WO 2010/084047PCT/EP2010/050238 TITLE OF THE INVENTION PE MIB SLURRY
POLYMERIZATION BACKGROUND OF THE INVENTION 5 FIELD OF THE INVENTION The
present invention relates to a new, high productivity, process for the preparation of an alkene
interpolyrner®¥er&l&§4polymerizing at least one 3-substituted C4-10 allsiisexaek spivtier C2.8
alicene in a slurry reactor using a supported catalyst system comprising a single site catalyst. The
invention also relates to interpolymers obtainable from the process. 10 DISCUSSION OF THE
BACKGRO, ethylene, are often copolymerized with comonomers in order to
obtain polymg%g&ﬁlﬁmggﬁﬁerties. Thus it is common to copolymerize ethylene with
comonomers such as 1-hexene oPE-04tBrid InRA TP Od. Bb1&IRI A 4DIgner having, for 15example,
decreased density relative to ethylene homopolymer. Decreasing the density of the interpolymer
generally impacts positively on a number of its mechanical properties, potentially making the polymer
more useful in a number of end agphi€atioRS) TROHOR dNTEENZi©Yenerally used to tailor the

properties qfignglyined e srithistirsget application. There are vast numbers of commercially available
ethylene interpolymers, e. g. 20comprising 1-hexene or 1-octene as comonomers. A significant

proportion of alke &SRB ANEHIBIR/EteR IR FAcE . dreh predrariistmarsess g gk aittiaatalyst
systems asdhin getiineRahiiaRis iaRsHARS FIR harageneUstherehy: iendering fheikcamposition

more controllable than polymers produced using other catalyst systems and more optimal for any
particular apPCSTioRs RS DA ANV IBLSOIHHEED BRI P&l LHe SRS S8during an

industrial alkeneblymerizationidhelsingle:site cataysisyaiemmanpirmwualhinsrduced into the
reactolrosystem along with the appropriate monomers, whilst the desired polymer is continuously
removed. The continuous addition of fresh catalyst system is necessary because when the desired

polyalkene {s;semavedhirom tag: ARSI @ certain amount of catalyst system is also

30removed. It is thus important to provide additional catalyst system in order to maintain the
polymerization redtlf§RESARIOL 29 RO4T PeHERPOIIoEEESsith comargrathiartsigetef this

manufacturigagehsipmBaVrevVak jihaliibeeatalst sysiensthahissem %]EQIM&HQ geheRaior with the
desired poI%Jrgjgr IS present within th% polymerz) closely mixed therewith. This means that the polymer
J

must be suBjER I BTG r AT SPHEREARAPT d9 D SeReliinss ket st system,

typically as partiplty ahesmieatlynoditidd-catalygtay siem fesve ik continee tadggraaimavithin the
polymer matc%rialogurin its f lither treatment apd its use., In other words, tILeEITcatal st system is present

e R Pt o sy 2 Sy R P LIS T bymers such as

in the polya}fﬁg 833 'an mpunﬁ}.m pacts
polyethylenecisninatle siiie fbe pohumebercod reafd s angibtOethey apakiepikoceThing, e. g. to fibers or
films difficult f the residye *C%g@ nadicles.afih ize ater than.the fiber or film thickness
-they reduce the performa%ce of the polymaer[) %n%si%%? rl%%e,o gg (r)l? c%ﬁ%e%%e%t aégtﬁ):tptic:al performance

of films madBnlis#ehEhsetyrserpynrrakeryofisemiyeotinbraatletisrrbgenaites iyntbrs, filrg, often

callechgels,pers Rk fish-gvascl 2-dhey.cansantsiralymers unsuitable for use in applications where

the level of . _
A significant proportion of alkene polymer, e. g. polyethylene, is produced

industrially using single site catalyst systems as the resulting polymers tend to be more
homogenous thereby rendering their composition more controllable than polymers produced
using other catalyst systems and more optimal for any particular application. When catalyst
25 systems comprising a single site catalyst are used during an industrial alkene polymerization,
the singie site catalyst system is continuously introduced into the reactor syétem along with
the appropriate monomers, whilst the desired polymer is continuously removed. The
continuous addition of fresh catalyst system 1s necessary because when the desired
polyalkene is removed from the reactor system, a certain amount of catalyst system is also
30 removed. It is thus important to provide additional catalyst system in order to maintain the

polymerization reaction.



impurities present therein is required to be below a certain standard, e. g. in food and/or medical
applications - - they, through their content of transition metals, can act as accelerators for polymer
degradation resulting eventually in discoloration and loss of mechanical strength. 20A purification step
to remove cateltiePstesh residues from the polymer, usually called deashingykmmoysocasried out by
extracting and washing the polymer powder obtaihed from the reactor with an alcohol (e. g.
isopropanofi optionally mixed with a hydrocarbon liquid or with water. Sometimes hydrocarbon liquids
are used for the purpose, e. g. combined with suitable metal complexing agents such as
acetylacetonate. | léfgé{?ﬁ‘%ﬁ/%%f S TRATEATHES B YRRV S Sh P ket protdd ses
without such eeporifitdttantistepaaike chitathedesitepsients vpetaie: haniparspoiiimagashing. It is thus
generally demsirgg)l[ 9 Vg,rﬁ/htt;}rglsini(cna%setghft Qwou.fnt orf I%ag est st}/.st?rg tneed t%) make a %iv n amount of
polymer. This helps S At e AR S TPy Ashing step 10 bvercone the abovementiched
problems ircptbecessing antbusetbe alsbtcadesseagedhet 130 plpdsiotiontpshehibalpolymer through
reduced ca r lymer, ) MINIMIZES.. fety risks associated with the
handlin% of%ﬁ%ﬁ%ﬁgga gr%j%g%é%%% cﬁ%l I\}%}glgggﬁll%% {g%&é‘%ﬂ% %@é{r%%ﬁﬁ)%é% %Za?gﬁlast% él%ll%m per kg
of final polylidbihddireeasead3tamsiy prodattiondsl sl rensantiair ot iction rate without
having to ingsgasethel fepstarsize. There are a number of known methods that usually would
increase catalyst system productivity (i. e. ton polymer/kg catalyst s stem? for a given catalyst system.
These include incre&sihgHé Pé%%%/fé HHERCHE P LR YReTe 85 A gt me pokirisdfiZation temperature,
increasing thelegneentsatianmhdimenemenaadior the concentration of comonomer. All of these
approaches, howeyer, suffer from serious draywback Increasing the residence time can_only be
done &8/ decreasiﬁ%g;he r ugt%(r)lc?g%gfg\w%i%hl?s% CorBriERIg fﬁ‘éektlé aﬁé?séq“&? THEFE 28TRG Pt mer
concentratitire isntivesteantarearhichamiy 6asilyd&ad thidondiisg and/or lumps in the reactor and ultimately
to a long stop for cleaning. Ingreasing the concentration of monaomer has a negative effect on
production econor"r!@ewer%gauﬁé) ?ﬁ%gr%fgﬁ%g?c%ﬁ 8?&8% o %()eﬁl%ljnn%sgf.el'n%%ggf?lrgﬂ%ﬁ%eéé%centration of
comonomephticréasderthanincdorativd otsogribnomwnen thakiripn eiiedty lelads tbihe production of a
different int el.i0.thg %%PB{Q%Q}%AHS&?&H‘%E@? (Hq%m%;%ation temperature from the usual

p

operation temperature is probably the most common strategy ermployed to date, but as with increasing
the re$fdence time PEAFAEREAE ROAGTSEISORMG BISdRS MR aRPligsticanmlratit &ysirrfo a long stop for
cleaning thexgactes SUMMARY is rdRiRJISRINES), theraids pravided-anmesss fathe preparation
of an alkene interpolymer, comprising: polymerizing at least one 3-substituted C4_10 alkene and at
least one C@f@%ﬁ@ﬁ’é@ﬁ“ﬁ%ﬁurry polymerization using a particulate catalyst system comprising a
single site catalyst.thea $esandtaspestidhetiispravideda) alkenedniecpeivmer fbiiRadby the
process as#eefigg%{%pr%\é&m eventuall BR FF P%%CRI%‘I’IIQN F DRAWLNtGS Figure 1 is a plot of
activity coeffl Snfversts po(ﬁ)/eYI%yjienJ é%nssl%(/).clflglfﬁeaﬁ is3 pl F@F%‘fﬂ'}% IhiBE %ontent versus
polyet?ylene denstyudacdied AHpEOrDESE RIRITHON QR Tddudd e T pbiymetnuseisof the above
described diapbacisifliclese.naed [ lematie PANMEARIon.HAcERses [he pieppration of

I fiow'e mou%? 0 yélt

alkene polymers and, in"particular, alkene imterpolymers that allow the catalyst system

needed to raRE:E GhoeinTaiibui OePoline teoponarihisinpiy cessd sHitlae alfdve thidboraction to be
carried out ypder.conyeptional Jempgiaiike ARk Rrastie £anditons a8 Wellas i conyaniiepa

reactors are especially desired. It has now been surprisingly found that the catalytic activity of
particulate SAtRRMEIEYSTATHYS CORRBTRST e ghs s cataRrstonatte b o iip o Ny Kt GHebf
1-alkeres sush aseifylene s &g miicanthrdociaaseehbyt Usint 3 aubsiitute £4.4Qakene as
comonomer rath%r WO 2010/08404_7_g§T/ P2010/050238 4 than a conventional non-substituted,
linear C4_ 10 3fcl i KL ARRES A SR ARERREY lower amount of catalyst system can be used to
manufacture a giviers amopericoflBndiniesplelyorey wamiphising tbaBcsmbstivaet € 4ytOalkenedi.e.
catalyst system productivity is significantly increased)..Advantageously the, m 'oropro erties of a
1-alkerte/3?[§u stl%uatgav%?éﬁ}l%% E%?epé:liﬁ%%o )grlﬁeg; es.%l. y Eéj%%%%es(%é,lr%éjﬁﬁ%mpﬁfﬁ?fﬁw, Mn and
molecular weighrdistiribaitior)mentioned problems in processing and use and also to decrease the

3G production cost of the polymer through reduced catalyst system cost per ton polymer. It also
~ minimizes any safety risks associated with the handling of catalytic materials. Additionally

the ability to use a lesser amount of catalyst system per kg of final polymer in some cases



may be maintained on a comparable level to the properties of the conventional 1-alkene/non-
substituted, linear C4.10 alkene interpolymer. Surprisingly comparable properties can be achieved in
some cases by using less 3-substituted C4_10 alkene as comonomer rather than a conventional
non-substituted, linear C4_!0 alkene comonomer.,Thus, the process herein 10described offers an
economically attractive approach for making interpolymers that can be used as substitutes for the
ethylenell-hexene and ethylene/1-octene copolymers commercially available. Copolymers
COMPH§IRG eiviensAnsl3rneathyihbutxt-emeihaye aieeusiik begnseserbad indhabaskgrednd art, e.
g. in W02008/006636, EP-A-1197501 and 15W02008/003020. None of these documents, however,
discloB899E ¥Spolymerization of C2_8 alkene and 3-methyl-but-1-ene with a particulate catalyst
system compiisirg asinglausitercathlstwicooedindly tironesedlinesewddcinvemts digelpde osistiggest
that the CRtaIVHe Q{.O@uq@xitgs&gﬁ%g%@é@bfstsﬁ%wm the sluincsanalyRetization.of GRuialkene

such as ethylene may be significantly increased by utilizing 3-methyl-but-1 -ene as comonomer, rather
20thaf eEABAtdRRI E6TIEHEMERSsLEth d8e1-Fektie drTeatigne'te AADASFERERT0 oS Fre
presenicieyaniomprovitlesitpsacess fasnihespreparatioheof anatken@rintefpolymenoempaBingt
Polymerizing.at east pne.:substivied Gd,d0ialkeng.and another C2_2 alkene in a slurry

polymerizat on using a particulate catalyst system corzcﬁjrising a single site catalyst. 25In a second

embodiment psaFivgntisn jspiiierss Bnetle2hterboIfheloaptdinabie sing A Prucids addedditied in
this patenrtarpicationunfavbeBlihirg: epbadimenhethgdRuentioBnpEaigios aimeathodatincreasing the
productivity of a particulate catalyst system comprijsing a single site, catalyst in a slurry polymerization
compﬁ%ai?ﬁgeﬁ%lllyymgﬁéinta aﬁoilé%ﬁ gﬁcg%-s%glgﬁtu ed[%ﬁ%%%ﬁkgﬁg V%ll m%%éh?r ézl‘ﬁ’ Ilgéer%. %0Ina
fourth demidoglmiateakiegnvbntiopnprovides thd usewhes-dubstitutestdye 10MEKenenamdodyststiculate
Cata'yééém?mb%mﬂémog asingigiite catalyshin the prsRalationgtaic2_dalksneimarpolyner by
slurry polymerization. WO 2010/084047PCT/EP2010/050238 5 Definitions All ranges mentioned
hereirf TR VARFEEEN TS UBAREE BRtwEEN FHRRSIRST 1iAlE afilthe RighErimicafth& ralige,
includbagcﬁlmﬁ@nc_io!ﬁomtsi‘rffetlaet rqin@@og@msed)heheinpmhe tﬁg&te‘talkém_eemmmmedlymmtﬁon
PolymeLs SomAIIsing, epgat SRl glerlving famalkeast one B:sbsiiled ¢4 alkeng.mapomer

and at Least one other C2_8 alkene. Preferred interpolymers are binary (i. e. preferred interpolymers
are copBNgietsfartiompriss réfﬁéaéftﬁﬁ?élﬁl%rf\hﬁgr?ﬁf?%f‘%etlf%elbf‘@-‘sdB%%itlﬂ?eﬂe@ﬁﬂ(f%k’é%}e
CoOMOoRAMEIAAs:eNOtbRkdYy pel aEG28 Alkenesmonemain Othakpreferred interpolymers are ternary, e.
g. they comprise repeat units deriving from one type of 3-substituted C4_10 alkene comonomer and
10two types of C2.8 alkene monomer. Particularly preferred interpolymers are copolymers. In
preferred interpolymers at least 0.01 %wt, stiféMAkeferably at least 0.1 %wt, c. g. at least 0.5 %wt

of each monwgrfﬁ%pa%ﬁéa&t haged ondhectotalweightiaf the Hiprreivner An seaitaskthateem "alkene
homopolymer" as used her #uich E(g)nsist £ss ntially o reeﬁ(at units deriving from

: herein refers to iaolgfmers
one tyPEBFEBIgPAREITEZRE G deAVISAS T T8 Bfﬂtgél\cg GBI B ST, Comniphie &t fedst 99.9
%wt epgdyaticast®9s8Q Yowitohlepesatblystitytier vingpirany enmgigeiofL2y8.acne based on the total
weight of the ,RaIVI&ly aspASHSES BRFGRLARE SRR 3aUbSIHIE g LA, RNRIRIST [RARAlkenC

having: (i) a backbone containing 4 to 10 carbon atoms, wherein the backbone is the longest carbon
chain #%¢K& molecule that contains an alkene double bond, and (i) a substituent (i. e. a group other
20than H) at the 3 position.

BRIEF DESCRIPTION OF DRAWINGS
Figure 1 is a plot of activity coefficient versus polyethylene density.

Figure 2 is a plot of comonomer content versus polyethylene density.



As used herein, the term "slurry polymerization" refers to a polymerization wherein the polymer forms
as a solid in a liquid. The liquid may be a monomer of the polymer. In the latter case the
polymerization is sometimes referred to as a bulk polymerization. The term slurry polymerization
encompasses what is sometimes referred to in thg, art as supercritical 25polymerization, i. e. a
polymerization wherein the polymer is a solid suspended in a fluid that is relatively close to its critical
point, or if the fluid is a mixture, its pseudocritical point. A fluid may be considered relatively close to its
criticapEIAnfHEs PR ESSONI e IsVEds ianh double its critical compressibility factor or, in the
case of a mixture, its pseudocriticat compressibility factor. 30As used herein, the teim catalyst system

refers to the {gtal active entity that catalysesdhe polymssizationreagtion, Typigallythe catalust system
is a coordination catalyst system comprising a transition metal compound (the active site precursor)

and aRRRGETBHIRoMRARTES réteriBE B SR B aRhlyalitfat 1S HBRE oAtV ite RAE Y iisifio T hetal
compauBtho W2 AL/ 08404 1RC TR0 101060238 §stde catalybtisysteke of thygresentinvention
preferably comprises an .activator, one trapsitionmet ive site,pre a icle
buildinpg0 fr%%?lérigf thgaet m%f}i éé%é"e a%é\l)%a%% o?%lﬁot gc;r% mgﬁgria%agﬁé%{ergalyﬁhe?%gﬁlaeaguillgi}ilgépmaterial
is a carpiekntisnabetbRpPEiHTthendrireriuRiskerdEtanst Sy ststh fefelfs teP B ERbaRAt Jyatkm 5™

comprigig;atyeastdyvo different active sites deriving from at least two chemically different active site

precursors. A multisite catalyst %égtem pse indtht%egretﬁgnt ipa\{ention comp(r}i]tses at | ast %%}grﬁsipgle site

catalyst. Exa p]f’é% ofa mufesite ﬁ%ﬁ%}/ syos em are one com r}i%inaﬁtm o thfée different netallocene

active sitesprecursoisorosegomniising ssZisyltheNdttzyactivel sieranidon methlidosre aetivasite. If
there %{S{%Q@E\_@@ﬁﬁ%ﬁlﬂ%ﬁe@é@m@gyég%ﬁgﬁmteﬁ_é%%&aﬁ callefAdhalsite,catalyst system.
Particulate multisite catalyst systems may contain its different active sites in a single type of catalyst
particle. Alternatively, each type of active site may each be contained in separate particles. If all the
active sites of one type are contained in separate particles of one type, each type of particles may
enter the reactor through its own inlet. 15As used herein, the term "single site catalyst" refers to a
catalyst having one type of active catalytic site. An example of a single site catalyst is a
metallocene-containing catalyst. A typical Ziegler Nana (ZN) catalyst made from, c. g. impregnation of
TiC14 into a carrier material, or chromium oxide (Philips) catalyst made from, e. g. impregnation of
chromium oxide into silica, are not single site catalysts as they contain a mixture of different types of
20sites that give rise to polymer chains of different composition. As used herein, the term
-particulate catalyst system” means a catalyst system that when fed to the polymerization reactor or
into the polymerization section, has its active sites or active site(s) precursors within solid particles,
preferably porous particles. This is, in contrast, to catalyst systems with active sites, or precursor
compounds, that are liquid or are 25dissolved in a liquid. It is generally presumed that when carrying
out a polymerization using a particulate catalyst the particles of the catalyst will be broken down to
catalyst fragments. These fragments are thereafter present within polymer particles whenever the
polymerization is carried out in conditions whereby solid polymer forms. The particulate catalyst
system may be prepolymerized during the catalyst preparation production process or later. The term
30particulate catalyst system also includes the situation wherein an active site or active site precursor
compound contacts a carrier just before, or at the same time, as the active site or active site precursor
compound contacts the monomer in the polymerization reactor. WO
2010/084047PCT/E1'2010/050238 7 As used herein, the term "polymerization section" refers to all
of the polymerization reactors present in a multistage polymerization. The term also encompasses any
prepolymerization reactors that are used. As used herein, the teini "multimodal” refers to a polymer
comprising at least two 5components, which have been produced under different polymerization
conditions and/or by



using a multisite catalyst system in one stage and/or by using two or more different catalysts in a
polymerization stage resulting in different (weight average) molecular weights and molecular weight
distributions for the components. The prefix "multi" refers to the number of different components
present in th¥ QW 8#4hus, for example, a polymer consisting of two 1FEJHEBHENE®BAly is called
"bimodal". The form of the molecular weight distribution curve, i. c. the appearance of the graph of the
polymer weight fraction as a function of its molecular weight, of a multimodal polyalkene will show two
or more maxima or af least be distingtl adened in comparison with the curves for the individual
components. In addition, r%h|?ﬁ18%%§l¥tﬁ1%3}% acr)v§4a] 4 (?ﬁ%)re%%ﬁ%ir%ﬁglﬁlﬁlgﬁg?acnryg?gm%%tion
temperaturdTsuasebeaisbrieprsiem can kowird o, mapolyoter coghprisimgwone tomporreitpeoduced under
constant pelymgrizalian sappitiansdisiarest @ berginasynimodal, (4.8 Alkapa A0l grder to

produce an interpolymer the C2_8 alkene should be a different Acne to thé alkene used as the

