feed ofic Binhiayehand stubstrate Theddmovtrusipse smreparest st adhgphg said filmoo - 1: 1.
The concept rati.on .i.n {he in.the.reactor of t j or »monomer, ethyl ene,
(oo of or V18 St pbiG oD P O pERE bR Syt Pl TRsiy) MRIREC £

3-subst i t sitgtatchrclidlidl(kentce doDBOfTRH aCafie enliqad demngthefaahadnyprosesd). - 70

nol % nore preferably 5 - 50 nol % | Preferab%y, nitrogen is also
present in theAsased nreinthe gy damigagon Blm gpfery éo trefflpdaygse) gaéare used

A R A L

the reacttwyerslt functions to increase heat transfer efficiency, thereby

renovi ng heat re efficiently fromw thin the reactor.. Preferably,
the gas phase BorsssEhrsatio SR b TatgLt Hach st PRtous or
sem - cont | AR HNAIRCE Sherdd) qﬁmw,%mqgﬁa%onr#y@é ans}mféﬂ% 1RLBES: 1ApL onal
gases are preferably fed continuously or sent-continuously int he

react or. IfltBe Rrtsfretcabpolymehe icprctdratdy hasashigheriselahg/soffadhgmmititharousl y or
seni-contb? OUS|§%%F}O the reactor. Still nore preferably polyner is

conti nuou GUMBPM/ "ontinuously removed fromthe reactor. By

sem -continuously is neant that addition and/or renoval is controlled so
they occur at Eglyddnevely short time intervals conpared to the pol yner
residence tine in the reactor, e. g. between 20 seconds to 2 mnutes, for
at | east 75 % Etylege fangedy pgparaen gy ofthomvenéondgs comeeraadty on.

Thus in a_pr r e cat s or catalyst systemis
i njected ?ﬁ%@£§ﬁ3§$8§@?§§§§$&£§¥a€é£§é§g’&ﬁgggpga?ate of renpoval fromthe
reactor. An advantage of the process herein described, however, is that
because | ess catSabytgtited(Steatkean be used per kg of pol ynmer produced, |ess
catal yst systemi.s renpved fromthe reactor al wi t h. pol r. The
Cnterpol ymers Bt HEdGS dt@elfwt PRETH £h& ?ﬂﬁtﬁgéﬁbﬁﬁgﬁ%ﬁg&%@)@
therefOVGEQQ@BJMEﬁgﬁ&ﬁ§T%EBH®léﬁﬁ@rﬁ&?ﬂéﬁhﬂgﬁ&k@%&%Bﬁh?éb@&% { system

When used in a gas phase polynerization of a 3-substifuted C4_10 al kene
cononomer subshieicpis loy mesubstatuted nR cratseintagitve syan@ny dlarostyddesdnil bed gi ves a very
hi gh acti vi.t enabling.a high productivity. tal yst systen).
Consequen9#§x?@P§?W$g} tFéﬁ?%BH@EﬁF@§?4%ﬁ@¥6$§%§ﬁ2%§E¢{g?%%@ﬁbére required
in the repst@fer, the €f a&DI yroup REurCEREQNED. FattalLly ProRrdbof Ak sC@kidlenst system
in the gas phase polynerization is |ess than 1 kg/ton polyner, still nore
pr ef er abl groug$seseriaph carbgn Rdy ¢ bms plyygrerp sech ag mgtegsethioy i@-BroRyl t on

pol yner. - 0N Ve, phase pol ymerization reaction
preferabl?kgaﬁﬁﬁigggggmﬁﬁﬁgﬁ%%@3?%?%%%%g@@gbarbpn such as a C3_6 al kane.
The function of the C3_8 saturated hydrocarbon is to increase the heat
renoval efficiency in the gas phase reactor. Cooling of particles is
achieved by circulating the C3_8 saturated hydrocarbon within the reactor
t hrough the pol ynerization zone where it picks up heat fromthe particles,
to a cooling surface, where it is cooled, and then recycled. This process
is inmportant, since if any particle overheats sufficiently, it will melt
and stick together with another particle or with the reactor wall, i. e.
aggl onerate. C3-C6 hydrocarbons have higher specific heat capacity than

Y 4 Y Y - o . I 1



a concentration of nitrogen, 10 - 40 nmol% a concentration of ethylene of
10 - 50 nol% a partial pressure of 3-substituted C4_10 al kene (e. g.

3- et hyl wotelo/msmes)y of nore than 20 % of the total presgor®&Poi0bEs2 eact or,
and 18 - a concentration of hydrogen of 1-5 nol % Preferably, the
feed of C3_6 al kane into the gas phase® reactor system (reactor +

recircul ation systen) is |less than 100 kg/ton pol yethyl ene, preferably |ess
than 30 kg/t onpr@ryellhhk 8nwbstirotee (AN eilREmbk Yo lbSabithawd d0cdtdd D1f,

pol yet hyl ene. Slurry phase polynerization, K . = The slurry polynerization
reaction Pewencefaeyulbiityentdy picedt aianother pesitiamititopraferaily e ¢hartkyy2rossp or
stirred t t.ar i | val rogesses are, for exanple,

Host al en g?%ﬁéﬁﬁ%Vﬁ€§%ﬁ%ﬁ?%ﬁ@??“@%&%%ﬁﬁgﬁngBﬁéner sequentially pass from
reactor to rea@hoBjsubsaitkted CufyalkaneacpefergilpaesmoblengStijiendryl ene by
Lyondel | Basel | ,. Lyondel | Basel | - Maruzen staged fank slurry reactor process
for pol yePisarably that-suhsfitidedgen IX&&H‘R isq {grpipal digneqn %F‘Efc%%@s’fﬂé? &

pol yet hyl ﬁﬁ)‘%ti@ﬁt’ed'\@%_lﬁ ‘dﬂmn@ﬁ%réﬂe&ggﬁ?ﬂs%ﬁt?d WdaMoRAMRLAYI S& Pragess by
Chevron Phillips, Innovene stage oop slurry process by Ineos and in part
t he Bor st arsubttiiged Cslanlkonct asphenttsgastuptibS.e . rékattoes. pr ocess f or

pol yet hyl ene b or iS. .. The hi activity of the catal yst.systens
ot ot nbef or 6. dBECHT et diliisd Gt aRehegnisah e Sy Reroafoltst o be
carried ogrmub¥@f.erably, the productivity achieved based on the total (dry)
wei ght of the catal yst systemin the polynmerization process is at |least 1
ton pol yner/ kg of _<at al system Still nore preferably the productivity
of the total c is at least 2 ton polyner/kg catal yst system
e. g. at least 3 ton polyner/kg catal yst system The upper limt is not
critical but mght belin the order of 30 ton polyner/kg catalyst system
Advant ageousl|y, the pRocess typically proceeds w thout reactor fouling.
Slurry reamtRin RBkaAHRbAIstcd B uRRBs@hic@Npreferably TRALGANEH! CONAKYIProGAr ' Yi Ng
out slurry polynerizations are well established in the art. e reaction
tenperatum@Pﬂ§EWﬂéﬁéﬂdEWWﬁmﬂQW%ﬁrange 30 to 120 C, e. g. 50 to 100 C. The

reaction press AR er abl e hn 100 ([ . g. 10to
70 bar. The reisﬂ’ gﬁgggdtclgﬁlgg?%ﬁtoﬁéoﬁl%ﬁbk gsr&lgtgglg%rs)ert@?’(er % @Bﬁlylﬁ Ilé?he

pol yner i zalrihenpégtddadmposndy efffednalih ¥1) infis 0.heor ARgE ntbrd ptederbbli@uwrs, €. g. 1
to 4 hours. The diluent used will generally be an aliphatic hydrocarbon
havi ng a ﬁdiping point in the range -50 to 100 C. Preferred diluents

i nclude n-hexapepcl Rk 06mBREoPe ds SERARLA!1MndARYL 0K n ik

Hydrogen is also preferably fed into the reactor to functron as a nol ecul ar
wei ght r egudrpdlgmershiheludoB-anctigt i-butbed, Beeecthy b pteedt, Stméthidr bgexenaydt t he feed

of the ethylepne into the re or system.i 10 0 - 1. 10.

Pref er abl § Yﬁﬂ@e%%?@ﬁ'ﬁ%’ﬁﬁ%l@?eé’&c B BT REd dobdvEd S 1 nuous or
sem - cont hRUQUS 30hHeGSE B-budhys the monomers, diluent and hydrogen are
preferably fed contihuously or sem -continuously into the reactor.
Preferably, thésobhitittydCssyadkanes fg uat sothe edecooon imgomsioycialty available,

sem -continuqusl y. i nto th eactor.. Still re .preferabl olymer slurry is
cont i nuouS1s T S bR LEaaY uotsaan BF ainebie & tapiogpd g

sem - cont Wwwieost/godecs3neant that addition and/or renoval is controlled so
they occur at relatively short tinme intervals conpared to the pol yner
residence tinme in the reactor, e. g. between 20 seconds to 2 mnutes, for
at | east PthaseAlkenc100 9 of the duration of the pol ynerization

Thus in a pref S o ef ly injected into
{he reactor at b Py EoREE e SBmpRLAEl: i ul o R SR ot or. - An
advant agePaffertblg, thowamountast adeitenal Cesatkdnb @osscitameweinterpdymbiai Oldcause | ess

cat al yst emcan b ed per. kg of pol r produced, |ess catalyst
systen1is?gzéﬂvgﬂﬁ?F@ﬁ?#ﬁ%gﬂéagygﬁméT8ng'gﬁgﬁtpolyner. The interpol yners
obt ai ned direc : i ! i

Cmpar €1 es dor ) Tt oo { o eA G h B RORSM AL QPRI PSR,

3- subst i t theddhs@kehO 1d tcemmatdkenro reothert Werds ahaCy s blksysisenafetablyei n descri bed
gives a very high actjivit enabl | a. hi prpducti vi.t to ol ymer/ kg
Ot ot yer " Sobd oEiht dtener )T Rad SibrSrigdRob RS Sy M Con P ohdt el yf
systemare required in the reactor. Preferably, the concentration of

catal yst systemin the slurry polynerization is less than 0.3 kg/ton
slurry, still nore preferably less than 0.2 kg/ton slurry, e. g. less than
0.1 kg/ton slurry. Preferably, the concentration of catalyst systemis at

| east 0.01 kg/ton slurry. Preferably, the concentration of polynmer present
in the reactor during polynerizationis in the range 15 to 55 %w based on
total slurry, nore preferably 25 to 50 % based on total slurry. Such a

.