3-substitut&Eredd Akentconsly hnsreriprerioe tarbaficne 8- ket dfay veligsed. Preferably,
however, ORE:Q6 WA cJs MMERG 2eBsaikenatsusad:, Mw, Riciarahle e CliSralkensisian)

monoalkenc. Sgll mare preferably the C2 s alkene is a terminal alkene. In other words, the C2_8

alkerte is prERePEORF IHEREH ARGL ARATHNR lRUrhisel ProBeiigse ivhe rrucneos drdkeemothus c2_8

alk-l-enes. substfihe C A8alkenealdprehaailyymin Saraikent: Sillynarpioferably:dhe«L2_8 alkene is
an unsubstituted é:]}%-go%l}lé%geés by (RERresentaty .te¥%*%ole$ ]%f C2-8 alkenes tha}tt are suitable for use
in the process of the presenfS inventionrinclude et 1y]feene, ’lr‘lj‘lpyf:&::]éi,“g F%nlﬁ%%@?ii‘béﬁ%}ha& a4-methyl-
1-pentene conBiieree andbitiveteh dnPrefarabiiketihe @l 8oamke NEhis. sbigoteat fsderathylene,
propyjgne, i bt -methyl-1-nen rJql the Parficularly preferably, the C2_8
R A R S TR AL TN L
alkenes fortrseanSHRS SRt thoshudenelreleammerdietly lavelilapttsnakepabtively centiptasiellpropylene
and but-1-gitg;may be prepared by thermal cracking. Higher linear olefins are available from catalytic
oligomerization of ethylene or by Fischer Tropsch synthesis. 5Substituted C4.40 alkene It has been

found that the sluFSPEERBTHTERPLHG SHHENSHEI deelbybld ¢2ng bake Rewits - Bemstituted C4_10

alkene withies pétticiate, sicigle siie satalystsystennecoss vitrunaxpestadiychigh efficiency. It has
i 3-substituted C4.40alkene needs

also heen vide a polymer of any given density, les

to beqlglclu e égr/z)lt(r)]%%ghq? %%pﬁ%%gr P&?@ﬁ%ﬁi‘b‘ﬁﬁ?i@ﬁ ShERG SRADRCHR YO bE cdmonomers
such as I-rﬁék@memﬂ-&eteﬁezbbﬁ%wgsﬁmﬁed 24 idOatkena st systimgreapeisihan sheleastof ethylene or
propyle”e-catahf%,'i%cf@?%!.}‘rngffhﬁ&?éﬂHﬁe”ste Ao ”etngs‘ gathan ég%geesgf Mbstituted G4-10 alkene is a

Cio alkyl group. The a p may be substituted by non-hy arbyl su Sstitients or unsubstituted.
Represent#tR&Exaripiesiof porAiyd rostapyhshbstinrsepthanmiaytiva pfésemiiBonuble alkyl group

include F anghfehdiraierablynBRwRKeR e Cded allidigroumisinsupstitied Saricuariypreferably,

the substituent group present at carbon 3 is a C1.3 alkyl group such as methyl, ethyl or iso-propyl.

MethyPis aREsRIEIROBR RO QUSRS JrosRe o drapisiahe 3-substituted C410 alkene is solely

substituted at carbonfasibrievaves:, arsuybsidnant inRigsentidtanpihesprsitienitisprefewmbly a C1..5
alkyl group as described 20above for.the supstituent present at carbon_ 3. The 3-substituted C440

aLkenc is preteraliyPa RonBKh CeHETEHEF RoTE Brérdsdb 2 thans SihRified Euo #EikERE is a teiminal
alkene. In etgrowOrdsithe: 3asubistity pedy@idridOiatikenezis peaferhiycaniRatusated asarbay aumbers 1
and 2. Prefe rg(?ed Sﬁésga%t}ifw.ted C4_10 alkenes are thus 3-substituted C4410 alk- 1 -cnes.
25 In a second embodiment, the invention provides an alkene interpolymer obtainable
using a process as described in this patent application.
In a third embodiment, the invention provides a method of increasing the productivity
of a particulate catalyst system comprising a single site catalyst in a slurry polymerization
comprising polymerizing at least one 3-substituted Cj.19 alkene with another Co alkene.
30 In a fourth embodiment, the invention provides the use of a 3-substituted Cq.10 alkene
and a particﬁlate catalyst system coinprising a smgle site catalyst in the preparation of a Cog

alkene interpolymer by slurry polymerization.



25Preferred 3-substituted C4_10 alkenes for use in the process of the present invention are those of
foimula (1): R1(l) wherein R' is a substituted or unsubstituted, preferably unsubstituted, CI 6 alkyl
group and n is an integer between 0 and 6. WO 2010/084047PCT/EP2010/050238 9 In preferred
compounds BT RI is methyl or ethyl, e. g. methyl. In further pref&FEFXE3MII8Hds of formula
() nis 0, 1 or 2, still more preferably 0 or 1, e. g. 0. Representative examples of compounds of
formula (1) that can be used in the process of the present invention include 3-methyl-I-butene,
3-methyI-I-penterﬁeﬁi@&pyl-l-hexene, 53-ethyl- | -pentene and 3-ethyl-1-hexene. A particularly
preferred 3-substituted C4..10 alkene for use in the process of the present invention is
3-methyl-I-butenehll ramgas petitioned acmonsikenal felugsend sHevidvenbivr wetholawreriiaily available,

e. g from Sigma:AlgHiehsBimathuiens cARDBRATS0 f1 o PERALINY to WO02008/006633.

10Catalyst system As described above, it has been surprisingly found that the copolymerization of
a 3- substituted C¥ PYEPAREETB, B Ger8l ndkRYE- IS RRE T Seesiosra lyewsie cemyrigty 18Rt occurs with
higher fficiensydhangtio eoir esRopRINgscBRRIATIZaGR Y RGRAveianaldinearCintP@lkenes. This
effect has s ecifi%g}z been obselrved Withtparticglilate catalyst. systems 15comprisjng a singje site

catalyst. CAtalSt MOrpHoIBGY Ahd S aF “rapHd &aPh %’f% SEAP LSBT M HTS YOl EE B e present

invention isdémpasticepaie fomxdderafer floly, dhetgatal{/Stsapstemcis (h_theaiecofpastictesndaving a

weight avegage parfi 200f 1 to 250 micrans, preferably 4 to 150 microns. Preferably, the
catalyst system ?s in 'geo?c?f?ﬁ 0 (g%er(;r.ré%ﬂgrv%?ﬁg% ;?(’l)?/%v er. ﬁ% E%Efgi@s\{%?sstgr% tsed in 'tﬁé%ﬁer%cess of the
present inVeRRBIHC PRI Se 8 edsiiigng Sieancenalyst pi éfarbbijutedrietal obene coomminingrodtalyst. Such

catalyg syaa@%@br@f@!g KRNI IHE AP G116 TP HMIRBOR AR, (NRFONEOIS A WRICkare hereby

incorporated 25herein by reference. The catalyst system particles may be synthesized by producing

the solid pRFGEEEHBIFNRfIREStAtIsE IR riarbsHbBIRENTEs AL 188 ArhteTrhrdg ALl step or
they may hesmadeoby ditskpirausing a-aolidpadticlarngdhenimpseanatingihiemstive site precursors

into it. The catalyst system preferah]y comprises a carrier, an activator and at least one 30transition
metal active site ?é;gm?(‘ﬁ’ (%.e é‘?f&lﬁé‘fﬁﬂ%&ﬁ@}%‘*ﬁﬂ*é%&ﬁ%&fs PSRRI R horanc or
borate but prefarakiynisadifuafirpranail? kievaty Vi dheactive sife pratitysqrigactheialtocene. WO
2010/9384Oﬁéx@l%;ﬂ@ﬁ%r%l&é??%%%§a%nc)ple, comprise at least 99.9 Y%wt ¢. g. at least 99.99 %wt of
repeat units deriving from one type of C,.5 alkene based on the total weight of the polymer.
As used herein, the term 3-substituted Cy.i0 alkene refers to an alkenc having: (i) a
backbone containing 4 to 10 carbon atoms, wherein the backbone is the longest carbon chain
in the molecule that contains an alkene double bond, and (if) a substituent (i. ¢. a group other
20 than H) at the 3 position.
As used herein, the term “slhurry polymerization” refers to a polymerization wherein
the polymer forms as a solid in: a liquid. The liquid may be a monomer of the polymer. In the
latter case the polymerization is sometimes referred to as a bulk polymerization. The term
slurry polymerization encompasses what is sometimes referred to in the art as supercritical
25 polymerization, i. . a polymerization wherein the polymer is a solid suspended in a fluid that
is relatively close to its critical point, or if the fluid is a mixture, its pseudocritical point. A
fluid may be considered relatively close to its critical point if its compressibility factor is less
than double its critical compressibility factor or, in the case of a mixture, its pseudocritical
compressibility factor.
30 As used herein, the term catalyst system refers to the total active entity that catalyses
the polymeriiation reaction. Typically, the catalyst system is a coordination catalyst system
comprising a transition metal compound (the active site precursor) and an activator

{sometimes referred to as a cocatalyst) that is able to activate the transition metal compound.



Suitable carrier materials for use in the catalyst system are well known in the art. The carrier material
is preferably an inorganic material, e. g. an oxide of silicon and/or of aluminium or MgC12. Preferably,
the carrier is an oxide of silicon and/or aluminium. Still more preferably the carrier is silica. 5Preferably,
the carrier pYHAELPENE an average particle size of 1 to 500 microns, prE&feFABRPAFRS® microns, e.
g. 10 to 150 microns. Particles of appropriate siz€ can be obtained by sieving to eliminate oversized
particles. Sieving can be carried out before, during or after the preparation of the catalyst system.
Preferably, Hti herical. face area of the carrier is preferably, in the range 5 to
200 2l R B B B o e
range 0.1 (HBHIB/BIcHfdiab iitO BeRBE B §. partifh dfatdinly niisrds et isap dhylbiratstrgivior to use.
Particularly,prgferabithe.casrigtisieated At 00800 G inore Rrefgtgbly 150 to 700 C, e. g. at

about 250C prior to use. Preferably, dehydration is carried out for 0.5-12 hours. 15Carriers that are

suitable for the prepdratiGRortiee ety Siuista et arsHEECIBEE e CHINMSHSIANY available, e. 2.
from Grace:angrRRxGorperationAsivatenAuminexansisprelerahlyRtesentin thegatalyst system as
activator. The 20alum'. oxane is pr ferablgkﬁjlirg[omeric. Sti I_m%re preferably the aluminoxane is a
cage-like (&¢" ﬁﬁ%ﬁ?&ﬁéﬁ"ﬁ?a&%ﬁ&}%ﬁe@ N A D RS B BT AL e TR R B B9 REre n is
10-60 and Raig amalkylognouptelyst. EaMpRE aflyhgiosip taugsefasechaluminoxanesdhistadl_8 alkyl
group, e. g .Met inoxane. (MAO) is a mixture of oligomers with a distribution of
molecular v?/elg ts(}hé}rge? eriﬁ?%é@?ﬁ%: naenag%\i/‘%era%%s olecy growgfb%%og?pfggl &)afms‘%%]? 7\& a’|}smz;[f'\fSpreferred
aluminoxanéefendisaniialins autalybresjstdithere dfhendfumirsximsiterai be nodifiedywitman aluminium

alky! o0 alugginare Aoy omRQHNELFReciaIbRIETRILHRRANING FETRRNNAR A B AIUTIILIM alkyls,

in particular, aluminium trialkyls such as’trimethyl aluminium, triethyl"aluminium and tri isobutyl
aluminium SHRFSERMAR RS Mosihaial gasbre paticho Aliemabixeliescdusheay MAD, Skat are

suitable forihe freparasieanitheepiryshaysiems hemindescohad ass comumarcialyiavpilable, e. g.
from Albemarle and Chemtyra. WO 20%0/0134047PCT/EP2010/050238 It is also possible to

generate tHEPARICABFSIFSREORS BTGy LR ARSIt i StHGTARG AR e tHePPores of a
carrier. Thimletocess is well known in the art. Alternatively, activators based on boron may be used.
Preferred boron based activato re those wherein the,boron is attached to at least 3 flugrinated
phenéﬁings as b éggﬁﬁeg‘?ﬁl E[Iﬁe %%3%1?’%16 Si?tg?%g)fﬁgefﬁ%ﬁ 8¢ i\cl?étﬁ?%r %%%ﬂﬂ%?ﬂ%%@ea ?described in
US 7,312,288wentdieinséd de:acanribroTheselasgsalidiypaiticnatalinermganictaxidesoflyigh porosity
which exhilidhguieAGiL PRERRISIORAGINLE REAAGRANG WAL ANE haer diafpd wilian y
electron-withdrawing component, typically an anion, and whi ave then been calcineéd. 10 Transition
metal activ@&fEabreceissriae ety Heom stipltithededimion enitar pgeainsefskirenigrelectron

complexesealibaughithey fansamnelines sy isefewa SISl alisne: 5 SOMRIPES.O6FI, Zr or Hf.
tive site transjtion metal precursor is preferably a metallocene. 15The metallocene preferably

-crgri??(pses AT BOGIHR RS S e BRSO AP RGERES. The metal is preferably Zr, Hf or Ti,
especially Zr or His Tsedlhdroinding kigangdsipreferablyys: ifeushc liganda ted hameprigterocyclic
82 R RO AR O R PR R S S Do A e Bfgreraply has
or active site(s) precursors within solid particles, preferably porous particies. This is, in
contrast, to catalyst systems with active sites, or precursor compounds, that are liquid or are
25 dissolved in a liquid. It is generally presumed that when carrying out a polymerization using a
particulate catalyst the particles of the catalyst will be broken down to catalyst fragments.
Thesc fragments are thercafter present within polymer particles whenever the polymerization
is carried out in conditions whereby solid polymer forms. The particulate catalyst system may
be prepolymerized during the catalyst preparation production process or later. The term
30 particulate catalyst system also includes the situation wherein an active site or aétive site

precursor compound contacts a carrier just before, or at the same time, as the active site or

active site precursor compound contacts the monomer in the polymerization reactor.



20 (Cp)mLNIXp wherein Cp is an unsubstituted or substituted cyclopentadienyl group, an
unsubstituted or  substituted indcnyl or an unsubstituted or substituted fluorenyl (c. g. an
unsubstitutcd or 25substituted cyclopentadienyl group); the optional one or more substituent(s) being
independentY&EIEKEH4Fom halogen (e. g. CI, F, Br, 1), hydrocarbyl (e. gPEWEDYH EMEH2882-20 alkenyl,
Co alkynyl, C6_20 aryl or C6-20 arylalkyl), C3-127cycloalkyl which contains 1, 2, 3 or 4 heteroatom(s)
in the ring moiety, C6,20 heteroaryl, C1.20 haloalkyl, -SiR"3, -0SiR"3, -SR", -PR"2 or -NR"2, 30. each

R" is independent AL Itgyrgr g%m{lﬁ 19:G 1529 .QI l,. C2-20 alkenyl -20 alkynyl, C6-20 aryl or
C6-20 arylalkyk o%én '%he Sase’c%_-NR"Z,ﬁ%gTWo R"Oca%\é 5%111 é]% ??r%,oeg%?%%egp gmn%égir% téor%d ring,
together wittPEFESTItRSGE AR SRRt tAds OR ifes arE et d B &I WE 20NDI08%08 7BC T/EP2010/050238 12

L is a bridgg-Qfolyh @teamss &-8tRsHgagafl44 C atoms and 0-4 heteroatoms, wherein the
heteroatom(s) can be, e. g. Si, Ge and/or O atomﬂs , Wherein each of the bridge atoms may

independently bedr SSESBRIRME G COUFARS i fes-Bor Ry COmREs DR AIKGEEBRY or C6-20
aryl supstitt@asliatsaviiclgRaof bedn Pr@iueBe B BifReiaT QBIoMS St asndiite Sansl/ey 0 atom(s),
e. g. -SiR-2, wherein each R- is independently C1_20 alkyl, C6 20 aryl or tri %1 20alkyfisilyl residue
Gt 2 e S A O TR T B U0 FEARPA ) TSRS 6. cuch as
Group 4, eirga fitdymemzaiccctigerachafnionifferefe (ablyainituys )eadhcdlis indgpendéntly a sigma

ligand suc halogen (e. a.Gl F. Br, 1)..hydrogen, 10 20 alkyl, C1,, 20 alkoxy, C2 .20 alkenyl,
G 50 a0 o el e PRt s R s e e S ey s,
-PR"3, -SiRt§EerogirmpenRiTorc@HR tewhleredn. YlissOor 20:anyik.GedPrivetesosisyingyf 120 alkoxy,
CE-29 gyl iR Roriits BT SomRIS, 90:051R o ARl WMa llands AtaRidoed to
provide a bidentate ligand on the metal, e. g. 1,3-pentadiene: 15each of the above mentioned ring
moieties albfet®t e AridtarMablcaotiagusssiidicinep 2 XuRtior |sarebslither
Zubstitutedv},giggtiwﬁg &ﬂ%@ﬁ@%wﬁ@m&m %W{%%ﬁﬂi{@h&ﬁ%ﬁ?}{ﬁk 5gai§t %%@ggbﬁ@referabfly 1or

, more preferably 2; nis 0, 1 or 2, preferably 0 or |; 20p.is 1, 2 or 3 (e. g. 2 or 3);.and the sum of m + p
is equal to%ﬁ a%%@?%b’é%?ﬁf‘@?ﬁf”ﬂ%é}ﬁel\ﬁl@efrf%flﬁrwgﬁﬂﬂa T’?ﬁlp?flgﬁ%l.ﬂﬂ Wéhﬁ?}?‘breferably, Cpisa
cyclopentadiehiyhgtaitp nespdoialby a sifbstiivtad eytfapentagienyibation temperature of

15 components.