The interpolynmer may be prepared in a single stage polynerization or in a
mul ti stage pol yneri zati on. When a polyner is produced in a nultistage
process, wbeoreggetsors nmay be in parallel or in series beCTaP@ogszent in
series is preferred, e. g. for slurry and gas phase pol ynerization. For
solution polynerization, a parallel arangenent is preferred. If the

pol ynmer conponents are produced in a parallel arrangenent in solution

pol ymeri zat | onThé bel hlkefd MiprafaabBrLlindhehlkeah Syl Mot grdf@ablyarmgeni zat i on

bef ore extrusion. A multistage polynerization may conprise the
above- deselkpiseld a8 ugsubytiéddGerdlsaei on i n” conbi nation with one or nore
further pol ynepi | e I Lurry, : neri zations can
be carried outR%ﬁ%%%%ﬁgﬁggaygksésé?%éﬁgggﬁ%?hﬁﬁggéﬁéﬁx%@ %novene slurry
pr ocessesint@polanel incindepodpyieic] -buicaa Ispagenccdimdieylflopdnomed] hyxanegas phase

pol ynmeri zatjon stage as described abqve (e., g. in Borstar or Spheri pol
pr ocesses)“.l‘{ kPP@P?\thr?fg@ibg’: the ‘%Sl-wglffi}l%%?%ﬂ fg%mip&pygw ﬁ-@uﬁpéégded by a gas
phase pol yRBfi48ch@fe ofndtiifc tfdiéber possibility is that two gas phase

I ed

pol ynmeri zations ‘are carried out 1 n sequence. 21 When a polyner is
produced i n a Segaldemdsdbr wlin itstpagenpnvcess, arasomigercedlytayadabdoupl ed i n

series ang,usi di fferent ndi.ti ons i.n each actor, the.polyner
conponent SIETBHTR b PRV ETfcirdh 1 dreR et o eed R HEUE LHERY own

ol ecul ar oMBhgR adhisdbld Rbhi @RILARGIWBh@RbatRNRITREE 1dHRlR by IFach¥er@pich Wien the
mol ecul ar wei ght distribution curve of such a polyner is recorded, the

i ndi vi duabyn¢hgsises from these fractions are superinposed into the nol ecul ar
wei ght distribytion curyve for the total resultin al r. pr ct, usually
Vretding a curbSreR BRgePoRERE bR Pt hEaR AT B oaceni ng
of the nmobesuhktited ght, atlkeatr i buti on of each pol yner conmponent by itself.
The product of a nultistage polynerization is usually a nultinodal

pol yal kene. Preferred conditions for the slurry and gas phase

pol ymeri zat i onS25lsESY¥HAM | st age process are the sane as those descri bed

above. 11 1S PORE AL FreribRNRNALy D0l GTABAIES o & RO SHAGRCPT @

mul ti stage pol yne at1on. no conononer sent I1n a Stage o
mul ti st ageompplisererdiggts Matta drivhrqnoluymnexdeaitppsigmtferabdym VinaferNamge i s an
et hyl ene hq ol yner. St aged processes for polyethylene preferably

pr oduce ac%gggination of a major conponent A of |ower nolecular weight and
| ower (especi athyiyRr s%hﬁQ%ggﬁmﬁ%&QZM@@PNQ&@Q#&?ﬁQn%H&ﬁhe@hPQﬂ&&ﬁlOf
density higher than 940 g/ dnB) conononer content and one maj or conponent B
of hi gher forol egaltiulaefogitbua schrbfegibéy inqumwate forgo Ratalst syGtmpronent A i s
preferably nmade in reactor, A rei.n .t hydr oge evel is higher and
Phe. comontiae vt eMefER ofisFer S P alePup 6P RRRDELS Component B 1 s ade.
I'f reactor A" phepadels Breferhblyihaves alfink eckridtiartiyielsiogeno.sheabel be stripped
off fromthe polyner flowfromA to B . If reactor B precedes A, then

pr ef er abl {pigieneRiaferablyorddBmirgnadded to reactor B, and it is preferred
to renbve a significant part of the non converted conononer fromthe

pol ymer fl ow f ZisglBNatte cafalyst systemn al so preferred that the 3-substituted

C4_10 al kene is, used, i he reactor where .the pol.ymer wi.t.h hi ghest
‘norporat i on SF2omsmonkr GeRRruSaRa i SaBRu ARy lge BRIAT 0 a1 the
react ors @dmpdiRnPiRICESEIWREF. PreRABIY0 BRI trdnSitidh @fbtal compondMiBihdh ddved St age

pol ynerization is utilized, the |ower nolecul ar meigﬁt‘ ol ymer conponent is
pr ef er abl {p the odlyewaizatipn isactionis entpiaed wehingelid @gﬁwieﬁe%rllrmomraferab&b ove. The
hi gher no i e p I: r. slurry reactor
or in a ggtggﬁgé%%g%{oég%%@eﬁ}ra@%d %D?Se%ééggt%%'\%gilg?i@%%g nent is

t ypi cal | ypglyadtieaidnusiangual draekitionydr ogen/ mononer feed. The reactors may be
connected in 22 parallel or in series, but preferably they are connected
in series, especially if they are slurry or gas phase reactors or a

conbi nat i on ofs?ﬁgmféﬁﬁmPP%?é¢%bly, the same catal yst systemis used in
bot h reactors. TEhghiehaR!d colpbn&at al yst systemis only fed into the first
reactor and flows fromthis, along with polynmer, to the next reactor(s) in
sequence. The Whghavenot ef thcantalyst sphytent pragomenion megtalberaup 4 ot er pol yner (e.

g. copolypner).or ho ol r., Preferab it is,a cppolyner, .and nore

o ef or abt Jnsioh meg RSB, eisfipfdy P Amsibe pRe Bt T 8 el kene as

her ei nbef ore descri bed. Preferably, however, the interpolyner is made in a
singl e stage pol ynerization. Still nore preferably the interpolyner is nade
in a slurry phase polynerization. Mul ti nodal pol yners may
alternatively be prepared by using two or nore different Ziegler Natta
and/ or chrom um oxi de catalysts in a single reactor or by using a multisite
catal yst as descri bed above. Alternatively, nmultisite catalyst

. o

a



When the final polyner product is obtained fromthe reactor(s), the pol yner
is renoved therefromand |iquid and/or volatile conponents are preferably
separ at edwbnrorwastsosby stri ppi ng, flashing and/or filtratipomEPE@0/0502SE ance,
for slurry and gas phase processes, the polyner is renoved fromthe reactor
section and to renove volatiles, is pleferably filtered or flashed. For
slurry processes, the diluent is also preferably separated fromthe polyner
by flashi Eﬁ“{l@lﬁlaﬂy bisfatddoicgler Natta &itallas ahly\Grotipie tRabieR Metass @OF Eiybj ect ed
to a deashing step, i. e. to washing with an al cohol, optionally m xed with
a hydr ocaflsdcseniqui d, or water. Preferably, the polymer is dried (e.
g. to renove r - C I n
slurry and gasﬁﬁhﬂggﬁﬁg%@éggggg%?%ﬂg}%g§§¢ﬁé%§%ﬂ§§Q§gFﬁ%%%ﬁ%gﬁnbe handl ed

wi t hout dnfefal&mlthqforbmﬂauwwm halédeccotiponsdy, especiafly chierifed. Pariculzalyi on
process, poI powder fromthe reactor( %é should be in a free-fl ow ng
state, prE‘Fe alﬂv Wﬂﬁ‘ai\}?g’?g)frﬂélnéfq fign mé&@lé CRabP BIS& BIEPHAYM bul k
density, Yt of the polyner being smaller than 100 m

si ze, andﬁ?ﬁgmd%$%§?%%§§r%glk density being higher than 300 kg/nB. 24

For sol ution pibee&ﬁeﬁofnhmms@dn@ndnwbeﬁndﬁshébﬁyh%éhmv@dnﬂm\ﬁ$gmh|ng and
the nelt c e directl to t he | | er_aft additivation. The
maj or parPP@W’¥ﬁg‘Wﬁﬂ¥w§° é%@pg iﬁ% ne%?gn t | eave the reactor(s)
with the pol ynpfeferbBl§! teifmgl éé)lﬁﬁ%ﬁé%fs’é %@t&@?&ﬂ@l@?ﬁlso b@mf)ﬁ@% gpback to the
pol ymeri zation secti on. Pr ef er abl hes rocesses romthe

pol yrer i zaxctabrprefarably a m@glpfémr@wrgmu@nstékmmfsfembﬂy eMg-6 eorspaunided out
under an |ner (% g. N2) gas atnosphere. Prior to pelletisation, the

pol ymer p %y contacts less than 1 kg/ton, still nore preferably |ess
than 0.1 kg/ t omhe WREeSsidh céhp@al mayhd DEroti@ccdXiitoWsd eatalydtRestpal ymer
preferably does not contact acid. Additives and pelletisation

Ant i oxi daPtcaargrian py be Merbll (o o Nl 1y srencaad 1f§@5)bbl|1t| iyispsefamed fogngketier m
ant i oxi dapt r additives
(anti bl oc S?lt)gl;l ‘glglé%?% d%‘t?il?’ Stetﬁp e%gat éthOC%g%I??és%lgﬁégMg% eBlgerzﬁe}nt

fillers, Udpabisosdoatass w[thhita tcanit®dn metalchndgotasitl | Pler skilldd raar mak»a&t@frrer and

ot her poI mer processi aj ds PPA UV stabilizers, acid scavengers,
nucleatinéoﬁé%ﬁ¥§8°%§9qbﬁ%mdﬁalW?UB% added to the pol yner. As

ant | oxi dant, airk, LR P MEATROHRASOfBeUE Epaaswbﬁthw&gﬁ%faw shigg,used,

such as sterlcally hi ndered or sem -hi nd e?éd henol s mat I'¢ am’nes,

al i phat i cc#gtlgsticoalpoyertiinprefeeablpi-nswt’r gani ¢ phosphi t es/ phosphoni tes and
sul phur-cont ai ni ng conpounds (e. g. thioethers). Preferably, the
antioxidant(s) is selected fromthe group of organic

phosphi t es/ phopphigRidugdindnfatstig4ri cal Iy hindered or sem - hi ndered phenol s,

i. e. phenols which conprise two or one bulky residue(s), respectively, in
ort ho- posi ti onTh@p@rhélemaddmgymjmmlpresamtdnélw gler Naita %ﬁtﬁVﬁQY@@ﬁﬁst

Repr esent B LY fofAELTE: RpSh SRl ik AL A RNEORLL G1ARRPRHT O 1 nel ude
pent aer yt kifitd- M’[a-ntaedrrrﬂdv I8 Mg (03'CaZonfpouhdy duch BuEhdrides, oxychlorides, alkyls

hydr oxyphenyl ) - propi on-ate; octadecyl 3-(3',5 -di-tert.-butyl-4-

hydr oxyph%ﬂ;}k%éwréﬁeﬁ@@alt&vvé Qrg%ni%%vwll’@f%aléy,thqvg@ve@ t@laawﬂ@rlﬁ -butyl-4-

hydr oxyph bﬁ@
2,2 -thiodi et% ]??ngth@Fgrpongu§yl 4- hydr oxyphenyl) - propi onate;
caIC|un}(3 5- dﬁhépmtckbmﬂymg4nmmﬂﬂ@myahbbzmhqmmanﬁlh90v@%ﬂﬁphﬂﬁmﬂﬁ)

b 2 5 b opTailat 3o SRR TR en

aci d) - gl Y%Ilc%ﬁgr%e buftkdth ﬂlE‘ﬂ@H@v%ﬁl%‘l%%hctld?l%Xﬂe RiaghRRAY LRRFAR) ;

2, 2" -met hyl ene: bi s(6- f yl - cycl ohexyl ) par a- cresol); n,n - hexanethylene
bIS(3 5- dhmte®eﬁwimmwmb%ih&%@pmyChﬁmﬂdmgnmaﬁmﬁndenwzﬂEMﬁﬁahenwuﬂ
tetranethyl-2-(4' 8 6 12" -t hy, chro -

25" 7ot hy FrUEREBEY SEUy 4ol ] SRR ST iorPhology and the

1,1, 3-tri shér shpbhentd oAV @8Ny o s§Bfth wild e yﬂzxﬁmwhmﬂ@ﬁwpo@s 3,5-tris(4-
tert - but y1- 3- hydr oxy- 2, 6- di net hyl benzy1) -1, 3, 5-tri azi ne- 2, 4-
, 6- (1h, 3h, 5h) - Prafeymed carriers that are suitable for the preparatlon of Ziegler Natta