In contrast, a polymer comprising one component produced under constant

polymerization conditions is referred to herein as unimodal,

Cos Alkene

20 In order to produce an interpolymer the Cy ¢ alkene should be a different alkene to the
allcene used as the 3-substituted Cayp alkene. One or more (e. g. two or three) C, ¢ alkenes
may be used. Preferably, however, one or two, e. g. one, C;¢ alkene is used.

Preferably, the C,.5 alkene is & monoalkene. Still more preferably the Co; alkene is &
terminal alkene. In other words, the C,5 alkene is preferably unsaturated at carbon numbers 1

25 and 2. Preferred Cy.g alkene are thus C;. 5 alk-1-cnes.

The Cy¢ alkene 1s preferably a linear alkene. Still more preferably, the Cog alkene is
an unsubstituted Co¢ alkene.

Representative examples of Cy.5 alkenes that are suitable for use in the process of the
present invention include ethylene, propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-

30 hexene and I-octenc. Preferably, the C, alkene is selected from ethylene, propylene, 1-
butene, 4-methyl-1-pentene or mixtures therefore. Particularly preferably, the Co5 alkene is

ethylene or propylene, ¢ .g. ethylene.



group. Preferred substituents on Cp groups, including cyclopentadienyl, are C1_20 alkyl. 25Preferably,
the cyclopentadienyt group is substituted with a straight chain C1_6 alkyl group, €. g. n-butyl. If
present L is\%referabl a methylene, ethylene or sityl bridge whereby the silyl can be substituted as
defined aboW&? &0/ 8*dimerhyl)S4-, (methylphenyfiSi= or (trimethylsilylIREtHFBZNOBEE m is 2 and p
is 2. When L is a say' bridge, R" is preferably 30other than H. More preferably, however, nis 0. X is
preferably H, halogen, C1_20 alkyl or C6_20 aryl. When X are halogen atoms, they are preferably

selected from flugrine,; ne [ iodine. .Most pref l ) rin hen Xisa Cl1l_20
alkyl group, it is ﬁé?gg%%%@:r%%%?é% |ﬁé%gpﬁg%§ﬁ% %If%%%%&v%@ RS &té%a%veﬁ’

2010/08402 PP ImPRUIOSEREE-1 S 6ty ke reneme iy thetmyl, cnegkiy Highwliieer pidiy| group.
When X is gk £aik@1atybarainyitds Risierably ahenyhor-he ey msa&@a‘qr{%gm%ﬁﬁ%@gﬁes Xis a
openta

halogen, e. g. chlorine. Suitable metallocene compounds include: 5bis(cyclopentadienyl)metal
dihalides, bis(cyclopentadienyOmetal hydridohalides, bis(cyclopentadienyl)metal monoalkyl
monoi}alides, bisgc%cslgﬁ%?t iergl I%meetal dialkyls and bis(indenyOmetal dihalides wherein the metal is
zirconium or hafnium, pre era46?y aPnium, halide groups are preferably chlorine and alkyl groups are

preferably Ci alky}; ReRresentaliveexAIRIes Qfp RS, LORIs(Gyclopeniadignyl)2ro2,
bls(cyclopen_tadlzﬁ%l)HfCIZ bis(cyclopentadienyeZrMe2, bis(cyclopentadienyl)HfMe2,

bis(cyclopetitddie £ E 1R BRIR ARG R TS TSI St by KSR PEs A IEy ) ZrC 12,
Eisgn-guty:@mf@@eﬂ&t&ﬁ iﬁgy:éﬁlﬁ&iéhﬁykgsﬁa%lﬂydiw&ilﬁﬁ@tﬁﬁ@@iﬁﬂbﬂl)&ﬂ\dﬁg,a polymer of any given
is(n-butylcyclopentadienyl)HfM is(nbutylcyclopentadienyl)Zr(H)C1,
bis(n-butyl %@F& e%t%%@%%ﬂﬁfﬁﬁét@f ?%?é&%?%r‘rﬁw%% 581&%%%%%%}“’ or 1-octene.
bis(péftanmBtiyicydtiapeptadiernyhHéet 21 bisnth@ndinsethyleyclepemtabienyhZeC-2ubstituted
Dis(4.5,6.7etrapydiorLinde VUL apd S EDEIRRE. 5 6.F Jeyahydro L indeny)ZiCL2

I ry

AIternativer,'ﬁ'ue metallocené may be a constrainéd-geome eﬂ{ffst (COG). These comprise a

transition metal, NMr¢fretdrably Tiysiitssmecstat dysidpariadidnyi-ieeatitisaddCiwoDEX dgrodps, i. e. be of
the formulg GRMX2uWhereiny %@ﬁ@sﬂ@&%ﬁt@é‘9?%8&»{,{?&99&%@@%%‘8%&%&%@(R")ZN(R")-

substituent wherein R" is as ef%%e above and the N atom is bonded directly to M. Preferably, R" is
CL20 alky|Upyerdtastg, Hiaressprbirematielny rigand ydmgais by dussiieavathertesatpreferably
4, C1120 alyhgravpsExamales of metallocenas ! thisdvae dradesaribadin S 2003/0022998, the

25contents of which hereby incorporated by reference. The preparation of metallocenes can be
cariod outELBTAH dc BTG AISGBEGH . HETHBUES KOO L HGPROTS bt i the

skills of a polymendhemisthydthrtypes afrsinglesitey preauesprotdimpetfbasdyebaiesenibadip.  G.J.P.
Britovsek et al.: The Search for, New-Gengeration Olefin Polymerization Catalysts; Life 30beyond
Metallocenes, Anlgli-:-evf\s"s.m(‘,8 é?%ieeglr%f% g@%‘f{%%ﬁcﬁe %zsg?ei/y Slll—qg.sﬁléeloaéf S l.}:glgls'z’c!gta y‘g SR New
Family of HightRaratepreesC atadysteefaroSiafiniPie lyieferidétiof; Adikah cediBynthesibahd Catalysis,

344 (2002), R4 %4> ng{fﬁggpfg@&{mga%gygsite precursors are disclosed in US5880241. WO
2010/084047PCT/EP2010/050238
The 3-substituted Ca.1o alkene is preferably a monoalkene. Still more preferably, the

3-substituted C4.q0 alkene is a termmal alkene. In other words, the 3-substituted C4p alkene is
preferably unsaturated at carbon numbers 1 and 2. Preferred 3-substituted Csjp alkenes are
thus 3-substituted Ca.1o alk-1-enes.

25 Preferred 3-substituted Caio alkenes for use in the process of the present invention are

those of formula (I}:

/ n

R m
wherein R' is a substituted or unsubstituted, preferably unsubstituted, C; alkyl group and n

18 an integer between 0 and 6.



14 Catalyst system preparation To form the catalyst systems for use in the present invention, the
carrier, e. g. silica, is preferably dehydrated (c. g. by heating). The further preparation of the catalyst
system is 5preferably undertaken under anhydrous conditions and in the absence of oxygen and
water. The dERyAIMarrier is then preferably added to a liquid mediunP€3RPA1/EWAIY. The liquid
medium is preferably a hydrocarbon comprising 5'to 20 carbon atoms, e. g. pentane, isopentane,
hexane, isohexane, heptane, octane, nonane, decane, dodecane, cyclopentane, cyclohexane,
cycloheptane, tolyene and mixtures thereof 1sqr of any of the afare- 10mentioned hydrocarbons
may also be use Hhe vo é%%m of é i(c)fl(jtlgdT Ir%@é?@r?{ls]%% tehpélﬁlyc?llfﬂfcﬁeﬁt%e#ﬁh% < of the
carrier, andwisreeprefarabiyitefdirakiihy of the azirie badiclps{Fvpicdlyr the wplOme of the liquid
medium will be 2 Kéﬂést%m&ﬁzmaﬁﬁ?eéffzt‘w%r@%ﬂlﬁ SHRROIAS ﬁﬁs&aeﬁe%ﬁﬁ%o%%ﬁ,%%éﬁrpt'0”

method (BET method). This helps to ensure that a uniform distribution of metals on the surface and

pores of thefdhfiseshiiavion mokia Sepmibatd vaters, thasthetalioeasaombybrhieeswith

aluminoxane:#i;a sQleBhe Fhe Selvent maxke A hydeaboR-comprsing:&iR.d¢-carbragtoms, c. g.
toluene, xyé?ne, cyclopentane, cyclohexarte, cyc oheg:%ne, pentane, isopentane, hexane, isohexane,

heptane, ot & HIRRIRESIREFBD PRV SfIHER 9B S TE 5P BReTerably, the metallocene is simply
added to the tolusraiselutiehln wilichéh oaluninexane datresenidmiiscommesial, 20,available

form. The volume of t olvent is preferably about equal to or less than t olume of the carrier.
The res.uIti\ﬁ%ﬁﬁnn%(2a n?%"l}g ngﬁ%?gﬁ%&%ﬁﬁ%%ﬁ?%% ﬁ%%rﬁb?y %%"8%%%68@@@@995 %%ge 0 to 60 C.
Impregnation of the metallocene and aluminoxane into the carrier is preferably achieved using
agitatjgn. Agitatioeﬁ&ggg%@et}}y carried out for 15 minutes to 12 hours. Alternatively, the carrier may
be impregnated with aluminoxane first, 25followed by metallocene. Simultaneous impregnation with

aluminoxane and sQelatesenenisyd)AvaYBL-RIRiPHSEloly folhe GalvENtaRerdiguihmadium are
typically rem v%ﬁé)% g’lteri and/or decantii]s%]and/or evaporation, preferably by evaporation only.

Optionally, Hg" BT Paro ks APSHNATHBY MR AtRgdras A6 SoRreit Y RerRE6ve extractable
metalloceneignbifirakifiikrozaien3bRemeyahaiibe soeri-aatdigwithradicmidraniibe pores of the
carrier material is greferably .achiev eating and/or purging with an inert gas. Removal of the
solvent anﬂ%ﬁ%’ ?nr%%ﬁjﬁr‘h&i};hfﬁes é’%eg?)%‘ )({‘:’érﬁ%%ooﬁ fgﬁé’gﬁ \;{a‘gatﬂjgcrr{\{\{ B %?Qﬁfﬁgﬁ%%mperature of any
heating WORIIO/QS191TP ST/ EL23:10/050238 15 step is below 80 C, e. g. heating may be carried
out at 40 - 70 C. Typically heating may be carried out for 2 to 24 hours. Alternatively, the catalyst
system particles may remain in a slurry foot} and used as such when fed to the polymerization reactor,
however, this is nbtprefenedhelPrE #étMbeene and alum noxane loading on the carrier is such that

the amount of alwino¥@et%2)§, on the c‘%rrier ranges from 10 to 90 %wt, preferably from 15 to 50
%wt, still more prePeergab VSRR o0 140 Bowt BRSE ShHTPIGIET! INEBI b dRPEEH RI RS, The
amount of trafisitidn, thetaltdpsthe starrieriis ipr éberabiyp 10056 Qarimmolig ot dryraplighsetadyste still more
prefergbly 0:Q1-0-1 mmaollg of dry selid catalyst. 10The molar ratio, of Al:transition. metal in the solid
catalyst systemomay range frbrm %% 0 18?0?8(, "8’“5"6%‘?@ %\}‘rﬁ@f% %efncgaeac}’fs Frg/r%!‘ B0 0985 but preferably
from 70 to 50W ahd Fisesipretemblyidrom 100 to 350.  Particulate catalyst system can also be made

using a boron actyorpleatol AUIRENR SIVA. 68 AS ASSEIREADRG 1811600, In s

example 1, an inorganic 15carrier is dehydrated, then surface modifie

impregnatiditf SR dIsFEM R raxetesakorEning Arialat dbied imbed guemy srevedtrier is
impregnategdwithiatmabaut equiselaselutonnitharanaetivater ang i haBaidRhen mixed with

ame Ioc%%egr&u_r 0r, sg) ifical!%(l){q CGC meta,ll?cene,_then filtered, washed and dried. Also US
6,350-829 ESHHBEETRE e s AUV PN EEIEY ARk Heized by producing the solid
particles from liquid starting material components without a separate impregnation step or
they may be made by first producing a solid particle and then impregnating the active site
precursors mto it.
The catalyst system preferably comprises a carrier, an activator and at least one
30 transition metal active site precursor (e. g. a metallocene). The activator is preferably
aluminoxane, borane or borate but preferably is aluminoxane. Preferably, the active site

precursor is a metallocene.



20 metallocene complexes as active site precursors. The dried metal alkyl-treated carrier is
co-impregnated with a mixture of the metallocene and the boron activator (without additional metal
allcyl), and then the volatiles removed. The support material may also be mixed with the
metallocene¥818t¢ 5t before polymerization. US 7,312,283 describes BUBHREHGI®EES A porous
metal oxide particulate 25material is impregnateo“?/vith ammonium sulphate dissolved in water, and
then calcined in dry air, kept under nitrogen, then mixed with a hydrocarbon liquid. Separately a
solution was prepar mixin etallacene with 1-alkene, and then mixing in metal alkyl.
Polymerization Waggﬁdgge%né\e %%r%?%@asl% s S?rilnrggcﬁ%é?, M gy\?v %ﬁrgé}f%]lt%élgs‘mplﬁgtlgﬁ %g IGulate metal
oxide and #feripreriodveie mofatibly we frcigdrdo nmnersasty drrsushiaafsii@othat sveotio feed streams
were mixed immesiaiEuBelpRaRIenacIRAE T TOLSIRE iRAPIIAl iR Aglions both as an
activator as well as a catalyst support. WO 2010/084047PCT/EP2010/050238 1 Alternative
methods of &ip pEiiRPSirbte gticiisitts via a prefoimed carrier and aluminoxane are given in EP

279 868, WO 93/23:A301ERNZ93-678WAL6/00 2A5vMME: 9429434 of 1 1oAerRat¥RMethods of

e

supporting single sit ca&alélsts via preformed carriers and 5 bagron activators are given in WO 91/09
882 and WOTIST038 220 TGOS 81 BbiRiiang Harisu s Ee SPEPREH OB Employing
preformed diateiings by aighuenuine BRSO SAdkand =792 397l uliisiie watialystsystemid@Multisite
catalyst systems for use in the polymerization comprisg a.single site.catalyst. . T ultisite catalyst
system ma{))/ré%%%; ?igge?rdé?%l %8?(%? %aaa?gftﬁngénri%g gl%}%? Tarﬁiﬁ%rst?clﬁf rablﬁset}%e&ec,agiegg%er Natta and
single site sat@lytiorsiteStheapbieruset fogkiher tes guby impiéghatiiy metafiodendlgit® précarsor and

activater f%*%x‘? .m%tﬁﬁfécﬁﬂﬁﬁ@%’fﬁﬂ@ PPLEP Q%?e?e@&ﬂﬁﬂﬁ‘%%@?%%ﬁ%ﬂ%t% &%ﬁg% .tfefé'}%%aé.ig? y,

chromium oxide may be used together with 15a metallocene, e g. by impre Ing, under inert

conditions, met@iicene site precursor and activator for the metallocene into the pores of a particulate,

thermally activateehgRranmjum: Qxide Gatalysirated BIRGIS SUE patalysis Are-RaRic AUV Hsefu in the

preparation of multisite catalyst systems, A preferred multisite catalyst system is one comprising two

metallocen¥&e! 8. OB Habingoscerdeably e Righer faleOgrrARRIGhPRIyEE and one

having a tendeney 10 deiakidwear raatedwar faeight pabsmer or one having a tendency to incorporate
comonomer and (&ne havj %a IesseL te denc(;yJ to do so. TI{}E two 1metallocen S Ta , for instance, be

aiziets (t are St TCRTHAR O tefr RIS AR RBever, the

isomeric metallocéfies ih about the séemgrfgﬁ
multisite catalystrsystenil zomprisiescopefactv@rsiteanddkingappedyiorer 25component of both lower
molecular weight and lower comonomer incorporation than another site. Dual site catalyst systems
(multisite catalyst systems with two sites) containing such sites are particularly preferred. High catalyst
activity/productivityc80#arimportant feature of the process of the present invention is that the above-
described catalyst system has a high activity coefficient in the copolymerization of C2.8 allcene and

3-substituted C4 10 RIRENE A PHORPREHDETH BrSSHAER DFiEbEt S0t Ahe
2010/M840470RGbARRZBI0MEARAZS gbmeric. Still more preferably the aluminoxane is a cage-like

(e. g multicyclic) molecule, e. g. with an approximate formula (AIR; 4O¢ ), where n is 10-60

and R is an alkyl group, ¢. g. a C0 alkyl group. In preferred aluminoxanes R is a Cy 5 alkyl

group, e. g. methyl. Methylaluminoxane (MAO) is a mixture of oligomers with a distribution

of molecular weights, preferably with an average molecular weight of 700 to 1500. MAQ is a
25 preferred aluminoxane for use in the catalyst system.

The alummoxane may be modified with an aluminium alky] or aluminium alkoxy
compound. Especially preferred modifying compounds are aluminium alkyls, in particular,
aluminium trialkyls such as trimethyl aluminium, triethy] aluminium and tri isobutyl
aluminiym. Trimethy! aluminium is particularly preferred.

30 Aluminoxanes, such as MAQ, that are suitable for the preparation of the catalyst

systems herein described are commercially available, e. g. from Albemarle and Chemtura.