3,9-bis(1 butyl-4- r e hyl.nhepyl ) propi o
2 50 S BB R s PP i DA o v B DkBR e
1, 6- hexanedi yl - bi s(3, 5-bi s(1, 1-

di net hyl et hyl ) - 4- hydr oxybenzene- pr opanoat e) ;
2,6-di-tert.-butyl-4-nonyl phenol; 3, 5-
di-tert.-butyl-4-hydroxyhydrocinnam c acid triester with

1 3 5 trls(2 hydroxyethyl) str|a2|ne 2 4 6(1h 3h 5h) trlone

y o




The above-nentioned antioxi dants are particularly preferred when the anount
of transition netal present in the polyner is sufficient to accelerate

oxi dat i orwpeawisess, e. g. when the | evel of transiti onPogtERR0I0NSE2KE
polymer is nore than 1 [tnol transition netal per kg polymer, nore
typically nore than 2 [tnol transitiohlnetal per 27 kg polyner, e. g. nore
than 6 nol transition nmetal per kg polynmer. Such levels of transition

net al s mMayre@@dipré®dridecdrAtehNoHYINBF Sscdh ehcodatayht @ymﬁrmorgahhout a washi ng
(e. 0. deashrn?) step Furt her greferred smﬁyners conprise a

| ubr i cant Mmafoyia @rgeadqueﬂfrqfé&rﬂoe apger aulumativy oaMellsdirelsrably: te ca or My

71 or opol Siaay EaneqRte RLACET MDR: AiTib i moR FERHEIL SR RriS bt o

| ubri cant sificesent in the polymer is preferably 100 - 500 ppmw, nore
preferably 300 _- 450 m wt The pol yner or mx is preferably
extruded and gP%ﬁ#trr'alrefgr CICRTIST patiFlst Eave;ﬁnerfveragsmmaf Sére%fddpégp. on. In this
step, any nfatbhd BRIekBgWIoB0iEroAl Lo, TRI0 RO 3o OMENEEs off pRortilew
extruders are preferr pre erred twn screw extruder 1Is ount er
rotating swe parslor @waiesd byusievmger elirematsl opersided padeldst Siegingehn be sarﬁad/e a high

bul k densi t ..more.th 500 fines, . Q.
ess ¢ hanCdtresite: Singre Spet Dnarrnet Ehdl I aeRiah S Rt TeEP b 1) nt er pol yer
productio atﬁ@il\ééiﬁhte%gﬁerlcal The@ﬁrfﬁjdeseﬁ'ébsﬁﬁe aeEis prdfelalykin MM rahp@s td he

mechani ca or mance of o ner fi]ms is inproved By increasing the

mol ecul ar 1 1@ B, BPrequaisrad '10n60t0hfe /oriderpope miyme@éthematr@res hexene and
oct ene. The h| her t he ul ar s weij f noner, however, the

har der itP y1nﬂ11anHQLgﬁ%%8%V Eﬁd& 8%1 aF?& To obtain pure
pol ymer, t he nﬁrh-mél@DdSﬂ@é attﬂelc@ﬁaﬂppwfaablwﬁd chesr it detyelrncspasdtd e | ow. The
hi gher the nol ecul ar melqht of the conononer, however, the hlfher its

sol ubi | i t Jaitigulers DEdeyerihaearsergs isrichat H04p 80P essipts preferabhalylitel e form
pol ymer i Z?f)d ft;‘ epgoaﬁ%&ﬁszsbsb;b‘h YA BRsril Sd%hg&’ﬂ ?46‘??{ 'c%ﬁtég%t ?Jr%?sses)

t he renova n-incorporate d nohoner ypi § y done y counter
current dry2hguef the polynmer powder with N2, a process in which there is

typically clos ui I.i brium between. t he conpnomner gas.and
comonomer di eBiUeERY I rweﬁg 105@85@“*??1%9%&#@?'3 TOrREISASe i n the
mol ecul ar v gtlﬂisoﬁftloh?% QR it 15’%1‘&@“5({"@31145&( %rﬁgﬁe MR rdhd ficul t and
in practice, octene | ot used’in particle form ﬁlzatlon for this
reason. 1p¢rexler’wllémg niaténiel endemtraal tontbe gfcpe qonytound assoibied yadthe especi al | y
1- butene, whi.ch c be stripped off relatively easily, i. e. with

ans l
r easonabl EHOHBEE of N2 compared to the pol ymer flow, at a tenperature
somewhat bel ow the |unping tenperature of the polymer powder. 28 A
further advantagﬁva6r&ﬂﬁmﬂubﬁmtghthaugnvent|on is therefore that they
conprise a 3-substituted C4_10 al kene such as 3-nethyl-1-butene that is
nore vol ati| e Thafctivalosiea erapowddies inerpabls of petPating redppisionmetadt rip from
the poly r r i The
arount of CUPRREE St snBhEhe ol S AR BRMIAR OB BLAPREL S amonay ) "Go.
99. 99 % othmr elupmﬁﬁmraalq}waﬂcﬁalumaﬁura aVlwlx y csmpbhndtmEq)epraﬁiz eretbirad 80-99. 5
%, e. g. 93-99.0 % .. . The anD?nt of subs ituted 4 0 al kene (e.
g. 3- met hiFVELOByEE AEYmiRERR AkY S pInSBRUIaT A R R RS kB (Frr ITBSTRYlef er abl y
0.01 to AQ,biunTBi&n raﬁfn%PRx% ¥n 1115&91 mm@mﬁ THRL&RERTr abl y 0. 5-20
owt, e. g. 0.5-6.5 79 ess than 7 e interpolynmer conprises
t wo typeSpnﬁaﬁmz&&ahhemags@eﬂmgmnsﬁhyhenécamﬂmkmb&hemsﬁmcethﬁZmB al kene in
the m nor anoun prefera resent anount 0.1
130 o a6 sl b 5 e B b e SR e 2T o
is stat edaélﬁvraﬂirﬁ’o tHatantifien aeRH M tHefiradsidby Bl tdIRBRAPBRcnP SR thBO@ POl ymer is
a certain anount, it is to be understood that the nononer is present in the
pol yner i pol/meLfroefarably 2at0r Wea@l/mni £. g PHe S8kialireq]. Femadatiaator eSatMpllcg'lhdet erm ne
what is the re uni,t
" er pol y g TREA e Rk BfieRE AU ST RRET g prenstymar o Rgeb5et for e
preferabl yq#d. - 75 % nost preferably 25 - 70 96 The density of the
interpolyner is preferably in the range 890 - 965 kg/nB, still nore
preferably in the range 915 - 950 kg/nB, e. g. 925 - 940 kg/nB. The
MFR2 of the interpolynmer is preferably in the range 0.002 - 2000 g/10 mn,
nore preferably in the range 0.05 - 500 g/10 min, still nore preferably
0.15 - 49 g/10 mn, e. g. 0.3 - 5 ¢g/10 mn. The MFR21 of the
interpolyner is preferably greater than 0.05 g/10 mn, nore preferably
greater than 0.1 g/10 mn, still nore preferably greater than 1 g/10 mn.
The neltrng tenperature of the |nterpolyner IS preferably |n the range 110

A AN~ Y o aA A - A N P~ A NN AN P~



The MM Mh of the interpolyner is preferably in the range 4 - 50, nore
preferably in the range 5 - 30, e. g. 6 - 15. Preferably, the interpolyner
of the prweento/dasmsenti on i s uni nodal . The i nt er polPgmmP2@19/050252

her ei nbef ore described is also particularly suited for crosslinking
conpared to other single site or Ziegllzr Natta pol ymers nade using
conventional, l|inear al kenes as conononers. Crosslinking may be carried out
on the articl esht RidgheNatthichalys08emat fmbg addifidhally-cogrprshit@u@ivatdie use of
radicals, either by radiation, primarily gamrma radi ati on or at high

t enper at uprd/grympdifigrsi Haws, Hucaapplsi trer, more alkyl ThiEniniyeeqipraprds a5 s obt ai ned
wi th high -' t I 0 i ﬂﬁpunts of
cat al yst 8%H%g‘%%?bf§? Hg‘?/’sbgglr% ({r%rg({/@ﬁ&elés(gftlgﬂy &e&@gﬁfl}tg&%fb \é(r%g bglfgwt e anount of
cat al yst diferemashof ethéeecstans, siljgoh gtiers, ctatwdnbd diéy gk actvity dndyori s | ess t han
1000 ppmwt, still nore preferably |ess than 500 ppmwt, e. g. less than
300 ppm weeleaglyity Ré thefatalypt pysigra peinkagpniig t it the ash fromthe active
site precursor, activator, carrier or other catalyst particle construction
material and agyiBihgitcnPpRpRenss of the catalyst systempresent in the

pol ymer after polynerization and prior to any washi ng, deashing or

addi tivation stbpZicgler NattFcaalyist $ystenmetn be peopercH &y wiededimes kindwie il n f ar

| ower congentrations. since. t t r,,degradati on of the
pol ymer by'*é%Yy §en a&ﬁﬁ“ﬁ’%‘?&ﬁ&‘%ﬁﬁ?98?39%013]7»?5@@$ §9P§ﬁ4gnd reduci ng or
dest r oyi ngSmeohiaas cab 420ap200,i €S 4,647 p80 e argcadvant age of the filns of
the present invention is that they contain very |ow amunts of transition
metal . The i nt éhpenlidraradyst syidern pattistes meayfaptiggallypheeweshad pyotionse ise | ess

t han 300 r i1 I ess than 200
it rans | T1o0 TRheght BT Bl SR SR T R S BB EIRMRE | "8
nmol t r anspélyoerig@ioal oplevekomiol wietnts ef trgnsitiodsSaethhshou 0 gxolacthblanisi ti on
metal per kg polyner. Film preparation Optional further polymner
conponent 8ka#/26P0 dedi t i ves may be added to the polymer at the film

extrusion stagey I al-t e BOL ¥FBE RLRSESSI LdSs i LBR) in 13

| ubricants and a%??eg?%éc%rﬂrl%e Ea)igéeﬁts%cPﬁ%esﬁgEPg?ﬁ?ﬂg%ﬁﬁ&ggp rrlllelr égorrponents
ar e addedramge il 3o A5G aus sk pmrfarale 4detl 60 unhelilbwiore preferabliné td B0 n@n,of t he
present invention nmay be nonol ayer or nultilayer filnms. To formnultilayer

y | ay
films, the §-AP&p goLyhier slupisadichs plnsheplamepettinneandester0ned forsplusien
coextrude L...£. the.in i ti i nbefore described is
fed into gl%aesep PS’%%%%?%S?%%P%%%%lfﬁaq{ﬁgﬂér%g?&%%@yg? hgﬂ}c’& ilmmterial, each
from a separ at €hé aathcextdalwdelic, catdydigieera pattictes liay@ferdbly in the eaigailni ng two or
more |ayers. After the_extrusion process itself (whether to produce a
monol ayer >} My peraRreferably Ay 300 me/s iThepeisobingphibasrtalysisysenbi axi al | y
stret ched Wagalg i d i i 3
Al ternati Béerﬁf/f,e%iq?ér{rlgr%fﬁ%gé%% %ggedé) % /g’gérﬁe%gat%?}g?i? ﬁ/ﬁ"i %rfll/%iyer films may,
for exanple, b hPorn%B%roe‘%debé'atalﬂa 'Snsa[léring)n of a coextruded nmultilayer film
The filnms of the preserﬁ i Avent ron nmay be prepared by any conventi onal
procedure, e. Broce@gtd Y nRiking dvemigum &Xiaé edtalphtisysteie afd Wetbkigdven prtepar ed by

bl owi ng. Cast film . The filnms of the present invention may be prepared
by using e&staguwEenifcsaystssencalledPhillps eatplysts, asapicaly pragded¥s. For
exanpl e, - [ COPLE Sii he i nt- : L escri bed
can be ext&rlglge Q‘lsﬂnotrgl%g%q teanS%ﬁg?% S%hE?ng 1%%%‘%%?‘2@?%%%@%% ed to
form a fi mith alrecoskiouhe chamzmoit bcawabk, of a flywiof dty, caggdnAgntadmidg pasons.