Preferably, the activity coefficient of the catalyst system is at least 160 g polyalkene/(g cat, h, bar), still
more preferably the activity coefficient of the catalyst system is at least 180 g polyallcene/(g cat, h,
bar), e. g. at Least 200 g polyalicene/(g cat, h, bar). There is no upper limit on the activity coefficient, e.
g. it may be W8 AGHUE°8H00 g polyalkene/(g cat, h, bar). 5The high catalf4 &/ B3RP of the process
of the present invention 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. Adcitionally e ARIRIR USRAIEHELAMANL A RN SYRIE BRI frfinal polymer in
most cases allows production plants to increase their production output without having to 10increase
their react$Fisigd O Etayst meidsiapsrrssodistarist Polymensstion ethineomns e process
Polymerization pregesses e vty Pelaierizadion ractiondisiprefenablnsajrisgqut in conventional
15circulating loop or stirred tank reactors. Suitable pol%/alkene processes are, for example, Hostalen

staged (WHERE BAFARE: [Bpstatheara BEpmer SeiehthiR b des o Mydspird bR BRAS #ank slurry
reactof proggssied pobretgiesre by LyondellBasell, LyondellBasellMaruzen staged tank slurry reactor
process for polyethylene, Mitsui staged tank slurry. reactor process ethylene by Mitsui, CPC
Cinglo 1o0p Siury DB e bIGREhy CHLIEA ST LA Sre e b Ba S process by
Ineos, _partasfathmﬁo.r’s'ﬁmsﬁ_tag ediigluraytindpandrgas phrasesre@otir prosagsviocipatpdihilens by
Borealis and,pagl,2pnerinetRAlRraPYlenG siaged.urry (Dl aan, Ao gas RlasgArGess by

sell. The th e 0

LyondellBa: igh activity of the catalyst systems ereinbefore described aflow for &fficient
slurry polySfeppeion topbeibamiegiont amhe lsrdductgndiatiecedtiiadatalyst system is preferably
25eqygl to the productivity of the solid catalyst system. Preferably, the productivity achieved based on
the total (dry) weight of the catalyst system in the polymerization process is at least 1 ton polymer/kg
of catalyst systen. S IR HIE PN ERESHsRictivity of the total catalyst system is at least 2 ton
polymer/kg catalyst system, e. g. at least 3 ton.polymer/kg catalyst system, The upper limit is not
critical but might §eerllfé1/r ﬁg%éfrl g?e ciﬁ ?cl)entrﬁgﬁ}qr%%ﬁég%é%% %ﬁ“)’/%rtysa)l;%te%.e fﬂ"\‘}%ﬁf’é’g%%ﬁ%ﬁy, the process
typically preltesgd withoureartiirfouting pSiafiyveaditorpax ane tersEoad opEfatibnoVAD
201010840470 CHEPA040/05023836 TheSandiian {01 earnd, gl siaypolymenizations are well
established in the art. The reaction temperature is preferably in‘the range 30 to 120 C, e. g. 50 to 100
C. ThEreaction préssurealiifiepeatarzmyibedmpriscraneta rpaddtad by, ¢elo rorobhendine residence

time in thelﬁgﬁﬁgrﬂ{er&%%ﬁ%%i@m%ﬂ?ﬁ, @H!Wﬁ[iéé}%&'ﬂa%%)ﬂ% @L%f ﬁ@&bﬁl{%ﬁ&ﬁ@qge 50.51t0 6
hours, c. g. 1 to 4 hours. The diluent used will generally be an aliphatic hydrocarbon having a boiling

point in thePFEIEE D78 T DE6C98Pdrd et MRS RIS - Restepra adimut e B it hne,
especially isab@aaeor perdysragsntig@lso preferably fed into the reactor to function as a molecular

weight regulator. ically, and esj ci%gl for catalysts with Group 4 metallocenes with at least one
10cyc|opentadienif/¥‘g% %‘?ﬁ%‘lﬁ%‘%ﬂ*ﬁa g%lét%%%}feed of hydrogen and the feed of the C24
alken&linto the reactor system is 1: 10 000- 1: 500. Preferably, the polymerization reaction is
carried out as a continuous or semi-continuou%p@o els/]%(Thus the monomers, diluent and hydrogen

are preferably fed continuously or semi-continuously’into°’the reactor. Preferably, the catalyst system is
also fed 15continuously or semi-continuously into the reactor. Still more preferably polymer slurry is

continuousiyeseY-GonlinuoysiiemaGdsiam dns JBasieliBY FemiontnKaysivismeant
substituted indenyl or an unsabstituted or substituted fluorenyt {¢. g. an unsubstituted or
25 substituted cyclopentadienyl group);
the optional one or more substituent(s) being independently selected from halogen
(e. g. CL F, Br, I, hydrocarbyl (¢. g. Cio alkyl, Cyop alkenyl, Cyo alkynyl, Cepo aryl or Csao
arvlalkyl), Cs.2 cycioalkyl which contams 1, 2, 3 or 4 heteroatom(s) in the ring moiety, Ce.zo
heteroaryl, C;.2 haloalkyl, -SiR "3, ~OSiR s, -SR”’, -PR™"; or ~NR’;,
30 . each R’ is independently a H or hydrocarbyl, . g. Ci.20 aikyL Ca20 alkenyl, Coa0
alkynyl, Csp aryl or Csgp arylalkyl; or in the case of -NR’’;, the two R”’ can form a ring,

e. g a5 or 6 membered ring, together with the nitrogen atom to which they are attached;



that addition and/or removal is controlled so they occur at relatively short time intervals compared to
the polymer residence time in the reactor, c .g. between 20 seconds to 2 minutes, for at least 75 % (e.
g. 100 %) of the duration of the polymerization. 20Thus in a preferred process the catalyst system is
preferably irﬁ’@ﬁfé’a"fﬂ%@fﬁe reactor at a rate equa&to its rate of removal f%ﬂ’ﬁ?@%é%&ﬁ%/%n advantage
of the invention herein described, however, is that because less catalyst system can be used per kg of
polymer produced, less catalyst system is removed from the reactor along with polymer. The
interpolymers obtained,dyectly from ihe palymgiization therelaiscomprisslesadmruiies.abderiving

from the cata?gt system. When used with a 3-substituted C4.40 alkenc comonomer, the
particulate RaRAREPEOTE AR SIIF db Striie A PE Fa1PEHp hih st e ARG S P Broductivity (ton
polymer/kg Gatalistsyiam heonsequenty selativeliaiow, eancenuaions:of catalystisysiasxare

required in the reactor. Preferahly, the concentration of catalyst system in the slurry 30polymerization
is less thar? D3 ki8S Wi it a" é’éﬁ Fe§s%%ﬂr(%’2°k FEIERMY S8y *ie¥sWan 0.1 kg/ton
slurry. Preferabhyo thers@neeptraitn gfdataiystsyste nisimatjeastBLO T kg/ttysiGeny. APyeberably, the

concentrat;ggﬁf)f o] I %%r res net gn Ejhe r?act r ripg polymerization is in the range 15 to 55 %wt

based on totar sitiry, more preterably S5 B5Y W 2010/084047PCT/EP2010/050238 19 %wt based
on total slurry. Sudhssadomesitiotraticsal offrtsemisin el nevd fosaelornféhingpthéoratevsh ad it gt monomer,
the rate of @,dgqW&ﬂiﬁ&?%@&ﬁ%‘%%@&%%ﬁ%@@?ﬂaﬁ%ﬁﬂfne extent, the rate of removal of polymer

slurry from thé slurry reactor. For bulk polymerization of propylene, the controlligg arameters for

polymer concentréifdn‘airenferpirépisieians Seand jathstshoinsentt radd. 5By fpgaRization
includipg agas abase, ., alkbgakoveadessliked sluppatymerizaionymey barsmpiped with one or

more further polymerizations, I. €. in a multistageég\)rocess. Thus, for example, two slu%lgj
f

polymerizatfaieéatr Beetapiod: Saenfedybehte 18 g TfMitsGiTHastHRA of MHoVERS Ty processes)
or a slurry polsenzaton.canibefolipneskby, L gaskbaseRolymasization (&, Sk Boistar or Spheripol

processes). Alternatively, a slurry polymerization may be preceded by. s phase polymerization.
When a po?y%e?{i‘% B%‘gﬁcﬁ& E?ﬁrg{ar%\ﬁ%%tgg’e%ﬁggreqéss),é{%qengg%% g? Wa}lljf/? %%eq?hd%%%gﬁflé Srcg]gnm series but

arrangemeticimseiiesgsipiefertatielfthe polymer components are produced in a parallel arrangement,

the pqwders are preferably m&s%qn%ﬁgo%&'ﬁﬁg%mé%gma@eizgsta% Yhenanalymer isproduced in a

sequential multistage process, using reactors coupled in series and using different conditions in each
reactor, theguiyirat EorhpoieRis Pr8durtadmitnaiftdrsiviehsiers i o lal e RS PN molecular
weight distggggglrggggdggmgﬂﬁ‘?xerage 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 wefght distb BT Rk foPTthe Ot FEEIRRNY Polymer product, usually yielding a curve
with two or more digtimct spaximderhhie pr@duyct of a multistage polymerization is usually a multimodat
polyalkene. 25If :aﬂsa? %haser{?oly erization is additionally employed then the conditions are
preferably as folldws: th& e iTperatthe isWithin the range of 50 - 130 C, preferably 60 - 115 C. the
pressure is withintteewangaerof H0s G0iida, theefekaiol/oT0F @0 ahen M ikyaréten Wotld svenadded for
controlling }ngrr%gg%q&%s%.in a manner known in the art 30(e. g. at a concentration of 5 - 1000 ppm

mol)
Preferably, Cp is a cyclopentadienyl group, especially a substituted cyclopentadieny!

group. Preferred substituents on Cp groups, including cyclopentadienyl, are C; 0 alkyl.
25  Preferably, the cyclopentadienyl group is substituted with a straight chain Ci.¢ alkyl group,
e. g. n-butyl.

If present 1 is preferably a methylene, ethylene or silyl bridge whereby the silyl can
be substiiuted as defined above, e. g. a (dimethyl)Si=, (methylphenyl)Si= or
(trimethylsilylmethy)Si=; n is 1; mis 2 and p is 2. When L is a silyl bridge, R"’ is preferably

30 other than H. More preferably, however, n 1s 0.
X is preferably H, halogen, C;qalkyl or Cs.o aryl. When X are .halogen. atoms, they
are preferably selected from fluorine, chlorine, bromine and iodine. Most preferably, X is

chlorine. When X is a Cy.50 alkyl group, it is preferably a straight chain or branched C;.s alkyl



the residence time is typically 0.5 to 3 hours. The gas used will commonly be a non-reactive gas
such as nitrogen together with monomer (e. g. ethylene) and optionally a 3-substituted C4.10 alkene
comonomer. WO 2010/084047PCT/EP2010/050238 20 Alternatively, another comonomer may be
added with tR&?3E0BE4ed C4_ 10 alkene comonomer. Alternatively, noRshABRHEI0#Ry be added.
Additionally a low boiling point hydrocarbon such'as propane is preferably added When no
comonomer is added in the gas phase polymerization, the polymer component from the gas phase
polymerizc';\gfmqgsés_\r%_aillflrf;gl(;‘}{p(&l{ﬂg}pgIE'§§|;J(’5CE§,1 'I;lhgeg |¥,'1F§_Q %{lionowa%enc lglégted inaalmanner known
in the art, such as in a bed fltidized by cifculating gas acti ggzr;ls B coolan ) mono?ﬁoerrgupply and
agitation ag&eitioitiit BrpaeRmEany aghated! fimidizéarpdaotelivecicHl iinbabextnThe polymer product
may be receugrgd from gas phase reactors using techniques conventional in the art. 10Staged

processes for pol eth)élene Preferably produce a combination of a major component A of lower
molecular weight 3HEISRT tHRS SN BreRsk & iedsero when producing final products of density

higher shan 940 gétined)iepsmndamerteaaleiianes One Haies SomRANBRB afHigharmelecular weight
and higher.comonomer content. Compo A is preferably made in a reactor A' wherein the hydrogen
vl 15 g A e el RSO oM T TN e GRS BB E B HRNTE S made. T
reactor A' prieGedeyBhdtaisipreidesedhtieintiid rogrehishiocddibe strippeidrofffedomtie ipdlymer flow from
A'to B'. If reagtor B prec §éléb refer np extra comonomgr is ad to reactor B', and it is
preferred to remg\l/%eug Egg |f‘icgntbi a?tﬁi (‘ﬁ }tﬁéeear%opr%}égg erted co 'r(e;%r%anrﬁ r?ﬁﬁrﬁ {Igé polymer flow from B’
to A'. It is also pratepressntidrthexamtibsofmensciosaticduids is used in the reactor 20 where the

Polymey with highsistipeaserialian sz RamsnemeiisRiRdhasHend aepraialy icispA .2l the

reactors of the process where comonomer is Used. When atwo stage polymerization ‘|s‘ut|ﬁ’zed, the
lower moleBSr gt EeRAdempisteriore prskspabTHrBEL didl Sclhpcaladigmd HAfdT 4. described in
detail aboveis{hhig:higheb pealesulanhreighbEPmRANRPE Y BeiRIegUeed. inigRother slurry reactor or in
a gas 25 phase reactor. 'c[hefgi fﬁr alecular weight component is typically produced using a lower
hydrogen/ %tﬁ?)cr%c@e%’%%&% % tor I%E%%QCQS%PSBf@WHYw%%%W%ries, but preferably they
are connedtegrysenasaBeeferalily)the saracaiatisisystiemyiSHugEOCAN both reactors. Preferably, the
catalyst sy ] ly fed into the first or and flows fram this, alo ' lyme the next
reactﬁs) Eigs a{ﬁg%%éyﬁgﬁ%%ge#g?%n&égﬁe{? vféﬁﬁﬁ%’&%&%‘i c?noé’nt{’lat r%é\g%t}gﬁ%’tg?ﬁglv%er (e. g.
copolymeryispdibritopiyeniadiendideably bis(ts’ copotynatodrandindory prefdrablctisisaccopolymer

comprisingggigz;%ggtj%gggy@%_g%%%gﬁz_hereinbefor_e described. WO _ _
2010/084047PCT/EP2010/050238 21 A prepolymerization may be employed as is well known in

the art. In a typicatfrabiietisdneallesaraavdiscue o sisninet asemstay poRmerGspiodbesd. A
prepolymetzaiencdoemaabsewiliasa stasatriiegarcie sansideratipmehwhether apigess is a
singl% r n*ltistgl?e.proggaﬁP eferablcy, however,”the process of the present invention is a single
stage é)oly éniZ4ton fn ?/ﬁgggﬁﬁ‘?r PMAg HSER PSP et rdiRrely be prepared by
using two avdrpdiffdient single-Site Cata(psts rBssioglewaactiorRAlgmatirpbd multisiiel ¢atalyst
systems, as described e, mal sed to.prepare, 10 myltimodal polymers. In this case, in order
tg achiev:ﬁl%%)%t]israbgr%%%g fr%cew p%?o%ﬁé#fgsef%?él é%?aﬂ?#‘i%? %.ﬁ&@?&%&%&%%‘fem, it is preferably for the
multisite catedipgesimbenytddradesastigina rativbsaspossiblelbetweeeittubindothoration of comonomer

on a more JaGarparaiAg s A ARQIFREIS5, EOIPQIAIG i ol E5DS5N aurprsingly found

that the 3- substituted C4.)0 alkene comonomer as hereinbe cribed, for himerous

combiiatidigishiRActielsie egibe dnsaingreeddtioesrapreed to the corresponding reaction using
conventional comppqmeesile bidkiene ’Rd Lhexens:tiibzingAaupsiiuved.g4d0.alkene with a

multisite catalyst system is therefore especially favorable.
the methods known from the literature arid 1s withimn the skills of a polymer chemist.

Other types of single site precursor compounds are described in:
G.J.P. Britovsek et al.: The Search for New-Generation Olefin Polymerization Catalysts: Life
30 beyond Metaliocenes, Angew. Chemie Int. Ed., 38 (1999), p. 428.
H. Makio et al.: FI Catalysts: A New Family of High Performance Catalysts for
Olefin Polymerization, Advanced Synthesis and Catalysis, 344 (2002), p. 477.

Drupont-Hrookhart type active site precursors are disclosed in USSRE(241.



Multimodal polymer may therefore be obtained in a single reactor or in a system of two or more
reactors, e. g. in a staged reactor process. Preferably, however, a single reactor 20 process (except
optional prepolymerization reactors making less than 7 % of the total polymer) is used. Preferably, a
multisite cat3{$¥E&4% M comprising two or more (e. g. two) metallocene BERVEP3/pI3Brsors is used.
A further possibility is to blend different interpolyr?f‘ers as hereinbefore described, e. g. prior to
pelletization. Blending is, however, less preferable to the production of 25multimodal polymer, e. g. by
multistage polymerization or by the use of two or more different single site catalysts in a single reactor.
Multimodal and unimodal polymers Multimodal interpolymers as hereinbefore described, and
especially those Wiatg Srfcg0ptigheatiovolecular weight polymer component A has a higher
comonorner content than the lower molecular weight component B, may in some instances possess
some advantages Sv& % ﬁ’rﬁw‘iﬁ‘(ﬁ%ﬁ"ﬁﬁ@Fﬁ?ﬂ}frﬁ‘éfrg.seW@‘?@T@?@SH’G@WW@ﬁ%/%8293]8‘3?:25
Compared jecfinibipdahyatarpblymebyaidhe game: demsibpagd atithe sapeanighiegaaemiextrusion as
regard extru%er crew, and die processes, a multimodal interpolymer comprising, e, g. ethylene and a
3-su bs%tut&liE ?ﬁ%‘*‘é’&%r%?é??n‘%gc{%'eaﬁré%é’#les& %%Ci}fhogn Saﬁﬂéﬁlet}ggtgr/%%?%?g?lgxﬁﬁ?ﬂed@%%ﬁoop stress
failure and/birestiohy draick cpistisrbsistantes Sueatditerpdlyniérsaiiern paftionladiswgetkfor moulding
and pipe apglicafionrhese e lvs ImRIaved esisiance do,stiessgrack andslow, grack propagation
as well as infilm applications wherein they allow improved impact resistance anddtten improved tear
resistance isopeniagriitieraRy i seiidtinedebitsrpoinens e hdesintve fidechasc pdapaisanhave higher
melt strengtfeiggusvRleridRaegingrsinians . which ds AR AlvANIAdS iR L¥iYsion,qf large 10pipes

and blow moulding of articles, especially of Iarged%gces. Multimodal interpolymers as hereinbefore

descrifed MEYQRS EXMiBRIMIVEH d8ahig Hroperidymed itwdanimatvrsiamswhperature,

sealing tempgiatnad @Mgadyordness) eompaird iR wrinpEabrelmeleiihe srpgagensity and
ease of extru&ioln This is arﬂcul rly useful in the mapufacture of films. 150n the other hand, unimodal
interpolymé&fs gseﬁer@ﬁ%gﬁ'ﬁeea’éi@é?ﬁé’g %ﬁgﬁuﬁ W Wﬂk%&@t%a@@%?ﬁ%ﬁ?%‘é%{%é’&

compared tbersutfionogiahirsenpd lymersgEhisdionyseiumédroex@npl erdhsoiomoLildipg pracesses where
petter mechinioal 3G RIS RISl AN he AriRved NP RaMS BYGIS S, £ urthennore such
interpolymers may possess a low degree of warpage ma?qr‘?g them advantag&dis forinjection
mouldihg. 20 Dovhstrerattreqsidnieneeinid groopss be mivikwithe: fimahpalymeraprdderst is obtained

from a Slur%é%%ﬁ;EaeyﬁaeIywr&%gmx&%n&@f%ﬁ*&m%ﬂaﬁg}&[ﬁ%ﬁﬁ&%&%@%@ted from it by
y

flashing or filtration. The major part of the diluent and unconverted comonomer Is recycled back to the
polymeriza?W?@F%%W&L@%%W?%@%IW@% igRsTdRsd iesagetdspbiATeve PeBidies of liquids

and gases dtamctbenieastesthbBuertedsralativelydawcaste Pat eMaIvet sysigmcrasiduaspRreferably
the polymer js not subjected to a deashing step, i. €. to washing with an alcohol, optionally mixed with
a hydrocar%%%aia%%‘: VR TGP dR A tRSE dhe HORRSRA A BES S diete RRHBIR it ulty, both within

and Jdownsitedmiafth@teolyerizetion pioaass peepblyrieipende i dhaniaarigis) should be in
01010840 E LB TS0 350 0 & O s TP S e BoRHar BT SRl than 100 fm
size, and theripgsaisutkibensige BambOhighlertteanaB00 &fim3octallocene and aluminoxane into
the carrier 1s preferably achieved using agitation. Agitation is preferably carried out for 15
minutes to 12 hours. Alternatively, the carrier may be impregnated with aluminoxane first,
25 followed by metallocene. Simultaneous impregnation with aluminoxane and metallocene is,
however, preferred.
The solvent and/or liquid medium are typically removed by filtering and/or decanting
and/or evaporation, preferably by evaporation only. Optionally, the impregnated particles are
washed with a hydrocarbon solvent to remove extractable metallocene and/or aluminoxane.
30 Removal of the solvent and liquid medium from the pores of the carrier material is preferably

achieved by heating and/or purging with an inert gas. Removal of the solvent and liquid

medium is preferably carried out under vacuum. Preferably, the temperature of any heating



Preferably, the processes from the polymerization until the pelletization extruder outlet are carried out
under an inert (e. g. N2) gas atmosphere. 5Antioxidants are preferably added (process stabilizers and
long term antioxidants) to the polymer. As antioxidant, all types of compounds known for this purpose
may be usedy SueH4848#rically hindered or semi-hindered phenols, aronRRERHiHEE 02 hatic
sterically hindered amines, organic phosphates alid sulphur-containing compounds (e, g. thioethers).
Preferably, the antioxidants are selected from the group of organic phosphates and 10stencally
hindered or_semizhind henaqls, i. e. phenols which compri 0.0r one bulky residue(s),
respectivel)slt:%% K Rﬁgvﬁ%@ﬁlcgﬁ 'tg'ct}ﬁeg ‘h%‘r%%?’s% r%al?ﬁ ?%ﬁlc'lt gﬁ?&‘usg%cagf(ﬂ thﬁ ﬁ?(’)?ﬁ 6%%5’@ gg
Representaavacé xahipiestof 4 terival ik inoéradyptieretidyso sypounps tinidsidaréadite ih uty 1-4-methyl

phenol beniaspAHPIalS(ich ik R oM batckomeRenN: IBRIRICHRTE RFtadecy!