Typi cal |y, however, rusiqn, | arried.out _at a te rature in the range
150 to 35@t@pe€ﬁaredaf§>5éaﬁ@s C; g ﬁéc?r&?ﬂj_és Bf@f?r@blﬁdo%ﬁ%ﬁﬁ?wedr aw down
ratio 1s bf&férﬁl% ﬁl@&%\git%%tboga(gﬁystg@@idﬁggtobs bBr SEREARL i@ dnhGhistajat a

t enper at ure of As a specific exanple, cast filns can be
prepar ed osBntkyds it khddedso dhepadpmomzationlrcactst Thid mplckilaewengbtofitee as f ol | ows.
Pellets of the |nterpol r co ition ar |ted at a tenperature ranging
f r om abouP°¥BG" togb%gglgeg\%ﬁyﬁgepﬁ%ﬁg WGPF%@?&EFE?@%@P%%PQ?QF% chosen to
mat ch t hec4reihhtiol. Géﬁéﬂall% tIRFhiE e tRedAdifdtloAlteRPENUIRY Ssed) the IdRere@se of a
multilayer cast film the two or nore different nelts are conveyed to a

co- ext r usmetecaktapreeght phiie resoHigedymeie two or nore melt flows into a

mul tilayer, co-extruded structure. This layered flowis distributed through
a single manifold filmextrusion die to the desired width. The die gap
opening is typically about 600 m The material is then drawn down to the
final gauge. The material draw down ratio is typically about 21:1 for 40 m
films. A vacuum box or air knife may then be used to 31 pin the nelt
exiting the die opening to a primary chill roll maintained at about 32 C
The resulting polymer filmis collected on a winder. The filmthickness may

-,



32 can be wound into rolls for later processing or can be fed into a bag
machi ne and converted into bags. Apparatus for nmaking a blown film
accor di ngvoaotoms4@nesent i nvention is avail abl e from e. pgr/BP2OIdOBIZEEr &

Hol scher and from Al pine. O course, other blown filmform ng equi prent and
correspondi ng nmet hods can al so be used3 Filmstructure and conposition

The product fromthe filmformng process may be a nonolayer filmor a film
conpri si ng t womltigiRrcatalydy§fskentd . €. @ multilayer film. In a nultilayer
film the polyner conposition of one layer is typically di fferent from t hat
of adj acent | alyBHtésitecatalyst systeapnpay beyscdiip thernsppargtimpsneatre ieners he sane
conmponent of nonol ayer filns, they
may consi éliels&ftqi'lt‘{]he%%gég{%gggsr%l tbm&h?%désjrqo% §ﬁle%rg§tgoonp03| tion, i. e. it may
not conprise aMuliidieentapst yatdoaner uwmmh&epﬁlyméduzambnamaml hybrltiklﬁforn

i nt er pol yner conpo on may nded with o pol ymer

conponent §vo (or more) #fj?lr?@t @é%léstéﬁlmawﬁgv& m}l%mu% 4%&%9{@ relppbataer i ts

| ayers My 6afih SkidlchiNesiRDPYSngeRG! zt&g m{ah%ﬂ@kmg% sit€ QAMRSE ki@, 1. e
said layer may not conprise any other p kene conponent. "Alternatively,

t he i nt er peypresedlogpbs, ti g)rbynmprdgeatbigandeﬂowne Iaite)ptecmsormmdacpmtgmer
conponent Ot her ..pol yner .conponents . The filns %Ep

ol 1 1 el (Gt PEUB ol S e e e visayote el Vs CabBRT QU o e

pol yal kengns AR BRI SnayThteust tdPetRY with@rm&¥adiRhe e, gocmmps@glﬁnh% density
pol yet hyl ene (LDPE). In the case of a nmultilayer frim the LDPE may be

pr esent nndf;m enet cqmdm@ne énetgllocaner §1tedffre¢ltr@rla39 agtevator for the ppwretlocengr epar ed
using a well known rQcess usi.n generatlng
conpound suchhe s?reﬁeor(% aggc.u%%he Sk |ﬁ gtwﬁ{') yc(r%rreor élﬁle%l% Ca%alﬁ%e%}egl es that
LDPE i s aNagi svdEhrbm@uindbkide B@thlysﬂs%dmﬁlﬁamsadtéﬂguhﬁ sy3ttgh Whcrduhocl ave
reactors may be used, including its copolyners, e. g. Ethylene vinyl

acryl ate pEdmomMnenpgtiodsecheithgse cate vrsgﬁ@fqdmypar@ﬁ ﬂ??ll'”éh’é tptheyl acryl ate
(EBA) and EFA y. pr esent
inthe fil ﬁgﬁ%{;lgﬁﬁn%%ésré%tﬁ %qne@%ﬁ]te |£ on 8% gﬁgﬁlgl)ol%eﬁcocamlygte%e—sg??%h?ﬁll[:et he range
915- 937 k@icglr Niﬂttalcbmpﬁﬂi@t m&é@rfaltﬁrlyatﬁf]:& ﬁﬁﬂllmlcaﬁlySESysg:ms%ﬁtprﬁﬁl«g kg/ n8.

33 The esent t of the present invention preferably
has a MFRZ' A %ﬁﬁ@w gnlng %ﬁa%%e.srtﬁs °PYeIE bl y 0.5-2 g/ 10
mn, e g. 0. 7akefaf@{d9 Frdmium oxide Hf@lyﬁm"}'/t 1n%f0n{cqagespﬁ&'§€gﬁs iy @

m)nol ayer filmof the ifnvention may be , hore preferably 3 to 50
% wt, sti bitc etalpstpreeg af tioy predsuppodast gn dum@unﬁphcﬁpm (with a surplus of ¥d case of

mul tilayer fjl . t.he anpunt of E [ iven | aye be 2 to
50 ot - i & P (FHoRs Bb RGerBY TR wape BHLFRr By Boh o e o
6- 15 %Nt of e bhbgre swddi ti ves The fi I m; of the present invention may
additionally conprise conventional additives such as antioxidants,

anti bl ocki ng agents, color nmasterbatches, antistatics, slip agents

(external | ubr %éﬁmaéélyStﬁF‘ll‘l’@/@OdWV&Msor bers, internal lubricants, acid
neutralizers, e _ I: A, W
neutral zer >, N HALAEAR. AURE A0 RS RPLUIRL RERRRRT T ALASILEES

mul ti | ayephdse k)ﬁiyntelﬂﬁatﬂxdﬂhstthalteishamaiyhlglea@[x&@fe:nbfﬁcl[bno[iEthel’coptﬂylﬁel(lmtlog aI ) of

its layers Preferred filnms may conprise external lubrjcants (slip
agents), 8fcthylegs %}@a}rﬁ%ﬂweﬂ{) @aﬁﬂﬁ@e af %pﬂwﬁ%@é@nﬁ?mwﬁr?tﬂr%qu a@ﬂut ?P:&t er nal

| ubri cant ocsfpyﬁeﬁabw FELADNY BETERARATRe N30 FBHNL 0La00¢" 1500 pom ut.

Fi | mthi ckness e case of er f| m eac ilmlayer may
have a t hpolkalgsse/@fcat.systgm, 12, bar)26{1 morqoprefeeerbdtjotlge astivity/ Gefficiongrod thgr ef er abl y
15 - 40 me . 20 -. 35 m he total thickness of the fi (nonol ayer
or mut 01 1 Gt s &omas B0 8 groblChe b b o bah e st TStk {1y
have a thb&l E‘lﬁ@&/%foat Syst&m, IJrQ)ar) 39&6"@ n@ﬁﬁfe@'hﬁﬁ’ﬂd’nﬂa@ activiBoldTidI&H.E

g.

preferably
¢. g. it may be as hlgh as 1000 g polyalkene/(g cat. system, h, bar).

The high catalytic productivity has many advantages. For instance, it
decreases the production cost of the polymer and minimizes any safety risks

associated with the handling of catalytic materials as less are required. Additionally



Fil mproperties The filnms of the invention have a desirabl e bal ance of

properties. The filnms of the invention exhibit reasonable dart inpact
st rengt h.wDanto/du@p (| SO 7765/ 1) may be at | east 1 g/ m pprafresialokozsat | east
1.1 g/m still nore preferably at least 1.2 g/m e. g. at least 1.3 g/m

The upper limt of dart drop is not cid4tical and may be, e. g. 10 g/m In
particular for a 40 mblown filmconsisting of 34 an interpolyner as

her ei nbef gicabds & iideed cabtarpédrt iof vatalibsyklmt fte ke s Endfpodyrhérlims@hepar ed
according to exanple 1 below, dart drop (1SO 7765/1) is preferably at |east
1 g/ m predses amblesproqustian plantp tgyingrease ﬁw Mefustipn e rlhwgmathaweaéq 1.2 g/m
e. g. at i . J t invention exhi bit excellent
tensile s[n(rége%g?ﬁ].eﬁtl{%ctgﬁasclzzﬁioﬁga%!}rgtec%leon ?%eéinsg}?t félg'st rength (1SO 527-3) may
be at |east 29EMRamoprefefieditly, miwdveashe 82t thbag lesder hinonmtrof cptaBier abl y at

| east 34 MPa, e. g. at least_36 MPa . The upper limt of MD tensile
strength PSHBEALDS wsed Rt kel iwp%@eémeanst exrRtlysh apde salalyslr for a 40
m blown LB QRS ARrQby il thdYhelRe! KTRIpyAfNETG RS deRGhiped and
particularly in the case of a fi prepargg according to exanple 1 bel ow,
MD t ensi | ewush lessigtone (d $QradafioB) This cpr lef ahatvey watholteasshirgdeMPa, pref erably
at | east 32 %Pa still mrgﬁgr.gf(f%%bly at least 34 MPa, e. g. at |east 36
MPa. cappyngy hg poiyared &S desHleq Br9™t ensil e strength (1SO 527-3) may be at
| east 27 MPa, preferably at | east 30 MPa, still nore preferably at |east 32
MPa, e. g. at P@@ﬁ{eﬁaﬂidﬁddﬁh@sﬂﬂw?r&é@t of TD tensile strength is not
critical and may be, e. g. 100 MPa. In particular for a 40 mblow film
consi sting of Eﬁe intereelysicy prescrd an Hierfdims péthsrscsgakiar¢ion randborieparedil arly in

trengt h 0f & ey PR RERNGRARARRHAR.3, EATBNGe b RHARHARE | ot a0
MPa, sti | blurmppelypiceizeti@bind/@tsoluveias poBhdvZatiore Pr¢ferably, thedsterpddynivirds

The filnms of the invention exhibit excellent tear strength. NMD (machine
di r ect i onaff HERYBMFY PEEPT ERshhesPRIEMETIZE 0838 3 S BETZAtieast 0. 018

N m preferabl : | : I t 0.025

Nm e. g. at ?&e%égdlgagg%agﬁﬁﬁ%%gg bue;%ﬁeélbﬁgr?’lis? ° g’%ﬁikgg‘?p Irl%tsh?tsa{t aﬁﬁi i's not

critical tyupttahprepblemeezatgpn 16ss2hddl ahout f Yot dfitoatotal pblymea ih@rodudeidodn fil m

consi sting of an .interpolynmer as herei nbefore descri.bed.an articularly in
haedoss B

the case BIPAYRIFA P 8o QuBbd i s Teicaisn '8 conpdagn WA 4st rengt h
(1 SO 6383fkecdsss Qgﬁggﬁ%ﬂﬁﬁ%gejﬁga%&o. 7 N, preferably at least 0.8 N, still
, €.

nore preferably at least 0.9 g. at least 1.05 N TD
(transverse di ggehiRp ﬁ:n{g;g { tear resistance (ISO 6383/2) may be at
| east 0.03 N m pbe@eﬁ)g y 1at east 0.04 NNm still nore preferably at

| east 0. 05 N nCommggcialgirot@msst 0.06 NN'm The upper limt of tear resistance

is not critical, and be, e. g. 4 N In particular for a 40 m bl own
{1 m cons! st | ngheP KDl peTiyich TS BICHSHAY RBEES PE Bosory BEam g

parti cul %foﬁa\ée rhcldrQudpas Rl f?ui@lihéd‘%’g@s%é@& in3MmAGE R NEbifatdexanml e 1
below, TD tear strength (ISO 6383/ is preferably at l'east 1.7 N,

pr ef er abl yn acirdudaiigig bed pradesss Sinitdblerpasephpseprorestsfonpolyethglen@ark, fir e. g. at

| 2.3 N . Parti : f d fil . 40 ick) of th
| rvent 1 onclimnlegpripha s b ToR! ijRER el et fon iRl P iS5 h (penca
y-935) MFRa NiiBre&l stage@@bactay pdIdByIOURIvREad, BB ARWAS thcdThAdigddd\@aded | SO

6383/ 2 and given in N, thickness is in m density is neasured according to
| SO 1183: 1@gtpr pEresshtMieni Jnapenicgas fred fapBzedvmrge regciop awgesdydsed ding to

| SO 1133 ' [ i@ 10 .1mi . [ . L8a-0:045 Cis
10,2 and Rpat GRS R Mileat il PR bl SR AD oot SRR o
pr ef er abl ytagediBa@mdpretdsk by MyveddiBatel, abd YasOpdherization Padiof BotdtaPE B i s
-0.02, Cis -0.3 and A i% 0.04 and in particularly preferred filnms Ais

0. 045, noPBeHHERLPEHPGEsHPYEOeS still nore preferably 0.055. The
films of the invention additionally exhibit high tensile nodulus properties
(0.05-1.05% ASTM D 882-A) in the machine and transverse directions. These
are preferabl yGa5ph600cavia parmreterpaet epeadilon 320- 450 MPa, e. g. 360- 400
MPa, particula for a 40 bl own f.ilm consisting of the interpolyner as
hor ei hef or 6. detbieBeathvitiel b pEE T raanofeT silin St RiOF TG B e
accor di ngafkenEAdHotct a RGN WY cfficient gal PRadel JolinQfzatibitd BRV@REdsutal so
preferably have a high strain at break in both nachine and transverse
directions, e. g. at least 600 %in either direction (MY TD), particularly
for a 40 mblown filmconsisting of the interpolynmer as hereinbefore
described and especially in the case of a filmprepared according to
exanpl e 1 bel ow. The filnms of the invention preferably exhibit |ow
haze. Haze (ASTM D 1003) may be less than 40 % preferably I ess than 45 %

o o ~NIN N7 o o - L T ] B Y .



Preferably, the filnms of the invention are used in packagi ng. Heavy duty
shi ppi ng sacks may, for exanple, be used for packagi ng sand, cenent,

st ones, owoposres4@ol yner pellets etc. The fil m usedTiEPRomI080252
production of industrial filmmy be a nonolayer film In this case, the
MFR2 of the interpolymer conposition ifomwhich it is formed is preferably
0.2 -3 g/10 mn, nore preferably 0.4 - 2.5 g/10 mn and still nore

pr ef er abl préferbbly, the @rochivif: of the sélRNGitdlyst of attl&ist 23U08S Pl MBEFer@TPOSi tion is
preferably 900 y 95% g/dnBQ}nDre Prefergbly 915 - 945ﬂﬂ%dg§pand nor e

pr ef er abl §olgb@talysh agsteip drel more prefesahlwthspaddictipity of qhéwglvb@a,talyﬁés #i | m used

for the p } i i [, m i { i, rably

o b e s

o e oveysadnh. Thelupp és sl g lire thiceird @ an w a single
| ayer (nonol aye/r)?@ ructure. Thjs rrealns thatd t he f‘iﬁj E1 car{ be nade t hi nner

¥M t hout _sa%l_w;gr Eai . gjar?.ﬁfttsﬁﬁ?mpj@ﬁ%ﬁ Ve%l:[e pro uCthlWém 8y &g i(atagﬁ'f til ayelr film
or use i ' ; er |ayer
(b): cor eESI’Sgye% oEéacolr eOb Ig%de@ge (I%igg)g%#gl(%)&?y%gf%r 'F%glelgor o fera%g/ers (a)

pr ef er abl thequoguciisigs ofl e solldCatdyst inht lodse 1501 & pplymenetotelbrmedgit sy stem,

her ei nbef ore scr.i.hed, re, preferably 50 - 100 %w. and still re

b ef er abl § &4 ca5g08f grogieFietofb sy SPun Ty erd Sall S shbertiee RE) ayer s
(a) and ”Hﬁ%tl%gﬁ gHealhsr pobbordpbiyhenahdty GeiRtkpers, - 30 %, nore

preferably 0 %w LDPE 37 as hereinbefore described. Preferably, the
LDPE conponent Adsigntagedusisi thy prsiceggppicalgigroresds withawidcactvHiRRlingvFR2 gr eat er

t han 30. The interpol yomer as _herel nbefore .described,that..is present
i the T ayers (05 bR R ind S RS B SR R A R SRR P e o b y
0.5 - 2 ginl@e aitNTi@a&lonl tempBaIrPlsefrefeablyin@he/range 30 & 1) 90, B. g Boaodensi ty
of the interpolynmer is preferably 900 - 945 g/dn8, nore preferably 910 -940
g/ dnm8 and199 1G.| Thedetal gruge eraapirg isapoferabdnin the gpge 1 to 100 bay, popROge ) ner

o L onel | KPR g Tl BB PR P 00 s g 10,

m n. The d@bsi T efsidehee Pl ¢zxhpnepleasalpdaytod @Sprefeddly gy thaBangedretopr ef er abl y

910 - 926, g/dnB and stj]l r referably 917 -924 g/ : The pol yner
conposi ti Bﬁur&fm?rﬁ@r?fgvélyso% ¥ nge%ﬂélﬂwy%éfe@bm?%? ﬂgl}ré’ <8 §P10 mn,
more preferghly 0.5 -2 g/10 min and still nore preferably 0.7- 1.5 g¢g/10

mn. The density of the polynmer conposition of the layers (a) is preferably
890 - 940 g/ dnBydrgre isplef eibdbly 800ntodBSrgytn®, fusttidr asromelepulaf er abl y 910

- 930 g/dnB. . Laye ( may opti.onal ly contain further pol [ conponents.
The | ayer SoiEh) Rha bt PRl Sl RBrect b SPSREREERSS o Ang e TR |

pref er r edof éthjlbfe Indy @k Fedcr shava i§ pRfGaTR 16aPYSiition. One or both of
| ayers (a) may be used for printing. Layer(s) (a) preferably has good

seal i ng proper Thegoncentration|ipher gag 1) theagacter cdrilic pajoy menomhacthylanche f or med
into a fil I y unclion e. Oy, chanjcal pr rities (inpact
strength 8nd r%%']gp neﬂjsogrflgf(%r” IB%{r% ﬂr%‘?ra%rglo%;r %l(:) g@l (%ﬁvnﬁ%gl%gosr? % ?tgtﬁ Fegfd%%ver al

| ayers, ealkgne &mdnomér 06nRnir@yr fFeferably is 1Th20 fdl% ombiregprpfelabies s sar e
especially well suited for inclusion in layer (b): Polyethyleneterephtalate
(PET), poH&‘Pb{ﬁﬁ des (PA), ethylene vinyl alcohol (EVOH), polypropyl ene

(i ncluding ori glf ol: v and., bl axi rien

pol ypr opyl ene ?%E% ‘? Igﬁgéé&g]%?gs?%ﬁ%ﬁ@h(l ncﬁ%}glgé{ iglrllé%lorlll ’eéd%p%)ﬁe%et hyl ene
(OPE) . flushidghgasl ayer (s) (b) may al so conpri se a pol yet hyl ene,
particularly a | yet hyl ene interpqgl yner as hepei.nbefore described. The

i nt er pol yner cg%g?fgl?lﬁ’i %93-%)?3&@??5 }g’amtcgli% nlls.d?}}@r%egr“étf)é_ea‘iﬂa?}%as a MFR2 of 0.1
- 4.9/ dnBPaI‘ﬁQﬁﬁrl??%f&%@l?'ﬁYC3%' adkdn@ (& gg/pilc%aﬁé,%blﬁ&ﬂe)%feh hntORkErcREted @ ably 0.2
to 1.5 g/10 mn.  The density of the interpolyner Conposition is preferably
900 g/ dnBfunctigBSogiateBs hpatanpice¢i@cabty thaebyt wnettediedmBoreradfisicntly nor e
preferablﬁ 920‘tﬁ' 340 /tdrrB. Preferably, the interpolynmer conposition
present i ROMIBthip WELCALOT. ‘hy  has a | ower MFR2 and a |ower density than the
Rl v b et e TS
pr ef er abl goNBRUOUBYGCHCORBIIEUpPIFeablys themonomersphydregdn andipdres pr ef er abl y

(D st Bonal egses o pkSrably! B BRRinoflly BPLSng ARl RERLELAOLY | AVere

and layer or layers (b) totally 25 - 90 % of the total thickness. Thus the
t hi ckness of each layer (a) is preferably 10-30 m The thickness of | ayer
(b) is preferably 25-60 pm