3-(3',5'-di-tert.-butyl-4-hydroxyphenyl)propionate; rimethy1-
2,4,6-tris-(33,‘§f6¥ff’é_‘»rt.-buty1-4-hydroxyphenyl)benzene; 2,2'-thiodiethylene-bis-(3,5-di-tert.-
buty1-4-hydroxypirgayipnepianae; SRIRIHRHR Rseliter bl dndri%e oy BEPAM amount of
monoethylphosphonate); 1,3,5-tris(31,5'-di-tert,-butyl-4'-h g)roxybenzyl{-isocyanurate;{ bis-(3,3-bis-(4'-
hydroxy-3'-?8?‘9?—18?1’59%@9&)0%{5?18?6@6@%?}?56‘?@%@@04?%‘-{?%&%@?@ v-GaE) 15 toshietylphenoD:
2,2"-methyleilierhis( prétentathibeyriobexyhparsasse sabhdwaiahesameshylens Risi3addi-ter.
butyl-4-hydroxy-hydrocinnamamide; 2,5,7,8-tetramethy1-2-(4,8' 12 - trimethyltridecyl)chroman-6-ok
2,2'-ethy|id%“ﬁgé?gfﬁg?aﬁ&%‘%lf.3‘8%‘?3%%%‘&"1‘1i’jé?%%"f% %rg@t’éth@qszfj [T ézzgﬁf-ﬁkgl%ﬁ@rﬁ%)butane;
1,3,5-tris(4st8ttmbrityteBhaygro\-2, 6 ndimBthylidensyil) <k13]gstriazine-2,4- ,6-(111,3h,5h)-trione; 3
_,9-b|Sﬂ), 1'd'methYﬂ{@ﬁ(Qﬁﬁa{t%t@fk}%%Qg}’&{ -@ﬁi{g e éérf'ﬂc? EQ%’J%E‘F D SQgT{lOIBéy range from 25
ionyloxy)ethyl)-2,4,8,10-tetraoxaspiro(5,5) undecane;

1,6-hexanéeliyfusi{ausupis( vibaiietrapetnidianh o o3 ioen anefprbbafioatd; 1, 08iaretmost
butyl-4-nonylpheng);:ardidad sbyityl-4-hydroxyhydrocinnamic acid triester with 1,3,5-
tris(2-hydroxyethyD-s-triazine-2,4,6(1h,3h,5h)-trione; 4,41-butylidenebis(6-tert.buty1-3- methylphenol);
2,2 -methylene bibH iR ST SRR RGN, bz pusie usire edbaren-agiygiprdpstead of
4-hydroxyhyldreiginmanayieas)) ethoxydbered rrapanestristity ienealyerlsrbis 3ot Rty 1-

4-hydroxy-5methylphenyDpropionate; benzen apoic acid, 3,5-bis(1,1-dimethylethyl)-4-
nydroks-c1F SR e 4 PRSI N & P BB e epais

diethyl((3, 5is(ls; txdimetthylethy@adshydr dxypHarbs@pnetiy th AVOR20 J0MBAQ4ARCH1#RR2010/050238
24 phosph .. 4.6-hi hiilo ethyl)o- re ol; benz propano c cid, 3,5:bis(1,1- -
dimethyletr%?géfﬁ%%a%gﬁ%%réﬁ%ég and I?n(gaafngl%aﬁgﬁer}lﬁiﬂfgfﬁg -rlr)lzébﬂw‘)?’it-4é13-(3,5-
di-t-butyl-4sidHegyphpisyisropioesifosa)iys: Chliyiptngthbutend] iametlavinshddted deadtion product of
p-cresol and dicyglgeqmsa@m%z%e@easeghﬂé%S%OJPeauﬂ%%tm@oi9{«!9m519§0§9(%?3gg§ype antioxidant

compounds are especially preferred to be included: pentaerythrityl-tetrakis( di-tert.-buty1-4-
hydro*Ryp FREFYG5F8H TORRISecnastyr stermscersoms Ay dmerakybirepip popionace;
é,3,5|-;rrirrf]leéhbple%ﬂt@dtﬁﬁﬂ%ﬁdfd@fhﬂ%ﬁ%&;ﬂg@é%%%@%[B/&%d Bﬂlé%aea'tgr%?ﬁg&ﬁ% 5 Bﬁ%ia@lki_ert--
utyl-4'-hydroxybenzypispeyanurate, bis-(3,3-bis-(41-hydroxy-31-tert.-butylphenyl)butanoic
10acid)-g|3f@8f%£?§?¥ {gnaﬁl‘g%‘fﬁ@ﬁvﬁ iSRS beta-(3-tert-butyl-4-hydroxy-5-
methylphenyl)propienyimodetiayd):a, 48, Hkscicanxagpiic( 95 uotticans: Breferadasgaric phosphate
antioxidants contain i lety or.a phosphonite mqiety. representatjive examples of preferred
phosphite/Bﬁ%’snﬁ)%%zﬁlt?gB ;ﬁﬁgﬁ%@ﬁg %nc%aﬁleg Esst‘f%,ﬁ%&’ﬁ?%ﬁ?y pR Wﬁ?ﬁﬂ%@%ﬁ’fﬁ ¢ particulate
tetrakds-(2, malitigasyiphkeaydtpd with phenylen dilisphdspionite, water, and then calcined in dry
bis(2,4-di-t-ggygm%}}f cpythrityl-di-pk ite. di I thrityl-di-phosphite;
tris-nonylpﬁenyl phosph|tl§[%§%(’2%%ﬁ%{%%]t%%%rr@eztﬁﬁy%gﬁéiﬂﬁbﬁgéﬁg%g%)é?%ﬁ%%%’%e
2,2'-methyldfedit 2 prrtgnpiHesssorifidhdspriand tha maiaremsnisiitidecyl
phosphite-bdrhutylphepvibutane iAo Riutvide sehis amethykSstutvphenysdisiridecylphosphite;

bis(2,4- 20dicum¥I henyppe, taerythritoldiphosphite; bis(2-methyl-4,6-bis(1,1-
particulate metal oxide and the metallocene solution were fed continuously, in such a way

30 that the two feed streams were mixed immediately before entering the reactor, Thus the

treated metal oxide functions both as an activator as well as a catalyst support.



dimethylethyl)phenyl)phosphorous acid ethylester; 2,2',2"-nitrilo triethyl-tris(3,3'5,51-tetra-t-
buty1-1,1'-bipheny1-2,2'-diyOphosphite); phosphorous acid, cyclic butylethyl propandiol,

2,4,6-tri-t-but Ié)heﬁr%yl ester; bis(2,4,6-tri-t-butylphenyl)-pentaerythrityl-di-phosphite; 2,2'-
ethylidenebi& & -Otgfﬁffﬂllphenyl)fluorophosphoqi(te, 6-(3-tert-buty1-4-hyBfdeyLsE10/050238
25methylphenyl)propoxy)-2,4,8,10-tetra-tert.but- yldibenz(d,t)(1.3.2)dioxaphosphepin; and
tetrakis-(2,4-di-t-buty1-5-methyl-pheny1)-4,4'-biphenylen-di-phosphonite. Among the above-mentioned
compounds, the fallawing, PhesRRite/PhRIBANIE ARtigKdan campeHndsaieRIelelteghlp be included:
tetrakis-(2,4-di-t-butylpheny0-4,4'- biphenylen-di-phosphonite;

Dis(2,6.l- Ry ROBRTEAF BT R AEACHANYGY A8 R GBNRE. 9818 4R 6 @My thrity-di-phosphite:
and bis(2,4sgicymyspiyanyOpentaerythritol diphosphite. As antioxidant either a single compound or
a mixture of compounds may be used. Particularly preferably a sterically hindered phenolic compound
and a phosphite/gHESPHOMECAIES S0 PONBRABR A B IS ST RS 0PSB I8 Ebh HERE ATy be used in
combisatioborbhecdsierical iy hindaraoipoeriotie eompauko ypoallysacts as a long telLil stabilizer. The
phosphite/phosphqgnitc comppund typically, acts as a process stabilizer. Thc skilled man can readily
determine an apptﬂr%e#r'fé Seégr%%ﬁin r%%/%dn }‘8%{(%& ant %Cl? ﬁﬁt\ﬁﬁe e i‘ﬁ@%“é%%‘@ﬁ“&g‘&é’g&gé]ed above,
however, themelyatesveroddde 816\ tHepdddr $8201%Me present invention comprise less catalyst
system residues than conventional polymers thus it is possible to add less antioxidant thereto. Thus a
sterically hindered phenolic antioxidant may be used in an amount of 200- 1000 ppmwt, more
preferably 300- 8dtjisiasatelys). ¥gge00 ppmwt or about 500 ppmwt. The amount of organic 10
phoshite/phosphanite .antioxidant present in the polymer is preferably 50-500 ppmwt, more preferably
0.2 ppmut st T RSNy ER000 D s (RIS EAEARARE are
particularly preferidd shieiniiheaatyousyseidrangitiohyhedaliprasent i therpodyfiesiscatafifigient to

accelerate gxidatiop reactions,.£. g. when the, level of transition metal in the palymer is more than 1
ol Ao e e el R RS T ko
polymer, e by immegthiing tuitmldbecansitioprenetairperd kgtpelynfer tSushtideetsoimiatisiporesndtals may

occur as the JIMERAlNMELE Ate.Alen DIRPalRA-WIHONE Wﬁ%&?@&n%@é QUG SLEMRer with Other

additives (antiblock, color masterbatchies, antistatics; slip agents, fillers,"UV absorbers, lubricants, acid

neutrafizerd BistrHRESe St I SMBISE SRS HORAMBEPISESENRE PO abesay sHayspishamdbe added to

the polymeietivatﬁ-rigfﬂ%iﬂmﬁy@émfimmﬁop@%% sonvertes, thehalymanisgrefesabhnfurther
processed to.achieve less than 10 % wt of the polymer being smaller than 2 mm in average size
(weight avérdfReF4Abk loose bulk density of higher than 400 kg/m3. The polymer or polymer mix is

preferably extrudéihahchgt amalatechtoteapeligisiyRiioful bichexirisiarother paliixies qrefarably contacts
less than | g*gslgé)n still more preferably less than 0.1 kg/ton, water or alcohol, Prior to extrusion, the
polymer preé eré%?y%géeseﬁroet contact adid.” " “Rdatives ((ec.mgrfprrfgﬁ/%e Op%ces%?ﬁ%e%@eﬁté) Br antiblock)
may Bé added@@t@éﬂmmmm@epwmwiwmghcas@m agbitive s aire prefekailytused as
masterbatches and Relleis XGRS Re RS HEsd Pl mRYIs DI fims. L articles. 30

Polymer composition and propertiés
and one having a iesser tendency to do so. The two metallocenes may, for instance, be

isomeric metatlocenes in about the same ratio as made in their synthesis. Preferably,
however, the multisite catalyst system comprises one active site making a polymer

25 component of both lower molecular weight and lower comonomer incorporation than another
site. Dual site catalyst systems (multisite catalyst systems with two sites) containing such

sites are particularly preferred.

High catalyst activity/productivity

30 An important feature of the process of the present invention is that the above-
described catalyst system has a high activity coefficient in the copolymerization of Cg

alkene and 3-gubstituted Ca. alkene at a polymerization temperature of about 80 °C.



WO 2010/084047PCT/EP2010/050238 26 The amount of C2.8 alkene (e. g. ethylene) monomer
present in the interpolymer of the invention is preferably 60-99.99 %wt, still more preferably 80 - 99.9
%wt, e. g. 90 - 99.5 %wit. In interpolymers wherein the largest amount of C2_8 alkene is propylene,
preferably atY&bZt808e04 wt of ethylene is additionally present. 5The amd$HY 28186 uted C4 10
alkene (e. g. 3-methyl- 1 -butene) monomer presé%t in the interpoiymer of the invention is preferably
0.01 to 40 %wt, more preferably 0.1 - 20 %wt, e. g. 0.5-10 %wt, more preferably less than 7 %wt.
When it is gfated herejn that the armgount o iven monomer. present in a pol r is a certain amount,
it is to be u?nlr g%g?g@d?h?aatcﬁmveﬁ Cgﬁrg%lgﬁso %:)?r[égsgﬁ?l Sttﬁ%S{[;e:) fmaéﬁ%ﬁs{hieg 9&%0%%10%%}?/5%8%& ZFﬁhit. The
skilled marbeanstdhuipyedaedamiris tvhattisitheveffeanunittioramjygivesimolanierstTI?® density of the

interpolymey.af e inveption is.Areferabivja the %aastggaﬁéi@(né%%@fm@%%ﬁ&é@fg% gliene s

ethylene, the density IS preferably in"the range 8 50 kg/mg, still more prefer he range 910 -
940 kg/m3 l@igon iy 2950tk GBS WhéEnitirar begplink 38 HDHyipplratkeneiénsity is tsdferably in the

range §80-910 kgfmsyillmasedpaietabiiinuihed arge 888 tR1AKe M3y &18n82Q mdP kg/m3. When
the C2_8 a%(ene is propylene, the xylenc solubles of the interpolymer is preferably in"the range 0.5 -

30 %wt, A PYEREFabR} FttoRvit eGSR RO SIE N ERL B MBIFAYSHBPIKES #ention is
preferably kafifig rakges it 20LDOR gAIMnoNhenthenG2rB alkenssig-etbyleng, the MFR2 of the
polymer is preferably in the range 0.01:500 g/10 min, more preferably in the range 0.1-100 g/10 min,
e 0 510 G D L2 S AT TOB RS S REFE oR s DO AP pibterably i
the range Orbst 8@ gillowniprorhotepréderatolynicrdhe rheigerbdutfhieh ghdifumivitheug hddne50 g/10 min.

The n‘mltin%@gapee{ﬁggrl%a%gpggggqrgdggli%eﬁ%}%siqu\é%r&gtré&%‘preferably in the 25range 90-240 C.