Lam nat es The filmof the invention may al so be incorporated into a
| am nate. In the process of lamnation a filmis adhered to a substrate.
The fil mwbaviowms4assed in the | am nation process i s herePoTmPb@onssz o as a
| am nation film The resulting product is referred to herein as a | am nate.
Lami nation film The lam nation film mk§ be a nonolayer filmor a nmultilayer
film Preferably, the lamnation filmis a nmultilayer film preferably
formed byPrgayblyust @italybhssleams Rt fod cdrtintb iy or fei-coxaMNRIuSly iN@MBe a
coextruded | ayer structure AC. A outer l|ayer; and C inner |ayer, wher ein
the i nner rqagiperStilkmare niefsrblt Rolymer s BRITIQUEY OKBITBI-GanEnEoUSH| fPmayed

| am nati o | Qayer; B core
| ayer; C ?rn%let&lg}a er %eg? e&ﬁﬁﬁ@ggﬁ%ﬁe b t;tﬁ%t;gdlﬁlstéggm g@éﬁ%{ﬁ al{ he substrate.
The i nner C(btﬁljoélled@o pregfoecatak yelamnrsmetsnrﬂé)lmer{tﬂ@c&mpared td:tlhe pblyhmr pol yner

conposi tion, herei nbefore described, nore preferably 50 - nd nost
pr ef er abl {Esifignce @mge oy R%@ reagiqry §. ZrpFrw et &9 éqcami%/tO@H@muFﬁ%eﬁor rlfalyé%t Tg % %

addi tionajd p(gﬁ(p bEBS daration Of WM Ho W REEaREEf erably 5 - 20 % LDPE as

her ei nbefé é desc I be E’arlgf er ablpf,};mieaLDPE conponent has a density of 880
- 930 kg/dnB afhtusin aaﬁeWﬁmpthERZhgczﬁalyarconmanetﬁﬁor datdystmgdtersiiton of such a

t.t th bilit th | t
Ther i nt er BUTHER e FEREP AEoFST S LECR BEpTEHANH SoBt BeBR e e | nner
layer C pp@fa@tadP by thagdpo@sdMidReines@itéd. Iﬁ)v@z/vélo i9hBs bedRIse IRk RhrapPly 0.5 - 2

g/10 min and still nore preferably O. 7- 1.5°g/10 min. The density of the
i nt er pol ypwsten) sarpbetised abt ke @mlymmowwdﬂeswtaéysp pystam sﬁjleylogq<bfr01945 g/ dnB

and still ,nore fera 920 940, mer optionally
present i tnhelrﬁancé(?lr %Wmtg g Inf/teﬁ) gymerﬁ/ﬁ%me?iégeg:‘%g min, more

pr ef er abl yol9nerizion/rdfbter(9) tidrefosd ddnhprisen®s mpﬁxﬁteablbﬁvﬁgmnit@ c@fal@t m n. The
density of the LDPE is preferably 905 - 930 g/dnB, nore preferably 910 -
926 g/dnﬁsﬁéﬁf‘dnstl |1 nmore preferably 917 -924 g/ dnB. The pol yner
conposi tion of r < 3 g/ 10 m n,
nore pref erabl }";‘%ﬁé‘ S&Iz]ﬁ.lga/ %ﬁasne%aoﬁ%ﬁ ésrt'?zlraﬁf))Jl %‘r%?gssbl?%&{gr abry’ agk g/ 10

m n. The d@nsndnyerptﬂleq)bsrnmﬂzymmrcamadymegdtéﬂlchnredﬁ ddshebddngiess d‘&}fﬁhlg@ | S
preferably 890 - re preferably 900 -935 g/dnB, still nore

pr ef er abl %cré/f@ énablipe ghtﬁkae)ro W@Mg%lymaﬁg FHANPY S,YS@H&r‘g?%eﬂﬁnﬂﬁer pol yner
conmponent Katively low &ﬁc&fﬂfaﬁBnA @fyc%falg%t st?érﬁﬁﬁqjegulmqngﬁ&gaé&aﬂé}&a’@l opert ies
since this S|dey llamnate Is typically subjected to a seal i ng
process, the ogncanltran@mofbuhommltqatarhysoﬁysp@muh‘és ganphdsagslynriedtemabllass out er

| ayer A al,s as_good optical propertjes a aze and gl oss, especially
o1 555, | optiBdrr gt PofaRE sl Ty B abiiEbliiss BAbEEkatat BoPen Sor Fsyer A but
pr ef er abl Mman/@ill&%/@)nf poBen&Ur f ace. In AC lam nation filns, the layers A
and C nust be different. In ABC |am nation filns, preferably outer |ayer A
i s identical tésmﬂm@pnerdaa)pwe che mphape pflpmedeptioaacastion prsferpblyer C are al so
preferredf ur NS referred | am nation fil.m ure is

t herefore OA@%ISGS ey Sﬂiﬁe c(%l}@r?cz%eorn Sggh & ggé6 gﬁﬁygepg?lgr@enrm?ﬁ%ﬂ n°be forned
into a fi kdiurated Hyapochibogtid rin@casy.thd l@eapfdiﬂdvdﬁeﬂﬁﬁféhaﬁhﬁab g@@rm@étl es
(rupture properties and stjffness) and barrier properties (oxygen, water,
flavor). TRCHECOGASOSpargeles Wéh&weci By eirgulating the Ctrhéatw@rqddwdwga@@pyner s are
especi al | i epht al at e
(PET). pol i the Sdelofhrbh P BLAR|cPRdh oMo 1 R B R RA B0

(1 ncl udi npararicgrtd edoplodgyquirtapy, | vereee (tm%)olealmdncbihaur@bzblyd COFhieptoecks is

?Cél;)é? ; Opyin?lg’]o%ta tB %?IFC)G 1f a%?l%aﬁlcl oe\Ee? la?sns%ffgclzlglﬁly? ﬂ%vdlll%ellte Qlltdestlcl? ?olg%ﬁl hyl ene

with another particle or with the reactor wall, i. e. agglomerate. C;—Cg hydrocarbons
have higher specific heat capacity than nitrogen and have been found to function more
efficiently for heat removal than e. g. nitrogen.

Thus in a typical gas phase polymerization, in addition to the monomers, there

is usually added a substantial concentration of Cs_g saturated hydrocarbon, e. g. Cs



40 If the core |ayer B consists of nore than one layer, it preferably
consists of 3, 5, 7 or 9 layers. In such a case, the |layers preferably are
symet ri cweaotomgeosin a 3 | ayer comnposition B1B2B3, | ayePsTRP2@0a5B32 ar e

i denti cal . The total thickness of the lamnation filmis preferably
10 - 150 m nore preferably 15-90 mand still nore preferably 20 - 70 m |f
the filmhas 3 or nore layers, then preferably Iayer A and C should each be
5 - 30 % gkatkd1®oi RsAhcd, Mccdonessradibn bhe; fMMtldaled g tirdchiboh idihd rbaygr or |ayers
Btotally 25 - 90 % of the totz(;}l t hi ckness. Thus the thickness of |ayers A
and C is pagbeinieyrdg.ofd-ehmalie t hi ckness of layer B is preferably 25-60
m I f the f] [ E ef _layer

shoul d be 10 -ﬁéﬁkkﬁ%?%%héu g@%ﬁ,?&gg?y%@ﬁ?g?‘% 2Fﬂr;né%%%ﬁ}s;l%cglaé%:geferabl y 20
- 80 % anthetiy$bupi-ehecaldcy a8th effathivéan sthuacddot Rhokingdraolt ikayer A is
preferably 20-60 m The thickness of Iayer B is preferably 50-120 m

Subst r at eposs%le, angh & DR E355% @eﬁé@ﬁe,itﬂ uflﬁ%? pidse s ghrytiak Messigihat e
preferably. Qﬁmﬁfb&@_ ARG Lﬁ%{% EhERREALAIR abFFRas bR 363HH d8sit( PA) .

et hyl ene visny al COE%@%EVO‘%, o%y%rgpyl ene, apol yeatshy ene, mnet }al,

especi al | yera¢sasiamneams tpegperve dicatdfarm BieaneakctorTAbisssib Surthet edvanyagalo§ osiognpri se
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44 Fil ns Unl ess otherw se stated, the foll ow ng paraneters were
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Exanpl e 1: CGas phase pol ynerization using a Zie Natta c
convent i onlad fi @gtlemouﬂb})tarasem&tamtysmlsly\mth thi reagtort SaHsndre preferablsl | was used.

TEAL (triethyl um.ni u i.n _he ePoI Ve

pol yrrer | 2BYP B S ShrPRaoiah O i e IR or GO EYL B 1 BRI e a st rrer
and a t enp@hiadonfifu SRR ik McaBtyBhOIAditiAAnI AR NAUTRFro QL they Sy 8M Was
used for all runs. The procedure consisted of the foll ow ng steps:

1. 260 m rdlateyglyoshertdpranimtanesls eerdeatcd t thagolyewe resrdeapritine i ticnepcsarar t ed (300
rpm). The_ re actor t h, te pur e was i ntai ned
Qo gt ne Sarbep PO RRR B 2 mtffeStong: 1 BN GRS PRI er "ver o
added i nt @fﬁhb@orymtz@ﬁion Hydrogen was added as a batch. The pressure was

mai ntai ned at the required pressure 45 by supply of ethylene via a
pressure cont r dhusig|apefcasdpmsasrth %@alaﬁwsta@déareé@ﬁblwﬁ@é@f@qi 9 Hico t he

reactor, PLORPLL &gr%qutalpto lﬁgﬁ?/tl%t ?%n%\%l hjz)%f reactor A ad%&a%%%? fhesySt em was

added. The cocata trie um num ution in
hept ane. invention hlereﬁ[hlesopﬂ)b&rimmez/art, is(lhatvlﬁswsbd)qspeaiallyyt syenemcmgh‘ehmd eact or of

i od | n ROV raiced TEFHabSbSeALisagmoved from dherelctor along e
with polymer. The interpolymers obtained directly from the polymerization therefore
comprise less impurities deriving from the catalyst system.

When used with a 3-substituted Cs.19 alkene comonomer, the catalyst systems
herein described gives a very high activity, enabling a high productivity (ton
polymer/kg catalyst system). Consequently relatively low concentrations of catalyst
system are required in the reactor. Preferably, the concentration of catalyst system in
the slurry polymerization 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 slurry. 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.



Further details of the polynerization procedure and details of the
resulting interpolyners are provided in Table 1 below Table 1:

Pol yner i 2aoi2om/d8iRsiiyneri zati on run no. 1111213141 POLYMERCZAPR@W0SE? d
catal yst feed G 0.262 0.258 0.253 0.253 TEA (1 M solution ML 3.2 3.2 3.4
3.4 Total pressure bar g 22 22 21 21 B§drogen partial pressure start bar g
0.5

Solution phase polymerization

Polymerization may be conducted in solution (i. ¢. with the polymer in
solution in a solvent), particularly when a catalyst system 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 Cs.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 system components,
hydrogen may optionally 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

pelletized 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 is preferred, 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 arrangement in
solution polymerization, their solutions are preferably mixed for homogenization
before extrusion.

A multistage polymerization may comprise the above-described slurry
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 slurry processes) or a slurry polymerization stage can be
followed by a gas phase polymerization stage as described above (e. g. in Borstar or
Spheripol processes). Alternatively, a slurry polymerization may be preceded by a gas
phase polymerization. A still 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 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 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
from 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 Cy410 alkene is used in 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
system 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 molecular 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 C,.1 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 II. It has
been surprisingly found that the 3-substituted Ca4.19 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_j9 alkene with a multisite catalyst system is
therefore especially favorable.

Multimodal polymer may therefore be obtained in a single reactor or in a
system of two or more reactors, €. 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 is to blend different interpolymers as hereinbefore
described, e. g. prior to pelletisation. Blending is, however, less preferable to the

production of multimodal polymer, ¢. g. by multistage polymerization.
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Multimodal 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 ethylene and a 3-substituted Cj.1o 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, sealing
temperature range broadness) compared to an unimodal polymer of the same density

and ease of extrusion. 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 slurry 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 slurry 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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For solution processes, the solvent is preferably removed by flashing and the
melt conveyed directly to the pelletizer after additivation.

The major part of the liquid and gaseous components that leave the reactor(s)
with the polymer, including unconverted comonomer, is recycled back to the
polymerization section.