When the C2_8 alkene is ethylene, the ting temperature is more preferably in the range 100 - 140
C, still more preferably in the range 110-130C, e .g. 115- 125 C. When the C2_8 alkene is propylene,

the melting tempesaiiire,is. Mot e Rraferablvdm tiedagge 120 - 160 C, still more preferably in the range
130 - 155 C, e. g. 135 - 150 C. The Mn of the interpolymer of the invention is preferably in the range

7000 - 30 500 00 gimetiMiheptbe:s2 8 alkene is ethylene, the Mn is more preferably in the range
9000 - 250 000 g/mol, still more preferably in the range 15 000 - 150 000 g/mol, e. g. 25 000 - 70 000
Wmol. When the €% Suilkawéyissprspprerractioa Mnrigandle prekatablyrirrehecraiogel WO

2010/084047REHER2OY-0/0R0238.27:10.000 5 4081000 9imoksHll ML Rrefgrably,i the range 14 000
- 70 000 g/mol, e. g. 20 000 - 50 000 g/mol. The weight average molecular weight (Mw) of the

interpolym&faStasE HHESAGBISES SrRAbFABIF FrEd ARE o0 o0 DY P UG EMTSEOWREN the C2_8
alkene is etbylesteidhiesivaiglnta By BIREss MRIBEHARWEIE BY IS yoade pratarabiydadiigsange 30 000 - 700

000 gimol, il more prefereplyn he rande 50000 120,000 g/, . 5 70.080,5 130000 gimol.

process for polyethylene by Mitsui, CPC single loop slurry polyethylene process by Chevron

20 Phillips, Innovene staged loop shurry process by Incos, part of the Borstar staged slurry loop
and gas phase reactor process for polyethylene by Borealis and part of Spheripol
polypropylene staged slurry (bulk) ioop and gas phase process by LyondeliBasell. The high
activity of the catalyst systems hereinbefore described allow for efficient slurry
polymerization to be carried out. The productivity of the total catalyst system is preferably

25 equal to the productivity of the solid catalyst system. Preferably, the productivity achieved
based on the total (dry) weight of the catalyst system in the polymerization process is at least
1 ton polymer/kg of catalyst system. Still more preferably the productivity of the total
catalyst system 1s at least 2 ton polymer/kg catalyst system, ¢. g. at least 3 ton polymer/kg
catalyst system. The upper limit is not critical but might be in the order of 30 ton polymer/kg

30 catalyst system. Advantageously, the process typically proceeds without reactor fouling,

Shurry reactor parameters and operation



alkene is propylene, the weight average molecular weight is more preferably in the range 30 000 - 700
000 g/mol, still more preferably in the range 50 000 - 400 000 g/mol, e. g. 80 000 - 200 000 g/mol.
10The Mw/Mn of the interpolymer of the invention is preferably in the range 1 - 50. When the C2_8
alkene is etmYyRAEHHINRV/Mn of the interpolymer is preferably in the ranBetEB01WigiShreferably in
the range 2-30, e. g. 2-5. When the C2_8 alkene'ft propylene, the Mw/Mn is more preferably in the
range 1 - 10, more preferably in the range 2 - 10, e. g. 2 - 5. When the polymer is multimodal, each
component shoul ve Mii in the ran - 5, 15more preferably in.the yange, 2 -4, most
oretbrably in he g BTG Ry s e R Bt R

The polyméhemgipiosfienwarbrsohprdeebthiphe sergd Fcnticld hay e Jiheat 08 eBense that they

have no meagurlirlong %ﬁﬁ%ﬁ%&b@%@m@ﬂ@m@éw% fog%may davasope.degar oidpag chain

branching, which may be made . by certain catalytic sites, especially 20 metallocene such as CGC
metallocenBEdR BiF BTN ZSHOR Wit £ die HissPoH I HadioR seetpmsumiclstdny & thevigsdicals. If
presens, hayveies, Home, ehain kyanshingrsieierabidnisaduces thonannolymeadzatien without adding
extra reactﬁgts, e. % lglé using a mono-Cp rz)etall cene as discussed above or metallocenes with two
Cp rings (ingiAfnt INGBAVCAHATIEERSH =lidhalling o SR bR BT /EER THEEP Tings. Long chain
branching gives2busdfipideelagieal gropebiesmsimilar to broader molecular weight polymers (and
thereby |mprovedI_pr gessing bg?ragﬁ?é%y}y éli.}l?n[ c{(??ell%an%@%a%g#%gg%p%gé%/?eﬂ%%gr&g riqolecular weight

distribution, c. g. as measured” e intérpolymer Vention 12 obtained with

high purity ragwaiand imierppl yerbesporitdin Soorhjalpty loih &inoymsret ditedyst eitbatdlyst system

residygs. 3 fi. 7 tem.resi 0' h&' rpol Ehgeinvention
s |e;é?han%%%%%%%ﬁ%?ﬁdﬁa%ﬁﬂh&é%%ﬁg%ﬁiﬁﬁ e Bt By

the total catBisit setibmrrasioearteneinétive 808 prectf8or, activator, carrier or other catalyst particle

construction mategigfansame QHISheMRNRILSioh thecatalyst aYatesunEs or semi-
2010/084047PCT/EP2010/050238 28 Transjtion metals are harmful in films in far lower

concentratioHS SIEE RIRST S cl A e Brenamyrs 181 vt prddtshosr rssiaRffb By dxygen and
temperaturenrginingsthsecleration:andugdichhordesir Bl aechanicat propattiesisAlparticular

advantage of the prgcess of the present invention is that it.yields o% rs containing very low
amoutis of VAR S Sl HONIRRS BrERES Ty e BIbLSCE O IRA TN ERRBIT HAIEYaBly comprise
less than 108htmol:siansikion-metalypeslkgapelyrieiromone preferaBlysess thaimbousimsd trensition metal

per kg po'yﬂﬁh‘?%d?fiﬂo’ﬂ‘%ﬂ/&@é%@x@%ﬁ%ﬁ&%ﬁ@d&% HRoLUARSL N MEIO LS, KhRFNIG,C. . less than

15 ttmol transition metal per kg polymer. 10Ap ns e Inte psé ymer of the present invention
is thereforecRisgfitdriatbriaelyarycofapisicatonsherperially somsieairy itdsasdide Beeinyabjected to a

dcashing stgpadidnay e, ysed 1t examplenifmadicalannisaigager for the manufacture of
pacl%ng for food wherein it is important that the amount of impurities present in the polymer is

minimfized. 15The! THEPBRFHET IR 1 Rl Thomtiidhprale il Bueriodisaoibsiieatiohs. Moulding
The interpalymefcaijtie toresent iTvention may be advantageausiyusest inonakieing aaplications. It
may, for exd%m(gg,ﬁ% used in bElt(i)vtvbmouldig , inéefti(%n mouldﬁrﬁéor 20roto Ou%]?t’"}‘g% Representative
examples of BIow otlded articles &t h ‘{}Jsb(éﬁg SN DEE MRS BEHPSOF LBHRANBIE e. g. having a
volume of 20@1mkdo 38CHteyst Breteriedemisrpoiyomeais ierdiowlonguldingdiaweraensity of more than
945 g/dm3; e g,%?l%?% g/lgrﬁl%i P &f red 'H]ter ol mers for blow mauldin ve.a MER21 of 1-40
- 2inTerpo ; obt i the theref ]

g/10 min 25nRé%r se%ta%ve]e?(amrgﬁrag %%"Fr?jee%l%“r?%’%ﬂ‘lz ed artic %ﬁ%%ﬁ%}%{gsﬁ%} aur%t Finclude
boxegcra®dasi g Viral sbp saekegigieplastic housing, buckets, toys, racks, rail pads, trash cans, caps
and closures. Prem%%@aemlxr@.%ﬁ%sfm@heegmm&wféaagola@xﬁ:@tﬂ@Bgﬁmfa{p%@dt?an 955 g/dm3,
e. g. 955 - 970 g/dm3. Preferred interpolymers for injection moulding have a MER2 ot 0.5-100 g/10
min. system 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

30 polymerization is less than 0.3 kg/ton siurry, still more preferably less than 0.2 kg/ton slurry,
¢. g less than 0.1 kg/ton slurry, Preferably, the concentration of catalyst sysiem is at least
0.01 kg/ton shurry. Preferably, the concentration of polymer present in the reactor during

polymerization 18 in the range 15 to 55 %wt based on total slurry, more preferably 25 to 50



30Representative examples of rotomoulded articles that may be prepared include water tanks, bins,
containers and small boats. Preferred interpolyrners for rotomould ng have a WO
2010/084047PCT/EP2010/050238 29 density of 915-950 g/dm3. Preferred interpolymers for rotomo
aiding have WR®ANIHBHHG.5 - 5 g/10 min Pipe 5The interpolymer of the pREERPHNVEPHEREMay be
advantageously used in pipe applications. Prefer%ly, it is used in HDPE pipes, c. g. according to
PES8O0 or FE 100 standards. The pipes may be used e. g. for water and gas distribution, sewer,

wastewatey, agricultur slurges, chemicals etc. Preferred interpolymers for use in pipe
4 0§ S g U VAR L o

applications have a density 0111513!0 - (
952 g/dm3adigifay pddrinerpolyifeisdof additinpipdibpplicat saslaseistore mdIFREDE Gsis0.5 g/10 min,

more prefefialy Dot S BNmEr Qﬁﬁ’r'ilﬁﬁd&t%’@Wéaé%@?@r%ﬁi%@%ﬁ%ﬁ%ﬂ%@ave a

MER21/MFRS5 of 14 -45, more preferably 16-37, most preferably 18 -30. Preferred interpolymers for
use in pipelsPplleatichs ave HNErAGHITREY 06 REBHIST EPBCCHBENR, Hedhs PPYERTABY 1 -3 Y%owt If
used with addedcadhan Rlackidhe density of the interpolymer with the carbon black is preferably
940-970 gldm3, more preferably 94&966 g/dm3, still more preferably 953 - 963 g/dma3. If the
interpolymer comprises of more than one component it preferably comprises: A. A polymer
component(s) whithgisi2oioh&enition arehpiateighlydase0 % wt of the 20 interpolyrner and comprises

less than 1 % wt of comonaomer,.more preferably.less than 0.5 % wt comonomer and has a MF12.2 of
503000 o/ 10 mint e R A D B S o e 6 26,6
%wt, morefpréskerpdiynBsi60.9swt.of the mtéripolyapesastd Tomplisesample tharsl0rs/% wt of

comonemSlamRLE AR RTALS A ul aRd 23 ANIRG:OHRMRAP0 S THE (e preferadly

100-1000 g/10 min, 25Having generally described this invention, a further understanding can be
obtained by RSESFERCY foShEramRIzpsERRlaR sAmdte Sal e dredprsyihes: mehsmersr pordesesbf
illustration pply.aRdRR-ARSIBIERASE foie HIIUBE UNRSS JINSHUS . 8RR Gfle D EXAMBL 52,30  The

present invention will now be described with reference to the mwing non-limiting examples wherein:
WO 2010/683 82 eSIEBHB49850238 30 Figure 1 is a plot of activity coefficient versus polyethylene

density; and FiguRhdis:adietaficoranamear canieiRtgesusReiethylene dersity iDatarmiaation

Methqds SUnless %E)?erwise stated, the fallowi I I@Eterf were meas“urte.d oné)%l%rrgr samples as
described ifl the Tables that fofow BEIGH.> P 2 RE SNG MERSTWErE TRERS dl%%cording to
ISO 1133 ariebdsiohettebdhand2det kg resfedilyehiz dhavineasukenienisrwereatti@0 C for

polyethylene interp .'éé{‘éﬁf&ﬁrﬁlgr% é%%b%éf o QE’&@E%BM’ SNSRI mES;sIMolegylar weights and
molecular weight distribution, Mn, Mw and MWD Wwere
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
20 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 vielding a
curve with two or mere distinct maxima. The product of a multistage polymerization is
usually a multimodal polyalkene,
25 If a gas phase polymerization 1s additionally employed then the conditions are
preferably as follows:
- the temperature is within the range of 50 - 130 °C, preferably 60 - 115 °C
- the pressure is within the range of 10 - 60 bar, preferably 10 - 40 bar
- hydrogen would be added for controlling the molar mass in a manner known in the art
30 (e. g. at a concentration of 5 - 1000 ppm mol)
- - the residence time is typically 0.5 to 3 hours.
The gas used will commonly be a non-reactive gas such as nitrogen together with

monomer (e. g. ethylene) and optionally a 3-substituted Cy.j alkene comonomer.



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 and Mw is the weight average molecular weight) is measured by a
method bas@%gtfﬁlfg@‘i"éOMA:ZOO& A Waters 150CV 15plus instrument@fRRHEERAIE 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 tett
buty-4-meltlphensl) A enhaiddd hand heConRaN IO IRIa A ¢RI, 500 Ul of sample
solution were Injected per analysis. The column set was calibrated using universal calibration
(according PP GT SdiEmatiy o yanene o Bvhhe [eddntr AisigienalistaBetidwibor sgiréne (PS)

standards iy Hhechanaesedhla0 kepne! o1& 000 kedmel. 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 10-5 dLIISREACTLIemsF BSAae iR 15§85, bR BRIGSREELOD, YPE). All samples were
prepargd byoeissadvirtepth tha et polymernidimd «(akkdf G abpsistakilizad TCB (same as mobile
phase) and keeping for 3 hours at 140 C.and for anpther 1 hour at 160C with occasiqnal shaking prior
to sampling (lgrl?fg% EEBEH sLﬁﬁucﬁlél%'ff: V emr'ﬁié%r}ﬂﬁeg%?ﬁ%% raf%a?gﬁ%eaﬁ QcacB?SPiﬁﬁl 7887113571 on
Perkin EImerd8yy gifferemtias scanhingnoatonmetryp M eatingicuive spuarer takemndebanichDyC to 200 C
at 10 C/min I far. in at C. ing.curves were taken from 200C to -10C. at 3010C per min.
eling torml o B e P AT M et T
2010/08404FGayE¥2xI0/0802 88 Fiques @owsokombindbatht (wt %) was determined based on

Fourigy transioin liases SREQasCRBFTIR dREIRAYRR.GRIPCaISH N, G- MR, Densiy o

materials is measured according to 1183:1987(E), method D, with isopropanol-water as gradient
liquid on piERFBRORERN & SBrEE SISO S Plagt dev THEDesislin gridiaret thesHai@s when
crystallizinghisagpiespiam &b Cimini andieinodime was dehuis-rodaas: sadwhles were
determined according to 1ISO-642 , annex 1992. The activity coefficient for the bench scale
polymerizatiBIPTSRETE IENCHI GRS dme FSHENNG Bt At eI EURIRAP SBRIE (- (BMRAEF pressure _
of _ethylené Bhacfk:(@blymedrisationatimed’ ()it teritiduvews pelyinciizations] thecastbibaepefficient is
o IV N R R0 LRl PP RN L RIS a6l S AN REchiR O ey
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 aiso preferred that the 3-substituted Cqo alkene is used in the reactor

20 where the polymer with highest incorporation of comonomer is produced, and especially
preferred m 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 shurry reactor as described in detail above. The
higher molecular weight component may be produced in another slurry reactor or in a gas

25 phase reactor. The higher molecular weight component is typically produced using é lower
hydrogen/monomer feed. The reactors may be connected in parallel or in series, but
preferably they are connected in series. 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

30 component may be an interpolymer (e. g. copolymer) or homopolymer. Preferably, itis a
copolymer, and more preferably, it is a copolymer comprising a 3-substituted Cq1¢ alkene as

hereinbefore described.



of amount fed catalyst, and using the average residence time in the continuous reactor. 15 Example 1.
Use of 3-methyl-but-l-ene in single stage polymerization Raw materials The catalyst system
((n-Bu-Cp)2 HfC12 and MAO supported on calcined silica) was prepared essentially according to
example 1 oMR/&9188F48546, except Hf was used as 20transition metal inE(€HEr8PRMIFEH00C was
used as calcination (dehydration) temperature. E%hylene: Polymerization grade Hydrogen: Grade 6.0
1-hexene: From Sasol. Stripped of volatiles and dried with 13 X molecular sieve. 1-octene:

Polymerization gr .2 %). N2 bubbled and dried with. 13 X molecular 25sieve. '
3-methyl-1-butenﬁﬁ?é%?ﬁﬁ%@hlﬂg%ﬂbb xer gg.)%ur?tsy%“é ;%V@r% Wi ﬁ %%yrﬁlgfielzcular sieve and
stripped of vertifasTEEB 0N AES PUlyabrar Zatior of et oW QD108 AOMVRCTAEP2010/050238 32
Polymerizgliponas.GaHGH it i AR 8ter 4 sagior fted with A &L a0 A4GRARLAIUIR, caqtrol

system. The same comonomer feeding system was used for all runs. The procedure consisted of the
following stépsitdeRaRutisiRae RTwES fed into the reactor. 52.3.8 liter isobutane was added to the

reactosand stirring&tastad (3AQ¥BIMhe procdssideHessiRiashasted gcgjﬁg@@j;y@@rization temperature

of 85 C. 4. Et%ene, comonomer and hydrogen were added into the reactor. The pressure was
maintainedPSPIRE PN HRLE FEHS the supply of ethylene via a pressure control valve. Hydrogen

had been previoustylrinixéa withrethylanedithe ety lene qupplybeylincerwd OConeiofaamwas also
added contsi{lllu? rtional to the ethylene flow. 5. The consumption of

usly inta the reactor, pro
monomer was ?oﬂégv&g@)@%gnaf%eg%e&rg polymer had been produced, the polymerization was
stopped by ventintteateatiomoltixdiatiies ahel seducisgyitsertord pbratureay be Bed eppaiymer was

furtheylried i y@f win L RINeRAstAls oL RAbRzRRD Aare g aRd detalls of the

resulting interpolymers are provided in 'I’abl‘e‘l and in Figures
2010/08408 P mAFItgbEGedgraysten, it is preferably for the multisite catalyst system to have

as high a ratio as possible between the incorporation of comonomer on a more incorporating
site I and on another less incorporating site I1. It has been surprisingly found that the 3-
substituted Ca.10 alkene comonomer as hereinbefore described, for numerous combinations of
15 active sites, gives a higher ratio compared to the corresponding reaction using conventional
comonomers like 1-butene and 1-hexene. Utilizing 3-substituted Cy.50 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, e. g. in a staged reactor process. Preferably, however, a single reactor
20 process (except optional prepolymerization reactors making less than 7 % of the total
polymer) 1s used. Preferably, a multisite catalyst system comprising two or more (e. g. two)
metallocene active site precursors is used.
A further possibility is to blend different interpolymers as hereinbefore described,
¢. g. prior to pelletization. Blending is, however, less preferable to the production of
25  multimodal polymer, e. g. by multistage polymerization or by the use of two or more

different single site catalysts in a single reactor.

Multimodal and unimodal polymers

Multimodal interpolymers as hereinbefore described, and especially those wherein the
30 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.
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| Compared to unimodal interpolymer, at the same density and at the same high ease of
extrusion as regards extruder screw and die processes, a multimodal interpolymer comprising,
e. g. ethylene and a 3-substituted Cy.;o alkene, may be prepared having a higher stress crack,
brittle crack hoop stress failure and/or stow crack growth resistance. Such interpolymers are
particularly useful for moulding and pipe applications where they give mnproved resistance to
stress crack and slow crack propagation as well as in film appiications wherein they allow
improved impact resistance and often improved tear resistance.

Additionally, multimodal interpolymers as hercinbefore described also have higher
melt strength, equivalent to sagging resistance, which is an advantage in extrusion of large
pipes and blow moulding of articles, especially of large pieces.

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 particularly useful in the manufacture of films.

On the other hand, unimodal interpolymers as hereinbefore described often have a
lower viscosity at very low shear stress compéred to multimodal interpolymers. This is
useful, for example, in rotomoulding processes where better mechanical strength of the
product can be achieved with the same cycle time. Furthermore such interpolymers may

possess a low degree of warpage making them advantageous for injection moulding.

Downstream requirements and process

When the final polymer product is obtained from a slurry reactor, the polymer is
removed therefrom and the diluent preferably separated from it by flashing or filtration. The
major part of the diluent and unconverted comonomer is recycled back to the polymerization
reactor(s). Preferably, the polymer is then dried (e. g. to remove residues of liquids and gases
from the reactor). Due to its relatively low content of catalyst system residues, preferably the
polymer is not subjected to a deashing step, 1. e. to washing with an alcohol, optionally mixed
with a hydrocarbon liquid, or water.

In order that the polymer can be handled without difficulty, both within and
downstream of the polymerization précess, the polymer powder from the reactor(s) should be

in a free-flowing state, preferably by having relatively large particles of high bulk density,
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e. g less than 10 %wt of the polymer being smaller than 100 pm size, and the loose bulk
density being higher than 300 kg/m. |

Preferably, the processes from the polymerization until the pelletization extruder
outlet are carried out under an inert (2. g. Ny) gas atmosphere.

3 Antioxidaﬁts are preferably added (process stabilizers and long term antioxidants) 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 phosphates and sulphur-containing compounds {e, g. thioethers).