Preferably, these processes, from the polymerization until the pelletisation
extruder outlet, are carried out under an inert (e. g. N;) gas atmosphere. Prior to
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 pelletisation. Other additives (antiblocking
agents, color masterbatches, antistatics, slip 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 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',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-tris-(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 monocthyl-phosphonate);
1,3,5-tris(3',5'-di-tert.-butyl-4'-hydroxybenzyl)-isocyanurate; bis-(3,3-bis-(4'-hydroxy-
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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'-butylidenebis(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-5methylphenyl)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-dimethylethyl)-4 -
hydroxyphenyl)methyl)phosphonate; 4,6-bis(octylthiomethyl)o-cresol;
benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)4-hydroxy-cso-branched and linear
alkyl esters;1,1,3-tris[2-methyl-4-[ 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionyloxy]-
5- t-butylphenyl] butane; and a butylated reaction product of p-cresol and
dicyclopentadiene.
Among those compounds, the following phenolic-type antioxidant compounds
are especially preferred to be included in the polymers: pentaerythrityl-tetrakis(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-
methylphenyl)propionyloxy)ethyl)-2,4,8,10-tetraoxaspiro(5,5)undecane.
Preferred organic phosphite/phosphonite antioxidants contain a phosphite
moiety or a phosphonite moiety. Representative examples of preferred
phosphite/phosphonite antioxidants include tris(2,4-di-t-butylphenyl)phosphite;
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-nonylphenyl phosphite; bis(2,6-di-t-butyl-4-methylphenyl)pentaerythrityl-di-
phosphite; 2,2"-methylenebis(4,6-di-t-butylphenyl)octyl-phosphite; 1,1,3-tris(2-
methyl-4-ditridecyl phosphite-5-t-butylphenyl)butane; 4,4'-butylidenebis(3-methyl-6-
t-butylphenyl-di-tridecyl)phosphite; bis(2,4-dicumylphenyl)pentaerythritol
diphosphite; bis(2-methyl-4,6-bis(1,1-dimethylethyl)phenyl)phosphorous acid
cthylester; 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'-
cthylidenebis(4,6-di-t-butylphenyl)fluorophosphonite, 6-(3-tert-butyl-4-hydroxy-5-
methylphenyl)propoxy)-2,4,8,10-tetra-tert.but- yldibenz(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)pentaerythrityl-di-phosphite; di-stearyl-pentaerythrityl-di-
phosphite; and bis(2,4-dicumylphenyl)pentaerythritol diphosphite.

As antioxidant either a single 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 appropriate amount of antioxidant to
include 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 is 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 is sufficient to accelerate oxidation
reactions, ¢. g. when the level of transition metal in the polymer is more than 1 pmol

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 umol 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 is a fluoropolymer, e. g. as available from Dyneon as FX 5922. The
amount of lubricant present in the polymer is 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, ¢. 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
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 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, 1. 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 Cs.19 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 %wt, more preferably 70 — 99.9 %wt, still more preferably 80-99.5 %wt, e. g.
93-99.0 Yowt.

The amount of 3-substituted Ca4.5¢ 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, ¢. g. 0.5-6.5 %wt or less than 7 %wt.

If the interpolymer comprises two types of C,.5 alkenes (e. g. ethylene and 1-butene),
the C,5 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, e. g. 1 — 7 Y%wt.

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 — 75 %, 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 MFRy; 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 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 Mn 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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The Mw of the interpolymer is preferably in the range 30 000 - 800 000 g/mol,
still more preferably in the range 50 000 - 150 000 g/mol, ¢. g. 90 000 - 130 000
g/mol.

The Mw/Mn of the interpolymer is preferably in the range 4 - 50, more
preferably in the range 5 - 30, ¢. g. 6 - 15.

Preferably, the interpolymer of the present invention is unimodal.

The interpolymer as hereinbefore described is also particularly suited for
crosslinking compared to other single site or Ziegler Natta polymers made using
conventional, linear alkenes as comonomers. Crosslinking may be carried out on the
articles in their final geometric form, e. 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 wit, still more preferably less than 500 ppm wt, ¢. g. less than 300 ppm wt.
By the catalyst system ash is meant the ash from the active site precursor, activator,
carrier 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 pmol
transition metal per kg polymer, still more preferably less than 150 umol transition

metal per kg polymer, e. g. less than 100 pmol 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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lubricants and antiblocking agents. Preferably, further polymer components are added
as is discussed in more detail below.

The films of the present invention may be monolayer or multilayer films. To
form multilayer films, the interpolymer composition hereinbefore described may be
coextruded, 1. e. the interpolymer composition as hereinbefore described is fed into
the film extrusion die with at least one other film material, each from a separate feed
extruder, to make a multilayer film, containing two or more layers. After the extrusion
process itself (whether to produce a monolayer or multilayer 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 lamination of a coextruded multilayer film.

The films of the present invention may be prepared by any conventional

procedure, ¢. 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 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 used to
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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 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 of Packaging Technology,
Second Edition, A. L. Brody and K. S. 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 temperature of 10 to 50 °C to provide a frost line height of
up to 10 times, typically 2 to 8 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, blown 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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polymer components.

In the case of a multilayer film, one or more of its layers may consist of the
above-described interpolymer composition, i. . 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 polyalkene 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, ¢. g. Ethylene vinyl acrylate
(EVA), ethylene methyl acrylate (EMA), ethylene 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/m’, still more preferably 918-930 kg/m’, . 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, ¢. g. 0.7-1.0 g/10
min.

The amount of LDPE present in a monolayer 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 %wt, more preferably 3 to 50 % wt, still more preferably 4-25 %wt,
e. g. 6-15 Y%wt.

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, 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 external lubricants (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 e. g. 20 - 35 pum.

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

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/um, preferably at least 1.1 g/um, still more
preferably at least 1.2 g/um, e. g. at least 1.3 g/um. The upper limit of dart drop is not

critical and may be, e. g. 10 g/um. In particular for a 40 um 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, e. g. at least
1.3 g/um.

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, still more preferably at least 34 MPa, e. g. at least 36 MPa . The upper limit of
MD tensile strength is not critical and may be, ¢. g. 100 MPa. In particular for a 40
um blown film consisting of an interpolymer as hereinbefore 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 (ISO 527-3) may be at least 27 MPa,
preferably at least 30 MPa, still more preferably at least 32 MPa, ¢. 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 um 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 (ISO 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, ¢. g. at least
0.027 N/um. The upper limit of tear resistance is not critical and may be, e. g. 0.2
N/um. In particular for a 40 um blown film consisting of an interpolymer as
hereinbefore described and particularly in the case 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, e. g. at least 1.05 N.

TD (transverse direction) Elmendorf tear resistance (ISO 6383/2) may be at
least 0.03 N/um, preferably at least 0.04 N/um, still more preferably 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, ¢. g. 4 N/um. In particular for a 40 um blown film consisting of an

interpolymer as hereinbefore described and particularly in the case 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, . g. at least 2.3 N.
Particularly preferred films (e. g. 40 um thick) of the invention satisfy the

following equation:

B-(Density—935)

Tear > A -(Thickness)-] () MFRQ,C

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, C is -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
18 0.045, more preferably 0.050 and still more preferably 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, ¢. g. 360- 400 MPa,
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 films of the invention also preferably have a high strain at break in both
machine and transverse directions, ¢. g. at least 600 % in either direction (MD/TD),
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 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 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 lower
limit of haze is 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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Film 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,
compost, 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 — 940
g/dn’.

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 MFR,;/MFR, greater than 30.

The interpolymer as hereinbefore described that is present in the layers (a)
preferably has a MFR; 0of 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 interpolymer is preferably 900 —
945 g/dm’, more preferably 910 —940 g/dm’ and still more preferably 920 — 937
g/dn’.

A LDPE polymer optionally present in layers (a) 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 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 layers (a) is preferably 890 — 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 (a) may have the same or different compositions, but it is preferred
if the layers (a) have the same composition.

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

Layer (b) may be any polymer that can be formed into a film. It may function
¢. 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):
Polyethyleneterephtalate (PET), polyamides (PA), ethylene vinyl alcohol (EVOH),
polypropylene (including oriented polypropylene (OPP) and biaxially oriented
polypropylene (BOPP)) and polyethylene (included oriented polyethylene (OPE).

The layer(s) (b) may also comprise a polyethylene, particularly a polyethylene
interpolymer as hereinbefore described. The interpolymer composition present in this
layer preferably has a MFR, of 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. e. an industrial film) is
preferably 15 — 300 um, more preferably 25 — 250 pm, still more preferably 40 — 200
pm.

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 pum.

Laminates

The film of the invention may also be incorporated into a laminate. In the
process of lamination a film is adhered to a 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.

Lamination film

The lamination film may be a monolayer film or a multilayer film. Preferably,
the lamination film is a multilayer film, 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 preferably 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 inner layer C preferably comprises 10 — 100 %wt of the interpolymer
composition hereinbefore described, more preferably 50 — 100 %wt and most
preferably 70 — 95 % wt. Still more preferably the inner 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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MFR;;/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; 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 interpolymer is preferably 900 —
950 g/dm’, more preferably 910 —945 g/dm’ and still more preferably 920 — 940
g/dn’.

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 905 — 930 g/dm’, 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; 0of 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 inner layer C is preferably 890 —
940 g/dm’, more preferably 900 —935 g/dm’, still more preferably 910 — 930 g/dm’.

Layer C may optionally contain further polymer components.

The outer layer A preferably has good sealing properties since this side of the
laminate is typically subjected to a sealing process, ¢. 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 is 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 properties 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
polypropylene (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 that in a 3 layer
composition BIB2B3, layers B1 and B3 are identical.

The total thickness of the lamination film is preferably 10 — 150 um, more
preferably 15-90 um and still more preferably 20 — 70 pum.

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 layers 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 pum.

Substrate

The substrate used in the preparation of the laminate preferably comprises
polyethylencterephtalate (PET), polyamides (PA), ethylene vinyl alcohol (EVOH),
polypropylene, polyethylene, metal, especially aluminium, paper or cardboard. The
substrate may also comprise more than one layer, e. g. metalized (aluminized)
polymer, or aluminium foil coated with polyethylene. The thickness of the substrate is
preferably 3 - 100 um, more preferably 4 — 50 um, still more preferably 5 — 30 pum.

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 Windméller & Holscher 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, ¢. 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
purposes of illustration only, and are 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,, MFRs and MFR;; 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 instrument, equipped with refractive 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 1 mL/min. 500 pul of sample solution were injected per analysis. 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 10” 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 keeping
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 differential scanning calorimetry. 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, i. . 290 J/g.

Comonomer content (wt %) was determined based on Fourier 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 ISO 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 11
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 (n*), all as a function of frequency
(w). These parameters are related as follows: For any frequency o: 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/s). n*o.0s is the
complex viscosity at a frequency of 0.05 s™ and 1n*309 is the complex viscosity at 300
s

According to 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 following equation:

(Yield _of _ polymer (kg))
(Catalyst _amount (g))- (Partial _pressure of ethylene (bar))-(Polymerisation time — (h))

Activity _ coefficient(kg /(g,bar, h) =

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 properties on compression moulded specimens

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

and a speed of 1 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 ISO
10350-1 (1998-11-15) - option ISO 179-1 with V-notch type A. These are tested on
impact according to ISO 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): Minimum 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 1 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 ISO 6383/2

Examples

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

A conventional Ziegler Natta catalyst, with Ti as transition 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 ml 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, ethylene 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 also added
continuously into the reactor, proportional to the ethylene flow.