Preferably, the antioxidants are selected from the group of organic phosphates and

10 sterically hindered or semi-hindered phenols, i. . 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-methy! phenol; pentacrythrityl-tetrakis(3-(3',5'-di-tert.-butyl-4-hydroxyphenyl)-

15 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 monoethyl-
phosphonate); 1,3,5-tris(3",5"-di-tert.-butyl-4'-hydroxybenzyl)-isocyanurate; bis-(3,3-bis-(4"-
bydroxy-3'-tert.-butylphenylibutanoic acid)-glycolester; 4,4'-thiobis(2-tert.-butyl-5-

20 methylphenol); 2,2"-methylene-bis(6-( 1-methyi-cyclohexyl)para-cresol); n,n'-hexamethylene
bis(3,5-di-tert. butyl-4-hydroxy-hydrocinnamamide; 2,5,7,8-tetramethyl-2-(4',8,12"-
trimethyltridecyl)chroman-6-o0l; 2,2"-ethylidenebis(4,6-di-tert.-butylphenol); 1,1,3-tris(2-
methyl-4-hydrosy-5-tert.-butylphenyl)butang; 1,3,5-tris(4-tert.-butyl-3-hydroxy-2,6-
dimethylbenzyl)-1,3,5-triazine-2,4- ,6-(1h,3h,5h)-trione; 3,9-bis(1,1-dimethyl-2-(beta-(3-tert.-

25 butyl-4-hydroxy-5-methyiphenyl)prop- ionyloxy)ethyl)-2,4,8,10-tetraoxaspiro(5,5) undecane;
1,6-hexanediyl-bis(3,5-bis(1,1-dimethylethyl)-4-hydroxybenzene-propanoate); 2,6-di-tert.-
butyl-4-nonylphenol; 3,5-di-tert.-butyl-4-hydroxyhydrocinnamic acid triester with 1,3,5-
tris(2-hydroxyethyl)-s-triazine-2,4,6(1h,3h,5h)-trione; 4.4'-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-

30 4-hydroxyhydrocinnamoyloxy))ethoxyphenyl)propane; tricthyleneglycole-bis-(3-tert -butyl-
4-hydroxy-Smethylphenyl)propionate; benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-
hydroxy-cia.15-branched and linear alkyl esters; 6,6'-di-tert.~butyl-2,2'-thiodi-p-cresol;
diethyl({3,5-bis(1,1-dimethylethyl)-4 -hydroxyphenylymethyl)
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phosphonate; 4,6-bis(octylthiomethylo-cresol; benzenepropanoic acid, 3,5-bis(1,1-
dimethylethyl)4-hydroxy-c.o-branched and linear alkyl esters;1,1,3-tris[2-methyl-4-[3-(3,5-
di—tmbutyi-éi-hydroxyphenyl)propionybxy}-ﬁ— t-butylphenyl] butane; and a butylated reaction
product of p-CreéoI. and dicyclopentadiene.

5 Among those compounds, the following phenolic-type antioxidant compounds are
especially preferred to be included: 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-hydroxyphenyDbenzene; 1,3,5-4ris(3",5'-di-tert.-
butyl-4'-hydroxybenzyl)isocyanurate, bis-(3,3-bis-(4"-hydroxy-3'-tert.-butylphenyl)butanoic

10 acid)-glycolester; and 3,9-bis(1,1-dimethyl-2-(beta-(3-tert,-butyl-4-hydroxy-5-
methylphenylypropionyloxy)ethyl)-2,4,8,10-tetraoxaspiro(5,5)yundecane.

Preferred organic phosphate antioxidants contain a phosphite moiety or a phosphonite
moiety. representative examples of preferred phosphite/phosphonite antioxidants include
tris(2,4-di-t-butylphenyljphosphite; tetrakis-(2,4-di-t-butylphenyl)-4,4"-biphenylen-di-

15 phosphonite, bis(2,4-di-t-butylphenyl)-pentaerythrityl-di-phosphite; di-stearyl-
pentaerythrityl-di-phosphite; tris-nonylphenyl phosphite; bis(2,6-di-t-butyi-4-
methyiphenylypentacrythrityl-di-phosphite; 2,2'-methylenebis(4,6-di-t-butylphenyloctyl-
phosphite; 1,1,3-tris(2-methyl-4-ditridecyl phosphite-5-t-butylphenyi)butane; 4,4
butylidenebis(3-methyl-6-t-butylphenyl-di-tridecyl)phosphite; bis(2,4-

20 dicumylphenyl)pentaerythritol diphosphite; bis(2-methyl-4,6-bis(1,1-
dimethylethyl)phenyl)phosphorous acid ethylester; 2,2',2"-nitrilo triethyl-tris(3,3'5,5'-tetra-t-
butyl-1,1"-biphenyl-2,2'-diyl)phosphite); phosphorous acid, cyclic butylethy! propandiol,
2,4, 6-tri-t-butylphenyl ester; bis(2,4,6-tri-t-butylphenyl)-pentaerythrityl-di-phosphite; 2,2'-
ethylidenebis(4,6-di-t-butylphenyl)fluorophosphonite, 6-(3-tert-butyl-4-hydroxy-5-

25 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: tetrakis~(2,4-di-t-butylphenyl)-4,4'-
biphenylen-di-phosphonite; bis(2,6-di-t-butyl- 4-methylphenyl)pentaerythrityl-di-phosphite;

30 di-stearyi-pentaerythrityl-di-phosphite; and bis(2,4-dicumylphenyDpentaerythritol
diphosphite. |

As antjoxidant either a single compound or a mixture of compounds may be used.

Particularly preferably a sterically hindered phenolic compound and a phosphite/phosphonite
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compound may be used in combination. The sterically hindered phenolic compound typically
acts as a long term stabilizer. The phosphite/phosphonite compound typically acts as a
process stabilizer,

The skilled man can readily determine an appropriate amount of antioxidant to
include in the polymer. As discussed above, however, the polymers produced by the process
of the present invention comprise less catalyst system residues than conventional polymers
thus it is possible to add less antioxidant thereto. Thus a sterically hindered phenolic
antioxidant may be used in an amount of 200 - 1000 ppmwt, more preferably 300 - 800
ppmwt, e. g. 400-600 ppmwt or about 500 ppmwt. The amount of organic
phoshite/phosphonite antioxidant present in the polymer is preferably 50-500 ppmwt, more
preferably 100-350 ppmwt and most preferably 150-200 pprwt,

The above-mentioned antioxidants are particularly preferred when the amount of
transition metal present in the polymer is sufficient to accelerate oxidation reactions, e. 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 umol transition metal per kg polymer, e. g. more than 6
pmol transition metal per kg polymer. Such levels of transition metals may occur as the
mterpolymers are often prepared without a washing (e. g. deashing) step.

Other additives (antiblock, color masterbatches, antistatics, slip agents, fillers, UV
absorbers, lubricants, acid neutralizers and fluoroelastomer and other potymer processing
agents) may optionally be added to the polymer.

Prior to infroduction into the plastic converter, the polymer is prefersbly further
processed to achieve less than 10 % wt of the polymer being smalier than 2 mm in average
size (weight average) and a loose bulk density of higher than 400 kg/m”.

The polymer or polymer mix is preferably extruded and granulated into pellets. Prior
to extrusion, 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 (¢. g. polymer processing agents or antiblock) may be added after
pelletization of the polymer. In this case the additives are preferably used as masterbatches

and pellets mixed therewith before being extruded or moulded into films or articles,

Polymer composition and propertics

Z- 000
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The amount of Ca.5 alkene (e. g. ethylene) monomer present in the interpolymer of the
invention is preferably 60-99.99 %wt, still more preferably 80 - 99.9 %wt, e. g. 90 - 99.5
%wt. In interpolymers wherein the largest amount of C,.5 alkene is propylene, preferably at
least 3-10 % wt of ethylene is additionally present.

The amount of 3-substituted Cy.1p alkene (e. g. 3-methyl-1-butene) monomer present in the
interpolymer of the invention is preferably 0.01 to 40 %wt, more preferably 0.1 - 20 %wt,
e. g. 0.5-10 %wt, more preferably less than 7 %wt.

When it i 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.

The density of the interpoiymer of the invention is preferably in the range 835-970
kg/m’. When the C, alkene is cthylene, the density is preferably in the range 880 - 950
kg/my’, still more preferably in the range 910 - 940 kg/m’, e. g. 920 - 930 ke/m’.

When the Co¢ alkene is propylene, the density is preferably in the range 880-910
kg/m’, still more preferably in the range 885 - 910 kg/m’, e. g. 890 - 910 kg/m®., When the Cy.
s alkene is propylene, the xylenc solubles of the interpolymer is preferably in the range 0.5 -
30 Y%wt, more preferably 1-10 %wt, e. g. 3-8 Yowt.

The MFR; of the interpolymer of the invention is preferably in the range 0.01 -

1000 g/10 min. When the C, 5 alkene is ethylenc, the MFR, of the polymer is preferably in
the range 0.01-500 g/10 min, more preferably in the range 0.1-100 ¢/10 min, e. g. 0.5-10 g/10
min. When the Co.5 alkene is propylene, the MFR; of the polymer is preferably in the range
0.1-1000 g/10 min, more preferably in the range 1 - 150 g/10 min, e. g. 10 - 50 g/10 min.

The melting temperature of the interpolymer of the invention is preferably in the
range 90-240 °C. When the C; ¢ alkene is ethylene, the melting temperature is more
preferably in the range 100 - 140 °C, still more preferably in the range 110-130°C, e .g. 115-
125 °C. When the C, 5 alkene is propylene, the melting temperature is more preferably in the
range 120 - 160 °C, still more preferably in the range 130 - 155°C, e. g 135 - 150 °C.

The Mn of the interpolymer of the invention is preferably in the range 7000 —

500 000 g/mol. When the C,5 alkene is cthylene, the Mn is more preferably in the range 9000
- 250 000 g/mol, still more preferably in the range 15 000 - 150 000 g/mol, e. g. 25 000 -
78 000 g/mol. When the Co¢ alkene 18 propylene, the Mn is more preferably in the range

9S'l
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10 000 - 100 000 g/mol, still more preferably iﬁ the range 14 000 - 70 000 g/mol, ¢. g. 20 000
- 50 000 g/mol.

The weight average molecular weight (Mw) of the interpolymer of the invention is

preferably in the range 20 000 - 1000 000 g/mol. When the C, 5 alkene is ethylene, the weight
5 average molecular weight is more preferably in the range 30 000 - 700 000 g/mol, still more

preferably in the range 50 000 - 150 000 g/mol, e. g. 70 000 - 130 000 g/mol. When the Co
alkene is propylene, the weight average molecular weight is more preferably in the range
30 000 - 700 000 g/mol, still more preferably in the range 50 000 - 400 000 g/mol, e. g.
&0 000 - 200 000 g/mol.

10 The Mw/Mn of the interpolymer of the invention is preferably in the range 1 - 50.
When the Cz 5 alkene is ethylene, the Mw/Mn of the interpolymer is preferably in the range 1-
50, more preferably in the range 2-30, ¢. g. 2-5. When the Cy5 alkene is propylene, the
Mw/Mn is more preferably in the range 1 - 10, more preferably in the range 2 - 10, ¢. g. 2 - 5.
When the polymer is multimodal, each component should have M,/M, in the range 2 — 5,

15 more preferably in the range 2 - 4, most preferably in the range 2 - 3.5.

Preferably, the interpolymer of the present invention is unimodal.

The polymer chains of the interpolymer of the present invention may be linear in the
scnse that they have no measurable long chain branching. Alternatively, they may have some
degree of long chain branching, which may be made e. g. by certain catalytic sites, especially

20 metallocene such as CGC metallocenes, or by polymerization with dienes or by post reactor
modification, ¢. g. via radicals. If present, however, long chain branching is preferably
infroduced during polymerization without adding extra reactants, ¢. g. by using a mono-Cp
metallocene as discussed above or metallocenes with two Cp rings (including indenyl and
fluorenyl) and having a single bridge between the Cp rings. Long chain branching gives

25 useful rheological properties similar to broader molecular weight polymers (and thereby
improved processing behavior) while in reality maintaining a relatively narrow molecular
weight distribution, ¢. g. as measured by GPC.

The interpolymer of the present invention is obtained with high purity. Thus the
interpolymer contains only very low amounts of catalyst or catalyst system residues.

30 Preferably, the amount of total catalyst system residue in the interpolymer of the invention is
less than 4000 ppm wt, still more preferably less than 2000 ppm wt, e. g. less than 100 ppm
wt. By the total catalyst system is meant the active site precursor, activator, carrier or other

catalyst particle construction material and any other components of the catalyst system.
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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 process of
the present invention is that it yields polymers containing very low amounts of transition
metal, Polymers produced by the process of the invention preferably comprise less than
100 pmol transition metal per kg polymer, more preferably less than 50 pmol transition metal
per kg polymer, still more preferably less than 25 pmol transition metal per kg polymer, e. g.
less than 15 pmol transition metal per kg polymer.

Applications

The interpolymer of the present invention is therefore useful in a wide range of
applications, especially considering it has not been subjected to a deashing step. It may be
used, for example, in medical applications or for the manufacture of packaging for food
wherein it is important that the amount of impurities present in the polymer is minimized.

The imerpoiymér may zlso be used in moulding as well as in pipe applications.

Moulding

The interpolymer of the present invention may be advantageously used in moulding
applications. It may, for example, be used in biow moulding, injection moulding or
rotornoulding.

Representative exampies of blow moulded articles that may be prepared include
bottles or containers, e. g. having a volume of 200 ml to 300 liters. Preferred interpolymers
for blow moulding have a density of more than 945 g/dm’, e. g. 945-970 g/dm’. Preferred
mterpolymers for blow moulding have a MFRy; of 1- 40 g/10 min,

Representative examples of injection moulded articles that may be prepared include
boxes, crates, thin walled packaging, plastic housing, buckets, toys, racks, rail pads, trash
cans, caps and closures. Preferred interpolymers for injection moulding have a density of
more than 955 g/dnr’, e. g. 955 - 970 g/dm’. Preferred interpolymers for injection moulding
have a MFR; of 0.5-100 ¢/10 min.

Representative examples of rotomoulded articles that may be prepared include water

tanks, bins, containers and small boats. Preferred interpolymers for rotomoulding have a

0 bar
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density of 915-950 g/dm’. Preferred mterpolymers for rotomoulding have a MFR, of 0.5 —
5 ¢/10 min.

Pipe
5 The interpolymer of the present invention may be advantageously used in pipe
applications, Preferably, it is used in HDPE pipes, ¢. g. according to PE80 or PE100
standards. The pipes may be used e. g. for water and gas distribution, sewer, wastewater,
agricultural uses, slurries, chemicals efc.
Preferred interpolymers for use in pipe applications have a density of 930 — 960
10 g/dm’, preferably 940 — 954 g/dm’, more preferably 942 — 952 g/dm’. Preferred
interpolymers for use in pipe applications also have a MFR;5 of 0.1-0.5 g/10 min, more
preferably 0.15 — 0.4 g/10 min. Preferred interpolymers for use in pipe applications have a
MFR,1/MFR; of 14 — 45, more preferably 16 37, most preferably 18 -30. Preferred
interpolymers for use in pipe applications have a comonomer content of 0.8 — 5 %wt, more
15 preferably 1 — 3 %wt . If used with added carbon black, the density of the interpolymer with
the carbon black is preferably 940-970 g/dm’, more preferably 948-966 g/dm’, still more
preferably 953 — 963 g/dm’.
If the mterpolymer comprises of more than one component it preferably comprises:
A. A polymer component(s) which is 2565 %wt, more preferably 35-60 % wt of the
20 imterpolymer and comprises less than 1 % wt of comonomer, more preferably less than 0.5 %
wt comonomer and has a MFR; of 50-5000 g/10 min, more preferably 1001000 g/10 min,
B. A polymer component(s) which is 25-65 %wt, more preferably 35-60 %wt of the
interpofymer and comprises more than 0.5 % wt of comonomer, more preferably more than
1 %ewt and has a MFR; of 50-56G00 g/10 min, more preferably 100--1000 g/10 min.
25 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
30
The present invention will now be described with reference to the following non-

limiting examples wherein:



| Melting temp. (DSC) Comon. content (FT-IR) | Density PE WO 2010/084047ECT/EP2010/050238
34 The results in Table | show that for the production of comparable ethylene interpolymers the
use of 3-methyl- 1-butene in conjunction with a supported catalyst system comprising a single site
catalyst alloW& 2%EAHigher catalytic activity to be achieved than when ACREEEAW/ B0 ctene is used
as comonomer. This can be seen, for example, 3(/' 5 comparing the results obtained in runs 2 and 6
(comparative). Run 2 Run 6 Comonomer 3-methyl hut-lI-ene 1-hexene Catalyst activity coefficient 221

152 MFR2 1.6 1%1%%%3%0&0%%9 QC%MQ éosegﬂ(?eét?’vgggsI%x\{%/my%égezdgnsﬁy; and

Figure 2 1s a plot of comonomer content versus polyethylene density.

Determination Methods

5 Unless otherwise stated, the following parameéters were measured on polymer samples
as described in the Tables that follow below.

MFR,, MFR;5 and MFR,; were measured according to ISO 1133 at loads 0of 2.16, 5.0,
and 21.6 kg respectively. The measurements were at 190 °C for polyethyiene interpolymers
and at 230 °C for polypropylene interpolymers.

10 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 and Mw is the weight average
molecular weight) is measured by a method based on ISO 16014-4:2003. A Waters 150CV

15 plus instrument, equipped with refractive index detector and online viscosimeter was used
with 3 x HT6E styrage!l 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 ul of sample solution were
injected per analysis. The column set was calibrated using universal calibration (according to

20 150 16014-2:2003) with 15 narrow molecular weight distribution polystyrene (PS) standards
in the range of 1.0 kg/mol to 12 000 kg/mol. These standards were from Polymer Labs and
had Mw/Mn from 1.02 to 1.10. Mark Houwink constants were used for polystyrene and
polyethylene (K:9.54 x 107 dL/g and a: 0.725 for PS and K: 3.92 x 10” dL/g and a: 0.725 for
PE). All samples were prepared by dissolving 0.5-3.5 mg of polymer in 4 mL (at 140 °C) of

25 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

30 10 °C per min. Melting temperature was taken as the peak of the endotherm of .the second

heating.



DSC, Melting Temp. 122.5 122.6 Conlon. content (FT-W) 2.3 2.3 DensPE 931.8 931 Some of the
results in Table 1 are also presented in Figures 1 and 2. Figure 1, a plot of activity coefficient versus
polyethylene density, shows that in order 10 to produce a polyethylene of density 930 kg/m3, the
polymerizatiSYPRMEH Yarticulate catalyst system comprising a single sit8CHEIFSOARE3S
3-methyl-lI-butene as comonomcr is about 1.5 timas as efficient compared to using 1-hexene or
.1-octene as comonomer. While at a density of 920 kg/m3, 3-methyl- I-butene as comonomer is about
2 fimes as efficiens SmPAKAIRMUBING LihRRIR OLArRFIENC AS.COmAnOmel  sMajeayer Figure 2, a
plot of comonomer content versus polyethylene density, surprisingly shows that in order to produce a
polyethyleri@sstrasgrmr IdeRdideiapoug 20 98 libsy R migiyl - M ne needs to be incorporated therein
than 1-hexene or BeGieng mbhis MGNRORCIRIBAHLEBNSAON ©f. PHYTES Bk ASARIVshSYstem as

herein described, using 3-methyl1l-butene versus 1-hexene or 1-octene, results in using more ethylene

and less cOMBIBATISH WS picE et et pbriareat Brib rommsrsE avnapddsd misaven Higher than that of
ethylerse, thisomgaas Yrahihnigus apetentiak iprisioniicant Lo SAWTURE (dQARMAHCamOnomer by
using 3-meth I-E -putene as comonomer. In addition, this means that the increase In catalyst
system actVity ob&¥&Wed in Figure 1 translates directly into a need for less catalyst system for the
production of a gi¥gie2bpdiyéthyenalinterpotdmerchdiving pedHcutar prapeRiEs2 WO
2010/084047PCT{§“ 10/050238 xample 2. Use of 3-methyl-but-l-ene in staged polymerization
Raw materials and rge%gg scoe%éfﬁegl?sfa%r%%?ag\?vﬂ%f%?ﬁ S ggﬁ%‘%é%ﬁ% i %8%Q§%%%E%Q§ﬁ applicable,
including tHellsarie eavatyat. Polymerization was carried out in an 8 liter reactor fitted with a stirrer
and g emperature control system. The same comonomgy, feeding.system was used for all runs. The

1 ity i = == P .
procedure ¢HHE;istEd 6 the %TI@Wl(@g@Le NS0k Catalyst SystiemWasied o e reasron,2 38 liter
isobutane was added to the reactor and stirring started (300 rpm). 103. The reactor was heated to the

desired polymeriZRIGIERIBEs ERBEsTBxiens, thepctyify eprlfichmidhanilaeant iidgen were added

into the reaetatuctide pressuitywas imaintainetatdheseauisad Rrassk e s thesswaphhohgthylene via a
pressure co?trol vatI\]/;sd H qro en had be&n revious%)gnixed with th%ller_le in the ethylene supply
Sridnormer SItAURRT TR PRSI HrSPSHdRLIRs e ethylene flow.

cylinder. COmMonomer was aiso ‘addéd'e

15
Example 1. Use of 3-methyl-but-1-ene in single stage polymerization

Raw materialg
The catalyst system ((n-Bu-Cp), HfCl; and MAO supported on calcined silica) was
prepared essehtia]ly according to example 1 of WO 98/02246, except Hf was used as
20 transition metal instead of Zr and 600 °C was used as calcination (dehydration) temperature.
Ethylene: Polymerization grade
Hydrogen: Grade 6.0
1-hexene: From Sasol. Stripped of volatiles and dried with 13 X molecular sieve.
l-octene: Polymerization grade (99.5 %). N2 bubbled and dried with 13 X molecular
25 sieve.
3-methyl-1-butene: Produced by Evonik Oxeno. Purity > 99.7%, Dried with 13 X
molecular sieve and stripped of volatiles.

Isobutane: Polymerization grade

30 Sturry Polymerization method



155. The consumption of monomer was followed. When about 1200 g polymer had been produced,
the reactor was vented, stirring reduced to 30 rpm, the polymer dried with N2 at 70 C and 40 g
polymer sam‘gle removed. 6. The temperature was adjusted to the desired polymerization
temperature VAOW HPBt¥3ane was added and stirring adjusted to 280 rpnE PR EAPRIAE comonomer
and hydrogen were added into the reactor. The psrzessure was maintained at the desired pressure by
supply of ethylene via a pressure control valve. Hydrogen had been previously mixed with ethylene in
the ethylene supnlyyliaecr,PQMODRMAAT alse AARASATRLPLAY nigfig fgactor. proportional to
the ethylene flow. 8. The polymerization was stoppe E)y venting the reactor of volatiles and
reducing 25eaRHFeraniid system. BempapepraapnadFerine pithee wrsroedifott ! reastdhovith N2
flow. Furthgrsletalls Qfrthedclymeraationpiperdure and details of the resulting interpolymers are
provided in Table 2. WO 2010/084047PCT/EP2010/050238 36 Results Table 2 Runno 12
POLYMERIZATION STAGSEY SEeRRRy fednig i 1a6tPYy 291 1.93 Total pressure bar g 21 21

5 2. 3.8 liter isobutane was added to the reactor and stirring started (300 rpm).
3. The reactor was heated to a polymerization temperature of 85 °C.
4. Ethylene, comonomer and hydrogen were added into the reactor. The pressure

was maintained at the required pressure by the supply of ethylene via a pressure control
valve. Hydrogen had been previously mixed with ethylene in the ethylene supply cylinder.
10 Comonomer was also added continuously into the reactor, proportional to the ethylene flow.
5. The consumption of monomer was followed. When 1500 - 2000 g polymer
had been produced, the polymerization was stopped by venting the reactor of volatiles and
reducing the temperature.
6. The polymer was further dried in a vacuum oven.
15 Further details of the polymerization procedure and details of the resulting

interpolymers are provided in Table 1 and in Figures 1 and 2.



PCT/EP2010/050238

ge 191190 1180 Run time min
33

1-hexene 3-methyl-1-butene Comonomer start ml 30 50 Feed ratio comonomer/ethylene gig 0.09 0.27
2010/084047

Reactor temperature C 85 85 Hydrogen in ethylene feed molppm 3550 3550 Comonomer type

Fraction in s%gge 1 wt% 50 50 Yield in sta

SuOMG-[-JAYIPW-¢ (N

27076 616 [ 776 1£6 616 <316 876 216 LE6 cuip/8y Hd Ausuag
99 £'9 vg 0¢ 1'¢ ¢¢ 09 a3 ¢ A 05 1A (J1-1.4) JuI03 "Towo))
9611 8911 9611 SLIT 97Tl TR11 aan 1Tl 5TTl £9Tt D (Osq) ~duray Sunop
€7 T £z £ €7 'z e [ £ ¢z - A/
000 2¥ 000 ¥ 000 1¥ 000 9% 000 £F 000 06 000 L¥ 000 1y 000 £F 000 ¥ jour/s U
000 §6 000 $6 000 6 000 §01 000 6 800 $O1 00 50T | 000 56 000 ¢6 000 501 jour/@ M
9'1 ¢’y 61 ! L1 (4 ¢l 97 91 <1 w /5 TEIN
SHSATYNY TINATOI
(req q “ped

Sl §p1 $€1 751 8¢ 05¢ 9Z¢ €7z 122 L61 5)/14 8 TDEIFR09 AARIY
0081 0891 0031 0091 0181 06L1 09L1 091 0L61 0Z61 3 PIOTE
9/ 39 6L 69 1< ¥ L 0F Sy €Y uIuL I3 UMY
AR pas) O} uonIppe
11 01 3 L I Sz RT ¥z £l 9 8 001/8 SRONIHTCS LNOT0T0.)
0y 05 0 0 1¢ 001 5T 991 $071 ¢ fur 1Y JIWOUOIO))
UM JUINI]-T SUANDIH-T wﬂbx@znﬁ DEDXDEA mzz m:z mﬁz .mw.:z a1 wv%@ TAUIOUOEEOTY
079 079 0z9 029 079 079 0zY 029 09 ) wddiow | pagy sus[Ayo vl uaFoIpAYy
L'61 L6l L8] L6] LT L6t L61 LT LT L' 8 1eq amssaxd [p10],
e 867 9¢'¢ 817 ri'L 99°1 $9°1 9¢°1 c9'1 681 3 pasy 1sAjere))
NOLEVZIIINATOL
01 6 8 L 9 ¢ P £ rd I Ty

I 91qe],




47 31 Activity coefficient g PE/(g cat, h, bar) 245 368 MFR, 9/10 min 170 150 Density gide 937 941
POLYMERIZATION STAGE 2 - GAS PHASE Total pressure bar g 21 21 Reactor temperature C 70

70
WO 2010/084047 PCT/EP2010/050238
34

The results in Table 1 show that for the production of comparable ethyvlene
interpolymers the use of 3-methyl-1-butene in conjunction with a supported catalyst system
comprising a single site catalyst allows a much higher catalytic activity to be achieved than
when I-hexene or 1-octene is used as comonomer. This can be seen, for example, by

5 comparing the results obtained in runs 2 and 6 (comparative).

Run 2 Run 6

Comonomer 3-methyl but-1-ene 1-hexene

Catalyst activity coefficient 221 152
MER, 1.6 1.7

Mw 95 000 : : 95 000

Mn 43 000 43 Q00
Mw/Mn 23 2.3

DSC, Meiting Temp. 122.5 122.6
Comon. content (FT-IR) 2.3 2.3
Density PE 931.8 931

Some of the results in Table 1 are also presented in Figures 1 and 2,
Figure 1, a plot of activity coefficient versus polyethylene density, shows that in order

10 to produce a polyethylene of density 930 kg/m”, the polymerization using a particulate
catalyst system comprising a single site catalyst and 3-methyl-1-butene as comonomer is
about 1.5 times as efficient compared to using 1-hexene or 1-octene as comonomer. While at
a density of 920 kg/m’, 3-methyl-1-butene as comonomer is about 2 times as efficient
compared to using l-hexene or l-octene as comonomer.

15 Moreover Figure 2, & piot of comonomer content versus polyethylene density,
surprisingly shows that in order to produce a polyethylene of a given density, about 20 % less
3-methyl-I-butence needs to be ncorporated therein than 1-hexene or 1-ectene. This means
that to produce one ton of polymer by a catalyst system as herein described, using 3-methyl-
I-butene versus 1-hexene or 1-octene, results in using more cthylene and less comonomer.

20 Since the cost per ton of comonomer is always very much higher than that of ethylene, this
means that there is a potential for significant cost savings on monomer/comonomer by using
3-methyl-1-butene as comonomer.

In addition, this means that the increase in catalyst system activity observed in Figure
1 translates directly into a need for less catalyst system for the production of a given

25  polyethylene interpolymer having particular properties.



Hydrogen in ethylene feed molppm 300 300 Comonomer type 1-hexene 3-methyl-1-butene
Comonomer start ml 30 50 Feed ratio comonomer/ethylene gig 0.09 0.29 Fraction in stage 2 wt% 50

50 Yield in stage 2 on:I‘y g 1150 1140 Run time min 66 33 Activity coefficient 9 PE/(g cat, h, bar)
WU 2010/08404 PCT/EP20107050238
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Example 2. Use of 3-methyl-but-1-ene in staged poiymerizatién

Raw materials and methods

The same raw materials as in example | were used when applicable, including the
same catalyst.

5 Polymerization was carried out in an 8 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. Catalyst system was fed into the reactor.

2. 3.8 liter isobutane was added to the reactor and stirring started (300 rpm).

10 3. The reactor was heated to the desired polymerization temperature of 835 °C.

4. Ethylene, comonomer and hydrogen were added into the reactor, The pressure was
maintained at the required pressure by the supply of ethylene via a pressure control valve.
Hydrogen had been previously mixed with ethylene in the ethylene supply cylinder.
Comonomer was also added continuously into the reactor, proportional to the cthylene flow.

15 5. The consumption of monomer was followed. When about 1200 g polymer had been
produced, the reactor was vented, stirring reduced to 30 rpm, the polymer dried with N, at
70 °C and 40 g polymer sample removed.

6. The temperature was adjusted to the desired polymerization temperature. 400 mi
propane was added and stirring adjusted to 280 rpm.

20 7. Ethylene, comonomer and hydrogen were added into the reactor. The pressure was
maintained at the desired pressure by supply of ethylene via a pressure control valve,
Hydrogen had been previously mixed with ethylene in the ethylene supply cylinder.
Comonomer was also added continuously into the reactor, proportional to the ethylene flow.

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

25 the temperature.

9. The polymer was further dricd at 70 °C in the reactor with N; flow.

Further details of the polymerization procedure and details of the resulting inferpolymers are

provided in Table 2.



169 334 TOTAL RUN POLYMER - POWDERS Fraction made in stage 2 wt% 50 50 MFR2 g/10
min 2.1 Density gide 924 920 The results in Table 2 show that when comparing 3-methyl- 1 -butene
and 1-hexene in 5a staged process of one slurry and one gas phase polymerization stage to produce
relatively eqtia! FHIYEME7 3-methyl-1-butene is superior on activity in the BftFEPAENENRZS in the gas
phase stage. Thus multistage polymerization can be advantageously carried out using 3- substituted
C4_40 alkene, including cases where a sluny phase polymerization is followed by a gas phase
anited States provisional patent application 61/146,938 filed January 23, 2009,

polymerization. 1Q .. .
is incorporated hereln%y reference. Numerous modifications and variations on the present
invention are posdi#e ik light of the above teachings. It is therefore to be understood that within the
scope of theappended 7 2

POLYMERIZATION STAGE 1 - SLURRY

Catalyst feed g 2.9 1.83

Total pressure barg 21 21

Reactor temperature °c 85 a5

Hydrogen in ethylene feed molppm 3550 3550

Comonamer fype - i-hexene 3-methyl-1-bulene

Comonomer start mi 30 50

Feed ratio comonomerfethylene afg 0.08 0.27

Fraction in stage 1 wi% 50 50

Yield in stage 1 g 1190 1180

Run time min 47 31

Activity coefficient g PE/(g cat, h, bar) 245 368

MFR: . g/10 min 170 150

Density afdm’ 937 841

POLYMERIZATION STAGE 2 - GAS PHASE

Total pressure bar g 21 21
Reactor temperature °C 70 70
Hydrogen in ethyiene feed malppm 300 300
Comonomer fype - 1-hexene 3-methyl-1-butene
Comonomer siart mi 30 50

Feed rafio comonamerfethyiene [orly; 0.09 0.29
Fraction in stage 2 wi% 50 50

Yield in stage 2 only g 1150 1140

Run time min 66 33

Activity coefficient g PE/g cat, h, bar) 169 334

TOTAL RUN POLYMER - POWDERS

Fraction made in stage 2 wit% 5G 50
MFRz g/10 min 2.1 1
Density gfdm 924 920

The results in Table 2 show that when comparing 3-methyl-1-butene and 1-hexene in
5 astaged process of one slurry and one gas phase polymerization stage to produce relatively
equal products, 3-methyl-1-butene is superior on activity in the shury as well as in the gas
phase stage. Thus multistage polymerization can be advantageously carried out using 3-
substituted Cy.10 alkene, including cases where a slurry phase polvmerization is followed by a
gas phase polymerization.
10

United States provisional patent application 61/146,938 filed January 23, 2009, is
incorporated herein by reference.

Numerous modifications and variations on the present invention are possible in light
of the above teachings. It is therefore to be understood that within the scope of the appended

15 claims, the invention may be practiced otherwise than as specifically described herein.



15claims, the invention may be practiced otherwise than as specifically described herein. WO
2010/084047PCT/EP2010/050238 37 CLAIMS: 1. A process for the preparation of an allmne
interpolymer, comprising: polymerizing at least one 3-substituted C4-10 alkene and at least one C2-8
allcene in a dAERMErization using a particulate catalyst system comBRIHEALPYBEite catalyst.
2. The process as claimed in claim 1, wherein saigt7lC2_8 alkene is ethylene or propylene. 3. The
process aé Eﬁ d in claim 1 or 2, wherein said 3-substituted C4-50 alltene is a compound of formula
M (1) wh P . Is a substituted or unsubstituted C1.6 alkyl group and n is an integer between 0 and
6. 4. The process as claimed in claim 3, wherein said 3-substituted C4_10 alkene is 3-methyl1-butene.
5. The process as claimed in claims 1 to 4, wherein said catalyst system comprises a metallocene. 6.
The procesk aé ciieaescion Eraimpittsien ahareikesaidtcatolysesysprismgiprises a earner. 7. The
process as claipaghdnslaimsich {008 WG SanENYoNS. & TREPIICESS 8 Saimpd inclaims 1 to 7,
wherein the productivity based on a total dry weight of the catalyst system Is at least 1 ton polymer per
kg solid catalySHEpsReMIREY P08 A0HTETir = Y Y /5078 8 3R Y SitkapiBelssstas claimed in
claims 1 to 8, whekgin said alkene interpolymer comprises 3- substituted C4_1 alkene comonomer in
an amount of 0.01-40 wt% based on a total weight of the interpolymer. 10. The process as claimed in
claims 1 to 8, wherein said alkene interpolymer comprises C2_ 2 alkene monomer in an amount of at
least 60 wt% Dhiserrorea totahineight dhihel interpolysaty (11 akhedqrogessasoelaisperia.claims 1 to 10,
wherein said alkene interpolymer has a weight average molecular weight of 20 000 to 900 000 g/mol.
12. The process as claimed in claims | to 11, wherein said allcene interpolymer has a WIC of
0.01-5000 g/10miprot8ssFaelpmee s dsivldinell whetaimsikitd-dithsvitherdity saidiatkene interpolymer is
unimodal. 14. The processeas claimed in claims 1 to 13, wherein said at least 3-substituted C4.13
alkene and said at least one C2.2 alkene are different from one another. 15. An alkene interpolymer
obtained by the process as claimed in claim 1. 16. The Acne interpolymer as claimed in claim 15,
comprising: less than 1000 ppm by weight of the particulate catalyst system or residues therefrom.

R )

wherein R’ is 2 substituted or unsubstituted C;.q alky! group and n 18 an integer between
(0 and 6.

4. The process as claimed in claim 3, wherein said 3-substituted C,.10 alkene is 3-methyl-

1-butene.

5. The process as claimed in claims 1 to 4, wherein said catalyst system comprises a

metallocene.

6. The process as claimed in claims 1 to 6, wherein said catalyst system comprises a

carrier.
7. The process as claimed in claims 1 to 6, which is continuous.

8. The process as claimed in claims 1 to 7, wherein the productivity based on a total dry '

weight of the catalyst system is at least 1 ton polymer per kg solid catalyst system.
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The process as claimed in claims 1 to 8, wherein said alkene interpolymer comprises 3-
substituted Ca.io alkene comonomer in an amount of 0.01-40 wi% based on a total

weight of the interpolymer.
The process as claimed in claims 1 to 8, wherein said alkene interpolymer comprises C,.
¢ alkene monomer in an amount of at least 60 wt% based on a total weight of the

interpolymer.

The process as claimed in claims | to 10, wherein said alkene interpolymer has a weight

average molecular weight of 20 000 to 900 000 g/mol.

The process as claimed in claims 1 to 11, wherein said alkene interpolymer has a MFR2
0f 0.01-5000 g/10 min.

The process as claimed in claims | to 12, wherein said alkene interpolymer is unimodal.

The process as claimed in claims 1 to 13, wherein said at least 3-substituted Ca.10 alkene

and said at least one Cy¢ alkene are different from one another.

An alkene interpolymer obtained by the process as claimed in claim 1.

The alkene interpolymer as claimed in claim 13, comprising:

less than 1000 ppm by weight of the particulate catalyst system or residues therefrom.