3. Catalyst system was added. The cocatalyst triethylaluminum (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 run no. | | 1 2 3 4
POLYMERIZATION
Solid catalyst feed G 0.262 0.258 0.253 0.253
TEA (1 M) solution 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 0.5 0.5
start
Comonomer type * MIB MIB Butene | Butene
Comonomer start Ml 10 10 5.5 8.25
Comonomer (continuous) | g/100 g 15 20 5/7/5/7 | 10/10/5
ethylene /10/7 | /10/10/
10
Run time Min 180 180 180 180
Yield G 1410 1 490 542 382
Productivity 1 kg PE/(g solid 54 5.8 2.1 1.5
cat.)
Productivity 2 kg PE/(g cat. 23 2.4 0.8 0.6
system)
Activity coefficient 1 g PE/(g solid 276 296 127 91
cat,h, bar)
Activity coefficient 2 g PE/(g cat 115 123 51 36
system, h, bar)
POLYMER ANALYSES POWDER
MFR2 2/10 min 0.64 0.48 0.79 0.96
MFR21 2/10 min 15 12 18 22
Mw g/mol 140 000 - 153 -
864
Mn g/mol 33 000 - -
Mw/Mn - 4.2 - -
Methyl groups 1/1000 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 ppm 270 260 650 980

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

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 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 um. 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 M1B 1-butene
ANALYSES OF PELLETS
MFR; g/10 0.72 0.55 0.89
min
n*(0.05s™) Pas 10713
n*(300s™) Pas 986
My g/mol 120 000 135 000 125 000
M, g/mol 31 800 33 200 28 900
My/M,, - 3.8 4.1 4.3
M, g/mol 365 000 465 000 425 000
M, g/mol 100 000 115 000 100 000
Density kg/dm® 9355 934.0 935.7
FILM TESTING
General
- Film thickness um 40 40 40
- Dart Drop g 70 70 70
- Haze % 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 % 9.9 10.9 12
- Tensile strength MPa 37 43 35
- Tensile strain at break % 715 705 765
- ElImendorf tear resistance N 1.3 1.1 0.62
Tensile tests transverse direction (TD)
- Secant modulus MPa 400 355 390
- Tensile stress at yield MPa 17.6 18.5 21.4
- Tensile strain at yield % 6.7 7.7 8.8
- Tensile strength MPa 35 36 33
- Tensile strain at break % 745 730 780
- Elmendorf tear resistance N 2.4 3.2 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 lamination 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.

Polymerisation

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.

Table 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 coefficient 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-(3’,5’-di-tert butyl-4-
hydroxyphenyl)-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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ecl W1 %eclVW1 % Z eclW1 ecl W1 Polynerisation run material Conononer
type FILM BLON NG 1 Bubble stability Qutput kg/h Take off speed FILM

TESTI NG Geoenalos4@®ensity (filmmterial) Dart drop PulRCTmPeo1m0esi2st ance
Max force Deformation at nmax force Optical properties ssoie - | ezeH - |
Tests transverse direction

n.a.

«Q
Yo

560

0
o

9.8
58
590
1.1

10.5

58.7
560
0.9

11.7
54
625
1.2

11.5
57
660
1.3

52

12.3
61
620
1.2

11.2
60
620
1.3

12.0
55
610
1.4

%
MPa

0
N
1. M1B: 3-methyl-1-butene. Mix M1B/Butene: 75 vol%/25 vol%

2. Less wrinkles were seen on films during extrusion of films with 3-methyl-1-butene than on the other films.

- Tensile strain at yield

- Tensile strength

- Tensile strain at break

- Elmendorf tear resistance




(TD) Secant nodulus Tensile stress at yield Tensile strain at yield
Tensile strength Tensile strain at break El nendorf tear resistance Tests
machi ne dwoeeto/osmsi VD) Secant nodul us Tensil e stresspat/ppre@bas0252 WO
2010/ 084051PCT/ EP2010/ 050252 53 It was observed that the maxi num out put
rate achi evabl e before getting operattdnal problens was highest for
polymers with 3-nethyl-1-butene only as conononer and next highest for

I ' - - 1- but - The
B T Y o S b A
i nf er i orwashighdsofdelpoliniegs @it 3tmtthy Pelbuths owlgras comowmmemina deikt igbest forCol | i n
nonol ayer filmline wth screw dianmeter 25 mm Ieng;h/dianeteglratio of 25,

di e di arRREPCS0Vith BlRRd OF 3 end  gapensdinds T Ric i S, a. Hhe PRuMFREVEh wer e
run at aorml e RINCALS (?-l&d%’é@anafl -ﬁéxén?%g féﬁﬁﬁ%m&g ifEid0 rpm The 10

tenperature zones settings were set I ncreasi ng towards extruder head)
200 -5 230 C. By varying take off speed, the filmthickness was adjusted to
appr oxi e 40 min each run. Filns for testing were selected to be 40 m
The fil %ﬁ?%%gﬁaﬁﬁ}%t ers and analytical results are shown in Table 3b.

15Tabl e Ehc&REWE bR intdfikPbh 8 (Rflid REnSIRSAMInRGHEVSIrQ) dlanR@!255Reed, the
output rate, and therefore also the take off speed, varied quite nuch

bet ween length/dianmicrpeliy aE2% did diAmgter A tiny knd wish tdengapadijusteslso d oo fbe  had
t he hi gheﬁ roduction rat ene onl rates,

t e, those - wih . 1-bu | owest
whi 1o ¢HoBRy REFEN A B Ehn R GRS b GRS el ot I suReRE o
I Nt erome die@peratié 86nes 3bttings were set to (increasing towards extruder head) 200 — 230 °C. By
varying take off speed, the film thickness was adjusted to approximately 40 um 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  Table 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 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 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.



Furthernore, the polynmers with 1-butene only showed unstabl e bubble
(indicating that a slightly higher production rate would result in bubble
failure),waottwiowstdse runs with 3-net hyl 1- but ene gave goo@CItE@betviosozs2 25 |t
was found that that the polyners with 3-nethyl-I-butene as conononer
conpared with polynmers with 1-butene 64ly as conononer gave significantly

i nproved properties (Table 3): Better inpact properties (higher dart drop),
better punctw@dm@tbﬁn@nﬁﬁ)nﬁhmmra tlaymﬂ‘l% 088 &Nd JdeiLY 1RL2000, 8t mMaxi mum
force), better optical properties i gher gl oss, | ower haze), and hi gher

El mendgngorperaiedrhersinsbyurafercies- bot h TD and MD direction. It should be noted

that for 309@t6als A 8@%5%&%%5 ndQJ 8&? n%%ﬂ t@é’}m&r%senﬁ ﬂl%eht%noﬁlFéH?shﬁe ﬂ?l‘é% g both

3- et hy I-I-b ene and € sur rior.
54 oftMﬂaHOQé tatkihgs 10k ®h/dr§fbﬁﬁ1ﬁ|benmtiﬁ@ﬂoodﬂm|t wathin he sédpeFthOhPehddded
January 23, 2009, is |ncorporated herein by reference Numer ous

modif | CAIMSAEC #Ygnies may 6ﬁ§aca9pdt%berﬁvﬂ@stam a5 spoeifics brdoardbsddsssiBli e in | ght
of the above teachings. It is therefore to be understood that within the
scope of the appended 5clains, the invention may be practiced otherw se
than as specifically described herein. 55 CLAIMS 1. Afilmconprising an

i nterpol ymer of ethylene and a 3-substituted C4_10 al kene, wherein said
interpolyner is nade using a catalyst systemconprising a Ziegler Natta or
chrom um oxi de catalyst. 2. Afilmas claimed in claim1, wherein said
3-substituted C4_10 al kene is a conpound of forrmula (1) R1(l) wherein Ris
a substituted or unsubstituted, preferably unsubstituted, Cl1 6 al kyl group
and n is an integer between 0 and 6. 3. Afilmas clained in clains 1 or 2,
wherein said 3-substituted C4_10 al kene is 3-nethyl 1-butene. 4. Afilmas
claimed in clainms 1 to 3, wherein said catal yst systemis in particulate
form 5. Afilmas clained in clains 1 to 4, wherein said catal yst system
conprises a Ziegler Natta catalyst. 6. Afilmas claimed in clains 1 to 5,
wherein said interpolyner conprises 3-substituted C4_10 al kene conmononer in
an anount of 0.01-40 wt % based on the total weight of the interpolyner. 7.
Afilmas clainmed in clains 1 to 6, wherein said interpolynmer conprises
ethylene in an anount of at |east 60 wt % based on the total weight of the

i nterpolynmer. WD 2010/ 084051PCT/ EP2010/ 050252 56 8. A filmas clained in
claims 1 to 7, wherein said interpolynmer conprises two types of C2_8 al kene
nononers and at | east one 3-substituted C4_10 al kene nononer.



9. Afilmas claimed in clains 1 to 8 wherein said al kene interpolyner has
a Mv of 20 000 to 900 000. 10. Afilmas clained in clains 1 to 9, wherein
sai d al kewe 20rwoss@ol yner has a MFR2 of 0. 01-5000. 11. APCirinrea@s/osd2at med in
clainms 1 to 10, wherein said al kene interpolynmer is uninodal. 12. A filmas
claimed in clains 1 to 11, further coffrising another polyethylene. 13. A
filmas clainmed in clains 1 to 12, further conprising antioxidant. 14. A
filmasrcAaiged in any one of clains 1 to 13 which is a blown filmor

mul tilayer filmor an industrial film 15. A process for the preparation of
afilmas clained in clains 1 to 14 conprising blow ng an interpol yner of

et hy! eney andy S aRahi LY LEpGAPoPLISR. AR SELARRLNCanONe Alaghal 1™ 1

to 13. 16b.

cl ai med i n sgidahtaolyrhe id madd dsind hleatﬁlylsmya&nﬁdoampmdlg dZebRt N&tté,ot o 14,
wherein said interpolyner is prepared using a catalyst systemconprising a
chr oni um ofhipeniamyoxidesgatalyst.

2. A film as claimed in claim 1, wherein said 3-substituted C4.10 alkene is a compound of

formula (1)

R’ )

wherein R' is a substituted or unsubstituted, preferably unsubstituted, Cy.¢ alkyl group

and n is an integer between 0 and 6.

3. A film as claimed in claims 1 or 2, wherein said 3-substituted Cs.19 alkene is 3-methyl-

1-butene.
4. A film as claimed in claims 1 to 3, wherein said catalyst system is in particulate form.

5. A film as claimed in claims 1 to 4, wherein said catalyst system comprises a Ziegler

Natta catalyst.

6. A film as claimed in claims 1 to 5, wherein said interpolymer comprises 3-substituted
C4.10 alkene comonomer in an amount of 0.01-40 wt% based on the total weight of the

interpolymer.

7. A film as claimed in claims 1 to 6, 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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8. A film as claimed in claims 1 to 7, wherein said interpolymer comprises two types of

10.

11.

12.

13.

14.

15.

16.

17.

C,5 alkene monomers and at least one 3-substituted C,4.19 alkene monomer.

. A film as claimed in claims 1 to 8, wherein said alkene interpolymer has a Mw of 20

000 to 900 000.

A film as claimed in claims 1 to 9, wherein said alkene interpolymer has a MFR; of

0.01-5000.

A film as claimed in claims 1 to 10, wherein said alkene interpolymer is unimodal.

A film as claimed in claims 1 to 11, further comprising another polyethylene.

A film as claimed in claims 1 to 12, further comprising antioxidant.

A film as claimed in any one of claims 1 to 13 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 14 comprising blowing
an interpolymer of ethylene and a 3-substituted Cs.19 alkene as defined in any one of
claims 1 to 13.

A laminate or an article or a packaging, comprising a film as claimed in claims 1 to 15.

The film as claimed in claims 1 to 14, wherein said interpolymer is prepared using a

catalyst system comprising a chromium oxide catalyst.



